
September 2022  Vol 53  No 5  Pgs 437–542 

Laboratory Medicine
labmedicine.com

S
ep

tem
b

er  2022    
V

o
l 53    

N
o

 5   
P

g
s 437–542

L
a
b

o
ra

to
ry

 M
ed

icin
e

Papers in 2021 Continue to Show 
Certain Glucose Meters Cause Serious 
Adverse Events Due to Interferants

Ask for Nova’s list of 200 StatStrip peer-reviewed publications.

1. Orija IB et al. Pseudohyperglycemia Secondary to High-Dose 
Intravenous Vitamin C Managed as Diabetic Ketoacidosis: 
An Endocrinological Catastrophe. AACE Clin Case Reports 2021.
2. Krabbe J et al. Significant interference on specific point-of-care 
glucose measurements due to high dose of intravenous vitamin C 
therapy in critically ill patients. Clin Chem Lab Med. 59(5) 2021. 

3. Katzman B et al. Unintended Consequence of High-Dose Vitamin C Therapy 
for an Oncology Patient: Evaluation of Ascorbic Acid Interference 
with Three Hospital-Use Glucose Meters. J Diabet Sci and Tech. 15(4) 2021. 
4. Lachance O et al. High-dose vitamin-C induced prolonged factitious 
hyperglycemia in a peritoneal dialysis patient: a case report.  
J Med Case Reports 2021.

“We report a case that probably resulted in the death of a patient from an erroneous interpretation of POC 
BG readings due to interference from high-dose vitamin C. ”1

AACE Clin Case Reports, 2021    

“High Dose vitamin C treatment in combinations with Accu Chek II and Hemocue BGMs in patients with 
acute kidney failure may cause misinterpretation with potentially fatal consequences. ”2

Clin Chem Lab Med, 2021

“Yet, vitamin C has been associated with multiple reports of factitious hyperglycemia and harmful iatrogenic 
hypoglycemia causing death in at least one report. ”4

J Med Care Reports, 2021

“While the Nova StatStrip glucose meter effectively detected the presence of ascorbic acid interferant 
and suppressed glucose results, the Roche Inform II and Abbott Precision Xceed Pro demonstrated  
falsely increased results that could have impacted patient care (delayed PET scan) or possibly led to 
inappropriate patient treatment. ”3                                                                                                                     

J Diabetes Sci and Tech, 2021

Nova’s StatStrip Glucose Meter 
Has No Known Clinical Interferences 
and is the Only Meter FDA Cleared 
for use on Critically Ill Patients.
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ON THE COVER: Derived from the Greek words for “bone” and “porous,” osteoporosis is one of the most common disorders associated with 
old age. The disease is about four times more common in women compared to men but still affects nearly 2 million men and 8 million women 
in the United States. In osteoporosis, the normal balance between bone formation and resorption is tilted in favor of the latter, resulting in brittle 
bones prone to fractures. Osteopenic bones develop pores in their matrix like those illustrated; normal bone has a denser and more homog-
enous appearance. The pathogenic mechanism underlying osteoporosis is complex but involves a combination of accelerated osteoclastic 
activity and reduced osteoblast formation. Regulation of osteoblastic and osteoclastic activity involves multiple molecular signaling pathways. 
In this issue of Laboratory Medicine, Qian and colleagues investigate one such signaling pathway involving a long-coding RNA and its potential 
influence on postmenopausal osteoporosis.
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2022 marks the 100th anniversary of ASCP, and we are 

celebrating and honoring our members, without whom these 

100 years of growth, innovation, and advancing pathology 

and laboratory medicine would not have been possible.  

Renew your ASCP membership and be part of the evolution 

of pathology and laboratory medicine. Together we will 

create change that makes the laboratory accessible to all 

and recognized by healthcare executives and patients alike 

as the foundation of high-quality care.  

Renew today at www.ascp.org/renew
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OVERVIEW

Quality Assessment and Clinical Utility of Plasma 
Obtained Via Apheresis vs That Obtained from 
Whole Blood
Eiman Hussein, MD, PhD,*  and Azza Aboul Enein, MD

 
Department of Clinical and Chemical Pathology, Division of Transfusion Medi-
cine, Faculty of Medicine, Cairo University, Cairo, Egypt.*To whom correspond-
ence should be addressed. eimanhussein@ymail.com

Keywords: transfusion medicine, hematology, coagulation, blood, banking/
transfusion medicine, clinical pathology, hematopathology

Abbreviations: TP, thawed plasma; AP, apheresis prepared plasma; WBP, 
whole blood plasma; INR, international normalized ratio; aPTT, activated partial 
thromboplastin time; TTP, thrombotic thrombocytopenic purpura; FFP, fresh 
frozen plasma; PE, plasma exchange; AABB, Association for the Advancement of 
Blood and Biotherapies; WB, whole blood; CPDA-1, citrate-phosphate-dextrose 
adenine; ACD, acid citrate dextrose; PT/INR, prothrombin time/international 
normalized ratio; SD, standard deviation; RBC, red blood cell.

Laboratory Medicine 2022;53:439–445; https://doi.org/10.1093/labmed/lmac029

ABSTRACT

Objective:  We studied the impact of storage of thawed plasma (TP) 

on the in vitro coagulation quality and posttransfusion outcomes of 

apheresis plasma (AP) vs whole blood plasma (WBP).

Methods: One hundred units of each product were analyzed. In vitro 

assays were performed on TP on day 0, day 2, and after refreezing, 

evaluating international normalized ratio (INR), activated partial throm-

boplastin time (aPTT), fibrinogen, and factors V and VIII. Transfusion 

of TP on day 2 was studied in 70 patients with liver cirrhosis and 25 

patients with thrombotic thrombocytopenic purpura (TTP).

Results: Refrozen specimens from both products showed a signif-

icant decline of all values, although AP had a considerably greater 

coagulation profile (P < .05).

On day 0 and day 2, we observed significant decreases in coagulation 

values (except fibrinogen) with WBP, compared with AP (P < .05). The 

WBP, however, provided similar INR for patients with liver cirrhosis and 

TTP, as compared with AP. The AP resulted in a significant correction 

of aPTT following plasma exchange in TTP (P < .05).

Conclusion: AP demonstrated considerably greater factor activity. This 

would be beneficial when manufacturing clotting factor concentrates. 

Large scale clinical trials are needed to further address the hemostatic 

outcomes of both products in massively transfused patients.

Fresh frozen plasma (FFP) is indicated for the replacement of coagula-
tion factors, coagulopathy of liver diseases, hemorrhagic complications 
associated with acquired coagulopathies, and massive blood transfusion. 
Other indications include warfarin reversal and plasma exchange (PE) in 
patients with thrombotic thrombocytopenic purpura (TTP).1

Earlier reports have supported the extensive and early use of plasma 
in massively transfused patients.2 To meet the urgent demands of those 
patients, many centers are using thawed plasma (TP). According to the 
AABB Standards for Blood Banks and Transfusion Services, FFP thawed at 
30°C–37°C and stored at 1°C–6°C has a shelf life of 24 hours. Unused FFP 
can be relabeled as TP and stored for an additional 4 days at 1°C-6°C.3

Plasma transfusion guidelines have been limited because of the 
lack of reliable data, with the last Association for the Advancement of 
Blood and Biotherapies (AABB) guidelines published in 2010.4 Lately, 
the British Society for Haematology recommended that FFP be stored at 
4oC, provided that transfusion is completed within 24 hours of thawing 
or within 4 hours without refrigeration. It also stated that prethawed 
standard FFP can be extended for 5 days only for patients with unex-
pected bleeding.5

Many studies have investigated the impact of different storage 
conditions on the coagulation profile of plasma.6–10 Most of these stud-
ies lacked data, such as plasma collection procedure and clinical effi-
cacy. Due to these limitations, and the small number of trials, definitive 
conclusions could not be drawn.

Plasma can be prepared from single donor via apheresis or from whole 
blood (WB). Limited data have been published comparing the coagulation 
profile of apheresis plasma (AP) with recovered plasma prepared from WB 
(WBP), and they reported the significant superiority of AP.11

None of the studies has addressed the clinical effectiveness following 
transfusion of both products.

To evaluate the impact of collection procedure on the in vitro quality 
of plasma, we studied AP obtained via 2 apheresis devices, the Trima 
Accel (Terumo BCT) and the Autopheresis-C (Fresenius Kabi Global) vs 
WBP collected in bags containing citrate-phosphate-dextrose adenine 
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(CPDA-1) anticoagulant. Thawed specimens of FFP were kept for 2 days 
at 4°C, and coagulation parameters were examined on day 0 and day 
2. We also studied the impact of twice freezing and thawing of FFP on 
coagulation parameters.

Another objective of our study was to prospectively explore the 
posttransfusion effectiveness following transfusion of TP of both 
products, stored for 24–48 hours at 4°C, in a group of patients with 
chronic liver cirrhosis. All patients had an INR of 2–3 and received 
10 mL/kg of TP prior to an invasive procedure.

We also investigated the coagulation profile of 25 patients with TTP, 
who were assigned to have PE sessions, using TP on day 2. Both AP and 
WBP were used alternatively as the replacement fluid. Plasma volumes 
exchanged were equivalent in paired sessions.

Materials and Methods
We designed and performed the study according to the tenets of the 
Declaration of Helsinki; all human subjects signed informed consent  
paperwork. No investigational procedures were performed.

Collection and Preparation of Plasma Units
We recruited donors from the Blood Bank and the Apheresis Center 
at Cairo  University Hospital. All units were collected from donors, in  
compliance with the AABB Standards for Blood Banks and Transfusion 
Services.3

Plasma units prepared by 2 apheresis machines vs those obtained 
from WB were analyzed. Plasma units were classified into:

Group I: 50 AP units of 825 mL, prepared by the Autopheresis-C.
Group II: 50 AP units of 200 mL, prepared by the Trima.
Group III: WBP prepared from 50 WB units stored at 4°C for <3 hours.
Group IV: WBP prepared from 50 WB units stored at 4°C for 24 hours.

All WBP units were not leukoreduced.

Collection and Preparation of WBP
A mean of 450 ± 20 mL of WB was collected in triple bags (JMS Singa-
pore), containing 63 mL of anticoagulant solution (CPDA-1). Platelet-
poor plasma was obtained by centrifugation for 10 minutes via Thermo 
Scientific centrifuge (Thermo Fisher Scientific), at 4200g. The blood to 
anticoagulant ratio in WBP was 7:1–8:1.

Apheresis Machines
Trima Accel Device
The Trima Accel Terumo machine is a highly automated continuous flow 
instrument operating on the centrifugation principle. The Trima system 
also has a white blood cell reduction system.

In our work, plasma was separated initially as a byproduct with 
platelets that were separated after plasma collection. A  touch screen 
graphical monitor was used to configure and adjust collections. The tar-
get end points for our study were set at 200 mL of plasma, and it was 
collected along with 9 × 1011 platelets, based on donors’ criteria.

At our center, family members and friends of patients 
are motivated to donate, particularly at times when platelet 
transfusions are needed. Donation priority is given to males who 
weigh >188 pounds (85  kg) with platelet counts >250  ×  10.11 This 
practice is seen as essential to recruit donors for apheresis. Further, 

this protocol allows us to fully utilize and benefit the most from 
each apheresis kit.

The disposable tubing kit is loaded and a cassette is snapped into the 
top of the device. The WB is pumped into the system and mixed with an 
anticoagulant acid citrate dextrose (ACD), at an initial controlled ratio of 
8:1 up to 12:1 over 15 minutes. The use of appropriate centrifugal force 
will separate the WB into various components according to its density and 
based on the blood donor volume and their complete blood count. Each 
component leaves the centrifuge via its own channel, and components 
that are not collected are returned to the donor via a return pump.

Autopheresis-C
Autopheresis-C (Auto-C) (Fresenius Kabi Global) is an intermittent flow 
instrument operating on a unique spinning membrane combined with fil-
tration technology. It is used for plasma collection. As the anticoagulated 
blood enters the separation chamber, the rotating filter rotates the blood, 
and the sweeping action of blood over the membrane surface keeps cells 
from collecting on the membrane surface and hence plugging the mem-
brane pores. The separated plasma goes through the filter and drains 
by gravity into a container. The remaining packed cells are removed by 
a pump and sent to a reservoir. When the reservoir is full, the device 
moves automatically into a return cycle, and cells are returned to the do-
nor, then the next cycle begins. Blood to ACD ratio in Auto-C was 16:1. 
Plasma collected by the Auto-C pheresis machine is also leukoreduced.12

Sampling and In Vitro Plasma Analysis
Immediately after plasma collection, 3 aliquots were collected from the 
same plasma unit before freezing. Blood group A units were used for our 
analysis.

All aliquots were immediately stored for less than 1 month, under 
standard blood banking conditions at −20°C.  Upon thawing at 37°C 
for batch analysis, the first aliquot was immediately analyzed (day 0); 
the second aliquot was stored at 4°C for 24–48 hours before analysis 
(day 2). To study the impact of a second freeze and thaw on coagulation 
parameters, a third aliquot was refrozen for further analysis. To main-
tain consistency of testing results between AP and WBP, aliquots were 
thawed, and assays were conducted for specimens concurrently at the 
same time after thawing.

In vitro assays were performed evaluating prothrombin time/inter-
national normalized ratio (PT/INR), activated partial thromboplastin 
time (aPTT), fibrinogen, and factors V and VIII.

In Vitro Coagulation Assays
All samples were analyzed within 1 hour of thawing. We evaluated PT/
INR, aPTT, fibrinogen, and factors V and VIII.

We performed our in vitro assays using standard procedures. All tests 
were performed via STA-R analyzer (Diagnostica Stago), using reagents 
from DiaMed GmbH (Switzerland). Factors V and VIII were determined 
via clotting assays, as described by the manufacturer, using reagents and 
corresponding human deficient plasmas from DiaMed. Fibrinogen was 
measured via the Claus method.

In Vivo Evaluation of TP
Evaluation of Patients with Liver Disease
We prospectively evaluated 70 plasma transfusions in 70 patients, 
of whom 57 were males. Their mean age was 59  ±  8  years, and their  
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average weight was 67 ± 8 kg. All patients were being treated for chronic 
liver cirrhosis and had a pretransfusion INR of 2–3 with a median of 
2.5. None of the patients had bleeding or sepsis or received any he-
mostatic agents. All patients received a standard dose of 10  mL/
kg of group-specific TP on day 2, of either AP prepared by the Trima 
(35 transfusions) or WBP prepared from WB stored <3 hours (35 
transfusions) prior to an invasive procedure.

All plasma units were stored for less than 1 month. We drew periph-
eral blood samples immediately before plasma transfusion and within 
4 hours after transfusion. We assessed their INR, via STA-R analyzer 
(Diagnostica Stago), using reagents of DiaMed.

Evaluation of Patients with TTP
We studied 25 patients with TTP, with severely deficient ADAMTS13, who 
underwent PE sessions on the Optia platform (Terumo). TP of AB blood 
group that was stored at 4°C for 24–48 hours with a mean of 41.5 ± 3 hours 
was used as the replacement fluid in all studied sessions. PE was conducted 
daily until normalization of both platelets and reticulocytes, then PE was 
tapered gradually. Typically, a plasma volume of 1.5 was exchanged in the 
first 3 sessions, followed by sessions of a single plasma volume.

Patients were assigned to receive 2 paired sessions using AP (pre-
pared by Trima) and WBP (from WB stored <3 hours) alternatively, and 
the immediate coagulation changes were evaluated.

FIGURE 1. In vitro coagulation parameters of thawed apheresis plasma and whole blood plasma (WBP) on day 0, day 2, and 
after a second freeze. A, Activated partial thromboplastin time (aPPT). B, International normalized ratio (INR). C, Factor V. D, 
Factor VIII. E, Fibrinogen. Group I: Autopheresis-C device. Group II: Trima device. Group III: WBP collected <3 hours after whole 
blood donation. Group IV: WBP collected 24 hours after whole blood donation. Aliquot 1: Thawed plasma (TP) immediately 
analyzed. Aliquot 2: TP stored at 4°C for 24–48 hours before analysis. Aliquot 3: A second freeze and thaw preanalysis. *P < .05 
Aliquot 1 vs Aliquots 2 and 3. **P < .05 groups I and II (AP) vs groups III and IV (WBP).
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We drew peripheral blood samples immediately before and af-
ter sessions, and we assessed the INR and aPTT via STA-R analyzer 
(Diagnostica Stago), using reagents of DiaMed.

PE Protocol for Patients with TTP
We used a double lumen central venous access for all patients. The anti-
coagulant used for all sessions was citrate. The plasma volume exchanged 
was 1–1.5, and a fluid balance of 100% was used for all sessions. To ensure 
consistency of variables between sessions performed with AP and those 
with WBP, we removed the same volume of plasma for each paired study.

Statistical Analysis
Standard statistical analysis of test results was performed. Analysis 
included calculation of descriptive statistics, frequency distribution, 
median, mean, and standard deviation (SD). The Wilcoxon Rank-Sum 

Test was used for comparative studies. A  P value of less than .05 was 
considered to be significant.

Results

In Vitro Coagulation Parameters of Thawed AP vs WBP

Analysis of Coagulation Parameters of Fresh Specimens of 
TP (Aliquot 1)
Immediately on thawing AP, no significant differences of coag-
ulation values were noted between Trima and Autopheresis-C 
machines (P >  .05). Significant impairment of all coagulation 
parameters (except fibrinogen) was observed in WBP, compared 
with AP (P < .05). WBP prepared 24 hours after donation showed a 
significant drop of factor VIII, compared to that prepared <3 hours 
(P <  .05). Normal levels of factor V and fibrinogen (81.2 ± 11.7% 
and 260 ± 55 mg/dL, respectively) were retained in WBP prepared 
24 hours after donation. Coagulation parameters of fresh immedi-
ately thawed plasma (Aliquot 1)  separated by different procedures 
are presented in FIGURE 1.

Analysis of the Coagulation Profile of TP Stored for 24–48 
Hours at 4°C (Aliquot 2)
Compared to immediately thawing values, values of thawed AP were not 
influenced by 24–48 hours storage at 4°C (P > .05). A significant drop of 
factors V and VIII was noted with WBP (P < .05), associated with a sig-
nificant increase in the INR and aPTT (P < .05) We observed significant 
increases of coagulation parameters in thawed AP of Aliquot 2, compared 

FIGURE 2. Evaluation of the coagulation profile of patients 
with chronic liver cirrhosis pre and posttransfusion using 
thawed apheresis plasma (AP) and whole blood plasma 
(WBP) on day 2. 

Figure 1. (cont)
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with those of WBP (P < .05). Coagulation parameters of thawed plasma of 
Aliquot 2, separated by different procedures, are presented in FIGURE 1.

Analysis of the Coagulation Profile of Twice-Frozen 
Specimens of TP (Aliquot 3)
Compared to immediately thawing values, twice-frozen AP and WBP 
showed significant decreases in coagulation factors (P <  .05). How-
ever, the AP group had a considerably greater coagulation profile, when 
compared with the WBP group (P < .05). A significant drop of factor V 
activity was noted with Trima with a mean of 84 ± 19.4, compared with 
the Auto-C with a mean of 101  ±  18 (P  =  .04). Coagulation profile of 
twice-frozen AP and WBP (Aliquot 3) is presented in FIGURE 1.

Clinical Evaluation of TP Stored for 24–48 Hours at 4°C
Evaluation of INR After Transfusion of AP vs WBP in Patients 
with Chronic Liver Cirrhosis
The median correction of INR after transfusion of WBP was from 2.3 to 
1.45 (37%). The median correction of INR after transfusion of AP was 
from 2.5 to 1. 57 (37.2 %). The difference was not statistically signif-
icant (P > .05). See FIGURE 2. None of the patients had any bleeding 
events during or after the procedure.

Evaluation of INR and aPTT in Patients with TTP Undergoing 
Plasma Exchange with AP vs WBP
Percent decrease in INR following PE was comparable with both AP and 
WBP (P > .05). Significant increases in values of aPTT were observed in 
patients with TTP who underwent PE using WBP, as compared with AP 
(P < .05). Those values were significantly higher after the exchange of 1.5 
total plasma volume, compared with those following sessions of 1 plasma 
volume (P < .05). The aPTT recovered quickly 24 hours postprocedure. 

Percent correction of aPTT was significantly higher with AP compared 
with WBP (P<  .05). See FIGURE 3. None of the 25 patients had any 
bleeding or clotting complications.

Discussion
With the extensive use of plasma therapy in the trauma settings nowa-
days, maintaining an inventory of prethawed plasma that provides the 
best hemostatic quality becomes paramount. In the current study, fi-
brinogen was not impacted by the plasma collection procedure.

Immediately on thawing our FFP specimens, WBP demonstrated 
significant decreases in all coagulation parameters (except fibrinogen), 
compared with the AP. We observed no differences between Trima and 
Autopheresis-C devices. A  further drop of factor VIII was observed in 
WBP prepared 24 hours after donation. Normal levels of factor V and 
fibrinogen were retained in WBP regardless of time elapsed from dona-
tion. Our findings are consistent with data reported in the literature.11,13

The significantly higher coagulation profile of our specimens from 
AP compared with WBP can be attributed to their lower final citrate con-
centration, which can presumably be associated with greater levels of 
coagulation factors V and VIII.14

In our study, refrozen specimens from both products showed signifi-
cant decreases of all values, compared with those from day 0, though AP 
had a considerably greater coagulation profile.

Such observation could be of particular significance during plasma 
manufacturing processes that require a second freeze in solvent/deter-
gent treated plasma.

Our data on refrozen specimens are in agreement with previous 
observations in FFP units that were slowly frozen at −65°C and rethawed 
at 37°C.15

FIGURE 3. Evaluation of the coagulation profile of patients with TTP pre and post sessions using thawed apheresis plasma 
(AP) and whole blood plasma (WBP) on day 2. AP-1: Plasma exchange of 1 plasma volume using apheresis plasma. WBP-1: 
Plasma exchange of one plasma volume using whole blood plasma. AP-1.5: Plasma exchange of 1.5 total plasma volume using 
apheresis plasma. A, Activated partial thromboplastintime (aPPT) of patients with thrombotic thrombocytopenic purpura (TTP) 
before and after sessions using thawed AP and WBP on day 2. B, International normalized ratio (INR) of patients with TTP 
before and after sessions using thawed AP and WBP on day 2. WBP-1.5, plasma exchange of 1.5 total plasma volume using 
whole blood plasma. TPE, therapeutic plasma exchange. *P < .05.
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A significant drop of factor V activity was demonstrated in our 
refrozen specimens from the Trima device, compared with those from 
Autopheresis-C, possibly due to the increased citrate concentration.14

Our values of thawed AP on day 2 were not significantly different 
when compared with day 0.  Similar results were reported by Sidhu 
et al,10 who suggested that thawed AP stored beyond 24 hours can be 
transfused into patients with deficiency of factors V or VIII without 
compromising clinical hemostatic outcomes. Our specimens from WBP, 
however, demonstrated a considerable drop in all coagulation values (ex-
cept fibrinogen), as compared with the AP. This may indicate that the 
AP group was more standardized with consistent and stable coagula-
tion activity and that processing and/or storage of WBP group were not 
optimized.

Another advantage of the AP is offering prestorage leukoreduction. 
Furthermore, large doses could be obtained reducing donor exposure.

Despite the significant decrease of coagulation parameters upon 
storage in the WBP group, as compared with the AP group, they 
provided similar INR to our cohort of patients with liver disease. 
This underscores the fact that normal clotting factor activity is not  
necessarily required to maintain appropriate coagulation. Residual co-
agulation factors V and VIII were considered sufficient to support an 
effective clinical coagulation at levels of 10%–30% and 30%, respec-
tively.16 However, whether the decreased quality of WBP over stor-
age can adversely impact clinical outcomes in massively transfused 
patients with hemodilution and depleted factors remains in dispute 
and warrants further studies.

Most coagulation factors are typically temporarily depleted right 
after PE. It is well known that when plasma is being replaced with an 
equal volume of 5% albumin, significant increases in INR and aPTT are 
observed.17 In the current study, both products provided comparable 
INR following PE in patients with TTP. The greater factor VIII activity in 
our AP group, however, provided a significant correction of aPTT values 
immediately after PE. We also observed further increases in aPTT with 
WBP following aggressive PE sessions of 1.5 total plasma volume. The 
aPTT for all patients was restored 24 hours postprocedure. 

The significant increase in aPTT in this group of patients can also 
be caused by a possible decrease in factor IX in the WBP group,6 which 
merits consideration and deserves further studies. Of note, coagulopathy 
in those patients may also be related to the potential citrate effect that 
can induce hypocalcemia for up to 6 hours post PE.18,19 Further studies 
are warranted to address this finding.

In the past few years, transfusion specialists have investigated the 
use of thawed FFP beyond 24 hours. Smith and colleagues6 reported 
significant decreases in activities of coagulation factors: VIII: C, V, IX, 
and von Willebrand factor antigen in specimens of thawed FFP kept 
at 1°C–6°C up to 24 hours.6 Other studies, however, demonstrated 
stable coagulation factors beyond day 5.9,11,20–22 The controversial 
results of factors V and VIII activities among various study groups 
could be attributed to interlaboratory procedure variability and to 
the significant variation of these factors among donors. Additionally, 
the collection method for plasma (AP vs WBP) and the ABO blood 
group were not mentioned in most previous studies. It is well known 
that the ABO blood group can influence factor VIII, with significantly 
lower levels in blood group O, as compared with other blood groups.23 
Plasma specimens of blood group A were used for our in vitro studies. 
We used plasma of AB blood group (universal plasma blood group do-
nor) as the replacement fluid for all studied PE sessions.

Factor VIII can also be influenced by other factors, including genet-
ics and endothelial stimulation.24 Race, ethnicity, and gender can also 
impact factor VIII, with women and Blacks being associated with higher 
values.24,25 The values that we report for factor VIII in AP were much 
higher (101  ±  14) than those reported in a previous study, using the 
Trima machine (60 ± 30).26

Earlier trials at trauma centers and in the military ER noted the 
significant benefit in survival rates when using plasma with red blood 
cells in a 1:1 ratio.2 According to the AABB Standards for Blood Banks and 
Transfusion Services, TP is approved for transfusion up to 5 days after 
thawing at 30°C–37°C when stored at 1°C–6°C.3 Currently, at our center 
in an attempt to maximize plasma utilization while meeting the urgent 
and extensive needs of trauma patients, thawed AP is extended for the 
standard 5 days. A more conservative approach is used for our thawed 
WBP, which is stored for only 48 hours.

In the present study, none of the WBP units were leukoreduced. 
Some studies have demonstrated a significant impact of inline fil-
tration of WB on coagulation quality,27,28 whereas others showed 
no significance.29,30 Although leukoreduction may have caused 
estimates of coagulation for our AP to be skewed to lower than ex-
pected, it is unlikely that this would have had a significant impact 
on our results.

Conclusion
Despite the considerable drop in coagulation factors upon storage, 
compared with the AP group, the WBP group provided similar INR 
to our group of patients with chronic liver cirrhosis and TTP. The 
significant reduction in factor VIII in the WBP group, however, 
resulted in a significant increase in aPTT following PE in patients 
with TTP.

Our analysis revealed that coagulation factors were well-preserved 
in thawed specimens from AP. This can ultimately provide effective utili-
zation and management of plasma units while maintaining the greatest 
coagulation quality. This could be of particular importance when further 
manufacturing clotting factor concentrates.

Definitive conclusions, however, regarding the potential clini-
cal utility of AP as compared with WBP cannot be drawn until large-
scale prospective studies are conducted in massively transfused and 
hemostatically compromised patients.
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ABSTRACT

Background: Long noncoding RNA metastasis-associated lung ade-

nocarcinoma transcript 1 (LncRNA MALAT1) has been proven to pro-

mote osteogenesis in different health conditions. However, the role 

of plasma MALAT1 in postmenopausal osteoporosis (PMOP) has not 

been investigated.

Objective: To investigate whether plasma MALAT1 expressions are 

associated with severity of PMOP.

Methods: A total of 126 patients with PMOP and 126 healthy fe-

male control individuals were drafted into study participation. Plasma 

MALAT1 was detected using RT-PCR. Bone  formation marker 

bone-specific alkaline phosphatase plasma concentration was  

determined using chemiluminescence immunoassay. Levels of 

bone absorption marker cross-linked N-telopeptidases of type I col-

lagen were measured in duplicate using enzyme immunoassay. Bone 

mineral density (BMD) was examined in the total hips, femoral neck, 

and lumbar (L1–L4) spine using dual-energy x-ray absorptiometry. We 

used Genant semiquantitative (GSQ) criteria to assess the degree of 

vertebral deformity and fracture. Receiver operating characteristic 

(ROC) curve analysis was performed to evaluate the potential diag-

nostic value of MALAT1 with regard to the GSQ grading. We used the 

Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) to eval-

uate the symptomatic severity in and functional ability of the study 

participants.

Results: Plasma MALAT1 expressions were significantly lower in 

patients with PMOP, compared with healthy controls. Plasma MALAT1 

expressions in patients with PMOP were positively associated with 

total hip, femoral neck, and lumbar (L1–L4) spine BMD. In total, 95 

patients experienced vertebral deformity or fracture (VF), and 31 had 

no fractures. Plasma MALAT1 expressions were markedly decreased 

in patients with VF, compared with patients without fractures. Plasma 

MALAT1 expressions were negatively related to GSQ grading in 

patients with VF. ROC curve analysis demonstrated that decreased 

plasma MALAT1 expression exhibits decent diagnostic value with re-

gard to GSQ grading. Finally, we discovered that plasma MALAT1 ex-

pression was also negatively associated with VAS and ODI.

Conclusion: Plasma MALAT1 expressions are negatively associated 

with severity of PMOP.

Osteoporosis (OP) is a chronic disease, defined as a skeletal disorder 
characterized by decreased bone strength, which predisposes affected 
individuals to fractures.1 So far, OP has been regarded as 1 of the 3 main 
chronic diseases worldwide, along with diabetes and hypertension, that 
mostly occurs in individuals who have gone through menopause and 
among elderly individuals.2 The pathogenesis of OP is mainly attributed 
to decreased estrogen and increased age.3 Because of the reduction of es-
trogen after menopause, an imbalance occurs between osteoblasts (OBs) 
and osteoclasts (OCs), resulting in decreased bone volume and density, 
increased bone fragility, and increased risk of fractures.4

Currently, OP is diagnosed by decreased bone mineral density (BMD) 
and presence of clinical symptoms. However, the onset of OP is silent 
and insidious, with the diagnosis often only being made after there is ir-
reversible damage resulting from a fragility-related fracture.5 Therefore, 
it would be highly desirable to develop sensitive and reliable methods for 
the early diagnosis of and monitoring of treatment for this debilitating 

disease. The effective monitoring of treatment efficacy might also help 
to improve long-term compliance with antiosteoporotic therapy.

Long noncoding RNAs (LncRNAs) are a subgroup of nonprotein cod-
ing RNAs with lengths longer than 200 nucleotides.6 Research into this 
subgroup has become focused in recent years. These RNAs have been 
found to participate in regulating gene expression and to provide an epi-
genetic role in controlling phenotype.7 It has been shown8 that LncRNAs 
are not only present in human organs or tissues but also stably exist in 
human plasma, serum, and other body fluids. 

The chief reason that OP occurs is the imbalance of bone metabolism, 
in which new bone formation activity is drastically weaker than bone ab-
sorption activity, therefore resulting in loss of bone mass and volume.4 
During the process of bone metabolism, OBs, OCs, and bone  mar-
row mesenchymal stem cells (BMSCs) serve as the 3 most important 
cell types. The results of a study by Li et al9 have shown that LncRNA 
is closely associated with the functions of these cells. For example, 
LncRNA HIF1α-AS1 plays a key regulatory role in osteoblast differenti-
ation by regulating HOXD10.10 In the findings of another study, inhibi-
tion of LncRNA UCA1 promoted the proliferation and differentiation of 
osteoblasts.11 However, upregulation of LncRNA-NONMMUT037835.2 
inhibited osteoclastic differentiation.12 LncRNA Neat1 stimulates 
osteoclastogenesis via absorbing miR-7.13 Also, LncRNA HOTAIR in-
hibited osteogenic differentiation of BMSCs by regulating the Wnt/β-
catenin pathway.14 LncRNA HOTTIP enhances human osteogenic 
BMSC differentiation through interaction with WDR5.15 These findings 
strongly suggest the potential role of LncRNA involved in normal bone 
metabolism and pathological bone remodeling.

Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is 
a widely studied LncRNA that has been proven as a potential biomarker for 
lung cancer metastasis and has been correlated with the development of many 
other types of human tumors.16 Also, MALAT1 has also been found to be 
implicated in cardiovascular disease,17 rheumatoid arthritis, and diabetes.18 

The findings of recent studies have also shown that MALAT1 yields pos-
itive effects on osteoblasts and inhibits osteoclastic activity through dif-
ferent types of signaling, which indicates that MALAT1 may be beneficial 
in OP. For example, MALAT1 could promote osteogenic differentiation of 
human periodontal ligament stem cells through inhibition of the miR-155-
5p/ETS1 axis.19 Similarly, MALAT1 can also facilitate the osteogenic dif-
ferentiation of hBMSCs by regulating the miR-96/Osx axis.20 In MALAT1-
depleted osteoblasts, IL-1β–mediated PGE2 secretion was greater than in 
the control group.21 In contrast, MALAT1 inhibits osteoclastic differentia-
tion of macrophages in osteoporosis via absorbing the miR-124-3p.22

The aforementioned study findings indicate that MALAT1 may serve 
as an important protective factor during OP. However, there are no stud-
ies available, to our knowledge, that explore the potential relationship 
between plasma MALAT1 expressions and severity of OP. Therefore, the 
aim of the present study was to detect plasma expressions of MALAT1 in 
patients with postmenopausal OP (PMOP), to assess the potential util-
ity of MALAT1 as a diagnostic biomarker for PMOP.

Methods

Study Patients
From May 2020 to May 2021, a total of 126 female patients with PMOP 
that had been admitted to Department of Endocrinology, the Affili-
ated Wuxi No. 2 People’s Hospital of Nanjing Medical University, Wuxi, 
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(ROC) curve analysis was performed to evaluate the potential diag-

nostic value of MALAT1 with regard to the GSQ grading. We used the 

Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) to eval-

uate the symptomatic severity in and functional ability of the study 

participants.

Results: Plasma MALAT1 expressions were significantly lower in 

patients with PMOP, compared with healthy controls. Plasma MALAT1 

expressions in patients with PMOP were positively associated with 

total hip, femoral neck, and lumbar (L1–L4) spine BMD. In total, 95 

patients experienced vertebral deformity or fracture (VF), and 31 had 

no fractures. Plasma MALAT1 expressions were markedly decreased 

in patients with VF, compared with patients without fractures. Plasma 

MALAT1 expressions were negatively related to GSQ grading in 

patients with VF. ROC curve analysis demonstrated that decreased 

plasma MALAT1 expression exhibits decent diagnostic value with re-

gard to GSQ grading. Finally, we discovered that plasma MALAT1 ex-

pression was also negatively associated with VAS and ODI.

Conclusion: Plasma MALAT1 expressions are negatively associated 

with severity of PMOP.

Osteoporosis (OP) is a chronic disease, defined as a skeletal disorder 
characterized by decreased bone strength, which predisposes affected 
individuals to fractures.1 So far, OP has been regarded as 1 of the 3 main 
chronic diseases worldwide, along with diabetes and hypertension, that 
mostly occurs in individuals who have gone through menopause and 
among elderly individuals.2 The pathogenesis of OP is mainly attributed 
to decreased estrogen and increased age.3 Because of the reduction of es-
trogen after menopause, an imbalance occurs between osteoblasts (OBs) 
and osteoclasts (OCs), resulting in decreased bone volume and density, 
increased bone fragility, and increased risk of fractures.4

Currently, OP is diagnosed by decreased bone mineral density (BMD) 
and presence of clinical symptoms. However, the onset of OP is silent 
and insidious, with the diagnosis often only being made after there is ir-
reversible damage resulting from a fragility-related fracture.5 Therefore, 
it would be highly desirable to develop sensitive and reliable methods for 
the early diagnosis of and monitoring of treatment for this debilitating 

disease. The effective monitoring of treatment efficacy might also help 
to improve long-term compliance with antiosteoporotic therapy.

Long noncoding RNAs (LncRNAs) are a subgroup of nonprotein cod-
ing RNAs with lengths longer than 200 nucleotides.6 Research into this 
subgroup has become focused in recent years. These RNAs have been 
found to participate in regulating gene expression and to provide an epi-
genetic role in controlling phenotype.7 It has been shown8 that LncRNAs 
are not only present in human organs or tissues but also stably exist in 
human plasma, serum, and other body fluids. 

The chief reason that OP occurs is the imbalance of bone metabolism, 
in which new bone formation activity is drastically weaker than bone ab-
sorption activity, therefore resulting in loss of bone mass and volume.4 
During the process of bone metabolism, OBs, OCs, and bone  mar-
row mesenchymal stem cells (BMSCs) serve as the 3 most important 
cell types. The results of a study by Li et al9 have shown that LncRNA 
is closely associated with the functions of these cells. For example, 
LncRNA HIF1α-AS1 plays a key regulatory role in osteoblast differenti-
ation by regulating HOXD10.10 In the findings of another study, inhibi-
tion of LncRNA UCA1 promoted the proliferation and differentiation of 
osteoblasts.11 However, upregulation of LncRNA-NONMMUT037835.2 
inhibited osteoclastic differentiation.12 LncRNA Neat1 stimulates 
osteoclastogenesis via absorbing miR-7.13 Also, LncRNA HOTAIR in-
hibited osteogenic differentiation of BMSCs by regulating the Wnt/β-
catenin pathway.14 LncRNA HOTTIP enhances human osteogenic 
BMSC differentiation through interaction with WDR5.15 These findings 
strongly suggest the potential role of LncRNA involved in normal bone 
metabolism and pathological bone remodeling.

Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is 
a widely studied LncRNA that has been proven as a potential biomarker for 
lung cancer metastasis and has been correlated with the development of many 
other types of human tumors.16 Also, MALAT1 has also been found to be 
implicated in cardiovascular disease,17 rheumatoid arthritis, and diabetes.18 

The findings of recent studies have also shown that MALAT1 yields pos-
itive effects on osteoblasts and inhibits osteoclastic activity through dif-
ferent types of signaling, which indicates that MALAT1 may be beneficial 
in OP. For example, MALAT1 could promote osteogenic differentiation of 
human periodontal ligament stem cells through inhibition of the miR-155-
5p/ETS1 axis.19 Similarly, MALAT1 can also facilitate the osteogenic dif-
ferentiation of hBMSCs by regulating the miR-96/Osx axis.20 In MALAT1-
depleted osteoblasts, IL-1β–mediated PGE2 secretion was greater than in 
the control group.21 In contrast, MALAT1 inhibits osteoclastic differentia-
tion of macrophages in osteoporosis via absorbing the miR-124-3p.22

The aforementioned study findings indicate that MALAT1 may serve 
as an important protective factor during OP. However, there are no stud-
ies available, to our knowledge, that explore the potential relationship 
between plasma MALAT1 expressions and severity of OP. Therefore, the 
aim of the present study was to detect plasma expressions of MALAT1 in 
patients with postmenopausal OP (PMOP), to assess the potential util-
ity of MALAT1 as a diagnostic biomarker for PMOP.

Methods

Study Patients
From May 2020 to May 2021, a total of 126 female patients with PMOP 
that had been admitted to Department of Endocrinology, the Affili-
ated Wuxi No. 2 People’s Hospital of Nanjing Medical University, Wuxi, 

China, were enrolled in our study. Meanwhile, 120 age-matched healthy 
women were enrolled as control individuals. The average (SD) age was 
65.1 (5.1) years in the patient group and 64.8 (6.0) in the control group. 
All enrolled participants were ethnic Han Chinese. 

Patients with OP were diagnosed via dual-energy X-ray absorptiometry 
(DXA) (T-score of < −2.5 SD). Plasma was extracted from collected patient 
blood using conventional methods. Inclusion criteria were as follows: 
having newly diagnosed OP, having complete medical records, and un-
derstanding the experimental procedure and being willing to participate. 
Exclusion criteria were as follows: having been treated for OP 3 months 
before current hospital admission; potentially having diseases including 
malignant tumors, diabetes, chronic kidney disease, liver diseases, or 
gut diseases; and not cooperating with researchers. None of the controls 
had osteoporosis or any other systemic disease that could influence bone 
mass, such as malignant tumors, diabetes, chronic kidney disease, liver 
diseases, or gut diseases. This study was approved by the Affiliated Wuxi 
No. 2 People’s Hospital of Nanjing Medical University; signed consent 
forms were obtained from all the participants.

Specimen Preparation and Laboratory Examination
From each participant, we collected 5 mL of venous blood in an EDTA 
anticoagulant gel tube; then, the specimens were centrifuged at 1000g 
for 10 minutes, followed by 13,000g for 10 additional minutes at 4°C. 
The supernatant plasma was then separated, split into 250-µL aliquots, 
and frozen at −80°C until use. Total RNA was extracted from plasma 
using RNAzol RT RNA Isolation Reagent (Sigma-Aldrich). A  High-
Capacity cDNA Reverse Transcription Kit (ThermoFisher Scientific) 
was used to perform reverse transcription. To detect the expression 
of LncRNA, a MALAT1 Kit (NEB) was used to prepare PCR systems. 
Primers of LncRNA MALAT1 and β-actin were designed and synthesized 
by GenePharma: MALAT1 sense, 5′-CTTCCCTAGGGGATTTCAGG-3′ 
and antisense, and 5′-GCCCACAGGAACAAGTCCTA-3′. β-actin was 
used as the internal reference, and the primers were as follows: β-actin 
sense, 5′-CTTAGTTGCGTTACACCCTTTCTTG-3′ and antisense, and 
5′-CTGTCACCTTCACCGTTCCAGTTT-3′. Amplification was performed 
under the following conditions: 95°C for 30 seconds, followed by 40 
cycles of 95°C for 5 seconds, 60°C for 30 seconds, and 72°C for 30 
seconds. The expression of MALAT1 was normalized to β-actin via using 
the 2−ΔΔCT method. Each specimen underwent PCR testing 3 times.

Plasma bone-specific alkaline phosphatase (BALP) was determined 
by chemiluminescence immunoassay (Access-Ostase immunoassay, 
Beckman-Coulter) on the ACCESS immunoassay system. ACCESS Ostase 
is a chemiluminescent immunoassay with paramagnetic particles for the 
quantitative determination of plasma BALP using the ACCESS Analyzer. 
N-telopeptidases of type I collagen (NTx) levels were measured in dupli-
cate using enzyme immunoassay (EIA) kits. All replicates of quality con-
trol and participant specimens had a coefficient of variation <7.0%. The 
mean coefficient of variation percentage of internal controls was 5.7%.

BMD Examination
We used the DXA system (Lunar Prodigy, GE Healthcare) to calculate BMD 
at the hips, femoral neck, and the first through the fourth lumbar vertebrae. 
BMD examination was conducted by an experienced physician (H.W.).

Definition of Vertebral Deformity and Fracture
We used Genant semiquantitative (GSQ) criteria for evaluation of 
patients with OP who had experienced vertebral fracture.23 The GSQ 
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criteria is currently the most-used approach in epidemiology studies and 
clinical trials for osteoporotic vertebral deformity and osteoporotic ver-
tebral fracture evaluation using radiograph testing.22 With this approach, 
each vertebra from T4 to L4 is assessed visually for height loss. Height 
loss of approximately 20%–25% is marked as grade 1 (mild), 25%–40% 
as grade 2 (moderate), and >40% as grade 3 (severe), compared with the 
heights of the same and/or neighboring vertebrae. Image findings were 
read by 2 experienced radiologists, and the κ value was used to examine 
the consistency of the results.

Definition of Clinical Severity
The Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) were 
used to evaluate symptomatic severity and functional ability. The VAS 
is the most frequently applied quantitative tool in clinical practice for 
evaluating the degree of pain. The detailed way to perform this test is to 
draw a 10-cm horizontal line on a piece of paper. One side is 0, indicating 
no pain, and the other side is 10, indicating extreme pain; the middle por-
tion indicates different degrees of pain. The physician then asks the pa-
tient to point on the line to indicate the degree of pain they are feeling.24 
The ODI is currently the most widely used assessment method world-
wide for lumbar or leg pain. The ODI questionnaire is composed of 10 
questions, covering pain intensity, independent living, carrying, walk-
ing, sitting, standing, sleep, travel, sex, and social life. Every category 
includes 6 options, with the highest score for each question being 5 
points. Thus, the first option is worth 0 points and the last option is 
worth 5 points; higher scores represent more-serious dysfunction.25 
The VAS and ODI are widely used for pain and function in different 
conditions, and are reliable and credible instruments.

Statistical Analysis
We conducted statistical analyses using GraphPad Prism (version 8.0 
for Windows; GraphPad Software). Normalized MALAT1 levels were 
demonstrated as ΔCq, with ΔCq=Cq (MALAT1) − Cq (β-actin). Data were 
expressed as mean (SD) or median. The differences between the 2 groups 
were analyzed via the Student t-test or Mann-Whitney test, whereas 1-way 
ANOVA or Kruskal-Wallis testing was used for 3 or more groups. The 
Kolmogorov-Smirnov test was used to examine whether data were nor-
mally distributed. Pearson or Spearman analysis was performed to explore 
the potential correlation between MALAT1 and other indices. ROC curves 
were drawn and the area under the curve (AUC) assessed to determine the 
diagnostic power of plasma MALAT1 in OP. P < .05 was considered statis-
tically significant.

Results

Demographic and Clinical Data
The basic clinical characteristics and BMD data of the patients with PMOP 
and the controls are depicted in TABLE 1. There were no statistically sig-
nificant differences between patients with PMOP and controls regarding 
age, BMI, and age at menopause (TABLE 1). BMD values at the total hips, 
femoral neck, and lumbar (L1–L4) spine were all significantly lower in the 
PMOP group, compared with the control group (TABLE 1).

Plasma MALAT1 Expressions in Patients with PMOP
Patients with PMOP showed significantly lower plasma MALAT1 relative 
expressions compared with healthy controls (mean [SD], 0.48 [0.15] vs 

1.00 [0.06]; P < .001; FIGURE 1A). Also, plasma MALAT1 expressions 
were positively associated with total hip BMD (r  =  0.475; P <  .001;  
FIGURE 1B), femoral neck BMD (r = 0.453; P <  .001; FIGURE 1C), 
and L1-4 BMD (r = 0.462; P < .001; FIGURE 1D).

Plasma MALAT1 Expressions with Genant Grade
In patients with PMOP, 95 patients experienced vertebral deformity 
and fracture, and 31 had no fractures. Plasma MALAT1 expressions 
were significantly lower in patients with vertebral fractures, compared 
with patients with PMOP who did not have fractures (mean [SD], 0.43 
[0.14] vs 0.61 [0.11]; P < .001; FIGURE 2A). According to the Genant 
grading, there were 34 patients with vertebral fracture and PMOP who 
had a Genant grade of 1, as well as 30 with grade 2 and 31 with grade 
3, respectively. Patients with PMOP and Genant grade 3 vertebral 
fracture had significantly lower plasma-related MALAT1 expressions, 
compared with patients with a Genant grade of 2 (mean [SD], 0.36 
[0.12] vs 0.42 [0.10]; P = .02; FIGURE 2B). Moreover, plasma-related 
MALAT1 expressions were significantly lower in patients with verte-
bral fracture, PMOP, and Genant grade 2, compared with those in the 
Genant grade 1 group (0.42 [0.10] vs 0.51 [0.15]; P = .009; FIGURE 2B).  
Plasma-related MALAT1 expressions were negatively associated with 
Genant grade (r = −0.457; P < .001; FIGURE 2C). The next ROC curve 
analysis demonstrated that decreased plasma MALAT1 exhibited diag-
nostic value regarding Genant grade 1 vs grade 2 (AUC = 0.667; P = .02; 
FIGURE 3A) and Genant grade 2 vs grade 3 (AUC = 0.706; P = .008; 
FIGURE 3B).

Plasma MALAT1 Expressions with Clinical Severity and 
Biochemical Indices
To further analyze the potential correlation of MALAT1 with  
severity of PMOP, we recorded the VAS and ODI indices. We also 
discovered that plasma MALAT1 expressions were negatively asso-
ciated with VAS (r = −0.466; P < .001) and ODI indices (r = −0.408; 
P < .001).

Finally, we explored the associations of plasma MALAT1 with bone-
formation marker BALP and bone  resorption marker NTx. We found 
that plasma MALAT1 expressions were significantly and positively re-
lated to plasma BALP levels (r = 0.581; P < .001; FIGURE 4C). However, 
plasma MALAT1 expressions were negatively associated with plasma 
NTx levels (r = −0.521; P < .001; FIGURE 4D).

TABLE 1.  Baseline Clinical Characteristics

Variable 
Study Group, Mean (SD)

P Value 
PMOP Control 

Age, y 65.1 (5.1) 64.8 (6.0) .87

Age at menopause, y 52.1 (3.1) 51.7 (3.0) .75

BMI, kg/m2 23.8 (3.3) 23.7 (3.5) .56

Total hip BMD, g/cm2 0.84 (0.14) 1.12 (0.16) <.001

Femoral neck BMD, g/cm2 0.81 (0.18) 1.04 (0.19) <.001

L1-4 BMD, g/cm2 0.75 (0.20) 1.24 (0.21) <.001

VAS 4.8 (1.8) NA NA

ODI 40.0 (6.7) NA NA

PMOP, postmenopausal osteoporosis; BMD, bone mineral density; VAS, 
Visual Analog Scale; ODI, Oswestry Disability Index; NA, nonapplicable.

FIGURE 1. Correlation of plasma metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expressions with bone 
mineral densities (BMDs). A, Comparison of plasma MALAT1 expressions among the postmenopausal osteoporosis (PMOP) 
and control groups (P < .001). B, Correlation of plasma MALAT1 expressions with total hip BMD (r = −0.475; P < .001). C, 
Correlation of plasma MALAT1 expressions with femoral neck BMD (r = 0.453; P < .001) D, Correlation of plasma MALAT1 
expressions with L1-4 BMD (r = 0.462; P < .001).
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TABLE 1.  Baseline Clinical Characteristics

Variable 
Study Group, Mean (SD)

P Value 
PMOP Control 

Age, y 65.1 (5.1) 64.8 (6.0) .87

Age at menopause, y 52.1 (3.1) 51.7 (3.0) .75

BMI, kg/m2 23.8 (3.3) 23.7 (3.5) .56

Total hip BMD, g/cm2 0.84 (0.14) 1.12 (0.16) <.001

Femoral neck BMD, g/cm2 0.81 (0.18) 1.04 (0.19) <.001

L1-4 BMD, g/cm2 0.75 (0.20) 1.24 (0.21) <.001

VAS 4.8 (1.8) NA NA

ODI 40.0 (6.7) NA NA

PMOP, postmenopausal osteoporosis; BMD, bone mineral density; VAS, 
Visual Analog Scale; ODI, Oswestry Disability Index; NA, nonapplicable.

Discussion
In this study, we found that MALAT1 expressions in plasma were signif-
icantly reduced in patients with PMOP, compared with healthy controls. 
Decreased plasma MALAT1 expressions in patients with PMOP were 
correlated with attenuated BMD, and lower MALAT1 expression was 
correlated with a greater possibility of vertebral fracture. Moreover, 
increased MALAT1 expression was inversely associated with pain and 
functional disability, as evaluated via the VAS and the ODI score. To our 
knowledge, this study is the first in the literature to demonstrate the 
association of plasma MALAT1 expressions and the severity of PMOP.

Development of potential biomarkers that are useful for evaluating 
early diagnosis and treatment response is urgently needed. Besides, gath-
ering biomarkers is minimally invasive; the needed specimen material is 
easily accessible from patients. Hence, our focus in this study has been 
to identify potential noninvasive RNA-based circulating biomarkers, for 
more rapid and accurate diagnosis and monitoring of OP. Because OP is 
a complex, multifactorial disease, no singular molecular species will be 
enough to enable the diagnosis or prognosis of OP. Thus, an integrative 
approach based on several levels of RNA that form a potential biomarker 
signature, including mRNA and noncoding RNAs, is needed.

A growing number of study reports in the literature have shown 
that LncRNAs are key players in many physiological and pathological 

processes, including osteoporosis. Several LncRNAs are implicated in 
the development of OP. For example, LncRNA TUG1 is more upregulated 
in patients with OP than in healthy controls, and overexpression of 
TUG1 facilitates the proliferation and inhibits the apoptosis of mice 
osteoclasts. In another study,26 LncRNA GAS5 overexpression alleviates 
the development of OP via promoting osteogenic differentiation of 
MSCs. LncRNA MSC-AS1 promotes osteogenic differentiation and 
alleviates OP through absorbing miR-140-5p.27

As one of the most widely studied LncRNAs, MALAT1 has been 
implicated in various entities, including neural disorders, cardiovascu-
lar diseases, liver diseases, and diabetes. For example, MALAT1 induces 
inflammasome activation through epigenetic regulation of Nrf2 in 
Parkinson disease.28 Abnormal expression of MALAT1 is expressed in 
endothelial cells or cardiomyocytes in response to hypoxia, high glu-
cose, cytokine, and oxidative stress in cardiovascular diseases.17 Wang 
et al29 discovered that MALAT1 also promotes liver fibrosis by absorb-
ing miR‑181a and activating TLR4‑NF‑κB signaling. MALAT1 also 
acts as a potential regulator of inflammatory cytokines in diabetic 
complications.30 Therefore, targeting MALAT1 in these diseases merits 
further research in the future.

In the current study, we found that MALAT1 expression in plasma 
was significantly reduced in patients with PMOP, compared with healthy 

FIGURE 1. Correlation of plasma metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expressions with bone 
mineral densities (BMDs). A, Comparison of plasma MALAT1 expressions among the postmenopausal osteoporosis (PMOP) 
and control groups (P < .001). B, Correlation of plasma MALAT1 expressions with total hip BMD (r = −0.475; P < .001). C, 
Correlation of plasma MALAT1 expressions with femoral neck BMD (r = 0.453; P < .001) D, Correlation of plasma MALAT1 
expressions with L1-4 BMD (r = 0.462; P < .001).
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controls. Gao et al31 found that the expression of MALAT1 was much 
lower in BMSCs from patients with OP, compared with healthy controls, 
and MALAT1 may act as a positive regulator in hBMSC osteogenic differ-
entiation.31 Yang et al32 showed that BMSC-derived MALAT1 containing 
exosomes could alleviate OP through the microRNA-34c/SATB2 axis. Yi 
and colleagues33 found that MALAT1 could absorb miR-30 to promote 

osteoblast differentiation of adipose-derived MSCs by promotion of 
Runx2 expression. 

Based on these aforementioned study reports, we speculate 
that MALAT1 may act as different types of miRNAs sponges to further 
regulate some key genes, including Runx2, or to activate different osteo-
genesis signal paths, such as Wnt/β-catenin and SMAD4 signaling. Mean-

FIGURE 2. Comparison of plasma metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expressions among 
different Genant grades. A, Comparison of relative plasma MALAT1 expressions between vertebral fracture and nonfracture 
groups (P < .001). B, Comparison of relative plasma MALAT1 expressions among different Genant grades. C, Correlation of 
relative plasma MALAT1 expressions with Genant grade (r = −0.457; P < .001).
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FIGURE 3. Diagnostic value of plasma MALAT1 expression by ROC curve analysis. A. Receiver operating characteristic curve 
analysis of plasma MALAT1 expression with regard to Genant grade 1 vs 2 (area under the curve [AUC] = 0.667; P = .02). B, ROC 
curve analysis of plasma MALAT1 expression with regard to Genant grade 2 vs 3 (AUC = 0.706; P = .006).
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while, MALAT1 also targets miRNA-124 that controls osteoclastic activ-
ity in inhibiting macrophage differentiation to osteoclasts by regulating 
IGF2BP1/Wnt/β-catenin signaling, as mentioned previously.22

In the current study, we discovered that plasma LncRNA MALAT1 
expressions were lower in patients with PMOP, compared with healthy 
controls. Also, decreased MALAT1 correlates with attenuated BMD, indicating 
that MALAT1 may serve as a positive regulator for bone volume in BMD. We 
further detected the relationship of plasma MALAT1 expression with verte-
bral fracture using Genant grade and performed ROC curve analysis to explore 
the potential diagnostic value of MALAT1. We found that lower MALAT1 
expressions yielded more-severe vertebral deformity and fracture. Plasma 
MALAT1 expression had decent diagnostic value regarding Genant grade.

Osteoporotic fractures induce acute and chronic nociceptive and 
neuropathic pain.27 Central sensitization seems to play a pivotal role in  
developing and maintaining chronicity of postfracture pain in osteoporo-
sis.34 Finally, we found that decreased MALAT1 was correlated with more 
pain and impaired functional ability. Similarly, the findings of a previous 
study35 showed that reduced expression of MALAT1 in rat spinal cord 
tissue contributes to neuropathic pain by increasing neuron excitability, 
indicating that MALAT1 may participate in osteoporotic neuropathic pain.

Some limitations of this study should be taken into account. First, 
it was a cross-sectional study performed using a relatively small, 

monoethnic sample size in a Chinese hospital. Therefore, a larger sam-
ple size and a greater number of ethnicities among cohort individuals 
are needed to verify our current findings. Second, the causal relationship 
between MALAT1 and severity of PMOP could not be illustrated. Third, 
only MALAT1 expression in plasma was detected; investigation of other 
biomarkers and/or RNAs may reveal more information.

Collectively, our findings demonstrated that plasma MALAT1 
expressions are negatively associated with severity of PMOP. Further 
investigations are needed to study the deeper mechanisms of MALAT1 
involvement in the development of PMOP.
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ABSTRACT

Objective: The aim of the study was to evaluate proline metabolism in 

patients affected by COVID-19.

Materials and Methods: This case-control study consisted of 116 

patients with COVID-19 and 46 healthy individuals. Tests related to 

proline metabolism (prolidase, proline, hydroxyproline, glutamic acid, 

manganese) and copper and zinc tests were analyzed.

Results: The levels of proline and hydroxyproline amino acids and the 

prolidase enzyme were found to be lower and glutamic acid was found 

to be higher in the COVID-19 group compared to the healthy group 

(P = .012, P <  .001, P <  .001, and P <  .001, respectively). The cop-

per/zinc ratio was higher in patients with COVID-19 than in healthy 

individuals (P <  .001). Significant correlations were found between 

proline metabolism tests and inflammatory and hemostatic markers 

commonly used in COVID-19.

Conclusion: The proline metabolic pathway was affected in 

COVID-19. Relationships between proline pathway–related tests and 

inflammatory/hemostatic markers supported the roles of proline me-

tabolism in proinflammatory and immune response processes.

The whole world continues to fight the SARS-CoV-2 infection, which 
causes COVID-19 according to the World Health Organization (WHO). 
Although many studies have been conducted on SARS-CoV-2 in a rela-
tively short time, information about the pathogenesis of SARS-CoV-2 
and the immune response against it in the host cell is still limited.1,2

COVID-19 displays a broad array of clinical features, from an asymp-
tomatic infection to a severe lung illness and/or multiorgan failure.3 The 
efficiency of the host’s immune response has a considerable influence 
on the clinical presentation.3 Throughout viral infection, the innate and 
adaptive immune systems are involved in the immune response.

In addition to their role as building blocks of proteins and 
polypeptides, some amino acids are substantial regulators of the fun-
damental metabolic pathways essential for maintenance, growth, repro-
duction, and immunity in organisms.4 Proline and hydroxyproline are 
the most notable amino acids in the collagen structure. The proline met-
abolic pathway is strategically located in the metabolism. This pathway 
is connected to the Krebs cycle via glutamate and to the urea cycle via 
arginine.5,6 Proline-containing peptides are involved in many biological 
processes such as proinflammatory response, immune response, and he-
mostasis.7

Prolidase (EC 3.4.13.9) is a dipeptidase that breaks down proline 
or hydroxyproline-containing aminopeptides and takes a crucial role 
in the remodeling of the collagen metabolism matrix and cell growth.8 
Prolidase is involved in numerous biological processes at the cellu-
lar level.7 The catalytic function of prolidase provides for the delivery 
of proline or hydroxyproline, which modulates intracellular signaling. 
Prolidase is an epidermal growth factor receptor (EGFR) and human 
epidermal growth factor receptor 2 (HER2) ligand that regulates the 
signaling pathways depending on these receptors. Under physiological 
conditions, prolidase stimulates these pathways and can act as an in-
terface in regeneration processes involved with inflammation or tissue 
damage.9 Prolidase also participates in the immune response by stim-
ulating the expression and maturation of the interferon α/β receptor. 
It has also been observed that prolidase activity regulation modulates 
the biological effects of the nuclear factor κβ (NF-κβ) transcription fac-
tor, which has a crucial position in the activation of the inflammatory 
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response.9,10 Lung inflammation may trigger transcription factors such 
as NF-κβ, which modulates the expression of proinflammatory genes.

Based on the role of proline-containing peptides in many biological 
processes such as proinflammatory and immune response and hemostasis,  
and the fact that prolidase enzyme activity is associated with inflamma-
tion and tissue damage, our study aimed to investigate proline metabo-
lism in patients affected by COVID-19 and to evaluate molecules/tests 
related to this metabolism.

Materials and Methods

Study Design
The study was carried out with patients who had COVID-19 from 
March to May 2021 in Ankara City Hospital, which is one of the pan-
demic hospitals in Turkey. Clinical diagnoses were executed in accord-
ance with WHO guidelines for COVID-19.11 The study procedure was 
established in compliance with the Helsinki Declaration and confirmed 
by the local ethics board (number E1-20-1125). Patients with current 
clinical symptoms, signs of COVID-19 pneumonia on computed tomog-
raphy, and/or positive real-time polymerase chain reaction (RT-PCR) 
test results of oro-nasopharyngeal swab specimens for SARS-CoV-2 
were included in the study. All patients were hospitalized. Patients 
with negative RT-PCR results were not included in the study, nor were 
patients with an unverified diagnosis of SARS-CoV-2 infection. Healthy 
volunteers with a negative result from a RT-PCR test for SARS-CoV-2 
infection constituted the control group. A detailed history was obtained 
from all patients. All participants underwent a comprehensive physical 
examination and routine clinical laboratory tests. In addition to the rou-
tine clinical examinations and blood tests, all participants had proline, 
hydroxyproline, and glutamic acid amino acid tests, along with prolidase 
enzyme, manganese, copper (Cu), and zinc (Zn) tests.

Laboratory Analysis
Venous blood specimens were obtained from each participant by ven-
ipuncture immediately on admission to the hospital after being con-
firmed with SARS-CoV-2 infection. Afterward, serum was separated by 
centrifugation at 1500g for 10 minutes. Proline, hydroxyproline, and glu-
tamic acid amino acid concentrations were analyzed using a liquid chro-
matography/mass spectrometry instrument (Sciex QTrap 4500, Foster 
City, CA). The specimens were studied using a ready-to-use commercial 
kit (Immuchrom, Heppenheim, Germany). Serum prolidase enzyme 
concentrations were determined with Chinard reagent according to the 
spectrophotometric assay defined by Myara et al.12 Measurements were 
made using a Siemens Advia 1800 chemistry analyzer (Siemens Health-
care, Erlangen, Germany). Serum manganese levels were determined 
in a graphite furnace containing an atomic absorption spectrometer 
(AAS; Thermo Fisher Scientific ICE 3000 series, Waltham, MA) using 
the method proposed by Lisboa et al.13 Serum Zn levels were measured 
using a Zn hollow cathode lamp (HCL) at a wavelength of 213.9 nm in an 
AAS-flame unit (Thermo Fisher Scientific ICE 3000 series).14 Serum Cu 
levels were measured using a Cu HCL at a wavelength of 324.8 nm in an 
AAS-flame unit (Thermo Fisher Scientific ICE 3000 series).14 Among the 
routine laboratory tests, albumin (ALB), total protein (TP), lactate dehy-
drogenase (LDH), iron, and C-reactive protein (CRP) levels were detected 
using Advia Chemistry-XPT systems (Siemens Healthcare Diagnostics  
Erlangen, Germany). Procalcitonin (PCT) and ferritin tests were analyzed 

using the Atellica IM analyzer (Siemens Healthcare Diagnostics). Com-
plete blood cell counts were measured using the Siemens Advia 2120 
Hematology Analyzer (Siemens Healthcare Diagnostics). D-dimer tests 
were analyzed using the Sysmex CS-5100 coagulation analyzer. Eryth-
rocyte sedimentation rates (ESRs) were analyzed using Vision c (YHLO 
Biotech, Shenzen, China).

Statistical Analysis
Visual (histograms) and statistical methods (Shapiro-Wilk test) were 
used to determine whether the data were normally distributed. Descrip-
tive analyses were conducted using the mean and standard deviation 
for normally distributed variables. Because of the normal distribution 
of the data, independent-sample t-tests were performed to determine 
the significance levels of the investigated tests between the 2 groups. 
Correlation analyses were performed using Pearson correlation. In all 
comparative statistical analyses performed, the level of significance was 
accepted as <5% (P < .05). The SPSS software program (version 26; IBM, 
Armonk, NY) was performed for statistical utilizations.

Results
A total of 116 patients with confirmed COVID-19 were included in the 
study. Of these, 45 were female and 71 were male. The control group 
consisted of 46 healthy individuals (31 female, 15 male). Although 
the mean age of the patient group was 60.8 years, the mean age of 
the control group was 37.5 years. The most common symptoms seen 
in the patients were fever (67.2%), cough (56%), fatigue (46.5%), and 
shortness of breath (28.4%), respectively. Hypertension (33.6%) and 
diabetes (26.7%) were the most common comorbidities. The demo-
graphic characteristics of the study group are summarized in TABLE 
1.

The test results regarding the proline metabolism of the 
participants and other laboratory findings are shown in TABLE 2. The 
prolidase enzyme level was found to be significantly lower in patients 
with COVID-19 compared to the control group (P <  .001). The levels 
of the proline and hydroxyproline amino acids were found to be lower 
in the COVID-19 group compared to the healthy group, whereas the 
glutamic acid amino acid was found to be higher in the COVID-19 
group (P = .012, P <  .001, and P <  .001, respectively). There was no 
significant difference between the groups in terms of manganese level 
(P = .299). When the study groups were evaluated in terms of Cu and 
Zn, Cu was found to be significantly higher in patients with COVID-19 
compared to the control group (P <  .001); Zn was significantly lower 
in the patient group than in healthy individuals (P < .001). The Cu/Zn 
ratio was higher in patients with COVID-19 than in healthy individuals 
(P < .001).

When the study groups were compared in terms of routine lab-
oratory tests, we found that TP and ALB values were lower in the 
COVID-19 group than in the control group (P = .010 and P = .034, 
respectively). Although the serum iron level was lower in the pa-
tient group than in healthy individuals (P <  .001), LDH enzyme 
activity was found to be higher in individuals with COVID-19 
than in the healthy group (P <  .001). Furthermore, PCT, ferri-
tin, ESR, and CRP levels were all significantly higher in patients 
with COVID-19 than in healthy control individuals (P <  .001 for 
all). When we considered the hemogram parameters white blood 
cell (WBC) and lymphocytes (LYM), we found that the WBC value 

was higher in patients with COVID-19 compared to those in the  
control group (P = .041), whereas the LYM value was significantly 
lower in patients with COVID-19 compared to healthy individuals 
(P <  .001). D-dimer test results were more than 6 times higher 
in patients with COVID-19 than in patients in the control group 
(P < .001).

The relationship between the tests related to the proline pathway and 
other laboratory tests in patients, as seen in TABLE 3, was examined. 
A significant correlation was observed between prolidase enzyme level 
and LYM (r = 0.56, P = .001) and Zn (r = 0.30, P = .029). Statistically sig-
nificant negative correlations were obtained between prolidase enzyme 
and ferritin (r = –0.24, P = .042,) D-dimer (r = –0.28, P = .022), CRP (r = 
–0.22, P = .038), Cu (r = –0.18, P = .025), and Cu/Zn ratio (r = –0.21, P = 
.043). Similarly, a significant correlation was observed between proline 
amino acid and LYM (r = 0.46, P = .009) and Zn (r = 0.28, P = .025). Nega-
tive correlations were found between proline amino acid and ferritin (r = 
–0.19, P = .009), D-dimer (r = –0.15, P = .162), CRP (r = –0.50, P = .006), 
Cu (r = –0.47, P = .009), and Cu/Zn ratio (r = –0.53, P = .003). While 
statistically significant negative correlations were observed between 
hydroxyproline amino acid and ferritin (r = –0.52, P = .004), D-dimer 
(r = –0.36, P = .040), CRP (r = –0.71, P < .001), Cu (r = –0.35, P = .039), 
and Cu/Zn ratio (r = –0.42, P = .014); a positive correlation was found 
between  hydroxyproline amino acid and the LYM (r = 0.38, P = .041) and 
Zn (r = 0.28, P = .041). Unlike other amino acids, statistically significant 
negative correlations were observed between glutamic acid amino acid 
and LYM (r = –0.32, P = .041) and Zn (r = –0.36, P = .012); positive and 
significant correlations were found between glutamic acid and ferritin (r 
= 0.32, P = .037), D-dimer (r = 0.39, P = .038), CRP (r = 0.30, P = .03), Cu 
(r = 0.33, P = .017), and Cu/Zn ratio (r = .40, P = .009).
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was higher in patients with COVID-19 compared to those in the  
control group (P = .041), whereas the LYM value was significantly 
lower in patients with COVID-19 compared to healthy individuals 
(P <  .001). D-dimer test results were more than 6 times higher 
in patients with COVID-19 than in patients in the control group 
(P < .001).

The relationship between the tests related to the proline pathway and 
other laboratory tests in patients, as seen in TABLE 3, was examined. 
A significant correlation was observed between prolidase enzyme level 
and LYM (r = 0.56, P = .001) and Zn (r = 0.30, P = .029). Statistically sig-
nificant negative correlations were obtained between prolidase enzyme 
and ferritin (r = –0.24, P = .042,) D-dimer (r = –0.28, P = .022), CRP (r = 
–0.22, P = .038), Cu (r = –0.18, P = .025), and Cu/Zn ratio (r = –0.21, P = 
.043). Similarly, a significant correlation was observed between proline 
amino acid and LYM (r = 0.46, P = .009) and Zn (r = 0.28, P = .025). Nega-
tive correlations were found between proline amino acid and ferritin (r = 
–0.19, P = .009), D-dimer (r = –0.15, P = .162), CRP (r = –0.50, P = .006), 
Cu (r = –0.47, P = .009), and Cu/Zn ratio (r = –0.53, P = .003). While 
statistically significant negative correlations were observed between 
hydroxyproline amino acid and ferritin (r = –0.52, P = .004), D-dimer 
(r = –0.36, P = .040), CRP (r = –0.71, P < .001), Cu (r = –0.35, P = .039), 
and Cu/Zn ratio (r = –0.42, P = .014); a positive correlation was found 
between  hydroxyproline amino acid and the LYM (r = 0.38, P = .041) and 
Zn (r = 0.28, P = .041). Unlike other amino acids, statistically significant 
negative correlations were observed between glutamic acid amino acid 
and LYM (r = –0.32, P = .041) and Zn (r = –0.36, P = .012); positive and 
significant correlations were found between glutamic acid and ferritin (r 
= 0.32, P = .037), D-dimer (r = 0.39, P = .038), CRP (r = 0.30, P = .03), Cu 
(r = 0.33, P = .017), and Cu/Zn ratio (r = .40, P = .009).

Discussion
The results of our study not only provided information about the under-
lying causes of infection and inflammation in patients with COVID-19 
whose proline metabolism was investigated but also revealed the 
relationships between inflammatory and prognostic markers, the 
prolidase enzyme, and the proline pathway for COVID-19. Our study 
has the feature of being the first research in this area to examine proline 
metabolism together with the prolidase enzyme in COVID-19.

SARS-CoV-2 is the cause of the ongoing COVID-19 pandemic. Un-
like the majority of coronaviruses, SARS-CoV-2 multiplies in the lower 
respiratory tract and in severe cases causes the development of acute 
respiratory distress syndrome (ARDS) and progressive pneumonia, with 
fatal destruction of the human organism. The general step in the devel-
opment of ARDS is the elevation of plasma proinflammatory cytokines 
and rapid lung infiltration by immune cells. Pulmonary fibrosis and cy-
tokine release syndrome (CRS) are often present in the advanced stages 
of COVID-19. The widespread release of proinflammatory cytokines, 
combined with sepsis and major multiorgan damage, is responsible for 
at least 30% of fatal COVID-19 cases.15 The molecular pathways respon-
sible for the development of SARS-CoV-2-induced fibrosis, ARDS, and 
CRS are not yet understood.15,16

Proline and hydroxyproline are the most important amino acids in 
the collagen structure. The proline metabolic pathway is strategically 
located in the metabolism.17 Proline-containing peptides are involved 
in many biological processes such as the proinflammatory response, im-
mune response, and hemostasis.7 Prolidase is a dipeptidase that breaks 
down proline or hydroxyproline-containing aminopeptides and plays an 
important role in the remodeling of the collagen metabolism matrix and 
cell growth.8 It plays a regulatory role in the function of other biologi-
cal molecules.8,9 Prolidase is an EGFR and HER2 ligand that regulates 
signaling pathways dependent on these receptors such as PI3K/Akt/
mTOR, ERK1/2, and JAK/STAT3. Under physiological conditions, 
prolidase stimulates these pathways and can act as an interface in regen-
eration processes involved with inflammation or tissue damage.9 It has 
also been observed that the regulation of prolidase activity modulates 
the biological effects of the nuclear factor κβ (NF-κβ) transcription fac-
tor.9 The NF-κβ is a transcription factor that plays an important role 
in the activation of the inflammatory response. Lung inflammation can 
stimulate transcription factors such as NF-κβ, which regulate the ex-
pression of proinflammatory and antioxidant genes.18

The results of our study showed that the prolidase enzyme activity 
in patients with COVID-19 was statistically significantly lower than in 
healthy individuals. The role of prolidase in the modulation of NF-κβ 
and its involvement in the signaling pathways in inflammation and 
tissue damage explain its low level in patients with COVID-19. When 
the amino acids in the proline pathway were examined, proline and 
hydroxyproline were found to be lower in patients with COVID-19 
compared to the control group, whereas the glutamic acid level was 
found to be higher. Prolidase deficiency reduces circulating proline 
levels. The hydroxylation of proline is an important factor in regulating 
the stability of collagen. In addition, the hydroxylation of proline can 
prepare functional sites to interact with proteins and receptors. The low 
level of proline in the circulation may also have led to the decrease in 
hydroxyproline formed by the hydroxylation of proline. 

The regulation of proline is critical to ensure tissue integrity. 
Mammals can synthesize proline from arginine, glutamine, and gluta-
mate. It is known that glutamine plays a key role in protein metabolism. 

TABLE 1. Demographic Characteristics of Patients with 
COVID-19 and Control Groupa

Characteristic 
Patients with COVID-19 

(n = 116) 
Control Group 

(n = 46) 
P Valueb 

Age (y, mean ± SD) 60.8 ± 10.8 37.5 ± 10.1 <.001

Sex (female/male) 45/71 31/15 .001

Signs and symptoms    

  Fever 78 (67.2) …  

  Cough 65 (56) …  

  Dyspnea 33 (28.4) …  

  Fatigue 54 (46.5) …  

  Myalgia 17 (14.6) …  

  Nausea/vomiting 10 (8.6) …  

  Headache 6 (5.17) …  

  Diarrhea 5 (4.31) …  

Comorbidities    

  Diabetes 31 (26.7) …  

  Hypertension 39 (33.6) …  

 � Coronary artery 
disease

18 (15.5) …  

  Chronic lung disease 16 (13.7)   

  Malignancy 5 (4.31) …  

SD, standard deviation. 
aData are expressed as numbers (%). 
bP < .05, statistically significant.
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proline in serum.27 In this study, the researchers suggested that lactate 
and L-proline metabolites may help reduce the risk of SARS-CoV-2 infec-
tion because proteomic analysis of host cells infected with SARS-CoV-2 
revealed that the inhibition of central carbon metabolism prevents viral 
replication.27 Although the low proline levels in the earlier study are in 
line with the results of our study, the analysis of other metabolites in 
the proline pathway is an advantage of our study. In another metabol-
omics study, patients with COVID-19 were reported to exhibit low amino 
acid levels.28 In addition, the study emphasized that arginine/proline/
citrulline metabolism is an important pathway affected by COVID-19.28 
In the study, the low proline level in patients with COVID-19 was parallel 
to that reported in our study, whereas glutamine levels were found to be 
lower in patients with COVID-19 compared to the control group, unlike 
in our study.

Our results showed that iron levels were lower in patients with 
SARS-CoV-2 infection than in the control group. Because iron is a cru-
cial factor in various processes involving DNA synthesis and adenosine 
triphosphate production, viruses principally count on iron to replicate 
in host cells.29 The cytokines participating in the “cytokine storm” in 
COVID-19 are potent modulators of iron metabolism. For instance, in-
terleukin (IL)-6 plays a role in many processes ranging from B-cell prolif-
eration to hepcidin synthesis in the liver.30,31 Hepcidin is the chief regu-
lator of iron homeostasis. During infection or inflammatory conditions, 
hepcidin levels rise and limit the availability of iron in the plasma.32 
The emerging hypoferremia is an indivisible part of the host defense 
system.32 Moreover, certain cytokines such as IL-1 and tumor necro-
sis factor enhance the generation of ferritin, which is the iron storage 
protein. As a result, more iron is kept mostly in the reticuloendothelial 
system, which processes most of the iron recycled from deformed red 
blood cells. This hypoferremia results in the impairment of iron uptake 
in many organs.30-33

Trace elements have an important place in maintaining a healthy body. 
For example, Zn is an essential trace element in the growth and mainte-
nance of immune cells. It inhibits the RNA polymerase required to repli-
cate RNA viruses such as those containing coronavirus.34 Furthermore, 
Cu is an important micronutrient for viral infections for both pathogens 
and hosts. It has been shown to play an important role in immunity 
through its involvement in the production and differentiation of immune 
cells such as T-cell proliferation and natural killer activity in the host.34 
The Cu/Zn ratio is clinically more important than the concentration of 
these metals  separately.35 Previous studies have shown that Cu and Zn 
deficiencies predispose to infections, whereas systemic inflammation and 
infections result in a decreased serum Zn concentration during the acute-
phase response because of the redistribution of serum Zn to the liver and 
other tissues.35-37 In addition, acute infections cause an increased serum 
Cu concentration. Both responses end in an elevated serum Cu/Zn ratio. 

The Cu/Zn ratio has been found to be high as an acute-phase response 
in several infectious diseases.35,37 Researchers have extensively reviewed 
the relationship between the Cu/Zn ratio and health status.36 Oxida-
tive stress and inflammation impact the Cu/Zn ratio, and the Cu/Zn ra-
tio modulates immune defense and stress response.36,37 In our study, 
Cu levels and the Cu/Zn ratio were higher in patients with COVID-19 
compared to the control group, and Zn levels were lower. In addition, 
we found significant correlations between tests of proline metabolism 
and Cu, Zn, and the Cu/Zn ratio. These results provide information that 
strengthens the relationship between proline metabolism and inflam-
mation and immune response in COVID-19. 

TABLE 2. Proline Metabolism Profile and Other Laboratory Resultsa 

Results Patients with COVID-19 (n = 116) Control Group (n = 46) P Valueb  

Prolidase, U/L 788 ± 86.5 855 ± 52.3 <.001

Proline, µmol/L 196 ± 44.1 228 ± 46.2 .012

Hydroxyproline, µmol/L 4.93 ± 1.14 7.92 ± 1.43 <.001

Glutamic acid, µmol/L 219 ± 63.4 65 ± 13.7 <.001

Mn, mcg/L 2.52 ± 0.73 2.33 ± 1.01 .299

Cu, mcg/dL 138 ± 24.6 113 ± 21.3 <.001

Zn, mcg/dL 136 ± 19.4 159 ± 18.1 <.001

Cu/Zn ratio 1.01 ± 0.22 0.71 ± 0.17 <.001

TP, g/L 61 ± 5.81 68.3 ± 4.59 .010

ALB, g/L 36.4 ± 4.03 40.1 ± 3.6 .034

Iron, µg/dL 27.93 ± 7.89 69.2 ± 10.7 <.001

LDH, U/L 301.7 ± 42.63 198 ± 20.6 <.001

PCT, µg/L 0.066 ± 0.022 0.03 ± 0.01 <.001

Ferritin, µg/L 389 ± 41.55 48 ± 9.6 <.001

D-dimer, mg/L 1.38 ± 0.3 0.21 ± 0.07 <.001

WBC, ×109/L 7.01 ± 1.8 5.99 ± 1.23 .041

LYM, ×109/L 1.18 ± 0.25 1.93 ± 0.46 <.001

ESR, mm/h 43.09 ± 9.9 9.2 ± 2.8 <.001

CRP, g/L 0.042 ± 0.015 0.002 ± 0.0006 <.001

ALB, albumin; CRP, C-reactive protein; Cu, copper; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; LYM, lymphocytes; Mn, manga-
nese; PCT, procalcitonin; TP, total protein; WBC, white blood cells; Zn, zinc. 
aValues are given as mean ± standard deviation. 
bP < .05, statistically significant.

TABLE 3. Relationship Between Proline Metabolism Tests and Other Laboratory Tests 

LYM Ferritin D-dimer CRP Cu Zn Cu/Zn 

Prolidase
r = 0.56 
P = .001

r = –0.24 
P = .042

r = –0.28 
P = .022

r = –0.22 
P = .038

r = –0.18 
P = .25

r = 0.30 
P = .029

r = –0.21 
P = .043

Proline
r = 0.46 
P = .009

r = –0.19 
P = .009

r = –0.15 
P = .162

r = –0.50 
P = .006

r = –0.47 
P = .009

r = 0.28 
P = .025

r = –0.53 
P = .003

Hydroxyproline
r = 0.38 
P = .041

r = –0.52 
P = .004

r = –0.36 
P = .040

r = –0.71 
P < .001

r = –0.35 
P = .039

r = 0.28 
P = .042

r = –0.42 
P = .014

Glutamic acid
r = –0.32 
P = .041

r = 0.32 
P = .037

r = 0.39 
P = .038

r = 0.30 
P = .03

r = 0.33 
P = .017

r = –0.36 
P = .012

r = 0.40 
P = .009

CRP, C-reactive protein; Cu, copper; LYM, lymphocyte; Zn, Zinc.

Therefore, glutamine is considered a regulatory amino acid of proline 
availability for collagen biosynthesis. Glutamic acid levels in patients 
with COVID-19 in our study may have been elevated to compensate 
for low proline levels and to provide a proline source. There was no dif-
ference between the patients with COVID-19 and the control group in 
terms of manganese levels. Manganese is located in the active site of 
prolidase. However, there are other divalent cations in the active site of 
prolidase. In this study, it was determined that manganese is not associ-
ated with low levels of the prolidase enzyme.

In our study, increased CRP, PCT, ESR, and ferritin, markers of in-
flammation, were found in patients with COVID-19 compared with 
healthy control individuals. Significant correlations were found between 
proline, hydroxyproline, glutamic acid amino acids, and the prolidase 
enzyme, which play a role in proline metabolism, with LYM, ferritin, 
D-dimer, and CRP parameters used in the diagnosis, treatment, and fol-
low-up of the prognosis of COVID-19. The important role of prolidase in 

the modulation of NF-κβ and signaling pathways in inflammation and 
tissue damage explains the negative correlation between prolidase levels 
and inflammatory markers in patients with COVID-19. These data sup-
port the relationship of the proline pathway with inflammation, hemo-
stasis, and immune response in COVID-19.

There are reports of the clinical relevance of prolidase in disorders 
of collagen metabolism,19-21 metabolic disorders,22,23 and oncological 
disorders.24,25 In a study on the influenza A  virus, it was shown that 
prolidase is a cellular factor required by the influenza virus for success-
ful entry into target cells.26 In addition, it has been shown that prolidase 
is required by the influenza virus in the early period of infection, and in 
the absence of prolidase, early viral events change, which leads to a de-
crease in the amount of virus in the early and late endosomes and fewer 
fusion events.26

In a metabolomics study in patients with COVID-19, in contrast 
to non–COVID-19 specimens, COVID-19 specimens showed reduced 
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proline in serum.27 In this study, the researchers suggested that lactate 
and L-proline metabolites may help reduce the risk of SARS-CoV-2 infec-
tion because proteomic analysis of host cells infected with SARS-CoV-2 
revealed that the inhibition of central carbon metabolism prevents viral 
replication.27 Although the low proline levels in the earlier study are in 
line with the results of our study, the analysis of other metabolites in 
the proline pathway is an advantage of our study. In another metabol-
omics study, patients with COVID-19 were reported to exhibit low amino 
acid levels.28 In addition, the study emphasized that arginine/proline/
citrulline metabolism is an important pathway affected by COVID-19.28 
In the study, the low proline level in patients with COVID-19 was parallel 
to that reported in our study, whereas glutamine levels were found to be 
lower in patients with COVID-19 compared to the control group, unlike 
in our study.

Our results showed that iron levels were lower in patients with 
SARS-CoV-2 infection than in the control group. Because iron is a cru-
cial factor in various processes involving DNA synthesis and adenosine 
triphosphate production, viruses principally count on iron to replicate 
in host cells.29 The cytokines participating in the “cytokine storm” in 
COVID-19 are potent modulators of iron metabolism. For instance, in-
terleukin (IL)-6 plays a role in many processes ranging from B-cell prolif-
eration to hepcidin synthesis in the liver.30,31 Hepcidin is the chief regu-
lator of iron homeostasis. During infection or inflammatory conditions, 
hepcidin levels rise and limit the availability of iron in the plasma.32 
The emerging hypoferremia is an indivisible part of the host defense 
system.32 Moreover, certain cytokines such as IL-1 and tumor necro-
sis factor enhance the generation of ferritin, which is the iron storage 
protein. As a result, more iron is kept mostly in the reticuloendothelial 
system, which processes most of the iron recycled from deformed red 
blood cells. This hypoferremia results in the impairment of iron uptake 
in many organs.30-33

Trace elements have an important place in maintaining a healthy body. 
For example, Zn is an essential trace element in the growth and mainte-
nance of immune cells. It inhibits the RNA polymerase required to repli-
cate RNA viruses such as those containing coronavirus.34 Furthermore, 
Cu is an important micronutrient for viral infections for both pathogens 
and hosts. It has been shown to play an important role in immunity 
through its involvement in the production and differentiation of immune 
cells such as T-cell proliferation and natural killer activity in the host.34 
The Cu/Zn ratio is clinically more important than the concentration of 
these metals  separately.35 Previous studies have shown that Cu and Zn 
deficiencies predispose to infections, whereas systemic inflammation and 
infections result in a decreased serum Zn concentration during the acute-
phase response because of the redistribution of serum Zn to the liver and 
other tissues.35-37 In addition, acute infections cause an increased serum 
Cu concentration. Both responses end in an elevated serum Cu/Zn ratio. 

The Cu/Zn ratio has been found to be high as an acute-phase response 
in several infectious diseases.35,37 Researchers have extensively reviewed 
the relationship between the Cu/Zn ratio and health status.36 Oxida-
tive stress and inflammation impact the Cu/Zn ratio, and the Cu/Zn ra-
tio modulates immune defense and stress response.36,37 In our study, 
Cu levels and the Cu/Zn ratio were higher in patients with COVID-19 
compared to the control group, and Zn levels were lower. In addition, 
we found significant correlations between tests of proline metabolism 
and Cu, Zn, and the Cu/Zn ratio. These results provide information that 
strengthens the relationship between proline metabolism and inflam-
mation and immune response in COVID-19. 

As in our study, Fromonot et al38 found Zn levels lower in patients 
with COVID-19 than in patients without COVID-19. They also showed 
the association of low Zn with lymphopenia and inflammation in the 
early phase of COVID-19.38 In another study, Skalny et al39 found a high 
Cu level, low Zn level, and higher Cu/Zn ratio in patients with COVID-19 
compared to healthy control individuals. In addition, as the severity of 
the disease increased, the Zn level gradually decreased and the Cu and 
Cu/Zn ratio gradually increased.39 These data support the Cu, Zn, and 
Cu/Zn ratios we found in our study.

This study has some limitations. One of these is the age difference be-
tween the patient and control groups. The mean age of the patient group 
was higher than the mean age of the control group. When conducting a 
scientific study, it is often a challenge to create a control group of healthy 
individuals older than age 60 years. Another limitation is the sex distri-
bution in the patient and control groups. We do not have any informa-
tion on the effect of sex on amino acid levels.

Conclusion
In conclusion, changes in proline metabolism have been observed 
in patients with COVID-19. Low levels of the prolidase enzyme and 
the proline and hydroxyproline amino acids and high glutamic acid 
amino acid levels suggest that they are associated with inflammation, 
the release of proinflammatory cytokines, and immune response in 
COVID-19. The relationship between proline metabolism tests and 
commonly used inflammatory and hemostatic markers in COVID-19 
supports this hypothesis. In addition, proline pathway metabolites 
have associations with the Cu/Zn ratio, which is recognized to modu-
late immune response.
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ABSTRACT

Objective: To show the high analytical specificity of our multiplex mi-

crosphere polymerase chain reaction (mmPCR) method, which offers 

the simultaneous detection of both general (eg, Gram type) and spe-

cific (eg, Pseudomonas species) clinically relevant genetic targets in a 

single modular multiplex reaction.

Materials and Methods: Isolated gDNA of 16S/rRNA Sanger-

sequenced and Basic Local Alignment Tool–identified bacterial 

and fungal isolates were selectively amplified in a custom 10-plex 

Luminex MagPlex-TAG microsphere-based mmPCR assay. The sig-

nal/noise ratio for each reaction was calculated from flow cytometry 

standard data collected on a BD LSR Fortessa II flow cytometer. Data 

were normalized to the no-template negative control and the signal 

maximum. The analytical specificity of the assay was compared to 

single-plex SYBR chemistry quantitative PCR.

Results: Both general and specific primer sets were functional in the 

10-plex mmPCR. The general Gram typing and pan-fungal primers 

correctly identified all bacterial and fungal isolates, respectively. The 

species-specific and antibiotic resistance–specific primers correctly 

identified the species- and resistance-carrying isolates, respectively. 

Low-level cross-reactive signals were present in some reactions with 

high signal/noise primer ratios.

Conclusion: We found that mmPCR can simultaneously detect spe-

cific and general clinically relevant genetic targets in multiplex. These 

results serve as a proof-of-concept advance that highlights the poten-

tial of high multiplex mmPCR diagnostics in clinical practice. Further 

development of specimen-specific DNA extraction techniques is re-

quired for sensitivity testing.

Accurate and timely diagnosis of pathogenic microorganisms can be 
challenging because a wide variety of pathogens can cause clinically 
indistinguishable pathologies.1 Polymerase chain reaction (PCR)-
based nucleic acid amplification tests (NAATs) offer rapid, minimally 
invasive, sensitive, and specific molecular diagnostics for infectious 
microorganisms.2 However, these techniques can be limited by rela-
tively long turnaround times, a reliance upon organism culture, pre-
defined organism panels, a lack of parallel antimicrobial susceptibility 
testing, and limited capacity for modular addition of further genes of 
interest (GOI).1,3,4 The ideal NAAT for use in clinical practice will have 
a high-multiplex capacity to identify established specific genotypes 
yet remain amenable to the incorporation of emerging resistance or 
species-specific genes in a flexible, modular fashion.

Multiplex microsphere PCR (mmPCR) is a technique that uses Cy3-
labeled oligonucleotides as fluorescent reporters of primer consump-
tion, which in turn allows the quantification of the number of copies of 
a given template in the specimen. When bound to carboxylated polysty-
rene Luminex MagPlex-TAG microspheres that are dyed into spectrally 
distinct sets, fluorescence intensity can be individually quantified using 
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flow cytometry.5 Studies have shown that mmPCR advantageously 
allows high multiplex capacity (ie, theoretically capable of detecting up 
to 150 separate GOI in a single reaction) while maintaining the high 
specificity and sensitivity of PCR-based NAATs.6 A previously published 
duplex-mmPCR assay has recently been developed for rapid (ie, <3 
hours), culture-free, bacterial Gram typing.7 In this study, we provide 
a significant extension to the functionality of this assay by broadening 
the polymicrobial detection capacity to include pan-fungal primers, spe-
cific primers targeting resistance-conferring GOIs, and species-specific 
primers (Supplemental Graphic Abstract). We show the high analytical 
specificity of our 10-plex mmPCR assay, which can simultaneously pro-
vide diagnostic information regarding Gram type, resistance genes, and 
specific clinically relevant pathogens.8

Materials and Methods

Oligonucleotide Design
Previously published primers were used to distinguish Gram type, 
fungi, β-lactamase resistance, and the specific species Achromobacter 
xylosoxidans, Burkholderia cepacia, and Pseudomonas aeruginosa  
(Supplemental Table 1). Primers targeting vancomycin type A, vanco-
mycin type B, and methicillin resistance were designed to target the 
Tn1546 genetic element, vanB mobile cluster, and mecA gene, respec-
tively, utilizing the Primer3 software package as previously published.9 
To facilitate mmPCR, additional nucleotides were incorporated as pre-
viously described,5 with MagPlex-TAG microspheres (Luminex) conju-
gated to DNA tags. Primers and labeled oligonucleotides were supplied 
as high-performance liquid chromatography grade (Integrated DNA 
Technologies).

Bacterial and Fungal Genomic DNA 
Thirteen bacterial and 3 fungal strains with characterized resistance 
phenotypes (Pathology Queensland) were provided from The Uni-
versity of Queensland and Pathology Queensland (FIGURE 1). Ge-
nomic DNA (gDNA) was extracted with a Prepito-D and Blood-600 
extraction kit (Chemagen), from cultured viable cells homogenized 
with a Precellys 24-tissue homogenizer (Bertin Instruments) in 
L-type pathogen lysis tubes (Qiagen). The concentration of gDNA 
(genome copies/μL) was quantified with a Nanodrop ND-2000 spec-
trophotometer (Thermo Fisher Scientific). The identity of bacterial 
isolates was confirmed with Sanger sequencing (Australian Geno-
mics Research Facility) and Basic Local Alignment Tool identification 
of PCR amplicons of the intervening variable 16S/rRNA regions, as 
previously published.10 The presence of antibiotic resistance genes, 
Gram status, and fungal presence was confirmed via real-time quan-
titative PCR (qPCR) as previously described.7 Briefly, SYBR Green  
(Applied Biosystems) qPCR was performed using a ViiA 7 quantitative 
thermocycler (Applied Biosystems), using standard cycling conditions 
(ie, 95°C for 10 minutes, followed by 40 cycles each of 95°C for 15 
seconds and 60°C for 60 seconds, followed by a standard melt curve) 
with primers at 100  nmol/L. The template for amplification was 1 µL 
gDNA (105 genome copies/μL) or no-template negative control (NTC) 
RT-PCR Grade Water (Life Technologies). A cycle threshold (Ct) of 35 to 
30 was considered weakly positive, and a Ct <30 was considered posi-
tive. In addition, for qPCR analytical specificity testing, we tested Ct <40 
as positive. All reactions were followed by a melt curve specificity test. 

Data were collected using QuantStudio V1.1 (Thermo Fisher Scientific) 
software.

Microsphere Assay
The mmPCR assay was performed using a 2-step process as previ-
ously published,7 with the addition of (8×) additional primers (Supple-
mental Table 1). Briefly, the TaqMan Universal Master Mix (Applied 
Biosystems) and all forward and reverse primers were employed to se-
lectively amplify gDNA under standard conditions (50°C for 2 minutes, 
95°C for 10 minutes, followed by 45 cycles of 95°C for 30 seconds, 60°C 
for 30 seconds, and 72°C for 60 seconds), with a final extension step at 
72°C for 5 minutes on a T100 thermocycler (BioRad). The Gram-nega-
tive, fungi, and β-lactamase primers were at 80 nmol/L; the Gram-pos-
itive, species-specific, and vancomycin B and mecA resistance primers 
were at 40 nmol/L; and the vancomycin A resistance primers were at a 
20 nmol/L concentration, respectively (Supplemental Table 1). An addi-
tional 4 mmol/L MgCl

2
+ and 275 μmol/L deoxyribonucleotide triphos-

phate mix (Life Technologies) was added to the PCR, and the template 
for amplification was 1 µL gDNA (105 genome copies/μL) or NTC RT-
PCR Grade Water (Life Technologies). After PCR, a second hybridiza-
tion stage was performed. Microspheres at a ratio of 62.5 microspheres 
to 1 nmol/L primer pair and Cy3-labeled oligonucleotides at a ratio of 
1  nmol/L to 1  nmol/L primer pair were added and then incubated at 
37°C for 30 minutes. Microspheres were analyzed on a BD LSR Fortessa 
II (BD Biosciences) using BD FACSdiva Software (version 8.0.1, BD 
Biosciences).11

Data Analysis
The raw data from the BD FACSDiva Software was analyzed as previously 
published.7 Briefly, the signal/noise ratio (S/N) was calculated from data 
normalized to an NTC reaction (noise) and a “signal maximum” reac-
tion that contained no template or forward and reverse primers (sig-
nal). A custom R Studio software package provided summary statistics 
directly from flow cytometry standard files via the bootstrap technique. 
An S/N >0.0 was considered positive and weakly positive when S/N val-
ues were between 0.0 and 0.2. An S/N less than –0.1 was omitted. For 
evaluating analytical specificity, the accuracy (%) was calculated by di-
viding the sum of the true positives and true negatives by the sum of all 
true and false positive and negatives. Positive predictive values (PPVs) 
and negative predictive values (NPVs) were determined using a chi-
square test, and differences of accuracy between groups were assessed 
with a 1-way analysis of variance with Bonferroni-corrected multiple 
comparisons testing. In all cases, P <  .05 was considered significant. 
Data are representative of triplicate independent technical replicates. 
Figures were prepared using GraphPad Prism version 8.4.2 (GraphPad 
Software).

Results
We first sequenced each bacterial isolate included in our study to con-
firm that the genotype was as expected (National Center for Biotech-
nology Information accession number [Accession ID]; FIGURE 1). We 
next tested the specificity of the selected primers (Supplemental Table 
1) with single-plex SYBR chemistry qPCR. To confirm the specificity of 
the primers, we assessed the amplification Ct for each isolate. We con-
firmed that the Gram-positive, Gram-negative, and fungal primers cor-
rectly typed each isolate (Supplemental Figure 1A). The P  aeruginosa, 
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B cepacia, and A xylosoxidans isolates were only amplified weakly (Ct >30) 
using the Gram-negative primers. Therefore, we chose these species to 
show the modularity of mmPCR by incorporating these species-specific 
primers into the assay. When we tested them using single-plex qPCR, we 
found that the selected species-specific primers were specific for their 
target isolate (Supplemental Figure 1B). In addition, we observed that 
the resistance gene-specific primers correctly identified the expected re-
sistance gene expression, based on laboratory-confirmed resistance phe-
notype (Supplemental Figure 1C). Taken together, these data indicate 
that the primers selected for this study are specific when tested using 
single-plex qPCR.

We next sought to show that the analytical specificity of these primers 
is maintained when incorporated into a combined 10-plex mmPCR as-
say and thus show that mmPCR allows the simultaneous detection of 
both general and specific clinically relevant genetic targets. Using our 
10-plex mmPCR, we could correctly type and identify all bacterial and 
fungal isolates and their resistance genes where present (FIGURE 1).  
Consistent with previously published data,7 low cross-reactive sig-
nals appeared alongside high S/N primer values. When considering  
the analytical sensitivity of the 10-plex mmPCR assay exclusive of 
weakly positive results, we found no statistically significant difference 
between the accuracy of qPCR and mmPCR (P > .9999; qPCR [Ct <30] vs 

FIGURE 1.  Simultaneous detection of Gram type, fungi, antibiotic resistance genes, and species-specific genes with multiplex 
microsphere polymerase chain reaction (mmPCR). The signal-to-noise ratio (S/N) of (13×) 16S/rRNA Sanger-sequenced and 
Basic Local Alignment Tool-identified bacterial isolates and (3×) fungal isolates, selectively amplified in a custom 10-plex 
mmPCR assay. Each 10-plex mmPCR contained general Gram-positive (G-pos), Gram-negative (G-neg) and pan-fungal (Fungi) 
primers; specific primers targeting the resistance-conferring gene mecA (MecA), the type A vancomycin resistance–conferring 
Tn1546 Transposon (VanA), the vanB mobile cluster (VanB), and the β-lactamases expressing bla

SHV-1
 gene (β-lac); and specific 

primers targeting the bacterial species B cepacia (B.cep), P aeruginosa (P.aer), and A xylosoxidans (A.xyl). The polymerase 
chain reaction was conducted using purified isolate genomic DNA at a concentration of 105 genomes/reaction. The S/N of 
each primer set for each isolate was calculated from data normalized to a no-template negative control reaction (noise) and 
a “signal maximum” reaction that contained no template or forward and reverse primers (signal). An S/N >0.0 was considered 
positive and weakly positive when between 0.0 and 0.2 (dotted line). An S/N less than –0.1 was omitted. Data are representative 
of triplicate independent technical replicates. The mean ± standard error of the mean of technical triplicates is shown. 

Data were collected using QuantStudio V1.1 (Thermo Fisher Scientific) 
software.

Microsphere Assay
The mmPCR assay was performed using a 2-step process as previ-
ously published,7 with the addition of (8×) additional primers (Supple-
mental Table 1). Briefly, the TaqMan Universal Master Mix (Applied 
Biosystems) and all forward and reverse primers were employed to se-
lectively amplify gDNA under standard conditions (50°C for 2 minutes, 
95°C for 10 minutes, followed by 45 cycles of 95°C for 30 seconds, 60°C 
for 30 seconds, and 72°C for 60 seconds), with a final extension step at 
72°C for 5 minutes on a T100 thermocycler (BioRad). The Gram-nega-
tive, fungi, and β-lactamase primers were at 80 nmol/L; the Gram-pos-
itive, species-specific, and vancomycin B and mecA resistance primers 
were at 40 nmol/L; and the vancomycin A resistance primers were at a 
20 nmol/L concentration, respectively (Supplemental Table 1). An addi-
tional 4 mmol/L MgCl

2
+ and 275 μmol/L deoxyribonucleotide triphos-

phate mix (Life Technologies) was added to the PCR, and the template 
for amplification was 1 µL gDNA (105 genome copies/μL) or NTC RT-
PCR Grade Water (Life Technologies). After PCR, a second hybridiza-
tion stage was performed. Microspheres at a ratio of 62.5 microspheres 
to 1 nmol/L primer pair and Cy3-labeled oligonucleotides at a ratio of 
1  nmol/L to 1  nmol/L primer pair were added and then incubated at 
37°C for 30 minutes. Microspheres were analyzed on a BD LSR Fortessa 
II (BD Biosciences) using BD FACSdiva Software (version 8.0.1, BD 
Biosciences).11

Data Analysis
The raw data from the BD FACSDiva Software was analyzed as previously 
published.7 Briefly, the signal/noise ratio (S/N) was calculated from data 
normalized to an NTC reaction (noise) and a “signal maximum” reac-
tion that contained no template or forward and reverse primers (sig-
nal). A custom R Studio software package provided summary statistics 
directly from flow cytometry standard files via the bootstrap technique. 
An S/N >0.0 was considered positive and weakly positive when S/N val-
ues were between 0.0 and 0.2. An S/N less than –0.1 was omitted. For 
evaluating analytical specificity, the accuracy (%) was calculated by di-
viding the sum of the true positives and true negatives by the sum of all 
true and false positive and negatives. Positive predictive values (PPVs) 
and negative predictive values (NPVs) were determined using a chi-
square test, and differences of accuracy between groups were assessed 
with a 1-way analysis of variance with Bonferroni-corrected multiple 
comparisons testing. In all cases, P <  .05 was considered significant. 
Data are representative of triplicate independent technical replicates. 
Figures were prepared using GraphPad Prism version 8.4.2 (GraphPad 
Software).

Results
We first sequenced each bacterial isolate included in our study to con-
firm that the genotype was as expected (National Center for Biotech-
nology Information accession number [Accession ID]; FIGURE 1). We 
next tested the specificity of the selected primers (Supplemental Table 
1) with single-plex SYBR chemistry qPCR. To confirm the specificity of 
the primers, we assessed the amplification Ct for each isolate. We con-
firmed that the Gram-positive, Gram-negative, and fungal primers cor-
rectly typed each isolate (Supplemental Figure 1A). The P  aeruginosa, 
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mmPCR [S/N >0.2]; TABLE 1). False-positive measurements increased 
in frequency for both mmPCR and qPCR as the threshold of positivity 
was lowered (NPV = 0.9854 vs 0.8321 and NPV = 1.000 vs 0.6449 for 
mmPCR [S/N >0.2 vs >0.0] and qPCR [Ct <30 vs Ct <40], respectively; 
TABLE 1). Taken together, these data indicate that mmPCR can simul-
taneously detect a number of clinically relevant genetic targets and that 
our 10-plex mmPCR has a similar analytical specificity to single-plex 
SYBR chemistry qPCR.

Discussion
Herein, we present an mmPCR assay that can successfully detect 
10 clinically relevant specific and general targets in parallel, and as 
proof of principle, we show its accuracy across multiple pathogens. 
By allowing Gram typing and establishing resistance genotypes, high-
multiplex mmPCR may guide initial treatment options and minimize 

the use of empiric broad-spectrum antibiotics.12 We acknowledge that 
functional assays will remain critical components of resistance test-
ing, as resistance genotype and phenotype are not always perfectly 
matched.13 However, an assessment of the likelihood of resistant 
organisms within ~3.5 hours is likely to be both clinically meaningful 
and cost-effective.7

By integrating species-specific primers, we have shown that this 
technology has the capacity for the modular addition of novel GOI 
targets. This capacity may facilitate the monitoring of rapidly emerging 
resistance or species-specific genotypes during an outbreak of a previ-
ously uncommon organism.12 Indeed, we suggest that the modular mul-
tiplex capacity of this mmPCR assay can be used to generate assays fit for 
specific patient populations in specific health care facilities, where local 
microbiological patterns can vary considerably. The Luminex platform 
allows up to 150 beads to be simultaneously detected in a single tube, al-
though we speculate that there may be technical limitations that would 

TABLE 1.  Analytical Sensitivity of mmPCR and qPCR

Analytical Specificity Analytical Specificity

Exclusive of Weakly Positive Results Inclusive of Weakly Positive Results

 qPCR Ct <30 mmPCR S/N >0.2 qPCR Ct <35 mmPCR S/N >0.0 qPCR Ct <40

Pathogen or Target
TP (TN) 
FP (FN) 

Acc (%) 
TP (TN) 
FP (FN) 

Acc (%) 
TP (TN) 
FP (FN) 

Acc (%) 
TP (TN) 
FP (FN) 

Acc 
(%) 

TP (TN) 
FP (FN) 

Acc 
(%) 

General primers

  Gram-positive 6 (10)  
0 (0)

100 6 (10)  
0 (0)

100 6 (9)  
1 (0)

93.8 6 (10)  
0 (0)

100 6 (6)  
4 (0)

75.0

  Gram-negative 4 (9)  
3 (3)

81.3 6 (7)  
2 (1)

81.3 7 (9)  
0 (0)

100 7 (5)  
4 (0)

75.0 7 (6)  
3 (0)

81.3

  Fungi 3 (13)  
0 (0)

100 2 (13)  
0 (1)

93.8 3 (11)  
2 (0)

100 3 (11)  
2 (0)

87.5 3 (13)  
0 (0)

100

Species-specific primers

  B cepacia 1 (9)  
0 (0)

100 1 (15)  
0 (0)

100 1 (9)  
0 (0)

100 1 (13)  
2 (0)

87.5 1 (1)  
8 (0)

20.0

  P aeruginosa 1 (9)  
0 (0)

100 1 (15)  
0 (0)

100 1 (0)  
0 (0)

100 1 (12)  
3 (0)

81.3 1 (2)  
7 (0)

30.0

  A xylosoxidans 1 (9)  
0 (0)

100 1 (15)  
0 (0)

100 1 (7)  
2 (0)

80.0 1 (13)  
2 (0)

87.5 1 (1)  
8 (0)

20.0

Resistance-specific primers

  VanA 1 (12)  
0 (0)

100 1 (15)  
0 (0)

100 1 (12)  
0 (0)

100 1 (12)  
3 (0)

81.3 1 (12)  
0 (0)

100

  VanB 1 (12)  
0 (0)

100 1 (15)  
0 (0)

100 1 (12)  
0 (0)

100 1 (11)  
4 (0)

75.0 1 (6)  
6 (0)

53.8

  MecA 1 (12)  
0 (0)

100 1 (15)  
0 (0)

100 1 (12)  
0 (0)

100 1 (13)  
2 (0)

87.5 1 (11)  
1 (0)

92.3

  SHV 1(12)  
0(0)

100 1 (15)  
0 (0)

100 1 (12)  
0 (0)

100 1 (14)  
1 (0)

93.8 1 (11)  
1 (0)

92.3

Chi-square 
test 

PPV 0.8696 0.9130 1.000 1.000 1.000

NPV 0.9727 0.9854 0.9720 0.8321 0.6449

1-way ANOVA

Dunn’s multiple comparisons testing Adjusted P value

qPCR (Ct <30) vs mmPCR (S/N >0.2) P > .9999

qPCR (Ct <30) vs qPCR (Ct <35) P > .9999

qPCR (Ct <30) vs mmPCR (S/N >0.0) P = .0233

qPCR (Ct <30) vs qPCR (Ct <40) P = .0150

Acc, accuracy quantified as (TP + TN)/(TP + TN + FP + FN); ANOVA, analysis of variance; Ct, cycle threshold (qPCR); FN, false negative; FP, false positive, 
MecA, methicillin resistance; mmPCR, multiplex microsphere polymerase chain reaction; NPV, negative predictive value; PPV, positive predictive value; 
qPCR, quantitative polymerase chain reaction; SHV, β-lactamase resistance; S/N, signal-to-noise ratio (mmPCR); TN, true negative; TP, true positive; 
VanA, vancomycin resistance type A; VanB, vancomycin resistance type B.
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prevent 150-gene detection with mmPCR. Nevertheless, our data show 
that high multiplexing capacity, with both specific and general primers, 
is possible with this platform.

This study was conducted on isolates grown from culture, with 
purified gDNA at a concentration of 105 genome copies/reaction (ie, 
0.5–0.4  ng gDNA/reaction). When considering analytical specific-
ity, we observed low cross-reactive signals in reactions with high S/N 
primer values, in agreement with the previously reported Gram-typing 
duplex-mmPCR.7 Although we were able to distinguish both Gram type 
and resistance profile, we do accept that this finding suggests possible 
challenges in detecting microbial GOIs in low-biomass polymicrobial bi-
ological specimens.

When considering sensitivity, in agreement with others in the 
literature when testing both specific and general microbial diagnos-
tic primers,14 we found that the PPV of purified and concentrated 
specimens was very high (0.80–1.00). We expect that this value  
will decrease significantly when testing clinical specimens.15 In-
deed, the analytical and diagnostic sensitivity of a NAAT is largely 
dependent on the nucleic acid extraction and purification method 
performed, and further development of specimen-specific DNA ex-
traction methods is required for sensitivity testing.16 For example, 
current nucleic acid isolation technologies can reproducibly isolate 
nucleic acids from single mammalian cells.17 However, no current-
generation nucleic acid isolation strategy is capable of reproducibly 
extracting enough gDNA for analysis from the low bacterial cell num-
bers (ie, 0.1- to 10-colony-forming units/mL) that would be required 
for these methods to supersede traditional blood culture.12 These 
circumstances are despite considerable effort being devoted to the 
development of nucleic acid extraction technologies using combined 
mechanical, chemical, thermal, and enzymatic lysis strategies18 or 
increasing specimen volume.19

Conclusion
We have shown a significant extension to the functionality of a previ-
ously published duplex mmPCR Gram-typing molecular diagnostic by 
adding clinically relevant specific and general genetic targets to gen-
erate a 10-plex mmPCR. This assay may guide treatment options via 
establishing Gram status, the presence of fungal DNA, and the pre-
diction of phenotypic resistance. Furthermore, it provides a modular 
flexible platform that can be adapted swiftly to changes in local epide-
miology.

Supplementary Material
Supplemental figures and tables can be found in the online version of this  
article at www.labmedicine.com.
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ABSTRACT

Objective: The upregulation of 5-amino-4-imidazolecarboxamide 

ribonucleotide transformylase/IMP cyclohydrolase (ATIC) may affect 

tumorigenesis and multiple myeloma (MM) development.

Materials and Methods: A total of 97 patients with MM and 102 

healthy control patients were included in the study. The SNaPshot 

technique was used to detect the ATIC gene polymorphisms. Link-

age disequilibrium (LD) and haplotype analyses were conducted using 

SHEsis software.

Results: The genotype distribution or allele frequency of rs3772078 

and rs16853834 was significantly different between the patients with 

MM and the healthy control patients (all P <  .05). The rs16853834 

A allele, rs3772078 CT genotype, and C allele were associated with 

a decreased risk of MM (all P < .05). Five single-nucleotide polymor-

phism combinations showed strong LD. Three haplotypes were as-

sociated with MM risk (all P <  .05). We found that ATIC rs7604984 

was significantly associated with serum lactate dehydrogenase levels 

(P = .050).

Conclusion: We determined that the rs3772078 and rs16853834 

polymorphisms are associated with a decreased risk of MM.

Multiple myeloma (MM) is a plasma cell dyscrasia characterized by 
clonal plasma cell proliferation in the bone marrow and monoclo-
nal immunoglobin in serum and/or urine.1 It is the second most 
common hematologic malignancy in the United States; approxi-
mately >30,000 new patients were diagnosed and >10,000 deaths 
occurred in 2020.2 The clinical features in most patients with MM 
include hypercalcemia, renal insufficiency, anemia, and suscepti-
bility to infections. Some viral infections and genetic, biochemi-
cal, and environmental factors may be involved in the etiology and 
pathogenesis of MM.3 Numerous clinical reports have indicated 
that patients with MM often have abnormal serum indicators; 
thus, the disease can be detected early and evaluated through lab-
oratory testing.4

5-amino-4-imidazolecarboxamide ribonucleotide transformylase/
IMP cyclohydrolase (ATIC) is a bifunctional protein with 2 enzymatic 
activities. It encodes a bifunctional protein and catalyzes the last 
2 steps of the de novo purine biosynthetic pathway.5 Its N-terminal 
domain possesses a phosphoribosylaminoimide–azolecarboxamide 
formyltransferase function, and the C-terminal domain exhibits IMP 
cyclohydrolase activity.6,7 Therefore, ATIC may influence carcinogen-
esis. Many studies have shown that ATIC polymorphisms play an im-
portant role in many diseases. For example, meta-analysis showed a 
significant association between the ATIC 347 GG + GC genotype and 
a nonresponse to MTX therapy in 1056 rheumatoid arthritis (RA) 
patients, so ATIC 347 C/G polymorphism may affect MTX efficacy.8 An-
other study revealed that ATIC 347C > G polymorphism may influence 
the treatment outcome of MTX in pediatric osteosarcoma.9 A previous 
study found that increased congenital heart disease susceptibility was 
associated with ATIC polymorphisms for de novo nucleotide biosyn-
thesis in the northern Chinese population.10 The purpose of this study 
was to investigate the relationship between ATIC polymorphism and 
the risk of MM.
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Autophagy regulates cancer formation, metastasis, proliferation, 
and energy metabolism and plays an essential role in plasma cell de-
velopment and MM pathogenesis.11-13 One study noted that ATIC is 
one of the 16 autophagy-related genes (ARGs) with prognostic value in 
MM.13 Other previous research found that compared with ATIC mRNA 
and protein levels in normal bone marrow control specimens, those in 
MM specimens were significantly increased.14 This ATIC upregulation 
indicates that it may play an important role in the tumorigenesis of MM 
and may be an independent indicator for predicting survival in MM.13,14 

Several serum markers of MM have also been studied recently. 
Barlogie et al15 suggested that high serum lactate dehydrogenase (LDH) 
levels reduce the early survival of patients with MM. Chen et  al16 re-
ported that a high serum LDH level is a poor prognostic factor for early 
mortality. Furthermore, LDH is a crucial unfavorable predictor of MM in 
older adult Chinese patients.17 Therefore, detecting the serum LDH level 
is of great value in MM diagnosis.

However, no studies to date have analyzed the role of ATIC 
polymorphisms in MM. In this study, we have evaluated the relation-
ship between 5 ATIC gene loci (rs7604984, rs2372536, rs4673993, 
rs3772078, and rs16853834) and susceptibility to MM, and analyzed 
the correlation between the genotype of these single nucleotide 
polymorphisms (SNPs) and clinical features in the population of the 
Guangxi region in China.

Materials and Methods

Study Population
This was a case-control study of 199 patients, including 97 patients with 
MM and 102 healthy control patients. Blood specimens were collected 
from patients with MM who visited the hematology department of the 
First Affiliated Hospital of Guangxi Medical University from January 
2019 to January 2020. For the MM group, the enrolled patients fulfilled 
the guidelines of the National Comprehensive Cancer Network. Patients 
with MM who had any of the following were excluded: (1) hepatitis B 
virus, hepatitis C virus, HIV, or other viral infections; (2) neoplastic dis-
ease; and (3) other hematological diseases. The MM staging was based 
on the International Staging System (ISS) and the Durie-Salmon staging 
system (DS). Based on a physical examination conducted at our hospital, 
102 matched healthy control patients were identified. The clinical char-
acteristics of all patients are presented in TABLE 1.

The study was approved by the ethics committee of the First Affili-
ated Hospital of Guangxi Medical University (number 2017KY-E-100). 
Each participant provided written informed consent.

Methods
A Beckman Coulter LH780 blood analyzer (Beckman Coulter, Brea, CA) 
was used to measure the levels of hemoglobin. A  Hitachi 7600 auto-
matic biochemical analyzer (Hitachi, Tokyo, Japan) was used to detect 
the serum biochemical indices. The following pretreatment parameters 
were analyzed: calcium (Ca), serum, creatinine (Cr), albumin (Alb), LDH, 
and β2-microglobulin (β2-MG). Automated erythrocyte sedimentation 
(Sysmex, Kobe, Japan) was used to measure the erythrocyte sedimen-
tation rate (ESR). The Abbott Axsym System (Abbott Laboratories, 
Chicago, IL) was used to identify the immunoglobulin subtype. Bone 
marrow smears were stained with Wright stain solution (Baso, Zhuhai, 
China), and the ratio of plasma cells was calculated.

DNA Extraction and Genotyping
According to the manufacturer’s instructions, we used an AxyPrep Blood 
Genomic DNA Kit (Axygen Biosciences, Hangzhou, China) to collect ge-
nomic DNA from peripheral blood specimens. TABLE 2 summarizes 
the primer sequences for the ATIC gene loci (rs7604984, rs2372536, 
rs4673993, rs3772078, and rs16853834). The SNaPshot polymerase 
chain reaction was consistent with that of previous work.18

Statistical Analysis
All statistical analyses were performed using the IBM SPSS software pack-
age version 26 (IBM, Armonk, NY). The distribution type of the data was 
determined using the Kolmogorov-Smirnov test. We used the mean and 
standard deviation to describe normally distributed data and the me-
dian and interquartile range to describe skewed distributed data. The 
clinical features of patients with MM are represented by numbers and 
proportions. Genotype and allele frequencies of rs7604984, rs2372536, 
rs4673993, rs3772078, and rs16853834 were calculated by direct counting.  

TABLE 1. Clinical Characteristics of Patients with MM and 
Healthy Control Patients

Clinical Features 
MM  

(n = 97) 
Healthy Control 

Patients (n = 102) 
P 

Value 

Sex (male/female), No. (%) 54 (55.7)/43 (44.3) 60 (58.8)/42 (41.2) .653

Age, y, mean ± SD 58.25 ± 9.91 56.19 ± 11.28 .173

Laboratory indices, mean ± SD

  Hb (g/dL) 8.55 ± 2.25   

  Ca (mg/dL) 9.30 ± 1.17   

  Cr (mg/dL) 1.87 ± 2.38   

  Alb (mg/dL) 3.44 ± 0.82   

  β2-MG (mg/L) 7.62 ± 4.96   

  LDH (U/L) 200.11 ± 94.50   

  ESR (mm/60 min) 79.97 ± 45.28   

Plasma cells, No. (%)

  <30% 58 (59.8)   

  ≥30% 39 (40.2)   

Durie-Salmon stage, No. (%)

  I 3 (3.1)   

  II 7 (7.2)   

  III 87 (89.7)   

ISS stage, No. (%)

  I 9 (9.3)   

  II 25 (25.8)   

  III 63 (64.9)   

Immunoglobulin subtype, No. (%)

  IgG 46 (47.4)   

  IgA 22 (22.7)   

  IgM 2 (2.1)   

  IgD 1 (1.0)   

  Light chain only 23 (23.7)   

  Nonsecretory 3 (3.1)   

Alb, albumin; β2-MG, β2-microglobulin; Ca, calcium; Cr, creatinine; ESR, 
erythrocyte sedimentation rate; Hb, hemoglobin; ISS, International Staging 
System; LDH, lactate dehydrogenase; MM, multiple myeloma; SD, stand-
ard deviation.
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The Hardy-Weinberg equilibrium was tested using the goodness-of-fit chi-
square test in the control group. Genotype and allele frequencies of rs7604984, 
rs2372536, rs4673993, rs3772078, and rs16853834 were compared between 
the MM and control groups using a chi-square test or Fisher’s exact proba-
bility method, as appropriate. Similarly, the clinical parameters of patients 
with MM were compared with ATIC polymorphisms using the chi-square test 
for categorical variables. The independent t-test for continuous variables was 
used to compare the serum LDH levels in patients with MM with their clinical 
features. The correlation between serum LDH levels and β2-MG and Alb levels 
was analyzed using Pearson correlation. To evaluate the relative risks of spe-
cific alleles and genotypes, binary logistic regression was used to calculate the 
odds ratios (ORs) and 95% confidence intervals (CIs) after adjusting for age 
and sex status. The linked disequilibrium (LD) and haplotype analyses were 
performed using the SHEsis online software (analysis.bio-x.cn).19 The D’ and 
r2 were calculated for LD analysis. Statistical significance was set at P <.05.

Results

Basic Characteristics of Patients with MM
The clinical characteristics of patients with MM are shown in TABLE 1. 
Among the 97 MM patients, 54 were male (55.7%) and 43 were female 
(44.3%). The average age of patients with MM was 58.25 ± 9.91  years. 

The immunoglobulin subtype in 46 patients was IgG (47.4%), 22 patients 
had IgA (22.7%), 2 patients had IgM (2.1%), 1 patient had IgD (1.0%), 23 
patients were light chain only (23.7%), and 3 patients were nonsecretory 
(3.1%). According to the ISS, 9 (9.3%), 25 (25.8%), and 63 (64.9%) patients 
were classified as stage I, II, and III, respectively. In the DS staging system, 
3 (3.1%), 7 (7.2%), and 87 (89.7%) patients were classified as stage I, II, and 
III, respectively. Moreover, the plasma cell ratio in the bone marrow of 39 
patients (40.2%) was >30%. There was no difference in sex or age between 
the MM group and the healthy control patients.

Correlation Between 5 Polymorphisms and Risk of MM
TABLE 3 describes the genotypes and allele frequencies of the 
rs7604984, rs2372536, rs4673993, rs3772078, and rs16853834 
polymorphisms of the ATIC gene in patients with MM and healthy con-
trol patients. The genotype distributions of rs7604984, rs2372536, 
rs4673993, rs3772078, and rs16853834 in the control group were 
consistent with the Hardy-Weinberg equilibrium hypothesis (all 
P >  .05). The genotype distribution or allele frequency of rs3772078 
and rs16853834 was significantly different between patients with MM 
and healthy control patients (all P <  .05). However, the genotype dis-
tribution or allele frequency of rs7604984, rs2372536, and rs4673993 
was not significantly different between patients with MM and healthy 
control patients. After we adjusted for age and sex, a binary logis-
tic regression analysis showed that the ATIC rs7604984, rs2372536, 
and rs4673993 polymorphisms were not associated with MM risk (all 
P > .05). Analysis of the ATIC rs3772078 polymorphism indicated that 
compared with that in patients carrying the TT genotype, MM risk was 
decreased in those carrying the CT genotype, with an adjusted OR of 
0.315 (95% CI, 0.135–0.733; P = .007). Similarly, MM risk was found 
to be less in patients carrying the rs3772078 C allele (OR, 0.511; 95% 
CI, 0.340–0.770; P = .001) relative to those carrying the T allele. In ad-
dition, the rs16853834 A allele was associated with a decreased MM risk 
(OR, 0.522; 95% CI, 0.321–0.850; P = .009).

Association of ATIC Polymorphisms and Serum LDH 
Levels with Clinical Variables
The associations of ATIC polymorphisms with the clinical variables 
of patients with MM are summarized in TABLES 4 and 5. The ATIC 
rs7604984 polymorphism was significantly associated with serum LDH 
levels (P = .050). However, the ATIC rs2372536, rs4673993, rs3772078, 
and rs16853834 polymorphisms were not. The serum LDH levels were 
not significantly different in the stratification of age, hemoglobin, Cr, 
Ca, ESR, plasma cell ratio, Durie-Salmon (DS) stage, and immunoglob-
ulin subtype. As shown in TABLE 6,  the serum LDH levels of female 
Alb ≥3.5 mg/dL, β2-MG ≥5.5 mg/L, and ISS stage III were significantly 
higher than that of male (P = .036), Alb <3.5 mg/dL (P = .017), β2-
MG <5.5 mg/L (P = .032), and ISS stages I and II (P = .009). Moreover, 
there was no difference in LDH levels between patients in ISS stages 
I, II, and III (FIGURE 1). There was a significant difference in serum 
LDH levels between male and female patients (P = .036; FIGURE 2).  
The serum LDH levels were not correlated with β2-MG levels  
(FIGURE 3). However, serum LDH and Alb levels were found to be 
correlated (P = .002; FIGURE 4).

LD Analysis
The LD analysis was performed to study the relationships between these 
5 SNPs and MM. For patients with MM, rs3772078 and rs2372536, 

TABLE 2. Primer Sequences Used for Detecting ATIC SNPs

SNP ID PCR Primers 
Single-Base Extension 

Primer Sequences 

 F: 5’- ATTTTTGGTCTCATAGTTCCCACG -3’  

rs7604984  Sep:5’- TAGTTCCCACGTGC
TGGGCTGTGCCCTTGCATTC 
CTGTGATGTC -3’

 R: 5’- ACTACGGCTATCAATGTGTAAGAAAG -3’  

 F: 5’- ACAGCCAGATTCGTCTTTGTTTTA-3’  

rs2372536  Sep:5’- TTTTATAGAGTTGTTG
CCTGCAATCTCTATCCCTT  
TGTAAAGACAGTGGCTTCTCC
AGGTGTAA-3’

 R: 5’- ACTTACCAATGTCAATTTGCTCCA -3’  

 F: 5’- GGCTGCTAATCAAATACTAGATGGTC -3’  

rs4673993  Sep:5’- GGTCTTCTGAAGAGC
CAATTGACTACCCTCAGTT  
TTTTA-3’

 R: 5’- CAGCCTCACTCTTCAATGACACTT -3’  

 F: 5’- CCTGCTGACTAAATTACCTCTGCTC-3’  

rs3772078  Sep: 5’-AAAACAAGTCAGTACT
ATTAACGTAAACAAAAGC  
CATAGAGAACTAATA-3’

 R: 5’- AAGCCACTGTCTTTACAAAGGGATA-3’  

 F: 5’- CCAAACATTTCTCACTGTGTGACG-3’  

rs16853834  Sep: 5’-AAGAAAAGGCTAGCA
GAGACCTCAGAGATGAAC  
CAGCTCCATCTTGTATTCTGA 
GGCTC-3’

 R: 5’- GTTTGTTACTACAGAGACTGGCAATC-3’  

ATIC, 5-amino-4-imidazolecarboxamide ribonucleotide transformylase/
IMP cyclohydrolase; F, forward; R, reverse; SNP, single-nucleotide poly-
morphism.
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rs3772078 and rs4673993, rs2372536 and rs4673993, rs2372536 and 
rs7604984, and rs4673993 and rs7604984 showed strong LD. However, 
other relationships did not show LD (TABLE 7).

Haplotype Analysis
Haplotype analyses were performed for all patient groups and healthy 
control patients using the SHEsis software, and the 5 possible haplotype 
frequencies of the 5 SNPs are shown in TABLE 8. We did not analyze 
frequencies <.03. The CCGTG haplotype was more frequent in the con-
trol patients and was found to have a protective effect against disease 

development (OR, 0.428; 95% CI, 0.191–0.960; P = .034965). The 
TCATA (OR, 3.073; 95% CI, 1.458–6.477; P = .002161) and TGGCG 
(OR, 1.587; 95% CI, 1.008–2.498; P = .045260) haplotypes were found 
to be linked with a significant increased risk of MM. The CCGTA and 
TCGTA haplotypes were not correlated with MM (all P > .05).

Discussion
Abnormal autophagy has been related to the pathogenesis of vari-
ous diseases, including malignant tumors.20 Previous studies have 

TABLE 3. Genotype and Allele Frequencies of ATIC rs7604984, rs2372536, rs4673993, rs3772078, and rs16853834 
Polymorphisms for MM and Healthy Control Groups

Polymorphisms Healthy Control Patients No. (%) MM No. (%) OR (95% CI)  P Valuea 

rs7604984

  GG 28 (27.7) 22 (22.7) 1.0Ref  

  GA 49 (48.5) 44 (45.4) 0.606 (0.278–1.323) .209

  AA 24 (23.8) 31 (31.9) 0.676 (0.344–1.330) .257

  G 105 (52.0) 88 (45.4) 1.0Ref  

  A 97 (48.0) 106 (54.6) 1.307 (0.877–1.947) .188

  PHWE .777 .403 …  

rs2372536

  CC 42 (41.6) 42 (43.3) 1.0Ref  

  GC 45 (44.6) 45 (46.4) 1.337 (0.529–3.379) .539

  GG 14 (13.8) 10 (10.3) 1.319 (0.523–3.330) .558

  C 129 (63.9) 129 (66.5) 1.0Ref  

  G 73 (36.1) 65 (33.5) 0.901 (0.594–1.367) .625

  PHWE .411 .965 …  

rs4673993

  TT 39 (38.2) 38 (39.2) 1.0Ref  

  CT 53 (52.0) 50 (51.5) 0.978 (0.354–2.700) .965

  CC 10 (9.8) 9 (9.3) 1.021 (0.378–2.753) .968

  T 131 (64.2) 126 (64.9) 1.0Ref  

  C 73 (35.8) 68 (35.1) 0.980 (0.648–1.483) .925

  PHWE .187 .193 …  

rs3772078

  TT 22 (21.6) 45 (46.4) 1.0Ref  

  CT 58 (56.8) 36 (37.1) 0.315 (0.135–0.733) .007b

  CC 22 (21.6) 16 (16.5) 1.156 (0.527–2.533) .718

  T 102 (50.0) 126 (64.9) 1.0Ref  

  C 102 (50.0) 68 (35.1) 0.511 (0.340–0.770) .001b

  PHWE .166 .069 …  

rs16853834

  GG 53 (52.0) 68 (70.1) 1.0Ref  

  GA 41 (40.2) 25 (25.8) 0.338 (0.092–1.242) .102

  AA 8 (7.8) 4 (4.1) 0.678 (0.174–2.647) .577

  G 147 (72.1) 161 (83.0) 1.0Ref  

  A 57 (27.9) 33 (17.0) 0.522 (0.321–0.850) .009b

  PHWE .986 .391 …  

ATIC, 5-amino-4-imidazolecarboxamide ribonucleotide transformylase/IMP cyclohydrolase; CI, confidence interval; HWE, Hardy-Weinberg equilibrium; 
MM, multiple myeloma; OR, odds ratio. 
aP values appear for heterogeneity.
bP < .05.
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TABLE 4. Associations of ATIC Polymorphisms with Clinical Variables of Patients with MM 

 rs7604984  rs2372536  rs4673993  

Genotype GG (n = 22) GA (n = 44) AA (n = 31) P Value CC (n = 42) GC (n = 45) GG (n = 10) P Value TT (n = 38) CT (n = 50) CC (n = 9) P Value

Sex, No. (%)

  Male 8 (36.4) 25 (56.8) 21 (67.7) .075 28 (66.7) 21 (46.7) 5 (50.0) .153 26 (68.4) 24 (48.0) 4 (44.4) .145

  Female 14 (63.6) 19 (43.2) 10 (32.3)  14 (33.3) 24 (53.3) 5 (50.0)  12 (31.6) 26 (52.0) 5 (55.6)  

Age, No. (%)

  <60 y 11 (50.0) 21 (47.7) 20 (64.5) .331 24 (57.1) 23 (51.1) 5 (50.0) .837 20 (52.6) 27 (54.0) 5 (55.6) 1.000

  ≥60 y 11 (50.0) 23 (52.3) 11 (35.5)  18 (42.9) 22 (48.9) 5 (50.0)  18 (47.4) 23 (46.0) 4 (44.4)  

Hb, No. (%)

  <10 g/dL 20 (90.9) 33 (75.0) 22 (71.0) .196 29 (69.0) 37 (82.2) 9 (90.0) .260 27 (71.1) 40 (80.0) 8 (88.9) .512

  ≥10 g/dL 2 (9.1) 11 (25.0) 9 (29.0)  13 (31.0) 8 (17.8) 1 (10.0)  11 (28.9) 10 (20.0) 1 (11.1)  

Cr, No. (%)

  <2 mg/dL 17 (77.3) 35 (79.5) 24 (77.4) 1.000 34 (81.0) 35 (77.8) 7 (70.0) .683 31 (81.6) 39 (78.0) 6 (66.7) .541

  ≥2 mg/dL 5 (22.7) 9 (20.5) 7 (22.6)  8 (19.0) 10 (22.2) 3 (30.0)  7 (18.4) 11 (22.0) 3 (33.3)  

Alb, No. (%)

  <3.5 mg/dL 16 (72.7) 21 (47.7) 14 (45.2) .096 20 (47.6) 24 (53.3) 7 (70.0) .469 16 (42.1) 28 (56.0) 7 (77.8) .136

  ≥3.5 mg/dL 6 (27.3) 23 (52.3) 17 (54.8)  22 (52.4) 21 (46.7) 3 (30.0)  22 (57.9) 22 (44.0) 2 (22.2)  

Ca, No. (%)

  <11.5 mg/dL 21 (95.5) 43 (97.7) 28 (90.3) .436 39 (92.9) 44 (97.8) 9 (90.0) .312 36 (94.7) 48 (96.0) 8 (88.9) .490

  ≥11.5 mg/dL 1 (4.5) 1 (2.3) 3 (9.7)  3 (7.1) 1 (2.2) 1 (10.0)  2 (5.3) 2 (4.0) 1 (11.1)  

β2-MG, No. (%)

  <5.5 mg/L 7 (31.8) 17 (38.6) 12 (38.7) .843 16 (38.1) 18 (40.0) 2 (20.0) .542 16 (42.1) 19 (38.0) 1 (11.1) .245

  ≥5.5 mg/L 15 (68.2) 27 (61.4) 19 (61.3)  26 (61.9) 27 (60.0) 8 (80.0)  22 (57.9) 31 (62.0) 8 (88.9)  

LDH, No. (%)

  <220 U/L 16 (72.7) 27 (61.4) 27 (87.1) .050a 35 (83.3) 28 (62.2) 7 (70.0) .083 31 (81.6) 33 (66.0) 6 (66.7) .239

  ≥220 U/L 6 (27.3) 17 (38.6) 4 (12.9)  7 (16.7) 17 (37.8) 3 (30.0)  7 (18.4) 17 (34.0) 3 (33.3)  

ESR, No. (%)

  <15 mm/60 min 1 (4.5) 4 (9.1) 5 (16.1) .427 7 (16.7) 3 (6.7) 0 (0) .214 6 (15.8) 4 (8.0) 0 (0) .413

  ≥15 mm/60 min 21 (95.5) 40 (90.9) 26 (83.9)  35 (83.3) 42 (93.3) 10 (100.0)  32 (84.2) 46 (92.0) 9 (100.0)  

Plasma cells, No. (%)

  <30% 15 (68.2) 25 (56.8) 18 (58.1) .656 25 (59.5) 25 (55.6) 8 (80.0) .383 22 (57.9) 28 (56.0) 8 (88.9) .181

  ≥30% 7 (31.8) 19 (43.2) 13 (41.9)  17 (40.5) 20 (44.4) 2 (20.0)  16 (42.1) 22 (44.0) 1 (11.1)  

DS stage, No. (%)

  I and I I 2 (9.1) 6 (13.6) 2 (6.5) .695 5 (11.9) 4 (8.9) 1 (10.0) .891 5 (13.2) 4 (8.0) 1 (11.1) .614

  III 20 (90.9) 38 (86.4) 29 (93.5)  37 (88.1) 41 (91.1) 9 (90.0)  33 (86.8) 46 (92.0) 8 (88.9)  

ISS stage, No. (%)

  I and I I 7 (31.8) 16 (36.4) 11 (35.5) .934 15 (35.7) 17 (37.8) 2 (20.0) .647 14 (36.8) 19 (38.0) 2 (22.2) .742

  III 15 (68.2) 28 (63.6) 20 (64.5)  27 (64.3) 28 (62.2) 8 (80.0)  24 (63.2) 31 (62.0) 7 (77.8)  

Immunoglobulin subtype, No. (%)

  IgG 14 (63.6) 18 (40.9) 14 (45.2) .209 21 (50.0) 20 (44.4) 5 (50.0) .895 17 (44.8) 25 (50.0) 4 (44.4) .772

  IgA 5 (22.7) 9 (20.5) 8 (25.8)  9 (21.4) 9 (20.0) 4 (40.0)  9 (23.7) 9 (18.0) 4 (44.4)  

  IgM 1 (4.6) 0 (0) 1 (3.2)  1 (2.4) 1 (2.2) 0 (0)  0 (0) 2 (4.0) 0 (0)  

  IgD 0 (0) 0 (0) 1 (3.2)  1 (2.4) 0 (0) 0 (0)  1 (2.6) 0 (0) 0 (0)  

  Light chain only 2 (9.1) 14 (31.8) 7 (22.6)  9 (21.4) 13 (28.9) 1 (10.0)  10 (26.3) 12 (24.0) 1 (11.2)  

  Nonsecretory 0 (0) 3 (6.8) 0 (0)  1 (2.4) 2 (4.5) 0 (0)  1 (2.6) 2 (4.0) 0 (0)  

Alb, albumin; ATIC, 5-amino-4-imidazolecarboxamide ribonucleotide transformylase/IMP cyclohydrolase; β2-MG, β2-microglobulin; Ca, calcium; Cr, cre-
atinine; DS, Durie-Salmon staging; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; ISS, International Staging System; LDH, lactate dehydrogenase; 
MM, multiple myeloma.
aP < .05.
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identified ATIC as an ARG.21 Studies have shown that ATIC deple-
tion or its transformylase activity suppression observably decreases 
the survival rate of cells, indicating that ATIC may promote can-

cer cell line proliferation and migration.6 Therefore, ATIC may 
play an important role in carcinogenesis and the survival of cancer 
cells. Park and Shin9 reported that the ATIC 347C > G (rs2372536) 

TABLE 5. Associations of ATIC Polymorphisms with Clinical Variables of Patients with MM 

  rs3772078  rs16853834  

Genotype TT (n = 45) CT (n = 36) CC (n = 16) P Value GG (n = 68) GA (n = 25) AA (n = 4) P Value

Sex, No. (%)         

  Male 25 (55.6) 18 (50.0) 11 (68.8) .454 38 (55.9) 13 (52.0) 3 (75.0) .750

  Female 20 (44.4) 18 (50.0) 5 (31.2)  30 (44.1) 12 (48.0) 1 (25.0)  

Age, No. (%)         

  <60 y 28 (62.2) 16 (44.4) 8 (50.0) .267 34 (50.0) 16 (64.0) 2 (50.0) .454

  ≥60 y 17 (37.8) 20 (55.6) 8 (50.0)  34 (50.0) 9 (36.0) 2 (50.0)  

Hb, No. (%)         

  <10 g/dL 32 (71.1) 31 (86.1) 12 (75.0) .287 54 (79.4) 18 (72.0) 3 (75.0) .674

  ≥10 g/dL 13 (28.9) 5 (13.9) 4 (25.0)  14 (20.6) 7 (28.0) 1 (25.0)  

Cr, No. (%)         

  <2 mg/dL 35 (77.8) 29 (80.6) 12 (75.0) .897 51 (75.0) 22 (88.0) 3 (75.0) .410

  ≥2 mg/dL 10 (22.2) 7 (19.4) 4 (25.0)  17 (25.0) 3 (12.0) 1 (25.0)  

Alb, No. (%)         

  <3.5 mg/dL 25 (55.6) 18 (50.0) 8 (50.0) .861 35 (51.5) 15 (60.0) 1 (25.0) .421

  ≥3.5 mg/dL 20 (44.4) 18 (50.0) 8 (50.0)  33 (48.5) 10 (40.0) 3 (75.0)  

Ca, No. (%)         

  <11.5 mg/dL 42 (93.3) 35 (97.2) 15 (93.8) .706 63 (92.6) 25 (100.0) 4 (100.0) .451

  ≥11.5 mg/dL 3 (6.7) 1 (2.8) 1 (6.2)  5 (7.4) 0 (0) 0 (0)  

β2-MG, No. (%)         

  <5.5 mg/L 17 (37.8) 13 (36.1) 6 (37.5) .988 26 (38.2) 8 (32.0) 2 (50.0) .682

  ≥5.5 mg/L 28 (62.2) 23 (63.9) 10 (62.5)  42 (61.8) 17 (68.0) 2 (50.0)  

LDH, No. (%)         

  <220 U/L 33 (73.3) 25 (69.4) 12 (75.0) .911 49 (72.1) 17 (68.0) 4 (100.0) .552

  ≥220 U/L 12 (26.7) 11 (30.6) 4 (25.0)  19 (27.9) 8 (32.0) 0 (0)  

ESR, No. (%)         

  <15 mm/60 min 5 (11.1) 3 (8.3) 2 (12.5) .825 5 (7.4) 4 (16.0) 1 (25.0) .163

  ≥15 mm/60 min 40 (88.9) 33 (91.7) 14 (87.5)  63 (92.6) 21 (84.0) 3 (75.0)  

Plasma cells, No. (%)         

  <30% 29 (64.4) 21 (58.3) 8 (50.0) .584 43 (63.2) 15 (60.0) 0 (0) .051

  ≥30% 16 (35.6) 15 (41.7) 8 (50.0)  25 (36.8) 10 (40.0) 4 (100.0)  

DS stage, No. (%)         

  I and II 5 (11.1) 4 (11.1) 1 (6.2) 1.000 8 (11.8) 2 (8.0) 0 (0) .823

  III 40 (88.9) 32 (88.9) 15 (93.8)  60 (88.2) 23 (92.0) 4 (100.0)  

ISS stage, No. (%)         

  I and II 16 (35.6) 12 (33.3) 6 (37.5) .954 25 (36.8) 6 (24.0) 3 (75.0) .110

  III 29 (64.4) 24 (66.7) 10 (62.5)  43 (63.2) 19 (76.0) 1 (25.0)  

Immunoglobulin subtype, No. (%)         

  IgG 26 (57.8) 14 (38.9) 6 (37.5) .397 30 (44.1) 14 (56.0) 2 (50.0) .854

  IgA 10 (22.2) 9 (25.0) 3 (18.8)  16 (23.6) 4 (16.0) 2 (50.0)  

  IgM 1 (2.2) 1 (2.8) 0 (0)  2 (2.9) 0 (0) 0 (0)  

  IgD 0 (0) 0 (0) 1 (6.2)  1 (1.5) 0 (0) 0 (0)  

  Light chain only 7 (15.6) 11 (30.5) 5 (31.3)  17 (25.0) 6 (24.0) 0 (0)  

  Nonsecretory 1 (2.2) 1 (2.8) 1 (6.2)  2 (2.9) 1 (4.0) 0 (0)  

Alb, albumin; ATIC, 5-amino-4-imidazolecarboxamide ribonucleotide transformylase/IMP cyclohydrolase; β2-MG, β2-microglobulin; Ca, calcium; Cr, cre-
atinine; DS, Durie-Salmon staging; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; ISS, International Staging System; LDH, lactate dehydrogenase; 
MM, multiple myeloma.
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polymorphism may influence adenosine levels after MTX treatment, 
which may affect the histologic response of osteosarcoma. However, 
the rs2372536 polymorphism is not associated with MTX treatment 
outcomes.22 

No previous studies have examined the relationship between ATIC 
rs7604984, rs2372536, rs4673993, rs3772078, and rs16853834 
polymorphisms and MM. In this study, the genotype distribution or 
allele frequency of rs7604984, rs2372536, and rs4673993 was not 
markedly different between patients with MM and healthy control 

patients. However, ATIC rs3772078 and rs16853834 polymorphisms 
were associated with MM. Therefore, our results suggest that ATIC 
rs3772078 and rs16853834 polymorphisms are involved with suscep-
tibility to MM in the Guangxi population. 

TABLE 6. Association of Serum LDH Levels with Clinical 
Variables

Clinical Features LDH (U/L) t P Value 

Sex    

  Male 180.76 ± 56.44 –2.143 .036a

  Female 224.42 ± 123.72   

Age    

  <60 y 204.04 ± 112.47 0.438 .662

  ≥60 y 195.58 ± 69.17   

Hb    

  <10 g/dL 201.57 ± 102.99 0.280 .780

  ≥10 g/dL 195.14 ± 58.44   

Cr    

  <2 mg/dL 195.57 ± 98.00 –0.901 .370

  ≥2 mg/dL 216.57 ± 80.56   

Alb    

  <3.5 mg/dL 178.53 ± 66.36 –2.428 .017a

  ≥3.5 mg/dL 224.04 ± 114.22   

Ca    

  <11.5 mg/dL 201.40 ± 9.87 0.574 .567

  ≥11.5 mg/dL 176.40 ± 67.09   

β2-MG    

  <5.5 mg/L 177.58 ± 49.81 –2.174 .032a

  ≥5.5 mg/L 213.41 ± 111.17   

ESR    

  <15 mm/60 min 209.40 ± 51.34 0.327 .745

  ≥15 mm/60 min 199.05 ± 98.40   

Plasma cells    

  <30% 190.55 ± 62.88 –1.079 .286

  ≥30% 214.33 ± 127.61   

DS stage    

  I and II 200.40 ± 47.46 0.010 .992

  III 200.08 ± 98.66   

  ISS stage    

  I and II 172.62 ± 46.64 –2.651 .009a

  III 214.95 ± 109.69   

Immunoglobulin subtype    

  IgG 184.35 ± 48.65 0.885 .384

  IgA 168.09 ± 79.34   

Alb, albumin; β2-MG, β2-microglobulin; Ca, calcium; Cr, creatinine; DS, 
Durie-Salmon staging; ESR, erythrocyte sedimentation rate; Hb, hemoglo-
bin; ISS, International Staging System; LDH, lactate dehydrogenase.
aP < .05.

FIGURE 1. The association of serum lactate dehydrogenase 
(LDH) levels with different International Staging System (ISS) 
stages in multiple myeloma.

FIGURE 2. The association of serum lactate dehydrogenase 
(LDH) levels with different sex in multiple myeloma.

FIGURE 3. Correlation between serum lactate 
dehydrogenase (LDH) levels and β2-microglobulin (β2-MG) in 
multiple myeloma. y = 0.006281x + 6.362. 
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In other studies, ATIC rs16853834 polymorphisms were associated 
with thiopurine metabolism in patients with Crohn’s disease.23 Owen 
et  al24 reported that the ATIC rs16853834 polymorphism was signifi-
cantly associated with MTX efficacy. In our study, the results of binary 
logistic regression statistical analysis showed that ATIC rs7604984, 
rs2372536, and rs4673993 polymorphisms were not associated with 
MM risk after adjustments for age and sex (all P >  .05). However, the 
presence of the ATIC rs3772078 CT genotype significantly decreased 
MM risk. A similar association was observed for the C allele. Simulta-

neously, MM risk was decreased in patients carrying the rs16853834 
A allele. 

In addition, we performed LD analysis for all 5 SNPs in this study 
and determined that the rs3772078 and rs2372536, rs3772078 and 
rs4673993, rs2372536 and rs4673993, rs2372536 and rs7604984, and 
rs4673993 and rs7604984 SNP combinations had strong LD. One ATIC 
haplotype, CCGTG, was found to be correlated with MM in the Guangxi 
population and has a protective effect for MM. The TCATA and TGGCG 
haplotypes were found to be linked with a significant increased risk of 
MM. However, LD analysis and haplotype analysis require larger patient 
samples to further verify the association with MM.

We also investigated the relationship between ATIC polymorphisms 
and serum LDH levels using clinical variables. The results suggested that 
4 ATIC loci polymorphisms (rs4673993, rs2372536, rs3772078, and 
rs16853834) were not associated with the clinical variables in patients 
with MM. We observed that the LDH level of patients in ISS stage III was 
significantly higher than that of patients in ISS stages I and II (TABLE 
6). As noted in TABLE 4, more minor allele genotypes of rs7604984 
were in patients in ISS stage III. These findings may indicate that ATIC 
rs7604984 was significantly associated with serum LDH levels in our 
results. In the future, we need to collect more clinical specimens from 
patients with MM for further confirmation. 

Furthermore, the serum LDH levels in female patients with 
Alb ≥3.5  mg/dL and β2-MG ≥5.5  mg/L were significantly higher than 
those of male patients with Alb <3.5 mg/dL and β2-MG <5.5 mg/L. The 
serum LDH levels were significantly associated with the Alb levels. These 
results suggest that the serum LDH level can reflect disease severity in 
patients with MM and may predict prognosis. Studies have shown that 
LDH, a cellular enzyme widely distributed in many tissues, particularly 
the heart, liver, kidneys, and muscles, is the key enzyme that catalyzes 
the conversion of lactic acid to pyruvate, which can be significantly el-
evated in tissue hypoxia, malignant tumor diseases, and anemia.25,26 
Previous studies have shown that serum LDH levels are correlated with 
prognosis in patients with MM.27-31 An abnormal serum LDH level is an 
independent prognostic factor for overall survival and progression-free 
survival.29

In summary, ATIC gene polymorphisms are correlated with MM. 
This study has several limitations in terms of the analysis and discus-
sion processes. First, the number of specimens collected in this experi-
ment was small, and a larger patient sample size was required to verify 
the results. Second, we collected blood specimens only from patients in 
the Guangxi region, which does not represent the entire Chinese popu-
lation. Therefore, multicenter studies are necessary. Third, we studied 
only 5 gene loci polymorphisms. Thus, the results may not accurately 
reflect the relationship between ATIC polymorphisms and MM. Hence, 

FIGURE 4. Correlation between serum lactate 
dehydrogenase (LDH) levels and albumin in multiple 
myeloma. y = 0.002691x + 2.899. 

TABLE 7. LD Analysis Among rs3772078, rs2372536, 
rs16853834, rs4673993, and rs7604984a

SNPs D’ r2 

rs3772078, rs2372536 0.928 0.339

rs3772078, rs16853834 0.366 0.029

rs3772078, rs4673993 0.905 0.335

rs2372536, rs4673993 0.883 0.754

rs2372536, rs7604984 1.000 0.563

rs16853834, rs4673993 0.215 0.007

rs4673993, rs7604984 0.902 0.473

rs2372536, rs16853834 0.314 0.016

rs16853834, rs7604984 0.272 0.021

rs3772078, rs7604984 0.405 0.115

LD, linkage disequilibrium; SNP, single-nucleotide polymorphism.
aD’ and r2 represent LD. D’ = 0, r2 = 0: no LD; D’ = 1, r2 = 1: complete LD; 
0.5 ≤ D’ < 0.8: moderate LD; D’ > 0.8: strong LD.

TABLE 8. Major Haplotype Frequencies of ATIC Gene in Patients with MM and Control Patients

Haplotype Frequency
χ2 P Value OR (95% CI) 

Patients with MM Control Patients 

CCGTA 54.48 (0.281) 53.40 (0.264) 0.067 .795739 1.061 (0.677–1.663)

CCGTG 9.17 (0.047) 20.51 (0.102) 4.449 .034965a 0.428 (0.191–0.960)

TCATA 27.89 (0.144) 10.35 (0.051) 9.417 .002161a 3.073 (1.458–6.477)

TCGTA 19.27 (0.099) 13.47 (0.067) 1.269 .259954 1.516 (0.732–3.141)

TGGCG 61.91 (0.319) 45.61 (0.226) 4.011 .045260a 1.587 (1.008–2.498)

CI, confidence interval; MM, multiple myeloma; OR, odds ratio.
aP < .05.
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neously, MM risk was decreased in patients carrying the rs16853834 
A allele. 

In addition, we performed LD analysis for all 5 SNPs in this study 
and determined that the rs3772078 and rs2372536, rs3772078 and 
rs4673993, rs2372536 and rs4673993, rs2372536 and rs7604984, and 
rs4673993 and rs7604984 SNP combinations had strong LD. One ATIC 
haplotype, CCGTG, was found to be correlated with MM in the Guangxi 
population and has a protective effect for MM. The TCATA and TGGCG 
haplotypes were found to be linked with a significant increased risk of 
MM. However, LD analysis and haplotype analysis require larger patient 
samples to further verify the association with MM.

We also investigated the relationship between ATIC polymorphisms 
and serum LDH levels using clinical variables. The results suggested that 
4 ATIC loci polymorphisms (rs4673993, rs2372536, rs3772078, and 
rs16853834) were not associated with the clinical variables in patients 
with MM. We observed that the LDH level of patients in ISS stage III was 
significantly higher than that of patients in ISS stages I and II (TABLE 
6). As noted in TABLE 4, more minor allele genotypes of rs7604984 
were in patients in ISS stage III. These findings may indicate that ATIC 
rs7604984 was significantly associated with serum LDH levels in our 
results. In the future, we need to collect more clinical specimens from 
patients with MM for further confirmation. 

Furthermore, the serum LDH levels in female patients with 
Alb ≥3.5  mg/dL and β2-MG ≥5.5  mg/L were significantly higher than 
those of male patients with Alb <3.5 mg/dL and β2-MG <5.5 mg/L. The 
serum LDH levels were significantly associated with the Alb levels. These 
results suggest that the serum LDH level can reflect disease severity in 
patients with MM and may predict prognosis. Studies have shown that 
LDH, a cellular enzyme widely distributed in many tissues, particularly 
the heart, liver, kidneys, and muscles, is the key enzyme that catalyzes 
the conversion of lactic acid to pyruvate, which can be significantly el-
evated in tissue hypoxia, malignant tumor diseases, and anemia.25,26 
Previous studies have shown that serum LDH levels are correlated with 
prognosis in patients with MM.27-31 An abnormal serum LDH level is an 
independent prognostic factor for overall survival and progression-free 
survival.29

In summary, ATIC gene polymorphisms are correlated with MM. 
This study has several limitations in terms of the analysis and discus-
sion processes. First, the number of specimens collected in this experi-
ment was small, and a larger patient sample size was required to verify 
the results. Second, we collected blood specimens only from patients in 
the Guangxi region, which does not represent the entire Chinese popu-
lation. Therefore, multicenter studies are necessary. Third, we studied 
only 5 gene loci polymorphisms. Thus, the results may not accurately 
reflect the relationship between ATIC polymorphisms and MM. Hence, 

we need to explore the relationship between other ATIC loci and MM. 
Furthermore, we were unable to complete the survival analysis and fol-
low-up of patients with MM because of the number of patients, time 
constraints, and patient death. Therefore, we will further expand the 
number of patients and invest more time and energy to collect survival 
information and follow up with patients in our future studies. Finally, 
there is still a need to explore the involvement of serum LDH levels in 
the prognosis of patients with MM.

Conclusion
Our results indicate that the ATIC rs3772078 and rs16853834 
polymorphisms contribute to a decreased MM risk. The ATIC rs7604984 
polymorphism affects the clinical features of patients with MM. How-
ever, other SNPs do not affect these features. We also found that 5 SNP 
combinations in the ATIC gene showed strong LD and that the CCGTG 
haplotype has a protective effect for MM in the Guangxi population. 
However, the TCATA and TGGCG haplotypes were found to be linked 
with significant increased risk of MM. The serum LDH level reflects dis-
ease severity in patients with MM, and its level may predict patient prog-
nosis. Because of the relatively small sample size (97 patients with MM), 
there were limitations to the interpretation of the results obtained in 
our analyses. Therefore, further investigations with larger patient sam-
ple sizes are needed to confirm our results.
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ABSTRACT

Background: Confirmatory hepatitis B surface antigen (HBsAg) is an 

assay used to distinguish weakly reactive from false-positive HBsAg 

results. 

Objective: To determine the signal to cutoff (S/CO) value of chemi-

luminescence microparticle immunoassay (CMIA) HBsAg assay that 

should trigger follow-up confirmatory HBsAg testing.

Methods: All specimens with an initial S/CO value of 0.90–100.00 

were subjected to repeat HBsAg testing after high-speed centrifuga-

tion. The specimens with an initial S/CO value in that range remained 

in the same range and were then followed up with confirmatory HBsAg 

testing.

Result: In total, 132 specimens had an S/CO value between 0.90 

and 100.00 after high-speed centrifugation, followed by confirmatory 

HBsAg retesting. The S/CO value of HBsAg specimens for which the 

results required verification with confirmatory HBsAg was 0.98 (100% 

sensitivity, 3.3% specificity) through 9.32 (47.1% sensitivity, 100% 

specificity).

Conclusion: The HBsAg S/CO values (as determined by the chemi-

luminescent microparticle immunoassay [CMIA] method) that should 

trigger confirmatory HBsAg testing are 0.98–9.32.

Hepatitis B virus (HBV) infection has, until recently, remained one 
of the most prevalent diseases around the worldwide. A report by the 
World Health Organization (WHO) in 2017 states that approximately 
257 million people worldwide were infected with HBV.1 The interna-
tional prevalence of HBV infection in 2015 was approximately 3.5%, 
with the highest prevalence in the Pacific region, Africa, and South-
east Asia.1,2 Data obtained by Indonesian Basic Health Research in 
2017 showed that the prevalence of HBV infection in the Indone-
sian population was 7.1%, and 2.7% of pregnant women have reac-
tive hepatitis B surface antigen (HBsAg) test results.3 Approximately 
90% of perinatal infections will progress to chronic HBV, which is 
the most prevalent cause of liver cirrhosis and hepatocellular carci-
noma.2,4

HBsAg is a serological marker widely utilized in screening and diagnos-
tic testing for HBV infection.5 The WHO guideline recommends routine use 
of the HBsAg marker for antenatal screening in countries with a high prev-
alence of HBV infection (≥2%).6 Improvement in the analytical sensitivity 
of the HBsAg assay increased the detection rate and allowed earlier diagno-
sis. However, the risks of having weakly reactive and false-positive results 
were also increased. Use of confirmatory HBsAg assay aids clinicians in 
differentiating weakly reactive from false-positive results. In wealthy coun-
tries in Europe and North America, all reactive HBsAg results, particularly 
borderline-reactive results, must be followed up with a repeated HBsAg 
test and confirmatory HBsAg testing, to ensure the accuracy of the labora-
tory results and to prevent unnecessary treatment.7 However, if all HBsAg 
tests are followed up with confirmatory assays, patient management may 
be delayed, and the cost of laboratory testing may increase.

The HBsAg assay at the Central Laboratory of the National Central 
General Hospital Dr Cipto Mangunkusumo (RSUPNCM) in Jakarta, In-
donesia, currently uses the chemiluminescence microparticle immuno-
assay (CMIA) method, which has 98% sensitivity and 97% specificity.8 
There are no official guidelines on which signal to cutoff (S/CO) values 
determined by the CMIA method should trigger follow-up testing with 
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a confirmatory assay; as a result, the range values may vary among 
laboratories. 

To perform a confirmatory assay on all reactive specimens in our 
study would have been too costly because nearly all of the specimens 
were from patients with only limited coverage provided by the Indo-
nesian National Health Insurance. The results of previous studies7,9–11 
performed with different qualitative HBsAg assay methods have shown 
that the weakly reactive specimens (specimens with low cut-off index 
values) were the ones for which results should be verified using a con-
firmatory assay. Therefore, it is crucial to determine the reactive S/CO 
values that should trigger confirmatory HBsAg assay, so that the accu-
racy of the test results can be improved, therapy can be administered 
more quickly and more accurately, and the principles of quality and cost 
control can be applied. The objective of this study was to determine the 
S/CO values of HBsAg, determined using the CMIA method, that should 
trigger confirmatory testing, so that confirmatory testing can be carried 
out more selectively and efficiently.

Materials and Methods

Blood Specimens
A total of 19,645 specimens, from the emergency unit, inpatient ward, 
and outpatient clinic, were tested for HBsAg from October 2019 through 
June 2020 in our hospital central laboratory. All specimens were col-
lected in plain tubes and were stored at room temperature before and 
during the HBsAg testing and confirmatory HBsAg testing. Serum 
specimens were isolated using centrifugation for 5 minutes at 2500g 
and immediately tested for HBsAg. All specimens for which the initial 
S/CO value was 0.90–100.00 were subjected to repeated HBsAg testing 
after high-speed centrifugation for 15 minutes at 16,000g. High-speed 
centrifugation was performed to reduce the possibility of lipemia, fibrin 
interference, or other particulate matter interference in the assay.12–14 
The specimens with S/CO values remained in the range of 0.90–100.00; 
those values triggered confirmatory HBsAg testing. For all specimens, 
confirmatory HBsAg testing was performed within less than 6 hours 
from when the specimens arrived in the laboratory.

HBsAg and Confirmatory HBsAg Testing
The determination of serum HBsAg was performed using the HBsAg 
Qualitative II (REF 2G22) reagents on the ARCHITECT i2000 an-
alyzer (Abbott Diagnostics). Every specimen was tested twice for 
HBsAg, once before and once after high-speed centrifugation. The 
specimens with S/CO remained in the range of 0.90–100.00 were then 
subjected to confirmatory testing using the HBsAg Qualitative II Con-
firmatory (REF 2G23) reagents on the ARCHITECT i1000 analyzer. 
Imprecision tests using positive and negative control materials were 
performed for the HBsAg assay (CV, 1.81% and 6.96%, respectively); 
positive control material was used for the confirmatory HBsAg assay 
(CV, 1.41%).

The ARCHITECT i2000 and i1000 analyzers used the CMIA method. 
In the Architect HBsAg Qualitative II assay, serum specimens, anti-HBs 
coated paramagnetic microparticles, and anti-HBs acridinium-labeled 
conjugate underwent reactions. HBsAg present in the specimen binds 
to anti-HBs coated microparticles and to anti-HBs acridinium-labeled 
conjugate. The resulting chemiluminescent reaction is measured and 

compared to the cutoff signal. If the signal in the specimen is greater 
than or equal to the cutoff signal (S/CO ≥ 1.00), the specimen is 
considered to be reactive for HBsAg.13

The ARCHITECT HBsAg Qualitative II Confirmatory assay is based on 
the neutralization procedure that utilizes human anti-HBs. There are 2 dif-
ferent pretreatment reagents in the assay. Pretreatment reagent 1 contains 
human anti-HBs, whereas pretreatment reagent 2 does not. Each of the 
pretreatment reagents is incubated with the specimen material in different 
reaction vessels in the analyzer. The neutralized HBsAg in the specimen is 
blocked from binding to the anti-HBs coated microparticles. A specimen 
is considered to have tested positive if the signal for the nonneutralized 
specimen (incubated with pretreatment reagent 2) result is greater than 
or equal to the cutoff (S/CO ≥ 0.70) and the signal of the neutralized spec-
imen (incubated with pretreatment reagent 1) is reduced by at least 50% 
compared with the nonneutralized specimen.15 The interpretation of the 
confirmatory result of each specimen was automatically performed by the 
analyzer, and the result was shown on the analyzer screen.

Statistical Analysis
We analyzed the data using SPSS, version 20 (IBM) and Excel, version 
2016 (Microsoft). The specimens were grouped based on the S/CO 
values and confirmatory HBsAg results. The difference of S/CO values 
after high-speed centrifugation between the group with the reactive 
confirmatory HBsAg results and the group with the nonreactive con-
firmatory HBsAg results was analyzed using Mann-Whitney testing. 
ROC analysis was performed to determine the S/CO value after high-
speed centrifugation.

Results
There were 161 specimens with initial S/CO values of 0.90–100.00; 
these specimens were subjected to high-speed centrifugation and repeat 
HBsAg testing. Of the 132 specimens with S/CO values of 0.90–100.00 
after high-speed centrifugation, 102 specimens were confirmed as be-
ing reactive, via confirmatory HBsAg assay. The discrepancy between 
the HBsAg and confirmatory HBsAg results was found in 22.7% of the 
specimens with S/CO values of 0.90–100.00 (30 of 132 specimens). 
There were 18,290 true-negative specimens, so the false-positive rate of 
the qualitative HBsAg assay in this study was 0.16%. The characteristics 

TABLE 1. Characteristics of Study Patients and Their 
Specimen Results

Variable 
Confirmed Reactive, 

No.a 
Nonreactive, 

No.b 
Totalc 

Age range (y), mean 
(SD)

49.97 (16.8) 44.9 (15.9) 48.9 (16.7)

  0–18, No. 5 2 7

  19–40, No. 19 5 24

  41–60, No. 52 19 71

  >60, No. 26 4 30

Sex, No. (%)    

  Male 64 (62.7) 15 (50.0) 79 (59.8)

  Female 38 (37.3) 15 (50.0) 53 (40.2)

an = 102.
bn = 30.
cn = 132.

TABLE 2. Confirmatory HBsAg Results Based on HBsAg S/
CO Values

S/CO Values After High-Speed 
Centrifugation 

Confirmed Re-
active, No. 

Nonreactive, 
No. 

Total 
Specimens, 

No. 

0.90–5.00 39 27 66

5.01–10.00 17 3 20

10.01–100.00 46 0 46

Total specimens 102 30 132

HBsAg, hepatitis B surface antigen; S/CO, signal to cutoff.
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compared to the cutoff signal. If the signal in the specimen is greater 
than or equal to the cutoff signal (S/CO ≥ 1.00), the specimen is 
considered to be reactive for HBsAg.13

The ARCHITECT HBsAg Qualitative II Confirmatory assay is based on 
the neutralization procedure that utilizes human anti-HBs. There are 2 dif-
ferent pretreatment reagents in the assay. Pretreatment reagent 1 contains 
human anti-HBs, whereas pretreatment reagent 2 does not. Each of the 
pretreatment reagents is incubated with the specimen material in different 
reaction vessels in the analyzer. The neutralized HBsAg in the specimen is 
blocked from binding to the anti-HBs coated microparticles. A specimen 
is considered to have tested positive if the signal for the nonneutralized 
specimen (incubated with pretreatment reagent 2) result is greater than 
or equal to the cutoff (S/CO ≥ 0.70) and the signal of the neutralized spec-
imen (incubated with pretreatment reagent 1) is reduced by at least 50% 
compared with the nonneutralized specimen.15 The interpretation of the 
confirmatory result of each specimen was automatically performed by the 
analyzer, and the result was shown on the analyzer screen.

Statistical Analysis
We analyzed the data using SPSS, version 20 (IBM) and Excel, version 
2016 (Microsoft). The specimens were grouped based on the S/CO 
values and confirmatory HBsAg results. The difference of S/CO values 
after high-speed centrifugation between the group with the reactive 
confirmatory HBsAg results and the group with the nonreactive con-
firmatory HBsAg results was analyzed using Mann-Whitney testing. 
ROC analysis was performed to determine the S/CO value after high-
speed centrifugation.

Results
There were 161 specimens with initial S/CO values of 0.90–100.00; 
these specimens were subjected to high-speed centrifugation and repeat 
HBsAg testing. Of the 132 specimens with S/CO values of 0.90–100.00 
after high-speed centrifugation, 102 specimens were confirmed as be-
ing reactive, via confirmatory HBsAg assay. The discrepancy between 
the HBsAg and confirmatory HBsAg results was found in 22.7% of the 
specimens with S/CO values of 0.90–100.00 (30 of 132 specimens). 
There were 18,290 true-negative specimens, so the false-positive rate of 
the qualitative HBsAg assay in this study was 0.16%. The characteristics 

of subjects whose blood specimens included in this study are listed in 
TABLE 1.

We observed a greater percentage of confirmed reactive HBsAg 
results in the group with higher S/CO values. Specimens with S/CO 
values after high-speed centrifugation of 0.90–5.00 had 59.1% con-
firmed reactive results, whereas 100% were confirmed as reactive in the 
group with S/CO values of >10.00 (TABLE 2).

The median of the S/CO values after high-speed centrifugation in the 
confirmed reactive group was 8.25, whereas it was 1.68 in the nonreactive 
group (P <  .001). ROC analysis was performed for S/CO values after the 
high-speed centrifugation was completed. The range of S/CO values that 
triggered mandatory confirmatory HBsAg test was analyzed. The lower 
limit was the S/CO value with 100% sensitivity and the highest specificity, 
and the upper limit was the S/CO value with the specificity of 100% and 
the highest sensitivity (FIGURE 1). Based on the results of our ROC anal-
ysis, S/CO values of 0.98 (100% sensitivity, 3.3% specificity) to 9.32 (47.1% 
sensitivity, 100% specificity) should trigger confirmatory HBsAg assay. The 
AUC was 83.3%, with a P value of  <.001 (FIGURE 2).

The clinical profile of subject individuals with discrepant HBsAg 
results (reactive initial HBsAg results but nonreactive confirmatory 
HBsAg results) was based on the diagnosis stated in the medical records. 
The most common diagnoses found were hypertension, diabetes melli-
tus, chronic kidney disease, and community-acquired pneumonia. Most 
of the subjects had more than 1 of the previously stated diagnoses.

Discussion
Laboratory testing plays an important role in diagnosing and monitoring 
HBV infection, with HBsAg as the most frequent serological marker being 
tested.16 Reactive HBsAg test results indicate HBV infection. However, the 
window period between the disappearance of HBsAg and the emergence of 
anti-HBs in patient serum sometimes makes diagnosing HBV infection more 
complicated.7 Using high-sensitivity HBsAg assay could partially solve the 
problem but would also increase the risk of false-positive results. Most false-
positive results originated from the weakly reactive specimens.17

The percentage of the HBsAg specimens that needed to be followed 
up with confirmatory HBsAg testing in this study was less than 1%; this 
value was quite similar to the value reported by Shao et al.7 Most of the 
specimens included were from men with a mean age of 48.9 years. The 
results were in accordance with the positive HBsAg prevalence in Indo-
nesia, which is highest in men and within the group aged 45–49 years.18

Most of the specimens (77%) included in this research had reactive 
confirmatory results, in accordance with the findings of previous studies 
conducted with a different HBsAg assay method. Our results showed that 
mostly weakly reactive HBsAg specimens would be confirmed to be reac-
tive via the HBsAg confirmatory assay, with the median S/CO of the reac-
tive confirmatory group being significantly higher than the nonreactive 
one. The findings of previous studies from Shao et  al7 and Sholikhah 
et  al11 using the electrochemiluminescence immunoassay (ECLIA) 
method also yielded reactive confirmatory HBsAg results in approxi-
mately 60% and 88% of weakly reactive HBsAg specimens, respectively. 
The results of this study were also in line with the research performed by 
Purnamawaty et al,10 for which the results included reactive confirma-
tory HBsAg results in 63.8% of the HBsAg specimens examined using the 
enzyme-linked fluorescent assay (ELFA) method.

The range of the S/CO values in HBsAg testing that should trigger con-
firmatory testing, as determined in this study, was based on the lowest and 
the highest S/CO cutoff values. The lowest cutoff value is the S/CO value 
with 100% sensitivity and the highest specificity, such that all the reactive 
HBsAg specimens that need to be confirmed will be included. The highest 
cutoff value is the S/CO value with 100% specificity and the highest sensi-
tivity, such that all the test specimens not requiring a confirmatory HBsAg 

TABLE 2. Confirmatory HBsAg Results Based on HBsAg S/
CO Values

S/CO Values After High-Speed 
Centrifugation 

Confirmed Re-
active, No. 

Nonreactive, 
No. 

Total 
Specimens, 

No. 

0.90–5.00 39 27 66

5.01–10.00 17 3 20

10.01–100.00 46 0 46

Total specimens 102 30 132

HBsAg, hepatitis B surface antigen; S/CO, signal to cutoff.

FIGURE 1. Range of signal to cutoff (S/CO) values that must be followed by confirmatory hepatitis B surface antigen assay: 
sensitivity/specificity of various S/CO cutoff values.
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test will be excluded. Thus, the range of the HBsAg S/CO values that should 
trigger confirmatory HBsAg testing is 0.98–9.32. 

In this study, all 30 specimens with nonreactive confirmatory test-
ing results had S/CO of <10.00, and all specimens that had S/CO of 
>10.00 were confirmed as reactive. The percentage of confirmed reac-
tive specimens was greater in the group of specimens with a higher S/
CO value. Most of the specimens with nonreactive confirmatory testing 
results had S/CO of <5.00. These results may become a basis in deter-
mining the HBsAg S/CO value that merits confirmatory HBsAg testing 
using the CMIA method.

Chang et  al19 mentioned that discrepant HBsAg results could be 
found in patients with chronic kidney disease receiving hemodialysis. 
Arleevskaya et al20 reported that rheumatoid-factor formation could be 
triggered by bacterial infections such as Klebsiella pneumoniae or Chla-
mydia pneumoniae infection. Xu et al21 found that rheumatoid-factor in-
terference could increase or decrease the S/CO value in HBsAg assays 
using the ELISA method. However, the causes of discrepant HBsAg 
results in our study cannot be ascertained, due to limited information re-
garding the cause of pneumonia and the fact that no further testing was 
performed to examine the rheumatoid factor levels in the specimens.

Conclusion
Based on the results of this study, the values of HBsAg S/CO determined 
via the CMIA method that need to be followed by confirmatory HBsAg 
tests were 0.98–9.32. Therefore, confirmatory HBsAg testing can be 
carried out more selectively and efficiently than in the past. Still, fur-
ther studies are needed to determine the possible cause(s) of results 
discrepancies in HBsAg detection using the CMIA method.
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FIGURE 2. Receiver operating characteristic curve of signal 
to cutoff values after high-speed centrifugation (area under 
the curve, 83.3% [P < .001]).
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ABSTRACT

Objective: To evaluate the difference in lactate dehydrogenase (LDH) 

concentrations in plasma vs serum specimens in our patient popula-

tion.

Materials and Methods: We measured LDH in 110 paired plasma 

and serum specimens over a 2-week period. Hemolytic indices were 

performed on each specimen. These paired specimens were drawn 

in a single setting and stored under the same conditions. For the last 

14 paired specimens, cell counts were performed on the plasma/

serum. 

Results: Plasma LDH was on average 22% higher than serum LDH. 

There was no difference in the hemolytic indices between the plasma 

and the serum specimens. In the last 14 specimens, cell counts re-

vealed increased platelets in the plasma specimens compared to the 

serum specimens.

Conclusion: We propose switching back to using serum for LDH 

testing because there was unpredictable elevation in plasma LDH 

concentrations. These elevations in LDH levels may be linked to the 

platelets present in plasma and that may lyse or become activated 

with storage at refrigerated temperature.

Lactate dehydrogenase (LDH) is an enzyme that plays an important role 
in cellular energy production and is present in many different tissues 
including the heart, liver, kidney, muscle, and blood. Elevated levels 
of LDH in serum can be used clinically to aid in disease monitoring, 
evaluating treatment, and predicting prognosis. Serum LDH may be el-
evated in multiple malignancies including lymphomas and leukemias. 
In some hematologic malignancies, it plays an important role as a prog-
nostic marker. In addition, LDH may be monitored regularly in some 
malignancies because elevations in LDH levels could suggest disease 
progression or disease relapse. Serum LDH is useful in monitoring for 
disease progression because it is measured using a noninvasive test; el-
evation of serum LDH can also serve as a prompt for further and more 
expensive diagnostic evaluations. False elevations in LDH can lead to 
unnecessary investigations and anxiety in patients.

Serum LDH can be separated into multiple different isoenzymes, 
with each isoenzyme being a tetramer made up of 2 different subunits. 
Studies have shown that LDH is an intracellular enzyme that is 
released during cellular damage.1 For this reason, LDH levels are sus-
ceptible to false elevations when any in vitro cell lysis occurs. Com-
mon examples include red blood cell (RBC), white blood cell (WBC), 
and platelet lysis.

When our hospital implemented total laboratory automation, the 
preferred specimen type was switched from serum to plasma. The switch 
was made to accommodate more chemistry tests in a single tube to re-
duce blood loss. Our oncologists who used LDH concentrations to mon-
itor disease progression in their patients with hematologic malignancies 
noticed an increased number of results above the reference range. Upon 
further investigation, these patients had no other evidence of disease 
progression except elevated LDH results. This finding led the oncologists 
to alert the laboratory to look into the validity of our reference range. 
A few articles have described clinically significant increases in LDH in 
heparinized plasma specimens compared to serum specimens on the 
Roche analyzer.2-5 However, the reason has not been clearly stated. 
Hence, the goal of our study was to evaluate whether there was a dif-
ference in LDH levels in heparinized plasma compared to serum and to 
postulate the possible reasons for differences. With the lack of literature 
explaining the differences in serum vs plasma LDH levels, we hope this 
information and awareness will be useful to other laboratories if they 
are experiencing similar challenges.
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Materials and Methods

Specimen Selection
Paired plasma and serum specimens were used for the study. The 110 
specimens were randomly selected, without knowing the patient diagno-
sis. The median age of the patients was 67  years, with an interquartile 
range between ages 54 and 76 years. Sex distribution included 70 women 
(64%) and 40 men (36%). The paired specimens were drawn in a single 
setting. Serum was collected in serum separator tubes (SST) and plasma 
was collected in plasma separator tubes (PST) containing lithium heparin. 
All collection tubes were from Becton Dickinson (Becton Dickinson, NJ).

The specimens were stored at refrigerated temperature for 1 day be-
fore analysis. Paired serum and plasma specimens were analyzed at the 
same time.

LDH Analysis
One hundred ten paired serum and plasma specimens were collected 
over a 2-week period. The LDH analyses were performed using the 
Roche cobas c502 analyzer (Roche Diagnostics, IN). Hemolytic indi-
ces were performed on each specimen. In the Roche LDH assay, LDH 
catalyzes the conversion of L-lactate to pyruvate and reduces nicotina-
mide adenine dinucleotide in the process. The catalytic LDH activity is 
proportional to the initial rate of nicotinamide adenine dinucleotide plus  
hydrogen formation and is determined by photometrically measuring the 
increase in absorbance. For the last 14 paired specimens, cell counts were 
performed using a Sysmex XN-9000 analyzer (Sysmex America, IL) to eval-
uate whether there were cells present in the plasma or serum. Deming re-
gression and Bland-Altman difference plots were used to analyze the data.

LDH Analysis in Donor Platelets
We measured LDH in 10 donor platelet specimens that were unre-
lated to the 110 paired serum/plasma specimens and performed LDH 
analyses using the Roche cobas c502 analyzer. We measured LDH on day 
zero, when all 10 specimens were kept at room temperature. The plate-
let count was performed using the Sysmex XN-9000 analyzer. The 10 
specimens were then kept in the freezer for 1 day, and LDH and platelet 
counts were performed after thawing the platelet specimens.

Results
Linear regression (FIGURE 1) shows a correlation between plasma and 
serum LDH concentrations with a slope of 0.72 (95% confidence inter-
val [CI], 0.51–0.93) and an intercept of 114.49 (95% CI, 73.44–155.53). 
The correlation was low with an R2 = 0.3. This low correlation was likely 
because of the unpredictable release of LDH by platelets in the plasma 
specimens. Bland-Altman difference plots (FIGURE 2) show that plasma 
LDH was on average 61 U/L higher than serum LDH. This translated to a 
22% higher LDH measurement in plasma compared to serum. FIGURE 
3 shows a shift in LDH concentrations between the paired plasma and 
serum specimens (P <  .05 using paired Wilcoxon test). The same shift 
was observed when subgroup analysis was performed, considering age 
and sex (P < .05). There was no difference in the hemolytic indices be-
tween plasma and serum (P = .55 using paired Wilcoxon test; FIGURE 
4). For the last 14 paired specimens, RBCs were unchanged and WBCs 
showed no statistically significant difference (P =  .18). However, there 
was an increased number of platelets in plasma compared to serum (P 
< .05; TABLE 1).

An experiment using 10 different donor platelet specimens was 
performed to investigate the amount of LDH in the platelets. Platelet 
counts and LDH analyses were performed on the platelet specimens on 
day zero. All 10 specimens were then frozen for 1 day and reanalyzed. 
Freezing the platelets caused degranulation to occur, leading to the re-
lease of intracellular LDH.6 TABLE 2 shows that freezing the platelets 
did not cause significant changes (P = .13) in the platelet counts but that 
LDH concentration increased 44% to 599% (P <  .05). This experiment 
indicated that platelets contain a high concentration of LDH. Excess 

FIGURE 1. Comparison of plasma vs serum lactate 
dehydrogenase (LDH) results in paired specimens. 
y = 0.72x + 114.5; R2 = 0.3. Deming regression showing the 
correlation between plasma and serum LDH concentrations 
in the 110 paired plasma and serum specimens. The black 
line displays the regression equation, with 95% confidence 
intervals shaded in gray. 
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FIGURE 2. Bland-Altman difference plot of plasma and 
serum lactate dehydrogenase (LDH) concentrations in 
paired specimens (n = 110) showing plasma minus serum 
concentrations of LDH. The dotted line represents the 
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platelets left in centrifuged plasma specimens can lead to an unpredicta-
ble elevation of LDH that is not reflective of the true physiological state 
of the patient. Centrifuged serum specimens contain a minimal amount 
of residual platelets, so LDH measurements using serum specimens are 
expected to be more accurate and reproducible.

To ensure that temperature did not significantly change the 
concentration of LDH in serum, a specimen stability experiment 
was performed. Fifteen random specimens that were unrelated to 
the 110 paired serum/plasma or 10 donor platelet specimens were 

analyzed at room temperature (25ºC), after refrigeration for 1  day 
(4°C–8ºC), and after freezing for 1 day (–70ºC). No statistically sig-
nificant differences were observed between the 3 groups (P > .10 for 
all comparisons).

Discussion
Oncologists commonly use LDH to monitor disease progression in 
patients with hematologic malignancies. Switching specimen types from 
serum to plasma indicated an upward trend in the LDH levels. It is also 
important to note that serum and plasma LDH levels can be increased 
in a variety of nonmalignant conditions because they become elevated 
with cellular damage in many tissues. Because LDH is also present in 
the heart, skeletal muscle, and liver, myocardial infarction and liver 
diseases such as hepatocarcinoma, hepatitis, and cirrhosis can lead to 
elevation in serum LDH levels. Diseases affecting muscle, such as myosi-
tis, may also cause alterations in serum LDH levels. Patients with hema-
tologic malignancies may also have other diseases that may alter serum 
LDH levels. Hence, nonspecific elevation of serum LDH levels is usually 
followed by further diagnostic investigation. Falsely elevated LDH can 
lead to unnecessary investigations. It is therefore important to ensure 
that the LDH level is accurately measured in the most appropriate spec-
imen type.

Evaluating the paired plasma vs serum specimens using the same 
analyzer showed that LDH was consistently higher in the plasma 
specimens. Miles et al2 found a 21% increase in LDH levels in plasma 
compared to serum, which is consistent with our data. One potential 
reason is that LDH is released from the breakdown or activation of 
cells in the specimens during storage or transportation. In our last 14 
specimens, there were minimal amounts of RBCs and WBCs present; 
however, there was an increase in the number of platelets in plasma 
compared to serum (TABLE 1). Lysis or the activation of platelets could 
occur during storage or transportation of specimens before analysis. 
The effect is more evident in plasma because no clotting occurs before 
separating plasma from cells. The clotting process in serum tubes may 
entrap the platelets to prevent them from lysis or activation. Because 
platelets are small in size, they may leach up the gel barrier in PST upon 
standing, leading to an unpredictable release of LDH when they lyse, as 
shown by our platelet degranulation experiment.

Overall, serum is the preferred specimen type for LDH analysis7 be-
cause of an unpredictable increase in plasma LDH concentrations. Al-
though this phenomenon was not tested on an alternative platform, the 
authors believe that this phenomenon is not platform-specific because 
most methods use the same principle for analyzing LDH. Bausset et al8 
also showed that serum specimens that were centrifuged 4 hours after 
clotting still produced acceptable LDH results, which further support se-
rum as the preferred specimen type for LDH analysis.

Conclusion
The results from our studies showed that an unpredictable increase 
in plasma LDH concentration can occur upon storage because of the 
leaching of platelets across the gel barriers in PST. Minimal or no 
leaching of platelets across the gel barriers can occur in SST because 
platelets are entrapped in the clot. Therefore, blood collected in SST is 
the preferred specimen type for LDH analysis. Expanding the reference 
range of LDH to accommodate both plasma and serum specimen types 

FIGURE 3. Distribution of plasma and serum lactate 
dehydrogenase (LDH) results in paired specimens (n = 110). 
The histogram shows serum (white) and plasma (dark gray) 
LDH concentrations in paired specimens. Light gray bars 
indicate overlap between the 2 groups at that LDH value. 
Statistical significance between the 2 groups is indicated by 
the bracket. *P < .05 using paired Wilcoxon test. 
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FIGURE 4. Distribution of H-index values in paired plasma 
and serum specimens. The histogram shows H-index 
values for the paired serum (white) and plasma (dark gray) 
specimens. Light gray bars indicate overlap between the 
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would not be ideal because the leaching of platelets into plasma was in-
consistent and unpredictable.
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TABLE 1.  LDH and Cell Count Results from 14 PST and SST Specimens

 PST SST

Specimen ID LDH   
(U/L) 

WBC   
(×103/µL) 

RBC   
(×106/µL) 

PLT   
(×103/µL) 

LDH   
(U/L)  

WBC   
(×103/µL)  

RBC   
(×106/µL) 

PLT   
(×103/µL)  

1 201 0.69 <1 29 158 <0.10 <1 2

2 341 0.19 <1 52 185 <0.10 <1 3

3 266 <0.10 <1 15 154 <0.10 <1 <1

4 280 <0.10 <1 41 203 <0.10 <1 1

5 207 <0.10 <1 51 141 <0.10 <1 <1

6 261 <0.10 <1 13 204 <0.10 <1 2

7 226 <0.10 <1 25 183 <0.10 <1 <1

8 384 <0.10 <1 9 231 <0.10 <1 1

9 277 <0.10 <1 15 147 <0.10 <1 <1

10 186 <0.10 <1 17 147 <0.10 <1 1

11 285 <0.10 <1 8 200 <0.10 <1 <1

12 150 <0.10 <1 35 104 <0.10 <1 1

13 222 0.11 <1 27 190 <0.10 <1 3

14 325 <0.10 <1 66 171 <0.10 <1 1

LDH, lactate dehydrogenase; PLT, platelets; PST, plasma separator tubes; RBC, red blood cell; SST, serum separator tubes; WBC, white blood cell.

TABLE 2.  Platelet Counts and LDH Results Before and After Freezing Donor Platelets

 Day Zero Post Frozen Day 1  

Donor Platelet PLT Count (×103/µL) LDH (U/L) PLT Count (×103/µL) LDH (U/L) % Change in PLT % Change in LDH 

1 1769 2400 1096 3459 –38 44

2 1056 486 1006 2297 –5 373

3 1159 412 1177 2384 –2 479

4 1105 514 880 1920 20 274

5 1177 525 1280 3455 –9 558

6 777 940 910 2825 –17 201

7 1351 771 1311 2035 –3 164

8 1514 340 1469 2375 –3 599

9 1047 448 722 1944 –31 334

10 833 430 697 1460 –16 240

LDH, lactate dehydrogenase; PLT, platelets.
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ABSTRACT

Background: Determination of the erythrocyte sedimentation rate 

(ESR) is a simple diagnostic tool for estimating systemic inflammation. 

It remains unclear whether ESR is influenced by renal disease or renal 

replacement therapy (RRT). 

Objective: To report the incidence and extent of ESR elevations in 

patients with chronic kidney disease (CKD) and the possible impact 

of RRT.

Methods: We performed a single-center, retrospective study in 

inpatients with or without renal disease and in  those with RRT, 

comparing ESR levels and other laboratory and clinical information.

Results: A total of 203 patients were included. On average, ESR 

was elevated (mean [SD], 51.7 [34.6] mm/h), with no statistically sig-

nificant difference between the patient groups. Only those receiving 

PD showed significantly higher ESR (78.3 [33.1] mm/h; P < .001). 

Conclusions: ESR testing can be used without restriction in patients 

with CKD and in patients undergoing hemodialysis and who have re-

ceived kidney transplantation; however, this measurement should be 

monitored carefully in patients with PD.

Determination of the erythrocyte sedimentation rate (ESR) involves a 
simple laboratory test for estimating systemic inflammation. Easy avail-
ability, simple implementation, and low cost make the ESR a potentially 
useful tool in clinical practice. Acute-phase proteins deplete the nega-
tive charge between erythrocytes, leading to a faster agglomeration of 
erythrocytes and increase in the ESR.1 
Common diseases associated with ESR elevations are severe infectious 
diseases, tumors, vasculitis, and possibly severe anemia.2 Low sensitivity 
and specificity, however, impair the validity of ESR testing for revealing an 
inflammatory response. By contrast, an extremely elevated ESR is a reliable 
parameter for ruling in multiple myeloma (MM) and is found in most cases 
of polymyalgia rheumatica (PMR) and giant-cell arteritis (GCA)3; in fact, 
these disorders can be easily ruled out by a normal ESR.1 Classically, the 
ESR is assessed after 1 and 2 hours, respectively, although it is sufficient 
to determine only the 1-hour value.4 In the literature, normal ESR values 
are 6–20 mm/hour in women and 3–15 mm/hour in men, whereas an ESR 
of >70–100 mm/hour is interpreted as being an extremely elevated ESR.1

Articles in 2 publications5,6 suggest that renal disease may be another 
cause of ESR elevation. Chronic kidney disease (CKD) affects 10%–15% 
of the worldwide population7; the global prevalence of end-stage renal 
disease (ESRD) with need of RRT is estimated at 0.07%.8 In Europe, he-
modialysis (HD) is by far the most common RRT (82%), followed by per-
itoneal dialysis (PD; 13%) and kidney transplantation (KT; 5%).9 Signs 
of low-grade inflammation are commonly observed in patients with 
CKD, as well as in patients undergoing dialysis.10 These observations are 
believed to be the combined result of several factors, including increased 
production and decreased clearance of proinflammatory cytokines, as 
well as acidosis and oxidative stress caused by uremia.11 Contact with 
bioincompatible dialysis membranes may play an additional role.12

So far, data for ESR in patients with CKD and those undergoing RRT 
are insufficient or inconsistent, and the diagnostic benefit of ESR test-
ing remains unclear. Further, the effect of comorbidities has not been 
studied, to our knowledge. Bathon et al13 found an increased ESR in 93% 
of patients with HD, concluding that determination of ESR is useless in 
this patient group. In contrast, Brouillard et al14 found only a normal 
to mildly increased ESR. Values from both studies were comparable to 
those in the general population.13,14 Personal observations in our clinical 
practice suggest a moderately increased ESR in patients with HD, inde-
pendent from the underlying disease and comorbidities, but pointed to 
a significantly elevated ESR in patients with PD. So far, data on ESR in 
acute kidney injury (AKI) are sparse and mainly case-related.
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The objectives of this retrospective pilot study were as follows. First, 
we sought to determine a possible correlation between ESR and the ex-
tent of renal insufficiency. Second, we aimed to see whether ESR differs 
between patients with and without CKD. Our third goal was to analyze 
whether RRT modes affect ESR, and our fourth was to evaluate a po-
tential correlation between ESR and other laboratory parameters and 
comorbidities.

Methods
We provide a cross-sectional, descriptive study of patients admitted to 
the Department of Nephrology at the University Hospital in Marburg, 
Germany. Inpatients between January 2019 and January 2021 were 
retrospectively screened for the ESR value available at the time of ad-
mission. All patients with available ESR measurement with and without 
kidney disease, including those undergoing any RRT, were included. El-
igible patients were classified into 5 groups: patients without renal dis-
ease (group 1, no RD), patients with acute kidney disease and CKD at 
various stages (group 2, RD), patients with ESRD receiving hemodialysis 
(group 3, HD), patients with ESRD receiving peritoneal dialysis (group 
4, PD), and patients with ESRD receiving KT (group 5, KT).

ESR was determined by the Westergren method in specimen ma-
terial collected into a blood tube blood collection container (Sarstedt); 
the analysis took place after 60 minutes of sedimentation at room tem-
perature.4 Increased ESR was defined as ≥25 mm/hour, with values of 
≥80 mm/hour considered to be extremely elevated.15 ESR values were 
correlated with the following laboratory parameters, assessed during 
routine workup using automatic analyzers (AU5800, Beckman Coulter; 
and Sysmex XN, Sysmex): C-reactive protein (CRP), leucocytes, creati-
nine, estimated glomerular filtration rate (eGFR to define CKD; as deter-
mined by the Modification of Diet in Renal Disease [MDRD] formula16), 
urea, hemoglobin, and protein. Also, information regarding the under-
lying renal disease and comorbidities was obtained from the medical 
records and discharge letters provided by the nephrologists in charge 
of the patients. 

Data were analyzed using SPSS software, version 27 (IBM) and 
Microsoft Excel, version 16 (2020; Microsoft). We analyzed the corre-
lation between ESR and laboratory parameters and comorbidities, re-
spectively, including calculation of a correlation coefficient, in a linear 
model. One-way ANOVA and Tukey post hoc analysis were used to com-
pare different groups. We assessed normal distribution via the Shapiro-
Wilk test; homogeneity of variances was asserted using the Levene test. 
Data are represented as mean (SD), unless otherwise stated. These study 
results may help in the care of future patients, in that the results will 
aid health care professional in more quickly identifying certain medical 
conditions in patients with renal diseases when ESR is used as a screen-
ing tool. The study was given a waiver by the Ethics Committee, Philipps 
University, Marburg, Germany.

Results
Overall, 203 patients (mean [SD] age, 63.1 [18.6] years; median, 65.0 
years; range, 18–95 years) were included in this study, with compara-
ble numbers of male patients (104 [51.2%]) and female patients (99 
[48.8%]; TABLE 1). In total, 82 individuals had CKD stage 1–5, of 
whom 36 presented with additional AKI and 9 patients showed AKI 
without preexisting CKD. Hypertensive and/or diabetic nephropathy 

was the predominant cause for CKD and ESRD (41.8%), followed by 
glomerulonephritis (21.5%). The remaining individuals had a vari-
ety of underlying renal diseases. Among them, 76 patients had ESRD: 
28 of those patients received HD, 19 were treated with PD, and 29 
patients received KT as RRT; 45 patients had no kidney disease.  
Arterial hypertension was the most common comorbidity, with the 
highest prevalence in patients with RRT. Patients undergoing hemo-
dialysis represented the oldest population (70.1 [13.7] years), and 
patients with PD were significantly younger (48.3 [11.8] years). Kid-
ney transplant recipients received RRT for the longest amount of time 
(151.5 [203.5] months). The mean ESR of the total population was ele-
vated (51.7 [34.6] mm/h; range, 0–150 mm/h), with ESR being normal 
in 54 patients (<25 mm/h); 54 patients had an extremely elevated ESR 
(>80 mm/h). 

Assessment of the ESR in the 5 different subject groups showed com-
parable values in the no-RD group (48.2 [30.2] mm/h), the RD group 
(51.5 [35.3] mm/h), the HD group (45.8 [31.8] mm/h), and the KT group 
(46.4 [37.1] mm/h). However, ESR was significantly higher in patients 
with PD (78.3 [33.1] mm/h; P <.001) with only 2 outliers in this popu-
lation (FIGURE 1). Equal variances being assumed (P = .24 based on 
mean), ESR was normally distributed for the no-RD and PD groups but 
not for the RD, HD, and KT groups (α = 0.05). The level of ESR differed 
statistically significant for the different populations (F[4.198] = 3.44; 
P = .01; η² = 0.065). 

Tukey post hoc analysis revealed a significant difference (P < .05) be-
tween ESR levels of the PD group individually, compared with all other 
groups: PD vs no-RD (30.02; 95% CI, 4.55–55.39), PD vs RD (26.81; 
3.11–50.51), PD vs HD (32.44; 4.77–60.11), and PD vs KT (31.85 [4.37–
59.33]). In fact, there was a significant difference between PD group and 
all other groups taken together (78.3 [33.1] mm/h; vs all other patients, 
49.0 [33.7] mm/h; P <  .001; TABLE 2). Most biochemical parameters 
(leucocytes, C-reactive protein, protein, hemoglobin) did not differ signif-
icantly between the groups. As we expected, urea levels were significantly 
higher in patients with RD or RRT, compared with patients not having RD 
(96.1 [73.3] mg/dL vs 48.3 [68.4] mg/dL; P < .001; TABLE 2). We were 
intrigued to learn that there was no significant correlation between ESR 
and CRP in the entire study population, possibly due to the wide range of 
the ESR values (variance, 25–140 mm/h). We note that the ESR signifi-
cantly correlated with CRP in all subgroups but not in patients with HD or 
PD receiving RRT (TABLE 3). As expected, the ESR was higher in patients 
with vasculitis, active tumors, GCA, and PMR or MM (data not shown); 
however, this was not true for the PD group.

Discussion
ESR testing is an unspecific yet easy, quick, and inexpensive diagnos-
tic means of screening for systemic inflammation. Despite the lack of 
specificity offered by the assay, an elevated ESR may point to an under-
lying disorder and/or inflammatory problem, whereas an extremely el-
evated ESR is helpful in establishing the diagnosis of PMR and GCA, or 
MM, respectively. So far, there are conflicting data regarding whether 
CKD affects the ESR, thereby compromising the validity of the ESR test. 
Indeed, the findings reported in previous publications13,17 suggest a 
general ESR increase in patients with CKD, possibly caused by decreased 
clearance of proinflammatory cytokines, oxidative stress, and meta-
bolic acidosis but also by dialysis-related factors, such as extracorporeal 
membranes, impurities in the water used in dialysis, or foreign material 
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TABLE 1. Baseline Characteristics of the Study Population

Variable 
Group

Total 
No RD RD HD PD TX 

No. 45 82 28 19 29 203

Male/Female, No. 20/25 39/43 20/8 12/7 13/16 104/99

Age (y), mean (SD) 60.7 (20.3) 67.5 (18.5) 70.1 (13.7) 48.3 (11.8) 57.3 (17.1) 63.1 (18.6)

Diabetes, No. (%) 8 (17.8%) 23 (28.0%) 14 (50.0%) 5 (26.3%) 10 (34.5%) 60 (29.6%)

Hypertension, No. (%) 30 (66.7%) 63 (76.8%) 28 (100%) 19 (100%) 24 (82.8%) 164 (80.8%)

Coronary heart disease, No. (%) 8 (17.8%) 26 (31.7%) 15 (53.6%) 4 (21.0%) 6 (20.7%) 59 (29.1%)

Vasculitis, No. (%) 3 (6.7%) 4 (4.9%) 2 (7.1%) 1 (5.2%) 3 (10.3%) 13 (6.4%)

GCA/PMR, No. (%) 4 (8.9%) 4 (4.9%) 0 0 0 8 (3.9%)

Active tumor, No. (%) 3 (6.7%) 9 (11.0%) 2 (7.1%) 0 3 (10.3%) 17 (8.4%)

Severe infection, No. (%) 15 (33.3%) 18 (21.9%) 7 (25.0%) 0 8 (27.6%) 48 (23.7%)

Time from start RRT (mo), mean (SD) NA NA 15.6 (16.9) 31.0 (32.8) 151.5 (203.5) 26.7 (92.6)

GCA, giant-cell arteritis; HD, hemodialysis; KT, kidney transplant; NA, not applicable; PD, peritoneal dialysis; PMR, polymyalgia rheumatica; RD, renal dis-
ease; RRT, renal replacement therapy.

FIGURE 1. Prevalence of erythrocyte sedimentation rate (ESR) levels (normal, elevated, extremely elevated). HD, hemodialysis; 
KT, kidney transplantation; PD, peritoneal dialysis; RD, renal disease.
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TABLE 2. Laboratory Parameters of the Study Participants (n = 203)

Analyte 
Group, Mean (SD)

Total 
No RD RD HD PD TX 

ESR (mm/h) 48.2 (30.2) 51.5 (35.3) 45.8 (31.8) 78.3 (33.1) 46.4 (37.1) 51.7 (34.6)

Leukocytes (× 103/µL) 8.7 (3.8) 8.3 (4.0) 7.0 (2.2) 8.9 (2.9) 7.9 (3.3) 8.2 (3.6)

C-reactive protein (mg/L) 71.0 (84.6) 40.2 (56.4) 61.0 (76.5) 38.1 (36.4) 54.3 (92.0) 51.6 (71.3)

Creatinine (mg/dL) 0.7 (0.2) 2.7 (2.2) 6.1 (2.3) 10.9 (4.6) 2.6 (1.3) 3.7 (3.9)

Urea (mg/dL) 48.3 (68.4) 109.5 (82.9) 114.5 (59.9) 111.7 (32.1) 101.9 (52.1) 95.7 (73.3)

Protein (g/L) 64.0 (8.8) 62.6 (10.3) 61.7 (7.5) 66.1 (5.4) 66.7 (7.9) 63.7 (9.0)

Hemoglobin (g/dL) 11.4 (2.2) 11.4 (2.7) 9.9 (2.1) 10.0 (1.4) 10.6 (2.1) 11.2 (1.7)

 ESR, erythrocyte sedimentation rate; HD, hemodialysis; PD, peritoneal dialysis; RD, renal disease; TX, kidney transplant.

was the predominant cause for CKD and ESRD (41.8%), followed by 
glomerulonephritis (21.5%). The remaining individuals had a vari-
ety of underlying renal diseases. Among them, 76 patients had ESRD: 
28 of those patients received HD, 19 were treated with PD, and 29 
patients received KT as RRT; 45 patients had no kidney disease.  
Arterial hypertension was the most common comorbidity, with the 
highest prevalence in patients with RRT. Patients undergoing hemo-
dialysis represented the oldest population (70.1 [13.7] years), and 
patients with PD were significantly younger (48.3 [11.8] years). Kid-
ney transplant recipients received RRT for the longest amount of time 
(151.5 [203.5] months). The mean ESR of the total population was ele-
vated (51.7 [34.6] mm/h; range, 0–150 mm/h), with ESR being normal 
in 54 patients (<25 mm/h); 54 patients had an extremely elevated ESR 
(>80 mm/h). 

Assessment of the ESR in the 5 different subject groups showed com-
parable values in the no-RD group (48.2 [30.2] mm/h), the RD group 
(51.5 [35.3] mm/h), the HD group (45.8 [31.8] mm/h), and the KT group 
(46.4 [37.1] mm/h). However, ESR was significantly higher in patients 
with PD (78.3 [33.1] mm/h; P <.001) with only 2 outliers in this popu-
lation (FIGURE 1). Equal variances being assumed (P = .24 based on 
mean), ESR was normally distributed for the no-RD and PD groups but 
not for the RD, HD, and KT groups (α = 0.05). The level of ESR differed 
statistically significant for the different populations (F[4.198] = 3.44; 
P = .01; η² = 0.065). 

Tukey post hoc analysis revealed a significant difference (P < .05) be-
tween ESR levels of the PD group individually, compared with all other 
groups: PD vs no-RD (30.02; 95% CI, 4.55–55.39), PD vs RD (26.81; 
3.11–50.51), PD vs HD (32.44; 4.77–60.11), and PD vs KT (31.85 [4.37–
59.33]). In fact, there was a significant difference between PD group and 
all other groups taken together (78.3 [33.1] mm/h; vs all other patients, 
49.0 [33.7] mm/h; P <  .001; TABLE 2). Most biochemical parameters 
(leucocytes, C-reactive protein, protein, hemoglobin) did not differ signif-
icantly between the groups. As we expected, urea levels were significantly 
higher in patients with RD or RRT, compared with patients not having RD 
(96.1 [73.3] mg/dL vs 48.3 [68.4] mg/dL; P < .001; TABLE 2). We were 
intrigued to learn that there was no significant correlation between ESR 
and CRP in the entire study population, possibly due to the wide range of 
the ESR values (variance, 25–140 mm/h). We note that the ESR signifi-
cantly correlated with CRP in all subgroups but not in patients with HD or 
PD receiving RRT (TABLE 3). As expected, the ESR was higher in patients 
with vasculitis, active tumors, GCA, and PMR or MM (data not shown); 
however, this was not true for the PD group.

Discussion
ESR testing is an unspecific yet easy, quick, and inexpensive diagnos-
tic means of screening for systemic inflammation. Despite the lack of 
specificity offered by the assay, an elevated ESR may point to an under-
lying disorder and/or inflammatory problem, whereas an extremely el-
evated ESR is helpful in establishing the diagnosis of PMR and GCA, or 
MM, respectively. So far, there are conflicting data regarding whether 
CKD affects the ESR, thereby compromising the validity of the ESR test. 
Indeed, the findings reported in previous publications13,17 suggest a 
general ESR increase in patients with CKD, possibly caused by decreased 
clearance of proinflammatory cytokines, oxidative stress, and meta-
bolic acidosis but also by dialysis-related factors, such as extracorporeal 
membranes, impurities in the water used in dialysis, or foreign material 
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increased in patients with ESRD and PD, although it seems not to be 
affected by HD and in renal transplant recipients; and that it has only 
some correlation with the selected parameters. Further studies would be 
helpful in understanding these observations and defining the possible 
role of various RRT options in ESRD.
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such as could be generated during hemodialysis or could come from per-
itoneal dialysis catheters. 

Chronic inflammation is considered to have an impact on cardiovas-
cular mortality18; in fact, patients with CKD and ESRD are at signifi-
cantly higher risk for cardiovascular events.11,19 The findings reported 
in a publication by Al-Homrany20 included  an extremely elevated ESR 
in 1 of 3 patients with ESRD. Conversely, other study reports, including 
one by Brouillard et al,14 did not reveal find any significant higher ESRs 
in patients with CKD. We were interested to learn that patients with 
AKI consistently have a likelihood for impaired outcome with respect to 
mortality and kidney function, independent from comorbidities.21 It is 
conceivable that an associated inflammatory response may contribute to 
this result, and that it might be reflected by an elevated ESR.

In the present study, we investigated the ESR in 45 patients without and 
158 patients with a renal disease, including those receiving RRT (TABLE 1). In 
contrast to our clinical impressions before the study, we could not find any evi-
dence for significant higher ESR values in patients with renal disease, compared 
with those having normal kidney function (TABLE 2), suggesting that ESR 
testing may also be worthwhile as a screening tool in this population. In fact, the 
ESR was also significantly elevated in all patients with renal disease and a diag-
nosis of MM, GCA, or PMR, as extensively described elsewhere for the general 
population.22,23 

We note that prevalence of an extremely elevated ESR is compara-
ble in patients with and without renal insufficiency, including patients 
with ESRD having HD or receiving KT. However, ESR values in the PD 
group were ordinarily extremely elevated (TABLE 2). Previous data10 
suggest that chronic inflammation caused by a combination of systemic 
and intraperitoneal inflammation could lead to elevated levels of acute-
phase proteins, thereby also raising the ESR. 

Conceivably, intraperitoneal catheters, exposure to endotoxins, and 
high glucose concentrations via the dialysate and complement activation 
result in an inflammatory response, as previously suggested by elevated 
CRP levels in 12%–65% of patients with PD.24 However, in the present 
study, we were unable to confirm significantly higher CRP levels in the PD 
group; instead, our findings showed a trend to levels below average (38.1 
[36.4] mg/L vs 51.6 [71.3] mg/L; P value nonsignificant). These findings 
are supported by data presented by Haubitz et al,25 which show chroni-
cally elevated CRP levels in patients with ESRD who have HD but not in 
patients who have only PD. However, comparing patients with HD and 
those with PD may be problematic due to different baseline characteris-
tics—eg, patients with PD generally are significantly younger and have 

fewer comorbidities than patients with HD. In fact, we would be interested 
in testing whether switching the RRT modality affects ESR levels.

KT recipients are considered to have fewer acute-phase proteins, pos-
sibly as a result of the immunosuppressive therapy.12 Nevertheless, our 
study does not confirm a notable impact of this therapy on the ESR. We 
were interested to notice a significant negative correlation between the 
ESR and hemoglobin levels in all patients with kidney disease (correla-
tion coefficient, −0.30; P < .01; TABLE 3); consistent with previous study 
findings, we did not see these results in patients without renal disease.26,27 
It is possible that renal anemia contributes to this observation because 
the ESR is affected by increased velocity of the upward plasma flow and 
faster fallout of red blood cells.28 In our findings, neither etiology of the 
renal disease (data not shown) nor time receiving RRT correlated with the 
ESR (TABLE 3). Leukocytes and CRP showed a weak correlation only in 
the no-RD and RD groups (P < .001; TABLE 3); we did not observe this 
result in patients receiving RRT (results nonsignificant). This finding is 
consistent with data from Panichi et al,29 which show a stronger correla-
tion in patients without CKD (r = 0.46 in patients with creatinine clear-
ance >20 mL/min vs r = 0.32 in those with creatinine clearance <20 mL/
min). Thus, it is conceivable that elevated ESR values in patients with HD 
or PD may not reflect an inflammatory state associated with bacterial or 
viral infection.30

The limitations of the present study are its retrospective study de-
sign, monocentric data acquisition, and the missing ESR values in a 
large number of individuals, thereby minimizing the eligibility for the 
study. Also, data were assessed only in hospitalized patients, possibly 
undermining the transferability of the study results on an outpatient 
population. Elevated CRP levels in most of the patients (70.2%) may 
suggest an acute problem, representing a potential source of bias in data 
interpretation. We believe that comparing data from a healthy control 
group, patients with defined stable CKD, or patients with ESRD who are 
receiving ambulatory RRT would be interesting. Further, a longitudinal 
study design with repeatedly measured ESR in the same patient popula-
tion could clarify whether elevated ERS levels might be due to an acute 
situation or result from chronic inflammation.

Conclusions
Our findings demonstrate that ESR does not differ among various stages 
of renal insufficiency; that it can be used as a screening tool without 
restriction in patients with renal insufficiency; that it is significantly 

TABLE 3. Correlation of ESR with Laboratory Parameters

Analyte 
Pearson Correlation Coefficient r

No RD RD HD PD KT Total 

C-reactive protein 0.471a 0.308a 0.253 0.428 0.534a 0.338a

Leucocytes 0.156 0.140 −0.007 0.219 −0.014 0.141b

Creatinine −0.05 0.27 −0.040 0.212 0.345 0.221

Urea 0.024 0.216 −0.150 0.071 0.201 0.134a

Protein 0.047 −0.151 0.093 −0.076 −0.096 −0.044

Hemoglobin −0.258 −0.300a −0.392b −0.501b −0.567a −0.024

Time from start of RRT NA NA 0.007 −0.017 0.315 0.086

ESR, erythrocyte sedimentation rate; HD, hemodialysis; KT, kidney transplant; NA, not applicable; PD, peritoneal dialysis; RD, renal disease; RRT, renal 
replacement therapy.
aSignificant correlation (P < .01, 2-tailed).
bSignificant correlation (P < .05, 2-tailed).
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increased in patients with ESRD and PD, although it seems not to be 
affected by HD and in renal transplant recipients; and that it has only 
some correlation with the selected parameters. Further studies would be 
helpful in understanding these observations and defining the possible 
role of various RRT options in ESRD.
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ABSTRACT

Objectives: To evaluate the prognostic values of serum PIVKA-II (pro-

thrombin induced by vitamin K absence–II) and α-fetoprotein (AFP) 

and the combination of these analytes for identifying hepatocellular 

carcinoma (HCC), and to analyze the correlation between biomarkers 

and clinicopathological features of HCC.

Methods: The levels of PIVKA-II and AFP in 331 case individuals 

were determined by upconverting phosphor technology-based im-

mune lateral flow (UPT-LF) assay. We used the ROC curve to deter-

mine the diagnostic value; the relationships between the biomarkers 

and clinicopathological features of HCC also were analyzed. 

Results: AFP and PIVKA-II have good diagnostic performance in the 

diagnosis of HCC; the best AUC was 0.76, 0.74. High levels of PIVKA-

II were more advantageous than AFP in predicting tumor size, portal-

vein embolism, and vascular invasion (all P <.05).

Conclusion: Levels of PIVKA-II and AFP showed good diagnostic 

value for HCC, but the level of PIVKA-II was more closely related to 

the clinicopathological features of HCC.

Hepatocellular carcinoma (HCC) is a malignant tumor caused by 
canceration of liver cells, which is the third-highest cause of cancer-
related deaths worldwide, with occult onset, rapid progression, early 
metastasis, and limited treatment options.1 According to the annual 
projections, it is estimated that 1 million people will die due to liver 
cancer in 2030.1Liver cirrhosis (LC) is the most important risk factor 
for HCC  in the developing world.2 The liver diagnosis and treatment 
guidelines formulated by the American Association for the Study of 
Liver Diseases (AASLD) and the European Association for the Study 
of the Liver (EASL) recommend monitoring high-risk patients every 6 
months.3,4

AFP (α-fetoprotein) is the most widely used serum tumor biomarker 
for screening, disease evaluation, and prognosis of patients with HCC. 
However, most researchers5–7 state that AFP testing yields high false-
positive or false-negative rates, and that serum levels of AFP may increase 
significantly in patients with LC or chronic hepatitis. Also, serum levels of 
AFP do not reveal significant abnormalities in >30% of patients with HCC. 

Prothrombin induced by vitamin K absence or antagonist–II 
(PIVKA-II), or des-γ-carboxy prothrombin (DCP), was first reported to 
be overexpressed in the serum of patients with HCC by Libman et al in 
1984.8 PIVKA-II has high specificity for HCC not expressed in LC and 
chronic hepatitis and is an alternative tumor biomarker of AFP; there 
is poor correlation between PIVKA-II and AFP.9,10 The expression level 
of PIVKA-II was highly correlated with portal vein invasion, tumor size, 
intrahepatic metastasis, tumor recurrence, and recurrence after treat-
ment.11–15 Further, compared with AFP, PIVKA-II has better prediction 
performance for patients at higher risk of developing HCC.16,17 For in-
stance, Caviglia et al18reported that when serum PIVKA-II is ≥55 mAU/
mL, 56.9% (41/72) of patients with cirrhosis without HCC developed 
HCC during the 36  months of follow-up (P <  .001). However, several 
large case-control study reports have concluded that the sensitivity, 
specificity, and accuracy of serum PIVKA-II for HCC were 48%–62%, 
81%–98%, and 59%–84%, respectively; serum AFP measurements for 
HCC were 40%–54%, 88%–97%, and 64%–76%, respectively.19,20 
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Given the deficiency of PIVKA-II and AFP in the diagnosis of HCC, 
combined detection is an effective detection method that can improve 
the sensitivity or specificity of disease diagnosis based on the existing 
biomarkers. The combined detection of PIVKA-II and AFP increased 
the sensitivity to 78.3%, which is significantly higher than that of 
PIVKA-II (51.9%) and AFP (57.5%); the diagnostic accuracy was also 
improved by 8.26%–13.42% and 1.12%–2.69%, respectively.21 Also, 
the NPV of diagnosis for HCC can be greatly improved by use of the 
combined method.22

Upconverting phosphors (UCPs) is a lanthanide-containing en-
tity (along with Yb3+, Er3+, and the submicrometer-sized particle) 
that has a special composition and structure and can emit visible 
light when excited by infrared light. It has a cleaner background and 
higher sensitivity and stability, owing to its special crystal struc-
ture.23 Combining UCPs as fluorescent labels with the immune lat-
eral flow (LF) assay (upconverting phosphor technology-based LF 
[UPT-LF] assay) provides a solid foundation for accurate quantitative 
detection of analytes with rapid and high sensitivity. Currently, the 
UPT-LF assays suitable for point-of-care test (POCT) have been de-
veloped for the sensitive detection of bacteria, nucleic acid, tumor 
markers, etc.24–26 The sensitivity and specificity of the UPT-LF test 
card used by Huang et al27 to detect serum PIVKA-II in 228 patients 
with HCC was 71.49% and 88.89%, respectively. 

Until now, the detection methods used in case-control stud-
ies on the diagnostic performance of PIVKA-II and AFP are the 
electrochemiluminescence immunoassay (ECLIA) and chemilumines-
cent enzyme immunoassay (CLEIA).28,29 However, retrospective studies 
on serum PIVKA-II and AFP levels measured via UPT-LF assay (eval-
uation of the value of single and combined testing in the diagnosis of 
HCC) rarely report relevant information, nationally or internationally. 
To address this gap in the literature, we retrospectively analyzed serum 
PIVKA-II and AFP levels quantitatively measured via UPT-LF assay, to 
provide a reliable theoretical basis for more rapid and accurate POCT 
measurement in clinical diagnosis, curative-effect monitoring, and prog-
nostic evaluation of HCC.

Materials and Methods

Study Subjects
A total of 331 cases were included in this study, including 103 cases of LC 
and 228 cases of HCC. All serum specimens were collected in Fujian Pro-
vincial Hospital from June 2015 through December 2019, all the subject 
individuals gave informed written consent and were approved by the Fu-
jian Provincial Hospital Ethics Review Committee and Ethics Ref: 2016 
[K2016-10-28]. All the patients in the LC group were confirmed based on 
their clinical examination findings in combination with ultrasound, CT 
scan, and MRI results, or liver biopsy. All patients in the HCC group were 
confirmed by liver biopsy after ultrasound or liver surgery; liver metastases, 
cholangiocarcinoma, or mixed liver cancer served as excluding factors. Also, 
patients who had recently taken warfarin or received any chemotherapy (in-
cluding sorafenib) at any point in their lives were excluded. 
The clinical staging of HCC was based on the BCLC (Barcelona Clinic 
Liver Cancer) staging system. All serum specimens were preserved in 
accordance with the following requirements: 5 mL of peripheral venous 
blood was collected under conditions of early-morning fasting, left at 
room temperature for 2 hours, centrifuged at 1500g for 5 minutes to 
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Objectives: To evaluate the prognostic values of serum PIVKA-II (pro-

thrombin induced by vitamin K absence–II) and α-fetoprotein (AFP) 

and the combination of these analytes for identifying hepatocellular 

carcinoma (HCC), and to analyze the correlation between biomarkers 

and clinicopathological features of HCC.

Methods: The levels of PIVKA-II and AFP in 331 case individuals 

were determined by upconverting phosphor technology-based im-

mune lateral flow (UPT-LF) assay. We used the ROC curve to deter-

mine the diagnostic value; the relationships between the biomarkers 

and clinicopathological features of HCC also were analyzed. 

Results: AFP and PIVKA-II have good diagnostic performance in the 

diagnosis of HCC; the best AUC was 0.76, 0.74. High levels of PIVKA-

II were more advantageous than AFP in predicting tumor size, portal-

vein embolism, and vascular invasion (all P <.05).

Conclusion: Levels of PIVKA-II and AFP showed good diagnostic 

value for HCC, but the level of PIVKA-II was more closely related to 

the clinicopathological features of HCC.

Hepatocellular carcinoma (HCC) is a malignant tumor caused by 
canceration of liver cells, which is the third-highest cause of cancer-
related deaths worldwide, with occult onset, rapid progression, early 
metastasis, and limited treatment options.1 According to the annual 
projections, it is estimated that 1 million people will die due to liver 
cancer in 2030.1Liver cirrhosis (LC) is the most important risk factor 
for HCC  in the developing world.2 The liver diagnosis and treatment 
guidelines formulated by the American Association for the Study of 
Liver Diseases (AASLD) and the European Association for the Study 
of the Liver (EASL) recommend monitoring high-risk patients every 6 
months.3,4

AFP (α-fetoprotein) is the most widely used serum tumor biomarker 
for screening, disease evaluation, and prognosis of patients with HCC. 
However, most researchers5–7 state that AFP testing yields high false-
positive or false-negative rates, and that serum levels of AFP may increase 
significantly in patients with LC or chronic hepatitis. Also, serum levels of 
AFP do not reveal significant abnormalities in >30% of patients with HCC. 

Prothrombin induced by vitamin K absence or antagonist–II 
(PIVKA-II), or des-γ-carboxy prothrombin (DCP), was first reported to 
be overexpressed in the serum of patients with HCC by Libman et al in 
1984.8 PIVKA-II has high specificity for HCC not expressed in LC and 
chronic hepatitis and is an alternative tumor biomarker of AFP; there 
is poor correlation between PIVKA-II and AFP.9,10 The expression level 
of PIVKA-II was highly correlated with portal vein invasion, tumor size, 
intrahepatic metastasis, tumor recurrence, and recurrence after treat-
ment.11–15 Further, compared with AFP, PIVKA-II has better prediction 
performance for patients at higher risk of developing HCC.16,17 For in-
stance, Caviglia et al18reported that when serum PIVKA-II is ≥55 mAU/
mL, 56.9% (41/72) of patients with cirrhosis without HCC developed 
HCC during the 36  months of follow-up (P <  .001). However, several 
large case-control study reports have concluded that the sensitivity, 
specificity, and accuracy of serum PIVKA-II for HCC were 48%–62%, 
81%–98%, and 59%–84%, respectively; serum AFP measurements for 
HCC were 40%–54%, 88%–97%, and 64%–76%, respectively.19,20 

Given the deficiency of PIVKA-II and AFP in the diagnosis of HCC, 
combined detection is an effective detection method that can improve 
the sensitivity or specificity of disease diagnosis based on the existing 
biomarkers. The combined detection of PIVKA-II and AFP increased 
the sensitivity to 78.3%, which is significantly higher than that of 
PIVKA-II (51.9%) and AFP (57.5%); the diagnostic accuracy was also 
improved by 8.26%–13.42% and 1.12%–2.69%, respectively.21 Also, 
the NPV of diagnosis for HCC can be greatly improved by use of the 
combined method.22

Upconverting phosphors (UCPs) is a lanthanide-containing en-
tity (along with Yb3+, Er3+, and the submicrometer-sized particle) 
that has a special composition and structure and can emit visible 
light when excited by infrared light. It has a cleaner background and 
higher sensitivity and stability, owing to its special crystal struc-
ture.23 Combining UCPs as fluorescent labels with the immune lat-
eral flow (LF) assay (upconverting phosphor technology-based LF 
[UPT-LF] assay) provides a solid foundation for accurate quantitative 
detection of analytes with rapid and high sensitivity. Currently, the 
UPT-LF assays suitable for point-of-care test (POCT) have been de-
veloped for the sensitive detection of bacteria, nucleic acid, tumor 
markers, etc.24–26 The sensitivity and specificity of the UPT-LF test 
card used by Huang et al27 to detect serum PIVKA-II in 228 patients 
with HCC was 71.49% and 88.89%, respectively. 

Until now, the detection methods used in case-control stud-
ies on the diagnostic performance of PIVKA-II and AFP are the 
electrochemiluminescence immunoassay (ECLIA) and chemilumines-
cent enzyme immunoassay (CLEIA).28,29 However, retrospective studies 
on serum PIVKA-II and AFP levels measured via UPT-LF assay (eval-
uation of the value of single and combined testing in the diagnosis of 
HCC) rarely report relevant information, nationally or internationally. 
To address this gap in the literature, we retrospectively analyzed serum 
PIVKA-II and AFP levels quantitatively measured via UPT-LF assay, to 
provide a reliable theoretical basis for more rapid and accurate POCT 
measurement in clinical diagnosis, curative-effect monitoring, and prog-
nostic evaluation of HCC.

Materials and Methods

Study Subjects
A total of 331 cases were included in this study, including 103 cases of LC 
and 228 cases of HCC. All serum specimens were collected in Fujian Pro-
vincial Hospital from June 2015 through December 2019, all the subject 
individuals gave informed written consent and were approved by the Fu-
jian Provincial Hospital Ethics Review Committee and Ethics Ref: 2016 
[K2016-10-28]. All the patients in the LC group were confirmed based on 
their clinical examination findings in combination with ultrasound, CT 
scan, and MRI results, or liver biopsy. All patients in the HCC group were 
confirmed by liver biopsy after ultrasound or liver surgery; liver metastases, 
cholangiocarcinoma, or mixed liver cancer served as excluding factors. Also, 
patients who had recently taken warfarin or received any chemotherapy (in-
cluding sorafenib) at any point in their lives were excluded. 
The clinical staging of HCC was based on the BCLC (Barcelona Clinic 
Liver Cancer) staging system. All serum specimens were preserved in 
accordance with the following requirements: 5 mL of peripheral venous 
blood was collected under conditions of early-morning fasting, left at 
room temperature for 2 hours, centrifuged at 1500g for 5 minutes to 

separate the serum, dispensed in 2 tubes, and frozen at −80°C from 
1.5 months to 2 years until use.

Determination of PIVKA-II and AFP, and Grouping of 
Patients
Serum AFP measurements were determined using a diagnostic kit for 
AFP testing. The sensitivity was 5.0 ng/mL; the cutoff for HCC diagnosis 
was 7.0 ng/mL, and the linear range was 5.0–1000.0 ng/mL.

The limit of detection (LOD) of the UPT-LF assay for serum PIVKA-II 
was 2.66 ng/mL, the cut-off for HCC diagnosis was 25.3 ng/mL, and the 
linear range was 4.8–20,000.0 ng/mL. PIVKA-II and AFP were measured 
in the same serum specimens. If the AFP level was >1000.0 ng/mL or the 
PIVKA-II level >20,000.0  ng/mL, the original specimen was manually 
diluted based on the previous results, according to the kit instructions. 

In this study, patients with HCC were divided into 4 groups based 
on the median levels of serum PIVKA-II and AFP (higher than the me-
dian level is called high level and lower than the median is called low 
level). The patients in the PIVKA-II low-level and AFP high-level groups 
were categorized into the GA group; the PIVKA-II high-level and AFP 
low-level groups into the GP group; the PIVKA-II high-level and AFP 
high-level groups into the GH group; and the PIVKA-II low-level and 
AFP low-level groups into the GL group. Also, to analyze the relation-
ship between serum PIVKA-II, AFP levels, and tumor stage, tumor size, 
vascular invasion, and other tumor characteristics of patients with HCC, 
we compared data from the patients in the PIVKA-II high-level and 
low-level groups (H

PIVKA-II
 group vs L

PIVKA-II
 group) and data from the 

AFP high-level and low-level groups (H
AFP

 group vs L
AFP

 group).

Statistical Analysis
All statistical analysis was performed on Microsoft Excel 2013 
(Microsoft) or SPSS software, version 24.0 (IBM); MedCalc software, 
version 19.0, was used for statistical mapping. Mann-Whitney U testing 
was used for continuous variable comparison, and χ 2 testing or Fisher 
exact testing was used for categorical variable comparison. The serum 
levels of PIVKA-II and AFP were expressed as median (IQR). To deter-
mine the best cutoff value of PIVKA-II and AFP for the identification 
of HCC and LC, a ROC curve was constructed, the AUC was calculated 
and compared, and the best Youden index (YI) was used as the basis for 
determining the cutoff in diagnosing HCC. Variables included in the sta-
tistical analysis included age, sex, etiology, Child-Pugh classification of 
liver function, total bilirubin, AST, ALT, and albumin. The combination 
of PIVKA-II and AFP positivity was defined as occurring when at least 1 
of the biomarkers tests positive. The Spearman ρ correlation factor was 
calculated to identify relationships between the PIVKA-II and AFP val-
ues. P < .05 was considered statistically significant.

Results

Basic Characteristics of Patients and Biomarker Levels
Of the 331 patients studied, 228 had HCC and 103 had LC that excluded 
HCC. The basic patient characteristics are shown in TABLE 1. The HCC and 
LC groups contained significantly more men than women (P < .001), with a 
median age of 56 years (IQR, 47–63 years) in the HCC group and 58 years 
(IQR, 41–66 years) in the LC group. The etiological statistics showed that 
HBV infection was the main cause of HCC (82.0%) and LC (80.6%); HCV 
infection was less than 15%, and other nonviral causes were <10%. 
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The results of liver-function assessment by Child-Pugh classification 
showed that most of the liver function in both groups took place during 
the compensatory period, among which the proportion of Child-Pugh A in 
the HCC group was 82.4%, and that in the LC group was 73.8%. The me-
dian levels of serum PIVKA-II and AFP in the HCC group were 52.39 ng/mL 
(IQR, 20.52–322.77 ng/mL) and 165.39 ng/mL (IQR, 18.91–627.40 ng/
mL), respectively, which were significantly higher than those in the LC 
group (10.89  ng/mL [IQR, 6.09–19.05  ng/mL] and 4.21  ng/mL [IQR, 
2.54–5.69 ng/mL], respectively), with statistical significance (P < .001). 

As shown in TABLE 2, among the 228 patients with HCC, 36.8% 
had tumor vascular invasion, 11.4% had distant metastasis, and 25.9% 
had portal vein embolism. Most of the patients (51.3%) had tumor nod-
ule diameter between 3 and 5 cm, and almost half of those were mul-
tiple tumor nodules. The proportion of patients with HCC who had 
well-differentiated, moderately differentiated, and poorly differentiated 
tumor margins is 1:9:4. HCC mainly displays poor to moderate differen-
tiation, accounting for 92.5% of the total. According to the BCLC staging 
system for HCC, the number of patients in BCLC categories 0 + A, B, C, 
and D was 73 (32.0%), 79 (34.6%), 64 (28.1%), and 12 (5.3%), respec-
tively; most of patients had disease in the middle-late stage.

Relationship Between the Levels of Serum PIVKA-II 
and AFP
The relationship between PIVKA-II and AFP was analyzed by Spear-
man correlation testing. FIGURE 1 shows the correlations between the 
biomarkers, the Spearman coefficient (r) between PIVKA-II and AFP was 
0.469 (P < .001).

Diagnostic Performance of PIVKA-II and AFP in 
Differentiating HCC from LC
The serum PIVKA-II and AFP levels measured quantitatively via UPT-LF 
assay were analyzed by ROC curve, and the results showed that the AUC 

of PIVKA-II (cutoff = 25.3 ng/mL) was not different from those in AFP 
(cutoff = 7.0 ng/mL [Z = 0.73; P = .47]). The sensitivity of combined de-
tection (PIVKA-II or AFP had positive results, or the combination was  
defined as having positive results) was enhanced to 73.68%. However, the 
diagnostic performance (AUC) did not improve (AFP vs combined: P = .70;  

TABLE 1. Baseline Characteristics of the Study Patients (n = 331)

Variable HCC Group (n = 228) LC Group (n = 103) P Value 

Sex, male, No. (%) 199 (87.3%) 71 (68.9) <.001

Age, median (IQR) 56 (47–63) 58 (41–66) .25

Etiology, No. (%)   .02

  HBV 187 (82.0%) 83 (80.6%)

  HCV 31 (13.6%) 13 (12.6%)

  Other 10 (4.4%) 7 (6.8%)

Child-Pugh class, No. (%)   <.001

  A 188 (82.4%) 76 (73.8%)

  B 24 (10.5%) 17 (16.5%)

  C 16 (7.0%) 10 (9.7%)

Laboratory findings, median (IQR)    

  AST, U/L 49.25 (29.01–74.56) 34.14 (26.03–51.24) .02

  ALT, U/L 52.23 (34.54–72.37) 33.27 (21.59–46.16) .01

  Albumin, g/L 38.06 (34.41–44.59) 42.83 (36.44–46.91) .03

  Total bilirubin, μmol/L 24.22 (18.78–29.43) 23.19 (16.21–28.07) .17

  PIVKA-II, ng/mL 52.39 (20.52–322.77) 10.89 (6.09–19.05) <.001

  AFP, ng/mL 165.39 (18.91–627.40) 4.21 (2.54–5.69) <.001

AFP, α-fetoprotein; HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, prothrombin induced by vitamin K absence or antagonist–II.

TABLE 2. Clinical Features of HCC (n = 228)

Variable No. (%) 

Vascular invasion 84 (36.8%)

Tumor metastasis 26 (11.4%)

Portal vein embolism 59 (25.9%)

Tumor size, diameter (cm)

  ≤3 67 (29.3%)

  >3 to <5 117 (51.3%)

  ≥5 44 (19.3%)

No. of tumor nodules

  1 102 (44.7%)

  ≥2 126 (55.3%)

Tumor grade

  Well-differentiated 17 (7.5%)

  Moderately differentiated 145 (63.6%)

  Poorly differentiated 66 (28.9%)

BCLC stage

  0 + A 73 (32.0%)

  B 79 (34.6%)

  C 64 (28.1%)

  D 12 (5.3%)

 BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.
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of PIVKA-II (cutoff = 25.3 ng/mL) was not different from those in AFP 
(cutoff = 7.0 ng/mL [Z = 0.73; P = .47]). The sensitivity of combined de-
tection (PIVKA-II or AFP had positive results, or the combination was  
defined as having positive results) was enhanced to 73.68%. However, the 
diagnostic performance (AUC) did not improve (AFP vs combined: P = .70;  

PIVKA-II vs combined: P = .25) on the basis of ensuring the specificity 
(82.52%), as shown in TABLE 3 and FIGURE 2.

Diagnostic Performance of AFP And PIVKA-II For 
Changing Cut-off Value
Currently, the cutoff values of serum PIVKA-II and AFP in most clin-
ical laboratories are 40.0 mAU/mL and 20.0  ng/mL, respectively.28,30 
We also performed ROC analysis to obtain the diagnostic performance 
(AUC), which also showed no difference between serum PIVKA-II and 
AFP in discriminating HCC from LC (Z = 0.41; P = .69). Despite that the 
sensitivity (68.86%) of the combined detection increased significantly, 
the AUC (0.77) remained unchanged (AFP vs Combined: P = .22; PIVKA-
II vs Combined: P = .43; see TABLE 4 and FIGURE 3).

Correlation Between Serum PIVKA-II And AFP Levels and 
Clinicopathological Features of HCC
The median levels of serum PIVKA-II and AFP were 52.39 ng/mL and 
165.39 ng/mL, respectively. For the patients in the GA group, PIVKA-
II was  <52.39  ng/mL and AFP >165.39  ng/mL; for the GP group, 
PIVKA-II was >52.39  ng/mL and AFP <165.39  ng/mL. For the GH 
group, PIVKA-II was >52.39  ng/mL and AFP >165.39  ng/mL. For the 
GL group, PIVKA-II was <52.39  ng/mL and AFP <165.39  ng/mL. The 
X2 test results showed that tumor size, portal vein embolization, and 
vascular invasion in the GP and GH group were significantly different 
from those in the GA and GL group (all P < .05), but there was no signif-
icant difference between the GH and GP group or between the GA and 
GL group (all P > .05). There was a statistically significant difference in 
the number of tumors between the GP/GH and GA groups (P < .01), but 
little difference between the GP and GH groups (P > .05). The number of 
patients with BCLC stage B–D in the GP/GA/GH group was much higher 

than that in the GL group (P < .001), but no significant differences were 
observed among the GP, GA, and GH groups (P > .05). Also, no signifi-
cant differences were observed in the proportion of Child-Pugh A/B/C 
among the 4 groups (P > .05), as shown in Supplementary Table 1. 
Further, the clinicopathological characteristics of patients with HCC 
were analyzed based on the median level of PIVKA-II and AFP, and the 
correlation between the H

PIVKA-II
 group and L

PIVKA-II
 group or the H

AFP
 

group and the L
AFP

 group was compared with respect to the main clini-
cal features of HCC. The results of statistical analysis indicated that the 
number of tumors in the H

AFP
 group was significantly higher than that 

in the L
AFP

 group (P < .01). However, there were significant differences in 
tumor size, number of tumors, portal vein embolism, vascular invasion, 
and BCLC stage B–D between the H

PIVKA-II
 group and the L

PIVKA-II
 group 

(all P < .01; Supplementary Table 2).

Discussion
Currently, electrochemical luminescence or chemiluminescence assay 
based on fully automatic immunoanalyzers are predominantly used 
to detect the serum level of serum tumor markers in the laboratory.  
Although these analysis systems have high sensitivity and accuracy, a 
substantial amount of time and cost has been spent in the process of 
specimen analysis. 

The UPT-LF assay is a kind of solid-phase immunoassay pattern in 
which the UCPs doped with rare earth Ln3+ with a unique upconverting 

FIGURE 1. The correlation between serum levels of 
prothrombin induced by vitamin K absence or antagonist–II 
(PIVKA-II) and α-fetoprotein (AFP) (r = 0.469; P < .001).
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TABLE 3.  Diagnostic Value of AFP and PIVKA-II in Differentiating HCC from LC

Variable Sensibility (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC (95% CI) 

PIVKA-II 70.18 83.50 90.39 55.84 74.32 0.76 (0.72–0.81)

AFP 63.16 85.44 90.56 51.16 70.09 0.74 (0.69–0.79)

PIVKA-II and AFP 73.68 82.52 90.32 58.62 76.43 0.78 (0.73–0.83)

AFP, α-fetoprotein; AUC, area under the curve; HCC, hepatocellular carcinoma; NPV, negative predictive value; PIVKA-II, prothrombin induced by vitamin 
K absence or antagonist–II; PPV, positive predictive value. 

FIGURE 2. ROC curve comparing serum levels of 
prothrombin induced by vitamin K absence or antagonist–II 
(PIVKA-II), α-fetoprotein (AFP), and a combination of PIVKA-II 
and AFP in patients with hepatocellular carcinoma (HCC) vs 
liver cirrhosis (LC).

S
en

si
ti

vi
ty

 (%
)

0 20 40 60 80 100
0

20

40

60

80

100

AFP (AUC = 0.74)
PIVKA-II (AUC = 0.76)
Combination (AUC = 0.78)

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/488/6585451 by guest on 28 February 2025

http://academic.oup.com/labmed/article-lookup/doi/10.1093/labmed/lmac027#supplementary-data
http://academic.oup.com/labmed/article-lookup/doi/10.1093/labmed/lmac027#supplementary-data


2022;53;488–494  |  https://doi.org/10.1093/labmed/lmac027492 Laboratory Medicine

phenomenon are used as reports; an immunochromatographic strip 
is used as the reaction carrier; and a fully portable UPT-3A-1800 bio-
sensor (Beijing Hotgen Biotech) is used as the immunoassay analyzer, 
which requires no more than 15 minutes to obtain the analytical results. 
Thus, the UPT-LF assay has a high signal-to-noise ratio and is suitable 
for POCT.31 

Also, the sensitivity of quantitative analysis of analytes can be improved 
100-fold, compared with that of colloidal gold.32 In this study, we used the 
test card based on the UPT-LF assay to detect serum PIVKA-II and AFP. 
The diagnostic kit for AFP has been used in other clinical laboratories, and 
the test results of serum PIVKA-II assay were consistent with those of the 
LumipulseG PIVKA-II detection kit (CLEIA assay; Fujirebio Diagnostics), 
the coefficient for the correlation (R2) was 0.901 (P < .01).27

The basic characteristic of 228 patients with HCC and 103 patients 
with LC were analyzed, and the results showed that both HCC and LC 
were common in middle-aged and elderly people. HBV infection was 
one of the main causes, as reported in a previous study from the United 
States.33 Further analysis of the clinicopathological features of patients 
with HCC showed that vascular invasion and portal vein embolization 
were common in the HCC group (36.8% and 25.9%, respectively). Also, 
mainly, the tumors were moderately and poorly differentiated, and the 
well-differentiated cases accounted for only 7.5% of the total. The me-
dian levels of serum PIVKA-II and AFP in the HCC group were signifi-
cantly higher than those in the LC group.

Although AFP has been used in clinical auxiliary diagnosis of HCC 
for many years, it has not been recommended by the AASLD or the EASL 

for its poor sensitivity, especially for the diagnosis of early HCC.34 For 
example, the 20 ng/mL measurement used as the cutoff value and the 
sensitivity (41%–65%) were undesirable.35 The sensitivity, specificity, 
AUC, PPV, and NPV of using 7.0 ng/mL as the cutoff value were 63.16%, 
85.44%, 0.74 (95% CI, 0.69–0.79), 90.56%, and 51.16%; and that of 
20 ng/mL were 58.33%, 90.29%, 0.74 (0.69–0.79), 93.00%, and 49.47%, 
in this study. No difference in AUC was observed between the 2 cutoff 
values, which was in line with the findings of Park et al.36 

PIVKA-II is a kind of abnormal prothrombin that lacks one to several 
glutamic acid residues and normal coagulation function in protein mo-
lecular structure; its expression is mainly related to hypoxia and vitamin 
K.37 The analysis results showed that performance of PIVKA-II at a cut-
off value of 25.3 ng/mL was similar to that of Poté et al38 and was better 
than that of 40 ng/mL for HCC diagnosis, with sensitivity of 70.18% (vs 
64.91%), specificity of 83.50% (vs 86.41%), and an AUC of 0.76 (95% CI, 
0.72–0.81) (vs 0.75 [0.71–0.80]), a PPV of 90.39% (vs 91.35%), and a 
NPV of 55.84% (vs 52.66%).

Poor correlation was also observed between the level of serum 
PIVKA-II and AFP in our study9,10; the Spearman coefficient (r) was 
0.469. To enhance the performance of discrimination of HCC from LC, 
we further explored the performance of combined detection for HCC. 
Our analysis showed a significant increase in combined detection sen-
sitivity (73.68%) at the UPT-LF assay–recommended cutoff value of 
25.3 ng/mL for PIVKA-II and 7.0 ng/mL for AFP but a slight decrease 
in specificity (82.52%). Also, the AUC (0.78 [95% CI, 0.73–0.83]) was 
similar to the single detection (AFP vs combined: P = .70; PIVKA-II vs 
combined: P = .25). 

In addition, the performance at the usual clinical cutoff value of 
40.0 ng/mL for PIVKA-II and 20.0 ng/mL for AFP was marginally better 
than that at the recommended cutoff value, with sensitivity of 68.86%, 
specificity of 87.38%, and an AUC of 0.77 (95% CI, 0.73–0.82). These 
findings were not consistent with those of Lim et al,28 who reported that 
the diagnostic value of PIVKA-II combined with AFP was superior to 
that of AFP or PIVKA-II, with sensitivity of 52.9%, specificity of 97.1%, 
and an AUC of 0.85 (0.82–0.88),

HCC is characterized by a strong proliferative activity and un-
limited replicative proficiency, insensitivity to growth-inhibiting 
signals, escape of apoptosis, sustained angiogenesis, tissue evasion, 
and metastasis. These features are closely related to tumor biologi-
cal behavior, which are the main reasons for short survival and high 
mortality of patients.28 

Our analysis revealed that patients with HCC who were 
categorized into the GP and GH groups tended to have larger tumor-
nodule sizes, most of which were massive HCC. These patients also 
were more likely to develop portal vein embolization with vascular 
invasion, which indicates that PIVKA-II protein expression level 
may be positively correlated with the number of tumor cells and can 
also promote the occurrence of portal  vein embolism and vascular  

TABLE 4. Diagnostic Performance of Biomarkers after Changing the Cutoff Value

Variable Sensibility (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC (95% CI) 

PIVKA-II 64.91 86.41 91.35 52.66 71.60 0.75 (0.71-0.80)

AFP 58.33 90.29 93.00 49.47 68.27 0.74 (0.69-0.79)

PIVKA-II and AFP 68.86 87.38 92.35 55.90 74.62 0.77 (0.73–0.82)

AFP, α-fetoprotein; AUC, area under the curve; NPV, negative predictive value; PIVKA-II, prothrombin induced by vitamin K absence or antagonist–II; PPV, 
positive predictive value.

FIGURE 3. ROC curve comparing serum levels of 
prothrombin induced by vitamin K absence or antagonist–II 
(PIVKA-II), α-fetoprotein (AFP), and a combination of PIVKA-II 
and AFP in patients with hepatocellular carcinoma (HCC) vs 
liver cirrhosis (LC) after changing the cutoff value.
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for its poor sensitivity, especially for the diagnosis of early HCC.34 For 
example, the 20 ng/mL measurement used as the cutoff value and the 
sensitivity (41%–65%) were undesirable.35 The sensitivity, specificity, 
AUC, PPV, and NPV of using 7.0 ng/mL as the cutoff value were 63.16%, 
85.44%, 0.74 (95% CI, 0.69–0.79), 90.56%, and 51.16%; and that of 
20 ng/mL were 58.33%, 90.29%, 0.74 (0.69–0.79), 93.00%, and 49.47%, 
in this study. No difference in AUC was observed between the 2 cutoff 
values, which was in line with the findings of Park et al.36 

PIVKA-II is a kind of abnormal prothrombin that lacks one to several 
glutamic acid residues and normal coagulation function in protein mo-
lecular structure; its expression is mainly related to hypoxia and vitamin 
K.37 The analysis results showed that performance of PIVKA-II at a cut-
off value of 25.3 ng/mL was similar to that of Poté et al38 and was better 
than that of 40 ng/mL for HCC diagnosis, with sensitivity of 70.18% (vs 
64.91%), specificity of 83.50% (vs 86.41%), and an AUC of 0.76 (95% CI, 
0.72–0.81) (vs 0.75 [0.71–0.80]), a PPV of 90.39% (vs 91.35%), and a 
NPV of 55.84% (vs 52.66%).

Poor correlation was also observed between the level of serum 
PIVKA-II and AFP in our study9,10; the Spearman coefficient (r) was 
0.469. To enhance the performance of discrimination of HCC from LC, 
we further explored the performance of combined detection for HCC. 
Our analysis showed a significant increase in combined detection sen-
sitivity (73.68%) at the UPT-LF assay–recommended cutoff value of 
25.3 ng/mL for PIVKA-II and 7.0 ng/mL for AFP but a slight decrease 
in specificity (82.52%). Also, the AUC (0.78 [95% CI, 0.73–0.83]) was 
similar to the single detection (AFP vs combined: P = .70; PIVKA-II vs 
combined: P = .25). 

In addition, the performance at the usual clinical cutoff value of 
40.0 ng/mL for PIVKA-II and 20.0 ng/mL for AFP was marginally better 
than that at the recommended cutoff value, with sensitivity of 68.86%, 
specificity of 87.38%, and an AUC of 0.77 (95% CI, 0.73–0.82). These 
findings were not consistent with those of Lim et al,28 who reported that 
the diagnostic value of PIVKA-II combined with AFP was superior to 
that of AFP or PIVKA-II, with sensitivity of 52.9%, specificity of 97.1%, 
and an AUC of 0.85 (0.82–0.88),

HCC is characterized by a strong proliferative activity and un-
limited replicative proficiency, insensitivity to growth-inhibiting 
signals, escape of apoptosis, sustained angiogenesis, tissue evasion, 
and metastasis. These features are closely related to tumor biologi-
cal behavior, which are the main reasons for short survival and high 
mortality of patients.28 

Our analysis revealed that patients with HCC who were 
categorized into the GP and GH groups tended to have larger tumor-
nodule sizes, most of which were massive HCC. These patients also 
were more likely to develop portal vein embolization with vascular 
invasion, which indicates that PIVKA-II protein expression level 
may be positively correlated with the number of tumor cells and can 
also promote the occurrence of portal  vein embolism and vascular  

invasion of HCC.39 However, no significant difference was observed 
in the aforementioned characteristics between the GA and GL groups 
(all P > .05), or between GP and GH groups (all P > .05), which might 
be an indication that serum PIVKA-II level was more closely related 
to biological behavior of HCC cells than serum AFP level.33 The num-
ber of tumor nodules in the GP and GH groups was more than that in 
the GA group (both P < .01), whereas that in the GA group was more 
than that in the GL group (P <  .05), which showed that the level of 
serum PIVKA-II and serum AFP was related to the number of tumor 
nodules but was more closely related to the level of serum PIVKA-
II. These findings were consistent with those reported in previous 
studies.20,40

Further data analysis showed that the number of patients having 
BCLC stage B–D disease in the GH/GP/GA group was much higher than 
that in the GL group (P < .001), and that in the GH group was higher than 
that in the GP/GA group, although no statistically significant differences 
were observed between them (P > .05). Accordingly, we speculated that 
the levels of serum PIVKA-II and AFP were closely related to tumor pro-
gression, and if they rise simultaneously, it means that the HCC is more 
likely to progress to the middle-late stage. These findings were similar to 
those reported by Hatanaka et al.41

In conclusion, ours is the first review in the literature, to our 
knowledge, of serum PIVKA-II and AFP measured by the UPT-LF as-
say that provides a rapid and reliable POCT method for the quanti-
tative detection of biomarkers and that demonstrates comparable 
discrimination performance for HCC vs LC. However, combined de-
tection was unable to enhance the diagnostic performance of disease 
discrimination based on ensuring specificity. Further, we found that 
the levels of serum PIVKA-II and AFP were closely related to multi-
ple clinicopathological features of HCC, but PIVKA-II seems to be 
most useful for the evaluation of clinical severity and the prognosis 
of HCC. 

Despite these findings, our study was subject to some lim-
itations. The number of specimens we studied is small, our study 
lacks comparison of levels of preoperative and postoperative serum 
biomarkers, and we have gathered no follow-up data to explore the 
correlation between biomarkers and survival rate of patients. In fu-
ture research, we will supplement the deficiencies of this study, pro-
vide more data support for the determination of serum PIVKA-II 
and AFP via UPT-LF assay, and promote the POCT application of 
tumor biomarkers.
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ABSTRACT

Background: Antiphospholipid syndrome (APS) is an autoim-

mune disorder that is characterized by venous or arterial thrombo-

sis and/or obstetric morbidity in the constant presence of persistent 

antiphospholipid antibodies (aPLs). In patients with APS, the relation-

ship between production of immunoglobulin (Ig)A antiphospholipid 

antibodies and adverse events in pregnancy is still unclear. As a result 

of massive trials, the clinical efficiency of IgA-aPLs is used to evaluate 

pregnancy outcomes in patients with APS.

Methods: We enrolled 381 female patients with APS and 93 healthy 

pregnant women. Silica clotting time ratio, dilute Russell viper venom 

time (dRVVT) ratio, and 6 aPLs, including IgA/IgG/IgM isotypes aβ2GPI 

and IgA/IgG/IgM isotypes anticardiolipin (aCL), were detected using 

commercial kits.

Results: We found no significant differences in laboratory parameters 

between patients with APS and the control group. The total preva-

lence of aCL IgA was 2.9%; the prevalence of aβ2GPI IgA was 3.4%. 

Only 1.3% of the individuals who tested aCL-positive (5/381) had 

isolated aCL IgA. Similarly, isolated aβ2GPI IgA was present in only 

0.8% (3/381) of the aβ2GPI-positive subjects. Meanwhile, aCL IgA 

showed the maximum area under the curve (AUC) of 0.666 (95% CI, 

0.60–0.73; P < .001), followed by dRVVT ratio (AUC = 0.649; 0.58–

0.72; P < .001).

Conclusion: Positive aCL IgA and aβ2GPI IgA ratios were extremely 

low for each isolated isotype of aPLs. For patients with APS who  

experienced fetal loss, aCL IgA may be utilized as a risk factor for 

pregnancy loss among patients with APS. Establishing a standardized 

diagnosis of IgA aPLs is also important for these patients.

Antiphospholipid syndrome (APS) is an autoimmune disorder that is 
characterized by venous or arterial thrombosis and/or obstetric mor-
bidity when in the constant presence of persistent antiphospholipid 
antibodies (aPLs).1 A  revised international consensus statement on 
laboratory classification criteria for APS includes lupus anticoagu-
lant (LA), anticardiolipin (aCL), and anti-β2 glycoprotein I  (aβ2GPI) 
antibodies (the IgG or IgM isotypes).2 The patients have typical clinical 
manifestations, which highly suggests APS, but the aPLs criteria remain 
constantly negative. These patients have been classified as having sero-
negative APS (SNAPS) by Hughes and Khamashta.3

Patients with SNAPS also have an increased risk of thrombo-
sis occurrences and pregnancy morbidities. The findings of numerous 
studies, such as Murthy et  al,4 show that noncriteria aPLs, particu-
larly aβ2GPI IgA, in patients with SNAPS may indicate a significantly 
increased risk of thrombosis. Nevertheless, IgA isotype testing is not in-
cluded in classification criteria for APS.

Now the International Consensus Task Force on aPLs suggests that 
IgA screening for aCL and aβ2GPI should be undertaken when all other 
relevent test results are truly negative and APS is still suspected.5 Be-
cause the clinical value of testing IgA aPLs remains unclear, the primary 
aim of our study was to measure IgA aCL and IgA aβ2GPI antibodies 
in well-diagnosed female patients with APS who have experienced fe-
tal loss, thereby providing more convincing evidence for detecting 
noncriteria aPLs.

Materials and Methods

Patients and Serum Specimen Testing
From January 2019 through December 2019, 381 female patients with 
APS and 93 healthy pregnant women were enrolled in this retrospec-
tive research study at the Third Hospital of Peking University, Beijing, 
China. All patients were residents of China. In this research, duplicate 
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patients were excluded, and only the first test results of patients who 
had multiple aPLs features observed during this period were considered. 
All patients satisfied the 2006 Sydney Classification Criteria.6 The study 
was approved by the Ethics Committee of Peking University Third Hos-
pital. 
Silica clotting time (SCT) and dilute Russell viper venom time (dRVVT) 
were measured using the ACLTOP 700 instrument (Werfen), serum 
levels of aCL IgG/IgM/IgA and aβ2GPI IgG/IgM/IgA were tested using 
CIA (QUANTA Flash assays, Inova Diagnostics). The QUANTA Flash 
assays were performed on the BIO-FLASH instrument (Biokit). The cut-
off value for positivity of SCT ratio was set at 1.16 because the positivity 
of the dRVVT ratio was set at 1.11 based on the recommendations of the 
manufacturer. The cutoff values for positivity of other aPLs were set at 
20 CU based on the recommendations of the manufacturer.

Statistical Analysis
The result of the normally distribution data is expressed as mean (SD). The 
frequency of categorical data is being used to convey the description data. 
We used the Student t-test for continuous variables conforming to normal 
distribution; χ 2 test was used for categorical variables; Mann-Whitney U 
testing was used for continuous variables that did not conform to normal 
distribution. The receiver operating characteristic (ROC) curve was used 
to compute the area under the curve (AUC). SPSS software, version 21.0 
(IBM) was used to evaluate the quantitative data in our study; 2-tailed P 
values of .05 were considered to be statistically significant.

Results

Characteristics of Patients
We tested aCL and aβ2GPI antibodies of IgG, IgM, and IgA isotypes in se-
rum specimens from 381 female patients with APS and 93 healthy preg-
nant women. The cohort demographic characteristics are depicted in 
TABLE 1. There was no statistically significant difference in laboratory 
parameters between patients with APS and healthy pregnant women 

(TABLE 2). Most of the patients had been treated at the Department of 
Rheumatology and Immunology. In total, 381 patients were diagnosed 
with APS according to the revised 2006 Sydney criteria for APS.

Distribution of Antiphospholipid Antibodies
In general, the total percentage of positive aPLs in the pregnant patients 
with APS was significantly higher, compared with the healthy pregnant 
women. The most common aPL was the SCT ratio in patients with APS 
(19.4%), followed by the dRVVT ratio (14.4%).The overall prevalence of 
aCL was 17.8%, and the most common isotype was aCL IgG (11.8%). 
Overall, 13.6 % were aβ2GPI, with aβ2GPI IgG being the most common 
isotype (10.5%). The overall prevalence of aCL IgA was 2.9%, and that of 
aβ2GPI IgA was 3.4% (TABLE 3).
At the same time, we observed that only 1.3% (5/381) of the patients 
with APS had isolated aCL IgA. Similarly, isolated aβ2GPI IgA only 
accounted for 0.8% (3/381) of patients with APS. We found that aPL-
IgA positivity in patients with APS was usually accompanied by IgG or 
IgM aPLs. The cross-positivity for aCL and aβ2GPI demonstrated that 
IgA isotypes are also less frequently detected aPLs (FIGURE 1).

ROC analysis was conducted to evaluate the predictive value of aPLs 
in patients with fetal loss vs patients with healthy pregnancy (FIGURES 
2 and 3). ACL IgA showed the largest AUC, of 0.666 (95% CI, 0.60–0.73; 
P < .001), followed by the dRVVT ratio (AUC, 0.649; 0.58–0.72; P < .001; 
TABLE 4). The AUC of aβ2GPI IgA was 0.601 (0.53–0.67; P = .003). The 
combination with antiphospholipid antibodies can improve diagnostic 
efficiency; however, aCL IgA combined with LA could not better enhance 
sensitivity (FIGURE 3, TABLE 4). Overall, aCL IgA could be regarded 
as a risk factor for patients with APS related to fetal loss.

Discussion
The clinical epidemiology of APS has a high incidence and complex path-
ogenesis, which involves many aspects such as aPLs-induced cell activa-
tion, inhibition of anticoagulant and fibrinolytic systems, inflammatory 
response, complement activation, and oxidative stress. Moreover, the 
clinical manifestations are complex and varied, which can involve mul-
tiple organs and systems throughout the body. According to the 14th 
International Congress on Antiphospholipid Antibodies Task Force, low 
aPLs positivity may be associated with adverse outcomes in pregnancy, 
although the classification standard requires continuous high-titer aPLs 
positivity.7 The analysis of published IgA aCL data shows that the general 
weakness of these data, deriving from the observational cross-sectional 
studies, is in their lack of prospective confirmation or that they provide 
control groups of insufficient size.

We analyzed the aPLs profile of 381 female subjects with APS from 
the Chinese general population. We found no significant differences in 
laboratory parameters between patients with APS and healthy pregnant 
women. The results indicated that aPLs involve many aspects such as 
aPLs-induced cell activation, inhibition of anticoagulant, fibrinolytic 
systems, and so forth. At the same time, we observed the relationship 
between variables such as SCT ratio, dRVVT ratio, aPLs, and pregnancy 
outcomes in patients with APS. We found that the total prevalence of 
aCL IgA in patients with APS was 2.9%, and the total prevalence of 
aβ2GPI IgA was 3.4% in the present study. 

Two previous works of research8,9 indicated that in terms of epide-
miology, the prevalence of aCL IgA is between 1.6% and 10%, and the 
prevalence of aβ2GPI IgA is between 1.6% and 10%.10,11 These findings 

TABLE 1.  Demographic Data of 381 Female Patients with 
APS and 93 Healthy Pregnant Womena

Variable 
Patients with APS 

(n = 381) 

93 Healthy  
Pregnant Women 

(n = 93) 
Total No. 

Age (y)    

  ≤30 58 (15.2) 27 (29.0) 85

  31–60 323 (84.8) 66 (71.0) 389

Distribution of patients    

  Rheumatology 358 (94.0) 0 358

  Reproductive center 1 (0.3) 0 1

  Gynecology 2 (0.5) 93 (100) 95

  Hematology 18 (4.7) 0 18

  Other 2 (0.5) 0 2

Obstetric complications    

  Early pregnancy loss 376 (98.7) — —

  Eclampsia/preeclampsia 1 (0.3) — —

  Late fetal loss 4 (1.0) — —

APS, antiphospholipid syndrome.
aData given as No. (%) except where specified.
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are similar to those revealed by our research. The antibody cutoff value is 
based on the recommendations by the manufacturer in our study. 

The cross-positivity for aCL and aβ2GPI demonstrated that aPL-
IgA positivity in patients with APS was accompanied by IgG or IgM 
aPLs. However, these results differ from those of previous studies, 
such as Frodlund et  al12 and Ruiz-García et  al,13 whose study results 
demonstrated that the prevalence of isolated IgA aPLs were higher than 
in our study.

ROC curve analysis revealed that aCL IgA showed the largest AUC, 
of 0.666 (95% CI, 0.60–0.73; P  <  .001), followed by the dRVVT ratio 
(AUC = 0.649; 0.58–0.72; P < .001). In this study, the total prevalence of 
the dRVVT ratio was 14.4%. At the same time, Lockshin et al14 showed 
that as many as 43% of pregnant women who tested positive for LA had 
adverse pregnancy outcomes and that aCL and aβ2GPI combined with 
LA could not better predict adverse pregnancy outcomes, compared 
with LA only. Therefore, LA is the main predictor of adverse pregnancy 
outcomes. 

However, Seheult et  al15 showed that direct oral administration of 
anticoagulants and heparin would interfere with the detection of LA, 
leading to false-positive test results. Besides, dabigatran and apixaban ex-
panded the time of aPTT and modified Russell venom dilution testing.16

In this study, aCL IgA showed high diagnostic efficacy for fetal 
loss in patients with APS. A recent analysis revealed a similar conclu-
sion, namely, that aCL IgA was related to obstetric complications.17 
Certain previous study reports18–22 also indicated that there was a 
relationship between aCL IgA and thrombosis. And one study23 in-
dicated that aβ2GPI IgM was the major type of aPL in patients with 
APS who had experienced fetal loss. Further, aβ2GPI IgA can be used 
as an independent predictor for APS-related events.18 There was a 
correlation between decrease in antiphospholipid antibody titer and 
improvement in pregnancy outcomes.23 These conclusions were con-
troversial due to differences in the inclusion criteria of the study 
population, ethnic distribution, and the statistical methods used in 
the study.

TABLE 2.  Laboratory Findings of 381 Female Patients with APS and 93 Healthy Pregnant Women

Laboratory Parameter Female Patients with APS (n = 381), X±S Healthy Pregnant Women (n = 93), X±S t P Value 

WBC (109/L) 7.09 ± 4.47 6.96 ± 2.59 0.86 .93

HGB (g/L) 130.42 ± 9.29 126.86 ± 10.30 1.20 .24

PLT (109/L) 201.23 ± 69.32 228.29 ± 63.28 1.22 .23

PT (s) 11.30 ± 0.83 11.13 ± 0.61 0.66 .51

APTT (s) 40.13 ± 19.05 32.27 ± 4.38 1.29 .21

Fib (g/L) 3.17 ± 0.61 3.37 ± 0.58 1.02 .32

TCHO (mmol/L) 4.71 ± 0.97 5.06 ± 0.72 1.10 .29

LDL-C (mmol/L) 2.77 ± 0.86 3.10 ± 0.76 1.08 .29

HDL-C (mmol/L) 1.47 ± 0.34 1.47 ± 0.34 0.049 .96

APS, antiphospholipid syndrome; Fib, fibrinogen; HDL-C, high-density lipoprotein cholesterol; HGB, hemoglobin; LDL-C, low-density lipoprotein choles-
terol; PLT, platelet; TCHO, total cholesterol.

FIGURE 1. Venn diagrams revealing multipositive antiphospholipid antibodies in the antiphospholipid syndrome group. aCL, 
anticardiolipin.
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(TABLE 2). Most of the patients had been treated at the Department of 
Rheumatology and Immunology. In total, 381 patients were diagnosed 
with APS according to the revised 2006 Sydney criteria for APS.

Distribution of Antiphospholipid Antibodies
In general, the total percentage of positive aPLs in the pregnant patients 
with APS was significantly higher, compared with the healthy pregnant 
women. The most common aPL was the SCT ratio in patients with APS 
(19.4%), followed by the dRVVT ratio (14.4%).The overall prevalence of 
aCL was 17.8%, and the most common isotype was aCL IgG (11.8%). 
Overall, 13.6 % were aβ2GPI, with aβ2GPI IgG being the most common 
isotype (10.5%). The overall prevalence of aCL IgA was 2.9%, and that of 
aβ2GPI IgA was 3.4% (TABLE 3).
At the same time, we observed that only 1.3% (5/381) of the patients 
with APS had isolated aCL IgA. Similarly, isolated aβ2GPI IgA only 
accounted for 0.8% (3/381) of patients with APS. We found that aPL-
IgA positivity in patients with APS was usually accompanied by IgG or 
IgM aPLs. The cross-positivity for aCL and aβ2GPI demonstrated that 
IgA isotypes are also less frequently detected aPLs (FIGURE 1).

ROC analysis was conducted to evaluate the predictive value of aPLs 
in patients with fetal loss vs patients with healthy pregnancy (FIGURES 
2 and 3). ACL IgA showed the largest AUC, of 0.666 (95% CI, 0.60–0.73; 
P < .001), followed by the dRVVT ratio (AUC, 0.649; 0.58–0.72; P < .001; 
TABLE 4). The AUC of aβ2GPI IgA was 0.601 (0.53–0.67; P = .003). The 
combination with antiphospholipid antibodies can improve diagnostic 
efficiency; however, aCL IgA combined with LA could not better enhance 
sensitivity (FIGURE 3, TABLE 4). Overall, aCL IgA could be regarded 
as a risk factor for patients with APS related to fetal loss.

Discussion
The clinical epidemiology of APS has a high incidence and complex path-
ogenesis, which involves many aspects such as aPLs-induced cell activa-
tion, inhibition of anticoagulant and fibrinolytic systems, inflammatory 
response, complement activation, and oxidative stress. Moreover, the 
clinical manifestations are complex and varied, which can involve mul-
tiple organs and systems throughout the body. According to the 14th 
International Congress on Antiphospholipid Antibodies Task Force, low 
aPLs positivity may be associated with adverse outcomes in pregnancy, 
although the classification standard requires continuous high-titer aPLs 
positivity.7 The analysis of published IgA aCL data shows that the general 
weakness of these data, deriving from the observational cross-sectional 
studies, is in their lack of prospective confirmation or that they provide 
control groups of insufficient size.

We analyzed the aPLs profile of 381 female subjects with APS from 
the Chinese general population. We found no significant differences in 
laboratory parameters between patients with APS and healthy pregnant 
women. The results indicated that aPLs involve many aspects such as 
aPLs-induced cell activation, inhibition of anticoagulant, fibrinolytic 
systems, and so forth. At the same time, we observed the relationship 
between variables such as SCT ratio, dRVVT ratio, aPLs, and pregnancy 
outcomes in patients with APS. We found that the total prevalence of 
aCL IgA in patients with APS was 2.9%, and the total prevalence of 
aβ2GPI IgA was 3.4% in the present study. 

Two previous works of research8,9 indicated that in terms of epide-
miology, the prevalence of aCL IgA is between 1.6% and 10%, and the 
prevalence of aβ2GPI IgA is between 1.6% and 10%.10,11 These findings 
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FIGURE 2. Receiver operating characteristic analysis of the 
antiphospholipid isotype in patients with antiphospholipid 
syndrome who have experienced fetal loss. aCL, 
anticardiolipin; dRVVT, dilute Russell viper venom time; SCT, 
silica clotting time.
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TABLE 4.  ROC Curve Analysis of the aPL Isotype in Patients with APS

Variable AUC P Value 95% CI Sensitivity Specificity Youden Index 

SCT ratio 0.629 <.001 .56–.70 93.0 29.5 0.225

dRVVT ratio 0.649 <.001 .58–.72 90.2 35.8 0.260

aCL IgG 0.584 .01 .51–.65 85.7 34.7 0.204

aCL IgM 0.642 <.001 .57–.71 84.3 42.1 0.264

aβ2GPI IgG 0.618 .001 .55–.69 83.6 38.9 0.225

aβ2GPI IgM 0.624 <.001 .56–.69 86.7 35.8 0.225

aCL IgA 0.666 <.001 .60–.73 83.9 43.2 0.271

aβ2GPI IgA 0.601 .003 .53–.67 96.9 24.2 0.211

LA+aCL 0.732 <.001 .67–.80 80.4 62.1 0.425

LA+aβ2GPI 0.671 <.001 .60–.74 91.3 38.9 0.302

aCL+aβ2GPI 0.704 <.001 .64–.77 81.8 55.8 0.376

LA+aCL+aβ2GPI 0.719 <.001 .65–.79 88.1 50.5 0.386

aCL, anticardiolipin; APS, antiphospholipid syndrome; dRVVT, dilute Russell viper venom time; LA, lupus anticoagulant; ROC, receiver operating charac-
teristic; SCT, silica clotting time.

FIGURE 3. Receiver operating characteristic analysis of the 
combination antiphospholipid antibody isotype in patients 
with antiphospholipid syndrome. aCL, anticardiolipin; LA, 
lupus anticoagulant.
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TABLE 3.  Distribution of Antiphospholipid Antibodies in Patients with APS and Healthy Pregnant Womena

Variable 
Patients with APS (n = 381) Healthy Pregnant Women (n = 93) 

Toal Positivity Isolated Positivity Total Positivity

SCT ratio 74 (19.4) 33 (8.7) 0

dRVVT ratio 55 (14.4) 11 (2.9) 1 (1.1)

aCL 68 (17.8) — —

aCL IgG 45 (11.8) 33 (8.7) 0

aCL IgM 24 (6.3) 18 (4.7) 0

aCL IgA 11 (2.9) 5 (1.3) 0

aβ2GPI 52 (13.6) — —

aβ2GPI IgG 40 (10.5) 24 (6.3) 0 

aβ2GPI IgM 17 (4.5) 8 (2.1) 0 

aβ2GPI IgA 13 (3.4) 3 (0.8) 0 

ACL, anticardiolipin; APS, antiphospholipid syndrome; dRVVT, dilute Russell viper venom time; SCT, silica clotting time.
aData given as No. (%).

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/495/6594696 by guest on 28 February 2025



499www.labmedicine.com

There are some limitations to our study. The study investigates the 
diagnostic efficacy of IgA isotypes for adverse pregnancy outcomes in 
patients with APS, but we cannot control anticoagulant therapy, such 
as low-molecular-weight heparin. Also, different detection systems or 
kits may change the sensitivity and diagnostic efficiency.24 Finally, we 
could not distinguish between primary and secondary APS in patients 
with APS. The value of IgA aPLs is still difficult to calculate; this problem 
could be solved in future studies. This research is in continuous develop-
ment because the clinical relevance of these antibodies is far from being 
completely clarified.

Conclusion
In conclusion, positive aCL IgA and aβ2GPI IgA were very low when it 
came to each isolated isotype of aPLs. For patients with APS who had 
experienced fetal loss, aCL IgA showed perfect diagnostic efficacy. Fur-
ther, aCL IgA may be considered a predictor for fetal loss in patients with 
APS. Establishing a standardized diagnosis of IgA aPLs is also critical for 
these patients.
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ABSTRACT

Objective: The purpose of this study was to investigate whether local 

application of methyl nicotinate solution can change the content and 

proportion of blood cells in peripheral blood samples and to determine 

whether this treatment is a safe and reliable method for improving pe-

ripheral blood collection.

Methods: Routine blood analysis and flow cytometry were used 

to analyze the contents and proportions of blood cells and T 

lymphocyte subsets in peripheral blood samples. Experimental 

blood specimens were collected from earlobes treated with dif-

ferent concentrations of methyl nicotinate solution, and the con-

trol group consisted of blood specimens collected from untreated 

earlobes.

Results: The blood flow in the earlobe was significantly increased af-

ter methyl nicotinate solution stimulation, especially when the methyl 

nicotinate solution concentration was greater than 10−4 mol/L. There 

were no significant changes in the proportions of white blood cells, red 

blood cells, platelets, neutrophils, eosinophils, basophils, monocytes, 

or lymphocytes in the peripheral blood obtained from earlobes treated 

with methyl nicotinate solution. The proportion of T lymphocytes 

increased in the experimental group, but this difference was not sig-

nificant.

Conclusion: Local application of methyl nicotinate solution is a fea-

sible method for improving peripheral blood collection, especially for 

patients with venous blood collection phobia or an inability to provide 

venous blood samples.

Peripheral blood collection has many advantages; for example, this ap-
proach causes minimal pain, is convenient, and allows the collection 
of low volume blood samples. Peripheral blood collection is often used 
for rapid tests that require small blood volumes, such as routine blood 
tests and blood glucose level tests (blood glucose strip method). Cur-
rently, the fingertip, earlobe, and heel are the most common areas used 
for peripheral blood collection. However, due to the rapid coagulation 
mechanism, poor blood circulation, and other factors, peripheral blood 
collection may be difficult in some patients. Small amounts of bleeding 
and poor bleeding often occur during collection, and it is often necessary 
to manually squeeze the site of blood collection, which can easily lead 
to blood sample contamination, such as infiltration of tissue fluid and 
clotting. Research by Han et al1 shows that difficulties in conducting rou-
tine blood tests with peripheral blood specimens are primarily caused 
by insufficient blood volume (67.8%). Therefore, measures to improve 
peripheral blood collection are urgently needed.

Nicotinic acid, also known as vitamin B
3
, is one of 13 essential 

vitamins in the human body; nicotinic acid and nicotinamide, a de-
rivative of nicotinic acid in the human body, are both soluble in water 
and alcohol, and their properties are relatively stable.2  Nicotinic acid 
dilates peripheral blood vessels and is used in the clinic for the treat-
ment of migraine, tinnitus, inner ear vertigo, etc.2 Studies have shown 
that nicotinic acid derivatives can stimulate mast cells to release pros-
taglandin D

2
, which induces vasodilation, vascular permeability, and 

blood flow, and causes skin flushing.3 In a study on the use of nicotinic 
acid–mediated skin flushing in the diagnosis of depression, a laser Dop-
pler instrument was used to analyze the movement of blood cells in 
microvessels, and the results showed that skin treated with methyl nic-
otinate solution had significantly increased blood flow.4 Another study 
showed that the topical application of nicotinic acid and nonivamide is 
a possible method for improving capillary blood collection for immuno-
logical assessments.5 In this study, we locally applied methyl nicotinate 
solution to induce vasodilation to improve peripheral blood collection. 
However, it is not clear whether the local application of methyl nicotin-
ate solution to induce vasodilation affects the contents and proportions 
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of blood cells, especially immune cells, in peripheral blood samples. In 
this study, blood samples were collected from the tips of the earlobes of 
women aged between 18 and 35 years; one earlobe of each woman was 
treated with methyl nicotinate solution, and the untreated contralateral 
earlobe was used as the control. Blood cells and T lymphocyte subsets 
were analyzed to determine whether the local application of methyl nic-
otinate solution is a safe and reliable method for inducing vascular dila-
tion and improving peripheral blood collection.

Methods and Materials

Subjects
A total of 45 volunteers were recruited for the study. The enrollment 
criteria were as follows: (1) 18- to 35-year-old females; (2) no past or 
present diseases, such as abnormal liver and kidney function, heart dis-
ease, cerebrovascular disease, or mental disease; and (3) sufficient au-
diovisual and comprehension abilities. The exclusion criteria were as 
follows: (1) recent use of vitamin immunosuppressants and other re-
lated drugs or (2) pregnancy, breastfeeding, or planning for pregnancy. 
Each volunteer provided written informed consent, and the study was 
approved by the Ethics Committee of the Affiliated Hospital of Jiujiang 
University.

Blood Flow in the Earlobe After Stimulation with Methyl 
Nicotinate Solution
According to the procedure described by Messamore et al,4 the blood flow 
of the earlobe was measured after stimulation with methyl nicotinate so-
lution. In this part of the study, 45 volunteers were recruited, and a total 
of 90 earlobes were randomly assigned to 6 groups: a 10−5 mol/L methyl 
nicotinate group (n = 15 earlobes), a 10−4 mol/L methyl nicotinate group 
(n = 15 earlobes), a 10−3 mol/L methyl nicotinate group (n = 15 earlobes), a 
10−2 mol/L methyl nicotinate group (n = 15 earlobes), a 10−1 mol/L methyl 
nicotinate group (n = 15 earlobes), and a control group (n = 15 earlobes). 
An electrode was attached to the earlobe, and a laser Doppler probe 
(Perimed, PeriFlux5000 system) was used to measure the baseline blood 
cell movement in the microvessels. Then, the electrode was removed, the 
bottom of a double-sided plastic hole was exposed, 0.5 cm diameter filter 
paper was placed in the hole, a pipette gun was used to remove 50 μL of 
methyl nicotinate solution of different concentrations (10−5 mol/L, 10−4 
mol/L, 10−3 mol/L, 10−2 mol/L, and 10−1 mol/L), and the solutions of dif-
ferent concentrations were dispensed on the filter paper. The skin of the 
earlobe was soaked in methyl nicotinate solution for 10 minutes, the filter 
paper was removed, and blood cell movement was recorded again with a 
laser Doppler instrument. The blood flow is reported as perfusion units 
(PUs), and blood flow (PU)  =  the number of moving blood cells in the 
measurement area × the average movement rate of blood cells.

Collection of Blood from the Earlobe
One week after the completion of the first part of the experiment, the 
45 volunteers recruited for this study were again randomly assigned 
to three groups: a 10−3 mol/L methyl nicotinate group (n = 15), a 10−2 
mol/L methyl nicotinate group (n = 15), and a 10−1 mol/L methyl nic-
otinate group (n = 15). One earlobe of each volunteer was treated with 
methyl nicotinate solution and assigned to the experimental group, 
whereas the opposite lobe remained untreated and was assigned to the 
control group. One earlobe of each volunteer was covered with methyl 

nicotinate solution. After 10 minutes, the earlobe was disinfected with 
alcohol-soaked cotton balls and then punctured with a disposable blood 
collection needle to allow the blood to flow naturally. After the first drop 
was gently wiped with a disinfected cotton ball, blood (approximately 
0.2–0.3  mL) was collected into a 0.5  mL EDTAK2 anticoagulant tube. 
The puncture site was pressed with a dry cotton ball, and the volunteers 
were asked to apply pressure to the puncture site for 2 to 3 minutes. The 
blood was then mixed well in a mini vibrator and immediately sent for 
testing. The same method was used to collect blood from the distal lobe 
of the contralateral ear, which was not treated with nicotinic acid, and 
this sample served as the control.

Specimen Testing
The 6-color direct immunofluorescence method was used for T lympho-
cyte subset analysis. Fluorescently labeled antibodies (BD) were added 
to the whole blood samples, and these antibodies bound to their cor-
responding antigens on the membranes of the white blood cells. After 
incubation in a light-protection chamber and hemolysis, an FACSCanto 
II flow cytometer (BD) was used for analysis. The absolute numbers of 
T lymphocyte subsets in the samples were determined. Routine blood 
tests were performed using a CAL8000 (Mindray).

Statistical Analysis
GraphPad Prism 7.0 software was used to analyze the data and generate 
the corresponding charts. ANOVA or a paired t-test was used to ana-
lyze the data. The t-test was two-sided in this study, and P  <  .05 was 
considered statistically significant.

Results

Changes in Blood Flow to the Earlobe After Methyl 
Nicotinate Solution Stimulation
The results showed a significant increase in blood flow to the ear-
lobe after methyl nicotinate solution stimulation, especially when 
the concentration of the methyl nicotinate solution was greater 
than 10−4 mol/L. The blood flow in the earlobes treated with methyl 
nicotinate solution at concentrations of 10−4 mol/L, 10−3 mol/L, 
10−2 mol/L, and 10−1 mol/L was significantly different from that in 
the control earlobes (FIGURE 1). No participants in the study re-
ported adverse events or withdrew from the study because of ad-
verse events.

Comparison of Routine Blood Indexes between the 
Experimental Group and the Control Group
The results showed that the differences in the proportions of white 
blood cells, red blood cells, platelets, neutrophils, eosinophils, basophils, 
monocytes, and lymphocytes in the peripheral blood samples from the 
earlobes stimulated with methyl nicotinate solution compared with 
those in the samples from the control earlobes were not statistically sig-
nificant (TABLE 1).

Comparison of the Proportions of T Lymphocyte Subsets 
between the Experimental Group and the Control Group
Further studies showed that the proportions of T lymphocyte subsets 
were increased in the experimental group, but the increase was not sta-
tistically significant (TABLE 2).
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Discussion
Under physiological conditions, after skin is stimulated by nicotinic 
acid, blood perfusion significantly increases, and skin erythema and 
edema can be observed. There are many different methods of evaluating 
the intensity of the skin-flushing reaction to nicotinic acid. For exam-
ple, the intensity of the skin-flushing reaction to nicotinic acid can be 
semiquantitatively evaluated by visually assessing the degree of skin 
redness and swelling6,7; some studies have also analyzed changes in 
skin color depth or quantified the intensity of skin color after capturing 

images with an optical spectrometer.8 However, some studies showed 
that skin blood vessels can also significantly dilate when no changes 
in skin color can be observed by the naked eye. Therefore, the accu-
racy and reliability of the methods described above for detecting the 
intensity of changes in blood flow are limited.4 In this study, following 
the method described by Messamore et al,4 a laser Doppler instrument 
was used for the direct quantitative measurement of blood perfusion; 
this method can directly and accurately measure the changes in blood 
flow that are caused by different concentrations of nicotinic acid. In this 
study, similar to other studies, blood flow in the skin of earlobes signif-
icantly increased after nicotinic acid stimulation, especially when the 
methyl nicotinate solution concentration was greater than 10−4 mol/L 
(FIGURE 1).

The mechanism underlying the skin-flushing reaction to nicotinic 
acid is relatively clear. When nicotinic acid binds to specific G-protein-
coupled receptors on dermal macrophages, adipocytes, and epidermal 
Langerhans cells, it can activate phospholipase A

2
 and hydrolyze mem-

brane phospholipids, releasing arachidonic acid from the cell membrane. 
Prostaglandin D

2
 is produced from arachidonic acid by cyclooxygenase 

(COX-2), and prostaglandin D
2
 relaxes the smooth muscle of the skin 

capillary walls and dilates blood vessels, thereby causing a local skin-
flushing reaction.9  In an allergic state, prostaglandin D

2
 activates var-

ious immune cells, such as helper T cells, eosinophils, basophils, mast 
cells, and dendritic cells.10 In addition, in combination with cysteine leu-
kotriene E4 (LTE4), prostaglandin D2 alters helper T cell adhesion and 
migration as well as cytokine production.11

Our study showed that skin flushing in response to nicotinic acid did 
not significantly affect the contents and proportions of local blood cells, al-
though the contents of T cell subsets in the experimental group increased 
nonsignificantly (TABLE 1 and TABLE 2). The results obtained in this 

FIGURE 1. Changes in blood flow to the earlobe after methyl 
nicotinate solution stimulation. Data were analyzed by 
analysis of variance, and the values are expressed as the 
mean + SD, with n = 15 for each group; *P < .005, **P < .001. 
NS, not significant; PU, perfusion unit.
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TABLE 1.  Comparison of Routine Blood Indexes Between the Experimental Group and the Control Groupa

 
10−3 mol/L Methyl Nicotinate 10−2 mol/L Methyl Nicotinate 10−1 mol/L Methyl Nicotinate

Treatment Group Control Group P Treatment Group Control Group P Treatment Group Control Group P

White blood cells (× 109/L) 6.22 ± 1.37 6.13 ± 1.40 ＞.05 5.34 ± 1.59 5.58 ± 1.01 ＞.05 5.65 ± 0.97 5.72 ± 1.03 ＞.05

Red blood cells (× 1012/L) 4.67 ± 0.37 4.76 ± 0.42 ＞.05 4.65 ± 0.63 4.48 ± 0.35 ＞.05 4.58 ± 0.41 4.54 ± 0.33 ＞.05

Platelet (× 109/L) 239 ± 60.9 234 ± 67.9 ＞.05 224 ± 44.4 223 ± 41.5 ＞.05 206 ± 39.7 209 ± 38.8 ＞.05

Neutrophils (× 109/L) 3.88 ± 1.15 3.92 ± 1.13 ＞.05 3.27 ± 0.78 3.33 ± 0.75 ＞.05 3.45 ± 0.93 3.50 ± 0.89 ＞.05

Eosinophils (× 109/L) 0.11 ± 0.08 0.13 ± 0.11 ＞.05 0.13 ± 0.12 0.13 ± 0.12 ＞.05 0.11 ± 0.09 0.10 ± 0.08 ＞.05

Basophil (× 109/L) 0.02 ± 0.01 0.02 ± 0.01 ＞.05 0.02 ± 0.01 0.02 ± 0.01 ＞.05 0.02 ± 0.01 0.02 ± 0.01 ＞.05

Monocytes (× 109/L) 0.40 ± 0.16 0.40 ± 0.15 ＞.05 0.37 ± 0.28 0.38 ± 0.26 ＞.05 0.31 ± 0.07 0.32 ± 0.06 ＞.05

Lymphocyte (× 109/L) 1.64 + 0.52 1.62 ± 0.52 ＞.05 1.77 ± 0.48 1.74 ± 0.49 ＞.05 1.65 ± 0.34 1.64 ± 0.33 ＞.05

aThe treatment group was the group of earlobes stimulated with methyl nicotinate, and the control group was the group of the contralateral earlobe. 
A paired t-test was used to analyze the data, and the values are expressed as the mean ± SD, with n = 15 for each group.

TABLE 2.  Comparison of T Lymphocyte Subsets Between Different Concentrations of Methyl Nicotinate Solution and the 
Controla

10−3 mol/L Methyl Nicotinate 10−2 mol/L Methyl Nicotinate 10−1 mol/L Methyl Nicotinate

 Treatment Group Control Group P Treatment Group Control Group P Treatment Group Control Group P

CD3+ 1733 ± 601 1693 ± 581 ＞.05 1687 ± 643 1585 ± 577 ＞.05 1676 ± 597 1643 ± 589 ＞.05

CD4+ 922 ± 417 899 ± 418 ＞.05 937 ± 418 920 ± 424 ＞.05 967 ± 437 941 ± 420 ＞.05

CD8+ 710 ± 275 675 ± 236 ＞.05 705 ± 287 663 ± 259 ＞.05 698 ± 253 688 ± 255 ＞.05

aThe treatment group was the group of earlobes treated with methyl nicotinate, and the control group was the group of contralateral earlobes. Paired 
t-tests were used to analyze the data. Data are expressed as the mean ± SD number of cells/μL, with n = 15 for each group.

study are similar to those of Moro et  al,5 but this study quantitatively 
analyzed the changes in blood flow caused by treatment with methyl nic-
otinate solutions of different concentrations and whether methyl nicotin-
ate solutions of different concentrations would change the composition 
and content of blood cells, especially immune cells. Adverse effects of nic-
otinic acid mainly include a burning sensation at the application site, local 
tingling, rash, blistering, paresthesia, cough, and dyspnea. However, none 
of the participants in the study reported adverse events or withdrew from 
the study due to adverse events. Therefore, local application of methyl 
nicotinate solution is a feasible method to improve the rate of peripheral 
blood collection success, especially for patients with venous blood collec-
tion phobia or who are unable to provide venous blood samples.
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ABSTRACT

Objective: Nonalcoholic fatty liver disease (NAFLD) is an emerging 

global chronic liver disease encompassing a wide spectrum of disorders 

ranging from simple steatosis to nonalcoholic steatohepatitis, fibrosis, 

cirrhosis, and hepatocellular carcinoma. Considering the strong as-

sociation between NAFLD and insulin resistance, and the vital role of 

insulin-like growth factor 1 (IGF1) in IR, we hypothesized that IGF1 

gene polymorphism might be associated with NAFLD.

Methods: A total of 302 subjects, including 149 patients with biopsy-

proven NAFLD and 153 controls, were enrolled in this case-control 

study. All the subjects were genotyped for the rs5742612 polymor-

phism of the IGF1 gene using the polymerase chain reaction-restriction 

fragment length polymorphism method.

Results: The distribution of IGF1 rs5742612 genotypes and alleles 

differed significantly between the cases with NAFLD and controls. 

The IGF1 rs5742612  CC genotype compared with the TT geno-

type or the TT+TC genotype occurred more frequently in the cases 

than the controls and the differences remained significant after ad-

justment for confounding factors such as age and body mass index 

(P = .011, OR = 2.71, 95%CI = 1.16-5.85; and P = .032, OR = 2.29, 

95% CI = 1.10-5.24, respectively).

Conclusion: For the first time, this study uncovered that the IGF1 

rs5742612 CC genotype compared with the TT genotype or the TT+TC 

genotype had a 2.71-fold or 2.29-fold increased risk for NAFLD, re-

spectively.

Nonalcoholic fatty liver disease (NAFLD) is an emerging global chronic 
liver disease characterized by accumulation of triglycerides in hepatocytes 
without excessive alcohol consumption. NAFLD encompasses a broad 
spectrum of disorders ranging from simple steatosis to nonalcoholic 
steatohepatitis, fibrosis, cirrhosis, and hepatocellular carcinoma. Global 
prevalence of NAFLD among adults is estimated to range between 23% 
and 25%,1 but its etiology has not yet been entirely elucidated. However, 
NAFLD is connected with abnormal glucose tolerance,2 insulin resistance 
(IR),3,4 type 2 diabetes (T2D),5 and obesity.6 In addition, a positive associ-
ation between circulating insulin levels and NAFLD has been reported.7 IR 
is the underlying cause of NAFLD independent of obesity and plays a major 
role in the pathogenesis of NAFLD. Insulin sensitivity is associated with 
the severity of histological progression of NAFLD.8 Interestingly, patients 
with nonalcoholic steatohepatitis compared with those with simple fatty 
liver have more severe IR. 9 Finally, the rate of elevated liver enzymes levels 
is much higher in NAFLD patients with IR than those without IR.10

There is a biological interconnection between insulin and insulin-
like growth factor (IGF) axes. IGF1 is largely produced by liver cells 

and has a significant homology with insulin. There is a positive asso-
ciation between serum levels of IGF1 and insulin sensitivity.11 Maybe 
more interestingly, patients with NAFLD have lower levels of circulat-
ing IGF1 and IGF1 mRNA than the controls.12–14 Previous studies have 
also shown significant associations between IGF1 gene polymorphisms 
and insulin secretion,15 circulating insulin levels,16 IR,15 T2D,17 and 
obesity.15 Significant associations between polymorphisms in insu-
lin pathway–related genes and NAFLD risk have also been found.18–20 
Accordingly, these observations led us to investigate the possible asso-
ciation of the rs5742612 polymorphism of the IGF1 gene with NAFLD 
risk. The criteria for selecting this single nucleotide variant (SNV) was 
its commonly use in previous genetic studies and its position in the gene 
(promoter).

Materials and Methods

Study Population
This was a retrospective case-control study where 302 Iranian and ge-
netically unrelated individuals (cases with biopsy-proven NAFLD 
[n = 149, age range, 32–86  years] and controls [n = 153, age range, 
33–81 years]) were enrolled after informed consent. The present study 
had the approval of the Research Institute for Gastroenterology and 
Liver Diseases, Shahid Beheshti University of Medical Sciences  Ethics 
Committee, following the principles of the Declaration of Helsinki. For 
the NAFLD group, participants were enrolled after a diagnosis of fatty 
liver defined by (1) ultrasonographic evidence of fatty liver; (2) high 
serum levels of liver enzymes including aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma glutamyl trans-
ferase (GGT); (3) excluding patients with other causes of liver disease, 
such as that caused by alcohol abuse (alcohol consumption >70 g/wk. in 
women or >140 g/wk. in men), viral hepatitis, Wilson’s disease, alpha-1 
antitrypsin deficiency, or use of drugs likely to cause NAFLD; and (4) the 
confirmation of liver biopsy consistent with NAFLD by a seasoned pa-
thologist who was blinded to clinical and laboratory data of the patients 
and analyzed the liver biopsy samples using Brunt’s criteria. Grading of 
steatosis and necroinflammation was from 0 to 3 and staging of fibro-
sis was from 0 to 4.21 For the control group, subjects who were free of 
elevated liver enzymes and viral hepatitis infection (examined by blood 
test), had no liver steatosis (examined by abdominal ultrasonography), 
and were not alcoholic or on regular medications were enrolled. Controls 
were recruited from medical students and the research staff of the In-
stitute. All the participants were asked to complete self-administered 
questionnaires in which they listed their demographic, anthropomet-
ric, and clinical characteristics. The formula for calculation of body mass 
index (BMI) was weight in kilograms (kg) divided by height in meters 
squared (m2).22

Genotyping
The genomic DNA was purified from 5  mL EDTA-anti-coagulated 
whole blood using phenol chloroform extraction and ethanol precip-
itation protocol and was stored at −20°C for further analysis.23 The 
genotypes of IGF1 rs5742612 were determined using the polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) 
method. Genotyping was performed without the knowledge of case or 
control status of the participants by laboratory personnel. TABLE 1 
shows the details of the studied gene polymorphism and its PCR and 
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sociation between NAFLD and insulin resistance, and the vital role of 
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Methods: A total of 302 subjects, including 149 patients with biopsy-
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and has a significant homology with insulin. There is a positive asso-
ciation between serum levels of IGF1 and insulin sensitivity.11 Maybe 
more interestingly, patients with NAFLD have lower levels of circulat-
ing IGF1 and IGF1 mRNA than the controls.12–14 Previous studies have 
also shown significant associations between IGF1 gene polymorphisms 
and insulin secretion,15 circulating insulin levels,16 IR,15 T2D,17 and 
obesity.15 Significant associations between polymorphisms in insu-
lin pathway–related genes and NAFLD risk have also been found.18–20 
Accordingly, these observations led us to investigate the possible asso-
ciation of the rs5742612 polymorphism of the IGF1 gene with NAFLD 
risk. The criteria for selecting this single nucleotide variant (SNV) was 
its commonly use in previous genetic studies and its position in the gene 
(promoter).

Materials and Methods

Study Population
This was a retrospective case-control study where 302 Iranian and ge-
netically unrelated individuals (cases with biopsy-proven NAFLD 
[n = 149, age range, 32–86  years] and controls [n = 153, age range, 
33–81 years]) were enrolled after informed consent. The present study 
had the approval of the Research Institute for Gastroenterology and 
Liver Diseases, Shahid Beheshti University of Medical Sciences  Ethics 
Committee, following the principles of the Declaration of Helsinki. For 
the NAFLD group, participants were enrolled after a diagnosis of fatty 
liver defined by (1) ultrasonographic evidence of fatty liver; (2) high 
serum levels of liver enzymes including aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma glutamyl trans-
ferase (GGT); (3) excluding patients with other causes of liver disease, 
such as that caused by alcohol abuse (alcohol consumption >70 g/wk. in 
women or >140 g/wk. in men), viral hepatitis, Wilson’s disease, alpha-1 
antitrypsin deficiency, or use of drugs likely to cause NAFLD; and (4) the 
confirmation of liver biopsy consistent with NAFLD by a seasoned pa-
thologist who was blinded to clinical and laboratory data of the patients 
and analyzed the liver biopsy samples using Brunt’s criteria. Grading of 
steatosis and necroinflammation was from 0 to 3 and staging of fibro-
sis was from 0 to 4.21 For the control group, subjects who were free of 
elevated liver enzymes and viral hepatitis infection (examined by blood 
test), had no liver steatosis (examined by abdominal ultrasonography), 
and were not alcoholic or on regular medications were enrolled. Controls 
were recruited from medical students and the research staff of the In-
stitute. All the participants were asked to complete self-administered 
questionnaires in which they listed their demographic, anthropomet-
ric, and clinical characteristics. The formula for calculation of body mass 
index (BMI) was weight in kilograms (kg) divided by height in meters 
squared (m2).22

Genotyping
The genomic DNA was purified from 5  mL EDTA-anti-coagulated 
whole blood using phenol chloroform extraction and ethanol precip-
itation protocol and was stored at −20°C for further analysis.23 The 
genotypes of IGF1 rs5742612 were determined using the polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) 
method. Genotyping was performed without the knowledge of case or 
control status of the participants by laboratory personnel. TABLE 1 
shows the details of the studied gene polymorphism and its PCR and 

RFLP conditions.24 PCR products were separated by 3% agarose gels af-
ter digestion with the restriction enzyme of BselI (Fermentas) in a water 
bath at 37°C overnight. They were then stained with ethidium bromide 
(0.5  µg/mL) and visualized with a UV transilluminator. The digestion 
pattern and the presence/absence of the BselI determined the genotypes 
of the IGF1 rs5742612 variant for each subject. Around 20% of all the 
samples were genotyped twice to validate the genotyping results with a 
reproducibility of 100%.

Statistical Analysis
SPSS statistics software for Windows, version 25.0 (SPSS) was used 
for statistical analyses. Continuous variables were expressed as mean 
(standard deviation) and compared using the t-test. Categorical clini-
cal variables were presented as number (percent) and compared using 
the χ 2 test. To compare the allele frequencies between NAFLD and con-
trol groups, we also used the χ 2 test. Logistic regression analysis was 
performed to evaluate the association between the genotype frequencies 
and NAFLD risk and to adjust confounding factors. The measure of 
associations was assessed by the odds ratio (OR) and the correspond-
ing 95% confidence interval (95% CI). Statistical significance level was 
considered P < .05.

Results
Demographic, anthropometric, clinical, and biochemical characteristics 
of the study population are depicted in TABLE 2. Age and BMI of the 
NAFLD patients were significantly higher than the controls (P < .001). 
The cases with NAFLD were also more likely to be male (P < .001) and 
smoker (P = .008) than the controls. Moreover, systolic blood pressure, 
diastolic blood pressure, and circulating levels of AST, ALT, and GGT 
were significantly different between the case and control groups, being 
higher in the case group (P < .001).

The distribution of genotypes and alleles of the IGF1 rs5742612 
gene polymorphism in the cases with NAFLD and the controls is 
summarized in TABLE 3. Genotype and allele frequencies were signif-
icantly different between the two groups. The IGF1 rs5742612 CC gen-
otype compared with the TT genotype and the CC genotype compared 
with the TT+TC genotype occurred more frequently in the cases with 
NAFLD than the controls (P = .011, OR = 2.71, 95% CI = 1.16–5.85; and 
P = .032, OR = 2.29, 95% CI = 1.10-5.24, respectively). These differences 
remained significant even after adjustment for confounding factors in-
cluding age, BMI, sex, smoking status, systolic blood pressure, and dias-
tolic blood pressure .

Discussion
In the current study, which has not been done before, the association 
of the IGF1 rs5742612 polymorphism with NAFLD susceptibility was 
explored. We found that the IGF1 rs5742612 CC genotype compared 
with the TT genotype or the TT+TC genotype increases the risk 
of NAFLD.

The investigation of the genetic aspect of diseases provides the op-
portunity to explore the relationships between complex phenotypes 
and genomic variation. NAFLD is a complex metabolic condition in 
which, like other complex diseases, the interactions between different 
genetic and environmental factors determine the presence and severity 
of the disease. Owing to the fairly small individual effects and complex 
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interactions of these genes, they will not be discovered easily. A common 
approach to identifying novel susceptibility genes for complex diseases 
like NAFLD is to study the SNVs in candidate genes; however, inconsist-
ent findings are not rare in genetic association studies. The discrepancies 
may be explicated by variations in lifestyle or dietary factors, racial 
differences in genetic makeup, genotyped markers, statistical methods, 
or even differences in disease definition.25–27Nevertheless, considering 

the fact that IR is of critical importance in NAFLD pathogenesis, it is 
reasonable to assume that insulin signaling pathway genes may play a 
role in the development and progression of NAFLD. Previous studies 
have demonstrated that the release of free fatty acids from adipose tis-
sue and their influx into liver can be accelerated by IR.3,4,28 The Home-
ostatic Model Assessment for Insulin Resistance (HOMA-IR) index has 
an independent predictive value for advanced liver fibrosis. To main-
tain glucose homeostasis in the patients with NAFLD, insulin secre-
tion seems to increase to make up for low insulin sensitivity in these 
patients.29,30 Previous reports have also shown that insulin and IGF axes 
are closely interrelated and IGF1 has diverse physiological functions. 
Notwithstanding the biological plausibility, there is no previous study 
that has explored the possible association between the IGF1 rs5742612 
polymorphism and the risk of NAFLD.

IGF1, as one of the most important members of IGF family, is encoded 
by IGF1 gene. The gene consists of 5 exons and is situated on the long 
arm of chromosome 12. As a highly polymorphic gene with thousands 
of SNVs, IGF1 has numerous biological functions, and any defects in it 
can result in IR, obesity, inflammation, and oxidative stress, which are 
implicated in the etiology of NAFLD. In this study, we demonstrated 
that there is a significant association between NAFLD and rs5742612 
polymorphism located in the evolutionarily conserved region of IGF1 
promoter. Alterations in promoter sequence can influence protein ex-
pression.31 The CC genotype of IGF1 rs5742612 gene variant compared 
with the TT genotype or the TT+TC genotype was a risk factor for 
NAFLD. The promoter of IGF1 gene is associated with IGF1 expression 
and the rs5742612 variant may change the level and functional activity 
of IGF1 protein. However, the molecular mechanism through which the 
rs5742612 polymorphism might affect the function of IGF1 needs to be 
elucidated. rs5742612 per se might not be functional biologically; in-
stead it might be in linkage disequilibrium with another functional IGF1 
gene polymorphism. Alternatively, perhaps the rs5742612 C allele is less 
stable and translates less efficiently into IGF1 protein, in turn, reduces 
the biological response to IGF1, and lastly results in NAFLD. In agree-
ment with the second hypothesis, the C allele was found to be positively 
associated with decreased insulin sensitivity, as well as increased insulin 
secretion, circulating insulin levels, BMI,15 and risk of T2D.17 Previous 
reports have also suggested significant associations between IGF1 gene 
polymorphisms and insulin secretion,15 serum insulin levels,16 IR,15 
T2D, 17 obesity,15 and circulating IGF1 levels.32 Furthermore, IGF1 may 
prevent the development and progression of NAFLD by reducing IR and 
oxidative stress that are 2 major contributors in the pathogenesis of this 
disease.11–14,33,34 Finally, IGF1 reduces the level of C-reactive protein as 
an inflammatory biomarker.35 On the other hand, the secretion of IGF1 
from hepatocytes can be suppressed by inflammatory cytokines includ-
ing IL1β, IL6, and TNFα, which have a central role in the development 
of NAFLD.36 Consequently, a growing body of evidence corroborates the 
hypothesis that IGF1 and its gene may play a role in the development 
and progression of NAFLD, and the finding of the present study, that 

TABLE 1.  The Studied Variant in the IGF1 Gene

RFLP  
Products Size (bp) 

Restriction   
Enzyme 

PCR  
Product Size (bp) 

Annealing  
Temperature 

Primer Sequence   
(Forward and Reverse) 

Gene (SNV)   
Location (Base Change) 

C: 410 BselI 410 67 ºC 5’-GACAGTGACAGGCAGCCTAGTAGAAG-3’ IGF1 (rs5742612)

T: 234 + 176 5’-CTGGGCATGAACACAAACG-3’ Promoter (T/C)

IGF1, insulin-like growth factor 1; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; SNV, single nucleotide variant.

TABLE 2.  General Characteristics of the Study Groupsa

Variables 
Cases with Nonalcoholic Fatty 

Liver Disease  
(n = 149) 

Controls  
(n = 153) 

P Value 

Age (years) 38.7 (9.2) 29.0 (7.3) <.001

BMI (kg/m2) 29.3 (5.5) 23.7 (3.1) <.001

Sex

  M 109 (73.1) 81 (52.9)  

  F 40 (26.9) 72 (47.1) <.001

Smoking history

  No 112 (75.1) 140 (91.5)  

  Former 18 (12.1) 9 (5.9)  

  Current 19 (12.8) 4 (2.6) .008

SBP (mm Hg) 123.5 (15.1) 114.6 (13.3) <.001

DBP (mm Hg) 74.9 (9.3) 69.4 (8.4) <.001

AST (IU/L) 39.3 (17.5) 19.7 (7.1) <.001

ALT (IU/L) 71.7 (41.1) 19.1 (10.6) <.001

GGT (IU/L) 58.5 (31.9) 18.3 (8.2) <.001

Steatosis

  Grade 0 —   

  Grade 1 39 (26.2)   

  Grade 2 80 (53.7)   

  Grade 3 30 (20.1)   

Necroinflammation

  Grade 0 46 (30.9)   

  Grade 1 57 (38.3)   

  Grade 2 44 (29.5)   

  Grade 3 2 (1.3)   

Fibrosis

  Stage 0 86 (57.7)   

  Stage 1 56 (37.6)   

  Stage 2 7 (4.7)   

  Stage 3 —   

  Stage 4 —  

ALT, alanine aminotransferase; BMI, body mass index; DBP, diastolic blood 
pressure; GGT, gamma glutamyl transferase; SBP, systolic blood pressure. 
aData are presented as mean (SD) or No. (%).
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the fact that IR is of critical importance in NAFLD pathogenesis, it is 
reasonable to assume that insulin signaling pathway genes may play a 
role in the development and progression of NAFLD. Previous studies 
have demonstrated that the release of free fatty acids from adipose tis-
sue and their influx into liver can be accelerated by IR.3,4,28 The Home-
ostatic Model Assessment for Insulin Resistance (HOMA-IR) index has 
an independent predictive value for advanced liver fibrosis. To main-
tain glucose homeostasis in the patients with NAFLD, insulin secre-
tion seems to increase to make up for low insulin sensitivity in these 
patients.29,30 Previous reports have also shown that insulin and IGF axes 
are closely interrelated and IGF1 has diverse physiological functions. 
Notwithstanding the biological plausibility, there is no previous study 
that has explored the possible association between the IGF1 rs5742612 
polymorphism and the risk of NAFLD.

IGF1, as one of the most important members of IGF family, is encoded 
by IGF1 gene. The gene consists of 5 exons and is situated on the long 
arm of chromosome 12. As a highly polymorphic gene with thousands 
of SNVs, IGF1 has numerous biological functions, and any defects in it 
can result in IR, obesity, inflammation, and oxidative stress, which are 
implicated in the etiology of NAFLD. In this study, we demonstrated 
that there is a significant association between NAFLD and rs5742612 
polymorphism located in the evolutionarily conserved region of IGF1 
promoter. Alterations in promoter sequence can influence protein ex-
pression.31 The CC genotype of IGF1 rs5742612 gene variant compared 
with the TT genotype or the TT+TC genotype was a risk factor for 
NAFLD. The promoter of IGF1 gene is associated with IGF1 expression 
and the rs5742612 variant may change the level and functional activity 
of IGF1 protein. However, the molecular mechanism through which the 
rs5742612 polymorphism might affect the function of IGF1 needs to be 
elucidated. rs5742612 per se might not be functional biologically; in-
stead it might be in linkage disequilibrium with another functional IGF1 
gene polymorphism. Alternatively, perhaps the rs5742612 C allele is less 
stable and translates less efficiently into IGF1 protein, in turn, reduces 
the biological response to IGF1, and lastly results in NAFLD. In agree-
ment with the second hypothesis, the C allele was found to be positively 
associated with decreased insulin sensitivity, as well as increased insulin 
secretion, circulating insulin levels, BMI,15 and risk of T2D.17 Previous 
reports have also suggested significant associations between IGF1 gene 
polymorphisms and insulin secretion,15 serum insulin levels,16 IR,15 
T2D, 17 obesity,15 and circulating IGF1 levels.32 Furthermore, IGF1 may 
prevent the development and progression of NAFLD by reducing IR and 
oxidative stress that are 2 major contributors in the pathogenesis of this 
disease.11–14,33,34 Finally, IGF1 reduces the level of C-reactive protein as 
an inflammatory biomarker.35 On the other hand, the secretion of IGF1 
from hepatocytes can be suppressed by inflammatory cytokines includ-
ing IL1β, IL6, and TNFα, which have a central role in the development 
of NAFLD.36 Consequently, a growing body of evidence corroborates the 
hypothesis that IGF1 and its gene may play a role in the development 
and progression of NAFLD, and the finding of the present study, that 

TABLE 1.  The Studied Variant in the IGF1 Gene

RFLP  
Products Size (bp) 

Restriction   
Enzyme 

PCR  
Product Size (bp) 

Annealing  
Temperature 

Primer Sequence   
(Forward and Reverse) 

Gene (SNV)   
Location (Base Change) 

C: 410 BselI 410 67 ºC 5’-GACAGTGACAGGCAGCCTAGTAGAAG-3’ IGF1 (rs5742612)

T: 234 + 176 5’-CTGGGCATGAACACAAACG-3’ Promoter (T/C)

IGF1, insulin-like growth factor 1; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; SNV, single nucleotide variant.

the rs5742612 polymorphism of IGF1 gene is associated with NAFLD, is 
in line with the evidence.

The present study had the following limitations: (1) Owing to the 
modest sample size, it was not sensible to perform sub-analyses. (2) 
The serum level of IGF1 and insulin resistance (HOMA-IR) index were 
not measured due to budget limitations. (3) Because only one polymor-
phism in the IGF1 gene was genotyped, the coverage of the gene for this 
genetic association study was not complete. (4) Unfortunately, there 
were no patients with advanced fibrosis (stage 3 or 4), those who are 
at the greatest risks of liver failure; hence we could not investigate the 
association between IGF1 gene and these patients. (5) There was a signif-
icant difference between the cases and controls with regard to age due to 
not using age-matched controls. Notwithstanding the aforementioned 
limitations, the design of this study was good, and liver biopsy, which 
is generally considered as the gold standard method to confirm NAFLD 
diagnosis, was used. Moreover, it also had novel and interesting findings 
that were consistent with prior reports.

In conclusion, our findings revealed that genetic variants related to 
the insulin signaling pathway may have a role in NAFLD susceptibility. 
For the first time, we uncovered that the IGF1 rs5742612 CC genotype 
compared with the TT genotype or the TT+TC genotype had at least a 
2-fold increase in NAFLD risk. Interestingly, from a theoretical view-
point, this observation is relevant, although it needs to be corroborated 
by future studies with more participants.

Acknowledgments
The authors thank all patients and healthy blood donors for providing 
blood samples. This study was funded by Iran National Science Foun-
dation (INSF) (grant No. 90005942); and Gastroenterology and Liver 
Diseases Research Center, Shahid Beheshti University of Medical Sci-
ences (grant No. 1425).

REFERENCES

	1.	 Lazarus JV, Mark HE, Anstee QM, et al. Advancing the global pub-
lic health agenda for NAFLD: a consensus statement. Nat Rev 
Gastroenterol Hepatol. 2022;19:60–78. doi:10.1038/s41575-021-
00523-4.

	2.	 Haukeland JW, Konopski Z, Linnestad P, et al. Abnormal glucose 
tolerance is a predictor of steatohepatitis and fibrosis in patients 
with non-alcoholic fatty liver disease. Scand J Gastroenterol. 
2005;40:1469–1477. doi:10.1080/00365520500264953.

	3.	 Eguchi Y, Eguchi T, Mizuta T, et al. Visceral fat accumulation and insu-
lin resistance are important factors in nonalcoholic fatty liver disease. 
J Gastroenterol. 2006;41:462–469.

	4.	 Brunt EM, Kleiner DE, Wilson LA, et al. Portal chronic inflammation in 
nonalcoholic fatty liver disease (NAFLD): a histologic marker of ad-
vanced NAFLD-clinicopathologic correlations from the Nonalcoholic 
Steatohepatitis Clinical Research Network. Hepatology. 2009;49:809–820.

	5.	 Bellentani S, Scaglioni F, Marino M, et al. Epidemiology of non-
alcoholic fatty liver disease. Dig Dis. 2010;28:155–161.

	6.	 Dietrich P, Hellerbrand C. Non-alcoholic fatty liver disease, obesity 
and the metabolic syndrome. Best Pract Res Clin Gastroenterol. 
2014;28:637–653.

	7.	 Siddiqui MS, Fuchs M, Idowu MO, et al. Severity of nonalcoholic fatty 
liver disease and progression to cirrhosis associate with atherogenic 
lipoprotein profile. Clin Gastroenterol Hepatol. 2015;13:1000–1008.

	8.	 Ohmi S, Ono M, Takata H, et al. Analysis of factors influencing glu-
cose tolerance in Japanese patients with non-alcoholic fatty liver 
disease. Diabetol Metab Syndr 2017;9:65.

	9.	 Gholam PM, Flancbaum L, Machan JT, et al. Nonalcoholic fatty liver dis-
ease in severely obese subjects. Am J Gastroenterol. 2007;102:399–408.

	10.	 Li M, Zhang S, Wu Y, et al. Prevalence of insulin resistance in 
subjects with nonalcoholic fatty liver disease and its predictors in a 
Chinese population. Dig Dis Sci. 2015;60:2170–2176.

	11.	 Succurro E, Andreozzi F, Marini MA, et al. Low plasma insulin-like 
growth factor-1 levels are associated with reduced insulin sensitivity 
and increased insulin secretion in nondiabetic subjects. Nutr Metab 
Cardiovasc Dis. 2009;19:713–719.

	12.	 Sumida Y, Yonei Y, Tanaka S, et al. Lower levels of insulin-like growth 
factor-1 standard deviation score are associated with histological sever-
ity of non-alcoholic fatty liver disease. Hepatol Res. 2015;45:771–781.

	13.	 Chishima S, Kogiso T, Matsushita N, et al. The relationship be-
tween the growth hormone/insulin-like growth factor system and the 
histological features of nonalcoholic fatty liver disease. Intern Med. 
2017;56:473–480.

	14.	 Yao Y, Miao X, Zhu D, et al. Insulin-like growth factor-1 and non-
alcoholic fatty liver disease: a systemic review and meta-analysis. 
Endocrine. 2019;65:227–237.

	15.	 Wang R, Xu D, Liu R, et al. Microsatellite and single nucleotide 
polymorphisms in the insulin-like growth factor 1 promoter with insulin 
sensitivity and insulin secretion. Med Sci Monit. 2017;23:3722–3736.

TABLE 3.  The Distribution of the IGF1 Gene rs5742612 Polymorphism in the Cases with NAFLD and in the Controlsa

Gene (SNV) 
Cases   

(n = 149) 
Controls   
(n = 153) 

Crude  
OR (95% CI) P Value 

Adjustedb  
OR (95% CI) P Value 

IGF1 (rs5742612)

Genotype-wise comparison

  TT 102 (68.5) 114 (74.5) 1.0 (reference) 1.0 (reference)

  TC 32 (21.4) 32 (20.9) 1.05 (0.62–1.46) .907 1.17 (0.73–1.69) .786

  CC 15 (10.1) 7 (4.6) 2.58 (1.14–5.34) .014 2.71 (1.16–5.85) .011

  TC and CC 47 (31.5) 39 (25.5) 1.31 (0.75–2.45) .657 1.44 (0.85–2.12) .564

  CC vs others 15 (10.1) 7 (4.6) 2.32 (1.17–5.38) .029 2.29 (1.10–5.24) .032

Allele-wise comparison

  T 236 (79.2) 260 (84.9) 1.0 (reference) —

  C 62 (20.8) 46 (15.1) 1.31 (0.62–1.74) .063 —

CI, confidence interval; IGF1, insulin-like growth factor 1; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; SNV, single-nucleotide variant.
aData presented as No. (%).
bAdjusted for age, body mass index, sex, smoking status, systolic blood pressure, and diastolic blood pressure in genotype-wise comparisons.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/504/6609866 by guest on 28 February 2025

https://doi.org/10.1038/s41575-021-00523-4
https://doi.org/10.1038/s41575-021-00523-4
https://doi.org/10.1080/00365520500264953


2022;53;504–508  |  https://doi.org/10.1093/labmed/lmac039508 Laboratory Medicine

	16.	 Willems SM, Cornes BK, Brody JA, et al. Association of the IGF1 gene 
with fasting insulin levels. Eur J Hum Genet. 2016;24:1337–1343.

	17.	 Zhang J, Chen X, Zhang L, et al. IGF1 gene polymorphisms asso-
ciated with diabetic retinopathy risk in Chinese Han population. 
Oncotarget. 2017;8:88034–88042.

	18.	 Dabiri R, Mahmoudi T, Sabzikarian M, et al. A 3’-untranslated region 
variant (rs2289046) of insulin receptor substrate 2 gene is asso-
ciated with susceptibility to nonalcoholic fatty liver disease. Acta 
Gastroenterol Belg. 2020;83:271–276.

	19.	 Nobakht H, Mahmoudi T, Sabzikarian M, et al. Insulin and insulin 
receptor gene polymorphisms and susceptibility to nonalcoholic fatty 
liver disease. Arq Gastroenterol. 2020;57:203–208.

	20.	 Sabzikarian M, Mahmoudi T, Tabaeian SP, et al. The common vari-
ant of rs6214 in insulin like growth factor 1 (IGF1) gene: a potential 
protective factor for non-alcoholic fatty liver disease. Arch Physiol 
Biochem. 2020;1–6. doi: 10.1080/13813455.2020.1791187.

	21.	 Brunt EM, Janney CG, Di Bisceglie AM, et al. Nonalcoholic 
steatohepatitis: a proposal for grading and staging the histological 
lesions. Am J Gastroenterol. 1999;94:2467–2474.

	22.	 Mahmoudi T, Karimi K, Karimi N, et al. Association of adiponectin 
receptor 1 gene - 106 C > T variant with susceptibility to colorectal 
cancer. Meta Gene 2016;9:210–214.

	23.	 Mahmoudi T, Majidzadeh-A K, Karimi K, et al. Gly972Arg variant of 
insulin receptor substrate 1 gene and colorectal cancer risk in over-
weight/obese subjects. Int J Biol Markers. 2016;31:e68–e72.

	24.	 Mahmoudi T, Majidzadeh-A K, Karimi K, et al. An exon variant in insu-
lin receptor gene is associated with susceptibility to colorectal cancer 
in women. Tumour Biol. 2015;36:3709–3715.

	25.	 Mahmoudi T, Arkani M, Karimi K, et al. The -4817 G>A (rs2238136) 
variant of the vitamin D receptor gene: a probable risk factor for colo-
rectal cancer. Mol Biol Rep. 2012;39:5277–5282.

	26.	 Nikzamir A, Esteghamati A, Hammedian AA, et al. The role of vascular 
endothelial growth factor +405 G/C polymorphism and albuminuria in 
patients with type 2 diabetes mellitus. Mol Biol Rep. 2012;39:881–886.

	27.	 Mahmoudi T, Farahani H, Nobakht H, et al. Genetic variations in leptin 
and leptin receptor and susceptibility to colorectal cancer and obe-
sity. Iran J Cancer Prev 2016;9:e7013.

	28.	 Salamone F, Bugianesi E. Nonalcoholic fatty liver disease: the hepatic 
trigger of the metabolic syndrome. J Hepatol. 2010;53:1146–1147.

	29.	 Atay K, Canbakan B, Koroglu E, et al. Apoptosis and disease severity 
is associated with insulin resistance in non-alcoholic fatty liver dis-
ease. Acta Gastroenterol Belg. 2017;80:271–277.

	30.	 Fujii H, Imajo K, Yoneda M, et al. HOMA-IR: an independent predictor 
of advanced liver fibrosis in nondiabetic non-alcoholic fatty liver dis-
ease. J Gastroenterol Hepatol. 2019;34:1390–1395.

	31.	 Mahmoudi T, Karimi K, Arkani M, et al. Resistin -420C>G promoter 
variant and colorectal cancer risk. Int J Biol Markers. 2014;29:e233–
e238.

	32.	 Yang CW, Li TC, Li CI, et al. Insulin like growth factor-1 and its 
binding protein-3 polymorphisms predict circulating IGF-1 level and 
appendicular skeletal muscle mass in Chinese elderly. J Am Med Dir 
Assoc. 2014;16:365–3670.

	33.	 Federici M, Porzio O, Lauro D, et al. Increased abundance of insulin/
insulin-like growth factor-I hybrid receptors in skeletal muscle of 
obese subjects is correlated with in vivo insulin sensitivity. J Clin 
Endocrinol Metab. 1998;83:2911–2915.

	34.	 Nishizawa H, Takahashi M, Fukuoka H, et al. GH-independent IGF-I 
action is essential to prevent the development of nonalcoholic 
steatohepatitis in a GH-deficient rat model. Biochem Biophys Res 
Commun. 2012;423:295–300.

	35.	 Hribal ML, Procopio T, Petta S, et al. Insulin-like growth factor-I, 
inflammatory proteins, and fibrosis in subjects with nonalco-
holic fatty liver disease. J Clin Endocrinol Metab. 2013;98:E304–
E308.

	36.	 Ichikawa T, Nakao K, Hamasaki K, et al. Role of growth hormone, 
insulin-like growth factor 1 and insulin-like growth factor-binding pro-
tein 3 in development of non-alcoholic fatty liver disease. Hepatol Int. 
2007;1:287–294.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/504/6609866 by guest on 28 February 2025

https://doi.org/10.1080/13813455.2020.1791187


www.labmedicine.com 509

© The Author(s) 2022. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions, please e-mail: 

journals.permissions@oup.com

The Viability of Hematopoietic Progenitor Cell Grafts 
after Cryopreservation Does Not Predict Delayed 
Engraftment in Allogeneic Hematopoietic Stem Cell 
Transplantation
Emmanuel Fadeyi,1,* Yafet T.  Mamo,1 Amit K.  Saha,2 Emily  Wilson,1 Gregory Pomper1

 
1Wake Forest University School of Medicine – Pathology, Winston-Salem, North 
Carolina, USA, 2Wake Forest University School of Medicine – Anesthesiology, 
Winston-Salem, North Carolina, USA *To whom correspondence should be 
addressed. efadeyi@wakehealth.edu

Keywords: cellular therapy, hematopoietic stem cell, transplantation, 
peripheral blood stem cell, viability, engraftment

Abbreviations: PBSC, peripheral blood stem cell; TNC, total nucleated cell; 
HSCT, hematopoietic stem cell transplantation; 7AAD, 7-aminoactinomycin D; 
ANC, absolute neutrophil count; PLT, platelet; WBC, white blood cell; TTE, time to 
engraftment; AML, acute myeloid leukemia; HPC, hematopoietic progenitor cell.

Laboratory Medicine 2022;53:509–513; https://doi.org/10.1093/labmed/lmac042

ABSTRACT

Objective: Due to the COVID-19 pandemic, more peripheral blood 

stem cell (PBSC) allogeneic grafts are being frozen and infused 

thawed. Our objective was to study the influence of graft viability on 

engraftment outcome in patients treated with PBSCs.

Methods: Using trypan blue stain, we compared total nucleated cell 

(TNC) viability of both fresh and thawed grafts in allogeneic PBSCs.

Results: The viability of thawed PBSC grafts median was 74%, and 

fresh was 99.0%. The median number of CD34 + cells/kg infused 

thawed was 6.3 × 106/kg and median time to neutrophil and platelet 

engraftment was 17.5 and 20 days. Median number of CD34 + cells/

kg infused fresh was 5.1 × 106/kg and median time to neutrophil and 

platelet engraftment was 18 and 19  days. There were no statisti-

cally significant differences in the time to engraftment between the 

2 groups.

Conclusion: A low TNC viability of thawed PBSC grafts does not have 

an effect on time to neutrophil and platelet engraftment when more 

than 2.85 × 106 CD34 + cells/kg are infused.

Allogeneic hematopoietic stem cell transplantation (HSCT) is a successful 
treatment strategy for patients with hematologic malignancies, bone mar-
row failure syndromes, and some inherited disorders.1–4 Assessing graft 
adequacy prior to myeloablative chemotherapy typically involves deter-
mining the viability of stem cells and the yield of stem cells by enumeration 
of stem/progenitor cells expressing the cell surface antigen CD34 at the 
time of leukapheresis.5 The number and recovery of viable CD34+ cells and 
their ability to form colony-forming units are readily used for estimating 
graft quality at infusion if given either fresh or postthaw when the graft is 
cryopreserved. Most allogeneic hematopoietic progenitor cell (HPC) grafts 
are given as fresh infusions and are less commonly cryopreserved. However, 
due to the COVID-19 pandemic, more allogeneic HPC grafts are currently 
being cryopreserved to proactively prevent COVID-19 transmission from 
an asymptomatic donor who may test positive for COVID-19 postdonation. 
According to the US Food and Drug Administration, there have been no re-
ported or suspected cases of transfusion-transmitted COVID-19 infection. 
Additionally, no cases of coronavirus transfusion transmission have been 
reported for the other highly pathogenic coronaviruses that have emerged 
in the past two decades: SARS-CoV (severe acute respiratory syndrome co-
ronavirus) and MERS-CoV (Middle East respiratory syndrome).6

Reduced CD34+ cell viability due to cryopreservation has unknown 
effects on subsequent hematopoietic engraftment in allogeneic HSCT. 
The viability of the total nucleated cells (TNCs) in the graft can either be 
measured by microscope-based assays such as trypan blue staining or via 
flow cytometry based on staining using 7-aminoactinomycin D (7AAD) 
or propidium iodide. These methods do not detect cells in early apopto-
sis and may lead to overestimation of graft cell viability.7 Graft quality 
assessed by 7AAD has been demonstrated to affect clinical outcome and 
may be inferior, leading to transplant-related mortality.7

We studied the influence of graft viability using trypan blue stain 
on engraftment outcome in 93 patients treated with allogeneic HSCT, 
comparing frozen-thawed to fresh infusions. A TNC viability of greater 
than 70% using trypan blue from the HPC graft was used as an indicator 
of successful engraftment.

Materials and Methods

Patients
There were 93 patients who underwent allogeneic HSCT at Wake Forest 
Baptist Medical Center between 2014 and 2020. A total of 56 patients 
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received grafts from unrelated donors. A  total of 93 patients’ PBSCs 
were analyzed. Of these, 49 patients received fresh infusion and 44 re-
ceived frozen-thawed infusion.

Following informed consent, patients underwent allogeneic HSCT 
for various hematologic malignancies as shown in (TABLE 1). To mobi-
lize CD34+ cells, donors received 1 dose of recombinant human granulo-
cyte colony-stimulating factor, 10 μg/kg/d for 5 days. Leukapheresis was 
undertaken using either a COBE Spectra Apheresis System or a COBE 
Spectra Optia Apheresis System (Terumo) with up to 12–24 L of blood 
being processed for each collection. Target viable CD34+ PBSC yield 
was 3.0 × 106 CD34+ cells/kg of recipient body weight. Disease-specific 
myeloablative chemotherapy was administered to each patient based on 
the clinical transplant protocol.

PBSC Processing, Cryopreservation, Thawing, and 
Reinfusion
All fresh PBSC grafts were either processed immediately after collection 
or stored overnight at 4°C and processed the following morning. In the 
laboratory, all study PBSC apheresis collections underwent centrifuga-
tion at 600g for 20 minutes and plasma volume reduction. Centrifuged 
PBSC grafts were diluted 1:2 with cryoprotectant (dimethyl sulfoxide 
DMSO, Mylan Institutional), donor plasma, and Plasma-Lyte A  Injec-
tion pH 7.4 (Baxter), transferred to Cryocyte freezing bags (Origen), and 
subjected to controlled-rate freezing in a liquid nitrogen freezing tank 
(CryoMed, Thermo Electro). PBSC grafts were stored in a vapor phase 
liquid nitrogen at −160°C in a monitored and alarmed purpose-specific 
tank. The PBSC grafts were all stored between 7 and 14 days but most 
were given between 7 and 10 days. PBSC grafts were thawed immedi-

ately prior to reinfusion in a 37°C water bath and infused through an IV 
syringe pushed slowly into the central venous access device.

CD34+ Cell Enumeration and Viability Assay
Absolute CD34+ cell numbers and viability of PBSC grafts was de-
termined using ISHAGE single platform methodology with a multi-
color flow cytometer (FacsCalibur cell analyzer or Facs CANTO II, BD 
Biosciences). The viability of the progenitor cells was enumerated 
using microscope-based trypan blue staining. CD34+ cell enumer-
ation was performed on each PBSC graft at the time of collection 
and postconcentration before cryopreservation. The CD34+ cells/
kg dose listed for this study is the postconcentration value prior 
to cryopreservation; the dose is not adjusted for percent viability 
using trypan blue. The total dose of CD34+ cells/kg was recorded 
prior to both fresh and thawed infusion and immediately before 
the infusion.

Engraftment Monitoring
Following PBSC infusion, daily blood counts were monitored and re-
corded. Neutrophil engraftment was defined as the first of three consec-
utive days postinfusion where peripheral blood neutrophil count (ANC) 
was at least 0.5 × 109/L. Platelet (PLT) engraftment was defined as the 
first of 3 consecutive days where platelet count was at least 20 × 109/L 
without PLT transfusion support in the preceding 7 days. Successful en-
graftment for both ANC and PLT was set at less than 21 days based on 
published studies.8–10Chimerism obtained up to day +100 was recorded 
for each transplant.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Win-
dows software version 26.0 (IBM). Results were analyzed using de-
scriptive statistics to compare fresh and frozen-thawed infusion using 
viability percentage and engraftment. Comparison between groups was 
done using χ 2 tests for proportions and Student t-test for continuous 
variables, and results are presented as mean ± standard deviation. For 
variable failing in normality test nonparametric Mann-Whitney test was 
employed to assess group differences, and the results are presented as 
median ± range. Because stem cell data did not pass the Shapiro-Wilk 
normality test, nonparametric evaluation was performed. Spearman 
correlation tests were used to determine relationships between viability 
and other variables. To access the association of event of engraftment 
less than 21 days for both fresh and frozen-thawed infusion, multiple 
linear regression was performed with all other independent variables 
as fixed effects. Collinearity was assessed using variance inflation fac-
tor and condition index, with values <10 indicating acceptability. Ad-
ditionally, sensitivity analyses were performed to investigate effect of 
fresh and frozen-thawed infusion on range of ANC and PLT engraftment 
using Cox-regression analysis with Kaplan-Meier. A 2-tailed P value <.05 
was considered statistically significant.

Wake Forest University Health Sciences’ Institutional Review Board 
approved this data collection protocol.

Results
There were no statistically significant differences in patient age, sex, 
weight, CD34+/kg dose, and TNC count infused between the 2 groups. 
(TABLE 1). There was a statistically significant difference in viability 

TABLE 1.  Patient Characteristics

 Fresh (n = 49) Thawed (n = 44) P Value 

Age (y), mean (SD) 54.2 (15.7) 57.2 (12.5)  .343 

Patient weight (kg), 
mean (SD)

84.5 (18.2) 89.8 (24.4) .196

CD34+/kg infused,  
median (range)

5.1 × 106 (2.16 × 106–
12.5 × 106)

6.3 × 106 (2.85 × 106–
11.8 × 106)

.034

Total nucleated cell 
count infused,   
median (range)

5.97 × 1010 (1.50 × 1010–
14.44 × 1010)

6.08 x 1010 
(4.05 × 1010−14 × 1010)

.128

% Viability  
(trypan blue),   
median (range)

99 (85–100) 74 (33–89) <.001

Sex (male,  
female) (No.)

26, 23 24, 20 .961

Type transplant (No.)   .623

  Related 18 19  

  Unrelated 31 25  

Disease (No.)   .619

  AML/ALL 32 30  

  Aplastic anemia 2 0  

 � Lymphoma  
(HL and NHL)

1 5  

  MDS 10 7  

  Myelofibrosis 4 2  

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; HL, 
Hodgkin lymphoma; MDS, myelodysplastic syndrome; NHL, non-Hodgkin 
lymphoma.
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percent between the 2 groups with a median of 74% for frozen-thawed 
and 99% for fresh infusion (P <. 001) (TABLE 1). Multivariate regres-
sion analysis was performed on all the covariates for engraftment less 
than 21 days. The odds ratio for ANC 0.5 × 109/L and PLT 20 × 109/L 
engraftment less than 21  days based on multiple logistic regression 
showed no statistically significant effects on fresh and frozen-thawed 
infusions, gender, age, transplant type, patient’s weight, viability per-
cent, and disease type (TABLE 2). Univariate analysis showed no signif-
icant differences in the outcomes of days to ANC and PLT engraftment, 
chimerism, and event of ANC and PLT engraftment less than 21 days 
between the 2 groups of fresh and frozen-thawed. (TABLE 3). There 
were 2 patients who received frozen-thawed grafts that failed engraft-

ment. The Cox-regression analysis using the Kaplan-Meier method for 
engraftment analysis between percent engraftment and days to ANC 
0.5 × 109/L and PLT 20 × 109/L showed no statistically significant differ-
ence in engraftment between the 2 groups of fresh and frozen-thawed 
infusions (FIGURES 1 and 2).

Discussion
HSCT is currently an important treatment in the management of vari-
ous hematologic malignancies. During HSCT, native hematopoietic cells 
of recipients are replaced by donor HPC, which then populate the recip-
ient marrow and become the source of hematopoiesis. Various types of 
HSCT, based on donor-recipient human leukocyte antigen (HLA) com-
patibility, the origin of donor stem cells, and the type of conditioning 
regimen, can all affect the time for immune reconstitution. There is usu-
ally a predictable loss of CD34 + cells during processing and cryopres-
ervation.

We found in our study that a higher percentage of viable TNC in the 
fresh grafts does not correlate with earlier engraftment of both ANC and 
PLT if the viability is above 70%. In Watz et al,7 the authors found that grafts 
with higher white blood cell (WBC) concentrations (>300 × 109/L) had sig-
nificantly lower viability of WBCs in frozen-thawed samples than grafts 
with WBC concentration of less than 300 × 109/L. Therefore, no clear corre-
lation could be found when comparing the viability of WBCs using 7AAD on 
freshly arrived PBSC grafts compared to frozen-thawed vials.7

According to the Foundation for Accreditation of Cellular Therapy 
standard D8.1.3.1,11 “for all cellular therapy products, a total nucleated 
cell count and viability measurement shall be performed”; however, 
there is no guidance on the method used to perform viability. We used 
trypan blue staining method in our laboratory as a quality indicator of 
viability for our frozen-thawed products to maintain the potency and 
the integrity of the cellular product. Others have used flow cytometric 
methods to determine viability of cryopreserved cellular therapy 
products that showed nearly identical cell viability to that of fresh cel-
lular product graft 48 hours after collection.12 In autologous transplan-
tation, measurement of postthaw viable CD34+ cell count has been 
shown to be a valuable predictor of hematopoietic stem cell engraft-
ment according to Lee et  al.13 Based on trypan blue viability results, 
there is no statistical difference in viable TNC between the two groups. 
This may explain why freeze-thaw has no effect on engraftment.

Based on our findings, measurement of postthaw viable TNC 
count using trypan blue when comparing fresh and frozen-thawed  

TABLE 2.  Multiple Logistic Regression for the Event (ANC 0.5 × 109/L and PLT 20 × 109/L Engraftment Less than 21 Days)

 Odds Ratio 
95% CI for Odds Ratio

P Value 
Lower Upper 

Fresh (Yes) 0.364 0.072 1.838 .221

Sex (male) 0.536 0.201 1.429 .212

Age 0.981 0.949 1.015 .281

Type transplant (related) 1.216 0.750 1.971 .428

Patient weight 0.982 0.961 1.004 .103

% Viability (trypan blue) 0.968 0.922 1.016 .189

Lymphoma (HL and NHL) with respect to AML/ALL 1.421 0.350 5.759 .623

MDS with respect to AML/ALL 1.847 0.340 10.033 .477

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ANC, absolute neutrophil count; CI, confidence interval; HL, Hodgkin lymphoma; MDS, 
myelodysplastic syndrome; NHL, non-Hodgkin lymphoma; PLT, platelet.

TABLE 3.  Engraftment Outcome Analysis

 Fresh (n = 49) Thawed (n = 44) P Value 

Days to PLT 20 × 109/L, median 
(range)

19 (9–79) 20 (12–39) .503

Days to ANC 0.5 × 109/L, median 
(range)

18 (11–23) 17.5 (11–30) .608

Chimerism %, median (range) 99 (94–100) 99 (92–100) .920

Event of ANC 0.5 × 109/L and PLT 
20 × 109/L engraftment less than 
21 days(n)

30 23 .682

ANC, absolute neutrophil count; PLT, platelet.

FIGURE 1. Days to absolute neutrophil count (ANC) 
0.5 × 109/L. 
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allogeneic transplantation has no effect on time to hematopoietic en-
graftment. Similar to our findings, Abrahamsen et al14 found that using 
flow cytometry, the viable transplanted CD34+ cell dose measured 
postthaw does not predict engraftment. Likewise, in our study we found 
that there is no statistically significant difference in time to engraftment 
(TTE) between fresh and frozen-thawed allogeneic HSCT.

Several factors other than CD34+ cell dose determine engraftment 
potential in HSCT. These factors include the nature of the disease being 
treated, prior therapies, and the type of conditioning regimen, including 
whether the HPC is bone marrow derived or PBSCs.15,16 In addition to 
whether the HPC is bone marrow vs PBSC, the cryopreservation stor-
age time appears to have little or no effect on engraftment potential, 
and this has been confirmed by a number of observers.15,17 In looking at 
the effect of donor graft cryopreservation on allogeneic HPC transplants 
outcomes, cryopreservation is safe during the COVID-19 pandemic and 
may be associated with slower engraftment, which may affect transplan-
tation outcomes in some patients.18,19

Minimizing viable CD34+ cell loss during processing, cryopreserva-
tion and thawing is in part a function of quality assurance in the stem 
cell–processing laboratory. In our laboratory, we can expect, on aver-
age, a reduction of approximately 30% in viable TNC using trypan blue 
staining. Therefore, a TNC viability of 70% following processing and cry-
opreservation was set as a quality indicator of viability and potency of 
the frozen-thawed grafts.

It has been shown in autologous transplants by Allan et al20 that cry-
opreservation and processing of autologous stem cell collections signifi-
cantly reduces the number of viable CD34+ cells available for reinfusion. 
The number of viable CD34+ cells reinfused is associated with time to 
hematopoietic engraftment in autologous transplantation. This has 
not been our experience with frozen-thawed allogeneic transplantation 
based on the presented data. The median dose of CD34+ cells was actu-
ally higher for the frozen-thawed grafts than for the fresh grafts and yet 
there was no difference in TTE, although the median viable CD34+ cells 
are similar between the 2 groups. Above a minimal threshold, the dose 
of CD34+ cells infused is not associated with time to either ANC or PLT 
engraftment. According to Allan et al,20 measuring CD34+ cell viability 
may be useful in quality assessments of stem cell processing and may 
identify patients at risk of delayed engraftment. This may not necessar-
ily translate to allogeneic HSCTs. There were 2 patients who received 

frozen-thawed grafts with graft failures, one with myelofibrosis and the 
other with acute myeloid leukemia (AML). Both patients had identical 
TNC viabilities and similar patient characteristics (see TABLE 4). Ac-
cording to Gupta et al,21 the success of allogeneic transplant in patients 
with myelofibrosis is associated with significant risk of regimen-related 
toxicities, graft failure, and graft-versus-host disease. Leukemia relapse 
continues to be the main cause of graft failures in patients with acute 
leukemia following allogeneic HSCT.22,23

The Kaplan-Meier curves demonstrate no difference in days to both 
ANC and PLT engraftment between the groups of frozen-thawed and 
fresh infusions. Watz et al7 found in their study of quality of stem cell 
grafts using 7AAD for viability that the time to engraftment as meas-
ured by PLT count and ANC was similar for patients receiving low and 
better quality grafts; therefore, no clear correlation could be found 
when comparing the viability of WBCs using 7AAD on fresh and frozen-
thawed PBSCs. This is similar to the results of our study when using try-
pan blue viability.

There are some limitations of our study. First, this study was 
performed at a single stem cell–processing laboratory and may not be 
generalizable to other processing laboratories with alternative way of 
determining viability such as using 7AAD. However, 7AAD is compara-
ble to trypan blue staining in determining stem cell viability. Second, 
we did not take into consideration the different diseases of the patient 
and the different types of conditioning regimen that might be required 
for each disease and how this might affect engraftment or transplant 
outcomes. We only reviewed the viability of the PBSC grafts prior to in-
fusion and assessed for engraftment. Third, we did not account for the 
HLA-mismatched donor-recipient pairs nor did we consider differences 
between related and unrelated donor-recipient pairs, which might af-
fect graft outcomes. Fourth, there is a difference in median cell dose be-
tween the 2 groups, with the patients that received the frozen-thawed 
product having a slightly higher median dose than those receiving the 
fresh product. Jeyaraman et  al24 conducted a retrospective analysis 
that showed autologous stem cell transplant can be safely performed 
with a noncryopreserved CD34+ cell dose of <2 × 106/kg range (1.22 to 
1.97 × 106/kg). Sureda et al25 showed that a higher CD34+ cell dose/kg 
will lead to an early engraftment. However, given the lower viability in 
the frozen-thawed grafts, there seems to be no significant difference in 
the total viable CD34+ cells/kg infused between the 2 groups.

In conclusion, we investigated the difference in low TNC viabil-
ity between the frozen-thawed infusion of allogeneic PBSC grafts 
compared to the fresh infusion of allogeneic PBSC grafts and assessed 
for delayed engraftment. The data shows that low TNC viability of the  

TABLE 4.  Patients with Failed Engraftment

 Patient 1 Patient 2 

Type Frozen Frozen

Age (y) 62 67

Patient weight (kg) 66 80

CD34+/kg infused 2.85 × 106 5.02 × 106

Total nucleated cell count infused 4.95 × 1010 6.75 × 1010

% Viability (trypan blue) 83 86

Sex Female Male

Type Transplant (No.) Related Unrelated

Disease (No.) AML Myelofibrosis

FIGURE 2. Days to platelet (PLT) 20 × 109/L. frozen-thawed grafts was not associated with delayed TTE. Engraftment 
following PBSC infusion does not depend on the viability assessment 
using trypan blue stain for both frozen-thawed and fresh infusions.
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frozen-thawed grafts was not associated with delayed TTE. Engraftment 
following PBSC infusion does not depend on the viability assessment 
using trypan blue stain for both frozen-thawed and fresh infusions.
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ABSTRACT

Objective: Three SARS-CoV-2 vaccinations and boosters are availa-

ble. We determined whether solid organ transplant patients mounted 

an immune response to the vaccinations and whether the antibodies 

had neutralizing activity compared to healthcare worker controls and 

monoclonal gammopathy patients.

Methods: Remnant plasma was obtained from vaccinated solid 

organ transplant, allogeneic stem cell transplant, monoclonal 

gammopathy patients, and healthcare worker controls. Samples 

positive on a SARS-CoV-2 IgG assay (detects spike protein and nu-

cleocapsid) were run on a SARS-CoV-2 in vitro neutralizing antibody 

assay and a nucleocapsid-specific SARS-CoV-2 IgG assay.

Results: Only 25% of solid organ transplant patients produced 

antibodies to SARS-CoV-2 vaccination. Of these, 90% had neutralizing 

activity against wild type virus, but reduced activity to the variants 

compared to monoclonal gammopathy patients and healthcare 

worker controls, particularly the delta variant, for which only 50% had 

neutralizing antibody activity. 

Conclusion: Solid organ transplant patients should consider 

protecting themselves against future SARS-CoV-2 infection.

As of March 3, 2022, the SARS-CoV-2 virus has infected over 441 million 
people worldwide resulting in >5.9 million deaths.1 Along with masking 
and social distancing measures, development, approval, and implemen-
tation of vaccines is key to stopping the further spread of highly infec-
tious viral infections. To date, the Pfizer-BioNTech (BNT162b2) and 
Moderna (mRNA-1273) vaccinations were given full US Food and Drug 
Administration approval on August 23, 2021, and January 31, 2022, re-
spectively. They are both 2-dose vaccines based on mRNA technology. 
The Johnson and Johnson Janssen vaccine (JNJ-78436735) was given 
emergency use authorization on February 27, 2021, and is based on a 
modified adenovirus vector.

Patients who undergo a solid organ or stem cell transplant at any 
stage of life are required to take medications that suppress the immune 
system to prevent rejection of the transplanted organ or cells. How-
ever, this leaves the patients vulnerable to infection. From a study in 
the United Kingdom, having a solid organ transplant was associated 
with greater than 3 times increased risk of death from COVID-19 after 
adjustment for age.2 Due to this degree of immunosuppression, organ 
transplant patients were prioritized to have earlier access to the vaccines 
should they wish to receive them.

As can be appreciated, immunocompromised individuals may have a 
lower immune response to vaccinations. In a study of 242 kidney trans-
plant patients, 28 days after the first dose of the Moderna vaccine, only 
10.8% of these patients had a positive IgG serology test.3 This was further 
confirmed in another study of 436 transplant patients that were a me-
dian of 20 days postvaccination with either the Pfizer or Moderna vaccine 
where only 17% of patients had a detectable antibody response.4 These 
authors also found that an antibody response to the vaccines was less 
likely in transplant patients receiving antimetabolite maintenance im-
munosuppression therapy (mycophenolate) than in transplant patients 
receiving other types of therapy.4 It should be noted, however, that 20 or 
28 days may not be a sufficient time period in which to mount an adequate 
immune response. In a follow-up study, the authors investigated the an-
tibody response in 658 solid organ transplant patients after both doses 
of the vaccine.5 They found that 15% of these patients had an antibody 
response after dose 1 and dose 2 of the vaccine, 46% of these patients 
had no antibody response after either dose, and 39% had no antibody 
response after dose 1 but developed an antibody response after dose 2 of 
the vaccine. The previous finding that patients receiving antimetabolite 
therapy were less likely to have an immune response to the vaccine was 
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mirrored in this study, where 57% of patients taking antimetabolites had 
no antibody response after doses 1 and 2, 35% had no antibody response 
after dose 1 but developed one after dose 2, and 8% of patients had an 
antibody response after dose 1 and dose 2.5

In a liver transplant–specific study of 161 patients, it was found that 
antibodies were detectable in 34% of patients after dose 1 (median of 
21 days postdose) and 81% after dose 2 at a median of 30 days after the 
dose and that 39% of patients receiving 2 vaccine doses on antimetabo-
lite therapy vs 5% not on antimetabolite therapy were nonresponders.6 
A later study investigated B-cell and T-cell responses in 16 solid organ 
transplant patients vs 23 immunocompetent controls and found that 
only 37% of solid organ transplant patients vs 100% of immunocom-
petent controls developed anti-SARS-CoV2 IgG antibodies to the spike 
protein.7 Further, only 56% of transplant patients had a detectable 
T-cell response.7

In a previous study of 93 multiple myeloma patients, it was found 
that 56% had a positive SARS-CoV-2 IgG spike protein antibody re-
sponse after the first dose of either the Pfizer or Oxford-AstraZeneca 
(AZD1222; viral vector vaccine) vaccines.8 In another study,9 it was 
found that patients with a history of monoclonal gammopathy had 
a similar antibody response to the Pfizer, Moderna, and Janssen 
SARS-CoV-2 vaccines as healthcare worker controls. Therefore, the 
objective of this study was to investigate the SARS-CoV-2 IgG anti-
body response in patients who had a history of solid organ or stem 
cell transplant. Further, this study aimed to determine whether the 
antibodies that were produced by the transplant patients and patients 
with a history of monoclonal gammopathy had neutralizing activity 
towards the different strains of the virus in vitro compared to health-
care worker controls.

Materials and Methods

Patient Samples
Institutional review board approval from the University of California San 
Francisco was obtained for this study. Medical records were reviewed for 
patients who had laboratory orders placed for tacrolimus, everolimus, 
sirolimus, and cyclosporine in April and May 2021. If these patients had 
received either both doses of a SARS-CoV-2 Pfizer or Moderna vacci-
nation or the single dose of the Janssen vaccination and had a medical 
history of either solid organ or allogeneic stem cell transplant, they were 
included in this study. Remnant plasma samples sent to the laboratory 
for routine clinical testing for these patients were retrieved and stored 
frozen at −20°C (n = 40).

Remnant serum samples from patients with a history of monoclo-
nal gammopathy (n = 12) that had a SARS-CoV-2 vaccination and had a 
positive SARS-CoV-2 IgG response from the assay described below that 
detects antibodies against both the spike protein and nucleocapsid were 
obtained and used as a disease control group. Additional information 
regarding these patients has been described.9 Written consent was not 
required, as remnant samples sent to the laboratory for routine patient 
care were used for this study.

Healthcare worker controls (n = 20) from Zuckerberg San Francisco 
General Hospital were recruited and blood samples were drawn (gold 
top tubes). Written consent was obtained from all subjects. The 
date(s) of vaccination and type of vaccine received was self-reported.

SARS-CoV-2 IgG Antibody Assay
The Pylon 3D automated immunoassay system was used to quanti-
tatively measure IgG antibodies as previously described10 on the re-
sidual plasma samples retained from the transplant patients. Briefly, 
this assay is a sandwich-based assay. Fifteen microliters of plasma 
was mixed with 105 µL diluent in the sample well. The probe, coated 
with Protein G targeting IgG, was immersed in the sample well for 360 
seconds, followed by a wash sequence. The probe was then transferred 
to a well containing biotinylated SARS-CoV-2 spike receptor binding 
domain (RBD) (Arg319-Phe541) for a 180 second incubation. The 
biotinylated RBD binds SARS-CoV-2 specific IgG. Following a wash 
sequence, the probe was then incubated with a Cy5-streptavidin (Cy5-
SA) polysaccharide conjugate reagent for 30 seconds followed by a 
wash sequence. Fluorescence signal from the bound Cy5-SA on the 
probe tip was then measured. This assay detects both the nucleocap-
sid and spike protein of SARS-CoV-2 and therefore cannot differenti-
ate between antibodies produced as a result of COVID-19 infection or 
those produced due to vaccination. The quantitative assay produces a 
result of relative fluorescence units (RFUs), and a cutoff of 50 RFUs 
was considered as positive.10 RFUs are determined for patient samples 
based on comparison with a calibration curve ranging from 1 µg/mL 
to 300 µg/mL of SARS-CoV-2 human IgG standard spiked into nega-
tive human serum. The assay is linear to 300 µg/mL corresponding to 
6976 RFUs. Therefore, the higher the number of RFUs, the greater the 
antibody response.

SARS-CoV-2 IgG Nucleocapsid Antibody Assay
The samples from transplant patients that were positive on the SARS-
CoV-2 IgG antibody assay described above were run on a chemilumi-
nescent microparticle immunoassay designed to detect only antibodies 
against the nucleocapsid protein of the virus on the Architect i2000 in-
strument (Abbott Laboratories). This assay uses SARS-CoV-2 antigen 
coated paramagnetic microparticles that are incubated with the patient 
sample, allowing the IgG antibodies in the sample to bind to the antigen. 
There is a washing step: anti-human IgG acridinium-labeled conjugate is 
added, creating a reaction mixture, which is incubated, and the addition 
of a pre-trigger and trigger solution cause a chemiluminescent reaction, 
which is measured in relative light units (RLUs). There is a direct rela-
tionship between the amount of IgG antibodies in the patient sample 
and the RLUs detected. The result is reported as an index based on di-
viding the sample result by the calibrator result to determine whether a 
patient sample is positive or negative for the antibodies. The cut-off in-
dex for positivity is ≥1.4 S/C (sample result divided by calibrator result).

SARS-CoV-2 In Vitro Neutralizing Antibody Assay
The Pylon neutralizing antibody assay is a competitive binding assay. 
Twenty-six microliters of plasma was mixed with 104 µL of assay buffer 
containing biotinylated recombinant angiotensin-converting enzyme 2 
protein (ACE2) in the sample well. The probe, coated with SARS-CoV-2 
spike RBD (Arg319-Phe541), was immersed in the sample well and 
incubated for 720 seconds. The biotinylated ACE2 competes with any 
neutralizing antibody present in the sample to bind the immobilized 
RBD on the probe. Following a wash sequence, the probe was then 
incubated with streptavidin conjugated to cyanine 5 (Cy5-SA) for 30 
seconds, followed by a wash sequence. Fluorescence signal from the 
bound Cy5-SA on the probe tip was measured.
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The amount of fluorescence signal measured is inversely propor-
tional to the amount of neutralizing antibody present in the sample. The 
result output is a ratio index value (B/B

0
), where B is the fluorescence 

signal measurement for the sample and B
0
 is a preestablished value de-

termined by testing negative pre-COVID-19 sera and is the fluorescent 
measurement for maximum binding. The cutoff index value used in this 
study was 0.73 using 30 pre-COVID-19 control serum samples. Any in-
dex value above 0.73 was negative (−) for neutralizing antibody and any 
below 0.73 was positive (+); the lower the signal, the more neutralizing 
antibody activity in the patient sample. Neutralizing antibody activity 
against the following variants of SARS-CoV2 was investigated: D614G 
(original variant), B.1.1.7 (alpha variant), B.1.351 (beta variant), 
B.1.1.28 (gamma variant) and B.1.617 (delta variant). The between-
batch imprecision of this assay was ≤10% for all variants. All patient 
samples that had a positive IgG antibody assay result were used in the 
neutralizing antibody assay.

Data Analysis
Data analysis was performed in Excel (Microsoft). For each of the 
variants, a 2  ×  2  χ 2 test was performed comparing the positive 
neutralizing antibody assay results between the combined group of 
patients with a history of monoclonal gammopathy and healthcare 
worker controls vs the solid organ transplant patients (that were pos-
itive in the SARS-CoV-2 IgG antibody assay) using MedCalc v.19.6.4. 
A P value of < .05 was deemed significant.

Results

Study Population
The demographic information for the 40 transplant patients included in 
this study can be seen in TABLE 1. Out of 40 patients, 13 were female 
and 27 were male with a mean and median age of 67 and 69 years, re-
spectively (range, 28–87 years). Fifteen of the patients had previously 
had a kidney transplant, 8 had a liver transplant, 9 had a lung transplant 
(3 of which were bilateral), 5 had a heart transplant, 2 had allogeneic 
stem cell transplants, and 1 patient had a heart and lung transplant. 
Mean and median time since transplant was 6.8 and 5.8 years, respec-
tively (range, 0.5–22.8 years). Twenty-five patients received the Pfizer 
vaccine, 13 patients received the Moderna vaccine, and 2 patients re-
ceived the Janssen vaccine. The mean and median time since the first 
or only dose of the vaccine were 71 and 73  days, respectively (range, 
14–100 days).

Demographic information for the 12 patients with a history of mon-
oclonal gammopathy run on the SARS-CoV-2 neutralizing antibody as-
say and included in this study can be seen in TABLE 2 and from the 
healthcare worker controls in TABLE 3.

SARS-CoV-2 IgG Antibodies in Solid Organ and Stem Cell 
Transplant Patients
Of the 40 transplant patients included in this study, only 10 had a 
positive SARS-CoV-2 IgG antibody test (25%) (TABLE 4). Of the 10 
patients that were positive, 2 had a heart transplant, 1 had a heart 
and lung transplant, 3 had a kidney transplant, 3 had a liver trans-
plant, and 1 had a lung transplant. Of the 3 patients that had a SARS-
CoV-2 IgG result of >500 RFUs, all of them had liver transplants. 
The liver transplant patient with the highest SARS-CoV-2 IgG result 

was only receiving tacrolimus as immunosuppressive therapy and 
it had been 22.8 years since the transplant. The other 2 liver trans-
plant patients with RFUs of >500 were taking mycophenolate and 
tacrolimus, and sirolimus and tacrolimus, respectively, and it had 
been 2.2 and 8.1 years since their respective transplants. Neither of 
the two patients who had undergone allogeneic stem cell transplant 
had a positive SARS-CoV-2 IgG antibody test.

The SARS-CoV-2 IgG RFUs showed a positive trend with increasing 
time since second dose of the vaccination in the 40 transplant patients 
(FIGURE 1). Increasing age had a slightly positive trend with RFUs 
in the 40 transplant patients and 20 healthcare worker controls, but a 
slightly negative trend with RFUs in the 12 patients with a history of 
monoclonal gammopathy (FIGURE 2). Further, the SARS-CoV-2 IgG 
RFUs also showed a slight positive trend with days since second dose of 
the Moderna vaccine and the Pfizer vaccine in the transplant patients 
(FIGURE 3).

SARS-CoV-2 IgG Nucleocapsid Antibody Assay
Of the 10 patients that had a positive antibody result on the assay 
described above, 9 had sufficient sample remaining to be tested on a 
SARS-CoV-2 IgG assay that only detected antibodies to the nucleo-
capsid protein. All 9 samples were negative on this assay, indicating 
that the antibody response seen in the previously described assay 
was directed at the spike protein. This result could indicate that the 
antibodies were from the vaccine and not from prior infection, or 
that the sample was taken from these patients after sufficient time 
had passed from SARS-CoV-2 infection that the nucleocapsid anti-
body titer had decreased. For the 1 patient that did not have suffi-
cient sample remaining to perform this assay, chart review did not 
indicate a prior COVID-19 infection.

In Vitro Neutralizing Antibody Assay
The samples from solid organ transplant patients (n = 10), patients with 
a history of monoclonal gammopathy (n = 12) and from 20 healthcare 
worker controls that had detectable SARS-CoV2 IgG antibodies were run 
on the in vitro surrogate neutralizing antibody assay. A cutoff of 0.73 
was used to determine whether the sample was positive for neutralizing 
antibodies, with the lower the number, the more neutralizing activ-
ity that was observed. The healthcare worker control samples all had 
neutralizing antibody activity for the original variant of the virus 
and for the other variants, but they were less effective for these other 
variants (TABLE 5). The patient samples from patients with a history of 
monoclonal gammopathy all had neutralizing antibody activity for the 
original variant of the virus, the alpha variant (B.1.1.7) and the delta 
variant (B.1.617). With one exception, 11 out of 12 patients (92%) with 
monoclonal gammopathy had neutralizing antibody activity to all of the 
variants (TABLE 6). The one exception (8%) had no neutralizing anti-
body activity against either the beta or gamma variants (B.1.351 and 
B.1.1.28, respectively) (TABLE 6). Nine out of 10 solid organ trans-
plant patient samples had neutralizing antibody activity for the orig-
inal variant of the virus (90%). Two out of 10 patient samples had no 
neutralizing antibody activity for the alpha variant (B.1.1.7; 20%), 3 
out of 10 patient samples had no neutralizing antibody activity for the 
beta variant (B.1.351; 30%), 3 out of 10 patients had no neutralizing 
antibody activity for the gamma variant (B.1.1.28; 30%), and 5 out of 
10 patients had no neutralizing antibody activity for the delta variant 
(B.1.617; 50%) (TABLE 7).
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A 2 × 2 χ 2 test was performed comparing the percentage of positive 
neutralizing antibody responses in the combined healthcare worker 
controls and patients with a history of monoclonal gammopathy group 
vs the solid organ transplant patients (TABLE 8). The solid organ trans-

plant patients had similar neutralizing antibody activity to the original 
SARS-CoV-2 strain (P = .0736), but a significantly lower neutralizing an-
tibody activity to the alpha (P  =  .0104), beta (P  =  .0125), and gamma 
(P = .0125), and particularly the delta variant (P < .0001) of SARS-CoV-2.

TABLE 1.  Demographic Information for the 40 Solid Organ or Allogenic Stem Cell Transplant Patients Included in the Study

Patient Age, y/Sex Days Since Dose 1, 2 Vaccine Transplant Type Years Since Transplant Current Immunosuppressant Medications 

1 67/M 67, 40 P Heart 2.1 Everolimus, tacrolimus

2 69/F 79, 58 P Heart 8.0 Mycophenolate, tacrolimus

3 69/M 71, 42 P Heart 4.4 Everolimus, mycophenolate, tacrolimus

4 50/F 48, 20 M Heart 12.7 Mycophenolate, tacrolimus

5 61/M 67, 41 M Heart 2.8 Mycophenolate, tacrolimus

6 28/F 50, 29 P Heart and lung 4.8 Mycophenolate, prednisone, tacrolimus

7 78/F 56, 28 M Kidney 9.0 Azothioprine, prednisone, tacrolimus

8 68/M 68, 47 P Kidney 2.9 Mycophenolate, prednisone, tacrolimus

9 71/M 64, 25 P Kidney 4.3 Mycophenolate, prednisone, tacrolimus

10 45/F 76, 23 P Kidney 0.7 Mycophenolate, prednisone, tacrolimus

11 71/M 77, 55 P Kidney 6.0 Mycophenolate, prednisone, tacrolimus

12 87/M 93, 72 P Kidney 7.1 Mycophenolate, tacrolimus

13 57/M 14, NA J Kidney 3.6 Mycophenolate, prednisone, tacrolimus

14 68/M 76, 48 M Kidney 7.7 Mycophenolate, prednisone, tacrolimus

15 67/M 74, 53 P Kidney 18.0 Mycophenolate, prednisone, tacrolimus

16 72/F 72, 47 P Kidney 0.8 Mycophenolate, prednisone, tacrolimus

17 70/F 73, 45 P Kidney 3.6 Mycophenolate, prednisone, tacrolimus

18 78/F 93, 65 M Kidney 8.4 Prednisone, tacrolimus

19 74/M 100, 72 M Kidney 0.9 Mycophenolate, prednisone, tacrolimus

20 68/M 85, 63 P Kidney 4.2 Mycophenolate, tacrolimus

21 63/M 61, 40 P Kidney 11.6 Mycophenolate, prednisone, tacrolimus

22 81/M 93, 65 M Liver 22.8 Tacrolimus

23 69/F 66, 38 M Liver 8.1 Sirolimus, tacrolimus

24 73/M 97, 65 M Liver 7.4 Mycophenolate, prednisone, tacrolimus

25 66/M 73, 52 P Liver 3.1 Mycophenolate, tacrolimus

26 66/F 71, 30 P Liver 8.4 Mycophenolate, tacrolimus

27 67/M 73, 44 M Liver 2.2 Mycophenolate, tacrolimus

28 60/M 44, NA J Liver 4.9 Mycophenolate, tacrolimus

29 74/F 62, 35 P Liver 19.4 Prednisone, tacrolimus

30 71/M 67, 25 P Lung 5.7 Mycophenolate, prednisone, tacrolimus

31 73/F 82, 61 P Lung 12.6 Everolimus, mycophenolate, prednisone, 
tacrolimus

32 56/F 37, 16 P Lung 13.8 Mycophenolate, prednisone, tacrolimus

33 58/M 71, 47 P Lung 8.7 Prednisone, sirolimus, tacrolimus

34 55/M 44, 23 P Lung 8.1 Mycophenolate, prednisone, tacrolimus

35 75/M 93, 65 M Lung 6.1 Mycophenolate, prednisone, tacrolimus

36 74/M 69, 30 P Lung, bilateral 6.1 Everolimus, prednisone, tacrolimus

37 73/M 89, 60 M Lung, bilateral 3.5 Mycophenolate, prednisone, tacrolimus

38 69/M 78, 50 P Lung, bilateral 3.7 Everolimus, mycophenolate, prednisone, 
tacrolimus

39 72/M 82, 60 P Stem cell, allogeneic 2.8 Prednisone, tacrolimus

40 69/M 85, 56 M Stem cell, allogeneic 0.5 Tacrolimus

J, Janssen vaccine; M, Moderna vaccine; NA, not applicable; P, Pfizer vaccine.
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Discussion
This study aimed to determine the SARS-CoV-2 IgG antibody response 
in patients who had a history of solid organ or allogenic stem cell trans-
plant and had received the SARS-CoV-2 vaccination. Only 25% of these 
patients had a positive SARS-CoV-2 IgG antibody response based on a 
positive cutoff of 50 RFUs. This is in line with reports in kidney trans-
plant patients and other solid organ transplant patients.3–7

Transplant patients need to be maintained on immunosuppressant 
therapies to prevent rejection of the transplanted organ, but a balance 
must be maintained between preventing rejection and the side effects 

TABLE 2.  Demographic Information for Patients with a History of Monoclonal Gammopathy Run on the SARS-CoV-2 
Neutralizing Antibody Assay

Patient  Age, y/Sex Days Since Dose 1, 2 Vaccine Diagnosis 

1 66/M 70, 37 P MGUS

2 76/M 47, 20 M MM not in remission

3 66/M 60, 32 M SMM

4 49/F 66, 38 M MM in remission with 
hypogammaglobulinemia

5 73/M 69, 41 M MGUS

6 58/M 52, 21 M MM in remission with 
hypogammaglobulinemia

7 38/M 19, NA J MGUS

8 66/F 60, 42 M MGUS

9 60/F 71, 42 M MGUS

10 66/M 73, 53 P Free light chain amyloidosis

11 79/M 44, 16 M MGUS

12 67/M 33, 5 M MM not in remission

J, Janssen vaccine; M, Moderna vaccine; MGUS, monoclonal gammopathy of unknown significance; MM, multiple myeloma; NA, not applicable; P, Pfizer 
vaccine; SMM, smoldering multiple myeloma.

TABLE 3.  Demographic Information for Healthcare Worker Controls Run on the SARS-CoV-2 Neutralizing Antibody Assay 

Control Age, y/Sex Days Since Dose 1, 2 Vaccine 

1 29/F 80, 52 M

2 28/M 57, 29 M

3 36/M 62, 41 P

4 54/F 91, 69 P

5 66/M 51, 30 P

6 41/F 79, 48 M

7 35/F 92, 62 M

8 59/F 52, 24 M

9 36/M 109, 88 P

10 32/F 102, 72 M

11 52/F 108, 87 P

12 39/F 116, 94 P

13 66/F 110, 89 P

14 28/M 89, 67 P

15 47/F 103, 82 P

16 32/F 112, 91 P

17 46/M 114, 93 P

18 46/F 127, 96 P

19 41/M 112, 93 P

20 39/M 115, 94 P

M, Moderna vaccine; P, Pfizer vaccine.

TABLE 4.  SARS-CoV-2 IgG Antibody Detection by Transplant 
Type

Transplant Type Total No. No. (%) Positive for COVID IgG 

Heart 5 2 (40)

Heart and lung 1 1 (100)

Kidney 15 3 (20)

Liver 8 3 (38)

Lung 9 1 (11)

Allogeneic stem cell 2 0 (0)
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of these medications. Liver transplant patients tend to be maintained 
on lower levels of immunosuppressants than other solid organ trans-
plant recipients6 and it is also possible to withdraw immunosuppressant 

treatment completely in selected patients.11 This may be a plausible ex-
planation for the increased SARS-CoV-2 IgG antibody response that was 
observed in liver transplant patients in this study compared to other 
solid organ transplants. Further, in this study, the majority of patients 
were receiving mycophenolate. Immunosuppression regimens including 
mycophenolate have previously been reported to be associated with a 
reduction in antibody production to the SARS-CoV-2 vaccine in solid 
organ transplant patients after both the first and second doses of the 
vaccine.4,5

Because the vaccines were designed around the original SARS-
CoV-2 spike protein that was detected, the expectation would be that 
these antibodies would have neutralizing activity towards the original 
variant, which is what was found in this study of control healthcare 
workers and patients with a history of monoclonal gammopathy, and 
to a lesser extent, in solid organ transplant patients. These antibodies 
produced from the vaccines also seem to have neutralizing activity for 
the variants in the spike protein in healthcare worker controls and 
patients with a history of monoclonal gammopathy, and to a signif-
icantly lesser degree, in the solid organ transplant patients, for the 
alpha, beta, and gamma variants but especially for the delta variant 
(B.1.617), in which only 50% of solid organ transplant patients that 

FIGURE 1. Linear regression correlation between relative 
fluorescence units obtained on the SARS-CoV-2 IgG antibody 
assay and days since vaccination and dose 2 for solid organ 
and allogenic stem cell transplant patients. y = 4.9724 x 
−41.476; R2 = 0.017.
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FIGURE 2. Linear regression correlation between relative fluorescence units obtained on the SARS-CoV-2 IgG antibody assay 
and age of the patient when the sample was collected for solid organ and allogenic stem cell transplant patients (y = 9.2119x 
−441.28; R2 = 0.0264) (A), patients with a history of monoclonal gammopathy (y = 15.391x −3848.2; R2 = 0.0073) (B), and 
healthcare worker controls (y = 7.3828x −780.74; R2 = 0.0091) (C).
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had a positive antibody response had neutralizing activity towards 
it. To our knowledge, this is the first study to document this finding, 
which is particularly relevant as the delta variant was the most fatal 
SARS-CoV-2 variant in a number of countries around the world. This 
information should be disseminated to solid organ transplant patients 
so that they are aware that they may have an attenuated response to 
the SARS-CoV-2 vaccines and they should continue to employ risk-
reduction strategies such as social distancing and wearing masks to 
protect themselves, as well as obtaining a booster vaccine dose that is 
available for each type of vaccine and has been shown to illicit an an-

tibody response in solid organ transplant patients who previously had 
no detectable antibody titers.12

There are several limitations to this study, including the very small 
number of patients included. There is no baseline antibody concentra-
tion data from these patients, and there are no data on the SARS-CoV-2 
infection history. Further, 1 patient that had a positive antibody re-
sponse to the SARS-CoV-2 spike protein assay had insufficient sample 
remaining to be run on the SARS-CoV-2 assay for nucleocapsid-directed 
antibodies. Although the SARS-CoV-2 IgG RFUs showed a positive trend 
with increasing time since the second dose of the vaccination as well as 

FIGURE 3. Linear regression correlation between relative fluorescence units obtained on the SARS-CoV-2 IgG antibody assay 
and days since vaccination dose 2 for the Moderna vaccine (y = 3.0557x −344.29; R2 = 0.0026) (A) and Pfizer vaccine (y = 0.0531x 
−19.211; R2 = 0.0003) (B) for solid organ and allogeneic stem cell transplant patients.
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TABLE 5.  In Vitro Neutralizing Antibody Activity in Healthcare Worker Controls

Control 
Original Variant D614G Alpha Variant B.1.1.7 Beta Variant B.1.351 Gamma Variant B.1.1.28 Delta Variant B.1.617

Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) 

1 0.01 (+) 0.09 (+) 0.08 (+) 0.06 (+) 0.07 (+)

2 0.02 (+) 0.11 (+) 0.09 (+) 0.09 (+) 0.07 (+)

3 0.08 (+) 0.34 (+) 0.25 (+) 0.24 (+) 0.25 (+)

4 0.07 (+) 0.29 (+) 0.27 (+) 0.24 (+) 0.19 (+)

5 0.17 (+) 0.52 (+) 0.46 (+) 0.43 (+) 0.39 (+)

6 0.01 (+) 0.08 (+) 0.07 (+) 0.07 (+) 0.04 (+)

7 0.03 (+) 0.18 (+) 0.16 (+) 0.19 (+) 0.12 (+)

8 0.01 (+) 0.04 (+) 0.04 (+) 0.04 (+) 0.02 (+)

9 0.17 (+) 0.59 (+) 0.57 (+) 0.51 (+) 0.47 (+)

10 0.01 (+) 0.06 (+) 0.05 (+) 0.06 (+) 0.04 (+)

11 0.14 (+) 0.38 (+) 0.38 (+) 0.37 (+) 0.30 (+)

12 0.41 (+) 0.67 (+) 0.55 (+) 0.55 (+) 0.52 (+)

13 0.32 (+) 0.71 (+) 0.66 (+) 0.65 (+) 0.57 (+)

14 0.13 (+) 0.35 (+) 0.54 (+) 0.42 (+) 0.31 (+)

15 0.06 (+) 0.26 (+) 0.24 (+) 0.25 (+) 0.14 (+)

16 0.03 (+) 0.13 (+) 0.13 (+) 0.12 (+) 0.08 (+)

17 0.10 (+) 0.34 (+) 0.29 (+) 0.29 (+) 0.24 (+)

18 0.33 (+) 0.70 (+) 0.66 (+) 0.67 (+) 0.54 (+)

19 0.20 (+) 0.52 (+) 0.47 (+) 0.46 (+) 0.43 (+)

20 0.19 (+) 0.57 (+) 0.50 (+) 0.48 (+) 0.42 (+)
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with increasing age in the solid organ transplant patients, the number 
of samples is low and so it is unclear whether these trends would be re-
producible in larger data sets.

Conclusions
The majority of solid organ and stem cell transplant patients included 
in this study did not mount a sufficient immune response against the 

SARS-CoV-2 vaccinations to produce a positive IgG antibody titer.  
Further, in those that did have detectable antibodies, they were found 
to have lower neutralizing activity to all known variants of the SARS-
CoV-2 virus compared to both healthcare worker controls and patients 
with a history of monoclonal gammopathy, most particularly the delta 
variant (B.1.617). Therefore, it seems prudent that these solid organ and 
stem cell transplant patients should obtain a third vaccination dose and 
a booster dose and continue to follow precautions to limit their exposure 

TABLE 6.  In Vitro Neutralizing Antibody Activity in Patients with a History of Monoclonal Gammopathy

Patient  
Original Variant D614G Alpha Variant B.1.1.7 Beta Variant B.1.351 Gamma Variant B.1.1.28 Delta Variant B.1.617

Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) 

1 0.07 (+) 0.08 (+) 0.44 (+) 0.45 (+) 0.37 (+)

2 0.15 (+) 0.16 (+) 0.83 (−) 0.90 (−) 0.44 (+)

3 0.03 (+) 0.03 (+) 0.39 (+) 0.37 (+) 0.17 (+)

4 0.06 (+) 0.06 (+) 0.30 (+) 0.34 (+) 0.31 (+)

5 0.01 (+) 0.02 (+) 0.29 (+) 0.27 (+) 0.14 (+)

6 0.03 (+) 0.03 (+) 0.36 (+) 0.34 (+) 0.21 (+)

7 0.01 (+) 0.01 (+) 0.10 (+) 0.09 (+) 0.03 (+)

8 0.00 (+) 0.03 (+) 0.05 (+) 0.04 (+) 0.01 (+)

9 0.01 (+) 0.05 (+) 0.06 (+) 0.06 (+) 0.02 (+)

10 0.01 (+) 0.07 (+) 0.18 (+) 0.15 (+) 0.06 (+)

11 0.00 (+) 0.04 (+) 0.08 (+) 0.08 (+) 0.02 (+)

12 0.01 (+) 0.02 (+) 0.22 (+) 0.21 (+) 0.10 (+)

TABLE 7.  In Vitro Neutralizing Antibody Activity in Solid Organ Transplant Patients

Patient  
Original Variant D614G Alpha Variant B.1.1.7 Beta Variant B.1.351 Gamma Variant B.1.1.28 Delta Variant B.1.617

Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) Index (B/B0) Result (+, −) 

4 0.57 (+) 0.66 (+) 0.74 (−) 0.80 (−) 0.84 (−)

5 0.29 (+) 0.54 (+) 0.66 (+) 0.70 (+) 0.68 (+)

6 0.38 (+) 0.64 (+) 0.65 (+) 0.31 (+) 0.62 (+)

7 0.43 (+) 0.67 (+) 0.72 (+) 0.68 (+) 0.87 (−)

12 0.40 (+) 0.68 (+) 0.72 (+) 0.80 (−) 0.99 (−)

18 0.99 (−) 0.82 (−) 1.26 (−) 0.43 (+) 0.89 (−)

22 0.02 (+) 0.05 (+) 0.11 (+) 0.13 (+) 0.06 (+)

23 0.64 (+) 0.12 (+) 0.50 (+) 0.40 (+) 0.18 (+)

27 0.02 (+) 0.07 (+) 0.14 (+) 0.11 (+) 0.05 (+)

31 0.65 (+) 0.81 (–) 0.78 (−) 0.77 (−) 0.96 (−)

TABLE 8. 2 × 2 χ 2 Test Comparing the Number of Samples with a Positive Neutralizing Antibody Response to the Different 
SARS-CoV-2 Variants Between the Healthcare Worker Controls and Monoclonal Gammopathy Patient Group vs the Solid Organ 
Transplant Groupa

 SARS-CoV-2 Strain
Health Care Worker Controls and Monoclonal 

Gammopathy Patients (n = 32)
Solid Organ Transplant Patients 

(n = 10)
P Value 

Original variant D614G 32 (100) 9 (90) .0736

Alpha variant B.1.1.7 32 (100) 8 (80) .0104

Beta variant B.1.351 31 (96.9) 7 (70) .0125

Gamma variant B.1.1.28 31 (96.9) 7 (70) .0125

Delta variant B.1.617 32 (100) 5 (50) <.0001

aData are given as No. (%).

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/514/6601491 by guest on 28 February 2025



2022;53;514–522  |  https://doi.org/10.1093/labmed/lmac038522 Laboratory Medicine

to SARS-CoV-2 until herd immunity is achieved, as their response to the 
vaccinations seems to be attenuated.
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ABSTRACT

Objective: This study aimed at exploring the potential role of a panel of 

serum micro-RNA (miRNA) markers in liver fibrosis and hepatocellular 

carcinoma (HCC) diagnosis in patients with chronic hepatitis C virus 

(HCV) infection.

Methods: The study included 157 chronic HCV patients and 62 HCC 

patients who presented to the Cairo University Center for Hepatic Fi-

brosis, Endemic Medicine Department, from 2015 to 2017. Relevant 

clinical and laboratory data were collected and sera were subjected 

to miRNA expression profiling. Eleven miRNA markers were studied 

and receiver operating characteristic curves were constructed to in-

vestigate the best cutoff values of the miRNAs that showed altered 

expression in HCC compared to HCV-associated advanced fibrosis.

Results: miRNA expression profiling revealed 5 miRNAs (miR-

124, miR-141, miR-205, miR-208a, miR-499a) were significantly 

upregulated and 2 miRNAs were significantly downregulated (miR-

103a, miR-15a) in HCC compared to advanced fibrosis patients. No 

significant difference was observed in miRNA expression between 

advanced fibrosis and early hepatic fibrosis apart from a significant 

downregulation of miR-155-5p in advanced fibrosis.

Conclusion: Serum miRNAs could serve as potential diagnostic tools 

for the diagnosis of HCC.

Hepatocellular carcinoma (HCC) is a primary hepatic malignancy and 
represents the fourth leading cause of cancer deaths worldwide.1 In 
Egypt, it represents the fourth most common cancer.2 Previous epi-
demiological studies have revealed a rise in the incidence of HCC in 
Egypt,3,4 which could be attributed to the higher survival of cirrhotic 
patients,5 improvement of screening programs and HCC diagnosis, and 
the increase in HCV incidence.6

Early diagnosis of HCC gives the opportunity for curative treatment 
(odds ratio [OR], 2.24; 95% confidence interval [CI], 1.99–2.52) and pro-
longed survival (OR, 1.90; 95% CI, 1.67–2.17).7 Nonetheless, current di-
agnostic and surveillance methods for HCC have many limitations. For 
example, radiologic tools have low sensitivity for detecting small hepatic 
lesions8; moreover, the sensitivity and specificity of serologic tests (eg, 
alpha-fetoprotein [AFP], des-gamma-carboxy prothrombin) are insuffi-
cient for early diagnosis.9–11

MicroRNAs (miRNAs) are a class of short noncoding RNAs that 
inhibit gene expression by degrading messenger RNA (mRNA) or 
suppressing mRNA translation through complementary binding to 
their specific target mRNAs in the 3′-untranslated region.12,13 Recent 
studies have proposed that miRNAs are involved in different basic bi-
ological processes, including cell proliferation, apoptosis, and differ-
entiation.14,15

Current evidence suggests that miRNAs play an important role in 
HCC progression and have the potential for diagnostic and therapeutic 
HCC strategies.16,17

In this study, reverse transcription–polymerase chain reaction 
(RT-PCR) analysis was done, targeting 11 miRNAs that had previously 
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manifested differential expression in our laboratory in HCV-associated 
advanced fibrosis and HCC compared to patients with HCV infection 
and no liver fibrosis.

Materials and Methods

Patient Population
This observational cross-sectional study included 157 patients with 
chronic HCV infection and 62 patients with HCC who were recruited 
from Cairo University Center for Hepatic Fibrosis, Endemic Medicine 
Department, between 2015 and 2017. The enrolled chronic hepatitis C 
patients aged 18 to 75 years with a detectable HCV RNA for more than 
6  months and were divided into 80 patients with nonadvanced fibro-
sis (F0–F2) and 77 patients with advanced fibrosis (F3–F4) according to 
transient elastography measurement.

Detailed history taking, clinical assessment, and routine laboratory 
tests in the form of complete blood count, liver biochemical profiles 
including alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), bilirubin, albumin, renal function tests, and AFP were 
performed.

Transient elastography examination was done for the enrolled 
patients with the use of a FibroScan (EchoSens FibroScan). Transient 
elastography was the reference method for hepatic fibrosis staging and 
we used the proposed cutoffs of < 7.1 kPa for nonsignificant fibrosis 
(F < 2),  ≥ 7.1 kPa for significant fibrosis (F ≥ 2),  ≥ 9.5 kPa for advanced 
fibrosis (F ≥ 3), and ≥ 12.5 kPa for liver cirrhosis (F4).18

Patients with HCC had been recently diagnosed according to the 
American Association for the Study of Liver Disease updated practice 
guidelines for the management of HCC.19 All of them had HCV-related 
HCC and had not commenced any kind of treatment at the time of 
the study.

For miRNA marker selection, we did an extensive literature review to 
find the miRNAs that showed promising ability for diagnosing chronic 
hepatitis, liver fibrosis, and hepatocellular carcinoma. We aimed to val-
idate these markers in Egyptian patients with chronic hepatitis C. The 
current work was preceded by a preliminary small scale study on a small 
number of Egyptian patients to test the potential validity of these 
markers in our situation. TABLE 1 summarizes some of these impor-
tant studies.20–29

miRNA Extraction and Quantification
Extraction was carried out using the miRNeasy Mini Kit (Qiagen). The 
miRNeasy Mini Kit was used to extract miRNA and total RNA following 
the manufacturer’s protocols. The miRNA concentration and purity were 
evaluated using NanoDrop (UV-VIS-Spectrophotometer Q 5000)  be-
fore proceeding to the real-time PCR assays. Extracted RNA was stored 
at −80°C until use.

SYBR Green-Based RT-PCR Analysis
According to the manufacturer’s instructions, the cDNA buffered 
with miScript HiSpec Buffer was prepared from 60  ng purified 
miRNA using the miScript II RT Kit (SABiosciences). The cDNA was 
then diluted 1:5 in nuclease-free water. The quantitative RT-PCR was 
conducted using miScript miRNA PCR master mix (SABiosciences). 
Briefly, the cDNA template was mixed with 2x QuantiTect SYBR 
Green PCR Master Mix, 10x miScript Universal Primer, and RNase-

free water and then transferred to a custom-made microRNA PCR 
panel that included primers for 11 target miRNAs. These miRNAs 
were selected based on previous findings from this laboratory, 
which revealed dysregulation of their expression in early vs late fi-
brotic patients. The hsa-miRs were miR-141-3p, miR-155-5p, miR-
200a-3p, miR-200c-3p, miR-205-5p, miR-208a-3p, miR-499a-5p, 
miR-103a-3p, miR-574-3p, and  miR-15a-5p (SABiosciences). The 
SNORD6 miRNA was selected as a reference gene for normaliza-
tion. The PCR custom plate was then tightly sealed by using heat 
sealing film.

Amplification reactions were done under the following conditions: 
initial incubation for 15  min at 95°C (preactivation HotStarTaq), 
accompanied by 40 cycles at 94°C for 15  s, 55°C for 30  s, and 70°C 

TABLE 1.  Summary of Previous Studies on the Selected 
miRNAs 

miRNA Function 

miR-200c and miR-14120 Simultaneous silencing of miR-200c and miR-141 
was likely to be responsible for the development of 
HCC-BDTT via ZEB1-directed EMT activation and 
Sec23a-mediated secretome.

miR-200a and miRNA -200 
family21

Several studies revealed an association between 
miR-200 family and a variety of human diseases, 
especially cancer.  Some research provided insight 
into possible mechanisms of carcinogenesis. Could 
have role in HCC diagnosis and prognosis.

miR-200a22 It was predicted that miR-200a bind to iron-bound 
transferrin receptor (TfR1) targets TfR1 and DMT1 
expression, thereby inhibiting cell cycle progres-
sion and growth.

miR-15a-5p23 Overexpression of miR-15a-5p inhibited viability, 
proliferation, migration, and invasion of HepG2 
cells. This study revealed Exo-miR-15a-5p from 
cancer cells inhibited PD1 expression in CD8+ T 
cells, which suppressed the development of HCC.

miR-155-5p24 miRNA-155-5p has been reported to play an 
oncogenic role in different human malignancies. 
Moreover, it was reported that there is an associ-
ation of miR-155-5p with aggressive HCC both in 
vitro and in vivo.

miR-574-3p25 miR-574-3p has been reported as a tumor sup-
pressor and potential therapeutic target in various 
types of cancer.

miR-103a26,27 Found to be one of the most highly expressed 
microRNAs in HCC tissues, upregulated in HCC 
tissue compared with the controls. Its high expres-
sion was associated with poor prognosis, and its 
overexpression promoted HCC cell growth and mo-
bility. It was reported that miR-103a plays both an 
oncogenic and tumor suppressive role in various 
types of cancers. For example, miR-103 promotes 
proliferation and metastasis by targeting KLF4 in 
gastric cancer.

miR-208-3p28 In vivo test results revealed that miR-208-3p 
down-regulation inhibited HCC tumorigenesis in 
Hep3B cells. These findings suggested that miR-
208-3p up-regulation is associated with HCC cell 
progression and may provide a new target for liver 
cancer treatment.

miR-20529 In the context of EMT modulation, both miR-200 
family and miR-205 are markedly downregulated 
in cancer. miR-200 and miR-205 have captured 
most of the attention as therapeutic targets.

EMT, epithelial-mesenchymal transition; HCC, hepatocellular carcinoma. 
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TABLE 1.  Summary of Previous Studies on the Selected 
miRNAs 

miRNA Function 

miR-200c and miR-14120 Simultaneous silencing of miR-200c and miR-141 
was likely to be responsible for the development of 
HCC-BDTT via ZEB1-directed EMT activation and 
Sec23a-mediated secretome.

miR-200a and miRNA -200 
family21

Several studies revealed an association between 
miR-200 family and a variety of human diseases, 
especially cancer.  Some research provided insight 
into possible mechanisms of carcinogenesis. Could 
have role in HCC diagnosis and prognosis.

miR-200a22 It was predicted that miR-200a bind to iron-bound 
transferrin receptor (TfR1) targets TfR1 and DMT1 
expression, thereby inhibiting cell cycle progres-
sion and growth.

miR-15a-5p23 Overexpression of miR-15a-5p inhibited viability, 
proliferation, migration, and invasion of HepG2 
cells. This study revealed Exo-miR-15a-5p from 
cancer cells inhibited PD1 expression in CD8+ T 
cells, which suppressed the development of HCC.

miR-155-5p24 miRNA-155-5p has been reported to play an 
oncogenic role in different human malignancies. 
Moreover, it was reported that there is an associ-
ation of miR-155-5p with aggressive HCC both in 
vitro and in vivo.

miR-574-3p25 miR-574-3p has been reported as a tumor sup-
pressor and potential therapeutic target in various 
types of cancer.

miR-103a26,27 Found to be one of the most highly expressed 
microRNAs in HCC tissues, upregulated in HCC 
tissue compared with the controls. Its high expres-
sion was associated with poor prognosis, and its 
overexpression promoted HCC cell growth and mo-
bility. It was reported that miR-103a plays both an 
oncogenic and tumor suppressive role in various 
types of cancers. For example, miR-103 promotes 
proliferation and metastasis by targeting KLF4 in 
gastric cancer.

miR-208-3p28 In vivo test results revealed that miR-208-3p 
down-regulation inhibited HCC tumorigenesis in 
Hep3B cells. These findings suggested that miR-
208-3p up-regulation is associated with HCC cell 
progression and may provide a new target for liver 
cancer treatment.

miR-20529 In the context of EMT modulation, both miR-200 
family and miR-205 are markedly downregulated 
in cancer. miR-200 and miR-205 have captured 
most of the attention as therapeutic targets.

EMT, epithelial-mesenchymal transition; HCC, hepatocellular carcinoma. 

for 30 s. Amplification was carried out using the real-time Rotor-Gene 
PCR (Qiagen). Relative expression of each gene was estimated using 
the 2−ΔΔCT method, and gene expression variations were compared 
to the mean of the healthy population and expressed as fold-change. 
Each experiment was repeated 3 times and the mean was taken for 
illustration.

The study protocol complied with the ethical guidelines of the 1964 
Declaration of Helsinki (2008 revision) and was approved by the eth-
ics committee of the Faculty of Medicine, Cairo University. Written in-
formed consent was obtained prior to sample collection.

Statistical Analysis
Descriptive statistics were done; numeric variables were presented as 
mean (SD). The Shapiro-Wilk normality test was used to assess the dis-

tribution of numeric variables. The unpaired Student t-test was used to 
compare normally distributed variables, and the Mann-Whitney U test 
was used to compare those with abnormal distribution. The χ 2 test was 
used for categorical variables. The Spearman correlation coefficient was 
used to establish the correlation between miRNA markers. Receiver op-
erating characteristic (ROC) analysis was performed and curves were 
constructed to assess the accuracy of miRNA markers in diagnosing 
HCC. STATA 15.1 software was used for the analysis. P values < .05 were 
deemed significant.

Machine Learning Models
To predict HCC accurately, we ran multiple machine learning classifi-
cation models using Python auto ML. The area under the curve (AUC) 

TABLE 2.  Baseline Characteristics of the Study Population 

 
Early Fibrosis (F0–F2)  

(n = 80) 

Advanced Liver  
Fibrosis (F3–F4)  

(n = 77 ) 

Hepatocellular  
Carcinoma  
(n = 62 ) 

P Valuea P Valueb 

Age (y), median (IQR) 49 (43–57) 55 (50–61) 60 (57–65) .0005 <.0001

Sex, No. (%)     

  M 48 (60%) 42 (54.5%) 42 (67.8%) .5

  F 32 (40%) 35 (45.5%) 15 (24.2%) .02

Diabetes mellitus, No. (%) 18 (22.5%) 32 (41.6%) 12 (19.4%) .01 .01

Hypertension, No. (%) 16 (20%) 27 (35.1%) 6 (9.7%) .03 .001

BMI (kg/m2), mean (SD) 28.17 (3.95) 30.07 (5.68) 26.55 (3.97) .3 .04

Hemoglobin (g/dL), mean (SD) 13.92 (1.71) 13.46 (1.79) 11.65 (1.71) .1 <.0001

White blood cell count (×103/μL), median (IQR) 6.4 (4.97–8.05) 5.9 (4.3–8.2) 4.7 (3.8-6.6) .2 .02

Platelet count (×103/μL), median (IQR) 241.5 (168.5–251) 156 (120–200) 121 (90–170) <.0001 .008

ALT (IU/L), median (IQR) 39 (26–59) 50 (34–73) 40 (29–64) .04 .2

AST (IU/L), median (IQR) 36 (23–48) 55 (37–75) 62 (45–84) <.0001 .07

Total bilirubin (mg/dL), median (IQR) 0.6 (0.4–0.8) 0.79 (0.6–1) 1.4 (0.96–2.14) .0001 <.0001

Albumin (g/dL), mean (SD) 4.17 (0.60) 3.89 (0.59) 3.15 (0.66) .004 <.0001

CAP (dB/m), mean (SD) 229.10 (49.17) 239.52 (53.65) 209.28 (71.61) .5 .1

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; IQR, interquartile range. 
aP value between early fibrosis and advanced fibrosis.
bP value between advanced fibrosis and hepatocellular carcinoma..

TABLE 3.  The Studied miRNA Markers in Early vs Advanced Stage of Liver Fibrosis vs HCCa

Marker Early Stage Fibrosis (F0–F2) (n = 80) Advanced Fibrosis (F3–F4) (n = 77) Hepatocellular Carcinoma (n = 62) P Valueb  P Valuec 

miR-124-3p 0.83 (0.47–1.72) 0.93 (0.31–2.20) 2.81 (1.35–4.25) .9 <.0001

miR-141-3p 1.90 (0.65–3.87) 1.96 (0.97–3.56) 7.11 (2.66–18.81) .9 <.000

miR-155-5p 1.08 (0.62–2.23) 0.63 (0.29–1.94) 0.86 (0.25–1.14) .02 .9

miR-200a-3p 0.85 (0.41–2.34) 1.47 (0.60–3.58) 2.39 (1.15–4.34) .2 .2

miR-200c-3p 0.98 (0.36–2.52) 0.84 (0.27–1.96) 1.02 (0.23–2.27) .2 .8

miR-205-5p 0.99 (0.49–2.08) 0.82 (0.38–1.40) 2.10 (0.76–5.16) .2 <.0001

miR-208a 1.46 (0.40–15.13) 1.23 (0.57–4.85) 4.02 (1.16–12.72) .6 .009

miR-499 1.56 (0.95–3.46) 1.74 (0.77–3.40) 5.68 (1.40–20.27) .8 .003

miR-103a 0.77 (0.42–2.13) 0.71 (0.33–1.59) 0.18 (0.08–0.45) .3 <.0001

miR-574 1.77 (0.99–2.95) 2.41 (0.81–5.38) 2.09 (0.41–7.87) .2 .9

miR-15 0.76 (0.33–2.81) 0.78 (0.19–2.44) 0.22 (0.05–0.64) .5 .0004

aData are expressed as median (interquartile range).
bP value between early fibrosis and advanced fibrosis.
cP value between advanced fibrosis and hepatocellular carcinoma (HCC).
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of each model was computed by using 5-fold cross-validation, and the 
model with the highest AUC was chosen. To further help with the model 
interpretation, we generated feature importance plots as well as partial 
dependence plots to show the feature behavior. H2O AutoML library 
was used for this analysis.30

Results

Characteristics of the Study Population
Baseline characteristics of the study population are summarized in 
TABLE 2. The chronic HCV infection group included 80 patients with 
early fibrosis (F0–F2) and 77 patients with advanced hepatic fibrosis 
(≥F3). In the HCC group, the median focal lesion size was 3.35  cm 
(2.5–5.4), 52.7% of lesions were single focal lesions, 51.8% were Barce-
lona Clinic Liver Cancer stage B, and 48.2% were stage A.

Study miRNA Markers in the Diagnosis of Hepatic 
Fibrosis
This study revealed that there is no significant difference in 
miRNA expression in patients with  chronic hepatitis C with any 
degree of hepatic fibrosis compared to those with no fibrosis (F0). 
Comparing the expression of miRNA markers in cases of advanced 
liver fibrosis (F3–F4) to those with early fibrosis (F0–F2), we 
noticed that miR-155-5p was significantly downregulated in ad-
vanced fibrosis (TABLE 3).

miRNA Markers in HCC Diagnosis
Five miRNA markers were significantly upregulated in the sera of HCC 
patients compared to chronic HCV patients with advanced fibrosis; 

namely, miR-124-3p, hsa-miR-141-3p, hsa-miR-205-5p, hsa-miR-208a-
3p, hsa-miR-499a-5p. On the other hand, miR103a and miR15 showed 
significant downregulation in the HCC group compared to the advanced 
fibrosis group (TABLE 3).

ROC Curves for the Discriminatory Power of miRNA 
Markers for Diagnosis of HCC
ROC Curves for miR-124-3p, miR-141-3p, miR-205-5p, miR-
208a, miR-499 in Diagnosing HCC
ROC curves were constructed to determine the best cutoff values 
of miRNAs for the diagnosis of HCC. They revealed that miR-205 
had the highest area under ROC: 0.9 (0.81–0.99) followed by miR-
144 with 0.82 (0.68–0.91) and miR-124 with 0.79 (0.68–0.87) 
(FIGURE 1 and TABLE 4). At a cutoff value of 1.58, miR-205 
has a sensitivity of 85% and a specificity of 85.19 in the diagnosis 
of HCC.

ROC Curves for miR-103a, miR-15 for the Exclusion of HCC
On the other hand, miR-103a and miR-15 showed significant down 
expression in HCC compared to advanced liver fibrosis, with areas 
under ROC curves of 0.73 and 0.71, respectively (FIGURE 2 and 
TABLE 5).

Logistic Regression Analysis to Control for the Possible 
Confounding Effects of Age and Gender
Logistic regression analysis was performed to assess the predictabil-
ity of these miRNA markers for the diagnosis of HCC, controlling for 
age and gender, as they showed a significant difference between ad-
vanced liver fibrosis and the HCC group. Analysis revealed that miR-
124-3p, miR-141-3p, miR-205-5p, and miR-499 were significant 
predictors of HCC independent of age and gender. However, miR-
208a added to the two downregulated miRs, miR-103a and miR-15, 
did not show significant predictability of HCC independent of age or 
gender (TABLE 6).

Identification of the Best Diagnostic Biomarkers Using a 
Machine Learning Approach
In this study, we proposed a prediction model based on the machine learn-
ing algorithm to detect the association between relevant laboratory val-
ues, different miRNAs, and HCC. Notably, hemoglobin, total bilirubin, 
miR-155-5p, and miR-205-5p have significant diagnostic value for HCC 
(FIGURE 3). The area under the ROC curve for this model was 0.93 
(FIGURE 4).

FIGURE 1. Receiver operating characteristic (ROC) curves for 
diagnosis of the 5 upregulated microRNAs in hepatocellular 
carcinoma.
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TABLE 4.  Sensitivities, Specificities, and Best Cut-off Values of the 5 Upregulated miRNA Markers

Marker Cut-off 
AUROC    

(95% CI) 
Sensitivity Specificity LR+ LR− Accuracy 

miR-124 1.22 0.79 (0.68–0.87) 80.70 68.18 2.54 0.28 75.25

miR-144 2.13 0.82 (0.68–0.91) 83.33 58.62 2.01 0.28 71.19

miR-205 1.58 0.90 (0.81–0.99) 85 85.19 5.74 0.18 85.11

miR-208a 2.75 0.69 (0.53–0.86) 70.59 62.5 1.88 0.47 65.85

miR-499a 1.39 0.73 (0.61–0.91) 82.35 54.17 1.80 0.33 65.85

AUROC, area under the receiver operating characteristic curve; LR, likelihood ratio.

Discussion
Early diagnosis of HCC is challenging. Currently, ultrasonographic 
examination is recommended by all guidelines with or without se-
rum AFP test for early HCC detection. Cross-sectional imaging 
modalities are further recommended for liver nodules ≥ 1 cm. How-
ever, the sensitivity and specificity of these methods for HCC di-
agnosis remain unsatisfactory, particularly during early disease 
stages.31

miRNAs are considered as promising early diagnostic biomarkers of 
HCC despite the currently limited research programs and lack of practical  
translation. Together with other biomarkers, panels of deregulated 
miRNAs in the serum/plasma and/or exosomes are likely to play an im-
portant role in HCC diagnostics in the future.32

miRNAs are crucial gene regulators that are involved in the process 
of tumorigenesis. It had been proved that miRNAs can remain stable 
and be detected in various biological fluids, for example, human serum/
plasma.33,34

This study revealed significant upregulation of 5 miRNA markers—
miR-124-3p, miR-141-3p, miR-205-5p, miR-208a-3p, and  miR-499a-
5p—in the sera of HCC patients compared to liver cirrhosis.

In agreement with our results, a previous study revealed that miR-
208a upregulation is associated with HCC progression.35 In contrast 
to our findings, previous studies revealed significant downregulation 
of miR-124 in HCC tissues compared to nontumorous liver tissue.36 
Additionally, it has been reported that miR-124 could regulate 
HCC invasion and metastasis by regulating Rho-associated coiled-
coil containing protein kinase 2 and enhancer of zeste homolog 2 
(EZH2).37

Also, a previous study showed that miR-141 overexpression sig-
nificantly reduces HCC proliferation, migration, and invasion through 
inhibiting epithelial-mesenchymal transition (EMT). More specifically, 
they found that miR-141-3p targets GP73 to reverse EMT, subsequently 
inhibiting HCC progression and metastasis.38
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Discussion
Early diagnosis of HCC is challenging. Currently, ultrasonographic 
examination is recommended by all guidelines with or without se-
rum AFP test for early HCC detection. Cross-sectional imaging 
modalities are further recommended for liver nodules ≥ 1 cm. How-
ever, the sensitivity and specificity of these methods for HCC di-
agnosis remain unsatisfactory, particularly during early disease 
stages.31

miRNAs are considered as promising early diagnostic biomarkers of 
HCC despite the currently limited research programs and lack of practical  
translation. Together with other biomarkers, panels of deregulated 
miRNAs in the serum/plasma and/or exosomes are likely to play an im-
portant role in HCC diagnostics in the future.32

miRNAs are crucial gene regulators that are involved in the process 
of tumorigenesis. It had been proved that miRNAs can remain stable 
and be detected in various biological fluids, for example, human serum/
plasma.33,34

This study revealed significant upregulation of 5 miRNA markers—
miR-124-3p, miR-141-3p, miR-205-5p, miR-208a-3p, and  miR-499a-
5p—in the sera of HCC patients compared to liver cirrhosis.

In agreement with our results, a previous study revealed that miR-
208a upregulation is associated with HCC progression.35 In contrast 
to our findings, previous studies revealed significant downregulation 
of miR-124 in HCC tissues compared to nontumorous liver tissue.36 
Additionally, it has been reported that miR-124 could regulate 
HCC invasion and metastasis by regulating Rho-associated coiled-
coil containing protein kinase 2 and enhancer of zeste homolog 2 
(EZH2).37

Also, a previous study showed that miR-141 overexpression sig-
nificantly reduces HCC proliferation, migration, and invasion through 
inhibiting epithelial-mesenchymal transition (EMT). More specifically, 
they found that miR-141-3p targets GP73 to reverse EMT, subsequently 
inhibiting HCC progression and metastasis.38

As for miR-205, previous studies revealed that it is an important 
tumor suppressor, and its expression is reduced in the tissue of vari-
ous malignancies compared to the adjacent tissue.39–42 A  previous 
study showed that miR-205 serum level is significantly reduced in HCC 
compared to liver cirrhosis and healthy control.43

Regarding miR-499, its association with HCV-associated HCC has 
not been reported in the literature to our knowledge. Nevertheless,  
previous studies revealed a link between has-miR-499 poly-
morphism and HBV-associated HCC development in Chinese 
patients.44

The reason behind the existence of miRNAs in plasma remains to 
be explained. Plasma miRNAs are generally considered to be a mix-
ture of miRNAs released from cells of different tissues in the body, and 
estimating how many of them are released from the cancer cells is dif-
ficult. Some researchers suggest that cancer cells might pump these 
miRNAs into the circulation to eliminate their negative control on 

FIGURE 2. Receiver operating characteristic (ROC) curves for 
miR-103a and miR-15 in excluding hepatocellular carcinoma.
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TABLE 5.  Sensitivities, Specificities and Best Cut-off Values of miR-103a and miR-15 in Excluding HCC

Marker Cut-off 
AUROC   

(95% CI) 
Sensitivity Specificity LR+ LR− Accuracy 

miR-103a 0.32 0.73 (0.66–0.85) 79.55 71.93 2.83 0.28 75.25

miR-15 0.27 0.71 (0.60–0.82) 70.45 60.87 1.80 0.48 65.65

AUROC, area under the receiver operating characteristic curve; LR, likelihood ratio. 

TABLE 6.  Logistic Regression Analysis for Predictors of 
Hepatocellular Carcinoma Compared to HCV-Associated 
Advanced Liver Fibrosis

 OR (95% CI) P Value 

Model 1

  miR-124-3p 1.81 (1.29–2.54) .001

  Age 1.12 (1.05–1.20) .001

  Sex 0.37 (0.13–1.09) .07

Model 2

  miR-141-3p 1.15 (1.03–1.28) .01

  Age 1.09 (0.99–1.19) .05

  Sex 0.82 (0.23–2.94) .8

Model 3

  miR-205-5p 1.12 (1.02–1.23) .02

  Age 1.11 (1.05–1.18) <.0001

  Sex 0.34 (0.15–0.79) .01

Model 4

  miR-208a 1.06 (0.96–1.16) .2

  miR-499 1.20 (1.01–1.43) .04

  Age 1.07 (0.97–1.17) .2

  Sex 0.83 (0.15–4.73) .8

Model 5

  miR-103a 1.002 (0.94–1.07) .9

  Age 1.11 (1.05–1.18) <.0001

  Sex 0.39 (0.18–0.87) .02

Model 6

  miR-15 0.95 (0.85–1.05) .3

  Age 1.11 (1.04–1.17) .001

  Sex 0.47 (0.21–1.08) .08

CI, confidence interval; OR, odds ratio. 
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tumor growth. This can explain our finding of serum upregulation of 
some of the miRNAs (miR-124, miR-141) that had been revealed to be 
downregulated in HCC tissues in other studies.45

Our results showed significant downregulation of miR-103a and 
miR-15. To the best of our knowledge, no previous studies evaluated 
the serum expression of these markers in HCC. Additionally, when we 
performed multivariable regression controlling for age and gender, nei-
ther marker showed statistical significance. This finding suggests that 
their expression could be attributed to differences in age between the 
advanced liver fibrosis group compared to the HCC group; however, fur-
ther studies are needed.

A prediction model based on machine learning revealed that miR-
155-5p and miR-205-5p have the highest relative importance in 
predicting HCC. miR-155-5p has been reported to play an oncogenic 

role in various human malignancies; moreover, a previous study showed 
that it was highly overexpressed in HCC tissues and that miR-155-5p 
upregulation was significantly associated with the TNM stage.24

In conclusion, serum miRNA profiling revealed that HCV-
associated HCC was associated with a significant change in a num-
ber of serum miRNAs in an Egyptian population. miR-124, miR-141, 
miR-205, miR-208a, and miR-499a were significantly higher in HCC 
cases compared to liver cirrhosis, whereas miR-103a and miR-15 were 
significantly lower in HCC sera. Serum miRNA profiling could serve as 
a clinically applicable tool for HCC diagnosis. However, studies with 
a larger sample size and other causes of HCC are needed to confirm 
these results.
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role in various human malignancies; moreover, a previous study showed 
that it was highly overexpressed in HCC tissues and that miR-155-5p 
upregulation was significantly associated with the TNM stage.24

In conclusion, serum miRNA profiling revealed that HCV-
associated HCC was associated with a significant change in a num-
ber of serum miRNAs in an Egyptian population. miR-124, miR-141, 
miR-205, miR-208a, and miR-499a were significantly higher in HCC 
cases compared to liver cirrhosis, whereas miR-103a and miR-15 were 
significantly lower in HCC sera. Serum miRNA profiling could serve as 
a clinically applicable tool for HCC diagnosis. However, studies with 
a larger sample size and other causes of HCC are needed to confirm 
these results.
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ABSTRACT

Objective: Several biomarkers have been reported to exhibit a sea-

sonal variation, which might also be associated with the seasonality 

observed for certain disorders, such as cardiovascular disease. Ferri-

tin is a marker of iron stores but may be influenced by other factors in-

cluding inflammation. The aim of this study was to determine whether 

there is a seasonal variation for plasma ferritin.

Methods: The study included all ferritin tests performed on blood 

donors between November 2009 and November 2016 in the county 

of Uppsala, Sweden.

Results: Median ferritin values were found to be highest in August 

to October (autumn) and lowest in April to May and December. The 

differences between the highest and lowest median values were 6 µg/L 

for males and 5 µg/L for females. This corresponds to approximately 

12% difference for males and 15% difference for females.

Conclusion: A modest but statistically significant seasonal periodicity 

for ferritin was shown for blood donors.

As estimated by the World Health Organization, more than 110 
million blood donations are made globally every year.1 The blood 
components collected from these donors constitute an essential part 
of modern medicine. Due to the blood loss, however, blood donation 
is associated with a loss of iron, and maintaining an adequate iron 
homeostasis in the donor group is an important task.2,3 In Danish 
high-frequency blood donors, iron deficiency defined as a ferritin 

value <15  µg/L was found in 39% of premenopausal women, 22% 
of postmenopausal women, and 9% of men.4 The majority of blood 
banks measure hemoglobin to screen for iron deficiency. However, 
the reduction in hemoglobin occurs rather late and a high propor-
tion of blood donors may be iron-deficient despite acceptable hemo-
globin values.5,6 Moreover, even without anemia, iron deficiency is 
associated with a number of clinical adverse effects.2 It is important 
to have additional methods to detect iron deficiencies before the re-
duction in hemoglobin values.

Ferritin is considered a good marker of iron stores in blood donors, 
and many blood banks use ferritin to monitor their blood donors.2,7 In 
the absence of some concurrent diseases, ferritin is a sensitive marker 
of iron deficiency, which starts to decline long before changes in hemo-
globin, erythrocyte size, or serum iron concentration may be observed.8 
Whereas a ferritin value <15  µg/L indicates iron deficiency, a value 
>100  µg/L generally indicates sufficient iron stores. Levels between 
15 µg/L and 100 µg/L should be interpreted cautiously with respect to 
iron deficiency, as ferritin is an acute phase reactant and infections or 
inflammation may increase ferritin concentrations. Elevated levels, not 
always correlated with iron stores, may also be found in other disorders, 
some of which include certain leukemias and lymphomas, chronic al-
cohol consumption, obesity, nonalcoholic fatty liver disease, and the 
metabolic syndrome.8

In contrast to serum iron and transferrin saturation, ferritin has 
a nonsignificant diurnal rhythm.9 A  day-to-day variation of 5.9% or 
14% (as observed in recent and older studies, respectively) may reflect 
fluctuations in ferritin synthesis or leakage from intracellular stores 
occurring in starvation, exercise, or inflammation.8 Maes et  al10 re-
ported a biannual variation for ferritin with a 29.3% difference in mean 
ferritin values between peak and trough months. The lowest ferritin 
values were observed during May and November. Another study using 
2 riverine populations from the Brazilian Amazon showed higher mean 
ferritin values during the dry season.11 With respect to a possible sea-
sonal variation of ferritin, however, there are, to our knowledge, no 
large, published studies on blood donors.

Seasonal variations have been described for several factors that 
could potentially influence ferritin levels. Studies have shown seasonal 
variations in eating habits12,13 and physical activity,14 both in children 
and adults. Although differing between countries, the celebration of 
holidays often involves an increased intake of favorite foods.15 There 
are also variations in infections and inflammation over the year.16,17 
Moreover, such factors have been associated with cardiovascular  
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ABSTRACT

Objective: Several biomarkers have been reported to exhibit a sea-

sonal variation, which might also be associated with the seasonality 

observed for certain disorders, such as cardiovascular disease. Ferri-

tin is a marker of iron stores but may be influenced by other factors in-

cluding inflammation. The aim of this study was to determine whether 

there is a seasonal variation for plasma ferritin.

Methods: The study included all ferritin tests performed on blood 

donors between November 2009 and November 2016 in the county 

of Uppsala, Sweden.

Results: Median ferritin values were found to be highest in August 

to October (autumn) and lowest in April to May and December. The 

differences between the highest and lowest median values were 6 µg/L 

for males and 5 µg/L for females. This corresponds to approximately 

12% difference for males and 15% difference for females.

Conclusion: A modest but statistically significant seasonal periodicity 

for ferritin was shown for blood donors.

As estimated by the World Health Organization, more than 110 
million blood donations are made globally every year.1 The blood 
components collected from these donors constitute an essential part 
of modern medicine. Due to the blood loss, however, blood donation 
is associated with a loss of iron, and maintaining an adequate iron 
homeostasis in the donor group is an important task.2,3 In Danish 
high-frequency blood donors, iron deficiency defined as a ferritin 

disease, for which a seasonal variation has also been described.17,18 In 
view of these notions, the aim of the present study was to investigate 
whether there is a seasonal variation for ferritin in blood donors.

Materials and Methods

Samples
The study was based on the routine plasma ferritin requests for blood 
donors in the county of Uppsala, Sweden. Test results together with age 
and sex were retrieved from the laboratory information system from No-
vember 2009 to November 2016. The study period was selected to cover 
several years to minimize the potential effects of a reagent batch having 
a different calibration. Also, we wanted to avoid potential effects of the 
COVID-19 pandemic and effects of instrument changes that could influ-
ence the assay results. In total, 99,994 ferritin results were included in 
the study. All donors were tested during this period. Only age (in years) 
and sex of the blood donor, date of sampling, and ferritin results were 
extracted for the statistical analysis. The study was performed in compli-
ance with the Declaration of Helsinki and approved by the local ethical 
board at Uppsala University.

Plasma Ferritin Assay
Blood was collected in Li-heparin tubes and plasma ferritin was analyzed 
the same day as the sampling at the Department of Clinical Chemis-
try, Uppsala University Hospital using an Architect c8200 instrument 
(Abbott Laboratories) with reagents (7K59-30) from the same manu-
facturer. The instrument had a total coefficient of variation of 4.3% at 
28 µg/L and 3.0% at 164 µg/L.

Statistical Analysis
Statistical analysis was performed using Statistica (StatSoft). Shapiro-Wilk 
test showed that the ferritin values were not normal distributed. Mann-
Whitney U test was used to test for sex differences for the whole year. 
Kruskal-Wallis median test was used for nonparametric testing of ferritin 
values for individual months in relation to the whole year. Spearman rank 
correlations were used for testing correlations between ferritin and age.

Results

Ferritin Values in the Blood Donor Population
A total of 99,994 ferritin results were included in the study. Of these 
results, 46,426 were from male and 53,568 were from female blood 
donors. The median ages of females and males were 41 years (interquar-
tile range, 26–52) and 45 years (30–56), respectively. The median ferri-
tin value was 34 µg/L (22–50) for the female blood donors and 51 µg/L 
(35–83) for the male blood donors. Ferritin values less than 15 µg/L were 
found in 480 (1.0%) males and 5103 (9.5%) females, and 8476 (18.3%) 
male donors and 2288 (4.3%) female donors had ferritin values over 
100 µg/L. There were weak but significant Spearman rank correlations 
between ferritin and age for the whole population (R = 0.12; P < .0001), 
for females (R = 0.23; P < .0001), and for males (R = –0.10; P < .0001).

Seasonal Variation
There were significant seasonal variations for both male (Kruskal-Wallis 
P < .0001) and female (Kruskal-Wallis P < .0001) blood donors. The 

patterns were similar for males and females with the highest median 
values in August to October (autumn) and the lowest values in April 
to May (spring) and December (FIGURE 1). The differences between 
the highest and lowest median values were 6 µg/L for male and 5 µg/L 
for female blood donors. This corresponds to approximately 12% dif-
ference for males and 15% difference for females. The number of blood 
donations was lowest in July, but relatively stable over the rest of the 
year (FIGURE 2).

Discussion
Ferritin is essential for iron homeostasis and is mainly used as a marker 
of total iron stores in humans. Iron staining of bone marrow biopsies 
is the gold standard for iron deficiency, but a low serum ferritin is also 
highly specific for iron depletion.19 Ferritin is therefore a widely used 
biomarker for evaluation of iron status both in blood donors and in 
patients with suspected anemia. In the present study, approximately 
1% of the male blood donors and 9.5% of the female blood donors had 
ferritin values <15  µg/L, indicating iron deficiency. This is lower than 
the prevalence of iron deficiency previously reported for Danish high-
frequency blood donors.4 In line with that study, however, there is a 
clear difference between the percentage of males and females with iron 
deficiency in our material. Whereas a negative correlation was found 
between ferritin and age in men, a significant positive correlation 
was observed in females. Both these correlations were weak with low 

FIGURE 1. Median (middle line) and interquartile ranges (top 
and bottom lines) for ferritin values for males and females 
in µg/L for individual months between November 2009 and 
November 2016 in the county of Uppsala, Sweden (P < .0001).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

10

20

30

40

50

60

70

Fe
rr

it
in

 (µ
g

/L
)

FIGURE 2. Number of blood donations divided per month of 
the year.
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Spearman rank values. The finding is also in agreement with a lower per-
centage of iron deficiency reported in postmenopausal Danish women.4 
Presumably, the positive correlation between ferritin and age in females, 
at least for the most part, reflects the menopause effect on iron loss.

In contrast to iron and iron saturation, ferritin does not show any sig-
nificant diurnal variation.9 A seasonal variation can, however, be observed 
among blood donors in the present study, with the lowest median levels 
in April to May and December and the highest in August to October. We 
chose to study the seasonal variation of ferritin in blood donors rather 
than patients. Patient values may be influenced by a reduced availability of 
health care in connection with Christmas and summer holidays, implying 
a selection of more severely ill patients during those time periods. A lower 
number of donations during vacations means a longer recovery period to 
build up the iron stores. An effect could thus be higher ferritin values for 
the donor’s first blood donation after the vacation. In the present study, 
the number of blood donations was lowest in July but relatively stable 
over the rest of the year (FIGURE 2). In Sweden, July is the main holi-
day month, and the hospitals reduce the number of beds. This means that 
blood donors may be away on vacation, reducing the number of donations, 
at the same time as the hospital demand is decreased. Both these changes 
will lead to a reduced number of blood donations. We did not observe a 
clear pattern between vacations and ferritin values.

The current observation of a seasonal variation for ferritin agrees 
with previous findings in a study on 26 healthy subjects10 and is  in 
line with the lower red blood cell counts, mean corpuscular vol-
ume, and hemoglobin values during winter to spring reported in a 
US population.20 Maes et  al10 reported the lowest ferritin values in 
May and November, whereas our trough values occurred in April to 
May and December. We found a monthly peak to trough variation of 
12% for males and 15% for females, which is clearly lower than the 
29.3% reported by Maes et al10 A seasonal variation with higher in-
cidence during winter has also been described for both inflammation 
and cardiovascular disease.17,18 A study on high-sensitivity C-reactive 
protein in healthy adults showed the highest levels in November and 
the lowest in May.16 Cardiovascular disease, including coronary artery 
disease, is closely associated with inflammation, which is known to 
increase ferritin values.8 Indeed, epidemiological studies have shown 
an association between increased ferritin levels and increased risk of 
coronary artery disease.21 An increase of ferritin may also be found in 
lifestyle-associated conditions such as chronic alcohol consumption, 
nonalcoholic fatty liver disease, obesity, and the metabolic syndrome,8 
of which at least the latter has been shown to exhibit a seasonal var-
iation with higher prevalence in winter.22 A marked seasonal rhythm 
with increased intake of food during the fall12 and less physical activ-
ity in winter than in summer14 has also been described.

Conclusion
Ferritin shows a clear seasonal variation in this cohort of blood donors, 
with the lowest median levels in April to May and December. Further 
studies are warranted to evaluate whether these changes also influence 
the number of deferrals for iron deficiency.
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ABSTRACT

Granulosa cell tumors are uncommon ovarian neoplasms, predomi-

nantly of the adult type (AGCT). In this report, we present a rare case 

of a patient with metastatic AGCT to the stomach diagnosed with 

endoscopic ultrasound–guided  fine-needle aspiration (EUS-FNA). 

A  61-year-old woman without a history of AGCT underwent both a 

vaginal and an abdominal ultrasound that showed a solid and cystic 

ovarian mass along with a solid mass in the gastric antral wall. Sub-

sequently, an EUS-FNA was performed to assess the gastric lesion. 

Cytologic findings showed high cellularity, and the groups of neoplas-

tic cells invaded the muscle layer of the stomach. Notably, these cells 

formed Call-Exner bodies, whereas some nuclei exhibited nuclear 

grooves. Immunohistochemistry was performed, revealing positiv-

ity for α-inhibin, calretinin, and CD56 in the neoplastic cells, whereas 

chromogranin, synaptophysin, CD117, and DOG1 were negative. The 

combination of clinical presentation, radiology, cytomorphology, and 

immunohistochemistry could facilitate the diagnosis of metastatic 

AGCT and the management of such patients.

Granulosa cell tumors are uncommon ovarian neoplasms, comprising 
approximately 2% to 5% of all ovarian cancers. They belong to the family 
of sex cord stromal tumors and are predominantly adult granulosa cell 

tumors (AGCT; 95%), rather than the juvenile type (5%). Studies have 
shown that AGCT present clinically with symptoms and signs caused 
by the presence of an adnexal mass, including abdominal pain or swell-
ing.1-3 Because AGCT are hormonally active, they secrete high levels of 
estrogen, often resulting in abnormal vaginal bleeding, and they pose a 
higher risk of patients developing endometrial hyperplasia and cancer.3,4 
They are considered low-grade and indolent ovarian malignancies that 
grow slowly, and staging is their most important prognostic factor. Most 
patients are diagnosed at stage I, exhibiting a favorable prognosis.1-3 Of 
interest, 5- and 10-year survival rates of patients with AGCT have been 
reported to be 98% and 84%, respectively. Therefore, these patients ex-
hibit a much better prognosis than patients with other more common 
ovarian cancers, such as serous ovarian carcinomas.5 However, patients 
with AGCT require a long-term follow-up because this neoplasm may be-
have unpredictably and exhibit aggressive behavior in the long term. No-
tably, AGCT can recur or metastasize even many years after their initial 
detection; this may happen in patients initially diagnosed at stage I as 
well. Metastases of AGCT are mostly confined to the area of the pelvis 
and abdominal cavity (eg, peritoneum or omentum), yet more distant 
sites have also been reported, such as the liver, lung, and bones.1,2,6

Fine-needle aspiration (FNA) is a modality that has been success-
fully utilized in the diagnosis of metastatic AGCT.2,7-11 In this report, 
we present a case of a patient with metastatic AGCT to the stomach 
diagnosed with endoscopic ultrasound–guided (EUS)  FNA. This is the 
first cytomorphologic description in the literature of a metastasis to this 
site diagnosed with this procedure.

Case Description
A 61-year-old woman without a history of AGCT underwent both a  
vaginal and an abdominal ultrasound, which showed a solid and cystic 
ovarian mass and a solid mass in the gastric antral wall, respectively. 
Subsequently, an EUS-FNA was performed to assess the gastric lesion.

The material received was solely used to prepare a cell block. Sub-
sequent H&E-stained slides showed high cellularity. The neoplastic 
cells were mostly arranged in syncytial groups invading the muscle 
layer of the stomach and also exhibited a tendency to form rosette-
like structures (FIGURE 1). Neoplastic nuclei showed a monotonous 
appearance with ovoid shape and minimal atypia, and some of them 
exhibited nuclear grooves. Cytoplasm was of moderate amount, and 
the cell borders were ill-defined. No necrosis was found. The combi-
nation of clinical history (presence of a solid and cystic ovarian mass) 
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and cytomorphology raised the possibility of an AGCT metastasis to 
the stomach. In this situation, the rosette-like structures would repre-
sent Call-Exner bodies. In the latter, the neoplastic granulosa cells are  
arranged around small lumens containing eosinophilic material, as we 
saw in our patient (FIGURE 1).

Immunohistochemistry was performed on the cell-block mate-
rial. The neoplastic cells were positive for α-inhibin, calretinin, and 
CD56 (FIGURE 2). In contrast, they were negative for chromogranin, 
synaptophysin, CD117, and DOG1.

Therefore, by combining the radiologic, cytomorphologic, and 
immunohistochemical findings, we developed a diagnosis of a meta-
static AGCT to the stomach.

Discussion
Research has shown that AGCT are low-grade ovarian malignancies 
derived from the granulosa cells of the ovarian follicles. Although 
most exhibit an indolent behavior, long-term follow-up is required 

because a few can recur or metastasize even many years after the 
initial diagnosis.1,2,6 Clinical history may be unavailable to the pa-
thologist; thus, a diagnosis of metastatic AGCT can be difficult 
to make, especially when the specimen cellularity is inadequate 
for ancillary studies.2,8 A  few case series and reports describing 
cytologic diagnoses of metastatic AGCT have been published, 
where the latter has been found in sites such as the liver, lungs, 
bone, omentum, bowel, bladder, spleen, kidney, pleural and as-
citic fluids, and lymph nodes.2,7-11 A  recent case series has effec-
tively summarized the published literature on metastatic AGCT 
diagnosed with cytology.2

A diagnosis of metastatic AGCT can be suspected when the 
cytomorphology is classic, including the presence of Call-Exner bod-
ies and nuclei with grooves.2 Immunochemistry can confirm this sus-
picion because AGCT cells will most likely be positive for α-inhibin, 
calretinin, and CD56.12 Notably, the detection of the FOXL2 mutation 
(missense point mutation; 402C→G), by either immunohistochemistry 
or sequencing, is an accurate diagnostic biomarker and pathognomonic 

FIGURE 1. The H&E cell block cytomorphology of a metastatic adult granulosa cell tumor in the stomach wall. The neoplastic 
cells were mostly arranged in syncytial groups invading the muscle layer of the stomach and also exhibited a tendency to form 
Call-Exner bodies. A few of the neoplastic cells exhibited nuclear grooves (A and B, ×200; C and D, ×400). 

A B

C D
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for AGCT. Furthermore, FOXL2 immunohistochemistry is more  
sensitive than α-inhibin and calretinin, besides being highly specific to 
highlight the presence of AGCT.1,13,14

For our patient, we formed our differential diagnosis list based on 
the location of the mass inside the stomach wall and the low-grade 
cytomorphology of the neoplasm. Low-grade lesions growing in the submu-
cosa/muscularis can include gastric neuroendocrine tumors (NET), gastro-
intestinal stromal tumors (GIST), leiomyomas, and schwannomas. Studies 
have shown that NET are composed of cells with “salt and pepper” nuclei, al-
beit without grooves, that are positive for chromogranin and synaptophysin 
with immunohistochemistry.15 Whereas GIST are positive for DOG1 and 
CD117, leiomyomas and schwannomas exhibit spindle-shaped morphology 
and immunopositivity for desmin and S100, respectively.16

Conclusion
In conclusion, AGCT are malignant ovarian neoplasms with indolent be-
havior, yet they have an unpredictable malignant potential that prompts 
their long-term follow-up. The combination of clinical presentation,  

radiology, cytomorphology, and immunohistochemistry can facilitate 
the diagnosis of metastatic AGCT and the management of such patients.
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ABSTRACT

Hyponatremia is an uncommon manifestation of pituitary adenomas. 

Herein, I report a case of syndrome of inappropriate antidiuresis (SIAD) 

caused by a macroprolactinoma that rapidly resolved with dopamine  

agonist therapy. A 29-year-old White woman presented with euvolemic, 

hypotonic hyponatremia, normal thyroid and glucocorticoid axes, and 

inappropriately concentrated urine. She was found to have a 1.2-cm 

sellar mass. Investigation of additional pituitary axes revealed an el-

evated prolactin level of 193.7  ng/mL. The SIAD experienced by the 

patient corrected rapidly with initiation of cabergoline. The patient 

could not tolerate dopamine agonist therapy, and after 1 year, she un-

derwent transsphenoidal resection of the mass after the prolactin be-

gan to increase. Pathological examination confirmed the diagnosis of 

macroprolactinoma. There was no recurrence of the tumor, and the pa-

tient continued to have normonatremia and normoprolactinemia 7 years 

after her operation. To my knowledge, this is the first report in the liter-

ature of pathology-confirmed macroprolactinoma marked by SIAD that 

showed rapid normalization of water metabolism with dopamine agonist 

therapy.

Euvolemic, hypotonic hyponatremia with concentrated urine, along with 
normal adrenal and thyroid function and absence of renal disease and 
nonosmotic stimuli (various drugs, malignant neoplasms, infections, 
pulmonary diseases, and rare hereditary causes) of arginine vasopres-

sin (AVP) secretion meets the operational definition of syndrome of in-
appropriate antidiuresis (SIAD).1,2 Because this disorder has a long dif-
ferential diagnosis, careful history gathering and frugal laboratory and 
imaging evaluation are required for optimal therapy.

Herein, I  report the case of a woman who presented with sympto-
matic hyponatremia caused by a macroprolactinoma. Macroadenomas 
rarely present with SIAD. To my knowledge, this is the first report in 
the literature of a pathological-examination––confirmed SIAD due to 
macroprolactinoma that rapidly responded to dopamine agonist ther-
apy.

Case Report
A 29-year-old White  woman presented to an emergency depart-
ment (ED) reporting dizziness, nausea, vomiting, and diarrhea. She 
had no fever and had normal heart rate, blood pressure, and periph-
eral oxygen saturation. Her serum sodium was 117 mmol/L (normal, 
135–145 mmol/L); potassium, 4.2 mmol/L (normal, 3.6–5.0 mmol/L); 
chloride, 82  mmol/L (normal, 98–107  mmol/L); bicarbonate, 
22  mmol/L (normal, 22–31  mmol/L); blood urea nitrogen, 6  mg/dL 
(normal, 8–18 mg/dL); creatinine, 0.72 mg/dL (normal, 0.70–1.20 mg/
dL); glucose, 91  mg/dL (normal, 60–199  mg/dL); calcium, 8.5  mg/
dL (normal, 8.5–10.5  mg/dL); magnesium, 0.70  mmol/L (normal, 
0.69–1.07  mmol/L); and serum osmolality, 252 mOsm/kg (normal, 
275–295  mOsm/kg). Here level of thyroid-stimulating hormone 
(TSH) was 4.12 mIU/L (normal, 0.27–4.20  mIU/L) and free thyrox-
ine was 1.02 ng/dL (normal, 0.90–1.60 ng/dL). Her cortisol level was 
22.3  μg/dL at 05:59 AM  (normal, 6.2–19.4  μg/dL) She received fluid 
resuscitation, antiemetic therapy, and sodium chloride 1 g thrice daily 
orally. At 2 years and 6 months before presentation, her serum sodium 
level had been 138  mmol/L (normal range in a different laboratory, 
137–145 mmol/L), and her TSH level was 2.680 mIU/L (normal, 0.47–
4.68 mIU/L). Serial sodium values and other pertinent parameters are 
presented in TABLE 1.

Two weeks after starting sodium chloride tablets, her serum so-
dium measurement was 139 mmol/L. Her serum cortisol increased from 
14.5 μg/dL to 29.2 μg/dL 60 minutes after injection of 250 μg of adre-
nocorticotropic hormone [ACTH] (1–24). ACTH drawn with the basal 
cortisol (at 08:28) was 16 pg/mL (normal, 6–58 pg/mL) Sodium chloride 
tablets were discontinued. 
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insulin-like growth factor 1 was 182  ng/mL (normal, 87–368  ng/mL);  
follicle-stimulating hormone (FSH), 3.2 IU/L (normal ranges: at the  
follicular phase of the menstrual cycle, 3.5–12.5  IU/L; midcycle,  
4.7–215  IU/L; luteal phase, 1.7–7.7  IU/L; postmenopause, 25.8–
134.8  IU/L); luteinizing hormone (LH), 1.8 IU/L (follicular phrase, 
2.4–12.6  IU/L; midcycle, 14.0–95.6  IU/L; luteal phase, 1.0–11.4  IU/L; 
postmenopause, 7.7–58.5  IU/L); and estradiol, 62 pg/mL (follicular 
phase: 27–122  pg/mL; midcycle, 95–433  pg/mL; luteal phase, 49–
291 pg/mL; postmenopause, <41 pg/mL).

The patient received 0.25  mg of cabergoline. Her serum sodium 
measurement rose from 121  mmol/L to 133  mmol/L in the 12 hours 
after the dose and remained >135  mmol/L thereafter (normal, 137–
145  mmol/L). Thirty-six hours after the first dose of cabergoline, the 
serum sodium value rose to 135  mmol/L, and the serum osmolality 
normalized to 283 mOsm/kg (normal, 280–303 mOsm/kg). Urine so-
dium improved to (appropriately diluted to) 111  mmol/L, as did the 
urine osmolality, to 465 mOsm/kg. Fluid restriction was liberalized, 
and she was discharged from the hospital with instructions to take 
cabergoline 0.25 mg twice weekly. After the third dose of cabergoline, 
her sodium value was 138 mmol/L (normal, 136–144 mmol/L), and her 
prolactin value was 12.5 ng/mL (normal, 2.6–26.0 ng/mL), and both val-
ues were unchanged 2 weeks later (TABLE 1).

Although the patient continued to have normonatremia while tak-
ing cabergoline, she could not tolerate the nausea, constipation, heavy 
menses, and anxiety caused by dopamine agonist therapy. After 1 year 
of cabergoline treatment with durable normonatremia and decrease 
in the tumor to 5.5 mm in its greatest dimension, the patient tempo-
rarily stopped taking cabergoline. As a result, her prolactin level rose 
to 23.4 ng/mL (normal, 2.6–26.0 ng/mL), and she elected to undergo 
transsphenoidal resection of the pituitary mass. The pathological speci-
men stained diffusely positive for prolactin. Postoperatively, she contin-
ued to have normonatremia and normoprolactinemia while not taking 
cabergoline. An MRI performed 6 months after her operation showed 
no tumor regrowth. 

Two years after the operation, the serum sodium value was 138 mmol/L 
(normal, 136–144 mmol/L), and the prolactin value was 9.1 ng/mL (nor-
mal, 4.8–23.3  ng/mL). The TSH was elevated, at 8.350  IU/L (normal, 
0.450–4.500 IU/L). The patient began thyroid replacement therapy for pri-
mary hypothyroidism. Seven years after her operation, the patient had a 
serum sodium level of 138 mmol/L (normal, 137–146 mmol/L); her pro-
lactin level was 7.3 ng/mL (normal, 5.2–26.5 ng/mL), and TSH of 1.35 IU/L 
(normal, 0.45–4.67 IU/L).

Discussion
Acquired SIAD due to pituitary-limited tumors is exceedingly rare. The 
largest case series (of which I  am aware) of people with hyponatremia 
having sellar masses (n = 282)3 revealed that sellar arachnoid cysts are the 
most likely to present with hyponatremia. However, adenohypophyseal 
tumors are rarely associated with hyponatremia. Other researchers4 
have theorized that the mechanism of inappropriate antidiuresis 
in prolactinoma is due to a lowering of the osmotic threshold for  
arginine vasopressin secretion, as reflected by a case individual with  
reset osmostat (ie, during hypertonic saline infusion, AVP secretion was 
triggered at a lower osmolality than normal). A concurrently reported case 
of SIAD due to macroprolactinoma, curiously, had unmeasurable AVP, as 
measured by then-available assays during hyponatremia. The patient had 

Three weeks later the patient presented to a second ED with the 
same symptoms that had prompted the first admission. Clinicially, 
she had euvolemia. Her serum sodium value was 123 mmol/L (normal, 
137–145 mmol/L); serum osmolality was 271 mOsm/kg (normal, 280–
303 mOsm/kg). Her spot urine osmolality had inappropriately risen to 639 
mOsm/kg (normal range, 50–800 mOsm/kg when serum sodium is nor-
mal). Spot urine electrolyte values were as follows: sodium, 245 mmol/L; 
potassium, 33.7 mmol/L; chloride, 274 mmol/L; and creatinine, 65 mg/
dL (all reported without normal ranges; however, a urine sodium value 
>20  mmol/L along with euvolemic, hypotonic hyponatremia is consist-
ent with SIAD, hypothyroidism, or glucocorticoid deficiency). SIAD was 
diagnosed based on the presence of euvolemic, hypotonic hyponatremia, 
with inappropriately concentrated urine and normal thyroid and gluco-
corticoid axes. A 1-L daily fluid restriction was implemented.

Because the patient reported sustaining head trauma relating to her 
occupation, a brain magnetic resonance image (MRI) with and without 
gadolinium enhancement was obtained. The study revealed an anterior 
pituitary mass, with the greatest dimension being 11 mm; a dynamic pi-
tuitary protocol MRI indicated that the largest dimension of the mass 
was 12 mm (FIGURE 1). Normal posterior pituitary enhancement was 
observed in the sagittal T1-weighted images, although the mass poste-
riorly displaced the neurohypophysis. Visual field testing revealed no 
deficits. The patient reported having no galactorrhea, vision changes, or 
headaches, but stated that she had had irregular menses since menarche.

Additional interrogation of the adenohypophyseal function re-
vealed hyperprolactinemia, without concurrent evidence of excess 
somatotrophic function; and normal gonadotrophic function. Specifically, 
the serum prolactin level was 193.7 ng/mL (normal, 2.8–26.0 ng/mL); 

TABLE 1. Select Laboratory Values and Treatments

Timeline 
Laboratory Value

Comment Serum Sodium 
(mmol/L) 

Serum Osmolality 
(mOsm/kg) 

Urine Sodium (mmol/L) Urine Osmolality (mOsm/kg) Prolactin 

30 mo before presentation — — — — — —

At time of presentation 117 (low) 252 (low) — — — Start NaCl tablets

2 wk after presentation 139 — — — — Stop NaCl tablets

5 wk after presentation 123 (low) 271 (low) 245 (inappropriately 
elevated)

639 (inappropriately 
concentrated)

193.7 (high) Start cabergoline 0.25 mg twice/
wk

12 h after first dose of 
cabergoline

133 (low) — — — — —

36 h after first dose of 
cabergoline

135 (low) 283 111 (inappropriately 
elevated)

465 — —

5 wk after presentation 138 — — — 12.5 —

7 wk after presentation 138 — — — 12.5 —

1 y after starting 
cabergoline

— — — — 23.4 After stopping cabergoline tem-
porarily

2 y after operation 138 — — — 9.1 —

7 y after operation 138 — — — 7.3 —

FIGURE 1. Magnetic resonance image (MRI) of the brain of the patient, a 29-year-old White woman. Parasagittal (A) 
and coronal (B) T1 MRI showing the appropriately hyperintense neurohypophysis displaced inferoposteriorly by a 9 mm 
(craniocaudally) × 6 mm (transversely) × 12 mm (anteroposteriorly) macroprolactinoma.
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insulin-like growth factor 1 was 182  ng/mL (normal, 87–368  ng/mL);  
follicle-stimulating hormone (FSH), 3.2 IU/L (normal ranges: at the  
follicular phase of the menstrual cycle, 3.5–12.5  IU/L; midcycle,  
4.7–215  IU/L; luteal phase, 1.7–7.7  IU/L; postmenopause, 25.8–
134.8  IU/L); luteinizing hormone (LH), 1.8 IU/L (follicular phrase, 
2.4–12.6  IU/L; midcycle, 14.0–95.6  IU/L; luteal phase, 1.0–11.4  IU/L; 
postmenopause, 7.7–58.5  IU/L); and estradiol, 62 pg/mL (follicular 
phase: 27–122  pg/mL; midcycle, 95–433  pg/mL; luteal phase, 49–
291 pg/mL; postmenopause, <41 pg/mL).

The patient received 0.25  mg of cabergoline. Her serum sodium 
measurement rose from 121  mmol/L to 133  mmol/L in the 12 hours 
after the dose and remained >135  mmol/L thereafter (normal, 137–
145  mmol/L). Thirty-six hours after the first dose of cabergoline, the 
serum sodium value rose to 135  mmol/L, and the serum osmolality 
normalized to 283 mOsm/kg (normal, 280–303 mOsm/kg). Urine so-
dium improved to (appropriately diluted to) 111  mmol/L, as did the 
urine osmolality, to 465 mOsm/kg. Fluid restriction was liberalized, 
and she was discharged from the hospital with instructions to take 
cabergoline 0.25 mg twice weekly. After the third dose of cabergoline, 
her sodium value was 138 mmol/L (normal, 136–144 mmol/L), and her 
prolactin value was 12.5 ng/mL (normal, 2.6–26.0 ng/mL), and both val-
ues were unchanged 2 weeks later (TABLE 1).

Although the patient continued to have normonatremia while tak-
ing cabergoline, she could not tolerate the nausea, constipation, heavy 
menses, and anxiety caused by dopamine agonist therapy. After 1 year 
of cabergoline treatment with durable normonatremia and decrease 
in the tumor to 5.5 mm in its greatest dimension, the patient tempo-
rarily stopped taking cabergoline. As a result, her prolactin level rose 
to 23.4 ng/mL (normal, 2.6–26.0 ng/mL), and she elected to undergo 
transsphenoidal resection of the pituitary mass. The pathological speci-
men stained diffusely positive for prolactin. Postoperatively, she contin-
ued to have normonatremia and normoprolactinemia while not taking 
cabergoline. An MRI performed 6 months after her operation showed 
no tumor regrowth. 

Two years after the operation, the serum sodium value was 138 mmol/L 
(normal, 136–144 mmol/L), and the prolactin value was 9.1 ng/mL (nor-
mal, 4.8–23.3  ng/mL). The TSH was elevated, at 8.350  IU/L (normal, 
0.450–4.500 IU/L). The patient began thyroid replacement therapy for pri-
mary hypothyroidism. Seven years after her operation, the patient had a 
serum sodium level of 138 mmol/L (normal, 137–146 mmol/L); her pro-
lactin level was 7.3 ng/mL (normal, 5.2–26.5 ng/mL), and TSH of 1.35 IU/L 
(normal, 0.45–4.67 IU/L).

Discussion
Acquired SIAD due to pituitary-limited tumors is exceedingly rare. The 
largest case series (of which I  am aware) of people with hyponatremia 
having sellar masses (n = 282)3 revealed that sellar arachnoid cysts are the 
most likely to present with hyponatremia. However, adenohypophyseal 
tumors are rarely associated with hyponatremia. Other researchers4 
have theorized that the mechanism of inappropriate antidiuresis 
in prolactinoma is due to a lowering of the osmotic threshold for  
arginine vasopressin secretion, as reflected by a case individual with  
reset osmostat (ie, during hypertonic saline infusion, AVP secretion was 
triggered at a lower osmolality than normal). A concurrently reported case 
of SIAD due to macroprolactinoma, curiously, had unmeasurable AVP, as 
measured by then-available assays during hyponatremia. The patient had 

a normal response to hypertonic challenge, with increased production of a 
peptide that coeluted with an AVP standard in a high-pressure liquid chro-
matography assay at a normal threshold concentration. The patient re-
ceived bromocriptine for 13 months until he had achieved normonatremia 
and normal dilution of urine in response to hypotonic saline challenge.5

In contrast, my patient had rapid and sustained reversal of hyponatremia 
after initiation of the more potent dopamine agonist cabergoline. Further, 
she subsequently had immunohistochemical confirmation of a prolactin-
secreting tumor at surgical resection. Her prolactin level was just below 
the 200 ng/mL cutoff recommended by the Endocrine Society for mak-
ing the unequivocal diagnosis of prolactinoma.6 The fact that the tumor 
shrank and the prolactin decreased with cabergoline indicates that this 
cutoff is, perhaps, too stringent.

In another, previously reported macroprolactinoma marked by 
SIAD,7 transsphenoidal resection restored normal water metab-
olism, as with my patient; however, that other patient did not at-
tempt a trial of dopamine agonist therapy. The rapid response to 
dopamine agonist therapy experienced by my patient suggests that 
disruption of dopaminergic input, per se, can rapidly restore nor-
mal AVPergic neuronal function. In the case of my patient and these 
other published cases, the patients had chronic hyponatremia and 
did not require urgent administration of hypertonic saline to re-
verse neurocognitive decline. Hypertonic saline and vasopressinergic 
antagonists are life-saving in acute, symptomatic hyponatremia but 
carry risks of overly rapid correction and attendant brain edema and 
herniation. Formulas to calculate water excess and rate of correction 
have become standards of care.8,9

To my knowledge, in the medical literature, my patient is the first 
person with prolactinoma-induced SIAD to achieve rapid restoration of 
normal water metabolism with dopamine agonist treatment. This reso-
lution of SIAD preceded a decrease in tumor size, suggesting that dopa-
mine or prolactin, but not a mass effect on AVPergic neurons, is what 
drove the inappropriate antidiuresis. Although rare, macroprolactinoma 
should be considered as a cause of SIAD.
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Because the patient reported sustaining head trauma relating to her 
occupation, a brain magnetic resonance image (MRI) with and without 
gadolinium enhancement was obtained. The study revealed an anterior 
pituitary mass, with the greatest dimension being 11 mm; a dynamic pi-
tuitary protocol MRI indicated that the largest dimension of the mass 
was 12 mm (FIGURE 1). Normal posterior pituitary enhancement was 
observed in the sagittal T1-weighted images, although the mass poste-
riorly displaced the neurohypophysis. Visual field testing revealed no 
deficits. The patient reported having no galactorrhea, vision changes, or 
headaches, but stated that she had had irregular menses since menarche.

Additional interrogation of the adenohypophyseal function re-
vealed hyperprolactinemia, without concurrent evidence of excess 
somatotrophic function; and normal gonadotrophic function. Specifically, 
the serum prolactin level was 193.7 ng/mL (normal, 2.8–26.0 ng/mL); 

FIGURE 1. Magnetic resonance image (MRI) of the brain of the patient, a 29-year-old White woman. Parasagittal (A) 
and coronal (B) T1 MRI showing the appropriately hyperintense neurohypophysis displaced inferoposteriorly by a 9 mm 
(craniocaudally) × 6 mm (transversely) × 12 mm (anteroposteriorly) macroprolactinoma.
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ABSTRACT

Pseudothrombocytopenia is an in vitro phenomenon of platelet aggre-

gation due to conformational changes and exposure of cryptic antigens 

on the platelet surface caused by anticoagulants, leading to the aggre-

gation of platelets and falsely lower automated platelet counts. Although 

it has no clinical relevance, it can lead to unnecessary fear, diagnostic 

errors, or unnecessary tests and interventions when unrecognized.

Pseudothrombocytopenia was detected in a 25-year-old woman 

8  months after the second dose of mRNA COVID-19 vaccine, 

BNT162b2. The pseudothrombocytopenia was transient and the du-

ration was shorter than 3  months. As pseudothromobocytopenia is 

not detected unless blood is drawn for other objectives, it is difficult to 

determine its true occurrence among recipients of vaccines. This case 

shows that pseudothrombocytopenia may develop transiently even 

months after COVID-19 vaccination and should be considered when 

thrombocytopenia is found in recipients of the vaccine to avoid unnec-

essary fear, diagnostic errors, or unnecessary tests and interventions.

Case Report
The case is a 25-year-old woman taking rosuvastatin for familial hy-
percholesterolemia and having regular blood tests every 2 months. 
She received two doses of mRNA COVID-19 vaccine, BNT162b2, with 
a 3-week interval in March 2021. The platelet counts of the EDTA-2K-
anticoagulated blood samples examined in May, July, and September 
did not show the aggregation of platelets and the platelet counts were 
348  ×  109/L, 281  ×  109/L, and 302  ×  109/L, respectively (TABLE 1). 
The EDTA-2K anticoagulated blood drawn on the occasion of an annual 
health check in November, 8  months after the second vaccine dose, 
showed platelet aggregation, and blood was drawn again in an EDTA-2K 
anticoagulated tube and an FC Mix tube that contained sodium fluoride, 

EDTA-2Na, and sodium citrate for anticoagulation. The platelet count in 
the EDTA-2K anticoagulant tube was 63 × 109/L and that in the other 
tube was 90  ×  109/L. On microscopic peripheral blood examination, 
platelet aggregation was observed (FIGURE 1). The platelet count in 
the EDTA-2K anticoagulated tube was manually determined by count-
ing the platelets in the sample diluted 100-fold in 1% ammonium ox-
alate solution with fluorescence microscopy and was 179 × 109/L. She 
did not have any signs or symptoms of bleeding and was diagnosed 
with pseudothrombocytopenia. The platelet count in the EDTA-2K 
anticoagulated sample drawn 3 weeks later had returned to her normal 
value of 306 × 109/L.

Discussion
Hematological changes are frequently complicated with COVID-19 and 
thrombocytopenia is detected in 5% to 41.7% of patients.1,2 Platelet 
count is lower in more severe diseases, and complex mechanisms are 
considered to contribute to the development of thrombocytopenia.1 In 
addition to true thrombocytopenia, cases of pseudothrombocytopenia 
related to COVID-19 have been reported.3–7 Pseudothrombocytopenia 
is an in vitro phenomenon of platelet aggregation due to the conforma-
tional changes and exposure of cryptic antigens on the platelet surface 
caused by anticoagulants, usually EDTA, leading to the aggregation of 
the platelets through the immune reaction between the exposed cryp-
tic antigens and autoantibodies and falsely lower automated plate-
let counts.8 Although pseudothrombocytopenia is observed in 0.03% 
to 0.27% of the general population, it is associated with some specific 
conditions such as autoimmune diseases, infections, pregnancy, and 
medications. Although it has no clinical relevance, it can lead to unnec-
essary fear, diagnostic errors or unnecessary tests and interventions, in-
cluding platelet transfusion, when unrecognized.

The efficacy of COVID-19 mRNA vaccines has been confirmed with 
acceptable safety profiles, and millions of people have been vaccinated 
worldwide. It is reported that they may cause a transient exacerbation 
of thrombocytopenia in patients with chronic immune thrombocytope-
nia; 9 however, they do not appear to be associated with newly developed 
immune thrombocytopenia, and the overall incidence of thrombocyto-
penia does not appear to increase after the vaccination.10

We reported a case of pseudothrombocytopenia associated with 
BNT162b2 COVID-19 mRNA vaccine observed 8  months after the 
second dose. A case of transient pseudothrombocytopenia in a recipi-
ent of Ad26.COV2.S adenovirus vector vaccine has been reported.11 
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The patient was taking methotrexate for psoriatic arthritis, and 
pseudothromobocytopenia was diagnosed 5 days after the vaccine. How-
ever, the incidence of pseudothrombocytopenia after COVID-19 vacci-
nation is unknown and it appears difficult to be determined because, as 
pseudothrombocytopenia is not associated with bleeding tendency, it is 
not detected unless blood is drawn for objectives other than the evalua-
tion of bleeding tendency. Thus, many cases of pseudothrombocytopenia 
could have been overlooked.

In a large nationwide study of BNT162b2 vaccine in Israel, the inci-
dence of thrombocytopenia was 56 in 884,828 recipients and not dif-
ferent from that of controls during 21 days of follow-up.12,13 However, 
the incidence of thrombocytopenia after this period is not known and 
that of pseudothrombocytopenia is all the more difficult to elucidate. In 
addition, as our patient developed transient pseudothrombocytopenia 
8 months after vaccination, many cases of transient and/or late-onset 
pseudothrombocytopenia after the COVID-19 vaccination may have 
been unrecognized, and more cases of pseudothrombocytopenia could 
have been found with more frequent and prolonged follow-ups. Al-
though anti-COVID-19 antibody levels were not measured in the pres-
ent case, an observation that pseudothrombocytopenia persisted with 
positive IgG/IgM anti-COVID-19 antibodies 9 months after COVID-19 
infection suggests that persistent high-titer anti-COVID-19 antibodies 
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The patient was taking methotrexate for psoriatic arthritis, and 
pseudothromobocytopenia was diagnosed 5 days after the vaccine. How-
ever, the incidence of pseudothrombocytopenia after COVID-19 vacci-
nation is unknown and it appears difficult to be determined because, as 
pseudothrombocytopenia is not associated with bleeding tendency, it is 
not detected unless blood is drawn for objectives other than the evalua-
tion of bleeding tendency. Thus, many cases of pseudothrombocytopenia 
could have been overlooked.

In a large nationwide study of BNT162b2 vaccine in Israel, the inci-
dence of thrombocytopenia was 56 in 884,828 recipients and not dif-
ferent from that of controls during 21 days of follow-up.12,13 However, 
the incidence of thrombocytopenia after this period is not known and 
that of pseudothrombocytopenia is all the more difficult to elucidate. In 
addition, as our patient developed transient pseudothrombocytopenia 
8 months after vaccination, many cases of transient and/or late-onset 
pseudothrombocytopenia after the COVID-19 vaccination may have 
been unrecognized, and more cases of pseudothrombocytopenia could 
have been found with more frequent and prolonged follow-ups. Al-
though anti-COVID-19 antibody levels were not measured in the pres-
ent case, an observation that pseudothrombocytopenia persisted with 
positive IgG/IgM anti-COVID-19 antibodies 9 months after COVID-19 
infection suggests that persistent high-titer anti-COVID-19 antibodies 

induced by vaccination might be associated with the late-onset 
pseudothrombocytopenia in the present case.6 However, this assump-
tion needs to be verified in the similar cases. Pseudothrombocytopenia 
sometimes shows alternative periods without in vitro aggregation, and 
the duration of pseudothrombocytopenia in the present case was shorter 
than 3 months.8 Thus, COVID-19 vaccination may lead to persisting, re-
current, or late-onset pseudothrombocytopenia.

Although it appears difficult to determine its true occurrence, 
the present case shows that pseudothrombocytopenia may develop 
transiently even months after COVID-19 vaccination and should be 
considered and properly evaluated when thrombocytopenia is found in-
cidentally in recipients of the COVID-19 vaccine to avoid unnecessary 
fear and interventions.
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TABLE 1.  Blood Cell Counts of EDTA-2K Anticoagulated 
Samples

Variables May July Sept Nov Dec 

White blood cells (×109/L) 7.1 4.7 5.0 5.0 5.1

Hemoglobin (g/dL) 11.7 11.1 11.5 12.0 11.7

Platelets (×109/L) 348 281 302 63 306

FIGURE 1. Peripheral blood smear of the EDTA-2K 
anticoagulated sample. Relatively small and loose platelet 
aggregates were observed in November 2021 (May-
Grünwald-Giemsa, ×400).
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CORRECTION

Correction to: Quality Assessment and Clinical Utility of 
Plasma Obtained Via Apheresis vs That Obtained from 
Whole Blood
 

Laboratory Medicine 2022;53:542; https://doi.org/10.1093/labmed/lmac091

This is a correction to: Eiman Hussein, MD, PhD, Azza Aboul Enein, 
MD, Quality Assessment and Clinical Utility of Plasma Obtained Via 

Apheresis vs That Obtained from Whole Blood,  Laboratory Medicine, 
2022, lmac029, https://doi.org/10.1093/labmed/lmac029.

In the originally published manuscript, there was an error in 
the opening section. The “Association for the Advancement of Book 
and Biotherapies (AABB)” should read “Association for the Ad-
vancement of Blood and Biotherapies (AABB).” This error has been 
corrected online.
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ABSTRACT

A male patient with a persistent, combined erythrocytosis, leukocyto-

sis, and thrombocytosis without representative evidence of reactive 

increase emerged as having a myeloproliferative disorder. Molecular-

biological assessment yielded Janus kinase 2–positive results, and the 

patient was diagnosed with polycythemia vera. In addition to these 

findings, further karyotyping accounted for a Robertsonian trans-

location. Because this rearrangement was a balanced variant, we 

concluded that this cytogenetic result might not significantly alter the 

diagnosis of polycythemia vera.

Clinical History
We report a male patient aged 58 years referred to our hospital because of 
anamnestic reported erythrocytosis, leukocytosis, and thrombocytosis 
for more than half a year. Upon admission and subsequent blood anal-
ysis, the patient had leukocytes 10.6 G/L (3.9–8.8), thrombocytes 618 
G/L (150–400), and polyglobulia with erythrocytes 6.4 T/L (4.2–5.5), 
hemoglobin 15.7 g/dL (14–17) and hematocrit 49.4% (36.2%–46.3%). 
In addition, a low count of erythropoietin was assessed. Because the 
patient’s cardiorespiratory status could not sufficiently explain the 
polyglobulia as a reactive increase, the suspicion of a myeloproliferative 
disorder, primarily polycythemia vera, was expressed.

Consequently, a molecular-genetic laboratory program was carried 
out, including relevant biomarkers associated with myeloproliferative 
disorders. The analysis offered negative results for the breakpoint clus-

ter region protein-Abelson murine leukemia viral oncogene homolog 
1 (BCR/ABL) translocation in both fluorescence in situ hybridization 
and quantitative polymerase chain reaction. Further investigations 
including calreticulin exon 9, Janus kinase 2 (JAK2) exon 12, and 
myeloproliferative leukemia of codons W515L/K/A and S505N also 
showed negative results. The patient was decisively positive for JAK2-
V617F with a mutation allele frequency of 22.1% according to digital 
droplet polymerase chain reaction (ddPCR) of peripheral blood, as 
shown in IMAGE 1. Therefore, the patient met the major inclusion 
criteria for the diagnosis of a myeloproliferative disorder. Accordingly, 
a bone marrow biopsy was performed for further disease classification.

Subsequent cytomorphological investigations of the patient’s bone 
marrow offered a coherent picture that substantiated the previous 
findings. In the hypercellular bone marrow, the erythrocytosis appeared 
strikingly proliferative, and staining with Berlin-blue dye revealed the 
typical iron deficiency of the reticuloendothelial system. A complemen-
tary immunohistochemical analysis further confirmed the diagnosis 
of polycythemia vera: The granulopoiesis (CD15, myeloperoxidase), 
the megakaryocytopoiesis (CD61, CD42b), and above all the erythro-
poiesis (CD71, glycophorin C) were quantitatively increased and the 
hemosiderin granules were not detectable. Reticulin staining showed 
a normal reticulin fiber network; therefore, in combination with an 
absence of leukoerythroblastosis in the peripheral blood smear, a 
prefibrotic stage of polycythemia vera or a post–polycythemia vera 
myelofibrosis was excluded.

Eventually, karyotyping analysis was performed on unstimulated (24 
hours and 48 hours) bone marrow cultures. Surprisingly, an unexpected 
balanced Robertsonian translocation t(13;21)(q10;q10) was detected, 
as shown in IMAGE 2. The translocation was conclusively assumed to 
be a constitutional rather than an acquired translocation because all 
analyzed metaphases (20) were affected.

Discussion
Although balanced Robertsonian translocations represent the most 
common human genetic chromosomal translocation,1 with a rate of 1 
in 1000 in newborns, little evidence is given in association with hema-
tologic disorders as a possible contributor to pathogenesis. Generally, 
in balanced Robertsonian translocations, the phenotypical develop-
ment is not affected, but predispositions to abortion, infertility, and 
hematologic disorders have been observed.2,3 Prior publications with a 
hematologic context have predominantly described balanced Robertso-
nian translocations in patients with acute myeloid leukemia. In those 
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IMAGE 1.  JAK2-V617F ddPCR analysis: Channel 1 = Mutated JAK2-V617F, Channel 2 = Wildtype JAK2 V617F. A01 – B01 
positive control; C01 – negative control; D01 – no template control; C02 – D02 patient. A mutation allele frequency of 22.1% was 
assessed. JAK2, Janus kinase 2; ddPCR, digital droplet polymerase chain reaction.

IMAGE 2. Karyogram of a male patient with a Robertsonian translocation in all metaphases and a loss of chromosome Y in 
25% of metaphases. Karyotype: 44,X,Y,rob(13;21)(q10;q10)[3]/45,XY,rob(13;21)(q10;q10)[9].

patients, however, it is important to note that such aberrations have 
mostly been based on acquired genesis.4-7

In those reports, either a cytogenetic remission was commonly 
disclosed after introducing specific therapeutic regimes or the Rob-
ertsonian translocation occurred in the course of diagnostic disease 
monitoring as a secondary phenomenon in addition to already existing 
molecular-biological abnormalities, therefore proving the acquired na-
ture of the translocation. The mechanism of Robertsonian translocations 
as a potential contributor to leukemogenesis is still not clear. Previous 
case reports provided the explanation that in acquired Robertsonian 
translocation partial trisomy or tetrasomy might increase gene dosage 
and therefore increase the risk of clonal evolution. Those assumptions 
were supported by a retrospective trial conducted by Welborn et al,1 who 
investigated the impact of acquired Robertsonian translocations and 
isochromosomes on hematologic disorders. Of interest in that study, 
all of the detected acquired Robertsonian rearrangements resulted in a 
trisomic karyotype. In addition, a vast majority of those trisomies, on 
the basis of acquired Robertsonian translocation, were found to be the 
sole molecular biological abnormality. Those observations further indi-
cated the potential of acquired Robertsonian translocation as a self-con-
tained risk factor for hematologic disease development. Nevertheless, it 
is important to mention that those acquired variants are less prevalent 
than constitutional ones because Robertsonian translocations occur 
more frequently in meiosis than in mitosis.1,2,5,6 

In our patient, we diagnosed a balanced Robertsonian transloca-
tion of congenital etiology in which the entire long arms of acrocentric 
chromosomes 13 and 21 fused—after breakage of the centromere—
whereas the short arms were lost. The loss of the short arms is con-
sistent with a normal phenotype because short arms of acrocentric 
chromosomes predominantly contain repeated satellite DNA sequences 
in tandem and repetitive ribosomal RNA. It is noteworthy that carriers 
of balanced Robertsonian translocations are at increased risk of 
producing unbalanced gametes and, consequently, of children with a 
similar condition. However, our patient did not have children nor wish 
to have children in the future, so further investigations regarding the 
patient’s fertility or a human genetic analysis of family members was 
not required.8

When searching for myeloproliferative disorders in the literature, we 
could only identify 3 older studies that reported a Robertsonian trans-
location t(13;14) in patients with chronic myeloid leukemia.9-11 No case 
report of balanced Robertsonian translocation in a patient with a poly-
cythemia vera has been published before now.

Laboratory Role in Diagnosis
In the case study we present, it is important to question the impact 
of laboratory analysis, specifically of the molecular-biological results, 
on the patient’s outcome. In our patient, JAK2 positivity indisputably 
proved the diagnosis of a myeloproliferative disorder with BCR/ABL 
negativity according to World Health Organization diagnostic criteria.12 
Subsequent investigations, such as the subnormal erythropoietin level, 
persistent polyglobulia, and microscopic picture, enabled further classi-
fication as a polycythemia vera.12

Cytomorphological investigation of bone marrow represents one of 
the most important initial steps in the laboratory analysis of hemato-
logic patients. Bone marrow biopsy was included in the major diagnostic 
criteria of polycythemia vera in the 2016 revised “WHO Classification of 
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patients, however, it is important to note that such aberrations have 
mostly been based on acquired genesis.4-7

In those reports, either a cytogenetic remission was commonly 
disclosed after introducing specific therapeutic regimes or the Rob-
ertsonian translocation occurred in the course of diagnostic disease 
monitoring as a secondary phenomenon in addition to already existing 
molecular-biological abnormalities, therefore proving the acquired na-
ture of the translocation. The mechanism of Robertsonian translocations 
as a potential contributor to leukemogenesis is still not clear. Previous 
case reports provided the explanation that in acquired Robertsonian 
translocation partial trisomy or tetrasomy might increase gene dosage 
and therefore increase the risk of clonal evolution. Those assumptions 
were supported by a retrospective trial conducted by Welborn et al,1 who 
investigated the impact of acquired Robertsonian translocations and 
isochromosomes on hematologic disorders. Of interest in that study, 
all of the detected acquired Robertsonian rearrangements resulted in a 
trisomic karyotype. In addition, a vast majority of those trisomies, on 
the basis of acquired Robertsonian translocation, were found to be the 
sole molecular biological abnormality. Those observations further indi-
cated the potential of acquired Robertsonian translocation as a self-con-
tained risk factor for hematologic disease development. Nevertheless, it 
is important to mention that those acquired variants are less prevalent 
than constitutional ones because Robertsonian translocations occur 
more frequently in meiosis than in mitosis.1,2,5,6 

In our patient, we diagnosed a balanced Robertsonian transloca-
tion of congenital etiology in which the entire long arms of acrocentric 
chromosomes 13 and 21 fused—after breakage of the centromere—
whereas the short arms were lost. The loss of the short arms is con-
sistent with a normal phenotype because short arms of acrocentric 
chromosomes predominantly contain repeated satellite DNA sequences 
in tandem and repetitive ribosomal RNA. It is noteworthy that carriers 
of balanced Robertsonian translocations are at increased risk of 
producing unbalanced gametes and, consequently, of children with a 
similar condition. However, our patient did not have children nor wish 
to have children in the future, so further investigations regarding the 
patient’s fertility or a human genetic analysis of family members was 
not required.8

When searching for myeloproliferative disorders in the literature, we 
could only identify 3 older studies that reported a Robertsonian trans-
location t(13;14) in patients with chronic myeloid leukemia.9-11 No case 
report of balanced Robertsonian translocation in a patient with a poly-
cythemia vera has been published before now.

Laboratory Role in Diagnosis
In the case study we present, it is important to question the impact 
of laboratory analysis, specifically of the molecular-biological results, 
on the patient’s outcome. In our patient, JAK2 positivity indisputably 
proved the diagnosis of a myeloproliferative disorder with BCR/ABL 
negativity according to World Health Organization diagnostic criteria.12 
Subsequent investigations, such as the subnormal erythropoietin level, 
persistent polyglobulia, and microscopic picture, enabled further classi-
fication as a polycythemia vera.12

Cytomorphological investigation of bone marrow represents one of 
the most important initial steps in the laboratory analysis of hemato-
logic patients. Bone marrow biopsy was included in the major diagnostic 
criteria of polycythemia vera in the 2016 revised “WHO Classification of 

Tumours of Haematopoietic and Lymphoid Tissues.”12 Our patient ful-
filled these major diagnostic criteria because the bone marrow presented 
hypercellularity and panmyelosis (trilineage myeloproliferation) with 
a dominating proliferative erythrocytosis caused by the JAK2-V617F 
driver mutation. However, it is worth mentioning that microscopic 
differentiation of polycythemia vera and essential thrombocythemia 
is often challenging. In that context, the trilineage proliferation with 
pleomorphic megakaryocytes indicates a diagnosis of polycythemia 
vera. In contrast, in patients with essential thrombocythemia the 
megakaryocytic lineage is commonly affected and appears predomi-
nantly proliferative with enlarged megakaryocytes with hyperlobulated 
nuclei.12

In addition, the quantification of the allelic burden by ddPCR enabled 
a comprehensive follow-up in our patient comprising therapy guidance 
and a molecular-biological monitoring of minimal residual disease.13,14 
A few studies have referred to a higher mutation allelic frequency in pol-
ycythemia vera than in other myeloproliferative disorders. Lee et  al15 
described a 40.7% ± 31.2% allelic burden in untreated patients, whereas 
Yow et al16 reported a median JAK2-mutation allelic frequency of 48.8% 
in patients with polycythemia vera. Our patient had an initial mutation 
allele frequency of 22.1% in the peripheral blood and could be seen as 
having a comparatively low allelic burden.

We must also highlight that a loss of chromosome Y was detected 
in the karyotype analysis in 25% of our patient’s analyzed metaphases. 
Even though the loss of chromosome Y represents the most frequently 
observed cytogenetic abnormality of the bone marrow analysis of male 
patients, it is necessary to differentiate whether this finding represents 
a disease-associated or an age-related phenomenon. The vast majority of 
publications in that context postulate a cutoff of 75% that must be over-
come to discuss a disease-associated clone. Compared to our patient, 
who had a loss of chromosome Y in 25% of his analyzed metaphases, this 
result could be neglected as a natural occurrence of older age in a male 
patient. Above all, there is compelling evidence that the loss of chromo-
some Y represents an intermediate-to-favorable prognostic aberration 
in patients with hematologic disorders.17,18

Finally, we scrutinized the clinical significance of the Robertsonian 
translocation. The detection of the Robertsonian translocation was 
more or less a coincidence. Nevertheless, it underlines the necessity for 
karyotype analysis, even if myeloproliferative disorders usually do not 
present recurrent cytogenetic aberrations.19 Considering the Robertso-
nian translocation, the balanced variant without a gain of gene mate-
rial is much more favorable. In contrast, patients with an unbalanced 
translocation may suffer from multiple malformations to the point of 
Down syndrome or Paetau syndrome.20-23 Essentially, as reported in one 
of the most comprehensive studies in that scientific field, conducted 
by Schoemaker et al,2 balanced Robertsonian rearrangements emerged 
as risk factors for childhood leukemia and non-Hodgkin lymphoma. 
Furthermore the Robertsonian translocation rob(13;14) resulted in a 
higher risk of breast cancer. Even though this prospective study found 
that even balanced variants of Robertsonian translocations are a rele-
vant risk factor for specific hematologic and solid tumors, no prognostic 
conclusion or adverse patient outcomes could be confirmed. In particu-
lar, the overall mortality of patients harboring balanced Robertsonian 
translocations was lower (although not significantly lower) than that of 
the general population.2

Based on these findings, we report the case of a patient with a con-
firmed diagnosis of polycythemia vera. Because the patient also showed 
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a Robertsonian translocation, it was necessary to appraise that specific 
condition. Indeed, patients with balanced Robertsonian translocations 
commonly present a normal phenotype. Currently, no convincing data 
are available regarding balanced Robertsonian translocations that sup-
port an adverse outcome additional to the base diagnosis of polycythe-
mia vera.

Patient Follow-Up
Long-term medication with acetylsalicylic acid was prescribed as pro-
phylaxis for thromboembolism, and a phlebotomy was performed to 
lower the hematocrit to 43% (<45%). A cytoreductive therapy has not 
yet been established because of the patient’s age, clinical status, and, no-
tably, the assessment of a favorable molecular-biological profile with an 
initial low allelic burden of JAK2 and nonadverse cytogenetic findings.

Furthermore, regular blood count monitoring was arranged with an 
external physician, and additional comprehensive assessments of he-
matologic parameters and monitoring of the patient’s status have been 
scheduled at our institution for a period of 3 months (as of this writing).
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ABSTRACT

Objective: To perform validation of plasma sodium on blood gas 

analyzers to reflexively correct erroneous measurements by ion-

selective electrodes (ISEs).

Methods: We compared remnant specimens of whole blood and 

plasma collected by lithium heparin vacutainer with normal pro-

tein concentrations and no lipemia. Whole-blood specimens were 

tested for sodium concentration on the ABL800 Flex blood gas 

analyzer, followed by centrifugation for plasma separation, and re-

peat sodium determination on an aliquot of the plasma only. Also, 

plasma specimens were analyzed by indirect ISE on the Cobas 

8000 series and by direct ISE on the ABL800 Flex for instrument 

comparison.

Results: Plasma aliquots yielded comparable results to the parent 

whole-blood specimen, with an average change of −1.33  mmol/L 

(R2 = 0.9727). Comparison of indirect ISE to direct ISE similarly 

yielded comparable results, with an average change of + 0.8 mmol/L 

(R2 = 0.9016).

Conclusion: Plasma is a valid specimen matrix for use on blood 

gas analyzers for sodium determination, eliminating the need 

for re-collection of whole-blood specimens from patients with 

pseudohyponatremia.

In clinical laboratory testing, measurement of electrolytes (sodium, 
potassium, and chloride) is commonly performed by potentiometric 
methodologies relying on ion-selective electrodes (ISEs).1 These are 
among the most commonly performed tests worldwide, and conse-
quently, laboratories typically use high-throughput chemistry analyzers. 

Testing is performed by analysis of plasma or serum using an indi-
rect ISE method, requiring significant specimen dilution—1:20 to 1:34.2 
A  consequence of the dilutional step necessitates back-calculation to 
produce an electrolyte concentration in the original specimen, relying on 
a critical assumption that the matrix of serum/plasma is predominantly 
aqueous. In healthy individuals, serum and plasma is approximately 93% 
aqueous material, in which the electrolytes are dissolved, and 7% solids 
(ie, lipids, proteins). Deviations in this ratio, caused by dyslipidemias and 
liver or kidney disorders in which hypo- or hyperproteinemia is present, 
can produce over- or underestimated concentrations of electrolytes by 
indirect ISE.1 Collectively, this phenomenon is known as the electrolyte 
exclusion effect or volume displacement effect.3

Of all electrolytes, sodium is often the most affected, due to its  
relatively high plasma concentration and narrow physiological range. Potas-
sium and chloride are also analytically affected by the phenomenon. How-
ever, due to lower plasma concentrations and larger physiological ranges, 
the absolute change in concentration is usually not clinically significant.3 
Findings from previous studies4,5 have demonstrated a spurious increase in 
sodium concentration in cases of an absence of proteins (total protein <3 g/
dL) and spurious decreases in sodium concentration in the presence of ex-
cess proteins (total protein > 9 g/dL) or lipids (L-Index > 700), known as 
pseudohyper- and pseudohyponatremia, respectively. In such cases, these er-
roneous measurements may go undetected, or results may be canceled, and 
the patient redrawn from treatment with no true resolution. 

A proposed solution is the usage of blood gas analyzers or point-
of-care (POC) devices, which employ direct ISE methods on undiluted 
whole blood.6,7 Without a required dilutional step, direct analyzers are 
not affected by the volume-displacement effect and can more accu-
rately determine sodium concentration in such cases. However, these 
instruments are only validated for use on whole-blood specimens, not 
plasma or serum, requiring patients be redrawn when confirmatory 
analysis by direct ISE is needed.

Because these devices are typically accessible for laboratories, 
and to facilitate usage of direct ISE for cases of pseudohyper- and 
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pseudohyponatremia, our study aim was to validate the analysis of 
plasma using blood gas analyzers for sodium measurement. Doing 
so would consequently enable laboratories to establish rules for the 
detection of plasma specimens potentially affected by the volume-
displacement effect and to reflex those specimens to direct ISE for more 
accurate sodium determination.5 This step would minimally impact nor-
mal laboratory or clinical practice while eliminating these cases of erro-
neous sodium measurement.

Methods

Sodium Measurement and Specimen Collection
Direct sodium measurement was performed on the ABL800 Flex instru-
ment (Radiometer). Indirect sodium measurement was performed on 
the ISE module of the Cobas 8000 series analyzer (F. Hoffman-La Roche, 
Ltd.). Specimens used in this study were leftover specimens, collected in 
lithium heparin vacutainer tubes, previously analyzed in the Yale New 
Haven Hospital Chemistry Laboratory. Specimens were stored between 
2°C-8°C and used within 1 week of initial collection but reanalyzed on 
Roche and Radiometer instruments within 1 hour for the comparison 
study.

Statistical Analysis
An allowable error of sodium measurement +/−4 mmol/L was used for 
all method comparison studies.4 Statistical analysis was performed 
using EP Evaluator and JMP Pro 15. Results were analyzed by linear re-
gression and mean analysis.

Direct Sodium Whole Blood and Plasma Comparison
Whole-blood specimens (n = 45) were analyzed directly for sodium con-
centration, immediately followed by centrifugation (2254g; 7 minutes). 
Separated plasma was aliquoted to a new tube, followed by a repeat di-
rect sodium measurement.

Direct and Indirect Plasma Method Comparison
Plasma specimens (n = 95) selected for study were lightly vortexed 
before analysis by indirect and direct methods. To avoid confounding 
variables, only specimens with no apparent interferences were utilized in 
this study. Exclusion criteria consisted of specimen with H-Index > 30, 
L-Index > 15, and I-Index > 5. Also, to further avoid the volume-
displacement effect, only specimens with a total protein within the ref-
erence interval of 6.6-8.7 g/dL were utilized, as protein concentrations 
outside of the normal range are known to cause a difference.4 Specimens 
were analyzed indirectly first, immediately followed by direct measure-
ment within 1 hour.

Precision, Linearity, and Carryover
Radiometer precision was determined using quality control material at 3 
levels (125, 140, and 159 mmol/L). Interassay precision was determined 
by 3 replicate runs at each level a day over 7 days (n = 60). Intra-assay 
precision was determined by 20 measurements at each level within 1 
run (n = 60). Linearity determination utilized additional quality-control 
material at 3 different levels (83, 147, and 173 mmol/L), with 4 replicate 
runs at each level.

The potential for carryover was analyzed by using Radiometer cali-
brator material at 2 levels (115 and 167 mmol/L). Measurement of the 

115 mmol/L material was performed after 2 sample measurements of 
the high- or low-concentration material. High and low material were 
alternated throughout the study, with 5 replicate runs at each level 
(n = 21). Mean measurement of the 115 mmol/L material after low (low-
low mean) and high (high-low mean) runs were used to assess carryover.

Results

Direct Sodium Whole Blood and Plasma Comparison
A total of 45 whole-blood specimens were compared with plasma over 
a sodium concentration range of 119 to 141 mmol/L, with a mean of 
131 mmol/L. The difference between matrices was within the allowable 
error (+/−4 mmol/L) for all specimens (FIGURE 1), with an average bias 
of −1.33 mmol/L.

Direct and Indirect Plasma Method Comparison
A total of 95 plasma specimens were compared between both direct and 
indirect methods. The range in sodium concentrations by indirect meas-
urement was from 126 to 147  mmol/L, with a mean of 138  mmol/L. 
The difference between instruments was within the allowable error 
(+/−4  mmol/L) for all specimens (FIGURE 2) with an average bias 
of + 0.8 mmol/L.

Precision, Linearity, and Carryover
Intra-assay CV was determined to be 0.4% for low and middle 
concentrations (125 and 140  mmol/L) and 0.5% for the high concen-
tration (159 mmol/L). Interassay CV was determined to be 0.3% for the 
low and high concentrations, and 0% for the middle concentration. The 
assay demonstrated strong linearity, with a CV of 0% and R2 = 1.

Mean low concentration after a low-concentration specimen 
(low-low) was 114.8  mmol/L, and mean low concentration after a 
high-concentration specimen (high-low) was 114.6  mmol/L. These 
measurements represented minimal carryover of −0.2 mmol/L.

Discussion
In comparing whole blood to plasma on the Radiometer ABL800 Flex, 
there were minimal variations in sodium concentration, with an aver-
age bias of −1.33 mmol/L (R2 = 0.9727). Also, there were minimal var-
iations when comparing plasma sodium by indirect ISE on the Roche 
Cobas 8000 series analyzer to the direct ISE of the blood gas analyzer, 
with an average bias of + 0.8  mmol/L (R2 = 0.9016). In both cases, all 
tested specimens were within a total allowable error of +/−4 mmol/L. 
The findings of this study demonstrate plasma as a valid specimen type 
for the measurement of sodium on the blood gas analyzer, with compa-
rable results to indirect ISE.

A limitation of indirect ISE is the volume-displacement effect, 
caused by a required dilution step during analysis.2 This phenomenon 
occurs specifically in patients with hypoproteinemia (TP < 3.0  g/dL), 
hyperproteinemia (TP > 9  g/dL), or hyperlipidemia (L-Index > 700) 
because it causes a shift in the percent volume of nonsoluble solids 
in plasma or serum.4,5 The effect can result in spurious sodium 
measurements, known as pseudohyper- or pseudohyponatremia. 

Generally, these erroneous measurements may be undetected or 
canceled, or the patient may have a specimen redrawn without resolu-
tion. Blood gas analyzers validated for measurement of electrolytes in 
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whole blood avoid this dilution step in measurement, and instead meas-
ure the ion electrical potential directly in the plasma water of the ma-
trix. Sodium concentration, in this case, is independent of the volume of 
nonaqueous components because this is only a required consideration in 
the dilutional analysis of indirect ISE.8 Thus, blood gas analyzers pres-
ent an alternative solution, being consequently free from the volume-
displacement effect. Most electrolyte testing occurs in plasma or serum; 
hence, these study findings demonstrate that these specimens may be 

tested on the aforementioned devices. The findings provide an accessi-
ble solution to the problem of pseudohyper- and pseudohyponatremia. 

This process is far more manual than indirect ISE testing, and thus 
not recommended for high-throughput routine practice. However, 
laboratories can create rules for the identification of specimens poten-
tially affected by the volume-displacement effect and reflex the testing 
to POC blood gas analyzers, if available in the core laboratory, for accu-
rate sodium measurement.

FIGURE 1. Comparison of whole blood and plasma sodium measurement on the ABL800 Flex (Radiometer). Red lines in 
both figures represent a total allowable error of +/−4 mmol/L. A, Linear regression of whole blood and plasma sodium 
determinations. The dashed line represents linear regression (y = 0.9584x + 6.7766, R2 = 0.9727). The shaded area represents the 
95% confidence range for the regression. B, Bias in plasma sodium concentration, compared with whole-blood determination.

FIGURE 2. Comparison of indirect and direct sodium measurement on the Cobas ISE (F. Hoffman-La Roche, Ltd.) and ABL Flex 
800 (Radiometer) instruments, respectively. The red line in both figures represents the total allowable error of +/−4 mmol/L. A, 
Linear regression of indirect and direct ion-selective electrodes (ISE) sodium determinations. The dashed line represents linear 
regression (y = 0.9767x + 4.0274, R2 = 0.9016). The shaded area represents the 95% confidence range for the regression. B, Bias 
in direct ISE sodium concentration, compared to indirect ISE determination.

115 mmol/L material was performed after 2 sample measurements of 
the high- or low-concentration material. High and low material were 
alternated throughout the study, with 5 replicate runs at each level 
(n = 21). Mean measurement of the 115 mmol/L material after low (low-
low mean) and high (high-low mean) runs were used to assess carryover.

Results

Direct Sodium Whole Blood and Plasma Comparison
A total of 45 whole-blood specimens were compared with plasma over 
a sodium concentration range of 119 to 141 mmol/L, with a mean of 
131 mmol/L. The difference between matrices was within the allowable 
error (+/−4 mmol/L) for all specimens (FIGURE 1), with an average bias 
of −1.33 mmol/L.

Direct and Indirect Plasma Method Comparison
A total of 95 plasma specimens were compared between both direct and 
indirect methods. The range in sodium concentrations by indirect meas-
urement was from 126 to 147  mmol/L, with a mean of 138  mmol/L. 
The difference between instruments was within the allowable error 
(+/−4  mmol/L) for all specimens (FIGURE 2) with an average bias 
of + 0.8 mmol/L.

Precision, Linearity, and Carryover
Intra-assay CV was determined to be 0.4% for low and middle 
concentrations (125 and 140  mmol/L) and 0.5% for the high concen-
tration (159 mmol/L). Interassay CV was determined to be 0.3% for the 
low and high concentrations, and 0% for the middle concentration. The 
assay demonstrated strong linearity, with a CV of 0% and R2 = 1.

Mean low concentration after a low-concentration specimen 
(low-low) was 114.8  mmol/L, and mean low concentration after a 
high-concentration specimen (high-low) was 114.6  mmol/L. These 
measurements represented minimal carryover of −0.2 mmol/L.

Discussion
In comparing whole blood to plasma on the Radiometer ABL800 Flex, 
there were minimal variations in sodium concentration, with an aver-
age bias of −1.33 mmol/L (R2 = 0.9727). Also, there were minimal var-
iations when comparing plasma sodium by indirect ISE on the Roche 
Cobas 8000 series analyzer to the direct ISE of the blood gas analyzer, 
with an average bias of + 0.8  mmol/L (R2 = 0.9016). In both cases, all 
tested specimens were within a total allowable error of +/−4 mmol/L. 
The findings of this study demonstrate plasma as a valid specimen type 
for the measurement of sodium on the blood gas analyzer, with compa-
rable results to indirect ISE.

A limitation of indirect ISE is the volume-displacement effect, 
caused by a required dilution step during analysis.2 This phenomenon 
occurs specifically in patients with hypoproteinemia (TP < 3.0  g/dL), 
hyperproteinemia (TP > 9  g/dL), or hyperlipidemia (L-Index > 700) 
because it causes a shift in the percent volume of nonsoluble solids 
in plasma or serum.4,5 The effect can result in spurious sodium 
measurements, known as pseudohyper- or pseudohyponatremia. 

Generally, these erroneous measurements may be undetected or 
canceled, or the patient may have a specimen redrawn without resolu-
tion. Blood gas analyzers validated for measurement of electrolytes in 
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Conclusion
Plasma specimens are a valid matrix for usage on blood gas analyzers for 
the purpose of sodium determinations. Blood gas analyzers and similar 
POC devices utilize direct ISE methodology that is free from erroneous 
electrolyte determinations by the volume-displacement effect. Con-
versely, common high-throughput chemistry analyzers utilize indirect 
ISE with a required dilutional step that can lead to erroneous electrolyte 
determinations. Laboratories should similarly validate plasma on blood 
gas analyzers and POC devices. Also, they should update rules for the 
detection of pseudohyper- and pseudohyponatremia so these specimens 
can be easily reflexed for more accurate sodium determinations, without 
the need for re-collection of whole blood.
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ABSTRACT

Objectives: To determine and compare the platelet growth factors in 

human platelet lysate (HPL) prepared from citrated whole blood, with 

final centrifugations at 4oC and 25oC.

Methods: We collected specimens of citrated whole blood 

from 27 healthy volunteers. The platelet-rich plasma (PRP) was 

separated to prepare the HPL, which was further divided into 2 

portions for the final centrifugation, at 4oC and 25oC, respectively. 

Platelet growth factors were measured and compared between 

the 2 groups.

Results: All platelet growth factors were higher than those in PRP 

prepared from citrated whole blood. Moreover, the final centrifu-

gation at 25oC resulted in noninferiority of platelet-growth-factor 

level.

Conclusion: This study provided a simple method for small-volume 

of HPL preparation using only 10–15  mL of citrated whole blood. 

Further, the entire process of centrifugation can be performed at 

room temperature of 25oC, which is more applicable than lower 

temperatures for other laboratories.

Platelet-rich plasma (PRP) is an often-favored method for curing many 
diseases.1–3 The reason is that platelets contain a variety of growth factors 
related to the healing process, such as platelet-derived growth factor 
(PDGF), transforming growth factor (TGF), and vascular endothelial 
growth factor (VEGF).4,5 Nevertheless, the drawbacks of using PRP are 
short stability and the requirement of specific storage conditions, such as 
a 22°C platelet incubator with agitation. Therefore, many studies4–9 have 
used human platelet lysate (HPL) instead because of its more extended 
stability and easier storage conditions, compared with PRP. HPL was pre-
pared by repetitively frozen and thawed PRP, resulting in platelet lysis and 
release of intracellular growth factors into plasma, which encourage the 
healing process by promoting mesenchymal stem cells and angiogenesis.

However, HPL from those previous studies was prepared from plate-
let concentrates (PCs), which might be unsuitable for some patients 
with conditions such as degenerative joint disease for the following 
reasons. First, the volume of HPL prepared from PC was too much for 
intra-articular injection, which required as much as 5 milliliters per ep-
isode. Second, platelet concentrates at the blood bank were scarce due 
to other more urgent indications, such as massive transfusion or active 
bleeding. Third, most patients with degenerative joint conditions might 
not be medically authorized for autologous plateletpheresis according to 
their status—for example, advanced age, underlying disease, and med-
ication administration.10 Thereby, autologous HPL preparation from 
whole blood in citrated buffer solution might be more appropriate for 
these patients. This study aimed to determine platelet growth factors in 
HPL prepared from citrated whole blood and to compare the stability of 
HPL prepared from final centrifugation at 4oC and 25oC.

Materials and Methods

Subjects
This study was approved by the local institutional review board (IRB). 
All volunteers gave written informed consent following the Declaration 

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/5/e109/6500678 by guest on 28 February 2025

https://orcid.org/0000-0002-9321-7019
mailto:narin.kho@mahidol.edu?subject=


2022;53;e109–e112  |  https://doi.org/10.1093/labmed/lmab116e110 Laboratory Medicine

of Helsinki. The volunteers met all inclusion criteria, including age range 
of 18–60 years old, having neither history nor clinical manifestation of 
bleeding disorders, and having reported they had no history of receiving 
antiplatelet agents within 14 days before blood collection. Any problems 
related to specimen collection—namely, underfilled tube, clotted speci-
men, and/or abnormal plasma color—meant that those specimens were 
excluded from the study. Each volunteer was identified with an alphanu-
meric code, to ensure privacy.

Preparation of platelet lysate
Blood specimens of 20 mL were drawn from the antecubital vein of each 
participant, according to the procedure indicated in CLSI publication 
H21-A5,11 to minimize ex vivo platelet activation. The collected blood 
was added to three 5 mL plastic tubes contained 3.2% sodium citrate in 
a 9:1 ratio for platelet preparation and a 5 mL plastic tube containing 
potassium EDTA for complete blood count (CBC), respectively. All 
specimens were processed under room-temperature conditions within 
2 hours after blood collection.

All citrated-blood tubes were centrifuged at room temperature of 
25oC, 180g for 10 minutes. The gathered PRP was pooled and aliquoted 
to determine platelet count. The remaining PRP was frozen at −80oC for 
1 hour and further thawed in a 37oC water bath for another hour.8,12 
Then, the thawed PRP specimen was divided into 2 portions to be spun 
at 4oC and room temperature of 25oC, with the same speed of 3220g, 
for 20 minutes to separate the supernatants, which were finally filtered 
with a 0.22 μM filter to remove the remaining debris. The steps of HPL 
preparation are summarized in FIGURE 1. CBC and platelet counts in 
PRP were measured using the Unicel DxH 800 Coulter Cellular Analysis 
System (Beckman Coulter, Inc.).

Platelet growth factor measurement
The studied platelet growth factors—namely, PDGF-AB, PDGF-
BB, TGF-β1, and TGF-β2—were simultaneously determined using 
Quantikine ELISA kits (R&D Systems, Inc.). Quality-control (QC) testing 
was performed using Quantikine Immunoassay Control (R&D Systems, 
Inc.) and the kit-specific assay diluents as the positive and negative con-
trol materials, respectively. According to the package insert, all control 
materials must be in the acceptable range before measuring the level in 
HPL. One particular staff member (N.K., P.K., N.T., and J.C.) used each 
ELISA kit until the end of the experiment to eliminate interpersonal var-
iation. All specimens were run in duplicate. The optical density (OD) was 
measured and converted to the concentration of platelet growth factors 
using Synergy HT (BioTek Instruments, Inc.).

Statistical analysis
The levels of platelet growth factors were reported as median (IQR). Each 
parameter was compared using the Mann-Whitney U test and Wilcoxon 
signed rank test. The correlation between platelet count in PRP and each 
platelet growth factor was analyzed using regression analysis. All statis-
tical analysis was analyzed using MedCalc Statistical Software, version 
19.2.1. A P value less than .05 was considered as statistical significance.

Results
A total of 27 healthy volunteers (11 men and 16 women) were 
enrolled in this study. Their median age was 31.0 years, with an IQR 
of 27.2−40.0 years. Eight of the 27 subjects had blood group O; the 
others were non–blood-group O (6 in group A, 8 in group B, and 5 
in group AB). All CBC parameters were within the normal range, as 

FIGURE 1. Process of human platelet lysate preparation.
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shown in TABLE 1. The median platelet count in PRP was 242,000/
µL, with an IQR of 199,100–320,925/µL.

The QC result of all growth factors was within the acceptable range, as 
shown in the supplementary file. Most growth factors—namely, PDGF-
AB, PDGF-BB, and TGF-β1—had higher levels when prepared by final 
spinning at room temperature of 25oC. In contrast, TGF-β2 prepared at 
25oC had a slightly lower value than those specimens prepared by the 
last spinning at 4oC. All measured growth factors were demonstrated 
in TABLE 2. There was no statistically significant difference in growth 
factors to sex and ABO blood group (data not shown).

The correlation study revealed a significantly moderate correlation 
only between platelet count in PRP and PDGF-BB level measured from 
HPL prepared from final spinning at 4oC (r2, 0.73, P <.01) and room tem-
perature of 25oC (r2, 0.71, P <.01). There was no statistically significant 
correlation between growth factors and age (data was not shown).

Discussion
Platelets play an essential role in the healing process. They contain var-
ious growth factors, which promote the release of proinflammatory 
cytokines, leading to angiogenesis and tissue remodeling.15,16 Recently, 
platelet-based products—namely, PC and PRP—have become popular 
in various medical specialties. Nevertheless, these products might not 
be applicable due to the shortage of PC in clinical practice and medical 
prohibition of autologous plateletpheresis procedures in some patients. 
Hence, this study aimed to measure platelet growth factors in HPL pre-
pared from citrated whole blood.

The platelet growth factors in this study were higher than those 
measured in PRP from related published data,13,14,17 as shown in TABLE 
2. They were similar to those acquired from a previous study by some 
of us17 using the same ELISA kits as in the current study. This finding 

proved the efficacy of the procedure in the recent study using citrated 
whole blood. However, all growth factors measured in this study were 
lower than those in HPL prepared from PC.12,15,16 The probable reasons 
are that platelet count in PC was higher than that obtained from PRP in 
this study, and that HPL from those previous studies was prepared from 
multiple freeze-thaw cycles, which might make more platelets deterio-
rate and result in the release of many more growth factors.

The HPL preparation using 4oC centrifugation at the final step 
may not be practical for many laboratories. Therefore, this study also 
assessed the effectiveness of the last spinning at room temperature of 
25oC and demonstrated the noninferiority of growth-factor level. The 
higher yield at 25oC, compared to that at 4oC, was similar to the findings 
of a previous study from Du et al.14 The possible reason could be cold de-
naturation, which requires more research for verification. Consequently, 
the method used in this study of centrifugation at room temperature of 
25oC is more practical and applicable than other temperatures for other 
resource-limited laboratories.

Although platelets are the primary source of the measured growth 
factors, the results of this study found no correlation between the plate-
let count in PRP and all growth-factor levels. The variation in the cel-
lular production of growth factors among subjects might be the cause 
of this circumstance. Nevertheless, the biological conditions influencing 
this variation remain unknown. Further study should be performed for 
more explanation.18–20

The advantages of HPL preparation using citrated whole blood in 
this study were that autologous HPL can be prepared from each pa-
tient individually, minimization of blood specimens of only 10–15 mL 
is more applicable for HPL preparation for intra-articular injection, 
and this method is applicable for other laboratories because the pro-
cedure is simple and no special instruments are required. In contrast, 
there were also some limitations inherent in the small sample size. For 
instance, the growth factor in PRP was not measured in this study, and 
some other growth factors related to the healing process (ie, VEGF and 
insulin-like growth factor-1 [IGF-1], a growth factor involved in car-
tilage hemostasis, balancing proteoglycan synthesis and breakdown, 
which stimulates collagen synthesis, together with PDGF) were omit-
ted.21,22 Further study is warranted.

Conclusion
This study tested a simple method for HPL preparation using only 
10–15  mL of citrated whole blood, which might be more suitable for 
procedures requiring only a small volume of HPL, such as intra-articular 
injection. Further, the entire process of centrifugation can be performed 
at room temperature of 25oC, which is more applicable than other 
temperatures for other laboratories.

TABLE 1.  Hematological Findings of the 27 Studied Subjects

Parameters Median (IQR)

Hemoglobin (g/ dL) 13.3 (13.0–15.2)
Hematocrit (%) 41.5 (40.1–45.9)

RBC count (cells/mm3) 4,840,000 (4,322,500–5,227,500)

MCV (fL) 89.9 (86.7–93.5)

WBC count (cells/µL) 5800 (5077–7042)

Platelet count from initial EDTA blood (/µL) 270,000 (224,250–297,000)

MPV (fL) 9.7 (8.5–10.3)

Platelet count from PRP (/µL) 242,000 (199,100–320,925)

RBC, red blood cell; MCV, mean corpuscular volume; WBC, white blood 
cell; MPV, mean platelet volume; PRP, platelet-rich plasma.

TABLE 2.  Comparison of Platelet Growth Factors between the Final Centrifugation at 4oC and 25oC

Platelet Growth Factor
Median (IQR)

Reference Range of Growth Factor in PRP13,14

4oC 25oC P Value

PDGF-AB (pg/mL) 2144.5 (1808–2081.4) 2673.1 (2053, 3287.9) .04 27.1–2400

PDGF-BB (pg/mL) 647.3 (570.3925) 698.1 (538.4847.6) .27 225.5–800

TGF-β1 (pg/mL) 10,578.8 (8738.1–12,346.7) 11,010 (8528.9–12,191.3) .75 400–3000

TGF-β2 (pg/mL) 50 (23.7 –79.1) 44.8 (29.1 –76.8) .07 49.9

PDGF-AB, platelet-derived growth factor–AB; PDGF-BB, platelet-derived growth factor–BB; TGF-β1, transforming growth factor beta 1; TGF-β2, 
transforming growth factor beta 2; PRP, platelet-rich plasma.

Platelet growth factor measurement
The studied platelet growth factors—namely, PDGF-AB, PDGF-
BB, TGF-β1, and TGF-β2—were simultaneously determined using 
Quantikine ELISA kits (R&D Systems, Inc.). Quality-control (QC) testing 
was performed using Quantikine Immunoassay Control (R&D Systems, 
Inc.) and the kit-specific assay diluents as the positive and negative con-
trol materials, respectively. According to the package insert, all control 
materials must be in the acceptable range before measuring the level in 
HPL. One particular staff member (N.K., P.K., N.T., and J.C.) used each 
ELISA kit until the end of the experiment to eliminate interpersonal var-
iation. All specimens were run in duplicate. The optical density (OD) was 
measured and converted to the concentration of platelet growth factors 
using Synergy HT (BioTek Instruments, Inc.).

Statistical analysis
The levels of platelet growth factors were reported as median (IQR). Each 
parameter was compared using the Mann-Whitney U test and Wilcoxon 
signed rank test. The correlation between platelet count in PRP and each 
platelet growth factor was analyzed using regression analysis. All statis-
tical analysis was analyzed using MedCalc Statistical Software, version 
19.2.1. A P value less than .05 was considered as statistical significance.

Results
A total of 27 healthy volunteers (11 men and 16 women) were 
enrolled in this study. Their median age was 31.0 years, with an IQR 
of 27.2−40.0 years. Eight of the 27 subjects had blood group O; the 
others were non–blood-group O (6 in group A, 8 in group B, and 5 
in group AB). All CBC parameters were within the normal range, as 
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ABSTRACT

Objective: The impact of sexually transmitted infection (STI) results 

on prompting clinicians to consider pre-exposure prophylaxis (PrEP) 

indication is sparse in the literature, particularly for veterans.

Methods: A retrospective search from June 2018 to February 2020 

was performed to identify all patients who were HIV-negative at a re-

gional Veteran Affairs Medical Center with a positive STI test result and 

review the medical chart of these patients.

Results: We identified 220 veterans who were HIV-negative 

with a positive STI test result. Of these 220 veterans, 51 unique 

patients were identified by the clinicians. In a provider-initiated 

discussion, PrEP was discussed with all 51 patients. In the end, 

27 of these 51 patients started PrEP after discussion with their 

clinical providers.

Conclusion: Prior positive STI results successfully helped identify 

patients who may benefit from PrEP. Quality assurance studies on cli-

nician reactions to test result reporting, particularly regarding highly 

effective preventive therapies, are important. 

Patient-focused integrated health systems have been described in 
the literature as being more likely to enable positive health outcomes 
in their patient populations, including managing patients who are 
being treated using pre-exposure prophylaxis (PrEP).1-4 These inte-
grated systems have access to a wealth of patient information includ-
ing positive test results for a recent bacterial sexually transmitted 
infection (STI) that would suggest an elevated risk for HIV.5-8 One 
may therefore expect an integrated health system to be able to ef-
ficiently identify potential PrEP candidates.5-8 The laboratory has a 
role in obtaining STI test results and communicating these results to 
the clinical teams. However, there are currently no published English 
literature articles on a quality assurance (QA) study by a laboratory 
within such an integrated health system, particularly the Veteran 
Affairs system, to verify that these results are acted upon by clinical 
teams to consider reducing long-term HIV infection risk with PrEP 
when/if appropriate. Although the consideration of PrEP requires a 
clinician to consider the entire clinical picture, the presence of a re-
cent STI represents 1 significant risk factor that suggests an increased 
chance of contracting HIV; thus, systems to identify patients who may 
benefit from PrEP would benefit from considering recent bacterial STI 
history.9-13

Methods
A laboratory retrospective search from June 2018 to February 2020 was 
performed to identify all patients with a positive STI test result at a re-
gional Veteran Affairs Medical Center (VAMC), specifically by polymer-
ase chain reaction testing for gonorrhea/chlamydia and rapid plasma 
reagin (RPR). In addition, we reviewed HIV test results to exclude all 
patients who were already HIV-positive. Among the patients who were 
not HIV-positive, the medical record was reviewed to obtain basic  
demographic information and to determine whether there was any 
documentation of PrEP being discussed with the patient by the clin-
ical primary care team or the infectious disease consulting staff. The 
clinical team caring for the patient was notified of the positive STI 
test result through a view alert in the electronic medical record sys-
tem; in addition, the infectious disease team received regular monthly 
reports of the STI test results to identify patients who might benefit 
from PrEP initiation. The clinical team provided the appropriate treat-
ment for the STI as clinically indicated. Within the electronic health 
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record, documentation of the discussion with the patient was placed 
by the clinicians into their medical notes or consultation requests. 
Institutional review board approval at the VAMC was obtained before 
this study.

Results
A total of 220 unique patients who were not HIV-positive but had 
tested positive for at least 1 STI infection (gonorrhea, chlamydia, or 
positive RPR) were identified in the search. Demographically, approxi-
mately two-thirds of the total patients (219 male patients and 1 female 
patient) were African American (149 out of 220 patients) with an age 
distribution as noted in TABLE 1. Of these 220 patients, 51 received 
clinician-initiated discussion of PrEP; slightly more than half (27 out of 
51 patients, or 52.9%) were African American, and almost half (23 out of 
51 patients, or 45%) were in their fourth decade of life (see TABLE 1). 
The selection of these 51 patients for discussion of PrEP relied on physi-
cian discretion. An additional 6 patients from the total of 220 patients 
were additionally reviewed by the infectious disease service team as part 
of their clinical care but did not have a documented PrEP discussion or a 
prescription in the medical chart.

After discussion of the benefits and risks, 27 patients out of the 51 
who had the clinician-initiated PrEP discussion were prescribed PrEP. 
These patients were predominantly male (26 out of 27 patients, or 96%), 
approximately half were either African American (11 out of 27 patients, 
or 41%) or Caucasian (12 out of 27 patients, or 44%), and nearly half 
(13 out of 27 patients, or 48%) were in their fourth decade of life (see 
TABLE 1).

Discussion
Although there have been a number of significant advances in the treat-
ment and prevention of HIV over the past decades, HIV still remains a 
very important public health concern and a serious chronic medical con-
dition.12-14 One of these advances in prevention includes the availability 
of PrEP, which can significantly reduce the risk of HIV infection in those 
who are at elevated risk of HIV.5-7 However, to take full advantage of this 
advance, patients who are at high risk of HIV need to be identified.8-13 
A number of identification strategies have been documented in the lit-
erature, including selection based on only proactive patients who self-
advocate for PrEP, universal screening, clinical support tools based on 
diagnosis codes, or complex machine-learning algorithms.8–14 Although 
a recent positive bacterial STI in the past 6 months is a risk factor for 
HIV acquisition per the U.S. Preventive Services Task Force, the liter-
ature is sparse on provider-initiated discussions of PrEP that use an 
screening system that includes recent positive bacterial STI test results.6 
Literature-documented methods of clinical identification such as uni-
versal screening may be excessively broad or, in the case of self-identifi-
cation, excessively narrow and restricted.12-14 It has often been observed 
in practice that the onus is generally on the patient, who often must not 
only advocate for PrEP from the provider but also navigate a number 
of highly restrictive roadblocks to access this preventive measure.12–14 
T﻿hese roadblocks have been reported even within integrated medical 
systems.12–14 Considering the useful role that PrEP may play in HIV pre-
vention, the setting of these roadblocks is counterproductive to the goal 
of optimizing HIV prevention.6,7,12–14 That roadblocks are commonly 
reported in the literature is also rather atypical considering that many 
other preventive medicine procedures such as a preventive colonoscopy 

TABLE 1. Demographics of Patients with History of STI (CT/NG or RPR testing) and Those with Whom Clinician Initiated PrEP 
Discussion 

All Patients PrEP Discussed Patients Started PrEP PrEP Not Discussed

Sex    
  Male 219 50 26 169

  Female 1 1 1 0

Race/ethnicity     

  African American 149 27 11 122

  Asian5 2 2 2 0

  Hispanic 1 0 0 1

  Native Hawaiian or other Pacific Islander 3 1 1 2

  Caucasian 57 20 12 37

  Mixed 3 0 0 3

  Declined to answer 5 1 1 4

Age (y)     

  <30 24 8 5 16

  30–39 59 23 13 36

  40–49 24 5 3 19

  50–59 30 7 1 23

  >60 83 8 5 75

First positive STI test     

  NG/CT PCR testing 137 41 20 96

  RPR 83 10 7 73

CT, chlamydia; NG, gonorrhea; PCR, polymerase chain reaction; PrEP, pre-exposure prophylaxis; RPR, rapid plasma reagin for syphilis; STI, sexually 
transmitted infection.
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Discussion
Although there have been a number of significant advances in the treat-
ment and prevention of HIV over the past decades, HIV still remains a 
very important public health concern and a serious chronic medical con-
dition.12-14 One of these advances in prevention includes the availability 
of PrEP, which can significantly reduce the risk of HIV infection in those 
who are at elevated risk of HIV.5-7 However, to take full advantage of this 
advance, patients who are at high risk of HIV need to be identified.8-13 
A number of identification strategies have been documented in the lit-
erature, including selection based on only proactive patients who self-
advocate for PrEP, universal screening, clinical support tools based on 
diagnosis codes, or complex machine-learning algorithms.8–14 Although 
a recent positive bacterial STI in the past 6 months is a risk factor for 
HIV acquisition per the U.S. Preventive Services Task Force, the liter-
ature is sparse on provider-initiated discussions of PrEP that use an 
screening system that includes recent positive bacterial STI test results.6 
Literature-documented methods of clinical identification such as uni-
versal screening may be excessively broad or, in the case of self-identifi-
cation, excessively narrow and restricted.12-14 It has often been observed 
in practice that the onus is generally on the patient, who often must not 
only advocate for PrEP from the provider but also navigate a number 
of highly restrictive roadblocks to access this preventive measure.12–14 
T﻿hese roadblocks have been reported even within integrated medical 
systems.12–14 Considering the useful role that PrEP may play in HIV pre-
vention, the setting of these roadblocks is counterproductive to the goal 
of optimizing HIV prevention.6,7,12–14 That roadblocks are commonly 
reported in the literature is also rather atypical considering that many 
other preventive medicine procedures such as a preventive colonoscopy 

or smoking cessation counseling tend to be provider-initiated instead of 
requiring extensive patient advocacy.12 The benefits of providing PrEP 
to patients at elevated risk for HIV acquisition are clear: PrEP can re-
duce the risk of HIV infection in adults, and in the appropriate patient, 
considerations regarding the risk of treatment are part of the standard 
of preventive care.4-7 However, the clinical decision of whether PrEP 
should be offered or initiated depends on clinical discretion after consid-
ering all clinical factors. This clinical judgment depends on the primary 
care physician and potentially on other consulting medical professionals 
such as an infectious disease consultant. Notably, in our study, there 
were 6 patients who were reviewed by the infectious disease service staff 
but likely because of clinical discretion after consideration of numerous 
factors did not have a documented discussion or prescription for PrEP.

In clinical care, the most important and basic role of the laboratory 
is to provide information to answer clinical questions about either the 
diagnosis or the care of patients.15,16 Laboratory QA initiatives that re-
view how physicians react to laboratory test results are just as impor-
tant as internal QA within the laboratory.15,16 The way that a test is 
utilized for the care of a patient is important not only for determining 
the amount of precision needed for the laboratory assay but also to both 
determine that laboratory resources are being used appropriately and 
identify processes for improvement.16 The importance of laboratory QA 
programs to monitor and evaluate medical laboratory services to iden-
tify situations requiring improvement is widely noted and even codified 
in the Joint Commission on Accreditation of Healthcare Organizations 
regulatory requirements.15 Therefore, the lack of any publication in the 
English literature of a QA study from a laboratory on how clinicians 
are utilizing STI test results is particularly noteworthy because such 
material would represent an important laboratory QA parameter. This 
parameter could not only indicate the usefulness of STI test results and 
the resources needed to carry out such testing but also help identify 
laboratory and clinical initiatives that may improve patient care. No 
laboratory test, including STI results, needs to be excluded from QA; 
indeed, QA for STI results has been reported for other aspects of QA, 
although not for clinical reactions to prompt consideration of PrEP.17 
Therefore, this study represents the very first published QA study on 
the monitoring and evaluation of clinical reactions to bacterial STI 
results that altered the treatment of some patients by leading to a con-
sideration of PrEP.

The veteran population treated at a VAMC is known to represent a 
different population than the general population because of differences 
in rates of comorbidities, demographics, and other population charac-
teristics that could be roughly generalized as patients being “sicker.” 18-21 
These significant differences ensure that conclusions reached regarding 
the general population do not always apply to the veteran population. 
Hence, studies on the veteran population in addition to studies on the 
general population hold a prime importance in the literature to ensure 
a complete understanding of most population-based health care topics. 
Indeed, the veteran population treated at a VAMC has been documented 
to have high adherence when PrEP is indicated (>90% adherence), far 
greater than the adherence of other general nonveteran populations 
(some <25% adherence).22,23 This documented high adherence among the 
veteran population as a whole compared to that among the nonveteran 
population is a potential population difference that may lead to better 
efficacy of HIV prevention using PrEP in veteran populations.22

In this study’s regional VAMC, a retrospective QA and improvement 
review of the medical records of all patients with positive STI results 

seen by the clinical providers and infectious disease team showed that 
51 patients of the 220 patients who were HIV-negative were identified 
as potential PrEP candidates by their clinician. Of these 51 patients, 27 
patients began PrEP after consideration of the risks and benefits. There-
fore, the standard communication regarding STI laboratory results at 
this regional VAMC is contributing to clinical reactions to discuss pre-
ventive measures such as PrEP in a minimum of 51 out of 220 patients, 
or 23% of patients. The actual initiation of PrEP occurred in 12% of 
patients, or 27 out of 220 patients. The communication of STI results 
was therefore efficacious in assisting the clinical teams in identifying 
the small proportion of patients with recent STI-positive results who 
may benefit significantly from PrEP and likely contributed to a signif-
icant reduction in HIV infection risk in the appropriate patients. This 
experience highlights a QA monitoring project that given the lack of 
any similar QA projects published in the English literature may serve 
as a model for the monitoring of clinical reactions to STI results for HIV 
prevention. Future potential directions based on this QA model include 
interdisciplinary approaches to optimize treatment-related decisions 
based on laboratory results and to further elucidate clinician reasons for 
pursuing or not pursuing PrEP discussions to identify areas of potential 
improvement. In addition, although bringing up the topic of PrEP to the 
appropriate patients in the clinical visit and even starting PrEP are good 
initial benchmarks, the continuation of PrEP in the setting of continued 
high-risk behavior is also another important clinical care quality param-
eter that is unrelated to the STI test results.

Conclusion
The integrated medical system at the VAMC successfully screened and 
identified patients who may benefit from PrEP. This finding is a signif-
icant example of an integrated medical system successfully screening 
and providing quality care for identified patients who otherwise would 
not have this health-preserving intervention. It also highlights the first 
QA study to look at the efficacy of STI communication in leading to 
provider-initiated PrEP discussions.
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ABSTRACT

The polygenic variety of chylomicronemia occurs in adults in whom 

factors such as obesity, diabetes, alcoholism, renal disease, and cer-

tain drugs can precipitate chylomicronemia. A rare cause of polygenic 

chylomicronemia is hyperlipoproteinemia type 3 (HLP3). We report 

on a 54-year-old male who presented with chylomicronemia with 

triglycerides (TG) >2000 mg/dL. From admission, the ratio of total cho-

lesterol to total triglycerides was not below 0.2 but was closer to 0.5, 

suggesting that his condition was not classic chylomicronemia. We 

confirmed that the patient had HLP3 based on his very-low-density 

lipoprotein cholesterol (VLDL-C)/TG ratio, which was ≥0.3, and lipo-

protein electrophoresis showing a broad beta band. Because he was 

not responsive to initial therapy, we considered an interferent impairing 

lipolysis and TG reduction. The interferent was an M-protein that may 

also have falsely elevated both apolipoprotein-B and direct-LDL-C 

levels. In this case study, we report on a patient with chylomicronemia 

resulting from HLP3 complicated by a circulating M-protein.

Chylomicronemia is defined as hypertriglyceridemia (HTG), a triglycerides 
(TG) level >885 mg/dL (10 mmol/L), and it occurs in 1/600 persons.1-5 It can 
be monogenic, resulting from rare primary genetic causes (5% of patients) 
such as homozygous mutations in lipoprotein lipase, and it has an early onset 
with clinical presentation by adolescence. More commonly chylomicronemia 

is of the polygenic variety (95%), which occurs in adults in whom second-
ary factors such as obesity, diabetes, alcoholism, renal disease, and certain 
drugs can precipitate chylomicronemia.1-5 The most serious complication 
of this syndrome is acute pancreatitis, which occurs with TG >885 mg/dL 
(10 mmol/L) and is greatest with TG >1770 mg/dL (20 mmol/L).1-5

A rare cause of polygenic chylomicronemia is the very uncom-
mon disorder referred to as hyperlipoproteinemia type 3 (HLP3), also 
known as dysbetalipoprotenemia or broad beta disease,6,7 and it is 
not often mentioned in the literature.5 We report on a patient with 
chylomicronemia caused by HLP3 who presented with an elevated TG 
level >2000  mg/dL that was precipitated by obesity, severely uncon-
trolled diabetes mellitus, and possible chronic excess alcohol intake.

Report of Case 
Our patient was a 54-year-old man with a past medical history significant 
for diabetes mellitus type 2 (T2DM), hypertension, obesity, and hyperlip-
idemia. His relevant family history was positive for T2DM (mother and 
father) and hyperlipidemia (father). His social history was positive for 
smoking cigarettes (2–3 daily) for more than 10 years and drinking alcohol 
(4–8 drinks), especially on the weekends, for the last several years. Since 
2012, the patient had shown elevated lipids and was placed on a lipid-
lowering agent. He was diagnosed with T2DM in 2018 and was started on 
metformin 1.0 g/day and simvastatin 20 mg daily. The patient was non-
compliant with his treatment and had stopped all medications at his ini-
tial presentation at our primary care clinic early in 2021. His complaints 
at this visit included muscle cramping, abdominal pain, and weight loss.

Laboratory tests revealed elevated total cholesterol (TC) >1000  mg/dL 
(reference range [RR], <200 mg/dL) and elevated total TG >2000 mg/dL (RR, 
<150 mg/dL) with a confirmed value with dilution of 2307 mg/dL. The patient 
was sent to the emergency department for admission, where his vitals were sta-
ble: temperature 98ºF, heart rate 94 beats/minute, blood pressure 135/77 mm 
Hg, and respiratory rate 18/minute. Physical examination revealed a body 
mass index of 35.6  kg/m2 (obesity) with no neuropathy, lipemia retinalis, 
hepatosplenomegaly, eruptive or palmar xanthoma, or abdominal tenderness. 
All pulses were palpable and there was no history of intermittent claudication. 
Additional laboratories revealed an elevated blood glucose of 365 mg/dL and 
an HbA1c of 14.5%, bicarbonate of 15 mmol/L (RR, 23–33 mmol/L), sodium 
128 mmol/L (RR, 136–144 mmol/L), creatinine of 0.86 mg/dL (RR, 0.5–1 mg/
dL), and thyrotropin of 2.1 microU/mL (RR, 0.34–5.6 microU/mL).

The patient was admitted to the hospital and started on subcuta-
neous insulin for uncontrolled hyperglycemia and a combination of 
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atorvastatin 40 mg/day, fenofibrate 145 mg/day, and a generic fish oil 
combination to lower the severe HTG of TG >2000 mg/dL. Although his 
glucose levels fell from admission within a week to 197 mg/dL on the 
subcutaneous insulin therapy, his TG level remained >2000 mg/dL and 
the endocrinology team was consulted. They recommended initiating 
icosapent ethyl 2 g twice daily and continuing with atorvastatin 40 mg/
day and fenofibrate 145 mg/day. This treatment failed to lower his TG 
for another 3  days. The patient was transferred to the intensive care 
unit and was placed on an intravenous insulin drip, which successfully 
lowered both his TC and TG level to 567 mg/dL and 803 mg/dL, respec-
tively. The patient improved clinically and was discharged home. His 
antidiabetic medications included lantus insulin 15 units/day, aspart 
insulin 5 units before each meal, and metformin 1.5 g/day. 

The patient’s 1-week postdischarge laboratories showed a TC of 
421 mg/dL and TG of 611 mg/dL. During outpatient follow-up visits, his 
TG levels decreased to 187 mg/dL with a direct low-density lipoprotein 
cholesterol (LDL-C) of 155 mg/dL with a high apolipoprotein-B (apoB) 
level of 230  mg/dL. His therapies included fenofibrate 145  mg daily, 
atorvastatin 40 mg daily, and icosapent ethyl 2000 mg twice daily. Be-
cause his LDL-C level after discharge was >100 mg/dL, ezetimibe 10 mg/
day was added to his regime. His most recent lipid profile 4 months after 
discharge revealed TC 167 mg/dL, TG 391 mg/dL, direct-LDL-C 61 mg/
dL, and high-density lipoprotein cholesterol 31 mg/dL. In addition, his 
most recent antidiabetic medications included lantus insulin 22 units/
day, empagliflozin 12.5 mg/day, metformin 1.5 g/day, and he showed an 
HbA1c of 6.9%.

From admission, the patient’s TC/TG ratio was not below 0.2 but was 
closer to 0.5. In classic adult chylomicronemia (hyperlipoproteinemia 
type 5), because of the excessively elevated very-low-density lipoprotein 
cholesterol (VLDL-C) and chylomicron particles, which are predomi-
nantly TG-carrying lipoproteins, the TC/TG ratio is <0.2 because the TC 
level compared to the TG level is <20%.1-5,8 Hence we considered that 
the patient had possible type 3 dyslipidemia because of his elevated TC/
TG ratio. As shown in TABLE 1, his VLDL-C/TG ratio was ≥0.3 and his 
lipoprotein electrophoresis (FIGURE 1, LANE 19) showed a broad beta 
band confirming HLP3.6,7 Apolipoprotein E (apoE) genotyping showed 
an E3/4 pattern consistent with HLP3.10

The M-protein can bind to TG-rich lipoproteins and interfere with 
their clearance.11 Serum protein electrophoresis was conducted and re-
vealed an M-protein in the gamma region, quantified as 0.45 g/dL and 

characterized by immunofixation as IgG lambda. A free light chain assay 
was performed to determine the patient’s risk for myeloma and was nor-
mal (0.89 [RR, 0.26–1.65]).

Discussion
Chylomicronemia in adults is usually of the polygenic variety.1-5 In 
patients with familial HTG, familial combined hyperlipidemia and HLP3 
secondary factors precipitate the severe HTG.1-7 These secondary factors 
include diabetes, obesity, alcohol excess, chronic kidney diseases, hy-
pothyroidism, high estrogen states, and certain drugs (eg, diuretics, 
corticosteroids, protease inhibitors, retinoids, atypical antipsychotics, 
L-asparaginase, bile acid sequestrants, immunosuppressants, 
propofol).1–6 Patients can present with eruptive xanthoma, lipemia 
retinalis, and hepatosplenomegaly as part of the full chylomicronemia 
syndrome.1-6 The greatest risk for these patients is acute pancreatitis; TG 
levels need to be lowered to <500 mg/dL to mitigate this major risk.1-7 
In addition to removing secondary causes, including alcohol intake and 
both fat and calorie intake, therapies that are efficacious in achieving 
this goal include fibrates, statins, icosapent ethyl, and insulin, especially 
in a patient with diabetes.1-6

We have presented a patient with chylomicronemia resulting from 
the rare HLP3 in which HTG was initially refractory to treatment and 
required insulin infusion rather than subcutaneous insulin. Factors 
that contributed to his HTG include uncontrolled T2DM (HbA1c 
14.5%), excess alcohol intake, and obesity. Both T2DM and obesity 
are predisposing factors for the expression of HLP3. Most important, 
the patient had a VLDL-C/TG ratio ≥0.3 (which was diagnostic) and 
a broad beta band on lipoprotein electrophoresis.6,7 The diagnosis of 

TABLE 1.  Representative Fasting Lipid and Lipoprotein 
Levels

Lipid Levels Date 1/21 Date 2/21

TC (mg/dL) 567 324

Total TG (mg/dL) 803 377

HDL-C (mg/dL) 14 21

Direct-LDL-C (mg/dL) 186 182

Non-HDL-C (mg/dL) 553 303

VLDL-C (mg/dL) 367 121

VLDL-C/TG ratio 0.46 0.32

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; TC, total cholesterol; TG, triglycerides; VLDL-C, very-low-
density lipoprotein cholesterol.
LDL-C was quantified by a direct homogenous assay. VLDL-C was calcu-
lated as recommended by Nordestgaard et al.9

FIGURE 1. Lipoprotein electrophoresis. The gels of 6 
patients—lanes 15–20—are shown. The 3 bands from top to 
bottom for each patient are beta-LDL, pre-beta-VLDL, and 
alpha-HDL. Our patient’s specimen is in lane 19. It shows 
a broad beta band spanning both the beta (LDL) and pre-
beta (VLDL) areas unlike that of the other patients showing 
discrete beta and pre-beta bands. This pattern is consistent 
with HLP3.6,7 HLP3, hyperlipoproteinemia type 3; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; VLDL, very-
low-density lipoprotein.
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characterized by immunofixation as IgG lambda. A free light chain assay 
was performed to determine the patient’s risk for myeloma and was nor-
mal (0.89 [RR, 0.26–1.65]).

Discussion
Chylomicronemia in adults is usually of the polygenic variety.1-5 In 
patients with familial HTG, familial combined hyperlipidemia and HLP3 
secondary factors precipitate the severe HTG.1-7 These secondary factors 
include diabetes, obesity, alcohol excess, chronic kidney diseases, hy-
pothyroidism, high estrogen states, and certain drugs (eg, diuretics, 
corticosteroids, protease inhibitors, retinoids, atypical antipsychotics, 
L-asparaginase, bile acid sequestrants, immunosuppressants, 
propofol).1–6 Patients can present with eruptive xanthoma, lipemia 
retinalis, and hepatosplenomegaly as part of the full chylomicronemia 
syndrome.1-6 The greatest risk for these patients is acute pancreatitis; TG 
levels need to be lowered to <500 mg/dL to mitigate this major risk.1-7 
In addition to removing secondary causes, including alcohol intake and 
both fat and calorie intake, therapies that are efficacious in achieving 
this goal include fibrates, statins, icosapent ethyl, and insulin, especially 
in a patient with diabetes.1-6

We have presented a patient with chylomicronemia resulting from 
the rare HLP3 in which HTG was initially refractory to treatment and 
required insulin infusion rather than subcutaneous insulin. Factors 
that contributed to his HTG include uncontrolled T2DM (HbA1c 
14.5%), excess alcohol intake, and obesity. Both T2DM and obesity 
are predisposing factors for the expression of HLP3. Most important, 
the patient had a VLDL-C/TG ratio ≥0.3 (which was diagnostic) and 
a broad beta band on lipoprotein electrophoresis.6,7 The diagnosis of 

FIGURE 1. Lipoprotein electrophoresis. The gels of 6 
patients—lanes 15–20—are shown. The 3 bands from top to 
bottom for each patient are beta-LDL, pre-beta-VLDL, and 
alpha-HDL. Our patient’s specimen is in lane 19. It shows 
a broad beta band spanning both the beta (LDL) and pre-
beta (VLDL) areas unlike that of the other patients showing 
discrete beta and pre-beta bands. This pattern is consistent 
with HLP3.6,7 HLP3, hyperlipoproteinemia type 3; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; VLDL, very-
low-density lipoprotein.

HLP3 was also based on his apoE genotyping, which revealed a 3/4 
genotype that is present in 21% of patients, according to Evans et al.10 
In their series, the classic apoE 2/2 genotype was present in only 16% 
of patients.

Because the patient did not respond to therapy for a week, we 
considered that he might have an M-protein that could interfere with li-
polysis, which we subsequently confirmed.11 In addition, this M-protein 
potentially interfered with the apoB measurement of 230  mg/dL by 
the Roche assay and direct-LDL-C, accounting for much higher values 
than what is seen in patients with classic HLP3 in whom both apoB and 
LDL-C are usually normal.6,7 Measurement of apoB using the Beckman 
assay revealed a more realistic value of 124 mg/dL, suggesting lesser in-
terference with this immunoturbidimetric assay by the M-protein. It is 
well known that M-proteins interfere with many assays, especially those 
for apoB and direct-LDL-C, as with our patient.12,13 The product insert 
from both assay vendors mentions this potential interference. However, 
because we did not investigate this potential interference, we can only 
speculate about this scenario.

It is also possible that the patient had both a type 3 and type 2B 
pattern, accounting for the high LDL-C and apoB, but this prospect is 
unlikely and we suggest that both high levels resulted from potential 
interference from the M-protein.12,13

Conclusion
Intensive therapy with a statin, fibrate, icosapent ethyl, and ezetimibe 
lowered our patient’s TC (LDL-C, 61 mg/dL) and TG (<500 mg/dL) levels 
to threshold levels, minimizing his risk for pancreatitis and cardiovascu-
lar diseases. The greatest risk of severe HTG, chylomicronemia, is acute 
pancreatitis.

In a patient with chylomicronemia, if the TC/TG ratio is not <0.2, 
then one should consider HLP3 as a differential diagnosis. It can be 
diagnosed by clinical features coupled with an elevated VLDL-C/TG ratio 
≥0.3 and a broad beta band on lipoprotein electrophoresis. In addition, 
apo-E genotyping can be useful.

If there is inadequate response to fibrate therapy combined with 
statins, icosapent ethyl, and subcutaneous insulin despite a reduction 
in hyperglycemia within 5 days, one should consider that there may be 
an interferent—as in our patient, the presence of an M-protein. This 
type of protein can also potentially interfere with certain assays such 
as those for apoB and direct-LDL-C, but this possibility was not tested 
directly. An insulin infusion usually reverses HTG, as happened with 
our patient.
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ABSTRACT

Factor VII (FVII) deficiency is the most common among all rare inherited 

bleeding disorders. However, acquired FVII deficiency (aFVIID) is un-

common. Only few cases in the literature have been reported. Herein, 

we present a case of an aFVIID associated with acute myeloid leu-

kemia (AML), along with a literature review regarding this condition. 

A 50 year old Arab male patient was diagnosed with AML at the he-

matology department of our institution. At admission, coagulation tests 

showed a prolonged prothrombin time (PT) with a normal activated par-

tial thromboplastin time (aPTT) and a slightly elevated fibrinogen level. 

Prothrombin complex coagulation factors dosing (PCCFD) revealed a 

decrease only in FVII levels. The patient, however, did not experience 

any bleeding. The evolution of the health of the patient was marked by a 

normalization of PT and FVII levels and complete remission.

Factor VII (FVII) deficiency is the most common among all rare inherited 
bleeding disorders.1 However, acquired FVII deficiency (aFVIID) is uncom-
mon,2 and aFVIID associated with acute leukemia is even rarer—only a few 
cases of this latter type have been reported in the literature. Herein, we re-
port the case of an aFVIID associated with acute myeloid leukemia (AML), 
as well as providing a brief review of the current literature on this topic.

Case Report
A 50 year old Arab man presented at the Aziza Othmana Hospital in Tunis, 
Tunisia, with acute abdominal pain; he was diagnosed with appendicitis. His 
preoperative complete blood count (CBC) showed anemia and thrombocyto-
penia. Hence, the patient was referred to the hematology department of our 
institution for further care. At admission, his CBC revealed pancytopenia: 
anemia, thrombocytopenia, and neutropenia. The results of his biochemis-
try panel tests are reported in TABLE 1. The blood film showed myeloblasts, 
and the diagnosis of acute myeloid leukemia (AML) with normal karyotype 
was confirmed in our hematology department. The patient had an infection 
with fever and C-reactive protein (CRP) of 203.9 mg/L. 

Chemotherapy was started promptly, after diagnosis confirmation 
with bone marrow specimen collection and immunophenotyping. The 
patient received an AML 7 + 3 chemotherapy regimen as an induction. 
This regimen includes infusions of cytarabine 200 mg/m2/day continu-
ously for 7 days and idarubicin 12 mg/m2/day for 3 days.

At diagnosis, coagulation tests showed prolonged prothrombin time 
(PT) (TABLE 2) with normal activated partial thromboplastin time 
(aPTT) and slightly elevated fibrinogen level. The patient had no known 
personal or family history of bleeding disorders. No coagulation testing 
history prior to AML diagnosis was reported. Vitamin K therapy was 
attempted because the patient had an infection and was at greater risk 
than usual for developing hypovitaminosis K.  The patient did not re-
spond to vitamin K therapy.

Meanwhile, we performed a mixing study with a pool of normal 
plasma specimens (1:1). The results showed a total correction of the PT. 
We also performed prothrombin complex coagulation factors dosing 
(PCCFD) (TABLE 2) using a chronometric method on an ACL TOP 350 
instrument (Werfen). The results revealed a decrease only in FVII levels 
(23.1%). FVII testing was repeated on a different blood specimen to elim-
inate the effect of preanalytic conditions causing falsely low FVII levels.

The evolution was marked by a spontaneous normalization of PT and 
FVII levels. FVII-level normalization was confirmed at the second cycle 
of consolidation chemotherapy, 5 months after the diagnosis of FVII de-
ficiency. Hence, the diagnosis of aFVIID was established. In the mean-
time, the patient did not experience any bleeding symptoms.

Discussion
Because we present, herein, a case of a rare aFVIID associated with AML, 
we should emphasize the specific details of this case. Our patient had 

isolated aFVIID with no proof of an anti-FVII and did not experience any 
bleeding; his condition did not respond to vitamin K therapy.

In most cases, aFVIID is associated with other coagulation factor 
deficiencies (CFDs), such as the majority of acquired CFD.3 The most common 
cause of aFVIID is hypovitaminosis K due to insufficient intake, malabsorp-
tion, or anti–vitamin K drugs such as warfarin. This condition manifests as a 
deficiency in FVII, FIX, FII, and FX. Intravascular disseminated coagulopathy 
and hepatic dysfunction can also cause a decrease in FVII levels, which can 
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Case Report
A 50 year old Arab man presented at the Aziza Othmana Hospital in Tunis, 
Tunisia, with acute abdominal pain; he was diagnosed with appendicitis. His 
preoperative complete blood count (CBC) showed anemia and thrombocyto-
penia. Hence, the patient was referred to the hematology department of our 
institution for further care. At admission, his CBC revealed pancytopenia: 
anemia, thrombocytopenia, and neutropenia. The results of his biochemis-
try panel tests are reported in TABLE 1. The blood film showed myeloblasts, 
and the diagnosis of acute myeloid leukemia (AML) with normal karyotype 
was confirmed in our hematology department. The patient had an infection 
with fever and C-reactive protein (CRP) of 203.9 mg/L. 

Chemotherapy was started promptly, after diagnosis confirmation 
with bone marrow specimen collection and immunophenotyping. The 
patient received an AML 7 + 3 chemotherapy regimen as an induction. 
This regimen includes infusions of cytarabine 200 mg/m2/day continu-
ously for 7 days and idarubicin 12 mg/m2/day for 3 days.

At diagnosis, coagulation tests showed prolonged prothrombin time 
(PT) (TABLE 2) with normal activated partial thromboplastin time 
(aPTT) and slightly elevated fibrinogen level. The patient had no known 
personal or family history of bleeding disorders. No coagulation testing 
history prior to AML diagnosis was reported. Vitamin K therapy was 
attempted because the patient had an infection and was at greater risk 
than usual for developing hypovitaminosis K.  The patient did not re-
spond to vitamin K therapy.

Meanwhile, we performed a mixing study with a pool of normal 
plasma specimens (1:1). The results showed a total correction of the PT. 
We also performed prothrombin complex coagulation factors dosing 
(PCCFD) (TABLE 2) using a chronometric method on an ACL TOP 350 
instrument (Werfen). The results revealed a decrease only in FVII levels 
(23.1%). FVII testing was repeated on a different blood specimen to elim-
inate the effect of preanalytic conditions causing falsely low FVII levels.

The evolution was marked by a spontaneous normalization of PT and 
FVII levels. FVII-level normalization was confirmed at the second cycle 
of consolidation chemotherapy, 5 months after the diagnosis of FVII de-
ficiency. Hence, the diagnosis of aFVIID was established. In the mean-
time, the patient did not experience any bleeding symptoms.

Discussion
Because we present, herein, a case of a rare aFVIID associated with AML, 
we should emphasize the specific details of this case. Our patient had 

isolated aFVIID with no proof of an anti-FVII and did not experience any 
bleeding; his condition did not respond to vitamin K therapy.

In most cases, aFVIID is associated with other coagulation factor 
deficiencies (CFDs), such as the majority of acquired CFD.3 The most common 
cause of aFVIID is hypovitaminosis K due to insufficient intake, malabsorp-
tion, or anti–vitamin K drugs such as warfarin. This condition manifests as a 
deficiency in FVII, FIX, FII, and FX. Intravascular disseminated coagulopathy 
and hepatic dysfunction can also cause a decrease in FVII levels, which can 

be associated with other CFDs. Because FVII has the shortest lifespan, those 
conditions may initially manifest as an isolated FVII deficiency and lead to a 
prolongation of PT.

Persistently isolated aFVIID, however, is extremely rare, and it 
appears to be underdiagnosed.4 Herein, we present a case of aFVIID 
in association with acute leukemia. This association has only been 
mentioned in a few cases in the literature4–7 (TABLE 3).

Patients with acute leukemia have increased bleeding risk due to 
common thrombocytopenia.8 This risk may also be due to sepsis and 
disseminated intravascular coagulopathy.9 Hence, vigorous and early 
monitoring of coagulation test results is crucial.

Developing a CFD, such as FVII, significantly increases the risk of 
bleeding in those patients. The underlying mechanisms of this aFVIID 
are probably entangled, likely due to:

-	 An excessive consumption due to the binding of FVII to tissue fac-
tor (TF). Because intensive chemotherapy used in acute leukemia is 
known to alter the endothelium, it leads to increased TF exposure.

-	 Protein degradation of FVII due to the release of proteolytic enzymes 
by leukocytes, as observed in patients with sepsis.

-	 A neutralizing antibody directed against FVII (anti-FVII).10

Isolated aFVIID was reported in association with infection and 
tumors.4,11,12 Also, anti-FVII was present in nearly half of the few pre-
viously described cases in the literature.13–16 In aFVIID associated with 
acute leukemia, anti-FVII was identified in vitro only in 1 case.5 In our 
case, the results of mixing studies were not in favor of an inhibitor. Our 
patient was, however, receiving intensive chemotherapy and had an in-
fection by the time of his aFVIID diagnosis. 

Also, our patient did not experience any bleeding, which was incon-
sistent with the reported cases of aFVIID in the literature. According to a 
review by Mulliez and Devrees,2 bleeding occurred in 48% of the studied 
cases. Despite Anoun et al and White et al5,6 reporting a higher level of 
FVII, their patients experienced severe bleeding symptoms. 

In fact, the level of FVII is unrelated to the phenotype of bleeding. 
It may be associated with a broad variety of clinical symptoms, varying 
from no or minimal bleeding to life-threatening situations. Some authors 
set the 30% level of FVII as a hemostatic level.17 However, this cut-off 
should be approached with caution because measurement variability 
differs depending on the couple of automated reagent used for clotting-
factor dosing.18 The impact of entangled aFVIID physiopathological 
mechanisms on the bleeding phenotype is also worth considering. Fur-
ther studies could seek a better understanding of these acquired CFD 
mechanisms, along with assessing a possible correlation to the occur-
rence of bleedings.

The presence of aFVIID in patients with acute leukemia appears to 
be associated with poor outcomes (TABLE 3). However, the deaths 
observed in those cases were most likely caused by the underlying dis-
ease. Still, in the cases reported by Toor et  al and Anoun et  al,4,5 the 
deaths reported were directly due to hemorrhage. Our patient, however, 
experienced complete remission.

Conclusion
This case emphasizes the importance of carefully assessing bleeding 
risk and interpreting coagulation panels in patients with acute leuke-
mia. Because coagulation disorders can be life-threatening, physicians 

TABLE 1. Blood Test Results at Time of Leukemia Diagnosisa

Variable Value (Range)

Complete Blood Count, value (range)

 Hemoglobin, g/dL 9.6 (13–18)

 Mean corpuscular volume (fl) 84.9 (78–98)

 Mean corpuscular hemoglobin (pg), ×109/L 30.9 (26–34)

 Platelets 17 (15–40)

 WBC 3.7 (4–11)

 Neutrophils 0.49 (1.4–7.7)

 Lymphocytes 1.05 (1–4.8)

 Monocytes 0.21 (0.18–1)

 Eosinophils 0 (0.02–0.63)

Biochemistry Panel Tests

 Alkaline phosphatase (IU/L) 63 (40–129)

 Gamma glutamyltransferase (IU/L) 49 (7–64)

 Alanine aminotransferase (IU/L) 4 (10–40)

 Aspartate aminotransferase (IU/L) 7 (10–40)

 Creatinine (mg/dL) 0.45 (0.84–1.24)

aCase individual is a 50 year old Arab man.

TABLE 2. Coagulation Tests Results for Our Case Individuala

Screening coagulation testing PT (patient), no. (range) = 18.5 (11–13.5) s

PT (normal), no. (range) = 11.5 (11–13.5) s

Ratio = 1.6 (0.8–1.2)

Activated partial thromboplastin time  
(patient) = 30.5 s

Activated partial thromboplastin time  
(normal) = 32 s

Ratio, value (range) = 0.95 (0.8–1.2)

Fibrinogen, value (range) = 4.2 (2–4) g/L

Mixing studies, value (range) PT (patient + normal) = 13.1 (11–13.5) s

PT (normal) = 11.5 (11–13.5) s

Ratio = 1.13 (0.8–1.2)

Prothrombin complex factors at  
diagnosis, % (range)

Factor VII = 23.1% (70%–120%)

Factor X = 107.5 % (70%–120%)

Factor V = 107.5% (70%–120%)

Factor II = 64.9% (70%–120%)

PT after 5 mo Patient = 11.3 s

Normal = 11.5 s

Ratio, no. (range)  = 0.98 (0.8–1.2)

Factor VII after 5 mo, % (range) Factor VII = 84.6% (70%–120%)

PT, prothrombin time.
aCase individual is a 50 year old Arab man.
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should watch out for those disorders in patients with acute leukemia. 
In fact, diagnosing an FVII deficiency is not likely to be challenging—
for instance, it could be easily suspected in cases involving isolated pro-
longed PT.
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TABLE 3. Acquired Factor VII Deficiency Associated with Acute Leukemia in the Literature: Clinical and Laboratory Data

Reference Sex Age, y Diagnosis Bleeding
PT 
(s)

FVII Level 
(%)

Inhibitor 
Antibodya Treatment Outcome

White et al (1999)6 M NM AML Hemoptysis 19 35 NM rFVIIa CR

Toor et al (2002)4 M for AML 
and F for ALL

 AML (n = 1) ALL (n = 1) 
Other diagnosis (n = 6)

Oral mucosal hemorrhage,  
gastrointestinal, pituitary  
subarachnoid

NM Mean (range), 
22 (8–35)

ND Platelet FFP Death

Anoun et al (2015)5 M 50 AML Nasal and sinus hematoma NM 35 Yes FFP Death

Moosavi et al (2019)7 F 41 AML Mucocutaneous bleeding 16.5 49 No No CR, PT back 
to normal

This case study (2021) M 50 AML No 18.5 23.1 No No CR, PT back 
to normal

M, male; F, female; NM, value not mentioned; AML, acute myeloid leukemia; rFVIIa, activated recombinant factor VII; CR, complete remission; ALL, acute 
lymphoblastic leukemia; ND, not done, FFP, fresh frozen plasma; PT, prothrombin time. 
aSuspected given the absence of PT correction in the mixing studies.
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ABSTRACT

Microbial cultivation is the current gold standard for the clinical di-

agnosis of bacterial infections. However, this method sometimes 

produces false negative results. We present a case study of multisite 

Pseudomonas aeruginosa infections detected by metagenomic next-

generation sequencing in a child with aplastic anemia, highlighting the 

rapid and accurate advantages of this technique.

Aplastic anemia (AA) is characterized by decreased proliferation of bone 
marrow hematopoietic cells and peripheral blood pancytopenia. In-
fection is the leading cause of death in patients with severe AA.1 Pseu-
domonas aeruginosa (P. aeruginosa) is a gram negative bacterium, which 
has been determined to be one of the most common and important 
pathogens during the past few decades,2 especially in patients with he-
matologic diseases. The detection of P. aeruginosa by the traditional cul-
ture method generally takes approximately 2 to 4 days; however, false 
negative results sometimes occur because of the use of antibiotics or low 
bacterial load in some kinds of specimens. When the pathogenic type 
of the infection is not clear, the use of broad-spectrum antibiotics will 
increase the pathogen’s resistance to antibiotics.3,4 Research has shown 
that P. aeruginosa has a high intrinsic and acquired antibiotic resistance 
that makes its treatment challenging. Therefore, it is crucial to rapidly 

and accurately identify the infectious pathogens and then optimize clin-
ical anti-infective treatment.

Metagenomic next-generation sequencing (mNGS) is an emerging 
detection technique for supporting pathogen diagnosis without the re-
quirement of preclinical prediction or culture.5 Studies have shown that 
mNGS is capable of identifying novel or rare pathogens by determining 
all sequences of microbial genomes in clinical specimens within 24 to 48 
hours,6 which is conducive to the diagnosis of infectious diseases.

Herein, we report the application of mNGS to identify pathogens in 
a patient with very severe aplastic anemia (VSAA) whose blood bacte-
rial cultures were negative. In this patient, P.  aeruginosa was detected 
in blood, bronchoalveolar lavage fluid (BALF), and cerebrospinal fluid 
(CSF), respectively.

Case Report
A 10-year-old boy with VSAA (meeting the criteria for severe disease 
and absolute neutrophil count <0.2 × 109/L) was admitted to our hospi-
tal because of cellulitis with fever for 1 month. During hospitalization, 
the patient received a transfusion of irradiated red blood cell suspen-
sion and irradiated apheresis platelets to alleviate the symptoms of hy-
poxia and bleeding caused by AA. In the early stage of the disease before 
he was hospitalized, a 3 cm × 3 cm lesion was seen on the right chest 
wall of the child without oozing pus or blood. Routine skin care was 
given and antibiotics such as vancomycin, imipenem, and micafungin 
were empirically used for anti-infection treatment but with little effect. 
Subsequently, as the disease progressed rapidly, the area of the lesion 
increased to 5 cm × 5 cm and an ulcer with a diameter of approximately 
5 mm was seen in the middle of the lesion. The skin at the lesion was 
damaged and pus was flowing out. Because of obvious tenderness and 
swelling, incision drainage and pus culture were performed. Hospital 
staff successfully cultured P. aeruginosa, and piperacillin-tazobactam was 
selected for treatment according to a drug sensitivity test.

Unfortunately, the child did not show any improvement after being 
treated with periodic antibiotics. Given his worsening fever and high-
sensitivity protein C levels (202.1 mg/L), the occurrence of sepsis was 
highly suspected. Blood specimens were collected twice for microbial 
culture. Both aerobic and anaerobic bacterial cultures in the blood were 
negative after 5 days’ culture. Because of inconsistencies between the 
results and clinical manifestations, mNGS was chosen to identify the 
pathogens, and P. aeruginosa was detected within 24 hours (TABLE 1). 
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Because the OXA-50-encoding genes were detected (OXA-50 is the only 
class D carbapenemase found in P. aeruginosa), carbapenem antibiotics 
were avoided, and amikacin in combination with piperacillin-tazobactam 
was used to fight the bacterial infection.

Soon the patient had cough, and computed tomography showed 
patchy shadows of the left upper lobe of the lung. Subsequently, the 
patient reported headache and showed a positive Kernig sign and neck 
stiffness. The patient was immediately transferred to the pediatric in-
tensive care unit and later needed to rely on an invasive ventilator to 
maintain blood oxygen saturation. To master the progress of the disease 
as soon as possible, the clinicians sent BALF and CSF at the same time 
for mNGS and traditional culture. The results of mNGS were returned 
within 24 hours. The sequences of P. aeruginosa and associated drug re-
sistance genes were detected in both BALF and CSF (TABLE 1). Three 
days later, carbapenem-resistant P. aeruginosa was successfully cultured 
in BALF, but the culture result in the CSF specimen was still negative. 
The doctors decided to maintain the anti-infective regimen and adjust 
the antibiotic dosage in time by monitoring the metabolic concentration 
of related antibiotics in the blood. After the periodic antibiotic treat-
ment, the child’s symptoms were gradually controlled.

On the 54th day of treatment, the child’s guardians requested that 
he be discharged. Unfortunately, we were informed during follow-up 
that the child died several days after discharge because of his poor phys-
ical condition and repeated infections.

Discussion
Opportunistic infections are a major cause of morbidity and mortality 
in patients with AA, and neutropenia is one of the major risk factors.7,8 
The organisms involved in patients with AA are more diverse than in 
patients without AA and are more likely to be resistant to first-line 
antibiotics.9 We report a fatal case of a pediatric patient with VSAA with 
multisite P. aeruginosa infection.

In this case, the child was initially admitted with fever and cutaneous 
cellulitis of the right chest wall. The infection progressed rapidly and the 
child soon developed cough, dyspnea, and headache symptoms. Hospital 
staff detected P. aeruginosa and its drug resistance gene (OXA-50) in the 
patient’s blood, CSF, and BALF through mNGS.

Persistent infections caused by the superbug P. aeruginosa and its 
resistance to multiple antimicrobial agents are huge threats to pub-

lic health.10 Conventional antibiotics and treatments have limited 
efficacy against multidrug-resistant P. aeruginosa and can cause se-
rious adverse effects.11 In vitro studies, case reports, and retrospec-
tive analyses show promising effects of combination treatments.12 
In this case, the child was initially given piperacillin-tazobactam to 
fight the infection. As the infection continued to worsen, amikacin 
was added.

Although traditional culture is still considered the gold standard 
for pathogen detection, with the rapid development of molecular 
biology technologies, mNGS has an increasingly broad application 
prospect in the field of rapid diagnosis of pathogenic infection.13 In 
this patient, both aerobic and anaerobic bacterial cultures in the pe-
ripheral blood were negative after 5 days’ culture. This result could 
have occurred because of a low pathogenic bacteria load or antibi-
otic use. Research has shown that mNGS can be used to determine 
a broad range of pathogens in patients who have been treated with 
antibiotics or antivirals because the technique directly sequences all 
DNA and/or RNA from clinical specimens.14 The turnaround time 
for mNGS is 24 to 36 hours at our hospital. In contrast, the average 
feedback time of a pathogen culture is ≥3  days for bacteria, 5  days 
for fungi, and 45 days for mycobacteria. Studies have indicated that 
mNGS is especially suitable for the identification of viruses and fas-
tidious organisms; in this patient, the traditional culture method was 
not a wise choice.5,13 

There are also limitations to the efficacy of mNGS. For example, the 
technique is relatively complicated, requiring the appropriate environ-
ment, professional equipment, and personnel. In China, the cost of 
mNGS is between $500 and $800, which is higher than conventional 
testing methods ($15–$100 for culture testing and approximately $15 
for nucleic acid testing of a single pathogen). However, controlling the 
further deterioration of infection and shortening the course of disease 
are fundamental ways to alleviate patients’ pain and save costs, which 
means that the rapid and accurate diagnosis of a causative pathogen at 
the early clinical stage is crucial. Scientists are dedicated to reducing the 
cost of mNGS to expand its range of applications. Approaches to further 
reduce mNGS costs include reducing host sequences before sequencing15 
and testing specimens on a large scale.16 

Conclusion
In brief, mNGS can be a more cost-effective pathogen detection tool 
when traditional methods cannot meet clinical needs. We hope that 
mNGS will develop into a more rapid and universal technique to benefit 
the diagnosis and treatment of clinical infectious diseases.
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TABLE 1.  Results of mNGS in Blood, BALF, and CSF

Sample
Pathogen 
Type

Species Abundance Reads
Cover-
age, %

Blood Prokaryotes P. aeruginosa High 53,077 44.78

Eukaryotes … … … …

Virus … … … …

BALF Prokaryotes P. aeruginosa High 2,450,881 95.04

Eukaryotes … … … …

Virus … … … …

CSF Prokaryotes P. aeruginosa High 4,868,366 95.06

Eukaryotes … … … …

Virus … … … …

BALF, bronchoalveolar lavage fluid; CSF, cerebrospinal fluid; mNGS, 
metagenomic next-generation sequencing.
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lic health.10 Conventional antibiotics and treatments have limited 
efficacy against multidrug-resistant P. aeruginosa and can cause se-
rious adverse effects.11 In vitro studies, case reports, and retrospec-
tive analyses show promising effects of combination treatments.12 
In this case, the child was initially given piperacillin-tazobactam to 
fight the infection. As the infection continued to worsen, amikacin 
was added.

Although traditional culture is still considered the gold standard 
for pathogen detection, with the rapid development of molecular 
biology technologies, mNGS has an increasingly broad application 
prospect in the field of rapid diagnosis of pathogenic infection.13 In 
this patient, both aerobic and anaerobic bacterial cultures in the pe-
ripheral blood were negative after 5 days’ culture. This result could 
have occurred because of a low pathogenic bacteria load or antibi-
otic use. Research has shown that mNGS can be used to determine 
a broad range of pathogens in patients who have been treated with 
antibiotics or antivirals because the technique directly sequences all 
DNA and/or RNA from clinical specimens.14 The turnaround time 
for mNGS is 24 to 36 hours at our hospital. In contrast, the average 
feedback time of a pathogen culture is ≥3  days for bacteria, 5  days 
for fungi, and 45 days for mycobacteria. Studies have indicated that 
mNGS is especially suitable for the identification of viruses and fas-
tidious organisms; in this patient, the traditional culture method was 
not a wise choice.5,13 

There are also limitations to the efficacy of mNGS. For example, the 
technique is relatively complicated, requiring the appropriate environ-
ment, professional equipment, and personnel. In China, the cost of 
mNGS is between $500 and $800, which is higher than conventional 
testing methods ($15–$100 for culture testing and approximately $15 
for nucleic acid testing of a single pathogen). However, controlling the 
further deterioration of infection and shortening the course of disease 
are fundamental ways to alleviate patients’ pain and save costs, which 
means that the rapid and accurate diagnosis of a causative pathogen at 
the early clinical stage is crucial. Scientists are dedicated to reducing the 
cost of mNGS to expand its range of applications. Approaches to further 
reduce mNGS costs include reducing host sequences before sequencing15 
and testing specimens on a large scale.16 

Conclusion
In brief, mNGS can be a more cost-effective pathogen detection tool 
when traditional methods cannot meet clinical needs. We hope that 
mNGS will develop into a more rapid and universal technique to benefit 
the diagnosis and treatment of clinical infectious diseases.
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ABSTRACT

The physiology of hemostasis is one of high complexity that involves 

the initiation, amplification, and propagation of the many moving parts 

of the hemostatic system and its regulatory mechanisms. It is imper-

ative that clinical laboratory professionals have a strong understand-

ing of the many intricacies of the physiology of coagulation and its in 

vitro testing. An elongated activated partial thromboplastin time can 

have several causes, and the correct cause must be elucidated in a 

timely manner for proper treatment. A mixing study with normal pooled 

plasma should be performed to evaluate for the presence of an inhib-

itor vs factor deficiency. Factor inhibitors, specifically factor VIII in this 

case study, should be titered so that the clinician can decide which 

treatment may work best for the patient. Continued monitoring of fac-

tor levels and inhibitor titers should be conducted to follow the resolu-

tion or progression of inhibitor presence.

Case
A 65 year old White male with a history of type 2 diabetes mellitus, 
hypertension, and hyperlipidemia presented to his primary care phy-
sician with hematomas after having noticed stiffness and swelling in 
his left lower leg approximately 2 to 3 weeks earlier. An ultrasound 
was performed and deep vein thrombosis was ruled out. A  prolonged 
activated partial thromboplastin time (aPTT) was noted at 60 seconds 
(reference range, 22–35 seconds). The patient was started on Celebrex 
(celecoxib) for his discomfort. He later presented with new extensive 
areas of ecchymosis and hematomas and was admitted to the hospital. 
A  prolonged aPTT was still present along with an undetectable factor 

VIII (FVIII) level. He denied any familial history of bleeding disorders 
but had a history of hematuria post-cystoscopy 3 months earlier.

The presence of a FVIII inhibitor was confirmed by Bethesda test-
ing at 47.4 Bethesda units (<0.6 Bethesda units [BUs]). Bethesda units 
are the quantification given to an inhibitor that is needed to neutralize 
half of the factor VIII when incubated for a specified time. The patient 
was started on factor eight inhibitor bypassing activity (FEIBA) treat-
ment 1 day after his admission followed by prednisone 1 mg/kg daily 
and cytoxan (cyclophosphamide) 2  mg/kg/day. His dose at discharge 
was prednisone 40 mg in the morning and at lunch and cytoxan (cyclo-
phosphamide) 200  mg alternating with 150  mg daily. Peripheral flow 
cytometry was obtained and showed a small clonal B-cell population.

Laboratory Workup and Treatment of FVIII Inhibitors
A prolonged aPTT is a common screening abnormality seen in laboratory 
testing. A common way to investigate a prolonged aPTT is by perform-
ing a mixing study, which will determine whether a factor deficiency or 
factor-inhibiting antibody is the culprit.1-3 There is no standard proce-
dure for performing mixing studies, but the general practice involves 
making a 1:1 mixture of the patient’s plasma with normal pooled plasma 
(NPP) and performing an aPTT.1-3 Some laboratories perform mixing 
studies immediately upon mixing; others incubate the specimen for 1 
hour at 37°C; others will incubate the specimen for 2 hours at 37°C.1-3 If 
inhibitors are suspected, then incubation should be considered because 
FVIII inhibitors are time- and temperature-dependent.2 Furthermore, a 
strong inhibitor may only take minutes to resolve, whereas a weak inhib-
itor may take up to 2 hours.2

If the patient has a factor deficiency, then the aPTT will correct because 
of the addition of the deficient factor that is being replaced by the NPP.1-3 If 
there is a lack of correction in the aPTT, then there are likely to be inhibitors 
present.1-3 Inhibitors come in many forms, including auto- or alloantibodies 
directed at specific coagulation factors, heparin, direct-oral anticoagulants, 
or antiphospholipid antibodies.3 Deciding whether or not the aPTT has 
been corrected is another area where the mixing study procedure is not 
standardized. There have been a few helpful guides to help determine 
whether or not the aPTT has been corrected, such as the Rosner index or the 
Chang percent correction formula.1,4-8 Adherence to the selected method of 
determination by each individual laboratory should be maintained.

Rosner index =
1 : 1 mix aPTT − NPP aPTT

patient aPTT
X100

Inhibitor ≥ 11
Correction < 11

Chang′s percent correction =
patient aPTT − 1 : 1 mix aPTT
patient aPTT − NPP aPTT

X100

Factor def iciency ≥ 75%
Inhibitor < 75%

The main function of FVIII is as a cofactor to factor IXa (FIXa). Re-
search has shown that FVIII has a molecular weight of 330,000 Da with 
a domain structure of A
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domains are found to have acquired FVIII inhibitors directed at them 
more frequently than the other domains.2,8,9 These domains have dif-
ferent binding targets within the physiology of the hemostasis system. 
The C

2
 domain binding targets are to phospholipids and von Willebrand 

factor, and the A
2
 and A

3
 domains binding targets are to factor X and 

FIXa.2,7,8

Acquired FVIII inhibitors occur in less than 1 patient per million per 
year.2,10,11 Because there is no known genetic inheritance pattern, FVIII 
autoantibodies are spread equally among male and female patients.2,3,10 
The presence of circulating FVIII autoantibodies in adults is more com-
mon than in children, with the average presenting age between ages 60 
and 80 years.2,10 There are a few common associated illnesses with FVIII 
autoantibodies, including autoimmune disorders, solid tumor and he-
matologic malignancies, infections, adverse effects from medications, 
and skin disorders.2,3,10 Autoantibodies to FVIII may spontaneously dis-
appear or persist for years.12

Studies have shown that FVIII inhibitors are classified into 2 types 
based on the type of kinetics they display and the extent to which they 
inhibit FVIII.2,9 In patients with congenital hemophilia A  who have 
been treated with FVIII, alloantibodies are formed. These alloantibodies 
target the A

2
 or C

2
 domains of FVIII.2,8,9 In patients with acquired he-

mophilia A, autoantibodies are formed and target the C
2
 domain of 

FVIII.2,3,8,9 Alloantibodies to FVIII typically follow first-order kinetics 
and have the nomenclature of type 1 inhibitors.2,9 Autoantibodies to 
FVIII typically follow second-order kinetics and have the nomenclature 
of type 2 inhibitors.2,9

It is imperative to quantify the titer of the FVIII inhibitor to mon-
itor treatment. There are 2 methodologies with which to test FVIII for 
the presence of inhibitors: clot-based assays or enzyme-linked immu-
nosorbent assays.12 The most commonly used FVIII inhibitor meth-
odology is the Bethesda assay or the Nijmegen-modified Bethesda  
assay.2,3,9,10,12 The Bethesda assay is performed by using serial dilutions 
of the patient’s plasma and equal parts of NPP and incubating them at 
37°C for 2 hours.2,3,9,12 The residual FVIII level is then measured in both 
the patient specimen and a control specimen and an inhibitor titer is 
calculated using linear regression analysis.6,9,12 The result is reported in 
BUs. One BU is the quantity of the inhibitor that is needed to neutralize 
50% of the FVIII from the NPP after its 2-hour incubation at 37°C.3,6,9 
Although the Bethesda assay is standardized, there is a high level of 
interlaboratory variation that can be attributed to differences in aPTT 
reagents, lack of reference antibody standards, sources of phospholipids, 
and activating agents.6,9

Research has shown that FVIII inhibitors are categorized by the 
level of their titer. Inhibitors with a titer of 5 BUs or less are considered 
low-responding, whereas inhibitors with a titer greater than 5 BUs are 
considered high-responding, as per the recommendation of the Inter-
national Society on Thrombosis and Hemostasis Scientific and Stand-
ardization Committee.6,9,12 Patients with low-responding inhibitors  
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ABSTRACT

The physiology of hemostasis is one of high complexity that involves 

the initiation, amplification, and propagation of the many moving parts 

of the hemostatic system and its regulatory mechanisms. It is imper-

ative that clinical laboratory professionals have a strong understand-

ing of the many intricacies of the physiology of coagulation and its in 

vitro testing. An elongated activated partial thromboplastin time can 

have several causes, and the correct cause must be elucidated in a 

timely manner for proper treatment. A mixing study with normal pooled 

plasma should be performed to evaluate for the presence of an inhib-

itor vs factor deficiency. Factor inhibitors, specifically factor VIII in this 

case study, should be titered so that the clinician can decide which 

treatment may work best for the patient. Continued monitoring of fac-

tor levels and inhibitor titers should be conducted to follow the resolu-

tion or progression of inhibitor presence.

Case
A 65 year old White male with a history of type 2 diabetes mellitus, 
hypertension, and hyperlipidemia presented to his primary care phy-
sician with hematomas after having noticed stiffness and swelling in 
his left lower leg approximately 2 to 3 weeks earlier. An ultrasound 
was performed and deep vein thrombosis was ruled out. A  prolonged 
activated partial thromboplastin time (aPTT) was noted at 60 seconds 
(reference range, 22–35 seconds). The patient was started on Celebrex 
(celecoxib) for his discomfort. He later presented with new extensive 
areas of ecchymosis and hematomas and was admitted to the hospital. 
A  prolonged aPTT was still present along with an undetectable factor 

VIII (FVIII) level. He denied any familial history of bleeding disorders 
but had a history of hematuria post-cystoscopy 3 months earlier.

The presence of a FVIII inhibitor was confirmed by Bethesda test-
ing at 47.4 Bethesda units (<0.6 Bethesda units [BUs]). Bethesda units 
are the quantification given to an inhibitor that is needed to neutralize 
half of the factor VIII when incubated for a specified time. The patient 
was started on factor eight inhibitor bypassing activity (FEIBA) treat-
ment 1 day after his admission followed by prednisone 1 mg/kg daily 
and cytoxan (cyclophosphamide) 2  mg/kg/day. His dose at discharge 
was prednisone 40 mg in the morning and at lunch and cytoxan (cyclo-
phosphamide) 200  mg alternating with 150  mg daily. Peripheral flow 
cytometry was obtained and showed a small clonal B-cell population.

Laboratory Workup and Treatment of FVIII Inhibitors
A prolonged aPTT is a common screening abnormality seen in laboratory 
testing. A common way to investigate a prolonged aPTT is by perform-
ing a mixing study, which will determine whether a factor deficiency or 
factor-inhibiting antibody is the culprit.1-3 There is no standard proce-
dure for performing mixing studies, but the general practice involves 
making a 1:1 mixture of the patient’s plasma with normal pooled plasma 
(NPP) and performing an aPTT.1-3 Some laboratories perform mixing 
studies immediately upon mixing; others incubate the specimen for 1 
hour at 37°C; others will incubate the specimen for 2 hours at 37°C.1-3 If 
inhibitors are suspected, then incubation should be considered because 
FVIII inhibitors are time- and temperature-dependent.2 Furthermore, a 
strong inhibitor may only take minutes to resolve, whereas a weak inhib-
itor may take up to 2 hours.2

If the patient has a factor deficiency, then the aPTT will correct because 
of the addition of the deficient factor that is being replaced by the NPP.1-3 If 
there is a lack of correction in the aPTT, then there are likely to be inhibitors 
present.1-3 Inhibitors come in many forms, including auto- or alloantibodies 
directed at specific coagulation factors, heparin, direct-oral anticoagulants, 
or antiphospholipid antibodies.3 Deciding whether or not the aPTT has 
been corrected is another area where the mixing study procedure is not 
standardized. There have been a few helpful guides to help determine 
whether or not the aPTT has been corrected, such as the Rosner index or the 
Chang percent correction formula.1,4-8 Adherence to the selected method of 
determination by each individual laboratory should be maintained.

Rosner index =
1 : 1 mix aPTT − NPP aPTT

patient aPTT
X100

Inhibitor ≥ 11
Correction < 11

Chang′s percent correction =
patient aPTT − 1 : 1 mix aPTT
patient aPTT − NPP aPTT

X100

Factor def iciency ≥ 75%
Inhibitor < 75%

The main function of FVIII is as a cofactor to factor IXa (FIXa). Re-
search has shown that FVIII has a molecular weight of 330,000 Da with 
a domain structure of A
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domains are found to have acquired FVIII inhibitors directed at them 
more frequently than the other domains.2,8,9 These domains have dif-
ferent binding targets within the physiology of the hemostasis system. 
The C

2
 domain binding targets are to phospholipids and von Willebrand 

factor, and the A
2
 and A

3
 domains binding targets are to factor X and 

FIXa.2,7,8

Acquired FVIII inhibitors occur in less than 1 patient per million per 
year.2,10,11 Because there is no known genetic inheritance pattern, FVIII 
autoantibodies are spread equally among male and female patients.2,3,10 
The presence of circulating FVIII autoantibodies in adults is more com-
mon than in children, with the average presenting age between ages 60 
and 80 years.2,10 There are a few common associated illnesses with FVIII 
autoantibodies, including autoimmune disorders, solid tumor and he-
matologic malignancies, infections, adverse effects from medications, 
and skin disorders.2,3,10 Autoantibodies to FVIII may spontaneously dis-
appear or persist for years.12

Studies have shown that FVIII inhibitors are classified into 2 types 
based on the type of kinetics they display and the extent to which they 
inhibit FVIII.2,9 In patients with congenital hemophilia A  who have 
been treated with FVIII, alloantibodies are formed. These alloantibodies 
target the A

2
 or C

2
 domains of FVIII.2,8,9 In patients with acquired he-

mophilia A, autoantibodies are formed and target the C
2
 domain of 

FVIII.2,3,8,9 Alloantibodies to FVIII typically follow first-order kinetics 
and have the nomenclature of type 1 inhibitors.2,9 Autoantibodies to 
FVIII typically follow second-order kinetics and have the nomenclature 
of type 2 inhibitors.2,9

It is imperative to quantify the titer of the FVIII inhibitor to mon-
itor treatment. There are 2 methodologies with which to test FVIII for 
the presence of inhibitors: clot-based assays or enzyme-linked immu-
nosorbent assays.12 The most commonly used FVIII inhibitor meth-
odology is the Bethesda assay or the Nijmegen-modified Bethesda  
assay.2,3,9,10,12 The Bethesda assay is performed by using serial dilutions 
of the patient’s plasma and equal parts of NPP and incubating them at 
37°C for 2 hours.2,3,9,12 The residual FVIII level is then measured in both 
the patient specimen and a control specimen and an inhibitor titer is 
calculated using linear regression analysis.6,9,12 The result is reported in 
BUs. One BU is the quantity of the inhibitor that is needed to neutralize 
50% of the FVIII from the NPP after its 2-hour incubation at 37°C.3,6,9 
Although the Bethesda assay is standardized, there is a high level of 
interlaboratory variation that can be attributed to differences in aPTT 
reagents, lack of reference antibody standards, sources of phospholipids, 
and activating agents.6,9

Research has shown that FVIII inhibitors are categorized by the 
level of their titer. Inhibitors with a titer of 5 BUs or less are considered 
low-responding, whereas inhibitors with a titer greater than 5 BUs are 
considered high-responding, as per the recommendation of the Inter-
national Society on Thrombosis and Hemostasis Scientific and Stand-
ardization Committee.6,9,12 Patients with low-responding inhibitors  

generally have a low immunologic response to FVIII replacement ther-
apy that may be overcome by higher doses of FVIII.3,9,10,12 Conversely, 
patients with high-responding inhibitors generally have high immuno-
logic response and are found to generally be refractory to FVIII replace-
ment therapy.3,9,10,12

Patients who have high-responding inhibitors are treated using 
bypassing agents as first-line treatment options, including recombi-
nant activated factor VII (rFVIIa) and the activated prothrombin com-
plex concentrate (aPCC) FEIBA in the United States.2,3,9,10 Studies have 
shown that FEIBA can achieve an overall complete response rate of 86%, 
and rFVIIa has shown an overall complete response rate of 75% and a 
partial response in an additional 17%.2 Along with achieving hemosta-
sis using rFVIIa and aPCC therapy, another goal of acquired FVIII he-
mophilia treatment is the elimination of the inhibitor. This goal can be 
achieved using several methods as either standalone agents or in various 
combinations, including plasmapheresis or immunoadsorption, intrave-
nous immunoglobulin, immunosuppressive agents, biologic therapy, 
and immune tolerance.2,10,11

Case Conclusion
Repeat testing for FVIII activity and FVIII inhibitor continued several 
times a week for a few weeks followed by continued FVIII activity levels 
to monitor improvement. Within 2 weeks of initiating treatment, the 
patient’s FVIII inhibitor level had decreased to 23.7 BUs and his FVIII ac-
tivity levels rose from undetectable to 4% (reference range, 50%–150%). 
The FVIII activity level continued to rise over the next 6 weeks and 
remained stable at 60%. Because of these results, the treatment plan 
was altered to be slowly tapered.

The patient was supposed to follow up 1 week after the tapered dose 
for more bloodwork to monitor FVIII levels. However, during this time 
period the patient was directly exposed to SARS-CoV-2 and, although 
he tested negative, he was told to quarantine by the local department 
of health for 14  days. His scheduled appointments were pushed back 
to accommodate his quarantine. During his quarantine, he developed 
shortness of breath and was taken by ambulance to the local hospital.

Upon arrival he was found to be hypoxic on room air and deliri-
ous. He was placed on a nonrebreather mask. An electrocardiogram re-
vealed sinus tachycardia with a right branch bundle block. Chest X-ray 
showed resolving pneumonia. Laboratory studies showed markedly 
increased glucose and lactic acid levels and a troponin level within nor-
mal limits. The patient was also found to be positive for SARS-CoV-2, 
and his blood culture grew gram-negative rods. Zosyn (piperacillin/
tazobactam) and vancomycin treatment was initiated. His respiratory 
status declined quickly and he was intubated. Laboratory studies were 
repeated and showed severe hypokalemia, renal failure, hypomagnese-
mia, hypophosphatemia, and continued diabetic ketoacidosis and lac-
tic acidosis. After intubation, the patient developed hypotension and 
was placed on multiple vasopressors but his hypotension continued to 
worsen. Cardiopulmonary resuscitation was initiated; unfortunately, it 
was to no avail.
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ABSTRACT

Objective: Research has shown that RNA extraction from adipose 

tissue (AT) is challenging because of high lipid content and low 

RNA quantity. We compared a traditional RNA extraction with a 

column-based method in human AT to evaluate RNA quantity and 

quality.

Materials and Methods: Human subcutaneous AT (n  =  9) was col-

lected through needle biopsy, and RNA was extracted using the phenol-

chloroform traditional  method and the RNeasy Lipid Tissue Mini Kit 

column-based method. The RNA quantity, quality, integrity, and expres-

sion of key AT genes were assessed.

Results: We found that the RNA quantity and integrity were 

reduced by 40% and 15-20%, respectively, using the column-

based method compared to the traditional method, but the 

findings were not statistically significant. The column-based 

method showed a higher 260/280 ratio (~2.0) compared to the 

traditional method (~1.8) (P <.05), suggesting lower amounts of 

contaminants. The expression of AT genes was comparable be-

tween methods.

Conclusion: The traditional extraction method provides adequate 

RNA yield and integrity compared to the column-based method, which 

is an advantage when AT specimens are small.

Adipose tissue (AT) is a fat depot specializing in storing energy as 
triglycerides. The AT is made up of adipocytes, but it also contains other 
cells like preadipocytes, fibroblasts, and immune cells.1 In addition, it 
contains a connective tissue matrix and neural and vascular cells. In re-
cent years, AT has been categorized as a major endocrine organ because 
it produces many hormones and regulates different metabolic activities, 
hence making it very important in diabetes, obesity, and metabolic re-
search.2 

The isolation of RNA with high quality is pivotal in performing 
RNA-based analyses, such as transcriptomic and microarray analyses 
and reverse transcription-quantitative polymerase chain reaction. How-
ever, the extraction of good-quality RNA from AT is complex because 
of its high fatty acid content and low nucleic acid number.2,3 Standard 
RNA isolation techniques for AT are the traditional and the  spin col-
umn–based isolation methods.2-5 Different RNA isolation protocols pro-
vide mixed results regarding protein and organic compound contami-
nation and low RNA content. For example, Hemmrich and colleagues6 
compared 3 column-based RNA isolation methods after stabilizing 
varying amounts of human AT with RNAlater reagent, and among the 
other column-based methods they used, the RNeasy Lipid Tissue Mini 
Kit yielded a greater amount of RNA. Studies have also compared a tra-
ditional and a column-based method with their own modified protocol 
in human and porcine AT, respectively, and found that neither methods 
obtained high-quality RNA compared to their own modified protocol.2,3 
Meanwhile, some studies have shown that good RNA quantity and qual-
ity were achieved by using an optimized traditional method from mouse 
and human AT, respectively.5,7 

Although the above-mentioned studies showed improved RNA iso-
lation methods, there have been very few direct comparisons between 
traditional with column-based method to isolate RNA from human AT 
specimens.2 Human AT specimen size is usually small, resulting in low 
RNA yield, limiting the subsequent analyses that can be performed.6 
Furthermore, RNA degrades more rapidly than DNA, and human 
AT is obtained either from a needle biopsy or by following operative 
procedures; hence it can often not be processed immediately, thus mak-
ing it more vulnerable to further degradation of its RNA.6

This work aimed to evaluate the traditional phenol-chloroform 
method and a column-based method, the RNeasy Lipid Tissue Mini Kit, 
in human AT for RNA yield, quality, and integrity using the 2 reagents 
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Qiazol and TRIzol. These 2 methods have not been compared before in 
the same specimens of human AT.

Materials and Methods

Patients
Abdominal subcutaneous AT was collected from 9 healthy volunteers 
(7 women, 2 men, body mass index 22.2–48.7 kg/m2) through needle 
biopsy under local anesthesia with lidocaine (xylocaine; AstraZeneca, 
Sweden). Biopsies were performed at the Uppsala University Hospi-
tal, Uppsala, Sweden, and patients with type 2 diabetes and other 
major endocrine disorders, cancer, and other major illnesses were 
excluded from this study. All patients gave their informed written 
consent, and the study was approved by the Regional Ethics Review 
Board in Uppsala.

AT Processing
After the biopsy, the AT was cleaned immediately in normal saline (B. 
Braun Melsungen AG 34209, Melsungen, Germany), and 4 specimens of 
100 mg each were prepared from each patient by dissecting and weighing 
the tissue pieces. The tissue pieces were subsequently placed in RNase-
free tubes, snap-frozen in liquid nitrogen, and stored at –80℃ until the 
day of RNA extraction. Tissues were processed and frozen within 2 to 3 
minutes of the biopsy.

Isolation of RNA
To compare different RNA isolation techniques, we chose 2 reagents; 
Qiazol Lysis Reagent (Qiagen Sciences, Germantown, MD) and TRIzol 
Reagent (Thermo Fisher, Carlsbad, CA), and compared the traditional 
phenol-chloroform method with the RNeasy Lipid Tissue Mini Kit 
method (Qiagen, Hilden, Germany). We divided the RNA extraction 
from the 100 mg AT specimens from each patient into the following 4 
groups: (i) traditional method with Qiazol (n = 9), (ii) traditional method 
with TRIzol (n = 9), (iii) column-based method with Qiazol (n = 8), and 
(iv) column-based method with TRIzol (n  =  9). The 100  mg AT was 
homogenized in 1 mL Qiazol or TRIzol with 0.5 mm RNase-free zirco-
nium oxide beads (Next Advance, Inc., New York) using a TissueRuptor 
(Next Advance, Inc., New York) for 5 minutes followed by another 5 
minutes of incubation at room temperature (RT). Then 200 μL chloro-
form was added to each specimen and mixed vigorously for 15 seconds 
followed by 3 minutes incubation at RT. Specimens were centrifuged at 
12,000 g for 15 minutes at 4°C.

Traditional Phenol-Chloroform Method
This method was performed as described previously.8,9 After centrifu-
gation, 500 to 600 μL of the upper aqueous phase was transferred to a 
new 1.5 mL Eppendorf tube, carefully avoiding the interphase. For bet-
ter visualization of the pellet, 1-1.2 μL (1:1000) of GlycoBlue reagent 
(Thermo Fisher Scientific, Waltham, MA) was added to each specimen, 
followed by 500 to 600  μL isopropanol (Sigma). All specimens were 
vortexed and left overnight at –20°C. The following day, specimens 
were centrifuged at 4°C for 30 minutes at 18,000 g to precipitate the 
RNA as a blue pellet. The supernatant was discarded, and the pellet was 
washed with 1 mL 70% ethanol. After thoroughly mixing the content 
by vortexing, we centrifuged the specimens at 4°C for 15 minutes at 
18,000 g. Pellets were washed 3 times the same way and left to air-dry 

for 10 to 15 minutes at RT. The RNA pellets were then dissolved in 
40 μL RNase-free water.

RNeasy Lipid Tissue Mini Kit Method
We extracted the RNA following the manufacturer’s protocol. In brief, 
the tissue was homogenized with Qiazol/TRIzol reagent as described 
above and centrifuged for 15 minutes after the addition of chloroform. 
We then added 500–600  μL of the clear phase to a new Eppendorf 
tube. Then an equal volume of 70% ethanol was added to each tube 
and mixed well. Next, we transferred 700  μL of the specimens to the 
respective RNeasy Mini spin column in a 2 mL collection tube (supplied) 
and centrifuged at RT for 15 seconds at 9000 g, and the flow-through 
was discarded. The same step was repeated with the remainder of the 
specimens. Then the specimens were washed 2 times with 700 μL RW1 
buffer (Qiagen, Hilden, Germany) by centrifuging at RT for 15 seconds 
at 9000  g, and the flow-through was discarded. Again the specimens 
were washed twice with 500 μL of RPE buffer (Qiagen, Hilden, Germany) 
and centrifuged for 15 seconds and 2 minutes, respectively. To dry the 
membrane further, the spin columns were placed in a new set of collec-
tion tubes and centrifuged at full speed for 1 minute. Then the RNeasy 
columns were placed in new 1.5 mL Eppendorf tubes, 40 μL RNase-free 
water was added, and the specimens were centrifuged for 1 minute at 
9000 g.

RNA Quantity, Quality, and Integrity Analysis
The RNA quantity was obtained using the NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Rockford, IL), by measuring ab-
sorbance at 260  nm. The RNA quality was measured by assessing the  
absorbance ratio at 260 vs 280 nm (A

260/280
) and 260 vs 230 nm (A

260/230
) 

because protein absorbs light at 280 nm, phenol at both 280 nm and 
230 nm, and guanidine at <230 nm. An A

260/280
 ratio of ~2 is considered 

as pure RNA without protein or phenol contamination.10

The integrity of the extracted RNA was assessed by calculating the 
RNA integrity numbers (RINs) using the RNA 6000 Pico kit (chip lot 
number ZG14BK30, reagent kit lot number 2106)  in an Agilent 2100 
bioanalyzer (Agilent Technologies, Santa Clara, CA). The RIN range from 
1 to 10 was determined by measuring the 28S to 18S rRNA ratio in each 
specimen.11 The specimens had thawed 3 times before performing the 
RIN analysis.

Gene Expression Analysis
We reverse-transcribed 400 ng total RNA from each specimen to com-
plementary DNA (cDNA) using the High-Capacity cDNA Reverse Tran-
scription Kit (Applied Biosystems, Thermo Fisher Scientific, Foster 
City, CA) according to the manufacturer’s guidelines. The cDNA was 
diluted 1:10 in nuclease-free water. TaqMan probes (Thermo Fisher Sci-
entific, Waltham, MA) listed in TABLE 1 were used for ADIPOQ, LEP, 
PPARG, and SLC2A4 gene expression analyses by quantitative polymer-
ase chain reaction. The gene expression analysis was performed using 
the QuantStudio 3 System (Applied Biosystems, Thermo Fisher Scien-
tific, Waltham, MA). The relative gene expression was normalized to the 
housekeeping gene GUSB.12 Specimens were run in duplicate, and data 
were calculated as 2-ΔCt.

Statistical Analysis
Data are presented as mean ± standard error of the mean. All data were 
analyzed using GraphPad Prism, and mixed-model repeated-measures 

1-way analysis of variance was used to analyze the differences in RNA 
concentration, absorbance ratios, integrity number, and gene expression  
between different isolation methods. Nonnormally distributed data were 
log-transformed. Multiple comparisons were corrected by controlling the 
false discovery rate with the 2-stage step-up method of Benjamini, Krieger, 
and Yekutieli.13 A P value <.05 was considered statistically significant.

Results

Effect of Different RNA Isolation Techniques on RNA 
Quantity
With the traditional method using Qiazol and TRIzol, the amount 
of RNA isolated from 100  mg human AT was 117.9  ±  25.1  ng/μL and 
115.8 ± 20.7 ng/μL, respectively. The column-based method resulted in 
an RNA yield of 78.1 ± 14.7 with Qiazol and 64.3 ± 10.1 with TRIzol from 
the same amount of tissue (FIGURE 1A). In total, from 100 mg AT, we 
obtained 4.64 μg RNA using the traditional method whereas the column-
based method yielded 40% less (2.83 μg) regardless of lysis reagent.

Effect of Different RNA Isolation Techniques on 
RNA Quality
The traditional isolation method had a 260/280 ratio of ≈1.8, whereas 
the column-based method was ≈2.0 (P <.01; FIGURE 1B). Regarding 
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for 10 to 15 minutes at RT. The RNA pellets were then dissolved in 
40 μL RNase-free water.

RNeasy Lipid Tissue Mini Kit Method
We extracted the RNA following the manufacturer’s protocol. In brief, 
the tissue was homogenized with Qiazol/TRIzol reagent as described 
above and centrifuged for 15 minutes after the addition of chloroform. 
We then added 500–600  μL of the clear phase to a new Eppendorf 
tube. Then an equal volume of 70% ethanol was added to each tube 
and mixed well. Next, we transferred 700  μL of the specimens to the 
respective RNeasy Mini spin column in a 2 mL collection tube (supplied) 
and centrifuged at RT for 15 seconds at 9000 g, and the flow-through 
was discarded. The same step was repeated with the remainder of the 
specimens. Then the specimens were washed 2 times with 700 μL RW1 
buffer (Qiagen, Hilden, Germany) by centrifuging at RT for 15 seconds 
at 9000  g, and the flow-through was discarded. Again the specimens 
were washed twice with 500 μL of RPE buffer (Qiagen, Hilden, Germany) 
and centrifuged for 15 seconds and 2 minutes, respectively. To dry the 
membrane further, the spin columns were placed in a new set of collec-
tion tubes and centrifuged at full speed for 1 minute. Then the RNeasy 
columns were placed in new 1.5 mL Eppendorf tubes, 40 μL RNase-free 
water was added, and the specimens were centrifuged for 1 minute at 
9000 g.

RNA Quantity, Quality, and Integrity Analysis
The RNA quantity was obtained using the NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Rockford, IL), by measuring ab-
sorbance at 260  nm. The RNA quality was measured by assessing the  
absorbance ratio at 260 vs 280 nm (A

260/280
) and 260 vs 230 nm (A

260/230
) 

because protein absorbs light at 280 nm, phenol at both 280 nm and 
230 nm, and guanidine at <230 nm. An A

260/280
 ratio of ~2 is considered 

as pure RNA without protein or phenol contamination.10

The integrity of the extracted RNA was assessed by calculating the 
RNA integrity numbers (RINs) using the RNA 6000 Pico kit (chip lot 
number ZG14BK30, reagent kit lot number 2106)  in an Agilent 2100 
bioanalyzer (Agilent Technologies, Santa Clara, CA). The RIN range from 
1 to 10 was determined by measuring the 28S to 18S rRNA ratio in each 
specimen.11 The specimens had thawed 3 times before performing the 
RIN analysis.

Gene Expression Analysis
We reverse-transcribed 400 ng total RNA from each specimen to com-
plementary DNA (cDNA) using the High-Capacity cDNA Reverse Tran-
scription Kit (Applied Biosystems, Thermo Fisher Scientific, Foster 
City, CA) according to the manufacturer’s guidelines. The cDNA was 
diluted 1:10 in nuclease-free water. TaqMan probes (Thermo Fisher Sci-
entific, Waltham, MA) listed in TABLE 1 were used for ADIPOQ, LEP, 
PPARG, and SLC2A4 gene expression analyses by quantitative polymer-
ase chain reaction. The gene expression analysis was performed using 
the QuantStudio 3 System (Applied Biosystems, Thermo Fisher Scien-
tific, Waltham, MA). The relative gene expression was normalized to the 
housekeeping gene GUSB.12 Specimens were run in duplicate, and data 
were calculated as 2-ΔCt.

Statistical Analysis
Data are presented as mean ± standard error of the mean. All data were 
analyzed using GraphPad Prism, and mixed-model repeated-measures 

TABLE 1.  List of Genes Used in Study 

Gene Name Gene Symbol TaqMan Probes 

Peroxisome proliferator-activated receptor 
gamma

PPARG Hs01115513_m1

Solute carrier family 2 member 4/glucose 
transporter 4 (GLUT4)

SLC2A4 Hs00168966_m1

Adiponectin ADIPOQ Hs00605917_m1

Leptin LEP Hs00174877_m1

Glucuronidasebeta GUSB Hs99999908_m1

18S ribosomal RNA 18S Hs99999901_s1

1-way analysis of variance was used to analyze the differences in RNA 
concentration, absorbance ratios, integrity number, and gene expression  
between different isolation methods. Nonnormally distributed data were 
log-transformed. Multiple comparisons were corrected by controlling the 
false discovery rate with the 2-stage step-up method of Benjamini, Krieger, 
and Yekutieli.13 A P value <.05 was considered statistically significant.

Results

Effect of Different RNA Isolation Techniques on RNA 
Quantity
With the traditional method using Qiazol and TRIzol, the amount 
of RNA isolated from 100  mg human AT was 117.9  ±  25.1  ng/μL and 
115.8 ± 20.7 ng/μL, respectively. The column-based method resulted in 
an RNA yield of 78.1 ± 14.7 with Qiazol and 64.3 ± 10.1 with TRIzol from 
the same amount of tissue (FIGURE 1A). In total, from 100 mg AT, we 
obtained 4.64 μg RNA using the traditional method whereas the column-
based method yielded 40% less (2.83 μg) regardless of lysis reagent.

Effect of Different RNA Isolation Techniques on 
RNA Quality
The traditional isolation method had a 260/280 ratio of ≈1.8, whereas 
the column-based method was ≈2.0 (P <.01; FIGURE 1B). Regarding 

the 260/230 ratio, the traditional method was approximately 1.6–1.7, 
and the column-based method was lower (0.8; (P <.05; FIGURE 1C). 
No significant differences were observed between isolation with Qiazol 
or TRIzol for either isolation method.

Effect of Different RNA Isolation Techniques on RNA 
Integrity
The RNA integrity numbers tended to be higher using the traditional 
method compared to the column-based method, but the difference 
did not reach statistical significance: traditional with Qiazol (integ-
rity = 7.3 ± 0.4), traditional with TRIzol (integrity = 7.4 ± 0.3), column-
based with Qiazol (integrity = 6.0 ± 0.4), and column-based with TRIzol 
(integrity = 6.5 ± 0.2; FIGURE 2).

Effect of Different RNA Isolation Techniques on Gene 
Expression
Our results showed no differences in the expression of the 4 genes 
(PPARG, SLC2A4, ADIPOQ, and LEP) related to adipocyte function and 
normalized to GUSB (FIGURE 3).

Discussion
Gene expression profiling of AT is essential in metabolic research. Suc-
cessful gene expression analysis requires a reliable RNA isolation tech-
nique that ensures adequate RNA yield and quality even from a small 
amount of specimen. The optimized RNeasy Lipid Tissue Mini Kit for 
use with fatty tissues such as AT offers a rapid and validated method 
for RNA extraction.6 However, this is the first study comparing the 
RNeasy Lipid Tissue Mini Kit protocol with the traditional phenol-
chloroform technique in terms of RNA yield, quality, and integrity in 
paired specimens of human AT.

Our study showed better RNA yield (4.64  μg/100  mg) using 
the traditional extraction method compared to the column-based 
method (2.83 μg/100 mg). This finding is in agreement with previous 
publications showing better RNA yield using a traditional method than 
using a column-based method in human and porcine AT, respectively.2,3 

FIGURE 1. Differences in (A) RNA concentration (ng/μl), (B) 260/280 ratio, and (C) 260/230 ratio of isolated RNA from human AT 
using 4 isolation techniques: traditional with Qiazol (n = 9), traditional with TRIzol (n = 9), column-based with Qiazol (n = 8), and 
column-based with TRIzol (n = 9). *P <.05, **P <.01, ***P <.001. AT, adipose tissue.
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Because the column-based method enriches for messenger RNA (mRNA) 
and other RNA species >200 nucleotides, and the total RNA yield does 
not include 5S ribosomal RNA (rRNA), transfer (RNA), and other low-
molecular-weight RNAs, we found a 15% to 20% less RNA yield using the 
column-based method compared to the traditional method.3,14 Thus, the 
traditional extraction method is an advantage when small amounts of 
AT are available for RNA extraction. Hemmrich and colleagues6 showed 
that better RNA yield and quality were achieved using the RNeasy Lipid 
Tissue Mini Kit method compared to another column-based method, 
but their comparisons were between two  column-based methods. The 
current work highlights that non-column based methods may provide 
different results.

Our data indicate that column-based methods are more efficient in 
removing protein contamination, because the 260/280 ratio was signif-
icantly better with the column-based method (2.0) than with the tradi-
tional method (1.8). However, a 260/280 ratio of between 1.8 and 2.0 is 
generally accepted as pure RNA.2,3

Although a 260/230 ratio should ideally be 1.8 or higher, it was 
consistently low when we used both methods; the traditional method 
showed a 1.6 ratio, and the column-based method showed a 0.8 ratio. 
This finding suggests that unwanted organic compounds such as phe-
nol/chloroform or chaotropic salts (guanidine thiocyanate) are present 
in the RNA solution and are removed less efficiently using the column-
based method as reflected in the lower 260/230 value. This theory 
corresponds with previous publications showing the presence of or-
ganic compounds (TRIzol/phenol) using the traditional and the column-
based methods.2,3 Note that we included 3 ethanol wash steps when we 
used the phenol-chloroform method, which could have improved the 
260/230 ratio but reduced the RNA yield. Roy and colleagues7 showed 
that decreasing the volume of the TRIzol reagent and 2 ethanol washes 
improved the 260/230 ratio in RNA extracted using the manual phenol-
chloroform method from visceral AT.

The RIN values were better (>7) in the specimens extracted using 
the traditional method than in those extracted using the column-
based method (<7). A  RIN value >7 is generally considered sufficient 
for gene expression analyses, which was assessed by the 28S and 18S 
ratio in the electropherogram result from the bioanalyzer.15 Notably, 
the RIN analyses were performed after 3 cycles of thawing and freez-
ing, which reduces the RNA quality by approximately 20%.16 However, 
the specimens went through the same thawing and freezing cycles, so 
the results should have been comparable between methods. Moreover, 
with the traditional method, the quality of the specimens was still good 
enough to perform subsequent downstream gene expression analysis 
despite being defrosted 3 times.

Note that the expression of prominent AT genes, along with the ref-
erence gene GUSB, showed consistent cycle threshold values across the 
different RNA extraction methods. This finding suggests that all 4 differ-
ent techniques are of acceptable and standard quality.

TRIzol or Qiazol reagents are equally used in RNA isolation from 
AT,17,18 and no differences were observed between them for both RNA 
extraction methods in terms of RNA yield, quality, or integrity.

There are advantages and disadvantages of each method. The tradi-
tional extraction method is less expensive and gives a higher RNA yield, 
but the chances of protein contamination are higher and the protocol 
requires a longer time.2,5 Column-based methods provide good-quality 
RNA; however, they are more expensive and based on our findings and 
those of others, they result in a lower concentration of RNA than tra-
ditional extraction methods.2 Furthermore, kit-based methods are less 
environmentally friendly because they require the use of more plastics.

Our study has limitations, including a small sample size, variable 
specimen numbers between different extraction groups, and repeated 
thawing before RIN analysis. In addition, the biopsies were taken from 
healthy patients, so the results may not adequately generalize to dif-
ferent populations. However, the successful use of the conventional 
phenol-chloroform RNA isolation technique with desired results from 
both AT and adipocytes has been shown before.5,7,8,17

To conclude, the conventional traditional protocol for total RNA iso-
lation from human AT yields a higher total RNA than a column-based 
method, with good RNA quality and integrity.
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FIGURE 2. Analysis of RIN in 100 mg human AT extracted 
using 4 isolation methods: traditional with Qiazol (n = 6), 
traditional with TRIzol (n = 7), column-based with Qiazol 
(n = 7), and column-based with TRIzol (n = 8). AT, adipose 
tissue; RIN, RNA integrity number.
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Although a 260/230 ratio should ideally be 1.8 or higher, it was 
consistently low when we used both methods; the traditional method 
showed a 1.6 ratio, and the column-based method showed a 0.8 ratio. 
This finding suggests that unwanted organic compounds such as phe-
nol/chloroform or chaotropic salts (guanidine thiocyanate) are present 
in the RNA solution and are removed less efficiently using the column-
based method as reflected in the lower 260/230 value. This theory 
corresponds with previous publications showing the presence of or-
ganic compounds (TRIzol/phenol) using the traditional and the column-
based methods.2,3 Note that we included 3 ethanol wash steps when we 
used the phenol-chloroform method, which could have improved the 
260/230 ratio but reduced the RNA yield. Roy and colleagues7 showed 
that decreasing the volume of the TRIzol reagent and 2 ethanol washes 
improved the 260/230 ratio in RNA extracted using the manual phenol-
chloroform method from visceral AT.

The RIN values were better (>7) in the specimens extracted using 
the traditional method than in those extracted using the column-
based method (<7). A  RIN value >7 is generally considered sufficient 
for gene expression analyses, which was assessed by the 28S and 18S 
ratio in the electropherogram result from the bioanalyzer.15 Notably, 
the RIN analyses were performed after 3 cycles of thawing and freez-
ing, which reduces the RNA quality by approximately 20%.16 However, 
the specimens went through the same thawing and freezing cycles, so 
the results should have been comparable between methods. Moreover, 
with the traditional method, the quality of the specimens was still good 
enough to perform subsequent downstream gene expression analysis 
despite being defrosted 3 times.

Note that the expression of prominent AT genes, along with the ref-
erence gene GUSB, showed consistent cycle threshold values across the 
different RNA extraction methods. This finding suggests that all 4 differ-
ent techniques are of acceptable and standard quality.

TRIzol or Qiazol reagents are equally used in RNA isolation from 
AT,17,18 and no differences were observed between them for both RNA 
extraction methods in terms of RNA yield, quality, or integrity.

There are advantages and disadvantages of each method. The tradi-
tional extraction method is less expensive and gives a higher RNA yield, 
but the chances of protein contamination are higher and the protocol 
requires a longer time.2,5 Column-based methods provide good-quality 
RNA; however, they are more expensive and based on our findings and 
those of others, they result in a lower concentration of RNA than tra-
ditional extraction methods.2 Furthermore, kit-based methods are less 
environmentally friendly because they require the use of more plastics.

Our study has limitations, including a small sample size, variable 
specimen numbers between different extraction groups, and repeated 
thawing before RIN analysis. In addition, the biopsies were taken from 
healthy patients, so the results may not adequately generalize to dif-
ferent populations. However, the successful use of the conventional 
phenol-chloroform RNA isolation technique with desired results from 
both AT and adipocytes has been shown before.5,7,8,17

To conclude, the conventional traditional protocol for total RNA iso-
lation from human AT yields a higher total RNA than a column-based 
method, with good RNA quality and integrity.
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ABSTRACT

The World Health Organization category of myeloid/lymphoid 

neoplasms with eosinophilia and PDGFRA rearrangements is com-

posed of a heterogeneous group of neoplasms that can present as 

a myeloproliferative neoplasm, acute myeloid leukemia, myeloid sar-

coma, or lymphoblastic leukemia/lymphoma. The overall outcome of 

these neoplasms is favorable with imatinib therapy. Herein, we de-

scribe an adult female patient with a myeloid neoplasm accompanied 

by eosinophilia and a novel USP25::PDGFRA gene fusion.

The category of myeloid/lymphoid neoplasms with PDGFRA rearrange-
ment (MLN-PDGFRA) is an uncommon entity, defined as a myeloid 
or lymphoid neoplasm, usually with prominent eosinophilia, and the  
presence of a FIP1L1::PDGFRA fusion, a variant fusion gene with re-
arrangement of PDGFRA or an activating mutation of PDGFRA.1 At 
presentation, patients with MLN-PDGFRA rearrangement can show 
features of a myeloproliferative neoplasm, acute myeloid leukemia 
(AML), myeloid sarcoma, or lymphoblastic leukemia/lymphoma.1-3 The 

FIP1L1::PDGFRA fusion is caused by a cryptic deletion at 4q12 and is the 
most common rearrangement seen in these patients.1,2 However, several 
other PDGFRA gene fusion partners have been reported, many of which 
result from a cryptic deletion.1 In the setting of a patient presenting with 
eosinophilia and a myeloid or lymphoid neoplasm, identifying PDGFRA 
rearrangements is important because these patients show a favorable 
prognosis with imatinib therapy.1 Herein, we report a patient with a my-
eloid neoplasm with eosinophilia and a novel gene fusion between the 
USP25 and PDGFRA genes.

Clinical History and Hematopathologic Evaluation
A 78 year old female patient presented for evaluation of persistent 
monocytosis and thrombocytopenia. Her past medical history was sig-
nificant for follicular lymphoma and status post 5 cycles of rituximab, 
cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate, 
and prednisone followed by maintenance rituximab completed 6 years 
earlier. Computed tomography imaging of the chest, abdomen, and pel-
vis showed no evidence of recurrence of lymphoma. To further evaluate 
for the underlying cause of persistent monocytosis and thrombocyto-
penia, a bone marrow biopsy was performed and was referred to our 
institution with concerns for a myeloid neoplasm.

A complete blood cell count showed an elevated white blood cell 
count (13.6 × 10(9)/L; reference range, 3.7–12.1 × 10(9)/L) with the 
differential count notable for absolute eosinophilia (2.4 × 10(9)/L) 
and absolute monocytosis (2.6 × 10(9)/L). This finding was associ-
ated with slight thrombocytopenia (platelets: 113 × 10(9)/L; refer-
ence range, 179–450 × 10(9)/L) and a normal hemoglobin (14.5 g/dL; 
reference range, 11.2–15.8 g/dL). The peripheral blood smear was no-
table for increased numbers of mature-appearing eosinophils, mature-
appearing monocytes, and occasional hypogranular and hyposegmented 
neutrophils (FIGURE 1A). Rare circulating blasts were also observed. 
The bone marrow aspirate and touch preparations showed occasional 
small hypolobated megakaryocytes (FIGURE 1B). The bone marrow 
core biopsy and clot sections were markedly hypercellular (90% cellular-
ity) with marked panhyperplasia and occasional clusters of spindled cells 
associated with eosinophils (FIGURE 1C, 1D). Immunohistochemical 
stains showed that the clusters of spindled cells were tryptase- and 
CD117-positive mast cells with aberrant coexpression of CD25  
(FIGURE 1E, 1F). No morphologic or immunophenotypic features of 
lymphoma were seen. The overall findings were diagnostic of a myeloid 
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FIGURE 1. Peripheral blood, bone marrow aspirate, and biopsy. (A) The peripheral blood smear shows mature eosinophils, 
mature monocytes, and occasional hypogranular and hyposegmented neutrophils (Wright-Giemsa, 60× oil immersion 
magnification). (B) The bone marrow touch preparation shows a small hypolobated megakaryocyte with discrete separation 
of nuclear lobes (Wright-Giemsa, 60× oil immersion magnification). (C) The bone marrow biopsy is hypercellular with 
panhyperplasia and occasional hyperchromatic megakaryocytes (H&E, 20× magnification). (D) The bone marrow clot section 
shows occasional clusters of spindled mast cells associated with eosinophils (H&E, 60× oil immersion magnification). (E, F) The 
clusters of mast cells are positive for CD117 (E) and show aberrant CD25 expression (F) (20× magnification). H&E, hematoxylin 
and eosin.
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neoplasm associated with eosinophilia. Additional cytogenetic studies 
were performed for further subclassification.

Materials and Methods

Conventional Chromosome Analysis
Cells from a bone marrow aspirate specimen were cultured, harvested, and 
banded utilizing standard cytogenetic techniques according to specimen-
specific protocols. Twenty metaphases were analyzed by 2 qualified clini-
cal cytogenetic technologists and were interpreted by a certified American 
Board of Medical Genetics and Genomics (ABMGG) clinical cytogeneticist.

Fluorescence in Situ Hybridization 
A PDGFRA break-apart probe (BAP; laboratory-developed test) was 
performed on the bone marrow aspirate. The specimen was subjected 
to standard fluorescence in situ hybridization (FISH) pretreatment, hy-
bridization, and fluorescence microscopy according to specimen-specific 
protocols. Two hundred total interphase nuclei were analyzed by 2 
qualified clinical cytogenetic technologists and were interpreted by an 
ABMGG-certified clinical cytogeneticist.

Mate-Pair Sequencing 
We processed DNA from the bone marrow aspirate using the Illumina 
Nextera Mate Pair library kit (Illumina, San Diego, CA) and sequenced 
it on the Illumina NovaSeqS4 for a bridged coverage of 136×. Data 
were aligned to the reference genome (GRCh38) using BIMA, and 
abnormalities were identified and visualized using SVAtools and Ge-
nome Explorer, all three of which are Mayo Clinic–developed bioinfor-
matics tools.4,5

Molecular Analysis
Next-generation sequencing (NGS) testing was performed using a 
targeted, myeloid neoplasm–focused OncoHeme panel that interrogates 
42 genes (Supplemental Table 1). The DNA was extracted from the bone 
marrow aspirate using the Qiagen EZ1 (Germantown, MD). The 200 ng 
sheared DNA was target-enriched with a custom hybridization-capture re-
agent (SureSelectXT; Agilent) and was sequenced on the MiSeq platform 
(Illumina, San Diego, CA) at the Mayo Clinic Clinical Genome Sequencing 
Laboratory. The read length was 151 bp. Sequencing data were processed 
using a custom bioinformatics pipeline, Mayo NGS Workbench, using the 
CLC Bio Genomics Server v6.0 (Qiagen) for alignment and variant call-
ing. The aligned BAM files were further processed through a breakpoint 
search tool developed in-house for large insertion and deletion detection. 
The BAM files of all variant calls were manually reviewed in the genome 
browser Alamut Visual (Interactive Biosoftware) for confirmation. The 
limit of detection of the NGS assay was 5% with a minimum 250× depth 
of coverage. More than 95% of tested regions had a >1000× depth of cov-
erage in the clinical assay. Genetic variants were curated and annotated in 
the molecular hematopathology laboratory following the American Col-
lege of Medical Genetics and Genomics 5-tier system.6

Results and Discussion
All 20 metaphases analyzed had monosomy X.  In addition, 8 of 20 
metaphases with monosomy X also had an apparently balanced t(4;21)
(q12;q21) (FIGURE 2A). The PDGFRA BAP FISH identified an appar-
ently balanced PDGFRA rearrangement in 44% of 200 analyzed inter-

phase nuclei, indicated by a single fusion signal and separated green and 
red probe signals (FIGURE 2B). To further characterize the PDGFRA 
rearrangement, mate-pair sequencing was performed and revealed a bal-
anced translocation between the PDGFRA gene (exon 12, NM_006206) 
at 4q12 and the USP25 gene (intron 20, NM_001283041) at 21q21.1 
(FIGURE 2C). This translocation was predicted to create an in-frame 
chimeric gene fusion consisting of exons 1 to 20 of USP25 and exons 12 
to 28 of PDGFRA (FIGURE 2D). Although not confirmed, the mono-
somy X observed in all 20 metaphases likely represented a constitutional 
abnormality (Turner syndrome). Alternatively, this finding could repre-
sent age-related loss.

MLN-PDGFRA can present as a heterogeneous number of diseases, 
and the most common gene fusion involves FIP1L1::PDGFRA, ac-
counting for approximately 85% of patients with this rearrangement.2 
Additional variant gene fusion partners have been described, includ-
ing BCR, ETV6, KIF5B, CDK5RAP2, STRN, TNKS2, and FOXP1.1 The 
USP25::PDGFRA gene fusion has not been reported in the literature. The 
USP25 gene encodes a deubiquitinating enzyme that catalyzes the hy-
drolysis and removal of ubiquitin chains from target proteins.7 Notably, 
disruptions of the proteasome system, including alterations of USP25 
activity, have been associated with various human malignancies.7 Sim-
ilar to previously reported FIP1L1::PDGFRA gene fusions, the PDGFRA 
breakpoint in our patient was located within exon 12 and likely resulted 
in constitutively increased tyrosine kinase activity of the fusion pro-
tein.8

In our patient, the morphologic findings including peripheral eosin-
ophilia and a hypercellular bone marrow with cytologic atypia prompted 
additional evaluation for cytogenetic abnormalities that can be seen in 
the setting of eosinophilia. Furthermore, the bone marrow also showed 
loose clusters of atypical spindled mast cells with aberrant CD25 ex-
pression, which has been previously reported in MLN-PDGFRA and 
lacks a KIT D816V mutation.2 Previous studies evaluating NGS in MLN-
PDGFRA have reported gene mutations involving ASXL1, BCOR, CSF3R, 
DNMT3A, ETV6, KIT, PAK7, RUNX1, SRSF2, and TET2.2,9,10 In this pa-
tient, a targeted NGS panel for mutations commonly seen in myeloid 
neoplasms revealed 3 pathogenic mutations involving KRAS (VAF 9%), 
NRAS (VAF 10%), and TET2 (VAF 45%), along with a TET2 variant of un-
certain significance (VAF 46%). It has been suggested that the disease is 
driven by the PDGFRA rearrangement and that the additional mutations 
may represent passenger mutations; however, only a small subset of 
patients with MLN-PDGFRA have had NGS testing performed.10 In our 
patient, we determined that the 2 low-level KRAS and NRAS mutations 
likely represented emerging subclones, given that clonal hematopoiesis 
of indeterminate potential (CHIP) typically only harbors 1 genetic mu-
tation.11,12 Furthermore, KRAS and NRAS mutations are much less com-
monly reported as genes underlying CHIP.11,12

Considering MLN-PDGFRA in a patient with prior cytotoxic che-
motherapy is also important because these neoplasms have been re-
ported in the posttherapy setting.13-15 In this setting, the emergence 
of a PDGFRA rearrangement may represent a therapy-related process 
vs a de novo hematologic neoplasm; therefore, disease classification in 
this setting could pose a challenge. A previously reported case of a pa-
tient with AML with eosinophilia and PDGFRA rearrangement with a 
complex karyotype was described in a patient status posttreatment for 
B-lymphoblastic leukemia/lymphoma.15 The MLN-PDGFRA rearrange-
ment typically shows a normal or noncomplex karyotype; thus, when 
clinicians are faced with a complex karyotype, they may best classify 
it as a therapy-related myeloid neoplasm.2 In our patient, given the 
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phase nuclei, indicated by a single fusion signal and separated green and 
red probe signals (FIGURE 2B). To further characterize the PDGFRA 
rearrangement, mate-pair sequencing was performed and revealed a bal-
anced translocation between the PDGFRA gene (exon 12, NM_006206) 
at 4q12 and the USP25 gene (intron 20, NM_001283041) at 21q21.1 
(FIGURE 2C). This translocation was predicted to create an in-frame 
chimeric gene fusion consisting of exons 1 to 20 of USP25 and exons 12 
to 28 of PDGFRA (FIGURE 2D). Although not confirmed, the mono-
somy X observed in all 20 metaphases likely represented a constitutional 
abnormality (Turner syndrome). Alternatively, this finding could repre-
sent age-related loss.

MLN-PDGFRA can present as a heterogeneous number of diseases, 
and the most common gene fusion involves FIP1L1::PDGFRA, ac-
counting for approximately 85% of patients with this rearrangement.2 
Additional variant gene fusion partners have been described, includ-
ing BCR, ETV6, KIF5B, CDK5RAP2, STRN, TNKS2, and FOXP1.1 The 
USP25::PDGFRA gene fusion has not been reported in the literature. The 
USP25 gene encodes a deubiquitinating enzyme that catalyzes the hy-
drolysis and removal of ubiquitin chains from target proteins.7 Notably, 
disruptions of the proteasome system, including alterations of USP25 
activity, have been associated with various human malignancies.7 Sim-
ilar to previously reported FIP1L1::PDGFRA gene fusions, the PDGFRA 
breakpoint in our patient was located within exon 12 and likely resulted 
in constitutively increased tyrosine kinase activity of the fusion pro-
tein.8

In our patient, the morphologic findings including peripheral eosin-
ophilia and a hypercellular bone marrow with cytologic atypia prompted 
additional evaluation for cytogenetic abnormalities that can be seen in 
the setting of eosinophilia. Furthermore, the bone marrow also showed 
loose clusters of atypical spindled mast cells with aberrant CD25 ex-
pression, which has been previously reported in MLN-PDGFRA and 
lacks a KIT D816V mutation.2 Previous studies evaluating NGS in MLN-
PDGFRA have reported gene mutations involving ASXL1, BCOR, CSF3R, 
DNMT3A, ETV6, KIT, PAK7, RUNX1, SRSF2, and TET2.2,9,10 In this pa-
tient, a targeted NGS panel for mutations commonly seen in myeloid 
neoplasms revealed 3 pathogenic mutations involving KRAS (VAF 9%), 
NRAS (VAF 10%), and TET2 (VAF 45%), along with a TET2 variant of un-
certain significance (VAF 46%). It has been suggested that the disease is 
driven by the PDGFRA rearrangement and that the additional mutations 
may represent passenger mutations; however, only a small subset of 
patients with MLN-PDGFRA have had NGS testing performed.10 In our 
patient, we determined that the 2 low-level KRAS and NRAS mutations 
likely represented emerging subclones, given that clonal hematopoiesis 
of indeterminate potential (CHIP) typically only harbors 1 genetic mu-
tation.11,12 Furthermore, KRAS and NRAS mutations are much less com-
monly reported as genes underlying CHIP.11,12

Considering MLN-PDGFRA in a patient with prior cytotoxic che-
motherapy is also important because these neoplasms have been re-
ported in the posttherapy setting.13-15 In this setting, the emergence 
of a PDGFRA rearrangement may represent a therapy-related process 
vs a de novo hematologic neoplasm; therefore, disease classification in 
this setting could pose a challenge. A previously reported case of a pa-
tient with AML with eosinophilia and PDGFRA rearrangement with a 
complex karyotype was described in a patient status posttreatment for 
B-lymphoblastic leukemia/lymphoma.15 The MLN-PDGFRA rearrange-
ment typically shows a normal or noncomplex karyotype; thus, when 
clinicians are faced with a complex karyotype, they may best classify 
it as a therapy-related myeloid neoplasm.2 In our patient, given the 

FIGURE 2. Cytogenomic evaluation of a novel USP25::PDGFRA gene fusion observed in an adult patient with a myeloid 
neoplasm and eosinophilia. (A) Representative karyogram showing t(4;21)(q12;q21) (arrows) and monosomy X. The t(4;21) was 
observed in 8 of 20 metaphases whereas monosomy X was observed in all 20 metaphases. (B) Representative interphase 
nucleus showing a balanced PDGFRA rearrangement (BAP), indicated by separated green (5’PDGFRA) and red (3’PDGFRA) 
signals (arrows) that flank the PDGFRA gene region (4q12). (C) Junction plot showing a balanced translocation between the 
PDGFRA gene (exon 12, NM_006206) at 4q12 and the USP25 gene (intron 20, NM_001283041) at 21q21.1. This translocation was 
predicted to create an in-frame chimeric gene consisting of exons 1–20 of USP25 and exons 12–28 of PDGFRA. (D) Schematic 
diagram showing USP25::PDGFRA chimeric protein structure generated by ProteinPaint.19 BAP, break-apart probe.
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noncomplex karyotype, we classified the current case as MLN-PDGFRA. 
Identifying patients with MLN-PDGFRA is crucial because this condi-
tion has been reported to be particularly imatinib-responsive, with most 
patients achieving molecular remission.2,3,16,17 As a result, imatinib 
is the first-line therapy for patients with MLN-PDGFRA presenting in 
a chronic phase and should be given in the absence of organ dysfunc-
tion.18 Discontinuation of imatinib therapy can lead to relapse, and 
therefore ongoing maintenance therapy is generally recommended.2,16,18

This case study highlights the importance of evaluating patients 
presenting with a myeloid/lymphoid neoplasm with eosinophilia for re-
current cytogenetic abnormalities, including PDGFRA rearrangements.

Supplementary Data
Supplemental figures and tables can be found in the online version of this ar-
ticle at www.labmedicine.com.
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CORRIGENDUM

Corrigendum to: A Simple and Applicable Method for 
Human Platelet Lysate Preparation Using Citrate Blood
Narin Khongjaroensakun, MD,1,* Karan Paisooksantivatana, MD,1 Suttikarn Santiwatana, MD, PhD,2,3  
Tulyapruek Tawonsawatruk, MD, PhD,4 Kantarat Kusolthammarat, MD,1,5 Praguywan Kadegasem, BSc,2  
Noppawan Tangbubpha, MS,2 Juthamard Chantaraamporn, MS,2 and Ampaiwan Chuansumrit, MD2

1Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand, 2Department of Pediatrics, Faculty of Medicine Ramathibodi 
Hospital, Mahidol University, Bangkok, Thailand, 3Vejthani Hospital, Bangkok, Thailand, 4Department of Orthopedics, Faculty of Medicine Ramathibodi Hospital, Mahidol 
University, Thailand, 5Department of Pathology, Prince of Songkla University, Songkhla, Thailand; *To whom correspondence should be addressed. narin.kho@mahidol.edu

In “A Simple and Applicable Method for Human Platelet Lysate Preparation Using Citrate Blood (https://doi.org/10.1093/labmed/lmab116)”, there 
were errors in the first two affiliations which should read “Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, 
Bangkok, Thailand” and “Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand”, respectively. 
These errors have been corrected online.
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