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ON THE COVER: Four articles in this issue of Laboratory Medicine focus on ways the clinical laboratory influences the treatment of pregnant 
patients. Mohideen and colleagues compared the results of thyroid function tests in fasting and nonfasting pregnant patients, finding that 
postprandial thyroid-stimulating hormone results were lower compared to fasting results. Tang et al established trimester-specific reference 
intervals for homocysteine and suggested a correlation of biomarker levels with pregnancy complications and perinatal outcomes. Yang and 
coworkers examined the frequencies of false-positive results in 3 commercially available syphilis serology screening tests in pregnant and non-
pregnant women, finding that false-positive rates were low but significantly different across the 3 methods. Finally, dos Santos and colleagues 
compared the efficiencies of 3 methods for processing umbilical cord blood for storage. These 4 studies illustrate the importance of clinical 
laboratories in the health care of pregnant patients.
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OVERVIEW

Trend towards reduction of transfusion reactions using 
prestorage leukocyte-reduced and pooled whole blood–
derived platelets and cost savings compared with 
poststorage whole blood–derived random platelets as 
evidenced by real-time hemovigilance
Nick Park, MD,1 Mayrin Correa Medina, MD, PhD,1 Fernando Martinez, MD, MScPH,1 Marla Throssel, MS,1,   
Amitava Dasgupta, PhD,2 Adriana Knopfelmacher, MD,1 Colleen Villamin, MSN,1 Sandra Rivas, MS,1  
Nancy Tomczak, BSN,1 Saahith Garg,3 Lorraine Layton, MSN,1 Kimberly Klein, MD1

1Department of Laboratory Medicine, The University of Texas MD Anderson 
Cancer Center, Houston, TX, US; 2Department of Pathology and Laboratory 
Medicine University of Kansas Medical Center, Kansas City, KS, US; 3Department 
of Biochemistry, University of Texas Health Science Center at Houston, Houston, 
TX, US. Corresponding author: Kimberly Klein; KKlein@mdanderson.org

Key words: acrodose; platelets; transfusion reaction; hemovigilance; 
oncology patients; prestorage

Abbreviations: WBD, whole blood–derived; RDP, conventionally produced 
poststorage WBD platelets; FNHTR, febrile nonhemolytic transfusion reactions; 
TACO, transfusion-associated circulatory overload; HVU, hemovigilance unit; 
EHR, electronic health record; NHSN, National Healthcare Safely Network; APP, 
advanced practice provider

Laboratory Medicine 2024;55:251-254; https://doi.org/10.1093/labmed/lmad106

ABSTRACT 

Background:  Due to chemotherapy-induced neutropenia or hema-

tologic malignancies, immunocompromised cancer patients may 

have higher incidence of febrile nonhemolytic transfusion reactions 

compared with the general population and frequently require platelet 

transfusions. This quality improvement project compared the safety 

of transfusion using prestorage leukocyte-reduced and pooled 

whole blood–derived platelets (Acrodose/WBD) with convention-

ally produced poststorage WBD platelets (RDP) using an active 

hemovigilance system.

Methods:  Every patient receiving a blood product at the hospital 

was virtually monitored in real time by trained nurses from a remote 

hemovigilance unit. These nurses monitor a digital dashboard, which 

populates a watch list of patients from the time blood product admin-

istration is initiated until 12 hours posttransfusion. Over the course of 6 

months, 371 patients receiving 792 RDP transfusions and 423 patients 

receiving 780 Acrodose/WBD platelets transfusions were monitored 

for transfusion reactions.

Results:  We identified 26 transfusion reactions in RDP but only 12 

transfusion reactions in the Acrodose/WBD platelet group.

Conclusion:  Acrodose platelet transfusion was associated with fewer 

transfusion reactions, which resulted in significant cost savings.

Introduction
Platelet transfusion is sometimes incorporated in routine blood trans-
fusion strategies in different clinical settings, including stopping 
bleeding or prophylactic strategy to prevent bleeding during a pro-
cedure. Platelet transfusion is useful in severely thrombocytopenic 
patients receiving chemotherapy or undergoing surgery or invasive 
exploration. Despite published guidelines from national professional 
societies or other recognized organizations, there is no clinical con-
sensus for platelet transfusion. As a result, protocols not only vary 
from one nation to another but also between hospitals in the same 
nation, including the United States.1 Platelets for the purpose of 
transfusion can be prepared either by separation of units of platelet 
concentrates from whole blood using either the buffy coat or the 
platelet-rich plasma method, which can be pooled before administra-
tion, or by apheresis from a single donor. The Pall Acrodose system 
allows whole blood–derived (WBD) platelets to be pooled safely using 
a closed system without altering the platelet quality after transfusion.2 
More recently, Terumo announced IMUGARD whole blood, which also 
allows for WBD platelets to be pooled safely using a closed system and 
extends the shelf-life of WBD platelets from 5 to 7 days.3 In routine 
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circumstances, WBD platelets and apheresis platelets can be used in-
terchangeably, although platelets prepared from pooled whole blood 
are more cost-effective.4

Cancer patients undergoing chemotherapy or stem cell trans-
plant frequently require platelet transfusions to prevent bleeding 
complications related to hypoproliferative thrombocytopenia. There 
are updated guidelines that provide evidence-based recommendations 
about preparation of platelet products and transfusion thresholds for 
patients with cancer.4 Benefits from the leukoreduction of platelet 
products include prevention of refractoriness from human leukocyte 
antigen alloimmunization, reduction of cytomegalovirus transmission, 
and decreased incidence of transfusion reactions.5-7 More specifically, 
prestorage leukoreduction of platelets has been shown to decrease the 
rate of febrile nonhemolytic transfusion reactions (FNHTRs),8 allergic 
reactions,9 and cardiopulmonary complications such as transfusion-
associated circulatory overload (TACO).10 In the opinion of Bianchi et 
al,11 leukoreduction significantly improves the safety of transfusion.

Estimates of transfusion reactions vary, but active hemovigilance sys-
tems have consistently demonstrated higher rates of transfusion reactions 
compared with passive systems.12 To enhance patient safety at the institu-
tion, real-time hemovigilance was implemented to monitor every patient 
receiving a blood transfusion.13 The purpose of this retrospective study is 
to report the incidence and types of transfusion reactions seen in cancer 
patients receiving prestorage vs poststorage WBD platelets while being 
monitored by a real-time hemovigilance program.

Methods
The quality improvement project was conducted at the University of 
Texas MD Anderson Cancer Center located in Houston, TX, US. The 
MD Anderson Cancer Center is a 678-bed hospital and ambulatory care 
center that exclusively treats adult and pediatric cancer patients. Our 
cancer center dispenses over 34,000 platelet transfusions annually. This 
project was approved by the Quality Improvement Advisory Board and 
Institutional Review Board of the MD Anderson Cancer Center.

Platelet Components
Prestorage leukocyte-reduced pooled WBD platelets (Acrodose, 
Haemonetics) were produced and supplied by Carter Blood Care. 
Acrodose platelets were pooled from 5 WBD platelet concentrates 
and became available to the institution in March 2021. We pooled 
poststorage leukocyte-reduced WBD platelets (RDP) in the hospital 
blood bank prior to release and leukocyte-reduced at bedside using the 
PXL8 filter (Haemonetics). Blood shortages necessitated pooling WBD 
RDP from 4 WBD platelet concentrates to maintain a stable inven-
tory. Three WBD RDP platelet concentrates (low dose) were pooled for 
RDP for certain circumstances: patient age (<18 years), patient weight 
(<50 kg), or during periods of critical platelet shortages (TABLE 1). All 

platelet products transfused at our institution received Cesium137 irradi-
ation to eliminate the possibility of transfusion-associated graft-vs-host 
disease, a risk for the immunocompromised population.

Patients and Clinical Data
All patients receiving a blood product at MD Anderson Cancer Center 
are virtually monitored by trained nurses from a remote hemovigilance 
unit (HVU) as described previously.13 Briefly, HVU nurses mon-
itor a digital dashboard that populates a watch list of patients from 
the time of initiation of transfusion until 12 hours posttransfusion. 
An algorithm integrated with the electronic health record (EHR) 
analyzes various data elements to calculate a transfusion reaction 
risk score based on criteria from the National Healthcare Safety Net-
work (NHSN) Hemovigilance Module.14 When a patient is suspected 
of having a transfusion reaction, HVU nurses communicate with the 
nurse administering the transfusion and frequently deploy a transfu-
sion medicine advanced practice provider (APP). The APPs are available 
around the clock and are specially trained to recognize and manage 
transfusion reactions. The APPs perform patient bedside evaluations, 
order pertinent laboratory testing, and medically manage the patient’s 
symptoms in collaboration with the patient’s primary care team. Ad-
ditionally, the APP serves a regulatory function, as they are respon-
sible for documenting applicable clinical information related to each 
suspected transfusion reaction in the EHR and perform a bedside cler-
ical check.

Evaluation of Transfusion Reactions
A transfusion medicine physician evaluates transfusion reaction reports 
within 24 hours of the event as per protocol. Following guidelines from 
the NHSN Hemovigilance Module, each transfusion reaction is clas-
sified according to the reaction-specific case definition, severity, and 
imputability or designated as unrelated to the transfusion. Laboratory 
evaluation of transfusion reactions includes a clerical check, visual in-
spection for hemolysis, and direct antiglobulin test on a posttransfusion 
blood specimen. Bacterial cultures from the platelet bag or segment are 
obtained when available, except for cases presenting with localized cuta-
neous allergic symptoms.

Statistical Analysis
The Fisher exact test and χ2 tests were performed to compare the rates 
of transfusion reactions between Acrodose/WBD products and RDP. The 
reaction rate for each platelet product was calculated as [the number of 
transfusion reactions classified by transfusion medicine physician] di-
vided by [number of transfusions] × 100.

Results
Between March 2021 and August 2021 (6 months), 371 patients re-
ceived 792 RDP transfusions and 423 patients received 780 Acrodose/
WBD transfusions. The average volume of transfusion was 199 mL for 
RDP compared with 260 mL for the Acrodose/WBC group. Most patients 
were treated for leukemia: 78.7% in the RDP group and 74.8% in the 
Acrodose group (TABLE 2). Acute myeloid leukemia was the major di-
agnosis of patients in both groups (48.5% in the RDP group and 40.0% 
in the Acrodose/WBD group).

TABLE 1.  Blood product characteristics

Prestorage  
leukocyte-reduced

Units of pooled WBD 
platelet per dose

Filter 
required

Random 
donor platelet

No 3 or 4 Yes

Acrodose/WBD Yes 5 No

WBD, whole blood–derived.
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Transfusion Reaction Incidence
The transfusion medicine attending physician, using NHSN criteria, 
identified 26 transfusion reactions in the RDP group: 15 FNHTRs, 6 
allergic, and 5 TACO (TABLE 3). The incidence rates for each type of 
reaction to RDP were 1.89% (FNHTR), 0.76% (allergic), and 0.63% 
(TACO). In contrast, only 12 transfusion reactions occurred in the 
Acrodose/WBD group: 6 FNHTRs, 2 allergic, and 4 TACO. The in-
cidence rates of reactions to Acrodose/WBD platelets were 0.77% 
(FNHTR), 0.26% (allergic), and 0.51% (TACO). No other type of 
transfusion reaction was observed in our patient population following 
transfusion.

The overall rate of FNHTR and allergic reactions in cancer patients 
who received RDP was 2.65% (21/792). In comparison, the overall 
rate of FNHTR and allergic reactions in the Acrodose/WBD group was 
lower at 1.03% (8/780). Using the χ2 test, we found the incidence of 
FNHTR was significantly lower in the Acrodose/WBD group than in the 
RDP group at the 95% confidence interval (χ2 = 3.772, P = .026 [one-
tailed]). Results of the Fisher exact test indicated differences were also 
significant at the 95% confidence level (P = .0412) using a one-tailed 
test. Although allergic reactions tended to be lower in Acrodose/WBD 
group, the differences were not statistically significant using the Fisher 
exact test. However, the χ2 value was 1.949 (P = .0813), which was sig-
nificant only at the 90% confidence interval using a one-tailed test. The 
rate of TACO was similar between the RDP (0.63%) and Acrodose/WBD 
(0.51%) groups.

Discussion
To our knowledge, there is no published report that compares platelet 
transfusion safety using RDP and AcrodoseWBD groups. Dalal et al15 
compared clinical utility but not safety of platelet transfusion using 
platelets obtained by apheresis and Acrodose/WBD platelets. The 
authors concluded that Acrodose/WBD platelets induced a more ro-
bust response and increased the time to next transfusion compared 
with single donor platelets among all patients, including acute leukemia 
patients. Unfortunately, that same effect was absent in bone marrow 
transplant patients (TABLE 4).

Our study, to our knowledge, is the first quality improvement 
project in oncology patients comparing platelet transfusion safety 
using RDP and Acrodose/WBD groups. This project demonstrates 
that both types of platelet transfusions were relatively safe; however, 
prestorage leukocyte-reduced WBD platelets tend to have a lower in-
cidence of FNHTR and allergic transfusion reactions than poststorage 
leukocyte-reduced random donor platelets in an oncologic cohort when 
using real-time hemovigilance. Although no difference was detected 
in cardiopulmonary complications between the RDP and Acrodose/
WBD groups, any potential benefit of prestorage leukocyte reduction 
may have been offset by larger transfused volumes (260 vs 199 mL) 
in those patients receiving Acrodose/WBD platelets, as we have pre-
viously demonstrated the mean volume of blood components before 
a TACO event in our institution was 626.6 mL.16 Prior exposure to 
anthracycline chemotherapy resulting in cardiotoxicity, especially for 
patients with relapsed or refractory acute myeloblastic leukemia, may 
also be a factor.

Although the project did not include a detailed cost analysis, prelim-
inary assessment indicates that each FNHTR incidence costs roughly 

TABLE 2.  Patient diagnoses

Diagnosis RDP Acrodose/WBD

Leukemia

 � B-cell acute lymphoblastic 33 40

 � T-cell acute lymphoblastic 9 16

 � Acute myeloblastic 180 169

 � Myelodysplastiic syndrome 28 40

 � Myelofibrosis 10 13

 � Multiple myeloma 17 18

 � Chronic lymphocytic 5 5

 � Chronic myelogenous 6 5

 � Other 4 6

  Total 292 312

Lymphoma

 � Hodgkin’s 10 10

 � Non-Hodgkin’s 36 41

  �  T-cell 12 12

  �  Burkitt 0 1

 �   Diffuse large B-cell 15 17

  �  Mantle cell 4 6

  �  Other 5 5

  Total 46 51

Solid tumor 25 47

Aplastic anemia 3 7

Hemophagocytic lymphohistiocytosis 0 3

Miscellaneous 5 3

Total 371 423

RDP, conventionally produced poststorage WBD platelets; WBD, whole 
blood–derived.

TABLE 3.  Transfusion reactions

Reaction type RDP Acrodose Fisher exact test P value χ2 test P value

FNHTR 15 6 P = .0412, one tailed (significant at 95% confidence interval) P = .026, one tailed (significant to 95% confidence interval)

Allergic reaction 6 2 P = .149, not significant P = .081, significant only at 90% confidence interval, one tailed

TACO 5 4 Not different Not different

TRALI 0 0 Not applicable Not applicable

Total transfusions 792 780 Not applicable Not applicable

Average volume (mL) 199 260

FNHTR, febrile nonhemolytic transfusion reactions; TACO, transfusion-associated circulatory overload; TRALI, transfusion-related acute lung injury.
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$3000. This approximated cost stems from the observed additional per-
sonnel expenditures; unnecessary diagnostic and laboratory testing, 
replacement blood cost, and unnecessary outpatient admissions. The 
lower Charlson comorbidity index for Acrodose/WBD was not factored 
into cost, as the time to next transfusion was not affected. Thus, we 
surmise that an Acrodose/WBD transfusion may be more cost-effective 
than conventional RDP. Project findings revealed only 6 FNHTRs in 
the Acrodose/WBD group, costing the hospital roughly $18,000. In 
contrast, RDP resulted in 15 incidences, costing the hospital $45,000. 
Clinicians at the institution perform approximately 34,000 platelet 
transfusions annually and switching from RDP to Acrodose/WBD 
should be associated with substantial cost savings. However, more data 
and detailed cost analysis are needed to confirm this.

Conclusion
This quality improvement project, based on 371 patients receiving 
792 RDP transfusions and 423 patients receiving 780 Acrodose/WBD 
transfusions, indicates that Acrodose/WBD transfusions were associ-
ated with fewer adverse effects than RDP transfusions. Increased use 
of Acrodose/WBD platelets has the potential to improve transfusion 
safety, enhance patient experience, and provide cost savings.
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TABLE 4.  Transfusion effectiveness in AML patients

RDP Acrodose/WBD

Patients 57 53

Transfusions 90 67

Transfusion mCCI ≥ 5000 57 39

Percentage of mCCI ≥ 5000 63 58

Average CCI 9246 7167

Median CCI 8023 5760

Median TTNT (days) 2.03 2.02

AML, acute myeloblastic leukemia; CCI, Charlson comorbidity index; 
RDP, conventionally produced poststorage whole blood–derived platelets; 
TTNT, time to next transfusion; WBD, whole blood–derived. 
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ABSTRACT 

Objective:  The aim of this study was to compare the performance 

of direct amplification of viral nucleic acid from transport medium 

to extracted nucleic acid for polymerase chain reaction (PCR), 

sequencing, and genotyping applications.

Methods:  XpressAmp lysate and extracted total nucleic acid from 

viral transport medium containing nasopharyngeal specimens were 

evaluated across different molecular applications to determine perfor-

mance characteristics.

Results:  SARS-CoV-2 quantitative PCR and angiotensin-converting 

enzyme (ACE) genotyping assays worked well with XpressAmp ly-

sate, almost equal with or better than extracted nucleic acid in some 

specimens. However, XpressAmp completely failed to perform in next-

generation sequencing for strain typing. Both protocols failed to de-

tect ACE2 expression in viral transport medium.

Conclusion:  Direct amplification of viral nucleic acid from viral trans-

port medium containing nasopharyngeal specimen works well for mo-

lecular assays with low thresholds of quality; however, it does have 

limitations with assays that require high quality nucleic acid for input. 

Use of the XpressAmp protocol significantly improves turnaround time 

and allows for easy ramp-up of PCR and genotyping assays.

The COVID-19 pandemic stimulated the need to develop high-
throughput, fast-turnaround assays for the detection and strain typing 
of the SARS-CoV-2 virus in human specimens. Additionally, research 
on correlatives was being carried out to address the variations observed 
globally in terms of susceptibility to SARS-CoV-2 infection across eth-
nicity, sex, and age. Studies were being done to evaluate expression of 
the angiotensin-converting enzyme 2 (ACE2), which is believed to be the 
host receptor for SARS-CoV-2 infection.1,2 Additionally, the ACE that 
shares 42% of amino acid identity with ACE23 and characterized by a ge-
netic deletion/insertion polymorphism in intron 16 was shown to be in 
involved in the modulation of ACE2 expression levels, particularly the D 
allele of ACE being associated with reduced expression of ACE2.4 The lit-
erature also suggests that the deletion/insertion polymorphism shows 
an important geographical variation across ethnicities,5 which when 
reviewed in the context of differences in global prevalence of COVID-19 
infection,2 indicates the potential for ACE to serve as a confounder for 
COVID-19.4

Studies in our laboratory focused on establishing molecular tests 
addressing the various correlates associated with virus infection: a 
nucleic acid amplification test (NAAT) for detection of SARS-CoV-2, 
next-generation sequencing (NGS) for strain typing, and genotyping 
for ACE polymorphisms and evaluation of ACE2 expression in na-
sopharyngeal and anterior nasal specimens collected in viral trans-
port medium (VTM). Extraction methods were validated for DNA 
and RNA isolation from VTM for downstream molecular testing. 
With a goal to reduce turnaround time for result reporting, we also 
evaluated a direct amplification kit (XpressAmp, Promega) on naso-
pharyngeal specimens for molecular testing. This report outlines the 
results from our comparative study and demonstrates the strengths 
and limitations of direct amplification for specific molecular  
applications.
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Materials and Methods
SARS-CoV-2 positive and negative specimens from symptomatic and 
asymptomatic individuals received for routine testing were processed in 
2 ways. One method involved directly subjecting VTM containing naso-
pharyngeal/anterior nasal swabs to processing using the XpressAmp Di-
rect Amplification Reagents kit (Promega) according to manufacturer’s 
instructions. The other method required extracting total nucleic acid 
(TNA) using established procedures (Kingfisher, Thermo Fisher Scien-
tific) for performance evaluation in multiple assays such as SARS-CoV-2 
NAAT, ACE genotyping PCR,6 ACE2 gene expression, and SARS-CoV-2 
strain typing (TABLE 1)

For the XpressAmp procedure, briefly, prior to any downstream 
molecular procedure, Direct Amp Lysis Buffer was prepared with 1% 
1-thioglycerol by adding 1 μL of 1-thioglycerol for every 100 μL of Di-
rect Amp Lysis Buffer required. Each VTM sample was combined with 
the prepared Direct Amp Lysis Buffer in a 1:1 ratio based on how much 
input lysate was needed downstream. Sample lysates were mixed and 
incubated at room temperature for 10 minutes. Different volumes of 
the final lysates (4 µL for NAAT, 3 µL for ACE genotyping, 2 to 5 µL for 
ACE2 gene expression; 8 µL lysate was reverse transcribed and 5 µL of 
the complementary DNA [cDNA] product was used for strain typing) 
were then used for the evaluation of performance in various established 
downstream applications, as listed in FIGURE 1A.

Total nucleic acid was extracted from 200 µL of VTM using the King-
fisher MagMax Viral/Pathogen Isolation Kit (Part #A48310, Thermo 
Fisher Scientific) into an elution volume of 50 µL. Different volumes of 
extracted TNA were used for downstream processing: 5 µL for NAAT, 2 
to 3 µL for ACE genotyping, 2 to 5 µL for ACE2 gene expression; 8 µL 
lysate was reverse transcribed and 5 µL of the cDNA product was used 
for strain typing.

Data from both processes were analyzed and compared to determine per-
formance characteristics, including accuracy, efficiency and hands-on time. 
This study was done over a period of time, as assay needs arose, and there-
fore, different specimen cohorts were used for evaluating the performance 
of XpressAmp vs extracted TNA for downstream processes. This study was 
performed as part of a process improvement initiative and approved by the 
Medical College of Wisconsin Institutional Review Board (PRO38057).

Results
The XpressAmp direct lysis protocol was successful for SARS-CoV-2 
amplification across the 35 specimens tested (N1 Cq range 26.34-
41.61, N2 Cq range 23.56-43.18), in most cases performing equiv-
alent to or better than extracted total nucleic acid (N1 Cq range 
25.1-35.58, N2 Cq range 25.11-38.28) (FIGURE 1B), with 100% 
accuracy. Genotyping for ACE polymorphisms was extremely ef-
fective, with the XpressAmp kit producing high-quality data in all 
30 initial specimens tested with 100% accuracy (FIGURE 1C), 
resulting in the analytical validation and incorporation of this pro-
tocol for clinical use, with subsequent testing of ~300 specimens  
(FIGURE 1A).

When evaluated for the detection of ACE2 expression levels in VTM, 
both the XpressAmp and extracted nucleic acid specimens failed to per-
form as expected, suggesting a limitation of the specimen type, as the 
nasopharyngeal collection would not contain the same concentration 
of nucleic acid as blood samples. Because neither extraction method 
worked (FIGURE 1A), this test was later developed using blood as a 
specimen type (data not provided).

Strain typing for SARS-CoV-2 includes a 2-step process, a NAAT 
assay, based on the results of which only specimens with a Cq of <30 
are sequenced for clade assignment using the ARTIC protocol (https://
artic.network/ncov-2019). The Cq cut-off was based on initial studies 
that showed RNA extracted from specimens with a Cq >30 failed to 
sequence, with the ideal Cq range being 18-28 (data not provided). 
Using this cut-off, 8 of the 15 samples with NAAT results in the range 
of 25-30 Cq were processed for strain typing. Despite passing library 
preparation quality control, all 8 samples failed in read depth, cov-
erage, lineage, and clade identification when compared with the same 
specimens with extracted nucleic acid that successfully passed analysis 
and enabled clade designation. This result indicated the presence of 
potential inhibitors in the XpressAmp lysate or that sequencing for 
strain typing required high-quality nucleic acid. Another point of con-
sideration could be that the XpressAmp kit was designed for 1-step RT-
quantitative PCR and not a 2-step process as that required for strain 
typing. TABLE 1 summarizes the comparative performance of both 
methods evaluated.

TABLE 1.  Summary of assays evaluated and performance of the two extraction methods

Assay Primer/probes used Vendor (part No.) XpressAmp 
Extracted 

TNA 

SARS-CoV-2 NAAT CDC approved 2019-nCoV EUA Kit, 500 rxn primers/probe set IDT (10006606) Yes Yes

ACE genotyping Forward primer 5ʹ-CTG GAG ACC ACT CCC ATC CTT TCT-3ʹ IDT6 Yes Yes

Reverse primer 5ʹ-GAT GTG GCC ATC ACA TTC GTC AGA T-3ʹ IDT6

ACE2 expression ACE2, exons 14-15 probe 5ʹ-/56-FAM/ ACTCCAGTC/ZEN/
GGTACTCCATCCCA/31ABkFQ/-3ʹ

IDT (Hs.PT.58.27645939) No No

ACE2, exons 14-15 
primer

5ʹ-GCCACTGCTCAACTACmG-3ʹ

ACE2, exons 14-15 
primer

5ʹ-GCTTATCCTCACTTTGATGCmG-3ʹ

Internal control HPRT1 
probe

5ʹ-/56-FAM/AGCCTAAGA/ZEN/
TGAGAGTTCAAGTTGAGTTTGG/31ABkFQ/-3ʹ

IDT (Hs.PT.58v.45621572)

HPRT1, exons 8-9 primer 5ʹ-TTGTTGTAGGATATGCCCTTGA-3ʹ

HPRT1, exons 8-9 primer 5ʹ-GCGATGTCAATAGGACTCCAG-3ʹ

SARS-CoV-2 strain 
typing

Artic protocol https://artic.network/ncov-2019 IDT (10011442) No Yes

NAAT, nucleic acid amplification test; TNA, total nucleic acid.
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FIGURE 1.  A, Schematic of study design. The total number of specimens used to evaluate each downstream methodology 
after XpressAmp or TNA extraction are listed above each process; the number of specimens listed in green next to specific 
evaluation methods indicate the number of specimens processed post evaluation for methods that worked successfully; 
the red X indicates methods where the XpressAmp or TNA extraction did not work, the green check mark indicates that 
extracted methods worked for associated processes but were not used subsequently due to performance limitations or lack 
of efficiency or throughput. B, Representative snapshots of SARS-CoV-2 detection using XpressAmp and extracted nucleic 
acid for 2 different specimens. C, Representative gel picture of the expected ACE genotyping results using XpressAmp. ACE, 
angiotensin-converting enzyme; NAAT, nucleic acid amplification test; NGS, next-generation sequencing; RT-PCR, reverse 
transcription-polymerase chain reaction; VTM, viral transport medium.
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Discussion
There are always challenges in direct PCR amplification, with both 
sample and lysis buffer components affecting the reaction efficiency 
and sensitivity. The Direct Amp Lysis Buffer used in our assay worked 
well for SARS-CoV-2 amplification across all 35 specimens tested with 
100% accuracy, although the PCR products failed to sequence for strain 
typing and clade assignment, suggesting that quality of the nucleic 
acid generated by the kit was not high enough for an NGS-based test. 
Optimal and high-quality amplification of the ACE polymorphisms 
further demonstrated the applicability of this protocol for PCR-based 
applications such as genotyping. The failure of the XpressAmp kit 
to detect expression of ACE2 in VTM must be evaluated in the con-
text of comparability with our established protocol using nucleic acid 
extracted from VTM. Use of high-quality RNA from VTM also failed to 
amplify with the ACE2 expression protocol, suggesting that the failure 
of XpressAmp was not due to an inherent limitation but rather due to 
the limitation of the specimen type used. Although RNA extracted from 
blood worked well with our ACE2 expression PCR assay, we could not 
evaluate the performance of the XpressAmp on blood as it was devel-
oped primarily for use with VTM.

In conclusion, this study demonstrates the successful use of the 
XpressAmp kit for direct evaluation of nasopharyngeal and anterior 
nasal specimens in TM for SARS-CoV-2 detection and ACE genotyping, 
suggesting that this protocol specimen works well for molecular assays 
with targeted amplification and less stringent thresholds of nucleic acid 
quality. The XpressAmp kit demonstrated some limitations with assays 
that require high-quality nucleic acid for input and broader more sen-
sitive detection, such as gene expression assays and NGS. Use of the 

XpressAmp protocol does significantly improve turnaround time and 
allows for easy ramp-up of PCR and genotyping assays.
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ABSTRACT 

Background:  To remain effective in the dynamic health care land-

scape, the laboratory must embrace the continuous improvement 

mindset to support a culture of change, and leadership must facilitate 

the change process, mitigating perceived barriers of change readiness 

in followers.

Methods:  This quantitative study was designed to determine whether 

there is an association between leadership style (Multifactor Lead-

ership Questionnaire [MLQ]) and change readiness (3-component 

model [TCM] commitment to change/Employee Commitment Survey, 

and whether leadership style predicts change readiness. Laboratory 

professionals (n = 718) were recruited through national societies to 

complete a combined MLQ-TCM survey instrument. Multivariate 

analysis of variance, Pearson correlations, and multiple regression 

analyses were performed.

Results:  A significant correlation between leadership style and change 

readiness (transformational leadership [TL] and affective commitment 

to change, r(716) = .12, P = .002; passive-avoidant behavior and con-

tinuance commitment to change, r(716) = .25, P < .001) and between 

leadership style and leadership outcomes (TL and effectiveness, r(716) 

= .90, P < .001) was identified. Transformational leadership was a sig-

nificant predictor of change readiness (β = .17, P < .05).

Conclusion:  It is recommended that laboratory leaders use trans-

formational leadership or situational leadership to improve followers’ 

affective commitment to change and reduce followers’ continuance 

commitment to change, thus improving commitment to continuous 

improvement. Leaders should also limit passive-avoidant behavior.

Introduction
At the forefront of laboratory research is innovation and technology, 
whereas the foci of laboratory medicine as a profession includes 
training, professional development, staffing shortages, and burnout 
prevention or response. However, leadership within the profession 
and its impact on process outcomes through continuous improvement 
has not been proficiently examined. In other occupations, leadership 
style and methods have been thoroughly examined for their impact 
on organizational outcomes.1 As demonstrated by the response to the 
COVID-19 pandemic, a significant construct of professional prepared-
ness desired in laboratory professionals is change readiness. Change 
readiness is defined as a measure of confidence that a person, team, or 
organization is committed, capable, and culturally inclined to embrace 
a proposed project or initiative that would lead to the desired target 
of change.2

Continuous improvement, as a form of change, is necessary to re-
main effective and evolve in health care. Antony et al3 share 3 main 
barriers to successful continuous improvement projects: resistance to 
change, lack of leadership support and commitment, and incompetent 
teams; whereas Erlingsdottir et al4 suggest that leaders can enable effec-
tive continuous improvement implementation by coaching the process, 
promoting autonomy, and providing the necessary resources. Leader-
ship should help employees understand that a culture of continuous 
improvement can help reduce errors and avoid personal blame, and 
by appreciating and adopting the continuous improvement mindset, 
employees are doing their part for themselves, their organization, and 
their patients.5 Leaders must identify and effectively use appropriate 
change management tools to reduce employee resistance to change and 
promote readiness and adaptability, yet it is not clear whether leader-
ship styles or methods are associated with change readiness in labora-
tory medicine.
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Purpose of the Study
This correlational study was designed to determine whether there 
is an association between leadership style as a change management 
tool and change readiness via commitment to change (CTC) in labora-
tory medicine, affecting laboratory professionals as both leaders and 
followers. There are limited data available regarding medical labora-
tory professionals’ perceptions of change and whether resistance and 
readiness are related to leadership style, communication issues, lack of 
resources and commitment, or a combination of various factors.6 Al-
though studies have demonstrated an association between transforma-
tional leadership (TL) and continuous improvement initiatives through 
harnessing CTC across multiple sectors, there is no evidence that this 
relationship exists in laboratory medicine.

Hypotheses
Two hypotheses were made for this study. Hypothesis 1 (H1) is that 
there is a significant association between leadership style (defined by 
the MLQ) and change readiness (measured by the 3-component model 
[TCM] of CTC/Employee Commitment Survey). Hypothesis 2 (H2) is 
that leadership style (defined by the MLQ) is a significant predictor of 
change readiness (measured by the TCM).

Change Readiness via CTC
Weiner’s theory of organizational readiness for change posits that 2 
collective affective states are related to change readiness: change effi-
cacy and CTC.7 Herscovitch and Meyer define CTC as an individual’s 
mindset that binds them to the pathway or course of action an organi-
zation takes to achieve an improvement or change initiative.8 The TCM 
of CTC consists of 3 levels (affective, continuance, and normative com-
mitment to change).9 Bouckenooghe et al9 opine that CTC behavior is 
driven by beliefs, such as inherent benefits or intrinsic motivation to 
remain with the organization throughout the change process (affective 
commitment to change, ACC), the risk analysis or perception of costs as-
sociated with change (continuance commitment to change, CCC), and a 
moral obligation or duty to support the change (normative commitment 
to change, NCC). ACC is most often correlated with positive work per-
formance, mentorship, and reduced burnout; CCC is stress-inducing and 
depletes energy, leading to employee burnout and turnover; and NCC 
is influenced by externally-driven CCC and internally-motivated ACC, 
with higher levels of NCC correlated with increased stress and emotional 
exhaustion.9-11

Full Range of Leadership
Bass’ full range leadership model conceptualizes that all leaders exhibit 
five leadership styles to some extent: laissez-faire leadership (LF), man-
agement by exception-passive (MBE-P), management by exception-
active (MBE-A), contingent reward (CR), and the four Is of TL. The 
optimal leadership profile, as posited by Bass and Riggio,12 features LF 
as the least-used style and TL as the most frequently displayed style. 
Passive-avoidant behavior (PAB) is defined by nonaction or passivity 
where leaders remove themselves from their responsibilities (LF) or 
only act after a complaint is received (MBE-P), contributing to a blame 
culture.1,12,13 Lutz Allen et al14 determined that LF is negatively associ-
ated with building a psychological climate for both change readiness and 
organizational creativity due to a lack of leadership communication and 
unwillingness to facilitate an environment of transformational change. 
Although MBE-P is considered a form of transactional leadership 

according to Bass and Riggio,12 the style falls under PAB within leader-
ship measurement instruments for its inaction or passivity.

Transactional leadership focuses on contractual relationships, struc-
tured management, formal delegation, and reinforcement systems that 
revolve around rewards and penalties.12,15 Perceptions of risk and safety 
drive commitment to organizational goals, enabling success preventa-
tive MBE-A leadership.12 MBE is a corrective transaction and it is there-
fore deemed less effective than CR and TL due to a lack of motivation 
involved.12,16,17 CR motivates employees by rewarding behavior with so-
cial and economic incentives, but transactional leadership may not be 
able to sustain CTC in long-term continuous improvement initiatives as 
well as TL due to changes in reward attractiveness.12,18

As the theoretical framework driving this study, TL is well recognized 
and accepted as an effective leadership strategy across the world.12 TL 
is known for its adaptability and empowerment, inspiring a shared vi-
sion to engage followers in their personal and professional growth while 
collectively working toward the organization’s mission and strategic 
initiatives.1 Ledlow and Stephens posit that the most effective trans-
formational leaders in health care use transactional and TL simultane-
ously as an adaptive style to address the unique needs of their followers 
and the ongoing changes within the health care system.1 The effective-
ness of TL is based on the impact the leader has on the follower across 
4 psychological mechanisms or competencies: idealized influence (II), 
individualized consideration (IC), inspirational motivation (IM), and in-
tellectual stimulation (IS).12

Methods

Participants, Sampling, and Data Collection
During an 8-week period in October and November of 2022, a survey 
was distributed online via SurveyMonkey to the American Society for 
Clinical Pathology (ASCP) and the American Society of Cytopathology 
(ASC) online listservs. All currently employed or retired medical labo-
ratory professionals and pathologists, including supervisors, managers, 
and midlevel directors, within the United States were eligible for this 
study due to their relative experience working under some form of 
higher leadership.12 All medical laboratory professionals aged 18 years 
or older of any gender, educational background, length of experience, 
certification status, laboratory discipline, and setting were eligible to 
participate. International laboratory professionals who are proficient 
in written English language and work within the United States were 
also included in the study to better understand a potential association 
between leadership style and change readiness within ever-diversifying 
US health care organizations regardless of ethnicity, race, or nationality 
and to close the literature gap regarding laboratory medicine leadership 
in the United States. Membership in professional societies was not a re-
quirement, but sampling procedures actively recruited members of the 
ASCP and ASC. Medical laboratory students and pathology residents 
without previous or current employment within a laboratory were 
excluded. Medical laboratory professionals who do not work in the 
United States were excluded due to the study’s intended understanding 
of leadership and change readiness in United States health care. Labo-
ratory professionals who are not proficient in the written English lan-
guage were excluded from the study, as the survey and related study 
documents were only offered in English. Although unanticipated, all 
professional or laboratory leaders who did not report to a higher level 
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of leadership were excluded because the survey instrument used in this 
study was intended to measure an association between leadership style 
and subordinate change readiness.

Instrumentation
Two previously validated measures, the MLQ 5X Short and the TCM 
Employee Commitment Survey, were combined in a 74-item survey and 
distributed online via SurveyMonkey to measure leadership style and 
change readiness (see Supplemental Materials). Following the consent 
statement and demographic questions, the combined MLQ-TCM survey 
presented statements to which the participant responded based on their 
degree of frequency or level of agreement/disagreement on a 5-point 
Likert scale.

Multifactor Leadership Questionnaire
The MLQ 5X Short measures scales of TL, transactional leadership, and 
PAB in the form of 45-items, with 36 items on leadership style and 9 
items on leadership outcomes.12 The MLQ Rater Form asks subordinates 
to rate a leader’s behavior. As a 9-subscale questionnaire, the MLQ 
examines 4 subscales associated with the 4 psychologic mechanisms of 
TL: IC, II (II-attributed [IIA] and II-behavior [IIB]), IM, and IS; 2 facets 
of transactional leadership: CR and MBE-A; and 2 subscales of PAB or 
nonleadership styles: MBE-P and LF. The ninth subscale measured the 
leadership outcomes of efficiency (EFF), extra effort (EE), and satis-
faction (SAT). The MLQ has been psychometrically validated across 
various sectors, making it 1 of the most frequently used leadership 
questionnaires in research for its internal reliability, convergent validity, 
and discriminant validity.12,19,20 The MLQ does not have to remain a 
stand-alone measure, as the instrument was previously paired with the 
Implementation Leadership Scale, demonstrating acceptable internal 
consistency across all subscales, an excellent fit via confirmatory factor 
analysis, and convergent validity via moderate to high correlations be-
tween the MLQ and Implementation Leadership Scale.19

TCM of Employee Commitment Survey
The TCM of commitment was originally established by Meyer and 
Allen in 1991 and later revised in 2004 as an 18-item Employee Com-
mitment Survey with 6 items assessing each of the 3 well-validated 
subscales or levels of commitment.21 The TCM survey can be used to 
measure other foci of commitment, such as CTC, without negatively 
affecting reliability or validity, which spurred a CTC extension of the 
TCM.8 This extension of the revised survey was used in this project 
to measure an employee’s CTC within their organization on 3 levels: 
ACC, NCC, and CCC. Herscovitch and Meyer8 determined that the CTC 
extension of the TCM yielded alpha coefficients of .94, .94, and .86 
for ACC, CCC, and NCC, respectively, which is greater than the orig-
inal TCM with an average internal reliability of .82, .73, and .76 for 
affective, continuance, and normative commitment to the organiza-
tion, respectively.

Data Analysis
Data was analyzed via SPSS version 29 for Windows 11. Cronbach’s 
alpha coefficient was performed to determine the internal reliability 
of the combined MLQ-TCM.8 The MLQ-TCM responses were scored ac-
cording to item, subscale, and scale, yielding 9 overarching results for 
each participant: 3 leadership scores (TL, transactional leadership, and 
PAB), 3 leadership outcomes (EFF, EE, and SAT), and 3 CTC scores (ACC, 

CCC, and NCC).12,21 Response frequencies and percentages for each 
survey item and the mean and standard deviation for each item and 
item subscale for the overall study sample were calculated. A 1-way mul-
tivariate analysis of variance (MANOVA) was also performed to assess 
the differences of demographic categorical data on change readiness via 
CTC scales.

A Pearson product-moment correlation coefficient (Pearson’s r) was 
used to assess the strength and direction of potential associations be-
tween the scale and subscale averages of both survey elements.22 The 
parametric correlation was used to determine the strength and direction 
between each of the 3 leadership styles (transformational, transactional, 
and PAB) as independent variables and each of the 3 types of CTC (af-
fective, normative, and continuance) as dependent variables. Because an 
association was identified between leadership style and change readi-
ness via CTC, a multiple regression analysis was performed to determine 
which leadership style, if any, is a significant antecedent or predictor of 
change readiness.22,23 Analyzing 2-tailed hypotheses, an alpha level of 
.05 (P ≤ .05) was deemed statistically significant.22

Ethical Approval
This study was approved by a private university’s institutional review 
board on September 23, 2022 (IRB # 2022_Waraksa).

Results

Demographic Characteristics of the Study Sample
On survey closure, 991 individual responses were recorded. A CONSORT 
diagram was used to depict the flow of participant eligibility (FIGURE 1). 
Twelve recruited participants (1.2%) did not provide consent to partici-
pate in the research study and were therefore excluded. Of the 979 labo-
ratory professionals (98.8%) who consented to the study, 5 participants 
(0.5%) reported that they did not work within or retire from a laboratory 
within the United States or United States Territories and were excluded. 
Of those 974 participants (99.5%) who work within or have retired from 
the United States, 4 participants (0.4%) reported that they are students 
and were deemed ineligible to participate in the study. A total of 970 el-
igible participants (99.6%) reported that they are currently employed or 
retired from a laboratory within the United States, proficient in reading 
the English language, and 18 years of age or older. Of the 970 eligible 
participants, 252 laboratory professionals (26.0%) did not respond to 
any of the MLQ-TCM instrument questions beyond the demographic 
questions and were consequently excluded from analysis due to an incom-
plete survey response. Therefore, 718 participants with completed survey 
responses were included in the analysis as the final study sample size.

Detailed participant demographic characteristics can be found 
within TABLE 1. Of the 718 study participants, most of the sample 
identified as Caucasian (White) (75.9%), female (78.4%), and between 
the ages of 30 and 39 (34.0%) or 40 and 49 (25.6%). As for education 
and work experience, most of the study participants reported that they 
work full-time (87.5%), have earned either a bachelor’s degree (56.4%) 
or a master’s degree (21.4%), have at least 10 years of experience in the 
laboratory (61.5%), and work in a hospital-based laboratory (77.0%). 
Additionally, the majority of the participants reported a laboratory dis-
cipline of medical laboratory science (MLT/MLS) (62.4%) and a role of 
technician/technologist (43.9%), lead technician/technologist (17%), or 
supervisor/manager (20.8%) (FIGURES 2 and 3, respectively).
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Descriptive Results

Multivariate Analysis of Variance 
There was homogeneity of variance-covariance matrices as assessed by 
Box’s test of equality of covariance matrices (P > .001) and homogeneity 
of variance as assessed by Levene’s test of homogeneity of variance (P 
> .05). Due to unequal sample sizes between categorical levels, Pillai’s 
trace multivariate statistical findings are presented.23 The difference 
between gender identity on the combined change readiness scores was 
statistically significant, F(9, 2142) = 4.107, P < .001; Pillai’s V = .051; 
partial η2 = .021; and Tukey post hoc tests showed that for ACC, females 
had higher mean scores than males (P < .001), whereas males had higher 
NCC mean scores than females (P = .003). The differences between 
highest level of education on change readiness were also statistically sig-
nificant, F(15, 2136) = 2.579, P < .001; Pillai’s V = .053; partial η2 = .021; 
and participants who earned a bachelor’s or master’s degree had a higher 
mean score for ACC than those with an associate’s degree (P = .007 and P 
< .001, respectively). No statistically significant difference was identified 
between level of education and CCC or NCC mean scores. Differences be-
tween laboratory role on change readiness were significant, F(18, 2133) 
= 3.024, P < .001; Pillai’s V = .075; partial η2 = .031; and both laboratory 

director/administrator and supervisor/manager had significantly higher 
mean scores for ACC than laboratory assistants (P = .012 and P = .004, 
respectively). Supervisor/manager roles also had significantly higher 
mean ACC scores than technicians/technologists (P < .01). Technician/
technologists had higher mean CCC scores than supervisor/managers 
and laboratory directors/administrators (P < .001 and P = .043, respec-
tively). No significant differences were identified between laboratory 
role and mean NCC scores.

Results for H1: Correlation
H1 states that there is a significant association between leadership style 
(defined by the MLQ) and change readiness (measured by the TCM of 
CTC/Employee Commitment Survey).

H1
0
 states that there is not a significant association between leader-

ship style (defined by the MLQ) and change readiness (measured by the 
TCM) of CTC/Employee Commitment Survey).

The Cronbach’s alpha coefficient measured .903, indicating a high 
level of internal consistency for the combined MLQ-TCM instrument 
within this specific sample.23 Pearson product-moment correlations 
examined potential associations between overall leadership style scales, 
detailed leadership style subscales, leadership outcomes, and the 3 CTC 
scales (ACC, CCC, and NCC) (TABLE 2).

Leadership Style Subscale by Leadership Style Scale 
Correlation
MLQ scale intercorrelations demonstrate significant strong correlations 
both within subscales and across broad scales. IIA is not only signifi-
cantly and strong positively correlated with all other TL subscales; that 
is, IIA and IC (r[716] = .88, P < .001), but with the overall TL scale as 
well (r[716] = .94, P < .001). The TL subscales have moderate to strong 
positive correlations with overall transactional leadership. For example, 
IIA is strongly and positively correlated with transactional leadership, 
r(716) = .70, P < .001. All transformational and transactional leadership 
subscales, except MBE-A, have significant strongly negative correlations 
with PAB. An example of this case is IIA and PAB, r(716) = −.75, P < .001. 
Despite CR falling under the category of transactional leadership, the 
association is stronger under TL than transactional leadership, r(716) 
= .90, P < .001 and r(716) = .80, P < .001, respectively. Both subscales 
of PAB have significant and strongly positive correlations with PAB and 
strong negative associations with TL. For example, MBE-P and PAB 
(r[716] = .96, P < .001) and LF and TL (r[716] = -.76, P < .001). Both 
subscales are moderately and negatively associated with transactional 
leadership.

Leadership Style by Outcomes Correlation
The overall TL average and transformational subscales are strongly and 
positively associated with the 3 leadership outcomes of EE, EFF, and SAT. 
All TL subscales are strongly and positively associated with the 3 lead-
ership outcomes. For example, IIA is strongly and positively correlated 
with all leadership outcomes: EE, r(716) = .84, P < .001; EFF, r(716) = 
.89, P < .001; and SAT, r(716) = .89, P < .001. The overall transactional 
leadership average and CR subscale are strongly and positively associ-
ated with the 3 leadership outcomes; however, no statistically significant 
correlation was identified between MBE-A and leadership outcomes. 
Both PAB and its 2 subscales, MBE-P and LF, are moderate-strongly and 
negatively correlated with the 3 leadership outcomes.

Total survey
responses
(n = 991)

Eligible:
Consent provided
(n = 979; 98.8%)

Ineligible:
Did not

provide consent
(n = 12; 1.2%)

Eligible: Currently
or previously work(ed)

within the United States/
US Territories

(n = 974; 99.5%)

Ineligible: Does not work
within the United States/

US Territories
(n = 5; 0.5%)

Eligible: Currently
employed or retired

(n = 970; 99.6%)

Ineligible: Employment
status - student

(n = 4; 0.4%)

Eligible: Pr
reading the

English language
(n = 970; 100.0%)

Ineligible: Not pr
in reading the

English language
(n = 0; 0.0%)

Eligible: 18 years
of age or older

(n = 970; 100.0%)

Ineligible: Under 
18 years of age

(n = 0; 0.0%)

Eligible: Completed
survey

(n = 718; 74.0%)

Ineligible: Incomplete
survey

(n = 252; 26.0%)

FIGURE 1.  CONSORT flow diagram.
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Leadership Style by Change Readiness Correlation
A significant weak positive correlation was identified between TL and 
ACC, r(716) = .12, P = .002; and a significant moderate negative cor-
relation was identified between TL and CCC, r(716) = −.28, P < .001. 
All TL subscales (IIA, IIB, IM, IS, and IC) were also positively associated 
with ACC and negatively associated with CCC. A significant yet minimal 
positive correlation was identified between transactional leadership and 
ACC, r(716) = .07, P = .050; and a significant weak negative correlation 
was identified between transactional leadership and CCC, r(716) = −.14, 
P < .001. Significant correlations were identified for both transactional 
leadership subscales CR and MBE-A. A significant weak positive corre-
lation was identified between CR and ACC, r(716) = .11, P = .004, and a 
significant moderate negative correlation was identified between CR and 
CCC, r(716) = −.30, P < .001. MBE-A differed from the remainder of the 
leadership subscales in that a significant albeit weak positive correlation 

was identified in NCC, r(716) = .08, P = .027. Between MBE-A and CCC, 
a significant weak positive correlation was identified, r(716) = .14, P < 
.001. No significant correlation was identified between MBE-A and ACC.

A significant yet minimal negative correlation was identified between 
PAB and ACC, r(716) = −.08, P = .041, and a significant moderate corre-
lation was identified between PAB and CCC, r(716) = .25, P < .001, with 
similar patterns in PAB’s subscales. Statistically significant correlations 
were identified between leadership style and both ACC and CCC; how-
ever, no statistically significant correlations were identified between 
leadership style and NCC. Therefore, there is a significant association 
between leadership style and change readiness, and we reject the null 
hypothesis. Leadership subscale and CTC correlations generally follow 
the same pattern as overall leadership scale and CTC results. This further 
supports the significant association identified between leadership style 
and change readiness.

TABLE 1.  Demographic characteristics of survey sample

Characteristic No. (%) Characteristic No. (%) 

Gender Laboratory discipline

 � Female 563 (78.4)   Cytology (CT/SCT) 43 (6.0)

 � Male 144 (20.1)   Medical Laboratory Science (MLT/MLS) 448 (62.4)

 � Nonbinary 2 (0.3)   Phlebotomy (PBT) 37 (5.2)

 � Prefer not to answer 9 (1.3)   Molecular Biology (MB/SMB) 18 (2.5)

Age, y   Cytogenetics (CG) 28 (3.9)

 � 18-29 103 (14.3)   Microbiology (M/SM) 14 (1.9)

 � 30-39 244 (34.0)   Surgical Pathology/Histology (PA/HTL/HT) 33 (4.6)

 � 40-49 184 (25.6)   Blood Banking/Chemistry/Hematology 28 (3.9)

 � 50-59 105 (14.6)   Pathologist/Professor/ Researcher 45 (6.3)

 � 60+ 74 (10.3)   Other (including multiple disciplines) 24 (3.3)

 � Prefer not to answer 8 (1.1) Laboratory role

Ethnicity   Laboratory Assistant 23 (3.2)

 � Caucasian (White) 545 (75.9)   Technician/Technologist 315 (43.9)

 � African-American 39 (5.4)   Technician/Technologist—Lead 122 (17.0)

 � Latino or Hispanic 26 (3.6)   Supervisor/Manager 149 (20.8)

 � Asian 43 (6.0)   Laboratory Director/Administrator 41 (5.7)

 � Native American 3 (0.4)   Pathologist 35 (4.9)

 � Native Hawaiian/Pacific Islander 2 (0.3)   Other (PA, LIS, Quality, Education, etc) 33 (4.6)

 � Other/unknown/prefer not to say 25 (3.5) Experience, y

 � Multiple reported ethnicities 35 (4.9)   <1 16 (2.2)

Employment   1-3 80 (11.1)

 � Full-time 628 (87.5)   4-9 180 (25.1)

 � Part-time 40 (5.6)   10-19 243 (33.8)

 � Per diem 34 (4.7)   20+ 199 (27.7)

 � Retired 16 (2.2) Laboratory type

Education   Independent private or reference 71 (9.9)

 � High school diploma 16 (2.2)   Hospital-based 553 (77.0)

 � Associate's degree 76 (10.6)   Clinical outpatient 37 (5.2)

 � Bachelor's degree 405 (56.4)   Research/Public health 17 (2.4)

 � Master's degree 154 (21.4)   Academic facility 38 (5.3)

 � Doctoral degree 63 (8.8)

 � Prefer not to say 4 (0.6)
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Results for H2: Regression
The H2 states that leadership style (defined by the MLQ) is a significant 
predictor of change readiness (measured by the TCM of CTC/Employee 
Commitment Survey).

H2
0
 states that leadership style (defined by the MLQ) is not a signif-

icant predictor of change readiness (measured by measured by the TCM 
of CTC/Employee Commitment Survey).

Three multiple regressions were performed to predict change readi-
ness via ACC, CCC, and NCC from transformational, transactional, and 
passive-avoidant leadership styles. There was independence of residuals 
as assessed by a Durbin-Watson statistic of 1.936, 1.990, and 1.955, 
respectively. To determine linearity, scatterplots of CTC scales against 
leadership styles with a superimposed regression line were plotted 
(FIGURE 4).

There was homoscedasticity as assessed by visual inspection of a plot 
of standardized residuals vs standardized predicted values. Residuals 
were normally distributed as assessed by visual inspection of a normal 
probability plot; however, partial regression plots of NCC and leader-
ship styles with superimposed regression lines did not exhibit linearity. 
Seven participants were outliers on the ACC scale with an average range 
of 1.83 to 2.50, 1 outlier with a CCC scale average of 1.33, and 4 outliers 
on the NCC scale with an average range of 1.17 and 5.00. They were not 
removed from the analysis despite the possibility of not representing 

the target population. Regression coefficients and standard errors can 
be found in TABLE 3.

The first prediction equation was ACC = 4.07 + (0.093 × TL score) 
− (0.020 × transactional leadership score) + (0.022 × PAB score). The 
multiple regression model statistically significantly predicted ACC, F(3, 
714) = 3.51, P = .015, accounting for 2.0% of the variation in ACC with 
adjusted R2 = 0.01. Only TL added statistically significantly to the pre-
diction (P < .05). For CCC, the prediction equation was: CCC = 3.26 – 
(0.235 × TL score) + (0.141 × transactional leadership score) + (0.047 
× PAB score). The multiple regression model statistically significantly 
predicted CCC F(3, 714) = 23.72, P < .001, accounting for 9.1% of the 
variation in CCC with adjusted R2 = 0.09. Transformational and transac-
tional leadership styles added statistically significantly to the prediction 
(P < .01). For NCC, the prediction equation was: NCC = 3.04 + (0.059 
× TL score) + (0.024 × transactional leadership score) + (0.060 × PAB 
score). Leadership style did not statistically significantly predict change 
readiness via NCC as there is no linear relationship, F(3, 714) = 1.77, P 
= .151, accounting for 0.7% of the variation in NCC with adjusted R2 = 
0.003, which is virtually no size effect according to Cohen.24 Despite no 
significant relationship between leadership style and NCC, there were 
significant relationships between leadership style and both ACC and 
CCC. Leadership style is therefore a significant predictor of change read-
iness, and we reject the null hypothesis.

Discussion
Regarding MANOVA findings, gender identity, education level, and lab-
oratory role had significant yet minimal differences between average 
reported change readiness scores. For ACC, females had higher mean 
scores than males, whereas males had higher NCC mean scores than 

FIGURE 2.  Sample laboratory disciplines/ASCP 
certifications. Note: “Other” laboratory disciplines include 
Flow Cytometry (SCYM); administration, such as those 
certified as Diplomats in Laboratory Management (DLM); 
generalists; and those certified in multiple disciplines.

FIGURE 3.  Sample reported laboratory roles. Note: “Other” 
roles include pathologist assistant, LIS analyst, quality 
specialist, educator/professor, and consultant.
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FIGURE 4.  Multiple regression scatterplots. A, Affective commitment to change average by transformational leadership 
average (R2 = 0.014). B, Affective commitment to change average by transactional leadership average (R2 = 0.005). C, Affective 
commitment to change average by passive-avoidant behavior average (R2 = 0.006). D, Continuance commitment to change 
average by transformational leadership average (R2 = 0.079). E, Continuance commitment to change average by transactional 
leadership average (R2 = 0.020). F, Continuance commitment to change average by passive-avoidant behavior average (R2 
= 0.061). G, Normative commitment to change average by transformational leadership average (R2 = 0.002). H, Normative 
commitment to change average by transactional leadership average (R2 = 0.002). I, Normative commitment to change average 
by passive-avoidant behavior average (R2 = 1.032E-4).
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females, suggesting that females might be more intrinsically and auton-
omously motivated to commit to change based on self-determination 
theory when they perceive the leader to be supportive.25 Gender-related 
differences associated with self-determination theory can also justify 
that males experienced more of a moral obligation or controlled motiva-
tion to commit to change than females.25

Participants who earned a bachelor’s or master’s degree had a higher 
mean score for ACC than those with an associate’s degree, indicating 
that pursuing a higher level of education might also be associated with 
intrinsic motivation. Higher levels of education promote autonomy-
supportive teaching, which promotes intrinsic motivation in students.26 
Similarly, there may be an association between higher levels of intrinsic 
motivation and climbing a career ladder. Regarding laboratory role and 
ACC, both laboratory director/administrator and supervisor/manager 
roles had significantly higher mean scores for ACC than laboratory 
assistants, and supervisor/manager roles also had significantly higher 
mean ACC scores than technician/technologist. Where technician/
technologists had higher mean CCC scores than supervisor/managers 
and laboratory director/administrators, this suggests that technicians 
and technologists may perceive there is too much at risk (loss of benefits, 
income, etc) to not accept the impending change compared with higher-
level management who may be more secure in their positions.27,28 Lack 
of significant differences between laboratory role and mean NCC scores 
may indicate that, regardless of laboratory role, there is an inherent 
moral obligation to commit to change in the laboratory due to the na-
ture of the profession.27

Discussion of H1: Correlation
The positive correlation between TL and ACC suggests that followers 
may have higher levels of intrinsic motivation under transformational 
leaders, regardless of their dominant subscale. The opposite is also true, 
that TL and its 5 subscales are negatively correlated with CCC. The nega-
tive correlation is higher between IIB and CCC than the other subscales, 
suggesting that followers who perceive their leaders to exhibit higher 
levels of IIB are less likely to commit out of fear or negative feelings of 
risk. Lack of significant correlation between TL with associated subscales 
and NCC suggests that regardless of perceived TL level, it was not as-
sociated with higher or lower NCC. Additionally, the strong positive 
correlations between TL and the 3 leadership outcomes of EE, EFF, and 
SAT suggest that leaders who use TL have improved motivational skills, 
effective organizational interactions, and work with others in a satisfac-
tory manner. These findings support the premise that TL improves job 
satisfaction, interpersonal interactions, and follower inspiration.12

Of the transactional leadership subscales, it is likely that CR is pos-
itively correlated with ACC and negatively correlated with CCC because 
leaders who express this subscale often use situational leadership where 
they vacillate between transactional and TL when appropriate.1,29 CR, 
like TL, was strongly and positively associated with leadership outcomes, 
which is likely also related to the use of situational leadership. The pos-
itive correlation between MBE-A and CCC is likely due to overlapping 
characteristics in leaders who express both MBE-A and MBE-P, the latter 
of which is characterized as a PAB.12 This is also supported by the fact 
that MBE leadership behaviors are corrective in nature and are associ-
ated with lower motivation.12,16,17

PAB’s negative correlation with ACC and positive correlation 
with CCC indicate that followers who perceive their leaders to exhibit 
nonleadership behavior are not intrinsically motivated to commit to 
change and instead commit only because they feel that that the cost 
of abandoning the organization is not worth the risk of not acceding 
the change. PAB is moderate-strongly and negatively correlated with 
the 3 leadership outcomes, suggesting that leaders who use PAB are 
more likely to produce negative outcomes, fail to inspire extra effort, be 
viewed as effective, or deliver satisfactory results.

The lack of significant correlation between leadership style and 
NCC suggests that a follower’s moral obligation to commit to change 
is unrelated to leadership style in the laboratory. However, both trans-
formational and transactional leadership are positively correlated with 
ACC and negatively correlated with CCC, and PAB follows the opposite 
pattern. Medical laboratory followers under leaders who use any of the 
TL style subscales or the transactional leadership subscale of CR are 
more likely to report higher levels of intrinsic motivation to commit 
to change. In contrast, followers under leaders who exhibit MBE-A and 
PAB are more likely to report that they commit to change as a result of 
perceived cost.

Discussion of H2: Regression
The multiple regression model significantly predicted ACC with only 
TL serving as a statistically significant predictor. Therefore, use of TL 
can positively predict higher levels of ACC in followers while having 
no causal or predictive relationship with CCC or NCC. This finding 
supports the premise of TL theory, in which leaders use this style to 
promote inspiration, intrinsic motivation, leadership attachment, and 
value alignment in their followers.1,12 The multiple regression model 
also significantly predicted CCC. Both transformational and transac-
tional leadership styles added to the prediction in that use of TL results 
in lower levels of CCC, higher levels of transactional leadership without 
TL predicts higher levels of CCC, and lower values in TL predicts higher 
levels of CCC. The absence of a linear relationship between leadership 
style and change readiness via NCC explains the lack of correlation and 
predictive relationship between the 2 variables. This is likely due to the 
moral obligation or sense of duty that laboratory professionals and 
pathologists feel as health care providers to commit and remain loyal to 
organizational changes that promote quality.27 Despite the absence of a 
relationship between leadership style and NCC, there were significant 
predictor relationships between leadership style and both ACC and CCC, 
which carry implications for practice.

Study Limitations
A methodological limitation of the study is the survey length, according 
to Portney and Watkins.22 Although the average completion time for 

FIGURE 4.  (cont)
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this research survey was less than 8 minutes, it is likely that the 74-item 
survey was too long, resulting in a 73% completion rate. Other than 
limiting the number of demographic questions, removal of any of the 
scale items for the MLQ or the TCM could invalidate the results of the 
intended measures. Another limitation of the study is recruitment 
procedures. Although the survey was sent via email to ASCP and ASC 
members, it is possible that society members have restricted their com-
munication preferences to limit survey emails. Additionally, the survey 
could have been sent to other medical laboratory and pathology profes-
sional societies. This approach could have increased recruitment for lab-
oratory disciplines that had lower response rates, such as flow cytometry 
and microbiology, compared with medical laboratory science. Regarding 
participant demographics, a limitation is the lack of racial, ethnic, and 
gender diversity within the study sample. The survey was designed to 
promote equity in eligibility, and recruitment procedures did not dem-
onstrate bias toward any 1 characteristic; however, there was an over-
whelming representation of respondents reporting a Caucasian (White) 
ethnicity and a limited representation of respondents who identified as 
nonbinary or transgender. Although this finding was unexpected, re-
cruitment procedures should have addressed potential barriers to better 
understand diversity, equity, and inclusion-related gaps in leadership 
and change readiness.

It is possible that extraneous factors affected leadership and com-
mitment ratings. Highly motivated followers may perceive their leaders 
as transformational and overinflate their leaders’ TL scores rather than 
taking the survey through a more objective lens. Conversely, followers 
who are unsatisfied with their overall job, organizational culture, or senior 
leadership beyond their immediate manager may describe higher PAB in 
their direct leader rather than attributing other factors influencing their 

perspective. Similar external factors may influence their reported CTC, 
and the participant’s perspective of change may serve as a limiting fea-
ture. For example, some followers may perceive a change as minor, such 
as offering a new test or implementing new equipment, or major, such as 
a shift change or a hospital acquisition or merger. A change in leadership 
might also affect the follower’s responses, especially if leadership styles 
differ, therefore influencing change readiness responses. Previous neg-
ative experiences of change may alter change readiness responses even 
if more recent experiences were positive. To reduce variation, the CTC 
survey prompt should have specified “experiences regarding change ... 
under your current leader.”

Implications for Practice
Leaders in laboratory medicine should immediately reflect on their cur-
rent leadership style and determine whether behaviors incite intended 
commitment effects in their followers. Based on the findings of this 
study, it is recommended that laboratory leaders use TL and contingent 
reward styles to improve ACC and either transformational or transac-
tional leadership to reduce CCC in their followers. If TL is the dominant 
leadership style but ACC is low and CCC is high, consider increasing IIB 
to reduce levels of CCC. If use of transactional leadership is necessary 
to offer structured management, formal delegation, and reinforcement 
systems, this style is still appropriate and effective at reducing CCC.12,15 
However, consider situational leadership as the primary style where, 
depending on the situation, followers have the opportunity to develop 
higher levels of ACC under TL.1,12 The use of situational leadership may 
also improve leadership outcomes in the laboratory, as both TL and 
transactional leadership, including the CR subscale, are strongly and 
positively correlated with leadership outcomes of EE, EFF, and SAT.

TABLE 3.  Multiple regression analysis

Change readiness 

 95% CI for B

SE B β P value R2 ∆R2 B  LL UL 

Affective commitment to change

Model .02 .01

 � Constant 4.074 3.84 4.31 .12 < .001

 � Transformational .093a .01 .17 .04 .17 .020

 � Transactional −.020 −.10 .06 .04 −.03 .634

 � Passive-avoidant .022 −.04 .09 .03 .04 .500

Continuance commitment to change

Model .09 .09

 � Constant 3.261 2.97 3.55 .15 < .001

 � Transformational −.235b −.33 −.14 .05 −.33 < .001

 � Transactional .141b .01 .24 .05 .14 .006

 � Passive-avoidant .047 .03 .12 .04 .07 .237

Normative commitment to change

Model .01 .003

 � Constant 3.043 2.81 3.27 .12 < .001

 � Transformational .059 −.02 .13 .04 .11 .127

 � Transactional .024 −.06 .10 .04 .03 .554

 � Passive-avoidant .060 .00 .12 .03 .12 .055

B, unstandardized regression coefficient; LL, lower limit; Model, “Enter” method in SPSS Statistics; UL, upper limit.
aP < .05.
bP < .001.
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Although LF did not serve as a predictor of CCC, its strong positive 
correlation with CCC suggests that use of the leadership style must be 
avoided to reduce the negative impact of CCC on their employees. Senior 
leadership must address LF in their subordinate managers as early as 
possible to reduce its potential downstream effects. It is also the re-
sponsibility of the follower to provide the leader with feedback of their 
experiences both individually and as a team, thus communicating po-
tential gaps between leadership style and change readiness. Just as the 
MLQ can be used as both a leader self-assessment and as a follower’s 
assessment of the leader, the combined survey instrument may be used 
as an annual feedback tool. This combined survey instrument can also be 
used as the laboratory or health care organization anticipates additional 
changes, such as enrolling in a continuous improvement program or piv-
oting to meet new regulations.

Using TL to promote ACC and reduce CCC can mitigate barriers associ-
ated with change readiness, therefore promoting commitment to quality 
initiatives that promote high-value, patient-centered care. Laboratory 
teams that are affectively and intrinsically committed to change are more 
likely to embrace improvements within the laboratory and their organiza-
tion that produce quality results for the patients.30-32 These improvements 
include engaged and accountable employees and increased efficiency by 
reducing turnaround time and errors or process variations in the total 
testing process.33,34 Consequently, clinicians and patients alike will benefit 
from improved accuracy and timeliness result delivery, leading to faster 
clinical decision-making and ideally, better patient outcomes.12,34-36

As health care organizations have a synergistic effect, improvements 
in change readiness within the laboratory will likely benefit other 
departments or disciplines within the organization.30,37 Interdiscipli-
nary collaboration is better facilitated with motivated teams who have 
streamlined processes, and the laboratory that intrinsically commits to 
quality sets a precedent for other departments to follow.30,37 Although 
different organizational departments and health care disciplines may 
have unique demands when it comes to leadership, it would be helpful 
to observe leaders in laboratory medicine who use TL or a combination 
of both transformational and transactional leadership to incite change 
readiness via ACC and reduce levels of CCC. Other departments or 
health care disciplines can trial TL styles to determine whether there is 
an immediate benefit in their follower’s CTC.

Future Research
As the first laboratory medicine study to examine the variables of lead-
ership style and change readiness using the combined MLQ-TCM 
instrument, this study effectively established both associations and pre-
dictive relationships; however, a few notable gaps remain, encouraging 
additional research. Although the study involved a robust sample, it may 
prove worthwhile to replicate or modify the study to capture more data 
on marginalized populations or disciplines that were not sufficiently 
represented within this study. As all health disciplines must effectively 
collaborate to provide high-value, patient-centric care, this study should 
also be replicated across other health disciplines to determine consistency 
of findings and tailor leadership styles to specific disciplines, if applicable.

Additionally, future research should explore mediating factors be-
tween leadership style and change readiness. The association between 
laboratory passive behavior and CCC should be examined more closely. 
Nonleadership and CCC or total lack of commitment may have a snow-
ball effect, negatively affecting other departments and, subsequently, 
patient care. Promoters of nonleadership and barriers of effectively 

using transformational, transactional, or situational leadership should 
be examined to determine whether internal factors within the leader 
or external restraints, such as insufficient resources in the laboratory, 
mediate this association. Because of the sensitive nature of NCC, with 
higher levels of NCC correlated with increased stress and emotional ex-
haustion, it is imperative to identify both internal and external factors 
outside of leadership style that may contribute to increased NCC and 
subsequent burnout in laboratory medicine.10 Most importantly, this 
study was completed during and within the early aftermath of the 
COVID-19 pandemic, and researchers must explore the long-term effects 
of the pandemic on leadership style and change readiness via CTC. It 
is recommended that the study be repeated within the next decade to 
explore differences in pandemic and postpandemic results within the 
laboratory. It is also important to understand how the COVID-19 pan-
demic affected leadership and CTC across multiple fields, including other 
health care disciplines and non–health care sectors.

Conclusions
This quantitative study determined that leadership style is correlated 
with both change readiness via CTC and leadership outcomes in labora-
tory medicine. All subscales of TL along with the CR subscale of trans-
actional leadership are positively correlated with ACC and negatively 
correlated with CCC. The reverse is also true, with PAB being negatively 
correlated with ACC and positively correlated with CCC. TL and trans-
actional leadership are also strongly and positively correlated with the 
leadership outcomes of EE, EFF, and SAT, whereas PAB is strongly and 
negatively correlated with these outcomes. This study also determined 
that leadership style is a predictor of ACC and CCC but not NCC, and 
leaders should use TL to improve ACC and either TL or situational 
leadership to reduce CCC. Although the use of situational leadership 
can reduce CCC, it is likely that this leadership style will also increase 
follower’s ACC given that the situation calls for TL behavior. To inspire 
followers to embrace a change culture and be intrinsically motivated 
to support the continuous improvement mindset, it is recommended 
that leaders effectively use TL and contingent reward leadership. PAB 
serves as a barrier to intrinsic CTC and is associated with an intensified 
follower commitment out of stress or fear, further contributing to the 
field’s ever-increasing level of laboratory professional burnout and re-
sistance to change. For the growth and well-being of the field and to 
remain competitive in the dynamic health care landscape, PAB should 
be limited or avoided, and TL along with contingent reward leadership 
should be embraced by leaders of laboratory medicine.
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ABSTRACT 

Objective:  The aim of this study was to investigate the diagnostic 

potential of Krebs von den Lungen-6 (KL-6) in differentiating between 

malignant pleural effusion (MPE) induced by non–small cell lung 

cancer (NSCLC) and benign pleural effusion (BPE).

Methods:  We collected 143 pleural effusion samples from August 

2018 to March 2021. The samples included 91 cases of MPE and 52 

cases of BPE. The KL-6 and other indicators in pleural effusion were 

detected.

Results:  The level of pleural effusion KL-6 (pKL-6) in the MPE 

group was significantly higher than in the BPE group (Mann-Whitney 

U = 442.500, P = .000). The area under the curve (AUC) of pKL-6/

pleural effusion adenosine deaminase (pADA) + pleural effusion 

carcinoembryonic antigen (pCEA)/pADA (AUC = 0.992) in diagnosing 

MPE was higher than that of pKL-6 alone (AUC = 0.903), with a sensi-

tivity of 93.26% and specificity of 100%.

Conclusion:  The measurement of pKL-6 can differentiate NSCLC-

induced MPE from BPE. Furthermore, the combined detection of 

pKL-6/pADA and pCEA/pADA can significantly improve the diagnostic 

efficiency for distinguishing NSCLC-induced MPE.

Lung cancer is the malignant tumor with the highest incidence rate and 
mortality in the world. Non–small cell lung cancer (NSCLC) accounts for 
about 80% of lung cancer, and 50% to 60% of NSCLC is advanced at 
the time of diagnosis.1 Malignant pleural effusion (MPE) is one of the 
common complications in NSCLC.2 The median survival period of MPE 
is only 4 to 12 months.3 Epidemiological surveys show that there are 
about 200,000 MPE patients in the United States every year, with a mor-
tality rate of about 12% and related medical costs of up to $5 billion.4 
The median survival time of lung cancer patients without MPE (12.65 
months) was significantly longer than that of lung cancer patients with 
MPE (7.49 months).5

The diagnostic gold standard for MPE is the presence of cancer cells 
in pleural effusion cytology or pleural biopsy, but their sensitivity is low. 
When there are few tumor cells, the sensitivity of pleural effusion cy-
tology is about 40% to 87%.6 Additionally, cytological examination is 
invasive, and patient and family compliance is often low. Tumor marker 
detection is noninvasive, but the sensitivity and specificity of conven-
tional tumor markers are not very high. Among the widely used tumor 
markers, carcinoembryonic antigen (CEA) has high diagnostic efficiency 
in diagnosing MPE, but it still requires joint diagnosis with other tumor 
markers to improve accuracy.7 Therefore, finding tumor markers with 
high diagnostic efficiency is an urgent scientific research topic.

Krebs von den Lungen-6 (KL-6) was discovered by Kohno, a Japa-
nese scholar, when preparing monoclonal antibodies using the human 
lung adenocarcinoma cell line VMRC-LCR.8 Type II alveolar epithelial 
cells are the main source of KL-6 expression. When type II alveolar epi-
thelial cells are injured, KL-6 leaks into the blood through the basement 
membrane of the injured pulmonary interstitium, which can lead to the 
increase of the serum KL-6 level.9 KL-6 is also a clinically useful bio-
marker for interstitial lung disease, given its high sensitivity in serum 
detection.10 Recent studies have found that the serum KL-6 level is sig-
nificantly increased in patients with lung adenocarcinoma, which can 
be used as a potential tumor biomarker.11 Tomita et al12 found that 
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whether patients had interstitial lung diseases or not, the serum KL-6 
level could be used as a prognostic marker for NSCLC patients. How-
ever, at present, the diagnostic value of pleural effusion KL-6 (pKL-6) 
for MPE in patients with NSCLC has not been studied.

The purpose of this study is to investigate the potential of pKL-6 as 
a tumor marker for MPE in NSCLC patients and to explore its ability to 
differentiate between MPE and BPE. The objective is to offer valuable 
insights for clinical diagnosis and treatment.

Material and Methods

Study Subjects
From August 2018 to March 2021, 143 patients with lung disease who 
received treatment at the First Affiliated Hospital of Wenzhou Med-
ical College in China were enrolled and their PE samples were collected. 
Among them, 91 cases of MPE were from NSCLC patients, and 52 cases 
of BPE were from pneumonia and tuberculosis patients. The MPE group 
consisted of 56 male and 35 female patients, with an age range of 42 
to 93 years (mean, 65.99 ± 9.69 years). The BPE group consisted of 41 
male and 11 female patients, with an age range of 20 to 86 years (mean, 
58.40 ± 19.00 years). Samples from patients with digestive tract–related 
diseases, hypoproteinemia, or kidney damage were excluded. There 
were no statistically significant differences in gender or age between the 
MPE and BPE groups (P > .05). The signed informed consent forms of 
all patients in this study were kept in written or electronic form by the 
Institutional Ethics Review Committee of the First Affiliated Hospital 
of Wenzhou Medical University. The samples of MPE caused by NSCLC 
and samples of BPE caused by pneumonia and tuberculosis underwent 
confirmation by the following departments: bacterial culture of the 
microbiome and cell morphology analysis by the pathology department, 
imaging by the radiology department, and gene analysis by the molec-
ular biology laboratory.

Laboratory Methods
A total of 5 mL of each patient’s whole blood was collected into a vacuum 
sampling tube containing coagulant and separating gel through a dis-
posable venous sampler and centrifuged at 2588 g for 15 minutes using a 
high-speed centrifuge. The separated plasma was transferred to a storage 
tube and stored in a refrigerator at −80°C. A total of 8 mL of the patient’s 
PE was collected into a sterile tube, centrifuged for 15 minutes at a 
speed of 475g using a centrifuge, and the supernatant of the centrifuged 
pleural effusion was sucked up with a disposable pipette and transferred 
to a storage tube at −80°C for storage. Using a Siemens automatic pro-
tein analyzer, the level of serum C-reactive protein (sCRP) was detected 
by turbidimetry. In a model DXI800 immunoluminescence analyzer 
(Beckman Coulter), the levels of PE ferritin (pFer), PE carcinoembryonic 
antigen (pCEA), PE carbohydrate antigen (pCA) 199, and pCA125 were 
detected by chemiluminescence immunoassay. On Niu Bao’s counting 
board, the levels of PE red blood cells (pRBC) and PE white blood cells 
(pWBC) were detected by manual counting and conversion. An auto-
matic biochemical analyzer (model AU5800, Beckman), was used to de-
tect PE adenosine deaminase (pADA). Using a Sharay 4000 automatic 
chemiluminescence tester (C-Luminary Biotech), the level of pKL-6 was 
detected by magnetic microparticle chemiluminescence immunoassay. 
The KL-6 reagent manual shows that the blank limit (representing sen-
sitivity) is not higher than 20.00 U/mL, and the coefficient of variation 

(representing imprecision) is within the range of ±10.0%. The linearity 
(representing the reportable range) is within the range of 50.00 U/mL to 
5000.00 U/mL, and the correlation coefficient is not less than 0.9900. 
Healthy individual serum KL-6 is <500.00 U/mL.

Statistical Analysis
The data was assessed for normality using the Kolmogorov–Smirnov 
test and presented as median (P25, P75). The Mann-Whitney U test was 
used to compare the 2 groups, and the receiver operating characteristic 
(ROC) curve was used for diagnostic efficacy analysis. The statistical 
analysis was conducted using SPSS 20.0, where a P value less than .05 
was deemed statistically significant.

Results
The levels of pKL-6, pCEA, pCA125, pCA199, pRBC, pKL-6/pADA, and 
pCEA/pADA were significantly higher in the MPE group than in the 
BPE group (Mann-Whitney U = 442.500, 77.500, 1097.500, 1019.000, 
1682.500, 367.500, and 133.000, respectively; P = .000, .000, .000, 
.000, .005, .000, and .000, respectively). Conversely, the levels of 
pADA and sCRP were significantly lower in the MPE group than those 
in the BPE group (Mann-Whitney U = 1258.000 and 973.000, respec-
tively; P = .000 and .000, respectively). No significant difference was 
observed in the levels of pFer and pWBC between the MPE group and 
the BPE group (Mann-Whitney U = 1472.500 and 2038.000, respec-
tively; P = .291 and .201, respectively). In the MPE group, 78% (71/91) 
of KL-6 levels were higher than 500 U/mL (considered healthy in the 
reagent manual). Please refer to FIGURE 1 and TABLE 1 for more 
information.

The area under the curve (AUC) of pKL-6/pADA + pCEA/pADA 
(0.992) was higher than the AUCs of pKL-6 (0.903), pCEA (0.981), pADA 
(0.754), pFer (0.554), pCA125 (0.687), pCA199 (0.727), sCRP (0.749), 
pWBC (0.534), pRBC (0.664), pKL-6/pADA (0.943), and pCEA/pADA 
(0.991). The diagnostic sensitivity and specificity of pKL-6/pADA + 
pCEA/pADA for MPE were 93.26% and 100%, respectively. Please refer 
to FIGURE 2 and TABLE 2.

The levels of pKL-6 showed no significant difference among different 
age, sex, smoking status, histopathological type, lymphatic metastasis, 
and distant metastasis groups (Mann-Whitney U = 810.550, 893.550, 
993.000, 107.000, 622.000, and 550.000, respectively; P = .761, .480, 
.866, .060, .727, and .420, respectively). Please refer to TABLE 3.

Discussion
According to its nature, PE can be categorized as either BPE or MPE. The 
pathogenesis and treatment strategies of BPE and MPE are completely 
different. Clarifying the nature of PE is of great significance in assisting 
clinicians in diagnosing diseases and selecting treatment plans.13 The 
differentiation of effusion properties mainly relies on laboratory exam-
ination, including cytology and tumor marker detection.14,15 Using only 
cytological smear diagnosis often fails to provide effective screening. 
Due to the subjective influence of human factors on cytology, there are 
deficiencies, such as low positive rates and high missed diagnosis rates.16 
Combining the analysis of tumor markers in PE with cell morphology 
may improve the efficiency of distinguishing between MPE and BPE. 
Tumor markers are commonly used to determine the possibility of ma-
lignant diseases, with CEA, CA125, and CA199 being clinically common 
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tumor markers. There is evidence from multiple studies that tumor 
markers can help distinguish between MPE and BPE.17-19 However, we 
still need new and suitable tumor markers to improve the diagnostic 
efficiency of MPE. Therefore, finding appropriate tumor markers is of 
great significance for differentiating BPE and MPE.

KL-6 is a glycoprotein with a relative molecular weight of approxi-
mately 200 kDa, which is encoded by the MUC1 gene.20 The expression 
of KL-6 in the human body is closely related to the occurrence and de-
velopment of various tumors, and it can serve as a potential biolog-
ical marker for tumor diagnosis, treatment, and disease monitoring. 

In epithelial ovarian cancer, the high expression level of KL-6 is as-
sociated with tumor stage, grade, and histological type, and indicates 
a shorter progression-free survival for patients.21,22 The expression 
or glycosylation changes of KL-6 in colorectal cancer, gastric cancer, 
and pancreatic cancer are believed to affect the invasive and adhesive 
abilities of cancer cells.23,24 Studies have also found that KL-6 expres-
sion is closely related to the diagnosis and prognosis of breast cancer 
and cholangiocarcinoma.25,26 KL-6 is expressed in both the serum and 
tumor tissue of lung cancer patients, and its expression level is closely 
related to the clinical characteristics and prognosis of lung cancer.11,27,28
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FIGURE 1.  Comparison of the parameters in malignant pleural effusion (MPE) and benign pleural effusion (BPE). The levels of 
pleural effusion KL-6 (pKL-6), pleural effusion carcinoembryonic antigen (pCEA), pKL-6/pleural effusion adenosine deaminase 
(pADA), and pCEA/pADA were significantly higher in the MPE group compared to the BPE group (Mann-Whitney U = 442.500, 
77.500, 367.500, and 133.000, respectively; P = .000, .000, .000, and .000, respectively). *P < .001. pCA, pleural effusion 
carbohydrate antigen; pFer, pleural effusion ferritin; pRBC, pleural effusion red blood cell; pWBC, pleural effusion white blood 
cell; sCRP, serum C-reactive protein. 

TABLE 1.  Comparison of the parameters in pleural effusion in the 2 groupsa

Parameter MPE BPE Mann-Whitney U  P 

pKL-6, U/mL 1261.00 (518.00, 3126.00) 181.50 (126.25, 215.00) 442.500 .000

pCEA, ng/mL 277.50 (62.24, 1190.22) 1.00 (0.65, 2.00) 77.500 .000

pADA, U/L 11.0 (8.2, 18.0) 25.3 (10.0, 58.0) 1258.000 .000

pFer, μg/L 1152.2 (606.6, 1956.8) 860.0 (520.6, 1393.0) 1472.500 .291

pCA125, U/mL 1398.8 (659.7, 5027.7) 743.0 (265.4, 1431.4) 1097.500 .000

pCA199, U/mL 12.6 (2.5, 278.2) 2.3 (1.9, 4.0) 1019.000 .000

sCRP, mg/L 16.0 (7.0, 32.9) 63.0 (24.3, 99.5) 973.000 .000

pWBC, 103/μL 1.60 (0.75, 2.88) 1.22 (0.28, 3.00) 2038.000 .201

pRBC, 103/μL 6.40 (1.44, 41.50) 2.86 (1.00, 7.96) 1682.500 .005

pKL-6/pADA 95.12 (46.27, 192.25) 6.5 8(2.43, 19.63) 367.500 .000

pCEA/pADA 21.69 (4.60, 99.56) 0.04 (0.01, 0.08) 133.000 .000

BPE, benign pleural effusion; MPE, malignant pleural effusion; pADA, pleural effusion adenosine deaminase; pCA, pleural effusion carbohydrate antigen; 
pCEA, pleural effusion carcinoembryonic antigen; pFer, pleural effusion ferritin; pKL-6, pleural effusion KL-6; pRBC, pleural effusion red blood cell; pWBC, 
pleural effusion white blood cell; sCRP, serum C-reactive protein.
aThe values in parentheses represent 25th quantiles (P25) and 75th quantiles (P75). The values not in parentheses represent medians.
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Although KL-6 is associated with many types of tumors, its rela-
tionship with MPE has not been extensively studied. Moreover, most 
studies have focused on KL-6 levels in serum, with little attention paid 
to KL-6 in PE. When studying KL-6, the Japanese researcher Kohno8 

detected KL-6 levels in the PE of 17 patients with lung adenocarcinoma 
and found that 82% (14/17) of the pKL-6 levels were higher than 520 
U/mL (258 + 2*131U/mL, mean + 2SD of KL-6 levels in serum of 160 
normal individuals) but did not statistically compare or analyze the ROC 
curve of KL-6 in MPE and BPE. In this study, 78% (71/91) of malignant 
PE KL-6 levels were higher than 500 U/mL (considered in the reagent 
manual as healthy), similar to previous studies. Meanwhile, the MPE 
group exhibited a significantly higher pKL-6 level than the BPE group. 
The reason for this may be that elevated KL-6 levels in MPE are caused 
by KL-6 released from tumor cells entering the PE or by KL-6 entering 
the PE from the alveolar cavity due to damage to the alveolar-capillary 
membrane and damage to the alveolar epithelial cells. In addition, KL-6 
may be associated with lung cancer infiltration and metastasis,29 further 
leading to an increase in KL-6 in MPE.

This study found through ROC curve analysis that when the cutoff 
of pKL-6 was 437.99 U/mL, the AUC for distinguishing NSCLC-induced 
MPE was 0.903, with specificity and sensitivity of 96.15% and 80.22%, 
respectively. The pCEA in this study is a routine clinical PE detection 
item,30,31 and its diagnostic accuracy (AUC = 0.981) is also higher than 
pKL-6. After the ratios of pKL-6, pADA, and pCEA were combined for 
detection, it was found that although the sensitivity of pKL-6/pADA + 
pCEA/pADA (93.26%) was lower than that of pCEA (95.56%) and pCEA/
pADA (97.75%), the specificity (100%) was higher than that of pCEA 
(95.83%) and pCEA/pADA (95.83%). The AUC (0.992) of pKL-6/pADA 
+ pCEA/pADA is higher than that of pCEA (0.981), and slightly higher 
than that of pCEA/pADA (0.991). Overall, pKL-6/pADA + pCEA/pADA 
is more suitable for identifying NSCLC-induced MPE. This is the first 
report on using pKL-6/pADA and pCEA/pADA combined detection to 
identify NSCLC-induced MPE in BPE.

The limitation of this study is that the selected samples come from a 
part of the same hospital, and there will be selection bias. The biomarkers 
studied have false positives and false negatives, which cannot replace 
the “gold standard” effect of pathological examination. In the future, it 
is necessary to increase the sample size and expand the research area, 
combined with other tests, to reduce the impact of selection bias and 
biomarker limitations.
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FIGURE 2.  Receiver operating characteristic of parameters 
for diagnosis of malignant pleural effusion (MPE). The area 
under the curve (AUC) of pleural effusion KL-6 (pKL-6)/
pleural effusion adenosine deaminase (pADA) + pleural 
effusion carcinoembryonic antigen (pCEA)/pADA (0.992) was 
higher than the AUCs of pKL-6 (0.903), pCEA (0.981), pADA 
(0.754), pKL-6/pADA (0.943), and pCEA/pADA (0.991).

TABLE 2.  The area under the curve (AUC), cut-off value, sensitivity, and specificity of parameters for the diagnosis of malignant 
pleural effusion

Parameter AUC 95% CI P Cutoff Sensitivity (%) Specificity (%) 

pKL-6, U/mL 0.903 0.843-0.962 .000 437.99 80.22 96.15

pCEA, ng/mL 0.981 0.958-1.000 .000 3.01 95.56 95.83

pADA, U/L 0.754 0.644-0.864 .000 23.2 91.11 54.90

pFer, μg/L 0.554 0.445-0.664 .340 1296.3 47.30 71.11

pCA125, U/mL 0.687 0.591-0.784 .001 2347.1 42.50 97.78

pCA199, U/mL 0.727 0.634-0.820 .000 8.5 53.57 93.18

sCRP, mg/L 0.749 0.652-0.845 .000 36.2 79.78 67.35

pWBC, 103/μL 0.534 0.416-0.652 .547 0.67 80.00 38.46

pRBC, 103/μL 0.664 0.565-0.763 .004 18.88 38.89 94.23

pKL-6/pADA 0.943 0.902-0.983 .000 46.05 76.67 94.12

pCEA/pADA 0.991 0.980-1.000 .000 0.18 97.75 95.83

pKL-6/pADA + pCEA/pADA 0.992 0.981-1.000 .000 0.870 93.26 100.00

pADA, pleural effusion adenosine deaminase; pCA, pleural effusion carbohydrate antigen; pCEA, pleural effusion carcinoembryonic antigen; pFer, pleural 
effusion ferritin; pKL-6, pleural effusion KL-6; pRBC, pleural effusion red blood cell; pWBC, pleural effusion white blood cell; sCRP, serum C-reactive pro-
tein.
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Conclusion
In summary, the measurement of pKL-6 can distinguish NSCLC-
induced MPE from BPE. In addition, the determination of pKL-6 is 
useful, simple, and fast, and is expected to become a tumor marker for 
diagnosing NSCLC-induced MPE. On the other hand, the combined de-
tection of pKL-6/pADA and pCEA/pADA can greatly improve the diag-
nostic efficiency for distinguishing NSCLC-induced MPE.
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ABSTRACT 

Objective:  To identify the TMPRSS6 gene variants in Mexican patients 

with iron treatment refractoriness, to describe hematological and iron 

profile parameters, and to use bioinformatic prediction and protein 

modeling tools to assess a possible biological impact for the detected 

missense variants.

Methods:  Nineteen patients referred with iron treatment refractoriness 

were studied. Peripheral blood was collected to determine hematic 

cytometry, iron profile, hemoglobin electrophoresis, and quantifi-

cation. Molecular screening was carried out for exons 15 through 

18 of the TMPRSS6 gene by Sanger sequencing and for frequent 

thalassemia variants by amplification-refractory mutation system-

polymerase chain reaction (PCR) and gap-PCR. The biological impact 

of the detected missense variants was assessed using bioinformatic 

prediction and protein modeling tools.

Results:  We found 5 genetic variants in the matriptase-2 catalytic 

domain: 1 at intron-15/exon-16 junction (rs60484081) and 4 exonic, 

3 missense (rs377054987, p.Gly626Asp; rs1384127820, p.Ser672Thr; 

rs855791, p.Val727Ala) and 1 synonymous (rs2235321, p.Tyr730=), 

with frequencies ranging from 0.18 to 0.53. No significant differences 

were observed in the hematological parameters or iron profile, con-

sidering type and number of variants. Bioinformatic predictions 

suggested a possible biological impact only for rs377054987.

Conclusions:  The TMPRSS6 variants observed in Mexican patients 

with oral iron treatment refractoriness have high frequencies; nev-

ertheless, their relationship with hematological and iron profile 

parameters needs further research. The possible biological impact for 

rs377054987 is due to size and amino acid hydrophobicity changes 

and hydrogen bond modifications.

Introduction
Iron deficiency anemia (IDA) is the most common type of nutritional 
deficiency anemia worldwide, particularly in developing countries.1 
Additional causes of iron loss are iron malabsorption, chronic anemia, 
surgical procedures, gastrointestinal pathologies, occult blood loss, and 
others.2,3 Although most patients are successfully treated with oral iron, 
some are refractory to iron treatment by this administration route, 
causing iron refractory IDA (IRIDA) and only partially respond to paren-
teral treatment. This characteristic has been associated with TMPRSS6 
gene variants.4,5

The TMPRSS6 gene codes for matriptase-2, a transmembrane serine 
protease of the hepatocyte, which cleaves hemojuvelin to downregulate 
hepcidin synthesis. It is considered the key regulator of iron homeo-
stasis.6 Matriptase-2 consists of 5 different domains: transmembrane 
(TM); sperm protein, enterokinase, and agrin; complement C1r/C1s, 
Uegf, Bmp1; low-density lipoprotein receptor; and the catalytic do-
main named peptidase S1,7,8 which is the domain with the highest re-
ported variation in ClinVar. To date, 4 isoforms have been described: 
isoforms 1 (low expression) and 2 (major expression) are enzymatically 
active; isoforms 3 and 4 have altered proteolytic functions and present 
dominant-negative activity, and little is known about their biological 
role. Thus, isoform 2 presents the main biological activity.7,9

In the TMPRSS6 gene, some variants have been associated with 
hepcidin upregulation10 and observed in subjects with oral iron 
treatment refractoriness.11 In addition, these variants can modify 

SCIENCE

05_LABMED_lmad077.indd   27705_LABMED_lmad077.indd   277 27-Apr-24   13:30:2527-Apr-24   13:30:25

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/277/7242347 by guest on 17 February 2025



2024;55:277-284  |  https://doi.org/10.1093/labmed/lmad077278

hematological and iron profile parameters, such as red blood cells (RBC), 
hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), serum iron, transferrin saturation (TSAT), and 
serum ferritin.12,13 Most TMPRSS6 studies exclude patients with IDA, 
thalassemia, chronic pathologies, and cancer.14,15 Nevertheless, to the 
best of our knowledge, a single study regarding the coexistence of refrac-
toriness to iron treatment and thalassemia has been reported.16

According to ClinVar, 201 TMPRSS6 gene variants have been 
described: 17 pathogenic, 7 likely pathogenic, 89 with uncertain sig-
nificance, 24 likely benign, 56 benign, and 8 with contradictory 
interpretations. Thirty-seven variants are clustered at the peptidase S1 
domain. In our population, the TMPRSS6 gene variants have not yet 
been studied. The polymorphism rs855791 (T>C) has been studied in 
several populations, and despite having a benign clinical significance, 
studies in Chinese and Polish populations have reported lower Hb, MCV, 
and MCH in the presence of the wild-type allele12,17 and vice versa in the 
Thai population.16

The aim of this study was to identify the TMPRSS6 gene variants 
corresponding to the catalytic domain of the matriptase-2 in Mexican 
patients with iron treatment refractoriness, to describe hematological 
and iron profile parameters, and to use bioinformatic prediction and 
protein modeling tools to assess a possible biological impact for the 
detected missense variants.

Materials and Methods

Study Patients
The study included 19 patients with a mean age of 35.5 ± 14.7 years (18 
females), who were referred by the hematology services of diverse Mex-
ican health institutions (Instituto Mexicano del Seguro Social, Instituto 
de Seguridad y Servicios Sociales de los Trabajadores del Estado, and 
Hospital General de Occidente), from March 2019 to April 2022, with 
iron deficiency and refractoriness to iron treatment, defined as <1 g/dL 
increase in Hb after 4 to 6 weeks of oral iron treatment at a daily dose of 
3 mg/kg. Additional clinical data were obtained from the electronic med-
ical record. All patients or guardians of minors signed an informed con-
sent letter. The project was approved by the Institutional Review Board.

Hematological and Biochemical Profile Parameters
Peripheral blood was collected in serum tubes with separating gel and 
with EDTA. Hematological parameters were obtained by cytometry: 
RBC, Hb, MCV, MCH, and mean corpuscular hemoglobin concentration. 
For the iron profile, serum iron and total iron-binding capacity were 
obtained by colorimetry, serum transferrin by immunoturbidimetry, 
and serum ferritin by chemiluminescence. Other tests included alkaline 
electrophoresis of Hb, fetal hemoglobin determination by Singer’s alka-
line denaturation test, and HbA2 quantification by diethylaminoethyl 
microchromatography.18

Molecular Screening
DNA was isolated by the salting-out procedure.19 Exons 15 through18 
(including adjacent intronic ends) of the TMPRSS6 gene, which code 
for the matriptase-2 catalytic domain, were analyzed by Sanger 
sequencing, using previously described primers20 (BigDye Terminator 
v3.1; Applied Biosystems). Chromosome 22q12.3 sequence (RefSeq: 
NG_012856.2) was used as a reference. All patients were screened 

for frequent thalassemia variants (NG_000006.1:g.34164_37967
del3804, NG_000006.1:g.26264_45564del19301, NG_000006.1:g.116
84_43534del31851, HBA2:c.-59C>T, HBA2:c.95 + 2_95 + 6delTGAGG, 
HBB:c.1A>G, HBB:c.118C>T, HBB:c.92  +  1G>A, HBB:c.92  +  5G>A, 
HBB:c.93-21G>A, and NG_000007.3:g.60375_153285del92911) by 
gap or amplification-refractory mutation system-PCR as previously re-
ported by Rizo-de la Torre et al.21 Descriptive and comparative analysis 
of hematological and iron parameters were performed using IBM SPSS 
Statistics v.29. Linkage disequilibrium analysis was carried out using 
SNPStats online software.22

Bioinformatic Analysis
Protein (NP_001361433.1) and nucleotide (NM_001374504.1) 
sequences were obtained from the National Center for Biotechnology 
Information (NCBI). The peptidase S1 domain model was predicted 
through the Phyre2 webserver using an intensive mode,23 model refine-
ment was made with ModRefiner,24 and the ERRAT server was used to 
check the model quality.25 Ten pathogenicity prediction tools were used: 
PROVEAN,26 SIFT,27 PredictSNP,28 Mutation Taster,29 PolyPhen2,30 
SNAP2,31 Mut Pred,32 AlignGVGD,33 Project HOPE,34 and Missense3D.35 
Each platform allows a prediction depending on a specific algorithm and 
considering each variant differently (“neutral,” “benign,” “deleterious,” 
“damaging,” “structural damage detected,” etc). Thus, we categorized 
those with or without a possible pathogenic effect, as “with possible bio-
logical impact” (PBI) or “without biological impact” (WBI), respectively. 
Amino acid substitutions and structural modification analysis were 
generated through UCSF Chimera36 using the highest probability posi-
tion, final energy minimization, and hydrogen bonds analysis.

Results

Hematological and Iron Profile Parameters
Hematological and iron profiles in the studied patients showed decreased 
values of Hb (9.9 ± 1.7 g/dL), MCV (69.6 ± 6.2 fL), MCH (21.0 ± 2.8 pg), 
serum iron (23.1 ± 10.2 μg/dL), TSAT (5.3 ± 2.3%), and serum ferritin 
(median 8.0 [0.9-214.3] ng/mL) (TABLE 1). Additional clinical data re-
lated to other causes of iron deficiency and iron treatment refractoriness 
were intentionally investigated. Only 6 patients had a gastrointestinal 
disorder. Also, of the screened thalassemia alleles, 6 patients had alpha-
thalassemia and 1 had beta-thalassemia (TABLE 1). The hematological 
parameters and iron profile data were analyzed considering the type 
and number of the observed variants, and no significant statistical 
differences (P > .05) were found, not even in the presence of thalassemic 
alleles or gastrointestinal disorders.

Molecular Screening
In the sequence analysis of exons 15 through18 (including adjacent in-
tronic ends) of the TMPRSS6 gene, 5 variants were found: 1 intronic and 
4 exonic. In the intron-15/exon-16 junction, 7 patients were heterozy-
gous for a pentanucleotide deletion (CCCCA) in a 6 short tandem re-
peat adjacent to the acceptor site (rs60484081, c.1842-31delCCCCA[1]; 
TABLE 1). This previously unreported allele has a minor allele fre-
quency (MAF) of 0.18 in our study group.

In exon 16, 2 missense variants in the heterozygous state were 
observed in 15 patients: rs377054987 (c.1877G>A) and rs1384127820 
(c.2014T>A) (TABLE 1). The latter was previously reported as T>C, 
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both with MAF = 0.39 and in linkage disequilibrium (r = .999, P = .000). 
Two variants were detected at exon 17 (TABLE 1): (1) a missense var-
iant, rs855791 (c.2180T>C), observed in 8 heterozygous and 5 homozy-
gous patients; and (2) a synonymous variant, rs2235321 (c.2190C>T), 
observed in 7 heterozygous patients. Their MAFs were 0.53 and 0.21, 
respectively. Variants rs60484081 and rs2235321 were also observed in 
linkage disequilibrium (r = .933, P = .000). Exons 15 and 18 were normal 
in all patients.

Bioinformatic Analysis
For the 3 missense variants, in silico results showed that 8 of 9 
platforms considered the p.Gly626Asp variant (rs377054987) as 
PBI; only Mutation Taster considered this variant WBI. For the 

p.Ser672Thr (rs1384127820) and p.Val727Ala (rs855791) variants, 
only PolyPhen2 and AlignGVGD considered them as PBI (FIGURE 
1). These 3 variants presented amino acid size modification and 
were located in the peptidase S1 domain (TABLE 2); however, ad-
ditional bioinformatic predictions were carried out solely for variant 
p.Gly626Asp.

For peptidase S1 domain modeling, Phyre2 scored >90% confidence 
for >92% of the residues, including the regions of interest where variants 
were found. The overall quality factor for this model was 92, which 
is considered by ERRAT to be highly favorable. For the p.Gly626Asp 
variant, HOPE’s predictions are more specific in terms of the physico-
chemical amino acid properties (modification in charge, size, and hy-
drophobicity), in addition to the fact that the loss of glycine flexibility 
was considered to affect protein folding. Missense3D predicted a buried 

p.Gly626Asp
rs377054987

p.Ser672Thr
rs1384127820

Variant

P
la

tf
o

rm

p.Val727Ala
rs855791

AlignGVGD

Missense3D

Mut Pred

Mutation Taster

PolyPhen2

PredictSNP

PROVEAN

SIFT

SNAP2

PBI
WBI

Prediction

FIGURE 1.  In silico prediction for missense variants of peptidase S1domain isoform 2. PBI, with probable biological impact; 
WBI, without biological impact.
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FIGURE 2.  Structural snapshot of p.Gly626Asp hydrogen bond modifications in isoform 2. Residue 86 corresponds to residue 
626 in the full protein. A, Green ribbons correspond to wild-type amino acids. B, Red ribbons correspond to variant type amino 
acids. Yellow lines correspond to hydrogen bonds; alpha-helices are in red and beta-sheets are in blue.
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negative charge introduced as a replacement for the wild-type neutral 
charge, and a buried wild-type Gly replacement for the Asp variant; how-
ever, no structural damage was observed for the other 2 variants (TABLE 
2). Additionally, Chimera’s structural visualization revealed multiple 
modifications in hydrogen bonds (length, number, and involved atoms) 
between the wild type and the variant type (FIGURE 2).

Discussion
This is the first approach to screen the 15 to 18 exons (including ad-
jacent intronic ends) of the TMPRSS6 gene corresponding to the 
matriptase-2 catalytic domain in Mexican patients with iron treat-
ment refractoriness. Five variants were observed in the intron-15/
exon-16 junction, exon 16, and exon 17 with minor allele frequencies 
from 0.18 to 0.53 in this selected population. These variants were 
analyzed according to the hematological and iron profile findings in 
these patients, and missense variants were studied with bioinformatic 
prediction tools.

Hematological and Iron Profile Parameters
Hematological and iron profile analysis showed reduced MCV, MCH, 
serum iron, and TSAT in all 19 subjects, and Hb and ferritin were below 
normal levels in 17 and 13 patients, respectively (TABLE 1). Similar 
findings were observed in a study of Saudi women of reproductive age 
with IDA and IRIDA. Both groups had decreased RBC, Hb, MCV, and 
MCH as well as low serum iron and ferritin. Nevertheless, the IRIDA 
group presented more severe anemia (Hb 9.94 ± 1.64 vs 10.24 ± 1.94 g/
dL) and lower serum iron (4.73 ± 2.75 vs 4.96 ± 3.78 μmol/L) and fer-
ritin (6.21 ± 2.75 vs 6.56 ± 2.88 ng/mL) than the IDA group.14 Also, a 
study in elderly Chinese women with anemia, abnormal iron profile, and 
TMPRSS6 variants rs855791 and rs4820268 reported that wild-type al-
lele carriers had decreased values for Hb, serum iron, ferritin, and trans-
ferrin.12 In our study, hematological and iron profile data of rs855791 

carriers (13/19) were no different than wild-type patients. Therefore, 
the effect of this TMPRSS6 genetic variant on hematological and iron 
profile in patients with iron treatment refractoriness remains unknown.

We want to stress that our study group was mainly female (18/19) 
with a mean age of 35.5 ± 14.7 years, which could be a limitation be-
cause of iron loss by menstruation. It is known that iron deficiency in 
Mexican women in the general population of a similar age (20-49 years) 
is 25.7%.37 However, our patients were selected because they do not re-
spond to iron treatment, and no abnormal gynecological bleeding was 
reported in the electronic medical record.

In this study, 6 patients presented a gastrointestinal disorder 
that could explain the refractoriness to iron treatment, as previously 
suggested by Migone de Amicis et al3 Moreover, it has been observed 
that TMPRSS6 variants, such as rs855791, show a tendency to decrease 
Hb in children with celiac disease and anemia.17 In our patients, despite 
some of them having variants in the catalytic domain of TMPRSS6 and 
additional gastrointestinal disorders, no significant differences were 
observed regarding hematological or iron profile parameters. In the 
same way, in patients with α+-thalassemia, the C allele of rs855791 was 
associated with high MCV (C/C: 81.5 ± 3.9 fL vs T/T: 77.8 ± 3.2 fL) and 
MCH (C/C: 26.5  ±  1.2 pg vs T/T: 25.6  ±  1.0 pg).16 In our study, thal-
assemia alleles were observed in 7 patients; however, the statistical 
analysis of the studied parameters in patients with or without thalas-
semia was not significant (TABLE 1). Therefore, these patients were 
not excluded from our study. In the future, a larger number of patients 
should be analyzed for a better understanding of the biological effect of 
these variants in patients with iron treatment refractoriness or as a thal-
assemia modifier variant.

Molecular and Bioinformatic Analysis
Intron-15/Exon-16 Junction Variant
A 5-nucleotide deletion (CCCCA) was identified in the intron-15/exon-16 
junction, corresponding to a short tandem repeat of 6 pentanucleotides. 
Deletion of 1 pentanucleotide has not been previously reported; 

TABLE 2.  HOPE and Missense3D variant predictions for peptidase S1 domain isoform 2

 p.Gly626Asp p.Ser672Thr p.Val727Ala 

HOPE

 � Amino acid 
properties

VR is bigger than WR.

WR charge is neutral, VR charge is negative.

WR is more hydrophobic than VR.

WR is buried in the core; VR charge and size might lead to protein 
misfolding.

VR is bigger than WR residue.

WR is located in the surface 
of the protein; VR might 
disturb interaction with other 
molecules.

VR is smaller than WR.
VR might cause a loss of exter-
nal interactions.

 � Structure Variation is in the peptidase S1 domain, which is the main domain for the 
protein activity; VR aa properties might disturb and abolish its function.

WR is Gly, the most flexible of all residues. Lack of VR flexibility might 
disturb protein function.

Variant is located in the pepti-
dase S1 domain, which is the 
main domain for the protein 
activity; VR aa properties might 
disturb and abolish its function.

Variant is located in the pepti-
dase S1 domain, which is the 
main domain for the protein 
activity; VR aa properties might 
disturb and abolish its function.

Missense3D Buried charge introduced; this substitution replaces a buried uncharged 
residue (Gly, RSA 5.9%) with a charged residue (Asp).

Buried Gly replaced; this substitution replaces a buried Gly residue (RSA 
5.9%) with a buried Asp residue (RSA 4.9%).

Gly in a bend; this substitution replaces glycine originally located in a 
bend curvature.

No structural damage was 
observed.

No structural damage was 
observed.

RSA, relative solvent accessibility; VR, variant-type residue; WR, wild-type residue.
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however, there are deletions of 2 to 5 repeats (rs60484081), and they are 
classified as of uncertain significance in IRIDA according to the Single 
Nucleotide Polymorphism Database of NCBI. In our patients, this var-
iant was observed in co-inheritance with other variants; therefore, its 
role in hematological or iron profile parameters could not be established.

Exon 16 Variants
Two variants in exon 16 were found in linkage disequilibrium: 
rs377054987 and rs1384127820. These missense variants have low 
frequencies in other populations (<0.000)38; nevertheless, in this 
screened sample they were observed in high frequency, MAF = 0.39. 
To our knowledge, in previous TMPRSS6 gene sequencing studies in 
patients with IDA or IRIDA, these variants have not been identified.39,40

According to NCBI, the pathogenicity of p.Gly626Asp (rs377054987) 
is unknown. Most of the bioinformatic platforms predict this variant 
with PBI. HOPE and Missense3D predicted deleterious effects given the 
amino acid modification and structural changes, such as size and hydro-
phobicity modifications. These properties possibly modify the structure 
or function of the protein.41 As glycine is the most flexible amino acid, 
potentially any residue modification will affect the protein backbone.42  
According to Missense3D, the variant pathogenic effect, and possibly 
the biological activity, can be attributed to the substitution of glycine 
with aspartic acid. This modification introduces a negative charge in 
the core of the protein, a replacement in the bend curvature, and cavity 
modification. These effects are observed when the variant is located in a 
domain with cleavage of catalytic activity.43,44

Hydrogen bonds provide most of the protein structure, stability, 
and specificity for macromolecular interactions.45 The domain activity 
is given by a charge relay system that involves hydrogen bonding of 3 
amino acids (aspartic acid, histidine, and serine).46 Aspartic acid physi-
cochemical properties generate additional hydrogen bonds, which might 
affect the charge system and the protein function or contacts with other 
molecules, possibly decreasing the peptidase S1 domain activity and 
disturbing its interaction with hemojuvelin protein, and consequently 
affecting iron absorption and modifying hematological or iron profile 
parameters. This effect was not observed in our patients, probably due 
to the small sample size.

For the rs1384127820 (p.Ser672Pro), the only variant described is 
the c.2014T>C change, reported at ClinVar with uncertain significance, 
and no further studies were found. However, the observed p.Ser672Thr 
(c.2014T>A) was considered WBI according to the bioinformatic 
predictions performed, probably because both serine and threonine 
are substrates for kinases and no structural damage was observed by 
Missense3D (TABLE 2).

Exon 17 Variants
The rs855791 (T>C) has been studied in several populations. We found 
it in high frequency, MAF = 0.53. This single nucleotide variant was 
studied in IDA female Saudi students, and the T wild allele was associ-
ated with decreased serum iron and ferritin (P < .05).13 However, this 
single nucleotide variant was not found to be related to serum iron 
levels in a Saudi study.14 Nevertheless, in elderly Chinese women, the 
T allele was considered to be a risk factor for anemia, iron deficiency, 
and IDA (odds ration [OR] = 1.47, 95% CI = 1.07-2.00, P = .02; OR = 
1.69, 95% CI = 1.40-1.98, P ≤ .001; OR = 2.15, 95% CI = 1.68-2.61, P = 
.001; respectively).12 In a recent study in α+-thalassemia (-α/αα) and 
α0-thalassemia (--/αα) patients, the C allele gradually expressed higher 

MCV and MCH values than those carriers of the T allele.16 In patients 
with α-thalassemia alleles, no significant statistical differences were 
found in either allele, genotype, or inheritance models, likely due to the 
small sample size. Bioinformatic predictions considered this variant 
as WBI and no structural modification was observed, possibly because 
wild (valine) and variant (alanine) residues have similar physicochemical 
properties.

In addition, the synonymous rs2235321 has been associated with 
TSAT <10.0% in women with iron alterations (P = .002).47 In this study, 
6 of 7 carrier women had TSAT <10.0%, suggesting a similar effect.

We want to stress that bioinformatics tools are useful for predicting 
the pathogenic effect of a variant; however, they have their limitations, 
and it is necessary to continue investigating their biological impact in 
cell lines, large cohorts of patients, and family studies.

Conclusions
TMPRSS6 gene variants may modify hematological and iron profile 
parameters. The 5 genetic variants identified in this study have high 
frequencies (0.18-0.53); nevertheless, only rs855791 has been widely 
studied and considered as a risk factor for anemia, iron deficiency, and 
iron deficiency anemia. However, no statistical differences regarding 
the number or type of variants were found nor a clear trend in the 
parameters that constitute the hematological and iron profiles. Bioinfor-
matics predictions suggested PBI only for rs377054987 (p.Gly626Asp) 
due to changes in amino acid size and hydrophobicity affecting protein 
function and hydrogen bond modifications disrupting macromolecular 
interactions. The sample size should be increased, and the remaining 
exons should also be included in further studies.
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ABSTRACT 

Objective:  To compare the efficiency of 3 different processing 

methods (Sepax, AutoXpress [AXP], and manual processing with 

hydroxyethyl starch [HES] sedimentation) used at Stemlab during a 

10-year period.

Methods:  Historical data were compiled and the analytical results 

obtained for the 3 different methods were compared.

Results:  The manual processing (HES) method yielded the highest 

level of total nucleated cell recovery after processing, and the AXP 

system yielded the highest CD34+ cell number. The red blood cell re-

duction was also significantly higher with the HES method. Also, HES 

showed comparable results to Toticyte technology for umbilical cord 

blood (UCB) processing.

Conclusion:  These results show that the HES method is as effec-

tive as automated technologies for UCB volume reduction; hence, it 

is a suitable methodology for private and public UCB banks. The HES 

method also proved to be superior to Toticyte technology for medical 

applications, with higher recovery yields of total nucleated cells after 

thawing and equivalent CD34+ cell recovery and functionality.

Umbilical cord blood (UCB) is a valuable source of hematopoietic cells 
for clinical applications, with several innovative therapies currently 
in clinical development. In the field of hematopoietic progenitor 

transplantation, the importance of UCB is well-established, with more 
than 45,000 registered transplants worldwide.1 The clinical relevance 
of UCB for hematopoietic transplantation led to routine UCB banking, 
with the objective of making the cells available on clinical request. The 
most current estimate points to more than 7.5 million cryopreserved 
UCB units worldwide, in public and private banks.

To provide high-quality units for clinical applications, UCB banking 
requires rigorous standards and procedures for the collection, proc-
essing, and cryopreservation of UCB specimens. It is widely accepted 
that UCB processing should include the important step of volume and 
red blood cell (RBC) reduction. This step is crucial for the following 
reasons: in the case of ABO/Rh incompatibility, RBCs may cause an 
adverse reaction, and the cryopreservation process can cause lysis 
of RBCs and subsequent release of hemoglobin and ruptured cell 
membranes (RBC ghosts), which can seriously compromise kidney 
function.2,3

Although the vast majority of UCB banks use a processing method 
for volume and RBC reduction before cryopreservation, there are some 
banks that cryopreserve whole UCB. The arguments in favor of this tech-
nique mainly rely on the shorter processing time from collection to cry-
opreservation, which reduces the cell loss during this period. They also 
point to the fact that it allows storage of all the cell types and other 
substances present in the UCB unit, which might not be selected by the 
volume and RBC reduction methodologies. 

Considering that the clinical potential of UCB is not yet fully 
explored, this technique allows the preservation of the complete con-
tent of the UCB units for potential future therapies. However, whole 
UCB banking requires larger volumes of cryoprotectant and larger cry-
ogenic storage capacity. Also, it may require a technically challenging 
post-thawing washing procedure at the clinical site to remove RBCs and 
their lysis by-products, although it is not mandatory.4-9

UCB processing also minimizes the costs associated with cryogenic 
storage, including equipment and its monitoring and management, 
and the volume of liquid nitrogen needed to maintain thousands of 
UCB units for decades. Thus, the development and optimization of 
different methods for volume (and RBC) reduction has been a focal 
point of the industry in the past 30 years. The comparison of different 
methods has been published by different laboratories, and the conclu-
sion is that it is not possible to refer to a single method as the most 
effective for UCB processing. The different processing protocols used 
by different laboratories present a major limitation for volume reduc-
tion method comparison and, thus, make it difficult to draw significant 
conclusions.5-12

SCIENCE
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Stemlab, FamiCord Group initiated its UCB banking activity in 
2003 in Portugal. Throughout its 20 years of activity, the Stemlab proc-
essing laboratory has used 3 different volume reduction methods (the 
Sepax system between 2008 and 2013, the AutoXpress [AXP] system 
between 2013 and 2020, and the hydroxyethyl starch [HES] method 
since 2020), with several thousand units processed via each method. 
Stemlab is therefore in a privileged position to run a historical com-
parative analysis of these 3 processing methods. Such single-laboratory 
analysis presents some advantages compared to the multilaboratory 
analyses reported on in the literature,13 because it rules out the impact 
of different training levels among technicians or different analytical 
methods.

The evaluation of the performance of each volume reduction method 
relies on the analyses of its output. These methods have been developed, 
focusing on obtaining UCB units for hematopoietic transplantation 
settings. The success of hematopoietic transplantation has been linked 
to several factors, including the cell dose of total nucleated cells (TNC) 
and viable CD34+ cells.14,15 Thus, the number of TNC and viable CD34+ 
cells are considered critical properties of banked UCB units.16

In this study, we performed a retrospective comparative anal-
ysis among the 3 different UCB processing methods (Sepax, AXP, and 
the manual processing method [HES]) used at Stemlab. To our knowl-
edge, this is the first study in the literature to compare these 3 proc-
essing methods using data from a single laboratory. The manual HES 
method shows equivalent efficacy to the automated systems Sepax and 
AXP regarding the critical attributes of UCB units for hematopoietic 
transplantation. Finally, as an adjunct to the comparison of processing 
technologies compared in this study, we compared the HES-based tech-
nique with published data from a report of a Toticyte methodology de-
veloped for UCB processing.17

Materials and Methods

UCB Specimens
UCB was collected in the delivery room by trained health care 
professionals immediately after birth and before delivery of the pla-
centa. Before delivery, mothers gave their informed consent for collec-
tion of the UCB.

After clamping and disinfecting the umbilical cord, the umbilical vein 
was punctured as close as possible to the clamp. UCB specimens were 
collected by gravity into a sterile bag primed with anticoagulant (citrate-
phosphate-dextrose adenine [CPDA-1], 21  mL) or citrate-phosphate-
dextrose ([CPD], 25 mL). After collecting cord blood, the collection-bag 
clamps were closed, and 2 security knots were tied to prevent blood 
leakage during transport. The collected biological specimens were placed 
in a hermetic bag provided for transport. The collected UCB volume was 
not significantly impacted by the procedure of cord-delayed clamping (as 
long as 1 minute), when this information was available. 

The specimens were transported to the processing bank in a time and 
temperature-controlled manner. They were stored at room temperature 
until processing within an average of 36 hours.

This study includes UCB specimens received by Stemlab from 2012 
to 2022, processed using 3 different methods: Sepax, AXP (based on 
centrifugation) according to manufacturer methodologies, and sedi-
mentation with HES followed by centrifugation. The time frame of data 
incorporated in this study was chosen because this was the period in 

which all 3 methods were used to process UCB. The processing method 
was altered throughout the years for strategic and technical reasons.

Sepax Method
The Sepax S-100 Cell Separation System CS-530.3 and CS-570 kits 
(Biosafe) was the first processing platform to allow the automated re-
duction of the initial volume of small-volume bone marrow and UCB 
collections in a closed and sterile system. This method allows the ac-
quisition of the buffy coat fraction by reducing plasma and RBCs. The 
closed system utilizes centrifugation and optical sensor interrogation of 
cellular components and, with operator-determined protocols, can yield 
given volumes of product.

The single use processing kit consists of a chamber in which, in the 
first centrifugation, the sedimentation of UCB cellular fractions occurs. 
During the second centrifugation, each of the 3 fractions (RBCs, plasma, 
and nucleated cells) was separated into different bags, based on varia-
tions in light absorbance detected by an optical sensor.

AXP Method
The AXP system (ThermoGenesis) is very similar to Sepax. It consists 
of a rechargeable device and allows the separation of nucleated cells 
in an automatic, closed, and sterile manner, based on centrifugation 
cycles.

After transferring the specimen material to a single-use processing 
kit, it was placed in a proprietary device that separates the components 
through 2 centrifugation cycles. In the first cycle, the 3 blood fractions 
(plasma, RBCs, and buffy coat) were sedimented, and in a second cycle, 
the components were separated into different bags according to their 
relative optical densities.

Manual Processing Method (HES Sedimentation)
HES belongs to a group of synthetic polymers and is used by cell storage 
banks for the agglutination and sedimentation of RBCs. The use of HES 
in UCB volume reduction exploits gravity sedimentation by HES.

After the addition of HES to the specimen in the collection bag and 
sterile connection of transfer bags, this mixture was mixed thoroughly 
and placed in a plasma expresser. After this step, the entire process was 
performed in a closed and sterile system. At this stage of the process, 
gravitational sedimentation of RBCs and, consequently, the separation 
of blood fractions occur.

When the blood fractions were completely separated, the plasma and 
buffy coat were expressed together into one of the transfer bags. This 
combination was subjected to centrifugation and placed again in the 
plasma expresser. Plasma was subsequently removed and transferred 
into the second transfer bag, leaving the separated stem cell–rich mono-
nuclear cell fraction in the first bag (approximately 20 mL).

Cryopreservation
After volume reduction using the methods described earlier herein, the 
final products were collected in cryopreservation bags. A cryoprotectant 
solution comprising 55% dimethyl sulfoxide (DMSO) and 5% DEX40 
was added, yielding a final concentration of 10% DMSO.

The specimens were placed in a controlled-rate freezing device (ICE 
Cube 14 S, Sy-lab Geräte), which allows a gradual decrease in temper-
ature of 1˚C/minute until reaching −150˚C. After stabilization at this 
temperature, the specimens were transferred and stored in gas-phase 
nitrogen at temperatures below −150˚C.
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Specimen Thawing
For the comparative study with Toticyte, donated cryopreserved 
UCB units for analysis were thawed using a 37˚C water bath. The cell 
suspensions were washed using a medium constituted by a combination 
of Iscove’s Modified Dulbecco’s Medium (IMDM; Thermo Fisher Scien-
tific) and penicillin/streptomycin.

Specimen Analysis
Cell Counting
Hematological cell counting after processing and after thawing was 
performed using an automated analyzer (ACT Diff [Beckman Coulter]), 
Sysmex XE-2100L [Sysmex], or ADVIA 2120i [Siemens]).

Flow Cytometry Analysis
Viable CD34+ cells were quantified by flow cytometry analysis using 
the Cytomics FC 500 flow cytometer (Beckman Coulter) according to 
manufacturer protocols. Briefly, 10 μL of CD45-FITC monoclonal an-
tibody (Beckman Coulter-A07782), 10 μL of CD34-PE monoclonal 
antibody (Beckman Coulter-A07776), and 10 μL of 7-AAD (Beckman 
Coulter-A07704) were added to the specimens. Cells were then 
incubated in the dark for 15 minutes at room temperature. Then, 1 mL 
of cell lysis solution (VersaLyse Lysing Solution [Beckman Coulter]) 
was added, followed by a second incubation in the dark for 20 minutes. 
The cell suspension was then centrifuged (150g for 5 minutes) and 
resuspended in 300 μL of PBS. Finally, 50 μL of fluorescent counting 
beads were added (Flow-Count Fluorosphere Counting Beads [Beckman 
Coulter]).

Colony-Forming Units (CFU) Assay
For functional testing, thawed UCB specimens were added to MethoCult 
media (STEMCELL Technologies) in a 1:10 ratio, and the cell suspension 
was carefully plated in 35-mm plates. The cells were then incubated for 
14 days at 37°C in 5% CO

2
. After this period, the colonies were identified 

(CFU-GEMM, CFU-GM, CFU-M, and BFU-E) and quantified.

Statistical Analysis
Data were analyzed using JASP software, version 0.16.4. Results are 
presented as mean (SD). Mann-Whitney U testing was used to deter-
mine statistical significance.

Results and Discussion

Pre- and Postprocessing Analyses: Sepax vs AXP vs 
Manual Processing (HES)
The data obtained for each processing method are presented in TABLE 
1 and include UCB units processed by Stemlab between 2012 and 2022. 
These data are presented graphically in FIGURES 1 and 2 before and 
after processing, respectively. The results of statistical analyses are 
presented in TABLE 2.

The results presented in TABLE 1 show relatively small differences 
between the 3 processing methods for the different attributes analyzed. 
Regarding the preprocessing analyses, the mean input volume of the 
UCB is higher for the Sepax method (mean [SD], 84.7 [24.2] mL), 
whereas the HES method had a lower mean input volume (73.3 [23.2] 
mL). This parameter was related to the UCB unit collection step at the 
birth site. Considering that each method examined was in use during 
different time periods, we note that the volume of UCB units had been 
decreasing during the 10-year period of our analysis. This may be related 
to the standard operational procedures at each hospital where the UCB 
is collected, namely, delayed cord-clamping procedures.

The same trend is observed for the numbers of TNC in the UCB 
units at the time of collection, with a statistically significant decrease 
throughout the years (P < .001). Nevertheless, the concentration factor 
and yields obtained for TNC were similar for all the processing methods 
we studied. The reduction in number of TNC, therefore, correlates with 
the reduction of unit volumes during the study period. We noted the 
same correlation in input numbers of RBC and hematocrit for all the 
UCB units throughout the years.

TABLE 1.  Data from UCB Units Processed by the Stemlab Laboratory Using the 3 Studied Processing Methodsa

Variable 
Before Processing

Sepax (n = 3729) AXP (n = 6271) HES (n = 11,464) 

Volume, mL, mean (SD) (range) 84.7 (24.2) (34.4-195) 79.1 (24.0) (34.7-177) 73.3 (23.2) (34.4-256)

TNC × 108, mean (SD) (range) 7.03 (3.35) (0.76-30.8) 6.88 (3.70) (0.82-55.1) 6.51 (4.04) (0.29-35.5)

TNC concentration × 108/mL, mean (SD) (range) 0.08 (0.03) (0.02-0.29) 0.08 (0.03) (0.02-0.42) 0.08 (0.03) (0.01-0.29)

RBC × 109, mean (SD) (range) 3.25 (0.48) (1.12-5.14) 3.09 (0.50) (1.08-5.51) 2.97 (2.29) (0.12-231)

Hematocrit, %, mean (SD) (range) 35.7 (5.15) (14.1-57.7) 34.1 (5.49) (4.07-62.2) 34.4 (6.37) (1.60-60.6)

 After Processing
Variable

Sepax (n = 3729) AXP (n = 6271) HES (n = 11,464) 

TNC × 108, mean (SD) (range) 5.53 (2.62) (0.57-24.9) 5.78 (3.12) (0.68-46.9) 5.57 (3.36) (0.33-29.1)

TNC recovery, %, mean (SD) (range) 79.3 (7.69) (38.5-99.3) 84.4 (6.81) (47.8-104) 85.2 (8.89) (12.8-110)

TNC viability, %, mean (SD) (range) 92.1 (4.58) (63.7-99.4) 92.7 (4.57) (45.4-100) 89.6 (6.30) (18.9-100)

RBC × 109, mean (SD) (range) 3.86 (0.79) (1.15-6.49) 2.86 (0.50) (1.68-30.3) 0.89 (0.76) (0-4.8)

Hematocrit, %, mean (SD) (range) 43.9 (8.69) (13.8-80.0) 33.0 (3.91) (8.00-71.3) 10.4 (9.25) (0-49.3)

CD34+ cells × 106, mean (SD) (range) 2.26 (2.17) (0.15-28.2) 2.43 (2.37) (0.12-28.6) 1.93 (2.05) (0.01-47.6)

CD34+ cell viability (%), mean (SD) (range) 99.5 (0.69) (94.3-100) 99.4 (0.69) (85.3-100) 99.1 (1.24) (50.0-100)

APX, AutoXpress; HES, hydroxyethyl starch; RBC, red blood cells; TNC, total nucleated cells; UCB, umbilical cord blood.
aThe methods studied were Sepax, AXP, and manual processing with HES sedimentation.
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Data analysis after processing enables a direct comparison of the ef-
ficacy of the 3 processing methods. The HES method presented a sta-
tistically significant higher TNC recovery (mean [SD], 85.2% [8.89%]), 
when compared with Sepax (79.3% [7.69%]; P < .001) and AXP (84.4% 
[6.81%]; P < .001). However, TNC viability was significantly lower for 
HES (89.6% [6.30%]) than for Sepax (92.1% [4.58%]; P < .001) and AXP 
(92.7% [4.57%]; P < .001). Regarding the reduction of RBC and hemato-
crit, HES methodology presented significantly higher efficacy (reducing 
RBC to mean [SD] 0.89 [0.76 × 109 and the hematocrit to 10.4 [9.25], P < 
.001 for both), compared with the Sepax and AXP methods.

Regarding the capacity to recover hematopoietic progenitors for the 
original UCB unit, the AXP method yielded a significantly higher number 
of viable CD34+ cells (mean [SD], 2.43 [2.37] × 106) than Sepax (2.26 
[2.17] × 106; P = .001) and HES (1.93 [2.05] × 106; P = .001) methods. For 
all the 3 methods, the CD34+ cell viability was higher than 99%.

Overall, the 3 processing methods described herein can be 
considered effective for the volume reduction of banked UCB units, with 
similar levels of TNC viable and CD34+ cell recovery. We note that the 
manual method was able to achieve a significantly higher depletion of 
RBC, which is a critical parameter for clinical applications. The major 

FIGURE 1.  Graphical representation of the data from umbilical cord blood (UCB) units before processing with each technology 
under investigation. A, Volume. B, Number of total nucleated cells (TNC). C, TNC concentration. D, Number of red blood cells 
(RBC). E, Hematocrit (Htc). APX, AutoXpress; HES, hydroxyethyl starch.
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FIGURE 2.  Graphical representation of the data from umbilical cord blood (UCB) units after processing with each technology 
under investigation. A, Number of total nucleated cells (TNC). B, TNC viability. C, TNC recovery. D, Number of red blood cells 
(RBC). E, Hematocrit (Htc). F, Viable CD34+ cell number. G, CD34+ cell viability. APX, AutoXpress; HES, hydroxyethyl starch.
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difference between the 3 processing methodologies is that, although 
Sepax and AXP are automated methods using specific devices, the HES 
method requires continuous and rigorous personnel training and evalu-
ation to guarantee reproducible results. 

Also, the analysis of the Stemlab laboratory data demonstrates 
that the HES method efficacy is comparable to that of the 2 auto-
mated methods previously used. Similar results have been observed 
in a parallel analysis performed by another laboratory of the 
Famicord Group, the Polish Stem Cells Bank, which also opted to use 
the manual processing with HES for UCB units (data not published). 
Despite being more labor-intensive, the HES method also presents 
advantages economically (lower direct costs) and operationally (it 
is easy to customize and not dependent on a unique supplier). Fi-
nally, the manual method with HES could be better than automated 
platforms for processing very small or very large volume UCB units 
(because the protocol has more flexibility than the automated 
technologies) by allowing for adjustments according to specimen 
characteristics (for example, to deal with the decreasing volume of 
UCB observed in recent years).

Postthawing Analyses: HES Method vs Toticyte
Most published studies compare only the impact of the processing 
methods on the critical attributes of banked UCB units, as presented 
earlier herein. However, it is also important to evaluate the quality of 
UCB units after thawing and to determine whether quality attributes 
and therapeutic potential are maintained. Such data are still scarce in 
the literature. 

In this research work, 30 UCB units donated for research and 
development purposes were processed using the HES method and 
later thawed, as described herein, for an analysis similar to that used 

for the Toticyte method, as described by Drew et al.17 Toticyte is 
described as a method for UCB processing that relies on a proprie-
tary reagent and that claims to have superior efficacy compared with 
the other methods in recovering CD34+ cells after thawing. TABLE 
3 presents the results obtained for postthaw viable TNC, CD34+ 
cells, and CFU recovery after our laboratory HES-based processing, 
compared with the published data from the Toticyte study (also 
depicted in FIGURE 3).

The Toticyte method is quoted by its inventors as apparently 
being capable of achieving considerably higher rates of RBC depletion 
(mean [SD], 99 vs 81.2 [10.2]) and, consequently, much lower hemat-
ocrit concentrations after processing (0.9 [0.1] vs 6.8 [3.3]), when 
compared with specimens processed via the HES method. We note 
that the level of RBC depletion using the HES method is highly de-
pendent on the protocol used. In the Stemlab laboratory, the protocol 
is optimized to avoid complete RBC depletion, to mitigate against any 
loss of buffy coat fraction at the interface, thus resulting in a higher 
hematocrit level after processing. The levels of TNC and CD34+ cell re-
covery are similar in both methods, although they are slightly higher 
with Toticyte.

After thawing, the HES protocol in our experiments resulted in a 
considerably higher TNC number (mean [SD], 74.2% [8.4%]) than 
quoted for Toticyte (CD45+ cells, 36.3% [9.5%]). This higher level of 
TNC recovery after thawing is a substantial advantage of the HES 
method because the TNC dosage is a critical criterion for hematopoietic 
transplantation, and also a lower TNC number may result in a disqual-
ification of these UCB units in a transplant setting.15 This observation 
may be partly related to a protective effect on the cryopreservation 
of UCB cells exerted by HES, which also has been observed in similar 
studies.18,19

We were intrigued that, when comparing our laboratory data with 
the quoted Toticyte data, the viable CD34+ cell recovery is compa-
rable for both processing methodologies (mean [SD], 68.7% [12.9%] 
and 66.2% [9.9%] for HES and Toticyte, respectively). The functional 
capacity of these hematopoietic progenitors to generate viable CFU is 
also similar (0.38 [0.18] and 0.47 [0.1] for HES and Toticyte, respec-
tively).

TABLE 2.  Results of Statistical Analyses Comparing the 
Processing Methods for the Different Variablesa

P Value Parameters 

Sepax vs AXP

P <.001 Before processing: volume, TNC number, TNC concentration, RBC 
number, hematocrit
After processing: TNC recovery, TNC viability, RBC number, he-
matocrit, and CD34+ cell viability

P = .001 After processing: CD34+ cell number

P = .097 After processing: TNC number

Sepax vs HES

P <. 001 Before processing: volume, TNC number, RBC number, hematocrit
After processing: TNC number, TNC recovery, TNC viability, RBC 
number, hematocrit, and CD34+ cell viability

P = .001 After processing: CD34+ cell number

P = .045 Before processing: TNC concentration

AXP vs HES

P < .001 Before processing: volume, TNC number, RBC number, hematocrit
After processing: TNC number, TNC recovery, TNC viability, RBC 
number, hematocrit, and CD34+ cell viability

P = .001 After processing: CD34+ cell number

P = .008 Before processing: TNC concentration

AXP, AutoXpress; HES, hydroxyethyl starch; RBC, red blood cells; TNC, 
total nucleated cells.
aFor comparative purposes, P values shown are applicable to all individu-
ally listed parameters.

TABLE 3.  Comparative Data Between UCB Units Processed 
With HES Methodology in the Stemlab Laboratory and 
Toticyte17a

Variable 
After Processing, Mean (SD)

HES Toticyte 

TNC recovery, % 79.6 (9.3) 84.8 (12.6)

CD34+ cell recovery, % 84.0 (13.1) 89.8 (11.9)

Hematocrit (%) 6.8 (3.3) 0.9 (0.1)

RBC depletion (%) 81.2 (10.2) 99 (0)

Variable
After Thawing, Mean (SD)

HES Toticyte 

TNC recovery, % 74.2 (8.4) 36.3 (9.5)

CD34+ cell recovery, % 68.7 (12.9) 66.2 (9.9)

CFU/CD34+ cell 0.38 (0.18) 0.47 (0.1)

CFU, colony-forming units; HES, hydroxyethyl starch; TNC, total 
nucleated cells; UCB, umbilical cord blood.
aIn the Stemlab laboratory, n = 30 for patient specimens.
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Discussion
Although it would have been ideal to do so, it was not possible to 
compare the 3 processing methods simultaneously using given UCB 
specimens because these were being processed for therapeutic and not 
experimental purposes. We acknowledge this limitation; however, this 
was a retrospective analysis of accumulated data across 3 different time 
frames, which was the only legitimate way to make the comparison. All 
3 methods were validated before being applied to client specimens for 
potential clinical use.

Despite the different numbers of specimens for each UCB proc-
essing method, the large cohorts in the 3 groups support a valid sta-
tistical analysis of the results, even when determining statistical 
significances between very similar average data. The use of large data 
sets for all of the methods also minimizes the impact of some limita-
tions of this retrospective analysis, namely, the operator and UCB unit 
variability throughout the years studied. Nevertheless, it would also 
be of interest to conduct a direct comparison study among the 3 proc-
essing methods for each UCB unit, although such a study could also 

Htc

FIGURE 3.  Comparative data from hydroxyethyl starch (HES) sedimentation and Toticyte methods after processing and 
after thawing. A, Full blood count and flow cytometric analysis. B, Clonogenic data. Colony-forming unit (CFU) formation 
is expressed as an extrapolation of the relative number of colonies from 1 viable CD34+ cell. Htc, hematocrit; TNC, total 
nucleated cells.

06_LABMED_lmad073.indd   29106_LABMED_lmad073.indd   291 27-Apr-24   13:30:3427-Apr-24   13:30:34

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/285/7241423 by guest on 17 February 2025



2024;55:285-292  |  https://doi.org/10.1093/labmed/lmad073292

face technical and operational limitations (for example, the low volume 
of UCB units precludes splitting given units for use with 3 processing 
methodologies).

Our findings confirm that the manual HES method is superior to 
Toticyte technology from the medical application perspective, with higher 
postcryopreservation yields of TNC after thawing while maintaining 
equivalent levels of CD34+ cell recovery and functionality. Although more 
operator input and specialized labor are required with the HES method, 
and this may be perceived to have inherent risks, the HES method has 
proven to be as safe as commercially produced automated devices for UCB 
processing. The HES method should, therefore, be considered as a valid 
alternative for UCB banks that aim to reduce operational costs and to op-
erate independently of a specific device supplier. The latter is a particu-
larly pertinent consideration because of current supply-chain problems 
affecting medical and laboratory consumables and components.
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ABSTRACT 

Objective:  This study retrospectively compared false-positive re-

sult frequencies of 3 syphilis serology screening tests and assessed 

whether false positivity was associated with pregnancy and age.

Methods:  Results for 3 screening tests were retrieved from the labo-

ratory database, including rapid plasma reagin (RPR) assay between 

October 2016 and September 2019, BioPlex 2200 Syphilis Total im-

munoassay between May 2020 and January 2022, and Alinity i Syph-

ilis TP assay between February 2022 and April 2023. The false-positive 

result frequencies were calculated based on testing algorithm criteria.

Results:  False-positive result frequency for BioPlex was 0.61% 

(90/14,707), significantly higher than 0.29% (50/17,447) for RPR and 

0.38% (55/14,631) for Alinity (both P < .01). Patients with false-positive 

results were significantly older than patients with nonreactive results 

for RPR (median age: 36 vs 28, P < .001), but not for BioPlex or Alinity. 

For all 3 tests, the positive predictive values in pregnant women were 

lower than those in nonpregnant women or men. However, pregnant 

women did not exhibit a higher false-positive result frequency.

Conclusion:  Although false-positive result frequencies were low 

overall for all 3 syphilis serology tests, there is a significant difference 

between different tests. Pregnancy was not associated with more 

false-positive results for all 3 tests.

Introduction
Syphilis is a sexually transmitted infection caused by a subspecies of 
Treponema pallidum. It can also be transmitted vertically from mother 
to fetus, causing congenital syphilis. Recent surveillance data from the 
US Centers for Disease Control and Prevention showed an upsurge of 
all syphilis stages nationally.1,2 In West Virginia specifically, between 
2015 and 2021, the reported rates of primary and secondary syphilis 
increased from 2.8 to 11.9 cases per 100,000 population and those of 
congenital syphilis rose from 0 to 87 cases per 100,000 live births.2 Cur-
rent US guidelines for syphilis recommend screening any adolescent or 
adult with increased risk for infection1 as well as screening all pregnant 
women.3

Treponemal and nontreponemal serological tests remain the 
standard for syphilis diagnosis, and traditional and reverse testing 
algorithms are both endorsed.1,3,4 The traditional algorithm is a 2-tiered 
approach that incorporates a nontreponemal antibody test as the ini-
tial screen followed by a treponemal antibody test to confirm all reactive 
samples. By contrast, the reverse algorithm uses a treponemal antibody 
test, typically performed on an automated high-throughput platform, as 
the initial screen followed by a nontreponemal antibody test to confirm 
all reactive samples. For specimens with discordant results, a second 
treponemal antibody test is used as an adjudicating test to differen-
tiate false-positive screening results from true positives accompanied 
by negative rapid plasma reagin (RPR) results, as seen in patients with 
previously treated or late latent syphilis. False-positive syphilis serology 
results are well described in the literature, with frequencies varying by 
test method and population evaluated.4–7 Such results may complicate 
diagnostic interpretation because disagreement between screening and 
confirmatory tests may be due to nonspecificity of the first-tier assay 
or low antibody levels among patients with early primary or late latent 
disease (ie, analytical sensitivity limitations of the second-tier or third-
tier assays).8,9

For patients with conflicting results in either testing algorithm, 
the Association of Public Health Laboratories recommends thorough 
clinical evaluation to rule out current active syphilis or past history 
of infection and to repeat testing in 2 to 4 weeks if recent exposure 
is suspected.10 For universal screening among pregnant women, false-
positive results may be particularly problematic due to the concern for 
potential congenital disease, leading not only to unnecessary anxiety 
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and further clinical assessment but also to unwarranted antimicrobial 
treatment.3,11,12 Several reviews cite an association between pregnancy 
itself and false-positive nontreponemal or treponemal results,4,5,13,14 al-
though another describes the association as controversial.15 A higher 
proportion of false-positive to true-positive results (ie, lower positive 
predictive value of testing) has been demonstrated among pregnant 
women.7 This is not unexpected, as pregnant populations undergoing 
universal screening generally have lower prevalence of infection (ie, 
pretest probabilities) or lower true-positive result frequency than 
symptomatic or high-risk groups being tested for diagnostic purposes. 
However, a higher proportion of false positives to true positives does 
not imply that pregnant women also have a higher false-positive result 
frequency.

Given the lack of recent primary studies characterizing the occur-
rence of false-positive syphilis serology results among different testing 
methodologies, the primary aim of our project was to compare the 
false-positive result frequencies among different populations tested at 
a tertiary care academic medical center using both the traditional (Oc-
tober 2016 to September 2019) and reverse (May 2020 to Apr 2023) 
algorithms and to evaluate the purported association between preg-
nancy and false positivity. Association between age and false-positive 
result occurrences was evaluated as a secondary aim because older 
age has been considered a risk factor for false-positive results in both 
nontreponemal and treponemal tests.14,16,17

Materials and Methods

Study Design
This was a retrospective study performed at the West Virginia Uni-
versity J.W. Ruby Memorial Hospital, a tertiary academic center in 
Morgantown, WV, with a catchment area encompassing ~1.2 million 
people. The study was conducted as a quality assurance project in ac-
cordance with institutional review board protocol (IRB 1306049573). 
All test results from each syphilis serology testing algorithm verified 
between October 2016 and April 2023 were retrieved from the Labo-
ratory Information System (Epic Beaker) along with patient medical 
record number, gender, diagnosis code, and diagnosis description at-
tached to the test order. Results between October 2019 to April 2020 
were excluded because patient samples were screened by a multiplex 
assay simultaneously detecting both treponemal and nontreponemal 
antibodies and the assay was eventually recalled by the manufacturer 
due to specificity problems. Results were further excluded in sequence 
using the following 4 criteria: (1) patient age was ≤10 years, (2) pa-
tient gender was undisclosed or transgender, (3) patient had a prior 
reactive result, and (4) patient had a previous nonreactive result un-
less testing represented a first reactive result. Criterion 3 was adopted 
to mitigate repeated counting of patients with persistent false-positive 
or true-positive results, whereas criterion 4 was used to avoid artifi-
cially increasing the total test count of patients who were repeatedly 
screened as nonreactive. The overall effect was that only initial test 
results were included in the analysis for the majority of patients, with 
the sole exception being patients whose screening results changed from 
nonreactive to reactive during the study period. All remaining patient 
results were classified into 4 population cohorts: (1) pregnant women, 
(2) nonpregnant women, (3) women without an accompanying diag-
nosis code or description, and (4) men.

Definition of False-Positive Syphilis Screening Test 
Results
From October 2016 to September 2019 (period 1), patient samples were 
tested by the traditional testing algorithm, with BD Macro-Vue RPR 
Card Test (Becton, Dickinson and Company) as the initial screening 
test followed by Treponema pallidum particle agglutination (TP-PA) at 
a national academic reference laboratory to confirm reactive samples. 
Reactive RPR results were considered true positives when confirmed by 
TP-PA or false positives when not confirmed.

In May 2020, the reverse syphilis serology testing algorithm was 
implemented to meet increasing testing demand within the institution. 
Patient samples were screened using a treponemal serology test, initially 
by BioPlex 2200 Syphilis Total immunoassay (Bio-Rad Laboratories) 
from May 2020 to January 2022 (period 2), and subsequently by Alinity 
i Syphilis TP assay (Abbott Laboratories) from February 2022 to April 
2023 (period 3). The switch from BioPlex to Alinity in 2022 was made 
for purposes of standardization among different laboratories within 
our health system. Samples reactive for either treponemal screen were 
followed by BD Macro-Vue RPR Card Test for confirmation. For con-
flicting samples (ie, reactive treponemal test and nonreactive RPR), 
Serodia TP-PA (Fujirebio Diagnostics) was used as the third-tier final 
adjudicator. Reactive BioPlex or Alinity i syphilis screening results were 
considered true positives if samples were reactive for either RPR or 
TP-PA or false positives if samples were nonreactive for both RPR and 
TP-PA.

Primary Outcome and Statistical Analysis
The primary outcome variable of this study was false-positive result fre-
quency (calculated for each syphilis screening assay as the percentage 
of false-positive samples in all samples with either nonreactive or false-
positive results). Secondary outcome variables included: (1) the true-
positive test frequency (calculated as the percentage of total samples 
tested that were true positive); (2) the positive predictive value of the 
syphilis screening test (calculated as the percentage of positive samples 
that were true positive). The χ2 test (or Fisher’s exact test when ex-
pected counts were less than 5) was used to compare false-positive re-
sult frequencies among different patient populations or among different 
test methods. Mann-Whitney U test was used to compare patient age 
between the testing result groups (eg, false positive vs nonreactive). For 
each testing algorithm, multivariable binary logistic regression analysis 
was used to assess the association between the binary outcomes (false-
positive results or not) and patient populations, adjusting for age as a 
potential confounding variable. The odds ratios with P values were re-
ported. Any 2-sided P < .05 implied statistical significance for this study.

Results

Patient Populations and Results of the 3 Syphilis Testing 
Algorithms
A total of 17,515 samples screened by RPR assay during period 1, 
14,983 samples screened by BioPlex 2200 Syphilis Total Immunoassay 
during period 2, and 14,857 samples screened by Alinity i Syphilis TP 
assay during period 3 were included in the analysis (Supplementary 
Table 1). The distribution of samples by patient population during 
the 3 test periods ranged 36.9%-39.6% for pregnant women, 22.4%-
25.4% for nonpregnant women, 11.9%-15.8% for women without a 
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diagnosis code or description, and 20.1%-25.8% for men (TABLES 
1 and 2).

Overall true-positive result frequencies were 0.39% (68/17,515) for 
RPR, 1.84% (276/14,983) for BioPlex (comprising 0.83% RPR positive 
and 1.01% RPR negative results), and 1.52% (226/14,857) for Alinity 
(comprising 0.81% RPR positive and 0.71% RPR negative results) (TA-
BLES 1 and 2). For the 3 testing periods combined, men accounted for 
the greatest absolute number (400/570, 70%), the highest true-positive 
result frequency (400/11,286, 3.54% collectively), and the highest testing 
positive predictive value (400/459, 87.1%) compared with all other 
populations. Pregnant women, on the other hand, demonstrated the 
lowest collective true-positive result frequency (18/18,098, 0.10%), and 
the lowest testing positive predictive value (18/69, 26.1%), among all pa-
tient populations for all 3 testing periods combined (TABLES 1 and 2).

The overall false-positive result frequency was 0.29% (50/17,447) 
for the RPR assay, which was significantly lower than 0.61% 
(90/14,707) observed for the BioPlex treponemal test (P < .001) but 
not statistically different from 0.38% (55/14,631) noted for the Alinity 
treponemal test (P = .16). Comparing the 2 treponemal screening 
tests, the BioPlex assay showed a significantly higher false-positive re-
sult frequency relative to the Alinity assay for all samples (0.61% vs 
0.38%, P = .0039), with statistical significance in nonpregnant women 
(24/3326, 0.72% vs 11/3503, 0.31%, odds ratio = 2.31, P = .018), bord-
erline significance in pregnant women (25/5731, 0.44% vs 14/5884, 
0.24%, odds ratio = 1.84, P = .065), but no significant difference in 
men (22/3326, 0.66% vs 25/3091, 0.81%, odds ratio = 0.82, P = .49) 
(TABLE 2).

Association of False-Positive Results with Pregnancy and 
Age
During period 1, the false-positive result frequency for the RPR assay 
in pregnant women was lower than that in nonpregnant women with 
borderline statistical significance (12/6465, 0.19% vs 17/4442, 0.38%, 
odds ratio = 0.48, P = .049) (TABLE 1). Although similar trends were 
observed during periods 2 and 3, the differences did not reach statistical 
significance for Bioplex (25/5731, 0.44% vs 24/3326, 0.72%, odds ratio 
= 0.60, P = .075) or Alinity (14/5884, 0.24% vs 11/3503, 0.31%, odds 
ratio = 0.76, P = .49) screening tests (TABLE 2).

Patients with false-positive RPR results were significantly older than 
patients with nonreactive results (median age 36 vs 28, P < .001), with 
differences noted primarily among nonpregnant women (median age 
37 vs 25, P = .019) and women without a diagnosis (median age 55 vs 
32, P = .040) (TABLE 3). By contrast, nonpregnant women with false-
positive screening results by the BioPlex assay were younger than those 
with nonreactive results (median age 25 vs 30, P = .047), although age 
was not associated with false positivity in any other patient populations 
during period 2 (TABLE 3). No significant association between false 
positive results and age was noted for any patient populations tested by 
the Alinity assay during period 3.

After adjusting for age in the logistic regression model, pregnant 
women showed significant association with fewer false-positive results 
when compared with nonpregnant women for the BioPlex treponemal 
test (odds ratio = 0.57, P = .049). However, this association did not 
reach statistical significance for the RPR assay (odds ratio = 0.57, P = 
.15) or the Alinity treponemal test (odds ratio = 0.77, P = .53). In sum-
mary, pregnant women did not demonstrate more false-positive results 
when compared with nonpregnant women during any testing periods, 
whether or not age adjustment was used.

Discussion
Based on true-positive samples reactive for both treponemal and 
nontreponemal serology tests, we observed an increase in syphilis 
infections within the tested population, from 0.39% (period 1) to 
0.83% (period 2) and 0.81% (period 3). This is consistent with the 
surveillance data showing the upsurge of all syphilis stages in West 
Virginia.2 In our study, pregnant women exhibited the lowest true-
positive result frequencies compared with nonpregnant women and 
men when tested by any algorithm. This is not unexpected, as other 
populations are tested primarily due to risk factors for syphilis.1 As a 
result, the positive predictive values of the RPR assay, BioPlex 2200 
Syphilis Total Immunoassay, and Alinity i Syphilis TP assay were the 
lowest for pregnant women, ranging from 14% to 31%, which is con-
sistent with previous studies.7,11,12,18,19 This observation underscores 
the importance of following algorithms that incorporate confirma-
tory testing to distinguish true-positive from false-positive serology 
results. Overall false-positive result frequencies were 0.29%, 0.61%, 

TABLE 1.  Result patterns among different patient populations during period 1

 

Patient results when screened by nontreponemal antibody test

Total TP (RPR+, TP-PA+) NR (RPR−) FP (RPR+, TP-PA−) and its comparison  

n (%)a n (%)b n (%)b n (%)c Pd Pe PPV

All samples screened by RPR assay (period 1) 17,515 (100.0) 68 (0.39) 17,397 (99.33) 50 (0.29) NA NA 58%

Nonpregnant women 4448 (25.4) 6 (0.13) 4425 (99.48) 17 (0.38) Reference group Reference group 26%

Pregnant women 6467 (36.9) 2 (0.03) 6453 (99.78) 12 (0.19) .049 .15 14%

Women without diagnosis 2076 (11.9) 5 (0.24) 2062 (99.33) 9 (0.43) .75 .80 36%

Men 4524 (25.8) 55 (1.22) 4457 (98.52) 12 (0.27) .34 .15 82%

FP, false positive; NR, nonreactive; PPV, positive predictive value; TP, true positive.
aCalculated as percentage (%) of all samples tested by the algorithm.
bCalculated as percentage (%) within each patient population.
cCalculated as percentage (%) within all samples with NR and FP results.
dP value from χ2 test to compare false-positive result frequency with the reference group.
eP value from a logistic regression analysis adjusted for age.
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and 0.38% for samples screened by the RPR, BioPlex, and Alinity 
assays, respectively. These figures are similar to the ranges of 0.05% 
to 0.60% reported in previous studies.20–24 With the current resur-
gence of syphilis in the United States, positive predictive values for 
screening methods will likely increase, whereas false-positive result 
frequencies should remain relatively stable unless assay performance 
is improved.

Interestingly, between the 2 treponemal antibody tests, the BioPlex 
assay yielded more false-positive results than the Alinity assay, but only 
for women. Additional studies using a parallel rather than sequential 
testing approach could help confirm this apparent difference in speci-
ficity. Our results suggest that factors contributing to false-positive 
results are more likely to be assay specific, and that some factors more 
prevalent in females may interfere with the BioPlex assay and contribute 
to false-positive results. If such interfering factors could be identified, 
assay specificity may be improved accordingly.

Irrespective of the syphilis screening test used, pregnant women 
did not show higher false-positive result frequencies than nonpregnant 
women, suggesting that pregnancy is not a strong risk factor for false 
positivity. Identifying an association between pregnancy and false-
positive results was complicated in this study because the nonpregnant 
women included as the reference comparator were not a selected group 
of healthy age-matched female subjects but rather were older than the 
pregnant women. Age is a potential confounding variable because aging 
has been associated with false-positive results in both nontreponemal 
and treponemal tests.14,16,17 In our study, a significant association be-
tween older age and false-positive syphilis testing results was only 
observed for the RPR assay during period 1 and not for either treponemal 
screening test during periods 2 and 3. After adjusting for age, pregnant 
women still failed to show higher false-positive result frequencies than 
nonpregnant women for any of the 3 syphilis screening tests. These 
findings are consistent with 2 previous studies evaluating the CAPTIA 
syphilis G treponemal test, both of which reported higher specificity 

in pregnant women than in nonpregnant patients25 or in patients with 
suspected sexually transmitted infections.26

Our study is not without limitations. First, 12% to 16% of samples 
were obtained from women with no accompanying diagnosis code. 
These likely represented a mixture of pregnant and nonpregnant 
women and were evaluated as a separate group for that reason. Second, 
due to the retrospective study design, comparisons between different 
screening assays were made using different samples tested over dis-
tinct periods. It is possible that factors contributing to false-positive 
results may change over time, temporally affecting assay performance. 
One example is the US Food and Drug Administration’s warning about 
the potential for false-positive RPR results among patients who had 
received a COVID-19 vaccine.27 For this reason, “split-sample” parallel 
testing approaches should be considered for direct comparisons be-
tween methods, algorithms, or assays. Third, false-positive screening 
results were defined based on testing algorithm criteria. Ideally, false-
positive results should be defined by well-characterized gold-standard 
tests if available, although this is not feasible for a retrospective study. 
We also did not have access to all patient histories and medical records 
to distinguish true-positive from false-positive results based on clin-
ical impression or patient history. We used the TP-PA test, which 
demonstrates near-perfect specificity,8,9 for confirmation in the tradi-
tional testing algorithm as well as for the third-tier adjudication assay 
in both reverse testing algorithms. However, the TP-PA test may rarely 
produce false-negative results,9,28 which introduces the possibility of 
slightly overestimated false-positivity frequencies for all 3 methods. 
Finally, repeatedly nonreactive and reactive results from the same pa-
tient were excluded based on criteria 3 and 4 described in the Materials 
and Methods section, so that the calculated false-positive and true-
positive result frequencies more closely represented the prevalence of 
false positives and true positives in the tested population. However, 
when those results were not excluded, our findings and conclusions 
remain essentially unchanged (Supplementary Tables 2 and 3).

TABLE 2.  Result patterns among different patient populations during period 2 and period 3

 

Patient results when screened by treponemal antibody tests

Total TP (TT+, RPR+) 
TP (TT+, RPR−,

TP−PA+) 
NR (TT-) 

FP (TT+, RPR−, TP-PA−)
and its comparison

 

n (%)a n (%)b n (%)b n (%)b n (%)c Pd Pe PPV

All samples screened by Bioplex assay 
(period 2)

14,983 (100.0) 124 (0.83) 152 (1.01) 14,617 (97.56) 90 (0.61) NA NA 75%

�  Nonpregnant women 3361 (22.4) 14 (0.42) 21 (0.62) 3302 (98.24) 24 (0.72) Reference group Reference group 59%

�  Pregnant women 5742 (38.3) 7 (0.12) 4 (0.07) 5706 (99.37) 25 (0.44) .075 .049 31%

�  Women without diagnosis 2364 (15.8) 28 (1.18) 12 (0.51) 2305 (97.50) 19 (0.82) .68 .72 68%

�  Men 3516 (20.1) 75 (2.13) 115 (3.27) 3304 (93.97) 22 (0.66) .76 .96 90%

All samples screened by Alinity assay 
(period 3)

14,857 (100.0) 120 (0.81) 106 (0.71) 14,576 (98.11) 55 (0.38) NA NA 80%

�  Nonpregnant women 3542 (23.8) 24 (0.68) 15 (0.42) 3492 (98.59) 11 (0.31) Reference group Reference group 78%

�  Pregnant women 5889 (39.6) 5 (0.08) 0 (0.00) 5870 (99.68) 14 (0.24) .49 .53 26%

�  Women without diagnosis 2180 (14.7) 17 (0.78) 10 (0.46) 2148 (98.53) 5 (0.23) .57 .58 84%

�  Men 3246 (21.8) 74 (2.28) 81 (2.50) 3066 (94.45) 25 (0.81) .0065 .031 86%

FP, false positive; NR, nonreactive; PPV, positive predictive value; TP, true positive; TT, BioPlex 2200 or Alinity i treponemal test.
aCalculated as percentage (%) of all samples tested by the algorithm.
bCalculated as percentage (%) within each patient population. 
cCalculated as percentage (%) within all samples with NR and FP results.
dP value from χ2 test or Fisher’s exact test to compare false-positive result frequency with the reference group.
eP value from a logistic regression analysis adjusted for age.
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In summary, we conclude that pregnant women do not experience 
a higher false-positive syphilis test result frequency than nonpregnant 
women or other patient populations, irrespective of the testing algo-
rithm used. In addition, although overall false-positive result frequencies 
for all 3 syphilis serology screening tests were low, there appears to be 
a significant difference between different syphilis serology tests, with 
the Alinity treponemal test showing higher specificity than the BioPlex 
treponemal test, particularly among women.

Supplementary Material
Supplementary material is available at Laboratory Medicine online.
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ABSTRACT 

Objective:  Zinc transporter 8 autoantibodies (ZNt8A) are 1 of the 4 

main autoantibodies used for the diagnosis of type 1 diabetes (T1D), 

with glutamic acid decarboxylase autoantibodies (GADA), islet an-

tigen-2 autoantibodies (IA-2A), and insulin autoantibodies (IAA). The 

objective of this study is to evaluate the diagnostic efficiency of these 

autoantibodies for the diagnosis of T1D in pediatric patients.

Methods:  A retrospective analysis of patients under 16 years of age 

with suspected T1D was made between June 2020 and January 2021. 

A total of 80 patients were included in the study, with 1 sample per pa-

tient. Subjects were classified according to diagnosis.

Results:  Of the subjects included in the study, 50 developed T1D. 

The diagnostic efficacy was IA-2A (cutoff ≥ 28 U/L) sensitivity 0.26 

(95% CI: 0.14-0.38) and specificity 0.97 (95% CI: 0.79-1.0); GADA 

(cutoff ≥ 17 U/mL) sensitivity 0.40 (95% CI: 0.26-0.54) and speci-

ficity 0.87 (95% CI: 0.75-0.99); ZnT8A (cut off ≥ 15 U/L) sensitivity 

0.62 (95% CI: 0.49-0.75) and specificity 0.97 (95% CI: 0.90-1.0). 

ZnT8A obtained the most significantly global diagnostic accuracy 

(0.75), and GADA with ZnT8A showed the highest correlation.

Conclusion:  The results obtained indicate a higher efficiency of anti-

ZnT8 autoantibodies for the diagnosis of T1D in pediatric patients. 

Clinical efficiency of diabetic autoantibodies is method and assay de-

pendent and influences combined diagnostic strategies.

Introduction
Zinc transporter 8 autoantibodies (ZNt8A) are 1 of the 4 major islet 
autoantibodies, with glutamic acid decarboxylase autoantibodies 
(GADA), islet antigen-2 autoantibodies (IA-2A), and insulin 
autoantibodies (IAA).

ZnT8A are the most recently characterized islet autoantibodies, 
found in 66% to 80% of White patients at diagnosis and are detectable 
in approximately 26% of individuals with type 1 diabetes (T1D) previ-
ously categorized as autoantibody negative.1

Several international studies have shown that around two-thirds 
of children are ZnT8A-positive at diagnosis and, depending on the age 
group considered, the prevalence is similar to IA-2A.2,3

Humoral islet autoimmunity can develop in children as young as 6 
months of age with a peak incidence of seroconversion at 2 to 3 years 
and a probable second peak in puberty.4 Typically, IAA and GADA are 
the first autoantibodies to develop in young children, whereas IA-2A and 
ZnT8A arise later in prediabetes and are more common in adolescents 
at diagnosis.5 However, it has been reported that ZnT8A autoimmune 
reactivity towards the extracellular domain are the earliest major islet 
autoantibodies to appear in young children, followed by IAA, GADA, 
IA-2A, and intracellular ZnT8A.6 Almost all ZnT8A data in the litera-
ture and clinical laboratory, by default, indicate autoimmune reactivity 
towards the intracellular domain.7

Although the gold standard method to measure ZNt8A and islet 
autoantibodies is radioimmunoassay, alternative assays, such as 
enzyme-linked immunosorbent assay (ELISA) or chemiluminescent 
immunoassay (CLIA), are real alternatives, matching or including ex-
ceeding radioimmunoassay analytical performance while avoiding the 
use of radioactive isotopes.7

This study aims to analyze the diagnostic efficiency of ZNt8A with 
respect to GADA and IA-2A in pediatrics samples received in a routine 
care clinical laboratory.

Materials and Methods

Patients and Study Design
This is a retrospective analysis of patients with suspected T1D who were 
studied by the Endocrinology Department of the University Hospital 
Virgen Macarena in Seville, Spain, between June 2020 and January 
2021. A total of 80 patients were evaluated, with only 1 sample per pa-
tient. These subjects were subsequently classified according to diagnosis.

SCIENCE
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Subjects included were patients under 16 years of age who were 
studied for having glycemia levels above 126 mg/dL, symptoms compat-
ible with T1D, and/or a family history of T1D who had also requested a 
study of islet autoantibodies.

The study was approved by the Institutional Review Board of Virgen 
Macarena and Virgen del Rocío Hospitals, Znt8A code, according to the 
ethical principles included in the Declaration of Helsinki 1964 (2013 up-
date). Written consent was not required.

Laboratory Analysis
Blood samples were collected after overnight fasting. ZnT8A analyzed 
using an ELISA commercial kit (Euroimmun Dcs enzyme-linked im-
munosorbent assay) automated in a Euroimmun I2P-analyzer. This 
test provides quantitative in vitro determination of human ZnT8A 
in serum or plasma with a manufacturer’s recommended cutoff for 
positivity ≥15U/mL. Intra-assay coefficients of variation (CVs) at 
medium (24.5 U/mL) and high (159.5 U/mL) Znt8A concentrations 
are 3.5% and 6.6%, respectively, whereas inter-assay CVs at medium 
(26.6 U/mL) and high (101.9 U/mL) Znt8A are 6.2% and 9.3%, re-
spectively.

GADA and IA-2A were routinely measured according to hospital pro-
tocol by the fully automated SnibeDcs sandwich CLIA, automated in the 
Maglumi 1000 analyzer. The antigens recognized by these antibodies in-
clude 65 kDa glutamic acid decarboxylase and islet cell antigen IA-2. The 
manufacturer’s recommended cutoff for GADA and anti-IA2A positivity 
are ≥17 IU/mL and 28 IU/mL, respectively.

C-peptide and vitamin D concentration were determined in serum 
samples using chemiluminescence immunoassay methods (Roche Di-
agnostic; reference ranges: C-peptide 0.48-5.05  ng/mL and vitamin D 
20-60 ng/mL). Triglycerides were determined by colorimetric enzymatic 
assay (Roche Diagnostics; reference range: <150 mg/dL).

Glycosylated hemoglobin (HbA1c) levels were determined by high 
performance liquid chromatography (HORIBA Laboratory) in the Tosoh 
G8 analyzer (reference range: <5.5%).

Anti-transglutaminase IgA antibody (TG2A-IgA) levels were also col-
lected and analyzed by fluroenzyme-immunoassay on the Phadia 250 
(Thermo Fisher Scientific) with a cutoff point ≥7 U/mL.

The time elapsed between the date of first appearance and the date of 
the analytical study and family history were recorded.

Statistics
Statistical analysis was performed using SPSS Statistics version 25.0 
(IBM). Quantitative results are expressed as median and interquartile 
range. For the comparative analysis of qualitative variables, the χ2 test 
was used. Nonparametric Mann-Whitney test was used to compare 
quantitative variables. Correlation analysis was performed using the 
Spearman rank correlation test. Statistical significance was assumed at 
P < .05.

Results

Study Cohort
A total of 80 patients were studied, 34 boys (42.5%) and 46 girls (57.5%), 
of whom 50 finally developed diabetes according to current diagnostic 
criteria. The ages of the children screened ranged from 4 to 16 years with 
a median age of 12.0 years, and the median time from first appearance 
to diagnosis was 17 months (0.0-52.0) (TABLE 1). Of the 50 patients, 
34 had a family history of diabetes and 3 had positive TG2A-IgA but no 
celiac disease.

Descriptive variables and laboratory results are shown in TABLE 1. 
Positive ZnT8A were detected in 32 patients (40%), IA-2A in 14 patients 
(17.5%), and GADA in 24 patients (30%).

Study Positivity Patterns
The pattern of positivity of the antibodies studied is shown in TABLE 2, 
where 17 patients (21.3%) were positive for only 1 antibody, 16 patients 
(20%) for 2 antibodies, and 7 patients (8.8%) were positive for all 3 

TABLE 1.  Descriptive summary of study variablesa

 Diabetic (n = 50) Nondiabetic (n = 30)  P 

Age, y, No. 12.0 (4.0) 11.0 (6.0) .818

Sex, M/F, No. 20/30 14/16 .559

Family history of diabetes, yes/no, No. 34/16 10/20 .003

Glucose, mg/dL 160.0 (101.0) 85.5 (14.0) .000

HbA1c, % 7.8 (1.7) 5.4 (0.3) .000

Triglycerides, mg/dL 74.0 (40.0) 65.0 (23.0) .029

LDL-cholesterol, mg/dL 84.0 (38.0) 80.5 (34.0) .903

Vitamin D, ng/mL 22.8 (12.0) 30.0 (21.1) .004

C-peptide, ng/mL 0.3 (0.8) 1.6 (0.89) .000

GADA, U/mL 8.9 (35.6) 3.8 (4.1) .000

IA-2A, U/mL 8.2 (51.2) 7.3 (2.4) .226

TG2A-IgA, U/mL 0.4 (0.6) 0.1 (0.3) .001

ZnT8A, U/mL 5.5 (19.0) 1.0 (0.0) .000

Time since first appearance, mo 17.0 (52.0) -

GADA, glutamic acid decarboxylase autoantibodies; IA-2A, islet antigen autoantibodies; TG2A-IgA, anti-transglutaminase IgA antibody; ZnT8A, zinc trans-
porter 8 autoantibodies.
aResults are expressed as median (interquartile range) except where otherwise specified.
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antibodies studied. TABLE 2 also shows the pattern of positivity ac-
cording to age grouped into 3 groups (under 6 years, between 6 and 12 
years, and over 12 years). As can be observed in this table, patients who 
were positive for 2 antibodies had significantly higher blood glucose (P 
= .022 by Kruskal-Wallis test) whereas HbA1c did not reach significance 
(P = .104). C-peptide declined as antibodies number increased (P = .004 
by Kruskal-Wallis test).

A more specific analysis of the patients with positive ZnT8A with the 
other antibodies studied showed that 10 patients also had GADA and 4 
also had AI-2A (TABLE 2).

Study Correlations
Analysis (TABLE 3) showed that level of ZnT8A had a significant posi-
tive correlation with GADA, IA-2A, and TG2A-IgA level, whereas corre-
lation was significantly negative for C-peptide level and date from first 
appearance to diagnosis. Thus, C-peptide levels were lower in patients 
with higher levels of ZnT8A, and as the time since first appearance 
increased, ZnT8 A levels decreased.

Analysis of Diagnostic Efficiency
Diagnostic efficiency data for our cohort of pediatric patients are 
shown in TABLE 4. ZnT8A antibodies performed better than GADA 
and IA-2A, with a sensitivity of 62% and a specificity of 94% and better 
positive and negative likelihood ratios, whereas IA-2A showed low sen-
sitivity (26%), with similar specificity to ZnT8A. These differences are 
consistent with the statistically significant differences found in the reli-
ability analysis of the diagnostic efficacy of 3 antibodies (Cohen’s kappa 
index; P =.001).

Discussion
This study showed that ZnT8A had better diagnostic efficiency for the 
diagnosis of T1D in pediatric patients than GADA or IA-2A. The sen-
sitivity (62 %) and specificity (94 %) of the ZnT8A assay in the cohort 
of patients were in line with other studies8,9 and other methods such 
as CLIA. Previously, 99.8% specificity (normal controls) and 62.3% 
sensitivity (new-onset T1D patients) have been found for ZnT8A by 
CLIA.10 Although the gold standard assay for the determination of these 
antibodies is the radio-binding assay, it has also been reported that 
ELISA and CLIA assay are comparable or better than the radio-binding 
assay in independent clinical trial studies.7

The diagnostic performance was obtained without modifying the 
cutoff point suggested by the manufacturer (15 U/mL). An Italian 
multicenter study analyzed the efficiency of other commercial ZnT8A 
ELISAs using a slightly lower cutoff point (10 U/mL) and found 61% 
sensitivity and 97% specificity, very similar to our results.11 This study 
also emphasizes that the sensitivity of immunofluorescence beta islet 
cell antibodies is much lower than that of individual islet antibodies de-
termined by quantitative immunoassays and that there was a very sig-
nificant percentage of false negatives that were later confirmed to be 
positive with the individual autoantibodies.11 Another study performed 
in 2021 analyzed the ZnT8A age-dependent cutoff threshold and 
demonstrated that the cutoff was significantly higher in those tested 
who were under 30 years of age than in those tested at age 30 years or 
older. Therefore, with the cutoff recommended by the ELISA manufac-
turer (6 U/mL), specificity was 79% and 95% in patients aged <30 or ≥30 
years, respectively, and they recommend increasing commercial cutoff 
for those tested under 30 years by 3 times.12 The ZnT8A ELISA used in 
our study has a 15U/mL cutoff with a 94% specificity in patients up to 
16 years old.

TABLE 2.  Age-related positive pattern of the islet cell autoantibodies in diabetes children and global relation with glucose, 
HbA1c, C peptide, and vitamin D

 Age group, No. Parameter

Positive pattern <6 years 6-12 years >12 years Total Glucose, mg/dL  HbA1c, %  C-peptide, ng/mL  Vitamin D, ng/mL  

Single antibody 0 10 7 17 147 7.1 0.55 23.3

2 antibodies 4 8 4 16 151 8.7 0.22 25.9

3 antibodies 2 3 2 7 138 6.3 0.02 17.9

ZnT8A 6 17 9 32 151.0 7.7 0.26 19.7

GADA 5 13 6 24 130.5 7.3 0.065 24.5

IA-2A 3 5 6 14 161.0 6.5 0.59 19.1

ZnT8A+GADA 3 6 1 10 125 8.4 0.08 26.7

ZnT8A+I A-2A 1 1 2 4 164 10.3 1.29 23.9

GADA+ IA-2A 0 1 1 2 164 — — —

GADA, glutamic acid decarboxylase autoantibodies; HbA1c, glycosylated hemoglobin; IA-2A, islet antigen autoantibodies; ZnT8A, zinc transporter 8 
autoantibodies.

TABLE 3.  Summary of Znt8A correlation study

Vitamin D GADA IA-2A C-peptide TG2A-IgA Age Time since first appearance 

ZnT8A Spearman correlation −0.097 0.486 0.323 −0.281 0.255 −0.191 −0.311

Pa .480 .000 .004 .015 .032 .090 .030

GADA, glutamic acid decarboxylase autoantibodies; IA-2A, islet antigen autoantibodies; TG2A-IgA, anti-transglutaminase IgA antibody; ZnT8A, zinc trans-
porter 8 autoantibodies.
aBold values indicate significance at P < .05.
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The most frequently detected antibody in the study cohort was 
ZnT8A (40%), being more prevalent in children aged 6 to 12 years. 
These results are consistent with those reported in the French study of 
Garnier et al.13 On the other hand, it should be noted that CLIA IA-2A 
obtained the lowest sensitivity (26%) in this work and it only increased 
the number of diabetic children with positive antibodies by 1, therefore 
limiting its contribution to diagnosis.

Studying the pattern of positivity, we observed the highest frequency 
of positivity for a single antibody, followed by 2 positive antibodies, with 
least frequent being positivity for 3 antibodies. These results do not co-
incide with those previously reported, in which up to 70% of diabetics 
have 3 or 4 autoantibodies, whereas only 10% are positive for a single au-
toantibody.14,15 Niechial et al16 reported that the occurrence of a single 
autoantibody is rare in children, affecting only 7.8%; whereas 2 (37.8 %) 
or 3 (49.5 %) diabetes-associated autoantibodies were more frequently 
detected. A higher percentage has been described in smaller series; Basu 
et al17 found at least 1 antibody in 97.8% and at least 2 antibodies in 
67.3% diabetic children.

Usually, HbA1c levels increase more when diabetes first appears with 
3 antibodies than when 1 antibody first appears. Despite the limitation 
of the sample size of the study, higher HbA1c levels were observed in 2 
(8.7%) vs single (7.1%) islet autoantibodies. Also, we report similarly to 
others that lower HbA1c levels are associated with anti-IA2.18

The most frequent combination found in the children in our study 
was ZnT8A with GADA antibodies, in contrast to other publications, 
which indicated a higher frequency of ZnT8A and IA-2A.16 This is prob-
ably affected by the low sensitivity of the IA-2A assay in our study.

ZnT8A antibodies correlated positively with the other antibodies 
and negatively with C-peptide levels. Furthermore, it was observed that 
mainly GADA and then ZnT8A were associated with lower C-peptide 
levels. ZnT8A have been associated with rapid onset of hyperglycemia 
and a more acute onset of disease.16,19 There is evidence of beta-cell 
damage due to the presence of these autoantibodies, which get involved 
in the synthesis, storage, and secretion of insulin. ZnT8A have been 
shown to be trafficked to the surface of β-cells during insulin secre-
tion.15,20

This study also showed a significant decrease in the level of ZnT8A 
antibodies as the time between first appearance and diagnosis increased. 
Wenzlau et al21 also reported that ZnT8A positivity decreases signifi-
cantly as the disease progresses, resulting in a lower positivity rate. 
Some studies have detected pancreatic autoantibodies in longstanding 

T1D, with anti-GADA being the most frequent in such cohorts,22 but 
it remains unclear whether ZnT8A is a useful marker for longstanding 
T1D.23 Some authors, such as Sosenko et al,24 have indicated that in 
children, the GADA titer tends to decline at diagnosis. Recently, it has 
been shown that ZnT8A targeting extracellular epitopes of ZnT8 on 
the surface of β-cells in patients with T1D appear earlier than all other 
autoantibodies and are an early predictor of disease.7

In studying levels of vitamin D, significantly lower levels were 
found in the diabetic subjects. Also, an inverse correlation was found 
between vitamin D and ZnT8A levels that was not significant. Vitamin 
D deficiency has been associated with T1D in observational studies, 
but clinical trials have so far been unsuccessful, and larger randomized 
controlled studies are needed to investigate small effects.25

With regard to the diagnostic efficiency of ZnT8A as a function 
of age, the study seems to reveal better sensitivity and specificity in 
patients younger than 10 years. The prevalence of these antibodies has 
been shown to be related to age at diagnosis, being more frequent in 
some studies in cohorts of patients between 8 and 16 years and between 
6 and 17 years.2,13

The main limitation of this study is the lack of patient follow-up 
data to assess the evolution of the antibodies studied and the sample 
size. There were also no ICA and IAA antibody measurements. How-
ever, the aim of investigating ZnT8A clinical efficiency took place in a 
clinical context, where the interest in ICA and IAA is limited. Also, only 
patients under 16 years of age were included. This age range captures 
most new diagnoses of pediatric T1D seen in a pediatric unit. How-
ever, it excludes patients in late adolescence or early adulthood, who 
could be diagnosed at a pediatric center and cared for initially by pedi-
atric endocrinologists.

Conclusions
ZnT8A are an excellent marker for the diagnosis of autoimmune dia-
betes in the pediatric population. However, clinical efficiency of diabetic 
autoantibodies is method and assay dependent. In this work, the CLIA 
IA-2A assay was found to have the lowest global diagnostic accuracy with 
a poor contribution to diagnosis.

Conflict of Interest Disclosure
The authors have nothing to disclose.

TABLE 4.  Diagnostic efficiency of the 3 antibody assays according to the cutoff point established by the manufacturer

 
IA-2A

(cutoff ≥28 U/mL)
GADA

(cutoff ≥17 U/mL)
ZnT8A

(cutoff ≥ 15 U/mL)

Negative Positive Negative Positive Negative Positive 

Nondiabetic subjects 29 1 26 4 29 1

Diabetic subjects 37 13 30 20 19 31

Sensitivity (95% CI) 0.26 (0.14-0.38) 0.40 (0.26-0.54) 0.62 (0.49-0.75)

Specificity (95% CI) 0.97(0.79-1.0) 0.87 (0.75-0.99) 0.94 (0.90-1.0)

LR+ (95% CI) 7.80 (1.07-56.66) 3.00 (1.13-7.94) 18.60 (2.67-129.33)

LR− (95% CI) 0.77 (0.63-0.93) 0.69 (0.53-0.91) 0.39 (0.27-0.56)

Global diagnostic accuracya 0.40 0.57 0.75

GADA, glutamic acid decarboxylase autoantibodies; IA-2A, islet antigen autoantibodies; LR, likelihood ratio; ZnT8A, zinc transporter 8 autoantibodies.
aGlobal diagnostic accuracy is the ratio of true results (both true positives and true negatives) to the total number of cases tested (true positives, false 
positives, true negatives, and false negatives).
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ABSTRACT 

Objective:  Primary biliary cholangitis (PBC) is an autoimmune disease 

of liver that may be associated with other conditions, including autoim-

mune thyroid diseases. We aimed to investigate the frequency of anti-

thyroperoxidase antibodies (TPO-Ab), antithyroglobulin antibodies 

(TG-Ab), and anti–thyrotropin receptor antibodies (TSHR-Ab) in Tuni-

sian patients with PBC.

Methods:  Sera of 80 patients with PBC were collected over a 9-year 

period. A total of 189 healthy blood donors (HBD) were included in the 

control group. Measurements of TPO-Ab and TG-Ab were performed 

using indirect enzyme-linked immunosorbent assay (ELISA). Compet-

itive ELISA was used to assess TSHR-Ab.

Results:  Antithyroid antibodies (ATA) were significantly more frequent 

in PBC patients than in the control group (13.7% vs 1.6%; P < 10−3). 

Out of 11 patients with ATA, 10 (90.9%) were female. Nine patients 

and 2 HBD had TPO-Ab (11.2% vs 1%; P < 10−3). TG-Ab were more 

frequent in patients than in healthy subjects but the difference was 

not statistically significant (6.2% vs 1.6%; P = .1). TPO-Ab and TG-Ab 

were present together in 3 patients (3.7%). TSHR-Ab were absent in 

patients and controls.

Conclusion:  This study shows that PBC is associated with a high fre-

quency of ATA but not TG-Ab or TSHR-Ab.

Introduction
Autoimmune thyroid diseases (AITD) include, among others,  
Hashimoto’s thyroiditis (HT) and Graves’ disease (GD). HT is 
characterized by chronic inflammation, hypothyroidism, and the 
presence of anti–thyroid peroxidase antibodies (TPO-Ab) and 
antithyroglobulin antibodies (TG-Ab).1 GD manifests as hyperthy-
roidism and is characterized by anti–thyrotropin receptor antibodies 
(TSHR-Ab) production.2 HT affects more women than men.3,4 HT is the 
most common thyroid disorder worldwide; its prevalence is around 10% 
to 12%. The prevalence of GD is 1% to 1.5%.5

Primary biliary cholangitis (PBC) is an autoimmune cholestatic 
liver disease characterized by progressive nonsuppurative inflamma-
tion involving small- and medium-sized intrahepatic bile ducts that 
are consequently destroyed. Untreated PBC may lead to liver cir-
rhosis.6 PBC is characterized by the presence of antimitochondrial 
antibodies (AMA) or other PBC-specific autoantibodies, that is, 
anti-gp210 and anti-sp100.7 PBC affects predominantly middle-aged 
women.8,9

PBC is associated with other autoimmune diseases (AID) in up to 
73% of cases.10 AITD are among the most frequent AID associated with 
PBC, their frequency reaching 24%.11 Among AITD, HT is particularly 
associated with PBC.12-15 A major similarity between PBC and HT is 
the T-cell infiltration of the liver and thyroid gland, respectively. This 
process is followed by inflammation and biliary epithelial cell (BEC) and 
thyroid destruction, whereas in GD there is neither cell infiltration nor 
thyroid destruction.16 The frequency of AITD in PBC has generally been 
determined by data collection from medical records.11-15,17-20 To the 
best of our knowledge, active screening by serological markers has been 
performed in only 1 study.21

SCIENCE
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The objectives of our study were to investigate the frequency of 
antithyroid antibodies (ATA) (TPO-Ab, TG-Ab, and TSHR-Ab) in a co-
hort of Tunisian patients with PBC and to try to explain why PBC could 
be associated with AITD.

Methods

Study Participants
Eighty PBC patients were included in the present study. The diagnosis 
of PBC was made according to diagnosis criteria of the American Asso-
ciation for the Study of Liver Diseases.7 All patients had AMA. Patients 
with known AITD were excluded. Sera were collected from 4 hospitals 
in the center of Tunisia over a period of 9 years. The control group was 
made up of 189 healthy blood donors (HBD). All sera were conserved at 
−80°C until use. The ethical committee of Farhat Hached Hospital gave 
approval for the study.

Antimitochondrial Antibodies
The detection of AMA was conducted using indirect immunofluo-
rescence. Rat liver, kidney, and stomach tissue sections were used as 
substrates for this assay. Sections of 4 µm diameter were prepared in 
our immunology laboratory using a cryostat and stored at −80°C until 
their use for this study. The substrates were first incubated with diluted 
sera (at a 1:100 ratio in phosphate-buffered saline [PBS]) for 30 minutes 
in a humid environment. After 3 washes with PBS, a second incubation 
in a dark, humid chamber with antibodies specific for human immuno-
globulin (Ig)G was carried out. These anti–human IgG antibodies were 
conjugated to a fluorescent compound called fluorescein isothiocyanate 
(BioRad). After 30 minutes of incubation, the sections underwent 3 ad-
ditional washes in PBS. They were then mounted between a microscope 
slide and a cover slip using a buffered glycerol. Finally, the slides were 
examined using a fluorescence microscope equipped with an ultraviolet 
lamp, allowing the visualization and the analysis of the immunofluores-
cent signals.

The characteristic granular pattern in the cytoplasm seen in the mi-
croscope is a hallmark of the presence AMA-Ab.

Serological Markers of Autoimmune Thyroid Diseases
Antithyroperoxidase Antibodies
TPO-Ab detection was performed using a commercial enzyme-linked 
immunosorbent assay (ELISA) kit (Euroimmun). The assay kit pro-
vided a quantitative assessment of human TPO-Ab of the IgG isotype. 
The TPO was bound to microwells and served as an antigen. For 
each sample, the serum was diluted at 1/201 in the sample buffer 
provided with the kit and 100 µL was incubated in the wells. If the 
sample contained TPO-Ab of the IgG isotype, these specific antibodies 
bound to the immobilized TPO antigen. After incubation, a washing 
step was performed and a second incubation of peroxidase-labeled 
anti-human IgG antibodies was carried out to detect the antibody-
antigen complexes formed. After incubation, a second washing step 
was performed to eliminate the unbound enzyme conjugate. A color 
reaction was initiated by adding a substrate solution containing a chro-
mogenic substrate catalyzed by the peroxidase enzyme. Finally, the 
addition of an acid stopped the reaction and generated a yellow end 
product. The intensity of the resulting yellow color is proportional to 
the concentration of TPO-Ab in the serum samples. The optical density 

of this color reaction was measured at a wavelength of 450  nm. The 
cutoff value for positivity was set at 50 IU/mL.

Antithyroglobulin Antibodies
The TG-Ab detection was performed using a commercial ELISA kit 
(Euroimmun). The kit provided a quantitative assay for human TG-Ab 
of the IgG isotype. The wells of the microplates were coated with TG 
antigen. Patient samples were diluted at 1/201 in the sample buffer pro-
vided with the kit and 100 µL was incubated in the wells. If samples 
contained TG-Ab, specific IgG antibodies bound to the immobilized 
TG antigen. After incubation, a washing step was performed and sub-
sequently added peroxidase-labeled anti–human IgG bound to the 
antibody-antigen complexes formed. A second washing step removed 
unbound enzyme conjugate. The bound enzyme conjugate catalyzed a 
color reaction when the substrate solution, containing a chromogenic 
substrate, was added. The addition of an acid stopped the reaction, 
generating a yellow end product. The intensity of the resulting color is 
proportional to the concentration of TG-Ab in the serum. Finally, the 
optical density of the color intensity was measured photometrically at 
a wavelength of 450 nm. The cutoff value for positivity was set at 100 
IU/mL.

Anti–Thyrotropin Receptor Antibodies
TSHR-Ab were assessed with competitive ELISA (Euroimmun). The 
ELISA test kit provided quantitative assay for human TSHR-Ab. Wells 
of microplates were coated with TSH receptor. Patients’ sera were 
incubated in the wells. If samples contain TSHR-Ab, specific antibodies 
bound to the TSHR. After incubation, a washing step was carried out. 
Bound antibodies inhibited the binding of biotin-labeled TSH added in a 
second incubation step. A second washing step was made to evacuate the 
unbound biotin-labeled TSH. Finally, bound TSH biotin was detected by 
using enzyme-labeled avidin. This enzyme conjugate catalyzed a color 
reaction when the substrate solution was added and the intensity of the 
color is inversely proportional to the concentration of TSHR-Ab in the 
serum. The cutoff for positivity was 2 IU/L.

Statistical Analysis
Statistical analyses were performed using EpiInfo version 3 software. 
The comparison of frequencies of ATA was done using the Fisher exact 
test or χ2 test. A P value ≤ .05 was considered statistically significant. For 
significant results, 95% confidence interval and odds ratio were deter-
mined using WinPepi software.

Results
Our study included 80 patients with PBC (mean age: 59 ± 13.6 years, age 
range: 22-85 years; sex ratio, female/male: 73/7) and 189 HBD (mean 
age: 39  ±  11.5 years, age range: 18-57 years; sex ratio, female/male: 
104/85).

All PBC patients had positive AMA. AMA were absent for all HBD.
ATA were significantly more frequent in PBC patients than in 

control group (13.7% vs 1.6%; P < 10−3). Out of 11 patients with 
ATA, 10  (90.9%) were female. Nine patients and 2 HBD had TPO-Ab 
(11.2% vs 1%; P < 10−3). TG-Ab were more frequent in patients than 
in healthy subjects but the difference was not statistically significant 
(6.2% vs 1.6%; P = .1). TPO-Ab and TG-Ab were present together in 3 
patients (3.7%). TSHR-Ab were absent in patients and controls. Results 
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are summarized in TABLE 1. The ATA levels of the 11 patients are 
presented in TABLE 2.

Discussion
In this study, we aimed to investigate an active screening of AITD in 
PBC patients. Eleven patients out of 80 (13.7%) had ATA (TPO-Ab or 
TG-Ab), a frequency significantly higher than in healthy controls (1.6%). 
TSHR-Ab were absent in the PBC patients. TSHR-Ab is a highly sensitive 
and specific serological marker of GD.2 So, a negative test of TSHR-Ab 
could exclude GD. Our result was in accordance with those previously 
reported on the frequency of GD in PBC patients by Floreani et al,14,15 
Liu et al,19 and Efe et al20 (1.9%, 1.6%, 0.6%, and 1.5% respectively) 
(TABLE 3). GD was described in association with PBC, especially in 
case reports.22,23 The frequency of TPO-Ab in our PBC patients (11.2%) 
was significantly higher than in the control group (1%). The frequency 
of ATA was lower in our study than in that of Crowe et al21 who also did 
a screening of ATA in PBC patients through research of autoantibodies 
(13.7% vs 26% respectively) (TABLE 4). The discrepancy between the 
results could be due to the difference between the methods used for 
ATA detection. Indeed, we used ELISA, whereas Crowe et al21 used he-
magglutination, an old method for the detection of ATA, because when 
they conducted their study 40 years ago (1980), ELISA was not yet used 
for ATA research. In our study, the positivity of TPO-Ab and TG-Ab and 

the negativity of TSHR-Ab could reflect the frequency of HT in our PBC 
patients. The rate of positivity of ATA (TPO-Ab or TG-Ab) was similar 
to that of AITD in the study of Floreani et al15 (13.7% and 12.7%, re-
spectively). Our frequency of TPO-Ab (11.2%) was similar to that of HT 
in 2 studies by Floreani et al15,16 (12.5% and 10.2%). Efe et al,20 who 
conducted the largest study on the frequency of extrahepatic AID in 
PBC, found similar results; 10.6% of PBC patients had AITD and most of 
them were HT (9.1%). In summary, AITD are frequent in PBC patients 
and particularly in HT.

HT could precede, coincide with, or follow PBC. So, how could both 
diseases (HT and PBC) induce each other and why was GD rarely associ-
ated with PBC? Polymorphism of the PTPN22 gene, which is known to 
be associated with GD24 and HT,25 has been demonstrated to be signifi-
cantly associated with the risk of developing PBC and to have concomi-
tant PBC-AITD.26 Apart from genetic predisposition and environmental 
triggers, gut microbiota plays a key role in the pathogenesis of many 
AID. Gut dysbiosis and leaky gut27 are additional elements in the puzzle 
of autoimmunity. Gut microbiota dysbiosis has been reported not only 
in PBC28-30 but also HT31-33 and GD.31,34,35 Among the abnormalities 
of gut microbiota composition is the abundance of Prevotella. Both in 
PBC28 and in HT33,34 a significant decrease in Prevotella has been re-
ported. However, in GD, a significant increase of Prevotella has been 
noted.31 In HT, Prevotella level was found to be inversely correlated to 
levels of TPO-Ab and TG-Ab.33 Also, in PBC a negative correlation has 
been noted between the microbiota richness in Prevotella and high-risk 
HLA genes. Thus, could we imagine that GD patients are protected 
against PBC thanks to the richness of their gut microbiota in Prevotella? 
The impairment of microbiota will drive to increased intestinal permea-
bility leading to a leaky gut reported in PBC,28,30 HT,36 and GD.37 A leaky 
gut results in bacterial translocation. The gut-liver axis and gut-thyroid 
axis have been reported to be implicated in the pathogenesis of PBC28 
and of AITD.5,38,39 Proinflammatory cytokines are therefore induced and 
have been demonstrated in PBC40-43 and AITD.44,45 The cytokine profile 
of HT is different from that of GD but similar to that of PBC. In fact, 
IL-17A has been reported to be significantly higher in HT than controls 
and GD.45 Moreover, IL-17 production was induced by TPO in HT but 
not in GD.45 In PBC, IL-17A was significantly higher in PBC patients 
than healthy controls and correlated with disease severity.40 The results 
of all these mechanisms are the break of tolerance and onset of chronic 
inflammatory disease in which tissue damage could happen.26 In PBC, 
there is cholangiocyte and bile duct destruction. In HT but not in GD, 
there is thyrocyte destruction.16 In HT, apoptosis is increased in situ 
whereas in GD, apoptosis is reduced.46 When BEC and thyrocytes are 
destroyed by inflammation, many apotopes are generated and are thus 
exposed to the immune system, which produces autoantibodies against 

TABLE 1.  Frequency of antithyroid antibodies in patients with primary biliary cholangitis

 Patients (n = 80) n (%) 
Control group (n = 189)

n (%) 
P 95% CI Odds ratio 

TPO-Ab or TG-Ab 11 (13.7%) 3 (1.6%) <10−3 [2.82-38.07] 10.36

TPO-Ab 9 (11.2%) 2 (1%) <10−3 [2.63-58.58] 12.42

TG-Ab 5 (6.2%) 3 (1.6%) 0.1 – –

TPO-Ab and TG-Ab 3 (3.7%) 2 (1%) 0.3 – –

TSHR-Ab 0 (0%) 0 (0%) NS – –

NS, not significant; TG-Ab, antithyroglobulin antibodies; TPO-Ab, anti–thyroid peroxidase antibodies; TSHR-Ab, anti–thyrotropin receptor antibodies.

TABLE 2.  Levels of antithyroid antibodies in patients with 
positive results

Patient Sex 
Age
(y) 

TPO-Ab
(IU /mL) 

TG-Ab
(IU /mL) 

TSHR-Ab
(IU/L) 

1 F 66 114 200 –

2 F 71 – 305 –

3 F 78 385 – –

4 F 46 >500 >1000 –

5 F 43 >500 – –

6 F 79 – 292 –

7 F 41 218 – –

8 F 55 80 – –

9 F 60 246 >1000 –

10 F 45 >500 – –

11 m 60 228 – –

TG-Ab, antithyroglobulin antibodies; TPO-Ab, anti–thyroid peroxidase 
antibodies; TSHR-Ab, anti–thyrotropin receptor antibodies.
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liver and thyroid autoantigens, respectively. Apoptotic blebs secondary 
to BEC and thyrocyte destruction are normally eliminated by β2 glyco-
protein I (β2GPI), which is considered as a scavenger protein.47 β2GPI 
is highly expressed in the liver, where it is synthesized.48 β2GPI is also 
present in the thyroid gland, where it is considered as a megalin re-
ceptor.49 In a previous study on PBC, a high frequency of anti-β2GPI 
(aβ2GPI; 70%) has been shown.50 Also, a significantly higher frequency 
of aβ2GPI in HT (34.5%) but not in GD in comparison with healthy 
subjects has been demonstrated before.51 As has been shown before 
in PBC and HT patients,50,51 aβ2GPI was predominantly of IgA isotype 
(62.5% and 27.3% respectively). Measurement of anticardiolipin 

antibodies and aβ2GPI antibodies was previously performed in PBC 
patients in our study.51 Frequencies of antiphospholipid antibodies in 
the 11 PBC patients with ATA are presented in TABLE 5. Fascinatingly, 
out of 11 PBC patients with ATA, 9 (81.8%) had aβ2GPI-IgA. So, both in 
PBC and in HT, when aβ2GPI bind to their target antigen β2GPI, they 
block the function of the latter, leading to an accumulation of apoptotic 
blebs and a production of more and more antibodies, and a vicious cycle 
ensues.

It is interesting to note that a close link exists between the liver and 
the thyroid gland.52,53 Indeed, serum and liver thyroid hormones are 
positively related to mitochondrial population.52 Thyroid hormones 

TABLE 3.  Frequency of autoimmune thyroid disease in primary biliary cholangitis according to medical records

First author/reference No. Year Country Number of PBC patients 
HT or GD

n (%) 
HT

n (%) 
GD

n (%) 

Inoue12 1995 Japan 874 nd 49 (5.6) nd

Gershwin17 2005 USA 1032 93 (9) nd nd

Mantaka13 2012 Greece 111 nd 20 (18) nd

Muratori11 2015 Italy 281 67 (24) nd nd

Floreani14 2015 Italy 361 52 (14.4) 45 (12.5) 7 (1.9)

Floreani15 2016 Spain
Italy

545
376

109 (12.7) 94 (10.2) 15 (1.6)

Zeng18 2020 China 137 25 (18.2) 20 (14.6) 5 (3.6)

Liu19 2021 China 505 4 (0.8) 1 (0.2) 3 (0.6)

Efe20 2021 Europe
USA

Canada

1554 165 (10.6) 141 (9.1) 24 (1.5)

GD, Graves’ disease; HT, Hashimoto’s thyroiditis; nd, not determined; PBC, primary biliary cholangitis.

TABLE 4.  Comparison between our study and that of Crowe et al21

First author/reference No. Year Country Number of PBC patients 
TPO-Ab or TG-Ab

n (%) 
TPO-Ab
n (%) 

TG-Ab
n (%) 

TSHR-Ab
n (%) 

Crowe21 1980 England 95 25 (26) 21 (22.1) 16 (16.8) nd

Our study 2023 Tunisia 80 11(13.7) 9 (11.2) 5 (6.2) 0 (0)

nd, not determined; PBC, primary biliary cholangitis; TG-Ab, antithyroglobulin antibodies; TPO-Ab, anti–thyroid peroxidase antibodies; TSHR-Ab, anti–thy-
rotropin receptor antibodies.

TABLE 5.  Frequency of antiphospholipid antibodies in primary biliary cholangitis patients with antithyroid antibodies50

Patient Sex 
aCL-IgG
(U/mL) 

aCL-IgA
(U/mL) 

aCL-IgM
(U/mL) 

aβ2GPI-IgG
(U/mL) 

aβ2GPI-IgA
(U/mL) 

aβ2GPI-IgM
(U/mL) 

1 F – – – – 15 –

2 F – – – – – –

3 F – – – – – –

4 F – 21 12.5 19 >100 21

5 F – – – – 26 –

6 F – – – – 31 –

7 F – – – – 34 –

8 F – – – – 22 12.5

9 F – – – – 17.9 –

10 F – – – – 21 –

11 M – – – – 13.2 –

aCL, anticardiolipin antibodies; aβ2GPI, anti–β2 glycoprotein antibodies.
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regulate the metabolic rate of hepatocytes and the liver metabolizes thy-
roid hormones.53 Furthermore, liver antigens are expressed in the thy-
roid gland and vice versa; that is, thyroid antigens are expressed in the 
liver.54–58 Sato et al56 reported that hepatocyte nuclear factor 3 plays a role 
in the transcriptional regulation of the thyroperoxidase promoter and was 
expressed in cultured thyroid cells and in the adult thyroid gland.

In conclusion, we report herein finding a higher frequency of TPO-Ab 
in PBC patients than in the control group, and we tried to explain why 
PBC seems to be frequently associated with HT. Large epidemiological 
and prospective studies must be performed to demonstrate the true 
prevalence of AITD in Tunisian patients with PBC.
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ABSTRACT 

Background:  Hepatocellular carcinoma (HCC) is the most common 

type of primary liver cancer and the leading cause of cancer mortality. 

Various studies have linked dysregulated microRNA expression to liver 

cancers, but those related to viral hepatitis–related HCC are limited. 

Methods:  We investigated the diagnostic and prognostic roles of cir-

culating miR-331-3p, miR-23b-3p, and miR-3194-5p in EDTA-treated 

blood samples of 50 hepatitis C virus (HCV) HCC patients, 50 HCV 

cirrhotic patients, and 50 healthy controls using quantitative real-time 

polymerase chain reaction. 

Results:  We found that miR-23b-3p and miR-3194-5p were signifi-

cantly downregulated, whereas miR-331-3p was upregulated in HCC 

patients compared with controls. Also, these miRNAs were signifi-

cantly dysregulated in HCC compared with cirrhotic patients. For the 

diagnosis of HCC, miR-331-3p and the combined miRNAs panel had 

the highest area under the curve (AUC), followed by miR-3194-5p. The 

highest AUC for differentiating metastatic from nonmetastatic patients 

was shown by miR-331-3p and the combined miRNAs panel, followed 

by miR-23b-3p. Dysregulation of miRNAs was associated with poor 

clinicopathological manifestations. Finally, miR-331-3P was found to 

be an independent risk factor for metastatic lesions in HCC. 

Conclusion: Overall, the assessed miR-331-3p, miR-23b-3p, and miR-

3194-5p were significantly associated with poor clinicopathological 

features of HCC and could be used to discriminate HCV-related 

HCC patients from cirrhosis and differentiating metastatic from 

nonmetastatic patients, primarily miR-331-3p along with combined 

miRNAs. Moreover, miR-331-3p was found to be an independent 

factor for metastatic lesions.

Introduction
Hepatocellular carcinoma (HCC) is the second leading cause of cancer-
related death in the world and the fifth most common solid tumor.1 It 
is induced by alcohol intake, obesity, and chronic liver illnesses, partic-
ularly viral hepatitis B (HB) or hepatitis C virus (HCV).2 The common 
biomarker that can be used to predict treatment response and track ill-
ness recurrence is alpha fetoprotein (AFP). However, its sensitivity and 
specificity are significantly restricted, especially when used independ-
ently of other biomarkers. As a result, additional or supplementary 
biomarkers are critically necessary for improving the standard of care 
for HCC patients.3 MicroRNAs (miRNAs) are novel biomarkers with 
clinical potential that were discovered as tumor indicators in tissues 
and the blood by Lawrie et al4 in 2008. They are single noncoding short 
RNAs (20 to 24 nt) that play a role in the regulation of gene expres-
sion posttranscriptionally by influencing the stability and translation 
of mRNAs.5 In terms of patient safety, miRNAs detected in a liquid 
biopsy are of special importance. The appealing potential of these 
RNAs as less invasive biomarkers is mostly due to their stability and 
release into the bloodstream.6,7 Cancer research has recently focused on 
miRNAs.3 It is considered that miRNAs might be involved in the onset 
and progression of a variety of diseases, including HCC.8 It has been 
proposed that the use of miRNAs as biomarkers for early detection and 
treatment of HCC could increase the possibility of a cure, reduce mor-
tality, and lessen the burden of the disease.9 It is possible that miRNAs 
have a dual role as either tumor suppressors or oncogenes depending 
on cellular requirements.10,11 miR-331-3p, located on 12q22n,12 has 
been implicated in prostate cancer, glioblastoma, colorectal cancer, 
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and breast cancer by regulating the expressions of epidermal growth 
factor receptor and HER-2 via lowering Akt activity.13,14 Further-
more, it has been linked to HCC.15 miR-23b-3p, on chromosome 9, is 
a component of the intronic miR-23b/27b/24-1 cluster and is located 
at q22.32.16 miR-23b-3p, a tumor suppressor with low expression in 
a number of malignancies, has also been investigated.17 On the other 
hand, the function of miR-3194, which is situated at 20q13.2, remains 
uncertain in HCC. Recent research has revealed that HCC tissues had 
abnormal expression of miR-331-3p and miR-23b-3p, although their 
serum levels have not yet been thoroughly examined.18 Using miRNA 
combinations is a possible option for providing new HCC diagnostic 
tools and enhancing therapeutic observation.3 Combined miRNAs were 
significantly more accurate in predicting the presence of liver disease 
or cirrhosis than conventional biomarkers.19 Therefore, the aim of this 
study was to evaluate the potential diagnostic and prognostic roles 
of the miRNA panel composed of miR-331-3p, miR-23b-3p, and miR-
3194-5p in patients with HCV-related HCC.

Methods

Study Design
There were 150 subjects enrolled in this study, which was conducted 
at the National Liver Institute in cooperation with the Medical Bio-
chemistry and Molecular Biology Departments, Faculty of Medicine, 
Menoufia University, Shibin El Kom, Egypt. They were categorized into 
3 groups. Patients in group I (50 patients) had HCC in relation to chronic 
HCV and those in group II (50 patients) had HCV-positive chronic liver 
disease. The controls (group III; 50 subjects) were healthy participants 
who were matched for age and gender, were negative for hepatitis virus 
indicators (HCV antibody, HB surface antigen [HBs-Ag], and HB core 
antibody [HBc-Ab]). Patients over the age of 18 who were infected with 
HCV were eligible. Patients with positive HBs-Ag or HBc-Ab, secondary 
liver cancer, other neoplasms, chronic hepatitis or cirrhosis induced 
by any cause other than HCV infection, HCC treatment, and antiviral 
medication were all excluded from the study. Detailed history, thorough 
physical examination, and laboratory and imaging procedures (ultraso-
nography and computed tomography [CT]) were performed to diagnose 
chronic liver disease.20 Specific criteria in triphasic spiral CT and/or 
magnetic resonance imaging were used to diagnose HCC.21 To evaluate 
HCC staging, the Barcelona Clinic Liver Cancer Staging System (BCLC) 
was used.22 The Child-Pugh score was used to evaluate the severity of 
liver disease.

Ethical Approval
This research was conducted in compliance with the Declaration of Hel-
sinki. All participants signed a written informed consent form, which 
was authorized by the Ethics Committee of Menoufia University’s Fac-
ulty of Medicine.

Blood Sampling and Laboratory Tests
Six milliliters of venous blood were drawn by sterile venipuncture and 
separated into 2 portions. The first portion (4 mL) was put in a plain 
tube to assess liver function, hepatitis viral markers, and AFP. The 
second portion (2 mL) was placed in an EDTA tube for complete blood 
count (CBC), HCV reverse transcription–polymerase chain reaction 
(RT-PCR), and miRNA expression analysis.

Laboratory Procedures
CBC was assessed by a Sysmex XN-1000.23 The kinetic UV optimized 
method according to the International Federation of Clinical Chemistry  
(LTEC kit) was used to assess alanine aminotransferase (ALT) and as-
partate aminotransferase (AST).24,25 The method with enhanced speci-
ficity of the bromocresol purple colorimetric test was used to measure 
albumin (DIAMOND diagnostic kit).26 HCV antibody was assessed using 
an electrochemiluminescence immunoassay on a COBAS immunoassay 
analyzer,27 and HBs-Ag was determined using a Sorin Biomedica kit.28 
AFP was tested using an enzyme-linked immunosorbent assay kit from 
Siemens Medical Solutions Diagnostics (IMMULITE 1000 system).29 
HCV-RNA was quantified by RT-PCR using the COBAS TaqMan HCV 
quantitative test, version 2.0 (Roche Molecular Systems).30

Molecular Analysis

miRNA Extraction and cDNA Generation
miRNA extraction from EDTA-treated blood samples was done by using 
the miRNeasy Mini kit (Qiagen). A Nano-Drop instrument was used to 
evaluate the quantity and purity of extracted miRNA (Thermo Scien-
tific). The purified miRNA was kept at −80°C. Using an miScript II RT kit 
(Qiagen), the separated miRNA was analyzed by reverse transcription 
to yield single-stranded cDNA. Reverse transcription was conducted on 
an iced in overall volume of 20 µL for every reaction. Ten microliters of 
purified miRNA was dispensed just after a mixture of 4 µL 5x miScript 
HiSpec RT buffer, 2 µL 10x miScript Nucleics Mix, 2 µL miScript reverse 
transcriptase, and 2 µL nuclease free water had been pipetted into each 
well. The experiment was carried out in a 2720 Applied Biosystems 
thermal cycler (Bioline) for 1 cycle at 37°C for 60 minutes and 95°C for 5 
minutes. The cDNA was kept at −20°C.

Amplification
A miScript SYBR Green PCR kit provided by Qiagen was used for ampli-
fication. The cDNA samples were diluted 1:5 with nuclease-free water 
prior to amplification. A total of 12.5 µL SYBR Green Master Mix, 3.5 
µL nuclease free water, 4 µL diluted cDNA, 2.5 µL miScript universal 
primer, and 2.5 µL miScript primer assay was used in a whole volume 
of 25 µL. The miScript primer assay, which includes specific forward 
primers of miRNA was used to identify miR-331-3p, miR-23b-3p, and 
miR-3194-5p. As a reference, the miRNA RNU6 was used. The ampli-
fication was carried out in ABI 7500 real-time PCR (software version 
2.0.1) as follows: initial activation at 95°C for 15 minutes followed by 
40 cycles of 94°C for 15 seconds, 55°C for 30 seconds, and 70°C for 30 
seconds. The relative quantifications of miR-331-3p, miR-23b-3p, and 
miR-3194-5p were determined using the comparative 2−ΔΔCt method 
after normalizing the expression levels of miR-331, miR-23b-3p, and 
miR-3194-5p to that of RNU6. For each run, melting curve analysis was 
conducted for miR-331-3P, miR-23-3P, and miR-3194-5P to demon-
strate amplification specificity and primer dimer absence.

Statistical Analysis
The data were input into the computer and evaluated using the IBM 
SPSS software package version 20.0. (IBM). The normality of the var-
iable distribution was confirmed using the Kolmogorov-Smirnov test. 
The χ2 test (Monte Carlo) was used to compare categorical data be-
tween groups. For abnormally distributed quantitative variables, the 
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Mann–Whitney test was used to compare 2 groups, the 3 study groups 
were compared using analysis of variance (ANOVA), the Tukey post hoc 
test was used for pairwise comparison, and the Kruskal-Wallis test was 
used to compare different groups for abnormally distributed quantita-
tive data followed by the Dunn’s post hoc test for multiple comparisons 
for pairwise comparison. The receiver operating characteristic (ROC) 
curve was used to evaluate diagnostic performance of the markers. Re-
gression analysis was performed. Significance was determined to be at 
the 5% level.

Results
This study involved 150 subjects who were divided into 2 groups: 
group I, those with HCC on top of chronic HCV, and group II, those 
with HCV-positive chronic liver disease. The controls (group III; 50 
subjects) were age- and gender-matched apparently healthy volunteers. 
All the participant demographic and clinicopathological characteris-
tics are summarized in TABLE 1. They were matched for age, gender, 
body mass index, and smoking status (P = .129, P = .373, P = .137, and 

P = .7, respectively). Of subjects with HCC, 72% revealed significant 
associations with bilharziasis (P < .001). However, in terms of associ-
ated comorbidities (diabetes mellitus, P = .523; hypertension, P = .129; 
hepatic encephalopathy, P = .338; splenomegaly, P =.091; ascites, P = 
.141; and Child-Pugh class, P = .154), the HCC group did not differ sig-
nificantly from patients with cirrhosis.

As shown in TABLE 2 and FIGURE 1, 40% and 24% of patients 
with HCC had vascular invasion and lymph node metastasis, respec-
tively. The sites of distant metastasis were bone (12%), lung (6%), and 
kidney (6%). The right lobe of the liver was the most affected (52%), 
with 60% of patients having numerous tumor nodules and 46% having 
large tumors (>5 cm). In 66% of cases, TNM staging (III + IV) was ad-
vanced. By BCLC classification, 46% of HCC cases were classified as 
stage C.

Platelet count and serum albumin were significantly lower whereas 
ALT, AST, bilirubin, and AFP were significantly elevated in patients 
(mainly those with HCC) compared with the control group (TABLE 3).

The expression of miR-3194-5p (P
1
 = .002, P

2
 < .001, P

3
 < .001) 

and miR-23b-3p (P
1
 < .001, P

2
 < .001, P

3
 < .04) were significantly 

TABLE 1.  Comparison between the 3 studied groups according to demographic and clinical parametersa

 HCC (n = 50) Cirrhosis (n = 50) Control (n = 50) Test of significance P 

Gender

 � Male 41 (82) 38 (76) 35 (70) χ2 = 1.974 .373

 � Female 9 (18) 12 (2) 15 (30)

Age (y)

 �  Minimum-maximum 47-74 39-64 46-65 F = 2.073 .129

 � Mean ± SD 59.74 ± 6.16 57.68 ± 4.77 58.78 ± 4.03

BMI (kg/m2)

 � Minimum-maximum 20-33.1 18.5-35 18-30 F = 2.017 .137

 � Mean ± SD 26.23 ± 3.15 26.76 ± 4.17 25.22 ± 4.27

Smoking

 � No 27 (54) 23 (46) 25 (50) χ2 = 0.64 MCP = .7

 � Smoker 23 (46) 27 (54) 25 (50)

Comorbidities

 � Diabetes 15 (30) 18 (36) — χ2 = 0.407 .523

 � Hypertension 10 (20.4) 17 (34) — χ2 = 2.305 .129

History of bilharziasis

 � No 14 (28) 30 (60) 50 (100) χ2 = 55.623 <.001b

 � Yes 36 (72) 20 (40) 0 (0)

Hepatic encephalopathy 4 (8() 7 (14) — χ2 = 0.919 .338

Splenomegaly 37 (74) 29 (58) — χ2 = 2.852 .091

Ascites

 � No 38 (76) 43 (86) — χ2 =  4.109 MCP = .141

 � Mild 8 (16) 7 (14) —

 � Moderate 4 (8) 0 (0) —

Child-Pugh class

 � A 31 (62) 35 (70) — χ2 = 3.965 MCP = .154

 � B 15 (30) 15 (30) —

 � C 4 () 0 (0) —

F, analysis of variance test (pairwise comparison between each 2 groups was done using the Tukey post hoc test); MC, Monte Carlo.
aData are given as No. (%) unless otherwise indicated.
bStatistically significant at P ≤ .05.
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downregulated whereas miR-331-3p (P
1
 = .001, P

2
 < .001, P

3
 < .001) was 

upregulated in HCC patients compared with cirrhotic patients and the 
control group, as it was in cirrhotic patients compared with the control 
group (TABLE 3). The analytical performance of the miRNAs to distin-
guish groups is shown in TABLE 4 (FIGURE 2). miR-331-3p exhibited 
a sensitivity of 90%, AUC of 0.958, and P < .001 in distinguishing HCC 
cases from healthy controls, followed by miR-3194-5p (86%, AUC: 
0.849, P < .001), AFP (80%, AUC: 0.811, P < .001), and the expres-
sion of miR-23b-3p reported sensitivity of 76% at <0.7 (AUC: 0.737, 
P < .001). The combination of the 3 investigated miRNAs revealed the 
highest sensitivity of 94% and specificity of 92% with AUC of 0.975 (P 
< .001) in differentiating HCC from control, as we expected. Addition-
ally, this combined miRNA panel was 90% effective at differentiating 
HCC from patients with cirrhosis (AUC: 0.77, P < .001). miR-331-3p 
was efficient at differentiating HCC patients from cirrhotic patients at 
a cutoff value of >1.9 (sensitivity: 86%, AUC: 0.757, P < .001), followed 
by miR-3194-5p and AFP with sensitivity of 82% and 72% at a cutoff 
value of ≤0.99 and >31.3 (AUC: 0.73, P < .001; and AUC: 0.702, P = 
.001), respectively. In distinguishing patients with metastatic forms of 
the disease from nonmetastatic forms, miR-331-3p had a higher AUC 
of 0.982 and sensitivity of 91.67% at a cutoff value of >11.5 (P < .001) 

than miR-23b-3p, with sensitivity of 83.33% at a cutoff value of ≤0.25 
(AUC: 0.813, P = .001), and miR-3194-5p (75%, AUC: 0.786, P = .003). 
Moreover, the combination of the 3 studied miRNAs showed sensitivity 
of 91.67% and specificity of 92.11 with AUC of 0.991 and P < .001. 
AFP failed to distinguish between metastatic and nonmetastatic HCC 
patients (P = .540).

The relation between the 3 studied miRNAs and the clinical features 
of the HCC subjects is shown in TABLE 5. A high level of miR-331-3p ex-
pression was significantly related to vascular invasion (P = .017), lymph 
node and distant metastasis (P < .001), advanced TNM stages (III + IV) 
(P = .003), and BCLC C and D staging (P = .004). However, low levels 
of miR-23b-3p were associated with vascular invasion (P = .007), me-
tastasis (P = .001), multiple nodular tumors (P = .024), advanced TNM 
stages (III + IV) (P < .001), and advanced BCLC staging (P < .001). In ad-
dition, miR-3194-5p was significantly lower in HCC patients with Child-
Pugh class C (P = .009), metastasis (P = .003), advanced TNM stages (III 
+ IV) (P = .014), and advanced BCLC staging (P < .001).

Finally, the contributing role of miRNAs in metastasis was 
investigated using univariate and multivariate analysis (TABLE 6, 
FIGURE 2). The univariate analysis revealed significant association 
of miR-331-3p, miR-23b-3p, and 3194-5p with metastasis. Moreover, 
miR-331-3p was found to be an independent predictor of metastasis 
(P = .036; odds ratio [95% CI]: 1.970 [1.046-3.71])

Discussion
Our study evaluated the diagnostic and prognostic roles of miR-
331-3p, miR-23b-3p, and miR-3194-5p expressions in HCV-related 
HCC vs HCV cirrhotic patients as well as apparently healthy subjects. 
Despite ongoing advancements in diagnostic tools and treatment effi-
cacy, many patients with HCC are still evaluated at the end stage with 
acute liver failure. As a result, identifying new diagnostic and prog-
nostic biomarkers for HCC treatment is critical.31 Most chronic HCV 
cases follow a clinical path that begins with fibrosis, progresses to cir-
rhosis, and then ends with HCC. Liver fibrosis is associated with alter-
ation in hepatic miRNA expression, and hence, the advancement of 
fibrosis affects circulating miRNAs.32 Our results revealed significant 
upregulations of miR-331-3p and downregulations of both miR-23b-3p 
and miR-3194-5p in HCC patients compared with controls. Also, 
patients with HCC demonstrated significant dysregulations of miRNAs 
compared with those with cirrhosis. Moreover, miR-331-3p better 
differentiated HCC from controls. It reported the highest sensitivity 
compared with serum AFP. Similarly, Li et al33 found that miR-331-3p 
was differentially expressed in serum of HCV-related HCC patients 
compared with liver cirrhosis patients, implying that miRNA might 
be used as an alternative HCC biomarker. It was postulated that miR-
331-3p regulates BCL2 antagonist/killer 1 (BAK1) expression, which 
is substantially suppressed in HCC.34 BAK1 belongs to the BCL2 pro-
tein family and is the principal regulator of the cell death process, and 
through its collaborates with other pro-apoptotic molecules, promotes 
mitochondrial apoptosis.34 Chi et al35 discovered that increased miR-
331-3p had diagnostic and prognostic relevance in liver cancer. Re-
search studies have shown the potential relevance of miR-331-3p in 
pancreatic cancer, glioblastoma, colorectal cancer, and breast cancer 
by regulating the expressions of epidermal growth factor receptor and 
HER-2 via reducing Akt activity.12-14 Conversely, Zhao et al36 discovered 
that miR-331-3p expression is downregulated in triple-negative breast 

TABLE 2.  Clinicopathological distribution of the 
hepatocellular carcinoma cases

 No. (%) 

Vascular invasion 20 (40)

Lymph node metastasis 12 (24)

Metastatic site if present

 � Bone 6 (12)

 � Lung 3 (6)

 � Renal 3 (6)

Tumor number

 � Single 20 (40)

 � Multiple 30 (60)

Tumor size (cm)

 � Small <3 9 (18)

 � Medium 3-5 18 (36)

 � Large >5 23 (46)

Tumor site

 � Right lobe 26 (52)

 � Left lobe 8 (16)

 � Caudate lobe 3 (6)

 � Both 13 (26)

TNM staging

 � I 14 (28)

 � II 3 (6)

 � III 15 (30)

 � IV 18 (36)

Barcelona Clinic Liver Cancer Staging System

 � A 9 (18)

 � B 14 (28)

 � C 23 (46)

 � D 4 (8)
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cancer (TNBC) tissues, and it was significantly associated with the ad-
vanced stage of TNBC. miR-331-3p at least partially inhibited the ma-
lignancy of TNBC by targeting neuropilin 2. miR-331-3p may therefore 
be a promising therapeutic target for TNBC. Hence, more research is 
still needed to fully understand the mechanism by which this miRNA 
functions.

Li et al33 and He et al37 reported that miR-23b-3p expression was 
clearly diminished in HCC tissues when compared with liver tissues. 
However, high miR-23b-3p expression did not significantly coincide 
with long-lived HCC patients.38 miR-23b-3p is a tumor suppressor 
that may control HCC migration and invasion by aiming at Pyk2 via 
epithelial-mesenchymal transition regulation and could be a therapeutic 
target for the treatment of HCC.39 On the other hand, overexpressed 
miR-23b-3p suppressed mitochondrial metabolism and was linked to 
advanced hepatocarcinogenesis and poor prognosis, indicating that it 
acts as oncogenic miRNA in HCC carcinogenesis.40

Consistent with our results, Namkung et al41 showed that miR-
3194-5p was downregulated in a high-risk pancreatic cancer group. Fur-
thermore, Young et al42 discovered that estrogen enhanced ring finger 
protein 4, which lowers Sp1 levels and increases CD44 expression by 

downregulating miR-3194-5p in young women with lung cancer. How-
ever, it is unknown whether estrogen can directly control the expres-
sion of miR-3194-5p. Dan et al43 documented that miR-3194-5p was 
expressed in high levels among psoriatic patients. Also, the significant 
relation between miR-3194-5p and human papillomavirus type 16 
(HPV16) infection suggests that this miRNA may play a role in HPV16-
mediated neoplasia and metastasis as well as being relevant for oropha-
ryngeal squamous cell carcinoma prognosis.44

The ROC curve of the combined miRNAs (miR-3194-5p, miR-
23b-3p, and miR-331-3p) showed the combination had the highest 
sensitivity and effectively distinguished HCC from cirrhotic lesions. 
Also, Sun et al18 reported that combining miR-331-3p, miR-23b-3p, and 
AFP may improve diagnostic performance and offer a new approach to 
identifying early-stage HCC in patients at high risk. The ROC curve of 
combined miRNAs also revealed improved sensitivity and specificity in 
discriminating metastatic from nonmetastatic forms; miR-331-3p had 
higher sensitivity, followed by miR-23b-3p, and finally miR-3194-5p. In 
line with these findings, it was demonstrated that patients with met-
astatic disease have higher expression of miR-331 and thus, miR-331 
could be a promoter of breast cancer metastasis.45 Therefore, adopting 

FIGURE 1.  A, Distribution of the studied cases according to vascular invasion and lymph node (LN) metastasis in the 
hepatocellular carcinoma (HCC) group. B, Distribution of the studied cases according to metastatic site if present in the HCC 
group. C, Distribution of the studied cases according to TNM staging in the HCC group. D, Distribution of the studied cases 
according to the Barcelona Clinic Liver Cancer Staging System (BCLC) in the HCC group.
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a comprehensive panel of miRNAs should improve HCC prognosis more 
than a single-biomarker procedure.

Our study also found a correlation between poor clinicopathological 
characteristics in HCC and high miR-331-3p as well as low miR-3194-5p 
and miR-23b-3p expression. Similarly, studies of other variables have 
shown associations between low miR-23b-3p expression and smoking 
history, vascular invasion, and lymphatic metastasis, implying that miR-
23b-3p may play a significant role in the growth and development of 
HCC tumors via various mechanisms and may be one of the poor prog-
nostic indicators for cases of HCC that have undergone resection.37,46-48

Multivariate analysis revealed that miR-331-3p was an independent 
predictor of HCC metastatic lesions. In accordance with our results, pre-
vious research revealed that the overexpression of miR-331-3p promotes 
liver cancer cell proliferation and metastasis via dephosphorylation of 
protein kinase B, which is accomplished through inhibiting leucine-rich 
repeat protein phosphatase.49,50

All of these miRNAs, alone or in combination, have sensitivity or 
specificity issues in diagnosis and in picking up metastatic forms of the 
disease. To successfully use these biomarkers in illness diagnosis and 
monitoring or for identifying people at risk for a significant adverse 

TABLE 3.  Laboratory analysis of the 3 studied groups

 HCC (n = 72) Cirrhosis (n = 48) Control (n = 47) Test of significance P 

ALT (U/L)

 � Minimum-maximum 28-162 6-168 20-29 H = 74.266 <.001a

 � Median (IQR) 43 (35-55) 33.50 (28-50) 22 (21-26)

 � Significance between groups P
1
 = .005,a P

2
 < .001,a P

3
 < .001a

AST (U/L)

 � Minimum-maximum 25-135 8-104 18-29 H = 77.180 <.001a

 � Median (IQR) 50 (39-72) 39.50 (30-57) 24 (22-28)

 � Significance between groups P
1
 = .018,a P

2
< .001,a P

3
< .001a

Platelets (×10³/μL)

 � Minimum-maximum 66-790 48-337 200-300 H = 49.959 <.001a

 � Median (IQR) 140 (93-189) 178 (138-219) 265 (210-290)

 � Significance between groups P
1
 = .059, P

2
< .001,a P

3
< .001a

Serum albumin (g/dL)

 � Minimum-maximum 2.30-4.67 2-4.60 3.90-4.80 F = 30.586 <.001a

 � Mean ± SD 3.43 ± 0.76 3.74 ± 0.59 4.33 ± 0.32

Total bilirubin (mg/dL) P
1
 = .023,a P

2
< .001,a P

3
< .001a

 � Minimum-maximum 0.60-2.40 0.17-5 0.20-0.90 H = 54.482 <.001a

 � Median (IQR) 1.31 (0.84-1.8) 0.87 (0.70-1.6) 0.60 (0.40-0.70)

 � Significance between groups P
1
 = .028,a P

2
 < .001,a P

3
 < .001a

AFP (ng/mL)

 �  Minimum-maximum 3-6324 2.14-614 10-18 H = 29.062 <.001a

 � Median (IQR) 63.70 (23.5-698) 17 (8.9-73) 13 (12-15)

 � Significance between groups P
1
 < .001,a P

2
 < .001,a P

3
 = .087

miR-331-3p

 �  Minimum-maximum 0.76-20.8 0.14-15.0 0.1-1.55 H = 72.784 <.001a

 � Median (IQR) 5.2 (3.8-13.8) 1.75 (1.2-4.5) 0.78 (0.42-1.19)

 � Significance between groups P
1
 = .001,a P

2
 < .001,a P

3
 < .001a

miR-23b-3p

 �  Minimum-maximum 0.06-1.10 0.06-1.38 0.09-1.77 H = 16.706 <.001a

 � Median (IQR) 0.36 (0.10-0.7) 0.75 (0.09-0.9) 0.76 (0.46-1.56)

 � Significance between groups P
1
 < .001a, P

2
 < .001,a P

3
 < .04a

miR-3194-5p

 �  Minimum-maximum 0.06-1.15 0.08-1.39 0.08-1.72 H = 47.723 <.001a

 � Median (IQR) 0.6 (0.32-0.90) 1.08 (0.57-1.27) 1.45 (1.15-1.56)

 � Significance between groups P
1
 = .002,a P

2
 < .001,a P

3
 < .001a

AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; F, analysis of variance test (pairwise comparison between each 
2 groups was done using the Tukey post hoc test); H, Kruskal-Wallis test (pairwise comparison between each 2 groups was done using Dunn’s post hoc 
test for multiple comparisons); HCC, hepatocellular carcinoma; IQR, interquartile range; P

1
, P value for comparing HCC and cirrhosis; P

2
, P value for 

comparing HCC and control; P
3
, P value for comparing cirrhosis and control.

aStatistically significant at P ≤ .05.
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TABLE 4.  Analytical performance of miRNAs and AFP to distinguish different groups

 AUC P 95% CI Cutoff Sensitivity Specificity PPV NPV 

HCC cases (n = 50) from controls (n = 50)

miR-331-3p 0.958 <.001a 0.920-0.955 >1.41 90.0 88.0 88.2 89.8

miR-23b-3p 0.737 <.001a 0.642-0.833 ≤0.7 76.0 54.0 62.3 69.2

miR-3194-5p 0.849 <.001a 0.969-1.0 ≤1 86.0 82.0 82.7 85.4

Combination 0.976 <.001a 0.949-1.0 94.0 92.0 92.2 93.9

AFP 0.811 <.001a 0.705-0.917 >14 80.0 70.0 72.7 77.8

HCC patients (n = 50) from cirrhosis (n = 50)

miR-331-3p 0.757 <.001a 0.662-0.852 >1.9 86.0 56.0 66.2 80.0

miR-23b-3p 0.617 <.043a 0.502-0.732 ≤0.69 74.0 66.0 68.5 71.7

miR-3194-5p 0.730 <.001a 0.502-0.732 ≤0.99 82.0 74.0 76.8 84.1

Combination 0.770 <.001a 0.679-0.862 90.0 60.0 69.2 85.7

AFP 0.702 .001a 0.600-0.803 >31.3 72.0 64.0 66.7 69.6

Metastatic cases (n = 12) from nonmetastatic (n = 38) in HCC group

miR-331-3p 0.982 <.001a 0.949-1.015 >11.5 91.67 89.47 73.3 97.1

miR-23b-3p 0.813 .001a 0.688-0.937 ≤0.25 83.33 73.68 50.0 93.3

miR-3194-5p 0.786 .003a 0.6538-0.934 ≤0.5 75.0 71.05 45.0 90.0

Combination 0.991 <.001a 0.973-1.0 91.67 92.11 78.6 97.2

AFP 0.559 .540 0.348-0.771 >78 58.33 57.89 30.4 81.5

AFP, alpha fetoprotein; AUC, area under the curve; HCC, hepatocellular carcinoma; miRNA, microRNA; NPV, negative predictive value; PPV, positive pre-
dictive value.
aStatistically significant at P ≤ .05.

FIGURE 2.  A, Receiver operating characteristic (ROC) curve for microRNA (miRNA) and alpha fetoprotein (AFP) to diagnose 
hepatocellular carcinoma (HCC) patients from control. B, ROC curve for miRNA and AFP to diagnose HCC from cirrhosis. C, 
ROC curve for miRNA and AFP to diagnose metastasis from nonmetastasis in the HCC group. D, Univariate logistic regression 
analysis for the parameters affecting metastasis. BCLC, Barcelona Clinic Liver Cancer Staging System.
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TABLE 5.  Relation between miRNA and clinical parameters in HCC patients

 n 
miR-331-3p miR-23b-3p miR-3194-5p

Mean ± SD Median (IQR) Mean ± SD Median (IQR) Mean ± SD Median (IQR) 

Child-Pugh class

 � A 31 7.24 ± 6.07 4.80 (3.65-10.50) 0.48 ± 0.32 0.42 (0.24-0.72) 0.67 ± 0.33 0.69 (0.39-0.94)

 � B 15 9.78 ± 7.11 8.10 (4.45-16.55) 0.43 ± 0.39 0.25 (0.08-0.80) 0.61 ± 0.36 0.60 (0.32-0.86)

 � C 4 13.05 ± 7.97 14.80 (7.40-18.70) 0.17 ± 0.08 0.19 (0.13-0.22) 0.07 ± 0.01 0.07 (0.07-0.08)

 � H (P) 2.790 (.248) 3.942 (.139) 9.399 (.009a)

Vascular invasion

 � No 30 6.39 ± 5.16 4.75 (2.90-9.50) 0.54 ± 0.34 0.48 (0.25-0.89) 0.66 ± 0.38 0.70 (0.33-1.0)

 � Yes 20 11.59 ± 7.47 13.0 (4.60-18.80) 0.28 ± 0.27 0.21 (0.07-0.38) 0.52 ± 0.33 0.51 (0.31-0.83)

 � U (P) 180.0(.017a) 163.50 (.007a) 228.50 (.157)

LN metastasis

 � No 38 5.43 ± 3.99 4.65 (2.60-6.20) 0.52 ± 0.34 0.46 (0.25-0.79) 0.69 ± 0.34 0.72 (0.42-0.98)

 � Yes 12 18.08 ± 3.21 19.10 (17.6-19.95) 0.17 ± 0.15 0.10 (0.07-0.23) 0.33 ± 0.30 0.27 (0.08-0.51)

 � U (P) 8.0 (<.001a) 85.50 (.001a) 97.50 (.003a)

Metastatic site if present

 � Absent 38 5.43 ± 3.99 4.65 (2.60-6.20) 0.52 ± 0.34 0.46 (0.25-0.79) 0.69 ± 0.34 0.72 (0.42-0.98)

 � Present 12 18.08 ± 3.21 19.10 (17.6-19.95) 0.17 ± 0.15 0.10 (0.07-0.23) 0.33 ± 0.30 0.27 (0.08-0.51)

 � U (P) 8.0 (<.001a) 85.50 (.001a ) 97.50 (.003a )

Tumor number

 � Single 20 7.87 ± 7.34 4.60 (1.52-14.50) 0.60 ± 0.41 0.72 (0.18-0.99) 0.71 ± 0.40 0.83 (0.31-1.1)

 � Multiple 30 8.86 ± 6.22 5.25 (4.30-13.80) 0.33 ± 0.24 0.32 (0.08-0.47) 0.53 ± 0.32 0.53 (0.33-0.8)

 � U (P) 238.0 (.219) 186.0 (.024a) 208.50 (.070)

Tumor size (cm)

 � Small <3 9 8.53 ± 7.71 4.80 (4.50-16.80) 0.38 ± 0.28 0.31 (0.16-0.57) 0.69 ± 0.44 0.84 (0.32-1.1)

 � Medium 3-5 18 7.43 ± 6.48 4.50 (3.50-10.30) 0.41 ± 0.35 0.35 (0.08-0.54) 0.65 ± 0.30 0.65 (0.42-0.9)

 � Large >5 23 9.25 ± 6.52 6.80 (4.45-13.25) 0.48 ± 0.36 0.42 (0.19-0.75) 0.53 ± 0.37 0.6 (0.15-0.85)

 � H (P) 1.526 (.466) 0.473 (.789) 1.992 (.369)

TNM staging

 � I + II 17 4.82 ± 4.12 3.80 (1.20-6.80) 0.76 ± 0.30 0.79 (0.64-0.99) 0.77 ± 0.40 0.90 (0.66-1.1)

 � III + IV 33 10.34 ± 6.95 6.10 (4.70-18.30) 0.27 ± 0.22 0.25 (0.08-0.40) 0.52 ± 0.31 0.51 (0.32-0.73)

 � U (P) 136.0 (.003a) 64.0 (<.001a) 161.0 (.014a )

BCLC

 � A 9 3.99 ± 3.90 2.40 (0.88- 6.8) 0.95 ± 0.12 0.98 (0.89-0.99) 0.84 ± 0.42 1.10 (0.69-1.15)

 � B 14 4.80 ± 2.03 4.65 (4.10-5.3) 0.52 ± 0.20 0.48 (0.36-0.69) 0.75 ± 0.21 0.77 (0.53-0.90)

 � C 23 11.65 ± 7.09 12.20 (4.7-18.8) 0.24 ± 0.25 0.10 (0.07-0.33) 0.51 ± 0.32 0.49 (0.31-0.76)

 � D 4 13.05 ± 7.97 14.80 (7.40-18.7) 0.17 ± 0.08 0.19 (0.13-0.22) 0.07 ± 0.01 0.07 (0.07-0.08)

 � H (P) 13.446 (.004a) 29.242 (<.001a) 16.628 (.001a)

BCLC, BCLC, Barcelona Clinic Liver Cancer Staging System; H, Kruskal-Wallis test; IQR, interquartile range; LN, lymph node; U, Mann-Whitney U test.
aStatistically significant at P ≤ .05.

TABLE 6.  Univariate and multivariate logistic regression analysis for the miRNAs related to metastasis

 
Univariate Multivariatea

P OR (LL-UL 95% CI) P OR (LL-UL 95% CI) 

miR-331-3p .002b 1.767 (1.231-2.535) .036b 1.970 (1.046-3.71)

miR-23b-3p .01b 0.003 (0.0-0.24) .162 0.0 (0.0-236.49)

miR-3194-5p .006b 0.036 (0.003-0.389) .525 0.192 (0.001-31.14)

LL, lower limit; miRNA, microRNA; OR, odds ratio; UL, upper limit.
aAll variables with P < .05 were included in the multivariate.
bStatistically significant at P ≤ .05.
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event or those who may benefit more from a pharmacological treatment, 
further multicenter clinical trials are required to show efficacy, evaluate 
cost effectiveness, and receive approval by an appropriate organization.

We investigated the role of miR-3194-5p expression in HCC and cir-
rhotic lesions as part of a panel of miRNAs for the first time.

However, our study had some limitations, such as the fact that the 
results are less inclusive because it is not a multicenter study. Second, 
the sample size was insufficient. More research is needed to determine 
the underlying potential functions of these miRNAs in the development 
and progression of HCC.

Conclusion
This work adds to the body of knowledge by evaluating, for the first time, 
the function of miR-3194-5p expression in HCC and cirrhotic lesions, 
and we reported a significant association of miRNAs (miR-331-3p, 
miR-23b-3p, and miR-3194-5p) with poor clinicopathological features 
of HCC that could be used to distinguish HCV-related HCC from cir-
rhosis, mainly miR-331-3p alongside combined miRNAs, followed by 
miR-3194-5p. miR-331-3p with combined miRNAs could distinguish 
metastatic from nonmetastatic forms of disease. Moreover, miR-331-3p 
was found to be an independent factor for metastatic lesions. The poten-
tial noninvasive diagnostic significance of the miRNAs panel in HCC and 
metastasis is clarified in this work, which advances biomedical science. 
Additionally, the miRNAs panel may contribute to our understanding 
of the pathophysiology of HCC. The miRNAs panel may also represent a 
therapeutic target for HCC.
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ABSTRACT 

Objective:  Accurate estimation of serum thyrotropin (TSH) is crucial in the 

diagnosis of subclinical hypothyroidism (SCH) in pregnancy. We aimed to 

investigate whether there are significant differences between fasting and 

nonfasting thyroid function tests (TFTs) among pregnant mothers.

Methods:  We studied 100 pregnant mothers with previously unknown 

thyroid dysfunction. An equal number of participants were included 

in each trimester. All pregnant mothers underwent fasting and 2-hour 

postprandial TFTs (TSH, free T4).

Results:  Postprandial TSH (mean 1.01 mIU/L, SD 0.80) was sig-

nificantly lower than the fasting TSH (mean 1.47 mIU/L, SD 1.18) in 

pregnancy (P < .01). Postprandial free T4 (mean 10.30 pmol/L, SD 

2.01) was also lowered compared with fasting free T4 (mean 10.70 

pmol/L, SD 1.99) in pregnancy (P < .01). The prevalence of SCH in 

pregnancy estimated using fasting TSH was 9.4% (SD 3%). In con-

trast, the prevalence was only 3.5% (SD 2%) when postprandial TSH 

was used.

Conclusion:  Compared with the fasting state, postprandial TSH 

demonstrates a statistically significant reduction that greatly influences 

the diagnosis of SCH in pregnant mothers. Therefore, we conclude 

that the timing of sampling for TFTs should be standardized, especially 

in the pregnant population.

Introduction
Primary hypothyroidism is a commonly encountered endocrine disorder 
with an estimated prevalence of 0.3% globally.1 Subclinical hypothy-
roidism (SCH) is a milder form of hypothyroidism but has a higher prev-
alence, ranging from 4% to 15%, and it is also higher in females.2 SCH 
in pregnancy has a significant health impact on both mother and fetus,3 
so primary hypothyroidism and SCH should be diagnosed promptly and 
treated appropriately without delay.4 As the earliest change with primary 
thyroid disorder is an alteration of serum thyrotropin (TSH) level, esti-
mation of TSH is recommended by the guidelines of the American and 
European thyroid associations as a first-line test for thyroid disorders.5,6 
Subclinical hypothyroidism is diagnosed biochemically, as it can present 
with or without symptoms. In these circumstances, measuring TSH is 
more sensitive than T4 because TSH rises above the reference range be-
fore T4 falls. The available literature clearly demonstrates that there is a 
significant reduction of TSH following food intake; however, this is less 
studied in the pregnant population. Therefore, we aimed to investigate 
any variability of TSH and T4 between fasting and postprandial samples 
in pregnancy.

Methods
This study was conducted at a tertiary care hospital in Sri Lanka, and 
it was approved by the ethical review committees of Castle Street Hos-
pital for Women and Medical Research Institute, Colombo, Sri Lanka. 
For our study, 100 pregnant mothers with previously unknown thy-
roid dysfunction aged between 18 and 50 years were recruited from 
the antenatal clinic. Participants from all 3 trimesters were covered 
in equal numbers (n = 33, 33, and 34). Patients with acute infection 
or illnesses, liver and renal disease, history of hypothalamic-pituitary 
disorders, or diabetes, or who were on steroid or other hormone re-
placement were not included in this study. Participants were advised 
to fast overnight for 8 to 10 hours. The first fasting venous sample 
was collected between 7 AM and 7:30 AM and the 2-hour postprandial 
venous sample was collected between 9 AM and 9:30 AM . All serum 
samples were analyzed for TSH and free T4 by Abbott Architect 2000i 
using the chemiluminescence technique. Abbott Architect reagents, 
quality control samples, and calibrators were used for the analysis. 
The analytical run was carried out after the validation of the quality 
control results.
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Statistical Analysis
The empirical cumulative distribution functions of fasting TSH, post-
prandial TSH, fasting free T4, and postprandial free T4 were compared 
with the empirical cumulative distribution functions of mean and 
standard deviation-matched normally distributed random variables, 
and the Kolmogorov-Smirnov D statistics were calculated to assess nor-
mality.

Fasting and postprandial values of TSH and free T4 were compared 
with paired t-tests. Differences in mean fasting and mean postpran-
dial TSH and free T4 in each trimester were analyzed using 1-way 
analysis of variance tests. A P value < .05 was taken as statistically 
significant.

Assuming a binomial distribution for the count of hypothyroid 
mothers (h), intercept-only Bayesian inference models informed by 
fasting and postprandial TSH values were fitted for logit-transformed 
prevalence (p) using weakly informative normally distributed priors.

h ∼ binomial (1, p)

logit (p) = a; a ∼ N (0, 10)

The posterior distribution of prevalence was estimated using Markov 
chain Monte Carlo (MCMC) sampling.7

A Bayesian logistic regression model was used to estimate the false-
negative rate for diagnosing SCH when using postprandial TSH instead 
of fasting TSH. The model assumed that the probability of a missed SCH 
diagnosis was a function of the intercept a and a binomial random vari-
able with a probability p with weakly informative priors.

pN ∼ binomial (1, p)

logit (p) = a; a ∼ N (0, 10)

Here, pN is the outcome variable representing whether a SCH diagnosis 
was missed. The posterior distribution of the model parameter a was 
estimated using the MCMC method, and the posterior predictive distri-
bution was used to estimate the false-negative rate for diagnosing SCH.

Results
We analyzed TSH and free T4 results from 100 blood samples of preg-
nant mothers (mean age 29.3 years, SD 6.3). The P values of the calcu-
lated D statistics were 0.53 for fasting TSH, 0.39 for postprandial TSH, 
0.59 for fasting free T4, and 0.66 for postprandial free T4, indicating 
that there is not sufficient evidence to reject the null hypothesis that the 
samples were derived from a normal distribution.

According to the data analysis, postprandial TSH (mean 1.01 mIU/L, 
SD 0.80) was significantly lower than fasting TSH (mean 1.47 mIU/L, SD 
1.18) in pregnancy (P < .01) (FIGURE 1). This pattern was observed in 
both trimester-specific and non-trimester-specified cohorts (FIGURE 
2). Postprandial free T4 (mean 10.30 pmol/L, SD 2.01) was also lower 
compared with fasting free T4 (mean 10.70 pmol/L, SD 1.99) in preg-
nancy (P < .01) (FIGURE 3). This pattern was seen in each trimester 
but the difference is too small to be statistically significant during the 
second trimester (FIGURE 4).

The prevalence of SCH in pregnancy estimated using fasting TSH 
was 9.4% (SD 3%). In contrast, the prevalence was only 3.5% (SD 2%) 
(FIGURE 5) when postprandial TSH was used. The posterior predictive 
density plots are depicted below (FIGURE 6).

The mean false-negative rate in screening SCH in pregnancy when 
postprandial TSH was used was 6.7% (SD 3.1%). The probability distribu-
tion is shown below for 10,000 samples from the posterior (FIGURE 7).

Discussion
SCH should be diagnosed promptly especially in the pregnant popula-
tion, as it is associated with maternal and fetal complications. Estima-
tion of TSH is critical in diagnosing SCH in pregnancy. Only a few studies 
have focused on the timing of TSH sampling, especially in the pregnant 
population. Our study demonstrates that postprandial TSH is signifi-
cantly lower (30.8% reduction) compared with fasting levels in pregnant 
mothers. This decline is seen in each trimester as well (FIGURES 1 
and 2). In a prospective randomized controlled study, Dong et al 8 found 
about 30% reduction in serum TSH following 75 g of glucose compared 
with the fasting sample, which is a similar finding but in nonpregnant 
participants.

Postprandial TSH decline has been reported in previous studies.8-17 
TSH and free T4 typically assume an inverse relationship, but post-
prandial reduction of free T4 is a new observation in our study. It is 
difficult to compare these results with the previous studies, as only 
1 study included the pregnant population as participants (n = 65).17 
The complex catabolic status in pregnancy following food intake 
might have contributed to postprandial reduction of free T4 and it 
is difficult to explain the exact intrinsic mechanism. We hypothesize 
that increased metabolic rate following the fed state causing higher 
deiodinase activity18 contributed to this finding. Future studies with 
a large sample size of pregnant persons should be carried out to con-
firm this.

There are significant variations in TSH and thyroid hormones in the 
blood, which can be attributed to preanalytical, analytical, and biolog-
ical factors. The circadian rhythm of TSH levels in healthy individuals 
is well documented, with high levels peaking between 11 PM and 5 AM 
and reaching a nadir between 5 PM and 8 PM. In a large data study by 
Wang et al,19 the authors concluded that there was no significant vari-
ation in serum TSH, free T4, and free T3 levels in samples collected in 
the morning. To minimize the compounding effect of diurnal variability, 

FIGURE 1.  Comparison of fasting and postprandial 
thyrotropin (TSH) in pregnancy. The distribution of fasting 
and postprandial TSH values are shown with box plots with 
individual data points overlaid. Corresponding observation 
pairs are connected by gray lines. P = 1.9e-10 by paired t-test.
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we collected postprandial thyroid function test (TFT) samples before 10 
AM in our study.

TSH secretion is regulated primarily by thyroid-releasing hormone 
and somatostatin. It is considered that the somatostatin inhibits TSH 
secretion and thyroid-releasing hormone stimulates TSH secretion. 
A possible explanation of postprandial decline of TSH is the food-
induced increase of somatostatin and cytokines.20,21 The subclinical 
hypothyroidism in pregnancy is diagnosed based on elevated TSH 
with normal free T4. We have used trimester-specific reference ranges 

from the Endocrine Society and American Thyroid Association to di-
agnose SCH (first trimester >2.5 mIU/L, second and third trimester 
>3.0 mIU/L). Postprandial decline led to reclassification of 6 out of 100 
subjects (6%) as euthyroid whose SCH may actually have been based on 
fasting TSH. The prevalence of hypothyroidism is also underestimated 
by using a postprandial TSH value (FIGURES 5 and 6). The overall 
result will be a high false-negative rate in screening SCH in pregnancy 
(FIGURE 7).

In routine clinical practice there are no clear guidelines that em-
phasize the time and fasting status for TFTs. Accurate estimation of 
TSH is critical to diagnosing borderline hypothyroidism, such as SCH, 
and monitoring thyroxine replacement. SCH is primarily diagnosed 
by TSH. Although it is a milder form of overt hypothyroidism, it can 
be associated with long-term complications and is considered an indi-
rect risk factor for cardiovascular morbidity and mortality. SCH should 
be diagnosed promptly, especially in the pregnant population, as it is 
associated with maternal complications, such as pregnancy-induced 
hypertension, placental abruption, and postpartum hemorrhage, and 
fetal complications, such as miscarriage, intrauterine growth restric-
tion, premature deliveries, stillbirth, and low intelligence quotient.17 
Therefore, it is crucial to standardize guidelines related to the timing 
of sampling for TFTs, especially during pregnancy, to minimize adverse 
outcomes.

In our study, the main limitation was the small number of participants. 
However, it is worth noting that this is the only study conducted in Sri 
Lanka that demonstrates the variation of TFT results postprandially in 
pregnant women. Based on our findings, we recommend that a future 
study with a larger sample of pregnant women should be conducted to 
formulate guidelines related to the timing of TFT sampling.

FIGURE 2.  Comparison of fasting and postprandial thyrotropin (TSH) in each trimester (A, trimester 1; B, trimester 2; C, 
trimester 3). The distribution of fasting and postprandial TSH values is shown with box plots with individual data points 
overlaid. Corresponding observation pairs are connected by gray lines. The P values for the paired t-test were P = .0035 (A), P = 
.00043 (B), and P = 1e-05 (C).

FIGURE 3.  Comparison of fasting free T4 (fT4) and 
postprandial fT4 in pregnancy. The distribution of fasting 
and postprandial fT4 values are shown with box plots with 
individual data points overlaid. Corresponding observation 
pairs are connected by gray lines. P = .0015 by paired t-test.
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Conclusion
Compared with the fasting state, postprandial TSH levels demonstrate a 
statistically significant reduction, which can greatly influence the diag-
nosis of subclinical hypothyroidism in pregnant women. Based on our 
findings, we conclude that the timing of sampling for TFT should be 
standardized, particularly in the pregnant population.
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FIGURE 4.  Comparison of fasting free T4 (fT4) and postprandial fT4 in each trimester (A, trimester 1; B, trimester 2; C, trimester 
3). The distribution of fasting and postprandial fT4 values are shown with box plots with individual data points overlaid. 
Corresponding observation pairs are connected by gray lines. The P values for the paired t-test were P = .014 (A), P = .7 (B), and 
P = .0074 (C).

FIGURE 5.  Posterior distribution of subclinical 
hypothyroidism prevalence based on fasting thyrotropin 
values (n = 10,000; bandwidth = 0.002077).

FIGURE 6.  Posterior distribution of subclinical 
hypothyroidism prevalence based on postprandial 
thyrotropin values (n = 10,000; bandwidth = 0.00126).

FIGURE 7.  Posterior distribution of false-negative rate for 
subclinical hypothyroidism, when postprandial thyrotropin 
(TSH) values were used instead of fasting TSH values (n = 
10,000; bandwidth = 0.004243).
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ABSTRACT 

Objective:  To evaluate the associations between analytical methods, 

such as microarray and enzyme-linked immunosorbent assay (ELISA); 

expedient cutoffs; and the lowest possible number of microarrays in 

analysis for target biomarker estimation in case-control studies.

Methods:  This study included 321 serum specimens, gathered in 

different case-control studies to test for atherosclerosis and atrial 

fibrillation. Among them, 48 serum specimens were analyzed using 

microarray technology. We used ELISA and commercial kits for confir-

mation of the results.

Results:  Three proteins—cadherin-P, neuronal nitric oxide synthase, 

and adenovirus fiber—were shown to have distinctly different values 

in the case group vs the control group. As a result, we used those 

proteins as the target for confirmation using our alternative ana-

lytical method. Also, these protein values represented the limiting 

range between the highest and lowest differences in case-control 

groups. The results of microarray assay were confirmed using ELISA 

and commercial kits in the same specimens, in which microarray 

profiling was performed, and also in separate large case-control 

groups.

Conclusions:  A 1.5-fold difference in the protein content, as measured 

using microarray technology, was shown to be sufficient for further in-

vestigation of the candidate proteins. As few as 3 microarrays were 

considered sufficient for perspective evaluation of the target proteins. 

Microarray serum profiling, therefore, provides semiquantitative deter-

mination of protein in serum.

The human serum proteome is composed of thousands of various 
proteins. Antibody-based microarrays are rapid miniaturized assay 
systems for the detection of low protein concentrations in complex bi-
ological systems. Protein microarrays have several distinct advantages 
compared with traditional immunological methods, such as minimal 
consumption of reagents, screening of multiple parameters of proteins, 
and rapid readout of responses. Thus, microarray methods of analysis 
have evolved into an essential tool for biomedical research because 
antibody microarrays can identify novel target biomarkers of various 
diseases and multiple altered signaling pathways, as revealed in the 
results of case-control studies.1,2 

We believe that it is necessary to confirm, via alternative methods, 
the biomarkers identified as being associated with disease in full-sized 
case-control and cohort studies. Taking into account the high cost of 
analysis using microarray technology, our study aim was to evaluate, in 
several case-control studies, the most pressing current issues, as follows. 
First, how many microarrays are sufficient for identification of the target 
proteins in case-control focus groups, for further confirmation using an 
alternative method? Second, what is the cutoff point below which one 
should not select target markers? 

Methods
We analyzed a total of 321 serum specimens from subject individuals 
who had been recruited for various previous cohort studies. The 
specimens included those from 111 patients who had undergone coro-
nary angiography in 2011-20123 and in 2018,4 98 patients with atrial fi-
brillation (AF),5 and 112 healthy volunteers.6 All specimens were stored 
at −27°C for as long as 12 years. 

In total, 48 specimens were used for serum profiling using antibody 
microarrays (ASB600, Full Moon Biosystems). Among those were 18 
specimens from patients who had undergone coronary angiography (with 
severe coronary lesions [n = 9] and without coronary lesions [n = 9]), as 
selected from the cohort from 2011-20123; 7 specimens from patients 

SCIENCE
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with diagnosed AF5; and 30 specimens from healthy volunteers.6 Micro-
array profiles of 30 specimens from healthy volunteers were combined 
with the specimens from the control groups, to evaluate the associations 
between content of the target proteins evaluated using microarray anal-
ysis and enzyme-linked immunosorbent assay (ELISA) as alternative 
analytical methods. We compared protein profiles between the groups 
with coronary lesions (n = 9) and without coronary lesions (n = 9), and 
between the groups with AF (n = 7) and the apparently healthy controls 
(n = 3).

We identified target proteins by comparison of the corresponding 
signals and confirmed them via ELISA in a separate group of patients, 
which was sufficiently large to enable the evaluation of statistical sig-
nificance at a suitable level of power. Separate groups of patients with 
specific diseases and the corresponding controls were selected from the 
corresponding cohorts4–6 and were comprised of the specimens that 
had not been used for microarray profiling. The protocol of the study 
was approved by the Independent Ethics Committee of the National Re-
search Center for Preventive Medicine, according to the guidelines of the 
Declaration of Helsinki and the World Health Organization (approval 
No. 07-05/12).

Blood Specimen Drawing
Blood was withdrawn from the cubital vein, and the serum was obtained 
by centrifugation at 1000g for 15 minutes at 4°C. The specimens were 
aliquoted and stored at −27°C. Before proteomic analysis, the serum 
was thawed and centrifuged at 10,000g for 15 minutes at 4°C. Protein 
concentrations were determined based on optical density (OD) at 260-
280 nm using a NanoDrop One spectrophotometer (Thermo Fisher Sci-
entific) using human serum albumin as the reference.

Labeling of Proteins and Microarray Assay Protocol
Serum was diluted in PBS (Sigma Aldrich) to a concentration of 1 mg pro-
tein/mL and mixed with 20 µL of protein-labeling buffer. The proteins 
were labeled using 1 µL of Green 540 reagent (Arrayit Corporation) for 
60 minutes on ice to couple the Green 540 dye to the proteins. Stop solu-
tion (10 µL; Arrayit Corporation) was used to terminate the coupling re-
action. After incubation on ice for 30 minutes, inactivated unbound dye 
was removed by gel filtration trough spin columns that were centrifuged 
at 750g for 2 minutes. Explorer antibody microarrays (ASB600; Full 
Moon Biosystems) contained 656 antibodies per slide in 2 replicates for 
each antibody. Labeled proteins (500 ng per slide) were loaded on the 
array slides and incubated in the presence of blocking buffer containing 
3% dry milk (Full Moon Biosystems) for 1 hour, according to manufac-
turer instructions. After washing, the slides were incubated with cou-
pling buffer containing 3% dry milk (Full Moon Biosystems) for 2 hours. 
The microarray slides were washed and dried by centrifugation.7

Slide Scanning and Image Processing
The slides were scanned using a laser scanner (InnoScan microarray 
scanner 900, Innopsys) using the following settings: scan mode: normal, 
velocity: 20 l/s, laser power: 5.0, photomultiplier gain: 100, pixel size: 
10, and wavelength: 532 nm.7 Gal files and grid settings were matched 
using the corresponding positive controls. We analyzed the images 
using Mapix software, version 7.0.0 (Innopsys). Identification of la-
beled proteins was based on specific gal files provided by Full Moon 
Biosystems. Also, we used protein identifiers from the UniProtKB/
Swiss-Prot database.

Confirmation of the Microarray Data on Cadherin-P by 
ELISA
We measured the protein concentration in the serum specimens using 
NanoDrop One (Thermo Fisher Scientific) and used bovine serum al-
bumin (BSA) as the reference. The wells of a microtiter plate were coated 
with serum proteins (100 μL per well, at a protein concentration of 
20 μg/mL) in 14 mmol/L carbonate buffer (pH 9.6). The coating was 
performed overnight at 4°C, and the plate was washed 3 times with 
washing buffer (PBS containing 0.05% v/v Tween 20). Then, the wells 
were blocked by adding 150 μL of blocking solution (PBS containing 
1% BSA) for 60 minutes at 37°C, and the plates were washed 4 times 
with washing buffer. Rabbit polyclonal anti-cadherin-P antibodies (100 
μL/well, diluted to a concentration of 0.5 μg/mL; Invitrogen, Thermo 
Fisher Scientific) were added to the test wells, and the mixture was 
incubated for 1 hour at 37°C. Then, the wells were washed 3 times with 
washing buffer. Peroxidase-conjugated secondary anti-rabbit antibodies 
(Invitrogen, Thermo Fisher Scientific) were added to the wells (100 
μL/well at a dilution of 1:300,000). The plate was incubated for 1 hour 
at 37°C and washed 3 times with washing buffer. We used 3,3ʹ,5,5ʹ-
tetramethylbenzidine solution as a substrate (100 μL/well; Bio-Rad 
Laboratories). 

The color was developed at room temperature in the dark for ap-
proximately 30 minutes, depending on the actual OD. Stop solution 
(50 μL/well; Bio-Rad Laboratories) was added, and absorbance was 
measured at 450  nm using a Tecan Infinite 200 PRO plate reader 
(Tecan Trading). The data were recalculated as the percentage of the 
corresponding control specimens assayed on each microplate using 
Magellan software.8

Confirmation of the Microarray Data on nNOS by ELISA
The plate was coated and blocked, as described earlier herein, at the pro-
tein concentration of 10 μg/mL. Mouse polyclonal anti–neuronal nitric 
oxide synthase (nNOS) antibodies (100 μL/well at a concentration of 
0.5 μg/mL; Invitrogen, Thermo Fisher Scientific) were added to the test 
wells and incubated for 1 hour at 37°C. Then, the wells were washed and 
incubated with peroxidase-conjugated secondary anti-mouse antibodies 
(Invitrogen, Thermo Fisher Scientific) (100 μL/well, at a dilution of 
1:10,000). The plate was incubated for 1 hour at 37°C and washed 3 
times with washing buffer. Subsequent washing and color development 
were performed, as described earlier herein.

ELISA of IgG-Adenovirus
Serum adenovirus-IgG concentrations were measured using the 
Fine Test (Wuhan Fine Biotech), a qualitative ELISA kit for human 
adenovirus and IgG. The assay was based on indirect ELISA using 
adenovirus antigen–precoated 96-well plates. The specimens were 
diluted 10-fold in the specimen dilution buffer, added to the wells, 
and incubated according to manufacturer instructions. The unbound 
material was washed, and HRP-conjugate was added in combination 
with serum specimens to form the adenovirus-Ag-adenovirus-IgG-
HRP-conjugate complex. TMB substrate was used to detect the for-
mation of the conjugate, as described earlier herein. The positive 
reactivity cutoff value was calculated as the mean absorbance of 
OD of the negative control specimens plus 0.1. If the negative mean 
value was less than 0.05, it was assumed to be 0.05. The specimens 
with OD less than the cutoff value were considered to have tested 
negative for IgG-adenovirus. The specimens with OD results higher 
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than or equal to the cutoff value were considered to have tested pos-
itive for IgG-adenovirus.

Statistical Analysis
Statistica software, version 7.0, and SPSS software, version 23 (IBM), 
were used for evaluation. Normality of the distributions was tested 
using the Kolmogorov-Smirnov criterion. The data are shown as mean 
(SD) for normally distributed values and as the median and 25th and 
75th percentiles for non–normally distributed data. The groups were 
compared using 2-tailed nonparametric analysis of variance (Kruskal-
Wallis and Mann-Whitney tests). 

The spots on the images were quantified as median pixel values 
minus background and normalized (%) to the positive controls for 
each slide. Spots with high variability in the parallel specimens, with 
a coefficient of variance (CV) higher than 25%, were not used in sub-
sequent analysis. The groups were compared based on the mean values 
of normalized spots for each protein that had CV less than 25% for 
parallel specimens. Normalized spots with an area having CV that was 
different from the background area by less than 10% were considered 
similar to the background. P values less than .05 were considered sta-
tistically significant.

Results
All of the 48 proteome-profiled specimens were used to evaluate the 
associations between the analytical methods such as microarray and 
ELISA. Specific proteins were identified in the serum using Explorer an-
tibody microarrays in specimens from the patients with severe coronary 
stenosis (n = 9), by comparison with those values in the patients with no 
coronary lesions (n = 9), the patients with AF (n = 7), and the healthy 
subjects (n = 3) (TABLE 1). Detailed description for atherosclerosis 
array profiling is presented elsewhere in the literature.8 

The data were presented in pixels and also recalculated as the 
percentage of the reference control spots on each microarray slide 
(TABLE  1). The mean levels of these 2 serum proteins—cadherin-P 
(CADH3; UniProtKB P22223) and neuronal nitric oxide synthase 
(nNOS or NOS1; UniProtKB P29475) —were increased from 4- to 
23-fold in the group with coronary lesions (n = 9), compared with those 
in the group with no coronary lesions (n = 9) (TABLE 1, FIGURES 1 
and 2) selected from the cohort conducted in 2011-2012.3 Microarrays 
of the other specimens (n = 48) were also used for calculation of 
selected proteins. We confirmed the microarray results in the same 
serum specimens using direct ELISA for serum CADH3 and nNOS.

Cadherin-P Confirmation
We measured cadherin-P levels in 48 serum specimens using indirect 
ELISA. The ELISA results indicated that the content of cadherin-P was 
increased in the group with coronary lesions (OD at 450 nm; mean [SD], 
0.55 [0.07] vs 0.51 [0.07]; P = .01) or in normalized units (% of blank 
specimens), 110.6 [15.4] vs 100.0 [13.8]; P = .01); all specimens were 
run in triplicate. Also, the group with coronary lesions demonstrated 
an increase in the level of cadherin-P, as measured using microarrays 
(TABLE 2, FIGURE 1). These data were similar to our results published 
in a previous study report.8

We obtained additional confirmation of the differences in the levels 
of serum cadherin-P using direct ELISA in large separate group of 61 
serum specimens selected from the cohort of a study conducted in 20184 
(as described in the Methods section of this article). In that study co-
hort, 31 patients had severe coronary lesions and 30 patients had no 
coronary lesions, according to the results of coronary angiography di-
agnostic testing. The cadherin-P level was increased in the serum of 
patients with coronary lesions, compared with those levels in patients 
with no coronary lesions. Also, the mean (SD) relative cadherin-P levels 
(% of blank specimens) were 100.0 (40.4) vs 82.8 (43.9), respectively, P 
= .007; and the OD at 450 nm (mean [SD], 0.8 (0.3) and 0.6 [0.3], P = 
.007), as determined via ELISA (TABLE 2).

nNOS Confirmation
The mean nNOS level in serum was increased 4.5-fold in the group with 
coronary lesions, compared with that value in the group with no coro-
nary lesions, according to the data generated by the microarray assays 
(TABLE 1, FIGURE 2). The levels of nNOS were expressed in pixels 
normalized to the levels of the reference spots on each microarray and 
in raw pixels minus background (TABLE 1). 

In total, the levels of nNOS were measured in 48 serum specimens 
using microarray and direct ELISA. The values were compared with the 
values measured via ELISA, expressed in OD at 450 nm, and normalized 
to the blank-specimen values. The levels of nNOS in normalized pixels 
(%) were correlated with the levels of nNOS in OD at 450 nm (%), with 
the Spearman rank order correlation coefficient of r = 0.53 (P < .05). 
These data are illustrated in FIGURE 3 and FIGURE 4. 

The ELISA results indicated that the nNOS value in serum was 
increased in the group with coronary lesions (OD at 450 nm (mean [SD], 
0.46 [0.02] vs 0.43 [0.04]; P < .001); the mean (SD) % of OD at 450 of con-
trol specimens was 108.2 (5.8) vs 100.0 (9.3), with P < .001 (TABLE 2). 
Also, the group with coronary lesions demonstrated increased levels of 

TABLE 1.  Serum Protein Levels, Determined via Microarray Analysis, in the Case and Control Groupsa

  Case Group Control Group  

Coronary Lesions (n = 9) No Coronary Lesions (n = 9)

ID-ASB600 Name of Protein
Normalized Pixels  

(% of Positive Control) 
Pixel Intensity With the 
Background Subtracted 

Normalized Pixels  
(% of Positive Control) 

Pixel Intensity With the 
Background Subtracted Case:Control Ratio

567 Cadherin-P 82.1 (83.1) 6011.6 (6720.0) 3.55 (2.4) 280.5 (169.8) 23:23.4

555 nNOS 12.5 (10.2) 831.1 (785.1) 2.30 (2.1) 267.4 (164.1) 3:5.4

Atrial Fibrillation (n = 7) Healthy Subjects (n = 3)

352 Adenovirus fiber 8.8 (2.9) 183 (43) 5.93 (4.3) 155 (71) 1.1:1.5

nNOS, neuronal nitric oxide synthase.
aCadherin-P or CADH3 (UniProtKB—P22223); nitric oxide synthase, brain (NOS1, UniProtKB—P29475); adenovirus fiber (no UniProt number according to 
ASB600 microarray list). Data are given as mean (SD) serum protein content.
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nNOS, per the microarray assay results (TABLE 2). Then, 48 specimens 
assayed using microarray testing were split into 3 groups with different 
levels of nNOS: group 1, with nNOS ranging from 17.9 to 29.7 pixels (%); 
group 2, with nNOS ranging from 2.0 to 6.6 pixels (%); and group 3, with 
nNOS ranging from 0 to 1.4 pixels (%). The levels of nNOS expressed in 
OD at 450 nm (%) were significantly different in all 3 groups (FIGURE 
4). This result corresponded with a relatively high correlation (r = 0.53; P 
< .05) between the levels of nNOS measured in pixels (%) by microarray 
and as OD at 450 nm (%), as determined via ELISA.

We obtained additional confirmation of the differences in the levels 
of serum nNOS using indirect ELISA in a large separate group of 93 
serum specimens from patients with coronary stenosis (n = 45) and no 
coronary lesions (n = 48) selected from the cohort of a study conducted 
in 2018, according to coronary angiography diagnostic results.4 The 
nNOS level was increased in the serum of patients with coronary lesions, 
compared with that in patients with no coronary lesions, and the rela-
tive nNOS levels (mean [SD] % of control specimens) were 114.3 (4.5) vs 
107.6 (5.3), respectively (P < .001), as determined by ELISA (TABLE 2). 

FIGURE 1.  Two microarrays from a representative slide of Explorer antibody microarray (ASB600; Full Moon Biosystems) 
results, with 656 antibodies per slide in 2 replicates for each antibody. The load of labeled serum protein was 500 ng per slide, 
scan settings: normal, velocity: 20 l/s, laser power: 5.0, detector gain: 100, pixel size: 10, and wavelength: 532 nm. Enlarged 
panels of individual specimens illustrate the differences in serum levels of cadherin-P from the case group (A) vs the control 
group (B).
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All assays were performed 3 to 10 times; all ELISA assays were repeated 
3 times.

Adenovirus Confirmation
Serum proteome profiling was performed in a group of specimens 
from the patients with AF (n = 7) and from healthy subjects (n = 3) 
using Explorer antibody microarrays. The levels of adenovirus fiber 
were moderately different (1.1- to 1.5-fold) between the group with 
AF and healthy subjects (TABLE 1, FIGURE 5 ). (There is no UniProt 

number for Explorer antibody microarrays of adenovirus fiber; the 
target of this particular antibody does not have an assigned UniProt 
number according to the list provided by the manufacturer of the mi-
croarray. Presumably, the antibody could have been generated against 
the whole viral protein fraction.) The mean (SD) pixel intensity with the 
background subtracted was 183 (43) vs 155 (71), respectively (P = .07) 
(TABLE 1). 

Adenovirus fiber testing results clearly indicated the presence or 
absence of adenovirus infection, so IgG against adenovirus was chosen 

FIGURE 2.  Two microarrays from a representative slide of Explorer antibody microarray (ABS600; Full Moon Biosystems) 
results, illustrating the differences in serum neuronal nitric oxide synthase (nNOS) levels in the case group (A) vs the control 
group (B). For details, see the legend to FIGURE 1.

12_LABMED_lmad083.indd   32912_LABMED_lmad083.indd   329 27-Apr-24   13:31:0227-Apr-24   13:31:02

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/325/7268787 by guest on 17 February 2025



2024;55:325-333  |  https://doi.org/10.1093/labmed/lmad083330

as the hypothesis confirmation using ELISA kits. IgG-adenovirus levels 
were determined in a large separate group (n = 180) selected from a 
cohort with AF,5 in which 91 serum specimens were collected from 
patients with AF and 89 from healthy subjects. ELISA kits were han-
dled according to manufacturer instructions. The prevalence of patients 
testing IgG-adenovirus positive was increased by 2-fold in group A (AF; 
n = 91) compared with group B (asymptomatic subjects; n = 89) (odds 
ratio, 2.06 [95% CI, 1.11-3.84]; P = .02) (TABLE 3).

Thus, proteomic biomarkers can be evaluated using antibody 
microarrays and confirmed using ELISA. The 1.5-fold differences in protein 
contents measured using the microarray assays could be sufficient to con-
sider target proteins for further confirmation. Analysis of 3 microarrays 
could be sufficient for prospective evaluation of the target proteins.

Discussion
Confirmation of the data acquired by microarrays may improve the 
reliability of this technology. In most instances, validation has been 
presented in the case of gene expression analysis using microarrays. 
Thus, quantitative real-time polymerase chain reaction (qRT-PCR) is 
a commonly used validation tool for confirmation of gene-expression 
results of microarrays. We observed significant correlation between 

TABLE 2.  Results of ELISA for Confirmation of Microarray Analysis in the Case and Control Groups and in the Large Separate 
Group, With and Without Coronary Lesions

Variable With Coronary Lesions Without Coronary Lesions  

Name of Protein No. 
Normalized OD 450  

(% of Blank Specimens), Mean (SD) 
No. 

Normalized OD 450  
(% of Blank Specimens), Mean (SD) 

P Value

Cadherin-P in case and control groups 9 110.6 (15.4) 39 100.0 (13.8) .01

Cadherin-P (in the large separate group) 31 100.0 (40.4) 30 82.8 (43.9) .007

nNOS in case and control groups 9 108.2 (5.8) 39 100.0 (9.3) <.001

nNOS (in the large separate group) 45 114.3 (4.5) 48 107.6 (5.3) <.001

ELISA, enzyme-linked immunosorbent assay; OD, optical density; nNOS, neuronal nitric oxide synthase.

FIGURE 3.  Serum neuronal nitric oxide synthase (nNOS) levels measured via direct enzyme-linked immunosorbent assay 
(ELISA) and microarray technology. The nNOS levels were expressed in pixels normalized to the reference spots on each slide 
(microarray) and were compared with the nNOS levels estimated based on optical density (OD) at 450 nm normalized to the 
blank specimens (ELISA). The levels of nNOS in pixels (%) correlated with the levels of nNOS determined as OD at 450 nm (%), 
with the Spearman rank order correlation coefficient r = 0.53 (P < .05).

FIGURE 4.  Levels of serum neuronal nitric oxide synthase 
(nNOS) measured via microarray technology. Group 1 had 
nNOS content ranging from 17.9 to 29.7 pixels (%); group 2, 
nNOS content ranging from 2.0 to 6.6 pixels (%); and group 3, 
nNOS content ranging from 0 to 1.4 pixels (%). The levels of 
nNOS expressed as optical density (OD) at 450 nm (%) were 
measured by enzyme-linked immunosorbent assay and were 
significantly different in all 3 groups (P < .05).
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the results of microarrays and qRT-PCR (r = 0.708; P < .001) in a study 
report that assessed various factors contributing to correlations be-
tween these 2 methods.9 In contrast to DNA microarray, standardized 
procedures for validation of the performance of antibody microarrays 

are not available, to our knowledge, including quantification and nor-
malization of data and bioinformatics assessment.10 Validation of the 
results obtained using protein and antibody microarrays has not been 
extensively reported previously.

FIGURE 5.  Two microarrays from a representative slide of Explorer antibody microarray (ABS600; Full Moon Biosystems) 
results, illustrating the differences in serum adenovirus fiber protein levels in the case group (A) vs the control group (B). For 
details, see the legend to FIGURE 1.
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In this study, we confirmed the results of antibody microarrays, which 
we believe are the most promising tools for serum protein profiling and 
evaluation of candidate proteins associated with various diseases. The 3 
proteins we investigated in this study—cadherin-P, nNOS, and adeno-
virus—are ones we selected for validation of the results obtained using 
microarray technology. Additional data on cadherin-P validation have 
been recently published by us in another study.8 Therefore, we dedicated 
particular attention to validation of the data for nNOS and adenovirus be-
cause these proteins defined the middle and lowest limit used for discrimi-
nation between the case/control groups of specimens in the present study. 

Selected proteins, including cadherin-P and nNOS, represented 
the highest (23-fold), middle (4.5-fold), and lowest (1.1-1.5) range 
of levels, respectively, which were used to discriminate the case/con-
trol groups of the serum specimens (TABLE 1). We also used only 
3 microarrays in our analysis and achieved the results after confir-
mation with an alternative method. So, we can conclude that as few 
as 3 microarrays for analysis could be sufficient for estimation of 
candidate-protein levels.

Selection and appropriate evaluation of normalization criteria play 
a role in the identification of relevant specific proteins via comparative 
protein profiling. The results obtained by microarray technology were 
confirmed using ELISA, which is widely considered a reliable standard, 
as an alternative method. Our findings will help researchers to apply mi-
croarray technology for biomarker research and to reduce usage of ex-
pensive materials in experimentation.

In summary, miniaturized antibody-based microarrays have already 
been multiplexed to provide the signals from 1358 proteins in a single 
run (Full Moon Biosystems), with minimal specimen preparation. The 
main application of antibody microarray analysis, in its current design, 
is rapid biomarker-candidate evaluation, which requires further con-
firmation by alternative methods that may include mass spectrometry 
(MS)–based approaches. 

In our opinion, microarray antibody-based methods are not expected to 
provide a better result than the data generated by large-scale conventional 
MS proteomic methods. However, these methods have their own advantages 
and limitations in terms of accurate quantification of proteins and peptides 
in serum/plasma specimens. Recent studies of serum/plasma proteomes, 
such as the one from Anderson et al,11 extensively use high-resolution gas 
and LC combined with MS, capillary electrophoresis combined with MS, or 
direct MS for individual-specimen analysis. 

The main issues, with regard to MS in general, are of evaluation of the 
number of the plasma proteins that can be quantified in plasma digestion 
and the specific precision of these measurements, both of which are dif-
ficult to assess. To address these issues, Anderson et al11 generated and 
tested multiple reaction monitoring (MRM) assays based on peptides from 
a variety of high- and medium-abundance plasma proteins. Their goal was 
to estimate how many proteins are effectively evaluated by LC-MS/MS 
with and without subtraction of the signals of the most abundant proteins 
(albumin, major globulins, and others). The results of their analysis in-
dicate that only 30-40 specific protein signals can be quantified reliably 

in a single run using the MS-based technique. Moreover, the number of 
analytes depends on the number of internal standards. Apparently, a more 
comprehensive discovery-based approach is currently provided by the 
Seer Proteograph assay, which can profile as many as 2000 or even 4000 
proteins in serum/plasma specimens. In either case, quantification of the 
proteins is limited by the number of internal standards.

In contrast to antibody microarrays, MS is useful for analysis of many 
small molecules (eg, drug metabolites and pesticides) that are routinely 
measured, using an approach based on discriminating power of mass 
analyzers at high throughput and precision. This MS-based approach 
can provide quantification of analytes according to the corresponding 
stable isotope-labeled internal standards. These measurements have 
been multiplexed to provide as many as 30 specific assays in a single 
run.12 In the clinical laboratory, MS methods may be used for such 
purposes as routine measurements in newborns in screening for inborn 
metabolic defects13 and to evaluate concentrations of some drugs, in-
cluding immunosuppressants.14

The antibody-based microarray approach using this particular type of 
microarray has certain limitations. For instance, we have restricted our 
analysis to only 656 candidate proteins, and we encountered the signifi-
cant issue of cross-reactivity with antibodies.

Conclusion
Despite the limitations, we have shown that measurements of the pro-
tein contents of serum using antibody microarray technology can be 
correlated with ELISA data obtained using antibodies from an alterna-
tive source. The Spearman rank correlation coefficient we observed was 
relatively high (r = 0.53; P < .05). Moreover, even a 1.5-fold difference in 
the protein content demonstrated using microarray technology was suf-
ficient for consideration of the target proteins for further investigation. 
Analysis of as few as 3 microarrays could be sufficient for perspective 
evaluation of the target proteins. Finally, microarray serum profiling 
provides semiquantitative determination of protein in serum.
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ABSTRACT 

Objective:  For over 60 years there has been conjecture about the 

identity of an Ehrlich’s test positive pyrrole (Mauve Factor) reputed 

to be a biomarker for psychological disorders, including anxiety. We 

reviewed studies that attempt to identify Mauve Factor and subjected 

authentic standards of the 2 main candidates, kryptopyrrole and 

hydroxypyrrole, to the Ehrlich’s reaction.

Methods:  Modified Ehrlich’s test for kryptopyrrole and hydroxypyrrole 

were applied to urine samples from 10 volunteers, anxious and 

nonanxious.

Results:  Based on the mechanistic chemistry of Ehrlich’s reac-

tion and reactions of the 2 compounds, Mauve Factor cannot be 

hydroxypyrrole. Analyses of urine samples from volunteers, identified 

by the Generalized Anxiety Disorder - 7 item scale (GAD-7 ≥10; n = 5) 

and control urine samples (GAD-7 <10; n = 5) using a kryptopyrrole 

calibration graph, show that concentrations are similar in both groups.

Conclusion:  Kryptopyrrole may be the elusive Mauve Factor. Its pos-

sible origin from stercobilin via gut microbiome–mediated metabolism, 

its link to gut-mediated neurological effects via γ-aminobutyric acid 

(GABA) receptors, and its predicted interaction with Zn2+ and conse-

quent impact on zinc homeostasis are discussed. The GAD-7 scale 

does not differentiate between state and trait anxiety and as such, the 

minimal difference in pyrrole levels between volunteer groups requires 

further study.

Introduction
Laboratory tests for biomarkers may be required more often in the fu-
ture as personalized medicine becomes more widely used. Psychological 
disorders (eg, anxiety) are common, and therefore an easily applied lab-
oratory test to aid in determining treatment options would be a useful 
adjunct to the available diagnostic tools.

Anxiety disorders are common worldwide, with a prevalence of 2.4% 
to 29.8% depending on age, gender, culture, and personal and national 
issues such as conflict and economic status.1 Since there are likely to 
be biochemical aberrations underpinning this spectrum of psycholog-
ical disorders, it is feasible that biochemical markers might be useful for 
screening and diagnosis of anxiety.

Approximately 60 years ago, D.J. Irvine showed that urine from 
patients with psychological disorders gave a characteristic mauve re-
action with Ehrlich’s reagent2; this was termed Mauve Factor. Irvine’s 
group later identified the urinary compound as 2,4-dimethyl-3-
ethylpyrrole (kryptopyrrole; FIGURE 1), following its chromatographic 
isolation from urine and mass spectrometry.3 Sohler et al4 confirmed 
Irvine’s identification of Mauve Factor and showed that it has a sedative 
effect on the central nervous system of rabbits.

Further studies by Irvine5 reidentified Mauve Factor as 2,4-dimethyl-
3-ethyl-2,4-dihydropyrrol-4-one (hydroxypyrrole [HPL]; FIGURE 1).

The change in identity of the elusive Mauve Factor perhaps reflects the 
analytical methodology available at the time, and very importantly, the in-
stability of the group of pyrroles to which Mauve Factor appeared to belong.

Hydroxypyrrole has been reported (although variously named due 
to changes in chemical nomenclature) in blood and urine6-9 and in cere-
brospinal fluid6 but has not been reliably associated with a specific clin-
ical disorder. However, its association with anxiety has been proposed10; 
such an association is attractive because it might be a useful biomarker 
in determining treatment options for anxiety.

This article was designed to review the historical literature in the 
area, highlight the uncertainties of the chemical structure of Mauve 
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Factor, and apply the methodology as a proof of concept for the value of 
studying urinary pyrroles in relation to anxiety.

Urinary Pyrrole Nomenclature
The chemistry of pyrroles in the urine of patients with anxiety has 
spanned some 60 years. During this time, there have been signifi-
cant changes in chemical nomenclature and advances in experimental 
methodologies. Initially, scientists referred to the compounds as “Mauve 
Factor,” or similar because of their color reactions with Ehrlich’s reagent, 
later naming them specifically according to knowledge about their mo-
lecular identities at the time. Not only have the names of the compounds 
changed as a better understanding of their structures has developed, 
but also the standard chemical nomenclature has changed during this 
time. This can lead to significant confusion; therefore, in this study, we 
have used the generic term “urinary pyrroles” throughout unless we are 
referring to a specific compound, in which case we use the pyrrole ring 
numbering system shown in FIGURE 1.

Biochemical Origins of HPL
There is significant conjecture about the biochemical origins of HPL. 
However, it is tempting to associate it with the biodegradation of heme 
because of the similarities in molecular structure between HPL and 
heme biodegradation products (FIGURE 2). At about the same time 
that Irvine postulated the existence of HPL,5 Brown and King11 proposed 
the mechanism of heme catabolism via biliverdin to bilirubin followed 
by bilirubin’s further breakdown to a series of dipyrrolic fragments 
(FIGURE 2), which might conceivably be metabolic precursors of HPL.

Pyrroles in Psychological Disorders
An interest in concentrations of Mauve Factor in psychological 
disorders led O’Reilly et al12 to report that of 200 patients admitted 
to a psychiatric ward, 89 (44.5%) were urinary Mauve Factor–posi-
tive. In addition, O’Reilly et al13 showed that approximately 11% 
of the general population and 41.8% of the psychiatric population 
were Mauve Factor–positive. Furthermore, “neurotic” schizophrenia 
patients who were Mauve Factor–positive following treatment with 
nicotinamide (vitamin B3) became Mauve Factor–negative, which 
suggests that Mauve Factor can be used as an indicator of treatment 
success.14 Pfeiffer and Iliev15 used similar methodology to monitor 
treatment and found that pyridoxal-5’-phosphate (vitamin B6) was 
also an effective treatment. Other studies have shown a correlation 
between psychological disorders and urinary pyrroles, including 

anxiety,10 depression,10,16 attention deficit hyperactivity disorder/
attention deficit disorder,17 autism,17 and bipolar disorder.16 Al-
though Gorchein8 found no difference between schizophrenia and 
general medical patients, this might reflect the anxiety levels of the 
hospitalized patients tested.

As a result of these and other studies that show links between 
an Ehrlich’s positive compound in urine (termed Mauve Factor or 
identified as 1 of 2 pyrrole derivatives, namely HPL or kryptopyrrole 
[FIGURE 1]) and various psychological disorders (including anxiety), 
a plethora of commercial services (eg, Riordan Clinic,18 Nutripath,19 
DHA Laboratory,20 Amanda Nutrition,21 Perpetual Wellbeing,22 SAFE 
Analytical Laboratories,23 and Applied Analytical Laboratories24) have 
been established to carry out the Ehrlich’s test (or other unspecified 
analyses) on urine samples of individuals suspected of suffering from 
a psychological disorder, including anxiety, as a means of indicating 
treatment (often dietary supplements or herbal remedies). These serv-
ices variously claim to be analyzing for HPL, kryptopyrrole, pyrroles 
generally, or give no clear indication of what they are testing for. Sim-
ilarly, of the multitude of scientific publications purporting to study 
various pyrroles in urine of patients with psychological disorders, most 
have ill-defined descriptions of the analytical methodology, in partic-
ular, its validation,25-30 and do not appear to use authentic standards 
(eg, HPL) for their analytical validation; as a result, their findings are 
unreliable. At the time of writing, the web-based companies that offer 
analyses to determine therapy rarely, if ever, describe their analytical 
methodology.

Chemistry of Ehrlich’s Test
Based on Ehrlich’s earlier work, Morton31 noted that all pyrroles with 
unsubstituted α-carbons react with 4-dimethylaminobenzaldehyde 
(DMAB) to produce a characteristically colored compound. They also 
noted that the “reaction is partially successful with compounds that 
have a free beta position” and that α-carboxy or α-ester-substituted 
pyrroles gave a reaction when heated31 (p 68). Recently Lamb et al32 
unraveled the mechanism of the reaction between DMAB and indole 
(FIGURE 3) and showed that reaction position is dependent on the 
chemical environment but that the conventional Ehrlich’s reagent 
(ie, DMAB in acid solution) results in a reaction at the β-carbon of 
the pyrrole ring (FIGURE 1). This means that in Morton’s terms,31 
either a free α- or β-carbon is required, and in the terms of Lamb et 
al,32 a free β-carbon is required for the Ehrlich’s reagent to react with 
a pyrrole. Hydroxypyrrole has both α- and β-carbons fully substituted, 
and its carbon-carbon double bond is in the wrong position (ie, it is 
a 2,4-dihydropyrrole), whereas kryptopyrrole has an unsubstituted 
α-carbon. Therefore, HPL is unlikely to give a positive Ehrlich’s reac-
tion, whereas kryptopyrrole is likely to react.

HO O
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FIGURE 1.  Proposed molecular structures of Mauve Factor. 
Left: 2,4-dimethyl-3-ethylpyrrole (kryptopyrrole; Irvine et al3). 
Right: 2,4-dimethyl-3-ethyl-2-hydroxy-2,5-dihydropyrrol-
2-one (hydroxypyrrole [HPL]; Irvine5). The pyrrole ring 
numbering system and α- and β-carbons are also shown.
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FIGURE 2.  A dipyrrolic fragment of bilirubin from the 
catabolism of heme proposed by Brown and King.11
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To determine pyrroles in urine, a modified Ehrlich’s test is used.33 
In short, Ehrlich’s reagent is prepared by dissolving DMAB in methanol 
and acidifying the methanolic solution with sulfuric acid. Pyrroles are 
extracted from urine samples with trichloromethane, thus leaving other 
Ehrlich’s positive compounds (eg, urobilinogen) in the aqueous phase. 
The trichloromethane extract is mixed with Ehrlich’s reagent and after a 
brief incubation period, the absorbance is read at 540 nm (see Materials 
and Methods).

As outlined above, there is significant conjecture about the presence 
and identity of pyrroles in urine and their link to psychological disorders 
(including anxiety). Two key questions remain unanswered: what does 
the modified (including trichloromethane extraction) Ehrlich’s test 
measure in urine? And does the test reliably predict an intervention of 
therapeutic value?

In this study, we investigated the reaction of HPL and kryptopyrrole 
with Ehrlich’s reagent and applied the modified Ehrlich’s test to urine 
samples obtained from volunteers who were not suspected of suffering 
from a psychological disorder (including anxiety) using an authentic 
kryptopyrrole calibration graph to determine urinary kryptopyrrole 
concentrations. We discuss our findings in the context of psychological 
disorder (including anxiety) management.

Materials and Methods

Chemicals
All chemicals were general laboratory reagent grade and purchased from 
Merck except HPL (95% purity; Chem-Space.com), kryptopyrrole (97% 

minimum purity; LabSupply.co.nz), and trichloromethane (≥99.85% 
purity; ThermoFisher Scientific). Both HPL and kryptopyrrole were 
supplied with proton nuclear magnetic resonance or mass spectro-
scopic data, which confirmed their molecular structures.

Modified Ehrlich’s Reagent
Modified Ehrlich’s regent was prepared as described by Sohler et al.33 In 
brief, DMAB (1 g) was dissolved in ice cold methanol (80 mL), concen-
trated sulfuric acid (10 mL) was added drop-wise, and the solution made 
up to 100 mL with methanol. The reagent was stored at 4°C and used 
within 24 hours.

HPL and Kryptopyrrole Calibration Graphs
Hydroxypyrrole (5  mL, 1-70 μg/mL [aq]) was extracted with 
trichloromethane (5  mL) in glass stoppered test tubes (25  mL). The 
trichloromethane layer was pipetted into a test tube, dried with anhy-
drous sodium sulfate (0.5 g), and modified Ehrlich’s reagent (1 mL) was 
added (to 4  ml extract). The mixture incubated at room temperature 
for 30 minutes, then its absorbance at 540 nm was determined (Model 
T75+ UV/visible spectrophotometer, Bio-Strategy).

Kryptopyrrole (0.5 mg/mL in ethanol) was pipetted into a series of 
tubes and made up to 210 μL with ethanol and distilled water (4.79 mL) 
was added to give a range of final kryptopyrrole concentrations (1-5 μg/
mL). Trichloromethane (5 mL) was added and the procedure described 
above for HPL was followed.

All HPL and kryptopyrrole concentrations were prepared and 
analyzed in triplicate. Results are expressed as mean ± SD.

Ehrlich’s Spot Test for HPL
Hydroxypyrrole (1  mg) was dissolved in trichloromethane (1  mL), 
Ehrlich’s reagent (250 µL) was added, the mixture was incubated at 
room temperature for 30 minutes, and its absorbance at 540 nm de-
termined.

Volunteer Inclusion Criteria
Volunteers were screened using the Generalized Anxiety Disorder - 7 
item scale (GAD-7),34 a 7-point Likert scale with a maximum score of 
21 (10 or above was the cut off point for anxiety for this study), and a 
general health questionnaire. All volunteers reported that they had no 
general health issues and were not taking any medications. Only females 
were chosen to help avoid confounding variables, as there is some sug-
gestion that current psychometrics do not adequately pick up anxiety 
in men.35,36

Urine Samples
Midstream urine samples (~50  mL) were collected from female 
volunteers (n = 5, age 34 ± 11.3 years [mean ± SD]) with no known psy-
chiatric disorders and GAD-7 <10 and females with symptoms of anxiety 
(n = 5, age 42.8 ± 8.2 years) and GAD-7 ≥10 (University of Canterbury 
Human Ethics Committee approval 17/STH/241). The urine samples 
were preserved with ascorbic acid (final concentration in urine ~0.1 g/
mL) to inhibit pyrrole oxidation. Samples were stored at −18°C prior to 
analysis.

Urine Analysis
Urine samples (5  mL) were extracted with trichloromethane (5  mL). 
The trichloromethane extracts were analyzed with modified Ehrlich’s 

N
H

N

H
N

H+

Alcohol

A B

C

N
H

N

+2

FIGURE 3.  Ehrlich’s reaction: the β-carbon of indole (A) 
reacts with 4-dimethylaminobenzaldehyde (DMAB) (B) to 
form purple β-bis(indolyl)dimethylaminobenzyl methane (C).32
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reagent as described for HPL and kryptopyrrole calibration graphs 
above. All samples were analyzed in triplicate.

Results and Discussion

Reaction of HPL and Kryptopyrrole with Modified 
Ehrlich’s Reagent
Kryptopyrrole reacted with modified Ehrlich’s reagent in a 
concentration-dependent manner that obeys Beer’s Law between 1 and 
5 μg/mL (FIGURE 4). On the other hand, HPL did not react with mod-
ified Ehrlich’s reagent (FIGURE 4) at any of the concentrations (1 to 
70 μg/mL) tested. This lack of reaction with modified Ehrlich’s reagent 
was confirmed with a higher concentration (1 mg/mL) of HPL, which 
also gave no color reaction (A

540 nm
 = 0.035). This is not surprising, as 

HPL does not have a free α- (or β-) carbon that is required for reaction 

with DMAB.31,32 Kryptopyrrole does have a free α-carbon and therefore 
would be expected to react with DMAB.

This finding contradicts previous studies5,25,27,28,37–42 that identify 
the urine component responsible for the Ehrlich’s mauve reaction as 
HPL. Interestingly, none of the previous studies used a pure, authentic 
HPL standard and so based their conclusions on a possible misinterpre-
tation of the chemistry of the Ehrlich’s reaction. It is now clear that uri-
nary Mauve Factor is not HPL but could be kryptopyrrole.

Rainforest et al29 confirmed the importance of kryptopyrroles [sic] 
as a biomarker for psychological disorders in Australian clinical prac-
tice. However, they did not specify what was measured in the urine 
samples they reported on. Therefore, even the most current publi-
cation on urinary pyrroles in psychological disorders at this time 
purports to be measuring kryptopyrroles but might not be. The con-
fusion continues.

Importance of the Identity of the Urinary Pyrrole(s) in 
Anxiety
The use of a positive urine reaction with Ehrlich’s reagent as an indi-
cator of anxiety would be a useful tool for diagnosis. Additionally, 
identification of the specific urinary pyrrole(s) might help our under-
standing of the biochemistry of anxiety. For example, reduced serum 
Zn2+ concentrations have been shown in cases of anxiety, and zinc 
therapy has resulted in reduction in the symptoms of anxiety.43 The im-
portance of zinc (likely as Zn2+) in anxiety might be related to its role in 
γ-aminobutyric acid (GABA)ergic neurotransmission44,45 via glutamate 
regulation.43 If a specific pyrrole has a role in Zn2+ homeostasis, it would 
be a key biochemical marker and might indicate a biochemical mech-
anism underpinning anxiety.

It has been suggested that zinc (likely as Zn2+) is excreted as a 
pyridoxal phosphate kryptopyrrole chelate46 (FIGURE 5). This 
might be a mechanism of Zn2+ depletion, resulting in reduced 
serum Zn2+ concentration, with its concomitant implications for 
GABA-mediated neurotransmission and perhaps its role in anx-
iety. The fact that a co-chelate between Zn2+ and pyridoxal phos-
phate/kryptopyrrole is the Zn2+ excretory vector would mean that 

0
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FIGURE 4.  Reaction of hydroxypyrrole (HPL) and 
kryptopyrrole with modified Ehrlich’s reagent. 
This clearly shows that HPL does not react with 
4-dimethylaminobenzaldehyde (DMAB) and that 
kryptopyrrole reacts in a concentration-related manner. 
Results are shown as mean ± SD (n = 3).
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FIGURE 5.  Postulated structure of the pyridoxal phosphate/kryptopyrrole-zinc chelate46 (left) and possible, but unlikely, zinc-
kryptopyrrole complex (right).
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kryptopyrrole is a biomarker for anxiety. The question is, would the 
postulated zinc pyridoxal phosphate/kryptopyrrole complex react 
with Ehrlich’s reagent to give the characteristic mauve color? This 
is unlikely because the pyrrole ring does not have a free α- (or β-) 
carbon. On the other hand, would excess urinary kryptopyrrole (ie, 
that remaining after reaction with pyridoxal phosphate) indicate 
loss of Zn2+ via the chelate pathway? If this were the case, the pres-
ence of kryptopyrrole in urine would likely indicate loss of zinc via 
the urinary route.

It is possible but unlikely that a zinc-kryptopyrrole complex 
(FIGURE 5) might be formed and that this underpins the mechanism 
of Zn2+ loss via urine. This is considered unlikely because the pyrrole ni-
trogen in kryptopyrrole is a very weak base (pyrrole pK

b
 = 13.6) and so 

does not support its interaction with Zn2+.

Analysis of Urine Samples
Modified Ehrlich’s analysis of urine samples from volunteers showed 
the presence of an Ehrlich’s-positive compound (or compounds) that 
absorbs at 540 nm (TABLE 1). If our hypothesis that this compound 
is kryptopyrrole is correct, using the kryptopyrrole calibration graph 
(FIGURE 4), it corresponds to a urine kryptopyrrole concentration 
of 0.40  ±  0.065 μg/mL (mean ± SD) for the nonanxious volunteers 
and 0.42  ±  0.083 for the anxious volunteers. Both are considered 
high.17,20,42,47 On the face of it, the difference between the 2 groups in 
this study is interesting and surprising. Using an independent samples 
t-test with all assumptions met to determine whether there were 
differences in pyrrole absorbance between the 2 groups we see that there 
is no statistically significant difference, M = 0.16, 95% CI [0.09, 0.12], 
t(8) = 0.341, P = .7. It is important to note that our study was designed 
to investigate the application of the methodology to urine samples to 
inform future study rather than differentiate between the 2 groups. In 
addition, the GAD-7 scale does not differentiate between state and trait 
anxiety. It is possible that the nonanxious volunteers were in a state of 
anxiety not picked up by the GAD-7.

A cross-sectional analysis of pyrroles in psychiatric disorders28 
suggested that there is a correlation between histamine levels and pyr-
role levels. Histamine itself is unlikely to react with Ehrlich’s reagent as 
it does not have a free β-carbon.31 Clearly, more research is needed to 
confirm the identity of the Ehrlich’s-positive compound and understand 
its potential value as a clinical biomarker. This is made difficult by the 
likely instability (stability data not presented) of kryptopyrrole when 
extracted from urine.

It has been suggested that stress-related gut permeability changes 
might account for stress-associated HPL in blood.9 This too is fea-
sible, as bilirubin is excreted as a glucuronide conjugate in bile and 
gut microbiome β-glucuronidase releases the aglycone, which is nor-
mally further metabolized by the gut microbiome to stercobilin and 
eliminated in feces.48 Stercobilin (FIGURE 6) is likely to be in part fur-
ther degraded by the gut microbiome. Interestingly, stercobilin has parts 
of its molecular makeup that have remarkable structural analogy to HPL 
and kryptopyrrole (compare FIGURES 1 and 6).

Furthermore, recent research has shown that stercobilin is ab-
sorbed from the gut in mice and that its presence in blood is linked to 

TABLE 1.  Modified Ehrlich’s analysis of urine samples from 
female volunteers with GAD-7a 

Volunteer 
A

540 nm
Mean ± SD 

Kryptopyrrole equivalents
µg/mL 

GAD-7 <10

  1 0.075 ± 0.009 0.36

  2 0.066 ± 0.006 0.31

  3 0.098 ± 0.008 0.47

  4 0.092 ± 0.010 0.44

  5 0.094 ± 0.011 0.45

  Mean ± SD 0.41 ± 0.065

GAD-7 ≥10

  1 0.092 ± 0.014 0.44

  2 0.104b 0.49

  3 0.081 ± 0.004 0.39

  4 0.062 ± 0.011 0.30

  5 0.103 ± 0.013 0.49

  Mean ± SD 0.42 ± 0.083

GAD-7, Generalized Anxiety Disorder - 7 item scale.
aGAD-7 <10 (n = 5; mean ± SD age = 32.5 ± 10.8 years) and GAD-7 ≥10 (n 
= 5; mean ± SD age = 42.8 ± 8.2 years) showing kryptopyrrole equivalents.
bSingle sample.

O

O

N

O
O

HN
NH

NH

HO

HO

FIGURE 6.  Stercobilin: the two 3-ethyl-4-methyl-3,5-dihydropyrrol-2-one moieties at each end of the molecule have significant 
structural similarities to hydroxypyrrole (HPL) and kryptopyrrole (see FIGURE 1).
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proinflammatory activity.49 Interestingly, peripheral proinflammatory 
cytokines (eg, interleukins) have been linked to generalized anxiety dis-
order in Chinese patients50; this might furnish a link between leaky gut, 
stercobilin absorption, inflammatory response, and generalized anxiety 
disorder, which in turn presents a possible molecular association with 
alkylated pyrroles (perhaps derived from stercobilin).

If the Ehrlich’s-positive compound in urine is kryptopyrrole, this 
might link its association with anxiety to a gut-mediated mechanism 
involving the biodegradation of stercobilin by the gut microbiome 
leading to a stercobilin-mediated inflammatory response.

Conclusion
Our study is the first to use authentic standards of HPL and 
kryptopyrrole and shows that urinary Mauve Factor is not HPL. Its iden-
tity remains unproved, but the molecular requirements for reaction with 
DMAB are met by kryptopyrrole (ie, α, β-unsubstituted pyrrole) and so 
kryptopyrrole is a likely candidate for the elusive Mauve Factor.

It is interesting to speculate that kryptopyrrole has its biochemical 
origins in stercobilin and might indicate a link with leaky gut syndrome, 
which has been reported to be associated with anxiety.50 If kryptopyrrole 
is excreted in urine in clinical anxiety, the postulated co-chelate with 
pyridoxal phosphate and zinc46 would suggest a biochemical mech-
anism of anxiety, point to a dietary supplement-based treatment, and 
present a biomarker for diagnosis; however, because there is no pyrrole 
concentration difference between control and anxious urine samples in 
this small sample set, more work is needed to assess the usefulness of 
kryptopyrrole as an anxiety biomarker.
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ABSTRACT 

Objective:  The serum squamous cell carcinoma antigen (SCCA) level 

is a well-known tumor marker for squamous cell carcinoma. In this 

study, we examined the impact of immunoglobulin (Ig)-bound mac-

romolecular SCCA on serum SCCA levels measured by 2 different 

methods.

Methods:  Seventy-five serum samples with an SCCA level >5.0 ng/

mL as determined by a chemiluminescent immunoassay (CLIA) were 

also analyzed using a chemiluminescent enzyme immunoassay 

(CLEIA). The levels of IgG- and IgA-type anti-SCCA antibodies, which 

form immunoglobulins and macromolecules, respectively, were deter-

mined using an enzyme-linked immunosorbent assay. An absorption 

test was performed to confirm the presence of anti-SCCA antibodies.

Results:  The correlation coefficient between the values measured by 

CLEIA and CLIA was 0.768. The ratio of SCCA levels measured by 

CLEIA to those measured by CLIA in 14 samples with IgG-type anti-

SCCA antibodies was significantly lower than that in samples without 

these antibodies (P < .031). Absorption tests showed that SCCA levels 

measured by CLIA might be falsely high in samples with IgG-type anti-

SCCA antibodies, probably due to reactions with SCCA1.

Conclusion:  The level of SCCA as measured by CLIA and CLEIA 

methods correlate well, but the presence of SCCA antibodies can af-

fect the results of the CLIA method.

Squamous cell carcinoma antigen (SCCA) is a glycoprotein with a mo-
lecular mass of 45 kDa that is isolated from cervical squamous cell car-
cinoma cells.1 Serum SCCA level is used for diagnosis, assessing the 
efficacy of treatment and predicting recurrence of various squamous cell 
carcinomas, including those of the cervix and lungs.

Although SCCA is generally measured by a chemiluminescent immu-
noassay (CLIA) or a chemiluminescent enzyme immunoassay (CLEIA), 
studies comparing different reagents have reported several cases with 
different values.2-4 Differences in reactivity to SCCA1 and SCCA2 or 
binding of SCCA to an immunoglobulin (Ig) complex may contribute to 
markedly different values between these assay methods.

In this study, serum samples with SCCA levels above the CLIA cutoff 
level were measured by CLEIA. Furthermore, the levels of IgA- and IgG-type 
anti-SCCA antibodies (IgA- and IgG-SCCA antibodies) were detected by an 
enzyme-linked immunosorbent assay (ELISA), and their presence was con-
firmed by absorption testing. Differences in the SCCA levels between the 
CLIA and CLEIA were examined in terms of the presence of autoantibodies.

Materials and Methods

Study Participants
In this study of patient samples analyzed between January 2018 and 
March 2019, we used 75 residual samples from daily routine laboratory 
tests with SCCA levels of >5.0  ng/mL determined by CLIA. A further 
5 healthy volunteers were enrolled as comparison subjects. Sera were 
collected by centrifugation and stored at −20°C until use. This study 
was conducted as joint research with Tosoh Corporation (Japan) with 
approval from the Ethics Committee of Kobe University Hospital (refer-
ence number: 180294). All participants were provided information dis-
closure and opportunities to opt out.

SCIENCE

14_LABMED_lmad088.indd   34114_LABMED_lmad088.indd   341 27-Apr-24   13:31:1127-Apr-24   13:31:11

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/341/7273654 by guest on 17 February 2025



2024;55:341-346  |  https://doi.org/10.1093/labmed/lmad088342

SCCA Assay Methods
The serum SCCA levels were measured by CLIA using the ARCHITECT 
SCC on an ARCHITECT i2000 (Abbott Japan) and by CLEIA using the 
CL AIA-PACK SCC on an AIA-CL2400 (Tosoh). Whereas ARCHITECT 
SCC is a 2-step sandwich immunoassay using an acridinium-labelled 
antibody, AIA-PACK SCC is based on delayed 1-step measurements and 
uses alkaline phosphatase (ALP) as a labelled substance. The measuring 
range is 0.1 to 100 ng/mL by AIA-CL2400 and 0.1 to 70.0 ng/mL by AR-
CHITECT. After SCCA routine measurement by the CLIA method using 
ARCHITECT SCC, measurement by the CLEIA method using AIA-PACK 
SCC was performed after thawing samples stored at −20°C.

ELISA Methods
The serum levels of IgG-, IgA-, and IgM-SCCA antibodies were meas-
ured using 2 ELISAs. In brief, 96-well ELISA plates were coated with 100 
µL of recombinant SCCA (3 μg/mL) at room temperature for 2 hours, 
blocked with 1% bovine serum albumin (BSA) in phosphate-buffered 
saline (PBS) for 1 hour at pH 7.2, and washed 3 times with 0.05% 
Tween 20 tris-buffered saline (T-TBS). Then, 100 µL of serially diluted 
samples in 0.1% BSA in PBS was added to each well and the plate was 
incubated for 1 hour at room temperature. After washing with 0.05% 
T-TBS 3 times, 100 µL of serially diluted goat anti-human IgG against 
ALP (IgG-ALP) (Southern Biotech; 2040-04), goat anti-human IgM-ALP 
(Southern Biotech; 2023-04), or goat anti-human IgA-ALP (Southern 
Biotech; 2050-04) in 0.1% BSA in PBS was added to the well, and the 
plate was incubated for 1 hour at room temperature. After washing 3 
times, 100 µL of serially diluted coloring reaction solution was added, 
comprising 26 mg of 4-methylumbelliferyl phosphate in 100 mL of 1 M 
diethanolamine and 0.5 mM MgCl

2
, and the plate was incubated for 30 

minutes at room temperature. The optical fluorescence was measured at 
465 nm using a microplate reader (Infinite200; TECAN).

In the comparative method in which recombinant SCCA was not 
immobilized on a plate, immobilization on a plate was not performed, 
and the rest of the procedure was the same.

IgG and IgA Absorption Tests
Absorption tests were performed to confirm the presence of anti-SCCA 
antibodies. For this, 10 µL serum was mixed with 100 µL anti-IgA or 
anti-IgG polyclonal antibodies (Medical & Biological Laboratories; 
105G, 103G) and incubated overnight at 4°C. After centrifugation 
(1710g, 10 min), the SCCA levels were measured by the CLIA and CLEIA.

Statistical Analysis
Correlation analysis was performed using linear regression and 
Spearman’s correlation coefficient. Differences were analyzed using the 
Student t-test for comparison of 2 groups. One-way analysis of variance 
and multiple comparisons were performed for comparisons of 3 or more 
groups. All analyses were performed using GraphPad Prism version 7.0 
software (GraphPad Software).

Results

Comparison of Serum SCCA Levels Determined by CLIA 
and CLEIA
We examined the correlation in serum SCCA levels between CLEIA and 
CLIA using serum samples from 75 patients with SCCA levels above the 

CLIA cutoff level. Nine of the samples had SCCA levels below the CLEIA cut-
off level of 1.5 ng/mL (FIGURES 1 and 2B). Compared to measurements 
by the CLIA method, the correlation coefficient with the levels measured 
by CLEIA was 0.768 and the regression equation was y = 0.708x + 1.164 
(FIGURE 2A). The SCCA levels of the 9 samples below the CLEIA cutoff 
were between 5 and 20 ng/mL according to CLIA. Samples with low SCCA 
levels according to the CLIA tended to show large variability relative to 
the CLEIA. FIGURE 2B compares the serum SCCA levels between the 2 
methods for samples with levels of 5 to 20 ng/mL according to the CLIA. 
The SCCA value by Bland-Altman plot or CLEIA showed an average value 
6.4 lower than CLIA, and there were samples whose average value was 
lower than −1.96 in the high concentration region (FIGURE 2C).

Detection of Anti-SCCA Antibodies
The fluorescent intensity ratios, with or without coated SCCA (anti-
human IgG, IgA, IgM-ALP), are depicted by boxplots in FIGURE 3. 
Specificity was confirmed for samples with a fluorescence ratio of >2 
times the average of 5 negative controls (IgG >2.176; IgM >2.280; IgA 
>3.998). We determined whether there was specific reactivity by adding 
10 μg/mL of free SCCA to the ELISA reaction system and confirmed the 
signal specificity for SCCA. A multiple comparison test showed signif-
icant differences between without antigen and with antigen, and be-
tween with antigen, and with antigen plus free SCCA. Binding loss is 
defined as fluorescence intensity of with antigen/with antigen plus free 
SCCA of 0.65 or less. For IgG, samples except 50 showed a loss of binding 
(FIGURE 4A). For IgA, samples 12, 49, and 75 showed a loss of binding 
(FIGURE 4B). For IgM, all but 40 appeared to have loss of binding, but 
the signal was too small to be determined (FIGURE 4C). In the repro-
ducibility tests, IgA and IgM results were reproducible (data not shown).

SCCA antibodies were detected in 15 samples: IgA in 1 sample, IgG 
in 12 samples, and both IgA and IgG in 2 samples (FIGURE 1, TABLE 
1). In samples positive for IgG-SCCA antibodies, the SCCA levels 
measured by CLEIA were lower than those measured by CLIA except 

FIGURE 1.  Flow diagram. CLEIA, chemiluminescent enzyme 
immunoassay; CLIA, chemiluminescent immunoassay; 
ELISA, enzyme-linked immunosorbent assay; Ig, 
immunoglobulin; SCCA, squamous cell carcinoma antigen.
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for sample 49. In samples positive for IgA-SCCA antibodies with or 
without IgG-SCCA antibodies, the SCCA levels measured by CLEIA 
were higher than those measured by CLIA, except for sample 75.

In 14 available samples out of 15 samples with SCCA antibodies, 
we performed absorption tests using anti-IgG or anti-IgA antibodies 
(TABLE 2). Statistical analysis between IgA, IgG, and IgA/G within CLEIA 
and CLIA samples showed no significant differences overall. The SCCA 
level of samples 74 and 75 decreased when incubated with anti-human IgG 
antibodies and measured by CLIA. Although some samples were suppressed 
by the absorption test, including 29 samples by the CLEIA method and 49 
samples by the CLIA method, no consistent trend was observed. Therefore, 
we speculate that this fluctuation is caused by measurement variability.

Ratio of SCCA Levels by CLEIA to CLIA
The ratio of SCCA levels measured by CLEIA to those measured by CLIA 
was 0.83 overall, indicating a good correlation. However, SCCA levels 

FIGURE 2.  Correlation between serum SCCA levels measured by CLEIA and CLIA. A, All samples (y = 0.708x + 1.164; r = 0.768). 
B, Samples with SCCA levels between 1.5 (cut-off) and 20 ng/mL measured by the CLIA. C, Bland-Altman plot analysis. CLEIA, 
chemiluminescent enzyme immunoassay; CLIA, chemiluminescent immunoassay; SCCA, squamous cell carcinoma antigen.

FIGURE 3.  ELISA fluorescent intensity ratio with/without 
coated SCCA (anti-human IgG, IgA, IgM-ALP). Boxes 
represent interquartile ranges and whiskers represent 
the range between the 2.5th and 97.5th percentiles. ALP, 
alkaline phosphatase; ELISA, enzyme-linked immunosorbent 
assay; Ig, immunoglobulin; SCCA, squamous cell carcinoma 
antigen.
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measured by CLEIA were mostly lower than those measured by CLIA. Of 
note, the ratio was 0.610 for samples positive for IgG-SCCA antibodies 
and was significantly lower than the ratio for samples without antibodies 
(0.876; P = .031). This may indicate that in samples with IgG-SCCA 
antibodies, the levels measured by CLIA are likely to be higher than 
those measured by CLEIA.

Analysis of False Positives Measured by CLIA
All 9 samples with SCCA levels below the CLEIA cutoff level of 1.5 ng/
mL had SCCA levels of <20  ng/mL measured by CLIA. Therefore, we 
examined 52 samples with SCCA levels of <20 ng/mL measured by CLIA. 
No significant difference was observed between the presence and ab-
sence of IgG-SCCA antibodies, but IgG-SCCA antibodies were detected 
in 3 out of 9 samples (33%) in samples with <1.5 ng/mL and in samples 

>1.5 ng/mL, IgG-SCCA antibodies were detected with high probability 
compared with 5 out of 43 samples (12%).

Discussion
In prior studies that have examined the correlations between SCCA 
levels measured using different methods, the existence of an im-
mune complex between SCCA and IgG or IgM autoantibodies was 
determined by analyzing SCCA samples by gel filtration for deviated 
samples.2-4

In this study, we examined 75 samples with high SCCA levels for the 
presence of an immune complex by performing ELISAs on samples with 
or without deviations between the SCCA assay methods. The ELISAs re-
vealed anti-SCCA antibodies in 20% of the samples.

FIGURE 4.  ELISA signal comparison with/without coated SCCA in the presence of 10 μg/mL of free SCCA for anti-human 
IgG-ALP (A), anti-human IgA-ALP (B), and anti-human IgM-ALP (C). ALP, alkaline phosphatase; ELISA, enzyme-linked 
immunosorbent assay; Ig, immunoglobulin; SCCA, squamous cell carcinoma antigen.
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Autoantibodies against other tumor markers including 
carcinoembryonic antigen and prostate specific antigen5,6 and hormones, 
such as prolactin (PRL) and thyrotropin,7,8 have been reported. These 
autoantibodies cause abnormal values, and it is important to investigate 
the mechanism involved in the generation of autoantibodies.

In patients with hyperprolactinemia, anti-PRL autoantibodies were 
found in 10% to 25% of samples.8 Hattori et al9 suggested that PRL 
acidic isoform induces antigen stimulation in patients with anti-PRL 
autoantibodies. For SCCA, like PRL, a phosphorylated subfraction was 
detected by 2-dimensional electrophoresis combined with immunoblot-
ting.10

The possibility that SCCA binds to IgA and IgG may be examined 
by performing absorption tests on samples in which the SCCA levels 
differed considerably.11 In this study, we confirmed the presence of IgG- 
and IgA-SCCA antibodies by performing ELISAs. Abe et al4 reported that 
CLIA uses antibodies with high reactivity to SCCA1, whereas CLEIA uses 
antibodies with high reactivity to SCCA2. Comparing the SCCA levels 
of the samples positive for anti-SCCA antibodies between the 2 assay 
methods, the SCCA levels measured by CLIA were higher than those 
measured by CLEIA in samples with IgG-SCCA antibodies, suggesting 
a predominance of SCCA1 in many samples. By comparison, in samples 
positive for only IgA-SCCA antibodies, the SCCA levels measured by 

TABLE 1.  Comparison of the SCCA levels measured by 
CLEIA and CLIA in samples with anti-SCCA antibodies

Sample No. CLIA CLEIA Ratioa Antibody type 

3 129 85 0.66 IgG

12 7.4 12.7 1.72 IgA

21 344 254.8 0.74 IgG

22 5.1 3.7 0.73 IgG

29 9.7 6.6 0.68 IgG

48 16.8 15.8 0.94 IgG

49 18.8 27.1 1.44 IgG/IgA

59 22.4 18.3 0.82 IgG

60 36.9 23.7 0.64 IgG

64 7.9 0.9 0.11 IgG

65 158 109.2 0.69 IgG

67 22.2 16.8 0.76 IgG

73 9.8 0.7 0.07 IgG

74 12.4 1 0.08 IgG

75 16.5 3.3 0.20 IgG/IgA

CLEIA, chemiluminescent enzyme immunoassay; CLIA, chemiluminescent 
immunoassay; Ig, immunoglobulin; SCCA, squamous cell carcinoma antigen
aRatio of SCCA levels measured by CLEIA/CLIA.

TABLE 2.  Absorption tests using anti-human Ig (IgG, IgA or both) antibodiesa

Sample No. Antibody type 
CLEIA CLIA

IgA IgG IgA + IgG IgA IgG IgA + IgG 

3 IgG 7.74 (7.46)
104%

7.55 (7.55)
100%

7.07 (7.53)
94%

12.0 (11.6)
103%

12.9 (11.6)
111%

10.3 (11.6)
89%

12 IgA 1.06 (1.00)
106%

1.07 (1.07)
100%

1.04 (1.01)
103%

0.7 (0.7)
100%

0.7 (0.9)
78%

0.8 (0.7)
114%

21 IgG 21.77 (21.41)
102%

22.33 (21.00)
106%

21.80 (20.97)
104%

36.2 (34.4)
105%

39.6 (34.4)
115%

35.7 (34.4)
104%

22 IgG 0.36 (0.40)
89%

0.35 (0.40)
87%

0.36 (0.40)
91%

0.5 (0.5)
100%

0.4 (0.5)
80%

0.7 (0.5)
140%

29 IgG 0.62 (0.53)
117%

0.70 (0.55)
128%

0.66 (0.54)
122%

1.0 (0.9)
111%

0.8 (0.9)
89%

0.9 (0.9)
100%

48 IgG 1.66 (1.61)
103%

1.38 (1.56)
88%

1.55 (1.61)
96%

2.2 (2.0)
110%

1.5 (2.0)
75%

1.9 (2.0)
95%

49 IgA/IgG 2.18 (2.04)
107%

2.17 (2.06)
106%

2.35 (2.00)
117%

1.9 (1.6)
119%

1.8 (1.4)
129%

1.7 (1.7)
100%

59 IgG 1.27 (1.34)
95%

1.28 (1.33)
96%

1.56 (1.33)
117%

1.7 (1.6)
106%

1.5 (1.6)
94%

1.9 (1.6)
119%

60 IgG 2.14 (2.18)
98%

2.37 (2.21)
107%

2.09 (2.24)
93%

3.5 (3.7)
95%

4.4 (3.7)
119%

3.8 (3.7)
103%

64 IgG 0.26 (0.42)
62%

0.38 (0.42)
91%

0.27 (0.42)
65%

0.8 (1.1)
73%

0.9 (1.1)
82%

0.8 (1.1)
73%

65 IgG 9.12 (8.62)
106%

8.52 (8.72)
98%

8.88 (8.69)
102%

15.3 (13.2)
116%

13.7 (13.2)
104%

13.6 (13.2)
103%

73 IgG 0.18 (0.22)
83%

0.16 (0.21)
75%

0.22 (0.21)
103%

1.0 (1.1)
91%

0.9 (1.1)
82%

1.6 (1.1)
145%

74 IgG 0.18 (0.26)
68%

0.17 (0.26)
66%

0.19 (0.26)
72%

0.8 (1.6)
50%

0.8 (1.6)
50%

0.9 (1.6)
56%

75 IgA/IgG 0.29 (0.36)
80%

0.20 (0.38)
52%

0.24 (0.37)
65%

1.6 (1.8)
89%

0.6 (1.6)
38%

1.2 (1.6)
75%

Control 4.36 (4.26)
102%

4.38 (4.58)
(96%)

4.39 (4.23)
104%

3.9 (4.0)
98%

3.6 (4.3)
84%

3.7 (3.6)
103%

CLEIA, chemiluminescent enzyme immunoassay; CLIA, chemiluminescent immunoassay; Ig, immunoglobulin; SCCA, squamous cell carcinoma antigen.
aIncubated value (reference value) and absorption ratio are shown in each column.
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CLEIA were higher than those measured by CLIA, suggesting a predom-
inance of SCCA2.

Of the 3 samples positive for IgA-SCCA antibodies for which the 
absorption test was performed, the SCCA level measured by CLIA 
was higher than that measured by CLEIA for sample 75, suggesting 
a predominance of SCCA1. By comparison, for samples 12 and 49, 
the SCCA levels tended to be higher with CLEIA than with CLIA, 
suggesting a predominance of SCCA2. For sample 75, although the 
SCCA level could not be determined by CLEIA because of the low 
level, the absorption test with anti-IgG antibodies showed a low 
value of 38% by CLIA These results indicate that the reactivity be-
tween SCCA1 and IgG-SCCA antibodies can affect the CLIA measure-
ment system and may lead to falsely high SCCA levels. Because the 
absorption test showed a low value, it was considered that the im-
mune complex reacted nonspecifically with the reagent and directly 
affected the reaction system. However, a limitation of this study is 
that we did not quantify SCCA1 or SCCA2 levels in the samples. In 
addition, due to the small number of samples and the characteristics 
of the assay, for example, in the case of IgM, the amount of antibody 
was small, so it is possible that the presence could not be accurately 
determined. Therefore, more detailed investigation would be useful 
in the future.

Conclusion
We detected IgG- and IgA-SCCA antibodies and clarified their effects 
on measuring SCCA levels using CLIA. The CLIA method may yield 
falsely high or false-positive results in samples with IgG-SCCA 
antibodies.
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ABSTRACT 

Objective:  The aim of this study was to evaluate the prognostic im-

pact of variables, including thrombocytopenia and the amount of 

platelet transfusion, for predicting survival in venoarterial extracorpo-

real membrane oxygenation (ECMO) recipients. Additionally, we aimed 

to identify the predictors of increased transfusion requirement during 

venoarterial ECMO support.

Methods:  All patients who received venoarterial ECMO between De-

cember 2008 and March 2020 were retrospectively analyzed. Univar-

iate and multivariate Cox regressions were used to evaluate in-hospital 

mortality according to variables including thrombocytopenia and daily 

average of platelet concentrate transfusion. Stepwise multiple linear 

regression analysis was used to identify independent predictors for 

transfusion requirements.

Results:  Analysis of 218 patients demonstrated severe thrombocyto-

penia as an independent predictor of in-hospital mortality (hazard ratio 

= 2.840, 95% CI: 1.593-5.063, P < .001), along with age, pre-ECMO 

cardiac arrest, and pH. In contrast, the amount of platelet transfusion 

was not associated with in-hospital mortality. Multiple variables, in-

cluding the type of indication for ECMO were associated with transfu-

sion requirements.

Conclusion:  Our findings identified severe thrombocytopenia as 

an independent prognostic factor of in-hospital mortality. However, 

daily average platelet transfusion was not associated with survival 

outcomes. Additionally, our study identified predictive variables of 

increased transfusion requirements.

Introduction
The use of extracorporeal membrane oxygenation (ECMO) has dramat-
ically increased in recent years owing to several factors, such as availa-
bility of durable membranes and portable circuits, increased familiarity 
with the therapy, and the progress in durable mechanical circulatory 
support devices.1 Despite these advancements, platelet dysfunction and 
thrombocytopenia remain significant challenges for ECMO patients,1–10 
particularly in venoarterial (VA) ECMO settings. Although bleeding and 
thrombotic events are the major complications of ECMO contributing 
to increased morbidity and mortality,11–14 thrombocytopenia is not 
included in the scoring systems of some well-established prediction 
models.15,16 Recent studies have evaluated the role of thrombocytopenia 
as a predictor of survival in ECMO patients and found that relative early 
decrease of platelets, persistent thrombocytopenia, and pre-ECMO 
thrombocytopenia defined as <100 × 103/μL were risk factors for mor-
tality.17-19 However, the relationship between thrombocytopenia and 
survival outcomes according to severity of thrombocytopenia has not 
been fully explored.

More than 20% of patients receiving VA ECMO suffer from thrombo-
cytopenia,7 leading to a higher demand for platelet transfusion. Currently, 
the Extracorporeal Life Support Organization recommends maintaining 
a platelet count >80 × 103/μL in patients without bleeding.20 However, 
in the absence of evidence-based guidelines for transfusion in ECMO 
patients, exploration for adequate blood utilization is ongoing. Although 
multiple studies have reported that increased red blood cell (RBC) transfu-
sion is associated with survival outcomes in patients receiving ECMO,14,21 
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studies evaluating the effect of platelet transfusion on mortality are 
scarce.22 Therefore, we felt compelled to evaluate the effect of the amount 
of platelet transfusion on survival outcomes of ECMO patients.

The primary objective of this study was to evaluate the prognostic 
impact of variables, including pre-ECMO thrombocytopenia and the 
amount of platelet transfusion, for predicting survival in VA ECMO 
patients. The secondary objective was to identify the predictors of 
increased transfusion requirement during VA ECMO support. This study 
aimed to provide valuable information regarding the role of pre-ECMO 
thrombocytopenia and platelet transfusion in prognosis and prediction 
of transfusion requirements for patients receiving VA ECMO.

Materials and Methods

Data Collection
We retrospectively investigated all patients who received VA ECMO be-
tween December 2008 and March 2020 at the Pusan National Univer-
sity Yangsan Hospital, Yangsan, South Korea. All data were obtained 
from the electromedical records. The pre-ECMO variables included 
hemoglobin (Hb) level, platelet count, Acute Physiology and Chronic 
Health Evaluation (APACHE) II score and Sequential Organ Failure 
Assessment (SOFA) score at intensive care unit (ICU) admission, his-
tory of pre-ECMO cardiac arrest, immunocompromised status, ste-
roid treatment, and infection. “Immunocompromised” was defined 
as hematologic malignancies, a solid organ tumor, HIV infection, or 
under immunosuppressant treatment. The pre-ECMO platelet count 
was classified into the following categories of thrombocytopenia se-
verity: (1) normal, platelet count ≥140  ×  103/μL; (2) mild, platelet 
count <140  ×  103/μL and ≥100  ×  103/μL; (3) moderate, platelet 
count <100 × 103/μL and ≥50 × 103/μL; and (4) severe, platelet count 
<50  ×  103/μL. Additionally, arterial blood gas analyses for pH, par-
tial pressure of carbon dioxide (PaCO

2
), partial pressure of oxygen 

(PaO
2
), and oxygen saturation (SaO

2
) at ECMO initiation, duration of 

ECMO, and indications for ECMO were performed. The indications for 
ECMO were classified into 6 categories: bridge-to-transplant, extra-
corporeal cardiopulmonary resuscitation (ECPR), postcardiac surgery, 
cardiogenic shock due to acute coronary syndrome, cardiogenic shock 
due to acute myocarditis, and cardiogenic shock due to other causes 
(including refractory ventricular tachycardia, pulmonary thrombo-
embolism, and septic shock). Average transfusion units per day (total 
units of transfused blood components during ECMO divided by the 
ECMO duration in days) of RBCs, platelet concentrates, and fresh 
frozen plasma (FFP) during ECMO were also investigated. Transfusion 
of platelet concentrate was classified into 2 groups, >8 units/day and 
≤8 units/day, because a routine 8 units of platelet concentrate trans-
fusion was adopted for ECMO patients who needed platelet transfu-
sion. We assessed in-hospital survival status and length of hospital 
stay of patients on VA ECMO to analyze patient outcomes. In-hospital 
mortality was defined as in-hospital death from any cause among 
patients receiving VA ECMO. Furthermore, we assessed thrombotic 
or hemorrhagic complications, including pulmonary hemorrhage, cen-
tral nervous system (CNS) infarction, CNS hemorrhage, surgical site 
bleeding, hemolysis, gastrointestinal bleeding, disseminated intravas-
cular coagulation, cannula site bleeding, retroperitoneal bleeding, and 
pulmonary thromboembolism. Patients with missing data other than 
APACHE II or SOFA scores were excluded.

ECMO Implantation and Management
Management of the ECMO protocol is based on the ELSO guidelines,20 
and bedside care for patients undergoing ECMO was provided by a mul-
tidisciplinary intensive care team.23 All catheters were managed using a 
standardized protocol and were inserted peripherally by an experienced 
cardiothoracic surgeon using the Seldinger approach under ultrasound 
guidance. The ECMO system consisted of a polymethylpentene fiber ox-
ygenator system (Quadrox PLS; Maquet) with simplified bioline-coated 
circuits (Maquet). All patients were supported by centrifugal pumps 
(Maquet). The patients received an initial unfractionated heparin (UFH) 
bolus at 50 units/kg body weight when the cannula was placed, and UFH 
was infused continuously during the ECMO. The heparin infusion was 
regulated to maintain activated partial thromboplastin time (aPTT) at 
80 to 90 seconds, which was obtained every 6 hours. In case of bleeding, 
the aPTT target was set at 60 to 70 seconds. If heparin-induced throm-
bocytopenia was suspected, a heparin-PF4 antibody test was conducted, 
UFH was discontinued, and argatroban was infused to maintain aPTT at 
80 to 90 seconds. Transfusion was performed based on a platelet count 
of ≤80,000 × 103/μL and hemoglobin level of ≤80 g/L.

Statistical Analysis
Continuous variables are described as means with standard deviations, 
and categorical variables are described as percentages and counts. 
Normality tests were performed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Student t-test and Mann-Whitney U test were 
used for normally distributed and nonnormally distributed continuous 
variables, respectively. Categorical variables were analyzed using the χ2 
test when <25% of cells had expected frequencies less than 5 or Fisher’s 
exact test when ≥25% of cells had expected frequencies less than 5. Uni-
variate Cox regression analysis was performed for variables that were 
statistically significant (P < .05) using the Student t-test, Mann-Whitney 
test, χ2 test, and Fisher’s exact test. Multivariate Cox regression anal-
ysis was used to identify independent predictors of outcome among the 
variables that were shown to achieve statistical significance at P < .05 
in the univariate Cox regression analysis. The log-rank test was used to 
compare cumulative survival according to the severity of thrombocy-
topenia or the amount of daily platelet transfusion. Stepwise multiple 
linear regression analysis was used to identify independent predictors 
for transfusion requirements. In the multiple linear regression analysis, 
platelet count (×103/μL) was used as a continuous variable instead of the 
severity classification of thrombocytopenia. All statistical analyses were 
performed using IBM SPSS Statistics for Windows, version 22 (IBM). 
Line art and graphs were generated using SPSS, Microsoft PowerPoint 
(Microsoft), and R Statistical Software (v4.1.3; R Core Team 2021) with 
the R package survminer version 0.4.9.

Ethical Statement
This study was approved by the Institutional Review Board of Pusan 
National University Yangsan Hospital, Yangsan, Korea (approval No.05-
2022-004). The requirement for informed consent was waived because 
of the retrospective nature of the study and because the analysis used 
anonymous clinical data.

Results
A total of 265 patients received VA ECMO support, of which 47 were 
excluded from the study because of missing data. Two hundred and 
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eighteen patients, 111 in-hospital survivors and 107 nonsurvivors, 
with a median follow-up of 130.5 days (range: 0-4152 days) were 
analyzed. Characteristics of the patients are listed in TABLE 1, ac-
cording to in-hospital survival outcomes. The nonsurvivors were older 
(60.7 ± 13.2 vs 55.0 ± 16.4 years, P = .002), had lower pre-ECMO Hb 
(112.4  ±  2.9.1 vs 122.0  ±  24.6  g/L, P = .035) and pH (6.9  ±  2.1 vs 

7.4 ± 0.1, P = .007), and showed a higher percentage that experienced 
pre-ECMO cardiac arrest (51.4% vs 24.3%, P < .001). The severity of 
thrombocytopenia differed between the nonsurvivors and survivors, 
nonsurvivors demonstrating a higher ratio of severe thrombocyto-
penia compared with the survivors (20.6% vs 0.0%). Additionally, 
the indications for ECMO differed between the 2 groups (P < .001). 

TABLE 1.  Patient demographics and ECMO-related variables according to in-hospital outcomesa

 
All patients 
(n = 218) 

Survivors 
(n = 111) 

Nonsurvivors 
(n = 107) 

P 

Demographics

 � Age, y 57.8 ± 15.1 55.0 ± 16.4 60.7 ± 13.2 .002

 � Male 61.0% (133) 59.5% (66) 62.6% (67) .633

Pre-ECMO characteristics

 � Pre-ECMO Hb, g/L 117.3 ± 27.3 122.0 ± 24.6 112.4 ± 29.1 .035

 � Pre-ECMO thrombocytopenia <.001

  �  Normal 67.0% (146) 75.7% (84) 57.9% (62)

  �  Mild 10.6% (23) 11.7% (13) 9.3% (10)

  �  Moderate 12.4% (27) 12.6% (14) 12.1% (13)

  �  Severe 10.1% (22) 0.0% (0) 20.6% (22)

Pre-ECMO cardiac arrest 37.6% (82) 24.3% (27) 51.4% (55) <.001

Immunocompromised 3.2% (7) 4.5% (5) 1.9% (2) .446

Steroid 5.5% (12) 8.1% (9) 2.8% (3) .136

Infection 33.5% (73) 31.5% (35) 35.5% (38) .568

APACHE II scoreb 12.1 ± 7.0 11.0 ± 6.6 13.2 ± 7.2 .053

SOFA scorec 10.4 ± 4.8 8.6 ± 4.7 12.1 ± 4.2 <.001

Blood gas at ECMO initiation

 � pH 7.1 ± 1.5 7.4 ± 0.1 6.9 ± 2.1 .007

 � PaCO
2
, mmHg 32.7 ± 10.4 33.4 ± 7.7 31.9 ± 12.6 .760

 � PaO
2
, mmHg 149.3 ± 108.8 147.8 ± 96.4 150.8 ± 120.8 .302

 � SaO
2
, % 94.2 ± 18.6 97.7 ± 4.1 90.6 ± 25.8 .189

ECMO characteristics

 � Days on ECMO 5.7 ± 7.4 5.7 ± 6.5 5.7 ± 8.3 .151

 � ECMO indication <.001

 � Bridge to transplant 10.6% (23) 15.3% (17) 5.6% (6)

 � ECPR 50.0% (109) 34.2% (38) 66.4% (71)

 � Post cardiac surgery 7.3% (16) 4.5% (5) 10.3% (11)

 � Cardiogenic shock, ACS 15.6% (34) 24.3% (27) 6.5% (7)

 � Cardiogenic shock, acute myocarditis 6.4% (14) 10.8% (12) 1.9% (2)

 � Cardiogenic shock, other 10.1% (22) 10.8% (12) 9.3% (10)

Transfusion events on ECMO, unit/day

 � RBC transfusions 4.8 ± 8.3 2.8 ± 3.5 6.8 ± 10.9 .002

 � FFP transfusions 2.8 ± 5.5 1.5 ± 2.5 4.4 ± 7.2 .033

 � PLT transfusions 5.3 ± 6.2 4.8 ± 6.2 5.6 ± 6.3 .202

 � PLT transfusions, categorical .035

 � ≤8 78.0% (170) 83.8% (93) 72.0% (77)

 � >8 22.0% (48) 16.2% (18) 28.0% (30)

ACS, acute coronary syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; ECMO, extracorporeal membrane oxygenation; ECPR, extra-
corporeal cardiopulmonary resuscitation; FFP, fresh frozen plasma; Hb, hemoglobin; ICU, intensive care unit; PaCO

2
, partial pressure of carbon dioxide; 

PaO
2
, partial pressure of oxygen; PLT, platelet; RBC, red blood cell; SaO

2
, oxygen saturation; SOFA, Sequential Organ Failure Assessment.

aData are given as % (n) or mean ± SD.
bAt ICU admission, 12 patients were missing data.
cAt ICU admission, 10 patients were missing data.
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Nonsurvivors demonstrated more cases of ECPR and postcardiac 
surgery and fewer cases of bridge-to-transplant, acute coronary syn-
drome, and acute myocarditis compared with survivors. Further, the 
nonsurvivors received more RBC (6.8 ± 10.9 vs 2.8 ± 3.5 unit/day, P = 
.002) and FFP (4.4 ± 7.2 vs 1.5 ± 2.5 unit/day, P = .033) transfusions 
compared with survivors. Additionally, nonsurvivors demonstrated a 
higher ratio of PLT concentrate transfusion >8 (28.0% vs 16.2%, P = 
.035). However, no significant difference in platelet transfusion was 
found between survivors and nonsurvivors when daily average of 
transfusion was analyzed in a continuous variable form (nonsurvivors: 
5.6 ± 6.3 vs survivors: 4.8 ± 6.2 unit/day, P = .202).

The univariate Cox regression analysis revealed that age, pre-ECMO 
Hb, severe thrombocytopenia, pre-ECMO cardiac arrest, pH, SOFA score 
at ICU admission, and RBC and FFP transfusion were associated with 
in-hospital mortality (TABLE 2). However, PLT transfusion >8 unit/
day was not associated with survival outcomes (hazard ratio = 1.377, 
95% CI 0.902-2.101, P = .138). The multivariate Cox regression anal-
ysis identified severe thrombocytopenia as an independent predictor of 
in-hospital mortality (hazard ratio = 2.840, 95% CI, 1.593-5.063; P < 
.001), along with age, pre-ECMO cardiac arrest, and pH (TABLE 2). In 
contrast, the amount of RBC and FFP transfusion was not associated 
with in-hospital mortality in the multivariate analysis.

The Kaplan-Meier curves for in-hospital survival in VA ECMO 
patients according to thrombocytopenia and PLT transfusion are il-
lustrated in FIGURE 1. During a mean of 35.07 days of hospital stay 
(range: 0-324 days), patients with pre-ECMO severe thrombocytopenia 

showed poor in-hospital survival compared with those with all other 
severities of thrombocytopenia (FIGURE 1A; P < .001).

The thrombotic or hemorrhagic complications according to the se-
verity of thrombocytopenia are presented in TABLE 3. Our findings 
showed that among these complications, only CNS infarction was sig-
nificantly associated with the severity of thrombocytopenia. However, 
none of the patients with pre-ECMO severe thrombocytopenia had a 
CNS infarction.

The stepwise multiple linear regression analysis for transfusion 
requirements is shown in TABLE 4. Lower pre-ECMO Hb and platelet 
count were associated with increased RBC and PLT requirements, re-
spectively. The average transfusion amount in units per day according 
to indications of ECMO is represented in FIGURE 2. The transfusion 
requirements of RBC, FFP, and PLT were the highest in patients who re-
ceived ECMO support following cardiac surgery.

Discussion
This study identified severe pre-ECMO thrombocytopenia as an inde-
pendent predictor of in-hospital mortality in patients who underwent 
VA ECMO. This finding is in line with a previous study in which a crite-
rion for pre-ECMO platelet of <100 × 103/μL was adopted in predicting 
in-hospital mortality.18 However, in this study, the multivariate analysis 
revealed that platelet counts of 50-100 × 103/μL (moderate thrombocy-
topenia) and 100-140 × 103/μL (mild thrombocytopenia) did not have a 
negative impact on in-hospital survival outcomes compared with normal 

TABLE 2.  Univariate and multivariate Cox regression analyses for in-hospital mortalitya

 Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P 

Age 1.019 (1.005-1.032) .006 1.022 (1.008-1.036) .002

Pre-ECMO Hb 0.989 (0.982-0.997) .005 0.997 (0.989-1.005) .490

Thrombocytopenia (reference: normal platelet count)

 � Mild thrombocytopenia 1.065 (0.545-2.079) .883 0.883 (0.434-1.794) .730

 � Moderate thrombocytopenia 1.115 (0.611-2.034) .980 0.992 (0.529-1.862) .980

 � Severe thrombocytopenia 5.427 (3.286-8.963) <.001 3.770 (2.127-6.683) <.001

 � Pre-ECMO cardiac arrest 2.235 (1.513-3.301) <.001 2.167 (1.453-3.232) <.001

pH 0.724 (0.655-0.799) <.001 0.833 (0.720-0.964) .014

APACHE II score at ICU admission 1.022 (0.996-1.049) .093

SOFA score at ICU admission 1.124 (1.077-1.174) <.001

ECMO indication (Reference: Cardiogenic shock—others)

 � Bridge to transplant 0.448 (0.163-1.233) .120

 � ECPR 1.797 (0.925-3.488) .083

 � Post-cardiac surgery 1.859 (0.789-4.384) .156

 � Cardiogenic shock, ACS 0.394 (0.150-1.035) .059

 � Cardiogenic shock, acute myocarditis 0.325 (0.071-1.487) .147

RBC transfusions (units/day) 1.062 (1.043-1.082) <.001 1.048 (0.986-1.114) .129

FFP transfusions (units/day) 1.079 (1.049-1.110) <.001 0.985 (0.904-1.074) .733

PLT transfusion > 8 (units/day) 1.377 (0.902-2.101) .138

ACS, acute coronary syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; ECMO, extracorporeal membrane oxygenation; ECPR, ex-
tracorporeal cardiopulmonary resuscitation; FFP, fresh frozen plasma; Hb, hemoglobin; HR, hazard ratio; ICU, intensive care unit; PLT, platelet; RBC, red 
blood cell; SOFA, Sequential Organ Failure Assessment; .
aVariables with P < .05 in univariate analysis were subjected to multivariate analysis. Multivariate cox regression analysis was set with entry and removal P 
values of .05 and .1, respectively. The multivariate analysis did not include the SOFA score because the criteria included PaO

2
 and platelet count, thereby 

violating the independence among the analyzed variables.
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platelet count. Therefore, we suggest that classifying thrombocytopenia 
into 2 categories, severe (platelet count <50  ×  103/μL) and nonsevere 
(platelet count ≥50 × 103/μL), may be useful in risk stratification for VA 
ECMO patients.

Severe thrombocytopenia is prevalent in patients treated with 
ECMO.7 It seems obvious that patients with low platelet counts are 
vulnerable to ECMO support, and well-known complications include 
bleeding and thromboembolic events. Interestingly, Opfermann et al17 
reported that thrombocytopenia also reflects conditions associated with 
poor outcomes, such as multiple organ failure and sepsis in patients re-
ceiving ECMO after cardiac surgery. This indicates that identifying pre-
ECMO thrombocytopenia in risk stratification can be beneficial because 
a low platelet count indicates not only the potential risk of bleeding 
and thrombotic complications but also other poor outcome-related 
conditions.

Consistent with this, the results of our study demonstrated that 
thrombotic or hemorrhagic complications were not associated with 

the severity of thrombocytopenia in patients undergoing VA ECMO 
except for CNS infarction. However, none of the patients with severe 
pre-ECMO thrombocytopenia experienced CNS infarction, revealing 
that severe pre-ECMO thrombocytopenia was not associated with 
an increase in thrombotic or bleeding complications. Additionally, it 
implies that thrombotic or bleeding complications were not implicated 
in the negative impa m,./0c1t of severe thrombocytopenia on in-hospital 
survival. Further investigations are needed to elucidate the underlying 
mechanisms of thrombocytopenia in patients receiving ECMO.

In addition to thrombocytopenia, age, pH, and pre-ECMO cardiac 
arrest were associated with poor outcomes. Similar findings have been 
reported for pre-ECMO cardiac arrest in respiratory ECMO and ECMO 
for cardiogenic shock, where survival prediction models implement 
pre-ECMO as a prognostic factor.15,16 The high prevalence of post–car-
diac arrest sequelae such as brain injury and extracerebral organ dys-
function24–26 may have negatively influenced the survival outcomes of 
patients receiving VA ECMO.
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FIGURE 1.  Kaplan-Meier cumulative survival curves according to the severity of thrombocytopenia (log-rank test P <.001) (A) 
and daily average platelet transfusion (log-rank test P =.130) (B). ECMO, extracorporeal membrane oxygenation.

TABLE 3.  Thrombotic or hemorrhagic complications according to thrombocytopenia severity

  Thrombocytopenia  

Total 
(n = 218)

Normal 
(n = 146) 

Mild 
(n = 23) 

Moderate 
 (n = 27) 

Severe 
(n = 22) 

P 

Pulmonary hemorrhage (n = 8) 3.7% (8) 62.5% (5) 12.5% (1) 0% (0) 25.0% (2) .405

CNS infarction (n = 10) 4.6% (10) 40.0% (4) 30.0% (3) 30.0% (3) 0% (0) .035

CNS hemorrhage (n = 4) 1.8% (4) 50.0% (2) 25.0% (1) 25.0% (1) 0% (0) .590

Surgical site bleeding (n = 15) 6.9% (15) 46.7% (7) 20.0% (3) 20.0% (3) 13.3% (2) .351

Hemolysis (n = 2) 0.9% (2) 50.0% (1) 50.0% (1) 0% (0) 0% (0) .318

GI bleeding (n = 4) 1.8% (4) 50.0% (2) 25.0% (1) 0% (0) 25.0% (1) .497

DIC (n = 12) 5.5% (12) 58.3% (7) 16.7% (2) 8.3% (1) 16.7% (2) .728

Cannula site bleeding (n = 46) 21.1% (46) 71.7% (33) 10.9% (5) 6.5% (3) 10.9% (5) .603

Retroperitoneal bleeding (n = 7) 3.2% (7) 100.0% (7) 0% (0) 0% (0) 0% (0) .920

PTE (n = 7) 3.2% (7) 85.7% (6) 0% (0) 0% (0) 14.3% (1) .539

CNS, central nervous system; DIC, disseminated intravascular coagulation; GI, gastrointestinal; PTE, pulmonary thromboembolism.
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TABLE 4.  Stepwise multiple linear regression analysis of predictors of transfusion requirements

 
Unstandardized coefficient Standardized coefficient 

B SE 95% CI Beta t P 

RBC

 � (Constant) 22.36 3.57 15.32-29.40 6.26 <.001

 � SaO
2

−0.11 0.03 −0.17 to –0.05 −0.23 −3.54 <.001

 � Pre-ECMO Hb −0.53 0.20 −0.93 to –0.13 −0.17 −2.63 .009

 � Days on ECMO −0.21 0.07 −0.35 to –0.06 −0.19 −2.81 .005

 � ECMO indication: post cardiac surgery 5.20 2.02 1.22-9.17 0.16 2.57 .011

FFP

 � (Constant) 6.04 2.21 1.69-10.40 2.74 .007

 � Days on ECMO −0.17 0.05 −0.26 to –0.07 −0.23 −3.44 <.001

 � ECMO indication: post cardiac surgery 3.84 1.37 1.14-6.55 0.18 2.80 .006

 � SOFA score 0.19 0.08 0.04-0.34 0.16 2.44 .016

 � Not immunocompromised −4.54 2.03 −8.53 to –0.54 −0.15 −2.24 .026

PLT

 �  (Constant) 7.03 3.20 0.72-13.34 2.20 .029

 � Pre-ECMO PLT −0.01 0.00 −0.02-0.00 –0.18 −2.87 <.001

 � ECMO indication: bridge to transplant 6.26 1.34 3.61-8.90 0.31 4.67 <.001

 � ECMO indication: post cardiac surgery 6.99 1.55 3.92-10.05 0.30 4.50 <.001

 � ECMO indication: ECPR 7.91 2.33 3.31-12.51 0.63 3.39 <.001

 � Pre-ECMO cardiac arrest 5.68 2.29 1.17-10.19 0.45 2.48 .014

 � Not immunocompromised −7.95 2.14 −12.17 to –3.73 −0.23 −3.72 <.001

ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; FFP, fresh frozen plasma; Hb, hemoglobin; PLT, 
platelet; RBC, red blood cell; SaO

2
, oxygen saturation; SOFA, Sequential Organ Failure Assessment.

0

2

4

6

8

10

12
RBC
FFP
PLT

Brid
ge 

to

tra
nsp

lan
t

ECPR

Post
ca

rd
iac

su
rg

er
y

Car
dio

gen
ic 

sh
ock

—
ACS

ECMO indication

Car
dio

gen
ic 

sh
ock

—

ac
ute

 m
yo

ca
rd

iti
s

Car
dio

gen
ic 

sh
ock

—
oth

er
s

A
ve

ra
g

e 
tr

an
sf

us
io

n 
(u

ni
ts

/d
ay

)

FIGURE 2.  Average transfusion in unit/day according to the type of ECMO indications. ACS, acute coronary syndrome; ECMO, 
extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; FFP, fresh frozen plasma; PLT, 
platelet; RBC, red blood cell.
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An observational study of 188 VA ECMO patients by Mazzeffi et al22 
demonstrated that patients who received 4 or more units of apheresis 
platelets during ECMO support were associated with increased 
in-hospital mortality, whereas patients who received 1 to 3 units were 
not associated with in-hospital mortality compared with those who did 
not receive any. Considering that 1 unit of apheresis platelets is equiv-
alent to 6 to 8 units of platelet concentrates, it can be interpreted as 
using a cutoff of 24 units or more. As the authors of the study noted, this 
finding may be related to extremely ill patients suffering more severe 
illness and thrombocytopenia or in part to adverse transfusion reaction 
caused by platelet transfusion. The findings of our study showed that 
the amount of daily platelet transfusion and transfusion above 8 units/
day were not associated with in-hospital mortality. Taken together, al-
though the amount of average daily platelet transfusion can be managed 
regarding the patient’s transfusion requirement, caution is needed when 
the total volume of transfusion accumulates during ECMO support.

Previous studies have investigated the prognostic value of SOFA 
score in patients receiving ECMO for respiratory failure or refractory 
cardiogenic shock.15,16,27-29 Our findings demonstrated that the SOFA 
score at ICU admission was predictive of in-hospital survival; however, 
the APACHE II score was not associated with in-hospital mortality. Sim-
ilarly, a large international cohort study of 3846 patients reported that 
the SOFA score at ICU admission performed better than APACHE II in 
predicting the survival of VA ECMO patients.16 The authors proposed a 
prediction model for VA ECMO use in cardiogenic shock, the Survival 
After Venoarterial ECMO (SAVE) score, which demonstrated better per-
formance than the SOFA and APACHE II scores. In addition to SOFA 
and APACHE II scores, a study by Treml et al30 on 358 patients re-
ceiving ECMO support identified Simplified Acute Physiology Score III 
(SAPS III) as an independent predictor for 3-month mortality, whereas 
SOFA score was not. The heterogeneity in literature implies the need 
for further evaluation. A recent systematic review of 58 ECMO mor-
tality prediction models, including the SAVE and Respiratory ECMO 
Survival Prediction (RESP) scores, claimed that only moderate perfor-
mance models were observed.31 Additionally, currently available models 
seem unsuitable for guiding decision-making before the establishment 
of ECMO because predicted mortality is conditional on having already 
initiated ECMO.31 Therefore, the development of new prediction models 
is needed, and we believe that pre-ECMO thrombocytopenia severity 
may have prognostic value.

This study identified several pre-ECMO variables and the type of 
ECMO indication as predictors for transfusion requirements. However, 
as this study was conducted in a single center, further assessment is 
needed to verify the predictive value of these variables. Nevertheless, 
the findings of our study demonstrated that low pre-ECMO Hb and 
platelets were predictive of increased transfusion requirements of RBCs 
and PLTs, respectively, as expected. Additionally, these findings show 
that the type of indication for ECMO was associated with transfusion 
requirements. These findings can be used to prepare or reserve blood 
products in advance, so they may be provided in a timely manner when 
an increased blood requirement is expected.

This study has several limitations. First, the retrospective design 
makes it prone to biases inherent in retrospective observational studies. 
Second, this study was conducted at a single center, which requires 
further external validation. Third, patients with all indications for VA 
ECMO were analyzed; therefore, the nature of pre-ECMO thrombocyto-
penia may vary among patients who have undergone ECMO. In addition, 

this study did not include comorbidities and the underlying risks may 
vary among patients. However, APACHE II and SOFA scores were used 
to assess the severity of illness at ICU admission. Finally, it is known 
that decreased platelet function during ECMO results in a significant 
increase in transfusion requirement.32 However, in this study, only 
platelet counts were assessed. Therefore, the ability to discern the im-
pact of impaired platelet function from the variables assessed is limited.

In conclusion, our study demonstrated pre-ECMO thrombocyto-
penia as a factor for predicting the outcomes of patients undergoing 
VA ECMO. Additionally, our study showed that the amount of platelet 
transfusion per day was not associated with in-hospital mortality. Fur-
ther, our study identified predictive variables of increased transfusion 
requirements in RBC, FFP, and PLT.
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ABSTRACT 

Background:  Elevated homocysteine (Hcy) level during pregnancy is 

positively associated with various gestational-specific diseases. How-

ever, there is no uniform standard for the reference interval (RI) of Hcy 

in pregnancy.

Methods:  From January 2017 to January 2019, 14,530 singleton preg-

nant women registered at our institute were included for the estab-

lishment of trimester-specific RIs of Hcy with both the nonparametric 

approach and the indirect Hoffmann method, followed by pregnancy 

outcome association analysis conducted with logistic regression.

Results:  The serum Hcy level in the nonpregnant group was signifi-

cantly higher than that of pregnant women. A relatively decreased Hcy 

concentration was observed in the second trimester when compared 

with that of the first or third trimester. The direct RIs of Hcy in the first 

or third, and second trimesters were 4.6 to 8.0 mmol/L (merged) and 

4.0 to 6.4 mmol/L, respectively, which showed no significant difference 

compared with the RI derived from the indirect Hoffmann method. In the 

subsequent risk analysis, the first trimester Hcy was found to be neg-

atively associated with GDM development; whereas the third trimester 

Hcy conferred increased risk of postpartum hemorrhage after delivery.

Conclusion:  Having established trimester-specific RIs, our study sheds 

light on the complicated roles of Hcy in pregnancy-related complications.

Introduction
Homocysteine (Hcy) is a sulfur-containing amino acid that is formed 
during the metabolism of methionine to cysteine, serving as the most 
important methyl group donor in the human body.1 As a key monitoring 
indicator of human health, an abnormally elevated level of Hcy is associ-
ated with increased risks for various cardiovascular diseases.2 Due to the 
increase of circulating fluid or blood volume, Hcy concentration in preg-
nancy has been shown to be lower than that of nonpregnant controls, 
suggesting the clinical need to establish Hcy reference intervals (RIs) 
in the pregnant population.3 However, whether there is a distinction in 
Hcy levels among different trimesters remains controversial.3-6

It has been reported that elevated maternal Hcy level typically 
introduced by poor folate status was associated with a variety of perinatal 
complications and postpartum syndromes.7-12 For instance, in a case-
control study, significantly elevated maternal serum Hcy was observed 
in patients diagnosed with preeclampsia (PE), whereas the folate and 
vitamin B12 levels in PE patients were essentially the same as normal 
pregnancy.13,14 In another retrospective cohort study, a high level of Hcy 
in the first trimester was found to be an independent risk factor for se-
vere PE, but it is not a helpful marker for predicting the subsequent de-
velopment of gestational hypertension (GH) or mild PE.15 A moderately 
positive correlation between plasma total Hcy level and gestational dia-
betes mellitus (GDM) was reported in a Chinese Han population.16 A sig-
nificant association was even observed between increased Hcy level and 
a previous history of GDM in pregnant women.17 In contrast, in a pro-
spective study including 243 pregnant women, an association between 
hyperhomocysteinemia and GDM could not be demonstrated.12 Other 
studies have shown that maternal Hcy concentration was inversely 
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associated with neonatal weights.18,19 However, few studies to date have 
systematically evaluated the impacts of maternal Hcy levels on the risks 
of developing adverse pregnancy complications or outcomes.

The traditional method of RI establishment requires at least 120 
healthy subjects in whom there is no standard definition for absolute 
“heathy status.” It is also difficult for laboratory professionals to rule 
out all subclinical diseases and abnormalities that may affect analysis 
results. The indirect (Hoffmann) method is a method proposed by Hoff-
mann to screen the normal population based on the cumulative proba-
bility distribution of data so as to establish the reference interval,20,21 
with no requirement of recruiting healthy subjects. Whether the Hoff-
mann method is suitable for the estimation of Hcy RIs in pregnant 
women still needs to be confirmed.

To fill these knowledge gaps, we conducted a population-based co-
hort study, focusing on the establishment of instrument-specific gesta-
tional RIs of Hcy and the associations between Hcy and maternal/fetal 
risks of peri- and postpartum complications.

Materials and Methods

Subjects and Laboratory Data
To establish the trimester-specific RIs of Hcy, 150 healthy singleton 
pregnant women (aged 25 to 40) who gave live birth at our institute and 
presented normal pregnancy test results (ie, routine blood, urine, and 
biochemical tests) and 150 nonpregnant healthy controls with matching 
ages were enrolled. The selection and exclusion criteria were as previous 
described22 (see Supplementary Methods).

For the association study, the first and third trimester Hcy labora-
tory results as well as the corresponding pregnancy/delivery outcomes 
were retrieved from the digital history records of the women who were 
registered at the Beijing Obstetrics and Gynecology Hospital with reg-
ular antenatal checkups. As a result, from October 2018 to September 
2020, a total of 14,530 eligible singleton pregnant women were in-
cluded in the study. Considering the completeness and availability of 
the medical records, the following peri- and postpartum complications 
or adverse outcomes were involved for the subsequent risk association 
analyses: gestational hypertension (GH), gestational diabetes mellitus 
(GDM), preeclampsia (PE), intrahepatic cholestasis of pregnancy (ICP), 
macrosomia, and postpartum hemorrhage (PPH), the definitions of 
which are provided in Supplementary Table 1.

The study protocol was approved by the Ethics Committee of Bei-
jing Obstetrics and Gynecology Hospital (2022-KY-007-02). The 
ethics committee waived the requirement for informed consent from 
participants because all Hcy tests are part of routine antenatal care 
during pregnancy. All the laboratory data were anonymous before use.

Hcy Measurement Method
Serum Hcy levels were assayed on the fully automated ARCHITECT 
ci16200 Integrated System Chemistry/Immunology Analyzer (Abbott) 
with the Homocysteine Assay Kit (enzymatic cycling method). The limit 
of quantitation for the serum Hcy assay was 0.01 mmol/L. The intra-
assay coefficient of variation (CV) of serum Hcy was 3.8%; the interassay 
CV was 5.3%. The serum samples of the subjects were stored at 4°C for 
less than 24 hours or at −20°C for longer time storage (less than 1 month) 
before testing. The ARCHITECT homocysteine assay is a 1-step immu-
noassay for the quantitative determination of total L-homocysteine in 

human serum or plasma. Bound or dimerized Hcy (the oxidized form) is 
reduced by dithiothreitol to free Hcy, which is subsequently converted 
to S-adenosyl homocysteine by the action of the recombinant enzyme 
S-adenosyl homocysteine hydrolase. The S-adenosyl homocysteine then 
competes with acridinium-labeled S-adenosyl cysteine for particle-
bound monoclonal antibody. An indirect relationship exists between 
the amount of homocysteine in the sample and the relative light units 
detected by the ARCHITECT iSystem optics, which is used to calculate 
the serum concentration of Hcy.

Statistical Analysis
The normality of quantitative data was tested by Kolmogorov-Smirnov 
test. The standard deviation was used for descriptive statistics and 
t-test was used for comparison between the 2 groups. Descriptive sta-
tistics were performed by interquartile spacing for data that did not 
conform to normal distribution, and rank-sum test was used for com-
parison between groups. Multivariate logistic regression analysis was 
used to analyze odds ratios (ORs) and 95% CIs with maternal age and 
prepregnancy body mass index (BMI) adjusted as confounders. Basically, 
the 2 variables of age and prepregnancy BMI were included as covariates 
into the logistic regression analysis to calculate the resulting OR and P 
values for the adjusted risk relationship between serum Hcy and preg-
nancy outcomes. Outlying values were tested by Tukey’s method, in 
which outlying values were defined as less than Q1−1.5 × interquartile 
range (IQR) or more than Q3−1.5 × IQR (Q1 is the 25th percentage, Q3 
the 75th percentage and the IQR is Q3−Q1). The Mann-Whitney U-test 
was used to detect the statistical significance of Hcy in the first and third 
trimester, and P < .05 was considered statistically significant. The above 
data analyses were performed using SPSS 22.0 software.

To estimate the trimester-specific RIs using the direct method, non-
parametric analysis was used with the Hcy testing results of the 150 
healthy singleton pregnant women. The 2.5th and 97.5th percentiles 
were used as the lower and upper limits of RIs, respectively. The Hoff-
mann method used to indirectly calculate the reference intervals of 
Hcy in pregnancy was as previously described.21,22 The approach for 
statistical testing of mean difference between subgroups is based on 
the proportion criterion developed by Lahti.15 Briefly, the lower limit 
(2.5th percentile) and upper limit (97.5th percentile) were first calcu-
lated using data covering 2 neighboring subgroups. Next, the outlier was 
determined as proportions of the subgroup distribution outside refer-
ence limits established by combining neighboring subgroups. If at least 
1 of the 4 proportions of the subgroups outside the common reference 
limits exceeded or was equal to 4.1%, or laid below or was equal to 0.9%, 
partitioning was considered necessary.23

Results
As shown by the boxplot in FIGURE 1, the serum Hcy level in the 
nonpregnant control women was significantly higher than that of 
pregnant women in the first, second, or third trimester, with medians 
(25th-75th percentile) of 8.6 (7.3-10.3), 5.0 (4.6-5.4), 6.3 (5.5-6.8), and 
6.0 (5.4-6.7) mmol/L, respectively. By contrast, the Hcy level was essen-
tially unchanged between the first and third trimesters but was signifi-
cantly decreased in the second trimester (FIGURE 1). The Hcy RI of the 
first and third trimester merged using the Lahti method (TABLE 1) was 
4.6-8.0 mmol/L compared with the RI of 3.9-9.1 mmol/L derived from 
the Hoffmann method. There was no significant difference between the 
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observed RI of the healthy women and the RIs calculated by Hoffmann’s 
method (absolute difference percentage smaller than reference change 
value percentage), suggesting the validity of the indirect method of 
Hcy RI estimation in pregnancy. The second trimester Hcy RI, which 
was not mergeable with the other trimesters, was estimated as 4.0-6.4 
mmol/L by the direct method (TABLE 1).

Given the onset time of various pregnancy diseases, the multi-
variate logistic regression analysis to estimate the risks of GDM, GH, 
PE, and ICP was carried out using first trimester Hcy; the analysis for 
macrosomia and PPH was conducted using both first and third trimester 
Hcy. The baseline characteristics of age and prepregnancy BMI and the 
medians of Hcy levels in different complication groups are summarized 
in TABLE  2, showing that the first trimester Hcy was significant 
decreased in the GDM and macrosomia groups. However, in the patients 
who experienced PPH, the third-trimester Hcy level was significantly 
elevated. In the subsequent logistic regression analysis, the OR values 
were calculated with cutoffs set around the upper reference limit (URL) 
of Hcy. The Hcy cutoff values used in the multivariate logistic regression 
analysis, as well as the number and percentage of the Hcy data points 
greater than the corresponding cutoffs, are listed in Supplementary 
Table 2.

Interestingly, as shown in TABLE 3, the first trimester Hcy was neg-
atively associated with the risk of GDM development, with ORs ranged 

TABLE 1.  Trimester-specific reference intervals of serum 
homocysteine using both direct and indirect methods

Trimestera 
Trimester-specific Rls, mmol/L

Absolute difference, % RCV, % 
Observed RI Hoffmann RI 

First or third 4.6-8.0 3.9-9.1 13.8-15.2 17.3

Second 4.0-6.4 — — —

RCV, reference change value; RI, reference interval.
aFirst trimester is 1 to 12 gestational weeks (GWs); second trimester, 13 to 
28 GWs; third trimester, 29 to 40 GWs.

TABLE 2.  Demographic data and basic statistics of the serum homocysteine in patients with different pregnancy complications 
or outcomesa

 Age, y Prepregnancy BMI, kg/m2 Hcy, mmol/Lb Hcy, mmol/Lc 

GDM positive (n = 1075, 7.3%) 33 (30-36) 23.01 (20.94-25.63) 6.6 (6.0-7.4) —

GDM negative (n = 13,455) 31 (29-34) 21.11 (19.49-23.31) 6.8 (6.1-7.7) —

P <.001 <.001 <.001 —

GH positive (n = 276, 1.8%) 31 (29-35) 23.14 (20.82-26.00) 6.8 (6.0-7.6) —

GH negative (n = 14,254) 31 (29-34) 21.23 (19.53-23.44) 6.8 (6.1-7.7) —

P .123 <.001 .172 —

PE positive (n = 554, 3.8%) 32 (29-35) 24.09 (21.36-27.04) 6.9 (6.1-7.7) —

PE negative (n = 13,976) 31 (29-34) 21.22 (19.53-23.34) 6.8 (6.1-7.7) —

P <.001 <.001 .193 —

ICP positive (n = 37, 0.2%) 31 (29-35) 20.96 (19.20-23.52) 6.9 (6.5-7.9) —

ICP negative (n = 14,493) 31 (29-34) 21.26 (19.53-23.44) 6.8 (6.1-7.7) —

P .497 .476 .219 —

Macrosomia positive (n = 258, 1.7%) 32 (30-35) 22.90 (21.22-25.36) 6.5 (5.9-7.4) 6.1 (5.4-6.9)

Macrosomia negative (n = 14,272) 31 (29-34) 21.23 (19.53-23.44) 6.8 (6.1-7.7) 6.0 (5.4-6.9)

P <.001 <.001 .006 .378

PPH positive (n = 1116, 7.6%) 32 (29-35) 22.03 (20.04-24.46) 6.8 (6.1-7.6) 6.2 (5.4-7.1)

PPH negative (n = 13,414) 31 (29-34) 21.22 (19.53-21.38) 6.8 (6.1-7.7) 6.0 (5.3-6.9)

P <.001 <.001 .223 <.001

BMI, body mass index; GDM, gestational diabetes mellitus; GH, gestational hypertension; Hcy, homocysteine; ICP, intrahepatic cholestasis of pregnancy; 
PE, preeclampsia; PPH, postpartum hemorrhage.
aAll the numerical values were presented as median (25th-75th percentile). P < .05 is considered significant.
bFirst trimester.
cThird trimester.
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FIGURE 1.  Box plots representing the serum 
homocysteine level of nonpregnant and pregnant women 
in the first, second, or third trimester. The homocysteine 
concentrations of different patient groups were presented 
as median (25th-75th percentile). *P < .001; NS, not 
significant.
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between 0.43 (95% CI, 0.28-0.66) and 0.74 (95% CI, 0.65-0.84) when 
the cutoffs were set at 80% to 120% URLs of Hcy. In contrast, the third-
trimester Hcy posed moderately increased risk in women suffering PPH 
after delivery (TABLE 3).

Discussion
The Hoffmann method that has been widely adopted to determine the 
RIs of clinical laboratory tests does not require additional effort to re-
cruit and collect samples from healthy people. It has also been applied 

TABLE 3.  Logistic regression analysis of serum Hcy for the risks of pregnancy complications and adverse pregnancy 
outcomesa

  GDM GH PE

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Hcyb 80% URL 0.74 (0.65-0.84) <.01 0.83 (0.65-1.06) .14 1.14 (0.95-1.36) .16

85% URL 0.70 (0.62-0.80) <.01 0.90 (0.71-1.15) .40 1.13 (0.95-1.34) .17

90% URL 0.68 (0.59-0.79) <.01 0.80 (0.61-1.03) .08 1.10 (0.92-1.31) .31

95% URL 0.70 (0.60-0.82) <.01 0.85 (0.64-1.14) .28 1.07 (0.88-1.30) .49

100% URL 0.73 (0.61-0.87) <.01 0.72 (0.51-1.02) .06 1.15 (0.93-1.43) .20

105% URL 0.67 (0.54-0.83) <.01 0.68 (0.45-1.03) .07 1.09 (0.84-1.40) .51

110% URL 0.53 (0.40-0.70) <.01 0.58 (0.34-0.98) .04 1.23 (0.93-1.64) .15

115% URL 0.52 (0.37-0.73) <.01 0.71 (0.40-1.24) .23 1.10 (0.78-1.54) .60

120% URL 0.43 (0.28-0.66) <.01 0.72 (0.38-1.39) .33 1.04 (0.70-1.55) .86

Hcyc 80% URL — — — — — —

85% URL — — — — — —

90% URL — — — — — —

95% URL — — — — — —

100% URL — — — — — —

105% URL — — — — — —

110% URL — — — — — —

115% URL — — — — — —

120% URL — — — — — —

  ICP Macrosomia PPH

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Hcyb 80% URL 1.93 (0.91-4.10) .09 0.67 (0.52-0.86) <.01 0.95 (0.83-1.07) .39

85% URL 1.16 (0.61-2.21) .66 0.73 (0.57-0.94) .01 0.97 (0.85-1.09) .57

90% URL 1.14 (0.58-2.21) .70 0.76 (0.58-1.00) .05 0.92 (0.80-1.04) .19

95% URL 1.45 (0.73-2.88) .30 0.75 (0.55-1.02) .06 0.92 (0.80-1.07) .29

100% URL 1.11 (0.48-2.52) .81 0.67 (0.46-0.96) .03 0.89 (0.75-1.05) .17

105% URL 0.65 (0.20-2.13) .48 0.78 (0.51-1.17) .23 0.87 (0.71-1.06) .16

110% URL 0.62 (0.15-2.59) .51 0.86 (0.54-1.37) .53 0.87 (0.69-1.10) .24

115% URL 0.43 (0.06-3.17) .41 0.84 (0.48-1.44) .52 0.81 (0.61-1.07) .14

120% URL 0.61 (0.08-4.44) .62 0.71 (0.63-1.39) .32 0.79 (0.57-1.09) .15

Hcyc 80% URL — — 1.00 (0.78-1.30) .96 1.32 (1.16-1.49) <.01

85% URL — — 1.01 (0.76-1.34) .93 1.30 (1.14-1.49) <.01

90% URL — — 1.10 (0.80-1.49) .57 1.24 (1.07-1.45) <.01

95% URL — — 1.16 (0.82-1.64) .42 1.25 (1.05-1.48) .01

100% URL — — 1.04 (0.68-1.57) .87 1.36 (1.12-1.65) <.01

105% URL — — 1.03 (0.63-1.67) .91 1.43 (1.15-1.78) <.01

110% URL — — 0.84 (0.46-1.56) .59 1.35 (1.04-1.74) .02

115% URL — — 0.95 (0.48-1.86) .87 1.39 (1.03-1.86) .03

120% URL — — 1.08 (0.53-2.21) .83 1.30 (0.93-1.82) .13

BMI, body mass index; GDM, gestational diabetes mellitus; GH, gestational hypertension; Hcy, homocysteine; ICP, intrahepatic cholestasis of pregnancy; 
OR, odds ratio; PE, preeclampsia; PPH, postpartum hemorrhage; URL, upper reference limit.
aP < .05 is considered significant.
bFirst trimester.
cThird trimester.
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to situations where it would be difficult to obtain samples (such as cere-
brospinal fluid) from healthy subjects.24,25 To the best of our knowledge, 
the Hoffman method was used in our study for the first time to estimate 
trimester-specific Hcy RIs, further proving its merit and validity in the 
pregnant population.

As shown in FIGURE 1, serum Hcy was decreased naturally in preg-
nancy compared with nonpregnant controls. Second trimester Hcy con-
centration was the lowest of all 3 trimesters, which is consistent with 
other reports from previous studies.3,26 It is associated with a physio-
logical decline in albumin during pregnancy and also with folic acid sup-
plementation.27 The decrease in Hcy level during normal pregnancy is 
helpful to maintain the integrity of maternal vascular endothelial cells 
and the elasticity of coronary arteries.5,6 Therefore, given the influence 
of multidimensional information such as age, diet, and prepregnancy 
BMI, it is of great clinical value to formulate a reasonable RI for Hcy 
during pregnancy through a large-sample sized study.

Further, our study showed that serum Hcy level was negatively 
associated with GDM (TABLE 3). The higher the Hcy level in the 
first trimester, the lower the risk of GDM development observed. 
Robillon et al28 found that plasma Hcy concentration was signifi-
cantly reduced in patients with type 1 diabetes with virtually no mi-
crovascular complications, which they believed was attributed to renal 
hyperperfusion. Renal hyperperfusion in early diabetes has been re-
ported to lead to increased catabolism of homocysteine.29 In another 
study, it was shown that the patients with albuminuria diabetes had 
lower Hcy than matched control subjects. In addition, in their univar-
iate and multivariate analyses, Hcy was negatively associated with blood 
glucose levels in the diabetic group.30 However, the mechanism behind 
the negative association between first trimester Hcy level and GDM de-
velopment remains unclear and requires further clinical and biological 
investigations.

Although this is a large-sized population-based cohort study that 
rendered significant statistical power to the subsequent association 
analysis, a few limitations still exist. First, our work is a single-center 
study that lacks ethnic background diversity. Studies involving mul-
tiple centers and other populations in different regions would be more 
comprehensive and representative. Second, the gravidity, parity, and 
folic acid supplementation that may be contributive to the prevalence 
of variable pregnancy complications were not included or available in 
this analysis.

Conclusion
In this population-based cohort study, trimester-specific RIs of Hcy 
were established with both direct observational and indirection Hoff-
mann methods. Further, first-trimester Hcy was found to be negatively 
associated in GDM development, whereas third-trimester Hcy indicated 
increased risk of PPH after delivery. Our results have shed light on the 
complicated roles of Hcy in pregnancy-related complications.
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ABSTRACT 

Background:  Increasing mortality and morbidity of coronary artery 

disease (CAD) highlight the emerging need for novel noninvasive 

markers such as circulating microRNAs (miRNAs). 

Objective:  To evaluate the circulating levels of miR-126-3p,  

miR-210-3p, let-7g-5p, and miR-326, and their associations with 

known contributors to CAD, in CAD subgroups.

Methods:  We divided the cohort into 4 groups: non-CAD controls 

(≤30% stenosis; n = 55), and patients with stable angina pectoris 

(SAP; n = 48), unstable AP (UAP; n = 46), and myocardial infarc-

tion (MI; n = 36). The circulating levels of miR-126-3p, miR-210-3p,  

let-7g-5p, and miR-326 were determined using TaqMan Advanced 

miRNA Assays in serum specimens.

Results:  Circulating miR-126-3p levels were lower in the MI and UAP 

groups, compared with the non-CAD group, whereas miR-210-3p cir-

culating levels were lower in the MI group than others. The levels of 

circulating let-7g-5p were shown to be useful for distinguishing UAP 

from MI, and there were substantial differences in circulating let-7g-5p 

levels between the UAP and MI groups. Moreover, lipid levels and 

ratios were lower in individuals with high circulating miR-126-3p and 

miR-210-3p levels.

Conclusions:  The study results suggest that circulating miR-126-3p, 

miR-210-3p, and let-7g-5p are differentiated between different clinical 

presentations of CAD and associated with lipid levels, which are im-

portant risk factors and determinants of CAD.

Introduction
Atherosclerosis is a process that involves the accumulation of lipids, cells 
(macrophages, T lymphocytes, and smooth muscle cells), and the extra-
cellular matrix after endothelial dysfunction.1 Coronary artery disease 
(CAD), which results from the formation of atherosclerotic plaque and 
chronic inflammation, is one of the cardiovascular diseases (CVD), and 
CVD remains the leading cause of mortality globally.2 CAD has a latency 
period of many years and has different clinical presentations, such as 
stable angina pectoris (SAP), unstable angina pectoris (UAP), and my-
ocardial infarction (MI). Angina pectoris is defined as substernal chest 
pain, pressure, or discomfort typically exacerbated by exertion or emo-
tional stress. In SAP and UAP, which are subgroups of angina pectoris, 
coronary arteries narrow partially.3 MI (or acute myocardial infarction 
[AMI]), another common result of atherosclerosis, blocks blood flow to 
the heart due to a blood clot in the atheroma plaque rupture area. As a 
result of MI, heart muscles, heart walls, and heart valves are severely 
damaged by arrhythmia.4

miRNAs are short noncoding RNAs, approximately 22 nucleotides 
in length, that regulate gene expression posttranscriptionally.5 Differ-
entially expressed miRNAs are important in CAD pathogenesis.6 Cir-
culating miRNAs are stably present in biological fluids such as serum, 
plasma, and urine; therefore, their use as prognostic and diagnostic 
noninvasive biomarkers is thought to be possible.7 Circulating miRNAs 
exhibit greater stability than cellular miRNAs, which can be attributed 
to their association with AGO2 or their presence within extracellular 
vesicles, such as exosomes and microvesicles.8 Previous studies, such as 
one by Altesha et al,9 which investigated the functionality of miRNAs 
as biomarkers, presented promising results. In other previous studies, 
such as one by Wang L et al,10 circulating levels of miRNAs such as miR-
1, miR-133, and miR-208 were found to differ between patients with 
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CAD and control individuals. The findings of several studies11-13 have 
shown that circulating miR-126-3p, miR-210-3p, let-7g-5p, and miR-
326 appear to be differentially expressed miRNAs in patients with CAD 
compared with controls.

This study aimed to examine and compare the circulating levels of  
miR-126-3p, miR-210-3p, miR-326, and let-7g-5p in the serum specimens 
of patients with SAP, UAP, and MI, and controls in the non-CAD group. 
Also, we investigated the correlations between miRNA levels and well-
known risk factors of CAD, such as serum lipid levels. Lastly, we evaluated 
the putative target genes of miR-126-3p, miR-326, miR-210-3p, and  
let-7g-5p by their possible contribution mechanism to CAD pathogenesis.

Methods

Study Population and Measurement of Risk Factors
In total, 185 study participants were recruited for and enrolled in the 
Cardiology Department of Ufuk University, Faculty of Medicine between 
September 1, 2015, and September 1, 2017, as defined previously.14 
These individuals were sorted into the following groups as follows: non-
CAD controls (≤30% stenosis; n = 55), SAP (n = 48); UAP (n = 46), and MI 
(n = 36). We obtained written informed consent from all participants. The 
specimen collection and analysis processes were conducted in compliance 
with the ethical guidelines of the Declaration of Helsinki and approved by 
the Institutional Review Board of Istanbul University (approval date: August 
17, 2015; No. 1542). Measurement of CAD risk factors (fasting glucose, 
total cholesterol [TC], low-density lipoprotein cholesterol [LDL-C], fasting 
triglycerides [TG], high-density lipoprotein cholesterol [HDL-C], and he-
moglobin) and MI markers (creatine kinase–myocardial band [CK-MB] and 
cardiac troponin I [cTnI]) were taken, and the TC/HDL-C, LDL-C/HDL-C, 
and log

10
(TG/HDL-C) ratios, as well as the triglyceride-glucose (TyG) index, 

were calculated, as previously described.14

miRNA Extraction and Determination of miRNA 
Expression Levels by Quantitative RT-PCR
We performed miRNA isolation from the 100 µL of serum specimens from 
the individuals recruited in the study, using the miRNeasy Serum/Plasma 
Kit (QIAGEN) according to manufacturer instructions. The quantity and 
quality of the isolated miRNA specimens were assessed using the NanoDrop 
2000 Spectrophotometer (Thermo Fisher Scientific). miRNA specimens 
were diluted into 7.5 ng/µL. Also, 4 µL (50 pM) of 5ʹ phosphorylated syn-
thetic miR-39 from Caenorhabditis elegans (cel-miR-39), which is used as 
an exogenous control miRNA, was added to each specimen before the 
cDNA synthesis procedure (Applied Biosystems Life Technologies). The 
cDNA synthesis was performed using the TaqMan Advanced miRNA cDNA  
Synthesis Kit (Applied Biosystems Life Technologies), following the 
manufacturer-provided instructions. We performed quantitative real-
time polymerase chain reaction (qRT-PCR) using the TaqMan Advanced 
MicroRNA Assay Kit (Applied Biosystems Life Technologies). qRT-PCR 
testing was performed with 2.5 µL cDNA using the LightCycler480 Real-
Time PCR System (F. Hoffman-La Roche).

We analyzed the resulting data using the comparative threshold cycle 
(Ct) method (2−ΔΔCt method) and reported the results as relative quantifi-
cation values. For normalization of miR-126-3p (assay ID: 477887_mir, 
assay name: hsa-miR-126-3p), miR-210-3p (assay ID: 477970_mir, assay 
name: hsa-miR-210-3p), miR-326 (assay ID:478027_mir, assay name:  
hsa-miR-326), and let-7g-5p (assay ID:478580_mir, assay name: 

hsa-let-7g-5p) expressions, we used cel-miR-39-3p (assay ID: 478293_
mir, assay name: cel-miR-39-3p) as the exogenous control. Circulating 
levels of miR-126-3p, miR-210-3p, and cel-miR-39-3p were examined 
in serum specimens from the male and female subjects in the non-CAD 
(n = 55), SAP (n = 48), UAP (n = 46) and MI (n = 36) groups. Meanwhile,  
let-7g-5p and miR-326 levels were examined in the serum specimens of male 
subjects (non-CAD group, n = 20; SAP, n = 19; UAP, n = 14; and MI, n = 26).

Bioinformatic Analysis
We utilized the miRWalk, miRDB, miRMap, RNA22, and DIANA MicroT-
CDS databases to determine putative miRNA target genes.15-19 The 
miRNA-target gene interaction pairings were chosen if at least 2 of the 
5 databases predicted them. The Database for Annotation, Visualiza-
tion, and Integrated Discovery (DAVID; version 6.8) was used to per-
form a functional analysis of the target genes to deduce their putative 
functions.20 Further, we used Enrichr, a web-based tool, to perform gene 
ontology (GO) annotations on the miRNA target genes we had obtained.21 
ClueGO software was utilized for the pathway analysis of the putative 
target genes of the miRNAs using the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) database.22 The relevancy of a biological pathway/term 
to the predicted miRNA target genes was determined using the Fisher 
exact test. The corrected P values of significant pathways/terms were <.05 
(Benjamini-Hochberg procedure). Target genes associated with CVD were 
obtained from the Genetic Association Database (GAD) (update from 
August 2014; accessed March 2020) and Malacards database23 (version 
1.05; accessed March 2020), as previously described.24

Statistical Analyses
Categorical variables were analyzed using χ2 testing. The ANOVA test 
was used for the comparison of continuous variables between groups. 
Due to skewed distributions of HDL, TG, HbA1c, and fasting glu-
cose parameters, we used the nonparametric Kruskal-Wallis test for 
these variables. Categorical variables were reported as percentages, 
whereas quantitative variables were presented as mean (SD) values. We 
performed Kruskal-Wallis testing to analyze the difference in serum 
miRNA expression between groups. Spearman rank correlation analysis 
was used to examine the correlations between miRNAs and biochemical 
variables. For the formation of tertile groups (T1, T2, and T3), we di-
vided the study population into 3 equal groups, using 33.3th and 66.6th 
percentile values of circulating miRNA levels as cut-off values for each 
miRNA separately. The analyses using tertile groups were conducted 
using T1 and T3. T1 of miRNAs represents individuals with low expres-
sion of miRNAs, whereas the T3 group was formed with individuals 
with high expression of miRNAs. We used the ROC curve to determine 
the ability to discriminate between groups and also calculated the AUC. 
Statistical analyses were conducted using SPSS (version 23.0; SPSS) and 
GraphPad Prism (version 8; GraphPad Software). For all tests, P <.05 
was evaluated as being statistically significant.

Results

Baseline Characteristics of Study Subjects
Of the enrolled 185 subjects, 55 were in the non-CAD control group 
(mean age [SD], 65.4 [8.9] years), 48 had been diagnosed with SAP (mean 
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age, 52.0 [5.7] years), 46 had been diagnosed with UAP (mean age, 62.2 
[12.8] years), and 36 had been diagnosed with MI (mean age, 54.0 [8.5] 
years). The baseline characteristics of the groups are shown in Supple-
mental Table S1. CAD family history significantly differed among groups, 
in addition to the levels of serum lipids, fasting glucose, CK-MB, and cTn-
I. The prevalence of type 2 diabetes mellitus (T2DM), obesity, and hy-
pertension was not different among the groups. Also, the frequencies of 
lipid-lowering drug usage, current smoking status, and use of antidiabetic 
drugs were not significantly different between groups (Supplemental 
Table S1).

Expression Levels of Circulating miR-126-3p, miR-210-3p, 
miR-326, and let-7g-5p
The circulating levels of miR-126-3p and miR-210-3p were successfully 
determined in 171 individuals (non-CAD, n = 53; SAP, n = 44; UAP, n 
= 42; and MI, n = 32); let-7g-5p and miR-326 levels were determined 

in 74 male subjects (non-CAD, n = 18; SAP, n = 18; UAP, n = 12; and 
MI, n = 26) using qRT-PCR. The expression levels of miR-126-3p and  
miR-210-3p in 14 individuals, as well as let-7g-5p and miR-326 levels in 
5 men, could not be determined due to issues with the quality of their 
RNA specimens.

Pairwise comparisons were made in the non-CAD, SAP, UAP, and 
MI groups. The levels of miR-126-3p expression were to be signifi-
cantly decreased in the MI group, compared with the non-CAD group 
(P = .008; FIGURE 1A). Also, the expression of miR-126-3p was 
lower in the UAP group, compared with non-CAD controls (P = .02; 
FIGURE  1A). When we analyzed circulating miR-210-3p levels, we 
discovered that the expression levels were lower in the MI group, 
compared with those levels in the UAP, SAP, and non-CAD control 
groups (P = .03, P = .04, and P = .002, respectively; FIGURE 1B). 
When we compared the circulating levels of let-7g-5p between selected 
groups, we found that the levels were significantly differentiated 

FIGURE 1.  Circulating levels of miR-126-3p, miR-210-3p, miR-326, and let-7g-5p. A, The circulating levels of miR-126-3p were 
significantly different in the myocardial infarction (MI) and unstable angina pectoris (UAP) groups, compared with control 
individuals from the non–coronary artery disease (CAD) group. In pairwise comparisons other than UAP vs control and MI vs 
control, the circulating levels of miR-126-3p were not significantly different. B, In pairwise comparisons, the circulating levels 
of miR-210-3p were significantly different in the MI group compared with the UAP, SAP, and non-CAD control groups. C, In 
pairwise comparisons, the circulating levels of let-7g-5p were significantly different in the MI group compared to the UAP 
group. D, The circulating levels of miR-326 were not significantly different between groups.
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between UAP and MI groups (P = .02; FIGURE 1C). There was no sta-
tistically significant difference between groups regarding circulating 
miR-326 levels (FIGURE 1D).

Clinical Presentation and Low and High Expressions of 
miRNA
Next, we divided the study population into tertiles as T1, T2, and T3, 
according to the expression levels of miRNAs, to better identify the 
associations and to eliminate the bias that takes root from outliers. 
The clinical presentation of CAD was examined in high and low ex-
pression tertiles of miR-126-3p, miR-210-3p, and let-7g-5p, and the 
distributions of patients between groups were significantly different 
(TABLE 1). Moreover, the SAP, UAP, and MI groups were predomi-
nantly in the low expression tertile of miR-126-3p, compared with 
controls in pairwise comparisons (TABLE 1). These results were also 
statistically significant in the logistic regression analysis adjusted to 
age and sex (TABLE 1).

When the T1 and T3 of miR-210-3p were compared between 
groups, the MI group was found predominantly in the low-expression 
tertile, compared with the control, SAP, and UAP groups, in pairwise 
comparisons. Moreover, when individuals were compared according to 
MI status, patients without MI were more prevalent in certain high-
expression tertile groups compared to patients with MI (TABLE 1). 
However, the differences between control and MI groups and non-MI 
vs MI were found to be statistically significant in the logistic regression 

analysis adjusted to age and sex (TABLE 1). Still, we found the high 
expression tertile of let-7g-5p to be more prevalent in the MI group 
compared to the UAP and non-MI groups (control, SAP, and UAP; 
TABLE 1). Also, high expression of let-7g-5p increased the risk for MI 
in the logistic regression analysis adjusted for age (TABLE 1). There was 
no statistically significant difference between clinical presentation and 
tertiles of miR-326 (TABLE 1).

The Diagnostic Accuracy of miR-126-3p, miR-210-3p, and 
let-7g-5p
To evaluate the sensitivity and specificity of miR-126-3p, miR-210-3p, 
and let-7g-5p for diagnosing SAP, UAP, and MI, the AUC value was 
calculated using ROC curves (Supplemental Figure 1). As shown in 
FIGURE 2, miR-126-3p has a moderate power for distinguishing the 
MI group from the non-CAD group with the AUC value of 0.673 (95% 
CI, 0.547-0.812). The sensitivity and specificity of miR-126-3p for the 
MI group vs non-CAD controls were determined to be 59.4% sensi-
tivity and 77.4% specificity, with a 0.60 cut-off. The AUC of miR-210-3p 
for the distinction of MI and non-CAD controls was found to be 0.751 
(63.3% sensitivity and 71.7% specificity with 0.50 cut-off; P < .001; 
FIGURE 2). 

We also performed ROC curve analyses using the crucial MI risk 
factors of TG/HDL ratio and presence of diabetes mellitus (DM), to 
better test the power of miRNAs. The cut-off value for TG/HDL ratio 
was determined to be ≥4.0, according to previous study reports, such as 
one by Chen et al.25 The AUC value was found to be 0.871 for the model 

TABLE 1.  High and low expression tertiles of miRNAs and clinical presentations of CAD

Variable Group, % (No.)
χ2 P value 

Multivariate logistic regression [OR (95% CI); P value]a

Non-CAD SAP UAP MI Non-CAD vs SAP Non-CAD vs UAP Non-CAD vs MI 

Low miR-126-3p expression 23.3 (7) 53.5 (16)b 62.1 (18)c 64.0 (16)d .006 Reference: 1.00

High miR-126-3p expression 76.7 (23) 46.7 (14) 37.9 (11) 36.0 (9) 0.014
(0.001-0.351);
P = .01

0.042
(0.007-0.263)
P = .001

0.040
(0.004-0.377)
P = .005

Non-CAD SAP UAP MI Non-CAD vs MI SAP vs MI UAP vs MI Non-MI vs MI

Low miR-210-3p expression 36.4 (12) 46.9 (15) 50.0 (11) 78.9 (15)e-h .03 Reference: 1.00

High miR-210-3p expression 63.6 (21) 53.1 (17) 50.0 (11) 21.1 (4) 0.046
(0.005-0.394)
P = .005

0.220
(0.039-1.232)
P = .09

0.575
(0.111-2.696)
P = .51

0.230
(0.067-0.797)
P = .02

 Non-CAD SAP UAP MI  Non-MI vs MIi

Low let-7g-5p expression 66.6 (6) 42.9 (6) 80.0 (8) 25.0 (4)j,k .03 Reference: 1.00

High let-7g-5p expression 33.3 (3) 57.1 (8) 20.0 (2) 75.0 (12) 4.562
(1.182-17.608)

P = .03

Non-CAD SAP UAP MI  

Low miR-326 expression 40.0 (4) 41.7 (5) 80.0 (8) 38.9 (7) .16

High miR-326 expression 60.0 (6) 58.3 (7) 20.0 (2) 61.1 (11)

CAD, coronary artery disease; MI, myocardial infarction; SAP, stable angina pectoris; UAP, unstable angina pectoris.
aLogistic regression analysis adjusted for age and sex.
bControl vs SAP: P = .02.
cControl vs UAP; P = .003.
dControl vs MI; P = .002.
eControl vs MI; P = .003.
fSAP vs MI; P = .02.
gUAP vs MI; P = .06.
hNon-MI vs MI; P = .01. 
iLogistic regression analysis adjusted for age.
jUAP vs MI; P = .01.
kNon-MI vs MI; P = .02.

17_LABMED_lmad094.indd   36417_LABMED_lmad094.indd   364 27-Apr-24   13:31:2427-Apr-24   13:31:24

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/361/7458632 by guest on 17 February 2025



365www.labmedicine.com

of CK-MB, TG/HDL ratio ≥4, and DM (FIGURE 2). When the model 
and miR-210-3p were evaluated together, the discrimination of MI from 
non-CAD was better (AUC, 0.906; 95% CI, 0.822-0.990; FIGURE 2). 
The discriminating power was best in the model, including CK-MB, DM, 
TG/HDL ≥4, miR-210-3p, and miR-126-3p, together with the AUC value 
of 0.937 (FIGURE 2). When the diagnostic accuracy of let-7g-5p for 
distinguishing UAP from MI was evaluated using ROC curve analysis, 
the AUC value was found to be 0.776 (95% CI, 0.593-0.959), with 84.6% 
sensitivity and 75% specificity (cut-off, 0.85) (Supplemental Figure 1).

Associations Between Clinical and Biochemical 
Parameters and Circulating miRNA Levels
The associations between clinical and biochemical parameters and tertile 
groups of miRNAs were evaluated in the study population, as divided into 
the control, SAP, UAP, and MI groups. We discovered that the stenosis 
percentage differs between T1 and T3 of miR-126-3p and miR-210-3p 
in the study population (FIGURE 3). Also, plasma lipid levels were 
associated with tertiles of miR-210-3p and miR-126-3p (FIGURE  3). 
In addition, a negative correlation was observed between CK-MB and  
miR-210-3p in the study population (r = −0.262; P = .007). Individuals 
in the low miR-210-3p tertile have shown significantly higher CK-MB 
levels (P = .01) and higher cTnI levels with borderline statistical signifi-
cance (P = .08). The high miR-210-3p expression tertile had lower LDL-C 
levels in the study population and control groups (FIGURE 3), whereas 
the TG levels of the same tertile were lower in the study population, 
SAP, and UAP groups (FIGURE 3). Similarly, the low-expression tertiles 
of miR-126-3p and miR-210-3p have shown higher LDL-C/HDL-C and 
TC/HDL-C ratios in the subgroups (FIGURE 3). Also, miR-210-3p 

expression levels were significantly associated with the TyG index in the 
study population and UAP groups.

In Silico Analyses of miR-126-3p, miR-210-3p, and let-7g-5p
In bioinformatic analyses, 105, 244, 460, 1318, and 21 putative targets 
were found in DIANA MicroT-CDS, RNA22, miRMap, miRWalk, and 
miRDB databases, respectively, for miR-126-3p. In total, 158 of these 
genes were intersected in 2 of the databases, and 31 predicted genes 
were common in 3 databases. When the relationship of these pu-
tative targets with the CVD was evaluated, 49 and 3 of the target 
genes intersecting in the 2 databases were found to be associated in 
GAD and Malacards, respectively (Supplemental File). We discovered 
that 14 and 2 of the predicted target genes intersecting in 3 of the 
databases mentioned earlier herein were CVD-associated genes in GAD 
and Malacards, respectively (Supplemental File). Putative targets of  
miR-126-3p that intersected in 2 of the databases were found to be 
significantly enriched in the HIF-1 signaling pathway, FoxO signaling 
pathway, mTOR signaling pathway, AMPK signaling pathway, insulin 
signaling pathways, autophagy, and T2DM KEGG terms, along with 
others (FIGURE 4A; Supplemental File).

The bioinformatic analysis revealed 11044, 1203, 2164, 184, and 84 
putative target genes in RNA22, miRMap, miRWalk, DIANA MicroT-
CDS, and miRDB databases, respectively, for miR-210-3p. In total, 2221 
of these target genes were intersected in 2 of the databases mentioned 
earlier herein, and 287 predicted genes were intersected in 3 databases. 
In the analysis of the DAVID bioinformatics tool, 612 predicted target 
genes in 2 databases were enriched in cardiovascular GAD disease class 
by 1.1-fold (adjusted P = .001) (Supplemental File). In all, 33 genes were 
associated with CHD, AMI, and MI in the Malacards database (Supple-
mental File). When the genes common in 3 of the 5 databases were 
evaluated for their relationship to CVD development, 87 and 4 were as-
sociated with CVD in GAD and Malacards, respectively (Supplemental 
File). In pathway analysis for the putative targets of miR-210-3p, we 
found that target genes were enriched significantly in CAD-related 
KEGG pathways such as vascular smooth muscle contraction, the in-
sulin signaling pathway, the AMPK signaling pathway, and autophagy 
(FIGURE 4B; Supplemental File).

We found 3545, 13914, 2956, 1370, and 174 putative target genes 
for let-7g-5p in miRMap, RNA22, DIANA MicroT-CDS, and mirDB 
databases, respectively. In total, 4714 of these targets intersected in the 
results of at least 2 databases, and 1206 of these target genes are asso-
ciated with CVD according to the GAD, whereas 62 are associated with 
CHD, AMI, and MI in the Malacards database. Moreover, in the anal-
ysis conducted using the DAVID bioinformatics tool, putative targets 
intersecting in 2 databases were enriched in GAD cardiovascular diseases 
and metabolic diseases by 1.1-fold change (adjusted P value [Benjamini-
Hochberg method] = 4.2 × 10−7 and 4.2 × 10−7, respectively]. Also, puta-
tive target genes of the let-7g-5p were enriched in the MAPK signaling 
pathway, TGF-β signaling pathway, cGMP-PKG signaling pathway, and 
ABC transporters KEGG terms (P < .05 Benjamini-Hochberg corrected; 
Supplemental File).

Discussion
There is an ongoing investigation for the identification of noninvasive 
biomarkers that will make it possible to diagnose and elucidate the 
prognosis of CAD. In this study, we found that circulating miR-126-3p 

FIGURE 2.  Sensitivity and specificity of circulating miR-126-3p  
and miR-210-3p. ROC curve analyses were performed to 
determine the discriminative ability of miR-126-3p and 
miR-210-3p among non–coronary artery disease (CAD) and 
myocardial infarction (MI) groups.
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FIGURE 3.  Expression tertiles of miR-126-3p and miR-210-3p are associated with clinical parameters. The stenosis percentage 
(A) is lower in the high tertiles of miR-126-3p and miR-210-3p. LDL-C (B), TG levels (C), LDL-C/HDL-C (D), TC/HDL-C ratios 
(E), and triglyceride-glucose (TyG; F) index were lower in the high miR-210-3p expression tertile in the subgroups. In the study 
population, LDL-C level and TC/HDL-C ratio were lower in the high miR-126-3p expression tertile.
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FIGURE 3.  (cont)
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is downregulated significantly in patients with MI and UAP, compared 
with non-CAD controls. Also, circulating levels of miR-210-3p were 
downregulated significantly in the MI group, compared with the non-
CAD control, SAP, and UAP groups. Circulating let-7g-5p was found at 
higher levels in the MI group, compared with the UAP group. Moreover, 
miR-210-3p and miR-126-3p were associated closely with serum lipid 
levels (FIGURE 5).

In the continuing search for a novel biomarker for CAD, miR-126-3p 
was one of the miRNAs examined. As previously demonstrated, the 
impact of miR-126 is influenced by the source of miR-126 and the spe-
cific mature strand (-3p or -5p) that is involved, as in atherosclerosis 

and angiogenesis processes.26,27 For instance, miR-126-3p mainly 
exhibits atheroprotective features on endothelial cells (ECs) through 
suppressing inflammation, whereas miR-126-5p primarily increases 
the proliferation of ECs and reducing atherosclerosis.26 These features 
highlight the functional complexity of this miRNA. As was comprehen-
sively reviewed by Yu et al,28 miR-126-3p is associated with vascular 
or related diseases. Endothelial cells exhibit high levels of miR-126, 
which helps to preserve vascular integrity and promote angiogenesis.29 

In a mouse model, genetic deletion of miR-126 resulted in the embry-
onic death of some mice related to vascular leakage, and the remaining 
mice had pathologies associated with angiogenesis deficiencies.30 

FIGURE 4.  Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. Pathway analyses were performed using the 
miRNA target genes we retrieved using the KEGG database terms by utilizing ClueGO. The Fisher exact test (adjusted using 
the Benjamini-Hochberg procedure) was used to assess the relevance of a biological pathway/term to the putative miRNA 
target genes. The top 20 pathways that putative target genes of miR-126-3p (A) and miR-210-3p (B) enriched were given. The 
numbers after the bars indicate the number of predicted targets of miRNAs in the pathway. *P ≤ .05; **P ≤ .01.
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Moreover, overexpression of miR-126 attenuated atherosclerotic plaque 
progression in APOE-/- mice fed a high-fat diet.31 Circulating levels of 
miR-126-3p were examined in ACS groups, and related studies were 
concluded with rather contradicting results.31-34 In some previous 
studies, such as that by Wang et al,33 circulating levels of miR-126-3p 
decreased in patients with CAD, compared with controls, whereas 
others31,32,34 reported increased circulating levels.

In the present study, we determined that circulating miR-126-3p 
levels were lower in the MI and UAP groups, compared with the con-
trol group. Moreover, the high-expression tertile was more prevalent 
in the control group than in the SAP, UAP, and MI groups, and ste-
nosis was lower in the high-expression tertile. In line with this finding, 
Fichtlscherer et al35 showed that circulating miR-126-3p levels are 
downregulated in patients with CAD compared to healthy controls.

miR-210-3p and miR-210-5p are the hypoxia-inducible miRNAs 
(hypoxamiRs) regulated by HIF-1α in the hypoxic environment.36 

miR-210 regulates cell survival, proliferation, apoptosis, differentiation, 
and other physiological functions by controlling its downstream target 
genes after hypoxia. According to the results from recent studies, such as 
one by Diao et al,37 miR-210-3p is elevated in hypoxic cardiomyocytes and 
demonstrates cytoprotective features. In addition, Qiao et al38 showed that 
in macrophages, high miR-210-3p levels inhibit lipid accumulation and 
NF-κB-mediated inflammation by suppressing IGF2 in atherosclerosis. 
Also, improved plaque stability was established with the increased expres-
sion of miR-210 through APC inhibition and increased VSMC survival.39 

miR-210-3p is evaluated as a potential biomarker in studies related 
to hypoxia, preeclampsia, cancer, and stroke, with better reliability 
and repeatability in circulation.40-42 From the perspective of CVDs, 
miR-210-3p levels in whole-blood specimens from 16 patients with 
CAD were increased, compared with 16 controls.43 In another study,44 
plasma levels of miR-210-3p were upregulated in 9 patients with dia-
betes and CVD, compared with 6 patients who had diabetes but no CVD. 

FIGURE 5.  Graphical abstract. Individuals who underwent coronary angiography were grouped as controls not having 
non–coronary artery disease (CAD), as well as patients with stable angina pectoris (SAP), unstable angina pectoris (UAP), 
and myocardial infarction (MI). The circulating levels of miR-126-3p, miR-210-3p, let-7g-5p, and miR-326 were determined 
in serum specimens. The circulating levels of miR-126-3p were lower in the MI and UAP groups compared to the non-CAD 
group; circulating miR-210-3p levels were at lower levels in the MI group than others. The levels of let-7g-5p were significantly 
different between the UAP and MI groups. To evaluate the sensitivity and specificity of miR-126-3p, miR-210-3p, and let-7g-5p 
for diagnosing SAP, UAP, and MI, the AUC value was calculated using ROC curves. The AUC of miR-210-3p for the distinction 
of MI and non-CAD controls was found to be 0.751 (63.3% sensitivity and 71.7% specificity). The discrimination power was 
best in the model that includes creatine kinase–myocardial band (CK-MB), diabetes mellitus (DM), TG/HDL >4, miR-210-3p, and 
miR-126-3p with an AUC value of 0.927. Moreover, lipid levels, lipid ratios, and stenosis percentage were lower in individuals 
with high circulating miR-126-3p and miR-210-3p levels. The illustration was created via BioRender.com.
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In contrast, Qin et al45 showed that miR-210 levels were negatively 
correlated with the cardiac damage marker cTnl, a well-known marker 
upregulated in MI and cardiac damage. In line with Qin et al, in the 
present study we observed a negative correlation between miR-210-3p 
and CK-MB, which is also a well-known marker in MI, and higher CK-MB 
and cTnI levels in the low miR-210-3p tertile, compared with the high 
miR-210-3p tertile. In a microarray analysis conducted on patients with 
MI and healthy controls, Rincón et al46 demonstrated that circulating 
miR-210-3p levels are downregulated in patients with MI. In the present 
study, decreased circulating levels of miR-210-3p were observed in the 
MI group, compared with the SAP, UAP, and non-CAD groups; also, the 
stenosis percentage was lower in the high miR-210-3p tertile. 

Zeller et al47 compared the circulating miR-210-3p levels on admission, 
and after 3 and 6 hours of admission, in 29 patients with ST-segment el-
evation MI (STEMI) and 63 controls with noncardiac chest pain (NCCP). 
These coauthors found that miR-210-3p levels are increased within 6 
hours, although it was not specified whether there is a difference in  
miR-210-3p levels between the STEMI group and NCCP control group on 
admission. The gradual increase in the abundance of miR-210-3p highlights 
the importance of the specimen collection timeline. Other studies investi-
gate the relation of miR-210 to the presence of CAD. However, we could not 
compare those findings with ours because the examined strand of the miR-
210 (-3p or -5p) is not specified, which complicates the assessment of the 
results. To our knowledge, our study is the first in the literature to show the 
downregulation of circulating miR-210-3p in patients with MI compared to 
non-CAD controls, patients with SAP, and patients with UAP.

The molecular function and the target genes of let-7g-5p were previ-
ously studied in vivo and in vitro. Previous study findings demonstrated 
evidence for let-7g-5p reducing macrophage foam cell formation by 
inhibiting canonical and noncanonical NF-κB signaling pathways and 
reducing inflammatory and apoptotic responses. Also, in a few studies, 
the association between the circulating levels of let-7g-5p and the pres-
ence and severity of CAD was previously investigated. The circulating 
levels of let-7g-5p were associated with the segment stenosis score (SIS): 
this scoring system evaluates the severity of coronary atherosclerosis.48 
In this study, it has been found that patients with severe atheroscle-
rosis have lower circulating let-7g-5p.48 In line with this finding, serum  
let-7g-5p levels decreased during acute non−ST-elevated MI (NSTEMI), 
compared with a control group, in a study conducted by Mompeón et al.49 

As a part of the HUNT (Nord-Trøndelag Healthy) study, Bye et al50 have 
shown that circulating let-7g-5p levels are decreased in patients with AMI, 
compared with healthy controls. In contrast, Velle-Forbord et al13 have 
shown that circulating levels of let-7g-5p are increased in patients with 
fatal MI compared to controls, as a part of the HUNT study. In the present 
study, although there was no difference between non-CAD controls and 
the MI group, the UAP group showed significantly lower circulating levels 
than the MI group. The contradicting results on the circulating levels of 
the examined miRNAs as a diagnostic marker indicate the need for anal-
ysis in larger study groups. The vast diversity and minimal overlap of aber-
rant miRNA expression patterns in different studies may be due to patient 
group, type of specimen, study design, various detection methods, and 
specimen collection procedures, as well as race and ethnicity.

The risk factors of CAD, such as low HDL-C, high LDL-C, and TG levels, 
were well defined among the lipid ratios, which were determined as CVD 
risk indicators. In addition to blood lipid levels, the LDL-C/HDL-C, TC/
HDL-C, and TG/HDL-C ratios are thought to be markers of cardiovascular 
disorders because an imbalance in the cholesterol transported by protective 

and atherogenic lipoproteins might indicate a higher risk of CVD.51 Nam et 
al52 suggest that the TC/HDL-C and LDL-C/HDL-C ratios are more potent 
markers of CAD risk than LDL and HDL levels only. In a previous study,53 
patients with CAD and high LDL-C levels had considerably lower levels of 
miR-126-3p. In line with this finding, although it did not reach statistical 
significance, the high miR-126-3p tertile showed lower LDL-C levels. In ad-
dition, the LDL-C/HDL-C and TC/HDL-C ratios were significantly lower in 
the high miR-126-3p tertile. Further, in this study, we found that LDL-C, 
TG, TC/HDL-C, LDL-C/HDL-C ratios, and TyG index are at lower levels in 
the high miR-210-3p tertile in several groups. Qiao et al38 demonstrated 
that miR-210-3p was negatively correlated with TG and TC levels, which is 
in line with our results. These findings point out the associations between 
the miRNAs and CAD risk factors and therefore highlight the importance 
of miRNAs as a potential target for the disease.

The results of our bioinformatics analyses have shown that putative 
target genes of miR-210-3p intersecting in 2 of the analyzed databases 
are significantly enriched in cardiovascular GAD disease class by 1.1-
fold, whereas putative targets of let-7g-5p are enriched in metabolic 
diseases and CVD GAD classes significantly. The biological processes 
and the KEGG pathways that these putative targets have enriched are 
linked to the CAD pathological process. We found that putative targets 
of miR-210-3p and miR-126-3p are enriched in CAD-related KEGG 
pathways such as AMPK signaling, autophagy, and insulin signaling.

Several limitations must be taken into account. In this study, the size 
of the subgroups of CAD prevented us from considering the status of 
patients regarding use of lipid-lowering and antidiabetic drugs. Because 
miRNAs could also be bound to lipoprotein particles such as HDL, in fu-
ture studies, status of usage of lipid-lowering drugs should be considered.

Conclusions
Our study results indicate that miR-126-3p and miR-210-3p can dis-
criminate individuals belonging in the non-CAD group from those with 
UAP and MI, whereas levels of circulating let-7g-5p significantly discrim-
inate UAP from MI. However, it is crucial to remember that conflicting 
findings from previous studies emphasize the need for further research 
to enable full comprehension of the potential function of miRNAs as 
diagnostic and/or prognostic biomarkers. Therefore, it is imperative to 
conduct more clinical validation studies to determine the clinical rele-
vance of miRNAs and further functional studies to enlighten their role 
in the development of SAP, UAP, and MI.
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ABSTRACT 

Objective:  The aim of this research was to determine the frequency of 

antiphospholipid antibodies (aPL) in patients with COVID-19.

Methods:  The frequency and titers of anticardiolipin antibodies (aCL) 

and anti-β2 glycoprotein I antibodies (aβ2GPI) were determined in sera 

of adult patients hospitalized with COVID-19. Immunoglobulin (Ig)G, 

IgA, IgM aCL, and aβ2GPI were measured using enzyme-linked im-

munosorbent assay.

Results:  Eighty-three patients were included in the study. The mean 

age of patients was 62  ±  13.9 years, ranging from 23 to 86 years. 

Stratification according to severity of infection divided patients in 2 

groups: 45 patients with moderate infection and 38 patients with crit-

ical or severe infection. Out of the 83 patients suffering from COVID-

19, aPL (aCL or aβ2GPI) were detected in 24 patients (28.9%). IgG, IgA 

and IgM aβ2GPI were positive in 2.4%, 16.9% and 8.4%, respectively. 

IgG, IgA and IgM aCL showed positivity in 7.2%, 0%, and 4.8%, re-

spectively. The frequency of aPL was 36.8% in patients with critical/

severe infection and 22.2% in patients with moderate infection. In crit-

ical/severe patients, the frequency of aβ2GPI was significantly higher 

than aCL (34.2% vs 13.2%, P = .03) and aβ2GPI-IgA were significantly 

more frequent than aβ2GPI-IgG (21.1% vs 2.6%, P = .028).

Conclusion:  In this cross-sectional study, aPL and particularly 

aβ2GPI-IgA were common in patients with COVID-19.

Introduction
COVID-19 is an infectious disease induced by SARS-CoV-2.1 The clinical 
picture of COVID-19 includes many manifestations that are frequently 
described in autoimmune diseases such as several extrapulmonary 
manifestations.2 SARS-CoV-2 is now considered to be a trigger of auto-
immunity3,4 and is able to induce severe immunopathology.5,6 Moreover, 
high incidence of autoimmune diseases after SARS-CoV-2 infection has 
been reported.7-9 Likewise, new-onset autoantibodies in patients with 
COVID-19 have been reported and were positively correlated with 
anti-SARS-CoV-2 antibodies.10

Antiphospholipid antibodies (aPL) include a panel of autoantibodies 
directed against anionic phospholipids or protein-phospholipid 
complexes.11 Three main types of antibodies are described: anticardiolipin 
antibodies (aCL), anti-β2 glycoprotein I antibodies (aβ2GPI), and lupus 
anticoagulant (LA). These antibodies occur not only in antiphospholipid 
syndrome (APS) but also in autoimmune diseases, malignancies, and 
infections.12 It is acknowledged that infection could induce aPL produc-
tion.13 Our research has previously demonstrated a high frequency of aPL 
in chronic hepatitis C patients.14 Indeed, the initial immune response 
to viral antigen could expand to self-proteins through common recogni-
tion and epitope spreading. Otherwise, molecular mimicry between viral 
epitopes and autoantigens will lead to loss of tolerance and induction of 
autoimmunity.15 A strong inflammation will accelerate this phenomenon, 
and in COVID-19 a cytokine storm has widely been described.16-18

We have previously demonstrated a high frequency of aPL, espe-
cially aβ2GPI, in many diseases that share clinical manifestations with 
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COVID-19.14,19-23 Thus, the objective of our study was to investigate the 
frequency of aPL (aβ2GPI and aCL) in a cohort of COVID-19 patients.

Materials and Methods

Patients
A cross-sectional study that included 83 hospitalized adult patients af-
fected by COVID-19 in Farhat Hached Hospital of Sousse, Tunisia, was 
conducted. The criteria for inclusion were any consecutive patient older 
than 18 years, tested positive for SARS-CoV-2 on nasopharyngeal swab 
samples by reverse transcription-polymerase chain reaction, and who re-
quired hospital admission. Collection of patient samples was conducted 
from March 2021 to July 2022. All samples were obtained in the first 
24 hours of hospital admission. Demographic, epidemiological, clinical 
data, medical history, and laboratory results were extracted from medical 
records. The research team accessed the database first on April 1, 2021. 
Patients with incomplete medical records were excluded from the study.

Patients were subdivided into 2 groups: moderate and severe/crit-
ical illness according to World Health Organization guidelines.24 Clas-
sification of patients was based on clinical symptoms, respiratory rate, 
oxygen saturation, pneumonia severity, and the need of invasive venti-
lation. Moderate disease included patients with evidence of pneumonia 
but no signs of severe pneumonia (peripheral oxygen saturation [SpO

2
] 

≥90% on room air). Severe cases included clinical signs of pneumonia 
and respiratory rate >30 breaths/min or SpO

2
 <90% on room air. Crit-

ical cases were patients with acute respiratory distress syndrome (Berlin 
definition),25 sepsis, or septic shock.

All hospitalized patients or the next of kin for patients who were 
admitted in the intensive care unit (ICU) gave their written informed 
consent. Our study was approved by the ethics committee of the Univer-
sity Hospital of Farhat Hached.

Biological Biomarkers
C-reactive protein (CRP), white blood cell count, platelet count, he-
moglobin, prothrombin time, aspartate aminotransferase, alanine 
aminotransferase, total bilirubin, and direct bilirubin were evaluated on 
the same date of serum sampling for aPL. The D-dimer was carried out 
for only a few patients due to the lack of reagents, especially during the 
first period of the pandemic, so we did not include this parameter in the 
study.

Serum Antiphospholipid Antibodies Determination
Serum samples were assayed for aCL- and aβ2GPI-IgG, IgA, and IgM 
using an enzyme-linked immunosorbent assay (ELISA) (Orgentec 
Diagnostika). The determination was based on an indirect ELISA with 
the following steps: specific antibodies contained in the patient sample 
bind to the antigen coated on the surface of the reaction wells. After 
incubation, a first washing step removes unbound and unspecifically 
bound serum components. Subsequently added enzyme conjugate binds 
the immobilized antigen-antibody complexes. After incubation, a second 
washing step removes unbound enzyme conjugate. Adding TMB Sub-
strate Solution (3,3',5,5'- tetramethylbenzine) leads to hydrolization of 
substrate, forming a blue-colored product. Addition of an acid stops the 
reaction, generating a yellow end-product. The color intensity correlates 
with the concentration of antigen-antibody complexes and can be meas-
ured at 450 nm by spectrophotometer.

Normal values were as follows: 10 U/mL for aCL-IgG and IgA, 7  
U/mL for aCL-IgM, and 8 U/mL for IgG, IgM, and IgA aβ2GPI based on 
the manufacturer’s recommendations.

Statistical Analysis
All statistical analysis were performed using SPSS software, version 22. 
Continuous variables were expressed as means and SDs and medians and 
IQRs according to their distribution. Categorial variables were expressed 
as numbers and percentages. The variables were tested for normality 
using the Kolmogorov-Smirnov test with Lilliefors adjustment. Where 
appropriate, the χ2 test, Fisher’s exact test, or Mann-Whitney test were 
used for the comparison of frequencies. To compare variables reported 
with means, we used the parametric Student t-test and for variables re-
ported with medians, we used Mann-Whitney test. A P value lower than 
.05 was considered to be statistically significant.

Results

General Characteristics
A total of 83 hospitalized COVID-19 patients (44 men and 39 women 
with a mean age of 62 ± 13.9 years) were enrolled in this study. Overview 
of the characteristics of the patients, including demographic features, 
medical history, comorbidities, and symptoms at hospital admission, are 
summarized in TABLE 1. Most of the patients were over the age of 60 
years (60.2% vs 39.8%; P = .008). Sixty-seven patients out of 83 (80.7%) 
suffered from chronic diseases. Among them, 46 (68.6%) had at least 2 
chronic diseases. Seven patients (8.4%) had autoimmune diseases. Spe-
cifically, 6 patients (7.2%) had type 1 diabetes and 1 patient suffered 
from systemic lupus erythematosus and rheumatoid arthritis (RA). 
Liver abnormalities were observed in 37.8% of the patients (28.9% had 
cytolysis and 19.6% had hyperbilirubinemia). No thrombotic events 
were observed at the time of aPL measurements. Disease severity was 
moderate in 45 patients (54.2%) and severe or critical in 38 patients 
(45.8%). Twenty-four patients (28.9%) were admitted to the ICU.

Frequency of Antiphospholipid Antibodies
The frequency of aPL (aCL or aβ2GPI) in the study population was 28.9% 
(n = 24). Among these 24 patients, 19 (22.9%) had only 1 positive an-
tibody and 5 (6%) had 2 or more antibodies. aβ2GPI were significantly 
more frequent than aCL (25.3% vs 9.6%; P = .008). aβ2GPI-IgA was the 
most detected antibody (16.9%), followed by aβ2GPI-IgM (8.4%) and 
aCL-IgG (7.2%). Thirteen patients (15.7%) were positive for aβ2GPI-IgA 
and negative for other aPL (isolated aβ2GPI-IgA) (TABLE 2).

FIGURE 1 illustrates the mean titers of aCL (1A) and aβ2GPI (1B) 
in overall, moderate, and severe/critical COVID-19 patients. No signifi-
cant differences were noted for the mean titers of each isotype of aCL or 
aβ2GPI between the 2 groups of COVID-19 patients.

COVID-19 Severity and Antiphospholipid Antibodies
Among the 38 patients with a critical or severe form of COVID-19, 14 
(36.8%) had aPL (aCL and/or aβ2GPI), whereas among the 45 patients 
with a moderate form of COVID-19, 10 (22.2%) had aPL. In patients 
with a critical/severe form of the disease, 34.2% of cases had aβ2GPI 
and 13.2% had aCL (P = .03) and aβ2GPI-IgA was significantly more fre-
quent than aβ2GPI-IgG (21.1% vs 2.6%, P = .028). Patients with mod-
erate COVID-19 had 17.8% aβ2GPI and 6.7% had aCL. No significant 
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differences were noted for the different aCL and aβ2GPI isotypes be-
tween the 2 groups of patients (TABLE 2).

Comparison Between aPL Positive and aPL Negative 
Patients
Compared with patients without aPL, aPL-positive patients did not 
show significant differences in age, sex, preexisting comorbidities, se-
verity of the disease, or laboratory parameters except for hemoglobin 
and direct bilirubin levels (TABLE 3).

Discussion
In the present study, we demonstrated a high frequency of aPL (aCL 
or aβ2GPI) in COVID-19 patients. This frequency (28.9%) is similar to 

that (34.7%) found by Gasparini et al26 who conducted a similar study 
to ours. In fact, they evaluated aCL and aβ2GPI of 3 isotypes (IgG, IgA, 
IgM) but not LA or antiphosphatidylserine antibodies.

aβ2GPI-IgA were the most frequent aPL in our study. This result 
confirms those of previously reported studies.26-31 The frequency of 
aβ2GPI-IgA in our study was similar to that found by Serrano et al27 
(16.9% and 15%, respectively). In our group of patients with critical/
severe COVID-19, the frequency of aβ2GPI-IgA was similar to that of 
Xiao et al28 (21.1% and 28.8%, respectively) and Bnina et al31 (21.1% 
and 24%, respectively).31 Xiao et al28 demonstrated also that aCL-IgA 
(25.8%) were frequent in COVID-19 patients and Zeng et al32 found that 
28.7% of COVID-19 patients had aCL-IgA, whereas in our study aCL-IgA 
were not detected. This discrepancy could be explained by the difference 
between the epidemiological characteristics of patients included and the 
methods used for aCL measurement.

In the critical/severe COVID-19 group, aβ2GPI-IgA, which is 
considered an extracriteria aPL, was significantly more frequent than 
aβ2GPI-IgG (21.1% vs 2.6%, P =  .028). Similarly, it has been reported 
that total serum IgA, but not IgG, is elevated in severe COVID-19.33 The 
predominance of the IgA isotype of aβ2GPI in our study and in other 
studies26-29 and the reported high frequency of aCL-IgA28,32 could be 
explained by the fact that SARS-CoV-2 is implicated in mucosal damage, 
as it affects mainly lung and intestinal mucosa. Thus, the production of 
IgA34,35 may be secondary to the break of mucosal immune tolerance. 
Interestingly, a relationship between the intestinal immune axis for IgA 
production and the gene TIMELESS has been reported in COVID-19.36 
Moreover, in all our previous studies on aPL, IgA was the predominant 
isotype of aβ2GPI (TABLE 4).

We found that the frequency of aβ2GPI-IgM was 8.4% in patients 
with COVID-19. Interestingly, this frequency was 15.8% in the crit-
ical/severe COVID-19 group vs 2.2% in the moderate COVID-19 group, 
and the difference between the 2 groups was near to the threshold of 
significance (P = .06). Similarly to our findings, Sadeghi et al39 showed 
that the frequency of aβ2GPI-IgM was higher in patients admitted to 
the ICU compared with non-ICU patients (10.5% vs 0%; P = .05). They 
demonstrated that aβ2GPI-IgM were near levels showing significant as-
sociation based on Sequential Organ Failure Assessment score. More-
over, in a study conducted in 172 patients hospitalized with COVID-19 
measuring 8 types of aPL, the authors detected aCL-IgM in 23% of 
samples and titers of aCL-IgM correlated with neutrophil hyperactivity, 
including the release of neutrophil extracellular traps, higher platelet 
counts, more severe respiratory disease, and lower clinical estimated 
glomerular filtration rate.40 Further studies are needed to clarify the 
pathogenic role of aPL-IgM in COVID-19 patients.

The role of aPL in the risk for thrombosis in COVID-19 is still con-
troversial.41 Some studies demonstrated an association between aPL 
and thrombosis.28,29,42 Xiao et al28 found that in patients with mul-
tiple antibody positivity, the most common profile was the presence of 
both aβ2GPI-IgA and aCL-IgA. They also reported that in patients with 
such antibody profile, the incidence of cerebral infarction was signif-
icantly higher than in those who were negative for aPL. None of our 
patients had thrombotic events. Likewise, in other studies, no correla-
tion between the presence of aPL and thromboembolic manifestations 
was found.26,27,43,44 Besides, our mean level of aPL is low and similar to 
those previously described.27,29,33,43,44 In fact, titers of aPL have been 
described to be lower in COVID-19 than in APS.43 Otherwise, unlike in 
APS, most COVID-19 patients had only 1 type of aPL.26 In our study, 

TABLE 1.  General characteristics of COVID-19 patients (n = 82)

Characteristics Results

Demographic characteristics 

 � Sex ratio (M/F) 1.1 (44/39)

 � Mean age ± SD, y 62 ± 13.9

 � Age range, y 23-86

Medical history/comorbidity, n (%)

 � Diabetes mellitus 40 (48.2)

 � Hypertension 25 (30.1)

 � Coronary heart disease 9 (10.8)

 � Pulmonary disease 5 (6)

 � Chronic kidney disease 5 (6)

 � Cancer 4 (4.8)

 � Thrombotic event 0

Symptoms at hospital admission, n (%)

 � Fever 44 (53)

 � Cough 56 (67.5)

 � Dyspnea 38 (45.8)

 � Asthenia 47 (56.6)

 � Myalgia 21 (25.3)

 � Headache 21 (25.3

 � Ageusia 7 (8.4)

Disease severity status, n (%)

 � Moderate 45 (54.2)

 � Critical/severe 38 (45.8)

Laboratory parameters

 � C-reactive protein, mg/dL, median (IQR) 68.5 (39.2-123)

 � White cell count, × 103/μL, median (IQR) 7.8 (5.9-11.2)

 � Platelet count, × 103/μL, median (IQR) 233.5 (167-302)

 � Hemoglobin, g/dL, median (IQR) 12.9 (10.6-14.2)

 � Prothrombin time, %, median (IQR) 78 (62.5-85)

 � ASAT, U/L, mean ± SD 35 ± 18

 � ALAT, U/L, mean ± SD 33 ± 29

 � Total bilirubin, μmol/L, mean ± SD 30 ± 8

 � Direct bilirubin, μmol/L, mean ± SD 11 ± 2

ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase.
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single antibody positivity was significantly more frequent than multiple 
antibody positivity (22.9% vs 6%, P = .002), whereas triple aPL positivity 
is more predictive of thrombosis.41 It has also been demonstrated that 
aβ2GPI in COVID-19 are not directed against domain 1 as in APS but 
they recognize domains 4 and 5.43 Domain 4 and 5 are not associated 
with APS and are not pathogenic.45 In COVID-19, aPL are not the main 
factor of thrombophilic microangiopathy.45,46 aPL in COVID-19 may be 
considered as bystander but not pathogenic antibodies.45 So aβ2GPI 
that we and others detected in COVID-19 patients could be implicated 
in manifestations other than those described in APS.

aβ2GPI could induce articular manifestations in acute COVID-
19 or during post-COVID-19 syndrome. In our study, due to the crit-
ical condition of patients admitted to the ICU, looking for articular 
manifestations could not be performed. However, it has been reported 
that joint pain is one of the most common symptoms in patients with 

COVID-19 (27.3%) and it is one of the persistent symptoms after acute 
COVID-19.47 In fact, arthralgia has been described in 62% of patients 
with post-COVID-19 syndrome48 and arthritis in 37%.49 We had previ-
ously found a high frequency of aβ2GPI in another viral disease in which 
articular manifestations are frequent. In fact, in our chronic hepatitis 
C patients, the frequency of aβ2GPI and particularly of IgA isotype 
was significantly higher in patients than in the control group (38.5% 
vs 7.8%, P  <  10-6).14 The aβ2GPI that we detected in this study could 
be anti-Saccharomyces cerevisiae antibodies (ASCA). Indeed, S cerevisiae 
has common epitopes with β2GPI.50 We have previously detected ASCA 
in 15.9% of our patients with severe COVID-19.51 Fascinatingly, cross-
reactive epitopes have been discovered both between S cerevisiae and 
SARS-CoV-252 and S cerevisiae and autoantigens of rheumatoid arthritis 
(RA).53 Also, we have demonstrated that 26.7% of patients with RA have 
aβ2GPI-IgA, and we have hypothesized that aβ2GPI-IgA are both the 

TABLE 2.  Frequencies of aCL and aβ
2
GPI in COVID-19 patients

 
Patients with COVID-19

(n = 83), n (%) 
Patients with critical/severe COVID-19

(n = 38), n (%) 
Patients with moderate COVID-19

(n = 45), n (%) 
Pa 

aCL or aβ2GPI 24 (28.9) 14 (36.8) 10 (22.2) .1

aCL (IgG, IgA, or IgM) 8 (9.6)b 5 (13.2)d 3 (6.7) .5

aCL-IgG 6 (7.2) 4 (10.5) 2 (4.4) .5

aCL-IgA 0 0 0 -

aCL-IgM 4 (4.8) 3 (7.9) 1 (2.2) .5

aβ2GPI (IgG, IgA, or IgM) 21 (25.3)b 13 (34.2)d 8 (17.8) .08

aβ2GPI-IgG 2 (2.4)c 1 (2.6)e 1 (2.2) 1

aβ2GPI-IgA 14 (16.9)c 8 (21.1)e 6 (13.3) .35

aβ2GPI-IgM 7 (8.4) 6 (15.8) 1 (2.2) .06

aCL and aβ2GPI 5 (6) 4 (10.5) 1 (2.2) .26

Single antibody 19 (22.9)f 10 (26.3) 9 (20)g .49

Multiple antibodies 5 (6)f 4 (10.5) 1 (2.2)g .26

Isolated aβ2GPI-IgA 13 (15.7) 7 (18.4) 6 (13.3) .5

aβ2GPI, anti-β2 glycoprotein I antibodies; aCL, anticardiolipin antibodies.
aComparison of patients with critical/severe COVID-19 vs patients with moderate COVID-19.
bComparison between aβ2GPI (IgG, IgA, or IgM) and aCL (IgG, IgA, or IgM) in COVID-19 patients, P = .008.
cComparison between aβ2GPI-IgA and aβ2GPI-IgG in COVID-19 patients, P = .002.
dComparison between aβ2GPI (IgG, IgA, or IgM) and aCL (IgG, IgA, or IgM) in critical/severe COVID-19 patients, P = .03.
eComparison between aβ2GPI-IgA vs aβ2GPI-IgG in critical/severe COVID-19 patients, P = .028.
fComparison between single antibody and multiple antibodies in COVID-19 patients, P = .002.
gComparison between single antibody vs multiple antibodies in patients with moderate COVID-19, P = .007.

FIGURE 1.  Mean titers of anticardiolipin antibodies (aCL) (A) and anti-β2 glycoprotein I antibodies (aβ
2
GPI) (B) in COVID-19 

patients. aCL, anticardiolipin antibodies; aβ2GPI, anti-beta 2-glycoprotein I antibodies.
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cause and the consequence of arthritis in RA.21 It is worthy to note that 
β2GPI is a ubiquitous protein present in joints.54 S cerevisiae also has 
common epitopes with β2GPI.50 By the way, we reported that 20.5% of 
patients with RA had ASCA-IgG.55 So, could we imagine that in COVID-
19 patients, aβ2GPI-IgA bind to S cerevisiae or to SARS-CoV-2, which 
could migrate from the gut to the articulation via the vascular compart-
ment as a consequence of a leaky intestinal wall56 resulting in gut micro-
biota dysbiosis57? Because in COVID-19 complement activation includes 
not only classical but also an alternative pathway58 and aβ2GPI are of 
the IgA isotype, an alternative pathway is activated and subsequently 
inflammation and articular damage take place.

aβ2GPI could also be implicated in hepatic manifestations of COVID-
19. In fact, liver injury is now recognized as an extrapulmonary manifes-
tation of severe COVID-19.59-61 Otherwise, SARS-CoV-2 was detected in 
the liver of patients who died from COVID-19.62 Moreover, liver function 

abnormalities were seen in 19% of COVID-19 patients and were associ-
ated with disease severity.63 Furthermore, gammaglutamyl transferase, 
a diagnostic biomarker of cholangiocyte injury, has been reported to be 
elevated in 54% of COVID-19 patients.64 Interestingly, β2GPI, which is 
a ubiquitous protein and is highly expressed in the liver, and not only 
do β2GPI and SARS-CoV-2 have cross-reactive epitopes with S cerevisiae 
but also SARS-CoV-2 has common epitopes with the main auto-antigen 
(M2) of primary biliary cholangitis.65 So we could imagine that aβ2GPI 
will bind to β2GPI expressed in the liver or to S cerevisiae that migrated 
from the intestine to the liver because of a leaky gut. The result of this 
mechanism will be complement activation and inflammation such as we 
explained above for articular manifestations.

We acknowledge that our study has some limitations. First, it is 
not a prospective study, so we do not have data on the evolution of 
aPL over time. Second, LA was not performed. Third, we did not follow 

TABLE 3.  Comparison of demographic, clinical characteristics, and laboratory findings according to aPL positivitya

 aPL positive patients (n = 24) aPL negative patients (n = 59) P 

Mean age ± SD, y 64 ± 14.9 61 ± 13.4 .3

Male, n (%) 11 (45.8) 33 (55.9) .4

Preexisting comorbidities, n (%)

  Diabetes mellitus 9 (37.5) 31 (52.5) .2

  Hypertension 6 (25) 19 (32.2) .5

  Coronary heart disease 2 (8.3) 7 (11.9) .9

  Autoimmune diseases 2 (8.3) 5 (8.5) 1

Disease severity status, n (%)

  Moderate 10 (41.7) 35 (59.3) .14

  Critical/severe 14 (58.3) 24 (40.7) .14

Laboratory parameters, median (IQR)

  C-reactive protein, mg/dL 90 (34.75-120.7) 61 (39.2-126) .56

  White blood cell count, × 103/μL 7.4 (5.9-16.4) 8.3 (5.9-11.1) .85

  Platelet count, × 103/μL 194 (140-287) 243 (176.5-313) .17

  Hemoglobin, g/L 11.9 (10-13) 13.25 (10.9-14.4) .04

  Prothrombin time, % 68 (60-83) 78 (62.7-85.2) .8

  ASAT, U/L, mean ± SD 38.5 ± 18.4 32.2 ± 17.6 .15

  ALAT, U/L, mean ± SD 40.4 ± 43.8 30.2 ± 21.2 .28

  Total bilirubin, μmol/L, mean ± SD 15.6 ± 13.1 11.8 ± 5.7 .18

  Direct bilirubin, μmol/L, mean ± SD 4.5 ± 3.6 2.8 ± 2 .03

ALAT, alanine aminotransferase; aPL, antiphospholipid antibodies; ASAT, aspartate aminotransferase.
aBold values indicate significance.

TABLE 4.  Predominance of aβ2GPI-IgA in our previous studies

Authors Diseases aβ2GPl-IgG, % aβ2GPl-IgA, % aβ2GPl-IgM, % 

Mankaï et al, 201219 Celiac disease 1.6 14.3 1.6

Mankaï et al, 201337 Systemic lupus erythematosus 19.8 50.9 —

Mankaï et al, 201520 Primary biliary cholangitis 12.5 62.5 21.2

Mankaï et al, 201638 Antiphospholipid syndrome 22 83.1 —

Melayah et al, 202021 Rheumatoid arthritis 6.7 26.7 5.6

Manka ï et al, 202222 Hashimoto’s thyroiditis 5 27.3 8.6

Melayah et al, 202214 Chronic hepatitis C 7.3 38.5 9.4

Melayah et al, 202323 Articular manifestations 5.4 20.4 2.9

aβ2GPI, anti-β2 glycoprotein I antibodies.
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patients for the possible new onset of autoimmune diseases in the post-
COVID-19 period.

In conclusion, we demonstrated herein a high frequency of aβ2GPI-
IgA in COVID-19 patients.

Conflict of Interest Disclosure
The authors have nothing to disclose.

REFERENCES

	 1.	 Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human 
respiratory disease in China. Nature. 2020;579(7798):265-269. 
https://doi.org/10.1038/s41586-020-2008-3

	 2.	 Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary 
manifestations of COVID-19. Nat Med. 2020;26(7):1017-1032. 
https://doi.org/10.1038/s41591-020-0968-3

	 3.	 Dotan A, Muller S, Kanduc D, David P, Halpert G, Shoenfeld Y. The 
SARS-CoV-2 as an instrumental trigger of autoimmunity. Autoimmun 
Rev. 2021;20(4):102792. https://doi.org/10.1016/j.autrev.2021.102792

	 4.	 Kocivnik N, Velnar T. A review pertaining to SARS-CoV-2 and 
autoimmune diseases: what is the connection? Life (Basel). 
2022;12(11):1918. https://doi.org/10.3390/life12111918

	 5.	 Brodin P. Immune determinants of COVID-19 disease presentation 
and severity. Nat Med. 2021;27(1):28-33. https://doi.org/10.1038/
s41591-020-01202-8

	 6.	 Arish M, Qian W, Narasimhan H, Sun J. COVID-19 immunopathology: 
from acute diseases to chronic sequelae. J Med Virol. 
2023;95(1):28122. https://doi.org/10.1002/jmv.28122

	 7.	 Putry BO, Khairunnisa N, Balga HM, et al. Can SARS-CoV-2 trigger new 
onset of autoimmune disease in adults? A case-based review. Heliyon. 
2022;8(11):e11328. https://doi.org/10.1016/j.heliyon.2022.e11328

	 8.	 Yazdanpanah N, Rezaei N. Autoimmune complications of COVID-19. 
J Med Virol. 2022;94(1):54-62. https://doi.org/10.1002/jmv.27292

	 9.	 Bizjak M, Emeršič N, Zajc Avramovič M, et al. High incidence 
of multisystem inflammatory syndrome and other autoimmune 
diseases after SARS-CoV-2 infection compared to COVID-19 vac-
cination in children and adolescents in south central Europe. Clin 
Exp Rheumatol. 2023;41(5):1183-1191. https://doi.org/10.55563/
clinexprheumatol/i1l2xn

	10.	 Chang SE, Feng A, Meng W, et al. New-onset IgG autoantibodies in 
hospitalized patients with COVID-19. Nat Commun. 2021;12(1):5417. 
https://doi.org/10.1038/s41467-021-25509-3

	11.	 Barreno-Rocha SG, Guzmán-Silahua S, Rodríguez-Dávila SD, 
et al. Antiphospholipid antibodies and lipids in hematological 
malignancies. Int J Mol Sci. 2022;23(8):4151. https://doi.org/10.3390/
ijms23084151

	12.	 Gómez-Puerta JA, Cervera R. Diagnosis and classification of the 
antiphospholipid syndrome. J Autoimmun. 2014;48-49(7):20-25. 
https://doi.org/10.1016/j.jaut.2014.01.006

	13.	 Mendoza-Pinto C, García-Carrasco M, Cervera R. Role of infectious 
diseases in the antiphospholipid syndrome (including its cata-
strophic variant). Curr Rheumatol Rep. 2018;20(10):62. https://doi.
org/10.1007/s11926-018-0773-x

	14.	 Melayah S, Kallala O, Ben Ahmed M, et al. IgA anti-beta-2 glyco-
protein I antibodies in chronic hepatitis C. Arab J Gastroenterol. 
2022;23(1):26-31. https://doi.org/10.1016/j.ajg.2021.12.003

	15.	 Fujinami RS, von Herrath MG, Christen U, Whitton JL. Molecular 
mimicry, bystander activation, or viral persistence: infections and au-
toimmune disease. Clin Microbiol Rev. 2006;19(1):80-94. https://doi.
org/10.1128/CMR.19.1.80-94.2006

	16.	 Rondovic G, Djordjevic D, Udovicic I, et al. From cytokine storm to 
cytokine breeze: did lessons learned from immunopathogenesis 

improve immunomodulatory treatment of moderate-to-severe 
COVID-19? Biomedicines. 2022;10(10):2620. https://doi.org/10.3390/
biomedicines10102620

	17.	 Liu Y, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases. 
Curr Opin Rheumatol. 2021;33(2):155-162. https://doi.org/10.1097/
bor.0000000000000776

	18.	 Zanza C, Romenskaya T, Manetti AC, et al. Cytokine storm in 
COVID-19: immunopathogenesis and therapy. Medicina (Kaunas). 
2022;58(2):144. https://doi.org/10.3390/medicina58020144

	19.	 Mankaï A, Achour A, Thabet Y, Manoubia W, Sakly W, Ghedira I. Anti-
cardiolipin and anti-beta 2-glycoprotein I antibodies in celiac disease. 
Pathol Biol (Paris). 2012;60(5):291-295. https://doi.org/10.1016/j.
patbio.2011.07.003

	20.	 Mankaï A, Manoubi W, Ghozzi M, Melayah S, Sakly W, Ghedira I. High 
frequency of antiphospholipid antibodies in primary biliary cirrhosis. J 
Clin Lab Anal. 2015;29(1):32-36. https://doi.org/10.1002/jcla.21723

	21.	 Melayah S, Changuel M, Mankaï A, Ghedira I. IgA is the predominant 
isotype of anti-β2 glycoprotein I antibodies in rheumatoid arthritis. J 
Clin Lab Anal. 2020;34(6):e23217. https://doi.org/10.1002/jcla.23217

	22.	 Mankaï A, Melayah S, Bousetta S, Ghozzi M, Yacoub-Jemni 
S, Ghedira I. Antiphospholipid antibodies in autoimmune thy-
roid diseases. J Clin Lab Anal. 2022;36(12):e24788. https://doi.
org/10.1002/jcla.24788

	23.	 Melayah S, Ghozzi M, Ghedira I, Mankaï A. Anticardiolipin and anti-
beta 2-glycoprotein I antibodies in patients with unexplained articular 
manifestations. J Clin Lab Anal. 2023;37(1):e24812. https://doi.
org/10.1002/jcla.24812

	24.	 World Health Organization. COVID-19 clinical management: living 
guidance WHO; 1-81. Accessed November 23, 2021. https://www.
who.int/publicationsdetail-redirect/WHO-2019-nCoV-clinical-2021-
1%0Ahttp:// files/20/WHO-2019-nCoV-clinical-2021-1.html

	25.	 Ranieri VM, Rubenfeld GD, Thompson BT, et al; ARDS Definition 
Task Force. Acute respiratory distress syndrome: the Berlin defi-
nition. JAMA. 2012;307(23):2526-2533. https://doi.org/10.1001/
jama.2012.5669

	26.	 Gasparini G, Canepa P, Verdiani S, et al. A retrospec-
tive study on the prevalence of anti-phospholipid antibodies, 
thrombotic events and cutaneous signs of vasculopathy in 
173 hospitalized COVID-19 patients. Int J Immunopathol 
Pharmacol. 2021;35:20587384211042115. https://doi.
org/10.1177/20587384211042115

	27.	 Serrano M, Espinosa G, Lalueza A, et al; APS-COVID 19 Study 
Group/European Forum on Antiphospholipid Antibodies. Beta-2- 
glycoprotein-i deficiency could precipitate an antiphospholipid 
syndrome-like prothrombotic situation in patients with coronavirus 
disease 2019. ACR Open Rheumatol. 2021;3(4):267-276. https://doi.
org/10.1002/acr2.11245

	28.	 Xiao M, Zhang Y, Zhang S, et al. Antiphospholipid antibodies 
in critically ill patients with COVID-19. Arthritis Rheumatol. 
2020;72(12):1998-2004. https://doi.org/10.1002/art.41425

	29.	 Gil-Etayo FJ, Garcinuño S, Lalueza A, et al. Anti-phospholipid 
antibodies and COVID-19 thrombosis: a co-star, not a supporting 
actor. Biomedicines. 2021;9(8):899. https://doi.org/10.3390/
biomedicines9080899

	30.	 Garcia-Arellano G, Camacho-Ortiz A, Moreno-Arquieta IA, et al. 
Anticardiolipin and anti-beta-2 glycoprotein I antibodies in patients 
with moderate or severe COVID-19. Am J Med Sci. 2023;365(2):215-
217. https://doi.org/10.1016/j.amjms.2022.10.012

	31.	 Bnina AB, Dhia RB, Gnaba S, et al. Assessment of antiphospholipid 
antibodies profiles based on severity of COVID-19 pneu-
monia. Pan Afr Med J. 2022;42:110. https://doi.org/10.11604/
pamj.2022.42.110.33020

	32.	 Zeng H, Cai M, Xue H, Xie W, Long X. Prevalence and coagulation 
correlation of anticardiolipin antibodies in patients with COVID-19. 
Medicine (Baltimore). 2022;101(41):e31040. https://doi.org/10.1097/
MD.0000000000031040

18_LABMED_lmad097.indd   37818_LABMED_lmad097.indd   378 27-Apr-24   13:31:3227-Apr-24   13:31:32

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/373/7485829 by guest on 17 February 2025



379www.labmedicine.com

	33.	 Hasan Ali O, Bomze D, Risch L, et al. Severe coronavirus disease 
2019 (COVID-19) is associated with elevated serum immunoglob-
ulin (Ig) A and antiphospholipid IgA antibodies. Clin Infect Dis. 
2021;73(9):e2869-e2874. https://doi.org/10.1093/cid/ciaa1496

	34.	 Padoan A, Sciacovelli L, Basso D, et al. IgA-Ab response to spike 
glycoprotein of SARS-CoV-2 in patients with COVID-19: a longi-
tudinal study. Clin Chim Acta. 2020;507(12):164-166. https://doi.
org/10.1016/j.cca.2020.04.026

	35.	 Yu HQ, Sun BQ, Fang ZF, et al. Distinct features of SARS-CoV-2- 
specific IgA response in COVID-19 patients. Eur Respir J. 
2020;56(2):2001526. https://doi.org/10.1183/13993003.01526-2020

	36.	 Zhang W, Di L, Liu Z, et al. TIMELESS is a key gene mediating 
thrombogenesis in COVID-19 and antiphospholipid syndrome. Sci 
Rep. 2022;12(1):17248. https://doi.org/10.1038/s41598-022-21694-3

	37.	 Mankaï A, Sakly W, Thabet Y, Achour A, Manoubi W, Ghedira I. 
Anti-Saccharomyces cerevisiae antibodies in patients with systemic 
lupus erythematosus. Rheumatol Int. 2013;33(3):665-669. https://doi.
org/10.1007/s00296-012-2431-3

	38.	 Mankaï A, Layouni S, Ghedira I. Anti Saccharomyces cerevisiae 
antibodies in patients with anti-β2 glycoprotein I antibodies. J Clin 
Lab Anal. 2016;30(6):818-822. https://doi.org/10.1002/jcla.21942

	39.	 Sadeghi A, Hasanlu M, Feyzi A, Mansori K, Ghodrati S, Parsamanesh 
N. Evaluating the relationship between antiphospholipid antibodies 
and COVID-19 severity. DNA Cell Biol. 2023;42(1):65-71. https://doi.
org/10.1089/dna.2022.0293

	40.	 Zuo Y, Estes SK, Ali RA, et al. Prothrombotic autoantibodies in 
serum from patients hospitalized with COVID-19. Sci Transl Med. 
2020;12(570):eabd3876. https://doi.org/10.1126/scitranslmed.abd3876

	41.	 Wang X, Gkrouzman E, Andrade DCO, et al, APS ACTION. COVID-19 
and antiphospholipid antibodies: a position statement and man-
agement guidance from AntiPhospholipid Syndrome Alliance for 
Clinical Trials and InternatiOnal Networking (APS ACTION). Lupus. 
2021;30(14):2276-2285. https://doi.org/10.1177/09612033211062523

	42.	 Zhang Y, Cao W, Jiang W, et al. Profile of natural anticoagulant, co-
agulant factor and anti-phospholipid antibody in critically ill COVID-
19 patients. J Thromb Thrombolysis. 2020;50(3):580-586. https://doi.
org/10.1007/s11239-020-02182-9

	43.	 Borghi MO, Beltagy A, Garrafa E, et al. Anti-phospholipid antibodies 
in COVID-19 are different from those detectable in the anti-
phospholipid syndrome. Front Immunol. 2020;11:584241. https://doi.
org/10.3389/fimmu.2020.584241

	44.	 Gatto M, Perricone C, Tonello M, et al. Frequency and clinical 
correlates of antiphospholipid antibodies arising in patients with 
SARS-CoV-2 infection: findings from a multicentre study on 122 
cases. Clin Exp Rheumatol. 2020;38(4):754-759.

	45.	 Meroni PL, Borghi MO. Antiphospholipid antibody assays in 2021: 
looking for a predictive value in addition to a diagnostic one. Front 
Immunol. 2021;12:726820. https://doi.org/10.3389/fimmu.2021.726820

	46.	 Meroni PL, Borghi MO. Antiphospholipid antibodies and COVID-19 
thrombotic vasculopathy: one swallow does not make a summer. 
Ann Rheum Dis. 2021;80(9):1105-1107. https://doi.org/10.1136/
annrheumdis-2021-220520

	47.	 Carfì A, Bernabei R, Landi F; Gemelli Against COVID-19 Post-Acute 
Care Study Group. Persistent symptoms in patients after acute 
COVID-19. JAMA. 2020;324(6):603-605. https://doi.org/10.1001/
jama.2020.12603

	48.	 Anaya JM, Rojas M, Salinas ML, et al; Post-COVID Study Group. 
Post-COVID syndrome: a case series and comprehensive review. 
Autoimmun Rev. 2021;20(11):102947. https://doi.org/10.1016/j.
autrev.2021.102947

	49.	 Taha SI, Samaan SF, Ibrahim RA, El-Sehsah EM, Youssef MK. 
Post-COVID-19 arthritis: is it hyperinflammation or autoimmunity? 

Eur Cytokine Netw. 2021;32(4):83-88. https://doi.org/10.1684/
ecn.2021.0471

	50.	 Krause I, Blank M, Cervera R, et al. Cross-reactive epitopes on 
beta2-glycoprotein-I and Saccharomyces cerevisiae in patients with 
the antiphospholipid syndrome. Ann N Y Acad Sci. 2007;1108(1):481-
488. https://doi.org/10.1196/annals.1422.051

	51.	 Melayah S, Mankaï A, Jemni M, et al. Anti-Saccharomyces cerevisiae 
antibodies in patients with COVID-19. Arab J Gastroenterol. 
2022;23(4):241-245. https://doi.org/10.1016/j.ajg.2022.07.001

	52.	 Serrano P, Johnson MA, Chatterjee A, et al. Nuclear magnetic reso-
nance structure of the nucleic acid-binding domain of severe acute 
respiratory syndrome coronavirus nonstructural protein 3. J Virol. 
2009;83(24):12998-13008. https://doi.org/10.1128/JVI.01253-09

	53.	 Rinaldi M, Perricone R, Blank M, Perricone C, Shoenfeld Y. Anti-
Saccharomyces cerevisiae autoantibodies in autoimmune diseases: 
from bread baking to autoimmunity. Clin Rev Allergy Immunol. 
2013;45(2):152-161. https://doi.org/10.1007/s12016-012-8344-9

	54.	 Blank M, Shoenfeld Y. Beta-2-glycoprotein-I, infections, 
antiphospholipid syndrome and therapeutic considerations. 
Clin Immunol. 2004;112(2):190-199. https://doi.org/10.1016/j.
clim.2004.02.018

	55.	 Melayah S, Ghozzi M, Jemni M, Sakly N, Ghedira I, Mankaï A. Anti-
Saccharomyces cerevisiae antibodies in rheumatoid arthritis. Lab 
Med. 2022;53(6):585-589. https://doi.org/10.1093/labmed/lmac054

	56.	 Cardinale V, Capurso G, Ianiro G, Gasbarrini A, Arcidiacono PG, 
Alvaro D. Intestinal permeability changes with bacterial translocation 
as key events modulating systemic host immune response to  
SARS-CoV-2: a working hypothesis. Dig Liver Dis. 2020;52(12):1383-
1389. https://doi.org/10.1016/j.dld.2020.09.009

	57.	 Zuo T, Zhang F, Lui GCY, et al. Alterations in gut microbiota of 
patients with COVID-19 during time of hospitalization. Gastro-
enterology. 2020;159(3):944-955.e8. https://doi.org/10.1053/j.
gastro.2020.05.048

	58.	 Macor P, Durigutto P, Mangogna A, et al. Multiple-organ com-
plement deposition on vascular endothelium in COVID-19 
patients. Biomedicines. 2021;9(8):1003. https://doi.org/10.3390/
biomedicines9081003

	59.	 Ekpanyapong S, Reddy KR. Liver and biliary tract disease in patients 
with coronavirus disease-2019 infection. Gastroenterol Clin North 
Am. 2023;52(1):13-36. https://doi.org/10.1016/j.gtc.2022.09.001

	60.	 Georgakopoulou VE, Bali T, Adamantou M, et al. Acute hepatitis and 
liver injury in hospitalized patients with COVID-19 infection. Exp Ther 
Med. 2022;24(5):691. https://doi.org/10.3892/etm.2022.11627

	61.	 Elmunzer BJ, Spitzer RL, Foster LD, et al; North American Alliance 
for the Study of Digestive Manifestations of COVID-19. Digestive 
manifestations in patients hospitalized with coronavirus disease 
2019. Clin Gastroenterol Hepatol. 2021;19(7):1355-1365.e4. https://
doi.org/10.1016/j.cgh.2020.09.041

	62.	 Shankar P, Singh J, Joshi A, et al. Organ involvement in COVID-19: 
a molecular investigation of autopsied patients. Microorganisms. 
2022;10(7):1333. https://doi.org/10.3390/microorganisms10071333

	63.	 Mao R, Qiu Y, He JS, et al. Manifestations and prognosis of gas-
trointestinal and liver involvement in patients with COVID-19: a 
systematic review and meta-analysis. Lancet Gastroenterol Hepatol. 
2020;5(7):667-678. https://doi.org/10.1016/S2468-1253(20)30126-6

	64.	 Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and 
challenges. Lancet Gastroenterol Hepatol. 2020;5(5):428-430. https://
doi.org/10.1016/S2468-1253(20)30057-1

	65.	 Vojdani A, Kharrazian D. Potential antigenic cross-reactivity between 
SARS-CoV-2 and human tissue with a possible link to an increase in 
autoimmune diseases. Clin Immunol. 2020;217:108480. https://doi.
org/10.1016/j.clim.2020.108480

18_LABMED_lmad097.indd   37918_LABMED_lmad097.indd   379 27-Apr-24   13:31:3227-Apr-24   13:31:32

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/373/7485829 by guest on 17 February 2025



www.labmedicine.com380

© The Author(s) 2023. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For commercial re-use, please contact 

reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the 

article page on our site—for further information please contact journals.permissions@oup.com.

Resazurin microplate test method for rapid 
determination of colistin resistance in carbapenem-
resistant Acinetobacter baumanii isolates
Kubra Yildirim, PhD1,2, Ece Simsek, PhD1,2,3, Orhan Kocak, MSc2, Serhat Bozkurt, MSc2, Ozlem Koyuncu Ozyurt, MD4, 
Ahmet Yilmaz Coban, PhD1,2,3

1Department of Nutrition and Dietetics, Faculty of Health Sciences, 2Tuber-
culosis Research Center, 3Department of Medical Biotechnology, Institute of 
Health Sciences, and 4Department of Medical Microbiology, Faculty of Medicine, 
Akdeniz University, Antalya, Turkey. Corresponding author: ecesimsek@akdeniz.
edu.tr 

Key words: Acinetobacter baumannii, rapid antibiogram susceptibility test, 
resazurin, colistin, carbapenem resistance, colorimetric test

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; 
EUCAST, European Committee on Antimicrobial Susceptibility Testing; BMD, 
broth microdilution test; BD, Becton, Dickinson and Company; CAMHB, cation-
adjusted Mueller-Hinton broth; MIC; minimum inhibitory concentration; R, 
resistant; S, sensitive

Laboratory Medicine 2024;55:380-385; https://doi.org/10.1093/labmed/lmad099

ABSTRACT 

Background:  Colistin-resistant Acinetobacter baumannii isolates are 

extremely important pathogens for hospital-acquired infections. 

Objective:  To investigate the effectiveness of the resazurin microplate 

assay (REMA) for the rapid determination of colistin resistance.

Methods:  Susceptibility for colistin was investigated in vitro by 

the broth microdilution method (BMD) and the resazurin microplate 

assay (REMA) on 106 carbapenem-resistant Acinetobacter baumannii 

isolates.

Results:  The results of both test methods were compared, and the 

categorical agreement between them was found to be 100%. No 

minor, major, or very major discrepancy was observed between the 

2 methods.

Conclusions:  The most important advantages of REMA are that the 

results are obtained within 6 hours compared to the reference method, 

that it is easy to evaluate because it is colorimetric, and that the 

susceptibility result can be reported to the clinician on the same day 

as bacterial identification.

Introduction 
Nosocomial infections remain a common problem.  Acinetobacter 
baumannii is an opportunistic pathogen that is present in ventilator-
associated pneumonia and septicemia, especially in intensive care units.1 
The high antibiotic resistance of A baumanii is the main reason for treat-
ment failure. Increasing resistance, especially in important groups such 
as carbapenems and beta-lactams, limits the antimicrobial agents to 
be used in the treatment process.2 According to World Health Organi-
zation data, increasing resistance rates of gram-negative bacteria re-
quire new drug-development strategies in creating effective treatments; 
carbapenem-resistant A baumannii (CRAB) infections are at the top of the 
list of pathogens that should be prioritized for treatment development.3

There are many challenges in the diagnosis and treatment of CRAB 
infections. These include diagnostic uncertainties, the limitation of 
rapid molecular tests in routine use, the need to optimize the dose of 
antimicrobials to be used to achieve pharmacokinetic and pharmaco-
dynamic targets, and the fact that biofilm formations associated with 
CRAB infections are commonly associated with resistant phenotypes 
and increased virulence.4 Antimicrobial agents frequently encountered 
in the treatment of CRAB infections are primarily polymyxins (colistin, 
polymyxin B), tetracyclines (eravacycline, minocycline, tigecycline), and 
β-lactams (ampicillin-sulbactam, carbapenems); however, increasing 
resistance problems when each is used by itself are worrisome.4 There-
fore, combination therapy with at least 2 in vitro active agents is 
recommended in treatment.5 

In studies on treatment options, colistin has become the primary 
antimicrobial agent in combination treatments, due to its high activity in 
in vitro studies. Although the combination of colistin with a carbapenem 
drug such as meropenem initially appeared to increase the synergistic ef-
fect, studies have shown no significant difference in the results obtained 
from the use of colistin by itself.4 Another recommended treatment 
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option is the use of ampicillin-sulbactam, colistin, and carbapenem in a 
triple combination, especially for patients who have previously received 
colistin and carbapenem combination therapy. Tigecycline is another 
antimicrobial agent reported to be used in combined treatment with 
colistin. However, it has been reported that the minimum inhibitory 
concentration (MIC) must be ≤2 mg/L for effective treatment. Despite 
this, a clinical breakpoint for Acinetobacter spp has not been determined 
by EUCAST (the European Committee on Antimicrobial Susceptibility 
Testing) or the Clinical and Laboratory Standards Institute (CLSI).4

Novel β-lactams such as cefiderocol and sulbactam-durlobactam 
show significant in vitro activity against several isolates. However, sus-
ceptibility breakpoints are variable or have not yet been established.6 
Especially in CRAB infections, colistin still maintains its importance as 
the first antibiotic used in the treatment steps.7

The reference method routinely used in the detection of colistin re-
sistance is the broth microdilution test method (BMD).8,9 However, the 
disadvantage of this reference method is its long wait period for results, 
such as 24 hours. Molecular methods provide rapid detection; however, 
these are disadvantageous due to their high cost and the lack of experi-
ence among many laboratory technicians in using them.

In recent years, colorimetric test methods have been developed for 
susceptibility testing of Staphylococcus aureus, Mycobacterium tuberculosis, 
and Enterobactericales groups. The use of these methods enables rapid de-
tection of resistance. At the same time, the low cost of testing compared 
to molecular methods is one of the most important advantages of these 
tests.10-12 The methods used are based on enzymatic properties such as ni-
trate reductase activity of bacteria, as well as dyes such as methylene blue 
and resazurin, which show the presence of living cells.

Therefore, in this study, we aimed to develop a modified test method. 
This method aims to a rapid detection by using resazurin dye in the de-
termination of colistin resistance on CRAB isolates, which will provide a 
colorimetric evaluation advantage.

Methods

Bacterial Strains
A total of 106 CRAB (imipenem- and meropenem-resistant) isolates 
from blood cultures were tested in this study. Previously identified to 
the species level using the MALDI-TOF (Becton, Dickinson and Com-
pany [BD]), their carbapenem resistance was determined with the 
PHONEX (BD) system. E coli ATCC 25922 (colistin-susceptible) and E coli 
NCTC 13846 (colistin-resistant) (mcr-1–positive) were used as controls 
in the study.

Chemical Substances
The colistin-sulfate antibiotic was purchased in commercial powder form 
(Merck). Stock solutions of 4096 μg/mL were prepared by dissolving with 
distilled water and stored in small volumes at −80°C until the working 
day. Resazurin was purchased in commercial powder form (Merck). It 
was prepared at a concentration of 0.02% in distilled water. After steri-
lization by membrane filtration, the resulting solution was stored at 4°C 
until use.

Preparation of Media
In this study, commercially available cation-adjusted Mueller-Hinton 
broth (CAMHB) (BD) (calcium: 20-25 mg/L, magnesium: 10-12.5 mg/L) 

was used for the preparation of microdilution and resazurin plates. Bac-
teria were grown on blood agar media. Both media were in powder and 
prepared according to manufacturer recommendations.

Preparation of BMD and REMA Plates
The BMD test method recommended by CLSI was used as the reference 
method.5 Control strains and clinical isolates were tested in CAMHB 
broth. Colistin concentrations were determined according to the quality 
control range specified by EUCAST and were prepared in concentrations 
of 16 to 0.5 µg/mL by 2-fold serial dilution.9

The first and the last wells were used as growth and sterility con-
trol wells in each plate, respectively. The prepared plates were stored at 
−80°C until used. Before experiments, they were removed from −80°C 
use, thawed, and brought to room temperature.

Preparation of Bacterial Inoculum
In BMD and REMA application, the bacterial inoculum was prepared 
from a fresh bacterial culture on blood agar by direct colony suspen-
sion method and adjusted to that of McFarland number 0.5, turbidity 
standard. The same bacterial inoculum was used for both methods.

Reference Antimicrobial Susceptibility Testing (BMD)
The bacterial suspension, adjusted to McFarland standard number 0.5 
turbidity, was diluted 1:100 with CAMHB. It was then inoculated as 50 
µL to all wells except the sterility well; next, the plates were incubated 
at mean (SD) 35°C (2°C) for 16 to 20 hours. After incubation, the lowest 
antibiotic concentration with no visible growth was recorded as the MIC 
value. According to EUCAST criteria, strains with a MIC of ≤2 µg/mL 
were colistin susceptible; strains with a MIC of >2 µg/mL were deter-
mined to be colistin resistant.9

Standardization of REMA
Standardization of the REMA was performed by using reference strains 
and 25 A baumannii isolates. The isolates were tested with McFarland 
number 0.5, McFarland number 1, and McFarland number 2 turbidity, 
with 50 µL bacterial suspension added to all wells. At the end of the 
3-hour incubation, resazurin reagent was added every hour to all 
McFarland turbidities. After the addition of the reagent, the resulting 
mixture was incubated for 1 hour. The susceptibility results obtained 
with McFarland number 0.5 inoculum at the 6th hour of incubation 
were found to be 100% compatible with the BMD results.

Performance of REMA
As a result of the standardization study, bacterial inoculum for REMA 
was applied as 50 µL of McFarland number 0.5 turbidity. After incu-
bation at 35°C for 5 hours, 30 µL resazurin was added to all wells and 
incubation was continued for 1 hour. When a color change from blue 
to red was observed in the antibiotic-free control wells, the MIC values 
were determined. The MIC is reported from the last well in which a color 
change was not seen. The MIC values were evaluated according to the 
recommendations of EUCAST and compared with the reference method.

Analysis of Results
Results were analyzed according to US Food and Drug Administration 
(FDA) criteria.13 In the analysis, minor, major, and extremely major 
discrepancies and category and essential agreement were determined 
comparatively.
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TABLE 1.  MICs of colistin using the BMD method and results of the REMA

Isolate Species BMD MIC colistin (µg/mL) REMA 6th-hour colistin (µg/mL) Phenotype 

Control 1  E coli NCTC 13846 4 4 R

Control 2  E coli ATCC 25922
A baumanii

2 2 S

1 >16 >16 R

2 2 ≤0.5 S

3 ≤0.5 ≤0.5 S

4 0.5 0.5 S

5 1 ≤0.5 S

6 1 ≤0.5 S

7 ≤0.5 ≤0.5 S

8 ≤0.5 ≤0.5 S

9 ≤0.5 ≤0.5 S

10 ≤0.5 ≤0.5 S

11 1 ≤0.5 S

12 1 ≤0.5 S

13 16 16 R

14 ≤0.5 ≤0.5 S

15 0.5 ≤0.5 S

16 ≤0.5 ≤0.5 S

17 ≤0.5 ≤0.5 S

18 ≤0.5 ≤0.5 S

19 4 4 R

20 2 2 S

21 ≤0.5 ≤0.5 S

22 ≤0.5 ≤0.5 S

23 ≤0.5 ≤0.5 S

24 ≤0.5 ≤0.5 S

25 ≤0.5 ≤0.5 S

26 ≤0.5 ≤0.5 S

27 ≤0.5 ≤0.5 S

28 ≤0.5 ≤0.5 S

29 2 2 S

30 ≤0.5 ≤0.5 S

31 ≤0.5 ≤0.5 S

32 2 2 S

33 ≤0.5 ≤0.5 S

34 ≤0.5 ≤0.5 S

35 ≤0.5 ≤0.5 S

36 ≤0.5 ≤0.5 S

37 ≤0.5 ≤0.5 S

38 ≤0.5 ≤0.5 S

39 ≤0.5 ≤0.5 S

40 ≤0.5 ≤0.5 S

41 2 1 S

42 16 16 R

43 16 16 R

44 >16 16 R

45 >16 16 R

46 1 1 S
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Isolate Species BMD MIC colistin (µg/mL) REMA 6th-hour colistin (µg/mL) Phenotype 

47 1 2 S

48 2 2 S

49 ≤0.5 2 S

50 2 2 S

51 >16 >16 R

52 ≤0.5 ≤0.5 S

53 1 2 S

54 2 2 S

55 2 2 S

56 2 1 S

57 1 1 S

58 0.5 0.5 S

59 0.5 0.5 S

60 0.5 0.5 S

61 2 2 S

62 1 1 S

63 1 1 S

64 1 1 S

65 1 1 S

66 1 1 S

67 1 1 S

68 2 2 S

69 2 2 S

70 1 1 S

71 2 2 S

72 2 2 S

73 0.5 1 S

74 2 2 S

75 1 1 S

76 2 2 S

77 2 2 S

78 1 2 S

79 0.5 ≤0.5 S

80 1 1 S

81 0.5 ≤0.5 S

82 >16 16 R

83 0.5 0.5 S

84 0.5 ≤0.5 S

85 0.5 ≤0.5 S

86 0.5 ≤0.5 S

87 0.5 1 S

88 0.5 1 S

89 1 0.5 S

90 ≤0.5 0.5 S

91 0.5 1 S

92 0.5 1 S

93 2 0.5 S

94 0.5 0.5 S

95 0.5 0.5 S

TABLE 1.  (cont)

19_LABMED_lmad099.indd   38319_LABMED_lmad099.indd   383 27-Apr-24   13:31:3527-Apr-24   13:31:35

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/55/3/380/7451121 by guest on 17 February 2025



2024;55:380-385  |  https://doi.org/10.1093/labmed/lmad099384

Results
A total of 106 CRAB isolates were studied for colistin resistance with 
the BMD and REMA. The study was carried out in duplicate. E coli ATCC 
25922 (colistin-susceptible) and E coli NCTC 13846 (colistin-resistant) 
(mcr-1–positive) strains were used as control strains. MIC values in both 
methods were determined at 2 µg/mL for E coli ATCC 25922, and MIC 
was determined at 4 µg/mL for E coli NCTC 13846. According to the BMD 
test method, colistin MICs were determined as >16 µg/mL for 5 isolates, 
16 µg/mL for 3 isolates, 4 µg/mL for 1 isolate, 2 µg/mL for 19 isolates, 
1 µg/mL for 20 isolates, 0.5 µg/mL for 25 isolates, and ≤0.5 µg/mL for 
33  isolates. According to the REMA, colistin MICs were determined 
as being >16 µg/mL for 2 isolates, 16 µg/mL for 6 isolates, 4 µg/mL for 
1 isolate, 2 µg/mL for 19 isolates, 1 µg/mL for 19 isolates, 0.5 µg/mL for 
17 isolates, and ≤0.5 µg/mL for 42 isolates. According to EUCAST criteria, 
9 isolates were defined as colistin resistant and 97 isolates as colistin sus-
ceptible in both methods.

Although 3 of the resistant isolates had an MIC of >16 µg/mL in the 
BMD, the same isolates were found to have an MIC of 16 µg/mL in the 
REMA. Eight of the susceptible isolates yielded an MIC of 0.5 µg/mL in 
the BMD, and the MIC was ≤0.5 µg/mL in REMA. The results of both 
tests were compared and given in TABLE 1.

When the results were compared according to the criteria adopted by 
the FDA, the categorical agreement between both methods was found to 
be 100%.13 There is no minor, major, or very major discrepancy between 
both methods.

Discussion
Increasing antibiotic resistance is a serious problem for A baumannii 
infections, which are common in hospitals, especially in intensive 
care units, as is the case with many other bacteria.1 The limitation of 
antimicrobial drugs to be used in treatment due to resistance requires 
the development of new drug strategies.14 There are many studies re-
lated to the drugs developed in recent years. However, the novel agents 
discussed therein are costly for many countries and limited in their ef-
fectiveness against multidrug-resistant Acinetobacter spp.5 In studies 
conducted with cefiderocol, developed for the treatment of CRAB 
infections, its use by itself and in combination, compared with colistin, 
did not show the expected effect.15 New β-lactams such as durlobactam 
have not received FDA approval; however, studies suggest that the 

sulbactam-durlobactam combination may have a significant role in 
treatment.16 Therefore, colistin remains one of the most important 
agents in the treatment of CRAB infections. 

The use of colistin by itself may cause resistance problems; however, 
study results have shown that its effectiveness increases when used to-
gether with a carbapenem agent, such as meropenem or imipenem. The 
type of treatment is mostly related to the diagnosis of the patient. In 
invasive CRAB infections, antibiotics such as ampicillin sulbactam and 
tigecycline are often added to the colistin combination.4

CLSI and EUCAST have made many updates over the years regarding 
the correct determination of colistin doses for use in treatment.5 Due 
to difficulties with susceptibility testing, semiautomated antimicrobial 
susceptibility testers and gradient assays have been determined to sig-
nificantly underestimate colistin resistance, and BMD is required to 
safely estimate susceptibility.8,9

Colistin resistance can be determined by molecular methods and 
the BMD method.8 The cost of molecular methods is a disadvantage for 
many small laboratories. Also, the disadvantage of the BMD method 
is that it yields results after a long period of time, such as 24 hours, 
and there are differences in evaluations among the different people per-
forming the testing.

In recent years, it has been reported that susceptibility results are 
obtained effectively and quickly with colorimetric tests for many bacte-
rial groups. The development of colorimetric methods such as resazurin 
and nitrate reductase in S aureus and M tuberculosis has shown the 
advantages of providing an early diagnosis in achieving susceptibility 
results.10,11

In our study, colistin MIC values were determined colorimetrically 
in a short time period of 6 hours. Similarly, in another study, in 
which colistin resistance was determined with resazurin developed 
for A baumannii isolates, it was observed that colistin resistance could 
be detected within 4 hours of preparing a bacterial inoculum with 
McFarland number 3.5 turbidities.17 

There are also other studies in the literature in which colistin suscep-
tibility was determined with resazurin.18 However, these studies were 
performed at a single concentration for colistin. In our study, all MIC 
ranges could be determined for colistin. During the study, deviations in 
MIC values were observed in the standardization experiments conducted 
in McFarland number 1 and McFarland number 2. It was observed that 
as the McFarland turbidity increased, the isolates that appeared to be 

Isolate Species BMD MIC colistin (µg/mL) REMA 6th-hour colistin (µg/mL) Phenotype 

96 0.5 0.5 S

97 1 ≤0.5 S

98 0,5 0.5 S

99 ≤0.5 ≤0.5 S

100 ≤0.5 0.5 S

101 0.5 ≤0.5 S

102 0.5 0.5 S

103 0.5 0.5 S

104 0.5 0.5 S

105 0.5 1 S

106 ≤0.5 0.5 S

BMD, broth microdilution method; MIC, minimum inhibitory concentration; R, resistant;  REMA, resazurin microplate assay; S, sensitive.

TABLE 1.  (cont)
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sensitive, via the BMD method, shifted to the resistance limit. The high 
McFarland turbidity was not used for the MIC determination because 
the MIC values detected were more than twice the sensitivity values de-
fined for the BMD method.

The REMA was performed with some modifications to the BMD 
method recommended by CLSI. The use of resazurin dye, which provides 
visual identification of live microorganisms, is the advantage of colori-
metric evaluation. The detectability of colistin MICs at the end of the 6th 
hour is the most important advantage of our study. 

Early intervention is extremely important in bacterial groups such as 
A baumannii, which have multidrug resistance and limit the treatment 
options for hospital infections. The most important advantage of our 
study results is that the sensitivity result for colistin can be reported to 
the clinician on the same day as the identification. However, although 
all isolates included in the study were carbapenem-resistant, the low 
number of colistin-resistant isolates is a limitation of the study. There-
fore, further studies are needed before this novel method can be used in 
routine laboratories.
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ABSTRACT 

Background:  Helicobacter pylori is an important public health concern 

due to its status as a carcinogenic bacterium. Well adapted to the acidic 

environment of the human stomach, the variety of strains and virulence 

factors of the organism when interacting with the host immune system 

creates an individualistic response. Although estimates suggest that ap-

proximately half of the global population is infected with H pylori, the 

majority of infected persons remain asymptomatic while harboring an 

increased risk of intestinal metaplasia and gastric cancers. Therefore, 

appropriate diagnostic testing protocols are imperative.

Methods:  This study compared labeling methodologies, in-

cluding Wright stain, alcian yellow toluidine blue (AYTB), and 

immunohistochemistry (IHC) on formalin-fixed paraffin-embedded 

stomach resections from sleeve gastrectomy patients, to detect H 

pylori infection.

Results:  Although all 3 labeling methods evidenced similar specificity 

in H pylori detection, the IHC method was significantly more sensitive. 

However, the IHC cost per test was approximately 5-fold higher than 

that of the Wright or AYTB stains, and the technical time required per 

test was at least 6-fold that of Wright or AYTB.

Conclusion:  Despite the higher cost per test, IHC is the most sensi-

tive and preferred method for determination of H pylori infection.

Introduction
Helicobacter pylori is a gram-negative spiral-shaped bacterium that 
inhabits the gastric epithelium of its host. Approximately half the 
global population is infected by H pylori, with higher incidence in de-
veloping countries.1 Bacterial colonization has a range of diverse 
effects on its host, with most patients demonstrating no or mild clin-
ical symptoms, whereas a minority of patients develop gastroduodenal 
ulcers, chronic gastritis, gastric mucosa-associated lymphoid tissue 
lymphomas, or gastric adenocarcinoma.2,3 Gastric adenocarcinoma is 
strongly associated with H pylori infection and was the fourth leading 
cause of cancer deaths in 2020,4 providing the impetus for timely and 
accurate detection of the oncogenic bacterium. The mode of transmis-
sion of H pylori infection is most likely via oral/oral or fecal/oral routes 
between humans.5 Infection typically occurs in early childhood, and the 
host remains colonized unless treated.3 Studies have found high preva-
lence of H pylori in siblings and mothers of infected children, suggesting 
intrafamilial transmission. Additionally, higher rates of infection were 
seen in locations with poor infrastructure, a lack of sanitation, and 
overcrowding.5

Diagnostic methods for H pylori can be divided into invasive and 
noninvasive categories. Noninvasive testing includes urea breath tests, 
stool antigen testing, Campylobacter-like organism test, and serological 
testing. Urea breath tests and stool antigen testing have high sensitivity 
and specificity and are useful in initial diagnosis as well as determining 
whether treatment with antibiotic therapy was effective.6 Invasive 
testing includes histology, rapid urease testing, and culture. These 
methods require endoscopy for sampling, making them more expensive, 
time-consuming, and requiring specialized staffing.2 Although there are 
notable drawbacks to histology as a diagnostic method for H pylori in-
fection, it is the gold standard and is the only method in which the de-
gree of inflammation can be determined. Additionally, histology allows 
for the diagnosis of related conditions including intestinal metaplasia, 
atrophic gastritis, and cancer.2

Staining with H&E of gastric samples allows for the grading of in-
flammation but shows poor specificity and sensitivity for the diagnosis 
of H pylori infection, as the bacteria stain similarly to and are easily 
mistaken for the mucus secreted by the stomach neck cells.2 Additional 
staining methods increase sensitivity in diagnosis of H pylori in these 
samples. The goal of this study was to compare 3 labeling methods for H 
pylori in gastric resections.

SCIENCE
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Methods
Laparoscopic vertical sleeve gastrectomy (LSG) is a type of bariatric sur-
gery in which over half of the stomach is removed to assist in weight 
loss in obese individuals. We obtained 203 consecutive samples from 3 
clinicians in a major metropolitan hospital system under institutional 
review board approval  (No. 21-08515-XM from the University of Ten-
nessee Health Science Center). All procedures performed in studies 
involving human participants were in accordance with the ethical 
standards of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. Three tissue samples, 10 mm × 3 mm, were 
excised from each resection. The fundus, body, and antrum were each 
equally sampled by extracting 1 sample from each resection end and 1 
sample from the middle portion. The tissues were processed through 
formalin, increasing alcohol concentrations, xylene, and paraffin before 
final paraffin embedding.

The tissues were sectioned at 4 µm and stained with H&E for inter-
pretation of histological features. For detection of H pylori, 3 staining 
methods were used and included Wright Romanowsky stain, al-
cian yellow toluidine blue (AYTB), and immunohistochemistry (IHC) 
assay with an anti-H pylori antibody. Prior to staining, all slides were 
deparaffinized using xylene and decreasing ethanol concentrations and 
then were hydrated with deionized water prior to undergoing the var-
ious staining procedures.

H&E Staining Procedure
Sections were placed in Surgipath SelecTech Hematoxylin 560 MX 
(3801576, Leica Biosystems) for 5 minutes, rinsed well in tap water 
for 1 minute, dipped in Select Acid Rinse (SL404, StatLab Medical 
Products) 3 to 4 times, then immediately transferred to running water 
for a 1-minute rinse. Next, the sections were agitated in Vintage Bluing 
(SL102, StatLab Medical Products) 30 times, rinsed with running tap 
water for 1 minute, dipped in 95% ethanol 10 times, and transferred to 
eosin (SL406, StatLab Medical Products) for 2 minutes and 15 seconds.

Alcian Yellow Toluidine Blue Staining Procedure
The tissue sections were oxidized in 1% periodic acid (P5463, Sigma 
Aldrich/Sigma Millipore) for 10 minutes, rinsed in tap water for 30 
seconds, placed in 1% sodium metabisulfite (S244, Fisher Scientific) for 
5 minutes, then placed in alcian yellow (KC3733, American MasterTech 
Scientific/StatLab Medical Products) for 10 minutes. The sections were 
then rinsed in tap water and placed into 20  mL 0.01% aqueous alka-
line toluidine blue (T-161, Fisher Scientific) working reagent made basic 
with the addition of 30 µL 3% sodium hydroxide (AHS0626, American 
MasterTech Scientific/StatLab Medical Products) for 5 minutes, then 
rinsed for 60 seconds in running tap water.

Immunohistochemistry
Antigenic sites were decloaked 5 minutes at 120°C using a Biocare 
Decloaking Chamber (Biocare Medical) and Envision Flex Target Re-
trieval solution high pH (GV800/GV804 Dako/Agilent). After the an-
tigen retrieval solution cooled to room temperature, sections were 
placed in 1X Envision Flex Wash buffer (DM831, Dako). All IHC steps 
were performed manually in a humidity chamber at room temper-
ature using a Bond Polymer Refine Detection Kit (DS9800, Leica 
Biosystems) with buffer washes between each step. Kit peroxidase block 
was applied for 5 minutes followed by incubation with primary mouse 

monoclonal antibody to H pylori (NCL-L-Hpylori, Leica Biosystems), 
RRID:AB 563756, diluted 1:200 with Bond Primary Antibody Diluent 
(AR9352, Leica Biosystems) for 20 minutes. The detection kit post-
primary and polymer reagents were applied each for 8 minutes prior 
to the diaminobenzidine color development step for 2 minutes. After 
a deionized water rinse, sections were stained with the kit hematoxylin 
for 5 minutes and then blued with buffer before a final deionized water 
rinse.

After all staining protocols, sections were dehydrated and cleared 
with alcohols and xylene then coverslipped. A control tissue positive for 
H pylori was placed on each slide closest to the label and investigators 
ensured appropriate staining on the control prior to tissue evalua-
tion. Each microscope slide for H pylori detection was randomly num-
bered in a double-blinded method to prevent bias. The H&E slides 
were examined using an Olympus BX41 microscope (Olympus) with 
an Olympus DP71 digital microscope camera. Sample integrity was 
evaluated with H&E using the ×4 and ×10 objectives whereas detec-
tion of H pylori was performed with the ×40 objective. Images were 
captured using Olympus CellSens Standard software. The investigators 
were given a strict 2-minute time limit when evaluating each of the 3 
tissue sections (6 minutes total) stained with Wright, AYTB, and IHC 
for H pylori to simulate the time realistically required by a practicing pa-
thologist. Each investigator set a timer for 2 minutes at the onset of 
reviewing each tissue section. After the timer alarmed, the investigator 
made note of the findings, reset the timer, and reviewed the subse-
quent tissue section. The investigators did not attempt to detect H pylori 
with the H&E stain, as the organisms and mucus stain similarly. When 
interpretations differed among stain interpretation, the investigators 
resolved discrepancies together at a multihead microscope.

Results
Of the 203 patient samples evaluated for H pylori, 37 (18.2%) were posi-
tive, and 36 (97.3%) of the 37 were accompanied by moderate to marked 
chronic inflammation within the mucosal lamina propria. A comparison 
of the staining methods for H pylori demonstrated that the test sensi-
tivity as measured per patient and per total tissue section was higher 
in sections stained using IHC as compared with that of AYTB or Wright 
stain (FIGURE 1, TABLE 1). However, the specificity for all 3 staining 
procedures was similar, all >97%. Three patient tissues were excluded 
from statistical analysis for sensitivity and specificity due to extreme 
rare organisms identified on all 3 staining methods. Each of these 3 
patients demonstrated moderate to marked chronic inflammation in all 
3 tissue sections, and the authors suggest that these instances may rep-
resent recently treated patients with rare residual viable or nonviable 
organisms and unresolved chronic inflammation. Interestingly, in each 
of the other 34 remaining cases positive for H pylori, all 3 tissue sections 
demonstrated the organism, suggesting that the entire greater curva-
ture of the stomach was involved (FIGURE 2).

Discussion
Disease development due to infection with H pylori varies in type and 
severity and is influenced by both bacteria and host factors.6 H pylori 
colonizes the gastric mucosa by binding to MUC1 produced by gastric 
epithelial cells and triggers inflammation by inducing the expression 
of cytokines and chemokines, notably CagA and VacA,7 which attract 
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neutrophils, lymphocytes, macrophages, and other immune cells.3 Ini-
tial infection of persons in developed countries typically occurs during 
early childhood and persists until such time as eradication therapy is 
successfully performed or until the patient develops a gastric malig-
nancy.8,9 Eradication therapy consists of an antibiotic regimen coupled 
with proton pump inhibitors,5,10 and with patient compliance, typically 
completely resolves infection. However, in regions of the world with poor 
sanitation or low income per capita, the recurrence rate of infection in 
adults ranges from 1.7% to 4.3%.11 Explanations for recurrence include 
contamination of well water or agricultural irrigation water with fecal 

matter,12 biofilms in the oral cavity providing a reservoir of H pylori,5,13 
inadequate dosage of antibiotics in the overweight population,14 or non-
compliance of patients with antibiotic therapy. Several studies describe 
practice protocols requiring all bariatric candidates to be tested for H 
pylori prior to surgery with verification of negative test results.15-19 How-
ever, there frequently remains a low positivity rate postsurgery,17,18 pre-
sumably due to the same risk factors indicated previously.14

The H pylori positivity rates in LSG specimens vary widely based on 
the patient population and range from 2.5% to 43.2%15,17,18,20-25 which 
matches the current study value of 18.3%. Unfortunately, many studies 

FIGURE 1.  Helicobacter pylori organisms as seen on H&E (A), Wright stain (B), alcian yellow toluidine blue stain (C), and 
immunohistochemistry (D). Arrows indicate organisms and arrowheads indicate intraluminal mucus and detritus that may be 
mistaken for organisms.

TABLE 1.  Comparison of sensitivity and specificity of staining methods for H pylori

Method of labeling H pylori Sensitivity by patient  
(n = 200), % 

Specificity by patient  
(n = 200), % 

Sensitivity by tissue section  
(n = 600), % 

Specificity by tissue section  
(n = 600), % 

Wright 81.0 98.2 85.0 98.8

Alcian yellow toluidine blue 69.3 96.5 68.9 97.8

Immunohistochemistry 94.4 96.0 96.2 97.1
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from the literature do not indicate what method was used to identify 
H pylori15,20,26-29 or whether all specimens were histochemically stained 
and evaluated for H pylori15,19,22,28 as opposed to only those cases that 
exhibited histologic characteristics suspicious for infection,16,20,21 
such as moderate to marked chronic inflammation. Indeed, in studies 
performed retrospectively over many years, there may have been mul-
tiple methods of H pylori detection used. The histologic examination 
procedure may also have evolved over time as LSG surgery increased in 
availability and popularity. Other studies did not indicate whether all 
submitted specimens were evaluated for H pylori or whether only those 
exhibiting chronic gastritis or other pathology seen on H&E were tested. 
Clearly, if only the specimens with chronic gastritis were tested, the 
results would skew the data to make H pylori and gastritis appear more 
co-dependent than if all specimens were tested.

A few studies indicated that a Giemsa Romanowsky stain,17,22-24,30,31 
H&E and IHC,21,31 and Warthin-Starry25,32 methods were performed 
to detect H pylori. In the current investigation, all stains demonstrated 
similar specificities, but IHC exhibited the highest sensitivity to iden-
tify H pylori. There are further advantages and disadvantages to each 
method. First, cost per test was <$5 for each Wright and AYTB stain and 
was approximately $25 for each IHC stain. However, the 3 investigators 
reviewing the H pylori preparations found that the IHC stain offered a 
slight advantage of contrast for H pylori evaluation (FIGURE 1). With 
the Wright stain, all organisms and tissue elements except mast cells 
and eosinophils stained a similar shade of blue, requiring identification 
based solely on morphological features. Although the AYTB stain did 
offer contrasting color of blue organisms against a yellow mucin back-
ground and therefore specifically highlighted the histological location to 
evaluate H pylori positivity, other tissue elements and cellular debris also 
stained blue, and when present in the lumen, needed to be differentiated 
from organisms. Additionally, the organisms occasionally did not absorb 
the toluidine blue stain adequately, causing false-negative results and 
sensitivities <70%. However, with the IHC assay, the organisms stained 
brown against the pale blue of all other tissue elements. The main 
disadvantages in using IHC include increased staining time (3 hours vs 

15 minutes for Wright and 30 minutes for AYTB), the need for special-
ized reagents (high-quality, specific antibodies and reliable detection 
kits to prevent nonspecific background staining), and increased cost per 
test. As a further disadvantage to IHC, the use of inadequately buffered 
formalin can produce a formalin precipitate mimicking positive IHC la-
beling. Conversely, advantages to the IHC method are increased speci-
ficity for H pylori insofar that alternate normal flora are not identified 
and also the ease and reliability of interpretation. Whereas H pylori as 
visualized in the Wright or AYTB stains must be evaluated at ×40, often 
the organisms can be visualized at ×10 with IHC due to signal amplifica-
tion. In treated patients, H pylori can appear more coccoid than rod-like, 
which may confound the observer when evaluating a Wright or AYTB 
stain, as it may appear as a different organism or luminal debris but 
which is nonetheless reliably identified by IHC.2 The authors agree with 
previous reports that Romanowsky stains such as Wright or Giemsa are 
fast, reliable, economical, and particularly valuable in developing areas 
of the world,2 but also stipulate that IHC was the most sensitive and easy 
to evaluate, as noted in findings from a previous study.33

Of 37 resections found to be positive for H pylori, 3 evidenced rare 
organisms in occasional tissue sections using the 3 staining methods. 
For these outlier cases, there were 18 observations for each stain (3 
tissue sections × 2 independent reviews × 3 cases). Organisms were 
noted in 4 of 18 observations for the Wright stain, 9 of 18 observations 
for the AYTB stain, and 5 of 18 observations for the IHC stain. Although 
the AYTB method did allow for a greater percentage of organism iden-
tification in these select cases, all evaluators reviewed all sections after 
the identities were unblinded and the authors agree that those results 
are likely spurious because corresponding tissue sections on each stain 
demonstrated rare to no organisms. Although the authors did not have 
access to patient records, they suggest that these 3 cases likely repre-
sent recently treated H pylori-positive patients due to the rare organisms 
identified. It is unlikely that the infections represent new ones due to 
the marked chronic inflammation present. The remaining 34 (91.9%) 
of 37 patients positive for H pylori exhibited undisputed positivity in 
all 3 stomach regions, suggesting that the entire greater curvature of 
the stomach was colonized rather than only the lesser curvature or an-
trum. Other studies suggest that the upper body greater curvature is the 
best biopsy site to detect H pylori when other pathological processes, 
including atrophic gastritis, intestinal metaplasia, gastric ulcers, or ade-
nocarcinoma, are present due to displacement of H pylori.34,35

Presurgical eradication of H pylori in LSG samples may not be neces-
sary, as H pylori was not linked to postoperative complications, including 
staple line leak or hemorrhage.18,20,22,25,32 Additionally, the resected 
specimen provides ample tissue for H pylori evaluation, allowing for di-
agnosis and treatment following LSG surgery. Moreover, most colonized 
stomach tissue is removed by surgery,26 and 1 study determined that a 
high percentage of untreated patients undergoing LSG were negative for 
H pylori 3 months later, presumably due to the removal of all infected 
tissues.31

Conclusion
With most of the world infected with H pylori, the leading cause of gas-
tric cancer, the requirement for reliable detection of infection is needed 
to ensure eradication. Although histochemical techniques including 
Wright and AYTB are fast and inexpensive, the most sensitive method 
for detecting H pylori histologically is IHC.

F

B

A

FIGURE 2.  Laparoscopic vertical sleeve gastrectomy 
resection incorporating the entire greater curvature of the 
stomach to include the fundus (F), the body (B), and the 
antrum (A).
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ABSTRACT 

Pediatric hepatoblastoma (HBL) and hepatocellular carcinoma (HCC) 

are primary liver malignant neoplasms with 5-year event-free survival 

of >80% and <30%, respectively. In these patients, α-fetoprotein 

levels can guide surgical intervention and monitor disease progres-

sion. Although histology and immunohistochemical stains support 

diagnosis, genetic testing can elucidate mechanisms that drive path-

ogenesis. Pediatric HBL and HCC harbor well-characterized molec-

ular signatures such as alterations in CTNNB1, TERT, and AXIN1 that 

alter the Wnt/β-catenin pathway. Approximately 8% of individuals with 

HCC harbor RPS6KA3 variants that appear with other gene mutations. 

Herein, we report a novel solitary pathogenic RPS6KA3 variant finding 

in a 6-year-old boy whose final diagnosis was hepatocellular malignant 

neoplasm, not otherwise specified.

Clinical History
A 6-year-old boy, with 5 biological siblings and no significant personal 
or familial medical history, presented to the emergency department 
with onset of intermittent fevers and abdominal pain. A distended, 
tender abdomen was noted on examination. FIGURE 1 illustrates 
a large (143.8  mm × 134.4  mm) lobulated liver mass on abdominal 
computed tomographic scan, suggestive of a primary malignant 

hepatic tumor. On admission, α-fetoprotein (AFP) results were re-
corded as being >52,000  ng/mL. An exact level was not obtained at 
that time because 52,000 ng/mL was equal to the analytical measure-
ment range (AMR) of the laboratory, and the test was not validated for 
higher levels. An exact numerical AFP level was requested to support 
clinical management and for enrollment into a Children’s Oncology 
Group (COG) protocol.

The preliminary diagnosis of hepatoblastoma (HBL) vs hepatocellular 
carcinoma (HCC) was more suspected when a reference laboratory, with 
a validated AMR for AFP as high as 900,000 ng/mL, reported a value 
>900,000 ng/mL (reference range, <10 ng/mL). AFP levels in patients 
with HCC typically do not reach the extremely elevated levels that are 
more common in HBL cases. One week after a difficult partial surgical 
resection, the AFP of the case patient decreased to 625,090 ng/mL, and 
then, 1 month after additional chemotherapy, to 2,400 ng/mL. No addi-
tional AFP levels were determined.

FIGURE 2 illustrates histologic findings from image-guided needle 
biopsies, revealing focal areas of immature-appearing hepatocytes ar-
ranged in sheets, nests, and acinar configurations. Extensive necrosis 
was present on a background of normal-appearing liver parenchyma. 
Immunohistochemical (IHC) stains demonstrated positivity for AFP 
and HepPar-1 (not shown). Although HepPar-1 antibodies can yield pos-
itive results in HBL, these markers are more sensitive and specific for 
HCC. IHC also tested positive for expression of β-catenin, a regulator of 
cell-to-cell adhesion and embryogenesis (FIGURE 2A), which is more 
consistent with HBL than HCC. The absence of reticulin fibers (FIGURE 
2B) is consistent with HBL or HCC.

These morphologic findings, in conjunction with extremely elevated 
AFP, all supported the initial diagnosis of HBL. However, to mitigate the 
HepPar-1 findings, a pediatrics transplant facility provided a secondary 
pathology review, for which the report stated an unexpected diagnosis 
of HCC.

Molecular testing results were received after the aforementioned his-
tology interpretation was reported. Next-generation sequencing (NGS), 
which surveyed almost 200 somatic genes, revealed a novel, truncating, 
likely pathogenic RPS6KA3 variant (c.1530_1536del; p.F510Lfs12*) on 
the X chromosome (ChrX:20185773-hg19; coverage = 233; variant allele 
frequency [VAF] = 62%). A STAT5B (c.637G>T; p.A213S) missense var-
iant of unknown significance (VUS) was also reported (Chr17:40371774 
NM_012448.3; coverage = 401; VAF = 22%). No other mutations were re-
ported in the NGS panel, including variants in CTNNB1, TERT, or AXIN1 
known to harbor somatic mutations that occur in conjunction with RPS6KA3 
pathogenic variants in other cases of pediatric hepatic neoplasms.1
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Molecular testing results were evaluated in the context of the 
tumor grade, which exceeded that of HBL, thus confirming the his-
tologic absence of fetal and embryonal HBL. A further amendment to 
the diagnosis was made in conjunction with the consulting patholo-
gist group. The revised final diagnosis was hepatocellular malignant 
neoplasm, not otherwise specified (HEMNOS). Consultation with the 
hematology-oncology service supported continuation of the COG pro-
tocol.

Discussion
AFP is used as a tumor marker to guide surgical intervention and mon-
itor disease progression in pediatric patients with primary HBL and 
HCC. The 3-year and 5-year event-free survival rates in children with 
these tumors are >80% (HBL) and <30% (HCC).1,2 Genetic testing can 
elucidate mechanisms driving pathogenesis in support of histology and 
IHC findings. CTNNB1, TERT, and AXIN1 mutations altering the Wnt/β−
catenin pathway are well-characterized and frequently occur in pediatric 
HBL and HCC cases.3 Fewer than 10% of HCC cases harbor RPS6KA3 
variants that co-present with variants in the aforementioned genes.3

We report a novel, solitary RPS6KA3 variant in a 6-year-old boy 
whose final diagnosis was HEMNOS after initially being diagnosed with 
HBL and subsequently with HCC. HEMNOS is a more recently described 
tumor associated with higher levels of AFP than HCC and which has 
complex histologic features shared between HBL and HCC.4

HBL usually affects pediatric populations between ages 6 months and 
4 years. However, pediatric HCC mainly (~87%) affects older children 
and adolescents, with <15% affecting those younger than 5 years.5 Pri-
mary pediatric hepatic cancer is rare, representing <2% of all pediatric 
cancers, and has a worldwide incidence of 2.3:1,000,000 in children and 
adolescents younger than 15 years old.6

HBL represents >70% of pediatric primary hepatic neoplasms, and 
HCC is more common than HBL in pediatric patients older than 10 
years.6 HBL rarely occurs in children older than 4 years, and HCC rarely 
occurs in children younger than 5 years. However, AFP levels, unlike in 
this case, are typically lower in HCC than HBL, with HCC having a poorer 
prognosis. HEMNOS is characterized as having high-risk clinical profiles 
but relatively favorable outcomes after chemotherapy and complete sur-
gical resection.

A HEMNOS diagnosis is reserved for pediatric HCC tumors 
demonstrating varying morphologic characteristics and complex 

FIGURE 1. Computed tomography image showing 
dimensions (143.8 mm × 134.4 mm) of a large mass 
occupying most of the liver parenchyma, predominately in 
the right lobe, with extension into the caudate segment.

FIGURE 2. Histologic findings. A, Trabecular pattern with cellular pleomorphism, nuclear vacuoles/inclusions, and numerous 
mitotic figures (×100). Epithelial neoplastic cells with hyperchromatic nuclei show higher nuclear-cytoplasmic ratios and exhibit 
eosinophilic and finely granular cytoplasm. B, Infiltrative neoplastic cells staining positive for β-catenin. Activated β-catenin 
normally drives cell-cycle progression and hepatic regeneration. Aberrant expression is associated with hepatoblastoma 
(HBL). C, Neoplastic population of cells testing positive for HepPar1, a monoclonal antibody that recognizes mitochondrial 
antigens of hepatocytes (this stain confirms hepatic origin). D, Reticulin staining that illustrates intact reticulin fibers between 
normal hepatocyte plates (left) but which is absent in neoplastic populations (right). The loss of reticulin staining in hepatic 
tissue supports a diagnosis of hepatocellular carcinoma; however, it does not differentiate it from HBL with a similar infiltrative 
pattern.
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histology consistent with HBL and HCC.7 Although not a consideration 
in this case, HBL tumors occurring after chemotherapy can present with 
pleomorphic and anaplastic histology features similar to HCC.5 To our 
knowledge, whether those tumors are HBL with HCC histologic mor-
phology due to chemotherapeutic changes, HBLs with clonal progres-
sion, or HEMNOS has not been elucidated in the literature.

Because the canonical Wnt pathway can be activated in the ab-
sence of CTNNB1 mutations, alterations of signaling pathways (eg, 
MAPK) and other gene variants (eg, AXIN1) have been implicated in 
β-catenin accumulation in hepatic tumorigenesis.8 Nuclear positivity 
for β-catenin is not typical in HCC tumors, especially with markedly el-
evated levels of AFP. Further, RPS6KA3 pathogenic variants have been 
described in approximately 8% of cases of HCC, HBL, and in HEMNOS, 
as observed in this case. However, they are usually found in conjunction 
with somatic gene mutations such as AXIN1 and CTNNB1.9 Other cases 
of HEMNOS should be evaluated for solitary RPS6KA3-truncating 
variants that may be associated with an aggressive clinical course. 
RPS6KA3 encodes ribosomal S6 protein kinase-2 (RSK2) of the Ras/
MAPK signaling pathway that is integral to cell proliferation, differen-
tiation, and apoptosis.9 Novel RPS6KA3 variants inactivate RSK2; this 
novel frameshift mutation may be the molecular mechanism driving 
Wnt/β-catenin pathway alterations in the pathogenesis of this partic-
ular instance of HEMNOS.

AFP is a tumor marker that should be accurately measured to help 
differentiate diagnoses, guide therapy, and provide prognostic informa-
tion among different hepatic cancers. This 70-kDa oncofetal glycoprotein 
is normally synthesized by the fetal liver and yolk sac, has considerable 
homology to albumin, and can be tested to diagnose and monitor HBL, 
HCC, and germ cell tumors.1 When evaluated after liver resection or 
transplant, continuous elevated AFP levels often reflect a poor prog-
nosis. Complete resection with adjuvant chemotherapy corresponds 
with significant AFP reduction and >80% survival rates in pediatric HBL 
cases.10 However, irrespective of aggressive chemotherapy, 12-month 
survival rates are poor after resection of pediatric HCC tumors, espe-
cially when AFP levels are minimally decreased.

Laboratory Role in Diagnosis
In our case, AFP levels significantly decreased after partial resection and 
subsequent chemotherapy; however, the disease course remained aggres-
sive. In cases when larger HCC tumors are difficult to completely resect, 
vascular chemoembolization may target micrometastases within liver pa-
renchyma. Subsequently, recurrence monitoring can leverage molecular 
testing such as reverse transcription polymerase chain reaction to amplify 
mRNA from AFP production if micrometastatic lesions are present.10

Initial linearity validation studies for tumor markers such as AFP, whose 
levels can be extraordinarily elevated in various cancers, must be performed/
established so that extended ranges can be reported for optimal patient 
management.  When laboratories encounter tumor-marker specimens with 
AMRs higher than established levels, validation efforts should be conducted 
to extend AMRs for testing subsequent patient specimens.

It is essential to accurately interpret histology and IHC stains in the di-
agnosis of hepatocellular malignancies because overlapping morphology 

and staining characteristics may lead to an incorrect preliminary diag-
nosis and prognosis. Further, exploring genetic somatic variants in pedi-
atric liver neoplasms may elucidate molecular signatures that can guide 
initial accurate identification of HBL, HCC, and HEMNOS. RPS6KA3 
variants, such as identified in this case, inactivate RSK2, which could 
be an important driver mutation in altering molecular mechanisms in 
the Wnt/β-catenin pathway, promoting the pathogenesis of HEMNOS.

Patient Follow-up
The patient had a 3.5-month hospitalization period after initial presen-
tation, and he died 6.5 months after discharge (10.0 months after ini-
tial presentation). The case outcome would have remained unchanged if 
the nature of the RPSK6A3 variant in the context of an HEMNOS diag-
nosis were initially identified. However, perhaps a quicker diagnosis of 
HEMNOS would have better facilitated patient management.
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CORRECTION

Correction to: Diagnostic value of pleural effusion 
Krebs von den Lungen-6 in malignant pleural effusion of 
patients with non–small cell lung cancer

This is a correction to: Junjun Wang, Liqun Ling, Shuhui Chen, Lunan 
Chou, Yumin Wang, Lijuan Hu, Diagnostic value of pleural effusion 
Krebs von den Lungen-6 in malignant pleural effusion of patients with 
non–small cell lung cancer, Laboratory Medicine, 2023, lmad076, https://
doi.org/10.1093/labmed/lmad076

In the originally published version of this manuscript, the corre-
sponding author was identified as Junjun Wang (wym0577@163.com). 
The correct corresponding author is Lijuan Hu (hljsonya2012@163.
com).

This error has been corrected online.
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