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ABSTRACT
Objective: This study aimed to investigate the relationship between the 
gene polymorphism of methylenetetrahydrofolate reductase (MTHFR) 
C677T and left ventricular hypertrophy (LVH) in patients with chronic 
kidney disease (CKD).

Methods: A total of 763 Chinese patients with CKD undergoing genetic 
testing were included in the study. The association between the gene 
polymorphism of MTHFR C677T and echocardiographic parameters 
was analyzed through univariate and multivariate analyses.

Results: We found a remarkably positive association between MTHFR 
C677T gene polymorphism and LVH indexes, including interventricular 
septal thickness (F = 3.8; P = .022), left ventricular posterior wall 

thickness (F = 3.0; P = .052), left ventricular mass (F = 3.9; P = .022), 
and left ventricular mass index (F = 2.6; P = .075). After adjusting for 
the potential confounders linking the polymorphism,we found that the 
positive association between the polymorphism and LVH indexes still 
existed in patients with CKD in some multiple linear regression models 
(P <.05).

Conclusion: MTHFR C677T gene polymorphism may be a genetic 
susceptibility marker for the development of LVH in patients with CKD.

Keywords: methylenetetrahydrofolate reductase, gene polymorphism, 
homocysteine, left ventricular hypertrophy, chronic kidney disease

 

Cardiovascular disease (CVD) is the main cause of prema-

ture death in patients with chronic kidney disease (CKD),1 

a situation in which CKD and CVD are closely related. 

It is widely recognized that severe dysfunction in either 

the kidney or the heart seldom occurs in isolation.2 Left 

ventricular hypertrophy (LVH), which is the most common 

cardiac abnormality, serves as a primary risk factor contrib-

uting to cardiovascular mortality in patients with CKD.3, 4 

In addition to these well-recognized traditional risk factors, 

hyperhomocysteinemia (HHcy), a novel cardiac risk factor, 

is regarded as an independent risk factor participating in 

the pathogenesis and development of CVD in patients with 

CKD.5, 6

Methylenetetrahydrofolate reductase (MTHFR) catalyzes the 

irreversible transition of 5,10-methylenetetrahydrofolate to 

5-methyltetrahydrofolate, reduced S-adenosyl methionine 



(SAM), increased S-adenosyl homocysteine (SAH), HHcy, 

and global DNA hypomethylation are observed in MTHFR 

knockout mice.7 The gene polymorphism of MTHFR C677T 

is the most important genetic variation leading to HHcy; a C 

to T conversion at base pair 677 is the C677T polymorphism, 

which results in the amino acid conversion from Ala to Val 

and the subsequent decline of MTHFR activity.8 Compared 

with the wild genotype ( MTHFR 677CC genotype), the en-

zyme activity of the heterozygote ( MTHFR 677CT genotype) 

and the mutation homozygote ( MTHFR 677TT genotype) has 

been reported to decrease by 34% and 75%, respectively.9 

The total T allele frequency of the single nucleotide poly-

morphism was 45.2% in 15,357 healthy Chinese Han adults 

and 43.5% in 477 subjects from the southeastern province 

of Jiangsu in China.10 Although many studies11-17 have re-

cently reported the relationship between MTHFR C677T gene 

polymorphism and the development of CVD, few studies18-21 

have focused on the relationship between MTHFR C677T 

gene polymorphism and LVH. In this study, the association 

between MTHFR C677T gene polymorphism and LVH was 

analyzed in hospitalized Chinese patients with CKD.

Materials and Methods

Study Population and Evaluation

The study was a cross-sectional survey approved by the 

clinical research ethical committee of Zhongshan Hospital, 

Fudan University, Shanghai, China (approval number: 

B2018-269). All procedures performed in studies involving 

human participants were in accordance with the Declaration 

of Helsinki, and all patients were provided informed con-

sent. A total of 2522 patients with CKD who were ad-

mitted to the hospital from June 1, 2017, to June 1, 2019, 

were randomly recruited to this study, and 763 patients 

met the inclusion criterion and were free of the exclusion 

criteria. Patients enrolled were requested to have a rou-

tine test for the gene polymorphism of MTHFR C677T and 

plasma homocysteine (Hcy) level. The inclusion criterion 

was patients with CKD. The exclusion criteria included age 

≥80 years or <18 years, acute kidney injury, a history of liver 

diseases, malignant tumor, active tuberculosis, acute infec-

tion or hemorrhage, a history of dialysis treatment, cardiac 

disease and CVD, difficulty cooperating with the require-

ments of the study, and refusal to participate. We defined 

CKD as abnormalities of the kidney structure or function, 

present for >3 months, with implications for health.22 

Patients with cardiac disease and CVD excluded from the 

study presented with any of the following: heart failure, 

arrhythmia, coronary heart disease, heart valve disease, 

cardiomyopathy, stroke, and peripheral artery disease.

Data on demographic characteristics and medical his-

tory were collected from electronic medical records. The 

potential confounders in the pathogenetic pathway linking 

the polymorphism with LVH, including a history of diabetes, 

hypertension, and hyperlipidemia, were collected along with 

age and sex. Conventional echocardiographic images of pa-

tients were obtained by an iE33 ultrasound machine (Philips 

Ultrasound, Andover, MA, USA) equipped with an S5-1 

transducer (Philips Ultrasound, Andover, MA, USA). The 

inner diameter of left atrium (LAD), left ventricular ejection 

fraction, end-systolic left ventricular internal diameter, end-

diastolic left ventricular internal dimension (LVIDd), left ven-

tricular posterior wall thickness (LVPWT), inner diameter of 

aortic root (AORD), interventricular septal thickness (IVST), 

and pulmonary arterial systolic pressure were determined 

by an experienced echocardiologist. Left ventricular mass 

(LVM) and left ventricular mass index (LVMI) were calculated 

using the following formula: LVM = 0.8 × 1.04 × {(IVST + 

LVIDd + LVPWT)3 − LVIDd3} + 0.6 g, LVMI=LVM/ (height2.7) g/

m2.7.23

Genetic Analysis

DNA Extraction, Polymerase Chain Reaction, and 
Chip Hybridization

The MTHFR C677T genotype was analyzed through poly-

merase chain reaction chip hybridization. Anticoagulated 

(EDTA) peripheral blood specimens were obtained via 

phlebotomy and stored at −20°C until extraction was com-

pleted. We extracted DNA from 200 μL of whole blood 

from patients using the DNA extraction and purification kit 

(BaiO, Shanghai, China) following manufacturer instruc-

tions. The DNA specimens were quantitated using the 

NanoDrop 1 spectrophotometer (Thermo Fisher Scientific, 

Waltham, MA).

We performed DNA amplification in a 25 μL volume con-

taining 22 μL of MTHFR amplification solution, 1 μL of reac-

tion solution A (MTHFR gene detection kit; BaiO), and 2 μL 

of DNA specimen. We performed PCR using a TC-XP PCR 

thermal cycler (BIOER, Hangzhou, China), following manufac-

turer instructions: 50°C, 5 minutes; 94°C, 5 minutes; 94°C, 25 
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seconds; denaturation, 56°C, 25 seconds; annealing, 72°C, 

25 seconds; and extension, 35 cycles, 72°C, 5 minutes.

We performed chip hybridization with the hybridization kit 

(MTHFR gene detection kit; BaiO) using an automatic chip 

hybridization instrument (BaiO), following manufacturer 

instructions as follows: adding 10 μL reaction solution B 

to the hybridization buffer, then adding 190 μL hybridiza-

tion buffer and 10 μL MTHFR amplification product to the 

corresponding position of the 8-strip tube, then respect-

ively adding 200 μL of the antibody solution and 200 μL 

color-developing solution to the corresponding positions 

of the 8-strip tube, and respectively placing the 8-strip 

tube and the aldehyde-based chip into the corresponding 

positions of the automatic hybridization instrument to start 

hybridization.

We performed chip reading with a BE-2.0 biochip reader, 

gene chip image analysis software, and MTHFR genotyping 

software (BaiO), following manufacturer instructions; nega-

tive and positive control specimens were always used 

during the test.

Laboratory Assays

All tests were conducted in the hospital laboratory. Plasma 

total Hcy was measured by automatic biochemical ana-

lyzer (Hitachi 7600 P, Tokyo, Japan) using an enzymatic 

cycling method and homocysteine detection kit (DIASYS, 

Shanghai, China). Briefly, oxidized total Hcy was reduced 

to free Hcy. The free Hcy reacted with a cosubstrate, SAM, 

catalyzed by Hcy S-methyltransferase to form methionine 

and SAH. SAH was hydrolyzed into adenosine and Hcy 

by SAH-hydrolase. The formed Hcy was cycled into the 

Hcy conversion reaction by Hcy S-methyltransferase. The 

cycling reaction led to significant amplification of detection 

signals. The formed adenosine was immediately hydro-

lyzed into inosine and ammonia, which was processed by 

glutamate dehydrogenase with concomitant conversion 

of reduced nicotinamide adenine dinucleotide (NADH) to 

nicotinamide adenine dinucleotide (NAD+). The decrease 

in NADH was measured at 340 nm and was proportional 

to the homocysteine concentration in the specimen. 

Serum levels of creatinine and urea nitrogen were meas-

ured by the enzymatic method (Roche Cobas c702, Basel, 

Switzerland). The estimated glomerular filtration rate 

(eGFR) was calculated according to the CKD-Epidemiology 

Collaboration equation,24 and CKD staging was based on 

the criteria of the kidney disease.22

Statistical Analyses

Values of continuous variables were expressed as 

mean ± SD. The age of the study population and the effect 

of MTHFR C677T polymorphism on renal function, plasma 

Hcy level, and echocardiographic parameters were ana-

lyzed by a 1-way analysis of variance test. Least-significant 

difference was adopted for pairwise comparisons between 

the TT, CT, and CC genotypes, and the ratio and genotype 

distribution for Hardy-Weinberg equilibrium were calculated 

using the χ 2 test. Taking LAD, IVST, LVPWT, LVM, and LVMI 

values as the dependent variables, we applied multiple 

linear regression to determine the relative importance of the 

C677T polymorphism with the potential confounders. In this 

analysis, the MTHFR genotype was designated by using a 

codominant model as follows: CC = 0, CT = 1, and TT = 2, 

respectively. Scatterplots were used to detect the correl-

ation between the Hcy level and the values of LAD, IVST, 

LVPWT, LVM, and LVMI. A P value <.05 was considered 

significant. Statistical software (PAWS 18.0, SPSS, Chicago, 

IL), was adopted to analyze all data.

Results

Characteristics in Different MTHFR C677T 
Genotype Groups

There were 142 patients with two copies (MTHFR 677TT 

genotype) of the T allele, 351 with one copy (MTHFR 677CT 

genotype) of the T allele, and 270 with the wild-type allele 

(MTHFR 677CC genotype). The distribution of the MTHFR 

C677T genotype complied with the Hardy-Weinberg equilib-

rium (P >.05). Table 1 showed that no significant difference 

was discovered between different genomic subgroups in 

terms of age, sex, eGFR, serum creatinine, urea nitrogen, 

hypertension, hyperlipidemia, and the proportion rate of CKD 

stage. However, the probability of diabetes was significantly 

different among different genotypes (χ 2 = 6.788; P =.034), and 

patients with the TT genotype had a higher probability of dia-

betes than those with the CT genotype and the CC genotype 

(26.1% vs 16.0%; 26.1% vs 18.5%; Table 1).
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The Effect of MTHFR C677T Gene 
Polymorphism on Echocardiographic and 
LVH Indexes

The C677T polymorphism remarkably affected the values 

of LAD (F = 4.8; P = .009), IVST (F = 3.8; P = .022), LVPWT 

(F = 3.0; P = .052), LVM (F = 3.9; P = .022), and LVMI 

(F = 2.6; P = .075). Values of AORD (33.0 mm vs 32.2 mm; 

P = .033), LAD (37.7 mm vs 36.2 mm; P = .002), IVST 

(10.1 mm vs 9.7 mm; P = .012), LVPWT (9.8 mm vs 9.5 mm; 

P = .041), LVM (170.1 g vs 155.1 g; P = .008), and LVMI 

(42.5 g/m2.7 vs 39.7 g/m2.7; P = .036) in patients with the TT 

genotype were higher than in those with the CC genotype. 

The values of LAD (37.7 mm vs 36.6 mm; P = .015), IVST 

(10.1 mm vs 9.7 mm; P = .011), LVPWT (9.8 mm vs 9.4 mm; 

P = .018), LVM (170.1 g vs 157.0 g; P = .016), and LVMI 

(42.5 g/m2.7 vs 39.9 g/m2.7; P = .038) in patients with the TT 

genotype were also higher than in those with the CT geno-

type (Table 2).

Association Between MTHFR C677T Gene 
Polymorphism and Echocardiographic Values

After adjusting for several potential confounders including 

eGFR, sex, age, and history of hypertension and hyperlipid-

emia, we found that C677T polymorphism was significantly 

associated with the values of LAD (Model 1, β = 0.104, 

P = .004; Model 2, β = 0.122, P < .001; Model 3, β = 0.114, 

P < .001; Model 4, β = 0.101, P = .001), IVST (Model 1, 

β = 0.080, P = .026; Model 2, β = 0.082, P = .016; Model 

3, β = 0.072, P = .028), LVM (Model 1, β = 0.087, P = .016; 

Model 2, β = 0.078, P = .021; Model 3, β = 0.065, P = .039), 

and LVMI (Model 2, β = 0.083, P = .019; Model 3, β = 0.069, 

P = .035; Table 3).

Correlation Analysis Between Hcy Level and 
Echocardiographic Values

Patients with the TT genotype had a higher plasma Hcy 

level compared with those with the CT or CC genotypes 

(28.8 μmol/L vs 19.4 μmol/L, P <.001; 28.8 vs 16.9 μmol/L, 

P <.001; Table 1). A previous article25 reported that the level 

of plasma Hcy was remarkably higher in patients with CKD 

than in healthy patients, especially in end-stage renal dis-

ease, the Hcy level in patients with LVH was increased, and 

there was a positive association between LVM value and 

Hcy level in patients with CKD.26 As shown in Figure 1, we 

identified a positive correlation between Hcy level and the 

values of LAD (r = 0.131; P <.001), IVST (r = 0.191; P <.001), 

LVPWT (r = 0.197; P <.001), LVM (r = 0.231; P <.001), and 

LVMI (r = 0.214; P <.001).

Table 1. Demographic and Clinical Characteristics of Patients with CKD

Total TT 
Genotype

CT  
Genotype

CC 
Genotype

χ2/F P 
Value

 n = 763 n = 142 n = 351 n = 270

Age, y 47.2 ± 14.8 45.8 ± 15.0 46.5 ± 14.5 48.9 ± 15.0 2.942 .053
Male, n (%) 436 (57.1) 94 (66.2) 192 (54.7) 150 (55.6) 5.886 .053
Hypertension, n (%) 457 (59.9) 96 (67.6) 200 (57.0) 161 (59.6) 4.764 .092
Diabetes, n (%) 143 (18.7) 37 (26.1) 56 (16.0) 50 (18.5) 6.788 .034
Hyperlipidemia, n (%) 73 (9.6) 17 (12.0) 30 (8.5) 26 (9.6) 1.372 .503
Total cholesterol (mmol/L) 5.4 ± 2.0 5.1 ± 1.9 5.4 ± 2.1 5.5 ± 2.1 1.245 .289
Triglycerides (mmol/L) 2.1 ± 1.6 2.0 ± 1.5 2.2 ± 1.6 2.1 ± 1.6 0.423 .655
Low-density lipoprotein (mmol/L) 3.3 ± 1.7 3.0 ± 1.6 3.3 ± 1.8 3.3 ± 1.8 1.085 .338
CKD stage 1, n (%) 205 (26.9) 40 (28.2) 93 (26.5) 72 (26.7) 0.153 .927
CKD stage 2, n (%) 179 (23.5) 24 (16.9) 86 (24.5) 69 (25.6) 4.274 .118
CKD stage 3a, n (%) 85 (11.1) 20 (14.1) 35 (10.0) 30 (11.1) 1.728 .421
CKD stage 3b, n (%) 85 (11.1) 16 (11.3) 44 (12.5) 25 (9.3) 1.658 .437
CKD stage 4, n (%) 85 (11.1) 19 (13.4) 40 (11.4) 26 (9.6) 1.365 .505
CKD stage 5, n (%) 124 (16.3) 23 (16.2) 53 (15.1) 48 (17.8) 0.805 .669
eGFR (mL/min/1.73 m2) 60.6 ± 37.6 59.1 ± 38.0 60.9 ± 37.5 60.9 ± 37.5 0.140 .869
Serum creatinine (μmol/L) 202.1 ± 219.1 207.9 ± 207.7 199.7 ± 224.3 202.2 ± 218.7 0.071 .932
Serum urea nitrogen (mmol/L) 10.3 ± 7.8 10.5 ± 7.8 10.3 ± 7.7 10.2 ± 8.0 0.090 .914
Plasma Hcy (μmol/L) 20.3 ± 16.4 28.8 ± 25.0 19.4 ± 14.5 16.9 ± 10.7 27.063 <.001
Plasma vitamin B

12
 (pg/mL) 510.2 ± 297.9 495.5 ± 347.9 524.5 ± 335.4 503.3 ± 225.6 0.259 .772

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Hcy, homocysteine.
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Discussion

The main finding of this study was that the gene poly-

morphism of MTHFR C677T was associated with LVH 

indexes (LVMI, LVM, IVST, and LVPWT) in patients with 

CKD. The C677T polymorphism seemed to increase the risk 

of the development of LVH independent of renal function.

In our study, patients with CKD with the TT genotype had 

higher IVST, LVPWT, LVM, and LVMI values than those with 

the CT and CC genotypes, which was similar to the results 

in Turkish patients with type II diabetes,19 of whom patients 

with the TT genotype had a higher prevalence of LVH than 

patients with the CT and CC genotypes. However, most 

studies have not found an association between MTHFR 

C677T gene polymorphism and LVH,20, 21 and some have 

even found the opposite effect.18 For example, Maura 

et al.20 reported that the prevalence of LVH was not dif-

ferent among different MTHFR C677T genotypes in Italian 

primary hypertension groups. In Italian patients without 

diabetes, Trovato et al18 found that the MTHFR C677T 

gene polymorphism contributed to a lower probability of 

LVH. Obineche et al21 found that the MTHFR C677T gene 

polymorphism was not a risk factor for LVH among patients 

from the United Arab Emirates. 

From Table 1, we can see that the proportion of male 

patients with the TT genotype was relatively high, but in 

the multivariate analysis (Table 3), after adjusting for age 

and sex factors, MTHFR C677T was still correlated with 

LVH indexes; therefore, the effect of MTHFR C677T on 

LVH indexes was independent of age and sex. Our study 

also showed that patients with CKD with the TT genotype 

had a higher rate of diabetes compared with those with 

the CT and CC genotypes, which was consistent with the 

research of Zhu, Wu, et al 8 in a Han Chinese population. 

Those authors found that the MTHFR C677T gene poly-

morphism was significantly associated with type II diabetes 

in a random-effects model. In the multivariate analysis of 

our study, because of the significant correlation between 

0

20

40

60

80

100

120

0 20 40

r = 0.131
P < .001

LAD (mm)
60

H
o

m
o

cy
st

ei
ne

 (µ
m

o
l/

L)

0

20

40

60

80

100

120

0 5 10 15 20

r = 0.191
P < .001

IVST (mm)
25

H
o

m
o

cy
st

ei
ne

 (µ
m

o
l/

L)

0

20

40

60

80

100

120

0 5 10 15

r = 0.197
P < .001

LVPWT (mm)
20

H
o

m
o

cy
st

ei
ne

 (µ
m

o
l/

L)

0

20

40

60

80

100

120

0 100 200 300 400 500

r = 0.231
P < .001

LVM (g)
600

H
o

m
o

cy
st

ei
ne

 (µ
m

o
l/

L)

0

20

40

60

80

100

120

0 25 50 75 100

r = 0.214
P < .001

LVMI (g/m^2.7)
125

H
o

m
o

cy
st

ei
ne

 (µ
m

o
l/

L)

A

D

B

E

C

Figure 1

Correlation analysis between plasma Hcy level and the values of echocardiographic parameters. A, Correlation between plasma Hcy level 

and LAD (r = 0.131; P <.001); plasma Hcy level was expressed as micromolar per liter concentration. B, Correlation between plasma Hcy 

level and IVST (r = 0.191; P <.001). C, Correlation between plasma Hcy level and LVPWT (r = 0.197; P <.001). D, Correlation between plasma 

Hcy level and LVM (r = 0.231; P <.001); LVM was expressed in grams. E, Correlation between plasma Hcy level and LVMI (r = 0.214; P <.001); 

LVMI was expressed as gram per meter raised to the power of 2.7. Hcy, homocysteine; IVST, interventricular septal thickness; LAD, inner 

diameter of left atrium; LVM, left ventricular mass; LVMI, left ventricular mass index; LVPWT, left ventricular posterior wall thickness.
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the MTHFR C677T gene polymorphism and the history of 

diabetes in patients with CKD and considering that collin-

earity between the 2 factors may be quite strong, we did not 

include the history of diabetes as an independent variable 

for analyzing.

Many studies27-29 have reported the relationship between 

Hcy and ventricular hypertrophy to be that through dam-

aged myocardial contractile function, oxidative reaction, 

and changed mitochondrial permeability, Hcy promotes 

myocardial fibrosis and hypertrophy induced by hyperten-

sion and can activate sympathetic nerves and aggravate 

myocardial hypertrophy.27 Moreover, Hcy has direct detri-

mental effects on cardiac structure and function, which may 

represent a direct relationship between HHcy and LVH, re-

gardless of other risk factors, such as hypertension. A latent 

mechanism for the cardiac remodeling triggered by HHcy 

may be attributed to the recruitment of inflammatory cells 

and an excessive immune response, resulting in cell death, 

cardiac fibrosis, or myocyte hypertrophy.28 In addition, Hcy 

can promote adenosine triphosphate 7a protein expression, 

lower the copper content, and reduce Cytochrome C oxi-

dase (COX) activity, finally resulting in cardiac hypertrophy.29 

Similarly, in our study, a positive relationship between Hcy 

level and the values of echocardiographic indexes was 

found; therefore, we speculated that the effect of MTHFR 

C677T gene polymorphism on LVH in this study could be 

partially caused by elevated Hcy. 

Studies have also shown MTHFR C677T to be associated 

with essential hypertension,30 which in turn can cause LVH; 

in our study, the demographics data (Table 1) showed that 

the rate of hypertension in patients with CKD with the TT 

genotype was relatively high, but it did not reach statistical 

significance. In patients with CKD, blood pressure levels are 

often elevated, the prevalence of hypertension and LVH in-

creases with kidney disease progression, and CKD is one of 

the most important causes of secondary hypertension31, 32;  

Table 3. Comparison of MTHFR C677T Gene Polymorphism for Role in LAD, IVST, LVPWT, LVM, and 
LVMI Values Based on Multiple Regression Analysis

LAD IVST LVPWT LVM LVMI

 β P β P β P β P β P

Model 1 0.104 .004 0.080 .026 0.062 .088 0.087 .016 0.067 .064
Model 2 0.122 <.001 0.082 .016 0.060 .079 0.078 .021 0.083 .019
Model 3 0.114 <.001 0.072 .028 0.050 .131 0.065 .039 0.069 .035
Model 4 0.101 .001 0.055 .080 0.034 .283 0.050 .102 0.054 .088

eGFR, estimated glomerular filtration rate; IVST, interventricular septal thickness; LAD, left atrial diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; LVPWT, left 
ventricular posterior wall thickness; MTHFR, methylenetetrahydrofolate reductase. 
MTHFR genotypes were designated by using a codominant model as follows: CC = 0, CT = 1, and TT = 2, respectively. Sex was defined as female: 0, male: 1. The history 
of hypertension or hyperlipidemia was defined as no: 0 and yes: 1. Variables of Model 1 included MTHFR genotype. Variables of Model 2 included MTHFR genotype, sex, and 
age. Variables of Model 3 included MTHFR genotype, sex, age, and eGFR. Variables of Model 4 included MTHFR genotype, sex, age, eGFR, and history of hypertension and 
hyperlipidemia.

Table 2. Analysis of Echocardiographic and LVH Indexes in Different MTHFR C677T Genotype Groups

TT Genotype (n = 142) CT Genotype (n = 351) CC Genotype (n = 270) P Value

AORD (mm) 33.0 ± 3.6 32.4 ± 3.3 32.2 ± 3.5 .101
LAD (mm) 37.7 ± 5.3 36.6 ± 4.9 36.2 ± 4.7 .009
IVST (mm) 10.1 ± 2.0 9.7 ± 1.7 9.7 ± 1.6 .022
LVPWT (mm) 9.8 ± 1.8 9.4 ± 1.5 9.5 ± 1.4 .052
LVM (g) 170.1 ± 64.6 157.0 ± 54.2 155.1 ± 48.7 .022
LVMI (g/m2.7) 42.5 ± 16.3 39.9 ± 12.8 39.7 ± 11.0 .075
LVIDs (mm) 30.0 ± 4.3 29.5 ± 3.5 29.3 ± 3.4 .189
LVIDd (mm) 47.0 ± 5.2 46.6 ± 4.5 46.2 ± 4.4 .223
LVEF (%) 65.6 ± 5.7 66.1 ± 4.1 66.2 ± 4.2 .413
PASP (mm Hg) 32.4 ± 5.1 32.0 ± 4.8 32.1 ± 4.8 .793

AORD, aortic root inside diameter; IVST, interventricular septal thickness; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVIDd, end-
diastolic left ventricular internal dimension; LVIDs, end-systolic left ventricular internal diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; LVPWT, left ventricular 
posterior wall thickness; MTHFR, methylenetetrahydrofolate reductase; PASP, pulmonary arterial systolic pressure.
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the hypertension in these patients is mainly caused by 

water and sodium retention secondary to the long-term de-

cline of kidney function. These conditions may have masked 

the effect of MTHFR C677T on blood pressure in our pa-

tients with CKD. Therefore, the hypertension in our study 

population may have been caused primarily by worsening 

kidney function rather than genetic polymorphism. 

In addition, the rate of hypertension in our patients with 

CKD was 59.9% (457 patients; Table 1). To avoid the influ-

ence of cardiac disease and CVD on cardiac structure and 

function, we had excluded patients with these diseases; 

if hypertension was still listed as an exclusion criterion, 

then there would be too small of a sample size to maintain 

enough statistical power. Therefore, we enrolled those pa-

tients with hypertension without cardiac disease and CVD. 

The multivariate regression analysis (Table 3), adjusting for 

the history of hypertension that attenuated the relationship 

of MTHFR C677T to LVH indexes, suggested that this re-

lationship seems to be partially mediated by hypertension. 

Finally, the view that diabetes was closely linked to LVH has 

been widely recognized,33, 34 and there has been a signifi-

cant relationship between Hcy and insulin resistance.35, 

36 Therefore, in patients with CKD, through HHcy, MTHFR 

C677T gene polymorphism could also be linked to a high 

probability of diabetes,8,37 thereby affecting the structure 

and function of the left ventricle to some extent.

Apart from the positive association between the TT geno-

type of MTHFR C677T polymorphism and LVH, patients 

with CKD with the TT genotype had a higher value in LAD 

and in AORD. Similar to LVH, the left atrium enlargement 

could be also regarded as a marker of cardiac structure 

remodeling,38, 39 and the increase in LAD in this study may 

have been associated with LVH.40,41 Moreover, the high 

probability of diabetes may also play a role in the pathogen-

esis of left atrium dilatation in patients with the TT geno-

type.42 The size of a normal aortic root is controversial, and 

the pathogenesis of aortic root dilatation is unclear.43 An en-

larged AORD in our patients with CKD was presumed to be 

the consequence of decreased cardiac diastolic function,44 

which may also be secondary to the development of LVH. 

Published literature38, 43 has reported that increased LAD 

and AORD, along with LVH, could be used as predictors of 

cardiovascular events and poor prognosis.

The main differences between our study and other studies 

about the association of MTHFR C677T gene polymorphism 

with LVH were as follows. First, the sample size of our 

study was relatively larger. After screening for inclusion 

and exclusion criteria, we identified a total of 763 qualified 

patients with CKD; the number of enrolled patients may 

be much larger than those of other related studies.18-21 

Second, the patients in our study were patients with CKD. 

Published literature45, 46 has reported that the TT genotype 

may account for a 40% to 100% increase in Hcy in patients 

with CKD, whereas in patients with normal renal function, 

the TT genotype only contributed to a 25% increase in Hcy 

level. The polymorphism seemed to play a more important 

role in the CKD population. In addition, because Turkish 

peoples19 are descended from populations whose genetic 

traits are closer to those of central Asian peoples, the mu-

tation may have ethnic discrepancy, and its effect may be 

stronger in Asian populations.47, 48 For these reasons, it may 

be easier to identify the statistical differences between the 

MTHFR C677T polymorphism and LVH in a Chinese cohort 

with CKD.

Our study had some limitations: First, Hcy was dependent 

on dietary habits, but the serum levels of folate and vitamins 

B
12

 and B
6
 in our patients were not acknowledged. Second, 

other genetic polymorphisms affecting folate and the 

methionine cycle such as MTHFR A1298C, methionine syn-

thase A2756G, and methionine synthase reductase A66G49 

were not introduced in this study, leaving the genetic factors 

affecting the Hcy level not well controlled, which could af-

fect our interpretation of the results of this study. Moreover, 

in addition to the Hcy level, the results may have other po-

tential explanations such as study design and gene-specific 

methylations; further study will be needed to validate this 

hypothesis. Finally, because the study population had CKD, 

the results of this study may not be generalizable to the 

general population; confirmation in the general population 

would be helpful.

Conclusion

In conclusion, we suggest that MTHFR C677T gene poly-

morphism may be a genetic susceptibility marker for LVH 

in Chinese patients with CKD and that treatment to reduce 

plasma Hcy may contribute to delaying the development of 

LVH in these patients. LM
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ABSTRACT
Objective: To quantitate the microparticles (MPs) in whole blood and 
blood products obtained from blood donors who are deficient in glucose-
6-phosphate dehydrogenase (G6PD).

Methods: The current study analyzed whole blood and blood components 
prepared from 49 blood donors with G6PD deficiencies and 98 with G6PD-
normal results. Packed red blood cells (PRBCs), platelet concentrate (PC), 
and plasma were prepared according to transfusion laboratory procedures. 
MP concentrations were determined using a flow cytometer.

Results: Blood components prepared from donors with G6PD 
deficiency were characterized by higher red blood cell-derived MP 

(RMP) concentration in PRBCs (25,526 vs 18,738 particles/µL) but 
lower concentrations of platelet-derived MPs (PMPs; in whole blood 
and PC), leukocyte-derived MPs (LMP; in whole blood and plasma) and 
total MP (in PC), compared with those from donors with G6PD-normal 
test results.

Conclusions: These results suggest that differences in G6PD status may 
account for variation in RMP levels during processing.

Keywords: transfusion, blood donor, G6PD deficiency, packed red blood 
cells, microparticle, flow cytometry

 

Microparticles (MPs) are heterogeneous groups of small 

extracellular vesicles, ranging from 0.1 µm to 1 µm in size.1 

MPs can be released from various cells on activation, on 

undergoing apoptosis, or under certain types of stress.2,3 

Certain study results4,5 have suggested that the cellular 

mechanism governing MP shedding involves the influx 

of intracellular calcium and proteolytic cleavage of the 

cytoskeleton. We note that released MPs show procoagu-

lant activity due to the expression of tissue factor (TF) and 

phosphatidylserine (PS) on their surface membranes.6,7 

In transfusion medicine, study results8–11 have suggested 

that transfusion of blood products containing high con-

centrations of MPs might increase the risk of thrombosis 

complications and transfusion-related acute lung injury 

(TRALI). Given the potential association of MPs with post-

transfusion complications, more studies are needed to 

address the factors contributing to changes in the MP levels 

of blood products.

Several factors have been suggested as being associated with 

these changes. Noulsri et al12 quantitated platelet-derived MPs 

in platelet components prepared using buffy coat, platelet-rich 



plasma, and apheresis. The results showed high variability in the 

concentration of platelet-derived MPs (PMPs) in platelet products 

prepared using different approaches, suggesting an effect of 

blood-component processing on MP release. The examination 

of MP concentrations in packed red blood cells (PRBCs), 

platelet concentrate (PC), and fresh frozen plasma (FFP) has 

also supported the effects of blood-component processing, 

storage, and donor factors on MP release.13 Regarding trans-

fusion donors, individuals deficient in glucose-6-phosphate 

dehydrogenase (G6PD) and without a history of hemolysis may 

be eligible for blood donation.14 Study findings15,16 have shown 

the ability of G6PD-deficient red blood cells (RBCs) to release 

red blood cell-derived MPs (RMPs). 

Another study17 examined the MPs in individuals with G6PD 

deficiency; the findings demonstrated increased numbers 

of MPs that were mainly from RBCs and platelets. Those 

results also demonstrated a correlation between G6PD 

activity and MP concentrations. Given the high prevalence 

of G6PD in certain areas in Thailand, the variability in G6PD 

status among transfusion donors might cause variations in 

MP levels in blood products during laboratory preparation.18 

However, fewer data are available regarding the effect of 

blood processing on MP release in blood products obtained 

from eligible donors with G6PD deficiency.

The current study aimed to quantitate the MP concentrations 

in blood products obtained from donors with G6PD deficiency 

and to compare these concentrations with those obtained from 

donors with normal G6PD levels. Understanding the effect of 

G6PD deficiency on MP release during processing will help 

to reduce the post-transfusion complications associated with 

MPs and improve transfusion efficacy.

Materials and Methods

Materials

Fluorescein isothiocyanate-conjugated annexin V (annexin 

V–FITC), phycoerythrin-conjugated CD235a (CD235a-PE), 

peridinin chlorophyll-conjugated CD45 (CD45-PerCP), 

allophycocyanin-conjugated CD41a (CD41a-APC), and 10× 

annexin V binding buffer were obtained from ImmunoTools. 

CountBright counting beads were purchased from Thermo 

Fisher Scientific Inc. 

Specimen Collection and Blood-Component 
Processing

Figure 1 illustrates the overall processes of collecting speci-

mens and manufacturing blood components. After informed 

consent was obtained, the blood specimens were col-

lected and processed, using a standard procedure, at the 

Department of Transfusion Medicine, Faculty of Medicine, 

Siriraj Hospital, Mahidol University, Thailand. The study 

was approved by the Institutional Review Board of Siriraj 

Hospital, Mahidol University School of Medicine, Bangkok, 

Thailand (COA no. 395/2016). The procedures were per-

formed in accordance with international guidelines on the 

ethical conduct of research involving human subjects.

The whole blood specimens were collected into tubes con-

taining tripotassium ethylenediaminetetraacetic acid and 

analyzed for complete blood counts (CBCs) using a Coulter 

AcT five-part differential hematology analyzer (Beckman 

Coulter, Inc.). These specimens were also analyzed for MP 

levels and G6PD activity. For blood-component processing, 

450 mL of whole blood from donors was collected into 

triple blood collecting systems (JMS Triple Blood Bag and 

CPD-SAMG Solution; JMS Singapore Pte. Ltd.). 

All whole-blood units were stored at room temperature (mean 

[SE], 22° [2°]C) for as long as 8 hours before the preparation of 

blood components. The whole blood units were centrifuged at 

3100g for 5 minutes at mean (SE) 22° (2°)C in a centrifuge and 

separated into PRBC and platelet-rich plasma using a manual 

extractor. Then, the platelet-rich plasma was transferred into 

a 400 mL bag for platelet storage, centrifuged at 3800g for 5 

minutes at mean (SE) 22° (2°)C, and separated into platelet-

poor plasma and PC. After 100 mL of SAGM (saline-adenine-

glucose-mannitol solution) was added, the PRBC units were 

stored at mean (SE) 4° (2°)C. The plasma units were transferred 

into a 400 mL bag, rapid-frozen to −30°C using a shock freezer 

(TPSU 40, Thalheimer; or MBF 12, Dometic) and stored at 

mean (SE) −30° (10°)C. The plasma specimens were collected 

before the freezing process.

For specimen gathering, the contents of the bag were thor-

oughly mixed by hand for 30 seconds, specimens were taken 

from heat-sealed segments, and the sampling pipette was 

stripped. The content of each segment was transferred into 

a 0.5 mL microcentrifuge tube and was carefully mixed; then, 

the MP concentration was determined. The specimens were 

processed for MP quantitation within 2 hours after the prep-

aration process was completed.
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Flow Cytometry Analysis of MPs

MPs were detected using flow cytometry based on their 

size and expression of membrane-specific markers. First, 

the specimen was diluted to 1:100 using phosphate-

buffered saline (PBS). Next, 5 µL of the diluted speci-

mens were incubated with 3 µL of annexin V–FITC, 2 µL 

of CD235a-PE, 3 µL of CD45-PerCP, 3 µL of CD41a-

APC, and 20 µL of 1× annexin V binding buffer at room 

temperature in the dark. After 15 minutes, 300 µL of 1× 

annexin V binding buffer was added to the tubes. Then, 

the specimens were analyzed using a FACSCalibur 

(Becton, Dickinson and Company) flow cytometer. The 

performance of the flow cytometer was optimized using 

CaliBRITE beads and FACSComp software, version 5.1 

(both by Becton, Dickinson and Company). The flow 

cytometry data were analyzed using CellQuest software, 

version 3.3 (Becton, Dickinson and Company).

The forward scatter (FSC), side scatter (SSC), and fluores-

cent parameter (FL) were set on the logarithmic scale. The 

threshold was set on the FSC parameter to exclude noise 

signals and debris. An MP gate (R1) was established using 

standard beads of 1.09-µm size. The beads were gated in 

an FSC vs SSC dot plot. The population of R1 was fur-

ther analyzed on an annexin V vs SSC dot plot to identify 

annexin V–positive MPs (R2; Figure 1). The population 

of R2 was further plotted on a histogram of CD235a-PE, 

CD41a-APC, and CD45-PerCP to identify RMPs, PMPs, 

and LMPs in the H-3, H-4, and H-5 regions, respectively. 

The concentrations of MPs were determined using the 

flow-rate calibration approach, as previously described.19 

Briefly, 50 µL of counting beads with a known concentration 

were mixed with 300 µL of PBS, mixed gently, and then run 

at the beginning and end of each batch of specimens. The 

average of the 2 counting-bead events was calculated. The 

volume per microliter of specimen material acquired in 120 

seconds was obtained by dividing the bead events counted 

in 120 seconds by the concentration of the counting beads. 

Given the constant flow rate, the same volume of specimen 

material was acquired, and then the MP concentrations 

were calculated by dividing the MP events counted in 120 

seconds by the previously calculated volume and multi-

plying the result by the dilution factor.

Assessment of Accuracy and Precision

To assess the accuracy of the counting approach, the 

platelets were diluted with PBS to 1:10, 1:00, 1:1000, 

and 1:10,000. Then, platelet counts were performed 

using flow cytometry. The precision was addressed by 

Figure 1

Overall study design and flow cytometry analysis of microparticles (MPs). CBC indicates complete blood count; G6PD, glucose-6-phosphate 

dehydrogenase; PRBC, packed red blood cell; PC, platelet concentrate; P, plasma; FSC, forward scatter; Annexin V-FITC, fluorescein 

isothiocyanate-conjugated annexin V; CD235a-PE, phycoerythrin-conjugated CD235a; CD41a-APC, allophycocyanin-conjugated CD41a; 

CD45-PerCP, peridinin chlorophyll-conjugated CD45.
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repeatedly measuring the concentration counting beads 

to arrive at the within-day and day-to-day counting 

variations.

To address the specificity of annexin binding, platelet con-

centrate was first treated with A23187. Then, the treated 

specimen was incubated with annexin V in the presence of 

1× annexin V binding or PBS, and the MPs were determined 

using flow cytometry.

Diagnosing G6PD Deficiency

The fluorescent spot test and G6PD activity test were used 

to diagnose G6PD deficiency. In the fluorescent spot test, 

the diagnosis was performed using a commercial kit (R&D 

Diagnostics Ltd.). Donors were characterized as having 

G6PD-normal activity or G6PD-deficient activity according 

to whether their results showed bright fluorescence or no 

fluorescence, respectively. The G6PD activity was quantified 

using a G6PD kit (BIOLABO). To determine the activity of 

the G6PD enzyme, the change in optical density per minute 

was calculated. The G6PD activity was expressed as IU per 

gHb. The production of nicotinamide adenine dinucleotide 

phosphate (NADPH) was measured kinetically at 340 nm. 

The donors with G6PD deficiency were diagnosed using 

previously published reference ranges of G6PD activity in 

the Thai population.20

Statistical Analysis

The statistical analysis was performed using GraphPad 

Prism software, version 5.0.1 (GraphPad). The results were 

expressed as mean, SE, and range. Comparison of the 

MP concentrations between donors with G6PD deficient 

and those with normal G6PD levels was performed using 

unpaired t testing. The association between the measured 

and expected platelet counts was analyzed using linear 

regression. P values less than .05 were considered statistic-

ally significant.

Results

Donor Characteristics, Hematological Indices, 
and G6PD Activity

This study evaluated 147 blood donors, of whom 49 had 

G6PD deficiency and 98 had normal G6PD levels. The mean 

(SE) age for donors with normal G6PD levels was 36.3 (1.2) 

years (17.1–59.2 years), and for donors with G6PD defi-

ciency, it was 34.4 (1.5) years (19.1–57.1 years). Table 1 

summarizes the hematological parameters. Among these, 

only the mean corpuscular volume (MCV) values differed 

significantly between the donors with normal G6PD levels 

and those with G6PD deficiency.

Further analysis showed that the RBC G6PD-normal activity 

was mean (SE) 10.89 (1.88) IU per gHb for male donors and 

11.75 (2.04) IU per gHb for female donors. The activity in 

the G6PD-deficient groups was 4.55 (3.18) IU per gHb for 

male donors and 5.26 (2.02) IU per gHb for female donors.

MP Levels and Their Origins in Whole Blood, 
PRBCs, PC, and Plasma in Donors with G6PD 
Deficiency and Those with Normal G6PD Levels

Next, the MP levels and their origins in whole blood, PRBCs, 

PC, and plasma were quantitated. A comparison of the MPs 

in whole blood showed that donors with G6PD deficiency and 

those with normal G6PD levels had similar levels of total MPs 

and RMPs (Table 2). However, PMP and LMP concentrations 

were significantly higher in donors with normal G6PD levels 

than in those with G6PD deficiency. An examination of the MPs 

in PRBCs demonstrated that RMP concentrations were sig-

nificantly higher in donors with G6PD deficiency than in those 

with normal G6PD levels. Other MP concentrations showed no 

statistically significant differences between the 2 groups.

An examination of the MPs in PC showed that total MP and 

PMP concentrations were lower in donors with G6PD defi-

ciency than in those with normal G6PD levels. There were 

no differences in RMP and LMP concentrations between the 

2 groups. Regarding plasma, donors with G6PD deficiency 

and normal G6PD levels had similar concentrations of total 

MPs, RMPs, and PMPs. LMP concentrations were signifi-

cantly lower in donors with G6PD deficiency than in those 

with normal G6PD levels.

Reliability and Accuracy of Flow Cytometry 
Quantitation of MPs

The current study first addressed whether the established 

MP gate could determine changes in MP quantity. The 

whole blood was treated with A23187 to induce MP release. 

After 15 minutes, the quantity of PS-exposing MPs was 

determined. The results showed that the percentage and 

quantity of MPs in platelets treated with A23187 were higher 

than in the control platelets (25.01% vs 5.58%; 819,527 

particles/µL vs 26,651 particles/µL).
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For the accuracy, the results showed an r2 of 0.99 

(P <.001) between the measured and expected platelet 

concentrations (Figure 2A). To address the precision of 

the counting approach, 10 aliquots of referent microbeads 

with known concentrations were determined in a single 

run. The results showed a coefficient of variation (CV) 

of 7.9% (Figure 2B). In addition, analysis of the referent 

microbeads for 10 consecutive days showed a CV of 10%.

The study also addressed whether positive signals 

for MPs were a result of specific binding between the 

annexin and the expressed PS. The specimens were 

Table 1. Hematology Parameters of Blood Donor with G6PD Deficiency and Normal G6PD Levels

Analyte Mean (SE) (minimum–maximum) P Value

G6PD-deficient Groupa G6PD-normal Groupb

RBC (×106/µL) 4.8 (0.05) (3.8–6.2) 4.9 (0.05) (3.9–6.8) .78
Hb (g/dL) 14.1 (0.2) (11.5–17.4) 13.9 (0.1) (11.7–17.1) .63
Hct (%) 42.8 (0.6) (36.1–52.6) 42.1 (0.4) (35.3–51.2) .31
MCV (fL) 88.7 (0.8) (78.4–98.4) 86.8 (0.4) (61.1–95.1) .01c

MCH (pg) 29.2 (0.3) (24.8–33.6) 28.6 (0.2) (25.1–31.3) .19
MCHC (g/dL) 32.9 (0.1) (30.2–35.2) 33.2 (0.1) (30.8–34.9) .13
RDW (%) 13.4 (0.1) (11.6–15.8) 13.5 (0.1) (12.2–16.3) .63
WBC (×103/µL) 7.1 (0.2) (4.5–12.3) 7.1 (0.1) (4.4–10.1) .89

G6PD, glucose-6-phosphate dehydrogenase; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentrate; RDW, red blood cell distribution width; WBC, white blood cell.
an = 49.
bn = 98.
cIndicates a statistically significant difference between the groups.

Table 2. Concentration of Total MP, RMP, PMP, and LMP in Whole Blood, PRBC, PC, and Plasma from 
Donors with G6PD Deficiency and Normal G6PD Levels

Analyte Mean (SE) (minimum–maximum) P Value

G6PD-deficient Groupa G6PD-normal Groupb

Whole Blood
  Total MPs 24,584 (935) (13,194–41,067) 28,067 (1307) (12,586–70,825) .07
  RMPs 13,175 (702) (4001–25,387) 11,778 (389) (5322–24,360) .06
  PMPs 8680 (563) (2240–23,329) 10,969 (426) (2842–27,907) .001c

  LMPs 158 (32) (0–672) 347 (35) (0–1206) .001c

PRBCs  
  Total MPs 40,594 (8266) (18,633–447,253) 31,659 (1032) (14,370–107,169) .15
  RMPs 25,526 (3977) (8526–219,147) 18,738 (563) (7308–36,185) .02c

  PMPs 10,777 (3165) (0–157,547) 8084 (619) (1455–59,283) .26
  LMPs 239 (56) (747–2014) 281 (31) (0–1334) .48
PCs  
  Total MPs 26,026 (1589) (16,751–50,598) 40,167 (2660) (17,423–139,253) .006c

  RMPs 10,581 (884) (3081–24,904) 9539 (315) (4472–18,779) .16
  PMPs 10,661 (981) (4800–21,953) 15,568 (896) (5619–56,324) .006c

  LMPs 163 (52) (0–988) 283 (38) (0–1561) .11
Plasma  
  Total MPs 177,564 (74,176) (15,960–3.6 × 106) 145,098 (18,092) (19,721–1.3 × 106) .58
  RMPs 10,965 (998) (4032–36,762) 12,042 (511) (4141–31,282) .28
  PMPs 126,524 (63,816) (6080–3 × 106) 76,556 (9408) (10,477–617,525) .29
  LMPs 161 (36) (0–1220) 339 (44) (0–2038) .008c

MPs, microparticle; RMPs, red blood cell-derived microparticles; PMPs, platelet-derived microparticles; LMPs, leukocyte-derived microparticles; PRBCs, packed red blood cells; PC, 
platelet concentrate; G6PD, glucose-6-phosphate dehydrogenase. 
an = 49.
bn = 98.
cIndicates a statistically significant difference between the groups.
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examined for the presence of PS-exposing MPs, which 

were shown to be 5% after incubation with 1× annexin 

V buffer (Figure 2C). In contrast, the percentage of 

PS-exposing MPs decreased to 0.62% in the absence of 

1× annexin V buffer. Similarly, the quantity of PS-exposing 

MPs was 115,613 particles per µL in the presence of 1× 

annexin V buffer but decreased to 7,650 particles per µL 

in the absence of the buffer.

Discussion

The current study aimed to address whether the G6PD 

statuses of eligible blood donors are associated with 

MP concentrations in blood products. Comparison 

of the quantities of RMPs in whole blood and PRBCs 

suggests a potential influence of G6PD status on MP 

release.

A study by Francis et al21 examined the effect of storage on 

the quality of PRBCs from volunteers with G6PD deficiency, 

after 42 days. The results showed that the average post-

transfusion RBC recovery was lower in donors with G6PD 

deficiency than in those with normal G6PD levels, and that 

the former donors demonstrated defects in the oxidative-

phosphate pathway, suggesting an effect of storage on the 

quality of RBCs from such donors. 

The results of 1 study22 also suggested the risks of trans-

fusion using G6PD-deficient RBCs due to changes in the 

RBC antioxidant system during refrigerated storage. The 

current study determined the G6PD activity of donors 

and then examined the quantities of MPs before and after 

blood-component preparation. In whole blood specimens, 

the quantities of RMPs were similar in donors with G6PD 

deficiency and donors with normal G6PD levels. 

Our findings were in line with those of Tzounakas et al,23 

which showed similar levels of RMPs positive for annexin 

Figure 2

Platelet values. A, Linear regression analysis of measured platelets and their expected values in diluted specimens. B, Bar plots showing 

the within-run and between-run coefficients of variation (CVs) of the counting approach. C, Dot-plots of the annexin V vs side scatter (SSC) 

of platelet concentrates in the presence and absence of annexin V binding buffer. The numbers indicate phosphatidylserine (PS)–exposing 

microparticles (MPs) (%). FSC indicates forward scatter.
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V in fresh whole blood from donors with G6PD deficiency 

and those with normal G6PD levels. However, this finding 

contrasts with those of Nantakomol et al,17 who found 

higher quantities of MPs in whole blood obtained from 

G6PD-deficient individuals. This difference might be due 

to the variability in severity among populations with G6PD 

deficiency: the current study results found the average 

G6PD activity of groups with G6PD deficiency (4.55–5.26 

IU/gHb) to be within the ranges of heterozygous G6PD 

deficiency. However, the current study found a significant 

difference in the quantities of RMPs in PRBCs from the 

2 groups of donors. The quantity of RMPs in the groups 

with G6PD-deficient groups was 1.4-fold higher than in 

the G6PD-normal group, suggesting a potential effect of 

blood processing on RMP release in donors with G6PD 

deficiency. This suggestion is supported by the results 

of a study24 that showed that exposing PRBCs to high 

shear stress during PRBC preparation induced changes 

in RBC properties and deformability. High shear stress 

might cause increased numbers of RMPs in PRBCs during 

preparation in products from donors with G6PD deficiency. 

Considering this observation, monitoring the quantities of 

RMPs in PRBCs might be necessary to minimize post-

transfusion complications in countries where the preva-

lence of G6PD deficiency is relatively high.

Our study results also found that the levels of PMPs and 

LMPs in whole blood, PC, and plasma prepared from 

donors with G6PD deficiency were lower than those in 

products prepared from donors with normal G6PD levels. In 

the case of PMPs, this is an unexpected finding; however, 

because G6PD-deficient cells are sensitive to oxidative 

damage, platelets might shed more PMPs in response to 

this stress. Also, increased PMP levels have been reported 

in individuals with G6PD deficiency.17 Considering the differ-

ence in the sizes of the 2 cohorts in the current study, more 

data from donors with G6PD deficiency are required to 

confirm the lower PMP concentrations. In the case of LMPs, 

although the current study found a significant difference 

between the donor groups, the clinical significance of these 

differences requires further investigation, given the low con-

centrations compared to other MP subpopulations. 

Regarding the hematological parameters, the current study 

found similar values for RBC counts, hemoglobin (Hb), hem-

atocrit (Hct), mean corpuscular hemoglobin (MCH), mean 

corpuscular hemoglobin concentration (MCHC), and RBC 

distribution width (RDW). However, a slight but significant 

difference in MCV was found between donors with G6PD 

deficiency and those with normal G6PD levels, although the 

average values for both groups were within normal ranges 

compared to previous study reports.25,26 Considering this 

point, further study is required to confirm this difference in 

donors with G6PD deficiency and to assess the association 

between MP levels and MCV values.

Results of some studies27–29 have suggested variability 

in MP quantitation using flow cytometry. However, the 

accuracy of the flow cytometry approach for MP quantita-

tion, as investigated in the current study, was supported by 

the following evidence. First, the results of dilution experi-

ments showed a good correlation between the expected 

and measured values for platelet concentration. Second, 

the within-run and between-run values were less than 10%, 

suggesting the precision of the counting approach used. 

Finally, A23187-treated PC showed increased MP concen-

trations, suggesting the success of the strategy for opti-

mizing flow-cytometry gating. 

We note that our study used A23187 to induce the release 

of MPs. Accumulated evidence has shown that A23187 

can induce MP release, which involves the influx of intra-

cellular calcium, reorganization of the cytoskeleton, and 

induction of caspase protein.30,31 Also, our results showed 

that the percentage of MPs without 1× annexin V binding 

buffer was less than 1%, compared with the percentage 

with annexin V binding buffer, suggesting the specificity of 

annexin V staining.

One limitation of the current study is that it addressed MP 

concentrations at only a single time point because the con-

tinuing high need for transfusion products resulted in a limited 

number of available blood products. Hence, there were no 

data regarding the effect of storage on the MP release in 

products from donors with G6PD deficiency. Another limitation 

is that although the study considered blood quality, it did not 

include post-transfusion data from recipients. Therefore, future 

studies are needed to address the efficacy of blood products 

obtained from donors with G6PD deficiency.

Our investigation revealed increased numbers of RMPs in 

the PRBCs obtained from eligible blood donors with G6PD 

deficiency. The implementation of routine quantitation of 

MPs in blood products might be necessary in transfusion 

laboratories to monitor the changes in MP levels in blood 

products after processing or storage. This finding could be 

of clinical relevance in managing the quality of blood com-

ponents in transfusion laboratories. LM
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ABSTRACT
Rat bite fever and Haverhill fever are often difficult to diagnose in 
a clinical setting. This difficulty results in part from clinicians and 
laboratory professionals not being able to reliably recover the causative 
agent Streptobacillus moniliformis using culture-based methods. After 
utilizing an automated continuous-monitoring blood culture bottle 
system, we showed that the organism can be reliably cultured when 
a blood volume inoculum of 10 mL is used. Further, we showed that 
when the above recommendation is followed, sodium polyanethole 
sulfonate (up to a concentration of 0.05% w/v) in commercially 

purchased blood culture bottle formulations seems to be inactivated, 
allowing for the growth and detection of S. moniliformis. Herein, we 
offer data and methods used to overcome these clinical limitations. This 
is a comprehensive study of the historical collection of S. moniliformis 
isolates maintained by our facility and believed to be the largest of its 
kind to date.

Keywords: Haverhill fever, Liquoid, rat-bite fever, sodium polyanethole 
sulfonate, Streptobacillus moniliformis

 

Streptobacillus moniliformis is the primary etiologic agent 

of rat bite fever (RBF) and Haverhill fever (HF), zoonotic 

diseases with similar clinical presentations but acquired 

through 2 separate routes of infection. Typically, RBF is 

associated with bites or scratches from rats or other ani-

mals that serve as a reservoir for the bacterium, whereas 

HF is associated with the consumption of foods contam-

inated with rat urine or feces. Clinical presentation often 

includes but is not limited to fever, chills, myalgia, head-

ache, and vomiting. Patients may also develop or present 

with a maculopapular rash covering their extremities 

approximately 2 to 4 days after onset of fever followed by 

polyarthritis, which is reported in roughly 50% of all pa-

tients. If left untreated, the mortality rate for RBF is reported 

to be 10% to 13%.1-3 Considered rare, these diseases are 

difficult to diagnose because of the nonspecific presenta-

tion of symptoms, lack of reporting rodent exposures, and 

difficulty recovering S. moniliformis in the clinical laboratory. 

As a result, RBF and HF are most likely underreported in the 

United States.1

The bacterium S. moniliformis is a gram negative pleo-

morphic rod, occurring frequently in chains and tangled 

filaments with bulbous or Monilia-like swellings (Figure 1). 

The organism presents phenotypically as being faculta-

tively anaerobic and nonmotile, weakly ferments glucose 

and maltose, is catalase- and oxidase-negative, does not 

reduce nitrate, and exhibits no growth on MacConkey agar.4 

Morphologically, colonies of S. moniliformis are 1 to 2 mm 



in size, smooth, convex, nonhemolytic (varied presentation 

with an α-hemolysis is not uncommon), and gray in color. 

When cultured in broth, a typical “puffball” appearance is 

seen (Figure 2).

The fastidious nature of S. moniliformis makes it difficult to 

culture, with current published recommendations stating 

that it requires media supplemented with 20% serum, as-

citic fluid, or whole blood to grow.1 Numerous published re-

ports have also stated that the organism is inhibited by the 

polyanionic detergent sodium polyanethole sulfonate (SPS; 

trade name, Liquoid; Hoffman-La Roche, Inc., Nutley, NJ), 

the main anticoagulant in modern commercially available 

blood culture bottles, used in automated continuous blood 

culture instruments.1-3

In the present study, we research the reported fastidious 

nature of S. moniliformis, its inhibition by the anticoagulant 

SPS, and culturing guidelines in patients with suspected 

RBF while also providing methods for reliably culturing 

S. moniliformis using an automated continuous blood cul-

ture system. New research is also presented and data are 

provided showing that when a specific volume of blood was 

used for inoculum, it resulted in the 100% recovery and 

successful growth of this organism and seemed to over-

come the inhibitions and limitations that historically have 

been observed when using SPS for blood culturing and 

recovering S. moniliformis in a clinical setting.1,5-7

Materials and Methods

Bacterial Strains

The strains examined in this study (n = 56), along with their 

sources, are presented in Table 1. Dating from 1965, all 

isolates (excluding the type strain) were submitted to our 

facility’s Special Bacteriology Reference Laboratory for 

identification.

All isolates were recovered from frozen stocks, subcultured 

on heart infusion agar (HIA) supplemented with 5% rabbit 

blood, inoculated in brain heart infusion (BHI), and grown 

aerobically at 35°C. It was unnecessary to cultivate isolates in 

a CO
2
-enriched environment. Frozen stocks, upon the initial 

culturing, were immediately placed back into a –80°C freezer 

and were not subcultured again until the main SPS study was 

to begin. This process minimized specimen processing and 

optimized data collection for fresh-/low-passage isolates. The 

working stock/growth from the initial frozen stocks was used 

to carry out species/isolate confirmation, biplate growth, and 

the SPS disk zone of inhibition (ZOI)/sensitivity studies.

Confirmation of Bacterial Species

Confirmation of the bacterial species used within this study was 

performed via 16S rRNA sequencing and/or matrix-assisted 

laser desorption/ionization time-of-flight mass spectrometry 

(MALDI-TOF MS; Bruker Daltonics, Bremen, Germany).

MALDI-TOF

All specimens were plated and processed on a MALDI 

biotyper SMART (Bruker Daltonics, Bremen, Germany) 

using the extended direct transfer method, with all accepted 

scores for species identification being >2.00.

16S rRNA Sequence Analysis

Purification of genomic DNA, primers for polymerase chain 

reaction (PCR), and amplification of near-full-length 16S 

rRNA gene fragments, purification of amplicons, and DNA 

cycle sequencing were performed as described previously.8 

Consensus 16S rRNA gene sequences were assembled 

and edited using Geneious software, version 11.1.5 (https://

www.geneious.com), and were submitted to GenBank using 

BLASTn software (https://www.ncbi.nlm.nih.gov/blast/; 

Supplemental Figure 1).

Figure 1

Gram stain image from culture of S. moniliformis showing 

pleomorphic, gram negative rods in chains and tangled filaments 

with bulbous-like swellings (×1000).
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S. moniliformis Growth Observations With and 
Without Blood Supplementation

All isolates were grown from frozen stock and subcultured 

for purity on HIA supplemented with 5% rabbit blood and 

incubated aerobically at 35°C without supplemental CO
2
. 

Colonies were streaked to HIA biplates (5% rabbit blood/no 

blood) and allowed to incubate for 72 hours. Final growth 

determination was made at 72 hours and documented 

qualitatively (+/++/+++/++++/no growth [NG]).

S. moniliformis ZOI with 1 mg SPS Disks

Similar to the growth observations of S. moniliformis 

noted above, all isolates were grown from frozen stock 

and subcultured for purity on HIA supplemented with 5% 

rabbit blood and incubated aerobically at 35°C without 

supplemental CO
2
. Colonies were streaked to HIA (with 5% 

rabbit blood), and a 1 mg impregnated SPS disk (Hardy 

Diagnostics) was placed in quadrant 1 and allowed to incu-

bate at the above conditions. Measurements of inhibition 

zones were taken at 24 hours with final measurements 

being taken at 48 hours for isolates requiring longer incuba-

tion times to accurately record a zone measurement.

Edberg and Edberg Time-Kill Procedure and 
Modification(s)

This experiment idea was conceptualized from a 1983 pub-

lication by Edberg and Edberg,7 which included a “time-kill” 

(TK) study looking at the relationship of SPS and hemo-

globin using strains of Neisseria meningitidis and Neisseria 

gonorrhoeae. Per their design, the authors inoculated 

both N. meningitidis and N. gonorrhoeae at a concentra-

tion of 1 × 105 in 0.05% SPS with and without 3% hemo-

globin. The specimens were incubated under appropriate 

Figure 2

S. moniliformis growth showing colony morphology on HIA with 5% rabbit blood: 1 to 2 mm in size, smooth, convex, nonhemolytic, and grey 

in color with characteristic “puffball” appearance in BHI broth after 48 hours. BHI, bone heart infusion; HIA, heart infusion agar.
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Table 1. Collection/Submission History for S. moniliformis Strains Used

Strain Identifier Year of Isolation Source Final Identification Method (MALDI-TOF/16S)

1 A3410 1965 Human Blood MALDI-TOF
2 A3531 1965 Human Blood MALDI-TOF
3 A7171 1967 Human Blood MALDI-TOF
4 B8900a 1971 Human Blood 16S
5 C7016 1973 Human Blood MALDI-TOF
6 C7795 1973 Human Blood MALDI-TOF
7 D7626 1976 Human Blood MALDI-TOF
8 ATCC 14647b 1980 Septicemia 16S
9 F2022 1981 Human Blood MALDI-TOF

10 F1527 1981 Human Blood MALDI-TOF
11 F2396 1982 Human Blood MALDI-TOF
12 F2384 1982 Human Blood MALDI-TOF
13 F3043 1982 Human Blood MALDI-TOF
14 F4559 1983 Joint Fluid MALDI-TOF
15 F4558 1983 Human Blood MALDI-TOF
16 F5001 1983 Joint Fluid MALDI-TOF
17 F5599 1984 Human Blood MALDI-TOF
18 F5431 1984 Joint Fluid MALDI-TOF
19 F6762 1985 Joint Fluid MALDI-TOF
20 F8454 1986 Joint Fluid MALDI-TOF
21 G0716 1987 Heart Tissue MALDI-TOF
22 G4934 1990 Joint Fluid MALDI-TOF
23 G6651 1991 Pustule MALDI-TOF
24 G6134 1991 Joint Fluid MALDI-TOF
25 G6483 1991 Human Blood MALDI-TOF
26 G7408 1992 Human Blood MALDI-TOF
27 G7586 1992 Human Blood MALDI-TOF
28 G7806 1992 Human Blood MALDI-TOF
29 G7643A 1992 Shoulder Aspirate MALDI-TOF
30 G7587 1992 Human Blood MALDI-TOF /16S
31 G8797 1993 Human Blood MALDI-TOF
32 G8599 1993 Human Blood MALDI-TOF
33 G8611 1993 Human Blood MALDI-TOF
34 G8568 1993 Joint Fluid MALDI-TOF
35 G8683A 1993 Joint Fluid MALDI-TOF
36 G8718 1993 Human Blood MALDI-TOF
37 G9007 1994 CSF MALDI-TOF
38 G9037 1994 Human Blood MALDI-TOF
39 G9555 1995 Septicemia MALDI-TOF
40 G9874 1996 Human Blood MALDI-TOF
41 H0896 1998 Human Blood MALDI-TOF
42 H0840 1998 Skin Lesion MALDI-TOF
43 H1141 1999 Human Blood MALDI-TOF
44 H1600 2000 Human Blood MALDI-TOF
45 H1736 2000 Human Blood MALDI-TOF
46 H1765 2000 Human Blood MALDI-TOF
47 H1924 2001 Human Blood MALDI-TOF
48 H2730 2003 Human Blood MALDI-TOF
49 H3645 2005 Human Blood 16S
50 H4152 2006 Hip Fluid 16S
51 H5065 2009 Human Blood 16S
52 H6118 2012 Human Blood 16S
53 H6036 2012 Hand Wound MALDI-TOF
54 H6796 2018 Human Blood 16S
55 H6798 2019 Joint Fluid 16S
56 H6799 2019 Human Blood 16S

CSF, cerebrospinal fluid; MALDI-TOF, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; 16S, 16S RNA gene sequencing.
aDesignates isolate used by Lambe et al.5
bDesignates type of strain used in this study.
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conditions for their organisms and sampled every 2 hours 

for a total of 24 hours. Viable cell counts and colony forming 

unit (CFU) observations were performed in their study by 

the Koch method.

We used and modified this method to test our hypoth-

esis regarding blood volume needed for optimal organism 

growth in a 0.05% SPS formulation. Conditions were modi-

fied as follows: the organism inoculum tested was 1 × 103 

(1 mL); the blood culture broth used was a commercially 

available aerobic blood bottle (BD BACTEC Plus Aerobic/F, 

Becton Dickinson, Franklin Lakes, NJ; 30 mL volume); the 

blood inoculum tested was 4 mL, 7 mL, and 10 mL; bottles 

were incubated at 35°C, aerobically, without shaking; 1 mL 

aseptic sampling was performed at 20, 28, 44, 52, 68, 76, 

and 92 hours and then frozen (–80°C); DNA was extracted 

from all specimens; and specimens were run, analyzed, and 

interpreted using a real-time PCR instrument.

Modified TK Procedure Using Strain B8900 in 
0.05% SPS to Determine Optimal Blood Volume 
for Growth/Detection

Strain B8900 was grown from frozen stock and subcultured 

on HIA supplemented with 5% rabbit blood and incubated 

aerobically at 35°C without supplemental CO
2
. Once grown, 

colonies were suspended in BHI to a 1.00 McFarland tur-

bidity value and serially diluted. Final dilutions were plated 

in triplicate and allowed to incubate for 48 hours in the 

aforementioned conditions. Plate counts were conducted 

manually, and a starting CFU/mL was determined. Three 

1 mL aliquots of a 500 to 1000 CFU/mL suspension were 

then inoculated into 3 separate BD BACTEC Plus Aerobic/F 

blood culture bottles, each containing anticoagulant-free 

whole human blood at volumes of 4 mL, 7 mL, and 10 mL. 

Bottles were placed upright inside a 35°C incubator without 

supplemental CO
2
 and were allowed to remain stationary 

until sampling. One mL sampling was performed at 8- and 

16-hour increments (inverting the bottles and mixing the 

contents 3 to 4 times before sampling) and frozen at –80°C 

until the end of the experiment, which concluded at 91 

hours and included 21 specimens covering 7 timepoints.

In addition to the above specimen setup, 3 additional BD 

BACTEC Plus Aerobic/F blood culture bottles were inoculated 

with the same 1 mL aliquot serial dilutions with anticoagulant-

free blood volumes of 4 mL, 7 mL, and 10 mL and loaded into 

the BDFX40 automated continuous blood culture bottle instru-

ment to run a side-by-side comparison of growth and detection 

utilizing clinical laboratory automated instrumentation. Once 

an optimal blood volume was determined, this procedure was 

repeated for 3 additional specimens, which included the strains 

ATCC 14647 and ATCC 14647 in BHI without blood or SPS and 

the strain H3645 as a baseline control.

DNA Lysis and Extraction

DNA from the frozen timepoint specimens, collected from 

the modified Edberg and Edberg TK study7 (n = 84) con-

sisting of the ATCC 14647, B8900, H3645, and ATCC 14647 

strains in BHI without blood or SPS, were extracted using 

an in-house custom protocol utilizing 180 μL of bacterial 

lysis buffer (Roche, Basel, Switzerland) with 20 μL of PCR 

grade proteinase K (Roche) for a total of 200 μL. The blood 

culture timepoint specimens were then thawed on ice, and 

200 μL of blood culture specimens was then added to the 

lysis mix, vortexed, and incubated at 65°C for 10 minutes 

(an additional 95°C inactivation step was omitted to avoid 

whole blood clotting). After incubation, each specimen 

was vortexed briefly again and extracted using the Roche 

automated MagNA Pure Compact instrument (MagNA 

Pure Compact Nucleic Acid Isolation Kit 1; v.17, bacterial 

protocol) with an initial input volume of 400 μL and stored in 

a final elution buffer volume of 100 μL.

Topoisomerase Based Cloning Clone and 
S. moniliformis Specific Standard(s) Creation/
PCR and Analysis

Topoisomerase based cloning (TOPO) cloning was utilized to 

make stable positive controls and standards for the modi-

fied TK study. To construct a species-specific standard, 

a 168 bp amplicon was produced by PCR using primers 

targeting a conserved region within the GrpE protein in 

S. moniliformis strain ATCC 14647. After purifying the PCR 

product, the amplicon was directly inserted into a plasmid 

vector following the manufacturer’s instructions (pCR2.1 

TOPO, Invitrogen, Carlsbad, CA) and propagated in suscep-

tible Escherichia coli hosts. Plasmid DNA was then purified 

and sequenced using primers M13(-20) forward and reverse, 

and plasmid insert size was determined. The concentration 

of plasmid DNA suspended in elution buffer was determined 

to be 32.6 μg/mL with a 260/230 ratio of 1.98 (obtained via 

NanoDrop, ThermoFisher, Waltham, MA). The plasmid DNA 

was then serial diluted in SeraCare Basematrix (Milford, MA; 

to best replicate human specimen plasma and provide a more 

long-term stable control) to concentrations ranging from 1 × 

108 copies/mL to 1 × 103 copies/mL and extracted via the 
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Roche MagNA Pure Compact with an initial input volume of 

200 μL and stored in a final elution buffer volume of 100 μL 

using a standard plasma protocol (MagNA Pure Compact 

Nucleic Acid Isolation Kit 1; v.17).

Using the 6 extracted standards (1 × 108 copies/mL to 1 × 103  

copies/mL), a standard curve was constructed using the 

Bio-Rad CFX96 real-time thermal cycler (Hercules, CA) with 

an r2 value of 0.99 and a 92% overall run efficiency (PCR run 

parameters and conserved sequence primers will be presented 

in a subsequent publication). Standard-3 (1 × 106 copies per 

mL) was chosen to be the positive control for the experimental 

modified TK real-time qualitative PCR assay, with a threshold 

value (Ct) of 30.98 for the B8900 run and 31.9 for the ATCC/

H3645 run. Reproducibility was verified by calculating a 3-day 

average of standard-3, run in triplicate for a total of 9 speci-

mens. Data showed an average of 31.4 over 3 consecutive 

days using the 9 data points. Because a qualitative real-time 

PCR assay was utilized, specimen Ct values obtained during 

the experiment had to be back-calculated and based on the 

positive control used for the run to approximately extrapolate 

sample bacterial load(s). (A perfect PCR standard curve slope 

or regression line is –3.3, because the standards are made in 

10-fold dilutions. This measurement correlated to a ±3.0 to 3.3 

Ct change, equating to a difference of approximately 1-log; any 

change in log resulting in a nonwhole number was rounded 

based on significant figures in this experimental proof of con-

cept to roughly estimate bacterial load (±) and to help extrapo-

late an experimental S. moniliformis growth curve under the 

varying conditions being tested.)

Blood Culture Bottles and Instrumentation

All time-to-detection (TTD) studies were performed using the 

BDFX40 automated continuous blood culture bottle instru-

ment with BD BACTEC Plus Aerobic/F blood culture bottles 

(Becton Dickinson). Formulations for additional bottle type(s) 

can be found on the manufacturer’s website (http://www.

bdbiosciences.com). All organisms, whole blood inoculums, 

and appropriate blood culture medium bottles utilized in this 

study were loaded and read continuously every 10 minutes, 

rocked, and held at a temperature of 34.5°C on the BDFX40 

automated continuous blood culture system, which utilizes 

fluorescence detection technology.

McFarland Turbidity Correlations Between 
Expected and Observed CFU/mL

McFarland turbidity values were verified using the 

DensiCHEK plus instrument (Biomérieux, Durham, NC) with 

plastic vials, and instrument quality control was performed 

and documented on every day of use. Suspensions of 

bacterial cells were made in 3 mL BHI to an approximate 

McFarland standard of 1.0. Serial dilutions were made, and 

plate counts were performed to obtain estimated CFU/

mL for the starting cell suspensions. Various concentra-

tions were also tested to best simulate real-world clinical 

scenarios and TTDs using automated continuous blood 

culture instrumentation.

BDFX40 TTD Study in the presence of 0.05% 
SPS When Using 105 CFU/mL with 10 mL Whole 
Blood Inoculum

Inhibitory effects of SPS on S. moniliformis were tested 

by making suspensions of bacterial cells in 3 mL BHI to 

McFarland turbidity values ranging from 0.92 to 1.09 with 

an average of 1.01 (n = 56). Serial dilutions were made 

to obtain estimated concentrations ranging from 108 to 

105 CFU/mL. One mL of the final concentration (105) was 

then added to 10 mL anticoagulant-free whole human blood 

and inoculated into BD BACTEC Plus Aerobic/F blood cul-

ture bottles (Becton Dickinson). Bottles were incubated for 

21 days or until alerted as positive by the instrument. For 

all positive bottles, TTD was recorded, Gram staining was 

performed, and blood bottle specimens were recultured to 

confirm sterility, viability, and cultivability.

Sterility Verification

Initial sterility tests were performed with 10 mL BHI broth 

used in the study and 10 mL whole human blood and in-

cubated for 7 days in the BD BACTEC Plus Aerobic/F and 

Anaerobic Plus blood culture bottles. Sterility testing was 

performed for every new lot of BHI and new shipment/unit 

of whole human blood. Unless otherwise noted, negative 

results were obtained after a 7-day incubation time.

Results

Confirmation of Bacterial Species

Confirmation of all S. moniliformis strains (n = 56) used 

within this study and final identification method(s) used are 

reported in Table 1. GenBank accessions, if the final ID was 

confirmed via 16S, are reported in the supplemental data 

(Supplemental Figure 1).
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Modified TK procedure Using Strain B8900 in 
0.05% SPS to Determine Optimal Blood Volume 
for Growth/Detection

Experimenting with varying amounts of blood inoculum, 

10 mL blood was determined to provide the best results 

for detection and growth/viability and propose a theoretical 

growth curve for the organism (Figure 3A). In comparison 

studies as described, 10 mL also provided a TTD of 33.0 

hours whereas 4 mL and 7 mL failed to provide organism 

growth/recovery and indicated a negative result for BDFX40 

detection of the organism. Raw data, interpretations, and 

quantitative extrapolations are shown in Table 2.

Expanded data with the ATCC 14647, H3645, and ATCC 

14647 strains in BHI without blood or SPS can be refer-

enced in Figure 3B (raw data and quantitative extrapo-

lations not shown). As shown in the B8900 study, 10 mL 

blood inoculum provided ideal growth conditions, resulting 

in qPCR data that showed increases in growth and instru-

ment detection at TTDs of 15 hours for ATCC 14647/H3645, 

whereas ATCC 14647 in BHI without blood and without 

SPS failed to be detected by the instrument or show viable 

growth after subculturing at 21 days.

S. moniliformis Growth Observations with and 
Without Blood Supplementation

S. moniliformis experimental growth requirements and 

observations with and without blood supplementation on 

HIA biplates are reported in Table 3. Results showed that 

33.9% (n = 19) exhibited abundant growth (+4) on blood but 

showed NG on agar lacking blood supplementation (Figure 
4A). In addition, 66.1% (n = 37) of the 56 isolates exhibited 

abundant growth (+4) on blood and limited or diminished 

growth (1–2+) on agar with no blood supplementation 

(Figure 4B).

S. moniliformis ZOI with 1 mg SPS Disks

S. moniliformis sensitivity when grown around a 1 mg SPS 

disk (Figure 5) are reported in Table 3. The largest ZOI re-

corded was 28 mm (n = 2), with the smallest being 15 mm 

(n = 6). The average ZOI was 19.1 mm (n = 56), with the 

mode being 20 mm (n = 13). We found that 76.8% (n = 43) 

of the specimens had to be read at 48 hours because 

longer incubation times were needed to accurately record 

a zone measurement; meanwhile, 23.2% (n = 13) could be 

read and interpreted after 24 hours of incubation.

McFarland Turbidity Correlations Between 
Expected and Observed CFU/mL and Final 
Inoculum Design for BDFX40 TTD Study

According to the manufacturer of the DensiCHEK plus 

(Biomérieux), the expected CFU/mL at a McFarland turbidity 

value of 1.0 yields an organism suspension of approxi-

mately 108. The observed CFU/mL for S. moniliformis at a 

McFarland standard of 1.0 was equivalent to an average 

of 108 ±1 log (data not shown). Because of the filamentous 

morphology of S. moniliformis, estimated CFU/mL are likely 

to be more variable than those for nonfilamentous bacteria. 

Using data available to the public via peer reviewed publi-

cations9-12 (n = 15) and based on submitted blood culture 

bottles to the laboratory in our facility that previously were 

detected as positive (n = 2), we found that a TTD range 

of 25 to 35 hours seemed to be common in a majority of 

clinical RBF published case studies. We were able to use 

this understanding to test various concentrations that could 

be detected in a similar time frame and found 105 to be 

the ideal concentration. Over the 56 isolates tested, we 

obtained an average TTD of 26.5 hours.

BDFX40 TTD in the Presence of 0.05% SPS 
When Using 105 CFU/mL with 10 mL Whole 
Blood Inoculum

The results of the BDFX40 TTD study in the presence of 

0.05% SPS when using 105 CFU/mL with a 10 mL whole 

blood inoculum are shown in Table 3. Briefly, for all isolates 

tested, 100% (n = 56) were detected or alerted as positive 

by the instrument when 10 mL blood inoculum was used, 

with the longest time required for detection 102 hours 

(n = 1) and the fastest TTD recorded at 13.4 hours (n = 1). 

The average TTD was 26.5 hours (n = 56), with a mode of 

18 hours (n = 9).

Discussion

Current reported recommendations for processing speci-

mens from a patient with suspected RBF/HF include using 

media supplemented with 20% serum, ascitic fluid, or whole 

blood, and incubation in an atmosphere of 5% to 10% 

CO
2
. Research has reported SPS to be inhibitory at con-

centrations ranging from 0.0125% to 0.05%,1-3, 13, 14 so it is 
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suggested to avoid using blood culture bottles/media con-

taining SPS as an additive altogether, but if needed, then to 

not exceed a concentration above 0.025%. S. moniliformis 

is best isolated from specimens such as blood, synovial 

fluid, and abscess material.2 In a hospital setting, inoculation 

of these fluids, abscess material excluded, into a blood cul-

ture bottle and incubation in an automated continuous blood 

culture instrument would be standard practice. However, 

based on the current recommendations for this organism, 

blood culture bottles should be avoided because of the use 

of SPS. 

In some resources, there is guidance to use anaerobic blood 

bottles when RBF is suspected, due to the absence of SPS 

in the formulation.1, 2 Biomérieux and Becton Dickinson use 

SPS in the formulations of all their bottles. ThermoFisher 

Scientific uses saponin instead of SPS in its anaerobic bottle 

only. Although the use of anaerobic bottles for the detec-

tion of S. moniliformis was not tested within the scope of 

our study, this type of bottle is specified for use with strict 

anaerobes, which would exclude it from consideration for 

the isolation and growth of S. moniliformis in a clinical setting 

(Table 4). However, there have been published cases of the 

Figure 3

A. Modified Edberg and Edberg7 TK qPCR experiment data using 4 mL, 7 mL, and 10 mL blood with strain B8900 to determine optimal 

blood volume and theoretical growth curve. B. Modified Edberg and Edberg7 TK qPCR experiment data using 10 mL whole blood with 

strains ATCC 14647 (with and without blood/SPS) and H3645. qPCR, quantitative polymerase chain reaction; SPS, sodium polyanethol 

sulfonate; TK, time-kill.
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successful isolation and growth of S. moniliformis from an-

aerobic bottles in a clinical setting, most likely because of a 

varying SPS formulation, ranging anywhere from 0.025% to 

0.05% depending on the manufacturer used.9 Although this 

study was designed and completed specifically using the 

BDFX40 from Becton Dickinson, along with the blood culture 

bottles with a 0.05% SPS formulation also commercially 

produced by them, the extrapolation could be made that with 

other manufacturers’ formulations within a similar SPS per-

centage, organism recovery should be achievable following 

these guidelines, although side-by-side comparison studies 

should be completed in the future.

A 1983 study that has been seemingly disregarded may be 

the key to unlocking many of the culturability issues seen 

when S. moniliformis is suspected. Edberg and Edberg,7 

from the clinical microbiology laboratory at Yale-New 

Haven Hospital (New Haven, CT), published a study on 

the inactivation of SPS by hemoglobin. During the course 

of their study, they documented the interactions between 

the 2 compounds, concluding that SPS and hemoglobin 

combined in a first-order kinetic interaction forming an 

insoluble precipitate, essentially inactivating the SPS. To 

document the protective effects of hemoglobin on SPS-

sensitive organisms, they designed a TK study using strains 

of N. meningitidis and N. gonorrhoeae. The experiment 

documented the strains’ growth in 0.05% SPS alone and in 

their hypothesized optimal ratio of 1:6 (SPS: hemoglobin; 

wt/wt). Specimens were taken at various timepoints ranging 

from 2 to 24 hours. Data were collected, and a relation-

ship between log (CFU/mL) and time (hours) was observed. 

When combined with 3% hemoglobin, N. meningitidis and 

N. gonorrhoeae strains in 0.05% SPS showed a 3 to 4 log 

increase in bacterial growth when compared to the same 

strains in 0.05% SPS and 0% hemoglobin. The authors 

concluded that the hemoglobin did in fact exercise a pro-

tective effect on isolates that were SPS-sensitive.7 This con-

clusion may help address and explain why so many modern 

laboratories are not able to reliably detect and/or grow the 

organism in the presence of SPS.

Table 2.  Modified TK qPCR Time Sampling, Data, and Quantification (CFU/mL) Extrapolation Using 
10 mL, 7 mL, and 4 mL Blood with Strain B8900

Strain Amount of 
Human Whole 

Blood (mL)

Amount 
of SPS, 
% (w/v)

Sampling 
Time (h)

Ct/Δ in Ct with PC 
(±)/Δ in Bacterial 

Load (log) (±)

Quantitative 
Interpretation/

Approximation (c/mL)

BDFX40 Instrument 
Detection (yes/no)

… 10 0.05 19.0 31.1/+0.12/0.04 1 × 106 …
… 10 0.05 27.0 30.9/0.00/0.00 1 × 106 …
… 10 0.05 43.0 24.2/–6.8/+2.3 1 × 108 …
… 10 0.05 51.0 21.6/–9.4/+3.1 1 × 109 Yesa

… 10 0.05 67.0 19.4/–11.6/+3.9 1 × 1010 …
… 10 0.05 75.0 19.8/–11.1/+3.7 1 × 1010 …
… 10 0.05 91.0 19.9/–11.1/+3.7 1 × 1010 …
… 7 0.05 19.0 35.7/+4.7/–1.6 1 × 104 …
… 7 0.05 27.0 36.4/+5.4/–1.8 1 × 104 …
… 7 0.05 43.0 37.1/+6.1/–2.0 1 × 104 …
B8900 
(MF: 
1.00)

7 0.05 51.0 34.6/+3.6/–1.2 1 × 105 Nob

… 7 0.05 67.0 37.2/+6.2/–2.1 1 × 104 …
… 7 0.05 75.0 36.6/+5.6/–1.9 1 × 104 …
… 7 0.05 91.0 37.1/+6.2/–2.1 1 × 104 …
… 4 0.05 19.0 35.1/+4.2/–1.5 1 × 104 …
… 4 0.05 27.0 35.2/+4.3/–1.5 1 × 104 …
… 4 0.05 43.0 36.8/+5.9/–1.9 1 × 104 …
… 4 0.05 51.0 35.8/+4.9/–1.5 1 × 104 Nob

… 4 0.05 67.0 36.2/+5.3/–1.8 1 × 104 …
… 4 0.05 75.0 36.3/+5.4/–1.8 1 × 104 …
… 4 0.05 91.0 35.8/+4.9/–1.6 1 × 104 …

CFU, colony forming unit; Ct, threshold value; MF, McFarland turbidity reading; PC, positive control; qPCR, quantitative polymerase chain reaction; SPS, sodium polyanethole sulfonate; 
TK, time-kill.
aBDFX40 time to detection was 33 hours. 
bBlood culture bottle was not detected on BDFX40 after 21 days of incubation, and subculturing resulted in no growth after 72 hours.
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Table 3.  S.  moniliformis Biplate Growth, SPS Disk/ZOI, and TTD BDFX40 Data (with MF turbidity 
readings) for All Strains Used

Strain 
Identifier

Growth on TSA Biplate (5% 
rabbit blood/no blood)

Observed ZOI (1 mg 
SPS disk; mm)

McFarland Turbidity 
Reading

TTD in 0.05% SPS 
with 10 mL Blood (h)

1 A3410 ++++/+ 19a 0.93 22.0
2 A3531 ++++/+ 20 0.93 18.4
3 A7171 ++++/NG 18 0.93 19.6
4 B8900 ++++/+ 20 1.06 30.0
5 C7016 ++++/NG 19 0.93 21.5
6 C7795 ++++/+ 28a 0.90 19.5
7 D7626 ++++/+ 15a 0.96 18.5
8 ATCC 14647 ++++/+ 20a 1.05 102.0
9 F2022 ++++/+ 20a 1.09 42.5

10 F1527 ++++/NG 25a 1.03 49.4
11 F2396 ++++/+ 19a 0.96 17.3
12 F2384 ++++/+ 24a 0.96 40.6
13 F3043 ++++/+ 19 0.92 13.4
14 F4559 ++++/+ 20a 0.92 40.4
15 F4558 ++++/+ 18a 0.95 24.5
16 F5001 ++++/+ 27a 1.02 41.0
17 F5599 ++++/+ 20a 1.07 28.7
18 F5431 ++++/+ 14a 0.96 27.3
19 F6762 ++++/NG 18a 0.95 22.2
20 F8454 ++++/+ 17a 0.98 23.5
21 G0716 ++++/+ 20a 1.03 19.0
22 G4934 ++++/+ 22 0.97 18.3
23 G6651 ++++/+ 20a 1.00 18.6
24 G6134 ++++/+ 23a 0.98 26.1
25 G6483 ++++/+ 18a 1.01 19.5
26 G7408 ++++/+ 15a 1.06 16.0
27 G7586 ++++/+ 18a 0.93 24.6
28 G7806 ++++/NG 25a 1.05 18.1
29 G7643A ++++/+ 16a 1.03 19.2
30 G7587 ++++/+ 21a 1.04 22.6
31 G8797 ++++/NG 20a 1.05 17.2
32 G8599 ++++/NG 17 1.08 16.2
33 G8611 ++++/NG 18a 1.04 18.2
34 G8568 ++++/+ 15a 1.07 16.2
35 G8683A ++++/+ 25a 0.98 16.5
36 G8718 ++++/+ 20a 1.03 23.6
37 G9007 ++++/NG 25a 0.95 20.5
38 G9037 ++++/NG 25a 1.06 33.3
39 G9555 ++++/NG 20a 0.95 51.5
40 G9874 ++++/NG 18a 1.09 18.4
41 H0896 ++++/+ 18 1.06 14.4
42 H0840 ++++/+ 20a 0.94 18.4
43 H1141 ++++/NG 15 1.01 21.5
44 H1600 ++++/NG 23a 1.07 20.2
45 H1736 ++++/+ 18a 0.97 26.3
46 H1765 ++++/NG 25a 1.00 20.0
47 H1924 ++++/+ 23a 1.02 21.5
48 H2730 ++++/NG 28a 1.01 31.6
49 H3645 ++++/+ 15a 1.15 25.0
50 H4152 ++++/NG 19 1.17 30.0
51 H5065 ++++/+ 23 1.10 52.0
52 H6118 ++++/+ 17a 1.10 42.0
53 H6036 ++++/+ 17 1.01 23.4
54 H6796 ++++/+ 16 1.12 42.0
55 H6798 ++++/NG 18a 0.97 22.4
56 H6799 ++++/NG 15a 1.09 18.4

NG, no growth observed; SPS, sodium polyanethol sulfonate; TSA, Trypticase soy agar; TTD, time to detection; ZOI, zone of inhibition.
aDesignates a ZOI reading made at 48 hours.
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We found that in 100% of the isolates tested (and all the 

variations of testing within), SPS (up to a concentration of 

0.05% w/v) in commercially available blood culture bottles 

seemed to be inactivated, allowing for the growth detec-

tion and culturing of S. moniliformis using an automated 

continuous blood culture system when 10 mL blood was 

inoculated. Even though inhibition and lack of growth in our 

modified TK experiment was observed when blood volumes 

of 4 mL and 7 mL were used, inhibition or “sensitivity” was 

better visualized when 1 mg SPS disk testing was per-

formed. The ZOI testing using SPS disks helped us tangibly 

visualize SPS inhibition, if any, and document ZOIs that 

have never been studied in regard to S. moniliformis. The 

disks had the additional benefit of allowing us to presump-

tively “screen” for S. moniliformis. This screening was ac-

complished by observing either a mixed colony population 

Figure 4

A. S. moniliformis growth on biplate with 0% and 5% rabbit blood; image shows NG on side without blood supplementation and abundant 

growth (4+) on side with blood supplementation after 24 to 48 hours. B. S. moniliformis growth on biplate with 0% and 5% rabbit 

blood; image shows diminished growth (1+/2+) on side without blood supplementation and abundant growth (4+) on side with blood 

supplementation after 24 to 48 hours. NG, no growth.

Figure 5

S. moniliformis growth showing observed ZOI (“sensitivity”) with a 1 mg SPS disk on HIA with 5% rabbit blood after 24 to 48 hours of 

incubation. HIA, heart infusion agar; SPS, sodium polyanethol sulfonate; ZOI, zone of inhibition.
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growing within the observed ZOI (n = 2; Paenibacillus spp.) 

or no zone with isolates suspected of being RBF (n = 2; 

Leptotrichia spp., Streptococcus spp.). Note that there 

are no published guidelines for the interpretation of SPS 

ZOI sizes with S. moniliformis; therefore, no interpretations 

could be made other than documenting a measurable ZOI, 

and these results should be considered experimental only 

because more data are needed.

Using the molecular data previously obtained for strain 

ATCC 14647 in BHI without blood or SPS, we noted that 

when there was a lack of blood, or no blood given to the 

organism as supplemental or “nutritional,” then there also 

was no organism recovery or viable growth. This finding 

was further tested by using biplates with and without blood 

supplementation. In this experiment, 33.9% of the biplates 

exhibited abundant growth (4+) with blood and showed 

NG without blood supplementation. However, 66.1% of all 

isolates tested showed abundant growth (4+) with blood as 

well as some growth (1–2+) without blood supplementation 

(Figure 4A and Figure 4B). We believe that strain variation 

aside, this finding helps show how crucial blood supple-

mentation is when growing the organism and offers a plaus-

ible explanation for the lack of abundant growth observed in 

past published studies that did not use blood supplementa-

tion with and without SPS additives.5, 6, 15

When we used blood culture bottles with a known concen-

tration of 0.05% SPS, a 0.025% increase from current re-

commendations,5 there was a 100% detection rate (n = 56) 

with the BDFX40 instrument for 105 CFU/mL concentra-

tions when 10 mL blood inoculum was used, as shown in 

Table 3. To date, there have been no published studies or 

data discussing an infectious dose or a clinically relevant 

analysis between CFU growth and clinical patient severity. 

More studies are needed to provide more accurate data on 

the organism as a whole along with its growth curve and 

virulence.

Clinical institutions should be aware that when inoculating 

blood culture bottles with a high concentration of bac-

terial suspension (ie, 108-9) using an automated continuous 

blood culture instrument, there may be a false-negative 

result, which our laboratory observed. Upon closer exam-

ination, it was determined that although the organism grew 

when subcultured at day 5, the instrument failed to detect 

the organism because of the high background level(s) 

from the whole blood (Becton Dickinson research and 

development department, personal communication, 30 

November 2018) and the high concentration of the inoculum 

used (Supplemental Figure 2A, Supplemental Figure 2B, 

Supplemental Figure 2C). Such an elevated bacterial load 

presenting in a clinical patient is not likely to be observed in 

a real-world scenario.

In a clinical laboratory, bloodstream infections (BSIs) are 

routinely identified and carried out using blood cultures sub-

mitted to the laboratory. One of the biggest issues in per-

forming blood cultures is the inoculation volume of blood. 

As reported, “The optimal volume of blood that should 

be drawn from infants, children to adolescents and adult 

patients has not been well defined with absolute certainty, 

but past data indicate[s] that there appears to be a direct 

relationship between the volume of blood obtained and the 

ability to detect BSIs.” 16

According to previous literature, using blood culture bottles 

with a 0.05% SPS formulation should be avoided altogether 

for the growth and recovery of S. moniliformis.1 We show 

here that even at this percentage of SPS, the organism grew 

successfully and was detected by the instrument 100% of 

the time for all 56 isolates tested in this study when the ap-

propriate blood volume (10 mL) inoculum was used. When 

dealing with a closed commercial automated blood culture 

system with an initial broth volume of 30 mL, we found that 

that S. moniliformis was reliably and consistently detected 

with an inoculum of 10 mL, which is approximately 25% 

(40 mL total) blood when combined with 30 mL broth in a 

Table 4.  Published Amounts of Liquoid/SPS in 
Commercially Available Blood Culture Bottles

Manufacturer Blood Culture Bottle Type % SPS  
(w/v)

BD BD BACTEC Peds Plus/F 0.020
BD BD BACTEC Plus Aerobic/F 0.050
BD BD BACTEC Standard/10 Aerobic/F 0.035
BD BD BACTEC Plus Anaerobic/F 0.050
BD BD BACTEC Standard Anaerobic/F 0.025
Biomérieux BacT/ALERT FA Plus ≥0.083a

Biomérieux BacT/ALERT FN Plus ≥0.083a

Biomérieux BacT/ALERT PF Plus ≥0.083a

Biomérieux BacT/ALERT SA Plus 0.035
Biomérieux BacT/ALERT SN Plus 0.035
ThermoFisher REDOX 1 0.0125
ThermoFisher REDOX 2 None

SPS, sodium polyanethol sulfonate.
aBiomérieux package insert(s) for FA, FN, and PF bottles list an anticoagulant 
concentration of ≥0.083% but do not specifically list SPS. SPS is mentioned in the 
“chemical or physical indications of instability” section and briefly in “specimen 
collection and preparation” and is implied to be part of the formulation.
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standard aerobic adult blood culture bottle. This study implies 

that blood volume is critical when utilizing a closed commer-

cial automated blood culture system to detect S. moniliformis.

Although not addressed in this article, in patients with 

pediatric bacteremia, it is likely that by calculating a similar 

blood-to-broth ratio, the instrument should reliably detect 

the organism using the BD BACTEC Peds Plus pediatric 

bottles (Becton Dickinson). Based on the work within this 

article, we hypothesize that 4 to 5 mL blood in these pa-

tients would likely be sufficient volumes and required for 

optimal growth because commercial pediatric culture bot-

tles contain a lower SPS concentration (0.02% w/v) overall. 

Evidence from both adult and pediatric studies has shown 

that the probability of recovering a pathogen from blood 

culture increases as the volume of blood increases.15, 16

In an effort to provide updated recommendations for spe-

cimen handling and processing when RBF or HF is sus-

pected, we tested modern blood culture formulations and 

instrumentation considering past and currently published 

recommendations. Currently, the literature states that in 

infection with S. moniliformis as the suspected etiological 

agent, all media containing SPS as an additive should be 

avoided.1-3, 12, 13 However, avoiding media with SPS re-

moves a reliable tool for detecting bacteria in the blood, 

possibly resulting in the failure to isolate an organism and 

providing the clinician with little or no diagnostic help and, 

in the most extreme situations, a poor patient outcome.

Although more studies are needed to fully understand the 

effects of SPS on S. moniliformis, we believe that if sus-

pected, S. moniliformis growth may be greatly improved 

if an appropriate blood volume is used for inoculation to 

counteract the inhibitory effects of SPS in modern blood 

culture bottles.

Conclusion

Any clinical team should consider RBF when presented with 

a patient with a history of rodent exposure and with symp-

toms similar to those documented for RBF or HF, which 

include maculopapular rash covering the extremities, fever, 

chills, myalgia, headache, and vomiting.

Having completed a comprehensive study of our facility’s 

historical collection of isolates of S. moniliformis regarding 

SPS, we provide data and propose an updated recommen-

dation that 10 mL blood be drawn at a minimum (following 

clinical draw guidelines) in adolescent and adult patients with 

suspected RBF/HF to provide the best chance of isolating 

the organism while limiting the occurrence of false negatives 

because of insufficient amounts of blood used for culture.

Optimizing the best chances for organism recovery should 

include aseptic collection of blood into commercial blood 

culture bottles (documenting the amount of blood drawn 

from the patient if applicable) during the acute phase 

of infection, collected in duplicate if possible based on 

total body volume. Optimal volumes of inoculation for 

the isolation and growth of S. moniliformis are 10 mL for 

adolescent to adult patients, extrapolated to 4 to 5 mL in 

a pediatric population. Bottles should be incubated for 

7 days at minimum to ensure the best chance for or-

ganism recovery when working with low levels of bac-

teremia, and if the organism is not yet detected by day 

7 then the bottles should blind subcultured to rule out a 

false-negative blood culture result. Automated continuous 

blood culturing instrumentation growth and fluorescent 

detection data should be checked manually during the 

course of incubation to rule out missed false-negative spe-

cimens, as was experienced and documented within this 

study (Supplemental Figure 2A, Supplemental Figure 2B, 

Supplemental Figure 2C).

Once a bottle shows signs of organism growth and detec-

tion, a Gram stain should be performed followed by the 

inoculation of blood into rabbit or sheep blood agar and BHI 

broth and incubated aerobically at 35°C to 37°C within a 

5% CO
2
-enriched (microaerophilic) environment for a min-

imum of 3 to 4 days. In this study, visible growth from blood 

culture bottles was observed for every isolate tested after 

24 hours.

Clinicians and clinical scientists should recognize that by 

ensuring the appropriate amount of blood or specimen(s) 

collected from patients, they dramatically increase the 

likelihood of recovering and growing the suspected etio-

logical agents, thereby directly impacting patient care and 

outcome. LM
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ABSTRACT
Objective: Pancreatic cancer (PC) is one of the deadliest malignancies. 
The aim of this study was to determine the usefulness of the 
carbohydrate antigen 19.9 (CA19.9)/ carcinoembryonic antigen (CEA) 
ratio as a diagnostic tool.

Methods: This was a retrospective observational study (2015–
2019), including laboratory requests with increased CA19.9 and 
CEA but no previous neoplasia. Receiver operating characteristic 
(ROC) curve analyses were performed for the CA19.9/CEA ratio 
and for CA19.9 and CEA alone for the detection of PC, and 
cutoff values for all strategies were selected separately and in 
combination.

Results: A total of 373 individuals were included. The area under 
the curve (AUC) for CA19.9/CEA was 0.872, whereas the AUC for 
CA19.9 was 0.847 and for CEA was 0.554. Cutoff values with the 
greatest diagnostic power were CA19.9/CEA >40, CA19.9 >1130 U/
mL, and CEA > 14.5 U/mL. The combination of CA19.9/CEA > 40 with 
CA19.9 > 550 U/mL maximized the diagnostic accuracy for PC.

Conclusion: Our results highlight the relevance of the measurement of 
serum CA19.9 and CEA in the detection of PC.

Keywords: gastrointestinal, clinical pathology, tumor marker, pancreas, 
clinical chemistry, management/administration

 

The main functions of pancreatic cells include the syn-

thesis and secretion of digestive enzymes, bicarbonate, and 

different types of hormones. Pancreatic cancer (PC) is one 

of the malignancies with the highest mortality rate, des-

pite its low prevalence.1,2 Most PCs are adenocarcinomas, 

although low prevalent neoplasia has also been described, 

such as neuroendocrine tumors (producing insulin or glu-

cagon) or acinar carcinomas (producing digestive enzymes). 

It is estimated that only 20% of pancreas carcinomas are 

surgically treatable upon diagnosis and among these, 

only half are truly resectable.3 There are large differences 

in incidence between regions worldwide, highlighting the 

fact that lifestyle variables (smoking habit, alcohol, diet) 

and environmental factors could influence such variation.4 

In Europe, PC has an approximate incidence of 78,000 

diagnoses/year (8,169 new diagnoses in Spain in 2019), 

representing the third cause of cancer deaths in Spain in 

2018, with a total of 7,132,5 and it is expected to become 

the second cause of death from cancer in the next decade, 

if the incidence does not change.6 One of the main causes 

of such a poor prognosis for PC is its detection at advanced 

stages, especially because of the lack of specific symp-

toms, the absence of sensitive and specific tumor bio-

markers, and the difficulties in performing imaging studies 

in early stages.2

The 2 main risk factors for the development of PC are age, 

with a maximum number of diagnoses between the seventh 

and eighth decades of life, and smoking habit, with a clear 

dose-response relationship.7 Obesity and physical inactivity 

have also been associated with the development of PC, 

alongside with saturated fat–rich diets and a strong alcohol 

habit. Likewise, diabetes mellitus has been reported both as 

cause and as consequence in the first stages of PC.8

Icterus is one of the characteristic clinical signs of PC, along 

with blood glucose decompensations and abdominal pain 



originating in the stomach zone and radiating to the back. 

Patients often refer to weight loss in previous months and a 

loss of appetite for no apparent reason. Most symptoms are 

rather unspecific, which hinders the diagnosis of PC.

No population-based screening strategies exist to date, so 

diagnosis is established by means of imaging studies and, 

ultimately, by means of a tissue biopsy (gold standard). 

Unlike other pathologies, simple, economic, and low-

invasive methods for the early detection of PC are still 

lacking.

Tumor markers (TM) are different molecules (eg, carbo-

hydrates, proteins, peptides) produced or induced by the 

tumor or by tissues in response to the presence of the 

tumor, and they can be detected and quantified in serum, 

biological fluids, and tissues.9 Carbohydrate antigen 19.9 

(CA19.9), also known as sialyl Lewis A, is the recommended 

TM in case of suspicion of malignancy of the gastrointes-

tinal tract, with special relevance for a pancreatic orienta-

tion. Nevertheless, different sources of increased CA19.9 

values exist in the absence of malignancy, including several 

benign pathologies (biliopancreatic, pancreatitis, cholan-

gitis, choledocolithiasis, and kidney disease).10,11 This fact 

stimulated the publication of multiple studies in which cutoff 

values for CA19.9 were examined, aiming to increase the 

capacity of this biomarker to differentiate between benign 

pathologies and neoplasia.12,13 In addition, it has long been 

accepted that patients who are Lewis-negative (approxi-

mately 5% of the population) do not express this antigen, 

leading to false-negative CA19.9 values. However, Luo, Fan, 

et al14 recently reported that up to 27.4% of patients who 

were Lewis-negative with PC had CA19.9 >37 U/mL. Pairing 

this together with the fact that only 65% of patients with 

resectable PC have elevated levels of CA19.9 in serum,15 

different authors have advised against the use of CA19.9 in 

the differential diagnosis of PC, although great discrepan-

cies exist.16-18

Another TM used in cancer screening is carcinoembryonic 

antigen (CEA), a glycoprotein produced during fetal devel-

opment and found in concentrations <5 ng/mL in the blood 

of healthy adults. This marker was the first human antigen 

associated with the presence of colon cancer in 196519 

and has been widely researched as a diagnostic marker for 

other types of cancer.20-24 Nevertheless, as is the situation 

with other tumor markers, CEA is not free from false-

positive results. Some studies have suggested that values 

between 5 ng/mL and 10 ng/mL have a high probability 

of representing false-positive results as a consequence of 

comorbid situations, such as diabetes, smoking habit, or 

colorectal polyps.25,26 Along these lines, some authors have 

reported false-positive values for CEA up to 20 ng/mL in 

patients with kidney or liver disease.27

The usefulness of CEA in the diagnosis of PC is still under 

controversy, as happens with CA19.9. Extensive research 

has been done on the diagnostic value of CA19.9 and CEA 

for PC, with inconsistent conclusions. Xing et al28 reported 

that CA19.9 has a higher diagnostic value than CEA, except 

for specificity, which opens the door to the need for a com-

bination of both biomarkers (CEA and CA19.9) to improve 

their diagnostic value and to differentiate their levels within 

PC stages.

The main advantages of serum TMs are the ease and 

readiness of their quantification (immunoassays are avail-

able in almost all clinical laboratories worldwide), their 

noninvasiveness (they are measured in blood or, at low 

frequency, in urine), and their low cost. Therefore, their im-

plementation is healthcare is widely extended.

As mentioned above, given the nonspecific clinical symp-

tomatology of PC, a differential diagnosis with other 

digestive neoplasia is usually necessary. Considering that 

85% of PCs are ductal adenocarcinomas,29 some authors 

have included additional TM in their diagnostic algorithms, 

such as CEA) secretory mucin 5AC, or carbohydrate antigen 

125.30,31

The aim of this study was to determine the usefulness of 

CA19.9 in combination with CEA (CA19.9/CEA ratio) as 

a diagnostic tool for the differentiation of PC from benign 

pathology (cirrhosis, acute or chronic pancreatitis, cholan-

gitis, choledocolithiasis) or other types of cancers in our 

hospital.

Materials and Methods

A retrospective observational study was performed at 

Hospital Universitari Son Espases (Palma de Mallorca, 

Spain), a tertiary-level hospital that provides healthcare 

for an approximate population of 325,000 individuals. The 

assessed period was from January 2015 to December 

2019. Analytical data were obtained from the laboratory 
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information system GestLab (Indra, Spain), and the clin-

ical information (diagnostic data and smoking habit) was 

extracted from the hospital information system Millennium 

(Cerner Corporation). The current reference intervals in our 

hospital for serum CA19.9 and CEA were provided by the 

manufacturer (Abbott Diagnostics): CA19.9 (0 U/mL–37 U/

mL), CEA (nonsmokers <5 ng/mL; smokers <10 ng/mL).

Inclusion Criteria

All laboratory requests were considered if they included 

CA19.9 and CEA, with the results for both biomarkers 

above the upper limit of the reference interval (CA19.9 >37 

U/mL; CEA (nonsmokers) >5 ng/mL). In the case of patients 

who smoked, only those with CEA values >10 ng/mL were 

included. Only the first request for each individual with both 

TMs was included in the study. Both CA19.9 and CEA were 

quantified using a chemiluminescent microparticle immuno-

assay on the Architect i2000 platform (Abbott Diagnostics).

Exclusion Criteria

Individuals with a diagnosis of neoplasia before the deter-

mination of TM were excluded, as were those individuals 

without a clear diagnosis in the medical records. Likewise, 

patients diagnosed with neoplasia after the determination of 

TM but with an unknown primary origin were also removed 

from the study.

Diagnostic Comparison: CA19.9 and CEA vs 
CA19.9/CEA Ratio

For each individual, age and sex were registered, and different 

groups were established according to the diagnoses reported 

on the medical records: individuals with a benign pathology, 

individuals with PC, and individuals with a neoplasia other 

than PC. Serum CA19.9 and CEA concentrations and CA19.9/

CEA ratio were compared between PC and nonmalignant 

pathologies and between PC and other malignancies.

To determine which diagnostic strategy had a better 

discriminating power for PC, a receiver operating charac-

teristic (ROC) curve analysis was performed and the area 

under the curve (AUC) was quantified. Based on these 

results, cutoff values (for CA19.9, CEA, and CA19.9/CEA) 

were selected for the maximization of the diagnostic per-

formance. Cutoff values with maximal discrimination power 

were used to calculate the odds ratio (OR) for PC. To further 

complement this study regarding the diagnostic capacity of 

biomarkers (CA19.9 and CEA individually and the CA19.9/

CEA ratio), cutoff values from a previous report on TM for 

PC30 were also applied to our population.

Statistical Analysis

The Kolmogorov-Smirnov test was used to assess the nor-

mality of all variables. Differences between groups were as-

sessed using an analysis of variance test and the Student’s 

t-test if normally distributed and the Kruskal-Wallis test and 

Mann-Whitney U test if not.

We compared the AUCs using the Bamber methodology. 

SPSS version 24 (IBM Corp.) and XLSTAT (Addinsoft Inc.) 

software were used for all calculations. Statistical signifi-

cance was set at 0.05.

Results

During the period studied, and after applying the 

above-mentioned inclusion/exclusion criteria, a total of 373 

individuals with increased concentrations of CA19.9 and 

CEA were included in the study (Figure 1). Anthropometric, 

Figure 1

Flow diagram for the inclusion/exclusion of individuals in the study. 

LIS, laboratory information system.
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biochemical, and diagnostic features are described in 

Table 1.

In 305 of the individuals included (82%), the medical rec-

ords reflected a malignant pathology. Cancers with the 

highest incidence in our study were colorectal (109, 29%), 

pancreatic (63, 17%), and lung (57, 15%). Further details on 

the different stages of PC are presented in Table 2.

When assessing the variations between biomarker values 

for the different diagnoses (PC compared to other neoplasia 

and benign pathology), we observed statistically significant 

values. The complete list of marker comparisons among 

pathologies and their differences is presented in Table 3.

The AUC for the CA19.9/CEA ratio was 0.872 (95% con-

fidence interval [CI], 0.824–0.920), whereas the AUC for 

CA19.9 was 0.847 (95% CI, 0.798–0.896) and for CEA 

was 0.554 (95% CI, 0.478–0.629; Figure 2). No statistical 

differences were found between the CA19.9/CEA ratio 

and the CA19.9 AUCs (P = .249). Both CA19.9 individually 

and the CA19.9/CEA ratio showed statistical differences 

with the CEA curve (P <.001). A cutoff value of 40 for the 

CA19.9/CEA ratio had the greatest discriminating power 

for PC, with a sensitivity of 0.810 (95% CI, 0.694–0.888) 

and a specificity of 0.790 (95% CI, 0.741–0.832). Regarding 

CA19.9 alone, the cutoff value with the greatest diag-

nostic accuracy was 1130 U/mL, with a sensitivity of 0.810 

(95% CI, 0.694–0.888) and a specificity of 0.748 (95% CI, 

0.697–0.793). For CEA, the optimal cutoff value was 14.5 U/

mL, with a sensitivity of 0.576 (95% CI, 0.441–0.702) and a 

specificity of 0.505 (95% CI, 0.447–0.562).

The combination of the cut-off value CA19.9/CEA >40 with 

a value of CA19.9 > 550 U/mL had a sensitivity of 0.810 

(95% CI, 0.713–0.907) and a specificity of 0.813 (95% CI, 

0.764–0.854) for PC. This combination was found to have an 

OR of 17.7 (95% CI, 8.4–37.0) for PC. Given that the AUC for 

CEA alone was not better than random chance, it was de-

cided not to include this biomarker in further analyses.

Given the enrollment ratios in our study (PC vs other types 

of cancer and PC vs benign pathology) and their incidence 

Table 1. Descriptive Statistics of the Study Population

Sex (Male/
Female)

Age: Median 
(y, IQR)

Median CA19.9 
(U/mL, IQR)

Median CEA 
(ng/mL, IQR)

Median 
CA19.9/

CEA (IQR)

Benign disease/no 
reported disease

36/32 71 (64–81) 240 (61–2265) 30 (9–206) 7 (3–20)

Pancreatic neoplasia 35/28 69 (63–78) 14,716 (1966–95,163) 26 (10–117) 287 (81–2680)
Colorectal neoplasia 59/50 72 (61–80) 225 (65–1929) 36 (11–270) 7 (2–23)
Lung neoplasia 44/13 71 (64–81) 240 (61–2265) 30 (9–206) 7 (3–20)
Other neoplasia 36/40 68 (60–78) 217 (67–3446) 12 (7–53) 16 (7–85)
Total 210/163 71 (61–80) 211 (63–4779) 15 (8–107) 11 (5–84)

CA19.9, carbohydrate antigen 19.9; CEA, carcinoembryonic antigen; IQR, interquartile range.

Table 2. TM Values for PC Depending on Cancer Type and Stage

Type of PC TM PC Stage

IIA (n = 1) IB (n = 4) IIB (n = 2) III (n = 11) IV (n = 45)

Adenocarcinoma 
(n = 62)

Median CA19.9 (U/mL, 
maximum–minimum)

3639 247 (164–14,716) 6058 (115–12,000) 3366 (98–45,682) 13,515 (98–2,795,204)

Median CEA (ng/mL, 
maximum–minimum)

10 8 (7–310) 13 (11–15) 10 (5–278) 18 (5–5593)

Neuroendocrine 
(n = 1)

Median CA19.9 (U/mL, 
maximum–minimum)

… … … … 193

Median CEA (ng/mL, 
maximum–minimum)

… … … … 6

CA19.9, carbohydrate antigen 19.9; CEA, carcinoembryonic antigen; PC, pancreatic cancer; TM, tumor marker.
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rates in Spain,5,32 for a statistical power of 80% and a stat-

istical significance of 5%, a sample size of 4725 individuals 

would have been needed to find significant differences 

between PC and other types of cancer, and a sample size of 

886 individuals would have been needed to find differences 

between PC and benign pathology.

Discussion

This is one of the few articles assessing the usefulness of 

the CA19.9/CEA ratio for the diagnosis of PC. Further, this 

study provides a combined and optimized cutoff value for 

the commonly used TM for gastrointestinal neoplasia.

The use of classic serum biomarkers for the screening 

or diagnosis of neoplastic processes has long been 

under debate. To date, very few molecules are accepted 

for their use in the clinical setting, given the compelling 

number of false-positive and false-negative values in 

different situations.33 It is widely accepted that most TMs 

are of great usefulness for the prognosis of neoplasic 

processes and the monitoring of therapeutic strategies, 

but not for screening or diagnosis. Fecal occult blood 

(fecal hemoglobin) for the screening of colon cancer and 

metanephrines for the diagnosis of pheochromocytoma 

are examples of the few biomarkers used in this sense. 

Moreover, the usefulness of prostate specific antigen for 

screening is under constant debate by different inter-

national associations.34

Current alternative approaches include the measurement 

of TM in biological fluids other than blood (eg, pleural fluid 

or cerebrospinal fluid) or the calculation of ratios between 

them. In this study, we evaluated the differential capacity 

of a TM ratio (CA19.9/CEA) for the detection of PC as 

compared to the absolute concentration of a classic TM 

(CA19.9).

Up to 82% of individuals with alterations in both CA19.9 

and CEA presented a neoplastic process, which points out 

the relevance of the measurement of these 2 serum bio-

markers in the detection of cancer. None of the individuals 

had a previous blood analysis of these TMs or any diag-

nosis of cancer before their inclusion in the study.

Our results showed statistically significant differences 

for both CA19.9 and for the CA19.9/CEA ratio between 

individuals with a diagnosis of PC as compared with 

other groups, including those with lung or colorectal 

cancer, thus verifying the diagnostic usefulness of both 

strategies. The use of CEA as an individual biomarker 

for the detection of PC was seen not to be useful in our 

population.

Multiple reports have evaluated and compared the diag-

nostic capacity of CA19.9 and CEA for PC, which were 

integrated in a metanalysis by Xing et al,28 showing a higher 

accuracy for CA19.9. The results obtained in our study 

for CA19.9 and CEA in terms of sensitivity and specifi-

city are similar to the ones reported in that meta-analysis. 

Nevertheless, the usefulness of their ratio was not fully 

Table 3.  TM Value Comparison Between Patho
logies: Statistical Significance

CA19.9  
P Value

CEA  
P Value

CA19.9/CEA  
P Value

Kruskal-Wallis test <.001 <.001 <.001
Mann-Whitney U test
  Pancreas vs colorectal <.001 <.001 <.001
  Pancreas vs lung <.001 .085 <.001
  Pancreas vs benign <.001 .439 <.001
  Colorectal vs lung <.001 <.001 <.001
  Colorectal vs benign .699 .372 .194
  Lung vs benign <.001 <.001 .009

CA19.9, carbohydrate antigen 19.9; CEA, carcinoembryonic antigen; PC, pancreatic 
cancer; TM, tumor marker.

Figure 2

ROC curves:  CA19.9/CEA, CA19.9, and CEA for the diagnosis of 

pancreatic neoplasia. CA19.9, carbohydrate antigen 19.9; CEA, 

carcinoembryonic antigen; ROC, receiver operating characteristic.
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explored. Our study brought to light that, if a patient has a 

CA19.9 value >550 U/mL together with a CA19.9/CEA ratio 

>40, their risk of being affected with PC is 17.7 times higher.

The consideration of a combined TM ratio enabled the diag-

nostic capacity for the orientation of PC to be increased. 

The ROC curve analysis showed a higher AUC for CA19.9/

CEA over CA19.9, albeit not statistically significant. The 

absence of statistical differences in our approach could 

stem from the low number of results or the high dispersion 

of CA19.9 values in both groups (PC vs other diagnoses); 

hence, the statistical power would not be enough to detect 

differences between AUCs.

A previous report by Molina, Filella, et al30 had already as-

sessed the capacity of the CA19.9/CEA ratio for the detec-

tion of PC and suggested cutoff values of CA19.9/CEA >5 

with CA19.9 >1000 U/mL as optimal. When these criteria 

were applied to our population, a sensitivity of 0.81 and a 

specificity of 0.77 were found, representing a lower specifi-

city than the values suggested in our study.

The identification of effective biomarkers for the early 

diagnosis of PC is an ongoing endeavor. Although several 

diagnostic biomarkers for PC have been investigated 

using genomic and proteomic approaches, the majority 

have yielded suboptimal results,35-37 and to date none 

have been cleared for clinical use. Verification and valid-

ation in large cohorts are still needed for these promising 

biomarkers.

In addition, some studies have already compared the diagnostic 

capacity of TMs with imaging studies, such as endoscopic retro-

grade cholangiopancreatography, in the differentiation of benign 

pathologies from PC. Although imaging studies have been found 

to have a higher diagnostic yield, their combination with TMs 

(CA19.9 and CEA) improved diagnostic sensitivity and accuracy, 

reduced the rate of missed diagnosis of PC, and elevated the 

survival rate.38 However, despite advanced imaging and invasive 

endoscopic approaches being used to differentiate PC from 

benign pancreatic disease, early diagnosis of PC remains a sig-

nificant challenge.39,40

Moreover, in our study, CA19.9 levels were seen to correlate 

with PC stage, with maximum values in patients with stage 

IV disease. The Kruskal-Wallis test showed statistical differ-

ences between stages, which could underline CA19.9 as a 

useful biomarker for the staging and prognosis of PC.

New strategies based on the study of cell-free tumor DNA in 

peripheral blood, also known as liquid biopsy, are starting to 

be implemented for some cancer types with high incidence 

(eg, breast, colon, lung). In some studies, an excellent 

correlation has been observed between blood specimens 

(less invasive, with a lower risk of complications) and tissue 

biopsies.41 Along these lines, it is postulated that the devel-

opment and application of such DNA-based strategies will 

allow an early diagnosis and a lower risk of complications, 

which may be of special relevance for PC.42

This study has some limitations, mainly related to its retro-

spective nature and trust in the records from the laboratory and 

hospital information systems. Nevertheless, larger sample sizes 

could have enabled us to find statistically significant differences 

between the use of the TM ratio and the absolute concentration 

of CA19.9 in the differentiation of PC from other pathologies. 

Furthermore, the lack of inclusion of individuals with negative 

TM limits the diagnostic power of the cutoff values suggested 

in our study, because individuals with Lewis-negative antigen or 

those with neuroendocrine tumors (pancreatic nonfunctioning) 

would fall outside the scope of application of the values sug-

gested in our study.

The main strengths of our study include a combined cutoff 

value for individuals with high values for both CEA and CA19.9. 

Future studies warrant the validation of our results and the 

optimization of the combined cutoff value (CA19.9/CEA ratio 

and CA19.9). In addition, the inclusion of a greater number of 

individuals will allow the consideration of a higher number of 

variables for analysis (diet, body mass index, alcoholic habit, 

presence of diabetes mellitus) and thus defining different cutoff 

values depending on risk factor or scoring, as already exists for 

a compelling number of pathologies.

From an economic and practical perspective, classic TMs 

are relatively inexpensive and easy-to-perform tests (auto-

mated immunoassays in peripheral blood specimens), in 

contrast with imaging studies. Accordingly, despite not 

being ideal biomarkers for the early detection of neoplasia, 

classic TMs are convenient tools as a first step in diagnostic 

strategies, and as such they provide information that com-

plement physical examination and imaging studies.

Conclusion

Screening and diagnosis of PC is still challenging, which im-

plies that most patients with PC are detected at advanced 

stages. Hence, any strategy that helps classify individuals 
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as “potentially affected” is of great interest for this kind 

of cancer. LM
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ABSTRACT
Objective: To explore the application of serum peptidomics in the early 
diagnosis of pancreatic ductal adenocarcinoma (PDAC).

Methods: The serum specimens from 176 patients with PDAC and 
158 healthy control patients were subjected to matrix-assisted laser 
desorption ionization time-of-flight mass spectrometry to obtain serum 
peptide profiles. Next, a classification model by differentiated peptides 
was established and verified to distinguish the 2 groups. Finally, the 
peptides were identified by tandem mass spectrometry.

Results: A classification model was established by 13 peptides. For 
patients with PDAC in the early stage, the sensitivity and specificity 

of the model reached 100% and 96.7%, respectively. The amino acid 
sequences of the 13 peptides were then determined and the types of 
proteins were identified, including platelet basic protein, fibrinogen 
alpha, complement C3, and secreted frizzled-related protein 4. Some of 
the 13 peptides could be potential PDAC biomarkers.

Conclusion: Serum peptidomics may have potential application in the 
early diagnosis of PDAC.

Keywords: pancreatic ductal adenocarcinoma, serum peptidomics, 
MALDI-TOF, mass spectrometry, gastrointestinal, clinical chemistry

 

Pancreatic cancer is a highly malignant tumor with a poor 

prognosis.1 Pancreatic ductal adenocarcinoma (PDAC) is 

the most common pathological type of pancreatic cancer. 

On the one hand, because of the hidden anatomy of the 

pancreas and the atypical clinical symptoms of pancreatic 

cancer, early diagnosis is extremely difficult. Most patients 

are diagnosed at an advanced stage and have lost the best 

opportunity for treatment. On the other hand, there is also a 

lack of effective treatments for pancreatic cancer, especially 

for patients with pancreatic cancer lacking the opportunity 

for surgical resection. Therefore, to obtain the opportunity 

for radical surgery, early screening for pancreatic cancer is 

particularly important.

Compared to tissue specimens, blood specimens are 

easier to obtain and will change as the disease pro-

gresses. The most widely used blood marker for pancre-

atic cancer is CA19-9 in serum. However, a meta-analysis 

showed that the sensitivity and specificity of CA19-9 in 

the diagnosis of pancreatic cancer are approximately 

80% and 80%, respectively, which fails to meet clin-

ical needs.2 In addition, multiple studies have shown 

that serum CA19-9 detection is not suitable for early 

screening for pancreatic cancer but can be used for 

therapeutic efficacy evaluation and illness monitoring 



of patients who have been diagnosed with pancreatic 

cancer.3,4 Therefore, the search for reliable early diag-

nostic methods for pancreatic cancer and the search for 

new serum markers for pancreatic cancer screening have 

always been major foci of clinical research.

In recent years, matrix-assisted laser desorption ion-

ization time-of-flight mass spectrometry (MALDI-TOF 

MS)–based serum peptidomics has been increasingly 

used in clinical research. Serum peptidomics is the study 

of serum protein fragments and endogenous peptides. 

Researchers have noted that the serum peptide profiles 

can reflect the occurrence of tumors and their biological 

characteristics and may contain a wealth of undeveloped 

disease-related information.5 In particular, MALDI-TOF 

MS–based serum peptidomics expresses the serum pep-

tide profiles in the form of mass spectrum. The mass-

to-charge ratio and peak intensity of the mass spectrum 

reflect the molecular weight and relative abundance of 

serum peptides. In this study, MALDI-TOF MS–based 

serum peptidomics was used to distinguish between 

patients with PDAC and healthy control patients and to 

identify potential PDAC markers.

Methods

Research Objective

A training set containing 121 patients with PDAC and 

110 healthy control patients was used to find differenti-

ated characteristic peptides and to build a classification 

model. A validation set containing 54 patients with PDAC 

and 48 healthy control patients was used to validate the 

model. Serum from patients with PDAC treated at Peking 

Union Medical College Hospital of the Chinese Academy of 

Medical Sciences and the Cancer Hospital of the Chinese 

Academy of Medical Sciences (both in Beijing, China) and 

serum from healthy control patients were collected from 

November 2017 to September 2018. All patients underwent 

surgery or puncture biopsy to confirm the histopathologic 

diagnosis. None of the patients had received surgery, 

chemoradiotherapy, or other antitumor treatments at the 

time of serum collection. The enrollment criteria for the 

healthy control patients were routine blood tests, routine 

urine tests, routine stool tests, liver function tests, kidney 

function tests, physical examinations, chest radiographs, 

electrocardiograms, and abdominal ultrasound examin-

ations with no obvious abnormalities. The patients en-

rolled in this study were approved by the hospital ethics 

committee.

Instruments and Reagents

Instruments

The instruments used in this study included the Magnetic 

Bead Separator (Bioyong Tech, Beijing, China), the Vortex 

Mixer (Scientific Industries, USA), the LX-200 Mini Centrifuge 

(Haimen Qilin Bell Instrument Manufacturing Co., Ltd., China), 

the ClinTOF MALDI-TOF MS (Bioyong Tech, Beijing, China), 

the Abbott ARCHITECT i2000 analyzer, the Easy-nanoliquid 

chromatography 1000 (Thermo Fisher), and the Q Exactive 

quadrupole orbit-trap mass spectrometer (Thermo Fisher).

Reagents 

We used the peptide extraction kit from Bioyong Tech 

(Beijing, China). This kit mainly consists of magnetic 

beads, binding buffer, washing buffer, and elution buffer. 

The MALDI-TOF MS matrix solution included 5 mg/

mL α-cyano-4-hydroxycinnamic acid dissolved in 50% 

acetone and 0.1% trifluoroacetic acid. Other reagents 

were guanidine (Sigma), urea (Bio-Rad), tris-hydrochloride 

(Bio-Rad), dithiothreitol (Bio-Rad), indole-3-acetic acid 

(Sigma), Zeba Spin column (Pierce), trypsin (Promega), 

chymotrypsin (Sigma), Glu-C (Wako), and LysC (Wako). 

Serum CA19-9 test kits, calibration solutions, and 

quality control materials of the Abbott ARCHITECT i2000 

analyzer.

Research Methods

Collection of Peripheral Blood, Isolation, and 
Cryopreservation of Serum 

All participants had 3 to 5 mL venous blood collected in 

the early morning on an empty stomach. It was centrifuged 

at 2000 g for 10 minutes, and then the upper serum was 

placed in a cryopreservation tube and stored at −80°C. 

Serum was collected at room temperature on the day of 

testing, and the following steps were performed after com-

plete thawing of the serum. Repeated freeze-thaw cycles 

were avoided before testing.
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Extraction of Serum Peptides 

The peptides in the serum were extracted using a peptide 

extraction kit, and the operation steps were strictly performed 

according to the product’s instructions. The basic principle of 

the kit was the weak positive ion exchange method combined 

with magnetic bead adsorption, and the extraction solutions 

could be directly used for the MALDI-TOF MS analysis.

MALDI-TOF MS Detection of Serum Peptide Profiles 

Before specimen analysis, 3 standard peptides with different 

mass-to-charge ratios were used for instrument calibration. 

Then the peptide extraction solutions were directly used for the 

MALDI-TOF MS analysis. The best mass-to-charge ratio range 

for the MALDI-TOF MS scans was 1000 to 10,000. To reduce 

operating errors, 3 biological replicates were performed on each 

specimen to obtain the original serum peptide profiles.

Determination of Peptide Amino Acid Sequence by 
nanoliquid chromatography-electrospray ionization-
tandem MS 

First, 90 specimens were randomly selected from the 

disease group and mixed. Another 90 specimens were 

randomly selected from the control group and mixed. 

Finally, 2 serum peptide mixtures were formed. Trypsin 

endoproteinase was used to digest the serum peptide 

mixtures. Next, nanoliquid chromatography/electrospray 

ionization-tandem mass spectrometry (nano-LC/ESI-MS/

MS) was used to determine the amino acid sequences of 

the digested samples. The nano-LC/ESI-MS/MS consisted 

of ultraperformance liquid chromatography and an ion-trap 

electrostatic field orbit-trap mass spectrometer equipped 

with a nano-electrospray source. Finally, Mascot software 

was used to identify the protein species.

Detection of Serum CA19-9 

The Abbott ARCHITECT i2000 analyzer was used to de-

tect the CA19-9 level in the serum of the disease group. 

Because of the low serum volume of some specimens, only 

162 patients with PDAC were detected. The operation steps 

were carried out strictly in accordance with the product’s 

instructions, and calibration and indoor quality control were 

performed before detection.

Statistical Analysis

The MALDIquant package of the R language was used to 

preprocess the original spectrum of the MALDI-TOF MS. 

Next, the linear discriminant analysis algorithm in the sda 

package of R was used to rank the differentially expressed 

peptides between the disease group and the control group. 

The top peptides with a high ranking (score >5) were 

selected as the differentiated characteristic peptides. The 

t-test and χ 2 test using SPSS 17.0 software compared age 

and sex between the 2 groups, respectively. Logistic binary 

classification regression analysis using SPSS 17.0 software 

established a serum peptide classification model. Receiver 

operating characteristic (ROC) analysis was performed with 

MedCalc software.

Results

Patient Characteristics

The basic clinical information on the training set and val-

idation set participants is shown in Table 1. There was no 

significant difference in age between the disease group and 

the control group (P >.05) according to the t-test and no 

significant difference in sex between the 2 groups according 

to the χ 2 test (P >.05). There was no significant difference in 

age between the training set and the validation set parti-

cipants (P >.05) according to the t-test and no significant 

difference in sex between the two sets according to the χ 2 

test (P >.05).

Establishment and Verification of Serum 
Peptide Classification Model

In the analysis phase for the training set participants, serum 

specimens from 175 patients with PDAC and 158 healthy 

control patients were subjected to weak cation exchange 

magnetic beads combined with MALDI-TOF MS to obtain 

serum peptide profiles. The results showed that the peptide 

abundance of the disease group was significantly different 

from that of the control group. Through R language analysis, 

we found that there were 64 peptides with scores >5 in the 

range of m/z 1000 to 10,000, which meant that there was a 

total of 64 differentially expressed peptides. From these 64 

differentially expressed peptides, 13 differentiated charac-

teristic peptides were selected to establish a serum peptide 

classification model through logistic binary classification 

regression analysis using SPSS statistical analysis software. 

The m/z values of these 13 differentiated characteristic 
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peptides were 1202, 1337, 1720, 1758, 2648, 2846, 2926, 

3138, 3176, 3189, 3260, 4364, and 5901, respectively. 

The formula of the serum peptide classification model 

was as follows: P=1/(1+e^(-X)), X=8.926 + 0.690×x1- 0.4

08×x2 + 0.668×x3 + 0.591×x4 + 0.039×x5 + 0.201×x

6- 0.092×x7- 0.133×x8- 0.055×x9- 0.338×x10- 0.009×x11- 

0.308×x12- 0.043×x13. In this formula, x1 to x13 represent 

the abundance value of the corresponding differentiated 

characteristic peptides: x1 = 1202, x2 = 1337, x3 = 1720, 

x4 = 1758, x5 = 2648, x6 = 2846, x7 = 2926, x8 = 3138, 

x9 = 3176, x10 = 3189, x11 = 3260, x12 = 4364, and 

x13 = 5901. By entering the abundance value of each dif-

ferentiated characteristic peptide of a patient specimen, the 

probability of the value of P being classified as PDAC could 

be the output. The higher the P value, the higher the prob-

ability that the patient had PDAC.

Through MedCalc software, the ROC curve was drawn 

using the probability value P, with the area under the curve 

(AUC) = 0.999 (95% confidence interval [CI], 0.982–1.000; P 

<.0001; Figure 1). We set P = .5 was set as the cutoff value. 

When P >.5, the patient was classified by the model as a pa-

tient with PDAC. When P <.5, the patient was classified by the 

model as a healthy person. At this time, the sensitivity of the 

model to diagnose PDAC was equal to the true positive rate 

(118/121 = 97.52%), and the specificity was equal to the true 

negative rate (106/110 = 96.36%).

Subsequently, we validated the serum peptide classifica-

tion model using the serum peptide results from 54 patients 

with PDAC and 48 healthy control patients in the validation 

set. The abundances of the 13 differentiated characteristic 

peptides from the 102 patients were input into the formula 

of the classification model, and the probability value P of 

each patient classified as having PDAC was obtained. The 

ROC curve was plotted using the probability value P, and 

the AUC was 1.000 (95% CI, 0.964–1.000; P <.0001; Figure 
1). We set P = .5 as the cutoff value. The results showed 

that all 54 patients with PDAC were successfully classified 

as such, and the sensitivity was 54/54 (100%). Among the 

48 healthy individuals, 47 were successfully classified as 

healthy, and 1 was misclassified (Table 2). The specificity 

was 47/48 (97.91%).

Diagnostic Effect of Serum Peptide 
Classification Model on PDAC in TNM Stages

We further applied the model to analyze patients with PDAC 

in different TNM stages. Of the 175 patients with PDAC, 130 

had explicit TNM stages: 9 patients were in stage I disease, 

60 were in stage II disease, 20 were in stage III disease, 41 

were in stage IV disease, and 45 were in an unknown stage. 

The diagnostic sensitivity of the patients with PDAC with 

stage I disease was 100% (9/9), that of patients with stage 

II disease was 96.7% (58/60), that of patients with stage III 

disease was 95% (19/20), and that of patients with stage IV 

disease was 100% (19/20).

Comparison of Serum Peptide Classification 
Model and Serum CA19-9 in PDAC Diagnosis 

A total of 162 patients with PDAC achieved CA19-9 results. 

Taking the upper limit of 37.0 U/mL of the 99% normal 

reference interval (0.0–37.0 U/mL) of CA19-9 as the cutoff 

value, the sensitivity of serum CA19-9 to diagnose PDAC 

Table 1. Basic Clinical Information of Training Set and Validation Set Participants

Training Set Participants Validation Set Participants

Patients with PDAC Healthy Control Patients Patients with PDAC Healthy Control Patients

Number of patients 121 110 54 48
Age (y)
  Median 61 56 61 57
  Range 23–82 34–70 44–83 38–68
Sex
  Male 71 62 31 28
  Female 50 48 23 20
TNM classification
  Stage I/II 6/37 — 3/23 —
  Stage III/IV 12/30 — 8/11 —
  Unknown 36 — 9 —

PDAC, pancreatic ductal adenocarcinoma.
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was 124/162 (76.54%). Among these patients, 38 were 

CA19-9-negative. For these 38 patients, the serum peptide 

classification model was successfully classified as PDAC. 

However, the sensitivity of the serum peptide classification 

model to diagnose PDAC was 172/175 (98.29%).

Determination of Amino Acid Sequences of 
Serum Differentiated Characteristic Peptides 
and Identification of Protein Species

The 13 modeling differentiated characteristic peptides 

were successfully identified by tandem MS, including the 

peptide fragments of platelet basic protein (PBP), fibrinogen 

alpha, complement C3, and secreted frizzled-related pro-

tein 4 (SFRP4; Table 3). The expression heatmaps of the 

13 modeling peptides are shown in Figure 2. The detailed 

expression data on the 13 peptides in the disease group 

and control group are shown in Table 3. After a t-test of 

2 independent samples, we found that the expression of 

these 13 peptides in patients with PDAC was significantly 

different from that in healthy control patients and that the P 

values were all <.001. Of the 13 peptides, 5 peptides were 

significantly increased in the disease group and 8 peptides 

were significantly decreased in the disease group. In single-

factor ROC analysis, the characteristic peptides m/z 3176, 

m/z 3189, m/z 3260, and m/z 5901 had relatively high AUCs 

for PDAC diagnosis, reaching >0.75. These 4 peptides were 

all peptide fragments of fibrinogen and were significantly 

reduced in PDAC. The AUCs of the other characteristic 

peptides were all <0.75, which meant that the diagnostic 

value for PDAC was limited.

It is worth noting that m/z 1202 (peptide fragment of PBP), 

m/z 1720 (peptide fragment of fibrinogen), and m/z 1758 

(peptide fragment of SFRP4) were expressed only in the 

disease group and were not expressed in the control group. 

However, m/z 1337 (peptide fragment of complement C3), 

Figure 1

The ROC curves of the serum peptide classification model in the training set and the validation set. AUC, area under the curve; CI, 

confidence interval; ROC, receiver operating characteristic.

Table 2.  Validation Results of Serum Peptide 
Classification Model

Patients 
with PDAC

Healthy Control 
Patients

Total

Patients classified as 
PDAC by the model

54 1 55

Patients classified as 
healthy person by the 
model

0 47 47

Total 54 48 102

PDAC, pancreatic ductal adenocarcinoma.
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m/z 3189 (peptide fragment of fibrinogen), and m/z 4364 

(peptide fragment of fibrinogen) were expressed only in the 

control group and not in the disease group.

Discussion

Pancreatic cancer is the sixth leading cause of cancer 

death in China and the third leading cause of cancer 

death in the United States. Its 5-year survival rate is 

only 9%.1,6 Because of the lack of highly sensitive and 

highly specific biomarkers related to pancreatic cancer, 

researchers have invested much energy into the dis-

covery of new biomarkers. In 2009, more than 2500 

biomarkers were reported for pancreatic cancer diag-

nosis.7 However, none of these biomarkers have been 

proven to be useful in clinical practice. Although serum 

CA19-9 has insufficient sensitivity and specificity for the 

diagnosis of pancreatic cancer, it is still a commonly used 

biomarker for the diagnosis and treatment of pancreatic 

cancer.2 Although there has been no major breakthrough 

in screening for new single biomarkers, the use of an MS 

platform for serum peptidomics analysis is a new direc-

tion for pancreatic cancer diagnosis.

During the tissue microenvironment or disease process, 

the body will produce peptides of various small molecular 

weights, which may come from the normal physiological 

process of the tissue microenvironment or from patho-

logical processes. For example, during the occurrence 

and development of cancer, tumor cells may release 

certain specific proteins that are then hydrolyzed by pro-

teolytic enzymes into small molecule fragments. On the 

other hand, tumor cells may also increase or decrease 

the activity of certain proteolytic enzymes, causing some 

proteins to be hydrolyzed more or less than under normal 

physiological conditions, thereby increasing or decreasing 

Table 3.  Expression and Identification of 13 Modeling Peptides in Patients with PDAC and Healthy 
Control Patients

Order 
Number

m/z AUC Patients with 
PDAC (Mean) 

Healthy Control 
Patients (Mean)

P 
Value

Sequence Protein Name

x1 1202 0.640 10.926 ↑ 0.000 <.001 NLAKGKEESLD Platelet basic protein 
(44–54)

x2 1337 0.573 0.000 ↓ 8.041 <.001 THRIHWESASL Complement C3 
(1308–1318)

x3 1720 0.677 23.425 ↑ 0.000 <.001 NRGDSTFESKSYKMA Fibrinogen alpha chain 
(590–604)

x4 1758 0.583 10.878 ↑ 0.000 <.001 GKPPAPKPASPKKNIKT Secreted frizzled-related 
protein 4 (318–334)

x5 2648 0.655 34.614 ↑ 20.102 <.001 KQFTSSTSYNRGDSTFESKSYKMA Fibrinogen alpha chain 
(581–604)

x6 2846 0.737 32.080 ↑ 3.085 <.001 SSYSKQFTSSTSYN(+.98)RGDSTFESKSY Fibrinogen alpha chain 
(577–601)

x7 2926 0.606 1.998 ↓ 10.382 <.001 YSKQFTSSTSYNRGDSTFESKSYKM Fibrinogen alpha chain 
(579–603)

x8 3138 0.680 15.753 ↓ 40.997 <.001 SYKMADEAGSEADHEGTHSTKRGHAKSRP Fibrinogen alpha chain 
(600–628)

x9 3176 0.808 35.939 ↓ 86.965 <.001 SSYSKQFTSSTSYN(+.98)
RGDSTFESKSYKMA

Fibrinogen alpha chain 
(577–604)

x10 3189 0.769 0.000 ↓ 23.194 <.001 SSYSKQFTSSTSYN(+.98)
RGDSTFESKSYKM(+15.99)A

Fibrinogen alpha chain 
(577–604)

x11 3260 0.786 25.823 ↓ 58.922 <.001 SSSYSKQFTSSTSYNRGDSTFESKSYKMA Fibrinogen alpha chain 
(576–603)

x12 4364 0.589 0.000 ↓ 7.924 <.001 NRGDSTFESKSYKMADEAGSEADHEGTHS  
TKRGHAKSRPV

Fibrinogen alpha chain 
(590–629)

x13 5901 0.775 181.527 ↓ 247.626 <.001 SSSYSKQFTSSTSYN(+.98)RGDSTFESK  
SYKMADEAGSEADHEGTHSTKRGHAK
SRPV

Fibrinogen alpha chain 
(576–629)

AUC, area under the curve; PDAC, pancreatic ductal adenocarcinoma.
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the corresponding small molecule peptide fragments. 

Therefore, there may be protein degradation patterns re-

lated to cancer hidden in serum peptidomics that may have 

potential clinical application value.8,9

In early screening for pancreatic cancer, some researchers, 

such as Andrea et al10 and Velstra et al,11 have used 

MALDI-TOF MS to make relevant explorations, but these 

2 studies included relatively few patients. In this study, the 

serum peptide profiles of 175 patients with PDAC and 158 

healthy control patients were detected by the weak cationic 

magnetic bead method combined with MALDI-TOF MS. 

The patients were randomly divided into a training set and 

a validation set according to a ratio of 7 to 3. In the training 

set, a logistic regression analysis algorithm model was 

established by using the abundance of 13 differentiated 

characteristic peptides to distinguish patients with PDAC 

from healthy control patients. The sensitivity and specificity 

of the model reached 97.52% and 96.36%, respectively, 

in the training set. In the validation set, the sensitivity and 

specificity of the model were 100% and 97.91%, respect-

ively. For patients with stage I and II PDAC who had radical 

surgery opportunities, the sensitivity of this model was 

100% and 96.7%, respectively. In addition, the sensitivity 

of CA19-9 to diagnose PDAC was only 76.54%, which was 

much lower than that of the serum peptide classification 

model. However, note that this study was a single-center 

study, and only internal verification was completed. The 

most crucial stage of clinical validation research is the 

blinded testing stage using independent, large clinical study 

sets that are drawn from separate locations.12 Thus, there 

is still much work to be done to truly apply the classification 

model to clinical practice.

Finally, the amino acid sequences of the 13 modeling 

differentiated characteristic peptides were successfully 

determined by tandem MS, and the types of proteins 

were identified. The peptides m/z 1202, m/z 1720, and 

m/z 1758 were identified as peptide fragments of PBP, 

fibrinogen alpha chain, and SFRP4, respectively, and the 

AUCs to diagnose PDAC were 0.640, 0.677, and 0.583, 

respectively. Although the diagnostic efficacy of the 3 

peptides was not high, they were only expressed in the 

disease group, not in the control group. Multiple studies 

have shown that SFRP4 is closely related to pancreatic 

cancer. Yang et al13 found that the expression of SFRP4 in 

tumor lesions was higher than in adjacent nontumor tis-

sues. Later survival analysis revealed that high expression 

Figure 2

Heatmap of 13 modeling peptides in patients with PDAC and healthy control patients. The yellow horizontal line represents the presence 

of a peptide with the corresponding mass-to-charge ratio in a patient. The red horizontal line represents the absence of a peptide with the 

corresponding mass-to-charge ratio in a patient. HC, healthy control patients; PDAC, pancreatic ductal adenocarcinoma.
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of SFRP4 in serum and tumor lesions predicted a poor 

prognosis in patients with pancreatic cancer. Our results 

showed that the peptide fragment of SFRP4 was only ele-

vated in the serum of some patients with PDAC and was 

not expressed in healthy people. Whether its expression 

level in peripheral blood is related to prognosis needs 

further study.

M/z 1202 was the peptide fragment of PBP for amino 

acid sequence 44–54. PBP can be cleaved into 10 func-

tional proteins, including connective tissue–activating 

peptide III (CTAP-III) and neutrophil-activating peptide 

2 (NAP-2). When CTAP-III is cleaved by leukocyte lyase 

to produce NAP-2, it will release the peptide fragment 

at amino acid sequence 44–54, which happens to be 

the peptide fragment m/z 1202. Increased m/z 1202 

levels in the serum of patients with PDAC may indicate 

an increase in this lysis process during the development 

of PDAC.

M/z 1337 is the peptide fragment of complement C3. 

Multiple studies have suggested that complement C3 is 

involved in the development of cancer.14,15 In our study, the 

peptide fragment of complement C3 was significantly lower 

in patients with PDAC than in healthy people, meaning that 

complement C3 may be consumed in the development 

of cancer.

Among the 13 modeling peptides, there were 10 pep-

tides belonging to the fibrinogen alpha chain. The 

AUCs of fibrinogen alpha chain m/z 3176, m/z 3189, 

m/z 3260, and m/z 5901 to diagnose PDAC were 0.808, 

0.769, 0.786, and 0.775, respectively. These relatively 

high AUCs meant that these peptide fragments had po-

tential value for PDAC diagnosis. Several studies have 

found that not only fibrinogen alpha itself but also its 

peptide fragments are associated with tumors. Peptide 

fragments of fibrinogen alpha are also thought to be 

tumor markers for ovarian cancer,16 gastric cancer,17 

and bile duct cancer.18 These results imply that the 

increased or decreased concentrations of peptides in 

tumors may originate not only from the increase or de-

crease in the protein itself but also from the increase or 

decrease in the activity of cancer-related exocrine pro-

teases. The activity of these exocrine proteases partly 

coincides with the coagulation cascade, resulting in 

tumor-associated elevated or decreased peptide frag-

ments in the serum.

Conclusion

We established a serum peptide classification model with 

13 peptides by the weak cation magnetic bead method 

combined with MALDI-TOF MS technology. The classifi-

cation model achieved high sensitivity and specificity to 

discriminate patients with pancreatic cancer from healthy 

control patients and provided new ideas for the further de-

velopment of simple and noninvasive diagnosis methods for 

pancreatic cancer. In addition, the changes in the fragments 

of serum PBP, fibrinogen alpha, C3, and SFRP4 deepened 

our understanding of the mechanism of pancreatic cancer 

and have potential application value in the diagnosis and 

prognosis of pancreatic cancer.  LM
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ABSTRACT
Objective: Spontaneous bacterial peritonitis (SBP) is considered 
the paradigmatic model of infection in patients with liver cirrhosis. 
Therefore, there is a need for an accurate and rapid method for 
SBP diagnosis. The aim of this study was to evaluate the validity 
of serum-ascites 25-hydroxyvitamin D (25-OH vitamin D) gradient 
(SADG) as a marker for diagnosing SBP in patients with cirrhotic 
ascites.

Methods: We conducted a cross-sectional analytic study of 88 patients 
with portal hypertensive ascites resulting from liver cirrhosis of any 
etiology. The demographic, clinical, and laboratory characteristics of 
the patients were recorded. The level of 25-OH vitamin D in serum 
and ascitic fluid was measured using high-performance liquid 

chromatography autoanalyzer. The SADG was calculated with the 
formula: 25-OH vitamin D in serum − 25-OH vitamin D in ascites.

Results: Vitamin D deficiency was detected in 89.8% of the studied 
patients. The SADG values ranged between 0 and 69.2 ng/mL, with a 
median value of 5.58 ng/mL. It was significantly lower in patients with 
SBP than in those without SBP (P = .004). The area under the curve for 
SADG in exclusion of SBP was 0.67 at a cutoff value of ≥5.57 ng/mL.

Conclusion: We found that SADG may be a valid marker of SBP in 
patients with cirrhotic ascites.

Keywords: vitamin D deficiency, spontaneous bacterial peritonitis, diagnosis, 
marker, serum-ascites 25-OH vitamin D gradient, cirrhotic ascites

 

Spontaneous bacterial peritonitis (SBP) is a bacterial infec-

tion of ascitic fluid without any intra-abdominal surgically 

treatable source of infection. It is also the most common 

infective complication of ascites because of liver cirrhosis 

and mostly results from gram negative bacteria.1 When first 

described, its mortality exceeded 90% but has been re-

duced to approximately 20% with early diagnosis and treat-

ment. The cornerstone of the diagnosis of SBP is based on 

a neutrophil count in ascitic fluid of >250/mm3.2 However, 

it has been suggested that the dosage of specific mol-

ecules in ascitic fluid, ie, C-reactive protein, lactoferrin, and 

calprotectin, may be an additional prognostic or diagnostic 

tool in patients with SBP.3 With the role of vitamin D increas-

ingly recognized in various body processes, serum-ascites 

25-OH vitamin D gradient (SADG) is among these tools that 

have been recently investigated as a possible diagnostic 

marker for SBP.4

Vitamin D is a steroid hormone involved in several pro-

cesses in addition to bone and calcium homeostasis.5 

However, vitamin D can increase innate defense and modu-

late the activation of lymphocytes implicated in the immune 

response; therefore, it has numerous additional roles such 

as combating bacteria and preventing both autoimmune 

diseases and chronic inflammatory states.6



The liver is a vital organ for vitamin D biotransformation, 

where vitamin D is metabolized, a process carried out by 

a cytochrome P450 enzyme, into 25-hydroxyvitamin D2 

and 25-hydroxyvitamin D3 (25-OH D3).7 25-OH vitamin D 

(25-OH D) undergoes a second hydroxylation mainly in the 

kidney to form 1,25 (OH) D, known as calcitriol, the active 

form.8Research has shown that 25-OH D, the major circu-

lating form of vitamin D, is used to determine a patient’s 

vitamin D status.8 Recently, 25-OH D levels have been found 

to be low in patients with liver cirrhosis vs in control patients, 

and the severity of 25-OH D deficiency in these patients cor-

related with the severity of liver dysfunction.1,9,10 The causes 

of vitamin D deficiency in cirrhosis are the decreased number 

of hepatocytes, reduced exposure to sunlight, malabsorption 

of vitamin D, and altered hydroxylation of vitamin D because 

of liver impairment.11

Studies have found that low levels of circulating 25-OH D 

are associated with infections in patients with cirrhosis.12,13 

Moreover, several recent studies found that vitamin D defi-

ciency was an independent risk factor for infection and even 

mortality in patients with liver cirrhosis.14,15

The diagnosis of SBP is based on neutrophil count in the ascitic 

fluid > 250/mm3 as determined by microscopy.2 The serum-

ascites 25-OH vitamin D gradient (SADG) is a novel index in 

the diagnosis of SBP. The SADG, calculated as the difference 

between serum and ascites vitamin D, was recently explored 

by Buonomo et al,4 aiming to investigate the role of vitamin D 

levels in ascitic fluid in patients with SBP, and concluded that 

the SADG was significantly lower in patients with SBP than in 

those without SBP. However, data in the literature on the SADG 

as a potential diagnostic biomarker in the diagnosis of SBP in 

patients with cirrhotic ascites are scarce.

Therefore, this study was conducted to assess the validity 

of the SADG as a marker for diagnosing SBP in patients 

with cirrhotic ascites and to identify a cutoff level that can 

be used for SBP diagnosis.

Patients and Methods

Patient Populations

Between October 2019 and March 2020, patients with 

portal hypertensive ascites because of liver cirrhosis 

of any etiology presenting to the Endemic Medicine 

and Hepatology Department, Faculty of Medicine, 

Cairo University were consecutively recruited into the 

cross-sectional analytic study. Patients with cirrhotic as-

cites aged ≥18 years were recruited. Furthermore, patients 

who presented with SBP that was diagnosed according 

to current guidelines by an elevation of ascitic fluid abso-

lute polymorph nuclear leukocyte (PMN) count (≥250 cells/

mm3) were also included in the study.2 Patients with ascites 

from causes other than portal hypertension (eg, ascites 

from peritoneal diseases, malignant ascites, nephrogenic 

ascites, and pancreatic ascites), infection other than SBP, 

or patients who received oral vitamin D supplementation in 

the previous 12 months were excluded. The patients were 

further subdivided into 2 groups according to the presence 

or absence of SBP. Group I comprised 44 patients with SBP, 

and group II comprised 44 patients without SBP; these pa-

tients served as a control group.

Patients were subjected to detailed history including demo-

graphic data, date of diagnosis of liver cirrhosis, manifest-

ations of hepatic decompensation, etiology of cirrhosis, and 

date of developing ascites and underwent clinical examination 

with special emphasis on stigmata of chronic liver disease 

such as ascites, splenomegaly, spider naevi, palmar ery-

thema, lower limb edema, and gynecomastia in addition to 

general and local signs of peritonitis and its sequelae (signs of 

hepatic encephalopathy, reduced urine output or bleeding). 

Laboratory evaluation included complete blood count, liver 

biochemical profile (total serum bilirubin, liver enzymes 

[alanine aminotransferase (ALT), aspartate aminotransferase 

(AST)], serum albumin, and the international normalized 

ratio [INR]), renal function tests (serum urea and creatinine), 

and electrolytes (serum sodium and potassium); all chem-

istry analysis was performed on a Beckman Coulter AU680 

autoanalyzer according to the manufacturer’s methods. In 

addition, serum 25-OH D was measured on the same day 

that the patient underwent diagnostic paracentesis. 

Regarding ascitic fluid analysis, specimens were exam-

ined for PMN cell count using manual microscopy, ascitic 

fluid chemistry including total proteins and albumin on a 

Beckman Coulter AU680 autoanalyzer, and 25-OH D level in 

the ascitic fluid using the high-performance liquid chroma-

tography (HPLC) autoanalyzer Agilent 1260.16 The severity 

of liver diseases was assessed using the Child-Turcotte-

Pugh (CTP) score17 and the Model for End-Stage Liver 

Disease (MELD).18 All patients underwent abdominal ultra-

sonography to examine liver size and texture, portal vein 

diameter, spleen size, and splenic vein diameter, to grade 

the amount of ascites, and to exclude focal hepatic lesions.
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Ultrasonographic criteria for the diagnosis of cirrhosis 

included volume redistribution of the right and left liver 

lobes, the presence of surface nodularity, the coarseness 

of texture, the attenuation of hepatic veins, and signs of 

portal hypertension such as a dilated portal vein (≥14 mm), 

splenomegaly, ascites, and collaterals.19

Measurement of 25-OH D

25-OH D3, after deproteinization with a specific reagent 

and after purification with Clean-up Columns (extraction 

with a solid phase extraction column), was injected directly 

into the isocratic HPLC system (HPLC Agilent 1260). It had 

sensitivity up to 1.5 ng/mL with a linearity of 2 to 500 ng/

mL for detection. Serum 25-OH D3 concentrations <20 ng/

mL were defined as severe vitamin D deficiency, levels from 

21 to 29 ng/mL were considered as insufficient, and serum 

levels from 30 to 100 ng/mL were considered normal.20 The 

SADG was calculated with the following formula: 25-OH D 

in serum — 25-OH D in ascites.4

The study was designed to respect all ethical guidelines is-

sued by the 1975 Declaration of Helsinki and was approved 

by the institutional review board of the Faculty of Medicine, 

Cairo University. Informed consent was obtained before 

specimen collection.

Statistical Analysis

Descriptive statistics were calculated, categorical vari-

ables were presented as frequency and percentages, and 

numerical variables were presented as mean (standard 

deviation [SD]) or median (IQR). A comparison between the 

2 independent groups was done using the independent-

samples t-test or the Mann-Whitney U test according to 

the normality of data. For categorical variables, the com-

parison was done with the χ 2 test. The receiver operating 

characteristic (ROC) curve was constructed to assess the 

diagnostic ability of the SADG in detecting SBP. We used 

STATA 15 for the analysis and deemed P values <.05 as 

significant.

Results

Eighty-eight patients with portal hypertensive ascites re-

sulting from liver cirrhosis of any etiology were included in 

the present study. The main characteristics of the patients 

are summarized in Table 1. The mean age of patients 

with SBP was 55.9 years (range, 37–80 years) with male 

predominance (77.3%), and the mean age of patients 

without SBP was 58.3 years (range, 42–77 years) with male 

predominance (59.1%) as well. Regarding the severity of 

liver diseases, all the patients in both groups were CTP 

class C or B, and none of them were classified as CTP class 

A. Specifically, among the 88 patients, 38 (43.2%) belonged 

to CTP class B and 50 (56.8%) belonged to CTP class C. In 

addition, there was no statistically significant difference in 

the CTP or the MELD scores between the 2 groups (P = .7 

and P = .9, respectively).

In comparing the laboratory characteristics in patients with 

SBP and patients without SBP as shown in Table 2, it was 

observed that the patients with SBP had a significant lower 

median hemoglobin level (7.45 g/dL [IQR, 4.9–9.3] vs 8.9 g/

dL [IQR, 7.15–10.7]; P = .03) and a significant higher me-

dian blood urea nitrogen level (66 mg/dL [IQR, 42–125.5] vs 

49.5 mg/dL [IQR, 29.5–84.5]; P = .02). Notably, no differ-

ence was observed in relation to analyses on the following 

laboratory variables: white blood cell (WBC) count, plate-

lets, AST, ALT, total serum bilirubin, serum albumin, INR, 

and serum creatinine.

Vitamin D deficiency was observed in the majority of the 

studied patients (n = 79/88, 89.8%). Moreover, it was ob-

served that patients with SBP had nonsignificantly lower 

Table 1. Demographic Features of Both Studied 
Groups

Variables Patients with 
SBP (n = 44)

Patients without 
SBP (n = 44)

P 
Value

Age (y) 55.9 (11.43) 58.3 (7.95) .3
Sex    
  Male 34 (77.3%) 26 (59.1%) .07
  Female 10 (22.7%) 18 (40.9%)
Severity 

of liver 
disease

   

  A-CTP    
    1-score 10.3 (1.7) 10.11 (2.002) .7
    2-class    
      B, n (%) 18 (40.9%) 20 (45.5%) .7
      C, n (%) 26 (59.1%) 24 (54.5%)
  B-MELD score 21.6 (6.22) 21.5 (8.1) .9

CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Disease; SBP, spontaneous 
bacterial peritonitis. 
Data are expressed as the mean (SD), or number (%).
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median serum 25-OH D in relation to patients without SBP 

(7.3 [IQR, 4.7–14.7] vs 9.4 [5.8–15.3]; P = .2), but the median 

level of 25-OH D in ascitic fluid did not differ between pa-

tients with or without SBP (P = .08) as shown in Table 2.

We used CTP class to evaluate the severity of the liver 

disease and found no significant difference between the 

CTP class and the status of the serum 25-OH D level in the 

studied patients (P = .4). We also noted that the mean value 

of serum 25-OH D was lower in CTP class B than in CTP 

class C with no significant difference between them (11.5 

[SD, 8.002] ng/mL vs 12.2 [SD, 12.8] ng/mL; P = 7), but the 

median value of 25-OH D in the ascitic fluid was signifi-

cantly higher in CTP class B than in CTP class C (2.7 ng/mL 

[IQR, 1–4.1] vs 1 ng/mL [IQR, 1–1]; P = .0007), as shown in 

Table 3.

In the entire sample of patients, the SADG values ranged 

between 0 and 69.2 ng/mL, with a median value of 5.58 ng/

mL (IQR, 3.02–12.2). They were significantly lower in pa-

tients with SBP than in those without SBP (3.45 ng/mL 

[IQR, 2.45–11.95] vs 8.75 ng/mL [IQR, 5–13.3]; P = .004), as 

shown in Table 2. However, the median SADG did not differ 

significantly between patients in CTP class B and in CTP 

class C (5.2 ng/mL [IQR, 3–10] vs 7 ng/mL [IQR, 3.1–13]; 

P = .5), as shown in Table 3.

An ROC curve was designed to evaluate the ability of the 

SADG in exclusion of SBP; results showed a SADG with a 

cutoff value of ≥5.57 ng/mL had a sensitivity of 70.5%, a 

specificity of 68.2%, an overall accuracy of 69.32%, and an 

area under the curve of 0.67, as shown in Figure 1.

Discussion

SBP is considered the paradigmatic model of infection 

in patients with liver cirrhosis and is peculiar to those 

with the decompensated disease, being associated with 

significant morbidity and mortality. In addition to the 

diagnostic tools available, multiple efforts have been 

developed for the rapid diagnosis of SBP. The SADG is 

among these tools that have been recently investigated 

Table 2. Analysis of Laboratory Characteristics of 
Both Studied Groups

Variables Patients with 
SBP (n = 44)

Patients without 
SBP (n = 44)

P 
Value

Laboratory 
parameters

   

White blood cell 
(×103/mm3)

8.5 (7.8–10.3) 8.4 (5.85–9.85) .08

Hemoglobin (g/dL) 7.45 (4.9–9.3) 8.9 (7.15–10.7) .03a

Platelets  
(×103/mm3)

77 (56–128) 82.5 (70.5–129.5) .4

  AST (U/L) 51 (37–79.5) 54 (36–76) .9
  ALT (U/L) 24 (13–37.5) 26 (21.5–41) .5
Total bilirubin  

(mg/dL)
3.15 (1.2–5.7) 2.2 (1.1–3.4) .1

  Albumin (g/dL) 2.4 (2.1–2.9) 2.15 (1.9–2.8) .3
  INR 1.6 (1.4–1.8) 1.67 (1.39–2) .4

Blood urea 
nitrogen level 
(mg/dL)

66 (42- 125.5) 49.5 (29.5–84.5) .02a

Creatinine  
(mg/dL)

1.2 (0.98–1.5) 1.1 (0.7- 1.65) .3

Ascitic fluid 
analysis

   

  TLC (mm3) 410 (360–1360) 110 (60–290) .09
SAAG (g/dL), 

mean (SD)
1.87 (0.37) 1.74 (0.33) .08

Serum 25-OH 
vitamin D (ng/
mL)

7.3 (4.7–14.7) 9.4 (5.8- 15.3) .2

Ascitic fluid 25-OH 
vitamin D  
(ng/mL)

1 (1–4.1) 1 (1–2.2) .08

SADG (ng/mL) 3.45 (2.45–11.95) 8.75 (5–13.3) .004a

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized 
ratio; SAAG, serum-ascites albumin gradient; SADG, serum-ascites 25-OH vitamin D gradient; 
SBP, spontaneous bacterial peritonitis; SD, standard deviation; TLC, total leukocyte count. 
Data are expressed either as mean (SD) or median (IQR). 
aValues were statistically significant.

Table 3.  Vitamin D Assessment in Relation to 
Liver Disease Severity

Variables CTP Class B 
(n = 38)

CTP Class C 
(n = 50)

P 
Value

Vitamin D status 
n (%)

   

  Sufficient 3 (7.9%) 1 (2%) .4
  Insufficient 2 (5.3%) 3 (6%)
  Deficient 33 (86.8%) 46 (92%)
Serum 25-OH D 

(ng/mL), mean 
(SD) 

11.5 (8.002) 12.2 (12.8) .7

Ascitic fluid 25-OH 
D (ng/mL)

2.7 (1–4.1) 1 (1–1) .0007a

SADG (ng/mL) 5.2 (3–10) 7 (3.1–13) .5

CTP, Child-Turcotte-Pugh; IQR, interquartile ratio; SADG, serum-ascites 25-OH vitamin 
D gradient; SD, standard deviation.
Unless otherwise stated, numerical data are expressed as mean (SD) or median (IQR).
aStatistically significant value.
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as a possible diagnostic marker for SBP.4 This study was 

conducted to assess the validity of the SADG as a marker 

for diagnosing SBP in patients with cirrhotic ascites.

In reviewing the laboratory characteristics, we noted that 

there were no significant differences concerning WBC count, 

serum albumin, total serum bilirubin, or INR between patients 

with and without SBP. Similar findings were noted by the 

Evans et al. study,21 which assessed 427 patients with as-

cites and observed that 3.5% had SBP. At the same time, we 

noticed that there was an increase in WBC count in the SBP 

group when compared to the non-SBP group; this finding 

could help predict the appearance of SBP in patients with as-

cites with no clinical signs or symptoms of infection, owing to 

the immunocompromised state observed in liver cirrhosis.22

In addition, we observed that patients in the SBP group 

showed a nonsignificant increase in serum creatinine com-

pared with those in the non-SBP group (P = .3), whereas the 

blood urea nitrogen level was significantly higher in those in 

the SBP group compared with the level in those in the non-

SBP group (P = .02). Patients with cirrhosis are susceptible 

to renal dysfunction as a result of a variety of etiologies, 

and measures of renal dysfunction (serum creatinine, blood 

urea nitrogen/azotemia) are strong predictors of mortality in 

decompensated cirrhosis.23 Infection, particularly SBP, is a 

common precipitating factor of renal dysfunction in cirrhosis 

and may be associated with septic shock in up to 10% of 

patients.2,24 Traditionally, the diagnosis of renal dysfunction 

in liver disease is still based on serum creatinine, but it is 

not a reliable marker of renal function in cirrhosis because it 

still has several well-known limitations.25

The classic function of vitamin D is to regulate cal-

cium homeostasis and bone formation and resorption. 

However, vitamin D could increase innate defense and 

modulate the activation of lymphocytes implicated in 

the immune response,26 so vitamin D insufficiency may 

predispose to or increase the risk of bacterial infec-

tions and SBP in patients with cirrhosis.7 We observed 

a high prevalence of vitamin D deficiency in our patients 

(n = 79/88, 89.8%), and patients with SBP had lower 

serum 25-OH D concentrations than patients without SBP. 

These findings were consistent with the observations of 

Zhang, Zhao, and Ma,11 who showed a high prevalence 

of vitamin D insufficiency in patients with cirrhosis and 

ascites. Moreover, the authors found that serum vitamin 

D deficiency was observed in patients with SBP. A low 

level of vitamin D in patients with chronic liver disease 

(CLD) may be attributed to several mechanisms such as 

insufficient exposure to sunlight or an inadequate dietary 

intake of vitamin D.11 In addition, patients affected by 

chronic liver disease may have impeded intestinal luminal 

absorption of the dietary sources of vitamin D because of 

intestinal edema, which complicates portal hypertension, 

or to cholestasis-induced bile salt disruption.27

Furthermore, we used CTP class to evaluate the severity 

of liver disease in relation to the status of vitamin D. We 

found that 92% of patients with CTP class C had vitamin D 
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ROC curve analysis of validity of SADG in exclusion of SBP. AUC, area under the curve; ROC, receiver operating characteristic; SADG, 

serum-ascites 25-OH vitamin D gradient; SBP, spontaneous bacterial peritonitis.
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deficiency, indicating that vitamin D status may be deter-

mined in part by chronic liver disease severity. Our finding 

was in agreement with the results of Arteh et al9 and Fisher 

and Fisher,26 who showed that patients with cirrhosis have 

much lower vitamin D concentrations than patients without 

cirrhosis. 

In the current study, however, the SADG was found to be 

significantly lower in patients with SBP than in those without 

SBP. This finding agrees with the results of Buonomo et al,4 

who investigated 54 patients with liver cirrhosis and ascites 

for the possible role of vitamin D in ascites in patients with 

SBP. The available evidence indicates that there seems to 

be a compartmentalization of vitamin D from serum to as-

cites in patients with SBP that exists to increase local, peri-

toneal levels of vitamin D, which acts as a chemotactic and 

antibacterial agent that exerts its effects locally in ascitic 

fluid. This compartmentalization could explain our finding of 

a low SADG in patients with SBP. Our results are also po-

tentially in accordance with those obtained by Trépo et al,27 

who reported a tendency to an increased incidence of SBP 

(15.7% vs 6.9%) in patients with cirrhosis with vitamin D 

deficiency.

Another important finding of this study based on the ROC 

curve was that the SADG with a cutoff value of ≥5.57 ng/mL 

had a sensitivity of 70.5%, a specificity of 68.2%, and an 

area under the curve of 0.67 in exclusion of SBP.

Vitamin D deficiency is associated with an increased in-

cidence of bacterial infections and increased all-cause 

mortality risk in patients with liver cirrhosis.13,14 Indeed, 

it can modulate the host’s innate and adaptive immune 

defense mechanisms through diverse immunomodulatory 

functions mediated by the vitamin D receptor.28 On the level 

of ascites, this immunological role seems to be carried out 

through vitamin D–mediated enhancement of peritoneal 

leukocytic, phagocytic, chemotactic, and antimicrobial 

effects, including in particular the antimicrobial peptide 

cathelicidin.29,30

Conclusion

We found that a lower SADG was associated with SBP 

in patients with cirrhotic ascites and that it may be 

a valid marker for diagnosing SBP in such patients. 

Vitamin D deficiency is universal in patients with cir-

rhotic ascites regardless of SBP diagnosis. Adequate 

vitamin D is vital for the body to improve antimicrobial 

immune response.

This study has some limitations. We assessed the diag-

nostic significance of the SADG in SBP diagnosis in 

patients with cirrhotic ascites and excluded those who 

received vitamin D supplementation from our study. 

Therefore, more powered studies are needed to deter-

mine whether SADG has any prognostic significance in 

patients with SBP and to establish a reliable cutoff value 

for diagnosing SBP. The response of the SADG and the 

recurrence of SBP after vitamin D supplementation need 

further evaluation. LM
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ABSTRACT
Background: Amyloidosis is a devastating multisystemic disease 
resulting from organ deposition of misfolded proteins and subsequent 
organ dysfunction. An accurate diagnosis relies frequently on biopsies 
and microscopy techniques to detect amyloid deposition. We evaluated 
the diagnostic performance of Congo red staining using polarized light 
(PM) and fluorescence microscopy (FM) techniques in renal amyloidosis.

Methods: We performed a retrospective and prospective analysis of 
all renal biopsies submitted at a large quarternary hospital in Sydney, 
Australia, that had undergone PM and FM evaluation using Congo red 
staining. Identification of amyloid fibrils on electron microscopy was 
considered the reference method.

Results: PM and FM displayed very high sensitivity and specificity 
in correctly identifying amyloid deposits in renal biopsies that tested 
positive via Congo red staining. Comparison of the diagnostic statistics 
revealed that they are diagnostically equivalent.

Conclusion: In the diagnosis of renal amyloidosis on biopsy, evaluation 
of Congo red staining may be reliably performed via PM or FM.

Keywords: amyloidosis, biopsies, Congo red staining, fluorescence 
microscopy, polarized microscopy.

 

Amyloidosis is a devastating multisystemic disease caused 

by the deposition of abnormal, misfolded proteins in various 

organs. The kidneys are one of the most commonly affected 

organs (renal amyloidosis); this disease often presents with 

subnephrotic to nephrotic-range proteinuria. Biopsy remains 

the criterion standard for diagnosis.1

Congo red (CR) staining is a qualitative method for identifying 

amyloid deposits on biopsies and can be detected via a 

classic apple-green birefringence under polarized light mi-

croscopy (PM; Figure 1A), or fluorescence microscopy (FM).2 

Under FM, using the tetramethylrhodamine (TRITC) filter, 

CR produces a characteristic bright red appearance with 

its emission wavelength of 614 nm (Figure 1B). Because 

there are more than 60 subtypes of amyloid protein, CR 

only serves to identify the presence of amyloid and does not 

distinguish one subtype from another, which would require 

additional analytical techniques.3 The comparative diagnostic 

performance of CR using PM or FM microscopy is not known 

for renal amyloidosis. We therefore undertook a retrospective 

and prospective review of all renal biopsies at our quarternary 

hospital to ascertain their relative diagnostic merits.

Methods

Renal biopsies examined at Institute of Clinical Pathology 

and Medical Research (ICPMR), Westmead Hospital (Sydney, 

Australia) were collated and retrospectively and prospect-

ively analyzed during a 4-year period between 2017 and 

2020. This is a major institute that is one of the largest health 

networks, geographically and infrastructurally, in the state of 

New South Wales. As an adult hospital network, only patients 

aged 16 years or older were included in this study. Paraffin-

embedded sections or frozen sections of renal core tissue 



were prepared int 4-μm sections. CR dissolved in 1% sodium 

hydroxide was applied to deparaffinized tissue or frozen tissue 

for 20 minutes before washing and then dehydration.

CR staining was requested when there was clinical suspi-

cion for amyloidosis, microscopic appearance was suspi-

cious for amyloidosis, there was unexplained proteinuria, or 

the clinicopathological diagnosis remained unexplained. For 

PM, apple-green birefringence was observed using polar-

ized light. For FM, CR was read using the green laser (Nikon 

Eclipse 80i microscope; Nikon Corporation) independently 

by at least 2 laboratory physicians (A.Y.S.L., M-W.L. and 

others). Evaluators were masked to the final diagnosis. The 

practical reference standard for this study was the elec-

tron microscopy detection of amyloid fibrils in the renal 

tissue. The final diagnosis was always correlated clinically in 

weekly clinicopathological meetings.

Statistical analysis was performed using the SPSS statis-

tical software, package, version 19.0 (IBM Corporation). 

P <.05 was deemed to be statistically significant. As a 

quality-assurance project, this study was exempt from 

formal ethics approval as per the Western Sydney Local 

Health District Research Office policy.

Results

During a 4-year period, there were 379 renal biopsies that in-

volved CR staining evaluated using PM and FM. There were 

24 cases (6.3%) of renal amyloidosis and a large range of other 

nonamyloidosis cases (Table 1). The prevalence of amyloidosis 

was comparable to that reported in an earlier study report.4

CR staining on FM correctly identified all 24 cases of amyl-

oidosis (sensitivity, 100.0% [range, 85.8%–100.0%]). There 

were 3 cases of false-positive FM CR results from patients 

with congophilic fibrillary glomerulonephritis. The staining 

Figure 1

Positive Congo red staining in renal tissue as observed by polarized light (A) and fluorescence microscopy (B). C, Weaker Congo red staining 

observed under fluorescence microscopy in a case of Congophilic fibrillary glomerulonephritis.
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Table 1. Tabulation of Final Diagnoses for Renal 
Biopsies in Audit Period

Diagnosis Frequency, 
No. (%)

Amyloidosis 24 (6.3%)
Diabetic nephropathy 83 (21.9%)
Focal and segmental glomerulosclerosis (no specific 
cause)

40 (10.6%)

Membranous nephropathy 33 (8.7%)
IgA nephropathy 23 (6.1%)
Hypertensive nephropathy 20 (5.3%)
Podocytopathy 18 (4.7%)
Tubulointerstitial pathology 18 (4.7%)
Membranoproliferative glomerulonephritis 17 (4.5%)
Lupus nephritis 17 (4.5%)
Ischemic/vascular nephropathy 9 (2.4%)
Minimal change disease 8 (2.1%)
Cast nephropathy 7 (1.8%)
Monoclonal Ig-deposition disease 7 (1.8%)
Thin basement-membrane disease 4 (1.1%)
Fibrillary glomerulonephritis 4 (1.1%)
Crescentic glomerulonephritis 2 (0.5%)
C3 glomerulonephritis 2 (0.5%)
Thrombotic microangiopathy 1 (0.3%)
IgG4-related disease 1 (0.3%)
Immunotactoid glomerulopathy 1 (0.3%)
Antiglomerular basement-membrane disease 1 (0.3%)
Nondiagnostic 39 (10.3%)

Ig, immunoglobulin. 

in these 3 cases was weaker than that found in classical 

amyloid cases and sometimes formed coalescing, mesangial 

glomerular staining (Figure 1C) rather than discrete deposits 

(Figure 1B). This yielded a specificity of 99.2% (97.6%–

99.8%) for renal amyloidosis. A positive predictive value 

(PPV) of 88.9% (72.2%–96.1%) and a negative predictive 

value (NPV) of 100.0% for renal amyloidosis were obtained.

PM correctly identified 23 out of 24 renal amyloidosis cases 

(sensitivity, 95.8% [78.9%–99.9%]). In 2 cases, the CR PM result 

was reported as being positive in a case of cast nephropathy 

and congophilic fibrillary glomerulonephritis. This combination 

yields specificity of 99.4% (98.0%–99.9%) for amyloidosis. PM 

assessment of CR has a PPV of 92.0% (74.2%–97.9%) and a 

NPV of 99.7% (98.1%–100.0%) for renal amyloidosis.

There was excellent agreement between the 2 methods 

(kappa = 0.937 [0.87–1.00]). The McNemar test with Yates 

correction was performed, comparing the sensitivities and 

specificities of each method. There were neither differences 

in sensitivity (P = .62) nor specificity (P = .72), indicating that 

the 2 methods of evaluation are equivalent.

Discussion

When comparing the 2 methods, the literature is some-

what divided about the value of each methodology over the 

other;5,6 however, this finding may relate to which tissue has 

been submitted for biopsy. For example, in bone marrow, 

FM appears to be more sensitive than PM for the detection 

of amyloid P deposits; yet, it had equivalent high specifi-

city.7 In cutaneous biopsies of cutaneous amyloid depos-

ition, PM was superior to FM in sensitivity.6 However, it is 

possible that differing techniques and examined tissues 

contribute to varying performance of CR in the literature. 

The findings of 1 study8 found that the type of clinical mi-

croscopy and cover slip may adversely impact the ability to 

sensitively detect positive CR staining; hence, the investiga-

tors argue that the examination technique plays an im-

portant role in the sensitivity of CR for amyloid deposits.

Several expert, international consensus committees9–11 

have advocated for CR staining being evaluated by PM; 

however, they do not discuss the diagnostic merit of 

evaluation with FM nor the method of evaluation. As such, 

it is prudent that future studies continue to evaluate the 

methodology for CR determination. Congophilic fibrillary 

glomerulonephritis is an important differential diagnosis 

that yields positive CR staining results through binding the 

dye.12 Therefore, pathologists and laboratorians need to 

be aware of this diagnosis and investigate further accord-

ingly; electron microscopy would be helpful in these cases. 

Nevertheless, in this dedicated comparative study of renal 

amyloidosis, we show that evaluations via PM and FM are 

diagnostically similar, and both methods demonstrate high 

sensitivities and specificities for renal amyloidosis, in agree-

ment with the findings of a previous study.4

A limitation of our study is that CR was performed selectively 

on renal biopsies, possibly leading to results biasing; yet, the 

great variety of diagnoses (Table 1) and the congruent preva-

lence of amyloidosis, compared to reports in the literature, 

gives us confidence that a fair spectrum of renal pathology was 

tested. Further, amyloid fibrils that are scant or focal in renal 

tissue may be missed on electron microscopy, depending on 

the specimen submitted for this technique.1 Therefore, it is 

possible that a few cases of early amyloidosis may have been 

unaccounted for with our routine diagnostic techniques.

In conclusion, our findings emphasize the high diagnostic utility 

of CR staining for renal amyloidosis diagnoses and, in addition, 
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prove that CR stainings serve as good rule-out tests. PM and 

FM are diagnostically similar, and these additional methods for 

detecting amyloid deposits add to the sensitivity and confidence 

in initial detection, prompting future specialized testing for diag-

nostic confirmation and typing. Because both methods of evalu-

ation are not perfect, combined assessments with both methods 

are still advisable, considering current consensus guidelines 

advocates for the use of PM. Further studies are required to 

assess the utility and performance of the 2 methods in a range of 

other tissues. LM
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ABSTRACT
Objective: We comparatively evaluated the performance of 3 phenotypic 
tests for the detection of carbapenemase production.

Materials and Methods: Carbapenemase production was evaluated 
using the modified Hodge test (MHT), the modified carbapenemase 
inhibition method (mCIM), and the Rapidec Carba NP test (RCNP).

Results: Among the 170 isolates, 79 were CP-CRE and 91 were non-CP-
CRE. The CP-CRE isolates produced GES-5 (n = 66), KPC (n = 4), NDM 
(n = 7), NDM and OXA-48 (n = 1), and VIM (n = 1). For KPC producers, all 3 
methods showed a sensitivity of 75%. The sensitivities of MHT, mCIM, and 

RCNP were 14.3%, 100%, and 71.4%, respectively, for NDM producers, 
and 1.5%, 12.1%, and 18.2% for GES-5 producers, respectively.

Conclusion: The performance of the phenotypic tests varied depending 
on the type of carbapenemase. For intensive infection control, 
phenotypic and molecular tests are required for the detection of 
common and rare types of carbapenemases.

Keywords: carbapenemase, carbapenemase-producing carbapenem-
resistant Enterobacterales, phenotypic methods, GES-5, evaluation, 
infection control

 

The prevalence of carbapenem-resistant Enterobacterales 

(CRE) has increased globally, and CRE has become a major 

cause of health care-associated and community-associated 

infections.1,2 Carbapenem resistance poses a concern 

because effective therapeutic options for CRE are very 

limited and alternative therapies are lacking.3 Carbapenem 

resistance occurs through various mechanisms, including 

carbapenemase production in carbapenemase-producing 

CRE (CP-CRE).4 Based on the presence or absence of 

carbapenemase production, CRE is classified as CP-CRE or 

non-CP-CRE. Carbapenemase genes are mostly plasmid-

encoded and can spread easily and rapidly; as a result, the 

spread of CP-CRE poses a severe public health threat.1 

Carbapenemase production confers resistance without 

the need for additional chromosomal mutations.5 Plasmids 

in CP-CRE occasionally carry additional resistance elem-

ents.6 Therefore, CP-CRE tends to be resistant not only to 

most β-lactams, but also to other antibiotic classes, and 

shows strong multidrug resistance.7,8 For effective infection 

control and public security, rapid and accurate detection of 

carbapenemase production is essential.

There are several types of carbapenemases according 

to the Ambler classification system: class A, including 

the Klebsiella pneumoniae carbapenemase (KPC) and 

Guiana extended-spectrum β-lactamase (GES) types; 



class B, including the New Delhi metallo-β-lactamase 

(NDM), imipenemase (IMP), and verona integron-encoded 

metallo-β-lactamase (VIM) types; and class D, including 

the oxacillinase (OXA) type. The KPC, NDM, and OXA-48 

types are the most commonly encountered8; however, the 

distribution of CP-CRE varies among regions and nations, 

and several newly emerging carbapenemases have been 

reported. Early identification of newly emerging pathogens 

and careful monitoring are important to avoid exponential 

spreading of these types of carbapenemases.

There are various screening tests for the detection 

of carbapenemase production, including phenotypic 

and molecular tests. Most assays target the common 

carbapenemase types, including KPC, NDM, OXA-48-like, 

VIM, and IMP. The performance of these tests differs con-

siderably depending on the type of carbapenemase; there-

fore, accurate detection of CP-CRE can be challenging. The 

modified Hodge test (MHT), also known as the cloverleaf 

technique, was initially used as a phenotypic test to detect 

carbapenemase activity.9,10 However, result interpretation 

is often difficult and is subjective, and the turnaround time 

is long.10 Several tests have been developed to overcome 

these limitations. However, the detection of rare or novel 

carbapenemases in routine clinical laboratory settings re-

mains challenging.

In this study, we evaluated the performance of several 

phenotypic tests for the detection of carbapenemase pro-

duction, especially for GES-type carbapenemases, and 

investigated the antimicrobial susceptibility testing results.

Materials and Methods

Bacterial Strains and Antimicrobial 
Susceptibility Testing

In total, 170 CRE isolates were obtained at a tertiary-care 

hospital between 2016 and 2019. Species were identi-

fied and antimicrobial susceptibility was evaluated using 

the VITEK II system (bioMérieux, Marcy l’Etoile, France). 

Minimal inhibitory concentrations (MICs) of the antimicro-

bial agents (amikacin, ampicillin, azithromycin, cefazolin, 

cefepime, cefotaxime, cefoxitin, ceftazidime, ciprofloxacin, 

gentamicin, ertapenem, imipenem, piperacillin-tazobactam, 

tigecycline, and trimethoprim-sulfamethoxazole) were deter-

mined using the VITEK II system (bioMérieux) and inter-

preted according to the Clinical and Laboratory Standards 

Institute (CLSI) guidelines (document M100-S27).11 

Escherichia coli ATCC 25922 was used as a quality control 

strain. The study was approved by the Institutional Review 

Board (IRB number CR-18–152).

Phenotypic Tests for Carbapenemase 
Production

Carbapenemase production was detected using the MHT, 

the modified carbapenemase inhibition method (mCIM), 

and the Rapidec Carba NP test (RCNP; bioMérieux). The 

MHT was conducted as described in CLSI document 

M100-S27.11 A suspension of an MHT indicator organism 

(E. coli ATCC 25922, which is a carbapenem-susceptible 

stain) at 0.5 McFarland turbidity was prepared and inocu-

lated on the surface of a Mueller-Hinton agar (MHA; Becton, 

Dickinson and Company, Sparks, MD). A 10 μg meropenem 

disk (BD BBL Sensi-Disc susceptibility test disc, Becton, 

Dickinson and Company) was placed on the inoculated 

agar, and the isolates (3–5 colonies) were thickly inocu-

lated in a straight line from the edge to the periphery of the 

agar using a sterile loop. Next, the plates were incubated 

in ambient air at 35°C ± 2°C for 16 to 20 hours. Widening 

of the inoculation line on the edge of an inhibition zone was 

considered to indicate carbapenemase production.

The mCIM assay was performed as follows. Using an 

aseptic inoculation loop, 1 μL of an isolate solution was 

added into a tube containing 2 mL of tryptic soy broth 

(TSB; BD BBL Tryptic Soy Broth; Becton, Dickinson and 

Company). The bacterial suspension was vortexed for 

10 to 15 seconds. A 10 μg meropenem disk (BD BBL 

Sensi-Disc Susceptibility Test Disc) was added to the 

bacterial suspension using a sterile technique. The tube 

was then incubated in ambient air at 35°C ± 2°C for 4 

hours. Before the completion of the 4-hour carbapenem 

inactivation step, a suspension of the mCIM indicator 

organism (E. coli ATCC 25922) at 0.5 McFarland turbidity 

was spread on the surface of an MHA plate (Becton, 

Dickinson and Company). The meropenem disk was then 

removed from the TSB bacterial suspension using a 10 μL 

inoculation loop and placed on the inoculated MHA plate, 

which was incubated in an inverted position in ambient air 

at 35°C ± 2°C for 18 to 24 hours. After the incubation, the 

diameter of the inhibition zone around each meropenem 

disk was measured. A zone diameter of ≥19 mm was 
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considered a negative result, a diameter of 16 to 18 mm 

was considered an indeterminate result, and a diam-

eter of 6 to 15 mm was considered a positive result—ie, 

carbapenemase activity.

The RCNP was carried out according to the 

manufacturer’s instructions. Using a sterile inoculation 

loop, a 10 μL inoculum of colonies taken from a culture 

plate was added to the cell. After a 30-minute incubation 

at 37°C, the plate was read with the naked eye. A red-to-

yellow or red-to-orange color change was considered a 

positive result.

Detection of bla genes

Carbapenemase genes in CP-CRE isolates were de-

tected using polymerase chain reaction (PCR) and 

amplicon sequencing. The presence of carbapenemase 

genes, including bla
KPC

, bla
NDM

, bla
VIM

, bla
OXA-48

, bla
IMP

, 

and bla
GES

, was determined using gene-specific primers. 

The primers used are listed in Table 1. The PCR prod-

ucts were sequenced using a 373XL sequencer (Applied 

Biosystems, Weiterstadt, Germany). The sequences were 

aligned using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.

cgi).

Results

In total, 170 CRE isolates, including 79 CP-CRE isolates 

and 91 non-CP-CRE isolates, were evaluated (Table 2). 

The CP-CRE isolates included 45 K. pneumoniae, 20 

Enterobacter cloacae, 8 E. coli, 4 Enterobacter amnigenus, 

and 2 Klebsiella aerogenes. The CP-CRE clinical isolates 

produced GES-5 (n = 66), KPC (n = 4), NDM (n = 7), NDM 

and OXA-48 (n = 1), and VIM (n = 1) carbapenemases. 

The non-CP-CRE isolates included 65 K. pneumoniae, 13 

E. cloacae, 12 E. coli, and 1 K. aerogenes.

Antimicrobial susceptibility patterns are shown in Table 
2. Of the 79 CP-CRE isolates, 78 isolates (98.7%) 

showed resistance to ertapenem and 5 (6.3%) were 

susceptible to imipenem. Among the 91 non-CP-CRE 

isolates, 88 isolates (96.7%) were not susceptible to 

ertapenem, whereas 22 isolates (24.2%) were susceptible 

to imipenem.

The results of the phenotypic tests for the different 

carbapenemase types are shown in Table 3. Of the 4 KPC-

producing isolates, 3 isolates (75%) yielded positive results 

in the MHT, mCIM, and RCNP. Of the 66 GES-5-producing 

isolates, only 1 isolate (1.5%) yielded a positive result in the 

MHT. Eight isolates (12.1%) and 12 isolates (18.2%) yielded 

positive results in the mCIM and RCNP, respectively. Of the 

7 NDM-producing isolates, only 1 isolate (14.3%) yielded a 

positive result in the MHT, whereas 5 isolates (71.4%) pro-

duced positive results in the RCNP and all 7 isolates (100%) 

yielded positive results in the mCIM. The VIM-producing 

isolate (n = 1) and the NDM and OXA-48-coproducing iso-

late (n = 1) produced negative results in all 3 phenotypic 

tests. Regardless of carbapenemase type, the overall sen-

sitivities of the mCIM and RCNP were 22.8% and 25.3%, 

respectively, which were higher than that of the MHT 

(6.3%). All of the non-CP-CRE isolates yielded negative 

results in the MHT and mCIM, regardless of carbapenem 

susceptibility.

Table 1. Primers Used for PCR Detection of Carbapenemase-Encoding Genes

Target PCR Primers Sequence (5’-3’) Amplicon Size (bp) Temperature

bla
KPC

 type KPC-F CGTCTAGTTCTGCTGTCTTG 798 52°C
 KPC-R CTTGTCATCCTTGTTAGGCG   
bla

NDM
 type NDM-F GGTTTGGCGATCTGGTTTTC 621 59°C

 NDM-R CGGAATGGCTCATCACGATC   
bla

OXA-48
 type OXA-48-F GCGTGGTTAAGGATGAACAC 438 52°C

 OXA-48-R CATCAAGTTCAACCCAACCG   
bla

IMP
 type IMP-F GGAATAGAGTGGCTTAAYTCTC 232 52°C

 IMP-R GGTTTAAYAAAACAACCACC   
bla

VIM
 type VIM-F GATGGTGTTTGGTCGCATA 390 52°C

 VIM-R CGAATGCGCAGCACCAG   
bla

GES
 type GES-F CTATTACTGGCAGGGATCG 594 59°C

 GES-R CCTCTCAATGGTGTGGGT   

F, sense primer; GES, Guiana extended-spectrum β-lactamase; IMP, imipenemase; KPC, Klebsiella pneumoniae; NDM, New Delhi metallo-β-lactamase; OXA, oxacillinase; PCR, 
polymerase chain reaction; R, antisense primer; VIM, verona integron-encoded metallo-β-lactamase.
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Discussion

The dissemination of CRE, especially CP-CRE, contributes 

to serious and devastating clinical outcomes; therefore, rapid 

and accurate identification of CP-CRE is essential. Screening 

of carbapenemase production can be useful for guiding 

appropriate antimicrobial therapy, effective infection control 

implementation, and epidemiological investigation. Phenotypic 

tests are widely and easily used to detect CP-CRE in clin-

ical laboratories. In this study, 170 CRE isolates, including 79 

CP-CRE isolates and 91 non-CP-CRE isolates, were used to 

evaluate the performance of the MHT, mCIM, and RCNP for 

the detection of carbapenemase production.

The MHT is a phenotypic method that was routinely used 

to detect carbapenemases with high sensitivity, espe-

cially in detecting the KPC and OXA-48 types, and it was 

initially recommended by the CLSI for Enterobacterales 

with elevated carbapenem MICs or reduced disk diffusion 

inhibition zones.11,12 However, the MHT shows limited sen-

sitivity for the NDM-type carbapenemase and is no longer 

recommended as a reliable carbapenemase detection 

method.12,13 The performance of the MHT for the detection 

of other types of carbapenemases has also been evalu-

ated, but only in small numbers of isolates.14-16 In this study, 

the sensitivity of the MHT for KPC-producing isolates was 

75.0% (3/4). However, it showed poor sensitivity for GES, 

NDM, OXA-48, and VIM producers, which is in accordance 

Table 2.  Enterobacterales Isolates Tested, Erta
penem and Imipenem Susceptibility

CP-CRE  
(n = 79)

Non-CP-CRE 
(n = 91)

 Number (%) of Isolates

Species   
  Klebsiella pneumoniae 45 (57.0) 65 (71.4)
  Enterobacter cloacae 20 (25.3) 13 (14.3)
  Escherichia coli 8 (10.1) 12 (13.2)
  Enterobacter amnigenus 4 (5.1) 0 (0.0)
  Klebsiella aerogenes 2 (2.5) 1 (1.1)
Ertapenem   
  Resistant 78 (98.7) 83 (91.2)
  Intermediate 0 (0.0) 5 (5.5)
  Susceptible 1 (1.3) 3 (3.3)
Imipenem   
  Resistant 62 (78.5) 62 (68.1)
  Intermediate 12 (15.2) 7 (7.7)
  Susceptible 5 (6.3) 22 (24.2)

CP-CRE, carbapenemase-producing carbapenem-resistant Enterobacterales; non-CP-
CRE, non-carbapenemase-producing carbapenem-resistant Enterobacterales.

Table 3. Phenotypic and Susceptibility Test Results with 79 Carbapenemase-Producing Isolates

Group (n) Species (n) Number (%) of Isolates 
Nonsusceptible 

Number (%) of Isolates with 
Positive Results 

Ertapenem Imipenem MHT mCIM RCNP

Class A       
  GES (66) Klebsiella pneumoniae (40) 40 (100) 37 (92.5) 0 (0) 7 (17.5) 11 (27.5)
 Enterobacter cloacae (19) 19 (100) 19 (100) 0 (0) 0 (0) 0 (0)
 Klebsiella aerogenes (2) 2 (100) 2 (100) 0 (0) 0 (0) 0 (0)
 Enterobacter amnigenus (4) 4 (100) 4 (100) 0 (0) 0 (0) 0 (0)
 Escherichia coli (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
 All 66 (100) 63 (95.5) 1 (1.5) 8 (12.1) 12 (18.2)
  KPC (4) K. pneumoniae (3) 2 (66.7) 3 (100) 2 (66.7) 3 (100) 2 (66.7)
 E. coli (1) 1 (100) 1 (100) 1 (100) 0 (0) 1 (100)
 All 3 (75) 100 (100) 3 (75) 3 (75) 3 (75)
Class B       
  NDM (7) E. coli (6) 6 (100) 6 (100) 1 (16.7) 6 (100) 4 (66.7)
 E. cloacae (1) 1 (100) 1 (100) 0 (0) 1 (100) 1 (100)
 All 7 (100) 7 (100) 1 (14.3) 7 (100) 5 (71.4)
  VIM (1) K. pneumoniae (1) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)
NDM + OXA-48 (1) K. pneumoniae (1) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)

GES, Guiana extended-spectrum β-lactamases; KPC, Klebsiella pneumoniae carbapenemases; mCIM, modified carbapenem inactivation method; MHT, modified Hodge test; NDM, New 
Delhi metallo-β-lactamases; OXA, oxacillinases; RCNP, Rapidec Carba NP test; VIM, Verona integron-encoded metallo-β-lactamases.
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with previous observations for these producers.12,14-16 In 

particular, the MHT showed poor sensitivity for GES-type 

carbapenemases, which can therefore be underestimated. 

The interpretation of MHT results is subjective and re-

quires experienced staff. To overcome these limitations, 

several phenotypic tests have been developed. These new 

phenotypic methods are generally cheaper and simpler, 

with a shorter incubation time and increased sensitivity. The 

mCIM was designed to improve the limited sensitivity of 

the CIM for certain carbapenemases and for simplicity. It is 

considered as an alternative method to the MHT, CIM, and 

RCNP for carbapenemase detection.11 The RCNP, a ready-

to-use kit using colorimetry, is convenient in clinical labora-

tories. However, it requires specific, costly reagents.17 

The sensitivity of the mCIM was 75% for KPC, 100% for 

NDM, and 12.1% for GES-5, with an overall sensitivity of 

22.8%. The relatively lower sensitivity when compared with 

the results of a previous study may have resulted from the in-

clusion of a high number of GES-5 carbapenemase-producing 

isolates (n = 66). The sensitivity of the RCNP was compar-

able to that of the mCIM, with 75% for KPC, 100% for NDM, 

18.2% for GES-5, and an overall sensitivity of 25.3%. Several 

studies have reported sensitivities of 975 to 98% for the mCIM 

and 90% to 99% for the RCNP.17-21 In the present study, the 

sensitivities were lower, possibly because of differences in the 

numbers of carbapenemase-producing isolates.

When the first CRE was isolated in our hospital, we sent the 

isolate to the reference laboratory of the Korean Center for 

Disease Prevention and Control, which identified the isolate as 

a GES-5-producer. Since then, PCR targeting the GES genes 

was performed. Conventional phenotypic tests have limited 

sensitivity for GES producers, and the prevalence of GES-type 

carbapenemases can be underestimated with nonmolecular 

tests. Although the prevalence of GES is lower than that of 

other common types, GES-producing CRE is increasingly 

reported worldwide.4 Strains with rare carbapenemases 

can also cause nosocomial outbreaks and can show strong 

multidrug resistance. Therefore, laboratory tests to detect the 

common and rare types of carbapenemases can be useful for 

effective infection and epidemiological control.

This study has a limitation stemming from its small sample 

size, and the phenotypic tests were performed based on CLSI 

document M100-S27. We only have performed 3 phenotypic 

tests and have not included various other tests such as eCIM 

and Triton Hodge tests for carbapenemase detection.

These various tests each have their advantages and disad-

vantages. Phenotypic tests can be routinely performed and 

are inexpensive, but they cannot discriminate among the 

various carbapenemase types. Targeted PCR can accur-

ately detect and identify known carbapenemase genes; 

however, new and rare genes cannot be detected. Although 

whole-genome sequencing and next-generation sequencing 

can be used to detect carbapenemase-encoding genes, 

these molecular methods cannot be routinely performed 

in the clinical laboratory setting and require experienced 

staff and specific equipment. It is important to estab-

lish a systematic algorithm to detect common and rare 

carbapenemase types, and screening for carbapenemases, 

including rare types, should be considered. The molecular 

characteristics of CP-CRE are useful for preventing the 

spread of these isolates.

Conclusion

The performance of the phenotypic tests varied depending 

on the carbapenemase type. For the detection of GES-type 

carbapenemase, the sensitivity of the mCIM was compar-

able to that of the RCNP and superior to that of the MHT. 

When a positive result is obtained in a test covering a broad 

range of carbapenemases, it is necessary to detect the 

specific type of carbapenemase using phenotypic and mo-

lecular tests for intensive infection control. It may be helpful 

to establish an algorithm for the systematic detection of 

common and rare types of carbapenemases in clinical 

laboratories. LM
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ABSTRACT
Objective: To determine whether polymorphisms of SLC22A1 and 
SLCO1B3 genes could predict imatinib (IM) response and chronic 
myeloid leukemia (CML) risk.

Methods: We genotyped SLC22A1 (c.480G > C, c.1222A > G) and 
SLCO1B3 (c.334T > G, c.699G > A) polymorphisms in 132 patients with 
CML and 109 sex- and age-matched healthy subjects. The patients were 
evaluated for cytogenetic response by standard chromosome banding 
analysis (CBA).

Results: Polymorphism analysis showed significant increased 
risk of IM resistance for SLC22A1c.1222AG (P = .03; OR = 2.2), 
SLCO1B3c.334TT/TG genotypes (P = .007; OR = 4.37) and 334T allele 

(P = .03; OR = 2.86). The double combinations of SLC22A1c.480CC 
and c.1222AG polymorphisms with SLCO1B3c.334TT/TG were 
significantly associated with complete cytogenetic response (CCyR) 
(P <.05; OR> 7). The interaction between all polymorphisms and 
smoking were associated with CML development and IM resistance 
(P ≤.04; OR> 3).

Conclusions: Our study results suggest the influence of SLC22A1 
and SLCO1B3 polymorphisms and the interaction of smoking on CML 
development and IM response.

Keywords: chronic myeloid leukemia, complete cytogenetic response, 
imatinib mesylate, SLC22A1, SLCO1B3, smoke

 

Chronic myeloid leukemia (CML) is a myeloproliferative 

disorder marked by the attendance of the Philadelphia 

(Ph) chromosome resulting from a balanced translocation 

between chromosomes 9 and 22, t (9; 22) (q34; q11), which 

creates a fusion oncogene, BCR-ABL1. This gene encodes 

a Bcr‐Abl1 chimeric protein with constitutively tyrosine 

kinase activity that leads to uncontrolled cell division.1 

Imatinib mesylate (IM; trade name, Glivec or Gleevec), 

a tyrosine kinase inhibitor (TKI), is a powerful Bcr‐Abl1–

targeting drug that is currently used as the first-line treat-

ment for patients with newly diagnosed CML in the chronic 

phase (CML-CP).2 

Despite significant improvements in clinical response rates 

and survival outcomes in patients with CML who undergo 

imatinib therapy, approximately 30% to 40% of patients de-

velop failure in the cytogenetic and molecular response.3,4 

Several resistance mechanisms have been proposed; 

the most important include gene amplification, clonal 



chromosome abnormalities in ph + cells, and mutations in 

the tyrosine kinase domain of BCR-ABL1. Further, the de-

crease bioavailability of IM in leukemic cells has been pro-

posed as a major pharmacokinetic factor that participates in 

the development of resistance to IM.5 

Seven of 55 SLC gene families encode drug-carrier trans-

porters that participate in the influx of drugs into the cell.6 

The findings of 2 studies7,8 showed that the levels of plasma 

concentration of IM are important for clinical outcomes in 

patients with CML; besides, active-transport processes 

could mediate the concentration of IM into mononuclear 

cells. IM is a substrate for influx transporters such as 

SLC22A1 (solute carrier 22A1, organic cation transporter1, 

OCT1) (GenBank accession number; NC_000006.12) and 

SLCO1B3 (solute carrier organic anion transporter family 

member 1B3, organic anion transporting polypeptide 1B3 

[OATP1B3]) (NC_000012.12).9 

White et al10 found that the activity rate of SLC22A1 is as-

sociated with the achievement of major molecular response 

(MMR), so MMR was observed with an increase of trans-

porter activity. These investigators also showed that despite 

the decrease of SLC22A1 activity, the MMR was achieved 

with an elevated IM dose. Further, in patients achieving 

complete cytogenetic response (CCyR), the SLC22A1 

mRNA expression was significantly higher than in patients 

with partial cytogenetic response (PCyR) and patients with 

resistance to IM.11 It has been reported12 that SLC22A1 

c.480C > G (p. L160F, db SNP ID number; rs683369) single 

nucleotide polymorphism (SNP) affects IM pharmaco-

kinetics, event-free survival (EFS) duration, and rates of 

exposure to the drug. Another SLC22A1 polymorphism, 

c.1222A > G (p.M408V, dbSNP ID number;rs628031), influ-

ences the prevalence of poor response, duration of EFS, 

and overall survival (OS).13 

Another transporter, known as SLCO1B3, has a key 

role in the uptake of IM into hepatocytes and intracel-

lular IM accumulation in leukocytes.14 SLCO1B3 has 2 

major SNPs, including c.334T > G (p.Ser112Ala,dbSNP 

ID number; rs4149117) in exon 3 and c.699 G > A (p. 

Met233Ile,dbSNP ID number; rs7311358) in exon 6.15 

Some studies, such as de Lima et al,16 have found that 

the aforementioned polymorphisms are associated with 

nonresponse to IM. Other study reports, such as Sayyed  

et al,17 established that cigarette smoke inhibits the activity 

of drug transporters and alters their expression. Cigarette 

smoke directly inhibits activity of transporters, reduces the 

uptake function of the drug into the cell, and causes drug 

resistance. 

The biological response to carcinogens activates several 

metabolic pathways that are involved in exclusion, such 

as transporters; detoxification agents, such as drug-

metabolizing enzymes; and DNA repair. The polymorphisms 

of genes belonging to these pathways can modulate gene 

activity; however, carcinogens, including smoke, can modify 

the association of these polymorphisms with cancer risk 

and chemotherapy resistance.18 Several studies, such as 

Björk et al,19 have reported that benzene in cigarette smoke 

is associated with leukemia risk, and a relationship exists 

between cytogenetic abnormalities and AML risk in subjects 

who smoke. Some study reports, such as Kim HN et al,20 

have revealed that the association of GSTT1 polymorphisms 

with AML risk is dependent on smoking status. 

To our knowledge, no study in the literature has investigated 

the joint effect of the smoking (as a synergistic factor) and 

genetic polymorphisms in SLC22A1 and SLCO1B3 genes 

on treatment response and CML risk. Moreover, we have 

also analyzed the impact of SNP combinations on response 

to IM and CML susceptibility.

Materials and Methods

Study Population

In this study, peripheral blood specimens were collected 

from 132 Ph + CML patients undergoing IM therapy (300–

800 mg/day) at Arad Hospital and Saba Oncology Clinic 

in Tehran, Iran. This study was approved by the Research 

Ethics Committee of the Pasteur Institute of Iran, and spe-

cimens were used according to ethical standards (ethical 

approval no. IR.PII.REC.1397.56). Written informed consent 

was obtained from all patients and control individuals. 

The median duration of IM treatment was 46 months (range, 

10–175 months). Based on the response to IM therapy, 

the patients were classified into 2 groups: the responder 

group consisted of 58 patients who acquired a CCyR 

within 12 months from IM therapy, and the nonresponder 

group included 74 patients who had no CCyR. Moreover, 

venous blood specimens were obtained from 109 sex- and 

age-matched healthy individuals with the same ethnicity 
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and without medical history or hematological evidence of 

leukemia or other chronic diseases. Smoking criteria were 

described as follows: active smokers were people have 

smoked at least pack of cigarettes daily; passive smokers, 

those exposed to cigarette smoke or have smoked 1 to 2 

cigarettes daily; and never smokers, those who have never 

smoked. The characteristics of the participants are shown 

in Table 1.

Assessment of Response

Disease-phase definitions include chronic phase (CP), ac-

celerated phase (AP), and blastic phase (BP); also, CCyR 

were determined according to World Health Organization 

(WHO) criteria21 and European Leukemia Net (ELN) cri-

teria.22,23 The patients were evaluated at regular intervals 

for cytogenetic response using standard chromosome 

banding analysis (CBA) of bone-marrow-cell metaphases, 

as previously described.24,25 CCyR was described as 0% 

Ph + chromosome in at least 20 metaphases.

SNPs Genotyping

Genomic DNA was extracted from blood using the 

salting-out extraction technique.26 Genotype analysis was 

conducted by the PCR-restriction fragment length poly-

morphism (PCR-RFLP) and sequencing methods. Suitable 

enzymes were used to digest PCR products according to 

manufacturer instructions (Thermo Fisher Scientific Inc.). To 

confirm the quality of genotyping, 10% of the specimens 

were randomly sequenced; the results of both methods 

were consistent. Primer sequences, restriction enzymes, 

and PCR conditions are shown in Supplementary Table S1.

Statistical Analysis

Hardy-Weinberg equilibrium was calculated by comparing 

the observed and expected genotype frequencies for all 

SNPs using χ 2 testing. The distribution of baseline features 

between groups was compared for qualitative variables 

using χ 2 testing and for a quantitative variable (age) using 

t testing. In this study we used different genetic models 

for determining the association between all genotypes and 

alleles, with disease risk and response to IM determined 

using logistic regression test. The odds ratios (ORs), along 

with 95% confidence intervals (CIs), were also estimated. 

Linkage disequilibrium (LD) analysis and calculation of 

haplotype frequencies were performed using the soft-

ware HaploView ver. 4.2 AVAILABILITY: (https://www.

broadinstitute.org/haploview/haploview). The asso-

ciation between combined polymorphisms, and also 

polymorphisms–smoking interaction with CML and IM 

resistance risk, was determined using logistic regres-

sion analysis. Because several comparisons can lead to 

false-positive results, Bonferroni correction of P values was 

carried out. P values of less than .05 were considered stat-

istically significant. Statistical analysis was performed using 

SPSS software, version 22 (IBM Corporation).

Results

Baseline Characteristics of the Studied 
Subjects

The study-subjects cohort consisted of 132 patients with 

CML and 109 controls, of whom 56.1% of patients were in 

the IM nonresponder group and 43.9% in the IM responder 

group (Table 1). There was no significant difference in mean 

age in male or female participants between cases and con-

trols (P> .05). However, the mean age difference was sig-

nificant for male responders compared with nonresponders 

(39.55 vs 47.06; P = .02), as well as for male nonresponders 

compared with female nonresponders (39.55 vs 48.12; 

P = .20; data not shown). Smoking status was significantly 

different between cases and controls and also among drug 

response groups (P <.001). Moreover, there was a signifi-

cant difference regarding smoking in females and male 

participants, between patients and controls (P <.001), as 

well as between response groups (P = .001; P = .005), 

respectively.

Allelic and Genotypic Frequencies of SNPs

All of the SNPs were in agreement with Hardy-Weinberg 

equilibrium (HWE) in the CML patients and controls. The 

only exception was SLC22A1c.480G > C polymorphism, 

which was inconsistent with HWE only in patients. 

The distribution of the genotypes in cases and controls, 

as well as in IM response groups, is shown in Table 2. We 

used different genetic models to evaluate the relationship 

between SNPs with CML risk and response to IM. The fre-

quencies of genotypes and alleles of SLCO1B3 (c.334T > G, 

c.699G > A) and SLC22A1 (c.480G > C, c.1222A > G) 

polymorphisms were similar among patients with CML and 
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healthy individuals (P> .05), indicating no relationship be-

tween these SNPs and CML risk (Table 2). 

The frequency of the major allele C and the minor allele G 

for SLC22A1c.480G > C was 0.88 and 0.12. respectively; 

for SLC22A1 c.1222A > G, the frequency of the major allele 

G and the minor allele A were 0.70 and 0.30, respectively. 

In the case of SLCO1B3c.699A > G, the frequency of major 

allele A and minor allele G was 0.93 and 0.07, respectively; 

also, for SLCO1B3c.334T > G, the frequency of major and 

minor alleles was 0.87 and 0.13, respectively. There was 

no significant difference in the genotype and allele fre-

quency of SLCO1B3c.699G > A and SLC22A1c.480G > C 

polymorphisms between IM responders and IM 

nonresponders (P> .05). 

The SLCO1B3c.334TG (codominant model) and 

SLCO1B3c.334 TG/TT genotypes (dominant model) were 

associated with IM resistance: patients with 334TG and 

334 TG/TT genotypes had a higher risk of resistance 

(P = .01, OR = 6.02; P = .007, OR = 4.37). There was also 

an increased risk of IM resistance in patients with the 334T 

allele (P = .03; OR = 2.86). SLC22A1c.1222 AA (recessive 

model) and SLC22A1c. 1222 AG genotypes (codominant 

model) were associated with IM response—those with the 

SLC22A1c.1222 AA genotype had decreased IM resistance 

risk (P = .04; OR = 0.25) and those with the SLC22A1c.1222 

AG genotype had increased resistance risk to IM (P = .03; 

OR = 2.20; Table 2). 

In female and male groups, there was no relationship be-

tween SLCO1B3 (c.334T > G, c.699G > A) and SLC22A1 

(c.480G > C, 1222A > G) SNPs with CML risk and IM 

response. The only exception was the AG genotype from 

SLC22A1 c.1222A > G SNP, which was associated with in-

crease of IM resistance risk in female participants, following 

the codominant model (P = .03; OR = 8.68; Supplementary 

Tables S2, S3, S4, S5).

Haplotyping

Haplotype analysis revealed a strong linkage disequilibrium 

between SLCO1B3 c.334T > G, c.699G > A polymorphisms 

(D′ = 1; r2=0.53; LOD = 25.5), and also between SLC22A1 

c.480G > C, c.1222A > G polymorphisms (D′ = 0.88; 

r2 = 0.2;, LOD = 16.4; Figure 1, Table 2). The SLCO1B3 

c.334G- c.699A haplotype was associated with decreased 

risk of IM response failure—its frequency was significantly 

lower in IM nonresponders than in responders (85.1% vs 

93.1%; P = .04, OR = 0.43). None of the haplotypes were 

Table 1. Baseline Features of the Studied Subject Individuals

Features Control Individuals Patients P Valuea IM Respondersb IM Nonresponders P Valuea

Individuals, no. 109 132  58 74  
Age (y)
Sex, mean (SD) 43.27 (15.23) 44.6 (15.08) .65 46.02 (14.44) 43.49 (15.57) .34
 Male 42.44 (14.6) 43.05 (14.2) .81 47.06 (13.6) 39.55 (13.94) .02
 Female 45.12 (15.9) 46.63 (16.05) .66 44.43 (15.8) 48.12 (16.29) .40
Sex, no. (%)
 Male 57 (52.3%) 75 (56.8%) .48 35 (60.3%) 40 (54.1%) .47
 Female 52 (47.7%) 57 (43.2%) 23 (39.7%) 34 (45.9%)
Smoking status, no (%)
 Total Active 10 (9.2%) 35 (26.5%) <.001 9 (15.5%) 26 (35.1%) <.001

Passive 9 (8.3%) 35 (26.5%) 9 (15.5%) 26 (35.1%)
Never 90 (82.6%) 62 (47%) 40 (69.0%) 22 (29.7%)

  Males Active 9 (15.8%) 33 (44.0%) <.001 9 (25.7%) 24 (60.0%) .005 
Passive 5 (8.8%) 11 (14.7%) 5 (14.3%) 6 (15.0%)
Never 43 (75.4%) 31 (41.3%) 21 (60.0%) 10 (25.0%)

  Females Active 1 (1.9%) 2 (3.5%) <.001 0 2 (5.9%) .001 
Passive 4 (7.7%) 24 (42.1%) 4 (17.4%) 20 (58.8%)
Never 47 (90.4%) 31 (54.4%) 19 (82.6%) 12 (35.3%)

Follow- up duration (mo)
 Mean (SD)    62.67 (36.986) 57.70 (30.518)  
IM treatment duration (mo)
 Mean (SD)    58.88 (35.635) 50.65 (23.105)  

IM; imatinib mesylate.
aP <.05 (bolded) was considered statistically significant. 
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Table 2.  Association Analyses Between SLC22A1, SLCO1B3 SNP Genotypes and Haplotypes with 
Imatinib Response and CML Risk

SNP Model Genotype 
Allele

CCyR, 
no. (%)a 

Non-
CCyRb

OR (95% 
CI)c

Control 
Individualsd 

Patientse P Value OR (95% CI)

SLC22A1c.480G > C  
Codominant CC 46 (79.3) 62 (83.8)  1 [reference] 82 (75.9) 108 (81.8)  1 [reference]

GC 11 (19.0) 9 (12.2) .51 0.58 
(0.20–1.69)

23 (21.3) 20 (15.2) .38 0.61 (0.29–1.25)

GG 1 (1.7) 3 (4.0)  1.89 (0.16–
21.83)

3 (2.8) 4 (3.0)  1.17 (0.23–6.02)

Missing data      1    
Dominant CC 46 (79.3) 62 (83.8)  1 [reference] 82 (75.9) 108 (81.8)  1 [reference]

GC/GG 12 (20.7) 12 (16.2) .48 0.70 
(0.26–1.87)

26 (24.1) 24 (18.2) .24 0.67 (0.34–1.32)

Recessive CC/GC 57 (98.3) 71 (96.0)  1 [reference] 105 (97.2) 128 (97.0)  1 [reference]
GG 1 (1.7) 3 (4.0) .58 2.00 (0.17–

22.99)
3 (2.8) 4 (3.0) .76 1.28 (0.25–6.54)

 Allele C 103 (89.0) 133 (90.0) [reference] 1 187 (86.6) 236 (89.4) [reference] 1
G 13 (11.0) 15 (10.0) .69 0.84 

(0.35–1.99)
29 (13.4) 28 (10.6) .36 0.75(0.41–1.37)

SLC22A1c.1222A > G  
Codominant GG 30 (51.7) 36 (48.6)  1 [reference] 52 (47.7) 66 (50.0)  1 [reference]

AG 21 (36.2) 32 (43.2) .03c 2.20 
(0.92–5.27)

46 (42.2) 53 (40.2) .46 1.01 (0.57–1.81)

AA 7 (12.1) 6 (8.1)  0.33 
(0.08–1.26)

11 (10.1) 13 (9.8)  0.54 (0.20–1.47)

Dominant GG 30 (51.7) 36 (48.6)  1 [reference] 52 (47.7) 66 (50.0)  1 [reference]
AG/AA 28 (48.3) 38 (51.4) .36 1.43 

(0.66–3.08)
57 (52.3) 66 (50.0) .73 0.91 (0.52–1.57)

Recessive GG/AG 51 (87.9) 68 (91.9)  1 [reference] 98 (89.9) 119 (90.2)  1 [reference]
AA 7 (12.1) 6 (8.1) .04c 0.25 

(0.07–0.94)
11 (10.1) 13 (9.8) .21 0.54 (0.21–1.41)

Allele G 81 (69.8) 104 (70.3)  1 [reference] 150 (68.8) 185 (70.1)  1 [reference]
A 35 (30.2) 44 (29.7) .83 0.94 

(0.52–1.69)
68 (31.2) 79 (29.9) .41 0.838 

(0.55–1.28)
SLCO1B3c.699G > A  
 AA 54 (93.1) 64 (86.5)  1 [reference] 88 (80.7) 118 (89.4)  1 [reference]
 GA 4 (6.9) 10 (13.5) .13 2.85 (0.74–

11.08)
21 (19.3) 14 (10.6) .08 0.50 (0.23–1.10)

Allele A 112 (96.6) 138 (93.2)  1 [reference] 197 (90.4) 250 (94.7)  1 [reference]
G 4 (3.4) 10 (6.8) .14 2.67 

(0.72–9.83)
21 (9.6) 14 (5.3) .10 0.53 (0.25–1.13)

SLCO1B3c.334T > G  
Codominant GG 51 (87.9) 52 (70.3)  1 [reference] 79 (72.5) 103 (78)  1 [reference]

TG 6 (10.3) 22 (29.7) .01c 6.02 (1.88–
19.26)

28 (25.7) 28 (21.2) .41 0.70 (0.36–1.34)

TT 1 (1.7) 0  NA 2 (1.8) 1 (0.8)  0.34 (0.02–4.68)
Dominant GG 51 (87.9) 52 (70.3)  1 [reference] 79 (72.5) 103 (78.0)  1 [reference]

TG/TT 7 (12.1) 22 (29.7) .007c 4.37 (1.49–
12.84)

30 (27.5) 29 (22.0) .22 0.67 (0.35–1.28)

 Recessive GG/TG 57 (98.3) 74 (100)  1 [reference] 107 (98.2) 131 (99.2)  1 [reference]
TT 1 (1.7) 0 1 NA 2 (1.8) 1 (0.8) .44 0.37 (0.03–5.09)

 Allele G 108 (0.93) 126 (85.1)  1 [reference] 186 (85.3) 234 (88.6)  1 [reference]
T 8 (6.9) 22 (14.9) .03c 2.86 

(1.11–7.36)
32 (14.7) 30 (11.4) .20 0.68 (0.38–1.22)

Science

www.labmedicine.com588  �  Lab Medicine 2021;52;584–596
DOI: 10.1093/labmed/lmab023



associated with CML risk. The haplotype frequency of 

SLCO1B3 and SLC22A1 polymorphisms are shown  

in Table 2.

Assessment of Combined Genotypes

We considered AA genotype to be a reference geno-

type for SLCO1B3c.699A > G, an overdominant 

model for SLC22A11222A > G and dominant model 

for SLC22A1c.480G > C, SLCO1B3c.334T > G 

polymorphisms, to evaluate the joint effect of double 

SNP combination on CML susceptibility and CCyR to 

IM. An increased risk of non-CCyR to IM was observed 

in patients carrying the double combination of SLCO1B3 

c.334TG/TT genotypes with any of SLC22A1 c.480CC 

and SLC22A1c.1222AG genotypes (P = .006, OR = 8.84; 

P = .05, OR = 7.73, respectively; Table 3). In female and 

male groups, there were no significant association be-

tween the double combined genotypes of the SNPs with 

increased risk of IM resistance and CML development 

(Supplementary Tables S6–S8).

Gene-Smoking Interaction

The effect of the interaction between SLC22A1, SLCO1B3 

SNPs with smoking on the risk of IM resistance and 

CML risk are shown in Tables 4 and 5, respectively. 

The reference group was nonsmoker subjects with any 

of the SLC22A1c.480 CC, SLC22A1c.1222GG/AA, 

Figure 1

Haploview linkage disequilibrium (LD) map of studied-genes 

polymorphisms: The plots show the r2 values. A, LD Plot of SLC22A1 

(c.480G > C, c.1222A > G) Polymorphisms (GenBank accession 

number; NC_000006.12). B, LD Plot of SLCO1B3 (c.334T > G, 

c.699G > A) Polymorphisms (SLCO1B3; NC_000012.12).

Gene Haplotype CCyR N 
(%)

Non-
CCyR N 

(%)

P Value OR (95% CI) Controls, no. 
(%)

Patients, 
no. (%)

P Value OR (95% CI)

SLC22A1 C-G 81 (69.8) 103 (69.5) .97 0.99 (.58–1.68) 184 (69.6) 147 (67.3) .59 1.11 (0.75–1.63)
C-A 22 (19.0) 30.1 (20.3) .79 1.09 

(0.59–2.01)
52 (19.8) 42 (19.4) .91 1.03 (0.65–1.61)

G-A 13 (11.1) 13.9 (9.4) .64 0.83 
(0.37–1.84)

27 (10.1) 26 (11.8) .55 0.84 (0.47–1.50)

SLCO1B3 G-A 108 (93.1) 126 (85.1) .04c 0.43 (0.18–
0.992)

234 (86.6) 186 (85.3) .27 1.34 (0.79–2.29)

T-A 4 (3.4) 12 (8.1) .12 2.47 
(0.77–7.87)

14 (5.3) 21 (9.6) .07 0.53 (0.26–1.06)

T-G 4 (3.4) 10 (6.8) .23 2.03 
(0.62–6.64)

16 (6.1) 11 (20.7) .63 1.21 (0.55–2.67)

SNP, single nucleotide polymorphism; CCyR, complete cytogenetic response;OR, odds ratio; CI, confidence interval; SLC22A1, solute carrier 22A1 (GenBank accession number; 
NC_000006.12); SLCO1B3, solute carrier organic anion transporter family member 1B3(NC_000012.12); NA, nonapplicable.
an = 58.
bn = 74.
cP <.05 was considered statistically significant. Logistic regression model adjusted for age, sex, and smoking status.
dn = 109.
en = 132.
fD′=0.88; LOD = 16.4; r2=0.23.
gD′=1; LOD = 25.5; r2 =0.53.

Table 2. Continued
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SLCO1B3c.699AA, and SLCO1B3c.334GG genotypes. 

We considered the sum of active and passive groups as 

smokers. The risk of IM resistance increased in the smoker 

subjects with the SLC22A1c.480CC; SLC22A1c.1222AA/

GG,AG; SLCO1B3c.699AA; and SLCO1B3c.334GG,TG/

TT genotypes (P <.001; OR = 7.03, 12.67, 16.74, 5.58, 8.13, 

and 22.09, respectively). Moreover, nonsmoker patients 

with the SLCO1B3c.334TG/TT genotype had an increased 

risk of IM resistance (P = .04; OR = 5.86). We also ob-

served that the SLC22A1c.480CC; SLC22A1c.1222AA/

GG,AG; and SLCO1B3c.334GG,TG genotypes in male 

smoker participants were associated with increased resist-

ance to IM (P = .01, OR = 6.09; P = .03, OR = 8.33; P = .03, 

OR = 9.36; P = .02, OR = 5.98; and P = .04, OR = 24.10, 

respectively). The female smoker participants with geno-

types including SLC22A1c.480CC, SLC22A1c.1222AA/GG, 

SLCO1B3c.699AA, and SLCO1B3c.334GG genotypes had 

an increased risk of resistance to IM (P = .004, OR = 11.74; 

P <.001, OR = 27.54; P = .004, OR = 9.42; and P = .004, 

OR = 11.22, respectively; Table 4). 

Regarding CML risk, the smoker subjects carrying 

SLC22A1c.480CC; SLC22A1c.1222AA/GG, AG; 

SLCO1B3c.699AA; and SLCO1B3c.334GG genotypes had 

an increased risk for CML development (P <.001, OR = 5.48; 

P < .001, OR = 8.67; P = .01, OR = 4.09; P <.001, OR = 5.59; 

and P <.001, OR = 6.18, respectively). The smoker fe-

males with SLC22A1c.480CC, SLC22A1c.1222AA/GG, 

Table 3. Combined SLC22A1 and SLCO1B3 SNP Genotypes and Imatinib Response

SNP_SNP Combination CCyR, 
no. (%)a

Non-CCyR, 
no. (%)b

Adjusted OR 
(95% CI)

P Valueb P Value, 
Bonferroni-
Corrected

SLC22A1c.1222A > G SLC22A1c.480G > C   
 GG/AA CC 32 (55.2%) 39 (52.7%) 1 [reference]  >.99

GG/GC 5 (8.6%) 3 (4.1%) 0.33 (0.06–1.72) .33 >.99
 AG CC 14 (24.1%) 23 (31.1%) 2.61 (1.00–6.85) .05 .31

GG/GC 7 (12.1%) 9 (12.2%) 1.69 (0.48–5.98) .48 >.99
SLCO1B3c.699G > A SLC22A1c.480G > C   
 AA CC 42 (72.4%) 53 (71.6%) 1 [reference]   

GG/GC 12 (20.7%) 11 (14.9%) 0.64 (0.23–1.78) .39 >.99
 GA CC 4 (6.9%) 9 (12.2%) 2.06 (0.50–8.49) .32 >.99

GG/GC 0 1 (1.4%) NA >.99 >.99
SLCO1B3c. 334T > G SLC22A1c.480G > C     
 GG CC 42 (72.4%) 41 (55.4%) 1 [reference]   

GG/ GC 9 (15.5%) 11 (14.9%) 1.29 (0.43–3.85) .65 >.99
 TG/TT CC 4 (6.9%) 21 (28.4%) 8.84 (2.33–33.49) .001 .006d

GG/ GC 3 (5.2%) 1 (1.4%) 0.29 (0.02–3.83) .35 >.99
SLCO1B3c. 699G > A SLC22A1c.1222A > G  
 AA GG/AA 35 (60.3%) 35 (47.3%) 1 [reference]   

AG 19 (32.8%) 29 (39.2%) 3.20 (1.28–8.05) .01 .78
 GA GG/AA 2 (3.4%) 7 (9.5%) 6.85 (1.02–45.93) .048 .29

AG 2 (3.4%) 3 (4.1%) 3.52 (0.41–30.37) .25 >.99
SLCO1B3c. 334T > G SLC22A1c.1222A > G  
 GG GG/AA 34 (58.6%) 29 (39.2%) 1 [reference]   

AG 17 (29.3%) 23 (31.1%) 2.86 (1.09–7.47) .03 .19
 TG/TT GG/AA 3 (5.2%) 13 (17.6%) 6.54 (1.34–31.83) .02 .12

AG 4 (6.9%) 9 (12.2%) 7.73 (1.69–35.36) .008 .048d

SLCO1B3c. 334T > G SLCO1B3c. 699G > A      
 GG AA 51 (87.9%) 52 (70.3%) 1 [reference]   

GA 0 0 NA NA  
 TG/TT AA 3 (5.2%) 12 (16.2%) 5.48 (1.23–24.35) .02 .15

GA 4 (6.9%) 10 (13.5%) 3.55 (0.89–14.20) .07 .44

SNP, single nucleotide polymorphism; CCyR, complete cytogenetic response; OR, odds ratio; CI, confidence interval; SLC22A1, solute carrier 22A1 (GenBank accession number; 
NC_000006.12); SLCO1B3, solute carrier organic anion transporter family member 1B3(NC_000012.12); 
an = 58.
bn = 74.
cLogistic regression model adjusted for age, sex, and smoking status. 
dP <.05 was considered statistically significant.
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Table 4. Gene-Smoking Interaction and Imatinib Response in Patient Groups

SNP Current or 
Ever Smoking

CCyR, no. (%) Non-CCyR, 
no. (%)

Adjusted OR (95% CI) P Valuea,b P Value,, 
Bonferroni 
correctedb

Patientsc

SLC22A1c.480G > C
 CC N 33 (56.9%) 18 (24.3%) 1 [reference]   

Y 13 (22.4%) 44 (59.5%) 7.03 (2.93–16.87) <.001 <.001b

 GC/GG N 7 (12.1) 4 (5.4%) 1.06 (0.26–4.28) .93 >.99
Y 5 (8.6%) 8 (10.8%) 3.49 (0.96–12.70) .06 .23

SLC22A1c.1222A > G
 GG/AA N 24 (41.4%) 6 (8.1%) 1 [reference]   

Y 13 (22.4%) 36 (48.6%) 12.67 (4.07–39.43) <.001 <.001b

 AG N 16 (27.6%) 16 (21.6%) 4.22 (1.32–13.45) .01 .06
Y 5 (8.6%) 16 (21.6%) 16.74 (4.10–68.43) <.001 <.001b

SLCO1B3c.699G > A
 AA N 36 (62.1%) 19 (25.7%) 1 [reference]   

Y 18 (31.0%) 45 (60.8%) 5.58 (2.45–12.74) <.001 <.001b

 GA N 4 (6.9%) 3 (4.1%) 1.69 (0.33–8.63) .53 >.99
Y 0 7 (9.5%) NA >.99 >.99

SLCO1B3c.334T > G
 GG N 35 (60.3%) 14 (18.9%) 1 [reference]   

Y 16 (27.6%) 38 (51.4%) 8.13 (3.14–21.02) <.001 <.001b

 TG/TT N 5 (8.6%) 8 (10.8%) 5.86 (1.50–22.89) .01 .04b

Y 2 (3.4%) 14 (18.9%) 22.09 (4.22–115.73) <.001 <.001b

Femaled 
SLC22A1c.480G > C
 CC N 16 (69.6%) 9 (26.5%) 1 [reference]   

Y 3 (13.0%) 19 (55.9%) 11.74 (2.66–51.77) .001 .004b

 GC/GG N 3 (13.0%) 3 (8.8%) 2.03 (0.32–12.88) .45 >.99
Y 1 (4.3%) 3 (8.8%) 5.03 (0.45–56.58) .19 .76

SLC22A1c.1222A > G
 GG/AA N 12 (52.2%) 2 (5.9%) 1 [reference]   

Y 4 (17.4%) 18 (52.9%) 27.54 (4.28–177.29) <.001 <.001b

 AG N 7 (30.4%) 10 (29.4%) 8.75 (1.45–52.69) .02 .07
Y 0 4 (11.8%) NA >.99 >.99

SLCO1B3c.699G > A
 AA N 19 (82.6%) 10 (29.4%) 1 [reference]   

Y 4 (17.4%) 20 (58.8%) 9.42 (2.52–35.27) .001 .004b

 GA N 0 2 (5.9%) NA >.99 >.99
Y 0 2 (5.9%) NA >.99 >.99

SLCO1B3c.334T > G
 GG N 19 (82.6%) 9 (26.5%) 1 [reference]   

Y 3 (13.0%) 16 (47.1%) 11.22 (2.59–48.66) .001 .004b

 TG/TT N 0 3 (8.8%) NA >.99 >.99
Y 1 (4.4%) 6 (17.6%) 12.47 (1.28–121.70) .03 .12

Malee

SLC22A1c.480G > C
 CC N 17 (48.6%) 9 (22.5%) 1 [reference] [reference]  

Y 10 (28.6%) 25 (62.5%) 6.09 (1.86–19.88) .003 .01b

 GC/GG N 4 (11.4%) 1 (2.5%) 1.04 (0.09–12.25) .97 >.99
Y 4 (11.4%) 5 (12.5%) 2.89 (0.55–15.03) .21 .83

SLC22A1c.1222A > G
 GG/AA N 12 (34.3%) 4 (10.0%) 1 [reference]   

Y 9 (25.7%) 18 (45.0%) 8.33 (1.82–38.13) .008 .03b

 AG N 9 (25.7%) 6 (15.0%) 2.66 (0.52–13.70) .24 .97
Y 5 (14.3%) 12 (30.0%) 9.36 (1.78–49.24) .008 .03b

SLCO1B3c.699G > A
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SLCO1B3c.699AA, and SLCO1B3c.334GG genotypes 

had an increased risk of CML development (P = .004, 

OR = 14.49; P < .001, OR = 13.19; P = .004, OR = 7.71; 

and P = .02, OR = 5.8, respectively). Also, the car-

riers of SLC22A1c.480CC; SLC22A1c.1222AA/GG,AG; 

SLCO1B3c.699AA, and SLCO1B3c.334GG genotypes 

in male smokers had an increased risk of CML (P = .004, 

OR = 3.92; P <.001, OR = 6.75; P = .036, OR = 4.23; 

P <.001, OR = 4.77; and P <.001, OR = 6.66, respectively; 

Table 5).

Discussion

Many studies have been carried out to identify pharma-

cogenetic factors that predict IM treatment outcomes 

in patients with CML. To our knowledge, this is the first 

study that evaluates the association of 4 polymorphisms 

in SLC22A1 and SLCO1B3, along with SNP combin-

ations and SNP-smoking interaction, with the risk of 

CML development and IM resistance in the Iranian popu-

lation. In this study, minor allele frequency (MAF) of the 

SLC22A1c.480G > C, c.1222A > G, SLCO1B3c.699G > A, 

and c.334T > G polymorphisms, compared with other 

populations (1000 Genomes Project Phase 3) was closer to 

American, African, South Asian, and European populations, 

respectively (Ensembl.org).

An important finding of our study was the lower mean 

age of male nonresponders than male responders. Some 

studies, such as Singh et al,27 have shown that younger 

patients have a better response to the drug, compared with 

older patients. However, the results of a more recent study28 

showed no difference in achieving the optimal response 

among elderly patients than younger ones. Based on our 

findings, a significant association was observed between 

SLC22A1c.1222AA with higher CCyR achievement. A sig-

nificant association between SLC22A1c.1222A > G with IM 

response was revealed by another study report29 as well. 

In contrast to our results, there are conflicting findings in 

the literature. For instance, Makhtar et al30 found that the 

SLC22A1c.1222AA genotype, together with 8-bp inser-

tion and 3-bp deletion, and M420del alleles increased the 

risk of resistance to IM. Also, Vaidya et al31 and Takahashi 

et al32 reported the association of the GG genotype of 

SLC22A1c.1222 SNP with better response to IM. 

Some study reports found no relationship between this 

polymorphism and IM response.33,34 These findings may 

be due to the different ethnicities of the studied popu-

lations.35 Our findings showed no association between 

SLC22A1c.408G > C polymorphism and IM treatment 

response, which is consistent with the findings of 2 

studies36,37 and contradicts other findings.30,38 

We analyzed 2 known polymorphisms in the SLCO1B3 

gene, namely, c.699G > A and C.334T > G, that are related 

SNP Current or 
Ever Smoking

CCyR, no. (%) Non-CCyR, 
no. (%)

Adjusted OR (95% CI) P Valuea,b P Value,, 
Bonferroni 
correctedb

 AA N 17 (48.6%) 9 (22.5%) 1 [reference]   
Y 14 (40.0%) 25 (62.5%) 3.80 (1.27–11.38) .02 .07

 GA N 4 (11.4%) 1 (2.5%) 0.33 (0.03–3.82) .38 >.99
Y 0 5 (12.5%) NA >.99 >.99

SLCO1B3c.334T > G
 GG N 16 (45.7%) 5 (12.5%) 1 [reference]   

Y 13 (37.1%) 22 (55.0%) 5.98 (1.68–21.33) .006 .02b

 TG N 5 (14.3%) 5 (12.5%) 2.74 (0.52–14.42) .23 .94
Y 1 (2.9%) 8 (20.0%) 24.10 (2.25–258.24) .009 .04b

SNP, single nucleotide polymorphism; CCyR, complete cytogenetic response; OR, odds ratio; CI, confidence interval; SLC22A1, solute carrier 22A1 (GenBank accession number; 
NC_000006.12); SLCO1B3, solute carrier organic anion transporter family member 1B3(NC_000012.12). 
aP-value logistic regression model adjusted for age status.
bP <.05 was considered statistically significant.
cn = 132.
dn = 57.
en = 75.

Table 4. Continued
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Table 5. Gene-Smoking Interaction and CML Risk in All Subjects, the Female Group, and the Male Group

SNP Current or Ever 
Smoking

Controls Patients Adjusted OR 
(95% CI)

P Valuea,b P Value, Bonferroni 
Correctedb

Subjectsc 
SLC22A1c.480G > C
 CC N 68 (63.1%) 51 (38.5%) 1 [reference]   

Y 14 (13.1%) 57 (43.2%) 5.48 (2.73–10.97) <.001 >.99
 GC/GG N 21 (19.41%) 11 (8.3%) 0.69 (0.30–1.56) .37 >.99

Y 5 (4.6%) 13 (9.8%) 3.44 (1.15–10.32) .03 .11
SLC22A1c.1222A > G
 GG/AA N 53 (48.6%) 30 (22.7%) 1 [reference]   

Y 10 (9.2%) 49 (37.1%) 8.67 (3.84–19.59) <.001 <.001
 AG N 37 (33.9%) 32 (24.2%) 1.55 (0.80–2.98) .19 .77

Y 9 (8.3%) 21 (15.9%) 4.09 (1.64–10.20) .003 <.01
SLCO1B3c.699G > A
 AA N 73 (67.0%) 55 (41.7%) 1 [reference]   

Y 15 (13.8%) 63 (47.7%) 5.59 (2.86–10.93) <.001 <.001
 GA N 17 (15.6%) 7 (5.3%) 0.55 (0.21–1.41) .21 .85

Y 4 (3.7%) 7 (5.3%) 2.34 (0.65–8.46) .19 .78
SLCO1B3c.334T > G
 GG N 67 (61.5%) 49 (37.1%) 1 [reference]   

Y 12 (11.0%) 54 (40.9%) 6.18 (2.96–12.89) <.001 <.001
 TG/TT N 23 (21.1%) 13 (9.8%) 0.77 (0.36–1.68) .52 >.99

Y 7 (6.4%) 16 (12.1%) 3.15 (1.20–8.30) .02 <.08
Femaled 
SLC22A1c.480G > C
 CC N 33 (63.5%) 25 (43.9%) 1 [reference]   

Y 2 (3.8%) 22 (38.6%) 14.49 (3.11–67.45) .001 .004
 GC/GG N 14 (26.9%) 6 (10.5%) 0.57 (0.19–1.69) .31 >.99

Y 3 (5.8%) 4 (7.0%) 1.72 (0.35–8.46) .51 >.99
SLC22A1c.1222A > G
 GG/AA N 25 (48.1%) 14 (24.6%) 1 [reference]   

Y 3 (5.8%) 22 (38.6%) 13.19 (3.34–52.13) <.001 <.001
 AG N 22 (42.3%) 17 (29.8%) 1.42 (0.56–3.60) .46 >.99

Y 2 (3.8%) 4 (7.0%) 3.54 (0.57–21.85) .17 .69
SLCO1B3c.699G > A
 AA N 38 (73.1%) 29 (50.9%) 1 [reference]   

Y 4 (7.7%) 24 (42.1%) 7.71 (2.40–24.75) .001 .004
 GA N 9 (17.5%) 2 (3.5%) 0.28 (0.05–1.41) .12 .49

Y 1 (1.9%) 2 (3.5%) 2.56 (0.22–29.78) .45 >.99
SLCO1B3c.334T > G
 GG N 35 (67.3%) 28 (49.1%) 1 [reference]   

Y 4 (7.7%) 19 (33.3%) 5.80 (1.76–19.07) .004 .02
 TG/TT N 12 (23.1%) 3 (5.3%) 0.29 (0.07–1.17) .08 .33

Y 1 (1.9%) 7 (12.3%) 8.46 (0.98–73.18) .05 .21
Malee 
SLC22A1c.480G > C
 CC N 35 (62.5%) 26 (37.4%) 1 [reference]   

Y 12 (21.4%) 35 (46.7%) 3.92 (1.71–8.98) .001 .004
 GC/GG N 7 (12.5%) 5 (6.7%) 0.95 (0.26–3.39) .99 >.99

Y 2 (3.6%) 9 (12%) 6.01 (1.19–30.31) .03 .12
SLC22A1c.1222A > G
 GG/AA N 28 (49.1%) 16 (21.3%) 1 [reference]   

Y 7 (12.3%) 27 (36.0%) 6.75 (2.40–18.96) <.001 <.001
 AG N 15 (26.3%) 15 (20.0%) 1.75 (0.68–4.49) .25 .99

Y 7 (12.3%) 17 (22.7%) 4.23 (1.45–12.40) .009 .04
SLCO1B3c.699G > A
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to IM response. Although no association was found be-

tween the c.699G > A SNP and CCyR, a strong association 

was observed between the c.334T > G SNP and CCyR 

because the patients with the c.334TT/TG genotype (dom-

inant genetic model) showed statistically significant lack of 

response (P = .007). Nair et al39 showed the relationship be-

tween SLCO1B3c.334TT genotype and failure of CCyR, and 

de Lima et al16 reported an increased risk of IM resistance in 

patients with SLCO1B3c.334TT and c.699GG genotypes. 

We were intrigued to discover that, in our patients and the 

Nair et al study,39 the frequency of the TT genotype was 

very low (0.7% and 1.96%, respectively), whereas in the de 

Lima et al16 study, was approximately 56%, which is similar 

to genotypic variation in other populations.15 Inconsistent 

with our findings, some study reports showed no associ-

ation between SLCO1B3c. 334T > G with clinical response 

to IM.14 Other study results found a relationship between 

this polymorphism with IM clearance40 and its intracellular 

concentration,9 whereas in a recent study report, no impact 

of pharmacogenetic items, such as SLCO1B3c.699G > A, 

c.334T > G, was found in IM pharmacokinetics in Chinese 

patients with CML.41 In our study findings, haplotype 

analysis showed no association between haplotypes 

with response to IM, except the 334G-699A haplotype 

in SLCO1B3, as frequency of 334G-699A haplotype in 

nonresponder patients was lower than in responders, which 

suggests a protective role on IM resistance risk. 

In accordance with our results, Kim DHD et al38 found no 

association between SLC22A1c.480G > C, 1222A > G, 

and 156T > C haplotypes and major cytogenetic response 

(MCyR), CCyR, loss of response (LOR), or treatment failure. 

Moreover, in our study results, we showed a strong com-

plete linkage disequilibrium (D′ = 1, r2=0.53, LOD = 25.5) 

between SLCO1B3 SNPs, similar to the findings of other 

studies.9,15,16 In the present study, we found no statistically 

significant association between these SNPs and their com-

binations with CML risk. These findings are in concordance 

with those of de Lima et al,16 regarding the association of 

SLCO1B3 polymorphisms and CML risk. 

We observed considerable differences between the male 

and female groups. First, the mean age of nonresponder 

females was significantly higher than that in nonresponder 

males (48.1 years vs 39.5 years). Secondly, the female 

group with the SLC22A1c.1222AG genotype has signifi-

cantly increased risk of IM resistance, unlike the group of 

males with that genotype. Although these results have not 

been reported so far, these differences between females 

and males appear to be due to the effect of female hor-

mones, such as progesterone, on drug transporters.

Some study reports, such as Vasconselos et al,42 indicate 

that an efflux transporter, P-glycoprotein (Pgp), has low ac-

tivity in young females and that synthetic progestins inhibit 

Pgp, in vitro and ex vivo. However, there is no report of such 

effect on influx transporters. 

Our study is the first in the literature to show the joint effect 

of influx-transporter genes and smoking on CML risk and IM 

resistance. In general, few studies have been conducted on 

SNP Current or Ever 
Smoking

Controls Patients Adjusted OR 
(95% CI)

P Valuea,b P Value, Bonferroni 
Correctedb

 AA N 35 (61.4%) 26 (34.7%) 1 [reference]   
Y 11 (19.3%) 39 (52.0%) 4.77 (2.06–11.06) <.001 <.001

 GA N 8 (14.0%) 5 (6.7%) 0.85 (0.25–2.91) .79 >.99
Y 3 (5.3%) 5 (6.7%) 2.25 (0.49–10.26) .30 >.99

SLCO1B3c.334T > G
 GG N 32 (56.1%) 21 (28.0%) 1 [reference]   

Y 8 (14.0%) 35 (46.7%) 6.66 (2.59–17.14) <.001 <.001
 TG/TT N 11 (19.3%) 10 (13.0%) 1.39 (0.50–3.85) .53  

Y 6 (10.5%) 9 (12.0%) 2.29 (0.71–7.41) .17 .66

SNP, single nucleotide polymorphism; CCyR, complete cytogenetic response; OR, odds ratio; CI, confidence interval; SLC22A1: solute carrier 22A1 (GenBank accession number; 
NC_000006.12); SLC22A1: solute carrier 22A1 (GenBank accession number; NC_000006.12).
aLogistic regression model adjusted for age status.
bP <.05 was considered statistically significant.
cN = 241.
dn = 57.
en = 75.

Table 5. Continued
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this issue. In our study findings, neither the polymorphisms by 

themselves nor their combinations had any role in CML risk; 

however, the association of transporter polymorphism with CML 

risk was dependent on smoking status. This result is compatible 

with those of Kim HN et al,20 namely, that the relationship of the 

GSTT1 polymorphism with AML risk is dependent on smoking 

status. In 1 study report,43 it was revealed that there was a 

higher probability of survival and lower rate of disease progres-

sion in nonsmokers than smokers among patients with CML, as 

well as a similar molecular response rate in the 2 groups. 

Another study report3 has discussed the association of the 

smoking–metabolizing genes interaction with CML risk. 

Taken together, previous data17 have suggested that cigarette 

smoke can inhibit expression and/or activity of SLC22A1 

and SLCO1B3. Such changes may be attributed to cigarette 

smoke–induced alteration of pharmacokinetics. It seems that 

cigarette smoke changes the expression and activity of the 

transporter and reduces the uptake function of the IM into 

the cells by influx transporters and causes drug resistance. 

In conclusion, our findings have revealed the impact of 

SLC22A1, SLCO1B3 polymorphisms on cytogenetic response 

to IM, and also the influence of SNP combinations and the joint 

effect of SNPs and smoking as a synergistic factor affecting 

treatment response and CML risk. Also, we demonstrated the 

usefulness of the pharmacogenetic-environmental approach for 

predicting the clinical outcome of IM therapy, which may help in 

personalized treatment in patients with CML. LM

Acknowledgments

We are grateful for the help and collaboration of the patients, 

as part of their participation in the study.

Personal and Professional Conflicts of Interest 

None reported.

Funding

This work was supported by the Pasteur Institute of Iran 

(grant no. 1033).

References
	 1.	Rostami G, Hamid M, Yaran M, Khani M, Karimipoor M. Incidence and 

clinical importance of BCR-ABL1 mutations in Iranian patients with 
chronic myeloid leukemia on imatinib. J Hum Genet. 2015;60:253–258.

	 2.	Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2018 update on 
diagnosis, therapy and monitoring. Am J Hematol. 2018;93(3):442–459.

	 3.	Rostami G, Assad D, Ghadyani F, et al. Influence of glutathione S‐
transferases (GSTM1, GSTT1, and GSTP1) genetic polymorphisms 
and smoking on susceptibility risk of chronic myeloid leukemia and 
treatment response. Mol Genet Genomic Med. 2019;7(7):e00717.

	 4.	Cargnin S, Ravegnini G, Soverini S, Angelini S, Terrazzino S. Impact 
of SLC22A1 and CYP3A5 genotypes on imatinib response in chronic 
myeloid leukemia: a systematic review and meta-analysis. Pharmacol 
Res. 2018;131:244–254.

	 5.	Jaruskova M, Curik N, Hercog R, et al. Genotypes of SLC22A4 and 
SLC22A5 regulatory loci are predictive of the response of chronic 
myeloid leukemia patients to imatinib treatment. J Exp Clin Cancer Res. 
2017;36:55.

	 6.	He L, Vasiliou K, Nebert DW. Analysis and update of the human solute 
carrier (SLC) gene superfamily. Hum Genomics. 2009;3:195.

	 7.	Picard S, Titier K, Etienne G, et al. Trough imatinib plasma levels are 
associated with both cytogenetic and molecular responses to standard-
dose imatinib in chronic myeloid leukemia. Blood. 2006;109(8):3496–
3499.

	 8.	Widmer N, Decosterd LA, Csajka C, et al. Population pharmacokinetics 
of imatinib and the role of α1‐acid glycoprotein. Br J Clin Pharmacol. 
2006;62(1):97–112.

	 9.	Nambu T, Hamada A, Nakashima R, et al. Association of SLCO1B3 
polymorphism with intracellular accumulation of imatinib in leukocytes 
in patients with chronic myeloid leukemia. Biol Pharm Bull. 
2011;34(1):114–119.

	10.	White DL, Saunders VA, Dang P, et al. Most CML patients who have a 
suboptimal response to imatinib have low OCT-1 activity: higher doses 
of imatinib may overcome the negative impact of low OCT-1 activity. 
Blood. 2007;110(12):4064–4072.

	11.	Zhong J-S, Meng F-Y, Xu D, Zhou H-S, Dai M. Correlation between 
imatinib trough concentration and efficacy in Chinese chronic myelocytic 
leukemia patients. Acta Haematol. 2012;127(4):221–227.

	12.	Di Paolo A, Polillo M, Capecchi M, et al. The c. 480C>G polymorphism 
of hOCT1 influences imatinib clearance in patients affected by chronic 
myeloid leukemia. Pharmacogenomics J. 2014;14:328–335.

	13.	Koren‐Michowitz M, Buzaglo Z, Ribakovsky E, et al. OCT 1 genetic 
variants are associated with long term outcomes in imatinib treated 
chronic myeloid leukemia patients. Eur J Haematol. 2014;92(4):283–288.

	14.	Bedewy AML, El-Maghraby SM. Do SLCO1B3 (T334G) and CYP3A5*3 
polymorphisms affect response in Egyptian chronic myeloid leukemia 
patients receiving imatinib therapy? Hematol. 2013;18(4):211–216.

	15.	Smith NF, Marsh S, Scott‐Horton TJ, et al. Variants in the SLCO1B3 
gene: interethnic distribution and association with paclitaxel 
pharmacokinetics. Clin Pharmacol Ther. 2007;81(1):76–82.

	16.	de Lima LT, Bueno CT, Vivona D, et al. Relationship between SLCO1B3 
and ABCA3 polymorphisms and imatinib response in chronic myeloid 
leukemia patients. Hematol. 2015;20(3):137–142.

	17.	Sayyed K, Le Vee M, Abdel-Razzak Z, et al. Alteration of human 
hepatic drug transporter activity and expression by cigarette smoke 
condensate. Toxicology. 2016;363:58–71.

	18.	Marsh S, McLeod H. Cancer pharmacogenetics. Br J Cancer. 
2004;90(1):8–11.

	19.	Björk J, Albin M, Mauritzson N, Strömberg U, Johansson B, Hagmar L. 
Smoking and acute myeloid leukemia: associations with morphology 
and karyotypic patterns and evaluation of dose–response relations. 
Leuk Res. 2001;25(10):865–872.

	20.	Kim HN, Kim NY, Yu L, et al. Association of GSTT1 polymorphism with 
acute myeloid leukemia risk is dependent on smoking status. Leuk 
Lymphoma. 2012;53(4):681–687.

	21.	Haznedaroğlu İC, Kuzu I, İlhan O. WHO 2016 definition of chronic 
myeloid leukemia and tyrosine kinase inhibitors. Turk J Haematol. 
2020;37(1):42–47.

Science

www.labmedicine.com Lab Medicine 2021;52;584–596    595 
DOI: 10.1093/labmed/lmab023



	22.	Baccarani M, Cortes J, Pane F, et al. Chronic myeloid leukemia: an 
update of concepts and management recommendations of European 
LeukemiaNet. J Clin Oncol. 2009;27(35):6041–6051.

	23.	Baccarani M, Deininger MW, Rosti G, et al. European LeukemiaNet 
recommendations for the management of chronic myeloid leukemia: 
2013. Blood. 2013;122(6):872–884.

	24.	Schoch C, Schnittger S, Bursch S, et al. Comparison of chromosome 
banding analysis, interphase-and hypermetaphase-FISH, qualitative 
and quantitative PCR for diagnosis and for follow-up in chronic myeloid 
leukemia: a study on 350 cases. Leukemia. 2002;16:53–59.

	25.	Sumner AT, Evans HJ, Buckland RA. New technique for distinguishing 
between human chromosomes. Nature New Biology. 1971;232:31–
32.

	26.	Miller SA, Dykes DD, Polesky HF. A simple salting out procedure 
for extracting DNA from human nucleated cells. Nucleic Acids Res. 
1988;16(3):1215.

	27.	Singh M, Gupta AK, Singh JK, et al. Effect of age and sex under 
imatinib mesylate therapy on chronic myeloid leukaemia patients: a pilot 
study from India. Int J Pharm Sci Res. 2017;8(4):1727–1733.

	28.	Belohlavkova P, Steinerova K, Karas M, et al. First-line imatinib in elderly 
patients with chronic myeloid leukaemia from the CAMELIA registry: age 
and dose still matter. Leuk Res. 2019;81:67–74.

	29.	Watkins DB, Hughes TP, White DL. OCT1 and imatinib transport in 
CML: is it clinically relevant? Leukemia. 2015;29:1960–1969.

	30.	Makhtar SM, Husin A, Baba AA. Genetic variations in influx transporter 
gene SLC22A1 are associated with clinical responses to imatinib 
mesylate among Malaysian chronic myeloid leukaemia patients. J 
Genet. 2018;97(4):835–842.

	31.	Vaidya S, Ghosh K, Shanmukhaiah C, Vundinti BR. Genetic variations 
of hOCT1 gene and CYP3A4/A5 genes and their association with 
imatinib response in Chronic Myeloid Leukemia. Eur J Pharmacol. 
2015;765:124–130.

	32.	Takahashi N, Miura M, Scott SA, et al. Influence of CYP3A5 and drug 
transporter polymorphisms on imatinib trough concentration and clinical 
response among patients with chronic phase chronic myeloid leukemia. 
J Hum Genet. 2010;55(11):731–737.

	33.	Maffioli M, Camós M, Gaya A, et al. Correlation between genetic 
polymorphisms of the hOCT1 and MDR1 genes and the response 

to imatinib in patients newly diagnosed with chronic-phase chronic 
myeloid leukemia. Leuk Res. 2011;35(8):1014–1019.

	34.	White DL, Saunders VA, Dang P, Engler J, Hughes TP. OCT-1 activity 
measurement provides a superior imatinib response predictor than 
screening for single-nucleotide polymorphisms of OCT-1. Leukemia. 
2010;24:1962–1965.

	35.	Umamaheswaran G, Praveen RG, Arunkumar AS, Das AK, 
Shewade DG, Adithan C. Genetic analysis of OCT1 gene 
polymorphisms in an Indian population. Indian J Hum Genet. 
2011;17(3):164–168.

	36.	Gromicho M, Magalhães M, Torres F, et al. Instability of mRNA 
expression signatures of drug transporters in chronic myeloid leukemia 
patients resistant to imatinib. Oncol Rep. 2013;29(2):741–750.

	37.	Belohlavkova P, Vrbacky F, Voglova J, et al. The significance of enzyme 
and transporter polymorphisms for imatinib plasma levels and achieving 
an optimal response in chronic myeloid leukemia patients. Arch Med 
Sci. 2018;14(6):1416–1423.

	38.	Kim DHD, Sriharsha L, Xu W, et al. Clinical relevance of a 
pharmacogenetic approach using multiple candidate genes to predict 
response and resistance to imatinib therapy in chronic myeloid 
leukemia. Clin Cancer Res. 2009;15(14):4750–4758.

	39.	Nair D, Dhangar S, Shanmukhaiah C, Vundinti BR. Association of 
genetic polymorphisms of the ABCG2, ABCB1, SLCO1B3 genes and 
the response to imatinib in chronic myeloid leukemia patients with 
chronic phase. Meta Gene. 2017;11:14–19.

	40.	Yamakawa Y, Hamada A, Nakashima R, et al. Association of genetic 
polymorphisms in the influx transporter SLCO1B3 and the efflux 
transporter ABCB1 with imatinib pharmacokinetics in patients with 
chronic myeloid leukemia. Ther Drug Monit. 2011;33(2):244–250.

	41.	Wang Q, Jiang Z-P, Yu E-Q, et al. Population pharmacokinetic and 
pharmacogenetics of imatinib in Chinese patients with chronic myeloid 
leukemia. Pharmacogenomics. 2019;20(4):251–260.

	42.	Vasconcelos FC, Bonecker ST, de Souza PS, et al. Age, gender and 
efflux transporter activity influence imatinib efficacy in chronic myeloid 
leukemia patients. Leuk Res. 2019;82:33–35.

	43.	Lauseker M, Hasford J, Saussele S, et al. Smokers with chronic myeloid 
leukemia are at a higher risk of disease progression and premature 
death. Cancer. 2017;123(13):2467–2471.

Science

www.labmedicine.com596  �  Lab Medicine 2021;52;584–596
DOI: 10.1093/labmed/lmab023



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



597

Abbreviations:

CBD, common bile duct; LBT, liver blood test; MRCP, magnetic 
resonance cholangiopancreatography; ERCP, endoscopic retrograde 
cholangiopancreatography; EUS, endoscopic ultrasonography; TotBil, total 
bilirubin; DirBil, direct bilirubin; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; GGT, gamma-glutamyltransferase; AP, alkaline 
phosphatase; ROC, receiver operating characteristic; AUC, area under the 
ROC curve.

1Department of Surgery, Ospedale Regionale di Lugano, Lugano, 
Switzerland, 2Department of Surgery, Ospedale Regionale di Bellinzona e 
Valli, Bellinzona, Switzerland

*To whom correspondence should be addressed. 
francesco.mongelli@mail.com

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

Liver Blood Tests in the Management of 
Suspected Choledocholithiasis
Francesco Mongelli, MD,1,*  Matteo Di Giuseppe, MD,2 Iride Porcellini, MD,2 Francesco Proietti, 
MD,1 Alessandra Cristaudi, MD,1 Ramon Pini, MD,2 Davide La Regina, MD2

Laboratory Medicine 2021;52:597-602

DOI: 10.1093/labmed/lmab042

ABSTRACT
Objective: The likelihood of common bile duct (CBD) stones considers 
liver blood tests (LBTs) if they are markedly altered only. The aim of our 
study was to find a reliable tool based on LBTs to predict the presence 
of CBD stones.

Methods: We retrospectively considered all patients who underwent 
magnetic resonance cholangiopancreatography (MRCP) because of 
suspected CBD stones from January 2014 to June 2019. Demographic, 
clinical data, and LBT values were collected and analyzed.

Results: We selected 191 patients, 64 (33.5%) with positive MRCP 
and 127 (66.5%) with negative MRCP. The analysis showed that our 

compound LBT-based score had 83.6%, 90.7%, and 90.6% sensitivity, 
specificity, and negative predictive values, respectively, in determining 
MRCP results.

Conclusion: We designed a weighted score with high diagnostic power 
in determining MRCP results that could help in differentiating between 
candidates for primary cholecystectomy and patients who benefit from 
preoperative MRCP.

Keywords: cholestasis, common bile duct gallstones, magnetic 
resonance cholangiopancreatography, gallbladder, predictive value of 
tests, cholecystectomy

 

Gallstones are a common disease worldwide, affecting up 

to 21% of the general population.1 Approximately 35% of 

patients with gallstones develop symptoms or complica-

tions.2 Medical conditions such as biliary colic, jaundice, 

pancreatitis, cholecystitis, and cholangitis are common 

indications for hospital admission.3 Up to 15% of patients 

with symptomatic gallstone disease have common bile duct 

(CBD) stones, which may be asymptomatic in 5% to 12% of 

patients or lead to more severe conditions.4

Patients admitted to the hospital with biliary colic are usu-

ally evaluated with clinical history, physical examination, 

blood tests, and abdominal ultrasound,5 not only to confirm 

the diagnosis of gallstones but also to evaluate the risk of 

CBD stones, because missing their occurrence can result in 

complications such as cholangitis, acute biliary pancreatitis, 

and symptomatic choledocholithiasis.5 The guidelines of the 

European Association for the Study of the Liver support the 

routine use of serum liver biochemical tests and abdominal 

ultrasound as the initial evaluation to stratify the risk of CBD 

stones. American, European, British, and German societies’ 

guidelines suggest predictors for CBD stones and propose 

management algorithms.6-9 Most societies advocate pre-

operative endoscopic retrograde cholangiopancreatography 

(ERCP) in patients with a high likelihood of CBD stones, 

whereas magnetic resonance cholangiopancreatography 

(MRCP), endoscopic ultrasonography (EUS), or 

intraoperative cholangiography are indicated in case of 

intermediate probability. Finally, patients with a low prob-

ability of CBD stones should undergo a cholecystectomy 

with or without an intraoperative cholangiography.

Therefore, clinical suspicion, abdominal ultrasound, and 

liver blood tests (LBTs) play the main role in predicting the 



presence of CBD stones. However, none of them has an 

adequate sensitivity or specificity when used alone, and the 

recent literature is still controversial.5,10,11 The aim of our 

study was to develop a mathematical equation based on 

LBT values and to use it as a score to predict the presence 

of CBD stones.

Materials and Methods

Data Collection

Written consents were administered to all patients, and the 

local ethics committee approved the study (Comitato Etico 

Cantonale Ticino number 2019–02060 CE 3535) in accord-

ance with the principles set forth in the Helsinki Declaration.

At our institution, we retrospectively evaluated all sur-

gical patients affected from biliary colic who underwent 

MRCP from January 2014 to June 2019. Patients with a 

past history of ERCP and/or biliary stent and/or known 

hepatobiliary pancreatic neoplastic lesions or known pri-

mary sclerosing cholangitis were excluded. The dataset 

included age, sex, symptoms, and LBTs. Specifically, 

we collected total (TotBil, mg/dL), direct bilirubin (DirBil, 

mg/dL), aspartate aminotransferase (AST, U/L), alanine 

aminotransferase (ALT, U/L), gamma-glutamyltransferase 

(GGT, U/L), and alkaline phosphatase (AP, U/L). The LBT 

values were recorded on admission day (@time0) and 

2 days later (@time1). Afterward, we recorded the variation 

in the values of such parameters over time as delta scores 

(Δ): ΔTotBil, ΔDirBil, ΔAST, ΔALT, ΔGGT, and ΔAP.

Statistical Analysis

For statistical software, we used MedCalc Statistical 

Software version 19.7 (MedCalc Software Ltd, Ostend, 

Belgium; https://www.medcalc.org; 2021). An analysis of 

variance test was used to evaluate demographic, clinical 

outcome, and LBTs differences between groups. For all 

LBTs at different time points, a receiver operating character-

istic (ROC) curve,12 sensitivity, specificity, positive predictive 

value, and negative predictive value were calculated. The 

Youden’s index was used to establish the best threshold 

on the ROC curve.13 A logistic regression analysis was 

used to find the best area under the ROC curve (AUC) 

value, single coefficients were therefore collected, and an 

LBT-weighted score was calculated (LBT
score

). The K-folds 

cross-validation method (K = 5) was used to create multiple 

validation subsets of our data sample and to assess our 

prediction model reliability.14 The sample size calculation 

set an amount of 149 patients to achieve 80% power with a 

type I error of 0.05. The threshold of statistical significance 

was P < .05.

Data Availability

The data associated with this article are not publicly avail-

able but are available from the corresponding author on 

reasonable request.

Results

Over the study period, out of 224 identified patients, 33 

were excluded (26 patients had known hepatobiliary pan-

creatic neoplastic lesions and 7 patients suffered from 

primary sclerosing cholangitis; Figure 1). The demographic 

and clinical features of the 191 patients who matched the 

inclusion and exclusion criteria are shown in Table 1.

252 patients
assessed for

eligibility
61 excluded:
28 insufficient data
26 known neoplastic lesion
7 inflammatory/autoimmune

191 included
in the analysis

Data
collection

Analysis

64 positive
MCRP

127 negative
MCRP

Figure 1

Flow chart of patients’ selection and study methodology. MRCP, 

magnetic resonance cholangiopancreatography.
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The MRCP was negative in 127 patients (66.5%). Among 

the 64 patients (33.5%) with a positive MRCP finding, 50 of 

them (26.2%) had 1 or more stones, whereas 14 patients 

(7.3%) had no stones but lesions of another nature that re-

quired further investigations.

Results on ROC analyses are reported in Table 2. Among 

all LBTs, DirBil at MRCP was found to have the best 

diagnostic power in predicting MRCP result (73.7%, 

88.8%, 76.4%, and 86.3% sensitivity, specificity, positive 

predictive value, and negative predictive values, respect-

ively). Coefficients of the logistic regression analysis were 

used as follows:

LBTscore : −2.21347− 0.00947 ∗ TotBiltime0 − 0.01218
∗ DirBiltime0 − 0.00048 ∗ ASTtime0 − 0.00041
∗ ALTtime0 − 0.00160 ∗GGTtime0 + 0.00199
∗ ALPtime0 − 0.01971 ∗ TotBiltime1 + 0.11127
∗ DirBiltime1 + 0.00258 ∗ ASTtime + 0.00009
∗ ALTtime1 + 0.00184 ∗GGTtime1 + 0.00023 ∗ ALPtime1

The AUC of the LBT
score

 was 0.890 (P < .001) and was the 

best value as compared to the single LBT (Figure 2). The 

score predicted 92.4% of patients correctly, all 14 patients 

with positive MRCP because of unclear lesions were clas-

sified as high risk, and further investigation was correctly 

suggested.

The K-folds cross-validation method confirmed the high 

diagnostic power of our LBT
score

 prediction model. The sen-

sitivity, specificity, positive predictive value, and negative 

predictive value were 83.6%, 90.7%, 82.7%, and 90.6%, 

respectively.

Discussion

This is the first report that combines LBT values and their 

trend over time (specifically over 48 hours) in a mathemat-

ical model. The LBT
score

 showed high diagnostic value in 

patients with suspected CBD stones, and 92.4% of MRCP 

findings could be correctly predicted.

When misdiagnosed, CBD stones can lead to severe 

complications.5 Therefore, several studies have tried to 

stratify patients with suspected CBD stones in different risk 

categories. American, European, British, and German soci-

eties’ guidelines, among others, suggest predictors for CBD 

stones along with management algorithms.6-9 According 

to the guidelines of Williams et al,9 the likelihood of CBD 

stones should be established on history-taking, LBTs, and 

abdominal ultrasound findings. The American guidelines 

identify a high probability of CBD stones in patients with 

gallstones and visible CBD stones on ultrasound, symptoms 

and signs of cholangitis, or a combination of CBD dilatation 

and jaundice.8 Altered LBTs are helpful in stratifying the risk, 

although a quantitative threshold is not commonly used 

in clinical practice.11-22 Patients admitted with biliary colic 

often present with abnormal LBTs, so that with inconclusive 

ultrasound findings, a preoperative diagnostic of the biliary 

tree is often performed to rule out CBD stones.

An MRCP is an excellent imaging tool to study the biliary 

tree; however, it is not the only available method. According 

to a recent Cochrane systematic review,24 MRCP is highly 

sensitive (93%) and specific (96%) in diagnosing CBD 

stones. In addition, MRCP is widely available in developed 

countries, not invasive, and, unlike EUS, suitable in case 

of altered gastroduodenal anatomy. However, it cannot be 

used in patients with mechanical heart valves and pace-

makers. Claustrophobia and obesity represent further 

Table 1. Demographic and Clinical Characteristics 
of Patients Included in the Study

Positive MRCP  
n = 64

Negative MRCP  
n = 127

P

Age (y, SD) 67.2 (16.9) 60.1 (18.1) .009
Male (n, %) 34 (53) 53 (42) .368
Abdominal pain 
(n, %)

47 (73) 105 (83) .611

Acute cholecystitis 
(n, %)

5 (8) 16 (13) .369

Acute pancreatitis 
(n, %)

10 (16) 30 (24) .295

Jaundice without 
symptoms (n, %)

15 (23) 1 (1) <.001

Altered LBTs without 
symptoms (n, %)

6 (9) 20 (16) .287

Increased LBTs (%)    
TotBil (n, %) 48 (75) 74 (50) .294
DirBil (n, %) 49 (76) 67 (53) .125
AST (n, %) 48 (75) 82 (65) .592
ALT (n, %) 48 (75) 92 (72) .883
GGT (n, %) 56 (87) 99 (78) .611
AP (n, %) 57 (89) 102 (80) .647

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate 
aminotransferase; DirBil, direct bilirubin; GGT, gamma-glutamyltransferase; LBTs, 
liver blood tests; MRCP, magnetic resonance cholangiopancreatography; SD, standard 
deviation; TotBil, total bilirubin. 
Values are expressed as number of patients and percentage of the total. 
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limitations. An EUS shows high sensitivity (95%) and spe-

cificity (97%) in detecting CBD stones as well. Because of 

the high diagnostic value of such techniques, both can be 

considered in the preoperative diagnosis of CBD stones. We 

considered MRCPs as a reference, and the LBT
score

 should 

be used to select patients for such an investigation because 

preoperative EUS is not directly applicable.

Most societies recommend preoperative ERCP in patients 

with a high likelihood of CBD stones, whereas MRCP, EUS, 

or intraoperative cholangiography are indicated in inter-

mediate probability.6-9 Patients with a low probability of CBD 

stones should undergo a cholecystectomy with or without 

intraoperative cholangiography without further investiga-

tions.24 In acute patients, carrying out unnecessary MRCP, 

ERCP, and EUS can delay cholecystectomy and increase 

the length of stay and the hospital costs.25 In our series, we 

observed a large number of negative MRCPs, so we tried 

to find a more reliable parameter that could justify MRCP 

before cholecystectomy using, retrospectively, the LBT 

values of 191 patients and a mathematical model based on 

regression analysis. Thereby, in measuring the LBT values at 

time 0 (day of admission) and at time 1 (48 hours later) and 

combining these values according to the above-detailed for-

mula, we found an interesting diagnostic tool that we named 

the LBT
score

. Our score reliability was also confirmed by the 

K-folds cross-validation method.14 According to our results, 

in a patient admitted with biliary colic and observed for 48 

hours, LBT
score

 > –0.98 would indicate a high probability 

of negative MRCP results. Once validated in a prospective 

study design, the LBT
score

 could be helpful in indicating 

whether preoperative MRCP, eventually followed by ERCP, or 

primary cholecystectomy is necessary.

This study has several limitations. A retrospective data 

collection was used to construct the predictive score. The 

relatively small number of patients does not allow strong 

conclusions but is nevertheless statistically significant 

because the sample size calculation set an amount of 149 

patients to achieve 80% power with a type I error of 0.05.

In addition, our study does not predict the presence of 

choledocholithiasis but rather the result of MRCP. However, 

MRCP is an excellent imaging tool to study the biliary tree 

Table 2. ROC Analyses Showing the Diagnostic Power of Each LBT

LBT Associated 
Threshold  

(Youden’s index)

Sensitivity (%) Specificity (%) PPV  
(%)

NPV  
(%)

AUC P

On hospital admission        
  TotBil (mg/dL) >1.55 75.0 50.8 43.6 80.0 0.651 <.001
  DirBil (mg/dL) >0.91 68.7 62.7 41.4 79.8 0.675 <.001
  AST (U/L) >78 71.9 39.7 37.7 73.5 0.524 .592
  ALT (U/L) >40 85.9 23.8 36.4 76.9 0.507 .876
  GGT (U/L) >316 62.5 57.1 42.6 75.0 0.595 .030
  ALP (U/L) >183 59.4 69.1 49.4 77.0 0.647 .001
Day of MRCP        
  TotBil (mg/dL) >2.34 71.9 84.5 69.5 86.0 0.813 <.001
  DirBil (mg/dL) >1.20 73.7 88.8 76.4 86.3 0.848 <.001
  AST (U/L) >80 70.2 66.4 50.6 81.9 0.702 <.001
  ALT (U/L) >361 31.6 88.8 58.1 72.5 0.613 .014
  GGT (U/L) >276 78.9 57.8 47.9 84.8 0.685 <.001
  ALP (U/L) >166 79.0 63.8 51.7 86.0 0.741 <.001
Δ values        
  TotBil (mg/dL) <–0.15 52.6 84.5 62.5 78.4 0.695 <.001
  DirBil (mg/dL) <–0.01 59.6 83.6 64.2 80.8 0.720 <.001
  AST (U/L) <72 73.7 46.6 40.4 78.3 0.622 .007
  ALT (U/L) <125 86.0 36.2 39.8 84.0 0.614 .011
  GGT (U/L) <–1 42.1 75.9 46.2 72.7 0.579 .094
  ALP (U/L) <–50 33.3 90.5 63.3 73.4 0.581 .103
LBT weighted formula >–0.98 83.6 90.7 82.7 90.6 0.890 <.001

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the ROC curve; DirBil, direct bilirubin; GGT, gamma-glutamyltransferase; LBT, 
liver blood test; MRCP, magnetic resonance cholangiopancreatography; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic; TotBil, total 
bilirubin. 
Δ indicates the difference of all variables over the time period.
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and an equivalence might be argued. In 2003, Topal et al26 

showed that MRCP has a positive predictive value of 100% 

and a negative predictive value of 98% in diagnosing CBD 

stones. According to a recent Cochrane systematic re-

view,24 MRCP is highly sensitive (93%) and specific (96%) 

in diagnosing CBD stones. In addition, MRCP is widely 

available in developed countries, is not invasive, and, unlike 

EUS, is suitable in case of altered gastroduodenal anatomy. 

In this context, our work can be considered as a pilot study 

to be integrated into a more comprehensive algorithm to 

predict the presence of CBD stones.

Conclusion
Patients with suspected CBD stones are usually managed 

according to stratification into low-, intermediate-, and 

high-risk groups. In such patients, planning and carrying 

out unnecessary MRCP and EUS can lead to a delay of 

surgical treatment, increasing the length of hospital stay 

and costs. We designed a score based on LBT values over 

a 48-hour time frame. Based on our retrospective data, 

the LBT
score

 showed a high diagnostic power in predicting 

MRCP results. Once the score is validated in a prospective 

study design, it may be helpful in selecting patients with 

suspected CBD stones who would definitely benefit from a 

preoperative MRCP. LM
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ABSTRACT
Objective: To explore the diagnostic value of the coagulation marker 
D-dimer and its combination with the traditional marker C-reactive 
protein (CRP) in distinguishing bacterial meningitis (BM) from 
tuberculous meningitis (TM).

Methods: We performed a retrospective study on specimens from 173 
patients with meningitis who were hospitalized at the First Affiliated 
Hospital of Guangxi Medical University, Guangxi, China, from 2012 
through 2020. The patient records were divided into the BM group and 
the TM group, and hematological parameters D-dimer and CRP were 
evaluated for the 2 groups.

Results: The levels of D-dimer and CRP in the BM group were 
significantly higher than those levels in the TM group (P ˂.001 for each), 

and the sensitivity and specificity of the combined detection of the 2 
markers was 86.3% to 100%; the area under the receiver operating 
characteristic (ROC) curve reached 0.983 (95% confidence interval [CI], 
0.966–0.999).

Conclusion: D-dimer testing has high specificity in distinguishing 
between BM and TM; CRP testing also has high sensitivity. The 
combined diagnosis of the 2 biomarkers helps to distinguish TM from 
BM.

Keywords: D-dimer, CRP, bacterial meningitis, tuberculous meningitis, 
biomarkers, joint diagnosis

 

Bacterial meningitis (BM) is an infectious disease with rela-

tively high morbidity and mortality worldwide. A few patients 

with BM have typical meningitis symptoms; in these patients, 

positive results of cerebrospinal fluid (CSF) bacterial culture 

are low. The clinical symptoms and laboratory test param-

eters of BM and tuberculous meningitis (TM) may overlap, 

making BM difficult to distinguish.1 Tuberculosis has always 

been a global health problem; the most deadly and disabling 

form of tuberculosis is TM. It is estimated2 that the diagnosis 

of more than 100,000 new cases of BM each year is often 

delayed, due to the insensitivity of the testing and the lengthy 

testing techniques required for disease confirmation. 

Clinicians often use antibiotics empirically to control the 

development of BM. To prevent the abuse of antibiotics 

from causing refractory BM, it is important to quickly and 

correctly classify patients with suspected meningitis. 

Results reported in reviews published in recent years 

on the pathogenesis of meningitis brain injury, including 

Weisfelt et al,3 increasingly point to the role of coagula-

tion and thrombosis. D-dimer is one of the degradation 

products of cross-linked fibrin and is a diagnostic marker 

of diffuse intravascular coagulation. Early results reported 

by Mertens et al4 showed that D-dimer can help evaluate 

the coagulation disorders of meningococcal disease and 

prevent the fatal consequences of meningococcal sepsis. 

The determination of C-reaction protein (CRP) is helpful in 

the diagnosis of bacterial meningitis.5 
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meningitis; CRP, C-reactive protein; WBCs, white blood cells; MPV, 
mean platelet volume; RDW, red blood cell distribution width; ADA, 
adenosine deaminase; IQR, interquartile range; ROC, receiver operating 
characteristic; AUC, area under the curve; CI, confidence interval; Ig, 
immunoglobulin; ADA, adenosine deaminase
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In recent years, D-dimer and CRP often have been used as 

joint diagnostic indicators for various infectious diseases. 

However, to our knowledge, no study reports have shown 

the value of D-dimer combined with CRP in the differential 

diagnosis of BM and TM. 

In this study, our purpose is to evaluate the value of D-dimer 

and CRP levels in the blood in BM and TM. We also exam-

ined traditional markers such as white blood cells (WBCs); 

neonatal inflammation markers such as mean platelet 

volume (PDW), mean red blood cell distribution width 

(RDW), cerebrospinal fluid (CSF) parameters such as CSF 

protein, glucose, adenosine deaminase (ADA) value, etc; 

and imaging changes in the 2 sets of data, such as from 

brain CT or MRI.

Materials and Methods

Patients

This retrospective study included a total of 173 patients, 

divided into the BM group (n = 75) and the TM group 

(n = 98; Figure 1), all of whose records were selected from 

the medical database of the First Affiliated Hospital of 

Guangxi Medical University from 2013 through 2020. The 

diagnosis of BM is based on the diagnosis of CNS infec-

tion through blood and imaging examinations, with clinical 

features of BM or positive bacterial culture in the CSF.6 

TM is diagnosed based on clinical manifestations, CSF 

parameters, brain imaging, and other tuberculosis evidence. 

Responses to empirical antituberculosis treatment were 

also classified as TM. The exclusion criteria were as follows: 

having infections other than meningitis, such as severe liver 

and kidney infections; lack of complete medical records; or 

having viral meningitis, cryptococcal meningitis, or brucella 

meningitis. 

Clinical data, laboratory parameters, and treatment plans 

were collected prospectively. This study complies with the 

ethical requirements of the Declaration of Helsinki and was 

approved by the Ethics Committee of the First Affiliated 

Hospital of Guangxi Medical University. The written in-

formed consent of all participants was obtained.

Statistical Analysis

The normality of continuous variables is determined by the 

Kolmogorov-Smirnov test. The tested variables are normally 

distributed with mean (SD), variables that are not normally 

distributed are represented by median (interquartile [IQR]) 

range to describe continuous numerical variables; qualita-

tive variables are represented by percentages. The analysis 

of statistical differences between the 2 groups used the χ 2 
test, Fisher exact test (minimum expected count <5), and 

independent-samples Mann-Whitney U testing. 

The probability model is derived from multiple logistic re-

gression, and the receiver operating characteristic (ROC) 

curve and the area under the curve (AUC) were used to 

evaluate the diagnostic efficiency of the D-dimer and CRP 

multiple regression models. At the same time, we selected 

the appropriate cutoff point and calculated the biological 

sensitivity and specificity of each marker. We used SPSS, 

version 25.0 (IBM Corporation) and GraphPad Prism 8 

(GraphPad Software) to perform statistical analysis and 

graph processing on all data. A P value of less than .05 was 

considered statistically significant.

Result

In this study, we observed 475 patients with suspected 

meningitis; that number was narrowed down to 173 patients 

Include 475 suspected
meningitis patients

A total of 173
patients were

enrolled

84 cases
of suspected

bacterial
meningitis

Bacterial
meningitis

(n = 75)

Tuberculous
meningitis

(n = 98)

391 cases
of suspected
tuberculous
meningitis

Exclude 9
patients with

severe liver and
kidney infections

Exclude 188
cases with

incomplete data
and 105 cases with

severe liver and
kidney disease

Figure 1

Flowchart of the population with meningitis. 
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included in the study (75 in the BM group and 98 in the TM 

group), after the exclusions (Figure 1). Among the patients 

in the BM group, the median age in the BM group was 

45 years; 51 patients (68.0%) were men and 24 patients 

(32.0%) were women. In the TM group, the median age was 

42 years; 57 patients (58.1%) were men and 41 patients 

were women (41.8%). There was no significant difference in 

sex and age between the 2 groups (P> .05), which proved 

that the 2 groups were comparable (Table 1). 

In the BM group, 12 patients (16.0%) tested positive for 

CSF culture. Among them, 8 cases of gram positive bac-

teria and 4 cases of gram negative bacteria were found. The 

reason for the low positivity rate of CSF culture may be that 

the patients had received antibiotic treatment. A total of 51 

patients (68.0%) with BM underwent head CT scan or MRI; 

the scan results suggested hydrocephalus or meningitis. 

Among 98 patients with TM, only 11 patients (11.2%) tested 

positive for Mycobacterium tuberculosis by CSF culture, 

smear, or PCR, and only 16 patients had extrapulmonary 

tuberculosis. 

In total, 73 patients of the 98 with TM (74.5%) underwent a 

head CT scan, MRI test, or chest CT test; the results sug-

gested inflammatory changes. The common initial symptoms 

when all patients were first admitted to the hospital were fever 

and headache. Compared with the TM group, patients diag-

nosed with BM had more symptoms of vomiting, convulsions, 

disturbance of consciousness, and meningitis irritation when 

they were admitted to the hospital. The course of BM was 

longer than that of TM (P <.05). There was no significant differ-

ences in the number of patients with fever, headache, hydro-

cephalus, and other clinical symptoms between the 2 groups. 

The typical WBC count of the BM group was higher than 

that of the TM group, whereas the ADA was lower than 

that of the tuberculous meningitis group (P <.05). Other 

hematological parameters such as mean platelet volume 

(MPV), RDW levels, CSF protein, and CSF glucose had no 

significant differences (Table 1). We note that the results 

of independent-sample Mann-Whitney U testing showed 

that CRP and D-dimer levels in patients with BM at ad-

mission were significantly higher than those of patients 

with TM (Table 2). 

By constructing a multiple logistic regression probability 

models and drawing the ROC curve, the AUC of CRP was 

0.965 (95% confidence interval [CI], .941-.989), and the 

D-dimer was 0.874 (.812-.937); the combined diagnosis of 

CRP + D-dimer was 0.983 (0.966-0.999; Figure 2). The spe-

cificity of the D-dimer (cutoff value of 472.5 ng/mL) is higher 

(97.1%) than CRP (86.4%), whereas the sensitivity of D-dimer 

is lower, at only 66.7%. CRP (cutoff value, 7.85 mg/L) has the 

highest sensitivity, reaching 93.4%. The comprehensive diag-

nosis of the two can increase the sensitivity to 86.3% and the 

specificity to 100% (Table 3 and Figure 3).

Table 1.  Demographic and Laboratory 
Characteristics of Patients with BM and Those 
with TM

Parameter BM Group TM Group P Value

Age (y), mean (SD) 45 (38) 41.9 (16.7)a .52
Sex (female/male) 24/51 41/57 .19
Clinical characterization (%)  
 � Length of hospital stay (d),  

mean (SD)
16 (13) 13 (9) .02b

  Headache 97.3 93.8 .73
  Fever 97.3 95.9 .70
  Vomiting 42.6 27.5 .04b

  Loss of consciousness 30.6 12.2 .003b

  Hydrocephalus 13.3 10.2 .52
  Twitching 20 8 .02b

  Meningitis irritation 46.6 20.4 <.001b

  CT/MRI changes 68 74.4 .35
Blood Profile, Mean (SD)  
  WBC (×109/L) 10.3 (4.49) 7.1 (2.88) <.001b

  MPV (fl/L) 7.74 (1.81) 7.88 (1.42) .97
  RDW 0.15 (0.03) 0.14 (0.03) .36
CSF Profile  
  CSF protein (mmol/L) 1033 (1091) 1095 (1016) .17
  CSF glucose (mmol/L) 2.59 (1.18)a 2.1 (0.91)a .09
  ADA (U/L) 3.1 (4.3) 4.6 (5.1) .02b

BM, bacterial meningitis; TM, tuberculous meningitis; WBC, white blood cell; MPV, 
mean platelet volume; RDW, red blood cell distribution width; CSF, cerebrospinal fluid; 
ADA, adenosine deaminase.
a(X±S), denoted by “a”, and other data in the table are denoted by (M±IR).
bStatistically significant.

Table 2. Comparison of Peripheral Blood D-Dimer 
and CRP in the BM Group and TM Group

Group No. IQR

CRP (mg/L)a,b D-dimer (ng/mL)b,c

BM 75 45.8 (82.2) 610 (1514)
TM 98 3.1 (4.9) 248 (253)

CRP, C-reactive protein; BM, bacterial meningitis; TM, tuberculous meningitis. 
az = −9.476.
bP <.001.
cz = −6.994.
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Discussion

Meningitis remains a serious infectious disease worldwide, 

causing serious neurological sequelae and high mortality.7 

The gold standard test for the diagnosis of BM is CSF 

analysis, whereas the detection of CNS bacteria is time-

consuming and has poor sensitivity. The empirical use of 

antibiotics makes the diagnosis less sensitive.1,8 The initial 

hematological abnormalities in TM show neutrophilia.9 

It is difficult to discriminate between tuberculous and 

bacterial causes of meningitis. Many patients receive un-

necessary antituberculosis treatment or antibiotic treat-

ment. Ziehl-Neelsen staining of CSF is a rapid and reliable 

technique; however, the sensitivity is low (approximately 

10%–20%). Also, the cultivation of M. tuberculosis takes 4 

to 6 weeks to show growth.9 

In recent years, new rapid molecular detection methods 

have emerged; however, the new method lacks the 
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The levels of D-dimer and C-reactive protein (CRP) in peripheral blood of the bacterial meningitis (BM) and tuberculous meningitis (TM) 

groups. A, Peripheral blood levels of D-dimer. B, Peripheral blood levels of CRP.

Table 3. D-Dimer and CRP in Distinguishing BM and TM

Index AUC 95% CI SE Cutoff Value Sensitivity (%) Specificity (%)

CRP (mg/L) 0.965 0.941–0.989 0.012 7.85 93.4 86.4
D-dimer (ng/mL) 0.874 0.812–0.937 0.032 472.5 66.7 97.1
CRP + D-dimer 0.983 0.966–0.999 0.009 0.29 86.3 100

CRP, C-reactive protein; BM, bacterial meningitis; TM, tuberculous meningitis; AUC, area under the curve; CI, confidence internal.
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Figure 3

Receiver operating characteristic (ROC) curves of peripheral blood 

D-dimer, C-reactive protein (CRP), and the combination of those 

analytes in differentiating between bacterial meningitis (BM) and 

tuberculous meningitis (TM).
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sensitivity and negative predictive value to confidently rule 

out BM and TM.10 Therefore, distinguishing between BM 

and TM by identifying abnormal inflammatory substances in 

the disease process is an important clue when choosing an 

appropriate treatment.7 

CRP was discovered by William Tillett and Thomas 

Francis in 1930. It was first identified as a substance in 

the serum of patients with acute inflammation, which 

reacted with the “c” carbohydrate antibody of pneumo-

coccal capsules.11 Traditionally, CRP, as an acute protein, 

is considered a marker of infection and cardiovascular 

disease. When inflammation occurs in bacterial infec-

tion, the level of CRP in serum can increase as much 

as 1000-fold.12 Also, the increase in CRP is associated 

with a higher incidence of neurological complications.13 

CRP can activate the cell-mediated immune pathway by 

activating complement and binding to the Fc receptor 

for immunoglobulin (Ig)G. CRP binds to the Fc receptor 

and interacts to cause the release of proinflammatory 

cytokines.14 

Proinflammatory cytokines and chemokines can activate the 

coagulation system and downregulate important physio-

logical anticoagulation mechanisms. A large amount of 

evidence, including Levi and van der Poll,15 indicates that 

there is extensive crosstalk between inflammation and co-

agulation. In addition to inflammation-induced coagulation 

activation, coagulation also significantly affects inflamma-

tory activities. 

Blood coagulation is an important pathological mechanism 

of bacterial meningitis brain injury. When the coagulation 

pathway is activated, the diagnostic value of D-dimer be-

comes important. D-dimer abnormalities have been reported 

in many types of meningitis. Kowalik et al16,17 found that most 

patients with bacterial meningitis had activated coagulation 

function, and the detection rate of D-dimer (>500 ng/mL) was 

88% at the time of admission. Also, coagulation abnormal-

ities are considered a risk factor for poor prognosis in pa-

tients with BM. D-dimer can be produced when cross-linked 

fibrin is formed and degraded. Therefore, D-dimer provides 

a global marker for the activation of the coagulation and 

fibrinolytic system and serves as an indirect marker of throm-

bosis activity. Serum D-dimer levels have been reported to be 

a sensitive test to assess coagulation and fibrinolysis.18 

When acute bacterial meningitis occurs, the inflammation of 

the meninges and subarachnoid space caused by bacteria 

triggers the cascade reaction of CSF proinflammatory 

cytokines and chemokines, which triggers the invasion 

of neutrophils, in turn causing the steep rise of WBCs in 

BM.19 A meta-analysis published by Pormohammad et al10 

showed that detection of ADA in CSF is a valuable test for 

the diagnosis of BM and TM. 

In the results of our experiments, we have verified the pre-

dictive effect of CSF ADA on TMs. To our knowledge, this 

study is the first to explore the role of the combination of 

the coagulation marker D-dimer and CRP in the differen-

tiation of BM and TM. We found that the levels of D-dimer 

and CRP in BM are significantly higher than those in TM, 

which can be used as a supplementary diagnosis of trad-

itional markers such as WBC and ADA, and can improve the 

sensitivity and specificity of distinguishing BM from TM. 

Because medical care has made great progress over the 

years, the morbidity and mortality of meningitis have been 

significantly reduced. However, 30% to 50% of surviving 

patients will have a series of neurological sequelae. With 

appropriate indications, anticoagulation therapy in the acute 

phase may help the clinical process and outcome of BM.16 

Discovering diagnostic markers in the cascade of inflamma-

tion, coagulation, or fibrinolysis will help the development of 

drugs for specific mediators.20

Conclusion

In this study, we found that the combined screening of 

D-dimer and CRP can help distinguish BM from TM. The 

detection methods for both diseases are simple and quick, 

and the results can be obtained in the central laboratory. 

These tests can be used as supplementary diagnostic 

methods for bacteriological diagnosis, to effectively reduce 

unnecessary treatment for patients. However, CRP and 

D-dimer tests lack diagnostic specificity, so the diagnosis 

should be based on the clinical characteristics of and other 

test results from each patient. Also, the sample size of this 

study is small. In the future, the sample size should be ex-

panded to evaluate the diagnostic role of CRP and D-dimer 

in BM and TM testing. LM
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ABSTRACT
Anti-S is an IgG antibody and a rare cause of hemolytic disease 
of the fetus and newborn. A 38 year old woman with blood group 
O Rh-positive presented to the hospital at 30 weeks gestation. 
Her past medical history was significant for sickle cell disease 
and alloantibodies against the Fya, Jkb, and S antigens. Obstetric 
ultrasound showed the fetus to have developed scalp edema, 
cardiomegaly, small pericardial effusion, and large ascites. 
Periumbilical blood sampling results showed the fetus blood type 

as blood group O Rh-positive with anti-S and hemoglobin of 2 gm/
dL. After multiple intrauterine transfusions of red blood cells, the 
fetal hemoglobin increased to 12.9 g/dL. Anti-S can cause fetal 
hydrops, although it is rare. All pregnant women with anti-S should be 
closely monitored and treated during pregnancy for the possibility of 
developing a severe hemolytic disease of the fetus and newborn.
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Background

Severe fetal hemolysis can give rise to a condition called 

erythroblastosis fetalis, requiring intrauterine transfu-

sion. The MNS blood group system, which includes the U 

antigen, is located on glycophorin A (GPA) and glycophorin 

B (GPB), respectively. The M and N glycoproteins are lo-

cated on GPA, and the S, s, and U antigens are on GPB. 

Individuals who lack GPB are S– and s– and also lack 

U. The U– phenotype occurs almost exclusively in the 

African population and has a very low frequency (0.25%). 

The M, N, S, s, and U antigens are the most important 

antigens for transfusion purposes. The antibodies anti-M, 

anti-S, and anti U of the IgG class have been implicated 

in severe hemolytic disease of the fetus and newborn 

(HDFN).1-3

Among the antibodies of the MNS blood group system, 

anti-S is generally IgG antibody reacting at 37 °C. Anti-S is 

rarely implicated in hemolytic transfusion reactions; how-

ever, it can lead to potentially severe transfusion reactions. 

Anti-S is also capable of causing mild to severe hemolytic 

disease of the newborn.4

Research has shown that HDFN resulting from maternal 

IgG antibody alloimmunization crossing the placenta 

into fetal circulation during pregnancy causes hemolytic 

disease of the fetus in utero and hemolytic disease of the 

newborn after delivery. However, not all antibodies are 

associated with severe HDFN. Severe hemolytic disease 

requiring intrauterine transfusion (IUT) was caused by 

anti-Rhesus (Rh) D (85%), anti-Kell (10%), and anti-Rhc 

(3.5%) in a 2005 Dutch study.5 Overall results from a 

2008 Dutch study showed severe HDFN requiring IUT or 

exchange transfusion in 3.7% of at-risk fetuses; 11.6% 



of the 3.7% of at risk fetuses had HDFN due to anti-K, 

8.5% of the 3.7% due to anti-C, 1.1% of the 3.7% due to 

anti-E, 3.8% of the 3.7% due to Rh antibodies other than 

anti-C, anti-D, or anti-E; and none in antibodies other 

than Rh and Kell.6 We present a patient with fetal hydrops 

because of an undetectable anti-S in maternal plasma.

Clinical History

Our patient was a 38 year old woman, G3P0 at 30 

weeks and 1 day gestation, presented to the clinic for 

routine antenatal examination. The previous obstetric 

history included 2 spontaneous abortions at 9 and 6 

weeks, respectively. This pregnancy was conceived via 

in vitro fertilization. Her medical history was significant 

for sickle cell disease and alloimmunization because of 

multiple transfusions. At this visit, obstetric ultrasound 

was advised, which showed a single living intrauterine 

pregnancy with scalp edema, cardiomegaly, small peri-

cardial effusion, and large ascites. Middle cerebral artery 

Doppler flow result showed >2.0 multiples of the mean 

(MoM; normal is <1.2 MoM). These findings were all sug-

gestive of fetal hydrops. 

The patient was admitted to the hospital for further man-

agement. Maternal blood studies and percutaneous umbil-

ical blood sampling (PUBS) were advised to determine 

the cause of fetal hydrops. The mother was blood group 

O Rh-positive, and her past medical records showed an 

antibody screen that was positive for anti-Fya, anti-Jkb, 

and anti-S. The current antibody screen was negative for 

anti-S and anti-Jkb and only positive for anti-Fya. The 

fetal antibody screen was only positive for anti-S and 

negative for anti-Jkb and anti-Fya. The fetal direct anti-

globulin test (DAT) was negative, and the eluate performed 

was also negative, possibly because they were below 

the detectability of the normal anti-IgG Coombs reagent. 

Anti-Jkb and anti-Fya were not present in fetal circulation. 

Even though we were not able to titer anti-S in the mother, 

anti-S was present in the fetal antibody screen. The PUBS 

result of fetal blood is shown in Table 1. The PUBS anti-

body screen was positive for only anti-S, and the fetal DAT 

was negative.

Discussion

Studies have shown that HDFN occurs when there is 

transplacental passage of maternal IgG antibodies that is 

directed against certain fetal red blood cell (RBC) antigens 

and causes their destruction through splenic macro-

phages. Before birth this process gives rise to hemolytic 

disease of the fetus, and in its severe form the fetus can 

present with anemia along with after-birth anemia and 

hyperbilirubinemia.7

Foudoulaki-Paparizos et al8 investigated 4368 pregnant 

women, 75.37% of whom were Greek and 24.63% were 

immigrants. The incidence of alloimmunization was 0.66% 

in the Greek women and 1.76% in the women who were 

immigrants. Anti-D was the most frequent alloantibody 

(0.18%) overall, relatively more frequent in the women who 

were immigrants: 5.76% compared with 0.56% in the Greek 

women who were RhD-negative. Other antibodies that the 

authors found, in descending order, were anti-K, anti-E, 

anti-Lea, anti-M, anti-c, anti-C e, anti-Jka, anti-Jkb, and 

anti-C. They further found that a past history of blood trans-

fusion and of multiparity was significantly associated with 

alloimmunization during pregnancy.8

There are more than 50 antibodies associated with 

HDFN, and among these, anti-D, anti-c, and anti-K are 

considered to be associated with severe HDFN.9 There 

has been a decrease in HDFN resulting from anti-D 

since the implementation of Rh immunoglobulin ad-

ministration.10 An increasing prevalence in non-anti-D 

alloimmunization has been observed.11 Therefore, 

screening all pregnant women for the presence of clin-

ically significant antibodies is important to provide them 

with appropriate management.12

Table 1. First PUBS Result

Fetal Blood Group Group O Rh-Positive

Fetal hemoglobin 2 g/dL
Antigens positive on fetal RBCs c, Jkb, S, Jsa
Antigens negative on fetal RBCs C, E, K, Fya, Jka
Antibodies identified Anti-S
Fetal DAT Negative
Fetal eluate Negative

DAT, direct antiglobulin test; PUBS, percutaneous umbilical blood sampling; RBCs, red 
blood cells.
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Laboratory Role in the 
Diagnosis

The S antigen belongs to the MNS blood group system, 

which is second only to the Rh blood group system, 

having the largest number of antigens. The Rh blood 

group has more than 62 antigens, whereas the MNS 

system has 49 antigens.4 The antibodies against S 

antigen are IgG antibodies reacting at 37°C and are 

associated with hemolytic transfusion reactions as well 

HDFN.4,13,14

With our patient, we were not able to detect anti-S in the 

maternal plasma during the second half of gestation, but 

the patient had a history of previous anti-S. This circum-

stance may have resulted from the adsorption of anti-S by 

the fetal RBCs after crossing the placenta, causing fetal 

hydrops. It is our speculation that the fetal DAT on the first 

PUBS specimen was negative because the number of IgG 

molecules in the RBCs may have been less than the number 

needed to cause a positive DAT but may still have been 

enough to cause in vivo RBC destruction. Another possible 

reason could be that the fetal cells had all been destroyed 

either through intravascular hemolysis or clearance of short-

ened fetal RBC survival in the presence of the antibody. The 

combined findings of an absence of anti-S in the mother’s 

plasma and a negative fetal DAT and negative fetal eluate 

(for anti-S) are distinctly and totally noncharacteristic find-

ings of the expected normal physiology of HDFN. Normally 

the fetal cells are coated with anti-S, producing a positive 

DAT and anti-S eluted from the fetal cells. Similar obser-

vations were also reported by Chown et al15 in one of their 

case reports of hemolytic disease of the fetus resulting 

from anti-S.

Anti-S-mediated hemolytic disease of the newborn was 

described in the literature for the first time in 1952 by Levine 

et al.16 They described a case of a newborn who presented 

with jaundice after birth. Forty hours after birth, the infant’s 

hemoglobin dropped from 15 g/dL to 11 g/dL. Physicians 

started transfusion, but the infant did not survive. It was 

later confirmed that the hemolysis resulted from the pres-

ence of anti-S.

Mayne et al17 reported a case of severe hemolytic disease 

of a newborn who developed severe jaundice and a sig-

nificant drop in his hemoglobin level soon after birth. The 

mother had anti-S detected. The infant required 3 exchange 

transfusions in addition to phototherapy.

Anti-S usually causes a mild type of HDFN,18 but in rare 

patients it can cause severe hemolysis and can be fatal. 

Although anti-S/s represent 2% of the alloantibodies de-

tected in pregnant women, minimizing the exposure of 

childbearing-age women to incompatible RBC antigens 

through unnecessary transfusions can help reduce the in-

cidence of RBC alloimmunization and the risk of HDFN.12 

In some patients, middle cerebral artery peak systolic vel-

ocity (MCA-PSV) may not predict the severity of anemia.19 

Therefore, close monitoring of the fetus using MCA-PSV 

and antibody titers in the mother is very important when 

the mother’s plasma shows clinically significant RBC 

antibodies.

Patient Follow-Up

Because fetal hemoglobin was very low, giving rise to 

fetal hydrops, an intrauterine packed RBC transfusion was 

planned. For the transfusion, group O Rh-negative hemo-

globin S-negative packed RBCs that were also negative for 

antigens C, E, K, Cw, Jkb, Fya, and S were selected and 

cross-matched with maternal plasma. As per IUT protocol, 

the packed RBC unit collected in citrate phosphate dex-

trose adenine-1 was spiked and drained into a processing 

set on the COBE 2991 cell processor. We added 0.9% 

normal saline, and the product was centrifuged with the 

supernatant being expressed. This process was repeated 

multiple times, and the RBCs were resuspended in saline 

until the desired hematocrit level of 80% was reached. The 

RBCs used were cytomegalovirus (CMV)-seronegative and 

were irradiated and washed. Results of the IUT are shown 

in Table 2.

During the patient’s hospitalization, she began experien-

cing an increasing need for acute treatment of high blood 

pressure; she was diagnosed with pre-eclampsia with 

severe features. This diagnosis was based on systolic 

blood pressures >160 mm Hg longer than 4 hours apart 

and persistent, requiring treatment. There was possible 

pulmonary congestion or edema; however, the clinical 

team suspected an exacerbation of sickle cell anemia 

precipitated by evolving preeclampsia and borderline 
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liver function test with slightly elevated aspartate 

aminotransferase (AST).

The decision was made to proceed with induction of labor 

because of the increased frequency of systolic blood pressure 

elevation requiring treatment and increasing Procardia (nifedi-

pine) dosing. The patient subsequently underwent induction 

of labor using cervidil (dinoprostone), Cook’s catheter, and 

pitocin (oxytocin injection). However, the induction of labor 

was unsuccessful and the patient underwent primary low 

transverse cesarean delivery of a live-born female infant at 

34 weeks gestation weighing 1834 g (4 lb, 0.7 oz) with Apgar 

scores of 6 and 8 at 1 and 5 minutes, respectively.

The baby was admitted to the neonatal intensive care unit for 

prematurity and hemolytic disease of the newborn. She received 

1 dose of intravenous immunoglobulin (IVIG) at approximately 

9 hours of life. Phototherapy was discontinued at 5 days of 

life; the baby received a total of 3 transfusions of packed RBC 

during her hospital stay and was discharged 23 days after birth. 

A 1-day postpartum maternal antibody screen was completed 

and showed only anti-Fya in the maternal plasma. We did not 

detect anti-S. The patient did not have any blood bank workup 

since she was discharged on postpartum day 4.

The history of anti-S in the mother, the presence of anti-S 

in the PUBS, and the progressive improvement in the fetal 

hemoglobin after transfusion of S antigen–negative packed 

RBCs were strongly suggestive of hemolytic disease of the 

fetus mediated by anti-S in an S antigen–positive fetus. 

The baby was delivered 6 days after the last IUT, with 

hemoglobin of 11.7 g/dL (reference value, 13.5-19.5 g/dL), 

total bilirubin of 7.6 mg/dL (reference value, 1.5-3.2 mg/

dL), and direct bilirubin of 0.7 mg/dL (reference value, 

0.1-0.2 mg/dL).

This case report shows the importance of anti-S, which can 

cross the placenta and can cause severe hemolytic disease 

of the fetus. Anti-S may not be detected in maternal plasma 

because of adsorptions of all maternal antibodies onto fetal 

RBCs. All pregnant women with anti-S should be monitored 

during pregnancy. In rare cases they may need an IUT to treat 

fetal anemia. In the setting of HDFN, the obstetrician should 

monitor mothers with a history of anti-S with MCA-PSV regard-

less of the titer because there is no correlation between titer 

and pregnancy outcomes and, moreover, the measured value 

is not invariable throughout pregnancy. The laboratory should 

communicate to the clinician the importance of anti-S in a 

previously sensitized mother if the antepartum antibody screen 

does not show a detectable anti-S. Appropriate management 

requires a multidisciplinary approach. LM
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ABSTRACT
Objective: Tetralogy of Fallot (TOF) is one of the most common 
congenital abnormalities that need early intervention. Here, for the first 
time, we report a nonsyndromic form of TOF caused by a novel variant in 
the FLNA gene in 2 siblings of an Iranian family.

Methods: The family underwent a complete workup, including 
karyotyping, sequencing of 6 common genes in congenital heart 
diseases (GATA4, NKX2-5, ZIC3, FOXH1, NODAL, and 
GJA1), array comparative genomic hybridization, multiplex ligation-
dependent probe amplification, and whole-exome sequencing. 
Segregation and in silico analysis were also conducted for the 
identified variant.

Results: A variant, c.3415C>T, in the FLNA gene was found in both 
affected brothers in this family; this variant was heterozygous in their 
mother. Bioinformatics tools predicted the variant as a pathogenic one.

Conclusion: Many allelic disorders have been reported for FLNA 
mutations. Mutations in this gene may cause a nonsyndromic congenital 
form of TOF.

Keywords: congenital heart disease, FLNA, whole-exome sequencing, 
mutation, tetralogy of Fallot, nonsyndromic

 

Congenital heart diseases (CHDs) comprise the most 

common birth defects in that they affect 10 to 12 per 1000 

live births.1,2 Research has shown that CHDs encompass 

a large spectrum of cardiac malformations that range from 

severe forms such as transposition of the great arteries and 

tetralogy of Fallot (TOF) to mild forms such as bicuspid aortic 

valve (BAV).3 The TOF is the most prevalent form of cyan-

otic CHDs (~3.5%–4%),4 with an approximate 0.04% rate of 

incidence.5 It consists of 4 major cardiac defects that occur 

together: ventricular septal defect, right ventricular hyper-

trophy, pulmonary stenosis, and aortic override. The genetic 

causes of TOF are heterogeneous6-8 and indicate autosomal 

dominant inheritance.9 In approximately 80% of patients with 

nonsyndromic TOF, the etiology is obscure.10 There are limited 

reports regarding the mortality and morbidity of TOF.11,12 

Despite these limitations, recent studies have provided 

evidence of mutations in multiple genes implicated in TOF 

(syndromic/nonsyndromic) such as GATA-binding protein 4 

(GATA4),13 NK2 homeobox 5 (NKX2.5),14 Jagged 1 (JAG1),15 

forkhead box C2 (FOXC2),16 T-box 5 (TBX5),17,18 T-box 1 

(TBX1),19 notch receptor 1 (NOTCH1), and Fms-related tyro-

sine kinase 4 (FLT4).20 The filamin A protein is a member of 

the filamin family; it is encoded by the FLNA gene and widely 

expressed during heart development.21 Genetic documents 

in recent decades have suggested that mutations in FLNA 

are associated with cardiovascular system abnormalities. 

It has also been indicated that hemizygous males with mu-

tations of FLNA are born with cardiac abnormalities or die 

prenatally; in addition, loss-of-function mutations in the FLNA 

gene result in CHDs such as patent ductus arteriosus and 

Ebstein anomaly.22-25 At present, based on Online Mendelian 



Inheritance in Man (OMIM) (https://www.omim.org/), 10 

FLNA gene-phenotype relationships have been introduced: 

cardiac valvular dysplasia, congenital short-bowel syndrome, 

frontometaphyseal dysplasia, heterotopia, intestinal pseudo-

obstruction, Melnick-Needles syndrome, otopalatodigital 

syndrome (type I and type II), terminal osseous dysplasia, and 

FG syndrome (Opitz–Kaveggia syndrome). 

There are no TOF clinical reports of FLNA mutations 

worldwide, nor have there ever been reports of FLNA 

mutations in Iranian patients. In this study, we report a 

novel mutation in the FLNA gene that was identified by 

whole-exome sequencing (WES), associated with TOF in 

an Iranian family.

Methods

Patients

An Iranian family with 2 affected children was recruited in 

this study (Figure 1A). The proband (the younger boy) was a 

2-year-old boy with TOF. His brother, a 10-year-old boy, was 

also affected with TOF. Their parents were unrelated, and 

there were 2 abortions in this family. The diagnosed CHDs 

of the patients were confirmed by echocardiography (Figure 
1B), and no syndromic features, neurological phenotypes, 

or periventricular heterotopia, which might be associated 

with FLNA mutations, were observed in their clinical investi-

gations and medical history. A consent form was signed by 

the parents, and blood specimens were collected from all 

the family members. The inheritance pattern of CHDs in this 

family was X-linked recessive because the 2 affected children 

were born to healthy parents. The affected individuals were 

checked by our team via karyotyping, polymerase chain re-

action (PCR), sequencing of the 6 common genes in CHDs 

(GATA4, NKX2-5, ZIC3, FOXH1, NODAL, and GJA1), array 

comparative genomic hybridization (array CGH), and multi-

plex ligation-dependent probe amplification (MLPA), and no 

CHD causative mutations were revealed. This research was 

carried out in accordance with the Declaration of Helsinki.

Whole-exome sequencing

We extracted DNA from peripheral blood using the 

salting-out method.26 The WES was performed on the 

proband’s DNA on an Illumina HiSeq 4000 platform at a 

mean read depth of 150× (Macrogen, Inc., South Korea). 

Alignment and variant calling were carried out against 

the University of California, Santa Cruz (UCSC) human 

reference genome, the GRCh37/hg19 version. For priori-

tization, variants with a minimum allele frequency (MAF) 

of more than 0.01 in the 1000 Genomes Project (https://

www.internationalgenome.org), the Genome Aggregation 

Database (gnomAD; https://gnomad.broadinstitute.org/), 

the Exome Sequencing Project 6500 (esp6500; https://evs.

gs.washington.edu/EVS/), the Greater Middle East (GME) 

Variome Project (igm.ucsd.edu/gme/), and the Iranome 

Database (http://iranome.com/) were removed.

In Silico Analysis

The pathogenicity of the variants was predicted using bio-

informatic tools encompassing HOPE (https://www3.cmbi.

umcn.nl/hope/input/), MutationTaster (www.mutationtaster.

org/), PROVEAN (http://provean.jcvi.org/index.php), 

SIFT (https://sift.bii.a-star.edu.sg), CADD (https://cadd.

gs.washington.edu/home), FATHMM (fathmm.biocompute.

org.uk), and GERP (http://mendel.stanford.edu/SidowLab/

downloads/gerp/). The variants identified by most of the pre-

diction tools as being damaging were selected for future con-

firmation and segregation analyses. We also used CLUSTALW 

(https://www.genome.jp/tools-bin/clustalw) for filamin A align-

ment between humans and some species (Figure 1E).

Evaluation of the Candidate Variant

A suspected disease-causing variant, c.3415C>T, in the 

FLNA gene was amplified from the proband’s DNA applying 

the forward primer 5’- GGAAAGTCAAGCAGGAGGTCT-3’ 

and the reverse primer 5’-TGATGGTGACGGTGTAGGC-3’ 

by PCR on a SimpliAmp Thermal Cycler (Thermo Fisher 

Scientific). The sequencing of the PCR products was 

performed on an ABI Sequencer 3500XL PE (Applied 

Biosystems) using the Sanger method, and the products 

were analyzed using the FinchTV 1.4.0 software. After the 

variant confirmation in the proband, the other affected 

brother and the healthy parents were sequenced for the 

segregation analysis of the variant.

Results

We detected a novel hemizygous variant, NM_001456: 

c.3415C>T; p.Leu1139Phe, in the FLNA gene. The variant 

Case Study

www.labmedicine.com Lab Medicine 2021;52;614–618    615 
DOI: 10.1093/labmed/lmab018



Figure 1

(A) Iranian CHD pedigree was recruited in our study. (B) Proband’s (III:4) 2-dimensional echocardiogram shows TOF. (C) Chromatograms 

indicates the c.3415C>T variant in the FLNA gene. (D) Schematic view of the filamin A protein in humans is presented herein. (E) 
Conservation of p.Leu1139Phe amino acid in the filamin A protein across species is depicted herein.
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is located within repeat-residues stretch number 9, where 

the phenylalanine-mutated residue may disturb this 

repeat and, consequently, any function that this repeat 

may serve. According to the HOPE server, the mutated 

residue is not only located in a domain that is important 

for the binding of other molecules that functionally or 

structurally interact with this protein but is also in con-

tact with residues in a domain that is also of significance 

for binding. The mutation may disturb the interaction 

between these 2 domains and as such affect the function 

of the protein (Figure 1D).

Sanger sequencing indicated the hemizygous pathogenic 

allele in the proband; the mother and father, respect-

ively, had a heterozygous and normal homozygous 

status (Figure 1C). The c.3415C>T variant has not been 

reported in any population databases such as the 1000 

Genome project, gnomAD, esp6500, the GME Variome 

Project, the Iranome Database, the Human Gene Mutation 

Database, and the ClinVar Database. This variant was 

predicted as a disease-causing variant by MutationTaster, 

PROVEAN, SIFT, CADD, and FATHMM. The CLUSTALW 

alignment and GERP also predicted that the nucleotide 

position was widely conserved (Figure 1E). The diag-

nostic interpretation of the variant was done in keeping 

with the American College of Medical Genetics and 

Genomics (ACMG) guidelines.2

Discussion

Research has reported FLNA mutations to cause a 

wide spectrum of allelic disorders, including skeletal 

dysplasias, intellectual disability, and cardiovascular 

malformations. We checked our 2 patients for any 

other genetic variations via karyotyping, sequencing of 

the 6 genes involved in CHDs (GATA4, NKX2-5, ZIC3, 

FOXH1, NODAL, and GJA1), array-CGH, and MLPA 

for known and common variants. The only significant 

variant was found by WES. Eight syndromes resulting 

from the FLNA mutation have been described in OMIM 

(MIM# 300017). We present herein the first report of the 

FLNA mutation in TOF. We found the c.3415C>T variant 

in the FLNA gene of 2 children with TOF in an Iranian 

family; their mother was heterozygous and their father 

had a normal homozygous status. According to the 

ACMG guidelines, this variant is categorized as a likely 

pathogenic one. The FLNA-related TOF is a sex-linked 

phenotype. 

The c.3415C>T variant leads to a missense substitution, 

p.Leu1139Phe. Homo/heterodimeric filamin A has a Y-shaped 

structure. There is an actin-binding domain at the amino 

terminus of each chain of the protein. Upon activation, this 

protein makes signaling scaffolds by self-assembling or 

cross-links with actin filaments to provide a 3-dimensional 

structure.27 The substitution of Leu1139 by phenylalanine 

could affect this structure (Figure 1D). As reported, some 

missense variants could lead to a disruption in the signaling 

network mediated by filamin A.28 Based on the HOPE predic-

tion, p.Leu1139Phe may functionally or structurally affect the 

interaction of this protein with other proteins; in other words, 

it is located in an important region. Although it is difficult to 

prove the pathogenicity of this variant because of its mode of 

inheritance and the complexity of the disease, the mother is 

likely to show a mild phenotype and thus the disease remains 

underdiagnosed.

We can conclude that p.Leu1139Phe could be the causal 

variant in the family assessed in our study. Further, Leu1139 

is a conserved residue among other species; this variant 

is segregated with the phenotype within the family with an 

X-linked recessive disease. (The proband was hemizygous 

and his mother was heterozygous.) We found no other gen-

etic variations in the 2 siblings.

Filamin A is expressed in the heart, and its mutations 

have been reported to cause cardiovascular disease. 

Interestingly, our patients had a nonsyndromic disease 

(TOF), whereas it is known that filamin A is expressed in 

other organs such as the brain.29 Other probable proteins 

may compensate for the role of deficient filamin A in other 

organs. Indeed, studies have shown gain-of-function mu-

tations leading to syndromic diseases and loss-of-function 

mutations resulting in nonsyndromic diseases.30 Further 

studies are required to find these modifying proteins.

Conclusion

This is the first report of the FLNA mutation causing a 

nonsyndromic CHD. It is possible that FLNA has a role in 

CHDs, especially TOF, in our country and should therefore be 

Case Study

www.labmedicine.com Lab Medicine 2021;52;614–618    617 
DOI: 10.1093/labmed/lmab018



considered in screening and diagnostic programs. However, fur-

ther studies are required to elucidate the exact role of this gene 

and the frequency of its mutation in our subpopulations. LM
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ABSTRACT
Laboratory information systems need to adapt to new demands 
created by the COVID-19 pandemic, which has set up new normals 
like containment measures and social distancing. Some of these 
have negatively impacted the pre- and postanalytical phases of 
laboratory testing. Here, we present an intriguing finding related to 
the generation of the accession number/specimen number on the 
investigation module of a hospital management information system 
and its impact on the dissemination of reports resulting in the 
wrong release of reports on a female patient amidst the background 
of COVID-19 containment measures. We analyze the situation 

that led to this false reporting and the importance of the proper 
customization of information software in laboratories along with a 
robust postanalytical framework of laboratory work culture to avert 
such untoward incidents. This introspection has made us realize that 
COVID-19 has been a scientific, medical, and social challenge. We 
need to redefine our priorities in the days to come because SARS-
CoV-2 is here to stay.

Keywords: laboratory errors, extra-analytical phase, hospital information 
management system, laboratory information system

 

Laboratory information system (LIS) and hospital man-

agement information system (HMIS) play key roles 

in laboratories regarding meeting quality standards, 

decreasing transcription errors, reducing the turnaround 

time from specimen receipt to the reporting of results, 

and improving patient outcomes.1 With the advent of 

evidence-based medicine, the LIS has become a neces-

sity of every laboratory.2 This increased use of the LIS 

has allowed end users to more clearly articulate detailed 

system requirements, in turn leading vendors to develop 

more attractive, viable, and customized LIS options. 

However, COVID-19 has brought about an unseen fear 

that has affected the functioning of the entire medical 

community, including laboratory services. All attempts 

have been directed toward the containment of infection, 

which has led to the implementation of new policies 

including the significant prohibition on the use of bar-

coded autogenerated tubes for specimen collection and 

testing. How the reintroduction of paper-based requisi-

tions and handwritten labeled vacutainers intended to 

restrict the number of staff involved and the multiperson 

handling of automated phlebotomy tube labelers (APTL) 

and to minimize contact with contaminated surfaces, af-

fected the functioning of an in-house hospital laboratory 

is discussed in this case report.

Case Report

The biochemistry wing of a central laboratory received 

specimens for an admitted 20 year old woman who had 

tested positive for COVID-19 on 3 consecutive days as a 

part of routine monitoring. The values for the specimen pro-

cessed on the third day differed remarkably from the values 

released on the second day, which was revealed after a 

manual delta check conducted on the third day (Table 1 

shows her reports over the 3-day period). The delta check 



showed high values for urea and creatinine on the first day, 

normal values on the second day, and high values again on 

the third day. The fault was believed to be with the values 

released on the second day, with the following probabilities 

in mind:

	i.	 Specimen misidentification with mismatched labeling 

sent from the intensive care unit (ICU) ward, with the 

specimen from the wrong person (preanalytical error).

	ii.	 Specimen placed in the wrong position in the 

autoanalyzer instead of the one intended and 

programmed for (analytical error).

	iii.	 Incorrect data transfer because the bar-code labeled 

tubes were no longer in use and incorrect manual 

programming of specimen numbers resulting in 

mismatched data transfer (postanalytical error).

A recheck of the third day specimen revealed values 

that were identical to those obtained earlier in the run. 

This finding led to the analysis of the second day re-

ports on the computer screen of the clinical chemistry 

autoanalyzer because it was difficult to analyse the first 

two options ie, whether the right sample was sent from 

the wards and whether is was run in the right slot in the 

autoanalyser. This was because of the fact that consid-

erable time had lapsed between the day 2 sample was 

received and present day of reporting. Moreover the 

second day sample was discarded and hence a recheck 

could not be performed. The results seen on the monitor 

of the autoanalyzer differed from the results on the inter-

facing computer, showing values from the second day 

as being very much in sync with the values released on 

day 1 and day 3. This situation thus involved incorrect 

data transfer (postanalytical error), so further analysis 

was conducted to find the root cause of this incorrect 

data transfer.

Before analyzing the root cause, we first depict the 

modifications implemented in the functioning of the 

clinical laboratory to contain the spread of COVID-19 

infection. Significant changes were made regarding 

the day-to-day functioning of the hospital since April 

2020, when it was declared a dedicated COVID-19 

hospital in an effort toward containing the spread of 

infection; at that time, there was much speculation 

about the mode of infection transmission with scant 

scientific evidence. One of the major decisions made 

was to send handwritten vacutainers from wards to 

laboratories instead of the usual practice of sending 

bar-coded tubes to minimize the number of people 

handling the APTL machines located on alternate 

floors of the inpatient department (IPD). The APTL is 

a fully automated, prelabeled, barcoded vacutainer 

dispenser that operates according to the availability 

of necessary information in the LIS. Because there are 

multiple wards on each floor of the IPD block and the 

APTL is a costly machine, it was not practically feas-

ible to install in all the wards. Before the pandemic, 

when requisition raising was done in the HMIS for a 

particular patient from a particular ward, a requisition 

would be transferred via health level 7 and was re-

flected in the LIS, and blood collection tubes would 

be generated from the APTL located nearest to the 

ward (Figure 1 workflow related to specimen collec-

tion and report generation in the LIS before COVID-19). 

During the pandemic, because the collection of tubes 

requires hospital attendants to move from one floor to 

another wearing personal protective equipment and 

handle the APTL to generate the tubes, it was decided 

in the best interests of the hospital to stop the use of 

the APTL until the pandemic wanes. Moreover, using 

1 system (HMIS alone) rather than 2 systems (LIS and 

HMIS integrated) with 2 different service providers is 

a better option during the pandemic. The handwritten 

vacutainers cannot be read by the barcode readers of 

the autoanalyzers in the laboratories (Figure 1, work-

flow related to specimen collection and report gen-

eration in the HMIS during the pandemic). The tests 

required for a particular patient must be manually 

programmed, and the data are transferred from the 

autoanalyzers directly to the HMIS because the LIS is 

not being used for the time being. Manual programming 

is associated with many errors, such as the wrong spe-

cimen being run, incorrect or partial selection of tests, 

and prolonged turnaround time (TAT) because of manual 

selection of tests.

Table 1.  Investigation Tracking (delta check) on 
Day 1, Day 2, and Day 3

Name of 
Parameters/Date

Day 1 Day 2 Day 3 Reference 
Range

Units

Serum calcium 2.03 1.95 2.1 2.15–2.5 mmol/L
Serum phosphorus 2.65 0.62 2.35 0.87–1.45 mmol/L
Serum uric acid 0.66 0.17 0.54 0.20–0.42 mmol/L
Serum sodium 131.23 138.42 134.12 135–145 meq/L
Serum potassium 5.09 4.16 4.47 3.5–5 meq/L
Serum chloride 92.40 107.27 94.05 98–107 meq/L
Serum urea 22.99 2.96 20.67 2.16–7.15 mmol/L
Serum creatinine 480 36.24 561.34 61.88–114.9 µmol/L
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Figure 1

Workflow in HMIS during COVID-19 and workflow in LIS pre-pandemic. APTL, automated phlebotomy tube labeler; HMIS, hospital 

management information system; IPD, inpatient department; LIS, laboratory information system; OPD, outpatient department.
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What Happened?

When the specimen for day 2 was received in the laboratory, 

it bore the central registration (CR) number 109112000xxxxxx 

(actual number not revealed to protect patient identity) and 

the specimen number 0056 for a liver function test (LFT) and 

kidney function test (KFT) as generated upon requisition-

raising in the HMIS. The specimen number in the HMIS for 

biochemistry is a 4-digit autogenerated number customized 

in the HMIS; it is generated daily and is not repeated for any 

2 different specimen types on the same day. The number is 

generated starting from 0001, when the time changes at 0000 

hours (midnight) in the HMIS marking the start of a new day. It 

varies for the same CR number depending on the number of 

vacutainers for different specimen types, eg, LFT/KFT, blood 

sugar, and complete blood count, withdrawn at the same 

time. Moreover, for a patient in the IPD, multiple specimens 

may be sent on the same day for the same analyte. The con-

figuration of the specimen number is very important because 

it determines the transfer of data for the particular specimen. 

Problems can crop up if 2 specimens bearing the same spe-

cimen number are sent to the laboratory on the same day, as 

may happen when a requisition is raised on one day but the 

specimen is sent on the next day.

In our patient, the specimen was not tagged with the date or 

the patient’s CR number in the HMIS. Moreover, specimen 

number 0066 generated on the HMIS on the same day arrived 

in the biochemistry laboratory before specimen number 0056. 

This is a common occurrence because wards are located 

on different floors and the requisition raising and specimen 

number generation in the HMIS always does not mean that 

the specimen with the specimen number generated first in the 

HMIS will reach the laboratory first. Specimens may not be 

drawn at the same time as requisition raising for many reasons 

such as inaccessibility of veins, inadequate staff for phle-

botomy or transport of the specimen, or inadequate money in 

the patient’s account. The sequence of events resulting in the 

release of the wrong reports for specimen number 0056 from 

the laboratory is described in Figure 2.

What Went Wrong?

Mistakes were made at multiple junctures, which were 

identified too late the next day when a repeat third day spe-

cimen came to the laboratory, as follows:

	i.	 Stopping the use of autogenerated barcode tubes 

and hence the need for manual programming.

	ii.	 Incorrect programming by the technical staff on duty 

and failure of the doctor to supervise and rectify what 

the technical staff had missed.

	iii.	 Failure of technical staff and doctor on duty to realize 

that the specimen number 0056 was run as 0056 but 

the data for the same were never transferred.

	iv.	 Failure of the doctor on duty to perform a manual 

delta check.

	v.	 Faulty specimen number customization in the HMIS 

bearing no link or association to the CR number of 

the patient or the date.

What Could Have Been Done to 
Avoid It?

The above patient was in renal failure with altered urea and 

creatinine values according to the first day specimen re-

ceived in the laboratory. The specimen in question revealed 

normal urea and creatinine values on the second day as 

opposed to the high values released the previous day. Had 

a delta check been performed manually, this release of the 

wrong reports could have been averted. Customization of 

the specimen number in the HMIS, which is generated on 

a daily basis without bearing any relation to the CR number 

or date, played a significant role in the incorrect data 

transfer. The specimen number should either be generated 

on monthly basis or be tagged with the date or CR number 

to ensure correct data transfer. We identified this problem 

with the usage of the specimen number in the HMIS and 

hence shifted to using the LIS with the customization of the 

specimen number per our requirements, synchronizing it to 

the current date on a daily basis.

Discussion

The complex web of events in this case report involved 

a preanalytical error causing specimen misidentification 

and data thus being incorrectly transferred, resulting 

in a transcriptional error despite this error being par-

tially identified and corrected before the release of the 

laboratory results. The correction done in data entry 
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while programming specimen number 0066 as specimen 

number 0056 during a recheck being done and subse-

quent resending of data sorted the reports for specimen 

number 0066. However, specimen number 0056 was run 

as the correct number 0056 in the first place but the data 

could not be transferred because the reporting slot was 

already occupied by the data for specimen 0066 sent 

earlier and went unnoticed. This resulted in the monitor of 

Figure 2

Diagrammatic representation of sequence of events leading to incorrect reporting. HMIS, hospital management information system; KFT, 

kidney function test; LFT, liver function test.
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the autoanalyzer showing the values of specimen number 

0056 as being quite different from the values shown in the 

HMIS on the second day. With our patient, the incorrect 

data transfer was the end result of errors involving both 

the preanalytical and postanalytical phases. A major con-

tributor was the disuse of the APTL during the COVID-

19 pandemic leading to the nonavailability of barcoded 

vacutainers. In addition, our HMIS had a major draw-

back in the form of specimen numbers being generated 

daily and not being linked to the date or CR number. The 

specimen number together with the patient CR number 

usually gives each specimen a unique identity in the 

laboratory.

Moreover, the HMIS was not bidirectionally functional, 

implying that specimen programming needed to be done 

manually and only data transfer in the form of results 

was possible from the autoanalyzer to the interfacing 

computer. This drawback prompted us to switch over 

to the use of the LIS because it has bidirectional data 

transfer—ie, the barcode labeled tubes can be read auto-

matically by the autoanalyzer and also transfer the results 

generated from the machine to an interfacing computer 

in real time. The bidirectional functionality provides a 

near-complete assurance of freedom from preanalytical 

errors in the laboratory with respect to specimen 

misidentification.

Hence the customization of the HMIS or LIS as per the 

needs of the end user is mandatory. However, its estab-

lishment involves a good deal of effort and interaction 

with stakeholders. Significant time is needed to under-

stand the functionality of the laboratory involved. The 

workflow related to the processing of laboratory spe-

cimens until reports are made available to the patient 

concerned varies from laboratory to laboratory despite 

the basic processes involved remaining the same. LISs 

have been established to augment communication be-

tween patients and healthcare professionals, thereby 

enabling patients to play a more dynamic role in their 

own treatment and self-management.3 Hence it is of ut-

most importance that the system be flawless.

Monitoring quality indicators in daily work can re-

duce laboratory errors and risks to patient safety by 

identifying problems in all phases of laboratory pro-

cesses and allowing their correction.4 Apart from the 

recommended postanalytical quality indicators such as 

TAT, noting errors during transcription, and notification 

of critical results, a few other elements that may help 

identify errors in the postanalytical phase include a 

random choice of specimens already run for repeat 

testing without disclosing their identity or the reports 

obtained in the initial run and cross-checking the 

results with the ones obtained earlier and matching 

visually icteric or lipemic specimens with the values 

obtained for bilirubin or triglycerides in initial runs. 

Moreover, if 2 different specimens are obtained in dif-

ferent vacutainers from the same patient for routine 

clinical chemistry and immunoassay tests, a correlation 

of the values obtained from 2 different platforms for 

different tests should be requested to check for the in-

tegrity of the specimen run.

Finally, we note our delta checks. A delta check is a process 

of comparing a patient’s result with his/her previous result for 

any analyte over a specified period of time. The difference, 

or delta, from pre-established rules may indicate a specimen 

mislabel or another preanalytical, analytical, or postanalytical 

error.5 If for any reason the laboratory information software 

does not have a delta-check procedure for flagging, a good 

practice would be to check for the results of a specimen 

from the previous day or the past few days to check for any 

obvious discrepancy of results: ie, a manual delta check. 

Because a built-in auto–delta check process within an LIS 

can produce frequent alarms in hospitals with critically ill 

patients and delay TAT, our laboratory had not activated our 

delta check. The postanalytical phase requires more such 

concerted measures to do a final check before the results are 

released from the laboratories.

A human crisis like COVID-19 has caused a severe 

disruption of the healthcare sector globally. However, 

it has also created unique opportunities enabling re-

searchers and clinicians to revisit healthcare delivery 

by rationalizing and optimizing the use of available 

resources.6

Takeaway Messages

	i.	 Postanalytical quality indicators should include final 

measures to monitor the overall testing process 

before laboratory reports are released.

	ii.	 The use of barcoded specimen containers capable 

of being read by autoanalyzers is a must to ensure 
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minimal error in laboratories; there is no alternative for 

good laboratory practices.

	iii.	 The customization of the HMIS/LIS as per the needs 

of end users is mandatory.

	iv.	 COVID-19 is a scientific, medical, and social 

challenge: We need to redefine our priorities in 

the days to come because SARS-CoV-2 is here to 

stay. LM
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ABSTRACT
Objective: In this study, the performance of 2 commercially available 
SARS-CoV-2 antibody assays is evaluated.

Methods: The Siemens SARS-CoV-2 Total (COV2T) and IgG (COV2G) antibody 
tests were evaluated on a Siemens Atellica IM1300 analyzer. Imprecision was 
assessed with the CLSI EP15 protocol using positive controls. Ninety control 
group specimens were analyzed for specificity, and 175 specimens from 
58 patients with polymerase chain reaction–confirmed SARS-CoV-2 were 
measured for the sensitivity and kinetics of the antibody response.

Results: Within-run and total imprecision were acceptable for 
both assays. Both tests showed a specificity of 100%. Sensitivity 

earlier in the disease state was greater for the COV2T assay 
than for the COV2G assay, but sensitivity >14 days after onset of 
symptoms approached 100% for both. For all patients, antibody 
titers remained above the seroconversion cutoff for all follow-up 
specimens.

Conclusion: This study shows acceptable performance for both the 
Siemens COV2T and COV2G test, although seroconversion occurs earlier 
with the COV2T test.

Keywords: COVID-19, SARS-CoV-2, serology, antibody kinetics, 
performance evaluation, immunoassay

 

SARS-CoV-2, a novel coronavirus belonging to the beta-

coronaviruses, emerged in December 2019 in the area of 

Wuhan, China, and spread rapidly all over the world there-

after. On March 11, 2020, the World Health Organization 

declared the spread of the virus as a pandemic.1 COVID-19, 

the disease caused by SARS-CoV-2, may trigger a clinical 

spectrum of symptoms ranging from mild to life-threatening. 

Furthermore, many patients are asymptomatic and are un-

consciously responsible for the further spread of the virus.2 

Therefore, timely and precise diagnosis is crucial for adequate 

treatment and for infection control. Diagnosis is commonly 

performed by reverse-transcription polymerase chain reaction 

(RT-PCR) of viral RNA in upper respiratory tract specimens.3 

Detection of specific SARS-CoV-2 IgM, IgA, and/or IgG anti-

bodies in serum or plasma may be of added value in pa-

tients who present late after-symptom onset with a low viral 

load, causing the PCR test to be a false negative. In addition, 

antibody tests may be of use in epidemiological studies to 

determine antibody prevalence in the universal population or 

in specific settings, such as health care workers. Furthermore, 

large-scale vaccine studies are developing worldwide, and 

(serial) measurement of antibodies may be used for follow-up of 

vaccine effectiveness.4-6 Previous studies have shown that anti-

bodies typically appear starting 5 to 7 days after infection and 

are therefore not useful in detection of acute infection. Since 

the start of the spread of this disease, numerous antibody 

assays, mainly targeting the nucleocapsid (N) protein or spike 

(S) protein, have been developed. These assays are lateral flow 

assays, enzyme-linked immunosorbent assays (ELISAs), and 

electrochemiluminescent or chemiluminescent immunoassays 

(CLIAs), compatible with high-throughput analyzers.7-13

Siemens Healthineers developed two CLIA-based SARS-

CoV-2 antibody tests directed against the spike 1 protein 

receptor binding domain (S1-RBD): a total antibody test 

(COV2T) detecting both IgM and IgG antibodies, and an 



IgG antibody test (COV2G) detecting solely IgG antibodies. 

To date, 2 other studies have described the performance 

of the COV2T test, but no other studies have evaluated 

the COV2G antibody test.9,14 It was the aim of this study to 

evaluate both antibody assays and to describe the kinetics 

of antibody response in patients with COVID-19 with speci-

mens measured with both assays.

Materials and Methods

Patient Selection and Study Design

In this retrospective study, specificity was evaluated using 

residual pre-pandemic serum specimens from healthy vo-

lunteers (n = 34) and random patients (n = 22). In addition, 

specimens from patients with potential cross-reacting anti-

bodies, including antinuclear antibodies (n = 5), rheumatoid 

factors (n = 5), Epstein-Barr virus (n = 5) and cytomegalo-

virus (n = 5) IgM-positive specimens, paraproteins (n = 5), 

and PCR-confirmed acute infections with other coronavirus 

strains (NL63: n = 3; HKU-1: n = 3; OC43: n = 3) were ana-

lyzed. For sensitivity, 175 follow-up routine serum speci-

mens from 58 hospitalized patients (median age 80 years) 

with confirmed detection of SARS-CoV-2 RNA by RT-PCR 

on nasopharyngeal swab were measured. Specimens 

were drawn between 0 and 109 days after PCR positivity. 

Sensitivity was calculated for different time frames: day 

< 4, day 4–7, day 8–10, day 11–14 and day > 14, starting 

from the time to the first positive PCR result and starting 

from the time of symptom onset. Calculation of 95% confi-

dence intervals (CI) was performed with MedCalc Statistical 

Software (MedCalc Software, Ostend, Belgium). Information 

about the start of symptoms was derived from the medical 

records. 

For calculation of sensitivity compared to symptom onset, 

18 specimens from 8 patients were excluded because these 

patients were asymptomatic. The median time between a 

positive PCR test or symptom onset and serum specimen 

collection was 8 days (interquartile range, 4–13 days) and 

12 days (interquartile range, 6.5–18 days), respectively. With 

the same specimens, the kinetics of antibody response 

were assessed for both assays. A method comparison 

was performed against the Euroimmun Anti-SARS-CoV-2 

IgG ELISA (Euroimmun AG, Luebeck, Germany), using 

specimens from health care workers (n = 194 for COV2T 

and n = 94 for COV2G) who either had a confirmed positive 

PCR result or who retrospectively reported symptoms sug-

gestive of a SARS-CoV-2 infection but without a need for 

medical assistance during the period of illness. The study 

design occurred in accordance with the local ethics com-

mittee of the AZ Sint-Lucas hospital in Bruges, Belgium.

Analytical Performance

Intra- and interassay imprecision were assessed according 

to the CLSI EP15-A3 protocol with positive control material 

provided by the manufacturer by measurement of quintu-

plicates during 5 successive days.15 An analysis of variance 

was used to calculate the repeatability and intermediate 

precision.

Laboratory Measurements

The COV2T test (Siemens Healthineers nr. 11206711, 

Munich, Germany)16 is an automated 1-step antigen chemi-

luminescent sandwich immunoassay for total antibodies, 

and the COV2G (Siemens Healthineers nr. 11206997)17 is 

an automated 2-step chemiluminescent sandwich im-

munoassay for IgG antibodies against the SARS-CoV-2 

virus. Both assays target the S1-RBD. The COV2T assay is 

designed as a qualitative assay, whereas the COV2G test 

is used for the semi-quantitative detection of IgG anti-

bodies. The performance of both assays was assessed on 

a Atellica IM1300 analyzer (Siemens Healthineers, Erlangen, 

Germany). Characteristics of these assays, as stated in the 

product leaflet,16,17 are summarized in Table 1.

For the method comparison, the anti-SARS-CoV-2 ELISA 

IgG test (Euroimmun AG, nr. EL2606-9601G), targeted 

against the S1 protein, was carried out on a BEP 2000 

Table 1.  Characteristics of Siemens COV2T 
and COV2G, According to Manufacturer’s 
Specifications

Assay Detection Sensitivity (d after 
PCR positivity)

Specificity Measuring 
Interval 
(index 
value)

< 6 d 7–13 
d

> 13 
d

COV2T IgM and IgG 60.7% 97.5% 100% 100% 0.05–10
COV2G IgG 56.0% 92.2% 100% 100% 0.5–20

COV2T, SARS-CoV-2 Total antibody assay; COV2G, SARS-CoV-2 IgG antibody assay; 
PCR, polymerase chain reaction.
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Advance system (Siemens Healthineers). All specimens 

were stored at –80°C until the time of analysis. Specimens 

were analyzed by trained laboratory staff in the general hos-

pital AZ Sint-Lucas in Bruges, Belgium, in accordance with 

the manufacturer’s protocol.

Results for COV2T and COV2G were reported as index 

values and considered as nonreactive (index < 1.0 for 

Siemens and index < 0.8 for Euroimmun), borderline (0.8 < 

index < 1.1 for Euroimmun) or reactive (index ≥ 1.0 for 

Siemens and index ≥ 1.1 for Euroimmun) according to the 

manufacturer’s instructions. The measuring interval reported 

by the manufacturer was 0.05 to 10.00 for COV2T and 0.50 

to 20.00 for COV2G.

Results

Results for imprecision are given in Table 2. Intra-assay 

imprecision for COV2T and COV2G assays revealed coeffi-

cients of variations of 2.81% and 2.35%, respectively, both 

lower than the manufacturer’s claim of 10%. Total impre-

cision was 7.12% and 5.81%, respectively, also remaining 

below the manufacturer’s claim of 12%.

Specificity, calculated on 90 specimens, was 100% for the 

COV2T assay and for the COV2G assay (95% CI, 96.4%–

100.0%). There was no cross-reactivity found with possible 

interfering antibodies, including the specimens from other 

common-cold coronavirus strains.

Table 3 gives an overview of results for the sensitivity of both 

assays, calculated from the days since positive PCR result 

and days since symptom onset. Overall, calculated sensitiv-

ities were lower than the sensitivities stated in the product 

leaflets (Table 1). As expected, the sensitivity of both assays 

increased gradually with disease progression, reaching 100% 

(95% CI, 89.7%–100.0%) for the COV2T assay 14 days after 

PCR positivity. For the COV2G assay, sensitivity 14 days 

after PCR positivity was 97.1% (95% CI, 84.7%–100.0%) be-

cause of 1 specimen with a result just below the cutoff value. 

Sensitivity 14 days after disease onset was 94.6% (95% CI, 

85.1–98.9) and 91.1% (95% CI, 80.4–97.0) for the COV2T 

and COV2G assay, respectively, because of 3 and 4 speci-

mens (respectively) that remained seronegative after 14 days. 

However, follow-up specimens from these patients showed 

seroconversion later in the disease progression. Sensitivity 

in the different time frames was lower for COV2G than for 

COV2T. Sensitivities were lower when calculated for days 

after symptom onset because symptoms were typically al-

ready present a few days before PCR testing was performed.

The kinetics of antibody response on different days from 

symptom onset were evaluated on the same specimen 

set from hospitalized patients, with specimens taken up 

to 109 days after the start of symptoms. Figures 1A and 
1B show the results for the COV2T and COV2G assays. 

The median time for seroconversion, after the start of 

Table 2.  Intra- and Interassay Imprecision 
of Siemens SARS-CoV-2 Antibody Assays, 
Assessed on Quality Control Material Provided 
by Manufacturer

Assay Mean Intra-Assay 
Imprecision

Total 
Imprecision

SD CV (%) SD CV 
(%)

COV2T 2.44 0.07 2.81 0.17 7.12
COV2G 2.57 0.06 2.35 0.15 5.81

COV2T, SARS-CoV-2 Total antibody assay; COV2G, SARS-CoV-2 IgG antibody assay; 
CV, coefficient of variation; SD, standard deviation.

Table 3. Sensitivity of COV2T and COV2G Tests Calculated Against Day of Positive PCR Result and Day 
of Symptom Onset 

Days After PCR Positivity Days After Symptom Onset

COV2T COV2G COV2T COV2G

< 4 d 25.0% (10/40; 12.7–41.2) 17.5% (7/40; 7.3–32.8) 5.9% (1/17; 0.2–28.7) 5.9% (1/17; 0.2–28.7)
4–7 d 39.0% (16/41; 24.2–55.5) 31.7% (13/41; 18.1–48.1) 19.4% (6/31; 7.5–37.5) 12.9% (4/31; 3.63–29.8)
8–10 d 62.1% (18/29; 42.3–79.3) 44.8% (13/29; 26.5–64.3) 57.1% (12/21; 34.0–78.2) 38.1% (8/21; 18.1–61.6)
11–14 d 90.3% (28/31; 74.3–98.0) 64.5% (20/31; 45.4–80.8) 84.4% (27/32; 67.2–94.7) 56.3% (18/32; 37.7–73.6)
> 14 d 100.0% (34/34; 89.7–100.0) 97.1% (33/34; 84.7–100.0) 92.9% (53/56; 85.1–98.9) 91.1% (51/56; 80.4–97.0)

COV2T, SARS-CoV-2 Total antibody assay; COV2G, SARS-CoV-2 IgG antibody assay; PCR, polymerase chain reaction.
Numbers in parentheses are absolute specimen numbers, followed by calculated 95% confidence intervals for sensitivity.
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symptoms, was 11 days for the COV2T assay. For the 

COV2G assay, the median time to seroconversion was only 

1 day later, at 12 days after symptom onset. The median 

antibody levels reached the upper limit of the manufac-

turers’ measuring range 14 days and 16 days after symptom 

onset for the COV2T and COV2G assays, respectively. For 

Figure 1

Kinetics of antibody response for the COV2T (A) and COV2G assay (B). Median values with interquartile range of antibody levels of all 

specimens are plotted against days after onset of symptoms. COV2T, SARS-CoV-2 Total antibody assay; COV2G, SARS-CoV-2 IgG 

antibody assay.
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all but 2 patients, after reaching the maximum antibody 

levels, these levels were held with all further follow-up spe-

cimens. For those 2 patients, COV2T and COV2G antibody 

levels declined at 51 and 109 days, respectively, but values 

remained above the cutoff for seropositivity.

One hundred ninety-five specimens from health care workers 

working at the AZ Sint-Lucas hospital in Bruges, Belgium, 

and with presumptive or PCR-confirmed COVID-19 dis-

ease were analyzed with the Siemens COV2T assay and the 

Euroimmun IgG ELISA (Table 4). Twenty-four specimens 

were positive with the Siemens COV2T assay and negative 

with the Euroimmun assay, whereas 3 specimens were nega-

tive with the COV2T assay but positive or borderline with the 

Euroimmun ELISA. The results of this specimen set suggest 

a higher sensitivity of the Siemens COV2T assay compared 

to the Euroimmun ELISA. The percentage agreement be-

tween both assays, when borderline results were considered 

positive, was 86.2%. Only 94 of 195 specimens could be 

analyzed with the COV2G assay because of short specimen 

volume. The Euroimmun comparison with the Siemens 

COV2G assay showed that 22 specimens were positive or 

borderline with Euroimmun but negative with the Siemens 

IgG assay. This result hints at an increased sensitivity of the 

Euroimmun assay. The percentage agreement between these 

assays was only 76.6%. When these 94 specimens were 

compared to the COV2T test, 34 were found to be seroposi-

tive with COV2T but negative with COV2G, resulting in a sen-

sitivity of 66% of the COV2G assay compared to COV2T.

Discussion

Serologic testing for SARS-CoV-2 may be of added value in 

the diagnosis of COVID-19. Furthermore, serologic assays 

can be used in epidemiological studies. However, it is not 

yet clear what the presence of anti-SARS-CoV-2 antibodies 

means for protection against reinfection. The International 

Federation of Clinical Chemistry recently published interim 

guidelines for the serologic testing of antibodies against 

SARS-CoV-2.18 The guidelines make recommendations 

about clinical indications for serologic testing and suggest 

a framework for assay selection and verification protocols 

for commercially available assays. Fully automated assays 

permit rapid identification of the SARS-CoV-2 immune 

status. In this study, the COV2T and COV2G assays were 

evaluated. Imprecision, as tested by the CLSI EP15-A3 

protocol, was found to be adequate. These results were 

in line with what was found earlier by Hörber et al,14 who 

described an intra-assay imprecision of 3.4% and an 

interassay imprecision of 4.9%.

Specificity for COV2T and COV2G assays was both 

100%. No cross-reaction was found for specimens with 

other infectious diseases, including the specimens from 

common-cold coronavirus strains. This finding is in line with 

the manufacturer claims and previous studies that found 

a specificity of 99.9% and 100% for the COV2T assay.9,14 

A drawback of this study was that no SARS-CoV speci-

mens could be analyzed, but this missing information is of 

less importance because that virus is known to be eradi-

cated. An excellent specificity is of great importance for 

assay performance because the positive predictive value of 

a test decreases greatly when the prevalence of the tested 

disease is low. The current SARS-CoV-2 seroprevalence is 

still relatively low—the latest numbers vary at approximately 

10% seropositivity,19-21 so a high specificity is required 

when conducting large population-scale studies.22,23

The sensitivity of a SARS-CoV-2 antibody assay depends 

on both the assay setup and the moment of testing in the 

disease course. Whereas assays that target the nucleo-

capsid protein are typically more sensitive earlier in the 

disease phase, antibodies targeting the spike protein 

are more specific and may have a neutralizing effect.18 

Table 4. Method Comparison of COV2T and COV2G Assays Against Euroimmun SARS-CoV-2 IgG ELISA, 
Performed on Specimens from Health Care Workers

COV2T COV2G

+ – Total + – Total

Euroimmun + 145 2 147 61 17 78
± 16 1 17 1 5 6
– 24 7 31 0 10 10

Total  185 10 195 62 32 94

COV2T, SARS-CoV-2 Total antibody assay; COV2G, SARS-CoV-2 IgG antibody assay; ELISA, enzyme-linked immunosorbent assay.
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Muecksch et al24 found a significant correlation of the 

Siemens COV2T assay with neutralizing antibody levels, 

but this correlation was highest earlier in the disease state 

and declined thereafter. To date, an antibody cutoff for 

protective immunity has not yet been defined. In addition, 

the durability and nature of immunity conferred by these 

antibodies remains unclear. Moreover, because antibody 

titers tend to be associated with clinical severity, assay 

performance may depend on disease severity.18 In this 

study, sensitivities calculated for timepoints < 14 days 

were lower than those claimed by the manufacturer. In 

general, clinical sensitivity in validation studies may be 

lower than stated in the product leaflet, whereas clinical 

specificity tends to be more stable.18 The sensitivity for 

the COV2T assay found in this study earlier in the disease 

stage was lower than that found by Hörber et al,14 who 

found a sensitivity of 56.5% 6 days after PCR positivity. 

For the later timepoints, sensitivity was comparable to 

the study of Hörber et al. This result was also in line with 

a study from the national SARS-CoV-2 serology assay 

evaluation group in the United Kingdom that found a 

sensitivity of 98.1% in specimens collected > 20 days 

postsymptom onset.9 

The median time to seroconversion in this study was 

8 days after PCR positivity for both assays and 11 and 

12 days after symptom onset for the COV2T and COV2G 

assay, respectively. This median time may have lagged 

behind the true time to seroconversion because patients 

were not tested on a daily basis. Although the median time 

until seroconversion did not differ significantly for both 

assays, the sensitivity of the COV2T assay was higher 

compared to the COV2G assay in the different time frames 

up to 14 days after PCR positivity or disease onset. This 

finding may be explained by the complementary detection 

of IgM antibodies in the COV2T assay. However, contra-

dictory studies have been published regarding the sen-

sitivity of different antibody isotypes: Some studies have 

shown that the time to seropositivity for IgM or IgA is not 

significantly shorter than that for IgG, whereas others have 

reported a faster seroconversion for IgM and/or IgA.18 

A drawback to this study was that this specimen set only 

included specimens from hospitalized patients and health 

care workers but none from outpatients, children, or asymp-

tomatic patients. Because the antibody titer of almost all of 

the patients reached the upper limit of the dynamic range 

at a certain timepoint, no comparison could be made with 

regard to disease severity.

The kinetics of the antibody response were evaluated using 

the same specimen set. Only in 2 out of 50 patients did 

antibody levels decline, but the results remained above the 

seropositivity cutoff index. This decline started at 51 days for 1 

patient and 109 days for the other. Earlier studies have shown 

that antibody titers may decline and that this decline also 

depends on the assay used. Muecksch et al24 found that anti-

body titers globally decreased over time in a serologic Abbott 

assay, increased in the assays from manufacturers Roche and 

Diasorin, and remained constant in the Siemens COV2T assay.

The method comparison against the Euroimmun anti-

SARS-CoV-2 IgG ELISA, performed on samples from 

health care workers, showed a lower sensitivity compared 

to the Siemens COV2T assay, but a greater sensitivity 

when compared to the COV2G assay. The improved 

sensitivity of the Siemens total antibody assay may be 

attributable to the concomitant detection of IgM (and 

possibly also IgA) antibodies. A possible explanation for 

the lower sensitivity of the COV2G assay compared to 

the Euroimmun IgG assay is that the latter assay detects 

antibodies directed against the full-length S1 protein, 

whereas the COV2G assay only detects antibodies 

against the S1-RBD. However, not all of the specimens 

were from health care workers who were confirmed 

PCR-positive, so these results must be interpreted with 

caution. More studies are necessary to confirm this ob-

servation. Hörber et al14 showed that the Siemens COV2T 

assay was slightly more sensitive than the Euroimmun 

IgG ELISA and the Roche Elecsys anti-SARS-CoV-2 anti-

body assay, which targets total antibodies against the 

nucleocapsid protein. Diagnostic specificity was com-

parable for all 3 assays. In addition, in the study from 

the U.K. national SARS-CoV-2 serology assay evaluation 

group, the Siemens COV2T assay showed superior sensi-

tivity compared to the other tested commercially available 

assays of Roche, DiaSorin, and Abbott.9 Finally, the study 

by Muecksch et al24 indicated a comparable perform-

ance of the Roche, Abbott, and Siemens assays, but only 

specimens starting from 21 days after a PCR-positive test 

were included.

Conclusion

The Siemens COV2T and COV2G assays for the detec-

tion of antibodies against SARS-CoV-2 are highly specific. 
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Sensitivity 14 days after COVID-19 symptom onset ap-

proaches 100%. The assays are reliable and accurate for 

routine clinical use. LM
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ABSTRACT
Objective: This study aims to evaluate the performance of an antigen-
based rapid diagnostic test (RDT) for the detection of the SARS-CoV-2 virus. 

Methods: A cross-sectional study was conducted on 677 patients. Two 
nasopharyngeal swabs and 1 oropharyngeal swab were collected from 
patients. The RDT was performed onsite by a commercially available 
immune-chromatographic assay on the nasopharyngeal swab. The 
nasopharyngeal and oropharyngeal swabs were examined for SARS-
CoV-2 RNA by real-time reverse-transcription quantitative polymerase 
chain reaction (RT-qPCR) assay. 

Results: The overall sensitivity of the SARS-CoV-2 RDT was 34.5% and 
the specificity was 99.8%. The positive predictive value and negative 

predictive value of the test were 96.6% and 91.5%, respectively. The 
detection rate of RDT in RT-qPCR positive results was high (45%) for 
cycle threshold values <25. 

Conclusion: The utility of RDT is in diagnosing symptomatic patients 
and may not be particularly suited as a screening tool for patients with 
low viral load. The low sensitivity of RDT does not qualify its use as a 
single test in patients who test negative; RT-qPCR continues to be the 
gold standard test.
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COVID-19 has influenced every life over the past year. The 

pandemic has resulted in worldwide lockdowns, bringing 

life to a standstill. The licensing of vaccines in many coun-

tries has brought hope. But until universal immunization is 

achieved, testing, tracking, and treating continue to be the 

only tools in our armamentarium to curb the community 

spread of SARS-CoV-2.1 The current diagnostic method for 

SARS-CoV-2 infection is focused on the identification of 

viral genome targets in respiratory specimens by real-time 

reverse-transcription quantitative polymerase chain reaction 

(RT-qPCR).2 The molecular tests are the most sensitive and 

specific methods for the detection of SARS-CoV-2, but 

the downside is that they are time-consuming and need 

specialized laboratories with skilled manpower.3 The delay 

in reporting results can lead to the inadvertent spread of 

disease in the community. These conditions have prompted 

the development of antigen-based rapid diagnostic tests 

(RDTs). The advantage of RDT is the availability of test 

results within 30 minutes without running any specialized 

instrument, making it an acceptable point-of-care test that 

relieves the workload in diagnostic hospitals and labora-

tories.4 However, the performance of these assays on the 

ground remains uncertain. The sensitivity of the RDT has 

been claimed to be between 30.2% and 81.8% across the 

world.1,5,6 The World Health Organization strongly encour-

ages research into the efficiency and potential diagnostic 

usefulness of RDT.7

The RDT is being used extensively to detect and trace 

patients with COVID-19. This study was undertaken to 



evaluate the performance of antigen-based RDT for the 

detection of SARS-CoV-2 virus in screening asymptom-

atic patients and to establish the association between the 

results of a positive RDT and cycle threshold (Ct) values 

of RT-qPCR. In addition, this study aimed to understand 

the Ct value at which the RDT would be able to detect 

true positives.

Methods

A cross-sectional study was conducted at the largest 

COVID-19-dedicated hospital (Delhi, India) after clearance 

from the institutional ethics committee. Adult preoperative 

or asymptomatic patients seeking health care in the oph-

thalmology department for eye ailments and who wished 

to get themselves tested for COVID-19 were included in 

the study.8 Written informed consent was obtained from 

participants before enrollment. Two nasopharyngeal swabs 

(NPS) were collected from patients for testing (for RDT 

and RT-qPCR). An additional oropharyngeal swab (OPS) 

was collected from all patients for RT-qPCR. The NPS and 

OPS were placed together in a 3 mL tube of viral transport 

medium and were transported to a COVID-19 diagnostic 

laboratory in the department of microbiology at the same 

hospital within 4 hours of collection, maintaining the cold 

chain. The RDT was performed onsite by a trained techni-

cian as per the manufacturer’s instructions.

The SARS-CoV-2 antigen was detected by commercially 

available immune-chromatographic lateral flow assay 

(PathoCatch/ACCUCARE, Lab Care Diagnostics Private 

Ltd., Sari Gam, India) approved by the Indian Council of 

Medical Research (ICMR). Briefly, the nasopharyngeal swab 

was inserted into a prefilled extraction buffer tube that was 

provided with the kit for antigen extraction. The swab was 

squeezed and then removed after 10 to 15 seconds. With 

the help of a nozzle cap, 2 to 3 drops of the extracted spe-

cimen were put on the sample port of the test device. The 

result was read after 20 to 30 minutes. The appearance of 

the control line and the detection line was interpreted as a 

positive result.

For RT-qPCR, the RNA was extracted with the MagNA Pure 

96 System (Roche Molecular Systems Inc., Pleasanton, CA). 

The extracted RNA was examined for SARS-CoV-2 RNA by 

a COVID-19 real-time PCR assay using an ICMR-approved 

commercial assay (SD Biosensor Inc., Republic of Korea). 

This assay utilizes primers and probes for the detection 

of the E gene and the RdRp (ORF1ab) gene of the SARS-

CoV-2 virus. Results were read and interpreted, and Ct 

values for both genes were recorded. A Ct value up to 32 

was known to indicate a positive result for the E/RdRp gene 

as per validation performed in earlier research.9

The data collected were entered into a Microsoft Excel 

spreadsheet. The sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value (NPV) were ex-

pressed as percentages. Cohen’s kappa statistics were 

used for determining the agreement between the RDT and 

RT-qPCR while the association of antigen positivity and Ct 

values was assessed. A receiver operating characteristic 

(ROC) curve was built to estimate the Ct cutoff value for 

RDT-positive specimens. A P value <.05 was considered 

statistically significant. Confidentiality and privacy were 

ensured at all stages of the study. Results of RDT and 

RT-qPCR were provided to patients through the ICMR 

portal.

Results

Between October 27 and November 23, 2020, 677 pa-

tients were enrolled in the study. Among these patients, 

372 (54.9%) were men and 305 (45.1%) were women. The 

mean age of study participants was 44.78 ± 16.35 years 

(range,18–89 years). Thirty patients tested positive by 

antigen-based RDT. Viral RNA was detected by RT-qPCR 

in NPS and OPS collected from 84 patients. Concordant 

results (RT-qPCR+/RDT+) were observed in 29 specimens, 

whereas discordant results (RT-qPCR+/RDT–) were ob-

served in 55 specimens (Table 1).

Table 1.  Comparison of Results of SARS-CoV-2 
Antigen-Based RDT with RT-qPCR (n = 677)

RDT result RT-qPCR Result Total

Negative Positive

Negative 592 (99.8%) 55 (65.5%) 647
Positive 1 (0.2%) 29 (34.5%) 30
Total 593 84 677

RDT, rapid diagnostic test; RT-qPCR, reverse-transcription quantitative polymerase 
chain reaction. 
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The overall sensitivity of the SARS-CoV-2 antigen 

based RDT was 34.5% (95% confidence interval [CI], 

24.5%–45.6%) and the specificity was 99.8% (95% CI, 

99.1%–100.0%). The PPV and NPV of the test were 

96.6% (95% CI, 80.0%–99.5%) and 91.5% (95% CI, 

90.2%–92.6%), respectively. The diagnostic accuracy 

of the test was found to be 91.7% with moderate 

agreement between the 2 methods (Cohen’s kappa 

index = 0.47).

Association of SARS-CoV-2 Antigen-Based RDT 
Results with Ct Values

For the 55 specimens that tested positive by RT-qPCR, 

the Ct values ranged between 10 and 32 (Figure 1). 

A significant negative association was observed be-

tween the RDT results and the Ct values: Lower Ct 

values were associated with RDT positivity, and vice 

versa (P <.001; Table 2). The detection rate of the RDT 

in RT-PCR positive specimens was high (45%) for Ct 

values <25 (Table 3).
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Figure 1

Association of Ct values with RTD results in positive RT-PCR results. 

Ct, cycle threshold; RTD, rapid diagnostic test; RT-PCR, reverse-

transcription polymerase chain reaction.

Table 2. Association of Ct Values with RDT Results 
in Patients with Positive RT-PCR Results

RDT-Negative (n 
= 55)

 RDT-Positive 
(n = 29)

P 
Value

Ct value (E gene) 22.62 (21.20–24.04) 16.24 (14.40–18.08) <.001*
  Range 10–32 10–27
Ct value (RdRp 
gene)

22.24 (20.76–23.71) 16.10 (14.36–17.84) <.001*

  Range 10–32 10–26

Ct, cycle threshold; RDT, rapid diagnostic test; RT-PCR, reverse-transcription 
polymerase chain reaction. *Significant at P <.05.

Table 3. Detection Rate of RDT According to Ct 
Values in Patients with Positive RT-PCR Results

Ct Value RDT-Positive (n) RDT 
Detection 
Rate (%)

1 <25 (n = 60) 27 45
2 25–29 (n = 21) 2 9.5
3 >30 (n = 3) 0 0

Ct, cycle threshold; RDT, rapid diagnostic test; RT-PCR, reverse-transcription 
polymerase chain reaction.
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Figure 2

ROC curve using Ct values to estimate Ct cutoff value for RDT 

to detect SARS-CoV-2 antigen. Ct, cycle threshold; RDT, rapid 

diagnostic test; ROC, receiver operating characteristic.
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Estimation of Ct Cutoff Value for RDT to Detect 
SARS-CoV-2 Antigen

An ROC curve analysis indicated that a Ct value (E gene 

and RdRp gene) <19.5 best discriminated between 

RT-qPCR+/RDT+ and RT-qPCR+/RDT– specimens, with a 

sensitivity and specificity of 70.9% and 82.8%. The area 

under the curve for the E gene and the RdRp gene were 

0.81 (95% CI, 0.71–0.91) and 0.80 (95% CI, 0.71–0.89), re-

spectively (Figure 2).

Discussion

The diagnostic performance of SARS-CoV-2 antigen-based 

RDT with RT-qPCR as the gold standard was evaluated in our 

health care setting. The sensitivity of RDT (34.5%) observed 

in our study was lower than that claimed by the manufac-

turer (84%). A low sensitivity of an antigen-based assay with 

false-negative results has been reported previously.4,5,10 The 

Scohy et al5 evaluation of RDT showed an overall sensitivity of 

30.2% for SARS-CoV-2 RT-qPCR–positive specimens. Mak 

et al4 evaluated RDT using different respiratory specimens such 

as nasopharyngeal aspirate, throat swab, saliva, and sputum. 

A very low positivity of RDT was observed in the sputum (11.1 

%) of patients who were RT-qPCR–positive, whereas 45.7% of 

nasopharyngeal aspirate and throat swabs were positive.4

The Ct value indirectly indicates the initial virus concentration 

in the specimen, so it can be used as a substitute for the viral 

load. In this study, the lower Ct values were associated with 

a higher antigen detection rate. The Ct cutoff value for RDT 

positivity was 19.5, implying that RDT positivity occurred 

more in specimens with a high viral load. Therefore, there are 

more likely chances of missing positive specimens with a low 

viral load if only RDT is used for a diagnosis of COVID-19. 

Similar observations regarding the association of Ct value 

with RDT results were seen in previous studies.1,4,11-13 It is 

understood that antigens are expressed only when the virus 

is actively replicating.7 This may not be the scenario with 

patients in the presymptomatic phase or in those seeking 

routine health care, so the utility of rapid antigen tests is very 

limited in such patients. A similar situation is also a possibility 

in patients who are convalescing or asymptomatic. Further, 

the high sensitivity (70%) and specificity (95%) of RT-qPCR14 

enable the test to detect very low levels of the virus, which 

could be a reason for the detection of a greater number of 

infections by RT-PCR.

Diagnostics for COVID-19 can be used for the triage of 

symptomatic individuals in an epidemic or endemic set-

ting, screening of at-risk asymptomatic and symptomatic 

individuals in an epidemic or endemic setting, confirmatory 

testing, and testing of patients with previous exposure to 

SARS-CoV-2.15 Even with its less-than-optimal performance 

and limitations, the rapid test can still act as an adjunct 

to RT-qPCR testing.16 It can also be useful in diagnosing 

symptomatic patients with a high viral load in resource-

limited settings. Faster detection enables public health 

authorities in rapid contact tracing and isolation along with 

providing specific care.

In a hospital setting, there is a potential risk of disease ex-

posure to health care workers, other uninfected patients, 

and attendants from an infected patient. The RDT is used 

as a point-of-care test providing rapid results. Aside from 

turnaround time, however, the diagnostic accuracy of the test 

is also paramount. A test with high sensitivity and specificity 

should be used in such scenarios. The high specificity of RDT 

offers a quick screening for COVID-19 positivity, especially in 

patients with a high viral load. The overall sensitivity of RDT 

in our study was low, so it can give false-negative results and 

may not be of much help in screening patients if used alone. 

The challenge is to explore other options and weigh their pros 

and cons. Cartridge-based nucleic acid amplification tests 

have a quick turnaround time (30–60 minutes), but these tests 

require expertise, reagents, and instruments. These tests are 

also limited by the maximum number of specimens that can 

be tested per day: 24 to 48 specimens only.

The performance of any test depends upon various epi-

demiological and technical factors such as clinical mani-

festations, duration of disease onset to testing, type of 

specimen, specimen quality, specimen handling and 

processing techniques, commercial kit, and the batch of the 

kit used.7 Other factors that can affect the quality of testing 

are high patient load, fewer staff members, and limited re-

sources. The training of technical staff involved in specimen 

collection and processing is also very essential and plays a 

key role in improving the quality of testing.

Conclusion

The high specificity of RDT warrants it as a diagnostic 

tool in patients with a positive result for SARS-CoV-2 
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infection. However, its low sensitivity does not qualify its 

use as a standalone test, especially in asymptomatic or 

presymptomatic patients, for whom RT-qPCR continues to 

be the gold-standard test. The utility of RDT is in diagnosing 

symptomatic patients and may not be particularly suited as 

a screening tool for patients with a low viral load. LM
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