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Abstract: Object: Transfusion-transmitted infections threaten blood safety. The management of samples with weak 
reactivity is confusing. Our study aimed to investigate the utility of grey zone (GZ) testing in the screening of the 
hepatitis B virus (HBV), the hepatitis C virus (HCV), and the human immunodeficiency virus (HIV). Methods: Chemi-
luminescence assays (CLA) were used for the blood screening. For each infectious marker, two CLA kits were used, 
but for each sample, only one kit was used for each infectious marker. An S/CO ≥ 8.0 was considered reactive, and 
an S/CO < 0.8 was considered non-reactive. A 0.8 ≤ S/CO < 1.0 was set as GZ1, a 1.0, ≤ S/CO < 4.0 was set as GZ2, 
and a 4.0 ≤ S/CO < 8.0 was set as GZ3. The samples located at different GZs were separately verified using nucleic 
acid testing (NAT). Results: 22,081 patients requiring blood transfusions were included in this study. The cohort 
had an average age of 32.6 ± 10.6 years old. HBV test kit B (0.41% reactivity and 0.58% GZ rate) was more sensi-
tive than kit A (0.28% reactivity and 0.43% GZ rate). HCV test kit A (0.29% reactivity and 0.57% GZ rate) was more 
sensitive than kit B (0.27% reactivity and 0.31% GZ rate). HIV test kit A (0.10% reactivity and 0.20% GZ rate) was 
more sensitive than kit B (0.08% reactivity and 0.11% GZ rate). All the samples in GZ1 were negative for NAT. HBV 
test kit A has negativities of 20.00% and 4.35% in GZ2 and GZ3, respectively, while HBV test kit B has negativities 
of 36.84% and 35.48% in GZ2 and GZ3, respectively. HCV test kit A has negativities of 100.00% and 66.67% in GZ2 
and GZ3, respectively, while HCV test kit B has negativities of 72.73% and 27.78% in GZ2 and GZ3, respectively. HIV 
test kit A has negativities of 100.00% and 88.24% in GZ2 and GZ3, respectively, while HCV test kit B has negativi-
ties of 100.00% and 50.00% in GZ2 and GZ3, respectively. Conclusion: The GZ is useful in blood screening for HBV, 
HCV, and HIV. A test kit with a high sensitivity has a low specificity. Different test kits should be set with different GZs 
based on their sensitivity and specificity.
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Introduction

The hepatitis B virus (HBV), the hepatitis C  
virus (HCV), and the human immunodeficiency 
virus (HIV) are highly infectious through blood 
and are among the most common infectious 
diseases. According to statistical data from the 
Division of Communicable Disease Prevention 
and Management, which belongs to the Minis- 
try of Health of the People’s Republic of China, 
there are 1,002,000 HBV patients, 224,000 
HCV patients, and 71,000 HIV patients in China 
[1]. There are also several virus carriers [2]. 
Blood samples from the virus carriers may in- 
duce transfusion-transmitted infections (TTIs), 
crucially threatening the safety of blood trans-
fusions. It has been reported that the probabil-
ity of TTIs is more than 1/60,000 [3-5], indicat-
ing the necessity of screening for infectious 
diseases to prevent TTIs in blood collection. 

Nowadays, serological testing and nucleic acid 
testing (NAT) are commonly used for infecti- 
ous markers screening worldwide [6]. In China, 
serological testing is the standard method in 
primary screening, and NAT is used for valida-
tion [7].

Serological testing generally includes enzyme-
linked immunosorbent assays (ELISA), gold im- 
mune chromatography assays (GICA), and che-
miluminescence assays (CLA) [8]. Compared  
to ELISA and GICA, CLA is more sensitive and 
therefore can better analyze the blood samples 
from the individuals who are recessively infec-
tious or who are in the “window period” [9-11]. 
Contributing a great improvement to the safe- 
ty of clinical transfusion, to epidemiological 
research, and to the treatment and observati- 
on of the infectious viral diseases, CLA has 
been vigorously promoted in China [12, 13]. 
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However, with advances in sensitivity, the spec-
ificity of CLA may be unsatisfactory, especially 
for some weakly-reactive samples [14].

The analysis of CLA results is based on the 
ratio of the sample’s luminescence (S) and a 
cut-off value (CO). Theoretically, a sample is 
negative with an S/CO that is less than 1,  
otherwise, the sample is positive. However, in 
practical application, many samples are weakly 
reactive with S/CO values nearly 1 and have a 
poor repeatability [15]. Judging the samples 
with weak reactivity is confusing. To overcome 
this problem, the grey zone (GZ) was introduced 
in the CLA. S/CO ratios falling in the GZ will  
be further validated using NAT, a sensitive and 
specific, but costly, method. Previous studies 
have reported the application of GZ ranging 
from 0.9 to 1 in preventing TTI, however, the 
results contradict each other [16, 17]. There- 
fore, the utility of grey zone testing strategy in 
improving blood safety is not yet clear. 

In this study, we established a series of GZs to 
detect the utility of GZ testing in the screening 
of HBV, HCV, and HIV using CLA, and the sam-
ples in the GZs were verified by NAT.

Materials and methods

Blood samples

A total of 22,081 blood samples were collect- 
ed from patients requiring blood transfusions 
from 2017 to 2020. Human samples involved 
in this study were managed using protocols 
approved by the Ethical Committee of the 
Hanchuan People’s Hospital (E2017010). In- 
formed consents were obtained from all the 
patients. 

Serum separation

Serum separation was performed as described 
previously [18]. Whole blood samples were col-
lected in 1.5 ml tubes and incubated at 4°C 
overnight. Then the samples were centrifuged 
at 2000 rpm for 10 min. The serum on the 
upper layer was transferred to a new tube and 
stored at -80°C.

Chemiluminescence assay (CLA)

For the HBV screening, MAGLUMI HBsAg IgG 
CLA Kits (Haifei Biotech, named as HBV test kit 
A) and HBsAg quantitative Elecsys Kits (Roche 

Biotech, here called HBV test kit B) were used. 
For the HCV screening, MAGLUMI HCV IgG CLA 
Kits (Haifei Biotech, here called HBV test kit A) 
and HCV IgG CLA Kits (Chemclin Diagnosis, 
here called HBV test kit B) were used. For the 
HIV screening, MAGLUMI HIV IgG CLA Kits 
(Haifei Biotech, here called HBV test kit A)  
and HIV Ab CLA Kits (Chemclin Diagnosis, here 
called HBV test kit B) were used. The CLA pro-
cedure was described previously [19]. Briefly, 
50 μl of sample serum was mixed with an equal 
volume sample diluent, and the mixture was 
added to the well. The plate was incubated  
at 37°C for 30 min, and then was washed 5 
times. 100 μl enzyme conjugate was added to 
each well except for the blank ones. The plate 
was incubated at 37°C for 30 min, and then 
washed 5 times. Luminescent substrate A and 
B were mixed at the ratio of 1:1, and 100 μl 
mixture was added to each well. The plate was 
incubated at room temperature for 5 min, and 
the relative luminescence unit (RLU) was ana-
lyzed using Chemclin-600 (Chemclin Diagnos- 
is) within 30 min. The CO value of each kit was 
calculated based on the negative sample’s RLU 
according to the relative protocol. 

Nucleic acid testing (NAT)

NAT was performed as described previously 
[20] with an HBV, HCV, and HIV (1 + 2 types) 
Nucleic Acid Testing Kit (Sansure Biotech). In 
brief, nucleic acid extraction reagent, carrier 
RNA, and an internal standard were mixed. The 
mixture, washing buffer A, washing buffer B, a 
mixture of eluent and specific beads were load-
ed to the relative positions on Natch S (Sansure 
Biotech), respectively. The blood samples were 
loaded to Natch S and nuclei extraction was 
performed automatically. The treated samples 
were mixed with reagent A, reagent B, reverse 
transcriptase, RNA protects, and Taq poly-
merase and loaded onto a SLAN-96P (Sansure 
Biotech) to perform RT-qPCR. Samples with a 
cycle threshold (Ct) less than 45 were consid-
ered positive, and the others were considered 
negative. The test limit was 3 IU/ml for HBV, 10 
IU/ml for HCV, and 45 IU/ml for HIV. 

Screening procedure 

The strategy for the infectious marker screen-
ing is shown in Figure 1. Briefly, each blood 
sample was analyzed for HBV surface antigens 
(HBsAg), HCV antibodies and HIV antibodies. 
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For each infectious marker, two CLA kits were 
used, but for each sample, only one kit was 
used for each infectious marker. An S/CO ≥ 8.0 
was considered reactive, and an S/CO < 0.8 
was considered non-reactive. 0.8 ≤ S/CO < 1.0 
was set as GZ1, 1.0 ≤ S/CO < 4.0 was set as 
GZ2, and 4.0 ≤ S/CO < 8.0 was set as GZ3. 
Samples located at different GZs were verified 
using NAT separately. 

For the HBsAg detection (Table 2), 10,697 sam-
ples were analyzed using HBV test kit A, of 
which 10,621 (99.29%) were non-reactive, 30 
(0.28%) were reactive, and 46 (0.43%) were  
in the GZ (13 were in GZ1, 10 were in GZ2, and 
23 were in GZ3). Also, 11,384 were analyzed 
using HBV test kit B, of which 11,270 (99.00%) 
were non-reactive, 47 (0.41%) were reactive, 
and 67 (0.58%) were in the GZ (17 were in GZ1, 
10 were in GZ2, and 23 were in GZ3). The data 
indicated that kit B is more sensitive than kit A.

For the HCV antibody detection (Table 2), 9,965 
samples were analyzed using HCV test kit A,  
of which 9879 (99.14%) were non-reactive, 29 
(0.29%) were reactive, and 57 (0.57%) were in 
the GZ (6 were in GZ1, 21 were in GZ2, and 30 
were in GZ3). Also, 12,116 were analyzed using 
HCV test kit B, of which 12,045 (99.41%) were 
non-reactive, 33 (0.27%) were reactive, and 38 
(0.31%) were in the GZ (9 were in GZ1, 11 were 
in GZ2, and 18 were in GZ3). The data revealed 
that kit A is more sensitive than kit B.

For the HIV antibody detection (Table 2), 
12,531 samples were analyzed using HIV test 
kit A, of which 12,493 (99.70%) were non-reac-

Figure 1. The screening procedure used in the study.

Statistical analysis

The data are presented as the 
mean ± SD or the number 
(present). The statistical analy-
sis was performed using SPSS 
18.0 software. The compari-
sons of the gene frequencies 
among the different groups 
were performed using Fisher’s 
exact test. 

Result

Primary screening for HBsAg, 
HCV antibodies, and HIV anti-
bodies

22,081 patients requiring bl- 
ood transfusions, of which 
11,498 (52.07%) were male 
and 10,583 were female, we- 
re included in this study. The 
patients’ ages ranged from 18 
to 50 years old (32.6 ± 10.6 
years). Detailed information 
about the cohort is shown in 
Table 1.

Table 1. Basic information about the patients 
requiring blood transfusions
Variable Statistics
Age (Years) 42.6 ± 15.6
Sex
    Male 11498
    Female 10583
Height (cm) 173.1 ± 13.7
Weight (kg) 65.6 ± 7.2
Blood type
    A 6050
    B 7286
    AB 2562
    O 6183
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tive, 13 (0.10%) were reactive, and 25 (0.20%) 
were in the GZ (3 were in GZ1, 5 were in GZ2, 
and 17 were in GZ3). Also, 9,550 were analyzed 
using HIV test kit B, of which 9531 (99.80%) 
were non-reactive, 8 (0.08%) were reactive, and 
11 (0.11%) were in the GZ (3 were in GZ1, 2 
were in GZ2, and 6 were in GZ3), indicating that 
kit A is more sensitive than kit B.

NAT verification of the GZs

All the samples in the GZs were verified using 
NAT. For GZ1 (0.8 ≤ S/CO < 1.0), all the samples 
in GZ1 were negative for all three infectious 
markers (Table 3). 

the 31 samples located in GZ3 which were ana-
lyzed by HBV test kit B, 11 (35.48%) were nega-
tive (Table 5). The false-positive rate of HBV 
test kit B was significantly higher than the  
false-positive rate of HBV test kit A (P=0.0078) 
(Table 5). Of the 30 samples located in GZ3 
which were analyzed using HCV test kit A, 20 
(66.67%) were negative, and of the 18 samples 
located in GZ3 which were analyzed using HCV 
test kit B, 5 (27.78%) were negative (Table 5). 
The false-positive rate of HCV test kit A was sig-
nificantly higher than the false-positive rate of 
HCV kit B (P=0.0162) (Table 5). In the 17 sam-
ples located in GZ3 which were analyzed using 
HIV test kit A, 15 (88.24%) were negative, and 

Table 2. Primary screening results for HBsAg, HCV antibodies, and HIV antibodies
Infectious 
marker

Test 
Kit

Sample 
number Non-reactive (%) Reactive (%)

Grey zone
GZ1 (%) GZ2 (%) GZ3 (%) Total GZ (%)

HBV A 10697 10621 (99.29) 30 (0.28) 13 (0.12) 10 (0.09) 23 (0.22) 46 (0.43)
B 11384 11270 (99.00) 47 (0.41) 17 (0.15) 19 (0.17) 31 (0.27) 67 (0.58)

HCV A 9965 9879 (99.14) 29 (0.29) 6 (0.06) 21 (0.21) 30 (0.30) 57 (0.57)
B 12116 12045 (99.41) 33 (0.27) 9 (0.07) 11 (0.09) 18 (0.15) 38 (0.31)

HIV A 12531 12493 (99.70) 13 (0.10) 3 (0.02) 5 (0.04) 17 (0.13) 25 (0.20)
B 9550 9531 (99.80) 8 (0.08) 3 (0.03) 2 (0.02) 6 (0.06) 11 (0.11)

Table 3. NAT verification results of GZ1

Infectious 
marker

Test 
Kit

GZ1
Positive 

(%)
Negative 

(%) P value Significance

HBV A 0 (0.00) 13 (100.00) P>0.9999 n.s.
B 0 (0.00) 17 (100.00)

HCV A 0 (0.00) 6 (100.00) P>0.9999 n.s.
B 0 (0.00) 9 (100.00)

HIV A 0 (0.00) 3 (100.00) P>0.9999 n.s.
B 0 (0.00) 3 (100.00)

n.s.: no significance.

Table 4. NAT verification results of GZ2

Infectious 
marker

Test 
Kit

GZ2
Positive 

(%)
Negative 

(%) P value Significance 

HBV A 8 (80.00) 2 (20.00) P=0.4311 n.s.
B 12 (63.16) 7 (36.84)

HCV A 0 (0.00) 21 (100.00) P=0.3098 n.s.
B 3 (27.27) 8 (72.73)

HIV A 0 (0.00) 5 (100.00) P>0.9999 n.s.
B 0 (0.00) 2 (100.00)

n.s.: no significance.

Of the 10 samples located in GZ2 
which were analyzed using HBV te- 
st kit A, 2 (20%) were negative, and 
of the 19 samples located in GZ2 
which were analyzed using HBV te- 
st kit B, 7 (36.84%) were negative 
(Table 4). There was no significant 
difference between the validated 
results of the two kits (P=0.4311) 
(Table 4). In the 21 samples located 
in GZ2 which were analyzed by HCV 
test kit A, all were negative, and in 
the 11 samples located in GZ2 
which were analyzed using HCV test 
kit B, 8 (72.73%) were negative 
(Table 4). Although the false-posi-
tive rate of HCV test kit A was high- 
er, there was no significant differ-
ence between the validated results 
of the two kits (P=0.3098) (Table  
4). Of the 7 samples located in GZ2 
which were analyzed by both HIV 
test kits, all were negative (Table 4). 

In the 23 samples located in GZ3 
which were analyzed by HBV test kit 
A, 1 (4.35%) were negative, and in 
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in the 6 samples located in GZ3 which were 
analyzed using HBV test kit B, 3 (50.00%) were 
negative (Table 5). Although the false-positive 
rate of HIV test kit A was higher, there was no 
significant difference between the validated 
results of the two kits (P=0.0886) (Table 5).

Discussion

Our study investigated the utility of GZ testing 
in the screening of HBsAg, HCV antibodies, and 
HIV antibodies using different CLA kits. A total 
of 22,081 patients requiring blood transfusions 
were included in this study. We found that GZ1 
might be useless because all the samples with 
S/CO located in this interval were proved nega-
tive for all three infectious diseases by NAT. 
GZ2 was helpful in the screening of HBV be- 
cause more than 20% of the samples with S/
CO located in this interval were proved negative 
for HBV. GZ2 might be helpful in the screening 
of HCV with the use of HCV test kit B, and 
although the majority (72.73%) of the samples 
were negative, GZ2 might be useless in the 
screening of HIV because all the samples with 
S/CO located in this interval were proved nega-
tive for HIV. GZ3 was useful for the screening  
of all three infectious diseases because only a 
part of the samples with S/CO located in this 
interval were proved negative by NAT.

Archana Solanki, et al. [16] reported that a GZ 
ranging from 0.9 to 1 was useful for the screen-
ing of HBV, HCV, and HIV using ELISA in 2016, 
while Gunjan Bhardwaj, et al. [17] reported that 
the same GZ was useless because all the sam-
ples in GZ were proved negative for HBV, HCV, 
and HIV by confirmatory tests in 2020. Our GZ1 
data agrees with Gunjan Bhardwaj’s study. Th- 
ose contrary reports might be explained by an 
improvement in the testing techniques. How- 

samples with S/CO located in GZ2 and GZ3 
were positive for HBV NAT, indicating that the 
installation of a GZ of more than 1 could pro-
mote the screening of infectious blood sampl- 
es from healthy ones, and thus improve trans-
fusion blood safety.

For the primary screening of HCV and HIV anti-
bodies, nearly all the samples with S/CO locat-
ed in GZ2 were found negative using NAT, and 
this agrees with previous studies that reported 
a high false positivity in HCV and HIV antibody 
testing [26, 27]. The high false positivity might 
be induced by a high concentration of un-spe-
cific IgG, rheumatoid factors, complements, 
and self-targeted antibodies. However, the fac-
tors inducing the high false positivity in the 
screening of HCV and HIV antibodies are not 
verified, and further studies to improve the 
specificity are warranted.

It is worth noting that different kits have differ-
ent sensitivities and specificities. HBV test kit B 
is more sensitive than HBV test kit A, but its 
false positivity is higher. HCV test kit A is more 
sensitive than HCV test kit A, but with a higher 
false positivity. Even though there was no sta-
tistical difference between the different HBV or 
HCV screening kits in the GZ2 group, this might 
be induced by the small size of the study cohort. 
Generally, a kit with a high sensitivity must 
have a low specificity, as previous studies agree 
[28, 29], and shedding light on the set of GZs 
varies depending on the sensitivity and speci-
ficity of the test kit.

In conclusion, our data indicate the importance 
of the GZs in blood screening for HBV, HCV,  
and HIV. The establishment of appropriate GZs 
could be greatly helpful for the separation of 
infectious blood samples with weak reactivity 

Table 5. NAT verification results of GZ3

Infectious 
marker

Test 
Kit

GZ3
Positive 

(%)
Negative 

(%) P value Significance 

HBV A 22 (95.65) 1 (4.35) P=0.0078 **
B 20 (64.52) 11 (35.48)

HCV A 10 (33.33) 20 (66.67) P=0.0162 *
B 13 (72.22) 5 (27.78)

HIV A 2 (11.76) 15 (88.24) P=0.0886 n.s.
B 3 (50.00) 3 (50.00)

n.s.: no significance; *P < 0.05; **P < 0.01.

ever, this conclusion needs more 
careful validation with more test kits 
and a larger study cohort providing 
more blood samples.

HBV can induce acute and chronic 
hepatitis, liver cirrhosis, and liver 
cancer [21-24]. The level of HBsAg in 
the blood increases in the first few 
weeks after HBV infection, indicating 
that blood samples from people in 
the “window period” might be weakly 
reactive for HBsAg detection [25]. In 
our study, more than 50% of the 
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from the healthy ones, thus improving blood 
safety for transfusions. However, different test 
kits should be set with different GZs based on 
their sensitivity and specificity. Furthermore, 
more studies are needed for the optimization of 
GZ installation, and a larger study cohort or a 
multiple-center study may be helpful.
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