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Abstract
Background Hepatitis B virus (HBV) infection is a major concern regarding blood safety in countries with a high 
HBV prevalence, such as China. We aimed to understand the prevalence of HBV infection among blood donors in 
Chongqing and provide an important basis for developing appropriate blood screening strategies.

Methods Dual enzyme-linked immunosorbent assays (ELISAs) for hepatitis B surface antigen (HBsAg) were 
conducted in parallel with nucleic acid testing (NAT) of donors. All HBsAg-reactive and/or HBV DNA-positive blood 
samples were tested for HBsAg and hepatitis B DNA levels.

Results A total of 117,927 blood donor samples were collected from the Chongqing Blood Center between April 
2020 and November 2020. In total, 473 HBV-ineligible samples were retained for HBsAg and DNA confirmation. A total 
of 272 samples were confirmed to be HBsAg+, including 2 HBV DNA − and 270 HBV DNA + samples. A total of 201 
donations were HBsAg−, including 72 HBV DNA − samples. The rate of HBV infection was 65.33% (309/473) in men, 
which was significantly higher than that in women (p < 0.001). The HBV failure rate was higher among the first-time 
donors (p < 0.05). Of the 182 NAT R/HBsAg N/N samples (Nucleic acid test reactivity/2 anti-HBsAg tests negative), 
37.91% (69/182) were false positives. The proportion of hepatitis B infections in the 18 NAT R/HBsAg N/R (Nucleic 
acid test reactivity/1 anti-HBsAg tests negative) samples was 94.44% (17/18), of which 50% (9/18) were occult HBV 
infection. A total of 95.83% (69/72) of the false positives were from the NAT R/HBsAg N/N group, and 58.33% (42/72) 
were first-time donors.

Conclusion Our data showed a strikingly high HBV infection rate among blood donors in Chongqing. Double ELISA 
and single NAT can effectively prevent HBV leakage and improve blood safety. First-time donors have a high rate of 
HBV transplant failure; therefore, donors should be retained and recruited from low-risk groups.
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Background
Hepatitis B virus (HBV) infection is a global health 
threat, particularly in developing nations [1]. An esti-
mated 257  million people worldwide are infected with 
chronic HBV infection1 [2]. Globally, 786,000 people 
die each year from liver diseases related to HBV [3]. 
Although China’s compulsory hepatitis B vaccination 
policy was introduced in 1992, over 93 million people are 
HBV carriers, and 30 million have chronic HBV [4].

The transfusion risks associated with HBV transmis-
sion are recognized globally [5]. Transfusion of hepa-
titis B surface antigen (HBsAg)-negative blood with a 
low HBV DNA load has been shown to result in HBV 
infection [6]. In China, HBV is a mandatory screening 
test. Dual HBsAg enzyme-linked immunosorbent assays 
(ELISAs) has been adopted parallel to nucleic acid test-
ing (NAT), which began in donors in 2015. NAT can be 
performed using either a single sample or a combination 
of multiple samples; however, discrepancies between 
HBsAg and HBV DNA results have been reported in 
6–9% of blood donations [7]. It is necessary to study and 
analyze HBV screening results in this region because of 
the variations in reagent performance and screening 
strategies. This will assist in developing more efficient 
blood screening strategies and help to evaluate the detec-
tion performance of current reagents and strategies on a 
scientific basis.

Screening practices for HBV infection vary across 
countries in terms of reagent manufacturers and test-
ing procedures. Over the past three decades, the risk of 
transfusion-transmitted HBV(TT-HBV) has reduced 
significantly with the introduction of screening for anti-
bodies against the hepatitis B core antigen (anti-HBc) 
in some countries, the use of NAT, and improved donor 
recruitment procedures [8, 9]. In recent years, the Chi-
nese government has taken several steps to improve 
blood supply safety, including promulgating a new blood 
donation law in 1998 and screening procedures in 2012, 
which are mandatory and guide how we evaluate donor 
eligibility, screen donors, and manage donations [10]. 
However, the risk of TT-HBV infection remains higher 
than that of other screened viruses, such as hepatitis C 
virus (HCV) and human immunodeficiency virus (HIV).

We analyzed the outcomes of 117,927 blood donations 
received from the Chongqing Blood Center between 
April 2020 and November 2020. This study aimed to eval-
uate the HBV blood-screening strategy in Chongqing and 
provide a scientific basis for donor recruitment, reten-
tion, and return.

Materials and methods
Subjects of the study
117,927 blood donor samples from Chongqing Blood 
Center were collected between April 2020 and November 

2020. These samples were screened according to the rel-
evant provisions of the Requirements for Health Exami-
nation of Blood Donors (GB18467-2011). Data was 
obtained from the Blood Station Information Manage-
ment System (BMIS).

Instruments and reagents
The instruments included a spiking device (Xantus, 
Shenzhen Akcome), an enzyme immunoassay ana-
lyzer (FAME24/20, Hamilton, Switzerland), a nucleic 
acid detector (Tigris/Panther, Grifols, Spain), and a bio-
chemistry analyzer (AU640/680, Beckman, USA), all of 
which were calibrated. Reagents include HBsAg (Beijing 
Wantai/Italy Sorin) and nucleic acid screening (NAT) 
reagents Ultrio Plus/Elite (Galliford, Spain). These 
reagents are qualified and used within the expiry date.

Primary screening
Finger stick blood was collected for primary screening 
of ALT, HBsAg, and anti-TP before donation. Samples 
were kept in side bags at the time of blood collection for 
ELISA and NAT. HBsAg was detected using two different 
reagents. Nucleic acid testing (TRI-NAT) was performed 
individually using the Grifols system (Tigris/Panther) 
and reactive samples were tested for HBV/HIV/HCV dif-
ferentiation. Adjudication criteria: HBsAg test result S/
CO ≥ 0.8 is the critical value; if double reagent ≥ 0.8, it is 
considered reactive; if single reagent S/CO ≥ 0.8, retest 
with the same reagent in two wells and any well ≥ 0.8, it 
is considered reactive; NAT test result S/CO ≥ 1.0, it is 
considered reactive. All available HBsAg reactive and/or 
HBV DNA positive plasma samples were collected from 
discarded plasma bags and sent to the National Centre 
for Clinical Laboratories. Anonymized individual demo-
graphic information was collected from BMIS, including 
sex, age, ethnicity, occupation, and blood grouping.

Validation of HBsAg and HBV DNA
All HBsAg reactive and/or HBV DNA positive blood 
samples were further tested for HBsAg using the ARCHI-
TECT HBsAg Qualitative II (Abbott, LOD: 0.05 IU/mL). 
Reactive samples with signal levels (S/CO) between 1.0 
and 5.0 were retested using the Elecsys HBsAg II (Roche, 
LOD: 0.05 IU/mL), the Cobas TaqScreen MPX assay, ver-
sion 2.0 (Roche, LOD: 2.3 IU/mL) and the HBV DNA/
HCV RNA/HIV (1 + 2) RNA Diagnostic Kit (Livzon, 
LOD: 5 IU/mL) for nucleic acid identification. A sum-
mary of the HBsAg and HBV DNA assays is shown in 
Fig. 1.

Statistical analysis
SPSS 22.0 statistical software was used to analyze the 
data. Count data were expressed as cases or percentages. 
The X2 test was used to compare the count data between 
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Fig. 1 Confirmatory process of HBsAg and HBV DNA. +: positive; −: negative; R: reactive; N: nonreactive; CNAT: HBV/HIV/HCV combined nucleic acid test; 
DNAT: HBV/HIV/HCV differential nucleic acid test. ARCHITECT HBsAg, ARCHITECT HBsAg Qualitative II (Abbott Ireland Diagnostics Division, Sligo, Ireland); 
HBsAg Confirmatory, ARCHITECT HBsAg Qualitative II Confirmatory (Abbott Ireland Diagnostics Division), or HBsAg Confirmatory Test (Roche Diagnostics 
GmbH). Roche, cobas TaqScreen MPX Text, version 2.0 (Roche Molecular Systems, Inc., Branchburg, NJ, United States); Livzon, HBV DNA/HCV RNA/HIV 
(1 + 2) RNA Diagnostic Kit (PCR Fluorescence Probing) (Livzon Diagnostics, Zhuhai, China)
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the two groups. P < 0.05 indicated that the difference was 
statistically significant.

Results
Validation of HBsAg and HBV DNA
A total of 117,927 blood samples were collected between 
April and November 2020 (Fig. 2). In total, 473 HBsAg-
reactive and/or HBV DNA-positive samples were 
included in this study. Finally, 272 samples were con-
firmed to be HBsAg+, including 2 HBV DNA − samples 
and 270 HBV DNA + samples. A total of 201 samples 
were HBsAg−, including 72 HBV DNA−.

Characteristics of enrolled donors
After screening for HBsAg and HBV DNA, 473 samples 
were subjected to confirmatory testing. The character-
istics of the enrolled donors are summarized in Table 1. 
The HBsAg+, HBsAg−/HBV DNA+, and HBsAg−/HBV 
DNA − groups were further analyzed regarding the 
patients demographic information. The proportion of 
males was higher in the HBV-infected groups (p < 0.001), 
especially in the HBsAg−/HBV DNA + group, of which 
71.32% (92/129) were male. Donors older than 46 years 
had higher rates of HBsAg + and HBV DNA+ (p < 0.001). 
Regarding occupation, the HBsAg−/HBV DNA + group 
had fewer students and more office workers (p < 0.001). 
The proportion of first-time blood donors was higher 

in the HBV-infected group (p < 0.05), especially in the 
HBsAg + group, in which 98.9% (269/272) were first-time 
blood donors. ABO blood group and ethnicity showed no 
differences among the three groups (p = 0.8, and p = 0.776, 
respectively).

Results of 182 NAT R/HBsAg N/N samples
After screening for HBsAg and HBV DNA, 182 donors 
were included in the NAT R/HBsAg N/N group. Table 2 
presents the results of the study. The proportion of 
HBV infections was 62.09% (113/182), of which 38.46% 
(70/182) were HBV+, 22.53% (41/182) were occult HBV 
infections (OBI), 0.55% (1/182) were chronic HBV infec-
tions, and 0.55% (1/182) were hepatitis B WPI. Notably, 
37.91% (69/182) were false positives.

Results of 18 NAT R/HBsAg N/R samples
After HBsAg and HBV DNA screening, 18 donors were 
assigned to the NAT R/HBsAg N/R group. The confir-
matory results are presented in Table 3. The proportion 
of patients with HBV infection was 94.44% (17/18), of 
which 50% (9/18) were OBI, 27.78% (5/18) were chronic 
HBV infections, and 16.67% (3/18) were HBV+. Notably, 
only 5.56% (1/18) were false positives. Interestingly, the 
test results for reagent 1 were negative for all 18 blood 
donors.

Fig. 2 Flow chart of the study. +: positive; −: negative; R: reactive; N: nonreactive
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Results of 270 NAT R/HBsAg R/R samples
After the validation of HBsAg and HBV DNA, 270 
donors were included in the NAT R/HBsAg R/R group, 
and the particular results are listed in Table 4. It is worth 
noting that all HBsAg confirmation results were negative, 
even though HBV DNA was positive, and four samples 
were positive for OBI.

Results of 72 HBV DNA−/HBsAg− (false reactivity) samples
After validation of HBsAg and HBV DNA, 72 donors 
were included in the HBV DNA−/HBsAg − group, and 

the results are listed in Tables 5 and 6. Of the false posi-
tives, 95.83% (69/72) were from the NAT R/HBsAg N/N 
group, 58.33% (42/72) were first-time blood donors, and 
1.39% (1/72) had more than 20 blood samples.

Discussion
In China, donors are routinely screened for HBsAg using 
ELISA twice plus NAT; however, due to the transient 
nature of HBV infection, the residual risk of infection 
remains high [11, 12]. To develop evidence-based, effi-
cient, and safe screening strategies to reduce the relative 
risk of HBV infection, it is essential to obtain informa-
tion regarding the prevalence, incidence, and associated 
demographic characteristics of blood donors.

A total of 117,927 samples were tested in this study. 
The prevalence of HBV was 0.4% (473/117927) in 
Chongqing, which was higher than that in Hefei (0.13%), 
Changzhi (0.16%), and Fujian (0.25%) [10]. HBV positiv-
ity was significantly higher in men than in women, which 
is in line with the HBV profile of the general population 
or the blood donor population abroad [13, 14]. This may 

Table 1 Characteristics of enrolled donors(n = 473)
All HBsAg+ HBsAg−/DNA+ HBsAg−/DNA− p − value

n = 473 n = 272 n = 129 n = 72
n rate(%) n rate(%) n rate(%) n rate(%)

Sex < 0.001
 Male 309 (65.33) 178 (65.44) 92 (71.32) 39 (54.17)
 Female 164 (34.67) 94 (34.56) 37 (28.68) 33 (45.83)
Age < 0.001
 18–25 61 (12.90) 47 (17.28) 8 (6.20) 6 (8.33)
 26–35 91 (19.24) 64 (23.53) 14 (10.85) 13 (18.06)
 36–45 102 (21.56) 49 (18.01) 38 (29.46) 15 (20.83)
 > 46 219 (46.3) 112 (41.18) 69 (53.49) 38 (52.78)
ABO blood type 0.8
 A 151 (31.92) 93 (34.19) 39 (30.23) 19 (26.39)
 B 106 (22.41) 61 (22.43) 28 (21.71) 17 (23.61)
 O 174 (36.79) 90 (33.09) 54 (41.86) 30 (41.67)
 AB 42 (8.88) 28 (10.29) 8 (6.20) 6 (8.33)
Ethnicity 0.776
 Han 457 (96.62) 260 (95.59) 126 (97.67) 71 (98.61)
 Non-Han 14 (2.96) 11 (4.04) 2 (1.55) 1 (1.39)
 Missing data 2 (0.42) 1 (0.37) 1 (0.78) 0 (0.00)
Number of blood donations < 0.001
 first time 397 (83.93) 269 (98.90) 86 (66.67) 42 (58.33)
 repeat 76 (16.07) 3 (1.10) 43 (33.33) 30 (41.67)
Occupation 0.005
 Student 53 (11.21) 45 (16.54) 4 (3.10) 4 (5.56)
 Freelancer 22 (4.65) 7 (2.57) 10 (7.75) 5 (6.94)
 Office worker 71 (15.01) 42 (15.44) 22 (17.05) 7 (9.72)
 Worker 40 (8.46) 22 (8.09) 13 (10.08) 5 (6.94)
 Civil worker /teacher/healthcare worker/Military personnel 24 (5.07) 7 (2.57) 8 (6.20) 9 (12.50)
 Farmer 41 (8.67) 23 (8.46) 14 (10.85) 4 (5.56)
 Others 212 (44.82) 122 (44.85) 54 (41.86) 36 (50.00)
Missing data 10 (2.11) 4 (1.47) 4 (3.10) 2 (2.78)

Table 2 182 NAT R/HBsAg N/N sample results
Results n Rate (%)
HBV+ 70 38.46
False reactivity 69 37.91
OBI 41 22.53
Chronic hepatitis B infection 1 0.55
hepatitis B WPI 1 0.55
Total 182
+: positive; OBI: occult HBV infection; WPI: window period infection (WPI).
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be related to factors such as greater male socialization, 
interpersonal opportunities, exposure to pathogens, and 
unsafe sexual practices, such as male–male sex. HBV 
positivity was the lowest in the 18–25 years age group 

and highest in the 46 + years age group. This is consis-
tent with reports from other blood banks [15, 16]. This 
is because, since the introduction of the National Hepa-
titis B Vaccination Programme in 1992, the prevalence 
of HBV infection has been gradually decreasing [17–19]. 
The prevalence in the general population of China fell 
from 9.8 to 7.2% after the introduction of HBV vaccina-
tion [20]. Public servants (civil servants, doctors, and 
teachers) have the lowest HBV positivity rate, coinciding 
with blood donors’ literacy levels. Higher levels of edu-
cation are associated with better knowledge of infectious 
disease prevention and control and a lower risk of HBV 
infection. First-time donors are more likely to be HBV-
positive than repeat donors, suggesting that maintaining 
a stable population of donors may be useful in reducing 
the risk of transfusion-transmitted HBV. This finding 
suggests that first-time blood donors should be recruited 
from low-risk groups. Pre-donation counseling and ini-
tial screening for HBsAg before donation can improve 
blood safety. Furthermore, a long-term mechanism must 
be established to retain repeat donors through a variety 
of effective measures and in promoting the healthy and 
stable development of the blood donor workforce.

Among the 182 NAT R/HBsAg N/N samples, 62.09% 
(113/182) were found to be infected with HBV, indicat-
ing those that blood screening by ELISA alone may be 
missed. NAT is efficient in detecting low viral load sam-
ples to ensure the safety of blood supplies, and negative 
ELISA results may be partly due to OBI. OBI is defined as 
the presence of replication-competent HBV DNA in the 
liver and/or HBV DNA in the blood of persons testing 
negative for HBsAg by currently available assays, with or 
without detectable anti-HBc or anti-HBs [21]. The preva-
lence of OBI in Chinese blood donors is approximately 
0.94 per 1000 [22, 23]. Some studies have reported that 
OBI donors with a low viral load may be missed, result-
ing in transfusion-transmitted infection with HBV [11, 
24–26]. The residual risk of HBV transfusion is closely 
related to the prevalence of HBV infection, the popula-
tion of blood donors, and screening strategies in place. 
The window period, low concentration load, OBI, and 
immunological quiescence of viral strains lead to difficul-
ties in HBV detection and transfusion transmission [27]. 
Of the 182 NAT R/HBsAg N/N samples, 37.91% (69/182) 
were false positives. Unfortunately, blood donors in 
China who are blocked by a positive nucleic acid test are 
permanently barred from donating. Therefore, quality 
control of nucleic acid laboratories should be managed as 
much as possible to avoid contamination.

Among the 18 NAT R/HBsAg N/R samples, 94.44% 
(17/18) tested positive for HBV. Interestingly, the reagent 
1 test was negative in all samples. The results show that 
the detection efficiency of reagent 1 was lower than that 
of reagent 2. The S/CO ratio of 55.6% (10/18) in reagent 

Table 3 18 NAT R/HBsAg N/R sample results
Num. Reagent 1

(S/CO)
Reagent2
(S/CO)

Results

1 0.171 0.8 OBI
2 0.181 1.462 OBI
3 0.581 1.215 OBI
4 0.371 0.83 OBI
5 0.229 0.854 OBI
6 0.152 0.877 OBI
7 0.048 0.897 OBI
8 0.333 0.966 OBI
9 0.381 1.088 OBI
10 0.343 1.047 Chronic hepatitis B infection
11 0.486 1.154 Chronic hepatitis B infection
12 0.619 1.225 Chronic hepatitis B infection
13 0.695 0.983 Chronic hepatitis B infection
14 0.21 1.569 Chronic hepatitis B infection
15 0.105 0.804 HBV+
16 0.21 0.815 HBV+
17 0.229 0.991 HBV+
18 0.514 1.029 HBV−
+: positive; −: negative

Table 4 Particular results of 270 NAT R/HBsAg R/R samples
Reagent 1
(S/CO)

Reagent2
(S/CO)

HBsAg
Confirma-
tion results

HBV DNA
Confirmation 
results

Re-
sults

1.076 2.025 − + OBI
1.2 1.62 − + OBI
11.17 6.51 − + HBV+
0.848 1.17 − + OBI
1.714 4.036 − + OBI
+: positive; −: negative

Table 5 Screening results of 72 false reactivity samples
CNAT HBsAg n Rate (%)
NAT R HBsAg N/N 69 95.83
NAT N HBsAg N/R 2 2.78
NAT R HBsAg N/R 1 1.39
Total 72

Table 6 Number of blood donations of 72 false reactivity 
samples
Number of blood donations (Times) n Rate (%)
1 42 58.33
2∼5 21 29.17
6∼10 5 6.94
11∼20 3 4.17
> 20 1 1.39
Total 72
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2 ranged from 0.8 − 1. If the cutoff was set to 1, some of 
the samples would have been considered non-reactive. 
The gray area setting is important; if it is too low, there 
will be an increase in the amount of blood waste. How-
ever, owing to a combination of factors, such as testing 
personnel, equipment, reagents, and testing capacity, 
each laboratory should set its gray zone. It is also recom-
mended that donors not be blocked by gray zone results. 
They can have a blood donation appointment at the end 
of their blood donation interval, and if the test results are 
acceptable, they can donate. This helps retain donors and 
ensure blood safety.

Of the 270 NAT R/HBsAg R/R samples, five were 
ELISA/NAT reactive and chemiluminescent negative for 
HBsAg. This is because five blood donors had an OBI. 
These findings suggested that different tests should be 
used for blood screening. NAT and ELISA complement 
each other, and when used together, further reduce the 
risk of residual HBV. Blood organizations should evalu-
ate the detection performance of the reagents currently 
in use to ensure blood safety. It has been reported that 
the current residual risk of TT-HBV infection is still high 
(overall 56.53 per 105 person–years) despite the intro-
duction of more sensitive blood screening tests [10]. 
Continuous monitoring of the risk of residual transfu-
sion-transmitted infections is essential to ensure safe 
blood management.

Conclusion
Our study demonstrates that HBV infection is still pres-
ent in blood donors in Chongqing, despite a large-scale 
vaccination campaign initiated more than 30 years ago. 
This is probably due to the high rate of HBV infection 
before vaccination, silent development of latent HBV 
persistence, and establishment of OBI [28, 29]. Double 
ELISA and single NAT can effectively prevent HBV leak-
age and improve blood safety; however, the false reactiv-
ity of NAT is high, and laboratory quality control should 
be improved. First-time donors have a high rate of HBV 
transplant failure; therefore, donors should be retained 
and recruited from low-risk groups. Regular analysis 
of laboratory serology and NAT results can help assess 
the reagent detection efficiency and provide a basis for 
reagent selection and screening strategies.
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