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Abstract Although the genetic variability of hepatitis B

virus (HBV) in HBV-infected patients has been extensively

studied, reports on genotypes, subtypes and mutations in the S

region of HBV strains from Chinese blood donors are limited.

In this study, 245 blood samples from HBsAg-positive blood

donors were collected from five geographically diverse blood

centers in China. The S region of HBV was amplified, and the

HBV genotype and subtype were determined. The amino acid

sequences of the S region were aligned, and mutations related

to the failure of immunization and HBsAg detection were

determined. Of the 245 samples, 228 (93 %) were genotyped

successfully. We found that genotypes B, C, D and A

accounted for 58.8 %, 21.9 %, 6.6 % and 3.95 % of the iso-

lates, respectively. The distribution of HBV antigen subtypes

was as follows: adw (67.6 %), adr (23.3 %) and ayw (8.7 %).

Mutations were present in 39 (17.1 %) of 228 samples in the

major hydrophilic region (MHR) of the S region. This study

demonstrated that HBV genotype/subtype B/adw was the

most frequent strain circulating in HBV-infected Chinese

blood donors, followed by C/adr. The occurrence of MHR

mutants in HBV-infected blood donors and the potential

failure to detect some of them in collected units poses a threat

to transfusion safety.

Introduction

Hepatitis B virus (HBV) is an aetiological agent of acute

and chronic liver disease, including fatal fulminant hepa-

titis, cirrhosis and hepatocellular carcinoma, which is one

of the most common human cancers and causes of death

worldwide [1]. It has been estimated that more than 2

billion of the global population have been infected with

HBV. Of these, approximately 360 million people are

chronically infected, and an estimated 500,000 to 700,000

people die from complications of HBV infection each year

worldwide [2]. HBV infection is highly endemic in China,

with 5.84 % prevalence of HBV surface antigen (HBsAg)

in the population of 1-59 years of age in 2007 [3].

HBV demonstrates remarkable genetic variability. His-

torically, using hepatitis B surface antigen (HBsAg) sub-

typing techniques based on specific antibodies, the genetic

variability of the HBV envelope allowed classification into
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ten serologic subtypes, designated ayw1, ayw2, ayw3,

ayw4, ayr, adw2, adw3, adw4, adrq?, and adrq– [4]. More

recently, HBV has been classified into eight genotypes (A

to H, in the order of discovery) with each genotype dif-

fering from the others by 8 % nucleotide divergence in the

complete genome and 4 % in the sequence of the S gene

[4]. Currently, HBV subtypes can be deduced from amino

acid sequences at positions 122, 127, 134, 159, 160, 177

and 178 [5]. HBV genotypes have a distinct geographical

distribution [6, 7]. For genotype A, subgenotype A2 is

found mainly in northwestern Europe, North America and

in Australians of European origin, while the more prevalent

A1 is found in East and South Africa and along the coast of

the Indian Ocean; genotypes B and C are prevalent in

Southeast Asia, China and Japan; genotype D is spread

worldwide, but it is predominant in the Mediterranean

region and the Middle East; genotype E is almost entirely

restricted to Africa; genotype F is found in Central and

South America; genotype G has been reported in France

and North America; and genotype H predominates in

Central America. Recently, a ninth genotype (I) was ten-

tatively proposed for HBV strains detected in Laos and a

tenth genotype (J) was proposed for a HBV strain detected

in a Japanese HCC patient [8, 9]. In China, genotypes C

and B are predominant in patients with chronic liver dis-

ease, followed by genotypes D, E and A [10].

Besides genotype diversity, HBV S-gene mutations have

been reported to affect nearly all amino acid positions of

the major immunogenic region, the ‘‘a’’ determinant, which

spans residues 124–147 of HBsAg. These mutations can

lead to a false negative result when testing for HBsAg in

blood donations and thus impact blood safety, especially in

countries, including China, where screening of antibody to

hepatitis B core antigen (anti-HBc) or HBV DNA is not

routinely done [10].

Because the prevalence and sequelae from chronic HBV

infections are very high in China, the Chinese government

has taken effective measures to establish a universal infant

immunization program to prevent HBV infections since

1992. Since then, hepatitis B vaccine coverage has report-

edly increased from 30.0 % for newborns in 1992 to 93.4 %

in 2005 [11]. However, nearly 20 years after the vaccination

policy was put into effect in China, no comprehensive study

of the HBV genotype prevalence or S-gene mutations in

Chinese blood donors has been conducted. Little is known

about mutations in the MHR region of HBV from blood

donors. In this study, we analyzed the HBV genotype/sub-

type and mutations in the S region from voluntary blood

donors who attempted to donate in five geographically

diverse Chinese blood centers that participated in the Ret-

rovirus Epidemiology Donor Study-II (REDS-II) Interna-

tional-China Program. The REDS-II International Program

was developed to improve international blood safety by

studying infectious and non-infectious risks of blood trans-

fusion and mechanisms to improve the successful recruit-

ment of low-risk volunteer blood donors. All blood donors

participating in the REDS-II International China studies

were provided with information on the objectives and nature

of the studies, and they gave their written consent before

enrolling in the studies. All REDS-II study protocols were

reviewed and approved by the IRB at Johns Hopkins Uni-

versity and Chinese Academy of Medical Sciences prior to

the implementation of the protocols.

Materials and methods

Samples

Five blood centers in China including the Yunnan Kun-

ming Blood Center (Kunming, Yunnan), Urumqi Blood

Center (Urumqi, Xinjiang), Luoyang Blood Center

(Luoyang, Henan), Mianyang Blood Center (Mianyang,

Sichuan), and Liuzhou Blood Center (Liuzhou, Guangxi)

participated in the NHLBI-sponsored REDS-II Interna-

tional-China Program. Blood samples from donors who

attempted to donate blood at these five blood centers

between 2008 and 2010 and consented to participate in the

REDS-II program were tested twice by ELISA for HBsAg

using ELISA kits made by two different manufactures (The

kit produced by Shanghai Kehua was used by the Kun-

ming, Urumqi and Luoyang blood centers for the first-

round ELISA, and the kit from Xinchuang was used by the

other two blood centers for the first-round detection. For

the second-round ELISA, the kit produced by Jinhao was

used by the Urumqi blood center, the kit from Xinchuang

was used by the Kunming and Luoyang blood centers, and

the kit from Abbott was used by the other two blood

centers. Samples that were reactive with either one or both

of these screening ELISA kits were tested again using a

third ELISA kit (Monolisa HBsAg ULTRA Assay; Bio-

Rad, France) as a surrogate measure for confirmation of

HBV infection. Samples confirmed by the third ELISA

testing were included in this study. The reactive whole-

blood samples were collected in two ethylenediaminete-

traacetate (EDTA)-K2 (with separator gel) vacuum tubes

(Greiner, Kremsmünster, Austria) at the blood-collection

sites. Plasma was separated from the RBCs by centrifu-

gation at 4 �C. Samples were then frozen and shipped on

dry ice to the Institute of Blood Transfusion (IBT), Chinese

Academy of Medical Sciences. To avoid repeat freezing

and thawing, all of the plasma transported to IBT was

divided into 1.5-mL tubes and stored at -70 �C.

The basic demographic information about the donors

was obtained from the REDS-II China database [12]. From

2008 to 2010, a total of 3,240 HBsAg-reactive samples
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were collected, and up to 10 samples were selected ran-

domly from each blood center every half year. Each month,

the first two HBsAg-reactive samples were selected at each

center. If more than ten samples were selected in a half

year for the first-round selection, only the first ten samples

were included in the study. If fewer than ten samples were

selected within a half year for the first-round selection,

additional samples were selected from the months when

more than two reactive samples were collected. Because

either no samples or fewer than ten HBsAg-reactive sam-

ples were collected in some half years from some centers,

only 245 HBsAg-positive samples were selected for this

study.

Viral DNA extraction and amplification of the S region

HBV DNA was extracted from 200 ll plasma using a

QIAamp� DNA Blood Mini Kit (QIAGEN, Hilden, Ger-

many) according to the manufacturer’s instructions, and

50 ll of eluted DNA was stored at -70 �C until use. The

HBV S region was amplified by nested PCR using a ther-

mal cycler (Veriti, Applied Biosystems) with BS1 (nt

203-221, 50-GCGGGGTTTTTCTTGTTGA-30) as the sense

primer and BS2 (nt 788-769, 50-GGGACTCAAGATGTTG

TACAG-30), and BS3 (nt 712-731, 50-AAGCCCTAC-

GAACCACTGAA-30) as the antisense primers for the first-

round and second-round PCR, respectively. The first-round

PCR was performed with Taq DNA polymerase (Tiangen)

in a total volume of 40 lL, with the following reaction

variables: predenaturation at 95 �C for 5 minutes, followed

by 35 cycles of 15 seconds of denaturation (95 �C), 30

seconds of annealing (53 �C), and 30 seconds of extension

(72 �C), with a final extension at 72 �C for 5 minutes. The

cycling conditions of the second-round PCR were the same

as the first-round PCR but using 2 lL of the first-round

PCR product as template. PCR cycling was performed on a

thermal cycler (Veriti, Applied Biosystems). To avoid false

positive results, comprehensive procedures were followed

to prevent sample cross-contamination, and test results

were accepted as valid only when obtained in duplicate.

DNA sequencing, phylogenetic analysis

and multiplex PCR

The PCR products were analyzed by electrophoresis in

1.5 % agarose gels and purified using a commercially

available kit (NucleoSpin Extract II kit, Macherey-Nagel

GmbH & Co. KG, Düren, Germany) according to the

manufacturer’s instructions. Purified products were used as

templates in cycle sequencing reactions. Nucleotide

sequences were determined from both strands using prim-

ers BS1 and BS3, and the resulting sequences were read

directly with a genetic analyzer (ABI 3730, Applied

Biosystems). For the single sequence with no heteroge-

neous sites, the HBV genotypes were determined by phy-

logenetic analysis with a panel of reference sequences from

genotypes A to H retrieved from GenBank. The GenBank

accession numbers for the reference strains were AB0

76678, AF536524, AJ012207, and AB194951 for genotype

A; AB073851, AB106885, AB010290, AB205119, AB073

834, AY293309, AF121245, AB033554, AB031267, AB21

9426, and AB219427 for genotype B; AB074047, AF2239

61, AB031262, AB014374, AB014360, AB026814, X75

656, AB105172, GQ377635, Y18855, AB241110, AB2

41109, and AF241410 for genotype C; AY161157,

AF151735, AB078033, AB090269, AJ132335, AY902776,

AB048701, AB033559, DQ315779, and DQ315780 for

genotype D; AB091255 and AB194948 for genotype E;

AB036909 and AY090458 for genotype F; AB064311 and

064313 for genotype G; and AY090457 for genotype H.

Nucleotide sequences were multiply aligned using the

CLUSTAL_X (version 1.83) program [13]. The alignments

were then used to construct phylogenetic trees for each

subalignment using the neighbor-joining method imple-

mented by the MEGA program [14]. The statistical validity

of the neighbor-joining trees was assessed by bootstrap re-

sampling with 1000 replicates. If the amplified sequence

had heterogeneous sites identified by sequencing both

strands, multiplex PCR was used for genotyping as repor-

ted previously [15].

Analysis of subtypes and mutations in the S region

The distribution of the HBV subtypes was deduced from

the amino acid sequences at positions 122, 127, 134, 159,

160, 177 and 178 [16]. The presence of amino acid

mutations in the antigenic loop was analyzed from amino

acid 103 to 173 of HBsAg and compared to a consensus

sequence from the same genotype. Mutations related to

genetic polymorphisms were noted, but the focus was

placed on mutations reported to be associated with vaccine

escape, diagnostic failure, treatment failure with HBsAg

immune globulins, or resistance to antiviral therapy

[17, 18].

Statistical analysis

Data were expressed as mean ± SD and percentages, as

appropriate, with 95 % confidence intervals (95 % CI).

Comparisons between groups were analyzed by chi-square

test or Fisher’s exact test for categorical variables and by

Student’s t-test for quantitative variables. P-values below

0.05 were considered significant. All statistical analysis

was performed using SPSS software for Windows 10.0

(SPSS, Chicago, IL).
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Results

A total of 228 (93.1 %) of the 245 randomly selected

HBsAg-positive samples were successfully genotyped. Of

these, 146 samples were sequenced directly, and the mean

donor age was 28.3 ± 8.8 years. Eighty-two samples were

genotyped by multiplex PCR, and the mean donor age was

32.0 ± 10.2 years. The donors from the second group were

significantly older than those from the first group (p =

0.004). The sequences from the second group samples were

found by direct sequencing to have heterozygous loci,

which accounted for 36.0 % of the successfully genotyped

samples. Overall, 24.4 % of the samples with heterozygous

loci were found to contain mixtures of genotypes (n = 20),

while the rest represented mixtures of variants of a single

genotype (n = 62). Of the donors with genotype mixtures,

genotype B and C mixtures represented 75.0 % of the total

(n = 15), followed by genotype A and B mixtures (n = 3)

and genotype B and D mixtures (n = 2).

Of the 228 blood donors genotyped successfully, we found

nine donors infected with genotype A (3.95 %, 95 % CI: 1.4 %-

6.4 %), 134 with HBV genotype B (58.8 %, 95 % CI: 52.4 %-

65.2 %), 50 with genotype C (21.9 %, 95 % CI: 16.6 %-

27.3 %), 15 with genotype D (6.6 %, 95 % CI: 3.4 %-9.8 %),

20 (8.8 %, 95 % CI: 5.1 %-12.4 %) with two genotypes

(genotype mixture), and no subjects with genotypes E to H.

Geographic distribution of HBV genotypes

and subtypes

The geographic distribution of HBV genotypes varies as

shown in Fig. 1 (p \ 0.0001). HBV genotypes B and C

were predominant in four of the five blood centers (Fig. 1).

Genotype B was the most common genotype in all blood

centers except for the Luoyang Blood Center, where the

prevalence of genotype C was higher than that of genotype

B. In Urumqi, however, a higher proportion of genotype D

than C (11.63 % vs. 6.98 %) was found. The proportion of

genotype D was significantly higher in Urumqi Blood

Center (11.63 %) and Luoyang Blood Center (13.33 %)

than in the other three blood centers (all \ 3 %). The

prevalence of genotype A in Urumqi was also higher than

in the other blood centers (9.30 % vs. 1.79 % in Kunming,

1.67 % in Luoyang, 4.17 % in Liuzhou, and 4.44 % in

Mianyang,). In Liuzhou Blood Center, no subjects with

genotype D or with a genotype mixture were found.

The HBsAg subtype distribution in this study was as

follows: adw (67.6 %, 95 % CI: 61.9 %-74.1 %), adr

(23.3 %, 95 % CI: 17.8 %-28.7 %) and ayw (8.7 %, 95 %

CI: 5.1 %-12.5 %) (Table 2). The HBV isolates from 150

of 155 (96.8 %) subtype adw subjects belonged to subtype

adw2, while only four (1.8 %) belonged to adw3, and the

subtype from one adw subject could not be differentiated

Fig. 1 Distribution of HBV

genotypes in five blood centers.

In this figure, A, B, C and

D represent genotypes A, B, C

and D, respectively, and

‘‘mixture’’ refers to a mixture of

at least two different genotypes.

Genotype B was the most

common genotype in all blood

centers except for the Luoyang

Blood Center, where the

prevalence of genotype C was

higher than that of genotype B
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between adw2 and adw3. All of the isolates from adr

subjects belonged to subtype adrq?. The isolates from the

ayw subjects were roughly evenly distributed among the

subtypes ayw1, ayw2, and ayw3. The distribution of the

HBV subtype varies geographically as shown in Table 1

(p \ 0.0001). As with genotype, the subtype distribution in

the Luoyang region is most notably different than other

regions, where no statistical difference was found in the

HBV subtype distribution among the other four centers

(p = 0.07). In this study, eight of nine (88.9 %) genotype

A isolates belonged to subtype adw2, and one to adw3. For

genotype B, 123(91.8 %) viruses belonged to subtype

adw2, six to ayw1, three to adw3 and one to adrq?. For

genotype C, 47 (94.0 %) were adrq?, and three each

belonged to subtypes adrq? and adw2. For genotype D, six

(40.0 %) belonged to ayw2, eight (53.3 %) to ayw3, and

one to adw2 (Table 2). With the exception of the Luoyang

Blood Center, where the proportion of adw2 and adrq?

was almost equal, subtype adw2 was predominant in all of

the blood centers. The data are shown in Table 1. No

subjects with subtype adw3 were found in Luoyang Blood

Center, while one subject was found in each of the other

four blood centers.

Demographic characteristics of donors associated

with HBV genotypes and subtypes

The overall distribution of HBV genotypes (p = 0.25) and

subtypes (p = 0.27) were not significantly different between

men and women (Figs. 2A and 3A). All nine subjects with

genotype A were of the Han ethnic background; however, no

statistical difference was found in the genotype distribution

between Han donors and those from minority ethnic groups

(Fig. 2B, p = 0.57). Figure 3B shows no statistical differ-

ence in the proportion of HBV subtypes between the Han and

the minorities (p = 0.64). There was a statistically signifi-

cant temporal difference in genotype distribution (Fig. 2C,

p = 0.04). There appears to be a slight increase in the

prevalence of subtype adr over time. There was not a sta-

tistically significant temporal difference in subtype distri-

bution (Fig. 3C, p = 0.21). Most of the donors with

genotype A were found in the 18-25 age group, and no donors

infected with this genotype were found in the age group older

than 40 (Fig. 2D); however, there was no statistical differ-

ence in the proportion of HBV genotypes by age (p = 0.29).

Also, there was no statistical difference in the proportion of

HBV subtypes by age (Fig. 3D, p = 0.52).

Table 1 Distribution of HBV subtypes in the five blood centers

Subtype, N (%) Total

Subtotal adw adw3 adr Subtotal ayw ayw2 ayw3

adw2 adrq? ayw1

Kunming 38(67.9) 37(66.1) 1(1.8) 15(26.8) 3(5.4) 2(3.6) / 1(1.8) 56

Urumqi 33(76.7)* 31(72.1) 1(2.3) 3(7.0) 7(16.3) 2(4.7) 4(9.3) 1(2.3) 43

Luoyang 26(43.3) 26(43.3) / 27(45.0) 7(11.7) / 2(3.3) 5(8.3) 60

Liuzhou 19(79.2) 18(75.0) 1(4.2) 5(20.8) / / / / 24

Mianyang 39(86.7) 38(84.4) 1(2.2) 3(6.7) 3(6.7) 2(4.4) / 1(2.2) 45

Total 155 (67.6) 150 (65.8) 4 (1.8) 53 (23.3) 20 (8.7) 6 (2.6) 6 (2.6) 8 (3.5) 228

* The subtype of one adw isolate could not be further differentiated between adw2 or adw3

Table 2 Relationship between

HBV genotype and HBsAg

subtype

* A sample of genotype B was

determined to be subtype adw

but could not be further

differentiated between adw2

and adw3

Genotype Number Subtype, N (%)

adw2 adw3 adrq? ayw1 ayw2 ayw3

A 9 8(88.9) 1(11.1) / / / /

B 134* 123(91.8) 3(2.2) 1(0.7) 6 (4.5) / /

C 50 3(6.0) / 47(94.0) / / /

D 15 1(6.7) / / / 6(40.0) 8(53.3)

Mixture 20 15 (75.0) / 5 (25.0) / / /

Total 228 150 (65.8) 4(1.8) 53 (23.3) 6 (2.6) 6(2.6) 8(3.5)
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Prevalence and characteristics of mutations

in the S region

Subsequent sequencing results revealed the prevalence and

characteristics of the central MHR mutations among the

blood donors in this study. Thirty-nine out of 228 (17.1 %)

samples were found to have mutations. Fifteen (6.6 %)

samples were identified with mutations that have a poten-

tial impact on the detection of HBsAg. Thirty-four of these

39 mutated strains had only one amino acid mutation in the

studied region, and five had multiple mutations. There was

a statistically significant difference in mutations by center

(p = 0.02). The mutations were less frequent in donors at

Luoyang Blood Center than at Kunming Blood Center,

Liuzhou Blood Center and Mianyang Blood Center

(Table 3). The mutations also varied by genotype

(p = 0.02), where 31 of the viruses with MHR mutations

belonged to genotype B (Table 3). The proportion of MHR

mutations varied by subtype (Table 3, p = 0.001), where

only 2 of 53 (3.8 %) subjects with MHR mutations

belonged to subtype adrq?, and the proportion of MHR

mutations was higher among subtype adw (19.4 %) and

higher again among subtype ayw (35.0 %). One isolate was

found with the G145R mutation, which is one of the most

important mutations in the HBV S region [19]. In addition,

a four-amino-acid insertion (TNRT) between amino acid

position 114 and 115 was found in an isolate from the

Kunming Blood Center. The alignment of amino acid

sequences of the central major hydrophilic region of the 39

samples is shown in Fig. 4.

Fig. 2 Demographic

distribution of HBV genotypes.

The samples were grouped by

gender, ethnicity, year of

donation, and age. The column

represents the percent of each

genotype in each subgroup

Fig. 3 Demographic

distribution of HBV subtypes.

The samples were grouped by

gender, ethnicity, year of

donation, and age. The column

represents the percent of each

subtype in each subgroup
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Discussion

Molecular epidemiological studies provide valuable infor-

mation to help understand the prevalence and characteris-

tics of HBV genotypes and mutations. However, most of

the molecular epidemiological studies of HBV in China

have focused on patients, not on blood donors, who are

generally asymptomatic and healthy individuals. Knowl-

edge of the HBV genotypes and mutations in HBsAg-

positive donors is important for developing effective donor

screening for HBV. Studying healthy donors also provides

a window into the molecular epidemiological evolution of

HBV in the general population, and therefore, screening

healthy blood donors should be a part of the comprehensive

surveillance program. We filled this gap with a multi-

center study of the geographical and demographic distri-

bution of genotypes, subtypes and mutations in the S region

of the HBV genome in donors from five blood centers,

where the blood donors were geographically, socially,

economically and ethnically diverse.

Although sequencing of the whole genome or S region is

the gold standard for determining the HBV genotype, it is

difficult to detect genotype mixtures by this method. In our

study, a multiplex PCR assay was used to detect genetic

mixtures in samples with heterogeneous sequences. Using

this method, we detected 20 samples with genotype

mixtures.

Genotypes C and B were the major HBV genotypes

endemic in Mainland China. As shown in our study, HBV

genotype B is more prevalent than genotype C in blood

donors, while other studies have reported that genotype C

has a higher prevalence in patients than genotype B. This

difference may be due to the greater virulence of HBV

genotype C than B [19–21]. Genotype C is associated with

the development of cirrhosis and hepatocellular carcinoma

as well as a lower response rate to interferon therapy. It

also has a lower rate of seroconversion from HBeAg to

anti-HBe and a higher HBV DNA level compared to

genotype B [22]. Individuals infected with HBV genotype

B may be more likely to remain asymptomatic and become

part of the donor pool, posing a substantial threat to the

safety of the blood supply.

Genotypes of HBV are generally subtype specific,

although some subtypes are heterogeneous. In general,

subtype adw is usually found in genotypes A and B, while

adr occurs in genotype C [22]. In this study, we found that

all of the genotype A strains and most of the genotype B

HBV strains belonged to subtype adw, and most of the

genotype C strains belonged to subtype adr, which is

similar to previously published reports [22].

HBsAg is the main target for virus neutralization, either

by natural or vaccine-induced anti-HBs. The basic working

model is that of a protein with four transmembrane helices

in which several residues at the N- and C-termini and a

central major hydrophilic region (MHR) from residues

103-173 are exposed at the surface of viral particles. The

MHR is composed of five regions: HBs1, HBs2, HBs3,

HBs4 and HBs5. Mutations in this region occurring natu-

rally or under immunization pressure could affect HBsAg

test results or an individual’s reaction to vaccination [17].

In our study, about 17 % of samples were found to have

mutations, and most of the mutations were located at loci

that might be related to the failure of immunization and

HBsAg detection. The mutation rate was lower than those

reported elsewhere, including Japan [23] (24 %), Korea

[24] (50 %), France [25] (28 %) and Spain (40 %) [26].

However, the lower mutation rate might also be due to

differences in the length of the fragment that was analyzed.

It is also possible that our mutation rate is an underesti-

mation, because this study only included HBsAg-positive

donors, while there may be HBsAg-false-negative donors

who were missed by the screening due to the mutations in

the ‘‘a’’ determinant region. In addition, the sequences

Table 3 Distribution of MHR mutations in the HBV S region by

blood center, demographic variables, genotype, and subtype

Number Number of subjects

with MHR mutations

Percentage

(%)

p-

value

Total 228 39 17.1

Blood center 0.02

Kunming 56 13 23.2

Urumqi 43 7 16.3

Luoyang 60 3 5.0

Liuzhou 24 6 25.0

Mianyang 45 10 22.2

Gender 0.34

Male 157 24 15.3

Female 71 15 21.1

Ethnicity 0.78

Han 203 34 16.7

Minorities 25 5 20.0

Age 0.80

18-25 107 20 18.7

26-40 81 12 14.8

41-55 40 7 17.5

Genotype 0.02

A 9 1 11.1

B 134 31 23.1

C 50 2 4

D 15 3 20.0

Subtype 0.001

adrq? 53 2 3.8

adw 155 30 19.4

ayw 20 7 35.0
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were cloned, and only one clone was selected for

sequencing for the samples that showed heterogeneity by

direct sequencing. This approach may miss some mutations

and decrease the rate of detection of mutations. The most

important and best-documented mutation in MHR was

G145R, which is also the most critical substitution to

prevent HBsAg detection [27]. We detected this mutation

in only one sample from the Urumqi Blood Center. Since

G145R is associated with false negative HBsAg screening,

it may be reasonable to assume that there may be infected

donors with this mutation who were not included in our

study because they had a false negative HBsAg screening

result.

There are several potential limitations to this study. Due

to low viral loads or mutations in the primer-recognition

sites, a total of 17 (6.9 %) of the 245 selected HBsAg-

positive samples were not genotyped successfully.

Although it is possible that some of these 17 samples may

be false positive for HBsAg, new primers and a more

sensitive genotyping method may be useful in further

studies. Because complete genome sequencing is not

applicable for routine investigations, we have limited our

analysis to a part of the S gene that has been described as

reliable for genotyping [7]. Sequencing of a larger region

will be necessary to identify subgenotypes accurately. In

our study, the genotype of an isolate from Urumqi Blood

Center could not be determined by sequencing because of

the low bootstrap value with any genotype from A to G, but

it was genotyped successfully as genotype B using multi-

plex PCR. However, complete genome sequencing is

needed to clarify the genotype of this subject.

This study is the first multi-center study of HBV geno-

types, subtypes and mutations in voluntary Chinese blood

donors from representative regions throughout China. The

study results were analyzed in the context of donors’

demographic and geographic characteristics. We have

identified viral envelope mutants in this study that may

compromise HBsAg detection in HBV-infected donors.

However, HBV with envelope mutations can be detected

by the nucleic acid test (NAT), which currently is not

included as a test for routine blood donor screening. Our

data suggest that the addition of the NAT to the routine

donor screening process would minimize false negative

HBV results due to S region mutations and would further

Fig. 4 Mutations localization in the MHR of HBsAg. Urumqi, W; Kunming, K; Luoyang, L; Miangyang Blood Center, CD; and Liuzhou Blood

Center, GX
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increase blood safety in China. Meanwhile, large-scale

molecular epidemiological studies of HBV in Chinese

donors as well as in the general population will help to

understand the diversity and distribution of HBV mutants

and are essential to reduce the risks of transfusion-trans-

mitted HBV.
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