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A B S T R A C T   

Background: Vietnam introduced a 3-dose hepatitis B (HBV) immunization program comprising 1 dose imme
diately after birth and 2 or 3 in infancy in the past 20 years, but the impact of the vaccine has not been sys
tematically evaluated. Thus, we conducted this survey aiming to estimate the age-specific chronic HBV 
prevalence in the general population and to evaluate HBV immunization effectiveness. 
Methods: Population-based, four-stage cluster sampling was used in the South Central Coast region of Vietnam. 
The point-of-care Determine rapid test was used to assess hepatitis B surface antigen (HBsAg) positivity. 
Results: A total of 2,075 samples were included in the study. HBsAg prevalence was significantly higher among 
adults aged 20–39 years than in the population aged 1–19 years (8.0% [95% confidence interval 5.0–12.0] vs. 
2.0% [95% confidence interval 1.0–6.0], p<0.01). HBsAg prevalence decreased after implementation of the 3- 
dose vaccination schedule during infancy from 1997 to 2002, whereas the change in prevalence after imple
mentation of the birth dosing was not significant. A slight increase in HBsAg prevalence was observed for the 
cohort born in 2011, 2012, and 2013, when there was a vaccine shortage and media reports of immunization 
resistance. 
Conclusions: This is the first population-based assessment of the introduction of the HBV vaccine in Vietnam 
performed by estimating the HBsAg prevalence across a wide range of ages. The results showed that the HBV 
immunization policy effectively reduces HBsAg prevalence in general, although birth dosing of the vaccine and 
low immunization coverage should be carefully monitored.   

1. Introduction 

Hepatitis B (HBV) is a serious infectious disease that may cause liver 
cirrhosis and hepatocellular carcinoma, mainly due to persistent virus 
infection, and kills about 1 million people worldwide every year. The 
World Health Organization (WHO) estimated that, in 2015, 257 million 
people were living with chronic HBV infection (defined as hepatitis B 
surface antigen [HBsAg] positive), with highly endemic countries 
concentrated in Southeast Asia and Africa.1 

Vaccination is the core tool for HBV prevention. The WHO recom
mends that all infants receive the HBV vaccine as soon as possible after 
birth, preferably within 24 h, followed by 2 or 3 doses of vaccine at least 

4 weeks apart to complete the schedule.1 

In the WHO Western Pacific region, resolutions were adopted in 
2003 and 2005 to reduce the HBV infection rate in children aged 5 years 
to less than 1% and to promote the prevention of mother-to-child 
transmission through HBV vaccination in each country.2,3 Vietnam has 
a very high prevalence of HBV, around 10% in adults,4,5 but routine 
immunization against HBV in children has achieved a 97% immuniza
tion rate due to the efforts of the parties involved.6 

Evaluation of the vaccination program is essential for continuing and 
improving HBV control in the country. Because chronic HBV infection is 
mostly asymptomatic, HBsAg prevalence represents a surrogate marker 
for the cumulative incidence of chronic HBV infection.7 However, most 
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cross-sectional epidemiological studies of HBV conducted in developing 
countries target only specific generations or specific populations. 
Possible reasons are the high cost, insufficient human resources, and 
unsatisfactory laboratory systems in those countries. Such 
resource-limited settings can benefit from multistage, cluster sampling 
surveys combined with a rapid diagnostic test kit or the collection of 
dried blood spot samples. In the Lao People’s Democratic Republic, 
these methods were used to estimate the nationwide HBV prevalence 
and population immunity against measles and rubella.8–10 

The first objective of this study was to estimate the age-specific 
chronic HBV infection prevalence in the general population by 
measuring HBsAg with point-of-care diagnostic kits from a stratified 
multistage cluster sampling survey with random selection at each stage. 
The second objective was to evaluate the effectiveness of HBV immu
nization by comparing HBsAg prevalence and immunization coverage. 

2. Methods 

A field survey was conducted at the end of May 2019 in four prov
inces (Khanh Hoa, population 1,247,915; Ninh Thuan, 670,299; Quang 
Ngai, 1,325,845; Binh Dinh, 1,612,151) in the South Central Coast re
gion of Vietnam. To collect a wide range of data on people both before 
and after the introduction of the immunization program, from infants to 
childbearing age, we targeted people aged 1–39 years on May 20, 2019. 

2.1. Sample size 

The sample size was calculated based on an expected HBsAg sero
prevalence rate of 10%. A sample size of 208 for each 5-year age group 
was calculated at a 5% level of significance with ±5% precision in 
consideration of an assumed design effect of 1.5. To cover 40 years (ages 
1–39 years), we needed eight 5-year age groups, giving a total of 1664 
participants. We also assumed that about 30% of households would be 
absent or have no household members of the target age at the time of our 
visit and that the response rate of the target household members in the 
visited households would be 70%. The required number of households to 
be approached was thus calculated as 1887 in consideration of the 

population pyramid information in Vietnam in 2014, in which the 
number of household members aged 1–39 years per household was 
estimated to be 2.16, with an additional 20% to make up shortfalls due 
to variabilities among age groups. 

2.2. Sampling 

The target provinces were considered as four strata. In the first stage 
of sampling, 3 districts were randomly selected from each stratum using 
probability proportional to size (PPS) sampling based on the population 
data from the 2015 census conducted in Vietnam. In the second stage, 2 
communes were randomly selected from each selected district by PPS 
sampling. In the third stage, 2 villages were randomly selected from 
each selected commune by PPS sampling, and a total of 48 villages, as 
clusters, were selected. 

In each selected village, 40 households were randomly selected and 
all household members aged 1–39 years were targeted in this survey 
(Fig. 1). 

2.3. Questionnaire 

A brief face-to-face questionnaire was administered to the sampled 
household members. Information was collected on the demographic 
status and history of children (i.e., age, sex, place of birth, and immu
nization history) from all samples. In addition, the sample aged 18 years 
or older was asked about socioeconomic status and exposure to potential 
risk factors for HBV infection (e.g., surgery, blood transfusion, and 
history of past hepatitis infection among other family members). 

2.4. HBsAg testing 

A simple rapid test (Alere Determine HBsAg; Alere Medical Co. Ltd., 
Chiba, Japan) with a fingerstick whole-blood sensitivity and specificity 
of 97.2% and 98.5%, respectively,11 was used instead of the traditional 
ELISA test because it is better suited for field use. Testing for HBsAg was 
performed according to the manufacturer’s instructions. Blood obtained 
from a finger prick using a safety lancet and glass capillary tube was 

Fig. 1. Sampling flowchart.  
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applied to the sample pad of the rapid test kit. After the addition of chase 
buffer, surveyors evaluated the results after at least 15 min. If no control 
bar was present after 15 min, the results were deemed invalid and the 
test was repeated. In addition, blood spots were applied to filter paper 
for additional testing. 

2.5. Ethical considerations 

The surveyors explained the study’s objectives and procedures in 
detail to the selected household members verbally and in writing. 
Written informed consent was obtained from the participants or from 
their parents if they were less than 18 years old. Informed consent, 
questionnaires, and the blood collection process were overseen by su
pervisors from the Pasteur Institute of Nha Trang. The survey proposal 
was reviewed and approved by the Ethics Committees of the Pasteur 
Institute of Nha Trang and the National Center Global Health and 
Medicine, Japan (NCGM-3091). 

2.6. Data entry and analysis 

All completed questionnaires were brought to the Pasteur Institute of 
Nha Trang. To reduce any data entry-related errors, double data entry 
was performed in Microsoft Excel (Microsoft Office 2019) along with 
validation and correction. STATA16 (Stata Corp., College Station, TX) 
was used for the data analysis. To compare and evaluate differences 
among generations, HBsAg prevalence was calculated for each 5-year 
age group, considering the individual weight of each sample and the 
multistage clustered sampling design to ensure representative and 

unbiased results. The Clopper–Pearson exact method was used to 
calculate the 95% confidence intervals (CIs) of HBsAg prevalence for 
each group. Binary logistic regression models were used to investigate 
the predictors of different individual characteristics for HBsAg positiv
ity. A p value less than 0.05 was considered statistically significant. 

3. Results 

Information was collected on 2,093 participants in 1,093 house
holds. After the exclusion of 1 participant who refused a blood test, 5 
participants with unknown blood test results, and 12 participants whose 
age was out of the target range, 2,075 participants were finally enrolled 
into our survey. Participants were almost equally distributed among the 
four provinces: 533 from Khanh Hoa, 523 from Ninh Thuan, 525 from 
Quang Ngai, and 494 from Binh Dinh. In total, 61.1% of the participants 
were female, and the overall mean age ±standard deviation was 18.0 ±
11.7 years. Adults aged 18–39 years (n = 954) accounted for 46.0% of 
participants, and children aged 1–17 years (n = 1,121) for 54.0%. The 
numbers of participants in each age group exceeded the required sample 
size of 208, except in the group aged 20–24 years. 

The background characteristics of the adult participants revealed 
that history of blood transfusion and family history of hepatitis were 
associated with HBsAg positivity (p = 0.016 and p<0.001, respectively), 
whereas it had no association with sex, province of residence, level of 
education, annual income, and history of surgery (Table 1a). The 
background characteristics of the participants less than 18 years old 
showed that children born in private clinics had higher HBsAg preva
lence (5.81%) than those born in hospitals (1.20%) and in health centers 

Table 1a 
Prevalence of HBsAg among participants aged ≥18 years in four provinces in the South Central Coast region of Vietnam by selected background characteristics.   

n HBsAg(+) 95% CI Odds ratio 95%CI P-value 

Province 
Khanh Hoa 277 8.66% 5.63 ー 12.62 (reference)     
Nhin Thuan 256 12.11% 8.38 ー 16.75 1.45 0.83 ー 2.55 0.193 
Quang Ngai 225 7.11% 4.11 ー 11.29 0.81 0.42 ー 1.56 0.523 
Binh Dinh 196 8.16% 4.73 ー 12.92 0.94 0.48 ー 1.81 0.847  

Sex 
Male 256 11.72% 8.05 ー 16.31 1.49 0.94 ー 2.38 0.093 
Female 698 8.17% 6.24 ー 10.45 (reference)      

Education 
None or some primary 59 8.47% 2.81 ー 18.67 (reference)     
Completed ’primary 159 8.18% 4.43 ー 13.58 1.23 0.42 ー 3.58 0.706 
Completed junior high 309 9.39% 6.38 ー 13.20 1.43 0.53 ー 3.83 0.477 
Completed high school 230 10.00% 6.45 ー 14.63 1.53 0.56 ー 4.19 0.404 
Higher than high school 182 9.34% 5.53 ー 14.53 1.42 0.50 ー 4.01 0.506  

Annual income 
< 25,000,000 VND 202 8.42% 4.98 ー 13.13 0.95 0.53 ー 1.70 0.865 
25,000,000 ～ 50,000,000 191 8.38% 4.86 ー 13.25 (reference)     
> 50,000,000 VND 230 10.43% 6.80 ー 15.13 1.21 0.72 ー 2.03 0.481  

History of blood transfusion 
Yes 46 19.57% 9.36 ー 33.91 2.53 1.17 ー 5.44 0.017 
No 879 8.76% 7.0 ー 10.80 (reference)      

History of surgery 
Yes 248 9.68% 6.30 ー 14.06 1.09 0.67 ー 1.79 0.727 
No 683 0.89% 6.90 ー 11.32 (reference)      

Family history of hepatitis 
Yes 91 30.77% 21.5 ー 41.32 7.73 4.41 ー 13.55 <0.001 
No 644 5.43% 3.81 ー 7.48 (reference)      
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(0.82%) (Table 1b); this association was statistically significant (p =
0.004). Immunization certificates were available for 246 children, and 
history of HBV vaccination at birth and history of HBV vaccination 
during infancy were not associated with HBsAg prevalence. 

To compare HBsAg prevalence by age group, we calculated HBsAg 
prevalence considering the sampling design and sampling weight of 
each participant (Table 2). Overall, younger age groups showed lower 
HBsAg prevalence, with a marked change observed between individuals 
aged 20–24 years and those aged 15–19 years (8.8% [95% CI 5.3–14.2] 
vs. 3.8% [95% CI 0.9–14.4], p<0.04). The HBsAg prevalence was rela
tively stable among individuals aged 1–19 years (0.8%–3.8%) and those 
aged 20–39 years (7.3%–8.8%), whereas the group aged 5–9 years 
showed a small increase compared with the groups aged 1–4 years and 
10–14 years. The design effect was assumed to be 1.5 before the survey, 
and post-survey calculations revealed that it was distributed around 1.0 
except for the groups aged 15–19 years and 35–39 years. 

To evaluate the effectiveness of the universal HBV vaccine imple
mentation, we plotted the HBsAg prevalence by year of birth, by 
coverage of the third HBV dose at 1 year old, and by HBV vaccine birth 
dosing coverage. The HBsAg prevalence for each age cohort fluctuated 

(2.40%–20.9%) before the introduction of the HBV vaccine in 2001, 
when individuals aged 17–18 years at the time of the survey were born, 
but generally decreased after that year (0%–4.5%). Coverage of the third 
HBV dose rapidly decreased to 59% in 2013 (among children born in 
2012) and HBsAg prevalence among children aged 6–7 years tempo
rarily increased, but the same phenomenon was not observed in 2007 
when this coverage fell to 67%. 

4. Discussion 

This study has three main findings. First, the age-specific HBsAg 
prevalence was successfully estimated using a population-based survey 
from representative data of the South Central Coast region. Second, the 
HBsAg prevalence decreased after HBV vaccine introduction. Third, the 
HBsAg prevalence fluctuated by year of birth. 

The characteristics of participants in this study are similar to those of 
the sampled population of the Viet Nam Multiple Indicator Cluster 
Survey by UNICEF (MICS2014). For example, 93.7% of the participants 
older than 18 years had completed elementary school, whereas 90.4% of 
the children of a lower secondary school age were attending lower 
secondary school or higher in the MICS 2014. Moreover, 76.8% of 
participants had completed lower secondary school, whereas 70.7% of 
children of an upper secondary school age were attending upper sec
ondary school or higher in the MICS 2014.12 Therefore, the results of the 
present study could be regarded as representative of a population with a 
demographic composition similar to that of Vietnam as a whole 
(Tables 1a and 1b). 

The design effects of the HBsAg prevalence by age calculated after 
the survey ranged from 0.61 to 2.13, except in the group aged 15–19 
years, which was close to the value of 1.5 estimated in advance and 
suggests that the study’s sampling design was satisfactory. The higher 
design effects among individuals aged 15–19 years may be partially 
explained by spotty implementation of the HBV vaccine. The HBV 

Table 1b 
Prevalence of HBsAg among participants aged <18 years in four provinces in the South Central Coast region of Vietnam by selected background characteristics.   

n HBsAg(+) 95% CI Odds ratio 95%CI P-value 

Province 
Khain Hoa 256 2.34% 0.86 ー 5.03 (reference)     
Nhin Thuan 267 1.50% 0.41 ー 3.80 0.63 0.18 ー 2.27 0.484 
Quang Ngai 300 2.33% 0.94 ー 4.75 1.00 0.33 ー 3.00 0.994 
Binh Dinh 298 2.68% 1.17 ー 5.22 1.15 0.39 ー 3.36 0.799  

Sex 
Male 550 1.64% 0.75 ー 3.08 0.57 0.25 ー 1.31 0.189 
Female 569 2.81% 1.62 ー 4.53 (reference)      

Time to nearest health facility 
< 15 min 870 2.30% 1.41 ー 3.53 1.69 0.50 ー 5.75 0.398 
15-30 min 219 1.37% 0.28 ー 3.95 (reference)     
> 30 min 32 6.25% 0.77 ー 20.8 4.80 0.77 ー 29.91 0.093  

Birth place 
Hospital 753 1.20% 0.58 ー 2.26 (reference)     
Health center 122 0.82% 0.02 ー 4.48 0.68 0.09 ー 5.44 0.719 
Private clinic 86 5.81% 1.91 ー 13.1 5.10 1.67 ー 15.59 0.004  

History of hepatitis B vaccination at birth 
Yes 142 2.11% 0.44 ー 6.05 0.82 0.28 ー 3.18 0.919 
No or unknown 979 2.25% 1.41 ー 3.38 (reference)      

History of regular hepatitis B vaccination 
Received 3 times 218 2.29% 0.74 ー 5.27 1.04 0.38 ー 2.79 0.944 
Less than twice or unknown 903 2.21% 1.36 ー 3.40 (reference)      

Table 2 
Prevalence of HBsAg calculated considering the sampling design for each age 
group in four provinces in the South Central Coast region of Vietnam.  

Age group n HBsAg(+) 95% CI Design effect 

1–4 292 1.39% 0.42 ー 4.46 1.12 
5–9 358 3.11% 1.67 ー 5.70 0.84 
10–14 310 0.80% 0.18 ー 3.43 1.10 
15–19 230 4.03% 0.96 ー 15.42 3.55 
20–24 169 8.72% 5.36 ー 13.90 0.61 
25–29 236 8.01% 5.02 ー 12.55 0.77 
30–34 238 8.57% 5.7 ー 12.68 0.62 
35–39 242 7.49% 3.45 ー 15.51 2.23  
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vaccine was introduced in 1997 as a pilot program when individuals 
aged 21–22 years at the time of this survey were infants and then 
gradually expanded nationwide until 2002 when individuals aged 
16–17 years in the survey were infants. Therefore, the higher design 
effect of 3.26 might be explained by this uneven expansion. 

The age-specific HBsAg prevalence identified here was similar to that 
of previous studies. Nguyen et al. reported the results of a nationwide 
survey of children born between 2000 and 2008 in Vietnam, with HBsAg 
prevalence of about 3%–5% among children born between 2000 and 
2004 and about 2% among those born between 2005 and 2008.13 

Several studies in the general population or specific populations were 
conducted in the pre-vaccination generation, with HBsAg prevalence 
results ranging from about 10% to 20%.13–19 These results are close to 
the HBsAg prevalence by year of birth shown in Fig. 2. 

If HBsAg prevalence is regarded as stable after 5 years of age,1 

marked reductions in HBsAg between the age groups of 20–24 years 
(8.8%) and 15–19 years (3.8%) can be reasonably attributed to HBV 
vaccine introductions in 1997 (pilot and partial introduction) and 2002 
(nationwide introduction). In Vietnam, a nationwide HBsAg survey 
conducted in 2011 concluded that 3 doses of the HBV vaccine success
fully reduced prevalence.13 The present study strongly supports this 
conclusion, although we did not find differences in prevalence between 
birth dose (+) and (− ) and between 3 vaccine doses (+) and (− ) 
(Table 1b). The reason why there was no significant difference may be 
that there were many cases with an unknown vaccination history. 

The HBsAg prevalence was higher in children aged 5–8 years, 
namely, children born between 2011 and 2014. The HBV vaccine 
shortages occurred in 2007, 2008, and 2010, with the reported coverage 
of these years as low as 67% to 88%. In addition, negative public re
sponses after unexpected deaths immediately after immunization might 

have led to the widespread vaccine hesitancy in 201320 and conse
quently a low immunization coverage and higher HBsAg prevalence. 

The reports from some the WHO regions and member states target 
single-year cohorts to evaluate the effectiveness of HBV control, 
including immunization,21–24 but we believe that this range is too nar
row and may miss yearly fluctuations in HBsAg prevalence due to 
changes in vaccination coverage caused by vaccine hesitancy, stockouts, 
or logistic issues. Because immunization coverage dramatically changes 
by year, a single-year cohort study may overestimate or underestimate 
the effectiveness of vaccination policies. We recommend that each 
country targets multiple-year cohorts for evaluation to prevent this sit
uation. In addition, the COVID-19 pandemic may substantially have 
weakened the routine conventional immunization due to its effects on 
vaccine distribution, stock capacity, human resources, and public fear in 
2020 and in the following years.25–27 

4.1. Strengths 

This is the first population-based survey to estimate chronic HBV 
prevalence among a general population including both children and 
adults before and after the implementation of immunization policies, 
which enabled us to evaluate the effectiveness of a hepatitis B vacci
nation program involving 3 doses of the HBV vaccine at birth and during 
infancy. This survey targeted a wide range of ages and allowed us to 
assess changes in prevalence due to increased vaccine hesitancy 
following widespread media reports of unexpected deaths after 
vaccination. 

Fig. 2. Prevalence of HBsAg and coverage of hepatitis B immunization by year of birth in four provinces in the South Central Coast region of Vietnam.  
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4.2. Limitations 

Several limitations should be kept in mind. Because this study was 
cross-sectional, we were unable to analyze causes and effects. The cur
rent results strongly suggest that implementation of a universal HBV 
vaccination program lowers HBsAg prevalence and that decreased 
vaccination coverage increases HBsAg prevalence, but their direct 
relationship is unclear. Further study, including measuring HBV anti
body among vaccinated and non-vaccinated population, is needed. 
Because hepatitis B surface antibody (HBsAb) was more difficult to 
measure in resource-limited settings and was affected not only by 
vaccination but also by exposure to pathogens, collecting dried blood 
samples and measuring both HBsAb and hepatitis B core antibodies 
(HBcAb) might be one potential solution.28 

The first (districts), second (communes/wards), and thid (villages) 
stages of the sampling appeared to be successful because we strictly 
applied PPS sampling, but the fourth stage (individuals) skewed female 
(73.2%), particularly in the adult population. This sex ratio did not 
strongly affect our results but should be kept in mind when interpreting 
them. 

5. Conclusion 

In conclusion, the introduction of the 3-dose hepatitis B vaccination 
schedule during infancy effectively reduced HBsAg prevalence in Viet
nam, although the effectiveness of birth dosing is not clear based on the 
results of our cross-sectional seroprevalence survey of children and 
adults. Vaccine shortages and vaccine hesitancy may hinder the effec
tiveness of the HBV vaccine and close monitoring of age-specific HBsAg 
prevalence is therefore essential. 
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