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Abstract  Thailand has integrated Hepatitis B (HB) vaccine for newborns into 

the national Expanded Program on Immunization since 1992. The HB vaccination 

coverage was reported >96% in 2019 but the coverage among inhabitants of 

remote rural areas, particularly among hill-tribe children, remains unclear. This 

cross-sectional study aims to investigate the hepatitis B virus (HBV) 

seroprevalence among hill-tribe children living in 3 different areas in Omkoi 

District, Chiang Mai province, Thailand during September-November, 2018. 

Plasma samples were first tested for hepatitis B surface antigen (HBsAg). Sample 

negative for HBsAg were then tested for antibody to hepatitis B surface antigen 

(anti-HBs) levels and antibody to hepatitis B core antigen (anti-HBc). A total of 

419 hill-tribe children were recruited, their median age was 11 years (interquartile 

range 9-12 years). Eighteen children (4.3%, 95%CI 2.6-6.7) were HBsAg positive. 

Among 401 remaining children, 269 had no HBV markers (67.1%, 95%CI 62.3-

71.7), 91 (22.7%, 95%CI 18.7-27.1) were positive for anti-HBs only, 23 (5.7%, 

95%CI 3.7-8.5) were positive for anti-HBc and anti-HBs, and 18 (4.5%, 95%CI 

2.7-7.0) positive for anti-HBc only. The high prevalence of children susceptible to 

HBV infection and the high proportion of HBV infected children indicate that 

vaccination strategy needs to be improved in this rural area. Moreover, HBV 

serologic investigations are necessary in other rural areas to improve HB 

vaccination coverage. 
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INTRODUCTION 

Infection with hepatitis B virus (HBV) is the most common cause of viral 

hepatitis worldwide (World Health Organization (WHO) 2021). Fortunately, hepatitis 

B (HB) vaccine had been available for decades and it is considered to be one of the 

most effective vaccines for preventing infectious diseases (Meireles, Marinho, and 

Van Damme 2015). However, mother-to-child transmission (MTCT) of HBV still 

occurs especially in Asia (Chongsrisawat et al. 2006). 

In Thailand, HB vaccination has been integrated into the national Expanded 

Program for Immunization (EPI) for all newborns since 1992 (Poovorawan et al. 

2000; Lolekha et al. 2002). The immunization schedule originally recommended at 

birth (monovalent formulation), 2, 4 and 6 months (polyvalent formulations). 

Administration of hepatitis B immunoglobulin and/or an extra dose of monovalent  

HB vaccine is now recommended exactly at one month of age in infants born to 

HBsAg positive mothers (Pediatric Infectious Disease Society of Thailand 2012). 

This policy has led to a dramatic decrease of HBV infection in the children population 

during the past several years (Lolekha et al. 2002). The coverage rate of newborn 

HB vaccination has been reported to be greater than 96% in 2019 (World Health 

Organizaton (WHO) 2019). Although this coverage rate is quite high, it may not 

reflect the coverage in rural and remote areas where the access to HB vaccination 

is more difficult (Jutavijittum et al. 2005; Khamduang et al. 2019) or HB vaccination 

may be more challenging. Beside the reason of the poor access to health care, the 

hill-tribes living in those areas are vulnerable and susceptible to HBV infection for 

several reasons, such as their own traditional culture and lifestyles (e.g., tattooing 

and piercing), low education, language barriers (Keereekamsuk et al. 2007; Lukas 

2018). A study conducted among 210 hill-tribe children in 1 village in northern 

Thailand reported 12.4% anti-HBs antibodies rate, much lower than that reported 

nationwide in EPI's report. In addition, a high proportion of children susceptible to 

HBV infection still exists (Khamduang et al. 2019). In order to extend these results, 

we assessed the serologic markers for HBV infection and vaccination among hill -

tribe children population in 3 different areas in Omkoi District, Chiang Mai, Thailand. 

Results of this study may contribute to improve HB vaccination implementation in 

remote and rural areas.   

MATERIALS AND METHODS 

Study population 
This study was designed as a cross-sectional study to investigate the HBV 

seroprevalence among hill-tribe children living in Omkoi District, Chiang Mai 

province, located in the north of Thailand, during September-November, 2018. We 

collected plasma samples in 3 villages in rural areas (Figure 1). All children 

registered in a kinder garden, primary, and secondary schools with age ranging 

from 6-15 years old. This study was conducted with the approval from the ethical 

committee of Faculty of Associated Medical Sciences, Chiang Mai University 

(Approval number: AMSEC-64EM-027). This project used residual archived samples 

from a previous study investigating anemia in hill tribe students (Yanola et al. 

2018).  All data were fully anonymized before accessed them and a self -defined 

patient code was used to classify samples so that  it cannot be linked to a child. 
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Figure 1. Map of Omkoi district, Chiang Mai province, Thailand. The dots 

represent the areas where samples were collected. 

 

Serological assays 
Plasma samples were initially tested for hepatitis B surface antigen (HBsAg) 

using the MUREX HBsAg version 3 kit, DiaSorin (Italy) with a sensitivity of 97% and 

a specificity of 98% (manufacturer’s insert package). Negative-HBsAg samples were 

further quantified for the level of antibodies to hepatitis B surface antigen  

(anti-HBs) using the ETI-AB-AUK-3 kit, DiaSorin (Italy) (99.1% sensitivity and 

98.2% specificity). Children with an anti-HBs antibody level greater than 10 

international units/liter (IU/L) were considered as having protective immunity. The 

negative-HBsAg samples were also tested for antibodies to hepatitis B core antigen 

(anti-HBc) using the MUREX anti-HBc total kit, DiaSorin (Italy) (100% sensitivity 

and 99.7% specificity). 

Children with HBsAg-positive result were considered as HBV infected. If HBsAg 

tests were negative, children were categorized into 4 groups according to their  

anti-HBs and anti-HBc antibodies status: 1) anti-HBc and anti-HBs positive indicated 

immunity due to natural HBV infection, 2) only anti-HBc positive indicated HBV 

exposure (resolved infection or chronic infection with low viral replication level),  

3) only anti-HBs positive indicated immunity due to HB vaccination, and 4) negative 

for both anti-HBc and anti-HBs indicate susceptibility to HBV infection. 

Statistical analysis 
The characteristic data of hill-tribe children, including age at blood collection, 

gender, and registered education are expressed using numbers, percentage and 

95% confidence intervals (95%CI) for categorical data and median with 

interquartile range (IQR) for continuous data. The comparison of median of  

anti-HBs level among HBsAg negative groups was calculated using Mann-Whitney 

U test. The STATA version 14.1 software (Statacorp, Texas, USA) was used for 

analyzing all data in statistical. Differences were considered statistically significant  

when the p-value was ≤ 0.05. Graphics were generated using Graphpad software 

9.0 (GraphPad Software, Inc., San Diego, CA). 

RESULTS 

Baseline characteristics 
A total of 419 hill-tribe children were recruited, 252 (60.1%) were female. The 

median age was 11 years (interquartile range 9-12 years).  Among all children, 262 

(62.5%) registered in primary school, 126 (30.1%) in secondary school, 28 (6.7%) 

in kindergarten, and 3 (0.7%) had no data available.  
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Serological status of HBV infection 
Of 419 children, 18 (4.3%, 95%CI 2.6-6.7) were positive for HBsAg; 14 were 

females and 4 were males. Over 70% (14 of 18) lived in area 2 (Figure 2). One 

child was HBsAg positive and had anti-HBs level of 21 mIU/ml.  

The remaining of 401 HBsAg-negative children, 23 (5.7%, 95%CI 3.7-8.5) 

were positive for anti-HBc and anti-HBs, considered as having resolved HBV 

infection; 91 (22.7%, 95%CI 18.7-27.1) were positive only anti-HBs, considered as 

vaccinated; 18 (4.5%, 95%CI 2.7-7.0) were positive only anti-HBc, considered as 

having been previously exposed to HBV; and 269 (67.1%, 95%CI 62.3-71.7) 

showed negative for all serologic markers of HBV infection and were considered as 

susceptible to infection (Figure 2, Table S1). 

 

 
 

 

Figure 2. HBV serological status of hill-tribe children according to their area 

and age group. 

Anti-HBs levels according to HBV serological status  
 The median of anti-HBs levels among children who resolved from natural HBV 

infection (303 mIU/ml, IQR: 81-689) was significantly higher than that among 

vaccinated children (45 mIU/ml, IQR: 21-187, P-value <0.001, Figure 3A). This 

higher anti-HBs level among children with resolved HBV was observed over all age 

groups, as compared to vaccinated group (Figure 3B), except among the group of 

10-12 years. 
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Figure 3. Anti-HBs antibody levels among hill-tribe children. (A) Anti-HBs 

antibody levels among hill-tribe children aged 6-15 years according to their HBV 

serological statuses. The graphs indicate the medians of anti-HBs levels with 

interquartile and ranges. (B) Levels of anti-HBs among children with resolved HBV 

infection versus HB vaccinated children according to their age. *, P-value <0.05, 

**, P-value <0.01, ***, P-value <0.001. 

DISCUSSION 

We found a relatively low prevalence of anti-HBs antibody (22.7%) among 

hill-tribe children living in 3 villages in rural areas of northern Thailand. In Thailand, 

the HB vaccine is generally administered free-of-charge to infants at birth and 

subsequently at 1, 2, 4, and 6 months of age if infants are born to HBsAg positive 

mothers or 2, 4, and 6 months if born to HBsAg negative mothers. The HB 

vaccination started at 1992 with a coverage rate of 15%, and  estimated to be 96% 

in 2019 (World Health Organizaton (WHO) 2019). However, this coverage rate may 

vary between urban and rural areas. Urban school children have been reported to 

have higher rate of vaccination than children in remote areas in 2005 (89.1% vs 

46.9%) (Jutavijittum et al. 2005). Our study shows a low rate of vaccine response 

(22.7%) although these children were born during a time when newborn-HB 

vaccination was integrated in the EPI. This low HB vaccine response rate is 

consistent with the rate observed in a previous study conducted in Omkoi District  

in 2014 (12.4%) (Khamduang et al. 2019). The low rate of vaccine-induced  

anti-HBs among hill-tribe children might be due to host response, incomplete 

vaccination, no persistent anti-HBs, or no HB vaccination. Several studies reported 

persistent anti-HBs antibodies decrease over time especially >10 years after 

primary vaccination at birth (Saso and Kampmann 2017; Verso et al. 2019). In 

addition, the difficulty to access to HB vaccination services may be related to factors 

such as low socioeconomic status, limited access to healthcare facilities, far distance 

to healthcare services, language barrier, lack of knowledge of pregnant women 

about the importance of antenatal care and a lack of concerns on HBV infection and 

prevention (Keereekamsuk et al. 2007; Apidechkul, Laingoen, and Suwannaporn 

2016; Wang et al. 2017; Lukas 2018; Yang et al. 2018).  

Regarding the rate of exposure to HBV, high proportion (14.1%) of natural 

acquired infection was identified among hill-tribe children, some were (4.3%)  

on-going HBV infection (children positive for HBsAg). These results are probably a 

consequence of low HB vaccination coverage in this population. A previous study 

conducting in Chiang Mai in 2005, reported 1.2% prevalence of HBsAg amo ng 

children aged 4-9 years old; 0.8% among children living in remote area versus 

1.7% in urban area (Jutavijittum et al. 2005). Another study reported 1.9% HBsAg 

rate among rural children in 2014 (Khamduang et al. 2019). Four years after that 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 6 

 

CMUJ. Nat. Sci. 2022. 21(3): e2022037 

study, we still found 4.3% HBsAg positivity rate. Various factors have been reported 

associated with an increase in HBV infection risk in hill-tribe children, particularly 

mother-to-child transmission and community-based transmission during early 

childhood (Yeung and Roberts 2001). The HBsAg seroprevalence among married 

hill-tribe women in northern Thailand was reported at 8.2% (Pichainarong et al. 

2003). Horizontal transmission is also another cause of childhood infections, such 

as close contact with HBV carriers with open wounds, sharing personal sharp items, 

nail biting, and scratching to HBV infected person (Hsu et al. 1993; McIntosh et al. 

1997; Yeung and Roberts 2001). Although not statistically significant, we observed 

the seroevidence of HBV contacts was higher in children aged 13–15-year-old 

20.5% as compare to younger children. This is likely related either to household 

contact with infected adults or horizontal infection between children at school. 

Moreover, in this study, there was one child with coexistence of HBsAg and  

anti-HBs antibody. In fact, several reports have shown a 2-10% incidence of this 

coexistence among chronic hepatitis B patients (Kwak et al. 2019; Jiang et al. 

2021). Several explanations has been suggested; 1) infection with HBV immune 

escape mutant strain (Lada et al. 2006), 2) early phase of  recovery, with both 

HBsAg and anti-HBs antibodies often found at low and transient levels, and 3) false 

positive test results (Kwak et al. 2019).  

This study has some limitations. First, medical history and healthcare records 

of children were not available. This makes it difficult to track and verify the 

vaccination rate of study population. Second, the study population may not 

represent the precise vaccine response rate and HBV infection status among a ll  

hill-tribe children living in Chiang Mai. Nevertheless, this study may help point out 

the shortcomings of the HB vaccination policy among children living in remote areas. 

The results of this study can be used as evidence to improve HB vaccine policy in 

the future, particularly in remote areas. 

CONCLUSION 

 HB vaccination has been integrated into the EPI for more than 20 years in 

Thailand. However, 14.1% of children living in Omkoi District, Chiangmai had 

markers of exposure to HBV and almost two-thirds of the children remained 

susceptible to HBV infection. This study reflects the problem of HB vaccination 

implementation among children living in remote areas. All hill-tribe children positive 

for HBsAg should be informed and provided with appropriate medical health care 

and treatment. For those negative for all HBV serological markers, HB vaccination 

should be provided properly and in a timely manner. In addition, children and people 

living in other rural areas should be assessed for HBV markers and receive 

appropriate care as necessary.  
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Supplemental Data 1  

Table S1. Children HBV infection status. 
 

Age  
(years old) 

Total plasma samples (n = 419) 

HBsAg Positive  

(n =18) 

 

HBsAg Negative (n = 401) 

Infected Resolved Vaccinated Isolated Anti-HBc Susceptible 
n (%, 95% CI) n (%, 95% CI) n (%, 95% CI) n (%, 95% CI) n (%, 95% CI) 

Area 1 
1/18 (5.6%, 0.1-27.3) 

 
1/401 (0.2%, 0.01-1.4) 23/401 (5.7%, 3.7-8.5) 3/401 (0.7%, 0.6-2.2) 129/401 (32.1%, 27.6-37.0) 

6-9 
0 

 
0 6 1 61 

10-12 
1 

 
1 16 2 65 

13-15 
0 

 
0 1 0 0 

Missing 
data 

- 

 

- - - 3 

Area 2 
14/18 (77.7%, 52.4-93.6) 

 
4/401 (1.0%, 0.3-2.5) 40/401 (10.0%, 7.2-13.3) 1/401 (0.2%, 0.01-1.4) 62/401 (15.5%, 12.1-19.4) 

6-9 
8 

 
0 18 1 24 

10-12 
2 

 
1 8 0 19 

13-15 
4 

 
3 14 0 19 

Area 3 
3/18 (16.7%, 3.6-41.4) 

 
18/401 (4.5%, 2.7-7.0) 28/401 (7.0%, 4.7-9.9) 14/401 (3.5%, 1.9-5.8) 78/401 (19.5%, 15.7-23.7) 

6-9 
0 

 
4 6 0 11 

10-12 
1 

 
3 7 2 15 

13-15 
0 

 
5 7 4 30 

Missing 
data 

2 

 

6 8 8 22 

Total 
 

18/18 (100%) 
  

 
23/401 (5.7%, 3.7-8.5) 

 
91/401 (22.7%, 18.7-27.1) 

 
18/401 (4.5%, 2.7-7.0) 

 
269/401 (67.1%, 62.3-71.7) 

 


