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Abstract  

Introduction: Hepatitis B virus (HBV) infection is highly endemic in Senegal. HBV vaccine of all children has been introduced in 1999 and included 

in the Expanded Programme on Immunization in 2004. The aim of this study was to assess the HBV prevalence and immunity status against HBV 

amongst children in Senegal. Methods: Between March and August 2016, consecutive children aged from 6 months to 16 years old were recruited 

in outpatient department of three main children hospitals in Senegal. Serum samples were analyzed for HBV serology (HBsAg, HBcAb, HBsAb) 

using ARCHITECT analyzer. Children with HBsAb levels ≥ 10 IU/l) were considered as seroprotected against HBV. Results: During the study 

period, 295 children fulfilled the criteria for the study and were further analyzed. Three children were HBsAg positive giving a seroprevalence at 

1.1% (95% CI: 0.2-3.3), 12/267 (4.5%, 95% CI=2.3-7.7) had positive HBcAb and 226/295 (76.6%, 71.4-81.3) had positive HBsAb including 191 

(77.3%, 71.6-82.4) with isolated HBsAb related to previous active immunization. However only 165 children (56%, CI 50-62) had seroprotective 

HBsAb levels (HBsAb ≥ 10 UI/L) and 63 (21.4, 16.8-26) had a strong seroprotectiondefined by HBsAb ≥ 100 IU/L. Conclusion: Our results 

suggest that although HBV prevalence has significantly decreased in children in Senegal following a better HBV vaccine coverage, the number of 

children correctly seroprotected is insufficient (56%). Assessing the levels of HBsAb and providing HBV vaccine boosters should be considered in 

children in Senegal. 
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Introduction 

 

Hepatitis B virus (HBV) infection is a major public health problem 

and a leading cause of morbidity and mortality globally, affecting 

approximately 250 million persons worldwide [1] and accounting for 

650,000 deaths annually [2]. Most of these deaths occur in 

resource-limited countries in Asia and Africa. Without effective 

preventive and therapeutic interventions chronic hepatitis B (CHB) 

infection will lead to an estimated 11.8 million deaths by 2030, 

primarily as a result of cirrhosis and hepatocellular carcinoma (HCC) 

[3]. The World Health Organization (WHO) has recently 

incorporated HBV elimination in its global health agenda and plans a 

90% reduction of anew HBV cases and a 65% reduction of HBV-

related mortality by 2030. In order to achieve these ambitious 

targets prevention of HBV transmission in particularly in endemic 

countries should be urgently improved. Effective HBV vaccines have 

been developed in the early 80s and in 2009, the WHO has 

recommended the introduction of the vaccine into the national 

immunization programs of all endemic countries. However, the 

current coverage of three doses of HBV vaccines remains imperfect 

with an estimate below 80% in 2015 in Africa [4]. In sub-Saharan 

Africa, the seroprevalence of Hepatitis B s antigen (HBsAg) in the 

adult population is high, estimated over 8% [1, 5]. In Senegal, 85% 

of the population has at least one marker of previous or current 

HBV infection and the prevalence of HBsAg varies between 11 to 

17% [6]. 

 

Following three doses of vaccine given at 4 weeks interval, it has 

been demonstrated that 90-99% of healthy neonates, children, 

adolescents and adults will develop protective levels of HBs antibody 

(HBsAb) [7] defined by serum levels ≥ 10 IU/L although a level 

below 10 IU/L does not necessarily indicates loss of immunity [8]. 

In Senegal, one of the most endemic countries for HBV in the world, 

the HBV vaccine has been introduced in 1999 and included in the 

Expanded Programme on Immunization (EPI) only in 2004 with 

recommended injections in neonates at the age of 1, 2 and 3 

months using a recombinant vaccine. Since January 2016 the 

Senegalese ministry of health has been providing the HBV birth dose 

vaccine within the 24 hours of life to all infants born in Senegal in 

order to comply with the WHO guidelines and eventually control the 

burden of HBV-related liver diseases in Senegal. Following the 2016 

call from the WHO and world health assembly to control and 

eliminate HBV worldwide, the aim of the following study was to 

evaluate the current immunization profiles against HBV in a large 

number of Senegalese children aged from 6 months to 16 years. 

  

  

Methods 

 

Inclusion criteria: Inclusion criteria of the study were: between 6 

months and 15 years old, no risk of haemorrhage when taking 

samples (hemophilia). Consent was obtained from each each parent 

or accompanying childrenchild. Children took at least a dose of HBV 

vaccine. 

  

Type and study population: This is a preliminary cross-sectional 

study realized between the 1st of March 2016 and 30th of August 

2016 of the hepatitis B assessment study in Senegal. The target 

population was children aged 6 months to 16 years recruited in 

three main children hospitals in Dakar (Hôpital Général de Grand 

Yoff, Hôpital pour Enfant de Diamniadio and Clinique de l'Amitié). 

The size of the study population was estimated at 1/8 of that of the 

large study where 3200 children will must be recruited in 3 regions 

of Senegal: Dakar, Thiès and Kaolack. Consecutive children were 

recruited in outpatient departments; demographic data and blood 

were collected after obtaining parents' consents. All included 

children received a blood sample of 3 milliliters of blood by 

venipuncture in vacuum tubes. After centrifugation, the sera are 

stored locally at -20oC and subsequently sent and analyzed in the 

laboratory of Medical Center joint Army Lemonier. 

  

Ethical approval: This study was approved by University 

Senegalese ethic committee. The reference of authorization was 

Protocol 0261/2017/CER/UCAD: evaluation of the vaccine response 

in children in Senegal. 

  

Serological assays: Qualitative assays for HBV serology (HBsAg, 

HBsAb and HBcAb) and quantitative assays for HBsAb were 

performed using the ARCHITECT analyzer and its commercial kit 

(Abbott Diagnostics, Wiesbaden, Germany). The ARCHITECT 

analyzer provides HBsAb levels measured in international units per 

liter (IU/L) with a linear range from 2 to 1,000 IU/L. 

  

Definition of hepatitis B seroprotection: Children with HBsAb 

levels ≥ 10 IU/L were considered as seroprotected against HBV and 

good level of seroprotection was defined as HBsAb level ≥ 100 UI/L 

[7]. Children with HBsAb level < 10 IU/L were considered as non-
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seroprotected. However, children with HBsAb levels between 2 and 

10 IU/L were considered to be immunized with poor seroprotection 

level. Children with HBsAb < 2 IU/L were considered as non-

immunized. 

  

Virological assays: HBV DNA was measured in all HBsAg-positive 

samples and all samples negative for HBsAg but positive for either 

HBsAb and/or HBcAb in order to identify potential occult hepatitis B. 

DNA was extracted from 200 μL of serum samples using a DNA/RNA 

extractor kit (AMPLIX® HBV Biosynex, Strasbourg France). The HBV 

DNA detection is based on the amplification of a specific 

conservative DNA sequence of an open reading frame X (ORFx) and 

by measuring the amplification product concentration in the course 

of the PCR process by means of fluorescence marked probe. Both 

assays have a very good limit of detection at 26 IU/L 

(AMPLIX®Hepatitis B Virus (HBV): (Real time PCR kit designed for 

the detection of the Hepatitis B virus (HBV) DNA. Reference 5625). 

  

Statistical analysis: Statistical analysis of the results was 

performed using commonly used variation methods in Excel 2003 

(Microsoft, USA) and Epi Info version 7. Continuous variables were 

described as medians (standard deviation, SD) while categorical 

variables were described as numbers (percentages). For group 

comparison, continuous variables were conducted by Mann-Whitney 

tests and categorical variables were conducted by Chi-squared test 

distribution with Yates correction (significance threshold p < 0.05). 

  

  

Results 

 

Characteristics of the study population: Between March and 

August 2016, out of 416 consecutive children who visited the study 

centers, 295 were aged between 6 months and 16 years old and 

their parents accepted to participate to the study. General 

characteristics of the study children are summarized in Table 1. The 

vast majority of the children (34 (46%)) were aged below 5 years 

and 61 (21%) were more than 10 years. 

  

Markers of HBV infection 

  

Seroprevalence of HBs antigen (HBsAg): Among 295 children 

analyzed, 3 had a positive HBsAg serology giving an overall 

prevalence of HBsAg at 1.1% (95% CI: 0.2-3.3) (Table 1). In 

children aged under 5 years, HBsAg prevalence was slightly higher 

at 1.6% (95% CI: 0.2-5.8). In children aged 5-10 years, 2 had a 

positive HBsAg giving a seroprevalence at 1.6% (95% CI: 0.2-5.8). 

No positive cases of HBsAg were noted in children over 10 years, 

but the sample size in that age group was small (n = 61). There 

was no significant difference in the prevalence of HBsAg by age and 

sex (1.4% versus 0.8%, p = 0.55). 

  

Seroprevalence of HBcAb (HBcAb): Out of 295 children, HBcAb 

could be tested in 267 and 12 (4.5%, 95% CI = 2.3-7.7)) were 

positive for this marker (Table 1). The HBcAb seroprevalence was (n 

= 5, 4.1%, 95% CI = 1.3-9.3) in girls as compared to 8% (95% CI 

= 2.0-9.7) in boys; this difference was not statistically significant (p 

= 0.39). The lower rate of HBcAb (0.8%) (95% CI = 0.0-4.4) was 

noticed in the 0-5 years old group. This rate increased with age and 

reached 13.7% (95% CI = 5.7-26.3) in the age group 10 to 15 

years. The difference between various age groups was statistically 

significant (p = 0.0004). 

  

HBV sero-protection: Of the 295 children analyzed, 191 (77.3% 

and CI: 71.6-82.4) children had isolated HBsAb reflecting the 

proportion of children who were vaccinated at the time study. 

  

Level of HBs antibody: The median of HBsAb levels in children 

was 17 IU/L (0-1,000 IU/L). Among the 295 study children, 165 

(56% (95% CI = 50-62) were considered as seroprotected against 

HBV as defined by HBsAb levels ≥ 10 IU/L and 130 (44% (95% CI 

= 33-45)) had no or poor seroprotection i.e HBsAb level (< 10 IU/l). 

Of the 295 children, 69 (23% (95% CI = 19-29)) had HBsAb levels 

under 2 IU/L and were therefore considered as non-immunized. 

There was no statistical significant difference between both sexes 

(56.6% and 55.1% in boys and girls respectively, p = 0.82). Figure 

1 and Figure 2 shows the level of HBsAb by sex and age. Of 165 

children with HBsAb seroprotective levels (HBsAb-10 UI/L), the rate 

was much higher in children below 5 years (79.1%) as compared to 

children aged 5-10 years (33.7%) and children > 10 years (41%), p 

< 0.0001. HBV viral load was undetectable in all samples from 15 

children tested either positive for HBsAg (n = 3) or children with 

positive HBcAb and negative HBsAg (n = 12). 

  

  

Discussion 

 

This study aimed to assess the seroprevalence of HBsAg amongst 

children (6 months-16 years old) and the level of seroprotection 
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against HBV in Senegal in 2016. Our findings provide two main 

messages 1) more than 10 years after the introduction of the 

vaccine within the EPI, the HBsAg seroprevalence amongst children 

in Senegal has significantly decreased (1.1%) as compared to the 

high prevalence reported in the 90s (> 15.%) [9]. This indicates a 

great impact of the integration of the HBV vaccine within the EPI as 

it has been observed in Asian and Western countries [10]. 2) Almost 

80% of the children were vaccinated against HBV but only a small 

proportion (56%) were correctly sero-protected suggesting that 

many children in Senegal are either not correctly vaccinated or 

require additional HBV vaccine booster. In Senegal HBV infection is 

mainly acquired during early childhood and before the introduction 

of the HBV vaccine in the country (1999) HBsAg prevalence among 

children was estimated around 19% [11] and remained consistently 

high in older age groups. The control of hepatitis B infection has 

become one of the health priorities of the National Health 

Programme in Senegal. The programme currently includes universal 

immunization of infants, systematic HBsAg screening of blood 

product donors and care (including access to antiviral therapy) of 

people with chronic hepatitis B [6]. 

  

Vaccination is considered as the most cost-effective way to control 

HBV infection, and early immunization of newborns is critical to 

prevent perinatal HBV transmission. The successful introduction of 

HBV vaccine into the National Programme to fight against hepatitis 

B in Senegal had a great impact on the prevalence of HBsAg among 

population aged 1-15 years. Our results confirm that vaccination of 

infants contributes to the reduction of the HBsAg prevalence. 

Children hospitalized in two hospitals in Dakar tested for HBsAg 

between 2009-2010 had a low prevalence of HBsAg (0.2%) [12]. 

However, no significant difference was found between these 2 

studies (p = 0.139). Compared with national studies, our overall 

HBsAg carrier rate was lower than those in 930 children born from 

HIV-seropositive mothers (3.0%) [13] and 462 babies including 88 

born to 80 HBsAg (+) mothers (HBsAg (+) (17%) than to HBsAg (-) 

(4%) women [14]. Moreover compared with international studies, 

the HBsAg prevalence observed in our study (1.1%) was lower than 

those found in Nigerian children aged 2 months to 15 years (13.9%) 

[15], healthy Indonesian children (3.1%) [16] and HIV-infected 

children in Swaziland (1.4%) [17]. The discrepancy observed with 

other African countries is likely associated with several factors: a 

modest decrease in the HBsAg prevalence among African women, 

from 13.8% in 1992 to 11.57% in 2012 [14, 18] and different 

vaccine coverage over the African continent. According to the 2015 

WHO-Unicef immunization report the HBV 3 doses vaccine coverage 

has improved in Senegal and was estimated at 89% in Senegal [6]. 

  

In our study we found that 77.3%, (95%CI 71.6-82.4) had isolated 

positive HBsAb suggesting a HBV vaccine coverage close to 80% in 

our study population. HBV vaccination or infection induces the 

production of HBsAb, an immunoglobulin able to neutralize HBsAg in 

case. Along with other effector immune functions, the protective 

HBsAb can block the spread of HBV in the body. HBsAb levels 

persist in the blood for a long time but gradually decrease with age. 

Our study confirms this effect (Figure 2). Our results are close to 

those reported by other authors in Senegal showing that the rate of 

positive HBsAb was 61 % in hospitalized children aged between 3 

month to 6 years (p=0.302) [12]. Our results are however lower 

than those found in other HBV endemic countries where HBV 

vaccine coverage rates among children range from 90 to 98%. 

[19, 20]. We also found that the seroprotective rate of HBsAb levels 

was higher in males (56.6%) as compared to females (55.1%) (p > 

0.05) suggesting gendre-guided immunity responses. In contrast 

previous studies reported better protective levels of HBsAb in 

vaccinated children (70%) [21] and 84.2% [22] with higher levels in 

girls as compared to boys. Such discrepancy could be attributed to 

differences in the primary immune response to vaccination, the type 

of vaccines used, the quality of vaccine storage (broken cold chain 

for instance) age groups, nutritional status and socioeconomic 

factors or race factors [23]. 

  

In our study protective level of HBsAb decreased with age from 

65% in children below 5 years to 15.3% in those above 10 years. 

Similar findings were reported in Egypt and China where the 

protection rate was inversely correlated with age [24, 25]. A study 

conducted in Yemen assessed the hepatitis B vaccine coverage and 

immune response in children below ten years and reported a 45.2% 

children with low levels of HBs (< 10 UI/L) despite a full course of 3 

doses vaccine [26]. These results suggested a poor response to HBV 

immunization in African children [27]. Interestingly we did not find 

any occult hepatitis B in the children enrolled in our study. In a 

recent study conducted in China, a low rate of occult hepatitis B 

(1.26%) was observed in 1.192 community children [28]. Our study 

has some limitations: first the parents were not surveyed on the 

history of hepatitis B in the family. Second we were not able to 

assess the number of HBV vaccine doses that were administrated to 

the children. It has been previously demonstrated that 3 doses are 

the best method to get effective protection against HBV and is 

better than one single dose. Third, we did not collect the HIV and 
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nutritional/clinical status of the children and we were therefore 

unable to identify risk factors of poor HBV seroprotection in 

Senegalese children. Finally our study was conducted in urban 

centers which HBV epidemic and vaccine coverage certainly differ 

from Senegalese rural areas. This difference can be confirmed by 

the results of the large study. 

  

  

Conclusion 

 

This study reports a low rate of HBV infection (1.1%) amongst 

children in Senegal ten years after the introduction of the HBV 

vaccine within the national immunization programme. Our findings 

suggest that the number of HBV vaccinated children (77%) remains 

insufficient and a large number of children have poor seroprotection 

against HBV. Additional efforts are needed to achieve 100% HBV 

vaccine coverage among the Senegalese infants in particular 

newborns. Whether the low HBsAb levels have a clinical impact in 

these children will have to be determined by re-assessing these 

children in the future. If this has an impact, assessing the levels of 

HBsAb and providing HBV vaccine boosters should be considered in 

children in Senegal. 

 

What is known about this topic 

 The seroprotection rate of vaccinated subjects was less 

than 80%; hepatitis B is a real public health problem with 

prevalence above 8% in our countries; immunization 

coverage remains inadequate with seroprotection rates 

below 80%; 

 Eighty percent of those vaccinated with HBV did not have 

seroprotective antibody levels; 

 Only 90% of healthy people will develop protective levels 

of anti-HBs antibodies (≥ 10 IU/L) after taking 3 doses of 

HBV vaccines at 4 week intervals. 

What this study adds 

 This study shows a very low prevalence of this infection in 

children; 

 This study shows the need, on the one hand, to evaluate 

the seroprotection of subjects after taking the three doses 

in order to propose boosting immunity and on the other 

hand to make an evaluation of the quality of vaccines, the 

vaccine storage system and the their usage. 

  

Competing interests 

 

The authors declare no competing interests. 

  

  

Authors’ contributions 

 

All the authors have read and agreed to the final manuscript. 

  

  

Acknowledgments 

 

We acknowledge all expert technical assistance who contributed to 

this work. The reagents and consumables were provided by 

Sotelmed. Sotelmed did not influence the study designed. 

  

  

Table and figures 

 

Table 1: Characteristics of the study children 

Figure 1: HBsAg seroprevalence by sex and age 

Figure 2: HBsAb levels by sex 

  

  

References 

 

1. Schweitzer A, Horn J, Mikolaiczyk RT, Krause G, Ott JJ. 

Estimations of worldwide prevalence of chronic hepatitis B 

infection: a systematic review of data published between 1965 

and 2013. Lancet. 2015 Oct 17; 386(10003): 1546-

55. PubMed | Google Scholar 

 

 

 

 

 

 

 

 

 

 

 

javascript:void(0)
javascript:PopupFigure('FigId=1')
javascript:PopupFigure('FigId=2')
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Schweitzer%20A%5bauthor%5d+AND++Estimations+of+worldwide+prevalence+of+chronic+hepatitis+B+infection:+a+systematic+review+of+data+published+between+1965+and+2013
http://scholar.google.com/scholar?hl=en&q=+Estimations+of+worldwide+prevalence+of+chronic+hepatitis+B+infection:+a+systematic+review+of+data+published+between+1965+and+2013


Page number not for citation purposes 6 

2. Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T, 

Abubakar lI, Abu-Raddad LJ, Assadi R, Bhala N, Cowie B, 

Forouzanfour MH, Groeger J, Hanafiah KM, Jacobsen KH, 

James SL, MacLachlan J, Malekzadeh R, Martin NK, Mokdad 

AA, Mokdad AH, Murray CJL, Plass D, Rana S, Rein DB, 

Richardus JH, Sanabria J, Saylan M, Shahraz S, So S, Vlassov 

VV, Weiderpass E, Wiersma ST, Younis M, Yu C, El Sayed Zaki 

M, Cooke GS. The global burden of viral hepatitis from 1990 to 

2013: findings from the Global Burden of Disease Study 2013. 

Lancet. 2016 Sep 10; 388(10049): 1081-

1088. PubMed | Google Scholar 

 

3. World Health Organisation. Combatting Hepatitis B and C to 

reach elimination by 2030. Geneva, 2016.Google Scholar 

 

4. World Health Organization. Hepatitis B (HepB3) immunization 

coverage estimates by WHO region, 2016. 

 

5. Lemoine M, Shimakawa Y, Njie R, Taal M, Ndow G, Chemin I, 

Ghosh S, Njai HF, Jeng A, Sow A, Toure-Kane C, Mboup S, 

Suso P, Tamba S, Jatta A, Sarr L, Kambi A, Stanger W, 

Nayagam S, Howell J, Mpabanzi L, Nyan O, Corrah T, Whittle 

H, Taylor-Robinson SD, D'Alessandro U, Mendy M, Thursz MR. 

Prolifica investigators; acceptability and feasibility of a screen-

and-treat programme for hepatitis B virus infection in The 

Gambia: the Prevention of Liver Fibrosis and Cancer in Africa 

(PROLIFICA) study. Lancet Glob Health. 2016 Aug; 4(8): e559-

67. PubMed | Google Scholar 

 

6. Programme National de Lutte contre les Hépatites au Sénégal. 

La réponse du Sénégal. 2018 

 

7. Komatsu H. Hepatitis B virus: where do we stand and what is 

the next step for eradication. World J Gastroenterology. 2014 

Jul 21; 20(27): 8998-9016. PubMed | Google Scholar 

 

8. Zingonea F, Morisco F, Zanetti A, Romanòc L, Portella G, 

Caponea P, Andreozzi P, Tortora R, Ciacci C. Long-term 

antibody persistence and immune memory to hepatitis B virus 

in adult celiac patients vaccinated as adolescents. Vaccine. 

2011 Jan 29; 29(5): 1005-1008. PubMed | Google Scholar 

 

 

 

9. Coursaget P, Leboulleux D, Soumare M, Le Cann P, Yvonnet B, 

Chiron JP, Coll-Seck AM, Diop-Mar I. Twelve-year follow-up 

study of hepatitis B immunization of Senegalese infants. J 

Hepatol. 1994 Aug; 21(2): 250-4. PubMed | Google Scholar 

 

10. Chen DS. Hepatitis B vaccination: the key towards elimination 

and eradication of hepatitis B. J Hepatol. 2009 Apr; 50(4): 805-

16. PubMed | Google Scholar 

 

11. Kane MA. Progress on the control of hepatitis B infection 

through immunization. Gut. 1993; 34(Suppl 2): S10-

2. PubMed | Google Scholar 

 

12. Bekondi C, Zanchi R, Seck A, Garin B, Giles-Vernick T, Gody JC, 

Bata P, Pondy A, Tetang SM, Ba M, Ekobo CS, Rousset D, Sire 

JM, Maylin S, Chartier L, Njouom R, Vray M. HBV immunization 

and vaccine coverage among hospitalized children in 

Cameroon, Central African Republic and Senegal: a cross-

sectional study. BMC Infectious Diseases. 2015 Jul 12; 15: 267-

286. PubMed | Google Scholar 

 

13. Gueye SB, Diop-Ndiaye H, Lô G, Mintsa S, Guindo I, Dia A, 

Sow-Sall A, Gaye-Diallo A, Mboup S, Touré-Kane C. HBV 

carriage in children born from HIV-seropositive mothers in 

Senegal: the need of birth-dose HBV vaccination. J Med Virol. 

2016 May; 88(5): 815-9. PubMed | Google Scholar 

 

14. Marinier E, Barrois V, Larouze B, London WT, Cofer A, Diakhate 

L, Blumberg BS. Lack of perinatal transmission of hepatitis B 

virus infection in Senegal, West Africa. J Pediatr. 1985 May; 

106(5): 843-9.PubMed | Google Scholar 

 

15. Sadoh AE, Ofili A. Hepatitis B infection among Nigerian children 

admitted to a children's emergency room. Afr Health Sci. 2014 

Jun; 14(2): 377-83. PubMed | Google Scholar 

 

16. Yano Y, Utsumi T, Lusida MI, Hayashi Y. Serologic and 

molecular characteristics of hepatitis B virus among school 

children in East Java, Indonesia. Am J Trop Med Hyg. 2010 Jul; 

83(1): 189-93. PubMed |Google Scholar 

 

17. Dziuban EJ, Marton SA, Hughey AB, Mbingo TL, Draper HR, 

Schutze GE. Seroprevalence of hepatitis B in a cohort of HIV-

infected children and adults in Swaziland. Int J STD AIDS. 2013 

Jul; 24(7): 561-5.PubMed | Google Scholar 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Stanaway%20JD%5bauthor%5d+AND++The+global+burden+of+viral+hepatitis+from+1990+to+2013:+findings+from+the+Global+Burden+of+Disease+Study+2013
http://scholar.google.com/scholar?hl=en&q=+The+global+burden+of+viral+hepatitis+from+1990+to+2013:+findings+from+the+Global+Burden+of+Disease+Study+2013
http://scholar.google.com/scholar?hl=en&q=+Combatting+Hepatitis+B+and+C+to+reach+elimination+by+2030
https://www.ncbi.nlm.nih.gov/pubmed/27443781
http://scholar.google.com/scholar?hl=en&q=+Prolifica+investigators;+acceptability+and+feasibility+of+a+screen-and-treat+programme+for+hepatitis+B+virus+infection+in+The+Gambia:+the+Prevention+of+Liver+Fibrosis+and+Cancer+in+Africa+(PROLIFICA)+study
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Komatsu%20H%5bauthor%5d+AND++Hepatitis+B+virus:+where+do+we+stand+and+what+is+the+next+step+for+eradication
http://scholar.google.com/scholar?hl=en&q=+Hepatitis+B+virus:+where+do+we+stand+and+what+is+the+next+step+for+eradication
https://www.ncbi.nlm.nih.gov/pubmed/21129395
http://scholar.google.com/scholar?hl=en&q=+Long-term+antibody+persistence+and+immune+memory+to+hepatitis+B+virus+in+adult+celiac+patients+vaccinated+as+adolescents
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Coursaget%20P%5bauthor%5d+AND++Twelve-year+follow-up+study+of+hepatitis+B+immunization+of+Senegalese+infants
http://scholar.google.com/scholar?hl=en&q=+Twelve-year+follow-up+study+of+hepatitis+B+immunization+of+Senegalese+infants
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Chen%20DS%5bauthor%5d+AND++Hepatitis+B+vaccination:+the+key+towards+elimination+and+eradication+of+hepatitis+B
http://scholar.google.com/scholar?hl=en&q=+Hepatitis+B+vaccination:+the+key+towards+elimination+and+eradication+of+hepatitis+B
https://www.ncbi.nlm.nih.gov/pubmed/8314467
http://scholar.google.com/scholar?hl=en&q=+Progress+on+the+control+of+hepatitis+B+infection+through+immunization
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Bekondi%20C%5bauthor%5d+AND++HBV+immunization+and+vaccine+coverage+among+hospitalized+children+in+Cameroon+Central+African+Republic+and+Senegal:+a+cross-sectional+study
http://scholar.google.com/scholar?hl=en&q=+HBV+immunization+and+vaccine+coverage+among+hospitalized+children+in+Cameroon+Central+African+Republic+and+Senegal:+a+cross-sectional+study
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gueye%20SB%5bauthor%5d+AND++HBV+carriage+in+children+born+from+HIV-seropositive+mothers+in+Senegal:+the+need+of+birth-dose+HBV+vaccination
http://scholar.google.com/scholar?hl=en&q=+HBV+carriage+in+children+born+from+HIV-seropositive+mothers+in+Senegal:+the+need+of+birth-dose+HBV+vaccination
https://www.ncbi.nlm.nih.gov/pubmed/3998929
http://scholar.google.com/scholar?hl=en&q=+Lack+of+perinatal+transmission+of+hepatitis+B+virus+infection+in+Senegal+West+Africa
https://www.ncbi.nlm.nih.gov/pubmed/25320587
http://scholar.google.com/scholar?hl=en&q=+Hepatitis+B+infection+among+Nigerian+children+admitted+to+a+childrens+emergency+room
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Yano%20Y%5bauthor%5d+AND++Serologic+and+molecular+characteristics+of+hepatitis+B+virus+among+school+children+in+East+Java+Indonesia
http://scholar.google.com/scholar?hl=en&q=+Serologic+and+molecular+characteristics+of+hepatitis+B+virus+among+school+children+in+East+Java+Indonesia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Dziuban%20EJ%5bauthor%5d+AND++Seroprevalence+of+hepatitis+B+in+a+cohort+of+HIV-infected+children+and+adults+in+Swaziland
http://scholar.google.com/scholar?hl=en&q=+Seroprevalence+of+hepatitis+B+in+a+cohort+of+HIV-infected+children+and+adults+in+Swaziland


Page number not for citation purposes 7 

 

18. Lô G, Diawara PS, Diouf NN, FAYE B, Seck, MC, Sow K, Sarre 

SM, Ndiaye HD, Toure Kane NC, Mboup S. Prévalence de 

l'antigène de surface du virus de l'hépatite B (AgHBs) chez les 

femmes enceintes au laboratoire de l'hôpital Militaire de 

Ouakam (HMO), Dakar. Médecine d'Afrique Noire. 2012; 59(5): 

241-244. 

 

19. Centers for Disease Control (CDC). A comprehensive 

immunization strategy to eliminate transmission of hepatitis B 

virus infection in the United States: recommendations of the 

Advisory committee on Immunization Practices (ACIP); Part II: 

immunization of adults. Morbid Mortal Wkly Rep MMWR. 2006 

December 8; 55(RR16); 1-25. Google Scholar 

 

20. Costa AM, Italien G, Nita ME, Araujo ES. Cost effectiveness of 

entecavir versus lamivudine for the suppression of viral 

replication in chronic hepatitis B Patients in Brazil. Braz J Infect 

Dis. 2008 Oct; 12(5): 368-73. PubMed | Google Scholar 

 

21. Xiao J, Zhang J, Wu C, Shao, X, Peng G, Peng Z, Ma W, Zhang 

Y, Zheng H. Impact of hepatitis B vaccination among children 

in Guangdong Province, China. International Journal of 

Infectious Diseases. 2012 Sep; 16(9): e692-

6. PubMed | Google Scholar 

 

22. Coppola N, Corvino AR, Pascalis SD, Signoriello G, Fiore ED, 

Nienhaus A, Sagnelli E, Lamberti M. The long-term 

immunogenicity of recombinant hepatitis B virus (HBV) 

vaccine: contribution of universal HBV vaccination in Italy, 

Coppola et al. BMC Infectious Diseases. 2015 Mar 25; 15: 

149. PubMed | Google Scholar 

 

 

 

 

23. Greengold B, Nyamathi A, Kominski G, Wiley D, Lewis MA, 

Hodge F, Singer M, Spiegel B. Cost-effectiveness analysis of 

behavioral interventions to improve vaccination compliance in 

homeless adults. Vaccine. 2009 Jan 29; 27(5): 718-

25. PubMed | Google Scholar 

 

24. Sami SM, Salama II, Abdel-Latif GA, El Etreby LA, Metwally AI, 

Haliem, NFAE. Hepatitis B Seroprotection and the Response to 

a Challenging Dose among Vaccinated Children in Red Sea 

Governorate. Open Access Macedonian Journal of Medical 

Sciences. 2016; 4(2): 219-225. PubMed | Google Scholar 

 

25. Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu J, 

Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J, Zhiyuan 1. 

Evaluation of the Impact of Hepatitis B Vaccination among 

Children Born during 1992-2005 in China. The Journal of 

Infectious Diseases. 2009 Jul 1; 200(1): 39-

47. PubMed | Google Scholar 

 

26. Hassan A Al-Shamahy, Samira H Hanash, Iqbal A Rabbad, 

Nameem M Al-Madhaji, Samarih M Naser. Hepatitis B Vaccine 

Coverage and the immune response in Children under ten 

years old. SQU Med J. 2011 Feb; 11(1): 77-

82. PubMed | Google Scholar 

 

27. Lake JR. Do we really need long-term hepatitis Bhyperimmune 

globulin? What are the alternatives? Liver Transpl. 2008 Oct; 

14 Suppl 2: S23-6. PubMed | Google Scholar 

 

28. Su H, Shao Z, Pu Z, Wang Y, Zhang L, Zhang W, Wang B, 

Wang A, Ji Z, Yan Y, Zhang Y. Overt and occult hepatitis B 

virus infection among community children in Northwest China. 

J Viral Hepat. 2017 Sep; 24(9): 797-803. PubMed | Google 

Scholar 

 

 

 

 

 

 

 

 

 

 

https://scholar.google.com/scholar?hl=en&q=+A+comprehensive+immunization+strategy+to+eliminate+transmission+of+hepatitis+B+virus+infection+in+the+United+States:+recommendations+of+the+Advisory+committee+on+Immunization+Practices+(ACIP);+Part+II:+immunization+of+adults
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Costa%20AM%5bauthor%5d+AND++Cost+effectiveness+of+entecavir+versus+lamivudine+for+the+suppression+of+viral+replication+in+chronic+hepatitis+B+Patients+in+Brazil
http://scholar.google.com/scholar?hl=en&q=+Cost+effectiveness+of+entecavir+versus+lamivudine+for+the+suppression+of+viral+replication+in+chronic+hepatitis+B+Patients+in+Brazil
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Xiao%20J%5bauthor%5d+AND++Impact+of+hepatitis+B+vaccination+among+children+in+Guangdong+Province+China
http://scholar.google.com/scholar?hl=en&q=+Impact+of+hepatitis+B+vaccination+among+children+in+Guangdong+Province+China
https://www.ncbi.nlm.nih.gov/pubmed/25884719
http://scholar.google.com/scholar?hl=en&q=+The+long-term+immunogenicity+of+recombinant+hepatitis+B+virus+(HBV)+vaccine:+contribution+of+universal+HBV+vaccination+in+Italy+Coppola+%3Ci%3Eet+al%3C/i%3E
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Search&doptcmdl=Citation&defaultField=Title%20Word&term=Greengold%20B%5Bauthor%5D%20AND%20%20Cost-effectiveness%20analysis%20of%20behavioral%20interventions%20to%20improve%20vaccination%20compliance%20in%20homeless%20adults
http://scholar.google.com/scholar?hl=en&q=+Cost-effectiveness+analysis+of+behavioral+interventions+to+improve+vaccination+compliance+in+homeless+adults
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Sami%20SM%5bauthor%5d+AND++Hepatitis+B+Seroprotection+and+the+Response+to+a+Challenging+Dose+among+Vaccinated+Children+in+Red+Sea+Governorate
http://scholar.google.com/scholar?hl=en&q=+Hepatitis+B+Seroprotection+and+the+Response+to+a+Challenging+Dose+among+Vaccinated+Children+in+Red+Sea+Governorate
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Liang%20X%5bauthor%5d+AND++Evaluation+of+the+Impact+of+Hepatitis+B+Vaccination+among+Children+Born+during+1992?2005+in+China
http://scholar.google.com/scholar?hl=en&q=+Evaluation+of+the+Impact+of+Hepatitis+B+Vaccination+among+Children+Born+during+1992?2005+in+China
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Hassan%20A%20Al-Shamahy%5bauthor%5d+AND++Hepatitis+B+Vaccine+Coverage+and+the+immune+response+in+Children+under+ten+years+old
http://scholar.google.com/scholar?hl=en&q=+Hepatitis+B+Vaccine+Coverage+and+the+immune+response+in+Children+under+ten+years+old
https://www.ncbi.nlm.nih.gov/pubmed/18825722
http://scholar.google.com/scholar?hl=en&q=+Do+we+really+need+long-term+hepatitis+Bhyperimmune+globulin:+What+are+the+alternatives?+Liver+Transpl
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Su%20H%5bauthor%5d+AND++Overt+and+occult+hepatitis+B+virus+infection+among+community+children+in+Northwest+China
http://scholar.google.com/scholar?hl=en&q=+Overt+and+occult+hepatitis+B+virus+infection+among+community+children+in+Northwest+China
http://scholar.google.com/scholar?hl=en&q=+Overt+and+occult+hepatitis+B+virus+infection+among+community+children+in+Northwest+China


Page number not for citation purposes 8 

 

Table 1: Characteristics of the study children 

Parameters Study children; n=295 

Mean age (years, SD) 7.26  (5.07) 

Age <5 years, n (%) 139 (47%) 

Age 5-10 years, n (%) 95 (33%) 

Age ≥ 10 years, n (%) 61 (21) 

Male sex, n (%) 159 (54%) 

Markers of HBV infection 
 

Positive HBsAg, n (%, CI), n=295 3 (1.1, 0.2-3.3) 

Positive HBcAb, n (%, CI), n=267 12 (4.5, 2.3-7.7) 

Markers of seroprotection, n=295 
 

Total Positive HBsAb, n (%, CI) 226 (76.6, 71.4 - 81.3) 

Isolated positive HBsAb, n (%, CI) 191 (77.3, 71.6 – 82.4) 

Median HBsAb levels (IU/L, IQR) 17 (0 – 1,000) 

Level of seroprotection agains HBV, n =295   

Seroprotected children, n (%, CI) 

i.e positive HBsAb ≥ 10 IU/L 
165 (56, 50-62) 

Number of children with strong seroprotection i.e 

HBsAb≥100 IU/L 
63 (21.4, 16.8 – 26) 

Immunized but non-seroprotected children, n (%, CI) i.e 

positive HBsAb 2-10 IU/L 
61 (20.7, 16.2 - 25.8) 

Non-infected and non-immunized children, n (%, IC) i.e neg. 

HBsAg, neg HBcAb and neg. HBsAb 
69  (23.4, 17.8 – 28.6) 
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Figure 1: HBsAg seroprevalence by sex and age 

 

 

 

 

Figure 2: HBsAb levels by sex 
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