Hepatitis B seroprotection in children age 10 – 15 years old after completed basic hepatitis B immunization
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Background. Prevalence of hepatitis B viral (HBV) infection in Indonesia is still high. The most effective way to control HBV infection is by hepatitis B (HB) immunization. Many studies reported that anti-HBs seroprotection has been declined at age more than ten years. In addition there are many factors that can influence anti-HBs titer.

Aim. To measure anti-HBs titer and find factors which influence anti-HBs titer.
Method. Analitic observational study with cross sectional design was conducted in children 10-15 years of age from ten school at Tuminting district, Manado city, on October-November 2014. By stratified random sampling 105 children were selected as subject’s study. Data was analyzed with SPSS 22.
Results. From 48 schools, we selected 10 schools with total 105 children, but only 23 (21.9%) children have anti HB antibody (21,9%). Seventy six (72.4%) subjects were female, 78 (74.3%) subjects had good nutrition status and 98 (93.3%) subjects had birth weight ≥2,500 grams. Data from immunization record book showed 26 (24.8%) subjects had HB-1 vaccination done at ≤7 days of age and 45 (42.9%) subjects had interval ≥2 months between HB-2 and HB-3. Mother’s data showed 86 (81.9%) were 20-35 years old, 64 (60.9%) graduated from high school and 79 (75.2%) of parents had income ≥2 million Rupiah per month. Multivariate analysis showed that administration of HB-1 ≤7 days (p=0.02) and ≥2 months interval between HB-2 and HB-3 (p<0.001) had important role in anti HB seroprotection in children.
Conclusion. This study found low proportion number of anti HB titer (21.9%). Administration of HB-1 at ≤7 days of age and ≥2 months interval between HB-2 and HB-3 are important factors in anti HB seroprotection in children 10-15 years old.
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INTRODUCTION

Hepatitis B viral (HBV) infection is a global issue because it causes severe complications such as liver cirrhosis, portal hypertension and hepatocelluler carcinoma.1 World Health Organization (WHO) reported that approximately 2 billion people was infected with HBV and 378 million people was a carrier. Each year 620,000 people with hepatitis B (HB) died. Indonesia were classified as the moderate and high prevalence area, with a mean of 9.4 %, meaning 1 in 10 of Indonesia's population had been infected with HBV.2,3 In high endemic region, infection often occurs at early age and are transmitted vertically from mother to child or horizontally from chronic carrier who live in one house with children.4,5 Data from Ministry of Health Indonesia in 2000 showed that vertical transmission of HBV from mother to infant was 45.9%,6 mainly occurs at birth. Until now the most effective way to control HBV infection is HB immunization. Although seroprotection titer will decline from year to year with increasing of age, but the immune memory remains forever. This is supported by studis in Thailand that children who were given the recombinant HB vaccine in infancy, at age of 5 years obtained protective titers of anti-HBs by 89.8%.7 Given the epidemiological pattern of HB in Indonesia is similar to the pattern of epidemiology in Thailand, it can be concluded that booster immunization at age of 5 years is not needed.8 But this findings are contradicted with some studies9-15 which shows a protective anti-HBs titers at age 10-12 years is only 12% - 47.9%. Hepatitis B-3 coverage in Indonesia is still below the minimum standard of protection (80%). 16 


Literature shows that many factors can influence anti-HBs titers such as age, sex, nutritional status, birth weight, administration of HB-1 ≤ 7 days or >7 days, interval HB-2 and HB-3 <2 months or  ≥2 months, maternal age at delivery, maternal education level, parent’s socio-economic level, etc.9,13,17-23 Yet study on factors that influence anti-HBs titers are still rare. Based on the variation of anti-HBs titers from existing studies and studies on factors that influence anti-HBs titer are still sparse and never been done in Manado, encourage researchers to conduct this study.
METHODS

Observational analytic study with cross sectional design was conducted in October-November 2014 in children aged 10-15 years at the elementary, middle and high schools at Tuminting District, Manado City. Samples were chosen randomly with stratified random sampling. Inclusion criteria in this study was: 1) Children in good health, 2) Had completed HB basic immunization  (3 times) with interval of HB-1 and HB-2: 4-8 weeks and a maximum of 12 months of age, 3) Got approval from parents/guardians to participate in the study by signing a consent form following the study and approval of medical action, 4) Have immunization book/card concern to health (KMS). As exclusion criteria was: 1) Children with positive HBsAg, 2) Suffering from malignant disease (leukemia, osteosarcoma, lymphoma), chronic liver disease (cholestasis, HB), diabetes mellitus, diseases of immunodeficiency (HIV), chronic diseases   (tuberculosis), chronic kidney disease that require dialysis, hematology abnormality who need serial blood transfusion and children receiving immunosuppressant treatment, 3) Used narcotic drugs (marijuana, morphine, methamphetamine).


The numbers of samples were calculated and obtained with 97 subjects by correlative test and factors that can affect the anti-HBs titer using the rule of thumb criterias, so it takes 90 subjects. This study took a minimum of 97 children as study subjects. Study conducted by ethic committee of research Medical School, Sam Ratulangi University.

Seroprotection concluded that titer of anti-HBs ≥ 10 mIU/mL was categorized as responders (seroprotective), whereas anti-HBs titers <10 mIU / mL was categorized as non-responders. Responder categorized again as hyporesponder (anti-HBs titers 10-100 mIU/mL) and good responders (anti-HBs titers >100 mIU/mL). Data was analyzed with SPSS 22. Bivariate data was analyzed using Chi-square test and Mann Whitney test, followed by multivariate analysis when p<0.05 was obtained. Multivariate analysis is used to look for significance and regression coefficients. p value <0.05 is considered significant.
RESULTS

This study was conducted in children aged 10-15 years at the elementary, middle and high schools at Tuminting District, Manado City whom met inclusion and exclusion criteria. From 48 schools, study subjects were taken from 10 schools with total subjects of 105 children.

Characteristic of study subjects are listed in Table 1. Of the 23 children that were seroprotective, only two children had anti-HBs titers ≥ 100 mIU / mL. Data obtained from 105 children showed 2 (1.9%) subjects had a history of HBV infection in the mother. The 23 samples were futherly divided into groups based on vaccination interval of HB-2 and HB-3, 2 samples were <2 months and 21 samples were ≥ 2 months. Further searches carried out on 21 samples and obtained the vaccination interval of HB-2 and HB-3 was 2 months on 10 samples with a mean anti-HBs titers 24.81 mIU/mL, 3 months in 7 samples (mean 44.78 mIU/ mL), 4 months in one sample (18.54 mIU/mL), 5 months in one sample (51.27 mIU/mL), 6 months on one sample (101.05 mIU/mL) and 8 months on 1 sample (48.84 mIU/mL) (data not presented).


Bivariate analysis of factors influenced anti-HBs titer shown in Table 2. Multivariate analysis of factors influenced anti-HBs titer shown on Table 3.

DISCUSSION
This study was conducted on children aged 10-15 years due to contradictions in which the European Consensus Recommendations said that HB seroprotection only last for at least 10 years. Although anti-HBs titers had declined considerably even negative, a person is still clinically protected from chronic illness due to in vitro immunologic memory that still provide protection, so that the booster is no longer needed for people who have got complete basic immunization of HB. But the reality on the ground shows that although since 1997 HB immunization has been carried out throughout Indonesia, the prevalence of HB infection in Indonesia remains high at 9.4%.2,24 This is also supported by the numbers HB-0 immunization coverage in Indonesia only 79,1% and DPT-HB-3 75.6% , this has not reach a minimum standard of protection that is 80%.16

In addition to  studies conducted by Salama et al,10 Eldosky et al,11 Petersen et al,12 Lin et al,14 Suraiyah et al,15 and Aswati et al,9 it is known that there is a decline in anti-HBs titers (seroprotection) in children by age (age ≥10 years) which varies from 12% -47.9%. It is also supported by Rathore who get 24 subjects infected with HBV despite getting complete basic HB immunization, so he suggested that the administration of a booster is needed to eradicate the HB infection.25

On this study, titers of anti-HBs ≥ 10 mIU / mL at age 10 was 5/18 (27.8%), age 11 was 5/18 (26.3%), age 12 was 4/15 (23, 5%), age 13 was 2/19 (10.5%), age 14 was 4/18 (22.2%), and age 15 years was 3/17 (17.6%) with a mean total seroprotection at aged 10-15 year was 23/105 (21.9%). The latest data indicate that protection after HB immunization did not survive long term but could not explain whether the subjects in this study had formed anti-HBs and then decline or since the beginning the anti-HBs is not formed because the subjects did not have initial data. Findings in this study is similar to study by Eldesoky et al,11 who got anti-HBs titers ≥ 10 mIU / mL at age> 10 years was 5/15 (33.3%), Lin et al,14 who got at age > 12 years was 37.4%, Suraiyah et al,15 who got at the age of 10-12 years was 38/100 (38%) and Aswati et al,9 who got at age 12 was 35%.

This study found that 82 children had titers of anti-HBs <10 mIU/mL, and there were 23 children who were seroprotective with anti-HBs titers range from 10.07 to 118.01 mIU/mL as well as the average of 36.45 (±29.21) mIU/mL. Of the 23 children who were seroprotective turned out 21 children had anti-HBs titers <100 mIU/mL and only 2 children with anti-HBs titers ≥ 100 mIU/mL. This shows that the majority of children in this study (78.7%) were non-responders (anti-HBs titers <10mIU/mL), 21 children (19.4%) were hyporesponder and only 2 children (1.9%) were a good responder.22,26 We provided a booster at 82 children who are non-responders in accordance with the recommendation of the Immunization task force Indonesian Pediatric Association (IDAI).27

The study also found that 2/105 children (1.9%) had anti-HBs titers <10 mIU/mL in mother with history of suffering from HB but one child had anti-HBs titers ≥ 10 mIU/mL and only one child has titer anti-HBs <10 mIU/mL, so that the child needed to be given HB booster immediately, because 45.9% HBV can be transmitted to the babies.28,29

This study only examined factors influence anti-HBs titers such as age of the child during examination of anti-HBs titers, sex, nutritional status of children, birth weight, administration of HB-1 ≤ 7 days or>7 days, interval HB -2 and HB-3 <2 months or ≥ 2 months, maternal age at delivery, maternal education level and socioeconomic level of the parents. Our results of the bivariate analysis of risk factors using Chi-square found a significant relationship in administration of HB-1 ≤ 7 days or >7 days, interval HB-2 and HB-3 <2 months or ≥2 months, socio-economic status of parents and child’s nutrition status when examined. But on further analysis with logistic regression, it was obtained a highly significant correlation in interval HB 2 and HB-3 <2 months or ≥ 2 months and in administration HB-1 ≤ 7 days or> 7 days, but there was no significant relationship on socio-economic level of the parents and the nutritional status of children. 

This study shows trend of declining of anti-HBs titer with increasing of age, though no significant relationship was found statistically. This study was same with Aswati et al9 who found no relationship between age and anti-HBs titers. This is in contrast to study conducted by Whittle et al who found affectivity anti-HBs titers was influence by age, the older the children age then the lower the affectivity (p<0.05).30

This study did not get any relationship between anti-HBs titers and gender. Study by Middleman et al,21 also get the same results. This is in contrast to studies conducted in Iran and China where women showed higher antibody responses than men,31,32 while study by Giltay et al,30 got a decline in the number of T-lymphocytes in males compared to females and males have a lower serum titer IgM and IgG  than females. Different immune responses between men and women influenced by the sex steroid hormones such as estrogen, progesterone, and testosterone.33

This study showed there was no correlation between anti-HBs titers and birth weight. This is contrast with the theory that a low birth weight (LBW) baby, including premature, had a lower titer of passive immunity through maternal transmission, level of complement is still low, function of macrophages, chemotactic response and membrane deformability is still lacking.19

This study did not find relationship between the mother's age at delivery with anti-HBs titers, but there is a tendency that mother with less educational level and age <20 years had lack of knowledge and psychological readiness in childcare so it affected the titer of anti-HBs.34

This study obtained relationship between anti-HBs titers with immunization schedules (interval HB-1 ≤ 7 days or > 7 days and interval HB-2 and HB-3 <2 months or ≥ 2 months). Variations of immunization schedule quite effectively stimulate high titer of immunity in infants and children. Study by Mohammed et al,35 a cross-sectional study comparing two schedules of immunization HB, obtained the same immune response after vaccination in the immunization schedule 3,4,9 months or 0,2,9 months. Study by Damme et al,36 which assess the anti-HBs titers after 5 years of HB immunization, comparing two schedules of immunization, where group A was given at 0 and 6 months, while group B at 0, 1, 6 month in the age group 11-15 years, they obtain anti-HBs titers of > 10 mIU/mL in 79.5% of group A, while in group B was 91.4%.

Infants who received HB-1 immunization immediately after birth have higher seroprotection titer than other babies. This study found association in seroprotection of HB titers in infants immunized with HB ≤7 days compared to infants immunized >7 days. However, when viewed from a number of children who are reactive after given the HB-1 ≤ 7 days is 12 children (46.2%) and non-reactive in 14 children (53.8%), can be seen there is almost no difference in the percentage and it demonstrates that the titer anti-HBs on the administration of HB-1 ≤ 7 day likely influenced by other factors.


The third dose is a determinant of antibody response as a booster dose, where the longer interval between the second immunization and the third immunization (4-12 months), the higher the antibody titer.37-39 This study obtains an association on formation of HB titers at interval of HB- 2 and HB-3 immunization  <2 months compared to infants with interval ≥ 2 months. However, when seen from the number of children who are reactive at interval of HB-2 and HB-3 immunization ≥ 2 months in 21 children (46.5%) and non-reactive in 24 children (53.5%), can be seen there is almost no difference in the percentage and this indicates that the anti-HBs titers at interval of HB-2 and HB-3 immunization ≥ 2 months likely influenced by other factors. Handayani et al,40 reported a significant association between administration of the first dose of HB vaccine at the age of ≤ 7 days and age> 7 days on levels of anti-HBs titers (64.92 mIU / mL vs 145.56 mIU / mL; p = 0.038), while there is no relationship inHB-2 and HB-3 immunization interval for anti-HBs titers. Hepatitis B immunization at the beginning of the week of age is intended to prevent vertical transmission from mother to baby, especially in women with positive HBsAg. 
This study did not find any correlation between anti-HBs titers with  nutritional status of children in the multivariate analysis, although the bivariate correlation analysis meaningful. Nutritional status did not affect the anti-HBs titers formation. This study did not obtain a sufficient data to determine the nutritional status when the subjects received basic HB immunization. Study conducted in Tanzania on children aged <5 year, found 70.3% was in good nutritional status, but there was no significant relationship between nutritional status and the titers of anti-HBs.41 Study conducted to examine the relationship between malnutrition and HB vaccine response in infants in Egypt, as the study subjects were 27 infants with kwashiorkor marasmic and the control group were 13 healthy babies. Anti-HBs titers were significantly higher in the control group.42
This study found a relation between socio-economic status of parents with anti-HBs titers. This is supported by study conducted by Ochirbat et al,17 which found that children with parents who have a socio-economically disadvantaged tend to lose seroprotection against HB compared with children with parents who have good socio-economic level.
Limitations of this study is  that this study was not conducted HBsAg examintation on all study subjects, therefore can not detect whether the anti-HBs titers increased as a result of the study subjects exposed to natural or caused by HBV immunization.
In this study we can concluded that children with age 10-15 years old only have low seroprotection (21.9%) and  administration HB-1 ≤ 7 days or > 7 days and interval HB-2 and HB-3 <2 months or ≥ 2 months are important factors which influence HB seroprotection. From this study,  we must give booster to teenagers who do not have seroprotection because in the future if they become a mature women then marriage, pregnant and delivery, they can transmitted VHB to the babies.  
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Table 1. Study subjects charateristic based on age
	Variables
	Age (years)

     10                 11                  12                 13                  14                 15

   n=18             n=18             n=15             n=19              n=18            n=17 
	Total

n = 105

	Sex

  Male

  Female
	6

12
	2

16
	5

10
	5

14
	9

9
	2

15
	29 (27.6%)

76 (72.4%) 

	Nutritional status

  Under-nutrition

  Good-nutrition
	7

11
	7

11
	1

14
	5

14
	4

14
	14

3
	27 (25.7%)

78 (74.3%) 

	Birth weight (gram)

  < 2,500

  ≥ 2,500
	3

15
	0

18
	1

14
	2

17
	1

17
	0

17
	7  (6.7%)

98 (93.3%)

	HB-1 administration (day)

  ≤ 7 
  > 7  
	3

15
	7

11
	4

11
	2

17
	4

14
	6

11
	26 (24.8%)

79 (75.2%)

	HB-2 & 3 interval (month)

  < 2 

  ≥ 2
	10

8
	10

8
	5

10
	10

9
	10

8
	15

2
	60 (57.1%)

45 (42.9%)

	Maternal age at delivery(y)

  < 20
  20-35
  > 35
Maternal education

  Elemntary

  Junior High

  Senior High

  Scholar

Socio-economylevel                (million/month)

  < 2

  ≥ 2

Anti-HBs titer (mIU/mL)

  ≥ 10 (reactive)

  < 10 (non reactive)


	3

13

2

2

3

12

1
7

11

5

13
	1

15

2

3

2

12

1
3

15

5

13
	0

14

1

2

6

7

0

5

10

4

11
	3

15

1

1

6

10

2

6

13

2

17
	3

13

2

0

5

12

1

2

16

4

14
	0

16

1

0

4

11

2

3

14

3

14
	10 (9.5%)

86 (81.9%)

9 (8.6%)

8 (7.6%)

26 (24.8%)

64 (60.9%)

7 (6.7%)
26 (24.8%)

79 (75.2%)

23 (21.9%)

82 (78.1%)


Table 2. Bivariate analysis of factors influence anti-HBs titer 
	Variables
	Anti-HBs titer 

Number NR(%)  Number R(%)
	Relative risk (95%CI)
	Significancy

(p)

	Child’s age (year)

  10

  11

  12

  13

  14

  15

Age 10-15 years (Mean ±2SD)
	13 (72.2)

14 (73.7)

13 (76.5)

17 (89.5)

14 (77.8)

14 (82.4)

12.59±1.71
	5 (27.8)

5 (26,.3)

4 (23.5)

2 (10.5)

4 (22.2)

3 (17.6)

12.17±1.78
	
	0.159

	Sex

  Male
  Female
	22 (73.3)

63 (80.8)
	8 (26.7)

15 (19.2)
	0.65 

(0.24-1.74)
	0.192

	Nutritional status

  Under-nutrition
  Good-nutrition
	18 (66.7)

67 (82.7)
	9 (33.3)

14 (17.3)
	2.29 

(0.85-6.13)
	0.048

	Birth weight (grams)

  < 2,500

  ≥ 2,500
	5 (71.4)

80 (79.2)
	2 (28.6)

21 (20.8)
	1.47

(0.27-8.10)
	0.329

	HB-1 administration (days)

  ≤ 7 

  > 7
	14 (53.8)

71 (86.6)
	12 (46.2)

11 (13.4)
	5.3 

(1.95-14.4)
	0.001

	HB-2 & -3 interval (months)

  < 2

  ≥ 2
	58 (96.7)

24 (53.5)
	2 (3.3)

21 (46.5)
	15.59 (3.42-71)
	< 0.001

	Socio-economy level (million/months)

  < 2

  ≥ 2
	25 (96.2)

57 (79.7)
	1 (3.8)

22 (96.2)
	0.1 

(0.01-0.8)
	0.005

	Maternal age at delivery (years)

  < 20

  20-35

  > 35
	8 (80)

70 (78.7)

7 (77.8)
	2 (20)

19 (21.3)

2 (222)
	
	0.494

	Maternal education level

  Elementary
  Junior High
  Senior High
  Scholar
	8 (100)

20 (76.9)

52 (77.6)

5 (71.4)
	0 (0)

6 (23.1)

15 (22.4)

2 (28.6)
	
	0.239


R= reaktif, NR= non reaktif
Table 3. Multivariate analysis of factors influence anti-HBs titer 
	Variables
	Regression Coefficient (B)
	Significanct (p)

	Administration of HB-1 ≤7 days or >7 days
	2.223
	0.02

	HB-2 and HB-3 distance <2 months or ≥ 2 months
	3.614*
	< 0.001

	Parents socio-economy level
	2.289*
	0.96

	Children nutritional status
	1.742
	0.076


  *=negative 
