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ABSTRACT

We aimed to compare the efficiency of the first dose of Hepatitis B (HB) vaccine: at Birth
versus at 3 months and to evaluate the efficacy of HB vaccine. We conducted a cohort study
in the governorate of Monastir. Vaccinated Cohort (VC) included populations receiving the
first dose at 3 months (Protocol 1), and at birth (HepB-BD) (Protocol 2). First dose was
followed by at least two doses. We collected, from January 2000 to December 2017, cases
diagnosed by serological markers (hepatitis B surface antigen (HBsAg) and anti-HBc). We
calculated Absolute Risk (AR) per 100,000 PY and the Relative risk reduction (RRR). Twenty-five
cases were notified among VC and 1501 cases among not vaccinated cohort (NVC). Twenty-
three cases were notified among the cohort receiving the first dose at 3 months and two
cases in Protocol 2. The AR per 100,000 PY was 5.67 (C195%: 3.36-7.99) in Protocol 1 and 0.11
(C195%: 0.001-0.26) in Protocol 2. The RRR was 77% (95% Cl: 66; 85) in Protocol 1 and 99.4%
(95% Cl: 97.8; 99.9) in Protocol 2. We identified 4 HB cases for children aged between 5 and 11
who benefited from protocol 1 (born between 2000 and 2006) and zero cases for children of
the same age group benefiting from protocol 2 (born between 2011 and 2017). The annual
number of HB has decreased from 112 in 2000 to 48 in 2017. We predicted 40 new cases of
HB in 2030. HepB-BD was 99.4% effective at preventing HB. The continuity of HepB-BD
worldwide would achieve WHO's goal of eliminating HB as a threat to health by 2050.
Abbreviations: AR: Absolute Risk; ARR: Absolute Risk Reduction; G1: Group1; G2: Group2; HB:
Hepatitis B; HepB-BD: Hepatitis B Birth Dose; MENA: Middle East and North Africa; NNV:
Number Needed to Vaccine; HIV: Human Immunodeficiency Virus; NVC: Not Vaccinated
Cohort; PY: Person Year; RRR: Relative Risk Reduction; RR: Relative Risk; VC: Vaccinated
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1. Background

Hepatitis B (HB) infection is the seventh leading cause
of mortality worldwide, responsible for 1.34 million
deaths in 2015 with an estimated prevalence of 1.3%
in the age under 5 [1,2]. Tunisian prevalence rate of
Hepatitis B surface antigen (Ag-HBS) was 1.7% (95% ClI
[1.6%-1.9%]) [3]. WHO has implemented child immu-
nizations and prevention of mother-to-child transmis-
sion to reduce the number of new cases and deaths
from chronic hepatitis B.

In 2016, the first global health sector strategy on viral
hepatitis was endorsed with the goal of eliminating viral
hepatitis as a public health threat by 2030 [4,5]. Thus,
WHO has revised the age of administration of the first
dose of HB vaccine to be dispensed at birth within
24 hours (HepB-BD) instead at the age of 3 months
recommended previously [6]. HB immunization was
included to the Tunisian Expanded Program of
Immunization (EPI) since April 1995 as Protocol 1 (G1)
(first dose at 3 months). Protocol 2 (G2) (HepB-BD) started
in April 2006 for babies born to positive mothers as a post-

exposure prophylaxis. In 2014 protocol 2 was expanded
to all newborns [7,8]. In Tunisia, a high vaccination cover-
age has been reported (94%) [9], particularly in Monastir
governorate (98%) [10]. Similarly, the prenatal care was
adequate for 82.5% in the study area (including screening
of HB serological markers) [11]. In Tunisia, HB's screening
is done by all physicians to achieve WHO’s goal by 2030
and declaration is mandatory [12].

2. Objective

We aimed to compare the efficiency of the first dose
of HB vaccine: at Birth versus at 3 months and to
evaluate the efficacy of HB vaccine.

3. Methods

3.1. Study design

We performed a cohort study in the governorate of
Monastir from January 2000 to December 2017.
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3.2. Study Setting

Monastir governorate is an industrial-oriented and
touristic region, including 13 delegations with
580,760 inhabitants [13]. During the study period,
there was no change in medical practices.

Periods of recruitment: we started data collection
of HB cases in January 2000. In December 2017 we
started to analyze according to vaccination status and
according to both protocols. Exposure duration at
endpoint varied from 11 to 22 years for G1 and from
one to ten years for G2.

3.3. Study population
1

3.3.1. Exposed/not exposed population

Not exposed population (NVC) were born before
1995 and exposed population to vaccination (VC)
were born after this date. VC born from 1995 to
2006 benefited from Protocol 1 (G1: first dose at
3 months) and those from 2006 benefited from
Protocol 2 (G2: first dose at birth). The two protocols
were followed by at least two more doses. Patients
living in other governorate were not included. Each
vaccination is recorded on the personal immuniza-
tion card.

3.3.2. Event

We studied all HB diagnosed from 1 January 2000 to
31 December 2017. Diagnosis criteria of HB is based
on serological markers. Since two decades a mass
screening program gets started in our country includ-
ing serological markers of HB infection (hepatitis
B surface antigen (HBsAg) and anti-HBc). Screening
has been done in the prenuptial visit, at pregnancy,
in clinically suspected cases, in blood donation, in the
relatives of HB positive cases, in people living with HIV
and in people living with other diagnosed sexually
transmitted infections. Positive HB screening tests
were associated with a spouse and family investiga-
tion. Screening program is done by all physicians to
achieve WHO's goal by 2030. In Tunisia, HB's declara-
tion is mandatory [12].

3.4. Variables

Data included demographic variables (age, sex), vacci-
nation status, and year at diagnosis. The vaccination
status was verified by an anamnestic survey and by
the immunization card control. We considered incident
cases the new diagnosed cases (hepatitis B surface anti-
gen (HBsAg) and anti-HBc) during the study period.

3.5. Data collection method and measurement

HB cases were registered in a database (‘epi info’
software) in the Regional Directorate of Primary
Health of Monastir.

3.6. Bias

Several training days on HB screening and case man-
agement were carried out for the majority of physi-
cians and laboratory to decrease the risk of
underestimation.

3.7. Statistical analysis

Data were verified and analyzed using IBM SPSS
Statistics version 22.0 software (IBM Corp. Armonk,
NY, USA). Chi square tests were used to compare
distribution of cases according to age groups and
sex. Trends and prediction were calculated using Log-
linear Poisson model. A p-value of <0.05 was consid-
ered statistically significant. The Absolute Risk (AR) per
100,000 person year (PY) was calculated based on
Tunisian National Institute of Statistics data [13].

AR, Absolute risk reduction (ARR); Relative risk (RR),
Relative risk reduction (RRR), and Number Needed to
Vaccine (NNV) were calculated using Microsoft Excel
2013.

3.8. Ethical considerations

The protocol was approved by the ethics committee of
Faculty of medicine of Monastir. The study was con-
ducted under Good Clinical Practice conditions and
according to ethical standard collections. Each patient
was assigned a unique identifying code and all docu-
ments were labeled accordingly to maintain anonymity.
Investigations around all diagnosed cases were con-
ducted and managed according to ethical standards.

4, Results

4.1. Effectiveness of birth-dose versus 3-month-
dose (G1 vs G2)

Twenty-three incident cases were notified in G1 and two
cases in G2. The RRR of HB vaccination was 77% (95%Cl:
66; 85) with protocol 1 and 99.4% (95%Cl: 97.8; 99.9)
with protocol 2. The RR of developing HB vaccine (G2 vs
G1) was 0.019 (p < 0.001) (Table 1). We identified 4 HB
cases for children aged between 5 and 11 who benefited
from protocol 1 (born between 2000 and 2006) and zero
cases for children of the same age group benefiting from
protocol 2 (born between 2011 and 2017).



Table 1. Effectiveness of hepatitis B vaccine according to the two protocols, Monastir, Tunisia 2000-2017.

Number Needed to vaccine

Relative risk reduction

Relative risk
0.22 (0.14-0.34)

Absolute risk reduction per 100,000 PY

Absolute risk per 100,000 PY (95% Cl)

Population

Cases
23

<0.0001

5067 (4044-6783)

0.77 (0.66-0.85)

19.73

5.67 (3.36;7.99)
25.42 (23.4-273)

405,011

First dose at 3 months

NVC

2,612,173

664

0.994 (0.978-0.999) 5037.1 (4563 — 5620.0) <0.0001

0.005 (0.001-0.022)

19.85

0.11 (0.001-0.26)
19.96 (18.6-21.31)

1,812,887
4,192,827

2

837

HepB-BD
NVC

<0.0001

0.981 (0.918;0.995)

0.019 (0.005;0.082)

5.56

0.11 (0.04-0.02)
5.67 (3.36;7.99)

1,812,887
405,011

HepB-BD

23

First dose at 3 months
NVC: Not Vaccinated cohort
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4.2. Effectiveness of HB vaccine (VC vs NVC)

During study period 1,526 new cases of HB were
diagnosed being 1,501 in NVC and 25 in VC. The AR/
100,000 PY, was 22.06 (95% Cl: 20.94; 23.17) in NVC
and 1.11 (95% Cl: 0.68; 1.55) in VC (P < 0.0001). The
RRR of was 95% (95% Cl: 92.5, 96.6). NNV was 4,775
(95%Cl: 4,367; 5,268) (Table 2). In age group
0-22 years HB vaccine prevented 95% of HB cases
(n =217 cases) (Figure 1).

4.3. Other results

For all groups, the AR/100,000 PY was 16.85 with
a significant regional disparity passing from 23.08 in
urban region (Monastir city) to 7.04 in rural one
(Bekalta) (Table 3). Sex ratio was 3.95 in NVC
(p < 0.001) and 1.5 in VC (p = 0.317).

According to age, AR was the highest among
20-39 years age group (36.40/100,000 PY) and the
lowest in 0-19 years age group.

A negative and significant trend was noted in both
sex, in NVC (b = —-0.052; Cl95% (—0.042; —0.062);
p < 0.0001)) (Figure 2) and in 20-39 years age group
(b = —0.063; CI95% (—0.05; -0.07); p < 0.0001)) (Table
4). We estimated 40 the number of new cases in 2030
(C195%: 28-63)(Figure 3).

5. Discussion

Key results: HepB-BD protocol had more effectiveness
than protocol 2. AR was concordant to national rates.
HB trends were significantly decreasing. A herd immu-
nity effect was established in NVC.

5.1. Interpretations

According to WHO; HB vaccination is the most effec-
tive way to prevent HB virus infection. If given within
24 hours after birth, followed by at least two more
doses, is effective at preventing perinatal HB virus
infection and inducing immunity to HB virus [14].
Tunisia located in the Eastern Mediterranean Region
had an intermediate prevalence of HB infection in 2009
[15] and low prevalence in 2015 [3]. It was one of the
95 countries which had included HepB-BD as a part of
national immunization schedule for all children in 2014.
In our study, we determinate the efficacy of HepB-BD
protocol proving the prevention of mother-to-child HB
virus transmission. No cases of HB aged less than
5 years were reported since 2014, confirming the
reduction of perinatal HB virus transmission by positive
mothers [16]. Our results were concordant with studies
conducted in South-East Asia, America, and Western
Pacific [17-19]. According to WHO, 90% of perinatal
infections and horizontal transmission of household
contacts can be prevented by HepB-BD followed by
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Figure 1. Age distribution of cases of hepatitis B according to immunization status (2000-2017; Monastir Tunisia).

Table 3. Absolute risk of developing HB, by delegations
(Monastir; Tunisia, 2000-2017).

Absolute risk per 100,000 PY

Population Cases (95% Cl)

Over all 502,864 1526 16.85
Delegations

Monastir 92,914 386 23.08
Jemmal 60,346 249 22.92
Ksibet Medyouni 31,649 107 18.78
Moknine 82,581 267 17.96
Ksar hellel 44,683 142 17.66
Bembla 29,968 79 14.65
Sayada - Lamta - 23,918 58 13.47

Bouhjar

Sahline 24,624 45 10.15
BniHassen 13,259 22 9.22
Zeramdine 27,840 46 9.18
Wardanine 20,333 31 8.47
Teboulba 34,319 50 8.09
Bekalta 15,772 20 7.04

at least 2 additional doses in early childhood [20]. Our
results determining that 99% of cases can be preven-
table by HepB-BD.

The negative trend of notified new cases of HB and
the low AR in younger than 20 years approved the
high HB vaccine effectiveness. Our results were con-
cordant with literature [3].

35,0

32,9

w
o
°

(b= -4.27; r = -0.86; p<0.0001)

24,9

N
o
°

24,4 23,4

N
e
°

=
o
°

=
o
=}

o
=}

2,8

Crude incidence rate per 100,000 inhabitants

0,0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Vaccinated

Not vaccinated

Linéaire (Vaccinated)

The high AR notified in the 20-39 age group may
be related to prenuptial screening and to the high-risk
sexual activity in this age group. The decrease of HB
new cases in this age group can be explained by herd
immunity effect and by couple immunization during
prenuptial visit. Indeed, it is advisable for HB-negative
couples to be vaccinated, while vaccination is manda-
tory for discordant couples [21].

The AR difference according to sex was consistent
with a local study conducted at Monastir University
Hospital (2002-2013, 22), in northern India [23] and in
France [24]. This may be related to that men are more
exposed to transfusions (road and work accident),
sexual behavior, and imprisonment [25]. In addition,
females have a better immune response due to the
lower plasma disappearance rate for Ag-HBs in males
[26-28]. In VC we determine an equivalent number of
new cases according to sex.

In our study, the general trend of HB infection was
decreasing, concordant with the conclusion in the
eastern Mediterranean regions [29]. Iran (MENA)
described increasing trends from 2008 to 2013 [30].
In 2030 forty new cases were predicted to be diag-
nosed in Monastir governorate. These results

2012 2013 2014 2015 2016 2017

Linéaire (Not vaccinated)

Figure 2. Trends of hepatitis B crude incidence rate/100,000 inh according to immunization status (2000-2017; Monastir

Tunisia).
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Table 4. Absolute risk and trends of HB, by age groups and gender (Monastir, Tunisia, 2000-2017).

Population Cases(%) Absolute risk per 100,000 PY Slope (b) Cl 95% (b) p

Age groups (Years)

0-19 186,890 109 (7.1) 3.24 —0.145 —0.10;-0.18 <0.0001
20-39 171,046 1121 (73.5) 36.40 —0.063 —0.05;-0.07 <0.0001
40-59 101,466 278 (18.2) 15.22 0.029 0.006-0.011 0.012
> 60 43,460 18 (1.2) 2.30 0.012 - <0.785
Gender

Men 252,757 1213 (79.5) 26.66 —0.037 —0.02;-0.04 <0.0001
Women 250,106 313 (20.5) 6.95 —-0.105 -0.08; —-0.12 <0.0001

Slope (b) calculated by Log-linear Poisson regression model,

120

20-39 years

=
o
o

8

0-19 years

Number of new cases per year
3

2000 200, 2004 2005 2003 2019 207> 2074 2035 2018 2029 2025 2024 2025 2025 203,

Figure 3. Prediction to 2030 of cases of hepatitis B according to age group.

demonstrate difficulties to achieve WHO's goal by
2030, we suppose that the year 2050 is more reason-
able to eliminate hepatitis in our region.

6. Limitations

This study confirmed the effectiveness of WHO strate-
gies but some limitations related to data collection
which can underestimate the number of new cases. In
addition, NVC could include some people who could
be immunized in vaccination campaigns launched
before 1995.

7. Conclusion

HepB-BD followed by at least two doses was 99.4%
effective at preventing HB. The continuity of HepB-BD
worldwide would achieve WHO'’s goal of eliminating
HB as a threat to health by 2050.
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