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Summary

Background: Hepatitis B is a major public health issue worldwide. Immunization of infants 
against this disease has been eff ective in Morocco since 1999. However, evaluation of post-
vaccination response is rarely performed in our setting. The purpose of this study was to evaluate 
immunity against HBV in fully vaccinated children in the city of Marrakech in Morocco and to 
investigate the factors infl uencing the level of post-vaccination immunity. 

Methods: A descriptive cross-sectional study was conducted on fully vaccinated children 
who have medical and vaccination records, from three primary healthcare centers in Marrakech. 
Children with anti-HBs antibody levels between 10 and 100 IU/L were considered moderately 
immune, and those with antibody levels above 100 IU/L as highly immune, while those with 
antibody levels below 10 IU/L were considered non-immune. 

Results: Of the 123 children recruited, 114 (92.7%) had protective anti-HBs antibody titers, 
of which 37 (30%) were moderately immunized and 77 (62.7%) were highly immunized, and nine 
(7.3%) were non-immune. Age, birth weight, vaccine type, and time since the previous dose have 
all been signifi cantly associated with the degree of post-vaccination immunity. Anti-HBs antibody 
levels were not signifi cantly related to factors potentially linked to post-vaccination non-response, 
such as chronic disease, immunosuppressive medication and others.

Conclusion: Our fi ndings denote that the HBV vaccine used in The Moroccan Expanded 
Program on Immunization (EPI) is eff ective against HBV. Nevertheless, in non-responders, 
corrective actions such as re-vaccination and monitoring of post-vaccination anti-HBs antibody 
levels should be implemented.

≥ 8% and by 1997 for all countries [5], and advocated for the 
administration of a birth dose to all newborns within 24 hours 
from birth by 2009 [6]. Vaccination against viral hepatitis 
B was introduced in Morocco in July 1999 [7] and is now 
mandatory.

Vaccination strategy against the hepatitis B epidemic 
has become the most cost-effective public health measure 
implemented so far, to ϐight mortality and morbidity linked 
to this epidemic [8,9]. According to WHO data, Morocco 
purportedly had an intermediate prevalence of 2% - 7% prior 
to the introduction of the hepatitis B vaccine into the National 
Immunization Program. In 2020, HBV prevalence was about 
1.79% of the general population [10]. Vaccination is therefore 
considered the most efϐicient way to control hepatitis B, and 

Introduction
Hepatitis B Virus (HBV) is the leading cause of acute and 

chronic liver disease and is associated with morbidity and 
mortality worldwide with 887 000 deaths in 2015 [1,2]. 
Vertical and horizontal early childhood transmission are the 
main routes of HBV transmission and are responsible for most 
chronic infections [3]. Universal hepatitis B immunization at 
birth and in infancy is the key strategy for the global elimination 
of HBV infection. The world’s ϐirst HBV vaccination program 
for infants was launched in Taiwan in July 1984 [4].

The World Health Organization (WHO) established a target 
for introducing HBV vaccination into national immunization 
programs by 1995 for countries with an HBV carrier rate of 
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immunization of newborns is necessary to prevent perinatal 
HBV transmission. The purpose of this study was to evaluate 
immunity against HBV in fully vaccinated children in the 
city of Marrakech in Morocco and to investigate the factors 
inϐluencing the level of post-vaccination immunity.

Methods
A descriptive, prospective, cross-sectional study was 

conducted on 126 children recruited at the level of three Basic 
Healthcare Centers (BHC) in the city of Marrakech. These 
centers were chosen randomly out of the 51 centers located 
in the different regions of the city: one center in the north, 
one center in the West, and one in the South. The 4th center 
in the East region was excluded due to non-compliance with 
the eligibility criteria: the availability of vaccination registers 
containing socio-demographic data (age, sex, weight, socio-
economic level, and level of education), methods of vaccine 
administration (vaccine type, batch number, expiration 
date, cold chain, injection site, and doses and quantities 
administered), and clinical data that may inϐluence the efϐicacy 
of immunizations (pathological conditions, drug intake, etc.). 
Children vaccinated before 2012 received three doses of 
the monovalent vaccine while those vaccinated after 2012 
beneϐited from a new vaccination protocol based on one dose 
of monovalent vaccine and two doses of pentavalent vaccine. 
Only children who received three doses of the vaccine on a 
vaccination card were included. Consent was clearly provided 
by the parents to collect the data.

We used Serum Separating Tubes (SST) to collect each 
participant’s blood samples which consisted of 4 mL for 
population members above two years old and 2 mL for 
children two years old or younger. The Faculty of Medicine 
and University Hospital Center of Marrakech Laboratory of 
Immunology received the labeled and numbered collection 
tubes of serum where they centrifuged and stored the serum 
in freezing tubes at - 20 °C to wait for analysis. We established 
a detailed laboratory testing protocol before testing. We 
used an Enzyme-Linked Immunosorbent Assay technique 
(Monalisa, anti-HBS+ tm, Bio-rad, France) to determine the 
number of anti-HBS antibodies and estimated the detection 
threshold for anti-HBS Abs to be 10 IU/L.

Anti-HBs are the only easily measurable correlation of 
vaccine-induced protection using serologic assays. An anti-
HB level of 10 IU/L or more is considered a reliable marker 
of protection against infection and protects against both acute 
and chronic infection for decades [11]. Moreover, patients 
with anti-HBs levels between 10 and 100 IU/L are considered 
moderately immune, whereas those with anti-HBs levels> 100 
IU/L are considered highly immune [12].

Data collected from exploitation sheets were analyzed 
using SPSS software- Statistical Package for Social Sciences 
Software for Windows (SPSS version 25.0, SPSS Inc., Chicago, 
IL, USA). The difference is considered signiϐicant if p < 0.05. 

The comparison between the categorical variables was made 
by the chi-square test or the Fisher test.

Results
Characteristics of the study population

126 children were enrolled in the study. The average 
age of the participants was 4.6 ± 3.1 years, with extremes 
ranging from 6 months to 16 years. Males were slightly 
more represented (50.4%). All of the patients were from 
Marrakech, with 113 hailing from urban areas. The median 
socioeconomic level accounted for 56.9% of the cases. All 
participants received the vaccine at birth, and only three were 
born to HBV carrier mothers. The average birth weight was 
3.22 (± 0.65) kg.

Tables 1,2 summarize the sociodemographic and clinical 
characteristics of the participants respectively.

Prevalence of adequate immunization 

Participant’s anti-HBs antibody titers ranged from 5.0 to 
950.0 IU/L, with a median (25th, 75th percentile) titer of 133.4 
(49.2, 434.1) IU/L and an average of 314.3 ± 340 IU/L. Of the 
123 participants, 114 had anti-HBs titers > 10.0 IU/L giving a 
prevalence of 92.7%. Moreover, 37 children were moderately 
immune and 77 were extremely immune.

Factors associated with an adequate immune response

Antibody titer was associated with duration since the last 
dose of vaccine (Figure 1), birth weight (Figure 2), and type 
of vaccine administrated. Variables such as sex, age at ϐirst 
dose, type of breastfeeding, chronic illnesses, and others did 
not signiϐicantly inϐluence antibody titer. Table 3 summarizes 
the variation of anti-HBs titer according to these different 
variables.

A relational analysis between duration since the last dose 
of vaccine and anti-HBs titer showed a negative correlation, 
meaning antibody titers had decreased as duration increased 
(p < 0.01). We also determined that the lower the birth 
weight, the lower the titer; there was a statistically signiϐicant 
association between vaccination immunity and birth weight 

Table 1: Sociodemographic characteristics of children included in the study.
Variable Number of participants Percentage (%)

Gender: 
• Male
• Female

62
61

50.4%
49.6%

Age:
• < 3 years
• 3-5 years
• 5 years

32
46
45

26%
37.4%
36.6%

Socio-economic level:
• Low
• medium

53
70

43.1%
56.9%

Area:
• Urban
• Rural

113
10

91.9%
8%

Medical insurance status: 
• Insured
• Uninsured

13
110

10.6%
89.4%
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(p < 0.01). Furthermore, we noted a signiϐicant difference 
between the group of children receiving the monovalent 
vaccine alone and those receiving the combined pentavalent 
vaccine (p = 0.04).

Last but not least, and according to our survey, the cold 
chain was respected both during the transport and storage 
period, and the vaccines were administered under the 
required expiry dates. The rules of asepsis and hygiene were 
respected during vaccination at the various health structures.

Table 2: Clinical characteristics of children included in this study.

Parameters Number of 
participants Percentage (%)

Hepatitis B carrier mother
• Yes:
• No:

3
123

2.4%
97.6%

Duration since the last dose of vaccine 
• Less than two years
• More than two years

49
74

40%
60%

Birthweight:
• Low birth weight
• Normal birthweight
• Macrosomia

13
95
15

10.6%
77.2%
12.2%

Actual weight:
• Adequate
• Underweight
• Overweight

85
14
24

69.1%
11.4%
19.5%

Documented past illnesses: 
• Neonatal infection
• Upper respiratory tract infections
• Neonatal jaundice
• Others

3
5
2
8

2.4%
4%
1.6%
6.5%

Chronic illnesses a 4 3.2%
Corticosteroid immunosuppressive treatment 3 2.4%
Breastfeeding status:

• Exclusive breastfeeding
• Artifi cial feeding 
• Both breastfeeding and artifi cial feeding

65
21
37

52.8%
17.1%
30.1%

Second-hand smoking 45 36.6%
Type of vaccine:

• Three doses of monovalent vaccine b

• One dose of monovalent vaccine and two 
doses of pentavalent vaccine c

93

30

75.6%

24.4%
Vaccine injection site: 

• Thigh ( IM)
• Deltoid (IM) 

115
8

93.5%
6.5%

Compliance with vaccination schedule: 79 64%
Side eff ects d 49 39.8%
a: Asthma, chronic diarrhea: b: before 2012, c: after 2012: d: Side eff ects such as 
fever, fatigue, swelling, redness, injection site pain, myalgia

Table 3: Variation of anti-HBs titer according to diff erent parameters.

Variables Not 
immune

Moderately 
immune

Highly 
immune p value

Gender:
• Male
• Female

72.7%
27.3%

37.1%
62.9%

53.2%
46.8%

0.086

Age:
• < 3 years
• 3-5 years
• > 5 years

27.3%
18.1%
54.6%

27.2%
 49.4%
23.4%

22.9%
17.1%
 60%

< 0.001

Habitat:
• Urban:
• Rural:

90.9%
9.1%

91.4%
8.6%

92.2%
 7.8%

0.983

Socio-economic level:
• Low:
• Median: 

45.5%
54.5%

45.7%
54.3%

42.1%
57.9%

0.929

Medical insurance status:
• Insured:
• Uninsured:

9.1%
90.9%

11.4%
88.6%

10.4%
89.6%

0.933

Hepatitis B carrier mother:
• Yes:
• No:

0%
100%

5.7%
94.3%

1.3%
 98.7%

0.321

Duration since the last dose of 
vaccine:

• < 2 years:
• > 2 years:

9%
91%

19%
 81%

52%
 48%

< 0.001

Birthweight:
• Low:
• Normal:
• Macrosomia:

0%
90.9%
9.1%

6.9%
82.8%
10.3%

7.9%
81%
11.1%

< 0.001

Actual weight:
• Adequate
• Underweight
• Overweight 

63.3%
18.2%
18.2%

60%
17.1%
22.9%

70.4%
7.8%
18.2%

0.5

Breastfeeding status:
• Exclusive breastfeeding
• Artifi cial feeding
• Both breastfeeding and 

artifi cial feeding:

63.6%
27.3% 
9.1%

 57.1%
 11.4% 
 31.4%

49.4%
18.2% 
32.5%

0.448

Documented past illnesses:
• Yes :
• No :

0%
100%

14.3%
85.7%

16.9%
83.1%

0.333

Chronic illnesses:
• Yes :
• No :

0% 
100%

2.9%
97.1%

 3.9%
 96.1%

0.783

Corticosteroid 
immunosuppressive treatment:

• Yes :
• No :

0%
100%

2.9%
97.1%

 1.3%
 98.7%

0.754

Second-hand smoking:
• Yes :
• No :

45.5%
54.5%

 35.1%
 62.9%

35.1%
64.9%

0.797

Vaccine injection site: 
• Thigh (IM) :
• Deltoid (IM)

100%
0%

97.1%
2.9%

90.9%
9.1%

0.305

Type of vaccine:
• Monovalent vaccine:
• Pentavalent Vaccine:

92%
8%

70%
 30%

 75%
25%

0.04

Compliance with vaccination 
schedule:

• Compliant children:
• Noncompliant children:

16.7%
83.3%

60.4%
39.6%

75%
 25%

0.313

Figure 1: Correlation between immunization levels and duration since the last 
dose of vaccine.

Discussion
The majority of the participants in this study (92.7%) had 

an adequate immune response to HBV following three doses of 
vaccination received during the routine EPI. Non-responders 
exhibited no unusual ϐindings. This result was slightly lower 
than the WHO’s recommended global level of > 95% [13] 
but was consistent with several investigations in Africa 
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[14-16]. However, prior investigations from Senegal, Ethiopia, 
Ghana, and Nigeria [17-20], found lower seroprotection rates. 
The disparities in seroprotection rates could be explained 
by a variety of reasons, including the genetic characteristics 
of participants, the age groups studied, methodological 
discrepancies, vaccine type, dosage, and storage conditions.

There was no signiϐicant difference in seroprotection 
levels between girls and boys (p = 0.086), which is consistent 
with some research [15] but differs from others in which 
females responded better to the vaccine than males [21] 
and/or vice versa [19,22]. Younger age was found to be 
signiϐicantly associated with high levels of anti-HBs. As a 
result, older children make up the majority of individuals 
who lack protective antibody levels. More so, a relational 
analysis between duration since the last dose of vaccine and 
anti-HBs titer showed a negative correlation. These ϐindings 
were similar to several previous research [15,21-23]. Thus, 
as children aged, the antibody levels produced following 
vaccination waned. 

Birth weight was the second major factor inϐluencing 
the level of post-vaccination immunity, as reported by other 
authors as well [15,16,18,19]. The low birth weight that is 
traditional during prematurity is accompanied by a ϐineness 
of the skin and a lack of muscle mass. This situation could 
hinder the administration or resorption of vaccines, the 
intramuscular and subcutaneous routes being the most used 
for vaccination [16]. Others consider obesity to be one of 
the factors decreasing this immune response [12,24]. The 
type of vaccine and the number of doses received were also 
associated with the degree of post-vaccination immunity. 
Children who received the pentavalent vaccine had a better 
immunization rate than those who received the monovalent 
vaccine (p = 0.04). Similar results were found in Burkina Fasso 
[16] and Taiwan [25]. 

Concurrent chronic disease and immunodepression are
the most common reasons for the non-attainment of sero-
protection amongst vaccinated children. The low prevalence 
of these factors in the study population could partly explain. 
However, more research is therefore warranted to draw 

meaningful conclusions. Moreover, 64% of the participants 
received the hepatitis vaccines according to the recommended 
schedule. The high incidence of vaccine response can also 
be explained by the promptness with which vaccines are 
administered. However, there was no association between 
anti-HBs reaction and vaccine delivery time. This ϐinding 
could imply that children who have missed a dose of the 
hepatitis vaccine should be urged to catch up at the next 
available opportunity. More evidence, however, is required to 
fully comprehend this.

Overall, the majority of the participants showed protective 
anti-HBs titers and followed the EPI protocol. Age, birth 
weight, vaccine type, and time since the previous dose have 
all been associated with the degree of post-vaccination 
immunity. The anti-HBs titer levels were not signiϐicantly 
connected to the other features of the individuals. There were 
no variations in the investigated risk factors linked with non-
response, implying the presence of a previously unreported 
genetic component. 

Strengths and limitations

As far as we are aware, this study is the ϐirst to assess the 
level of immunity following anti-HBV vaccination in a broad 
pediatric population in Morocco.

The study’s drawbacks, on the other hand, are its limited 
sample size and selection bias as a result of its singular 
emphasis. In order to provide better ϐindings, especially 
in non-immune patients, it is believed that a larger sample 
size obtained from different Moroccan cities and a focus on 
potential risk factors that may affect HBV immunization are 
necessary.

Conclusion
Chronic viral hepatitis B remains a signiϐicant public health 

problem. Its treatment must remain primarily preventive 
by vaccination. Vaccination against HBV has demonstrated 
its effectiveness for several years since its marketing and its 
recommendation by the WHO. This study has demonstrated 
the excellent immunization offered by this vaccination. 
92% of vaccinated children acquired an immunization rate 
considered protective to varying degrees. However, those who 
are not immunized must ϐirst and foremost be investigated to 
substantiate the causes of non-immunization and to undertake 
corrective measures including re-vaccination combined with 
monitoring of the post-vaccination anti-HBs antibody levels.
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