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ABSTRACT

Objectives: We sought to assess the prevalence of hepatitis B virus (HBV) seroprotection
among vaccinated children in the Assiut governorate, Egypt, and assess a booster dose
immune memory response among non-seroprotected children. Methods: Using a
multistage cluster sample, 566 children were recruited from three clusters: one urban and
two rural. Children were aged from nine months to 16 years old. All participants received
the full three doses of the compulsory HBV vaccine during infancy. Serum hepatitis
B surface antigen (HBsAg), total anti-hepatitis B core (anti-HBc) antibodies, and
quantitative detection of anti-HBs were measured using enzyme-linked immunosorbent
assay. Repeatedly positive samples for HBsAg/anti-HBc were submitted for quantitative
HBV DNA detection using real-time polymerase chain reaction. Non-seroprotective
participants (anti-HBs < 10 IU/L) were given a booster dose of HBV vaccine. Two weeks
later, a blood sample was taken from each child to assess an anamnestic response. Results:
The seroprotection rate was 53.2%, and only two children had HBV breakthrough
infection (0.4%) with positive serum anti-HBc and HBV DNA. Age was the only
significant predictor for non-seroprotection with an adjusted odds ratio (OR) of 3.2,
9.4, and 9.9 among children aged 5-10, 11-15, and > 15 years, respectively, compared
to younger children (p < 0.001). About 85% of non-seroprotected children developed
an anamnestic response after receiving the booster dose, and 84.3% of responders had a
good response (= 100 IU/L). Undetectable pre-booster titer was found to be the only
risk factor for non-response to booster with OR = 3.2 (p < 0.010). About 95.7% of
children who were not responding to booster dose developed immune response after
receiving the three doses of HBV vaccine. Conclusions: Older age of children was the
only significant predictor for HBV non-seroprotection. High anamnestic response rate
signifies the presence of immune memory with long-term protection despite the waning
of anti-HBs over time. However, some children with pre-booster undetectable anti-HBs
titers may be unable to develop anamnestic response, and a second vaccination series
might be necessary for HBV protection for these children.

hronic hepatitis B virus (HBV)
infection is a major global public

measures, vaccination is more cost-effective and cost-
beneficial.?

health problem and a serious risk factor

for deaths due to the development of
cirrhosis or hepatocellular carcinoma.' In Egypt,
there are between two to three million chronic HBV
carriers.? Vaccination is the most effective measure
to decrease the incidence of both HBV infection
and hepatocellular carcinoma. Compared to other

Egypt adopted the global strategy for control
of HBV by implementing routine infant HBV
vaccination since October 1992.* The 2015 Egyptian
Health Issues Survey reported a high coverage rate of
HBV vaccination, as 95% of children had received the
full three doses of HBV vaccine.> HBV vaccines are

immunogenic in newborns and infants and provide

*Corresponding author: BR salamaiman@yahoo.com
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high seroprotection rates in early childhood. Almost
all vaccinated infants (92.6-100%) have mounted
seroprotective anti-hepatitis B surface (anti-HBs)
antibody concentrations (=10 IU/L) one to three
months after the three-dose schedule.®”

Immune memory is virtually present in all
vaccines when a challenge dose of vaccine is given
four to six years post-vaccination. However, 10-30%
of those vaccinated during infancy do not respond to
abooster dose of the vaccine by 14-20 years old. This
failure to respond reduces the likelihood of having
short or long-term anamnestic responses, which may
offer a window of chance for transmission of HBV.3-1

Estimating the incidence of breakthrough
infection (positive anti-hepatitis B core (anti-HBc)
antibody/ HBV DNA) as well as chronic carrier state
(positive HBs antigen (HBsAg)) among previously
vaccinated individuals is a practical method to
determine the long-term protection of the HBV
vaccine.'' However, Egypt lacks assessment of long-
term seroprotection among older children and
adolescents as well as early seroprotection one to
three months after compulsory vaccination.

Therefore, there was an imperative need to assess
the national HBV vaccination program in Egypt. We
conducted acommunity-based study to provide a real
guide to decision-makers, particularly the Ministry
of Health and Population (MOHP). It is valuable
to assess the situation in southern Egypt, which
has some structural and financial barriers to health
services. This study aimed to determine the short-
and long-term effectiveness of HBV vaccine and to
assess the anamnestic response rate to a booster dose
of the vaccine in non-seroprotected children.

METHODS

The Medical Research Ethics Committee of National
Research Center and the Ethical Committee of
Ministry of Health approved the study protocol.
Approval was also obtained from the Ministry
of Education. Signed written informed consent
was obtained from all parents a few days before
the interview. Adolescents > 10 years were also
interviewed after their verbal consent.

The present work is a part of a national
community-based epidemiologic research project in
six governorates representing all geographic regions
of Egypt from July 2010 to June 2013. This study

represents its part in the Assiut governorate, which

is located in the Nile Valley in Upper Egypt, 375 km
south of the capital city, Cairo.

We recruited children using a multistage cluster
sampling technique. Probability proportional to size
sampling and consideration of the population size
of each governorate was utilized in sampling and
cluster selection. In the Assiut governorate, three
clusters were randomly chosen from an urban place
(Assiut city) and two rural places (El-Dwina village
in Abu Tij and kom-Abosheel village in Abnub).
Cooperative efforts with authorities of MOHP
at the facility level were provided to manage the
work and make arrangements. Five facilities were
randomly selected in each cluster: maternal and child
health center (MCHC)/health units, kindergarten,
primary, preparatory and secondary schools.

Data and blood samples were collected from the
participants in the first visit. Serum was separated
from each sample to analyze anti-HBV antibody
levels. Participants with non-protective levels of anti-
HBYV antibodies received a booster dose of HBV
monovalent Euvax vaccine (Korean origin) in the
second visit. In the third visit, a second blood sample
was taken from recipients of the booster dose and re-
assessed for anti-HBV antibody levels.

A total of 566 children were enrolled in the study:
247 boys and 319 girls, aged from nine months to
16 years. All participants had received the three
compulsory doses of HBV vaccine during infancy.
There were no exclusion criteria.

A closed-end questionnaire was designed and
submitted for pilot testing. For quality assurance
in each cluster, training sessions for supervisors,
interviewers, and MOHP staff were held. Peel-off
barcode sheets were used. Face-to-face interview was
carried out with parents or caretakers for children
aged < 12 years, but directly with preparatory or
secondary school children. Demographic data
included age, sex, and socioeconomic status (SES).
Data were also collected concerning child HBV
vaccination status, and the available vaccination card
was revised for date and dose intervals of the HBV
vaccine. SES was determined according to Fahmy
and Sherbiny."” It depends on parents’ education,
parents’ working status, water source, sewage
disposable, electricity, and some modifications of
family income. Height and weight were measured to
assess the nutritional status of the participants.

Blood samples (3-5 mL) were withdrawn
aseptically from all participants. Serum was
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separated from each sample, divided into two
labeled aliquots, and stored at =20 °C. Detection
of HBV markers was carried out in the Virology
Laboratory of the Microbiology and Immunology
Department, Faculty of Medicine (for girls), Al-
Azhar University, Cairo. %alitative determination
of serum total anti-HBc antibody, HBsAg, and
quantitative detection of serum anti-HBs were
assessed using commercially available enzyme-
linked immunoassays (ELISA, DiaSorin, Italy)
according to the manufacturer instructions. For
quality assurance, re-assessment of cases found
to be positive for anti-HBc or HBsAg was done.
According to international standards, anti-HBs >
10 IU/L was considered to be protective against
HBYV infection.'

Repeatedly, positive samples for either anti-
HBc or HBsAg were submitted for quantitative
detection of HBV DNA by real-time polymerase
chain reaction (PCR) using automated system.
Viral DNA was extracted from serum samples
using QIAxtractor®, and VX kit as recommended
by the manufacturer (QIAGEN, Germany). PCR
setup was automated via QIAgility (QIAGEN,
Germany). HBV real-time assays were performed
in combination with Artus HBV RG PCR Kit
(Artus"GmbH, Hamburg, Germany) and the real-
time PCR instrument, Rotor-Gene Q (QIAGEN,
Germany). The thermal profile was set according to
the manufacturer guidelines. The detection limit
of the HBV DNA assay was 3.8 IU/L as per the
World Health Organization (WHO) international
standard (97/750). At least two negative controls,
one non-template control, and four standards
(provided by the manufacturer) were added per
run. Strict precautions were considered to control
possible contamination. Only reproducible data
that revealed no false-positive results in the negative
controls were used.

Children with non-protective levels of anti-
HBs titers received a booster dose of HBV
vaccine as 10 pg of monovalent Euvax HB
vaccine, intramuscularly in the deltoid muscle.
Two weeks later, a blood sample was taken to
measure the post-booster anti-HBs level and
assess carly anamnestic response. Anamnestic
response is defined as a rise in anti-HBs to > 10
U/L."* All children showing antibody response
< 10IU/L (n = 27) were then offered an additional
complete course of vaccination (second vaccination

series), and 23 of children assessed one month after
receiving the three doses.

Data entry was carried out using an Excel sheet,
and statistical analysis using SPSS Statistics (SPSS
Inc. Released 2009. PASW Statistics for Windows,
Version 18.0. Chicago: SPSS Inc.). The geometric
mean titer (GMT) was calculated to indicate the
central tendency of anti-HBs titers in consideration
of the skewed distribution of anti-HBs level.
Children who had an undetectable anti-HBs titer
were assigned a nominal serum anti-HBs-titer value
of 0.05 IU/L to calculate GMT." Chi-square was
computed for comparisons of percentages. The
odds ratio (OR) was calculated for 2 x 2 frequency
tables (binary variables). In the case of categorical
variables (> 2 groups e.g., age groups), OR was
calculated for each group compared to a reference
group (e.g., OR was calculated for each of the 5-10,
11-15, > 15 years groups and compared to the <
S years group). The McNemar test was done for
two related percentages (pre- and post-booster).
Multivariate logistic analysis was performed to
explore significant predictors of non-seroprotected
and post-booster non-response. The alpha level of
significance was set at p < 0.050.

RESULTS

A total of 566 children with comparable age group
and gender (p > 0.050) were included in this study
in the three studied clusters [Table 1]. Breakthrough
infection (positive anti-HBc and HBV DNA) was
detected in only two children (2/566, 0.4%). Both
had anti-HBs that exceeded 100 IU/L, and none of
them were positive for HBsAg (occult infection).
They were a 10-year-old boy and an 11-year-old girl
from Assiut city. Both remained positive for anti-
HBc and negative for HBsAg after one-year follow-
up (data not shown).

The non-seroprotection rate (anti-HBs < 10
IU/L) was 46.8% (264/564). The participation rate
of non-seroprotected children who came to receive
the booster dose was 75.4% (199/264), and the
donation rate for a post-booster blood sample was
89.4% (178/199). Females showed a higher non-
seroprotection rate than males (51.6% vs. 40.7%,
respectively). Increasing age represented a high risk
for non-seroprotection as the OR was 3.0, 9.5, and
9.6-times in the older age groups (5-10, 11-15, and
>15 years, respectively) compared to the youngest
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Table 1: Characteristics of the participants in three clusters of Assiut governorate.

Variables Total Assiut city
(Urban)
N =564 n=186
Sex
Boys 246 (43.6) 74 (39.8)
Girls 318 (56.4) 112 (60.2)
Age, years
<5 191 (33.9) 65 (34.9)
5-10 96 (17.0) 32(17.2)
11-15 168 (29.8) 52 (28.0)
>15 109 (19.3) 37(19.9)

Abu Tij village Abnub village p-value
(Rural) (Rural)
n =188 n =190
78 (41.5) 94 (49.5 0.128
110 (58.5) 96 (505
67(35.6) 59 (31.1) 0.920
28 (14.9) 36(18.9)
58(30.9) 58 (30.5)
35 (18.6) 37(195)

Data presented as n (%).
P .\‘lgng'ﬁmnl at> 0.050.

group (< 5 years). Noticeably, the older age groups
(10-15, = 15 years) were similar with regards
to the non-seroprotection rate and adjusted OR

(aOR). All other studied variables seemed not to
have any significant role with regards to the non-
seroprotection rate [Table 2].

Table 2: Anti-hepatitis B surface (anti-HBs) antibody level as regards some demographic variables among

studied children.
Variables Total anti-HBs < 10 anti-HBs > 10 p-value OR (95% CI)
N =564 1U/L IU/L
n =264 n =300
Sex
Boys 246 100 (40.7) 146 (59.3) 0.010* ;
Gitls 318 164 (51.6) 154 (48.4) 16(1.1-22)
Age, years
<5 176 31(17.6) 145 (82.4) 0.001* ;
5-10 97 38(39.2) 59 (60.8) 3.0(1.7-5.3)
11-15 159 106 (66.7) 53(33.3) 9.5 (6.0-15.6)
515 132 89 (67.4) 43(326) 9.6(5.7-16.4)
Weight for age Z score
<-2SD 49 21 (42.9) 28(57.1) 0.625 0.8 (0.5-1.5)
> 25D 515 243 (472) 272 (52.8)
Height for age Z score
<-2SD 108 53 (49.1) 55 (50.9) 0.794 1.0 (0.6-15)
>-2SD 398 200 (50.3) 198 (49.7) -
SES
Very low 219 112 (5L.1) 107 (48.9) 0.061 14(09-22)
Low 100 52 (52.0) 48 (48.0) 14 (0.8-2.4)
Middle 129 49 (38.0) 80 (62.0) 0.8 (0.4-1.3)
High 108 47 (435) 61(565) -
Residence
Urban 186 93 (50.0) 93(50.0) 0.333 -
Rural 378 171 (45.2) 207 (54.8) 12(09-17)
Cluster
Assiut 186 93 (50.0) 93 (50.0) 0.317 13 (0.9-2.0)
Abu Tij 188 90 (47.9) 98 (52.1) 12 (0.8-1.9)
Abnub 190 81 (42.6) 109 (57.4) ;

Data presented as n (%).

"p<0.050; " p < 0.010; OR: odds ratio; CI: cwg/idfme interval: SD: standard deviation; SES: socioeconomic status.
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Table 3: Predictors for risk of non-seroprotective level using logistic regression.

Variables B SE
Female sex 0.263 0.197
Age groups, years
<5
5-10 1.154 0.292
11-15 2.243 0.262
> 15 2.296 0.273
Constant -1.569 0.201

Wald p-value aOR (95% CI)
1.789 0.181 1.3(0.9-1.9)
96.106 0.001**

15.642 0.001* 3.2(1.8-5.6)
73.148 0.001* 9.4(5.6-15.7)
70.508 0.001™ 9.9 (5.8-17.0)
61.090 0.001* 0.2(-)

SE: standard error; ™ < 0.010;a0R: aaﬁmtm’ odds ratio; CI: L'Oi{f[d€ﬂt’€ interval.

In the logistic regression analysis, age, gender, SES,
urban/rural, and cluster were entered as independent
variables and anti-HBs non-seroprotection rate as
the dependent variable. Age was the only significant
predictor in the regression model. The older age
groups (5-10, 11-15, and >15 years) exhibited
a significant high aOR of non-seroprotection

compared to children aged < 5 (3.2, 9.4, and 9.9,
respectively). The gender variable was included in the
model despite being non-significant while the other
non-significant variables were excluded [Table 3].
About 84.3% of the non-seroprotected children
(150/178) developed anamnestic response to booster
dose, and only 15.7% were non-responders. Post-

Table 4: Early anamnestic response among children with pre-booster non-seroprotective levels as regards

studied demographic variables.

Variables Total No-response
N=178 anti-HBs
<10IU/L
n=28
Pre-booster anti-HBs (IU/L)
Undetected (<1) 66 17 (25.8)
Detected (>1) 112 11 (9.8)
Sex
Boys 66 8 (12.1)
Girls 12 20 (17.9)
Age, years
<5 16 0(0.0)
5-10 21 1(4.8)
11-15 76 14 (18.4)
>15 65 13 (20.0)
SES*
Very low 75 12 (16.0)
Low 36 7 (19.4)
Middle 32 4(125)
High 33 5(15.2)
Residence
Urban 58 9 (155)
Rural 120 19 (15.8)
Cluster
Assiuc city 58 9(155)
Abu Tij ) 13 (18.8)
Abnub 51 6(118)

Anamnestic
response
anti-HBs > 10
IU/L
n =150

p-value OR (95%CI)

49 (742)
101 (90.2)

0.005™ 32(14-7.3)

0.310

0.6 (0.3-1.5)

0.102

0.890

49 (84.5)
101 (84.2)

0.957 1.0 (0.4-2.3)

49 (84.5)
56 (81.2)
45 (88.2)

0.574

Data presented asn (%).

" p < 0.010. anti-HBs: anti-hepatitis B surface antibody; OR: odds ratio; CI: confidence interval.

* number of the studied childyen was 176 as socioeconomic status data were missing for two children.
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booster anti-HBs showed highly significant higher
levels (anamnestic response) compared to their pre-
booster mean level (123.3420.1 vs. 0.6+7.6 IU/L,
respectively, p < 0.001). Post-booster anti-HBs levels
showed a highly significant positive correlation with
pre-booster levels (r = 0.303, p < 0.001).

Table 4 shows early anamnestic response among
children with pre-booster non-seroprotective
levels with regards to the studied demographic
variables. Pre-booster undetectable level of anti-
HBs was the only significant risk factor for being
non-responding to challenging booster dose, p <
0.010. Moreover, using logistic regression analysis,
pre-booster undetectable level of anti-HBs was the
only significant predictor for being non-responding
to booster dose (OR = 3.2, 95% confidence interval
(CI): 1.4-7.3). Among non-responders to the
booster dose, 22/23 children (95.7%) developed an
immune response after receiving the three doses of
the second vaccination series. One child, aged 16,
had immunological second vaccination failure and
post-booster undetectable anti-HBs.

There was a significant difference in the
percentages of anti-HBs groups in the three clusters
at Assiut governorate as regards pre- and post-
booster dose. Regarding anti-HBs pre-booster, a
high percentage of non-seroprotected children was
noted in the three cities, especially Assiut and Abu
Tij, and to a lesser extent in Abnub (50.0%, 47.9%,
and 42.6%, respectively). Post-booster, a significantly
higher percentage of the non-seroprotected children
who received the booster dose were rendered highly
seroprotected (81.0%, 60.9%, 62.7%, respectively)
(data not shown).

DISCUSSION

The success of national immunization programs
for routine childhood vaccination against hepatitis
B depends on the continuity of protection during
adolescence and adulthood when chances of exposure
to HBV increase, whether through the sexual route
or due to other risk behaviors.” Various long-term
follow-up studies have shown that immune memory
persists in healthy individuals vaccinated during
infancy with HB monovalent or HB combination
vaccines used in various primary series regimens even
after circulating neutralizing anti-HBs disappear.'®"?

This study revealed that the non-seroprotection
rate was 46.8%. Female gender and increasing

age represented a significant high risk for non-
seroprotection. This might indicate the progressive
waning of vaccine-conferred immunity against
HBYV infection with the increased duration since
receiving the primary vaccination. However, even if
anti-HBs concentrations decline to < 10 IU/L, the
immune memory continues to persist. Persistence
of this vaccine-induced immune memory has been
demonstrated among 84.3% of non-seroprotected
children who developed anamnestic response after
receiving the booster dose. Nearly all the non-
responder to booster dose (26/27) children were
aged > 10 years old, and they might be at risk of
getting HBV infection. Afifi et al,” found that
among children aged 6-11 years, 39.3% had a
protective level of anti-HBs. The mean level of anti-
HBs decreased significantly with increasing age
(p = 0.026). A significant negative correlation was
found between current age and anti-HBs levels
(p < 0.005). No significant difference was detected
between males and females or among different levels
of SES (p > 0.050). Non-seroprotection reached a
maximum at the 10-15, >15 age groups compared
to younger ages.”!

Recent evidence indicating that immune memory
may start to fade in vaccinated individuals after the
second decade arouses interest to discover whether
a booster dose is needed to sustain long-term
immunity or not.**” Post-booster anti-HBs levels
indicated a highly significant positive correlation
with pre-booster levels (r = 0.303, p < 0.001). The
marked rise in titer of non-seroprotection after a
booster dose suggested that children have a competent
anamnestic response. In agreement with our findings,
Saffar and Rezai,* found that nearly 42% of HB
vaccinated children at birth were not seroprotected
at the age of 10-11 years, but most boosted subjects
(87.3%) reserved robust immunologic memory and
quickly regained a protective anti-HBs antibody
titer. Jafarzadeh and Montazerifar,” also reported
that the seroprotection raised to 95.75% in the
studied children after booster vaccination. The non-
seroprotected rate for anti-HBs rose from about 1% to
63% at the ages of one and 15-17 years, respectively.

Salama et al,” reported that among children
having undetectable anti-HBs titers, a HBV booster
dose vaccine might be unable to induce sufhcient
immunological response. In our study, 22/23
children (95.7%) who were non-responders to the
booster dose developed an immune response after
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receiving the three doses of the second vaccination
series. Only one child had immunological second
vaccination failure and post-booster undetectable
anti-HBs. Similar results were reported by Lu et al.*
They reported that three-dose revaccination was
effective, and the developed immune response was
correlated with the pre-booster titer and level > 1.0
IU/L to ensure an effective immune response.

Persistent memory exceeding years can be
detected by a rapid increase in anti-HBs level after
booster vaccination, even in those with untraceable
anti-HBs.! Previous studies performed up to five
years after vaccination showed that loss of detectable
antibodies does not essentially indicate loss of
protection. When boosted, most participants in
those studies who had an anti-HBs concentration
of < 1 IU/L showed a strong, fast anamnestic
response, signifying the presence of a specific
immune memory."> However, in the present study,
using logistic regression analysis, it was found that
pre-booster undetectable levels of anti-HBs was the
only significant predictor for being non-responding
to challenging booster dose (OR = 3.2, 95% CI:
1.4-7.3). Other variables such as age, gender, SES,
and residence were not predictors for non-response.
The association between pre- and post-booster anti-
HBs levels seems to follow a horse race effect as the
higher anti-HBs level pre-booster developed higher
post-booster anti-HBs.

The 2015 Egypt Health Issues Survey revealed
that the percentages of positive anti-HBc and
HBsAg were 0.7% and 0.1% among children aged
1-14 years while they were 8.0% and 1.0% among
the population aged 1-59 years, respectively. They
stated that: “the rapid expansion of the coverage of
hepatitis B vaccinations following their addition to
the national immunization program in the 1990s
likely means that the low hepatitis B infection rates
observed among children and young adults will be
the norm among older cohorts as well in the future”
We found breakthrough infection among 0.4% of
the studied children. Children who had positive anti-
HBc and HBV DNA with the absence of HBsAg
up to one-year follow-up indicates occult HBV
infection despite incorporating HBV vaccination in
infant immunization schedules in Egypt since 1992.
Similarly, several studies in countries with very high
HBYV prevalence revealed that a proportion of fully
vaccinated infants had benign breakthrough HBV
infections, defined as anti-HBc seropositivity in

vaccinated participants who were not chronically
infected.*?! Zanetti et al,’® found that isolated anti-
HBc without the development of HBsAg carrier
state occurred in 1.3% of children. Since these
children were born to HBsAg-negative mothers, it
is possible that they became infected after primary
vaccination and that vaccination partially helped to
protect these children, so they suffered only from
subclinical transient infections when exposed to
HBV. If there is no clinical disease, the presence
of anti-HBc alone may be due to false-positive test
results or occult infection with the presence of HBV
DNA less than the detectable limit of the currently

available assays. Sadeghi et al,” observed that some

immunized children cleared serum HBV DNA,
accompanied by anti-HBc¢ disappearance with no
elevated serum levels of anti-HBs in 36 months.
Wang et al,?® found that many HBsAg-negative with
positive anti-HBc children, especially among those
born to HBsAg-negative mothers, turned negative
anti-HBc within 1218 years, suggesting that the
HBYV infection was most likely cleared.

The crucial strength point of the current work
is that it is a community-based study that measures
and evaluates the long-term protection of the HBV
vaccination program implemented in Egypt since
1992. It involved a large sample size of children
vaccinated during infancy from a representing
geographic distribution in Assuit governorate with
a wide age range (9 months to 16 years). Moreover,
the same recombinant HBV vaccine used in primary
vaccination was used for the booster dose as well as the
second vaccination series. So, it assesses the humoral
immunity induced by the primary vaccination and
after receiving a booster dose and revaccination for
booster dose non-responders, respectively.

Although the vaccination history of the majority
of participants was obtained from valid vaccination
cards, a few cases depended on the recall of their
parents, which could be a source of recall bias.
However, there was no difference in the distributions
of pre- and post-booster anti-HBs titers among
participants with and without vaccination cards,
indicating minimal recall bias and hence the validity
of the findings. Moreover, vaccination coverage in
the studied areas at the time of the study was over
95%. In addition, the lack of the base-line immune
response to primary HBV vaccination, participants
who did not respond to booster dose might be
considered as non-responders to primary vaccination
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or initial responders who lost their immunological
memory to HBV vaccine.

CONCLUSION

Older age of children was the only significant
predictor for HBV non-seroprotection. High
anamnestic response rate signifies the presence of
immune memory with long-term protection despite
the waning of anti-HBs over time. However, some
children with pre-booster undetectable anti-HBs titers
may be unable to induce immunological response, and
second vaccination series might be important for these
children to increase HBV protection.

Future directions of research would be directed
towards assessing the effect of implementing the
birth dose — added in 2017 to the Egyptian national
HBYV vaccination program - on the seroprotection
rate and the prevalence of HBV infection among this
vaccinated cohort of the Egyptian children.
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