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Abstract

The use of antiretroviral (ARV) has been one of the most effective means of preventing vertical transmission of the human
immunodeficiency virus (HIV) to exposed children born of HIV infected mothers. Nevertheless, responses to childhood
vaccination against Hepatitis B virus (HBV) infections remain suboptimal in HIV exposed uninfected children irrespective of
maternal ARV prophylaxis. In a cross-sectional study we have assessed the impact of in-utero exposure to ARV on paediatric
HBYV vaccination. Anti-HBYV surface antigen specific antibodies (anti-HBs abs) were measured in plasma specimens from 44
healthy children unexposed to both HIV and ARV (HU), 25 HIV-exposed uninfected children naive to intrauterine exposure to
ARV (HEU.AR ), 29 ARV and HIV-exposed uninfected children during pregnancy (HEU.ARV *), 50 children vertically infected
with HIV but naive to intrauterine exposure to ARV (HELARV -) and 22 children vertically infected with HIV with in utero
exposure to ARV (HELARV *). The protective seroconversion rate after childhood HBV vaccination (anti-HBs >10 mUI/ml)
among HEU.ARV * children (58%) was significantly lower relative to both HEU.ARVc - (100%, P=0.0010) and the healthy
unexposed children (92 %, P=0.0069). Similarly, HELARV * children also had significantly lower anti-HBs IgM antibody
responses when compared to both HU (p=0.0003) and HEI.ARV - (0.0001) children respectively. Thus in-utero exposure to
ARV probably contributes in reducing HBV vaccine antibody response rate in both HIV exposed uninfected and vertically
infected children after childhood vaccination. Nevertheless, the overall impact of ARV was to improve anti-HBs IgG responses
in HIV infected children suggesting a possible role in immune reconstitution leading to improved IgG antibody responses.
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Abbreviations

3TC: Lamivudine, APC: antigen presenting cells, ART: antiretroviral
therapy, ARV: antiretroviral, AZT: Zidovudine, CASS: Social and
Health Animation Center, CHUY: Yaounde University Teaching
Hospital, CIRCB: Chantal Biya International Reference Centre for
Research on the Prevention and Management of HIV/AIDS, CSCB:
Bikop Catholic Health Center, EDH: Efoulan District Hospital,
EDTA: Ethylene Diamine Tetra-Acetic Acid, EFV: Efavirenz,
ELISA: Enzyme-Linked Immunosorbent Assay, EPI: Expanded
Program on Immunization, HBsAg: Hepatitis B Surface Antigen,
HBYV: Hepeatitis B virus, HCV: Hepatitis C Virus, HEU: HIV Exposed
Uninfected, HEx: HIV Exposed, HIV: Human Immunodeficiency
Virus, HU: HIV Unexposed, IFN: Interferon, IgG: Immunoglobulin
type G, IgM: Immunoglobulin type M, IL: Interleukin, NVP:
Nevirapine, PMTCT: Prevention of Mother-to-Child Transmission,
TDF: Tenofovir Disoproxil Fumarate, TNF-a: Tumour Necrosis
Factor Alpha

Background

Lifelong carriers of Hepatitis B virus (HBV) have an increased
risk of dying from hepatocellular carcinoma and liver cirrhosis
and remain the main reservoir for continued transmission of HBV
within communities [1-3]. Chronic Hepatitis B virus infection affects
approximately 350 million people worldwide, half of whom acquired
the infection from perinatal transmission or in early childhood [4,
5]. Sub Saharan Africa like most low- and middle-income countries
bears the brunt of the infection (with >8% HBsAg prevalence) [6].
Perinatal transmission remains the main route of HBV infection
often leading to severe long-term sequelae [7]. In sub Saharan
Africa the transmission routes and geographical areas of high
prevalence of Hepatitis B virus coincides with those of the Human
immunodeficiency type 1 virus (HIV) infections [8]. This results
to well over 90% of HIV infected people also showing biomarkers
of HBV infection and the level of chronic HBV infections in HIV
positive people reaching 15 % [9]. Childhood vaccination has
become the most effective way of preventing and reducing the
spread thereby cutting down the risk of chronic HBV which can be
greater than 90% in infants infected early on in life.

The introduction of the prevention of the mother-to-child
transmission of HIV (PMTCT) has drastically reduced the mother
to child transmission rate of HIV from between 14-48% to less
than 3% in both high countries and resource low income countries
[10-15]. Consequently, the majority of infants born of HIV-
infected mother remain uninfected even following breastfeeding.
This is mainly because prophylactic antiretroviral therapy (ART)
significantly diminishes mother to child transmission of HIV [16,
17]. Nevertheless prophylactic antiretroviral exposes neonates both
to HIV and ARV which can lead to negative clinical consequences
even among uninfected children [18]. Therefore HIV exposed
uninfected (HEU) children are known to show greater susceptibility
to infectious diseases leading to increased morbidity and mortality
compared to children born of uninfected mother [18, 19]. Morbidity
includes greater rates of hospitalization, severity of infections and
increased risk of contracting infections [20-25].

There is paucity of information on the impact of in-utero ARV
exposure on hepatitis B vaccine response rates, as well as HBsAg

specific IgG subclass distribution in HIV exposed children from
Sub-Saharan Africa. Therefore, we determined HBV vaccine specific
antibody responses in children vertically exposed to HIV with and
without intrauterine exposure to ARV.

Methods

Study Area

This multicentric cross-sectional study was conducted in five health
centres of Cameroon including the Yaoundé University Teaching
Hospital (CHUY), Efoulan District Hospital (EDH), Bikop Catholic
Health Centre (CSCB), Social and Health Animation Centre (CASS);
and the Chantal Biya International Reference Centre for Research
on the Prevention and Management of HIV/AIDS (CIRCB). The
University Teaching Hospital is a tertiary hospital in the capital city
Yaoundé, receiving a wide variety of patients from all over Cameroon.
The other selected health centres are secondary health facilities within
and around Yaounde, which provides health facilities to patients from
rural and urban settings.

Study Population

Children aged 4 months to 5 years old, attending the selected
health centres fulfilling the eligibility criteria of the study were
recruited. Participants were selected using a consecutive sampling
technique and written informed consent or assent was obtained
from all parents or legal guardians of participants. Children were
considered as having completed HBV vaccination when they must
have received all the three doses of vaccine in accordance with the
national immunization schedule (at 6, 10 and 14 weeks of age).
Paediatric HBV vaccination was confirmed through vaccination
records in the children’s immunization card. Were excluded children
whose parents or legal guardians refused to give assent, those who
provided incomplete data and those with incomplete paediatric HBV
vaccination records? We equally excluded children with positive
test of any prevalent endemic infections including HBV, hepatitis
C virus (HCV), Dengue virus infection and Malaria.

Variables

The socio-demographic parameters (age, sex) were requested
for both children and mothers in a structured questionnaire. Data
on the period during which children were exposedintrauterine to
ARV (before pregnancy, during the first, the second or the third
trimester of pregnancy), as well as the ART regimen. Three classes
of ART regimes were considered including R1 (Tenofovir Disproxil
Fumarate-Lamivudine-Efavirenz); R2 (Zidovudine-Lamivudine-
Efavirenz) and R3 (Tenofovir Disoproxil Fumarate- Lamivudine-
Nevirapine). Available data on the history of tuberculosis,
pneucytosis, pneupathy, hepatitis B and C and toxoplasmosis
infection of children were obtained from the medical records unit
and children’s immunization cards.

Absolute numbers of helper CD4" T cells were determined for
all participants as previously reported, Malaria, HBV and HCV
diagnosis were also performed for all subjects as well as Dengue
Ag-1gG/IgM antibodies detection and differentiation. Children with
a positive test to any of these infections were excluded. Participants
were then divided into three groups, HIV unexposed, uninfected
children (HU group) taken as control group, HIV vertically
exposed and uninfected children from mothers free of antenatal
ARV treatment (HEU.ARV - group) and those from mothers with
antenatal ARV treatment (HEU.ARV™" group), then HIV exposed
infected children born of antiretroviral naive mothers (HEL.ARV-
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group) as well as those born of antiretroviral treated mothers (HEI.
ARV group). Each group of children were divided according to
their age in 3 ranges such as 4-12, 13-24 and 25-60 months old.

In all volunteer participants, the plasma levels of HBsAg specific
antibodies as well as anti-HBs antibodies titre were determined.

Sample collection

Blood collection was done at 4 weeks after the last HBV vaccine
dose. About three millilitres of peripheral blood was collected from
each participant in ethylene diamine tetra-acetic acid (EDTA)-
containing tubes. The samples were then transported on ice to the
CIRCB for processing. Prior to plasma separation and storage,
samples were tested for malaria, hepatitis B, and hepatitis C and
dengue virus infections.

Sample Analysis

Malaria, HBV, HCV and Dengue diagnosis

Except for malaria and helper CD4" T cell counts, plasma samples
were used for all serological analysis. Malaria diagnosis was done
using an SD BIOLINE® point of care kit (Giheung, Republic of Korea).
SD BIOLINE® HBsAg and anti-HCV immunochromatographic tests
were used for the diagnosis of HBV and HCYV, respectively. The
CTK® OnSite (San Diego, USA) Duo Dengue Ag-1gG/IgM rapid test
was used for the simultaneous detection and differentiation of DENV
specific [gM and IgG antibodies as well as NS1 antigen in samples.

CD4+ T cells numeration

Absolute numbers of helper CD4* T cells were determined in
fresh whole blood by BD multi test CD3/CD8/CD45/CD4 and
TruCount tubes (BD Biosciences, San Jose, USA) according to the
manufacturer’s instructions.

Detection of plasma levels of HBsAg specific antibodies
Quantification of Anti-HBs in participants’ plasma was done using
a bioelisa anti-HBs Kit (Biokit S.A, Barcellona, Spain) according
to the manufacturer’s instructions. Briefly, 100 pl/well of each
participant’s plasma was added into an ELISA plate pre-coated
with highly purified HBsAg. After which plates were incubated
at 37°C for one hour before washing 4 times with washing buffer
provided with the kit. Next, 100 pl/well of HBsAg conjugated to
horse radish peroxidase (HRP) was added and incubated at 37°C
for 30 minutes. Following a 4x washing, 100 pl /well of substrate
was then added and incubated at room temperature for 30 minutes.
The reaction was stopped with sulfuric acid (stop solution, 100 pl
per well) and the OD were read at 450 nm. The concentration of
anti-HBs for each participant was calculated from a standard curve
generated according to the manufacturer’s instructions. Anti-HBs
were categorized as i) no response, ii) < 10 mIU/ml and iii) > 10
mlU/ml and the concentration equal or greater than 10 mIU/ml was
taken as the protective anti-HBs seroconversion [25-43].

Quantitative determination of anti-HBs antibodies

Plasma samples were analysed for HBsAg specific antibody
responses using an optimized in-house ELISA protocol previously
described [44]. Briefly, 96-wells flat-bottomed high binding Costar®
assay plates (CORNING, USA) were coated either with recombinant
HBsAg (IMMUNODX Woburn, MA, USA) dissolved in PBS (50
ng/well) and incubated at 4°C overnight. The following day, plates
were washed three times with PBST (PBS with 0.05 % Tween-20)
and blocked either with 3% BSA (Carl ROTH, Karlsruhe, Germany)

for one hour at 37°C. After an additional washing step, 100 pl/well
of plasma diluted (1:500) in PBS was added into corresponding
wells in triplicate and incubated for two hours at 37°C.

Next, the plates are washed five times as described above. Then
100ul of horseradish peroxidase (HRP)-conjugated anti-human IgG
(1:2000) and horseradish peroxidase (HRP)-conjugated anti-human
IgGl, 1gG2, 1gG3, 1gG4, or IgM (1:4000) antibodies were added,
and the plates were incubated for 1h at 37°C. Antibody isotypes and
subclasses used in this study were mouse anti-human IgG Fc (clone
JDC-10), mouse anti-human IgM (clone UHB), mouse anti-human
IgG1 Fc (clone HP6001), mouse anti-human IgG2 Fc (clone 31-
7-4), mouse anti-human IgG3 Hinge (clone HP6050) and mouse
anti-human IgG4 pFc’ (clone HP6023), all purchased from Southern
Biotech® (Birmingham, USA). Plates were then washed five times
and 100ul of 2, 2'-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
or ABTS one component HRP substrate was added to each well and
incubated in the dark for 30 min. The enzyme reaction was stopped
by adding a stop solution (Southern Biotech, Birmingham, USA).
The optical densities (OD) were read at 405nm using a multiskan Fc
Elisa microplate reader (Thermo-scientific, USA). All plasma was
tested in triplicate and the mean OD values were determined after
normalization with background values derived from wells treated
with validated anti-HBs plasma samples.

Ethical Approval

This study was approved by the Cameroon National Ethical
Committee under protocol number 2014/07/474/CE/CNERSH/
SP. All parents or legal guardians gave a written informed consent.
Children that tested positive for any of prevalent endemic diseases
were excluded from the study and recommended to qualified
paediatrician for clinical follow up.

Statistical Analysis

Continuous variables from children’s characteristics and antibody
response profiles were described as medians and interquartile ranges
(IQR) and categorical variables were presented as percentages
or proportions. Comparison between groups was made using the
non-parametric Mann-Whitney U test and Kruskal Wallis test with
Dunn’s test to compare the antibodies responses. Chi square or
Fischer exact tests were used for categorical variables as appropriate.
The level of statistical significance was set at p < 0.05. Statistical
analysis was performed using Graph Pad Prism version 6.0 software.

Results

Study population characteristics

A total of 205 children were enrolled in this study, among which
35 were excluded; 1 for post-natal infection, 14 for Malaria and
Dengue positive, 4 for inappropriate plasma sample quantity and
quality, 7 for high anti-HBc titres and 9 participants for incomplete
data. The remaining 170 children were divided as follows; 44 HU
children (control group), 25 HEU.ARV - children, 29 HEU.ARV*
children, 50 HEI.LARV - children and 22 HEI.ARV * children. The
frequencies, median (interquartile range, IQR) age, median (IQR)
CD4 counts and Mean CD4/CDS8 ratio of female and male subjects
of each of the subgroups were illustrated in the table 1.

Hepatitis B surface antigen vaccine response rate and anti-HBs
specific antibody responses

The protective anti-HBs seroconversion (anti-HBs >10 mUI/ml)
rate among HEU.ARV" (58%) was significantly lower than HEU.
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ARV-and their unexposed peers (92 %) (100%) children (P=0.0010
and P=0.0069, respectively) (Figure 1A). Anti-HBs IgM responses
were similar in both groups of children, while a significant drop in
anti-HBs IgG specific response was noticed in HEU.ARV"* children
as compared with the HU (P=0.0015) and HEU.ARV - (P=0.0169)
(Figure 1B). Protective anti-HBs response rate in HEI. ARV- (46%)
and HEILARV * (64%) were reduced (P=0.0001 and P=0.0303,
respectively) compared with the control counterparts (Figure 1C).

Moreover, there was a significant decreased anti-HBs specific IgM
antibody responses among HE[.ARV * children than the HEI. ARV
(P<0.0001) and HU (P=0.0003). HBsAg specific IgG responses in
both HEILARV - and HEI.ARV * were lower than in the control HU
children (P=0.0002 and P<0.0001). Then the level of anti-HBs IgG
response in the HEILARV - group significantly reduced (P=0.0241)
relative to the HEILARV * group (Figure 1D).

Table 1: Study population characteristics

Children variables Gender | Participant n (%) | Median age (IQR), | Median CD4 Count (IQR) Mean (£SD) CD4/CD8
in months in cells/ml Ratio
Female 20 (45.5) 10.0 (7-23) N/A N/A
AL e =) Male 24 (54.5) 13.0 (7-24) N/A N/A
Female 7 (46.67) 6 (5.75-8) 2259 (1016-3051) 1.72+£0.95
HEU.ARV - (n = 15)
Male 8(53.3) 18 ([14-28) 2673 (2208-3271) 1.73 £0.95
Female 7 (36.8) 6 (5-12) 1680 (1673-3122) 1.54+1.01
HEU.ARV *(n=1
UARV™ (@=19) Male 12 (63.2) 6 (6-11) 1924 (1441-3562) 1.11 +0.49
Female Female 31.5 (20-49) 1885 ([1109-2940) 2.75+1.16
HELARV" (n =50) Male 24 (48) 48 (32.25-49) 1468 (1129-2045) 3.41+0.77
Female 9(40.9) 20 (11.5-33) 1924 ([1441-3062) 1.47 +£0.81
HELARV+ (n = 22)
Male 13 (59.1) 21 (14.5-34.75) 1249 ([1147-2489) 1.12+0.61

IQR: Interquartile range; n: number; HU: HIV unexposed and uninfected children; HEI: HIV exposed and uninfected children; HEU:
HIV exposed and uninfected children; PMTCT: prevent mother-to-child

Figure 1.
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Figure 1: Hepatitis B surface antigen vaccine response rate and anti-HBs specific antibody responses in HIV unexposed (HU), HIV
exposed uninfected and infected children with respect to vertical exposure to antiretroviral
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In (A), is shown the proportion of children who responded to HBV
vaccine in HIV exposed uninfected children, while in (B), the
proportion of children who responded to HBV vaccine in HIV
exposed infected children; In (C), anti-HBs specific IgM and 1gG
response in the similar groups of children as compared with HIV
unexposed children, while in (D), anti-HBs specific IgM and IgG
response in the similar groups of children as compared with HIV
unexposed children. HU: HIV unexposed; HEU.ARV-: HIV-exposed
uninfected children of mother who had no antiretroviral during
pregnancy, HEU.ARV *: HIV-exposed uninfected children with
vertical exposure antiretroviral during pregnancy; HEI.ARV -: HIV-
exposed infected children of mother who antiretroviral naive during
pregnancy, HEI.ARV *: HIV-exposed uninfected children vertically
exposed to antiretroviral. P: p-value at 0.05 significant levels.

HBsAg specific IgG subclass antibody responses
Among HIV-exposed uninfected children, HBsAg specific IgG3 and

IgG4 in the HEU.ARV" were lower compared with the HU control
(P=0.0190 and P<0.0001, respectively) as illustrated in Figure 2A.
Anti-HBs IgG4 response was significantly lower (P<0.0001) in HEU.
ARV * than in their control counterpart. Moreover, HBsAg specific IgG
subclass pattern of HEU.ARV - and HEU.ARV" children relative to
control (HU) was IgG1=IgG3>1gG4=1gG2, IgG1=1gG2=1gG3=IgG4
and IgG3=IgG1=IgG4>1gG2, respectively (Figures 2B-D).
In addition, there was reduced anti-HBs IgG1, 1gG2, IgG3 and
IgG4 response in the HEI.ARV- relative to the HU (P<0.0001).
Similarly, HBsAg specific 1gG3 and IgG4 antibody responses of
HEL.ARV" were significantly lower (P<0.0001) compared with
the HU children (see Figure 3A).When examining HBsAg specific
IgG subclass for each group of participants, we noticed in HU,
HEI.ARV- and HEI.LARV+, patterns of [gG3=IgG1=1gG4>1gG2,
1gG3=IgG2>IgG1>IgG2 and IgG 1=IgG3=1gG2>I1gG4, respectively
(Figures 3B-D).

HIV-exposed uninfected children
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Figure 2: Hepatitis B surface antigen specific IgG subclass antibody responses in HIV unexposed (HU), HIV exposed uninfected chil-

dren with respect to vertical exposure to antiretroviral

In (A), is shown the anti-HBs specific IgG subclass response among HEU children compare with the unexposed; Profile of hepatitis B
surface antigen specific IgG subclass antibody responses in (B) HUx, (C) HEU.ARV - (D) HEU.ARV*.HU: HIV unexposed; HEU.ARV
: HIV-exposed uninfected children of mother who had no antiretroviral during pregnancy, HEU.ARV™: HIV-exposed uninfected children
with vertical exposure antiretroviral during pregnancy; P: p-value at 0.05 significant level.
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Figure 3: Hepatitis B surface antigen specific IgG subclass antibody responses in HIV unexposed (HU), HIV exposed infected children

with respect to vertical exposure to antiretroviral

In (A), is shown the anti-HBs specific IgG subclass response among
HEI children compare with the unexposed; Profile of hepatitis B
surface antigen specific IgG subclass antibody responses in (B)
HUx, (C) HELARYV - and (D) HELARV *. Children. HU: HIV
unexposed; HEI.ARV -: HIV- exposed infected children of mother
who antiretroviral naive during pregnancy, HEI.LARV *: HIV-exposed
uninfected children vertically exposed to antiretroviral. P: p-value
at 0.05 significant levels.

HBsAg specific immune response among HIV/ARYV exposed
children according to the period of intrauterine antiretroviral
exposure

Children were subdivided according to the period of intrauterine
exposure to ARV consisting prior pregnancy, during the first, the
second or the third trimester of pregnancy. The effect of the ARV
exposure period on Hepatitis B vaccine specific antibody responses
was evaluated (Table 2).

In general, seroprotective response rates among children exposed
in-utero to ARV was lower than the unexposed. Despite equivalent
anti-HBs IgM responses, there was a significant reduction in IgG
antibody responses among ARV exposed children relative to the
period of exposure. Reduction of IgG antibody responses among
ARV exposed children in the 1%, 2™ and 3™ term of pregnancy was
0.64AU (P=0.0335), 0.41AU (P=0.0486) and 0.70AU (P=0.0162)
respectively, relative to the control participants (1.50AU). Regarding
HBsAg specific IgG subclass responses, similar levels of HBsAg
specific IgG1 responses were noticed irrespective of the ARV
exposure period. However, a relative reduction in anti-HBs 1gG3
response was noticed among ARV exposed children relative to the
period of ARV exposure when compared with HU controls (Table
2). In this regards IgG3 subclass antibody response was highly
modulated among children exposed at the 2nd and at 3rd terms
(0.12AU and 0.08AU, respectively) of pregnancy respectively.

Table 2: Hepatitis B surface antigen specific antibody responses rate and IgM, IgG and IgG subclass levels in HIV vertically
exposed children regarding the period of intrauterine antiretroviral exposure

HU Pregravid ART Ist term 2" term 3" term
Seroprotective 92a 50bc 34c 63b 63b
response rates (%)
Anti-HBs IgM 0.744 0.40 0.54 0.58 0.50
(0.53;0.95) (0.25 ; 0.54) (0.26 ; 0.89) (0.54 ; 1.04) (0.27 ; 1.05)
Anti-HBs IgG 1.50 ¢ 1.04 0.64° 0.41° 0.70 °
(0.93;2.11) (0.28 ; 1.78) (0.37; 1.28) (0.29 ;0.77) (0.24;0.92)
Anti-HBs IgG1 0.35¢ 0.06° 0.42¢ 0.32¢ 0.43¢
(0.27;0.72) (0;0.26) (0.08 ; 0.67) (0.15;0.74) (0.05;0.51)
Anti-HBs IgG2 0.15® 0.04® 0.09 0.10 % 0.06°
(0.10 ; 0.24) (0;0.07) (0.01;0.15) (0.01 ; 0.24) (0;0.14)
Anti-HBs IgG3 0.50 ¢ 0.15® 0.15® 0.02° 0.08°
(0.34;0.84) (0.02 ; 1.08) (0.03 ; 0,52) (0;0.29) (0;0.37)
Anti-HBs IgG4 0.49 ¢ 0.04° 0.07° 0.12° 0.04°
(0.31;0.66) (0;0.14) (0;0.16) (0.2;0.31) (0;0.15)
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ART: Antiretroviral therapy; 1, 2" and 3™ terms: pregnancy periods of the HIV positive mothers; *®¢: the difference between figures
with different letters on the same row are statistically significant at P<0.05

HBsAg specific antibody response amongst children exposed in utero to ARV relative to ARV regimen

Childhood HBV vaccine specific antibody responses was also measured in children subdivided according to ARV regimen to which they
were exposed during pregnancy into R1 (TDF-3TC-EFV), R2 (AZT-3TC-NVP) and R3 (TDF-3TC-NVP) in (Table 3). Our data showed
that children exposed to regimens with “TDF-3TC” containing combinations, (that is R1: TDF-3TC-EFV and R3: TDF-3TC-NVP) had
lower response rate (55% and 50% respectively) relative to the control HU group (92%). Similar results were observed for HBsAg specific
IgG responses among children exposed in-utero to the same antiretroviral regimens. When HBsAg specific IgG subclass responses are
considered, HBsAg specific IgG1 responses were not affected by exposure to any ARV regimen in contrast to a significant reduction
to HBsAg specific IgG3 antibody response among children vertically exposed to R1 (0.05AU, P=0.0001) and R2 (0.21AU, P=0.0201)
regimens relative to the HU control (0.50AU).

Table 3: Hepatitis B surface antigen specific antibody responses rate and IgM, IgG and IgG subclass levels in HIV vertically
exposed children regarding antiretroviral regimen

HU children R1 R2 R3

Seroprotective response 928 55¢ 67 50°
rates (%)

. 0.74 0.48 0.53 0.95
Ut (0.53; 0.95) (024 ; 1.15) (0.34 : 0.70) (049 ; 127)

. 150 0.56° 0.83 0.69°
Gy (0.93;2.11) (0.28 : 0.88) 032:137) (029 ; 1.41)

. 0.35 0.21 0.37 0.25
sl e G 0.27:0.72) (0.07 ; 0.43) (0.06 ; 0.65) (0;0.70)

. 0.16° 0.01° 0.11 0.09®
fiteh gt (0.10 ; 0.24) (0 0.09) (0.03;0.17) (0.020.12)

. 0.50 0.05 " 0.21° 0.13 %
GuiHRlEs lI5Es (034 ; 0.84) (0:0.15) (0:0.19) (0.04; 1.12)

. 0.49 ¢ 0.05° 0.05 " 0.04°
ARG, (031 ; 0.66) (0.05:0.11) (0; 0.20) (0; 0.64)

R1: antiretroviral regimen 1 (TDF-3TC-EFV), R2: antiretroviral regimen 2 (AZT-3TC-NVP) and R3: antiretroviral regimen 3 (TDF-
3TC-NVP) to which children were exposed during pregnancy; a, b: the difference between figures with different letters on the same row
are statistically significant at P<0.05.

Correlation between CD4:CDS8 ratio and anti-HBs specific IgM and IgG isotypes

Scatter plots were used to determine the correlations between CD4:CD8 ratios and HBsAg specific IgM and IgG responses in HEU.
ARV, HEU.ARV “, HELLARV - and HEILARV * children as illustrated on Table 4. A significant inverse correlation was observed only
with HBsAg specific IgG for the HEI.ARV children (r=-0.47, P=0.005).

Table 4: Correlations between CD4/CDS8 ratio and anti-HBs specific IgM and IgG responses in HIV exposed children with respect
to intrauterine ARV exposure

Antibody isotypes HEU.ARV - HEU.ARV* HEI.ARYV - HEI.ARV*
r P-value r P-value r P-value r P-value
IgM 0.2 0.92 0.39 0.39 -0.10 0.596 -0.41 0.247
IgG 1 0,083 0.28 0.57 -0.47 0.005 -0.38 0.279

HEU/PMTCT -: HIV exposed uninfected children born from mothers who did not prevent mother-to-child transmission; HEU/PMTCT *:
HIV exposed uninfected children born from mothers who prevented mother-to-child transmission; HEI/PMTCT : HIV exposed infected
children born from mothers who did not prevent mother-to-child transmission; HEI/PMTCT": HIV exposed infected children born from
mothers who prevented mother-to-child transmission, r: Spearman correlation coefficient; P: p-value at 0.05 significant level.

Discussion

Several studies assessing antibody responses specific to childhood vaccination against HBV in children exposed to HIV-1, show that most
of these children are capable of mounting sero-protective (>10mUI/ml) levels of HBV vaccine induced antibodies [38-40, 45, 46]. However,
there is uncertainty about the durability and the effectiveness of childhood HBV vaccine induced antibody responses in HEU children.
HEU children have been reported to show greater morbidity and mortality than their healthy HIV unexposed uninfected counterparts.
This is probably because in utero exposure to HIV might alters the immune system of the growing foetus leading to the ensuing HEU
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children showing increased susceptibility to infectious diseases.

Although prophylactic ARV is important in protecting children
born of HIV infected women from contracting HIV, intrauterine
exposure to ARV can result to a reduction both in the rate and level
of childhood HBV vaccine specific antibody responses. Therefore,
in these study HEU children with in-utero ARV exposure showed
significantly lower HBV vaccine response rate and diminished levels
of vaccine mediated HBsAg specific IgG antibody responses than
HEU children without in-utero ARV exposure. There is paucity of
information about the impact of intrauterine exposure of neonates
to ARV on childhood HBV vaccine mediated antibody responses.
Our findings indicate that maternal ART during PMTCT probably
contributes in altering antibody responses to HBV vaccine in HEU
children. The mechanism leading to this alteration in immune
outcomes after childhood HBV vaccination is not clearly understood
but might be due to increased apoptosis in B cells of children exposed
in-utero to ARV. It has been shown that HIV exposure decreases
CD4" T and B cell counts and increase B cells apoptosis in HEU
children [47, 48]. High HIV-1 viremia can also induce tolerance
leading to immunosuppression or the dampening of HIV-specific
immune response in HEU children. Chronic immune activation
and increased level of pro-inflammatory cytokines (Tumor necrosis
factor-a, TNF- o) can also be a compounding factor. In addition,
some direct defects in immune cells such as low thymic CD4" T
cell counts and impaired CD34" progenitor cell function have been
reported in NRTI-exposed HEU infants [49-52].

Our data showed that the protective anti-HBs seroconversion
rate in both HIV-exposed infected children (HEI.ARV - and HEI.
ARV™) were significantly lower than their unexposed, uninfected
counterparts. Several studies have reported reduced childhood HBV
vaccine mediated responses in HEI children relative to their negative
counterparts [52-56]. However, childhood HBV vaccine mediated
responses were significantly higher in HEL.ARV" children than their
untreated counterparts (HEL ARV -). This indicates the contribution
of ARV in the restoration of childhood HBV vaccine mediated
immune responses among children vertically infected with HIV. This
was reflected in enhance B cell maturation as HBV vaccine specific
IgM antibody responses were significantly higher in HEI.ARV-
children than in the HEI.ARV" children. HIV positive individuals
have previously been demonstrated to show high IgM secreting
transitional B cells than HIV negative people [57]. In individuals
with history of HIV infection, the percentage of plasmablasts in
the peripheral blood can be higher than 50% of circulating B cells
with only few of them being specific to HIV [58]. HBsAg specific
IgG antibodies with neutralizing activity such as [gG1 and IgG3 are
required for complete viral clearance from the host [59]. Increased
HBsAg specific IgG3 subclass antibody responses is essential for
the clearance of pathogen by macrophages because IgG3 antibodies
are involved in complement activation and opsonisation of invading
microorganisms [60].

During PMTCT ARV drugs tend to cross the placenta resulting to
unborn infants being exposed to ARV in-utero. In addition during
pregnancy physiological changes coupled with pharmacokinetics
elements in the mother and child can affects the bioavailability
of ART [61-65]. Our data showed only a slight reduction in the
protective rates after childhood HBV vaccination irrespective of the
period of ARV exposure suggesting that perinatal ARV exposure

might not particularly affect the overall immune response. However,
HBYV vaccine specific IgG3 antibody subclass levels among children
with exposure at the 2nd and at 3rd trimesters were significantly lower
and also IgG1 at the pre-gravid period of ARV initiation, indicating
that limited intrauterine ARV exposure probably negatively affected
the HBV vaccine specific anti-HBs 1gG3 response. On the other
hand, prolonged exposure to ARV seemed to affect instead the HBV
vaccine specific [gG1 subclass antibody responses. Several previous
studies have also reported congenital anomalies resulting from long
term exposure to antenatal ART [66-70]. Nevertheless, no specific
study has focused on the impact of long-term exposure to ARV on
HBsAg vaccine specific IgG and IgG subclass antibody responses.

In this study, children vertically exposed to Tenofovir Disoproxil
Fumarate-Lamivudine combination had both lower childhood
vaccine response rate, as well as lower HBV vaccine specific IgG
antibody responses compared with to HU children. In addition,
HBYV vaccine specific [gG3 antibody subclass responses in children
exposed to TDF-3TC-EFV and AZT-3TC-NVP regimens were lower
compared to their unexposed uninfected counterparts. Overall our
findings suggest that ARV mediated impairment of childhood HBV
vaccine responses in children is not dependent upon a particular
ARV tri-therapy combination but each tri-therapy combination
might contain individual ARV with detrimental effect on antibody
responses.

The relevance of the CD4/CDS ratio as a predictor of childhood HBV
vaccine response has been previously described [71]. It is known that
persistent inflammation in association with a low CD4/CDS ratio is
linked to accelerated ageing among HIV positive individuals [72, 73].
Mussini and colleagues for example suggest that the normalization
of CD4/CD8 ratio after highly active antiretroviral therapy (HAART)
initiation correlated with a lower risk of non-AIDS related events
[74]. The current study showed a significant inverse correlation
between CD4/CD8 ratio and HBV vaccine specific IgG antibody
responses in HEI children born of mothers who did not received
ARV during pregnancy.

There is need for sustained monitoring of children after childhood
HBYV vaccination to determine the long-term consequences of in
utero exposure to HIV and/or ARV irrespective of HIV infection.
Such studies are critical for improving sustainable vaccine response
rate among these children
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