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HLA A*32 is associated to HIV acquisition
while B*44 and B*53 are associated with
protection against HIV acquisition in
perinatally exposed infants
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Abstract

Background: Human leukocyte antigen (HLA) molecules play a key role in the cellular immune system. They may
be determinants of mother-to-child transmission which is the driving force in pediatric HIV infection. We intended
to look at the impact of the distribution of these polymorphic HLA genes in the mother-to-child transmission
(MTCT) of HIV in Cameroon.

Methods: A total of 156 mother-baby pairs were enrolled in three hospitals of Yaounde, capital of Cameroon. After
the extraction of the DNA from blood samples using the Qiagen Kit as per manufacturer’ instructions, the
polymorphism of the HLA class 1 ABC was determined using the PCR- sequence specific primers assay.

Results: The distribution of HLA class 1 revealed that none of the allele studied was associated with transmitters or
non-transmitters, so was not implicated in transmission. The regression analysis showed that HLA A*32 [OR 0.062 (CI;
0.0075 to 0.51)] is associated with HIV acquisition while HLA B*44 [OR 0.47 (CI; 0.21 to 1.14)] and HLA B*53 [OR; 0.14
(CI; 0.018 to 1.22)] were implicated in reducing the acquisition of HIV by infants. The homozygosity of locus C [OR
6.99 (CI; 1.81 to 26.88), p = 0.0027] was found as a risk factor for the acquisition, while the A*32-B*44 haplotype [OR
10.1 (CI 1.17 to 87.87), p = 0.03] was a risk factor for the transmission.

Conclusion: This study has found that HLA A*32, B*44 and B*53 have an impact in MTCT outcomes. The
homozygosity of locus C and the A*32-B*44 haplotype were risk factors for acquisition and transmission
respectively.
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Background
More than three decades after the discovery of HIV-1,
the number of infected children born to HIV infected
mothers is still high. In Cameroon it was estimated at
4000 [1600–6500] in 2016 [1]. Despite prevention proto-
col there exist a residual vertical transmission of 2% [2].
Prevention of mother to child transmission of HIV
started in 2000 and option B+ was adopted in 2012. Free

ARV programme started in 2005 during which qualified
patients were freely given ARV. Access to ARV treat-
ment is free once presented at any treatment centre. The
mother-to-child transmission (MTCT), the driving force
of the pediatric infection can occurs in utero, intrapar-
tum and postpartum. During these phases the immune
system plays a role in reducing the viral load. High ma-
ternal viral load levels (mainly in the last months of
pregnancy and/or during labour) increase the MTCT
[3]. A part from viral load, other factors like genetic factors
which are important players in the response to pathogens
can also modulate the transmission. Because of its high rate
of mutation HIV virus evade the immune response. So,
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understanding the implication of polymorphic HLA genes
can provide a solution on how to manage HIV infection.
Major histocompatibility complex (MHC) gene called Hu-
man leukocyte antigen (HLA) in human plays the role of
antigen presentation between the immune system response
and the virus. This is the most polymorphic gene in human
[4], and this polymorphism result in variability in antigen
presentation to host lymphocytes.
In fact many studies have identified some HLA alleles

playing a role in the HIV sexual acquisition [5], infection
progression to AIDS [6, 7] and vertical transmission [8, 9].
These factors may thus explain the 2% residual transmis-
sion occurring under preventive ART treatment or the 64%
non-transmission without any prevention.
The aim of this study was to analyse the association be-

tween HLA genotypes, maternal homozygosity, mother-
child allele concordance, haplotype and MTCT.

Methods
Definition of terms
Acquisition: The term acquisition is used when the fac-
tor is identified in babies.
Transmission: The term transmission is used when the

factor is identified in mother.

Study population
A total of 156 mother-baby couples were recruited for this
study. Samples were collected from January 2014 to
December 2016 in three hospitals of Yaounde. These
mother-baby pairs were grouped as: 42 couples of transmit-
ters (HIV infected mother, HIV infected baby), 64 couples
of non-transmitters (HIV infected mother, non-infected
baby) and 50 unrelated and healthy couples (HIV non in-
fected mother, HIV non infected baby) as controls. Enrolled
mothers were aged between 17 and 46 years and their ba-
bies from 1 to 59weeks old. A total of 93% delivered by va-
ginal route. Treatment duration varied from 3months to 5
years. Those HIV infected mothers not on treatment at the
time of study were referred to treatment centre for ARV
initiation.

HLA genotyping
Genomic DNA was extracted from buffy coat using Qiagen
QIAamp DNA blood kit according to the manufacturer’
instructions.
HLA typing, of class I HLA-A, HLA-B, and HLA-C loci,

was performed by standard sequence specific primer poly-
merase chain reaction (SSP-PCR) using kits from One
Lambda company (One Lambda, 21001 Kittridge St.
Canoga Park, CA 91303–2801, USA). Briefly, 5.6 μl of 0.1
U/μl AmpliTaq DNA polymerase were introduced in an
eppendorf tube containing the PCR cocktail (contains 1.5
mM MgCl2, 50mM KCl, 10mM Tris-HCl, 0.001% gel-
atine, glycerol and cresol red). This mixture was then

vortexed and the well of the negative control filled. One
hundred eleven μl of DNA was added to the rest of the
mixture. The tube containing this master mix was then vor-
texed and 10 μl pipetted into the rest of the wells in the
PCR plate. The plate was then sealed properly with the
PCR cover plate and transferred into the thermal cycler.
Amplification was carried out under conditions set by the
manufacturer. Amplicons obtained were then submitted to
a 2% agarose gel electrophoresis. After migration, the code
of wells containing the positive amplifications were noted.
These codes and the picture of the gel were then intro-
duced into the HLA Fusion 4.1 software (One Lambda
21001 Kittridge St Canoga Park, CA 91303–2801, USA),
which analysed the gel’s bands and the different HLA class
1 alleles were obtained. A sample was confirmed when the
software was able to give the two alleles A, two alleles B
and two alleles C. The allele frequencies (AF) were also de-
termined using Excel, version 2013.

Mother-baby HLA concordance, maternal homozygosity,
and haplotypes sorting
This was done as previously described by Mackelprang
et al. in 2008 [9]. HLA concordance was scored as the
number of shared class I alleles between mother and
baby. Pairs were scored as having 2 matches at a locus if
the mother was homozygous at that locus.
Maternal homozygosity was scored as any versus

none, according to whether the mother was homozy-
gous for at least 1 class I locus.
The different haplotypes analysed were chosen from

the combination of alleles having an impact in the ac-
quisition, or haplotypes that have been found in a
previous studies from Cameroon, or from other coun-
tries having an impact on MTCT.

Statistical analyses
The significance of difference in allele frequencies of
HLA-A, −B, HLA-C, alleles between patients and con-
trols, transmitters and non-transmitters were compared
by Chi-square test with Bonferroni correction and Fish-
er’s exact test. Odds ratio (ORs) and 95% confidence in-
tervals (CIs) were calculated to determine levels of
significance. For all tests, a probability (p) of less than
0.05 was considered significant.

Results
Study population
The HLA genotyping was done from of a total of 156
mothers, each with her baby. They were made up of 42
transmitters, 64 non-transmitters and 50 HIV non-in-
fected. In the transmitters group 45.2% (19/42) of
mothers were under prophylaxis/treatment and 54.8%
(23/42) without any prevention protocol. In the non-
transmitters group 46.9% (30/64) of mothers were under
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prophylaxis/treatment and 53.1% (34/64) without any
prevention protocol (Table 1).

HLA class 1 ABC genotypes in the study population
The two images below (Fig. 1 (a) and (b)) illustrate the
bands on the electrophoregrams obtained after the migra-
tion of a PCR amplification of one mother’ sample. One
sample was ran on two agarose gels and the various positiv-
ities were recorded (gel (a): 1 g, 2f, 4 h, 4 g, 4d, 4b, 6d, 7f, 7d,
7a; gel (b): 8 h, 8 g,9 h,10f,11 g,11f,12d). From these recorded
positivities, the genotype sorted by the software (HLA fu-
sion V 4.0) was: HLA-A*29, A*30, HLA-B*07, B*53, and
HLA-C*02, C*07, because every human is supposed to have
two alleles (locus) per gene (A, B and C).
From our study population we have 71 alleles of

HLA: HLA-B locus showed the greatest allelic diver-
sity with 32 alleles, followed by HLA-A with 25 alleles

and HLA-C showed the least amount of diversity with
14 alleles observed (Additional file 1). The most rep-
resented alleles were HLA A*02 (AF: 26.4%), HLA
B*07 (AF: 13.8%) and HLA C*07 (AF: 23.1%). Eight
rare HLA-A and 13 HLA-B alleles were also observed
(rare alleles refer to those with AF less than 1% in a
study population). Overall, deviation from Hardy–
Weinberg equilibrium was not observed in the distri-
bution of all the HLA genotypes in this population
(P > 0.05).

Phenotype frequencies distribution between transmitters
and non-transmitters: impact on mother-to-child
transmission
The phenotype of each of the different allele, was ob-
tained by counting the number of all the participants
having that allele in their genome.

Fig. 1 Electrophoregram of a maternal sample for the HLA ABC genotyping. The specific expected bands are found between the internal control and
the primer dimer. Positive reaction (gel (a): 1 g, 2f, 4 h, 4 g, 4d, 4b, 6d, 7f, 7d,7a; gel (b): 8 h, 8 g,9 h,10f,11 g,11f,12d), negative control (12a)
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HLA B*44 (26.4% Vs. 12%, P = 0.04) and C*02 (26.4% Vs.
12%, P = 0.04) were found to be more frequent in the HIV
infected mothers than in the non-infected, while B*13 (10%
Vs. 0.9%, P = 0.006) was rather higher in the HIV non-in-
fected mothers (Additional file 2). No significant difference
in the distribution of these allele was found between the
transmitters and non-transmitters (Additional file 3). When
the transmitters and non-transmitters were subdivided into
those with PMTCT and those without, we found that HLA
B*44 (38.2% Vs 16.7%, p = 0.03), A*02 (66.7% Vs. 29.4%,
p = 0.01) and HLA A*36 (0% Vs. 17.6%, p = 0.01) were
higher in the non-transmitters without treatment, while
HLA C*12 (20% Vs. 2.9%, p = 0.01) was higher in non-
transmitters with treatment. HLA A*23 (0% Vs. 21.7%, p =
0.03) was higher in the transmitters without treatment/pre-
vention protocol.

Alleles distribution between HIV exposed and non-
exposed non-infected babies: impact in the acquisition
As with the mothers, the frequencies of various pheno-
types were calculated in babies. Concerning the differ-
ence between the groups of HIV exposed (infected and
non-infected) and non-exposed, B*14 and B*44 were the
only alleles showing a difference in distribution: 4.7% Vs.
16%, P = 0.01 and 35.8% Vs. 14%, P = 0.004 respectively
(Additional file 4). Between exposed infected and ex-
posed non-infected, the following alleles showed signifi-
cant difference: A*32 (16.7% Vs. 1.6%, P = 0.005), B*44
(26.2% Vs. 42.2%, P = 0.04) and B*53 (2.4% Vs. 14.1%,
P = 0.03) (Additional file 5), in other words A*32 was
higher in the exposed infected, while B*44 and B*53

were higher in the exposed uninfected. The regression
logistic analysis looking at the implication of these alleles
gave the following odds ratio and p value: B*44 (OR
0.47; 95% CI 0.21–1.14, P = 0.04), B*53 (OR 0.1491; 95%
CI 0.018–1.22, P = 0.03) and A*32 (OR 0.062; 95% CI
0.0075–0.51, P = 0.001). We could suggest from these
findings that B*44, A*32 and B*53 are involved in the
outcome of vertical HIV exposition: HLA B*44 and B*53
are associated to protection against HIV acquisition,
meanwhile HLA A*32 is associated with HIV acquisition
in vertically exposed children.

Mother-baby allele concordance, homozygosity and
haplotypes impact on the transmission
Table 2 below shows the level of allele concordance be-
tween the mothers and the babies. We found that shar-
ing of alleles did not have a significant impact in the
transmission, but we instead noticed that only among
the transmitters up to 6 alleles were shared between
mother and baby. The homozygosity impact in the
transmission or acquisition was also analysed. Only
homozygosity for the locus C [OR 6.99 (CI; 1.81 to
26.88), p = 0.0027] (Table 3), found highly in exposed in-
fected babies, was a risk factor for the acquisition. The
haplotype A*32-B*53 was completely absent from our
study population (Table 4). A*02-C*16, A*02-B*45 and
A*24-B*44 did not show any significant difference when
comparing the transmitters and non-transmitters. The
A*32-B*44 [OR 10.1 (CI 1.17 to 87.87), p = 0.03]
expressed highly in the transmitters was found to be a
risk factor for the transmission.

Table 1 Characteristics of the mothers enrolled in the study

Age (Years for mothers,
weeks for babies)

CD4
(cells/ml)

Viral load
(Log10 RNA copies/ml)

Mothers

T (n = 42) 27.1 ± 6.4 446.5 (62–880) 4.48 (ND-5.08)

NT (n = 64) 29.1 ± 4.4 448.5 (250–756) 3.8 (ND-4.94)

Controls (n = 50) 27.1 ± 6.5 / /

Babies

EI (n = 42) 21.1 ± 13.8 1724.5 (621–3050) 4.38 (2.5–8.1)

ENI (n = 30) 11.2 ± 7.9 / /

healthy (n = 50) 25.9 ± 14.4 / /

Continuous variables are presented as (Mean ± SD) and [median (range)]. ND: stands for Non Detectable
T transmitter, NT non-transmitter, EI exposed infected, ENI exposed non-infected; / non applicable

Table 2 Allele concordance and risk of transmission

Number of shared alleles NT (N = 64)
n (%)

T (N = 42)
n (%)

OR (95%CI) p

4 25 (40.3) 13 (30.9) 0.66 (0.28 to 1.52) 0.33

5 5 (8.1) 5 (11.9) 1.54 (0.41 to 5.69) 0.51

6 / 2 (4.8) / /

T transmitter, NT non-transmitter, N number of mother within the group, n number of mother expressing the observation
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Discussion
The highlighted findings of this study are as follow: we
had a highly polymorphic sample population, with 71 al-
leles of HLA: 25 HLA class A, 32 HLA class B and 14
HLA class C. HLA A*02, HLA B*07 and HLA C*07 were
the most represented. HLA B*44 was more frequent in
the HIV infected mothers, but within this group it was
higher in the non-transmitters. Concerning the acquisi-
tion, B*44 was the only allele showing a differential
distribution between HIV exposed infected babies and
HIV exposed non infected babies. The allele A*32 was
associated with acquisition meanwhile B*44 and B*53
were associated with protection. The homozigosity for
the locus C in children was associated with the acquisi-
tion, and the haplotype A*32-B*44 was associated to the
transmission.
Data obtained have revealed that most of the identified

alleles were associated with HIV as in other studies. A
review in 2001 by Trachtenberg and Erlich of published
works has reported an HLA association with HIV trans-
mission and disease progression to AIDS [10]. More
studies showed these HLA associations [8, 9, 11]. In our
study, HLA-A*02 appeared to be the most frequent
allele as in other populations from Cameroon [12, 13].
HLA-A*02 was shown to stimulate peripheral blood
mononuclear cells in a manner that inhibits HIV replica-
tion. This has been stated to be the reason for a docu-
mented 9-fold reduced risk of HIV transmission to
infants during childbirth [14], but in contradiction we
have not found it to be implicated in MTCT. Contradic-
ting studies showing the implication of these alleles’ hap-
lotypes in increasing the viral load were published. In
fact HLA-A*02-C*16 and HLA-A*02-B*45 have been

shown to contribute significantly in increasing viral
loads (greater than 100,000 copies per milliliter) [6]. A
recent study has found that vaccine efficacy in the
RV144 HIV-1 vaccine trial was greater for participants
who expressed HLA-A*02 [15].
HLA B*07, the most frequent in our study popula-

tion, is a worldwide frequent HLA B allele. HLA-B*07:
02 was associated with disease progression in a B-clade
from Europe [7], but this was not the case in a large co-
hort of 1,210 C-clade-infected individuals from Durban
[16]. This allele tends to be in linkage disequilibrium
with the HLA C*07 in the HIV disease-susceptible im-
plication [7]. The HLA C*07 is one of the highly fre-
quent HLA-C allele and the most common, divergent,
and polymorphic [17]. Allotype of this allele has been
found to be associated with either a low (HLA-C*07:01)
or an increased (HLA-C*07:02) rate of seroconversion
in a Kenyan population [5].
We showed elsewhere that a certain cluster of func-

tionally related class I MHC allele, HLA B*44, was asso-
ciated with reduced risk of acquisition of HIV by infants
in a population of Cameroon [13]. We sought to deter-
mine whether this same HLA is associated with protec-
tion from HIV-1 MTCT in an independent population.
This protective role was confirmed in the present study
population. Nevertheless its frequency was higher in
infected mothers than the non-infected. We may think
that this allele protects from acquisition and MTCT, but
not from the sexual or other mode of transmission. Re-
ports of HIV-1 clearance in perinatally exposed infants
and the presence of cytotoxic T cell responses against
HIV-1 in exposed uninfected infants suggests that, in
some circumstances, fetuses or new-borns can abort or

Table 3 Homozigosity distribution and implication in the transmission

HLA
Locus

mothers OR (95% CI) P
value

Babies OR (95% CI) P value

NT
n (%)

T
n (%)

EI
n (%)

ENI
n (%)

A 10 (16.1) 5 (11.9) 0.70 (0.22 to 2.22) 0.77 6 (14.3) 9 (14.5) 0.98 (0.32 to 2.99) 1

B 7 (11.3) 5 (11.9) 1.07 (0.31 to 3.60) 0.92 1 (2.4) 2 (3.2) 0.73 (0.06 to 8.34) 0.80

C 6 (9.7) 6 (14.3) 1.55 (0.46 to 5.19) 0.53 11 (26.2) 3 (4.8) 6.99 (1.81 to 26.88) 0.0027#

#significantly different p-value
n number of mother expressing the observation, T transmitter, NT non-transmitter, EI exposed infected, ENI exposed non-infected

Table 4 Haplotype distribution and impact in the transmission

T
n (%)

NT
n (%)

OR (95%CI) P value

A*32-B*53 / / / /

A*32-B*44 6 (11.9) 1 (1.6) 10.1 (1.17 to 87.87) 0.03#

A*02-C*16 2 (4.8) 3 (4.8) 0.98 (0.15 to 6.15) 0.98

A*02-B*45 1 (2.4) 3 (4.8) 0.47 (0.04 to 4.77) 0.53

A*24-B*44 1 (2.4) 1 (1.6) 0.90 (0.13 to 5.55) 0.66

n number of mother expressing the observation, T transmitter, NT non-transmitter
#significantly different p-value
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eliminate infection through virus-specific cellular ef-
fector mechanisms [18]. One important determinant of
resistance and susceptibility to infection is the MHC, the
class I alleles determine the molecular targets of the
cytotoxic T lymphocytes (CTL) in a given host.
Studies looking at the implication of HLA B*53 allele

in HIV/AIDS infection are rare. A study from Gao et al.
(2001) [19] found that most of the black people (African
American) compared to whites carry this allele, and it
leads to rapid progression. A recent study has concluded
that HLA-B*53:01 molecules may be directly or indir-
ectly involved in the mechanisms that induce drug reac-
tion with eosinophilia and systemic symptoms (DRESS)
syndrome in patients treated with raltegravir [20]. Con-
cerning its implication in the MTCT of HIV, it has been
found that mother bearing the B*53:01 did not transmit
the virus despite high viral load [21], this is consistent
with our findings. The contradiction between our results
with those of Gao et al. may be explained by the fact
that they were looking at the mechanisms of action of
this allele in regards to an amino change, mainly at the
molecular level. In fact they suggest that the difference
in affinity for tyrosine at the carboxy-terminal position
of the peptide may influence the relative efficiency of
HLA-B*53:01 in presenting specific HIV-1 epitopes to
cytotoxic T lymphocytes and may thereby account for
different effects on progression to AIDS [19].
This study presents evidence of a significant association

between HLA-A*32 and baby acquisition of HIV infection,
contradicting other studies. This allele has been shown to
be associated with slow disease progression in two related
mixed population cohort studies [22, 23]. A study on
HLA association with CTL response to novel HIV-1 vac-
cines showed favorable prognosis with A*32 [24]. In
addition, a small transfusion study in a group of HIV-1
infected, long-term non progressor (LTNP) Australian
Caucasians also showed a trend toward protection with
A*32 [25]. This allele was also found to act in an haplo-
type form (A*32; Cw1; B*27; DR12 (DR5) in preventing
the ankylosing spondylitis in Sardinian population [26].
These contradictions can be due to the differences of
study populations.
We didn’t find any significant difference in regards to

the concordance of allele between mother and baby. But
it was found that those who shared more than five alleles
were transmitters. This is in agreement with some previ-
ous results in a population from America [27] and a
population from Kenya [9]. In fact the diversity of the
HLA alleles, both class I and class II, broadens the rep-
ertoire of presentation and generates a greater diversity
in the immune response. It has been shown that fetal
cord blood leukocytes can expressed a strong response
against foreign maternal MHC when different from his
own [28]. The first exposure to HIV-1 in utero and

during birth may involve free or, perhaps more likely,
cell-associated virus. When challenged with HIV-1–in-
fected maternal cells, the baby has the potential to re-
spond to a different maternal HLA antigens. Haplotypes
studied did not showed a significant impact on the
transmission. Except the A*32-B*44 haplotype that was
identified as favoring the transmission. This can be ex-
plained also by the fact that when there is concordance
of allele in mother and baby, the immune system of the
baby may not expressed an immune response against
the foreign cells, hence favoring the transmission.
However, one of the limits of this study was the

small size population, that can impact the power of
the results. It is important to call upon the attention
that Cameroon has a great ethnic diversity. Enrolment
was done in Yaoundé, a cosmopolitan capital. It will
be interesting to investigate the validity of these re-
sults in specific ethnic population.

Conclusion
From our analyses, maternal HLA alleles previously
associated with vertical HIV-1 transmission have dif-
ferent role than those of babies. In babies, different
HLA alleles are associated with acquisition of infec-
tion. Likewise, the three HLA class I alleles in babies
(A*32, B*44 and B*53) implicated in HIV-1 acquisi-
tion clearly lack the protective role when present in
mothers. Therefore, within paired mother-baby, there
is more to be learned about the mechanisms of adap-
tive and innate immunity that control the process of
viral transmission as distinct from those that mediate
viral acquisition.

Additional files

Additional file 1 : Table S1. Frequencies of HLA-A, HLA-B and HLA-C
alleles in the study population. (DOCX 29 kb)

Additional file 2 : Table S2. HLA class 1 ABC distribution in the HIV
infected and non-infected mothers. (DOCX 38 kb)

Additional file 3 : Table S3. HLA class 1 ABC distribution in the
non-transmitters and transmitters. (DOCX 36 kb)

Additional file 4 : Table S4. HLA class 1 ABC distribution in HIV
exposed and non-exposed babies. (DOCX 36 kb)

Additional file 5 : Table S5. HLA class 1 ABC distribution in the HIV
exposed infected and exposed non-infected babies. (DOCX 34 kb)

Abbreviations
AF: Allele frequency; ARV: Anti-retroviral; CI: Confidence Interval; CTL: Cyto
toxic Lymphocyte; EI: Exposed Infected; ENI: Exposed Non Infected;
HIV: Human Immunodeficiency Virus; HLA: Human Leucocyte Antigen;
MTCT: Mother-to-child transmission; NT: Non transmitter; OR: Odds Ratio;
T: Transmitter

Acknowledgments
We would like to thank all the children and mothers who accepted to
participate in this study.

Mekue et al. BMC Pediatrics          (2019) 19:249 Page 6 of 7

https://doi.org/10.1186/s12887-019-1620-6
https://doi.org/10.1186/s12887-019-1620-6
https://doi.org/10.1186/s12887-019-1620-6
https://doi.org/10.1186/s12887-019-1620-6
https://doi.org/10.1186/s12887-019-1620-6


Authors’ contributions
LMM and CNN designed the study, LMM, CNN, EN, LY, DB, MN, JKK collected
the samples and analysed; LMM, CNN, JK and AN wrote the article. All
authors revised and approved it.

Funding
This work was financially supported by the Chantal BIYA International
Reference Centre. The funding agent played no role in the design, the
execution and the writing of the manuscript of this work.

Availability of data and materials
Provided upon request.

Ethics approval and consent to participate
The study was reviewed and approved by the national ethic committee
(Comité National d’Ethique de la Recherche pour la Santé Humaine) under
the Number N°2013/11/375/L/CNERSH/SP and the division of operational
research of the Ministry of Public Health of Cameroon under the number
D30–63/L/MINSANTE/SG/DROS/CRC/CEA2/DTLC. Written informed consent
was obtained from the mothers as well as proxi consent for their babies.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Science, University of Dschang, P.O. Box 56, Dschang, Cameroon.
2Chantal BIYA International Reference Centre, P.O. Box 3077, Yaounde,
Cameroon. 3Laboratory of Animal Physiology and Health, Institute of
Agriculture Research for Development (IRAD), P.O Box 2123, Bambui,
Cameroon. 4Higher Teacher Training College, University of Yaounde I, P.O.
Box 47, Yaounde, Cameroon. 5Faculty of Medicine and Biomedical Science,
University of Yaounde I, P.O BOX 1364, Yaounde, Cameroon.

Received: 3 December 2018 Accepted: 10 July 2019

References
1. UNAIDS. (2017). UNAIDS data 2017. http://www.unaids.org/sites/default/

files/media_asset/20170720_Data_book_2017_en.pdf
2. Saounde Temgoua EM, Nkenfou CN, Zoung-Kanyi Bissek AC, Fokam J,

Billong SC, Sosso SM, et al. HIV-1 early infant diagnosis is an effective
Indicator of the prevention of mother-to-child transmission program
performance: experience from Cameroon. Curr HIV Res. 2015;13:286–91.

3. Mofenson LM, Lambert JS, Stiehm ER, Bethel J, Meyer WA, Whitehouse J, et
al. Risk factors for perinatal transmission of human immunodeficiency virus
type 1 in women treated with zidovudine. Pediatric AIDS Clinical Trials
Group study 185 team. N Engl J Med. 1999;341:385–93.

4. Beck S, Geraghty D, Inoko H, Bahram S, Aguado B, Rowen L et al. Complete
sequence and genemap of a human major histocompatibility complex.
Nature. 1999;401:921-23.

5. Peterson TA, Kimani J, Wachihi C, Bielawny T, Mendoza L, Thavaneswaran S, et al.
HLA class I associations with rates of HIV-1 seroconversion and disease
progression in the Pumwani sex worker cohort. Tissue Antigens. 2013;81:93–107.

6. Tang J, Tang S, Lobashevsky E, Myracle AD, Fideli U, Aldrovandi G, et al.
Favorable and unfavorable HLA class I alleles and haplotypes in Zambians
predominantly infected with clade C human immunodeficiency virus type
1. J Virol. 2002;76:8276–84.

7. Leslie A, Matthews PC, Listgarten J, Carlson JM, Kadie C, Ndung’u T, et al.
Additive contribution of HLA class I alleles in the immune control of HIV-1
infection. J Virol. 2010;84:9879–88.

8. Farquhar C, Rowland-Jones S, Mbori-Ngacha D, Redman M, Lohman B, Slyker J,
et al. Human leukocyte antigen (HLA) B*18 and protection against mother-to-
child HIV type 1 transmission. AIDS Res Hum Retrovir. 2004;20:692–7.

9. Mackelprang RD, John-Stewart G, Carrington M, Richardson B, Rowland-
Jones S, Gao X, et al. Maternal HLA homozygosity and mother-child HLA
concordance increase the risk of vertical transmission of HIV-1. J Infect Dis.
2008;197:1156–61.

10. Trachtenberg EA, Erlich HA. A review of the role of the human leukocyte
antigen (HLA) system as a host immunogenetic factor influencing HIV
transmission and progression to AIDS. In: Korber BT, Brander C, Haynes BF,
Koup R, Kuiken C, Moore JP, editors. HIV Mol Immunol 2001. Los Alamos,
NM: Theoretical Biology and Biophysics Group, Los Alamos National
Laboratory, LA-UR 02–2877 (2001). p. I-43–60.

11. Joubert BR, Lange EM, Franceschini N, Mwapasa V, North KE, Meshnick SR,
et al. A whole genome association study of mother-to-child transmission of
HIV in Malawi. Genome Med. 2010;2:17.

12. Torimiro JN, Carr JK, Wolfe ND, Karacki P, Martin MP, Gao X, et al. HLA class I
diversity among rural rainforest inhabitants in Cameroon: identification of
A*2612-B*4407 haplotype. Tissue Antigens. 2005;67:30–7.

13. Nkenfou CN. Human leucocyte antigen class I diversity among human
immunodeficiency virus exposed negative and positive children in Cameroon.
J AIDS Clin Res. 2015;06. https://doi.org/10.4172/2155-6113.1000439.

14. Grene E, Pinto LA, Cohen SS, null MTC, Trivett MT, Simonis TB, et al. Generation
of alloantigen-stimulated anti-human immunodeficiency virus activity is
associated with HLA-A*02 expression. J Infect Dis. 2001;183:409–16.

15. Gartland AJ, Li S, McNevin J, Tomaras GD, Gottardo R, Janes H, et al. Analysis
of HLA A*02 association with vaccine efficacy in the RV144 HIV-1 vaccine
trial. J Virol. 2014;88:8242–55.

16. Apps R, Qi Y, Carlson JM, Chen H, Gao X, Thomas R, et al. Influence of HLA-
C expression level on HIV control. Science. 2013;340:87–91.

17. Deng Z, Gao X, Kirk G, Wolinsky S, Carrington M. Characterization of the
HLA-C*07:01:01G allele group in European and African-American cohorts.
Hum Immunol. 2012;73:715–9.

18. Bakshi SS, Tetali S, Abrams EJ, Paul MO, Pahwa SG. Repeatedly positive
human immunodeficiency virus type 1 DNA polymerase chain reaction in
human immunodeficiency virus-exposed seroreverting infants. Pediatr Infect
Dis J. 1995;14:658–62.

19. Gao X, Nelson GW, Karacki P, Martin MP, Phair J, Kaslow R, et al. Effect of a
single amino acid change in MHC class I molecules on the rate of
progression to AIDS. N Engl J Med. 2001;344:1668–75.

20. Thomas M, Hopkins C, Duffy E, Lee D, Loulergue P, Ripamonti D, et al.
Association of the HLA-B*53:01 allele with drug reaction with eosinophilia and
systemic symptoms (DRESS) syndrome during treatment of HIV infection with
Raltegravir. Clin Infect Dis. 2017;64:1198–203.

21. Erickson AL, Willberg CB, McMahan V, Liu A, Buchbinder SP, Grohskopf LA,
et al. Potentially exposed but uninfected individuals produce cytotoxic and
polyfunctional human immunodeficiency virus type 1-specific CD8(+) T-cell
responses which can be defined to the epitope level. Clin Vaccine Immunol.
2008;15:1745–8.

22. Kaslow RA, Carrington M, Apple R, Park L, Muñoz A, Saah AJ, et al. Influence of
combinations of human major histocompatibility complex genes on the
course of HIV–1 infection. Nat Med. 1996;2:405–11.

23. Keet IP, Tang J, Klein MR, LeBlanc S, Enger C, Rivers C, et al. Consistent
associations of HLA class I and II and transporter gene products with
progression of human immunodeficiency virus type 1 infection in
homosexual men. J Infect Dis. 1999;180:299–309.

24. Kaslow RA, Rivers C, Tang J, Bender TJ, Goepfert PA, Habib RE, et al.
Polymorphisms in HLA class I genes associated with both favorable
prognosis of human immunodeficiency virus (HIV) type 1 infection and
positive cytotoxic T-lymphocyte responses to ALVAC-HIV recombinant
canarypox vaccines. J Virol. 2001;75:8681–9.

25. Geczy AF, Kuipers H, Coolen M, Ashton LJ, Kennedy C, Ng G, et al. HLA and other
host factors in transfusion-acquired HIV-1 infection. Hum Immunol. 2000;61:172–6.

26. Fiorillo MT, Cauli A, Carcassi C, Bitti PP, Vacca A, Passiu G, et al. Two
distinctive HLA haplotypes harbor the B27 alleles negatively or
positively associated with ankylosing spondylitis in Sardinia: implications
for disease pathogenesis. Arthritis Rheum. 2003;48:1385–9.

27. Polycarpou A, Ntais C, Korber BT, Elrich HA, Winchester R, Krogstad P, et al.
Association between maternal and infant class I and II HLA alleles and of their
concordance with the risk of perinatal HIV type 1 transmission. AIDS Res Hum
Retrovir. 2002;18:741–6.

28. Clerici M, DePalma L, Roilides E, Baker R, Shearer GM. Analysis of T helper and
antigen-presenting cell functions in cord blood and peripheral blood leukocytes
from healthy children of different ages. J Clin Invest. 1993;91:2829–36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Mekue et al. BMC Pediatrics          (2019) 19:249 Page 7 of 7

http://www.unaids.org/sites/default/files/media_asset/20170720_Data_book_2017_en.pdf
http://www.unaids.org/sites/default/files/media_asset/20170720_Data_book_2017_en.pdf
https://doi.org/10.4172/2155-6113.1000439

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Definition of terms
	Study population
	HLA genotyping
	Mother-baby HLA concordance, maternal homozygosity, and haplotypes sorting
	Statistical analyses

	Results
	Study population
	HLA class 1 ABC genotypes in the study population
	Phenotype frequencies distribution between transmitters and non-transmitters: impact on mother-to-child transmission
	Alleles distribution between HIV exposed and non-exposed non-infected babies: impact in the acquisition
	Mother-baby allele concordance, homozygosity and haplotypes impact on the transmission

	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

