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Abstract
Background—Mother-child human leukocyte antigen (HLA) concordance and maternal HLA
homozygosity may increase the risk of vertical transmission of human immunodeficiency virus type
1 (HIV-1) risk by reducing infant immune responses.

Methods—We analyzed mother-child HLA concordance and maternal HLA homozygosity in a
Kenyan perinatal cohort receiving antenatal zidovudine. HLA concordance was scored as the number
of shared class I alleles, and relative risk estimates were adjusted for maternal HIV-1 load.

Results—Among 277 mother-infant pairs, HIV-1 transmission occurred in 58 infants (21%), with
in utero transmission in 21 (36%), peripartum transmission in 26 (45%), and transmission via breast-
feeding in 11 (19%). With increased concordance, we observed a significant increase in the risk of
transmission overall (adjusted hazard ratio [aHR], 1.3 [95% confidence interval {CI}, 1.0–1.7]; P
= .04), in utero (adjusted odds ratio, 1.72 [95% CI, 1.0 –1.7]; P = .04), and via breast-feeding (aHR,
1.6 [95% CI, 1.0 –2.5]; P = .04). Women with homozygosity had higher plasma HIV-1 RNA levels
at 32 weeks of gestation (5.1 vs. 4.8 log10 copies/mL; P = .03) and an increased risk of transmission
overall (aHR, 1.7 [95% CI, 1.1–2.7]; P = .03) and via breast-feeding (aHR, 5.8 [95% CI, 1.9 –17.7];
P = .002).

Conclusion—The risks of overall, in utero, and breast milk HIV-1 transmission increased with
HLA concordance and homozygosity. The increased risk may be due to reduced alloimmunity or
less diverse protective immune responses.

Vertical transmission of HIV-1 may occur during gestation, delivery, or breast-feeding when
the fetus or infant is exposed to free virus or infected maternal cells. Despite probable exposure,
HIV-1 acquisition rates in infants are relatively low, even in the absence of antiretroviral
prophylaxis. Host factors such as maternal or infant genetics and immunity may influence the
ability of a fetus or infant to avoid HIV-1 infection. These factors may be maternal or infant
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specific or may be shared because of similar HLA genes. An increased degree of HLA gene
sharing between a mother and infant differentiates vertical transmission of HIV-1 from sexual
transmission.

HLA class I and II loci are the most polymorphic genes known in humans [1]. HLA class I
genes, located at the HLA-A, -B, and -C loci, encode molecules that differentially present
endogenous viral peptides to CD8+ T lymphocytes. As a result of differential peptide binding,
specific HLA molecules may influence susceptibility to HIV-1 infection and progression.
Differential peptide binding leads to activation of cellular immune responses directed toward
specific viral epitopes, exerting immune pressure on HIV-1 and resulting in viral mutations
that increase the ability of HIV-1 to escape immune responses [2,3]. For HLA alleles that an
infant shares with his or her mother, the same mutations that allow HIV-1 to escape maternal
responses will allow it to evade infant responses. Infants who share more alleles with their
mother may also be at risk for more rapid HIV-1 disease progression if infected. Mother-child
HLA discordance could be favorable by diversifying the immune response against maternal
virus. HLA discordance might also protect against the perinatal transmission of viruses via
infant alloimmune responses against HLA alloantigens expressed on maternally infected cells
and, in the case of enveloped viruses, free virions. Rather than targeting viral antigens, the
infant alloimmune response is directed at maternal cells expressing HLA antigens that are
different from the infant’s own.

When a mother is homozygous for specific HLA alleles, the infant’s immune responses will
also be less vigorous in proportion to the number of shared alleles. Infants of HLA homozygous
mothers may be more susceptible to HIV-1 infection because of dampened alloimmune
responses that lead to less rapid clearance of maternal cells, including those infected with
HIV-1. Additionally, HLA homozygous women present less diverse arrays of viral peptides
to CD8+ T cells, resulting in more rapid HIV-1 disease progression [4,5]. Because HIV-1
disease progression influences the risk of transmission, HLA homozygous mothers may be
more likely to transmit HIV-1 to their offspring.

Past studies have found that greater HLA concordance was associated with increased risk of
vertical transmission; however, only a single study was conducted in a breast-feeding African
cohort, and women did not receive antiretrovirals to prevent transmission [6,7]. There are fewer
data on maternal HLA homozygosity and transmission because studies of HLA homozygosity
have focused on disease progression [4]. We built on these existing studies by analyzing the
effect of mother-child HLA concordance and maternal HLA homozygosity on transmission
risk among HIV-1—infected mothers receiving zidovudine in Kenya. In this cohort we were
able to determine the timing of transmission. This enabled us to examine separately whether
HLA concordance and maternal homozygosity increased the risk of HIV-1 acquisition in
infants, including overall, in utero, and peripartum transmission and transmission via breast
milk.

METHODS
Study setting and subjects

Study participants were recruited from antenatal clinics near Nairobi (as described elsewhere),
began taking zidovudine twice daily at 34–36 weeks of pregnancy, and continued to do so
according to a standard protocol [8,9]. Written informed consent was obtained from all
participants, and the study received ethical approval from the institutional review boards of the
University of Washington and the University of Nairobi. Maternal blood was collected at 32
weeks of pregnancy to determine plasma HIV-1 RNA load. Plasma HIV-1 RNA levels were
also measured at delivery. To determine HIV-1 status, infant blood was collected within 48 h
of birth and at 1, 3, 6, 9, and 12 months of age.

Mackelprang et al. Page 2

J Infect Dis. Author manuscript; available in PMC 2009 June 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



HLA typing
DNA was extracted from maternal and infant peripheral blood mononuclear cells by use of
Gentra Puregene reagents. High-resolution maternal HLA class I typing was conducted at the
4-digit level according to a sequence-specific oligonucleotide probe (SSOP) typing protocol
developed by the 13th International Histocompatibility Workshop
(http://www.ihwg.org/protocols/protocol.htm); alleles were determined by SSOP
hybridization patterns after locus-specific polymerase chain reaction (PCR) amplification.
Infant HLA class I typing was conducted at the 2-digit level with 4-digit typing performed
when possible, using amplification refractory mutation system PCR with primers designed to
characterize alleles expressed in East African cohorts [10]. HLA types are available from the
authors on request.

Classification of HLA concordance and maternal homozygosity
HLA concordance was scored as the number of shared class I alleles. Because mothers and
infants share at least 1 allele at each locus, pairs were matched at a minimum of 3 and a
maximum of 6 alleles. 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 homozygous at at least 1 class I locus.

Determination and timing of infant HIV-1 status
To ascertain infant HIV-1 status at birth and at each visit, PCR was used to detect HIV-1
gag DNA in filter paper blood specimens [11]. Infants were considered to be HIV-1 infected
if 2 consecutive filter paper specimens were positive for HIV-1 DNA or if the result of the last
available filter assay was positive. To determine more precisely the timing of infection, HIV-1
RNA levels were measured in plasma samples obtained before the first positive HIV-1 DNA
filter paper by use of a Gen-Probe PCR assay sensitive for detection of HIV-1 subtypes A, C,
and D, as described elsewhere [12]. Overall HIV-1 transmission included all infant infections
before 1 year of age. In utero transmission was defined as infections occurring within 48 h of
birth, and peripartum transmission was defined as infections occurring between 48 h after birth
and 1 month of age [13]. Transmission via breast-feeding was defined as infections occurring
between 1 month and 1 year of age and therefore did not include transmission via breast-feeding
during the first postpartum month.

Data analysis
To analyze whether mother-infant HLA concordance and maternal homozygosity increased
the risk of transmission overall and through breast-feeding, we used Cox proportional hazards
regressions. Follow-up time was censored at the last visit at which an infant was found to be
uninfected with HIV-1 or at 12 months, whichever was earlier. For breast milk transmission,
we began calculating survival time after the first month of age and restricted the analyses to
HIV-1—uninfected infants who were breast-fed after 1 month of age. Logistic regression was
used to analyze in utero and peripartum HIV-1 infection. All analyses were specified a priori
and were adjusted for log10 maternal plasma HIV-1 RNA load at 32 weeks of gestation.

RESULTS
Cohort characteristics

HLA data were available for 277 mothers and 199 infants. The 199 pairs with known maternal
and infant HLA types were included in the concordance analyses, and all 277 pairs with
maternal HLA data were assessed in the maternal homozygosity analyses. At 32 weeks of
gestation, the median maternal CD4+ cell count and plasma HIV-1 RNA load for the 277
mothers were 431 cells/μL (interquartile range [IQR], 295–608 cells/μL) and 4.7 log10 copies/
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mL (IQR, 4.2–5.3 log10 copies/mL), respectively. At delivery, the median maternal viral load
was 4.1 log10 copies/mL (IQR, 3.5– 4.8 log10 copies/mL) and was strongly correlated with
maternal viral load antenatally (Pearson’s correlation coefficient, 0.67).

Of the 277 infants, 212 (77%) were breast-fed, and 204 (74%) were breast-fed after 1 month
of age. During the first year, the mean and median breast-feeding durations were 7.8 and 8.5
months, respectively, and the median breast milk viral load at the last visit during breast-feeding
was 2.6 log10 copies/mL (IQR, 2.0 –3.5 log10 copies/mL). Overall, 58 infants (21%) were
infected during 12 months of follow-up. Of these infections, 21 (36%) were detected within
48 h of birth and were classified as in utero infections, 26 (45%) were detected between birth
and 1 month of age and were classified as peripartum infections, and 11 (19%) were detected
between 1 and 12 months of age and were attributed to breast-feeding. During follow-up, 26
(9%) of the infants died, of whom 9 (35%) were not infected with HIV-1. Of the living infants,
21 (8%) were lost to follow-up.

Mother-child HLA concordance and risk of vertical transmission of HIV-1
Of 199 pairs with concordance data, 6 (3%) shared 6 alleles, 25 (12%) had 5 matches, 59 (30%)
had 4 matches, and 109 (55%) had 3 matches. Overall, transmission occurred among 3 (50%)
of the pairs with 6 matches, 8 (32%) with 5 matches, 13 (22%) with 4 matches, and 20 (18%)
with 3 matches (figure 1). There was a 1.3-fold increased risk of transmission with each
consecutive level of concordance from 3 to 6 matched alleles, before and after adjustment for
maternal viral load (hazard ratio [HR], 1.37 [95% confidence interval {CI}, 1.01–1.86]; P = .
04) (adjusted HR [aHR], 1.32 [95% CI, 1.01–1.73]; P = .04). Increased concordance was also
significantly associated with in utero transmission risk after adjustment for maternal viral load
(odds ratio [OR], 1.67 [95% CI, 0.99 –2.81]; P = .054) (adjusted OR [aOR], 1.72 [95% CI,
1.01–2.94]; P = .04).

Of pairs with concordance data, 125 infants were uninfected at 1 month of age and were breast-
fed. Among these breast-feeding pairs, concordance was associated with HIV-1 transmission
via breast-feeding in the unadjusted analysis and after adjustment for HIV-1 load at 32 weeks
of gestation (HR, 1.94 [95% CI, 1.09 –3.48]; P = .02) (aHR, 1.59 [95% CI, 1.02–2.47]; P = .
04). On the basis of this model, pairs with 4 matches experienced a 1.6-fold increased risk of
transmission relative to pairs with 3 matches, pairs with 5 matches experienced a 2.6-fold
increased risk, and pairs with 6 matches experienced a 4.1-fold increased risk. There was not
a significant increase in peripartum transmission risk by HLA concordance.

The degrees of mother-infant concordance at the HLA-A, -B, and -C loci were evaluated
separately to determine whether individual loci were associated with increased transmission
risk in a model adjusted for maternal HIV-1 load. Transmission overall occurred among 12
(35%) of the pairs sharing 2 HLA-B alleles, whereas 32 infants (19%) were infected when only
1 HLA-B allele was shared (HR, 1.74 [95% CI, 0.93–3.27]; P = .08) (aHR, 1.96 [95% CI,
1.11–3.47]; P = .02) (table 1). In utero transmission occurred in 6 (18%) of the pairs who shared
2 HLA-B alleles and 11 (7%) of the pairs who shared a single HLA-B allele (OR, 3.00 [95%
CI, 1.02– 8.80]; P = .045) (aOR, 3.28 [95% CI, 1.07–10.01]; P = .04). After adjustment for A
and C locus concordance in addition to maternal viral load, there was still a trend toward
increased overall transmission risk with B locus concordance (aHR, 1.94 [95% CI, 0.97–3.89];
P = .06). However, there were no differences in the risk of peripartum or breast-feeding
transmission according to HLA-B concordance, and there were no significant associations
between concordance at the HLA-A and -C loci and transmission risk at any time point.
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Maternal HLA homozygosity association with vertical HIV-1 transmission
Two hundred twenty-nine (83%) of the mothers were heterozygous at the HLA-A, -B, and -C
loci, and 48 (17%) were homozygous at 1 or more loci. At 32 weeks of gestation and at delivery,
mothers with homozygosity at 1 or more loci had higher HIV-1 RNA loads than did mothers
who were completely heterozygous. The median HIV-1 RNA level at 32 weeks of gestation
was 4.8 log10 copies/mL (IQR, 4.2–5.3 log10 copies/mL) among heterozygous mothers and
5.1 log10 copies/mL (IQR, 4.4 –5.4 log10 copies/mL) among those who were homozygous at
1 or more loci (P = .03). A similar relationship was observed between HLA homozygosity and
HIV-1 RNA levels at delivery (4.3 vs. 4.0 log10 copies/mL; P = .03).

Maternal HLA homozygosity increased HIV-1 transmission risk overall (figure 2).
Transmission occurred at some time during the 12 months of follow-up among 41 pairs (18%)
who were heterozygous at the HLA-A, -B, and -C loci, compared with 17 pairs (35%) in whom
the mother was homozygous at 1 or more loci. In unadjusted analyses, infants of homozygous
mothers experienced an ∼2-fold increased risk of overall transmission compared with infants
of heterozygous mothers (HR, 1.9 [95% CI, 1.1–3.2]; P = .02). This association remained after
adjustment for maternal plasma viral load at 32 weeks of gestation (aHR, 1.7 [95% CI, 1.1–
2.8]; P = .03).

Mothers who were homozygous at any HLA locus also more frequently transmitted HIV-1 to
their infants via breast-feeding. Five (4%) of the heterozygous mothers transmitted HIV-1 to
their infants, compared with 6 (21%) of the homozygous mothers. In the unadjusted analysis,
the risk of transmission among homozygous mothers was increased >7—fold (HR, 7.4 [95%
CI, 2.2–24.9]; P = .001). This association remained after adjustment for maternal plasma viral
load at 32 weeks of gestation (aHR, 5.6 [95% CI, 1.8 –17.1]; P = .002).

When specific loci were evaluated, overall transmission was more frequent among mothers
who were homozygous at the HLA-B or -C loci. HLA-B homozygosity was associated with a
1.8-fold increased transmission risk overall in unadjusted and adjusted analyses (HR, 1.9 [95%
CI, 0.98 –3.78]; P = .06) (aHR, 1.8 [95% CI, 1.01–3.2]; P = .04). Homozygosity at the HLA-
C locus was also associated with a 1.7-fold increased overall transmission risk in unadjusted
and adjusted analyses (HR, 2.0 [95% CI, 1.12–3.57] P = .02) (aHR, 1.7 [95% CI, 1.04 –2.9];
P = .04). HLA-A homozygosity was not significantly associated with overall transmission. In
a single model that included homozygosity at the HLA-A, -B, and -C loci separately, no
significant associations were observed for transmission at any time.

DISCUSSION
In this cohort of breast-feeding women and their infants, mother-child HLA concordance was
associated with increased risks of overall, in utero, and breast milk HIV-1 transmission.
Additionally, maternal homozygosity was associated with the risk of transmission overall and
via breast-feeding. The effects of HLA concordance on transmission appeared to derive
predominantly from the HLA-B locus, but this is difficult to confirm with our data.

Increased susceptibility to vertical HIV-1 transmission due to mother-child HLA concordance
has several possible biological mechanisms. Infants whose HLA is the same as their mothers
may be less able to recognize HIV-1 that has evolved to evade maternal immune responses via
HLA-mediated selection. Concordance might also decrease the likelihood of infant
alloimmune responses against maternally derived lymphocytes. Among mother-infant pairs
with more concordance, HLA molecules on the surface of HIV-1—infected or -uninfected
maternal cells will be recognized as “self” by cytotoxic T lymphocytes or NK cells and will
be less likely to be destroyed. Infant alloimmune responses may also target maternal HLA
molecules incorporated into the HIV-1 envelope when virus buds from host cells [14]. Thus,
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increased concordance could restrict T cell destruction of cell-free HIV-1, in addition to
reducing destruction of HIV-1—infected maternal cells.

Our observation that mother-child HLA concordance was associated with increased HIV-1
transmission risk is consistent with previous findings and adds to them by demonstrating that
concordance is also associated with a significantly greater risk of breast milk HIV-1
transmission. A study of 125 mother-child pairs in Kenya without antiretroviral prophylaxis
found that each additional concordant class I allele was associated with a 2.6-fold increased
risk of perinatal infection [6]. A United States— based study in which mothers and infants
were given zidovudine found a 4-fold increased transmission risk before 6 weeks of age among
pairs who were completely concordant at 1 or more class I loci compared with pairs who shared
only 3 alleles [7]. Neither of these studies found an association between HLA concordance and
HIV-1 transmission via breast-feeding.

One strength of the present study is that the sampling schedule permitted more precise
estimation of the timing of infection. Thus, infections could be classified as having been in
utero, peripartum, or breast milk. The only other study of whether HLA concordance influences
breast milk transmission classified infections occurring before 6 months of age as early and
infections occurring after 6 months as being transmitted through breast-feeding. In our sample,
nearly 50% of infections occurring through breast-feeding happened before the age of 6
months. These would have been classified as early infections by the criteria of MacDonald et
al. and may have increased the likelihood of observing an association between concordance
and early transmission rather than breast-feeding [6]. Another difference that may have
increased our power to detect an association is that both of the previous studies used serologic
HLA typing, whereas we used molecular-based typing, which is more specific. Serologically
defined HLA alleles are broad, whereas many alleles that can be identified only by molecular
techniques have distinct epitope-binding motifs.

In the present study, mothers with HLA homozygosity had higher plasma HIV-1 RNA loads,
and any maternal homozygosity was associated with an increased risk of HIV-1 transmission
overall and via breast-feeding. We are not aware of any studies that have specifically focused
on HLA homozygosity and HIV-1 transmission. Previous studies have examined HLA
homozygosity as it relates to HIV-1 disease progression [4,5]. Carrington et al. [4] found that
homozygosity at any HLA class I locus was associated with more rapid disease progression.
One mechanism through which maternal homozygosity might increase vertical transmission
risk is accelerated HIV-1 progression and higher viral loads in homozygous mothers. However,
we observed a strong association between maternal HLA homozygosity and HIV-1
transmission overall and through breast-feeding, even after adjusting for maternal HIV-1 load,
which suggests that the effect of maternal HLA homozygosity on transmission risk is not due
only to its effect on maternal disease progression. Because this association is independent of
viral load antenatally, another mechanism for the influence of maternal HIV-1 homozygosity
on vertical transmission risk must be considered. It is possible that HIV-1—infected cells of
homozygous mothers elicit a weaker alloimmune response in their infants, which in turn may
lead to increased survival of maternal HIV-1—infected cells and increased risk of transmission.

In addition to associations between concordance at the HLA-A, -B, and -C loci together, there
were associations with overall and in utero transmission for the HLA-B locus individually and
with overall transmission after adjustment for A and C locus concordance. These results suggest
that associations observed when concordance was classified according to the class I loci
considered together may have been driven by the B locus. The importance of HLA-B alleles
in HIV-1 transmission and disease progression has been demonstrated in past studies. First, a
study of HIV-1—discordant couples in Zambia found that increased concordance at the HLA-
B locus was associated with a 2-fold increased transmission risk [15]. In another study, Kiepiela
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et al. demonstrated a dominant influence of HLA-B alleles on CD8+ T cell responses against
HIV-1 [16].

Our observation that HLA concordance and maternal homozygosity were associated with in
utero and breast milk transmission but not with peripartum transmission might be explained
by the roles played by cell-associated and cell-free virus in transmitting HIV-1 from mother
to child. It is not well established whether cell-free or cell-associated virus is more influential
in vertical HIV-1 transmission. However, in vitro data suggest that in utero transmission is
caused more by cell-associated virus than by cell-free virus [17-19]. Additionally, cell-
associated virus may be more readily transmitted through breast-feeding than cell-free virus,
whereas intrapartum transmission may be caused by both types of virus [20,21]. Thus, HLA
concordance and homozygosity might have stronger associations with increased risks of in
utero and breast milk transmission to the extent that alloimmune responses act primarily on
cell-associated virus. The role played by HLA concordance in increasing vertical transmission
of cell-associated virus via breast-feeding is further supported by findings that HLA
concordance increased the risk of vertical transmission of human T cell lymphotrophic virus
type 1, which is transmitted only via cell-to-cell interaction [22]. This adds to a growing body
of evidence indicating that cell-associated HIV-1 is critically important for in utero and breast
milk transmission [17-21].

There were several limitations to our study. First, because maternal and infant HLA typing was
conducted in different laboratories, there is a possibility of measurement error when
concordance scores are computed. Measurement error of this kind would most likely decrease
the indicated number of shared alleles, biasing our results toward the null. Hence, the true effect
of concordance on transmission could be even greater than the effects observed here. Second,
because a limited number of transmission events occurred through breast-feeding, these
analyses could have been underpowered. Third, our ability to determine the timing of
infections, although very good compared with earlier studies, was nevertheless less than
perfect. Late in utero infections and early infections via breast-feeding may have been
misclassified as intrapartum infections because of the inability to differentiate the specific route
of transmission in these cases.

In conclusion, mother-child HLA concordance and maternal HLA homozygosity increased the
risk of HIV-1 infection in infants for overall, in utero, and breast-feeding transmission. When
HLA-B concordance was considered individually, there is evidence that it increased the risk
of in utero and overall transmission. These data are consistent with evidence in the literature
indicating that HLA-mediated immune responses are important drivers of HIV-1 selection and
HLA diversity, and they support the hypothesis that the HLA-B locus is particularly important.
Our results also suggest a role for alloimmune responses in vertical transmission of HIV-1,
which is intriguing because similar studies have indicated that concordance and alloimmune
responses may also alter the risk of heterosexual HIV-1 transmission [14]. Further study of the
role played by HLA class I and II and cellular alloimmune responses in both vertical and
heterosexual HIV-1 transmission is warranted.
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Figure 1.
Proportion (%) of infants infected with HIV-1 for overall, in utero, peripartum, and breast-
feeding transmission, according to the degree of mother-child HLA class concordance at the
HLA-A, -B, and -C loci. Values in bars represent the nos. of infants in each concordance
category who were infected during the specified period. P values were obtained using logistic
and Cox regression models adjusted for maternal viral load. Cox regression was used to analyze
overall and breast milk transmission, and logistic regression was used to analyze in utero and
peripartum transmission.
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Figure 2.
Proportions (%) of infants infected with HIV-1 for overall, in utero, peripartum, and breast-
feeding transmission, according to the degree of maternal HLA class I homozygosity at the
HLA-A, -B, and -C loci. Values in bars represent the nos. of infants in each homozygosity
category who were infected during the specified period. P values were obtained using logistic
and Cox regression models adjusted for maternal viral load. Cox regression was used to analyze
overall and breast milk transmission, and logistic regression was used to analyze in utero and
peripartum transmission.
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Table 1
Influence of HLA-A, -B, and -C loci concordance separately on overall HIV-1 transmission risk at any time before 1
year of age.

HLA
locus

No. (%)
infected with HR (95% CI) from

2 matches
at locus

1 match
at locus

Models for each
locus separatelya

Multivariate
modelb

A 10 (26) 34 (21) 1.33 (0.70–2.54) 1.26 (0.65–2.45)

B 12 (35) 32 (19) 1.96 (1.11–3.47) 1.94 (0.97–3.89)

C 16 (29) 28 (19) 1.34 (0.77–2.36) 0.98 (0.49–1.96)

a
Hazard ratios (HR) and 95% confidence intervals (CIs) for the influence of HLA concordance at class I loci separately after adjusting for maternal viral

load at 32 weeks of gestation, using a distinct Cox regression model for each locus.

b
Adjusted HRs and 95% CIs from a multivariate model that included HLA-A, -B, and -C concordance as well as maternal viral load.
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