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SUMMARY
Among 288 HIV-1-infected, breastfeeding women who received zidovudine prophylaxis and were
followed with their infants in Nairobi, we found no associations between maternal genetic
polymorphisms in CCR5 (59029G/A, 59353T/C, 59356T/C, 59402G/A), RANTES (−403G/A),
and SDF-1 (3′801G/A) and mother-to-child HIV-1 transmission; plasma, cervical, and breastmilk
viral loads; or breastmilk chemokine concentrations.
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INTRODUCTION
The chemokine receptors CCR5 and CXCR4 are the primary co-receptors for human
immunodeficiency virus type 1 (HIV-1) entry into host cells and are involved in viral
tropism. Natural ligands for CCR5 and CXCR4 are macrophage inflammatory protein 1α
(MIP-1α), macrophage inflammatory protein 1β (MIP-1β), regulated on activation normal T-
cell expressed and secreted chemokine (RANTES) and stromal cell-derived factor-1
(SDF-1). Several studies suggest that these chemokines may play a role in the control of
HIV-1 infection (Ferbas et al., 2000; Garzino-Demo et al., 1999; Scala et al., 1997).
Elevated levels of chemokines have been found in individuals who remained HIV-1-
seronegative despite repeated exposures (Iqbal et al., 2005; Shieh et al., 2001; Sriwanthana
et al., 2001), and concentrations of these chemokines in breastmilk have been associated
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with differences in the risk of mother-to-child HIV-1 transmission (MTCT) (Bosire et al.,
2007; Farquhar et al., 2005), suggesting a potential role in transmission.

A number of genetic polymorphisms in the chemokine receptor system have been associated
with HIV-1 acquisition and disease progression, including single nucleotide polymorphisms
in the untranslated regions of CCR5, RANTES, and SDF-1 (Kaur & Mehra, 2009; Piacentini
et al., 2009). Few studies, however, have investigated the role of these polymorphisms in the
transmitting individual on HIV-1 transmission, and little is known regarding the mechanism
by which they might affect transmission. In a previous cohort of Kenyan HIV-1-infected,
antiretroviral therapy (ART)-naïve pregnant women and their infants, the maternal CCR5
promoter polymorphisms at positions 59029, 59353, 59356, and 59402 were not associated
with MTCT (John, Bird, et al., 2001), although there was an increased risk of MTCT among
children born to women heterozygous for the SDF-1 3′A polymorphism (John et al., 2000).
To our knowledge, no reports have been published assessing the potential effects of these
polymorphisms on MTCT in the context of ART or of maternal RANTES polymorphisms
on MTCT. In this study, we followed a cohort of HIV-1-infected, breastfeeding women who
received zidovudine prophylaxis and their infants in Nairobi, Kenya, to determine the effects
of six maternal genetic polymorphisms in CCR5, RANTES, and SDF-1 on MTCT and on
maternal factors affecting transmission.

MATERIALS AND METHODS
Study recruitment and follow-up

From July 1999 through October 2002, HIV-1-seropositive pregnant women attending
greater Nairobi antenatal clinics were recruited to examine infant HIV-1-specific immune
responses and vertical transmission risk (John-Stewart et al., 2009). After providing written
informed consent for study participation, women were followed from approximately 32
weeks gestation through delivery and postpartum with their infants for 12 months. Women
were counseled regarding risks of HIV-1 transmission and infant feeding alternatives using
UNAIDS guidelines and received zidovudine from 32 weeks gestation through delivery.
Infants were fed according to maternal preference and mother-infant pairs were evaluated by
study physicians within 48 hours of delivery, at 2 weeks postpartum, and monthly during
follow-up.

Laboratory assays
For women in this cohort who intended to breastfeed, maternal CCR5 genotype at positions
59029 (A/G), 59353 (C/T), 59356 (C/T), and 59402 (G/A) in the promoter region, RANTES
genotype at position −403 (G/A) in the promoter region, and SDF-1 genotype at position
801 (G/A) in the 3′ UTR were characterized by allele-specific priming amplification
refractory mutation system PCR using sequence-specific primers designed to discriminate
between single nucleotide mismatches on their 3′ end which coincide with the target
mutation (Clegg et al., 2000). The four CCR5 polymorphisms are also numbered −2459
(59029), −2132 (59353), −2135 (59356), and −2086 (59402). HIV-1 RNA viral load was
determined in maternal plasma, cervical, and breastmilk specimens and RANTES, SDF-1,
MIP-1α, and MIP-1β were assayed in breastmilk as described elsewhere (DeVange
Panteleeff et al., 2002; Emery et al., 2000; Farquhar et al., 2005). Infant HIV-1 infection
status was determined as described elsewhere (John-Stewart et al., 2009).

Statistical analyses
The effects of maternal polymorphisms on timing of infant HIV-1 infection from birth until
12 months were determined using Cox proportional hazards regression using exact marginal
likelihoods, while the effects on transmission prior to 1 month were examined using logistic
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regression. Infants were considered infected at the time of their first HIV-1 positive test
result. Likelihood ratio test statistics were used to calculate p-values. Associations between
polymorphisms and breastmilk, cervical, and plasma HIV-1 viral loads and breastmilk
chemokine levels were assessed using median regression. Viral load values were log10-
transformed for all analyses and we utilized an allele-dose model that assumed an additive
change in risk as the number of alleles of the least prevalent allele increased. Data were
analyzed using Stata statistical software version 9.2 (College Station, USA).

RESULTS
A total of 288 HIV-1-seropositive women who attended greater Nairobi antenatal clinics
chose to breastfeed their infants and were genotyped for at least one of the target CCR5,
RANTES, or SDF-1 polymorphisms. These women were 18 to 39 years of age and had a
median CD4 T cell count of 451 cells/μl (range: 6-1628). Their median HIV-1 RNA viral
loads were 4.76, 2.11, and 2.52 log10 copies/ml in plasma collected at 32 weeks gestation,
cervical specimens collected at 32 weeks gestation, and breastmilk collected 1 month
postpartum, respectively. Median chemokine concentrations measured in breastmilk
supernatant collected at 1 month postpartum were 181, 287, 21, and 47 pg/ml for RANTES,
SDF-1, MIP-1α, and MIP-1β, respectively.

Of the 286 infants for whom HIV-1 infection status was known, 66 (23%) were HIV-1
infected. Of these infections, 55 (83%) occurred prior to 1 month postpartum, and 11 (17%)
occurred between months 1 and 12. Among 270 infants for whom follow-up information
was available, 30 (11%) infants died during the follow-up period, 19 (63%) of whom were
HIV-1-infected, and 26 (10%) were lost to follow-up.

Genotype frequencies for the six polymorphisms in this cohort of Kenyan women are shown
in Figure 1. The allele frequencies for these polymorphisms were: 0.449 for CCR5 59029G;
0.448 for CCR5 59353T; 0.097 for CCR5 59356T; 0.103 for CCR5 59402G; 0.401 for
RANTES −403A; and 0.056 for SDF-1 3′801A. None of the polymorphisms were
associated with HIV-1 viral load measured in plasma at 32 weeks gestation, cervical fluid at
32 weeks gestation, or breastmilk at 1 month postpartum (p>0.05 for all); RANTES, SDF-1,
MIP-1α, or MIP-1β concentrations in breastmilk at 1 month postpartum (p>0.05 for all); or
the risk of MTCT in the first 12 months postpartum (Table 1) or prior to 1 month postpartum
(p>0.05 for all).

Maternal viral load in plasma at 32 weeks gestation and delivery, cervical fluids at 32 weeks
gestation, and breast milk at 1 month were associated with MTCT (p < 0.001 for all), as
previously reported (Farquhar et al., 2005; John, Nduati, et al., 2001). The relationship
between breastmilk chemokine concentrations and both breastmilk viral load and MTCT in
this cohort were explored in Farquhar et al., 2005.

DISCUSSION
We had hypothesized that differences in maternal genotype in CCR5, RANTES, and SDF-1
would result in differential expression of these proteins and, in doing so, influence HIV-1
co-receptor expression on cell surfaces or compete with HIV-1 for access to these receptors.
These changes in CCR5 and CXCR4 availability would affect viral replication and,
consequently, viral load in the mother and transmission to the infant (Blanpain et al., 2002;
Farquhar & John-Stewart, 2003). In addition, maternal genotype could affect the risk of
breastmilk infection by altering the concentration of chemokines ingested by infants through
breastmilk, which could result in similar changes to HIV-1 co-receptor availability and thus
viral entry in the infant. However, we found that these polymorphisms had no effect on
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maternal viral load in plasma, cervical fluids, or breastmilk or any measured breastmilk
chemokine concentrations. While a previous study in Kenyan pregnant women also found
no differences in plasma viral load by CCR5 promoter genotypes (John, Bird, et al., 2001),
the relationship between these genotypes and breastmilk chemokine levels in HIV-1 infected
women has not previously been defined. Evaluating chemokine concentrations in specific
compartments relevant to HIV-1 transmission or acquisition is novel and important for
determining how these polymorphisms may be acting to influence transmission; previous
studies have focused primarily on plasma concentrations or in vitro expression assays.

Few studies have investigated these chemokine receptor system polymorphisms in African
populations. The allele frequencies we observed for the four CCR5 promoter
polymorphisms confirm those reported from a previous cohort of HIV-1 infected pregnant
women in Kenya (John, Bird, et al., 2001) and are generally similar to those found in other
African populations (Pedersen et al., 2007; Singh et al., 2008; Torimiro et al., 2007). We
also confirm a frequency of approximately 5-6% for the SDF-1 3′A allele among HIV-1
infected Kenyan women (John et al., 2000), which is similar to the very low (<1%) allele
frequencies identified in other populations of HIV-1 infected women in Sub-Saharan Africa
(Singh et al., 2008) and much lower than those reported in Asian, European, and U.S.
populations, regardless of HIV-1 infection or disease status (Brambilla et al., 2000; Koizumi
et al., 2007; Soriano et al., 2002; Suresh et al., 2006; Tresoldi et al., 2002; Vidal et al.,
2005). The frequency of the RANTES −403A allele has not, to our knowledge, been
reported in an East African population. The observed 40% frequency is similar to those
reported in African American populations but lower than the 53% reported in West African
blood donors (Duggal et al., 2005; McDermott et al., 2000), all of which are greater than the
reported frequencies in individuals of European and Asian descent (Duggal et al., 2005;
Fernandez et al., 2003; Koizumi et al., 2007; McDermott et al., 2000; Suresh et al., 2006;
Vidal et al., 2006; Wichukchinda et al., 2006; Zhao et al., 2004).

Our study had some limitations, including limited power to detect associations between the
CCR 59356, CCR5 59402, and SDF-1 polymorphisms and MTCT. Also, we did not
determine the sequence for all known polymorphisms in these genes, some of which have
been found to be in linkage disequilibrium or to interact with those in our study. In addition,
without information regarding infant polymorphisms, effects of maternal and infant
polymorphisms on MTCT could be conflated, and effects of these polymorphisms on
breastmilk chemokine levels may have been masked by the effects of HIV-1 infection on the
chemokine receptor system.

Because the results of studies assessing the effects of chemokine receptor system
polymorphisms on HIV-1 acquisition, transmission, and progression have been inconsistent,
it is important to consider negative studies such as this one and to address not only the
effects of these polymorphisms on outcomes of interest but also the potential mechanisms of
their effects. A better understanding of the chemokine receptor system and its interactions
with HIV-1 in both infected and uninfected individuals may assist in the development of
novel therapeutic or prophylactic treatments.
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Figure 1.
CCR5, RANTES, and SDF-1 polymorphism genotype frequencies among pregnant HIV-1-
seropositive Kenyan women attending greater Nairobi antenatal clinics
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