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Abstract

The transmission of HIV-1 from mother to child during pregnancy is unlike other types of HIV-1 transmission because the child shares major histocompatibility complex (MHC) genes with the mother during a time while the mother is induced to tolerate the paternally derived fetal MHC molecules, in part through natural killer (NK) recognition of MHC polymorphisms. The relevance of these immune mechanisms to HIV-1 transmission was assessed by determining the HLA-B alleles of mother and infant. Almost half (48%) of mothers who transmitted with low viral loads had HLA-B*1302, B*3501, B*3503, B*4402, or B*5001 alleles, compared with 8% of nontransmitting mothers (P = 0.001). Conversely, 25% of mothers who did not transmit despite high viral loads had B*4901 and B*5301, vs. 5% of transmitting mothers (P = 0.003), a pattern of allelic involvement distinct from that influencing HIV-1 infection outcome. The infant's HLA-B alleles did not appear associated with transmission risk. The HLA-B*4901 and B*5301 alleles that were protective in the mother both differed respectively from the otherwise identical susceptibility alleles, B*5001 and B*3501, by 5 amino acids encoding the ligand for the KIR3DL1 NK receptor. These results suggest that the probable molecular basis of the observed association involves definition of the maternal NK recognition repertoire by engagement of NK receptors with polymorphic ligands encoded by maternal HLA-B alleles, and that the placenta is the likely site of the effect that appears to protect against transmission of maternal HIV-1 through interrelating adaptive and innate immune recognition.

An estimated 800,000 children are born each year with HIV-1 infection contracted from the mother. 1 This transmission of HIV-1 occurs during pregnancy, around the time of labor and delivery, and postnatally through breast-feeding. 2 Transmission rates in the absence of one or more interventions to prevent mother-to-child transmission range from 14–32% in non–breast-feeding populations and from 25–48% in breast-feeding populations. 3

Unique genetic and immunologic events distinguish antepartum transmission from subsequent transmission of HIV-1, since antepartum transmission occurs in a setting where the child shares at least half of his or her major histocompatibility (MHC) genes with the mother, and while the mother tolerates the paternally derived fetal histocompatibility molecules.

Antepartum HIV-1 transmission is potentially related to HLA class I alleles of the MHC because of their role in both determining maternal-infant compatibility and in regulating the CD8 T-cell surveillance of virally infected cells that results in either killing of virus-infected cells or the production of factors that interfere with viral infectivity and replication. 4,5 Through the avidity of the pockets in different allelic MHC molecules for particular amino acid side chains, the binding properties of MHC molecules encoded by these alleles, first, determine the individual's somatically generated repertoire of CD8 T cells by binding different self-peptides during thymic selection and, second, specify the particular viral peptides to be bound and presented to the CD8 T cells during an adaptive immune response. The importance of HLA class I alleles in defining an individual's response to HIV-1 infection is emphasized by the association of rapid HIV-1 disease progression with the HLA-B*35 family of alleles. 6–8 Conversely, HLA-B27 and HLA-B57 are associated with long-term nonprogression 7–9 apparently by binding a much broader repertoire of peptides containing immunodominant peptides derived from critical regions in the viral genome. 9,10 Interestingly, more recent molecular subtyping of the HLA class I alleles revealed that the phenotype of rapid progression to AIDS is not conferred by all alleles in the HLA-B*35 family. The prototypic HLA-B*35 allele, HLA-B*3501, was found not to be associated with rapid progression of HIV-1 infection, but rather the association with rapid progression is primarily with several of the less common HLA-B35 alleles, eg, HLA-B*3502 and B*3503 as well as with the structurally related allele HLA-B*5301. 11,12 The narrow spectrum of peptide binding of molecules encoded by these alleles 13–15 that includes few peptide motifs of HIV-1 proteins 10 suggests that the rapid progression of HIV-1 infection reflects an escape from the reduced repertoire of T cells able to recognize the small number of presented HIV-1 peptides. 9,10,16–18 Because the mothers' MHC class I alleles define a nearly unique environment of adaptive immune recognition in which the HIV-1 infection evolves, and the viruses that are transmitted to the infant have already evolved in and evaded the maternal immune response environment defined by some of the same class I HLA histocompatibility genes inherited by the infant, 19 it is possible that different HLA-B alleles influence transmission by this process.

A second way HLA class I molecules could be relevant to antepartum HIV-1 transmission involves their interaction with 2 sets of stereotyped natural killer (NK) receptors. NK receptors are a part of the innate immune response that are triggered by alterations, particularly decreases, in the expression of HLA class I molecules, the “missing self” mechanism. 20 This system mediates the inhibitory response that appears to be a critical mechanism in inducing maternal tolerance of the paternally derived fetal major histocompatibility molecules of the child, which if engrafted in different circumstances would result in rejection. 21–23 While the mechanism of this tolerance is not fully understood, it is mediated by the massive placental accumulation of NK and CD8 T cells that express NK receptors. 21–23

One family of stereotyped NK receptors, the killer inhibitor receptors (KIR), is a molecularly and genetically intricate system 24 that interacts with various polymorphic regions of HLA molecules not directly involved in peptide-binding, although the nature of many of the KIR ligands remains to be determined. The varied expression of KIR family members on different NK cells and CD8 T lymphocytes influenced by binding to MHC polymorphisms creates a somatically selected repertoire that recognizes most allelic MHC class I molecules. 25 HLA-B molecules encode a sequence motif that regulates allele-specific interaction with KIR3DL1, an inhibitory member of the KIR family. Cells infected with viruses that avoid immunosurveillance by selectively downregulating the expression of HLA-B 5 are killed by NK cells upon the diminution of tonic inhibitory signaling through their inhibitory NKR, such as KIR3DL1, following decreased HLA-B expression. NK cells have been implicated in the control of HIV-1 infection in adults by studies on HLA-B alleles. 26,27 Moreover, activated NK cells directly suppress the replication of HIV-1 by CC chemokine secretion. 28 NK receptors also relate directly to the adaptive immune response because KIRs are expressed on CD8 T cells. 29,30 Here, decreased HLA-B expression on infected cells removes the inhibitory signal transduced by KIR3DL1 and lowers the threshold for CD8 T-cell activation by viral peptides, enhancing the adaptive CD8 T-cell anti-HIV-1 response.

The consequences of both aspects of polymorphism of the HLA-B molecules, that related to peptide binding and that interacting with the KIR receptors, are both potentially relevant to mother-to-child transmission of HIV-1, but each has completely different implications in terms of the particular alleles that would be associated with transmission. The first hypothesis is that HLA alleles associated with more rapid disease progression among HIV-1-infected individuals would be associated with maternal HIV-1 transmission, and the HLA alleles of an infected infant would resemble those of the mother. A second hypothesis is that the interaction of HLA with the NK receptors of the innate immune system receptors importantly determines whether transmission to the infant occurred. Here, one would expect that the particular HLA-B alleles of the mother encoding KIR3DL1 ligands in triggering an NK response would be of primary importance, and the alleles of the infant would be largely irrelevant. We tested these 2 alternative hypotheses by using sequence-based DNA typing of cryo-preserved lymphocytes from HIV-1-infected women and their children enrolled in the Women and Infants Transmission Study (WITS) 31 to determine the influence of particular HLA-B alleles on the occurrence of HIV-1 transmission.
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METHODS

Study Design

WITS is a multicenter, prospective cohort study. 31 The study population was composed of HIV-1-infected women enrolled in WITS who delivered between 1990–1993 and from whom cryopreserved lymphocytes were available (along with such lymphocytes from their children). Eligible cases were all those women who transmitted HIV-1 to their children, and eligible controls were those women who did not transmit. HIV-1-infected children had at least 2 positive HIV-1 cultures. HIV-1-uninfected children had no positive HIV-1 cultures and had at least 2 negative HIV-1 cultures at 1 month and at or after 6 months of age. For every case, 2 controls were randomly selected and were frequency-matched to the cases on year of delivery, study site, and ethnicity.
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Laboratory Methods

Maternal viral loads were determined, as described. 32 DNA isolation and sequence-based HLA-B typing was performed with a sequence-based method as described 33 and modified by using 5′YGTCGCCGBGGTCCCAGTTC-TAAAG and 3′GGAGGCCATCCCCGGCGACCTAT in-tronic primers, followed by exon-specific sequencing in both forward and reverse directions. Mothers and children typing for only 1 allele were considered homozygous.
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Statistical Methods

Allele frequencies were compared by Fisher exact test uncorrected for multiple comparisons. Interactions were determined by the Breslow-Day homogeneity test. In the logistic regression, the association between each allele and transmission was adjusted for log10 plasma viral load, infant birth weight, and receipt (or lack thereof) of zidovudine monotherapy. HIV-1 RNA < 400 copies/mL was assigned a value of 400 copies/mL for statistical analysis. We performed a permutation test to assess whether the observed differences in distribution of HLA-B alleles between cases and controls was greater than might be expected due to chance alone (by testing the null hypothesis that there is no relationship between maternal HLA-B and transmission). A measure of overall imbalance between cases and controls with respect to HLA-B was defined by constructing a 2 × 2 table for each 2-digit allele and transmission status, calculating the χ2 statistic for each table, and summing them up. Then we created 10,000 simulated data sets by randomly permuting the cases/control status of the mothers in our data set and compared the imbalance statistic calculated from the observed data with the distribution of imbalance measures from our simulated data sets to see the degree to which the observed imbalance was extreme relative to that distribution.
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RESULTS

The successfully typed study population comprised 83 transmitting mother/infant pairs and 163 matched mother/infant pairs. Cases and controls were similar in terms of all characteristics examined, except children born to cases were more likely to be low birth weight (Table 1). High maternal plasma viral loads (>10,000 copies/mL) were somewhat more common among transmitting mothers (cases) (67%) than in non-transmitting, control mothers (55%, P = 0.07). The frequency of CCR5Δ32, a variant chemokine receptor allele with a confirmed association with progression to AIDS, did not differ between cases and controls.
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Mothers transmitting HIV-1 to their infants had significantly increased frequencies of HLA-B*1302, B*3501, B*3503, B*4402, and B*5001, both overall and among subsets of the population (African American and Hispanic mothers, and African American mothers alone) (Table 2). Grouping of separately identified alleles was performed to gain insight into the biologic effects and whether the alleles were operating in the same or separate individuals. More transmitting mothers had HLA-B*3501 or B*3503 than nontransmitters (18 vs. 4%; odds ratio [OR] = 4.9, P = 0.0006). The association of HLA-B*4402 with increased transmission was significant among African American and Hispanic mothers, while HLA-B*1302 was associated with increased transmission overall (OR = 6.3) and also among African American and Hispanic mothers (OR = 8.6). HLA-B*5001, found predominantly among Hispanic mothers (5%), was associated with increased transmission among this ethnic group (OR = 9.2). Overall, we detected B*3501, *3503, *1302, *4402, and *5001 in 22% of the study population. These alleles accounted for 40% of cases and 13% of controls (OR = 4.5). Among African Americans and Hispanics, the presence of these alleles increased the odds of transmission 7-fold.

[image: Table 2]TABLE 2. Associations of Maternal HLA-B Alleles and Mother-to-Child Transmission of HIV-1



To identify additional HLA-B associations, mothers with HLA-B*35 alleles were eliminated from the analysis, revealing that B*5301 was significantly associated with decreased transmission (Table 2). Grouping of B*4901 and B*5301 demonstrated that the effect of each allele was separately associated with decreased transmission (Table 2). Similarly, the association with increased transmission was observed in separate individuals with alleles HLA-B*1302, *4402, and *5001. A permutation test performed to address the issue of multiple comparisons showed that the observed difference in HLA-B alleles between transmitting and nontransmitting mothers would only occur 0.43% of the time by chance (P = 0.0043). A complete list of the results for all maternal alleles is shown in Table 3.
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Analysis of the infant's HLA-B locus alleles revealed that only HLA-B*1402 was marginally associated with increased maternal-infant transmission (P = 0.05) (Table 3). None of the alleles found to be relevant to transmission in the mother had a detectable effect on transmission when they occurred in the infant (Table 3).

Although higher maternal viral load is associated with a greater risk of HIV-1 transmission, 32 upon stratifying by maternal viral load (Table 4), the association of HLA-B*3501 or B*3503 with increased transmission was found primarily among cases with low viral loads (<10,000 copies/mL; median = 3,595 copies/mL, OR = 25.2, P = 0.0001). Overall, 48% of cases with low viral loads had 1 of the 5 susceptibility alleles, compared with 8% of controls (OR = 10.4, P = 0.0001). Reciprocally, 25% of controls with high viral loads had B*4901 and B*5301, compared with 5% of cases (P = 0.003).
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Logistic regression models confirmed that transmission was associated with the HLA-B alleles identified by univariate analysis (Table 5). Notably, among mothers with low viral loads, only maternal HLA B*3501 remained associated with transmission (OR = 18.6), while in mothers with high viral loads B*5301 was independently associated with a lower transmission risk (P = 0.04) (Table 5). Using the approach of MacDonald et al, 34 logistic regression analyses indicated no significant association of HIV-1 transmission with sharing of HLA-B alleles between mother and infant (data not shown).
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Of the 83 cases, 63 could be classified 35 according to the presumed timing of transmission (early transmission [in utero]: 10 cases, vs. late transmission [at the end of pregnancy or during parturition]: 53 cases). Although the proportions of HLA-B*3501 and B*3503 were equal in early vs. late transmitting cases (Table 6), 5 of the 10 cases of early transmission bore either HLA-B*1302 or B*4402, while 8% of controls and 19% of cases with late transmission had either of these 2 alleles (P = 0.002 ), suggesting an association between HLA-B*1302 or B*4402 with early transmission.
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DISCUSSION

Vertical transmission of HIV-1 during pregnancy likely involves several immune mechanisms operating at different levels. Our findings suggest that, in addition to previously identified risk factors for vertical transmission of HIV-1, there is a novel and important role for the innate immune recognition of HLA-B molecules in the mother. Transmitting mothers were more likely to have certain HLA-B alleles (B*3501, B*3503, B*1302, B*4402, and B*5001), overall, in specific subsets of the population (African American and Hispanic mothers), or both, although it should be cautioned that the approach of grouping alleles can lead to somewhat inflated probability values. Reciprocally, B*4901 and B*5301 were each associated with a lower risk of mother-to-child transmission of HIV-1. The presence or absence of these HLA-B alleles in the child was not associated with transmission, nor was maternal-child concordance for these or other HLA-B alleles significantly associated with transmission. Intriguingly, the association of HLA-B*3501 or B*3503 with increased transmission was found primarily in mothers who had low viral loads, while the reduced transmission associated with HLA-B*4901 or B*5301 alleles was predominantly found among mothers with high viral loads.

HLA-B*3501 primarily differs from the HLA-B*3502 and B*3503 alleles because the “F” pocket encoded by the latter alleles that binds the C-terminus of the presented peptide is smaller and further restricts the number of amino acids that can bind. B*5301 also differs from HLA-B*3501 at positions 77, 80, 81, 82, and 83 that similarly define a portion of the “F” pocket 4,14 (Figs. 1 and 2). The pattern of the association of HLA-B*35 alleles and the structurally related HLA-B*5301 allele with increased maternal-infant HIV-1 transmission differed markedly from the pattern of these alleles that has been associated with rapid progression of HIV-1 infection in adults. For example, the allele B*3501, not associated with rapid progression, 12 is strongly associated with heightened vertical transmission. Additionally, B*5301, associated with rapid progression, 12 is protective against maternal-infant transmission. Moreover, the other alleles identified as associated with either a higher or lower risk of mother-to-child transmission (B*1301, B*4402, B*5001, and B*4901) have not been associated with a more rapid rate of HIV-1 disease progression. These associations are inconsistent with the hypothesis that maternal-infant transmission of HIV-1 is an extension of the inadequate handling of the HIV-1 infection by the elements of the mother's adaptive immune response against the virus determined by the peptide-binding properties of HLA-B alleles that result in rapid progression of the HIV-1 infection. Additionally, the finding that the HLA-B allele effect was most striking in mothers with low viral loads and that transmitting HLA B*3501 or B*3503 mothers did not exhibit significantly higher viral loads or decreased CD4 counts (Table 1, and data not shown) further argued against the interpretation that transmission is primarily an extension of inadequate maternal control of the HIV-1 infection.

[image: Figure 1]FIGURE 1. A model of the HLA-B*5301 molecule associated with resistance to vertical transmission of HIV-1, showing the location of the motif Asn, Ile, Ala, Leu, Arg at positions 77, 80, 81, 82, and 83 that distinguishes it from the HLA-B*3501 allele (Ser 77, Asn 80, Leu 81, Arg 82, and Gly 83) that is associated with increased vertical transmission. The same motif distinguishes the resistance allele HLA-B*4901 from the B*5001 allele that is associated with increased vertical transmission, suggesting a molecular site for the effect of these alleles on transmission that interrelates adaptive and innate immune recognition. The polymorphic residues at position 77, 80, and 81 affect the pocket binding the C-terminus of the antigenic peptide. Residues 82 and 83 encode the supratypic HLA-Bw4 structure in the protective B*5301 and B*4901 alleles that engages a NK receptor. Reprinted from Smith et al. 14 with permission.



[image: Figure 2]FIGURE 2. Location and composition of the P9 pocket and the motifs forming the KIR3DL1 ligands in certain HLA-B molecules that are potentially relevant to maternal-infant transmission.



There is a striking symmetric structural relationship between the pairs of protective and susceptibility alleles (HLA-B*5301 and B*3501; (HLA-B*4901 and B*5001), with each paired protective and susceptibility allele differing from the other only at positions 77, 80, 81, 82, and 83 4,14 (Figs. 1 and 2). These results suggest this region encodes a polymorphic structural determinant that could be the molecular basis of the effect of these alleles on vertical HIV-1 transmission. Some of these residues in this sequence motif form part of the C-terminus peptide pocket. 4,14 Insight into differences in this pocket between B*5301 and B*3501 alleles benefit from a series of elegant studies showing that both are sub-Saharan alleles, with HLA-B*5301 more common among West Africans, in whom it confers malaria resistance by binding a trophozoite peptide through accommodating additional C-terminal residues. 14,15 Thus reduced vertical HIV-1 transmission in B*5301 mothers might reflect a slightly broader antiviral T-cell repertoire, or the absence of other constraining features of the B*3501 F pocket. 14

However, a second function of the sequence motif from 77 to 83 is to encode ligands regulating allele-specific interaction of HLA-B molecules with KIR3DL1. 5,29,30,36 KIR3DL1 recognizes 4 similar ligand structures on HLA-B molecules that differ in their capacity to inhibit cytolysis, each expressing the serologic HLA-Bw4 marker. 29,30 Stronger inhibition of NK-mediated cytotoxicity is provided by alleles with isoleucine at 80 (ile-80, N-I-A-L-R) compared with alleles with threonine (thr-80, N-T-A-L-R) at this position. HLA-B alleles lacking the HLA-Bw4 marker (S-N-L-R-G) cannot react with KIR3DL1 and lack inhibitory functions. 36 The expression of these ligands by particular HLA-B molecules is relevant to the findings of the present study since the HLA-B*3501 and B*5001alleles, as well as HLA-B*3503, each associated with increased transmission of HIV-1 from mother to infant, are S-N-L-R-G alleles that do not encode a KIR3DL1 ligand. Conversely, HLA-B*4901 and *5301, associated with decreased HV-1 transmission, are ile-80, N-I-A-L-R alleles that encode a strong KIR3DL1 ligand (Fig. 2). Indeed, fine differences in KIR3DL1 recognition appear more important than peptide-binding properties; since among mothers who did not receive zidovudine monotherapy, when all HLA-B alleles were categorized only by the presence of amino acid sequences at residue 77–83, those with ile-80 (N-I-A-L-R) alleles had a lower risk of transmission (OR = 0.55), while mothers with N-T-A-L-R alleles had a higher risk of transmission (OR = 2.05, Table 5 and Fig. 2), as were the HLA-B alleles characterized by the S-N-L-R-G motif that do not encode a KIR3DL1 ligand. These observations suggest that the ability of an HLA-B molecule to bind and signal strongly though KIR3DL1 is associated with reduced likelihood of vertical transmission. Supporting this interpretation, NK receptor engagement has been implicated in the control of HIV-1 infection through studies of the HLA-B allele frequencies. 26,27 Moreover, NK cells directly suppress HIV-1 replication by CC chemokine secretion. 28

The massive placental accumulation of NK and CD8 T cells with NK receptors that mediate tolerance of the fetal allograft through incompletely defined pathways 21–23 provides an appropriately situated population of cells with the potential to potently suppress placental HIV-1 replication via this proposed mechanism. We postulate that this cell population plays a critical role in suppressing HIV-1 transmission, but that its participation in inhibiting vertical transmission depends on the mother's set of HLA-alleles, and whether they bear the appropriate ligands to engage NK receptors. It is possible that activation of this inhibitory mechanism is either an intrinsic part of the tolerance response driven by the presence of the placenta, or perhaps and more likely, a specific response to the lowering of MHC class I molecules induced by HIV-1 infection. Interestingly, the pattern of MHC class I lowering induced by HIV-1, involving decreased HLA-A and HLA-B, but not HLA-C gene products, mimics the pattern of HLA class I expression found on trophoblast. 37 This pattern of selective reduction of HLA-B and HLA-A molecules induced by HIV-1 might explain why the HLA-B-encoded KIR ligands could play a more important role in this situation than those encoded by HLA-C. Because of the importance of the NK cell receptor class I interaction in controlling the development of the NK cell repertoire during ontogeny of the individual, 25 we hypothesize that because the HLA-B*3501 or B*5001 alleles do not encode KIR3DL1 ligands, the placental NK and CD8 T-cell repertoires of mothers with these alleles have not acquired the ability to perceive the reduced (missing-self) expression of these HLA-B alleles 25 that occurs in HIV-1-infected CD4 T cells or monocytes. 37 This results in the failure to trigger adequately an additional NKR-dependent event in the fetomaternal interface critical to suppressing HIV-1 transmission. This event could depend on a pure NK cell pathway, such as an induction of sufficient CC chemokine release to effectively diminish viral replication, 28 or on a CD8 T-cell pathway in view of the expression of NK receptors on CD8 T cells 29,30 where removal of the inhibitory signal transduced by KIR3DL1 by lowered expression of HLA-B on an infected cell in turn lowers the threshold for CD8 T-cell activation by viral peptides presented by the remaining HLA molecules, potentially enhancing the adaptive CD8 T-cell anti-HIV-1 response.

The structural implications of the association of HLA-B*1302 and B*4402 alleles with increased vertical transmission are less clear but a similar mechanism involving weaker KIR3DL1 engagement is suggested because the same thr-80 KIR3DL1 ligand is encoded by both HLA-B*1302 and B*4402 alleles. We speculate that this ligand might not adequately activate a KIR3DL1-dependent placental mechanism that thwarts in utero transmission, but additional information on the role of these alleles is needed.

Although the study population for our analyses incorporated data from all HIV-1-infected women who delivered prior to the widespread utilization of any intervention to prevent mother-to-child transmission of HIV-1, and for whom cryo-preserved lymphocytes were available, the study population was still small relative to the numbers of polymorphic HLA-B alleles (in excess of 600), and confirmation of these results in a larger study is warranted. Since several of the alleles are increased in sub-Saharan populations and HLA-B*13 alleles are increased in Southeast Asia populations, studies based in these regions may offer excellent opportunities for extension of these results. KIR with activating functions, eg, KIR3DS1, 27 KIR3DL1 polymorphisms, KIR specific for HLA-C polymorphisms, as well as HLA-C polymorphisms, may also be relevant to the role of NK cells in influencing vertical transmission and these each require further study to determine other potentially parallel instances of an interplay between adaptive and innate immunity in the vertical transmission of HIV-1. In addition it is likely that other mechanisms involving alleles of different HLA loci may be relevant to vertical transmission, in view of reports describing associations with maternal-infant concordance and on the presence of particular MHC alleles in infants that could influence the infant's response to HIV-1. 34,38,39 However, an important implication of the present observations on the role of NK receptors in vertical transmission is that additional work on these innate immune response receptors and the function of placental NK and CD8 T cells may provide insights leading to the development of novel therapeutic and vaccine strategies to reduce maternal-infant HIV-1 transmission through mechanisms that augment innate immune function.
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Characteristics n (%) n (%) P
Maternal age (ys)
15-24 18 22) 38 (23) 0.70
25-34 56 (67) 102 (63)
35-44 9 (11) 23 (14)
Maternal ethnic group
White 15 (18) 25 (15) 0.84
African American 34 (42) 70 (43)
Hispanic 33 (40) 68 (42)
Study site
Boston 13 (16) 26 (16) 0.92
Columbia (NY) 15 (18) 30 (18)
Chicago 23 (28) 37 (23)
Puerto Rico 16 (19) 37 (23)
SUNY (NY) 16 (19) 33 (20)
Year of delivery
1990 11 (13) 25 (15) 0.49
1991 20 (24) 44 27)
1992 25 31) 56 (34)
1993 27 32) 38 24)
Mode of delivery
Planned cesarean sectiontf 5 (6) 9 (6) 0.42
Unplanned cesarean section 17 @2n 24 (15)
Vaginal 57 (73) 127 (79)
Duration of ruptured membranes
=4h 37 47 88 (55) 0.23
>4h 42 (53) 72 (45)
Maternal hard drug use*
Yes 46 (55) 76 (47) 0.21
No 37 (45) 86 (53)
Receipt of zidovudine monotherapy*{
Yes 22 27 42 (26) 0.92
No 61 (73) 120 (74)
CDA4% nearest delivery
=29% 50 (62) 86 (53) 0.18
>29% 31 (38) 77 (47)
Maternal plasma HIV-1 RNA at delivery
=10.000 cps/mL 55 (67) 89 (55) 0.079
000 cps/mL 27 (33) 73 (45)
Maternal progression to AIDS by the time of delivery
Yes 17 (20) 27 7 0.45
No 66 (80) 136 (83)
Preterm birth}
Yes 20 (24) 29 (18) 0.24
No 63 (76) 134 (82)
Maternal CCR5A32 allele§
072 74 (95) 133 (89) 0.12
12 4 (5) 17 (11
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Transmitting (n = 83)** Nontransmitting (n = 163)**

Characteristics n (%) n (%) P
Low birth weight
Yes 28 (34 32 20) 0.01
No 55 (66) 131 (80)
Infant CCR5A32 allele§
02 79 (96) 142 92) 0.17
12 3 “4) 13 (8)

*During pregnancy: tReceipt of zidovudine was primarily for maternal health reasons; $Defined as birth before completing 37 weeks of gestation; §There were
0 homozygous mutants; 9P < 0.01 for ¢ test comparing mean viral load (log, copies/mL); **For each variable, the numbers reflect the total number of women
for whom data were available; {+Cesarean section before labor and before ruptured membranes.
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