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Summary: This study demonstrates that maternal HIV infection is associated with major changes in the biophysical features of maternal antibodies that are potentially key to their transfer across the placenta. 

Abstract:
Background: Human Immunodeficiency Virus (HIV) infection during pregnancy is associated with reduced transplacental transfer of maternal antibodies and increased risk of severe infections in children who are exposed and uninfected with HIV (CHEU). The basis of this reduced transfer of maternal immunity has not yet been defined but could involve modifications in the biophysical features of antibodies. 
Objective: To assess the impact of maternal HIV infection on the biophysical features of serum IgG and transplacental antibody transfer. 
Methods: Maternal serum IgG subclass levels, Fc glycosylation, Fc Receptor (FcR) binding, and transplacental transfer of pathogen-specific maternal IgG were measured in pregnant women living with HIV (WWH) and pregnant women testing negative for HIV (WNH) in Cape Town, South Africa. 
Results: Maternal antibody profiles were strikingly different between pregnant WWH and WNH. Antibody binding to FcγR2a and FcγR2b, IgG1 and IgG3 antibodies, and agalactosylated antibodies were all elevated in WLHIV, whereas digalactosylated and sialylated antibodies were reduced as compared to pregnant WNH. Antibody features that were elevated in WWH were also correlated with reduced transplacental transfer of vaccine antigen-specific antibodies. 
Conclusion: HIV infection is associated with marked alterations of biophysical features of maternal IgG and reduced placental transfer—potentially impairing antimicrobial immunity. 
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Introduction:
While the prevention of mother to child transmission of HIV has greatly improved with the widespread use of anti-retroviral therapy, UNAIDS estimates that the number of women of childbearing age living with HIV (WWH) has increased from 12.4 million in 2002 to 20.2 million in 2021. Children who are exposed to HIV during gestation and are uninfected (CHEU) face higher levels of morbidity and mortality than HIV-unexposed infants (1, 2). As of 2018, there are 14.8 million CHEU worldwide, the majority of whom live in sub-Saharan Africa (3), who face increased risk of morbidity and mortality due to such causes as enteric pathogens (4), respiratory infections (5), and neurodevelopmental (6) and growth deficits (7). 
Although several factors could contribute to the increased infectious diseases related morbidity and mortality in CHEU, immune alterations induced by maternal HIV infection are likely to play an important role. In particular, HIV infection during pregnancy is associated with a reduced transplacental transfer of maternal antibodies, resulting in lower levels of maternal antibodies in newborns exposed to HIV (8-10). As young infants are critically dependent on maternal antibodies for the control of infectious pathogens during the first months of life (11), a reduction in the transfer of maternal antibodies across multiple microbial antigen specificities likely contributes to their vulnerability to diverse infectious pathogens (9, 10). Furthermore, a reduction of maternal antibody transfer limits the benefit of immunization during pregnancy that is currently recommended in many countries to protect young infants against tetanus, influenza and pertussis . Understanding the mechanism by which maternal HIV infection reduces the transplacental transfer of maternal antibodies is therefore essential to the prevention of infectious disease morbidity and mortality in CHEU worldwide. 
 Transplacental transfer of maternal IgG depends on the binding of the crystallizable fragment (Fc) domain to the neonatal Fc receptor (FcRn) expressed by syncytiotrophoblasts (12). The mechanisms involved in the transport of maternal IgG across additional cellular barriers between maternal and fetal circulation, such as the fetal capillary endothelium (13, 14), is less well established .  It has been proposed that other IgG receptors, such as FcγRI, FcγRIIa and IIb, and FcγRIIIa, participate in maternal IgG transport beyond syncytiotrophoblasts (15-18). Importantly, each of these receptors exhibits binding preferences across human IgG subclasses and IgG Fc glycoforms (19, 20). Thus, in addition to the well-established ability to modify the effector functions of antibodies, IgG Fc features may also impact the efficiency of transfer of different subpopulations of maternal IgG. 
Both pregnancy and HIV infection are associated with important modifications in serum antibody features.  Pregnancy increases the proportion of sialylated and galactosylated IgG Fc, isoforms that are associated with a reduced binding to class I Fc receptors and anti-inflammatory responses (21, 22). Galactosylated maternal IgG are preferentially transferred across the placenta and may thereby contribute to the regulation of inflammatory responses in young infants (23, 24). On the other hand, HIV infection is associated with polyclonal B cell activation, resulting in IgG1-biased hypergammaglobulinemia and reduced IgG Fc galactosylation and sialylation, even in the context of effective anti-retroviral therapy (25, 26). HIV infection during pregnancy therefore has the potential to alter the features of maternal IgG Fc and thereby influence transfer to the newborn (27, 28). In turn, alterations in the features of maternal IgG transferred to the newborn may modify interactions with the infant innate immune system and thereby alter effector functions against pathogens. 
In this study, we performed a detailed analysis of maternal IgG features in pregnant WWH as compared to WNH and assessed relationships between these features and with the efficiency of transfer of antigen-specific antibodies.  

Methods:
[bookmark: _Hlk44576398]Study Population: Serum samples were obtained from a previously described mother-infant study (29) in Khayelitsha, Western Cape Province, South Africa between March 2009 and April 2010.  At the time of the study, no vaccines were routinely recommended during pregnancy. Mothers who tested negative for HIV during pregnancy had a rapid HIV test (Abbott Determine HIV-1/2, Toyko, Japan) at enrollment with pretest and posttest counseling to confirm their HIV status. The HIV- exposed infants tested negative via HIV polymerase chain reaction (Amplicor HIV-a DNA kit, version 1.5; Roche Molecular Systems Inc, Branchburg, New Jersey) performed at ages 4 and 16 weeks. Maternal and matching infant venous blood samples were collected at birth. Serum samples remaining after primary analysis to assess levels of Bordetella pertussis toxin (pertussis)-, Haemophilus influenzae B (Hib)-, Streptococcus pneumoniae capsular polysaccharides (pneumococcal)-, and tetanus toxoid (tetanus)-specific antibodies in infant and maternal blood and used to define the placental transfer efficiencies for each specificity.  A cohort of maternal serum samples that were collected from 24 WWH and 24 WNH (Table 1), selected randomly from the total cohort of 109 women, where serum samples were available and ensuring balance between groups] were analyzed throughout the present study. Ethical approval for the mother-infant study was granted by the University of Cape Town (382/2008) and the University of Stellenbosch (N08/10/278), South Africa, and the National Health Service Research Ethics Committee, England (07/H0720/178), including for storage of residual serum. Analysis of the stored samples was reviewed and approved by the Dartmouth College Institutional Review Board. All women provided written informed consent.
IgG subclass and FcR binding characterization: Assessment of the subclass composition and Fc Receptor binding profiles of total serum IgG was conducted in an adaptation of previously described multiplex assay (30). Briefly, FcR (FcγRI, FcγIIa, FcγRIIb, FcγRIIa, FcRn, FcRL2 and FcRL5) and anti-IgG subclass (IgG1, IgG2, IgG3, and IgG4) antibodies (Supplemental Table 1) were coupled to magnetic carboxylated fluorescent beads (Luminex Corporation). A bead mixture comprised of 500 beads per type (Fc receptor or anti-IgG subclass antibody) per well suspended in assay wash buffer consisting of 1X phosphate buffered saline (PBS) with 0.1% bovine serum albumin, 0.05% Tween 20, was added to serum samples diluted in 1X PBS to a concentration that was in a linear range of detection for each bead set, and incubated overnight at 4◦ C with orbital shaking (1000 rpm). After primary incubation, beads were washed 5x with assay wash buffer using an automated plate-washer (biotek 405), then resuspended in assay wash buffer with 0.65 g/mL of either subclass-specific or total IgG-specific phycoerythrin-conjugated detection reagents and incubated at room temperature for 1hr on an orbital shaker (1000rpm). Following a final wash, median fluorescent intensity (MFI) data was acquired for each bead set on a Luminex array reader (FlexMap 3D, Luminex Xponent 4.2, Luminex Corp). Intravenous immunoglobulin (IVIG), serum or myeloma-derived IgG subclasses, and recombinant VRC01 monoclonal antibody (31) in IgG1, IgG2, IgG3, and IgG4 subclass forms (32) were used as controls. 
IgG Fc glycan characterization: The relative abundance of major IgG glycan structures was quantified by capillary electrophoresis as previously described (33). Total IgG was captured from serum with Lambda and Kappa magnetic beads (Merck) for an hour at room temperature with continuous mixing or end-over-end rotation, followed by washing in PBS. From the captured antibody, Fc fragments were released by digestion with 1 μl of IdeZ Protease (New England Biolabs) in a total volume of 20 μl of PBS at 37°C for an hour. Cleaved Fc fragments were deglycosylated and glycans were fluorescently labeled using a GlycanAssure APTS Kit (Thermo Scientific) according to the manufacturer’s instructions. Labeled glycans were loaded onto a 3130 XL genetic analyzer (Applied Biosystems) using a POP7 polymer in a 36cm capillary. Peaks of 19 substructures were identified, and the relative abundance of a given structure was determined by calculating the area under the curve of each peak divided by the total area of all the peaks for each sample. N-glycan fucosyl, afucosyl and mannose N-glycan libraries were evaluated in parallel to enable confident identification of the discrete glycan species. Individual glycan peaks on the CE spectrum and glycan structures are shown in Supplemental Fig. 1. For clarity in reporting results, the individual glycoforms were categorized into six major groups to define the overall levels of agalactosylated, monogalactosylated, digalactosylated, fucosylated, bisected, and mono- and di- sialylated glycans.
Data analysis: Four missing measurements for Di-Sialic Acid were imputed using K-Nearest Neighbors as implemented by the scikit-learn (34) default, which imputes missing values by taking the mean of the five nearest neighbors without missing values for the measurement in question. Antibody profiles were visualized using the python implementation of the Uniform Manifold Projection UMAP dimensionality reduction algorithm (35). Labels for clusters were generated with the spectral clustering algorithm implementation from scikit-learn. The features driving the clusters in the projection were explored using Welch's T-Test feature-by-feature between clusters. For the volcano plot, fold change was calculated by ratio between cluster means by feature, and p-value by Welch's T-Tests. Imputed Di-sialic acid measurements were only included in plots involving UMAP clusters, and not for evaluating glycosylation profiles according to HIV infection status.

Results:

Two distinct antibody profiles among study participants
A cohort of 24 pregnant WWH and 24 control WNH were selected from a larger prior study(29). Characteristics of this cohort are shown in Table 1. Maternal age and pregnancy characteristics were comparable in WWH and WNH. Most WWH received zidovudine and nevirapine during pregnancy, whereas the four pregnant women who had a CD4 T cell count below 200 cells/µL received highly active antiretroviral therapy. HIV replication was only partially suppressed in this study population, as median viral load at delivery was 660 copies/mL.
Maternal IgG subclasses, Fc receptor binding, and IgG Fc glycan composition data were analyzed using an unbiased dimensional reduction method (UMAP) to determine how maternal antibody profiles of participants related to each other. Samples discriminated into two major clusters (Fig. 1A), with the majority of samples from WWH in cluster 1 and samples from WNH in cluster 2. This result suggests that the most striking and consistent differences in antibody features across the cohort were highly, but not perfectly linked to HIV infection status. To determine univariate differences in IgG features between the two clusters, statistical significance and fold-changes in means were determined for each feature (Fig. 1B), identifying differences in IgG1, IgG3, FcγRIIa and FcγRIIb binding, and agalactosylated, digalactosylated, mono-, and di-sialylated glycan compositions as associated with UMAP-defined clusters. 

Features Associated with UMAP Clustering Significantly Differ Based on HIV Serostatus
Each IgG feature defined as distinct among UMAP clusters was also distinct between mothers based on HIV status (Fig.2). FcγRIIa and FcγRIIb binding, IgG1, IgG3, and agalactosylated IgG Fcs were elevated in WWH compared to WNH. In contrast, digalactosylated, and mono- and di-sialylated IgG Fcs were reduced in serum from WWH. The magnitude of these changes was considerable. For example, while 40% of total serum IgG Fc glycans bore no galactose in WWH, 40% of glycans were fully (di) galactosylated in WNH. Similarly, the median levels of sialylated IgG Fc glycans were halved in WWH as compared to WNH. IgG3 levels, which were a major driver of UMAP cluster group, showed a bimodal distribution in both WWH and WNH.

Correlations Between IgG Subclass, Fc Receptor Binding, and IgG Glycosylation Persist Despite HIV Infection
Given distinctions in multiple antibody features between clinical groups, we then investigated correlations between biologically relevant features of serum IgGs (Fig. 3). A number of expected relationships were observed; for example, levels of IgG1 and IgG3, subclasses with enhanced ability to interact with FcγR, were positively correlated with FcγR binding, particularly FcγRIIa and FcγRIIb. These receptors are known to be relatively insensitive to the specific Fc glycoform, but highly impacted by subclass. In contrast, strong relationships between subclass and binding to FcγRIIIa, which is highly sensitive to glycoform, were not observed. In terms of relationships with IgG Fc glycoforms, IgG1 and IgG3 subclasses showed inverse correlations with the degree of total serum IgG Fc galactosylation and sialylation. Given that IgG1 is the dominant serum subclass in most individuals, it is likely that the strong correlative relationships between IgG1 levels and Fc glycans reflect glycosylation of the IgG1 pool. Levels of IgG4, a minor component of total IgG, were not strongly correlated with either FcγR binding or IgG glycosylation. The level of serum IgG2 tended to show no significant relationships with FcγR binding and glycan profiles, but correlated with increased FcRL5 binding across the whole cohort, and showed a trend toward a direct association with FcRL2 and FcRL5 binding within WWH. With respect to infection status, total serum IgG binding to FcRL2 and FcRL5 tended to be lower among WWH as compared to WNH, although this trend was not statistically significant (Supplemental Fig. 2A). Because relatively little is known about these FcR-like molecules, we further investigated their subclass binding preferences and observed highest binding with serum-derived IgG2 and IgG1 subclasses (Supplemental Fig. 2B). Intriguingly, no binding was observed with recombinant subclasses, suggesting a role for post-translational modifications of IgG Fc that differ between in vitro and in vivo expression. While binding to FcRn was moderately well-correlated with IgG1 and IgG3 levels in WWH, strong relationships were not observed across the whole cohort.
Overall, relationships among IgG subclass levels, Fc receptor binding propensity, and glycosylation of IgG molecules among WWH were similar with those observed across the cohort. Congruence of these correlative relationships suggest that their co-variation may be independent of HIV status, and that correlative relationships between antibody features are not affected by maternal HIV infection. 

Placental Transfer Efficiency of Pathogen-Specific IgG is Associated with Maternal HIV Status and Characteristics of Total Serum IgG 
We next investigated how serum antibody profiles related to the efficiency of placental transfer of antigen-specific IgG. Concentrations of antibodies specific to a number of early life pathogens including Bordetella pertussis toxin (pertussis), Haemophilus influenzae B (Hib), Streptococcus pneumoniae capsular polysaccharides (pneumococcus), and tetanus toxoid (tetanus) as previously measured in maternal and infant blood (29) were analyzed here. As reported for the larger study from which these samples were selected (29), IgG transfer ratios, defined as the relative level in cord versus maternal blood, were significantly lower among WWH for all specificities tested, compared to those among WNH (Fig. 4A), with varying differences between the median transfer ratios across pathogens/antigens (Fig 4B). Similar differences were observed when analyzing by UMAP group (Supplemental Figure 3A). Transfer efficiency was also observed to vary by antigen specificity, with pertussis- and tetanus-specific antibodies showing higher transfer ratios compared than antibodies recognizing Hib and pneumococcal polysaccharide antigens.
To more directly relate transfer efficiency with antibody profiles, we next evaluated correlative relationships between the transfer efficiency of each antigen-specific IgG antibody subset and total serum IgG subclass, FcR binding, and Fc glycans (Fig. 4C). While relationships between select individual features and transfer efficiency were strongest and most confident when considering the whole cohort, trends generally held within UMAP subsets (Supplemental Fig. 3B). Galactosylated and sialylated antibodies were positively correlated with transfer, whereas agalactosylated antibodies were associated with reduced transfer. In general, features that were elevated in samples from WNH were positively correlated with antigen-specific antibody transfer ratios (digalactosylated, monosialylated, disialylated). Conversely, features that were elevated in serum samples from WWH (FcγR2a, FcγR2b, IgG1, IgG3, agalactosylated) were associated with reduced transfer efficiency. 
Collectively, this data establishes correlative relationships between features of total maternal serum IgG repertoires with the placental transfer efficiency of multiple antigen-specific antibody subsets. Because these correlative relationships hold across the whole cohort as well as within cohort subgroups, this data suggests that these features relate to antibody transfer independently of the placental disruption associated with HIV infection.

Discussion:
Decreased placental IgG transfer, resulting in lower levels of diverse pathogen-specific antibodies, is associated with maternal HIV infection may contribute to the increased morbidity and mortality observed in CHEU. We sought to identify the molecular characteristics of maternal antibodies that might be associated with the reduced placental transfer efficiency and increased risk that CHEU face in early life. Numerous serum antibody features differed between pregnant WWH compared to WNH. These differences reflected a profile seen in other settings of persistent inflammation, including a dominance of IgG1 and IgG3 subclasses, and antibody Fc domains with reduced levels of galactose and sialic acid. This profile is consistent with previous reports of antibody profiles associated with HIV infection (25, 26). In contrast, during a healthy pregnancy, the levels of galactosylated and sialylated antibodies typically increase (36-38). Despite previous demonstration of marginally improved binding to FcR and increased effector function (20), it is believed that these increases may promote an anti-inflammatory environment in the mother and infant (39, 40). While pregnancy can alter an inflammatory phenotype in those with rheumatoid arthritis (21, 41), our data suggest that its impact on the inflammatory prolife associated with HIV infection is limited, and that the humoral immune system of WWH may not adapt to pregnancy in the same ways as in WNH. Importantly, beyond the reduction in transport across the placenta, changes in maternal serum IgG glycosylation state associated with maternal HIV infection are likely to modify their interactions infant innate immune cells and may thereby alter maternal antibody-dependent immunity to pathogens (20, 42).
Additionally, while the role of FcRn in transplacental antibody transfer is well established, its impact on speciation of transferred antibodies remains controversial. An effect of glycosylation profile on FcRn binding and/or placental transfer has been suggested from some (27, 40, 43-45), but not other (46, 47) studies. When glycoprofile-associated differences have been observed, they have suggested that galactose contributes positively to FcRn binding and transfer. Indeed, these observations, as well as the possible involvement of other IgG receptors in transfer, raise the possibility that rather than being driven by hypergammaglobulinemia, the reduced galactosylation of antibodies observed in WWH may play a more direct role in reduced transfer efficiency. Relevant to this possibility, saturation of FcRn has been proposed as a candidate mechanism whereby hypergammaglobulinemia reduces the transfer of antibodies across the placenta. However, correlative relationships between placental FcRn expression levels at delivery and antibody transfer have not been observed (48). Further, while saturation might account for lower efficiency of transfer (lower infant/cord levels relative to the mother’s elevated level), it is unclear how it could result in lower absolute levels of IgG.
On the other hand, the differing efficiency of transfer of IgG subclasses observed in maternal-infant studies, with highest transfer of IgG1 and lowest transfer of IgG4, (48) shows somewhat better agreement with relative binding affinity for FcR than for FcRn. Thus, present knowledge of processes and receptors that affect maternal antibody transfer may well be incomplete. Indeed, there is considerable complexity to evaluating and modeling the cellular boundaries between the maternal and fetal circulation. Multiple Fc receptors are expressed in the syncytiotrophoblast, placental macrophages, stromal cells, and fetal endothelium (15-17), and each may play a role. Among the activating (FcγRI, FcγRIIa, FcγRIIIa, FcRL2, FcRL5) and inhibitory (FcγRIIb, FcRL2, FcRL5) Fc receptors evaluated here, relatively little is known about the role of FcRL2 and FcRL5. These two receptors were included in this study based on their observation in a proteomic study of placental villous tissue samples (Proteomics Identifications Archive with the data set identifier PXD009825 (49)).  Although FcRL2 and FcRL5 expression has been mainly described in memory B cells , B cells are not present in placental villous tissue, suggesting that they are expressed by other placental cells. FcRL2 and FcRL5 have both immunoreceptor tyrosine-based activation and inhibition motifs, which could allow them to preferentially up or down regulate immune and inflammatory signaling, in addition to modulating transplacental transfer. Coupled to the variable transfer efficiency of antibodies with different antigen- and pathogen-specificities, it is clear that many unresolved questions remain as to mechanisms of transfer.  
Antibody features elevated in serum from WWH were associated with reduced placental transfer of antigen-specific antibodies. Correlative relationships generally existed not only between groups, but within them, suggesting that they were not driven by HIV infection status but rather were common to WWH and WNH. Interestingly, while unsupervised IgG profile analysis clearly differentiated primarily according to HIV status, there were a few WNH whose profiles were most similar to those seen in the context of HIV infection, and a few WWH whose antibodies appeared indistinguishable from WNH. In greater numbers, these cases could represent an opportunity to better resolve the effects of HIV infection and its associated antibody profile changes on transplacental antibody transfer. This work supports the notion that correcting the alterations of antibody features associated with HIV infection could improve the transfer of protective antibodies to infants. Correcting these alterations also has the potential to normalize the features of antibodies transferred to the newborn and their interactions with the immune system in early life. Combined antiretroviral treatment was associated with improved maternal antibody transfer and reduced risk of severe infections in CHEU when initiated before pregnancy (50). Future studies should determine whether the positive impact of combined antiretroviral treatment of WWH involves a correction of the alterations in maternal antibody features identified in this study. 
In conclusion, this study demonstrates that maternal HIV infection is associated with major changes in the biophysical features of maternal antibodies that are potentially key to their transfer across the placenta. Beyond antibody levels, the quality of maternal antibodies appears to be an important determinant of the transfer of maternal immunity to the newborn. 
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Figure Legends
Figure 1: Overall distinctions among maternal serum IgG profiles strongly relate to HIV infection status. A. Unsupervised analysis of subjects based on maternal antibody Fc glycans, IgG subclass prevalence, and FcR-binding profiles. Position in UMAP variable space indicates similarity or distinctions in serum antibody phenotypes. Color indicates subject HIV infection status. Number indicates UMAP cluster group.  B. Volcano plot showing the magnitude and statistical confidence (unpaired t test) of differences between subjects according to UMAP-defined subject groups. The dotted horizontal line represents a p value of 0.05 and dotted vertical line indicates no fold-change. Measurements with nominally significant p values are labeled and colored according to feature type. Glycans, including levels of agalactosylated (G0), monogalactosylated (G1), digalactosylated (G2), fucosylated (F), bisected (B), and mono- (S1) and di- (S2) sialylated glycans. are indicated in pink, IgG subclasses in blue, FcR in green, and other FcR in gray.
Figure 2: Maternal HIV infection status is associated with changes in total serum IgG characteristics. Antibody features that were distinct according to UMAP group plotted according to HIV infection status (n = 43-48). Distinct FcgR-binding (A), IgG subclass (B), and IgG Fc galactose (C), and sialic acid (D) content were observed. HIV status is indicated by color. Statistical significance for was determined by unpaired t test, unadjusted for multiple comparisons, where **, P < 0.005; ***, P < 0.001; ****, P < 0.0001. Mean fluorescent intensity (MFI) is reported for multiplex assay results. Lines indicate group mean. Levels of agalactosylated (G0), digalactosylated (G2), mono- (S1) and di- (S2) sialylated glycans are reported.


 
Figure 3: Maternal serum Fc glycosylation and FcR binding relate to IgG subclass levels. Heatmaps depicting magnitude and statistical significance of Pearson correlation coefficients (RP) between IgG subclasses and Fc receptor binding and the prevalence of major Fc glycoforms for the whole cohort (top and among HIV-positive mothers only. Color indicates correlation coefficient magnitude and direction, significance is indicated as *p < 0.05; **p < 0.01; ****p < 0.0001. Relationships with agalactosylated (G0), monogalactosylated (G1), digalactosylated (G2), mono- (S1) and di- (S2) sialylated glycans are reported.

Figure 4: Transfer of antigen-specific antibodies is associated with maternal HIV status and serum IgG profiles. A. Transfer ratios for pertussis toxoid (pertussis), Haemophilus influenza b (Hib), pneumococcus (pneumo), and tetanus toxin (tetanus) specific antibodies according to HIV infection status. Statistical significance determined by unpaired t-testing. Dotted line indicates a transfer ratio of 1. B. Volcano plot showing the magnitude and statistical confidence (unpaired t test) of differences in antibody transfer ratios between subjects according to HIV status. The dotted horizontal line represents a p value of 0.05 and dotted vertical line indicates no fold-change. C. Heatmap depicting magnitude and statistical significance of Pearson correlation coefficients (RP) between transfer ratios and IgG subclasses, Fc receptor binding, and the prevalence of major Fc glycoforms across the cohort. Color indicates correlation coefficient magnitude and direction, significance is indicated as *p < 0.05; **p < 0.01; ***p < 0.001. Relationships with agalactosylated (G0), digalactosylated (G2), mono- (S1) and di- (S2) sialylated glycans are reported.
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Table 1. Cohort Characteristics
	Characteristic
	Women living with HIV (n=24)

	Women testing HIV negative (N=24)


	Maternal age, median (IQR), y
	27 (25.75-31)
	23 (19.75-27)

	Primigravidity, n (%)
	5 (20)
	12 (50)

	Infant delivery by vaginal delivery, n (%)
	24 (100)
	24 (100)

	Female sex of infant, n (%)
	12 (50)
	13 (54)

	Birth weight, mean (SD), kg
	3.22 (0.35)
	3.30 (0.41)

	CD4 count at delivery, mean (SD), cells/µL 
	493 (278.17)
	-

	Viral load at delivery, median (IQR), copies/ mL
	660 (357-3150)
	-

	CD4<200 cells/µL, n (%) 
	4 (17)
	-

	Highly active antiretroviral therapy, n (%)
	4 (17)
	-

	Zidovudine in pregnancy, n (%)
	18 (75)
	-

	Nevirapine in pregnancy, n (%)
	23 (95)
	-

	HIV infection diagnosed in this pregnancy, n (%)
	13 (54%)
	-



Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; SD, standard deviation. During the study period, the Prevention of Mother to Child Transmission program consisted of dual therapy for pregnant women, with the administration of zidovudine at 28 or more weeks’ gestation, and a single dose of nevirapine. Pregnant women were eligible for highly active antiretroviral treatment, if their CD4 T cell count was less than 200 cells/µL.

