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Abstract

Background: The persistence of HIV-1-infected cells during antiretroviral therapy is well 

documented but may be modulated by early initiation of antiretroviral therapy in infants.
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Methods: Here, we longitudinally analyzed the proviral landscape in nine infants with vertical 

HIV-1 infection from Mozambique over a median period of 24 months, using single-genome, near 

full-length, next-generation proviral sequencing.

Results: We observed a rapid decline in the frequency of intact proviruses, leading to a 

disproportional under-representation of intact HIV-1 sequences within the total number of HIV-1 

DNA sequences after 12–24 months of therapy. In addition, proviral integration site profiling 

in one infant demonstrated clonal expansion of infected cells harboring intact proviruses and 

indicated that viral rebound was associated with an integration site profile dominated by intact 

proviruses integrated into genic and accessible chromatin locations.

Conclusion: Together, these results permit rare insight into the evolution of the HIV-1 reservoir 

in infants infected with HIV-1 and suggest that the rapid decline of intact proviruses, relative 

to defective proviruses, may be attributed to a higher vulnerability of genome-intact proviruses 

to antiviral immunity. Technologies to analyze combinations of intact proviral sequences and 

corresponding integration sites permit a high-resolution analysis of HIV-1 reservoir cells after 

early antiretroviral treatment initiation in infants.
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Introduction

With more than 1.7 million infected children worldwide, pediatric HIV-1 infection remains 

a global health challenge; in 2020 alone, current estimates suggest that more than 150,000 

children were newly infected with HIV-1 [1]. Most of these children are infected through 

breastfeeding, but vertical mother-to-child transmission during pregnancy remains an 

important source of infection, despite the widespread introduction of effective prevention 

programs. A substantial proportion (46%) of infected infants and children do not have 

access to antiretroviral treatment (ART) [2], and in those who do, long-term toxicity may 

be a concern, as well as insufficient adherence to antiretroviral drugs. If successful in 

durably suppressing HIV-1 replication, ART in children is highly effective in restoring 

immune function and normalizing many of the immune perturbations that occur in infected 

infants [3]. However, even when initiated extremely early or within hours after birth, 

ART does not eliminate all HIV-1 infected cells, and a persisting reservoir of virally 

infected cells, frequently termed “HIV-1 reservoir cells” can persist life-long [4–9]. These 

cells harbor chromosomally integrated HIV-1 DNA that has traditionally been regarded as 

transcriptionally silent, but recent findings suggest that a considerable number of HIV-1 

proviruses, specifically when integrated into accessible euchromatin, can actively transcribe 

HIV-1 DNA. Due to the high error rate of the viral polymerase (the reverse transcriptase), 

chromosomally integrated HIV-1 DNA frequently displays important sequence defects that 

preclude viral replication; such defective HIV-1 DNA typically accounts for more than 90% 

of all HIV-1 proviruses detectable in a given patient treated with ART but cannot give rise to 

replication-competent viral particles, as observed in previous adult cohorts [9, 10].
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Over the recent years, significant progress has been made in profiling HIV-1 reservoir 

cells at a high-resolution, frequently enabling single-molecule analysis of individual HIV-1 

DNA species in single infected cells [11]. Additional technical advances now permit us to 

characterize proviral sequences in conjunction with their chromosomal location site, which 

is likely to influence the transcriptional behavior of a given HIV-1 provirus [12]. Yet, very 

little is currently known about the dynamics of HIV-1 reservoir cells in pediatric patients 

with HIV-1, partially because peripheral blood mononuclear cell (PBMC) samples from 

infants infected with HIV-1 are difficult to obtain.

In this study, we assessed the evolution of HIV-1 DNA in nine infants from Mozambique 

who were perinatally infected with clade C HIV-1, started ART within the first months 

of life, and were followed up for 2 years while on ART. We used single-genome near full-

length proviral sequencing to investigate the longitudinal dynamics of intact and defective 

proviruses and determine the integration sites of intact proviruses. Applying such high-

resolution technologies, we evaluated the evolutionary trajectory of HIV-1 reservoir cells in 

infected infants from Maputo, Mozambique.

Methodology

Study population

Study patients were enrolled in the Towards AIDS Remission Approaches cohort (TARA) 

in Maputo Province, Mozambique. Infants were perinatally infected with HIV-1 subtype C. 

ART consisting of zidovudine (AZT) or abacavir (ABC), lamivudine (3TC), and ritonavir-

boosted lopinavir (LPVr) (AZT/ABC+3TC+LPVr) in weight-adjusted doses was initiated 

at the time of HIV diagnosis within a median age of 33 days (interquartile range [IQR] 

31.5–52). The viral load and clusters of differentiation 4 (CD4) T cell counts were measured 

using commercial assays during the follow-up time. PBMCs were isolated from whole blood 

drawn at defined time points between 2017 and 2021, cryopreserved, and sent to Miami, 

USA for research studies. Thereafter, the cells were shipped to Boston for reservoir cell 

analysis.

DNA extraction and HIV-1 copy number estimation

DNA was extracted from cryopreserved PBMCs using the DNeasy Blood & Tissue kit 

(Qiagen, Germantown, Maryland, USA), following the manufacturer’s instructions. Droplet 

digital polymerase chain reaction (PCR; Bio-Rad, Hercules, California, USA) was used to 

estimate the total HIV copy number by amplifying HIV-1 using primers and probes as 

previously described [13] (127bp 5’LTRGag amplicon; HXB2 coordinates 684–810). The 

number of cells was estimated through simultaneous amplification of the RPP30 host gene.

RNA extraction

In one of the infants, RNA was extracted from plasma samples using the QIAmp 

Viral RNA mini kit (Germantown, MD, USA), following the manufacturer’s instructions. 

Complementary DNA (cDNA) was further synthesized from RNA using a SuperScript IV 

commercial kit according to the manufacturer’s instructions (Thermofisher, Waltham, MA, 
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USA). The HIV copy number was estimated as described previously. The cDNA was then 

subjected to a nested PCR to amplify the near full-length HIV genome.

Full-length individual proviral sequencing

The near full-length proviral sequences were generated from DNA/cDNA samples as 

previously described [13]. Briefly, to isolate single proviral sequences, the DNA samples 

were diluted according to Poisson distribution statistics based on the droplet digital PCR 

estimates of HIV DNA copy numbers. A dilution of <30% of PCR-positive wells on a 

96-well plate is associated with an approximately 90% chance of isolating single proviral 

sequences. The diluted samples were subjected to a nested PCR using primers spanning 

near full-length HIV-1 (HXB2 coordinates 638–9632, 8994bp). HIV-1 sequences from each 

infant were subjected to Illumina MiSeq sequencing, with a median sequencing depth 

of 2500 reads per base. A previously designed in-house analysis pipeline was used to 

analyze the sequences and determine whether they are intact or defective proviral sequences 

[13]. Multiple sequence alignments and phylogenetic distance between sequences were 

examined using the maximum-likelihood trees in MEGA (https://megasoftware.net/) [14, 

15]. The aligned sequences were further visualized using highlighter plots included in the 

Los Alamos HIV Sequence Database (www.hiv.lanl.gov) [16].

Matched integration site and proviral sequencing

Integration sites of intact proviruses were determined using a previously described 

methodology known as matched integration site and proviral sequencing (MIP-Seq) [12]. 

Briefly, HIV-1 DNA diluted to single-genome levels was subjected to a whole-genome 

amplification, using multiple displacement amplification with phi29 polymerase. Individual 

whole-genome amplification products were split and separately subjected to near full-length 

proviral sequencing and chromosomal integration site analysis using the ISLA protocol [17]. 

Chromosomal coordinates were aligned to the human genome (Hg38) using the genome 

browser (http://genome.ucsc.edu) [18].

Analysis of HIV-1 tropism and drug resistance mutations

Further analysis of the proviruses for co-receptor usage was conducted using the 

Geno2pheno tool (https://coreceptor.geno2pheno.org) [19]. In addition, sequence mutations 

associated with antiviral drug resistance were determined using the Stanford HIV Drug 

resistance database tool available online (https://hivdb.stanford.edu) [20].

Statistics and data analysis

Data analysis was performed using GraphPad PRISM7 software. Data are presented as pie 

charts and data plots. The differences were tested for statistical significance using the Mann-

Whitney U test, Wilcoxon matched signed rank test, or chi-square tests, as appropriate. A 

P-value of < 0.05 was considered significant.

Sequence data availability

Raw sequences were deposited in GenBank (accession numbers OK649265–OK649295).
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Results

Longitudinal dynamics of HIV-1 proviruses in infected infants

Nine infants with pre- or perinatally acquired HIV-1 clade C infection were enrolled in the 

TARA cohort in Maputo, Mozambique. The TARA cohort had enrolled 43 infants, and the 

nine infants in this substudy were selected based on the availability of longitudinal PMBCs 

at two or more time points. The nine infants were followed up for a median of 24 (IQR 

24–27.5) months after birth. The time of diagnosis was approximately 1 month after birth, 

and ART was initiated at a median age of 33 (IQR 31.5–52) days after birth. All infants were 

receiving combination therapy with weight-adjusted zidovudine or abacavir, lamivudine, and 

ritonavir-boosted lopinavir (AZT+3TC+LPV/r or ABC+3TC+LPV/r). The median baseline 

plasma viral load at the time of diagnosis was 238,347 (IQR 20,200–2,400,109) HIV-1 RNA 

copies/ml (Table 1). In our study, viral suppression was defined as a viral load measure 

of 100 HIV-1 RNA copies/ml or less at least five consecutive time points, whereas viral 

rebound was defined as an increase in viral load to more than 1000 HIV-1 RNA copies/ml 

at any time point. Six (66.6%) infants were virally suppressed during the time of follow-up, 

whereas three (33.3%) infants experienced transient viral rebound at a single visit during the 

time of follow-up (Supplementary Figure 1), likely due to medication non-adherence.

To assess the genetic composition of the reservoir, near full-length individual proviral 

sequencing was performed, using DNA extracted from PBMCs as a template. Longitudinal 

quantification of HIV-1 DNA was conducted at three time points throughout the duration 

of the follow-up. The time point 1 (TP1) analysis was performed at the age of 2–3 months, 

time point 2 (TP2) was analyzed at the age of 5–6 months, and time point 3 (TP3) was 

analyzed at the age of 19–36 months. Collectively, we analyzed a total of 230 proviruses 

from a total of 68 million PBMCs; of these, 87% (199 proviruses) were defective and 13% 

(31 proviruses) were genome-intact. It is important to note that intact proviruses were only 

detected in eight of the nine infants, likely because the frequency of intact HIV-1 proviruses 

was below the threshold of detection in the available numbers of PBMC in the ninth infant. 

The numbers of proviruses identified from each infant are summarized in Supplementary 

Table 1.

Overall, we observed a reduction in the frequency of total HIV-1 copies per million PBMCs 

(Figure 1a) during the observation time in all infants, except for infant 5. This longitudinal 

decrease was particularly notable for intact proviruses, which declined from a median of 

0.62 copies/million PBMC to detection levels below the threshold of our assay in all study 

participants (Figure 1b). Defective proviruses also declined during the follow-up period, 

from a median of 4.86 to 1.65 defective HIV-1 copies per million PBMCs (Figure 1c). 

Corresponding to these findings, we noted that the relative contribution of intact proviruses 

to the total number of all detectable proviruses showed a significant decline over time from 

25% at TP1 to 11% at TP2 and finally, 7% at TP3 (Figure 1d). In infant 5, who had 

experienced viral rebound, an expansion of the frequency of intact proviruses was noted; in 

contrast, there was no expansion of the reservoir size in the two other infants (infant 2 and 7) 

who also experienced viral rebound.
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Antiretroviral drug resistance mutations in intact proviruses

A phylogenetic analysis of intact HIV-1 proviruses using maximum-likelihood trees 

demonstrated relatively little intraindividual sequence diversity among intact proviruses, 

likely because of the rapid treatment initiation after birth; however, strong phylogenetic 

differences were observed between sequences derived from the individual study patients, 

likely reflecting infection of patients with distinct founder viruses (Figure 1e). Further 

analysis of the proviruses using the Geno2pheno tool indicated that all intact proviruses 

sequenced from these infants were CCR5-tropic. Using the Stanford HIV Drug resistance 

database tool, we detected multiple non-nucleoside reverse transcriptase inhibitor (NNRTI) 

resistance mutations in the patients’ sequences in seven of the nine infants—namely, 

V106M, K103N, V106A, G190A, E138A, and Y181C (Table 2). These mutations were 

detected in genome-intact proviral sequences at all time points. The K103M and Y181C 

variations were found to be the most dominant NNRTI-associated mutations detected in the 

four infants. These mutations are unlikely to have been selected within these infants because 

none of these infants had been treated with NNRTIs; instead, they are more likely to reflect 

transmission of resistance mutations within founder viruses from their mothers. No protease 

inhibitor-associated mutations were detected in genome-intact proviral sequences at all time 

points in all infants. However, in the genome-intact proviral sequences of infant 7 (one of 

the three infants who experienced viral rebound), we detected NRTI-associated mutations, 

including A62V, K65R, M184V, and K219E. All these mutations were detected at the two 

time points analyzed (TP2 at age 6 months and TP3 at age 36 months). These resistance 

mutations may explain or contribute to the viral rebound experienced by this child who was 

treated with AZT+3TC+LPVr.

One of the nine infants (infant 5) experienced viral rebound at age 10 months (Figure 

2a), which is best explained by insufficient adherence to antiretroviral medication; although 

NNRTI-associated resistance mutations to ART (K103N and Y181C) were detected in this 

infant’s genome-intact proviral sequences, no resistance was noted to protease inhibitors 

and NRTI, which were part of the patient’s treatment regimen. As indicated in Figures 1a, 

b, and c, this infant displayed an increase in the frequency of total, intact, and defective 

HIV-1 copies per million PBMCs after 19 months of follow-up, relative to baseline (at 6 

months); this coincided with rebound of plasma viremia to 229,626 HIV-1 RNA copies/ml. 

The majority (84%) of proviruses generated from this infant at the different time points 

were defective, and the relative contribution of intact and defective proviruses to the total 

reservoir in this infant did not change over time (Figure 2b).

Clonal expansion of intact proviruses

Notably, at month 6 of follow-up in infant 5, we noted a cluster of four sequence-identical 

genome-intact proviruses; these sequences were again detected 13 months later at 19 months 

of age (Figure 2b). These data suggest the persistence of a large clone of infected CD4 T 

cells with a high rate of proliferative turnover. Integration site mapping indicated that intact 

proviruses from this clone were located in the ITGAL gene on chromosome 16 (Figure 

2c), which can play a role in cell proliferation and, possibly, malignant transformation of 

cells [21,22]. Notably, other genome-intact proviruses that were independent of the large 

clone of intact proviruses with integration sites coordinates within the ITGAL gene were 
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integrated into the following locations: Chr1:202355600 (CD55), Chr7:55136714 (EGFR), 

and Chr19:53454671 (ZNF761) (Figure 2c).

Phylogenetic analysis of rebound viremia

Having observed that infant 5 experienced viral rebound, we sought to determine which 

genome-intact proviruses were more likely driving plasma viremia during a time of possible 

non-adherence. For this purpose, we generated three near full-length HIV-1 RNA sequences 

from the plasma of this infant at the time of viral rebound (Figure 2c). We observed a 

high level of phylogenetic concordance between the HIV-1 plasma RNA sequence and the 

genome-intact proviral sequences isolated at the time of rebound; due to the low level of 

phylogenetic diversity among all intact proviruses, we were unable to directly identify which 

exact proviral sequence was responsible for the viral rebound. Overall, these results suggest 

that an integration site profile dominated by intact proviruses integrated into genic chromatin 

locations may be associated with rapid viral rebound; this represents an apparent contrast 

to individuals with natural, drug-free control of HIV-1, in whom genome-intact HIV-1 is 

predominantly integrated into heterochromatin locations [23].

Epigenetic features in chromosomal proximity of intact proviruses

In a subsequent exploratory analysis, we evaluated the epigenetic features in proximity 

to intact proviruses from study participant 5, using reference genome-wide ATAC-Seq 

and RNA-Seq data from primary CD4 T cells of patients treated with ART [24]. We 

observed that the large clone of genome-intact proviruses, integrated into the ITGAL gene, 

was located in immediate proximity to accessible chromatin and host transcriptional start 

sites (Figure 2d). Using ChIP-Seq data from primary memory CD4+ T cells available 

from the ROADMAP Epigenomics Project [25], we noted that the integration site of 

this clone was surrounded by the activating histone features H3K4me1, H3K4me3, and 

H3K27ac. The integration of intact proviruses in immediate proximity to activating histone 

modifications and accessible chromatin has previously been associated with high-level 

proviral transcriptional activity [24]; for that reason, it is reasonable to hypothesize that 

this proviral clone may most likely be responsible for the viral rebound in infant 5. Our 

data support the hypothesis that the presence of intact proviral clones integrated into an 

accessible and highly permissive chromatin location is associated with a rapid viral rebound 

during insufficient antiretroviral adherence.

Discussion

In this report, we analyzed the proviral reservoir evolution in infants from Mozambique who 

were vertically infected with HIV-1 subtype C, began ART within a median of 33 days 

of life, and were subsequently followed up for a period of 24 months. We observed that 

(i) six infants were virally suppressed throughout the entire time of follow-up; (ii) using 

high-resolution single-genome viral sequencing assays, we analyzed the individual proviral 

species, of which the majority were defective; (iii) we observed a decrease in the number 

of proviral sequences during longitudinal ART and this decline was more pronounced for 

intact proviruses, leading to a progressively increasing contribution of defective proviruses 

to the overall proviral landscape; (iv) in one of the infants who experienced viral rebound, 
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we observed a viral reservoir profile dominated by clonal expansion of genome-intact 

proviruses integrated into the ITGAL gene on chromosome 16, in immediate proximity to 

accessible chromatin and activating histone modifications.

The detection of genome-intact proviral sequences is frequently difficult due to their 

low frequency, especially in individuals who initiated ART very early [26], such as the 

infants described here. Longitudinal analysis of the proviral reservoir conducted over the 

period of 24 months showed a decline in the size of the reservoir over time, which was 

more pronounced for the intact proviruses than the defective proviruses and resulted in a 

disproportionate over-representation of defective proviruses after more advanced analysis 

time points. These findings are consistent with earlier studies evaluating the longitudinal 

changes in the proviral reservoir in adults [27–29] and in neonates from Botswana [3,30]. 

We propose that the more pronounced decline of intact proviruses might be because 

cells harboring intact HIV-1 may be more vulnerable to host immune responses, arguably 

because such cells can produce complete viral particles that may be sensed by host immune 

recognition mechanisms. Future studies evaluating the susceptibility of HIV-1 reservoir cells 

to host immunity will be helpful to clarify this further.

In one of the nine infants studied (infant 5), we observed clonal expansion of genome-intact 

proviruses at month 6 and month 19, indicating that clonal proliferation of HIV-1-infected 

cells can occur early in life. We observed that genome-intact proviruses integrated into 

the following locations: Chr1(CD55), Chr7(EGFR), Chr19(ZNF761), and Chr16(ITGAL). 

The clonally expanded genome-intact proviruses were found to be located in the ITGAL 

gene on chromosome 16; this gene has previously been associated with a role for 

contributing to the regulation of cell proliferation and may have a pathogenetic function 

in a number of malignant diseases [21,22]. It is possible that proviral integration into such a 

proliferation-/cancer-associated gene might be driving proliferative turnover of the infected 

cells through insertional mutagenesis [17,31]. Generally speaking, insertional mutagenesis 

is a phenomenon where a foreign base pair is added to a host DNA sequence. When HIV-1 

DNA integrates into the host DNA, it may alter the expression or function of the gene 

harboring the chromosomal integration site; this can in certain cases influence the phenotype 

or proliferative behavior of the infected cell.

The same infant (infant 5) who displayed clonally-expanded intact proviruses also 

experienced viral rebound at age 10 months. Although we were unable to identify the 

specific proviral species responsible for rebound, due to the low phylogenetic diversity 

among all identified intact proviruses, we propose that viral rebound may have most 

likely derived from the genome-intact proviral clone that integrated into the ITGAL gene 

on Chr16, which was located in immediate proximity to activating chromatin features; 

viral rebound originating from clonally expanded proviruses has indeed been postulated 

previously [32,33]. Although one of the identified intact proviruses was located in a ZNF 

gene on chromosome 19, a genetic region associated with heterochromatin features [34], we 

noted that the integration site landscape of intact proviruses in infant 5 was dominated by 

genic locations in euchromatin positions, supporting the hypothesis that such an integration 

site profile is readily able to fuel viral rebound in case of treatment interruptions. In 

contrast, an integration site profile characterized by the predominance of intact proviruses 
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in heterochromatin locations, previously described in elite controllers, may contribute to the 

ability to control HIV-1 in the absence of suppressive therapy [23].

A weakness of our study was the relatively limited availability of PBMCs, related to the 

fact that PBMC sample quantities that can be safely collected from neonates and infants are 

typically restricted to around 1–5 million PBMC. Nonetheless, this study provides useful 

information on the impact of early ART initiation on the evolution and persistence of 

proviral reservoirs in HIV-1 subtype C infection in the first 2 years of life. An in-depth 

analysis focusing on single-genome sequencing of the proviral DNA, combined with 

integration site determination, may allow for a better understanding of the dynamics of 

proviral reservoir cell evolution in future studies.

Conclusion

In this study, we demonstrated that early ART initiation in infants perinatally infected with 

HIV-1 clade C resulted in a rapid decline of intact proviral sequences, likely due to immune 

mechanisms that can successfully eliminate a considerable proportion of cells infected with 

genome-intact HIV-1. In addition, the integration of genome-intact proviruses in locations 

that are in close proximity to activating chromatin marks may contribute to fueling viral 

rebound. Technologies to analyze both intact proviral sequences and integration sites permit 

a high-resolution evaluation of HIV-1 reservoir cells after early ART initiation in infants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Longitudinal quantification of the proviral reservoir size in nine infants over the period of 

24 months. (a) Longitudinal trends of total HIV copies per million PBMCs. Infant trends are 

distinguished by color. (b) Longitudinal absolute copies of genome-intact HIV per million 

PBMCs. (c) Longitudinal absolute copies of genome-defective HIV per million PBMCs. 

(d) Cumulative proportions of different proviruses detected from the nine infants at three 

different TPs grouped by age: TP1 = 2–3 months old, TP2 = 5–6 months old and TP3 = 

19–36 months old. Statistical significance was tested using the chi-square test. Proportions 

of intact (Blue), large deletion (Red), large deletion with hypermut (Green), large deletion 

with internal inversion (Orange), hypermut (Black) and premature stop codon (Brown). (e) 

Maximum-likelihood phylogenetic tree of HIV-1 DNA intact genomes from eight infants. 
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Proviral sequences generated from infants’ samples are differentiated by color coding: infant 

1 (Blue), infant 2 (Red), infant 3 (Green), infant 5 (Brown), infant 6 (Black), infant 7 

(Turquise), infant 8 (Tangerine/Orange), infant 9 (Sky blue).

FLIP-Seq, full-length individual proviral sequencing; MIP-Seq, Matched integration site and 

proviral sequencing; PBMC, peripheral blood mononuclear cell; TP, timepoint.
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Figure 2. 
(a) Longitudinal viral load dynamics of infant 5 followed for a duration for 24 months. The 

gray bars indicate the duration of antiretroviral therapy. Arrows indicate the timepoint where 

specimens were collected: at age of 6 months old, 3.7 million PBMCs were assayed, at age 

of 10 months old, plasma specimen was analyzed and at age of 19 months old 900,000 

PBMCs were assayed. (b) Proportions of different proviruses detected from infant 5 at two 

different TPs: The TP1 was at 6 months old and TP2 at 19 months old. Proportions of 

proviruses are differentiated by color: intact (Blue), large deletion (Red), large deletion with 

hypermut (Green), hypermut (Black). (c) Maximum-likelihood phylogenetic tree of HIV-1 

DNA intact genomes from infant 5. Proviral sequences generated from the infant’s samples 

at different timepoints and using different assays are differentiated by color and shape. Red 
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circles (FLIP-Seq) sequences from 2019, Blue circles (FLIP-Seq) sequences from 2018, 

Red squares (MIP-Seq) sequences from 2019 and Green Triangles represent sequences 

from plasma. (d) Chromosomal distance between integration sites of genome-intact proviral 

sequences and the most proximal transcriptional start sites, to the most proximal ATAC-

seq peaks in total CD4+ T cells, numbers of DNA-sequencing reads in association with 

activating and repressive histone protein modifications in proximity to integration sites.

CD, clusters of differentiation; FLIP-Seq, full-length individual proviral sequencing; IS, 

integration site; MIP-Seq, Matched integration site and proviral sequencing; PBMC, 

peripheral blood mononuclear cell; TP, timepoint.
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Table 2.

Antiretroviral drug resistance mutations in intact proviruses.

Patient ID NNRTI mutations NRTI mutations

Infant 1 E138A none

Infant 2 V106M, Y181C none

Infant 3 K103N none

Infant 4 Sequences N/A Sequences N/A

Infant 5 K103N, Y181C none

Infant 6 Y181C, V106A none

Infant 7 V106M, Y181C, G190A A62V, K65R, M184, K219E

Infant 8 none none

Infant 9 K103N, Y181C none

Abbreviations: N/A, not available; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor.
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