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Abstract 26 

HIV-1 remains incurable due to the persistence of proviral DNA integrated into host cells, 27 

providing a reservoir for viral rebound upon cessation of antiretroviral therapy (ART). There is 28 

evidence for sex-based differences in HIV-1 immune responses and pathogenesis, but little is 29 

known about differences in HIV-1 persistence. To address this knowledge gap, we quantified 30 

persistent HIV-1 in 90 adults on suppressive ART in Rakai, Uganda (57 females). Total HIV-1 31 

DNA was quantified by PCR and replication competent provirus by the quantitative viral 32 

outgrowth assay (QVOA). Immune phenotyping of T cell subsets and plasma biomarkers was 33 

also performed. We found that while both sexes had similar levels of total HIV DNA, females 34 

had significantly fewer resting CD4 T cells harboring replication-competent virus, as measured 35 

by viral outgrowth in the QVOA. Factors associated with viral outgrowth differed by sex; notably, 36 

frequency of PD1+ CD4 T cells correlated with reservoir size in males, but not females. The 37 

sex-based differences in HIV-1 persistence observed in this cohort warrant additional research, 38 

especially given the widespread use of the QVOA to assess reservoir size and current 39 

explorations of PD1 agonists in cure protocols. Efforts should be made to power future cure 40 

studies to assess outcomes in both males and females.  41 

 42 

Summary: HIV-1 infected females on antiretroviral therapy have a reduced frequency of cells 43 

producing replication-competent HIV-1 and distinct immune correlates of viral outgrowth 44 

compared to men.  45 

  46 
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Introduction 47 

Human immunodeficiency virus type 1 (HIV-1) infects approximately 37.9 million people 48 

worldwide; two-thirds of whom live in sub-Saharan Africa. HIV-1 remains incurable despite 49 

effective suppression of active viral replication by antiretroviral therapy (ART). This is due to the 50 

persistence of a reservoir of stably integrated and replication competent HIV-1 provirus, 51 

primarily in resting CD4 T cells (rCD4), that leads to viral rebound rapidly after the cessation of 52 

ART (1). This viral reservoir decays incredibly slowly, with a mean half-life of 44 months, and 53 

thus people living with HIV-1 require lifetime use of ART (2, 3). The mechanisms that govern 54 

HIV-1 reservoir establishment and persistence are not fully understood and elucidating them will 55 

likely provide important insights for the development of cure modalities.  56 

Little is known about the potential effect of biological sex on HIV-1 persistence. Approximately 57 

52% of people living with HIV-1 are female, and, despite being the fastest growing group of HIV-58 

1 infected individuals, females represent only ~11% of participants in HIV-1 cure studies (4). 59 

There is evidence that HIV-1 pathogenesis differs between the sexes. Compared to males, 60 

females have lower viral loads and per cell HIV-1 RNA production during untreated infection, but 61 

faster rates of disease progression for a given viral load (4, 5). Additionally, females have 62 

different immunological responses to HIV-1 infection, including higher IFNa production in 63 

response to HIV-1 RNA stimulation in vitro (6), elevated in vivo expression of interferon-64 

stimulated genes (7), elevated T cell responses (8), decreased markers of immune exhaustion 65 

(6, 9), and altered immune biomarker responses to therapy (10). Studies of HIV-1 persistence 66 

have been limited, with two cross-sectional studies reporting that females had lower levels of 67 

HIV-DNA (11, 12) and one prospective study reporting lower levels of residual viremia and HIV-68 

1 RNA production in females compared to males (9). Recent analysis of viral rebound kinetics 69 

among postpartum females suggested that females may be more likely than men to have 70 

prolonged time to viral rebound (13). We therefore sought to determine if reservoir size, and the 71 
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clinical and immunological correlates of reservoir size, differed by sex in a well-matched cohort 72 

of people living with HIV-1 in Uganda. 73 

 74 

Results 75 

Ninety HIV-1-infected adults (≥18yrs), including 57 females and 33 males, were enrolled 76 

through the Rakai Health Sciences Program in Uganda (described in Table 1 and Supplemental 77 

Figure 1). All participants had been virally suppressed on ART for at least one year, and all 78 

except for one were on first-line therapy (consisting of nucleoside and non-nucleoside reverse 79 

transcriptase inhibitors) (Table 1). The predominant HIV-1 subtype was D (females=59.6%, 80 

males=54.5%), followed by subtype A (female=15.8%, males=18.2%). Males and females were 81 

similar in age, pre-ART viral loads, nadir CD4 T, and duration of viral suppression. Males and 82 

female experienced transient viremia on ART with similar frequency and, for the subset with 83 

available data (females=16, males=16), had been infected with HIV for similar durations prior to 84 

ART initiation (median years: females=6.1, males=5.6). At the time of study entry, females had 85 

significantly higher CD4 counts (median cells/µl: females=594, males=458; p<0.01) and 86 

CD4/CD8 ratios (median: females=0.89, males=0.63; p<0.01), despite similar nadir CD4 counts 87 

and time on ART. The most commonly reported hormonal contraception was Depo-Provera 88 

(18.8%).  89 

Immune phenotyping was performed by flow cytometry (T cells) and multiplexed ELISA (serum 90 

biomarkers). Most immune parameters were not significantly different between males and 91 

females; those that were significant are indicated in Table 1. Females had significantly higher 92 

serum concentrations of D-dimer (273 vs. 130 ng/ml, p<0.01), as previously reported (14), but 93 

similar concentrations of soluble markers previously associated with non-activating T cell 94 

proliferation (IL7, IL15) (15, 16); HIV-1 disease progression and non-AIDS mortality (sCD14, 95 
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CRP, IL6, IL10, IFNa) (17); and increased in vitro proviral integration (CXCL10, CXCL9, CCL20, 96 

CCL19) (18).  97 

Females and males were not significantly different in terms of overall CD4 and CD8 T cell 98 

frequencies, but females had fewer effector memory CD4 T cells (TEM: CD28-/CD45RO+/CCR7-99 

, 1.88 vs. 3.44%, p=0.10) and CD8 T cells producing IL2 (1.85 vs. 4.31%, p=0.08), although 100 

these differences did not reach statistical significance. Females and males had similar 101 

frequencies of activated (HLA-DR+/CD38+ and CD69+), proliferating (Ki67+), and regulatory 102 

CD4 T cells (FoxP3+/CD25+), markers of CD4 and CD8 T cell exhaustion and senescence 103 

(PD1, Tim3, Lag3, CD57), and effector functions (CD107a, IFNg, IL2, TNF).   104 

Because ~90% of integrated HIV-1 provirus is defective (19), quantification of persistent HIV-1 105 

infected cells was performed using two methods: quantitative PCR for a region of gag and the 106 

quantitative viral outgrowth assay (QVOA) for replication competent virus. We found no 107 

significant correlation between these two estimates of reservoir size, in either males or females 108 

(females: r = 0.18, p=0.3; males r = -0.18, p=0.4; Supplemental Figure 2). In contrast to the 109 

similarity in immunologic profiles, females had a significantly lower frequency of cells producing 110 

replication-competent virus (0.41 vs. 1.10 IUPM, p<0.01 by non-parametric univariate analysis; 111 

Figure 1A). Reduced viral outgrowth from rCD4 in females was in contrast to total HIV DNA 112 

levels, which were statistically not different between sexes (females=2395, males=1200 113 

copies/106 rCD4, p=0.13 by non-parametric univariate analysis; Figure 1B). The reduced viral 114 

outgrowth from rCD4 observed in females remained significant after controlling for clinical 115 

covariates (Dlog10IUPM=0.53, p<0.01) and in a sensitivity analysis excluding observations with 116 

log10IUPM>1.0 (3 males excluded; 0.41 vs. 0.98 IUPM, p=0.02). 117 

We subsequently sought to identify demographic, clinical, and immune correlates of viral 118 

outgrowth from resting CD4 T cells, as well as determine if correlates were different between 119 

sexes (Table 2). Based on univariate analysis, IUPM in females was negatively associated with 120 
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age and duration of ART (both p<0.01), positively associated with CD8 and CD4 T cell effector 121 

functions (IL2 and TNF, p<0.05), and although not reaching statistical significance, nadir CD4 122 

(p=0.06). In contrast, IUPM in males was negatively associated with CD4/CD8 T cell ratio 123 

(p=0.01) and CD8 T cell effector function (IL2, p=0.02), and positively associated with PD1 124 

expression on CD4 T cells (p=0.03). IUPM did not correlate with other immune parameters 125 

(including serum IL7, CD4 T cell memory subset distribution, activation, or proliferation) HIV-1 126 

subtype, duration of untreated infection, or instances of transiently detectable viremia in either 127 

sex, or with hormonal contraception use by females (Supplementary Materials). 128 

To determine the most important contributors to reservoir size and to attempt to account for the 129 

inter-dependency of clinical variables, we constructed multivariable linear regression models 130 

independently for males and females using stepwise selection. Variables included in the 131 

stepwise regression were time on ART and pre-ART viral load (determined a priori from 132 

previous studies) (1, 20), as well as all variables associated with IUPM for that sex in univariate 133 

regression (at p<0.1) (Table 2 and Figure 2). In females, this model identified pre-ART viral load 134 

(p=0.01) and time since viral suppression (p<0.01) as the most important predictors of IUPM. 135 

Production of TNF by CD8 T cells also contributed to explaining variability in IUPM among 136 

females, although the association was not significant (p=0.14). In males, time on ART was also 137 

found to be an important predictor of IUPM (p=0.03); however, in contrast to females, immune 138 

outcomes were also identified as important predictors of IUPM. Among males, PD1 expression 139 

on CD4 T cells positively correlated with IUPM (p=0.03) and production of IL2 by CD8 T cells 140 

negatively correlated with IUPM (p=0.03).  141 

 142 

Discussion 143 

Based on the QVOA, an assay widely accepted for measurement of reservoir size, we found 144 

that Ugandan females have a reduced frequency of resting CD4 T cells containing replication-145 

competent HIV-1 compared to their male peers. Interestingly, this was despite having similar 146 
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frequencies of resting CD4 T cells containing HIV-1 DNA. The findings are consistent with a 147 

recent report from a North American cohort, which found evidence of lower residual virus activity 148 

in females compared to males (spontaneous RNA production by single copy assay and multiply 149 

spliced HIV RNA transcripts), despite comparable levels of integrated DNA in males and 150 

females (9). In addition, in ex vivo stimulation assays performed on a subset of this North 151 

American cohort (males=6 and females=6), females produced lower levels of multiply spliced 152 

HIV RNA (21). These studies did not directly interrogate the replication competent reservoir and 153 

our results here demonstrate that the findings of differences in RNA transcription are consistent 154 

with differences in production of replication competent virus between females and males.  155 

We suggest two possible explanations for these findings (1) that a higher proportion of 156 

integrated proviruses are defective in females compared to males, and/or (2) that there is a 157 

lower probability of proviral reactivation after ex vivo T cell stimulation in females compared to 158 

males. The first hypothesis is born out of the observation that the vast majority of HIV-1 159 

proviruses (~90%) are defective due to internal deletions, insertions, inversions and 160 

APOBEC3F/G induced hypermutation (19). If a larger proportion of proviruses were defective in 161 

females, the reduced QVOA viral outgrowth observed in females in this study would truly 162 

represent a smaller replication-competent reservoir. One prior study suggested that females 163 

have higher levels of hypermutation, but this finding warrants further investigation (22). 164 

Alternatively, females may have the same number of cells with replication-competent virus, but 165 

these cells may not reactivate as readily ex vivo. Previous studies have shown that not all 166 

replication-competent proviruses are reactivated with a single-round of T cell stimulation, and 167 

that multiple rounds of stimulation will continue to activate additional proviruses (23). Therefore, 168 

it is also possible that females have the same “size” of intact reservoir as males, but that the 169 

QVOA underestimates this size to a greater extent in females compared to males. In support of 170 

this later hypothesis, estrogen receptor-1 (ESR-1) has been shown to be able to silence HIV-1 171 
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provirus transcription in the presence of the female sex-hormone b-estradiol (24, 25), while 172 

selective estrogen receptor modulators (SERMs), that inhibit estrogen activity, enhance 173 

reactivation in response to latency reversal agents (i.e. vorinostat, IL15, TNF) (21). Thus, it is 174 

possible that there are sex-specific features of transcriptional control that can affect HIV-1 175 

latency reversal. The QVOA is a gold-standard for measuring changes in replication-competent 176 

reservoir size, and therefore the possibility of sex-based differences in the readout of this assay 177 

warrants further exploration. The question of whether females truly have fewer resting CD4 T 178 

cells harboring replication competent virus or if their cells are instead less readily reactivated (or 179 

a combination of both) could be informed by detailed single-genome sequencing or targeted 180 

amplification strategies to measure the proportion of proviruses that are intact. However, single-181 

genome level sequencing is not feasible for the number of participants needed to examine this 182 

question, and the intact proviral DNA assay (IPDA), designed to measure this exact question, 183 

has not yet been validated for non-B HIV-1 subtypes (26).  184 

Our results demonstrate that correlates of replication competent reservoir size also differ 185 

between males and females. Reservoir size correlated negatively with time on ART among both 186 

males and females, consistent with previous studies documenting slow decay of the reservoir 187 

during suppressive ART (2, 3). However, in males, immune parameters were also found to be 188 

important predictors of reservoir size, including a positive association with PD1+ CD4 T cells. 189 

PD1 is a negative regulator of T cells and its expression is associated with immune exhaustion 190 

and dysfunction (27). CD4 T cells expressing PD1 have also been reported to be more likely to 191 

contain HIV-1 provirus, and that PD1 engagement inhibits viral reactivation (28). In light of these 192 

findings, PD1 agonists are currently being actively explored to augment latency reversal as part 193 

of cure strategies; however, to date, the vast majority of participants in the studies linking PD1 194 

and latency have been male. Our findings may call into question the efficacy of PD1 agonists in 195 

HIV-1 cure strategies for females. In a similar way, sex differences in the efficacy of anti-PD1 196 

antibodies for cancer immunotherapy have also been reported, with females gaining less benefit 197 
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(29). Further research is warranted to assess the link between PD1 expression and HIV-1 198 

latency in females. 199 

An additional finding from our study is that, despite having similar nadir CD4 T cell counts and 200 

having been on therapy for the same length of time, females had higher CD4/CD8 T cell ratios 201 

and CD4 T cell counts than males, which is consistent with other reports (20). CD4/CD8 T cell 202 

ratio has been associated with immune activation/exhaustion and non-AIDS mortality in 203 

individuals on ART (30). Further research is warranted to determine if the lower CD4/CD8 T cell 204 

ratios observed in males in this and other studies are associated with sex-based differences in 205 

risk of non-AIDS mortality.  206 

A significant strength of this study is that the HIV-1 epidemic in Rakai, Uganda is generalized, 207 

as opposed to being localized in specific risk groups that vary by sex, as is often the case in 208 

North America. Males and females in our cohort were therefore well-matched, with 209 

predominately heterosexual transmission and similar demographics, social determinants of 210 

health, and access to HIV-1 care. However, this study has several limitations. We had limited 211 

data on hormonal contraception use over the course of HIV-1 infection and did not ask females 212 

about their menstrual cycle or menopause status. As long-term suppressive ART significantly 213 

reduces HIV-specific CD8 T cell responses, it was not possible to examine associations 214 

between these responses and QVOA reservoir outgrowth. Sample sizes were smaller than ideal 215 

for use of stepwise selection; however, models were statistically satisfactory with residuals 216 

randomly scattered between -1 and 1 and no detrimental multicollinearity detected (variance 217 

inflation factors of all predictors were <2). Finally, as discussed, we were unable to use 218 

sequencing or ddPCR-based techniques to quantify intact and defective proviruses in this study; 219 

therefore, adaptation of the IPDA to non-subtype B viruses is urgently needed to enable high-220 

throughput intact provirus quantification.  221 
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These data highlight that the latent viral reservoir may be fundamentally different in males and 222 

females and raises the possibility that reservoir reactivation may differ between males and 223 

females. Females are generally underrepresented in HIV-1 cure research, leaving uncertainty 224 

as to the generalizability of results to all people living with HIV. Researchers should make a 225 

greater effort to increase participation of females in HIV-1 research and to present data stratified 226 

by sex.  227 

 228 

Methods 229 

Study Participants 230 

Ninety HIV-1-infected adults (≥18yrs) were enrolled through the Rakai Health Sciences Program 231 

in Uganda. Participants were on ART and had been virally suppressed for	≥1yr (two historical 232 

viral loads <40 copies/ml, obtained 10-18 months apart with no intervening detectable result).  233 

Sample and Clinical Data Collection 234 

Pre-ART CD4 T cell counts, post-ART viral loads, and ART regimens were extracted from 235 

clinical records. Additional demographic data was available on a subset of participants enrolled 236 

in the Rakai Community Cohort Study (31), including estimated date of HIV seroconversion 237 

(n=32), hormonal contraception use (n=48), and pre-ART viral loads (n=75).  238 

Blood (180ml) was separated for T cell counting, plasma HIV-1 RNA detection (viral load), and 239 

peripheral blood mononuclear cell (PBMC) cryopreservation. T cell counts and viral loads were 240 

performed at all study visits (Supplemental Materials). PBMCs were isolated using density-241 

gradient centrifugation and cryopreserved in 10% DMSO. For 43 individuals, cryopreserved 242 

PBMCs were used for QVOA and total HIV DNA quantification (gag qPCR). For the other 47 243 

participants, 1x107 cryopreserved PBMCs were obtained for immune cell characterization and 244 

all remaining cells were dedicated to QVOA. For these participants, additional cells for total HIV 245 

DNA quantification were obtained at a second blood draw performed within 10-14 months. 246 
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Plasma HIV RNA quantification was repeated at the second blood draw and in all cases plasma 247 

viral loads remained below the limit of detection (<40 copies/ml).  248 

Reservoir and Immune Characterization 249 

rCD4 isolation, QVOA, total HIV DNA measurement (qPCR), and HIV-1 subtyping were 250 

performed as previously described (additional details in Supplemental Materials) (32-34). 251 

Immunological assessments were performed on individuals for whom stored PBMCs (n=47) and 252 

plasma samples (n=62) where available. An electrochemiluminescent detection system was 253 

used to assay the following soluble immune molecules in plasma samples (Meso Scale 254 

Discovery): IFN2α, IL10, IL15, IL6, IL7, MIG/CXCL9, MIP3a/CCL19, MIP3b/CCL20, D-dimer, 255 

sCD14, IP10, CRP, and CCL21. Immune cell characterization was performed using two flow 256 

cytometry panels: one to assess CD4 T cell subsets and activation status: CD3, CD4, CD45RO, 257 

CD28, CCR7, CD57, HLA-DR, CD38, CD69, Ki-67, FoxP3, CD25; and one to assess T cell 258 

effector function, including markers of T cell exhaustion (CD3, CD4, CD8, CD107a, Perforin, 259 

IFNg, TNF, IL2, Tim3, CTLA4, PD1. Both panels included a viability dye. Additional details on 260 

immune characterization methods and representative flow cytometry gating are provided in the 261 

Supplemental Materials. Immune phenotyping and reservoir quantification assays were 262 

performed by investigators blinded to participant demographics, including biological sex. 263 

Statistics 264 

Demographic, clinical, and immunological characteristics were compared between males and 265 

females using Mann-Whitney’s U-test. Clinical variables were defined as follows. Pre-ART viral 266 

load is the last viral load measurement before ART initiation. Nadir CD4 is the lowest CD4 T cell 267 

count recorded pre-ART initiation. Time on ART is the time between ART initiation and sample 268 

time point. Viremic time is the time from estimated date of seroconversion to initiation of ART; 269 

dates of seroconversion were estimated as the midpoint between the last seronegative and the 270 

first seropositive HIV-1 test results available. The proportion of viral loads >400 copies/ml since 271 
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initial viral suppression summarizes instances of transiently detectable viremia during ART. 272 

Hormonal contraception use is described by (1) self-reported use at the time of study visit, and 273 

(2) the estimated proportion of time using hormonal contraception from ART initiation to study 274 

visit. 275 

Mann-Whitney U was used to compare differences in reservoir size (IUPM and total HIV DNA) 276 

between males and females, followed by multivariate analyses to control for covariates (nadir 277 

CD4 T cell count, pre-ART VL, time on ART, instances of on-ART transiently detectable viremia, 278 

and CD4:CD8 ratio). Characteristics associated with reservoir size were determined using 279 

univariate regression analyses, stratified by sex. The strongest predictors of QVOA reservoir 280 

outgrowth in each sex were identified by stepwise regression, including time on ART and pre-281 

ART viral load (determined a priori from previous studies (20))(1), and variables associated with 282 

IUPM for that sex in univariate analysis (p<0.1).  Transformations of outcomes and covariates 283 

were conducted to satisfy model assumptions: soluble immune analytes, pre-ART viral load, 284 

time on ART, IUPM, and total HIV DNA were log10 transformed. Analytes detectable in <50% of 285 

participants were treated as binary outcomes (IL10, MIP3A). Statistical analyses were 286 

conducted using R (Version 3.5.2) and all tests are two-sided with α=0.05. A p value of less 287 

than 0.05 was considered significant. 288 

Study Approval 289 

All participants provided written informed consent and ethical approval was obtained by the 290 
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Table 1. Clinical and immunological characteristics of HIV-1 positive Ugandans females and 424 
males. 425 
 426 
Characteristic 
Median (IQR) 

Females 
(n = 57) 

Males 
(n = 33) P-value 

Age (years) 41.1 (37.4, 47.2) 44.2 (40.3, 47.1) 0.15 
Subtype, n (%) 
     D 
     C 
     A 
     Recombinant 
     Unknown 

 
34 (59.6) 
1 (1.8) 
9 (15.8) 
6 (10.5) 
7 (12.3) 

 
18 (54.5) 
1 (3.0) 
6 (18.2) 
5 (15.1) 
3 (9.1) 

 
 
 

0.83 

Pre-ART viral load (log10 copies/ml) 
Females (n = 47); Males (n = 28) 

4.54 (3.84, 4.92) 4.72 (4.17, 5.22) 0.15 

Nadir CD4 T cell count (cells/µl) 180 (109, 232) 168 (129, 238) 0.92 

Time on ART (years) 7.0 (5.3, 8.5) 6.9 (3.3 9.3) 0.86 

Proportion of viral loads >400 copies/ml,  
mean (range) 

0.005 (0, 0.118) 0.003 (0, 0.059) 0.93 

Viremic time (years) 
Females (n = 16); Males (n = 16) 

6.1 (4.2, 10.2) 5.6 (3.7, 7.8) 0.46 

CD4 T cell count at QVOA (cells/µl) 594 (461, 740) 458 (380, 559) <0.01 

CD4/CD8 T cell ratio at QVOA 0.89 (0.65, 1.12) 0.63 (0.56, 0.84) <0.01 

Hormonal contraception at QVOA, n (%) 
     Depo-Provera 
     Birth Control Pills 
     Levonorgestrel Implants  
     No Hormonal 
Females (n = 48); Males (n/a) 

 
9 (18.8) 
1 (2.1) 
2 (4.2) 
8 (16.7) 
 

 
 
 
 
 
 

 
 

D-dimer (ng/mL) 
Females (n = 42); Males (n = 20) 

273 (198, 534) 130 (80, 219) <0.01 

Effector memory CD4 T cells (proportion) 
Females (n = 34); Males (n = 12) 

1.9 (1.1, 5.9) 3.4 (2.5, 6.1) 0.10 

IL2+ CD8 T cells (proportion) 
Females (n = 34); Males (n = 13) 

1.9 (1.2, 3.9) 4.3 (1.6, 5.8) 0.08  

 427 

  428 
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Figure 1. Differences in estimates of latent HIV-1 infection between virally suppressed females 429 
and males. (A) Frequency of resting CD4 T cells (rCD4) that produce replication competent 430 
virus when stimulated ex vivo, by the QVOA (females=57, males=33). (B) Frequency of rCD4 431 
that contain HIV-1 gag DNA (females=42, males=28). Both reported per 106 rCD4. Adjusted 432 
analysis controls for age, pre-ART viral load, nadir CD4 T cell count, duration of ART, instances 433 
of transiently detectable viremia (proportion of on-ART viral loads >400 copies/ml), and CD4 T 434 
cell count at the time of QVOA blood draw. Mann-Whitney’s U test and multivariable linear 435 
regression was used. Median IUPM and interquartile range are presented. 436 
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Table 2. Coefficients of univariate and stepwise linear regressions of reservoir outgrowth (log10 438 

IUPM) from resting CD4 T cells on demographic, clinical, and immunological covariates in 439 

females and males. 95% confidence intervals displayed. 440 

 441 
 442 
  443 

Characteristic 

Univariate Regression Stepwise Regression 
Females 
(n = 57) 

Males 
(n = 33) 

Females 
(n = 29) 

adj. R2 = 0.27 

Males 
(n = 10) 

adj. R2 = 0.66 
Age  
(per years) 

-0.03* 
(-0.05, -0.01) 

0.01 
(-0.04, 0.07) 

-  

Pre-ART viral load  
(per log10 copy/ml) 
Females (n = 47); Males (n = 28) 

0.07 
(-0.15, 0.29) 

0.16 
(-0.22, 0.53) 

0.33* 
(0.08, 0.58) 

0.43 
(-0.30, 1.17) 

Nadir CD4 T cell count  
(per 100 cells/µl) 

0.10* 
(0.00, 0.21) 

-0.10 
(-0.35, 0.14) 

-  

Time on ART  
(per log10 year) 

-1.21* 
(-1.83, -0.59) 

0.31 
(-0.93, 1.55) 

-2.11* 
(-3.58, -0.63) 

-4.40* 
(-8.04, -0.76) 

CD4 T cell count at QVOA  
(per 100 cells/µl) 

-0.00 
(-0.07, 0.07) 

-0.10 
(-0.34, 0.14) 

  

CD4/CD8 T cell ratio at QVOA 
(per 0.1 proportion increase) 

0.02 
(-0.30, 0.74) 

-0.13* 
(-0.23, -0.03) 

 
- 

PD1+ CD4 T cells  
(per 1% PD1+ CD4 T cells) 
Females (n = 34); Males (n = 13) 

0.004 
(-0.009, 0.016) 

0.040* 
(0.004, 0.072) 

 0.05* 
(0.01, 0.10) 

IL2+ CD4 T cells 
(per 1% IL2+ CD4 T cells) 
Females (n = 34); Males (n = 13) 

0.027* 
(0.000, 0.054) 

-0.036 
(-0.106, 0.041) 

-  

TNF+ CD4 T cells 
(per 1% TNF+ CD4 T cells) 
Females (n = 34); Males (n = 13) 

0.014* 
(0.002, 0.026) 

-0.012 
(-0.042, 0.019) 

-  

IL2+ CD8 T cells 
(per 1% IL2+ CD8 T cells) 
Females (n = 34); Males (n = 13) 

0.12* 
(0.027, 0.205) 

-0.14* 
(-0.241, -0.023) 

- -0.16* 
(-0.30, -0.03) 

TNF+ CD8 T cells 
(per 1% TNF+ CD8 T cells) 
Females (n = 34); Males (n = 13) 

0.018* 
(0.000, 0.035) 

-0.018 
(-0.052, 0.017) 

0.01 
(-0.00, 0.03) 

 

* denotes p<0.05 
- denotes variables included in the stepwise regression but not selected by the model 
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Figure 2: Multivariate regression coefficients and 95% confidence intervals for associations 444 

between clinical and immunological parameters that best predict reservoir outgrowth from 445 

resting CD4 T cells (log10 IUPM) in females (red, n=29) and males (blue, n=10), as selected 446 

using stepwise regression (Table 2). 447 
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