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Abstract

Background: Urethritis associated with non-viral sexually transmitted infections (STI) increases 

the risk of HIV acquisition and transmission in those living with HIV (LWH) without viral 

load suppression (VLS). Compared to women, men typically have lower rates of HIV VLS. We 

assessed the prevalence of VLS and drug resistance mutations in men LWH and urethral discharge 

syndrome (UDS) in Kampala, Uganda.

Methods: Men with UDS were recruited in Kampala October 2019-November 2020. Medical, 

demographic, and behavioural data were collected with biological samples. All reactive HIV 

results (rapid, sequential algorithm) underwent confirmatory HIV antibody- and HIV incidence-

testing, and viral load (VL) measurement. The pol and gp41 regions were sequenced on samples 

with VLs > 1000 cpm, phylogenetic trees were generated, and resistance mutations were 

investigated.

Results: 50 of 250 participants (20%) had reactive HIV rapid tests and 48/50 (96%) were aware 

of their HIV status and using antiretroviral therapy (ART). The median age was 38 years (IQR 
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32-45), 27/50 (54%) had engaged in transactional sex, and 30/50 (60%) reported alcohol before 

sex. VLS was present in 46/50 (92%). There were no major resistance mutations present in any 

samples analyzed.

Conclusions: The prevalence of HIV and VLS was greater in these men than in the general 

Ugandan adult population. Most men LWH were on ART and thus less likely to transmit HIV 

despite demonstrating sexual behaviours associated with high-risk of STIs. These data emphasize 

that high levels of ART coverage and VLS are achievable among men with UDS in urban 

Kampala.
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Introduction

HIV and other sexually transmitted infections (STIs) are synergistic; the presence of 

urethritis caused by non-viral STIs elevates the risk of HIV transmission in those living 

with HIV (LWH) and increases the potential for HIV acquisition.1 Regions with a high 

prevalence of both HIV and other STIs create ideal conditions for HIV transmission when 

people LWH are not on suppressive antiretroviral therapy (ART).2 Therefore, treatment and 

prevention of both HIV and non-HIV STI are required to end the HIV epidemic.

Historically, heterosexual men have not received the same degree of attention as other 

priority populations with respect to HIV prevention. In 2017, Ugandan President Yoweri 

Museveni launched the Presidential Fast Track Initiative on Ending HIV & AIDS in 
Uganda. A key facet of the strategy is to “engage men in HIV prevention.”3 Compared to 

women, men typically have lower awareness of their HIV status, particularly among younger 

individuals.4 Multiple factors contribute to low rates of HIV awareness in men, including 

stigma, health care barriers, and low self-perceived risk of HIV acquisition.5,6 Additionally, 

men LWH have lower rates of viral load suppression (VLS) in sub-Saharan Africa (SSA), 

where HIV prevalence and incidence is highest globally,7 and where one in five people 

LWH initiating ART may have drug resistance.8 In Uganda in 2022, an estimated 1.4 million 

people were LWH (an adult prevalence of 5.1%) with 79% (74%–87%) achieving VLS.9 

Furthermore, in 2022, 88% (82%–98%) of Ugandan women LWH aged 15 and over were 

receiving ART, compared to only 80% (75%–89%) of men.9 VLS in Ugandan men aged 15 

years or older was estimated to be 83.8% in 2020.10 World Health Organization guidelines 

recommend the use of viral load as the preferred method for monitoring treatment response 

and defines virologic failure with a threshold of 1000 copies/ml.11 Uganda, like most 

countries in SSA, uses the same threshold.12 We assessed the prevalence of VLS and drug 

resistance in men with a positive HIV rapid test and urethral discharge syndrome (UDS) in 

Kampala, Uganda. Additionally, we conducted laboratory-based HIV testing on all available 

samples from the parent study (N=250).
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Materials and methods

The data presented focus on a subset of participants LWH from a previously reported study 

of men with UDS attending government health centres in Kampala.13 Only participants 

with two reactive HIV point-of-care (POC) tests (POCT) were evaluated. This analysis 

describes the proportion of participants LWH demonstrating VLS and the presence of 

ART-associated resistance mutations. The parent observational study, nested within an 

enhanced gonococcal antimicrobial surveillance program (EGASP),14 has been previously 

published.13 In brief, 250 symptomatic male participants with UDS were recruited at 

six urban clinics in Kampala between October 2019 and November 2020. HIV/ART-

specific medical information and demographic and behavioural data were collected with 

biological samples in participants LWH. Penile meatal swabs were tested for Chlamydia 
trachomatis, Neisseria gonorrhoeae, Trichomonas vaginalis, and Mycoplasma genitalium 
using Aptima (Hologic Inc., Marlborough, MA, US) nucleic acid amplification tests. In 

Kampala, onsite POCT for HIV followed the Ugandan rapid sequential testing algorithm 

using Determine (Alere, Waltham, MA, US), Stat-Pak (Chembio, Medford, NY, US), 

and SD-Bioline (Standard Diagnostics, Giheung-gu, Republic of Korea). Discordant HIV 

results were classified as those having two reactive POCTs and a negative laboratory-based 

antibody and HIV RNA result. Serum samples were stored at −80°C at the Infectious 

Disease Institute, Makerere University, Kampala prior to shipping to the International STD 

Reference laboratory at Johns Hopkins University (JHU), Baltimore, MD, USA for further 

testing. After arrival at JHU, available serum samples from the parent study underwent 

additional laboratory-based testing for HIV. Descriptive statistical analysis was conducted.

Ethical oversight was provided by the Ugandan National Council for Science and 

Technology (study number HS455ES), and the Joint Clinical Research Centre (protocol 

reference number JC0919). The Johns Hopkins Institutional Review Board (IRB number 

00215298) also approved the study. No procedures were completed until signed informed 

consent was obtained. All participants received standard-of-care antimicrobial treatment at 

the recruiting clinic prior to study enrollment.

At JHU, each sample with a reactive HIV POC test underwent confirmatory HIV testing 

using the Bio-Rad GS HIV-1/HIV-2 PLUS O EIA tests (Bio-Rad Laboratories, Redmond, 

WA, US). In addition, to evaluate concordance between POC and lab-based values, samples 

that were available for analysis were tested on the Roche Elecsys HIV combi PT 4th 

Generation test (Roche, Indianapolis, IN, US). Reactive tests on the Roche Elecsys assay 

were tested again to confirm. The HIV viral load (VL) of each sample was then determined 

using the Abbott m2000 RealTime HIV-1 assay per the manufacturer’s instructions (Abbott 

Molecular Inc., Des Plaines, IL, US). Samples were diluted by a factor of eight with 

phosphate-buffered saline to enable a limit of detection of 320 copies per milliliter (cpm). 

Incidence testing for HIV was performed using the Asante HIV-1 rapid recency assay 

(Sedia Biosciences, Beaverton, OR, US) on all HIV-positive samples. The absence of a long-

term band on samples with a VL >1000 cpm would be classified as a “recent infection”, 

indicating that infection occurred in the previous 180 days.
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The pol and gp41 regions of the HIV genome were subsequently sequenced on samples 

with VLs >1000 cpm. Sequencing was completed in the Genomics Unit at Rocky Mountain 

Laboratories, US using a MiSeq next generation sequencing platform with NEXTERA index 

primer sets (Illumina, San Diego, CA, US) as previously described.15 After sequencing, 

neighbor joining phylogenetic trees were generated using Geneious Prime 2021.0.1 and 

FigTree v1.4.4 to determine HIV-1 subtype. Major and accessory resistance mutations were 

identified using the Genotypic Resistance Interpretation Algorithm within the Stanford HIV 

Drug Resistance Database.16

Results

The median age of study participants LWH was 38 years (IQR 32-45), compared to a 

median age in the parent study of 24 years (IQR 22-32), p<.001. The median number 

of reported sexual partners in the previous 2 months was one (IQR 1-2). Within the 

previous 6 months, 27/50 (54%) of participants LWH had engaged in transactional sex, 

and 29/50 (58%) indicated that they had used alcohol before sex with 8/50 (16%) reporting 

intoxication prior to sex. Less than 2% reported “always” condom use, whereas 32% had 

participated in condomless sex since the onset of UDS symptoms and prior to treatment, 

compared to 18.5% of participants not LWH.

Following completion of the HIV POC testing algorithm, 50/250 (20%) tests were reactive; 

82% of these individuals had at least one other curable STI. By self-report, 48/50 individuals 

(96%) were known to be LWH; of these, all reported taking ART. Of these 48, the 

most recent self-reported VL was available in 26/48 (54.2%); 22/26 (84.6%) reported an 

undetectable VL. Agreement between HIV POC and lab-based antibody testing was noted 

in 49/50 (98%) (Figure 1(a)). One participant (MN123) had two reactive POC tests, but 

negative confirmatory Bio-Rad antibody and undetectable HIV VL.

Though 7/50 individuals (14%) did not have a long-term band on the Asante assay, all seven 

individuals reported taking ART and had VLs <320 cpm. Of the two newly diagnosed HIV 

infections at POC, one (MN050) had a VL of 6355 cpm and the other (MN163) had a VL 

<320 cpm but positive Bio-Rad and Roche assays, raising the possibility that participant 

MN163 was an elite controller or taking undisclosed ART. Using a threshold of 1000 cpm, 

46/50 (92%) of those LWH were virally suppressed; one individual had a VL of 374 cpm. 

Four individuals were not virally suppressed, with VLs of 1524, 6355, 6355, and 17812 cpm 

respectively. Of these, 1/4 reported transactional sex and 1/4 indicated alcohol use before 

sex; 3/4 did not answer that question. None of the four participants with viremia reported 

“always” condom use nor had they been sexually active since UDS symptom onset.

Sequencing analysis indicated that two individuals’ samples were HIV subtype A and two 

were subtype D which is consistent with predominate circulating subtypes in Uganda.17 

Neither of the samples sequenced had major resistance mutations present. Table 1 describes 

the prevalence of curable STIs in men LWH. Among the 41/50 (82%) individuals with one 

or more curable STIs, 25/50 (50%) had one STI coinfection while 15/50 (30%) had two or 

more STIs.
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Table 2 describes STI coinfections in four participants with VL >1000 cpm.

Additionally, 232/250 (92.8%) of available serum samples from the parent study underwent 

additional testing with the Roche Elecsys HIV combi PT 4th Generation test. Overall, 

concordance between rapid sequence POC testing and lab-based Roche testing was 

228/232 (98.3%) (Figure 1(b)). Three samples that were negative with POC testing were 

subsequently twice reactive on the Roche Elecsys assay and one sample that was positive by 

POC testing was negative on the Roche Elecsys assay. The VL measurements on these four 

samples were undetectable. The sensitivity and specificity of POC HIV tests were 92.5% 

(95% CI: 79.6%–98.4%) and 99.5% (95% CI: 97.2%–100%), respectively.

Discussion

Among unselected high-risk Ugandan men with UDS attending non-specialist government 

clinics in Kampala, the prevalence of HIV and VLS was greater than the general Ugandan 

adult population and other Ugandan men. Men LWH were older than those at risk for 

HIV infection, which may represent cumulative exposure or secular changes in Uganda’s 

HIV epidemic. Notably, the test for recent HIV acquisition was not congruent with other 

laboratory tests for HIV and therefore may be of limited utility in estimating recent 

seroconversion in this population.

These data re-demonstrate that high levels of ART coverage and viral suppression are 

achievable in urban Kampala. The high prevalence of HIV, curable STIs, and low condom 

use is typically associated with high risk of HIV transmission. These VLS data, however, 

suggest that the risk of onward HIV transmission among most participants was low, though 

8% of participants were viremic with potentially transmissible virus, especially in the 

context of UDS. Almost all participants LWH were previously diagnosed and demonstrated 

VLS, suggesting that HIV testing and treatment opportunities were available to this group. 

However, 4% of participants were newly diagnosed with HIV by participating in the study, 

demonstrating the necessity of readily available rapid HIV testing to all with STI syndromes. 

The implications for HIV prevention are mixed, however. Most were likely noninfectious, 

though blood and the genital tract are distinct compartments and may contain different levels 

of virus 18; genital tract HIV VLs are often increased by genital STIs.19 Few studies have 

specifically reported the impact of STIs on genital shedding in men on ART. In a small 

study (N = 24) of men on ART who acquired urethritis, two (17%) had seminal VL of 

1512 and 5928 cpm.20 In addition, a Malawian study of 111 men established on ART for 

more than 3 months described 87 episodes of acute urethritis. 15 of 87 episodes (17%) 

had seminal VLs of >400 cpm and a median seminal plasma VL of 7376 (IQR 1229–50 

666). Paired plasma viral loads were undetectable.21 Modern integrase inhibitor-based ART 

regimens have been shown to rapidly decrease blood and seminal plasma to <40 cpm; this 

was achieved in 4 weeks in plasma compared with 12 weeks in seminal plasma.22 Assuming 

people with VL <1000 copies are relatively unlikely to transmit, these data suggest that a 

minority of participants were at greater risk for onward transmission.2 However, data from 

large clinical studies, upon which the concept of “Undetectable = Untransmissible” is based, 

examined transmission dynamics using a plasma VL of either 400 cpm or 200 cpm.19,23 

STI coinfections were common in study participants.2 In the HPTN 052 study, a randomized 
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controlled study that investigated the efficacy of HIV treatment as prevention, 97% of 1763 

couples were heterosexual and 54% were from Africa. There were no genetically linked 

transmissions observed while the partner LWH was virally suppressed, defined as <400 

cpm.19 Similarly, the PARTNER observational study of 1166 predominantly heterosexual 

couples did not show any linked transmissions when the person LWH was virally suppressed 

at <200 cpm.23 Other studies have demonstrated the potential for HIV transmission at VLs 

between 400 and 1000 cpm. In individuals not on ART, the rate of transmission per 100 

person-years was 2.6 (95% CI 0.57-1.13) for VLs between 400 and 3499 cpm and 4.17 

(95% CI 0.84-20.65) for VLs between 3500 and 9999 cpm24; in a Ugandan study there were 

no transmissions with VL <1500 cpm.25 Therefore, by these standards, at least 4/49 (8.2%) 

would be at risk for transmission and require additional support around ART adherence and 

other HIV prevention measures.

In 2020, Ugandan population-level data demonstrated 75.4% VLS, exceeding the national 

goal of population-level VLS of 73%.26 There were large differences in population VLS by 

age: only 43.5% of men aged 15 to 24 years had VLS compared with 91% VLS in men 55 

to 64 years. The high prevalence of VLS in our study (median age 38 years), is comparable 

with data found in older Ugandan men.26 In contrast to the lack of resistance mutations 

in this sample, contemporary Ugandan data suggest that the prevalence of ART resistance 

mutations in people initiating ART was 18.2%.27

This study has limitations; the number LWH was small and only examined men with UDS. 

Alcohol use was not measured using a pre-validated tool such as AUDIT. One potential 

limitation is that a single VL measurement may mischaracterise the prevalence of viral 

suppression in a population.28 It is also possible that VLs with <1000 cpm harboured 

resistance mutations that were not detected in this analysis. In addition, we were unable 

to compare HIV VL or viability in blood and genital compartments. Any study of sexual 

behaviour is likely to be subject to social desirability bias which may overestimate self-

reported condom use and adherence to ART.29 Recall and other, unmeasured, biases are 

likely to have also been present.

Despite these limitations, the level of VLS demonstrates the efficacy of ART interventions in 

urban Ugandan men LWH who present for STI services. The agreement between POC and 

laboratory-based testing highlights the excellent performance characteristics of sequential 

HIV POCTs in clinical settings in Kampala, Uganda as found in many other settings. In 

a 2016 meta-analysis, the pooled sensitivity of HIV POC tests in low-income settings was 

97.7% (95% CI: 95.2%—98.9%) compared with gold standard laboratory testing.30

Curable STIs were common, likely contributing to adverse sexual and reproductive health 

outcomes at an individual and community level. These data suggest that most men LWH 

were on ART and thus less likely to transmit HIV despite engaging in high-risk sexual 

behaviours. The synergistic effect of UDS, however, may potentiate HIV transmission risk 

even in the presence of relatively low-level viremia.21 Therefore, efforts should focus on 

ensuring VLS in the minority of those with detectable plasma viral loads and developing 

targeted interventions to decrease STI coinfections. Further work is required to investigate 

predictors of VLS in Ugandan men and to examine the feasibility and added value of POC 
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HIV RNA assays to increase diagnostic yield when screening men with UDS for HIV, 

particularly in those at risk with a negative POC antibody assay.
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Figure 1. 
Agreement between point-of-care and laboratory-based tests for HIV. (a) (left). Congruence 

between HIV point-of-care-tests (POCT) and lab-based Bio-Rad antibody test. (b) (right). 

Congruence between HIV point-of-care-tests (POCT) and lab-based Roche antibody test.
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Table 1.

Prevalence of urethritis-associated STIs in men with reactive HIV POC test in Kampala, Uganda.

Total population

N= 50 # Positive Prevalence (95% CI)

HIV only (no coinfection)  9 18% (8.5, 31.4%)

Chlamydia trachomatis  6 12% (4.5%, 24.3%)

Mycoplasma genitalium  7 14% (5.8%, 26.7%)

Neisseria gonorrhoeae 31 62% (47.2%, 75.3%)

Trichomonas vaginalis  2  4% (0.5%, 13.7%)
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