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Sexually transmitted infections (STIs) other than HIV are a global 
public health problem. In addition to causing complications such as 
inflammation, scarring and subfertility associated with upper genital 
tract infections and transmission from mother to child, some STIs are 
associated with an increased risk of HIV acquisition or transmission. [1] 
Genital inflammation from both ulcerative and non-ulcerative STIs 
leads to local recruitment of CD4 cells, macrophages and dendritic 
cells, which are target cells for HIV.[2] Mucosal disruption associated 
with ulcerative genital infection facilitates HIV entry, leading to 
increased susceptibility to HIV acquisition.[2,3] For people living with 
HIV, engaging in sex without a condom while HIV plasma viral loads 
(VLs) are >200 copies/mL with or without an STI has been associated 
with transmission of HIV to an uninfected partner.[4-7]

South Africa (SA) has a high burden of both HIV and other 
STIs.[8,9] Although the country had a 49% decline in new HIV 
infections between 2010 and 2019, this drop has not been sufficient 
to meet global HIV prevention targets.[9] Better integration of HIV 
and STI prevention and treatment services has been proposed to 
accelerate progress towards the goal of zero new HIV infections.

Objectives
We describe HIV positivity, antiretroviral therapy (ART) use, viral 
suppression and recency of HIV infection among symptomatic STI 
service attendees in SA and discuss the implications of our findings 
for HIV and STI prevention, care, treatment and surveillance.

Methods
Setting
This study was nested in the ongoing sentinel site-based aetiological 
surveillance of STIs conducted by the National Institute for 
Communicable Diseases (NICD). In a country in which STI care is 
syndromic, the main objectives of this surveillance are to monitor 
trends in the aetiological causes of the major STI syndromes, genital 
ulcer syndrome (GUS), male urethritis syndrome (MUS) and vaginal 
discharge syndrome (VDS), validate the recommended treatment 
algorithms and regimens, and ensure that current regimens cover the 
most common causative STI pathogens for each syndrome. During 
the period 1 January - 31 December 2019, sentinel surveillance was 
conducted at two primary healthcare centres located in two provinces 
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and aimed to enrol 150 males with MUS, 100 females with VDS and 
100 individuals with GUS per site.

Design
In a cross-sectional study, consecutive male and female STI service 
attendees aged ≥18 years presenting with genital discharge or ulcers 
were enrolled at the two sentinel surveillance sites.

Data collection
During the surveillance period, primary care nurses referred 
symptomatic STI service attendees to surveillance officers – 
professional nurses placed at the sentinel sites during regular clinic 
operating hours – for eligibility assessment. Following eligibility 
assessment and informed consent procedures, eligible males and 
females were enrolled. Demographic and clinical information was 
collected using a surveillance officer-administered questionnaire. 
Demographic variables included age and gender; behavioural 
variables included condom use at last sexual encounter, having 
sexual intercourse with a non-regular sexual partner during the 
preceding 3  months, and having sexual partners living outside the 
attendee’s province or country during the preceding 3  months. 
Clinical variables were clinical syndrome(s) diagnosed on the day 
of enrolment, a history of STI syndromes during the preceding 
12  months, non-resolution of STI symptoms during the preceding 
3 months, referral from another STI treatment provider, knowledge 
of HIV status, date of most recent HIV status, and self-reported HIV 
status. Male attendees were asked whether they had been circumcised, 
and the circumcision method if they had. Circumcision status was 
confirmed at genital examination. Participants were asked to provide 
genital specimens – endourethral swabs, cervicovaginal swabs and 
ulcer swabs for all those with urethral discharge, vaginal discharge 
and genital ulcers, respectively. All attendees provided two 10 mL 
venous blood specimens for laboratory testing. Tests conducted in 
the HIV and STI reference laboratory included tests for the following 
biomarkers: screening and confirmatory HIV serology (enzyme 
immunoassay), Western blot and HIV VL for specimens that were 
HIV-positive on serology, limiting-antigen avidity (LAg) testing for 
recency of infection among Western blot-positive specimens, and 
detection of plasma antiretrovirals (ARVs) on all HIV serology-
positive specimens.

Laboratory procedures
DNA was extracted from the genital swabs and tested using a validated 
in-house real-time multiplex polymerase chain reaction (PCR) assay 
on the RotorGene platform (Qiagen, Germany) to detect the presence 
of the following STI pathogens: Neisseria gonorrhoeae, Chlamydia 
trachomatis, Trichomonas vaginalis, Mycoplasma genitalium from the 
MUS and VDS swab specimens, and herpes simplex virus (HSV), 
Treponema pallidum, Haemophilus ducreyi and L1, L2 and L3 serovars 
of C. trachomatis from the genital ulcer swab specimens. HSV-1 and 
2 subtyping was performed using a commercial PCR assay (Sacace 
Biotechnologies, Italy). Rapid plasma reagin  (RPR) seropositivity 
was determined using the Immutrep RPR assay (Omega Diagnostics, 
UK), while HSV-2 seropositivity was determined using the Focus 
HerpeSelect 2 ELISA IgG assay (Focus Diagnostics, USA).

HIV status was determined using two fourth-generation enzyme 
immunoassays, Vironostika HIV Uniform II antigen/antibody 
(Biomerieux, Netherlands) and the Elecsys HIV Combi PT assay 
(Roche, Germany). Western blot status was determined using a 
nitrocellulose test strip to which test samples and controls were 
added; this was incubated for an hour and processed on an automated 
instrument (Autoblot 3000H; MedTec BioLab Equipment, USA).  

Colour development was observed in specific areas on the test strip 
where the various protein bands were immobilised. The major 
bands of significance were gp160, gp120, gp41 and p24. A positive 
result was reported when at least two major bands were present, 
i.e. gp160 and/or gp120, gp41 or p24. An indeterminate result was 
reported when one or more bands were present but the results did 
not meet the criteria for a positive result. A negative result was 
reported when no bands were present. Recency of HIV infection was 
determined using the Maxim HIV-1 Limiting Antigen Avidity assay 
(Maxim Biomedical, USA). The normalised optical density (ODn) 
value determined whether a sample was classified as long-term or 
recent infection. Samples with an ODn >2.0 were considered long-
term infections. If the ODn was ≤2.0, the samples were re-tested 
in triplicate, i.e. confirmatory testing. If the ODn of the sample in 
confirmatory testing was <1.5, the sample was considered a recent 
infection. If the sample ODn was ≥1.5 after confirmatory testing, it 
was considered a long-term infection. In a study including samples 
from participants with known dates of seroconversion, the Maxim 
assay was found to have a false recent rate (FRR) (i.e duration of 
infection >6 months) of 2.17% at an ODn of <1.5 with no VL criteria 
included, and an FRR of 1.12% at the same ODn, VL >1 000 copies/
mL and no ARVs in plasma.[10] HIV VL was measured using the 
COBAS AmpliPrep/COBAS TaqMan HIV-1 Test, version 2.0 (CAP/
CTM v2.0) (Roche, Germany). The test can quantify HIV-1 RNA 
over the range of 20 copies to 10 million copies from a 1.0 mL 
ethylenediamine tetraacetic acid (EDTA) plasma input sample. 
Pooled nucleic acid amplification testing (NAAT) followed by 
disaggregation to test for individual samples included in a positive 
pool was used. Pool sizes of 10 samples were used. The pooled 
testing and the individual NAAT testing was performed using the 
CAP/CTM v2.0. The dynamic range of the test is 20 - 10 million 
copies/mL from 1.0 mL of pooled plasma (10 individual samples of 
0.1 mL each). The presence of ARV analytes in plasma was detected 
using a high-performance liquid chromatography with tandem mass 
spectrometry assay which was developed and validated for screening 
dolutegravir, efavirenz, lopinavir and nevirapine in human plasma. 
The assay was developed at the Division of Clinical Pharmacology, 
University of Cape Town. Sample preparation consisted of a protein 
precipitation extraction procedure followed by high-performance 
liquid chromatography with tandem mass spectrometry detection 
using gradient elution. Dolutegravir-d4, efavirenz-d5, lopinavir-d8 
and nevirapine-d3 were used as internal standards. An API 4000 
mass spectrometer (AB Sciex, USA) at unit resolution in the multiple 
reaction monitoring mode was used to monitor the transition of 
the protonated precursor ions at mass/charge ratio (m/z) 420.1, 
316.0, 629.5 and 267.1 to the product ions at m/z 277.2, 243.9, 447.2 
and 226.0 for dolutegravir, efavirenz, lopinavir and nevirapine, 
respectively. The quality control cut-off concentration for positivity 
of each analyte was set at 0.02 µg/mL to allow for adequate ARV 
detection. Two sets of quality control samples were analysed during 
inter- and intra-validation (2  × n=18). The percentage difference 
for all drugs was <2.6% between sets and the precision (percent 
coefficient of variation) was <11.5%. The assay was validated to 
detect analytes of dolutegravir, efavirenz, lopinavir and nevirapine 
because these were the integrase, protease and non-nucleoside 
reverse transcriptase inhibitor drugs added to the backbone of all 
public sector first- or second-line regimens during the surveillance 
period. These ARVs would not be taken for pre-exposure prophylaxis.

Data management and analysis
Completed questionnaires were sent to the data centre in the STI 
reference laboratory at the NICD. Data were entered into a study-
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specific Microsoft Access 2016 database 
(Microsoft, USA). Data were then exported 
to Stata version 14.2 (StataCorp, USA) for 
analysis. Descriptive statistics were used to 
describe enrolled participants, comparing 
HIV-positive long-term or recently acquired 
with HIV-negative attendees. A recent 
infection algorithm taking into account 
HIV serology, Western blot, LAg assay, 
HIV VL and absence of ARV analytes in 
plasma was used to assign HIV-positive 
individuals as recently infected or not. 
An individual who: (i) was HIV-positive 
or negative on confirmatory enzyme 
immunoassays; (ii)  was positive on the 
Western blot assay; (iii) was classified as 
LAg assay recent – as determined by an 
ODn of >1.5; (iv)  had a VL >1 000  copies/
mL; and (v) had no ARV analytes detected 
in plasma was considered recently infected. 
An HIV-positive individual with a plasma 
VL ≤200 copies/mL was considered to have 
a suppressed VL. Univariable and multi-
variable Poisson regression models with 
robust error variance were used to determine 
the demographic, behavioural and clinical 
factors associated with: (i)  being HIV-
positive and recently infected compared 
with being HIV uninfected; (ii) being HIV-
positive with long-term infection compared 
with being HIV uninfected; and (iii)  being 
HIV-positive and recently infected com-
pared with HIV-positive with long-term 
infection. Variables that had p-values <0.1 
in univariable analyses were included in the 
multivariable models in a stepwise backward 
fashion until the equivalent of one variable 
per 10 outcomes remained in the models. 
Age was used as a continuous variable and 
included in all multivariable models a priori.

Results
Between 1 January and 31 December 2019, 
a total of 494 symptomatic STI service 
attendees were enrolled at the two sentinel 
sites, located in Gauteng and Western Cape 
provinces, respectively. Of the 494 enrolled, 
451 (91.3%) had adequate plasma specimens 
for HIV biomarker measurement (Fig.  1). 
The median (interquartile range (IQR)) age 
of those tested was 29 (25 - 35) years, with 
101 (22.4%) aged ≤24 years, 313 (69.4%) 
male, and 109 (24.2%) enrolled at the 
Western Cape site.

Of the 451 attendees tested by enzyme 
immunoassay in the HIV reference labora-
tory, 93 (20.6%) were HIV-positive on 
serology, while 358 (79.4%) were HIV-
negative. Among the HIV-positives, 88/93 
(94.6%) were Western blot-positive while 
5/93 (5.4%) were Western blot-negative 
(Fig.  1). Of the 5 who were Western blot-

negative and tested along with all the other 
HIV-negatives for presence of HIV RNA 
using nucleic acid amplification, all were 
NAAT-positive, indicating acute HIV 
infection. Of the 88 who were Western blot-
positive, 22 were classified as having recent 
HIV infection on the LAg assay, although 
only 11 went on meet the criteria for recent 
infection based on VL levels >1 000 copies/
mL. In total, there were 15 positive indi-
viduals (16.1%) who met the criteria for 
recent HIV infection. Only 2/15 individuals 
who met the criteria for recent infection 
correctly reported being HIV-positive and 
none were on ART, either by ARV exposure 

or self-report. The median (IQR) VL among 
those who were recently infected was log10 5.8 
(4.8 - 6.7). Table 1 describes HIV-positive and 
negative attendees, comparing HIV-positive, 
recently infected patients with those who 
were HIV-negative. Compared with being 
HIV-negative, being recently infected was 
independently associated with a genital ulcer 
presentation (adjusted prevalence rate ratio 
(aPRR) 3.48 (95% confidence interval (CI) 
1.24 - 9.73); p=0.017) in a model adjusting for 
age and having genital ulcers at presentation. 
Being recently infected was also associated 
with no detectable STI-related ulcer 
pathogens (aPRR 4.67 (95% CI 1.18 - 18.42); 

Enrolled,
N=494

Tested by fourth-generation EIA,
n=451 (91.3%)

HIV-negative by EIA,
n=358 (79.4%)

HIV-negative,
n=363

NAAT detected,
n=5

NAAT not detected, 
HIV-negative,

n=358

HIV-positive,
n=93 (20.6%)

WB-negative,
n=5

WB-positive, 
n=88

Excluded, n=43

LAg assay recent,
n=22

LAg assay long term,
n=65

VL >1 000,
n=11

No ARV analytes present,
n=10

Recent infection,
n=15

• VL >200, n=7 (23.3%)
• VL ≤200, n=23 (76.7%)

• VL >200, n=44 (91.7%)
• VL ≤200, n=4 (8.3%)

Long-term infection,
n=78

ARV analytes present,
n=1

VL ≤1 000,
n=11

• No blood specimen collected, n=8
• Insu�cient blood specimen for full 
  HIV testing, n=35

On ART, n=30 No ART, n=48

Fig. 1. Study flow. (EIA = enzyme immunoassay; WB = Western blot; LAg = limiting-antigen avidity 
assay; NAAT = nucleic acid amplification testing; VL = viral load; ARV = antiretroviral; ART = 
antiretroviral therapy.)
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p=0.024) in a model adjusting for age and ulcers with no detectable 
pathogens. There was a trend towards syphilitic ulcers, RPR 
positivity and having tested for HIV during the 6 months preceding 
enrolment being associated with being recently infected in 
univariable analyses, although the associations did not reach 
statistical significance. Of the 78 attendees who met the criteria for 
long-term HIV infection (83.9% of those who were HIV infected), 
30 (38.5%) had plasma ARVs present and were considered to be 
on ART, while 48 (61.5%) were not. As expected, the proportion 
of individuals with suppressed VLs was higher among those who 
were on ART compared with those who were not (n=23/30 (76.7%) 
v. n=4/48 (8.3%); p<0.001). Although viral suppression was higher 
among those on ART, the level of viral suppression was below the 
then Joint United Nations Programme on HIV/AIDS (UNAIDS) 
target of 90%. Of those who had plasma ARVs detected (n=30), 
21 (70.0%) self-reported being on ART, indicating under-reporting 
of HIV status and ART use. Comparing attendees who were HIV-
positive with long-term HIV infection (n=78) with those who 
were HIV-negative (n=358), those who were HIV-positive were 
less likely to have tested for HIV during the preceding 6  months 
(aPRR 0.25 (95% CI 0.16 - 0.40); p<0.001), more likely to be RPR 
serology-positive (aPRR 2.43 (95% CI 1.39 - 4.22); p=0.002) and 
HSV-2 serology-positive (aPRR 4.37 (95% CI 2.35 - 8.13; p<0.001), 
and more likely to have T. vaginalis infection on genital discharge 
specimens (aPRR 2.13 (95% CI 1.19 - 3.83); p=0.011) in a model 
adjusting for these variables as well as age.

Comparing HIV recently infected with long-term infected 
attendees, individuals who met the criteria for recent infection were 
more likely to have tested for HIV during the preceding 6  months 
(aPRR 1.76 (95% CI 1.10 - 2.81); p=0.018) in a model adjusting for 
age and HIV testing during the preceding 6 months. There was also 
a trend towards the recently infected being less likely to be HSV-2-
seropositive (aPRR 0.38 (95% CI 0.13 - 1.11); p=0.077) in a model 
adjusting for age and HSV-2 seropositivity, but this did not reach 
statistical significance.

Discussion
This study of symptomatic STI service attendees found HIV positi-
vity of 20%, with close to one-sixth of HIV infections being recent. 
None of those who met the criteria for recent infection self-reported 
being on ART. The study also found suboptimal ART coverage 
among those with long-term HIV infection, and suboptimal viral 
suppression among those on ART. The median HIV VL was high 
among those who were HIV-positive (in both long-term and recently 
infected groups), placing attendees at high risk of transmitting HIV 
to seronegative partners. Recent infection status was independently 
associated with genital ulcers, particularly those of unknown aetiology, 
when compared with HIV-negative status, but this association was not 
apparent when recent infection status was compared with long-term 
HIV infection status. We have previously found a high burden of 
genital ulcers of unknown aetiology in similar surveillance, and acute 
HIV ulceration could be a cause of these ulcers.[11]

The majority of symptomatic STI service attendees were HIV-
seronegative but at risk of acquiring HIV, as they presented with 
signs of genital tract inflammation and a significant proportion had 
active, untreated STIs. These findings strengthen the case for better 
integration of HIV prevention and care services with STI prevention, 
care and treatment. Integrated STI services should include HIV-
related services such as counselling and testing, ART initiation, 
adherence support, VL measurement and HIV drug resistance testing 
where indicated. Given the high burden of recent HIV infection, 
which may suggest a high incidence in the catchment population of 

the sentinel clinics, pre-exposure prophylaxis (PrEP) services should 
be urgently integrated into STI services. Referrals or provision of 
on-site voluntary medical male circumcision services should also be 
expanded. Injectable ARVs being developed and studied for use as 
PrEP offer a promising intervention for inclusion within similar STI 
services.[12]

Study limitations
Our study was subject to some limitations. First was the small 
sample size, which was a result of logistical challenges encountered 
in setting up the second surveillance site and the large proportion 
of specimens that were inadequate. This small sample size meant a 
small number of outcomes and less power to detect some clinically 
and epidemiologically relevant associations between recent infection 
and HIV-negative status as well as recent infection and long-
term infection status. Second, the study only included two clinics, 
one in Gauteng and the other in the Western Cape, limiting the 
generalisability of findings to other clinics in different settings. Lastly, 
this was a cross-sectional study with no follow-up. This meant that we 
were unable to determine temporal associations between recency of 
infection and STIs – for example, the association of recent infection 
with ulcers with no associated STI-related pathogens detected may 
be a marker of acute HIV infection and not a risk factor for HIV 
acquisition.

Conclusions
Despite the above limitations, our study serves as a reminder of the 
value of STI services as a platform for identifying newly infected 
individuals with high VLs for rapid ART initiation, individuals with 
long-term infection not on ART for treatment initiation and linkage 
to care, and those with suboptimal viral suppression for adherence 
counselling and enhanced treatment support. It is important to 
improve the effectiveness of ART as HIV prevention in those who 
are already HIV infected by ensuring viral load suppression among all 
on treatment, while identifying individuals at risk of HIV acquisition 
for biomedical prevention interventions. Our study also highlights 
the utility of integrated STI services catering to both HIV-positive 
and HIV-negative individuals for surveillance of the coverage of key 
interventions for the biomedical prevention of both HIV and STIs in 
similar settings.
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