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Abstract 

Background Key populations (KP), including men who have sex with men (MSM), female sex workers (FSW), 
and transgender women (TGW), experience a disproportionate burden of HIV, even in generalized epidemics 
like South Africa. Given this disproportionate burden and unique barriers to accessing health services, sustained provi-
sion of care is particularly relevant. It is unclear how the COVID-19 pandemic and its associated restrictions may have 
impacted this delivery. In this study, we aimed to describe patterns of engagement in HIV prevention and treatment 
services among KP in South Africa and assess the impact of different COVID-19 restriction levels on service delivery.

Methods We leveraged programmatic data collected by the US President’s Emergency Plan for AIDS Relief (PEPFAR)-
supported KP partners in South Africa. We divided data into three discrete time periods based on national COVID-
19 restriction periods: (i) Pre-restriction period, (ii) High-level restriction period, and (iii) After-high level restriction 
period. Primary outcomes included monthly total HIV tests, new HIV cases identified, new initiations of pre-exposure 
prophylaxis (PrEP), and new enrollments in antiretroviral therapy (ART). We conducted interrupted time series seg-
mented regression analyses to estimate the impact of COVID-19 restrictions on HIV prevention and treatment service 
utilization.

Results Between January 2018 and June 2022, there were a total of 231,086 HIV tests, 27,051 HIV positive cases, 
27,656 pre-exposure prophylaxis (PrEP) initiations, and 15,949 antiretroviral therapy initiations among MSM, FSW 
and TGW in PEPFAR-supported KP programs in South Africa. We recorded 90,457 total HIV tests during the ‘pre-
restriction’ period, with 13,593 confirmed new HIV diagnoses; 26,134 total HIV tests with 2,771 new diagnoses dur-
ing the ‘high-level restriction’ period; and 114,495 HIV tests with 10,687 new diagnoses during the after high-level 
restriction period. Our Poisson regression model estimates indicate an immediate and significant decrease in service 
engagement at the onset of COVID-19 restrictions, including declines in HIV testing, treatment, and PrEP use, which 
persisted. As programs adjusted to the new restrictions, there was a gradual rebound in service engagement, par-
ticularly among MSM and FSW. Towards the end of the high-level restriction period, with some aspects of daily life 
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returning to normal but others still restricted, there was more variability. Some indicators continued to improve, 
while others stagnated or decreased.

Conclusion Service provision rebounded from the initial shock created by pandemic-related restrictions, and HIV ser-
vices were largely maintained for KP in South Africa. These results suggest that HIV service delivery among programs 
designed for KP was able to be flexible and resilient to the evolving restrictions. The results of this study can inform 
plans for future pandemics and large-scale disruptions to the delivery of HIV services.

Keywords South Africa, Female sex workers, Gay and other men who have sex with men, Transgender women, Key 
populations, COVID-19, HIV, Service delivery, Interrupted time series

Introduction
Coronavirus disease 2019 (COVID-19) has been one of 
the most significant public health challenges of the mod-
ern era, and as of 2023, the number of those infected with 
SARS-CoV-2 continues to rise globally [1]. COVID-19 
has resulted in significant morbidity and mortality and, 
in many instances, disrupted the normal functioning of 
critical health systems [2]. To stem the spread of infec-
tion, many countries implemented policies and mitiga-
tion strategies that have altered the functioning of daily 
life, including but not limited to travel restrictions, school 
and business closures, and physical distancing [3]. The 
depth and breadth of these approaches have varied across 
countries, with varying degrees of success in reducing 
COVID-19 transmission at a population level [4].

In South Africa, a full national lockdown was 
announced in late March 2020, 23  days after the first 
confirmed case of COVID-19 was detected in the coun-
try [5]. This full national lockdown meant that gather-
ings were prohibited, and restaurants and schools were 
closed. “Non-essential” individuals were only allowed to 
leave their homes to access health and social services and 
pick up essential goods. While healthcare workers and 
pharmacy and laboratory personnel were exempt from 
these restrictions to provide services, most of daily life 
changed as a result and altered the context that health 
services needed to function within [6, 7]. As an exam-
ple, healthcare workers were reliant on employer issue 
of specific healthcare worker permits to be exempt from 
restrictions. Despite specific permits, police and other 
official authorities still restricted and limited move-
ment of healthcare workers in certain instances, lim-
iting capacity to provide services. The South African 
government defined five different COVID-19 alert levels 
to determine restrictions. Over the following two years, 
implementation of restrictions continued to vary with 
changing transmission levels [6, 7].

Amidst the public health challenges created by COVID-
19, South Africa also faces an ongoing HIV crisis. In 
South Africa, close to 1 in 5 adults are living with HIV, 
and more than 231,000 individuals are newly infected 
each year [8], necessitating the delivery of treatment to 

more than 7.5 million people living with HIV and pre-
vention services to millions more [9]. HIV remains the 
leading cause of death in the country despite biomedical 
advances that have led to earlier diagnoses and lifelong 
effective clinical management through treatment [10].

Even with the incredibly high HIV risk among the gen-
eral population in South Africa, key populations includ-
ing men who have sex with men (MSM), female sex 
workers (FSW), and transgender women experience a 
disproportionate burden of HIV. HIV incidence is up to 
25 times higher among MSM and up to 26 times higher 
among FSW compared to other adults of reproductive 
age [11]. Key populations face myriad individual, social, 
and structural factors that put them at increased risk of 
HIV acquisition [12]. The same stigma, discrimination, 
and criminalization that puts these groups at heightened 
risk can challenge access to HIV services [12].

Barriers to accessing HIV services in public health clin-
ics among key populations have historically included a 
range of factors, including but not limited to misalign-
ment of clinic hours or location of services with need, 
risk or fear of arrest due to criminalization of sex work, 
fear of disclosure of HIV or population membership, and 
violence from partners, community members, and others 
[13]. HIV service delivery in South Africa for key popu-
lations through the United States President’s Emergency 
Plan for AIDS Relief (PEPFAR)-funded programs has 
long attempted to address these barriers by including tai-
lored delivery strategies to optimize quality, satisfaction, 
and efficiency of care. During the COVID-19 pandemic, 
implementing partners carefully monitored performance 
data to track service delivery interruptions and respond 
accordingly. Quantitative, analytic research approaches 
can help to substantiate what was being observed by 
those providing services and assess to what extent 
COVID-19 associated restrictions may have directly 
impacted delivery, specifically to populations with the 
greatest need [14].

The impact of COVID-19 on HIV services has been 
examined in multiple settings, including in South Africa, 
though less is known about the specific impact of the 
pandemic on HIV prevention and treatment service 
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engagement among key populations [15]. While we now, 
in many settings, have access to effective vaccines to pre-
vent infection with SARS-CoV-2 and mitigate the sever-
ity of the disease, there is a need to understand how well 
HIV services were sustained as part of PEPFAR-funded 
services for key populations to inform future emerging 
infectious disease or other public health crises. In this 
analysis, we aim to describe patterns of engagement in 
HIV prevention and treatment services among key popu-
lations in South Africa and assess the impact of different 
COVID-19 restriction levels on this engagement using an 
interrupted time series approach.

Methods
Study design: implementation of key population programs 
in South Africa
In this analysis, we utilized routine program data col-
lected through the PEPFAR bilateral initiative in South 
Africa. In brief, this initiative includes a partnership with 
the Government of South Africa and the National and 
Provincial Departments of Health, which work directly 
to coordinate HIV service provision with implementing 
partners funded through both the Centers for Disease 
Control and Prevention (CDC) and the United States 
Agency for International Development (USAID) [16–18]. 
In this analysis, data were provided by both CDC- and 
USAID-funded implementing partners.

In September 2021, the Key Populations Investment 
Fund (KPIF), a globally launched investment program 
aiming to increase access to HIV services for key popu-
lations ended in South Africa [19]. KPIF funding was 
used to both directly provide testing, prevention, and 
treatment services and was also used to support com-
munity mobilization. The inflection point where KPIF 
ended, which relates to the availability of funding to sup-
port provision of services, has been noted in the figures, 
and we visually inspected the data in the context of KPIF 
closure.

Study population
Routinely collected data were available for MSM, FSW, 
and transgender women (TGW). MSM in these analy-
ses included gay and other men who have sex with men 
receiving HIV prevention or treatment services from 
Aurum Institute (CDC) and Anova Health Institute and 
OUT/LGBT Well-Being (USAID). FSW included women 
18 years and older who sell sex and received HIV services 
from TB HIV Care (CDC) and Wits Reproductive Health 
Institute (USAID). TGW included women who were 
assigned male sex at birth and received services from 
Wits Reproductive Health Institute (USAID) [17, 20, 
21]. These implementing partners received funding for 

programs and service delivery through a subagreement 
with FHI 360.

Outcomes
Outcome data were derived from programmatic indica-
tors routinely reported by implementing partners as part 
of standard PEPFAR program monitoring procedures. 
Data were abstracted as monthly counts for each popula-
tion either from program files shared directly by imple-
menting partners or from InfoLink, a database platform 
where routine program data are compiled from partners 
for reporting purposes. Data were accessible through 
InfoLink because of an ongoing collaboration between 
the study team and FHI360 [22]. The primary out-
comes included 1) monthly number of individuals who 
received HIV testing services and received their results 
(HTS_TST), 2) monthly number of new HIV cases iden-
tified, or case finding (HTS_TST_Pos), 3) monthly num-
ber of new pre-exposure prophylaxis (PrEP) initiations 
(PrEP_NEW), and 4) monthly number of individuals who 
newly started/enrolled on antiretroviral therapy (ART) 
(TX_NEW). Based on data availability, we accessed data 
across different time horizons for each population.

COVID‑19 restrictions
Stringency or severity of COVID-19 restrictions was 
assessed based on a review of publicly available informa-
tion disseminated by the Government of South Africa. 
Restrictions by the Government were implemented 
using an alert level approach, which aligned with “the 
level of infections and rate of transmission, the capac-
ity of health facilities, and the extent of the implementa-
tion of public health interventions and the economic and 
social impact of continued restrictions.” The alert system 
ranged from 1 through 5, where alert level 1 represented 
a low level of spread and a high level of health system 
capacity, and alert level 5 represented a high level of 
spread and a low level of health system capacity. A sum-
mary of the restrictions corresponding to the alert levels 
are reported below [23]:

Level 5: Only essential services, restricted times for 
public transportation, stay-home order and no inter-
provincial movement of people.
Level 4: Some industries resume activity (agriculture, 
waste management, information technology ser-
vices), public transportation allowed with restricted 
capacity, curfew from 8 PM – 5 AM and limited 
inter-provincial movement.
Level 3: Additional industries resume activity (take-
away restaurants, automotive manufacturing, govern-
ment services, most retail, etc.), public transportation 



Page 4 of 11Yao et al. BMC Public Health         (2024) 24:2386 

allowed with restricted capacity, no curfew, but ongo-
ing limited inter-provincial movement.
Level 2: All retail, construction, domestic work, manu-
facturing and government services resume activity, 
domestic air travel and car rental allowed, movement 
permitted between provinces at level 1 or level 2.
Level 1: All sectors resume activity, all modes of 
transportation resume with strict hygiene practices 
enforced, movement between provinces allowed with 
some restrictions on international travel.

For these analyses, we grouped data into three dis-
crete periods based on the level of restrictions that were 
implemented. Data provided prior to March 2020, or pre-
pandemic, comprised the “pre-restriction” period. The 
second period was classified as the “high-level restriction 
period” when alert levels three to five were in place (March 
2020-August 2020), and corresponded to low to moderate 
health system readiness. Finally, the third period, includ-
ing alert level two, alert level one, and lifted restrictions 
(September 2020-June 2022), was classified as the “after 
high-level restriction period,” corresponding to high health 
system readiness.

Statistical analysis
The number of individuals served by each program were 
reported for each key population, and summary statistics 
on the primary outcomes were described by interven-
tion period (high-level restriction period and after high-
level restriction period). We conducted interrupted time 
series segmented regression analyses to assess the impact 
of COVID-19 restrictions on our primary HIV preven-
tion and treatment outcomes. We fit Poisson or negative-
binominal regression models based on dispersion of the 
data for each population separately. An assumption of the 
Poisson distribution is that the mean is equal to the vari-
ance. In cases where the variance was larger than the mean, 
we utilized the negative binomial model and incorporated 
an additional term to account for the excess variance [24]. 
We fit one model per population per outcome (3 popula-
tions × 4 outcomes = 12 total models). Models included 
a variable to account for time since the start of the study 
period, two dummy variables indicating high-level and 
after-high-level restriction periods and their interaction 
terms with their restriction implementation time period, 
respectively. This approach takes account of different lev-
els of restrictions and allows evaluation of the immediate 
effect of restrictions at different time points by centering 
time at that time point. The statistical model used in this 
paper took the following form:

Log(Yt) = β0 + β1Time+ β2High+ β3AfterHigh+ β4High ∗ th + β5AfterHigh ∗ tl + ε

where Y represents the count of the specified out-
come for each calendar month,eβ0 represents the level 
or the count of the outcome at T = 0 (start of the study 
period). eβ1 represents the change in the outcome asso-
ciated with time during the pre-restriction period (pre-
restriction trend), Time denotes the number of months 
since the start of study period. eβ2  and eβ3  represent the 
immediate level changes following implementation of 
the high-level restriction period and the after high-level 
restriction period relative to the pre-restriction period, 
respectively. th is the number of months since high level 
restrictions implemented, tl represents the number of 
months since the start of after high-level restriction 
period, eβ4 and eβ5 represent the averaged trend change 
following implementation of the high-level restriction 
and the after high-level restriction period relative to the 
pre-restriction period, respectively.

From the model, we estimated the immediate impact of 
COVID-19 restriction implementation by looking at the 
coefficient of the restriction period variable ( eβ2 for high 
and eβ3 for after high). We evaluated the post-restriction 
period trend for each outcome by adding together the coef-
ficients associated with time and time-restriction interac-
tion ( eβ1+β4 for high, eβ1+β5 for after high).

Newey-West standard errors with autocorrelation up to 
6 lags were used within our models to account for serial 
autocorrelations and heteroskedasticity [25–27]. We per-
formed all analyses in R 4.0.4 (R Foundation for Statistical 
Computing, Vienna, Austria; appendix).

To adjust for seasonal changes in clinic activity that have 
a repeating pattern with fixed frequency (e.g., holiday peri-
ods), we used a combination of sine and cosine functions 
to model the seasonal pattern [28]. In our case, the fre-
quency of sine and cosine functions corresponded to the 
length of the seasonal cycle (12  months). The coefficient 
of these terms determines the strength of the seasonal pat-
tern (amplitude), while the phase of the functions deter-
mines the timing of the seasonal pattern within the cycle. 
Acknowledging the inherent variability in the pre-inter-
vention period model fitting, we introduced an additional 
step to enhance the interpretability and realism of the 
level that could conceivably have been reached for some of 
these indicators. Recognizing that certain indicators might 
exhibit unrealistic trends due to this variability, we incor-
porated an asymptotic line. This line serves as a cap, setting 
the maximum realistic value for these indicators.

Programmatic adaptations to service delivery
To supplement the quantitative results of these analy-
ses, programmatic details around adaptations to service 
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delivery made during the COVID-19 pandemic were 
documented via a brief online questionnaire admin-
istered initially in October 2020. The questionnaire 
included questions regarding populations served, the 
type of HIV services provided, implementation strategies 
to ensure continuity of service provision. Specific adap-
tations such as new delivery methods and new strate-
gies in response to COVID-19 were also recorded. These 
data were updated in November 2021; a spreadsheet was 
shared with each implementing partner to assess any fur-
ther adaptations or innovations following the initial 2020 
survey.

Ethics
All data included in these analyses were collected for 
the purposes of routine program monitoring and were 
reported in aggregate. Analyses did not include personal 
identifiable information and were thus classified as non-
human subjects research (JHU IRB0007442).

Results
Data were available for MSM from June 2019 to June 
2022, for FSW from January 2018 to March 2022 and 
for TGW from November 2018 to March 2022. A total 
of 231,086 HIV tests were reported among MSM, FSW, 
and TGW across the study period. There were 7,866 
(6.8%) positive HIV tests for MSM. During this same 
period, there were a total of 38,981 PrEP initiations and 
8,422 ART initiations. Among FSW, there were 18,049 
(16.7%) positive HIV tests reported among FSW. There 
were 27,656 PrEP initiations and 15,949 ART initiations. 

Among TGW, there were 1,136 (15.9%) positive HIV 
tests reported from January 2019 through March 2022 
among TGW. There were 2,054 PrEP initiations and 935 
ART initiations.

Ninety thousand four hundred fifty-seven total HIV 
tests were reported during the ‘pre-restriction’ period, 
with 13,593 confirmed positive cases. From March 2020 
to August 2020, the ‘high-level restriction’ period, 26,134 
total tests, and 2,771 positive cases were reported. Dur-
ing the ‘after high-level restriction period,’ 114,495 HIV 
tests and 10,687 cases were reported.

High‑level restriction period: March 2020‑August 2020
As detailed below for each indicator, the segmented 
regression analysis substantiated a sharp drop across the 
HIV indicators among all key population groups at the 
implementation of Level 5 national COVID-19 restric-
tions in March 2020.

Men who have sex with men
Among MSM, a 59% decrease in the number of HIV tests 
was observed during the first month of high-level restric-
tions (Fig.  1a, Risk Ratio (RR): 0.41, 95% Confidence 
Interval (CI): 0.27–0.64) compared to the pre-restriction 
period. Decreases were also seen for HIV case-finding 
(Fig.  2a, RR: 0.31, 95% CI: 0.21–0.46), PrEP initiation 
(Fig. 3a, RR: 0.57, 95% CI: 0.34–0.96), and ART initiation 
(Fig.  4a, RR: 0.47, 95% CI: 0.34–0.66). Starting in May 
2020, all indicators demonstrated a moderate rebound 
following the initial drop in service engagement (Table 1). 

Fig. 1 Monthly counts, trends and fitted segmented regression models of HIV total tests for Men who have sex with men (a), Female sex workers 
(b), and Transgender women (c) in South Africa
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For example, HIV testing showed a gradual positive trend 
during this period (RR: 1.12 95% CI: 0.97–1.28).

Female sex workers
Among FSW, there was a 65% decrease in HIV test-
ing at the start of high-level restrictions (Fig.  1b, RR: 
0.35, 95% CI: 0.17–0.69). Similarly, there were declines 
observed for HIV case finding (Fig. 2b, RR:0.48, 95% CI: 
0.24–0.96), PrEP initiation (Fig.  3b, RR: 0.41, 95% CI: 

0.21–0.78), and ART initiation (Fig.  4b, RR: 0.61, 95% 
CI: 0.31–1.21). There was a similar rebound in outcomes 
as was seen among MSM during this period, with HIV 
testing gradually improving over time for FSW (RR: 1.08, 
95% CI: 1.06–1.09).

Transgender populations
Findings were similar among TGW with a 64% (Fig. 1c, 
RR: 0.36, 95% CI: 0.09–1.41) decrease in HIV testing, a 

Fig. 2 Monthly counts, trends and fitted segmented regression models of HIV positive cases for Men who have sex with men (a), Female sex 
workers (b), and Transgender women (c) in South Africa

Fig. 3 Monthly counts, trends and fitted segmented regression models of PrEP initiations for Men who have sex with men (a), Female sex workers 
(b), and Transgender women (c) in South Africa, PrEP = pre-exposure prophylaxis



Page 7 of 11Yao et al. BMC Public Health         (2024) 24:2386  

23% (Fig.  2c, RR: 0.76: 95% CI:0.50–1.16) decrease in 
positive cases, a 69% (Fig. 3c, RR: 0.31, 95%CI: 0.14–0.68) 
decrease in PrEP initiations, and a 72% (Fig. 4c, RR: 0.28, 
95% CI:0.12–0.63) decrease in ART initiations. Among 
TGW, there was a similar gradual increase in each of the 
indicators over time except for HIV testing, which saw a 
decline in the trend over time during this period.

Additional changes in the key outcomes over time are 
documented in Table 1.

After high‑level restriction period: September 2020‑June 
2022
After the high-level restriction period, we observed 
a decline in the level of all HIV indicators across the 

Fig. 4 Monthly counts, trends and fitted segmented regression models of ART initiations for Men who have sex with men (a), Female sex workers 
(b), and Transgender women (c) in South Africa, ART = antiretroviral therapy

Table 1 Poisson segmented regression models adjusting for seasonality of COVID-19 restrictions on PEPFAR-supported HIV services 
for key populations in South Africa

a Autocorrelation addressed using Newey-West standard errors to estimate the confidence interval with lag up to 6

Level change associated 
with high leveleβ2 RR (95% 
CI)a

Level change associated 
with after high leveleβ3 RR 
(95% CI)a

Pre‑restriction 
trendeβ1 RR (95% 
CI)a

Trend change associated 
with high leveleβ1+β4 RR 
(95% CI)a

Trend change associated 
with after high leveleβ1+β5 
RR (95% CI)a

HIV testing
 MSM 0.41 ( 0.27, 0.64) 0.49 ( 0.27, 0.90) 1.08 ( 1.02, 1.14) 1.12 ( 0.97, 1.28) 0.98 ( 0.96, 1.00)

 FSW 0.35 ( 0.17, 0.69) 0.52 ( 0.35, 0.76) 1.02 ( 1.01, 1.04) 1.08 ( 1.06, 1.09) 1.03 ( 1.03, 1.04)

 TGW 0.36 ( 0.09, 1.41) 0.1 ( 0.03, 0.33) 1.23 ( 1.1, 1.38) 0.81 ( 0.6, 1.09) 1.03 ( 1.00, 1.06)

Positive tests
 MSM 0.31 ( 0.21, 0.46) 0.13 ( 0.07, 0.25) 1.26 ( 1.21, 1.32) 1.14 ( 0.97, 1.34) 0.98 ( 0.96, 1.00)

 FSW 0.48 ( 0.24, 0.96) 0.77 ( 0.51, 1.16) 0.98 ( 0.96, 1.00) 1.05 ( 1.02, 1.09) 1.03 ( 1.02, 1.03)

 TGW 0.76 ( 0.50, 1.16) 4.63 ( 0.14,158.3) 1.42 ( 0.83, 2.42) 1.74 ( 1.23, 2.47) 0.80 ( 0.58, 1.09)

PrEP
 MSM 0.57 ( 0.34, 0.96) 0.93 ( 0.49, 1.77) 1.12 ( 1.04, 1.20) 1.22 ( 1.04, 1.43) 0.97 ( 0.95, 0.99)

 FSW 0.41 ( 0.21, 0.78) 0.33 ( 0.23, 0.48) 1.07 ( 1.05, 1.09) 1.01 ( 0.85, 1.19) 1.04 ( 1.01, 1.07)

 TGW 0.31 ( 0.14, 0.68) 0.15 ( 0.05, 0.44) 1.19 ( 1.10, 1.29) 0.99 ( 0.70, 1.40) 1.02 ( 0.98, 1.06)

ART 
 MSM 0.47 ( 0.34, 0.66) 0.15 ( 0.10, 0.21) 1.34 ( 1.3, 1.39) 1.13 ( 0.99, 1.28) 0.97 ( 0.95, 0.99)

 FSW 0.61 ( 0.31, 1.21) 0.85 ( 0.53, 1.38) 0.98 ( 0.96, 1.0) 1.02 ( 0.84, 1.25) 1.03 ( 0.99, 1.06)

 TGW 0.28 ( 0.12, 0.63) 0.17 ( 0.06, 0.44) 1.20 ( 1.1, 1.31) 1.14 ( 0.82, 1.57) 1.00 ( 0.97, 1.04)
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various key population groups. Patterns in trends varied 
across indicators and populations.

Men who have sex with men
For MSM, a 51% decline in the number of HIV tests 
was detected at the start of the after-high level restric-
tion period relative to the level during the pre-restriction 
period (April 2020) (Fig. 1a, RR: 0.49, 95%CI 0.27–0.90). 
Similar reductions were also observed among other 
indicators (Table  1). Thereafter, the segmented analy-
sis revealed a decrease of 2% per month (Fig.  1a, RR: 
0.98, 95%CI: 0.96–1.00) in HIV tests. Moderate declines 
over time were also found in HIV case finding (Fig.  2a, 
RR:0.98, 95%CI: 0.96–1.00), PrEP initiation (Fig. 3a, RR: 
0.97, 95% CI: 0.95–0.99), and ART initiation (Fig. 4a, RR: 
0.97 95% CI: 0.95–0.99).

Female sex workers
Among FSW, the level of HIV testing declined at the start 
of the after high-level restriction period compared with 
the pre-restriction period (Fig. 1b, RR: 0.52, 95%CI: 0.35–
0.76). The other primary indicators showed a similar 
pattern (Table  1). During this period, we observed HIV 
testing numbers gradually recovered by 3% per month 
(RR: 1.03, 95%CI: 1.03–1.04). Positive increases per 
month were also seen in other indicators: HIV case find-
ing (Fig. 2b, RR:1.03, 95%CI: 1.02–1.03), PrEP initiations 
(Fig. 3b, RR: 1.04, 95%CI: 1.01,1.07), and ART initiations 
(Fig. 4b, RR: 1.03, 95%CI: 0.99–1.06).

Transgender populations
Among TGW, there was a significant decrease in the level 
of HIV testing at the start of the after high-restriction 
period (Fig.  1c, RR: 0.1, 95% CI: 0.03, 0.33). Decreases 
were also seen in PrEP initiations and ART initiations 
(Table  1). After that, HIV testing consistently improved 
during this period (Fig. 1c, RR: 1.03, 95%CI: 1.00–1.06), 
while other indicators stayed at a constant level with no 
significant increase (Table 1).

Programmatic adaptations to service delivery
During this period, implementing partners enacted sev-
eral modifications to HIV community outreach programs 
to adapt to COVID-19 restrictions. Strategies varied 
across partners and population groups. Some exam-
ple efforts that were made to provide more virtual sup-
port included utilizing mobile online communication 
(WhatsApp, Facebook groups) and a bulk SMS platform 
to inform clients of updates and changes to clinic ser-
vices, times, and locations. Concurrently, self-testing, 
multi-month dispensing, and home-based ART-deliv-
ery along with telemedicine appointments were intro-
duced and offered to clients during this time. For TGW 

identified by service providers to have increased hous-
ing insecurity and who were forced into shelters dur-
ing the pandemic, mobile HIV services were brought to 
these shelters to ensure sustained services. For FSW, who 
were unable to work and earn an income as a result of 
restrictions, implementing partner teams solicited and 
provided food parcels. Additional innovations included 
small group meetings with peer navigators and outreach 
based on where clients live rather than at centralized 
locations historically dictated by hotspots (bars, brothels, 
clubs etc.). For MSM, ambassadors from different wards 
hosted community advisory board meetings to identify 
PrEP needs and provided additional support in transfer-
ring of clients to other clinics to continue provision of 
care. Other peer navigation teams were formed for fur-
ther home visits, HIV testing, and PrEP deliveries. Imple-
menting partners were able to reintegrate their standard 
community-based activities and mobile services, as well 
as create small group peer meetings, form peer naviga-
tion teams, and utilize community ambassadors from 
different wards to host community advisory meetings to 
support local client needs.

Discussion
In this analysis, we evaluated the impact of national-level 
COVID-19 restrictions on HIV prevention and treatment 
service utilization for key populations accessing PEFPAR-
supported HIV services in South Africa utilizing an inter-
rupted time series approach. At the onset of pandemic 
restrictions, we observed an immediate and pronounced 
decrease in service engagement, including declines in the 
number of individuals accessing HIV testing, treatment 
and PrEP that persisted for MSM, FSW, and TGW. As 
programs began to adjust and adapt to restrictions, there 
was a gradual rebound in service engagement, particu-
larly among MSM and FSW. At the end of the high-level 
restriction period, with most returning to normal, but 
some movement and daily life still restricted, there was 
more variation across the different indicators. Some indi-
cators continued to make improvements and increase, 
others stagnated, and still others decreased. Taken 
together, these findings largely highlight the flexibility 
and resiliency of HIV service delivery and the mainte-
nance of HIV services for those with the greatest need 
during the pandemic in South Africa.

Consistent with what has been described elsewhere in 
sub-Saharan Africa, we found an immediate impact on 
the uptake of critical HIV services following the imple-
mentation of COVID-19 restrictions. A multi-country 
study among MSM involving 20 countries revealed that 
30% of 10,654 surveyed individuals experienced inter-
ruptions to in-person HIV testing, with 55% report-
ing interruptions to HIV self-testing [4]. A study using 
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routine data across populations from public sector clin-
ics in South Africa saw similar declines in access to these 
same services, with HIV testing being among the most 
affected with considerable variation by province [29]. 
A cohort study in the Western Cape Province of South 
Africa found decreases in the number of PrEP visits 
among women attending antenatal care [30]. A review 
of studies across South Africa found reported decreases 
in HIV testing, positive HIV tests, and initiation of ART 
[31]. While delivery of HIV services remained essential 
during even the most stringent Level 5 restrictions, the 
changing context of daily life placed additional burden on 
programs in the early months of the pandemic. Some of 
these changes included suspension of certain in-person 
services to promote physical distancing, staff shortages 
due to the need for quarantine for exposed individuals 
and isolation for those infected with COVID-19, clo-
sure of community hotspots, including bars, brothels, 
and nightclubs where outreach for key populations often 
occurs, suspension of peer outreach, and the confluence 
of COVID-19 and HIV related stigma [14]. Despite these 
closures, the need for services remained and in some 
instances was likely heightened. The pandemic pushed 
already stigmatized and hidden hotspots and areas of 
congregation further underground, increasing the likeli-
hood of violence, discrimination and harassment from 
clients, partners, police, and others [32].

Despite the initial declines observed associated with 
pandemic restrictions, a gradual rebound was seen across 
most indicators over time, reflecting both an easing of 
restrictions and efforts by partners to ensure the continu-
ity of services. A large-scale study looking at the impact 
of COVID-19 lockdown on HIV care across 65 South 
African primary care clinics similarly found that while 
there were immediate declines associated with pandemic 
restrictions, there was a measured but ongoing observed 
improvement in HIV testing and ART initiations as 
restrictions began to ease [29]. Other studies also found 
that HIV services were resilient to the shocks and inter-
ruptions created by COVID-19 restrictions, especially in 
the months immediately after the beginning of the pan-
demic with easing restrictions [6, 33].

We considered two key programmatic shifts that 
occurred during this period: program-driven adapta-
tions to services to maintain delivery during the pan-
demic and the end of KPIF, a key funding mechanism 
that provided additional funds for key populations pro-
grams with a focus on capacity building of key popu-
lation-led organizations and evaluated their relevance 
by visually inspecting the Figures. As documented in 
the Results section, implementing partners contribut-
ing data to these analyses made changes and adapta-
tions to better support those accessing services during 

the pandemic. Further research is needed to under-
stand which of these adaptations and implementation 
strategies proved most useful in sustaining provision 
of services, but it is clear that creative adaptations like 
the ones mentioned here will be critical for future pan-
demics or other disruptive events. KPIF was primarily 
intended to provide additional capacity for key popula-
tions organizations and test certain innovations. Quali-
tatively, we did not observe a considerable impact of the 
conclusion of KPIF on the primary HIV indicators, but 
this was not the primary analytic question of this study.

There were two key strengths of this study. First, we 
leveraged routinely collected program data for these 
analyses, which meant that we were able to elucidate 
patterns in HIV service engagement use and better 
understand fluctuations in that use at no additional cost 
or burden to the program or to service users. Second, 
these data are largely representative of key populations 
accessing PEPFAR-funded services in South Africa, as 
we did not do any sampling or selective inclusion. This 
is particularly important as representative data for key 
populations are often difficult to collect, given high lev-
els of mobility and systemic marginalization and dis-
crimination and associated fear and distrust.

There were several limitations of this study. First, a 
key assumption of the statistical models is that COVID-
19 restrictions in practice changed in alignment with 
the official alert levels put forward by the Govern-
ment. In practice, there may have been variability in 
when different restrictions went into place and how 
this impacted daily life. For the purposes of the inter-
rupted time series, this was a simplifying assumption 
to establish a clear-cut point but one that we feel does 
broadly align with both perceived and actual changes 
that occurred. Second, we combined data across dif-
ferent implementing partners for a single population 
and assumed that patterns would be similar across the 
programs. There could be variability by implement-
ing partner depending on the size of the program, for 
example based on the number of clients served or num-
ber of staff involved, or the geographic area. Thirdly, 
while our seasonal adjustment aims to account for 
known patterns such as reduced activity during holiday 
periods, the limited data duration may affect the preci-
sion of these adjustments. Finally, there was a signifi-
cant amount of relocation with people moving out of 
urban centers during the pandemic, and the underlying 
population may have been changing over time. Though 
we were unable to assess changes to population charac-
teristics, as we did not have access to individual-level 
demographic and behavioral data, we do not anticipate 
that the distribution of these characteristics was chang-
ing dramatically on average over time.
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HIV service utilization among key populations 
in South Africa was severely impacted in the ini-
tial months of the pandemic by stringent restrictions 
intended to stem the spread of SARS-CoV-2. As restric-
tions eased, and as programs adapted to the context 
of changing daily life, there was a gradual rebound in 
the uptake of services across populations. These results 
highlight the resiliency and dynamicity of PEPFAR-
funded implementing partners in generating creative 
solutions, including virtual support, multi-month dis-
pensing and home delivery of HIV testing and ART, 
and amplified peer navigation, to maintain HIV ser-
vices during the COVID-19 pandemic. As of the end of 
the study period, however, the level of uptake of most 
services had not yet returned to pre-pandemic levels. 
There is an ongoing need to come up with new strate-
gies to get key populations in need of HIV services re-
engaged in care and to evaluate existing strategies to 
understand which are most effective at ensuring conti-
nuity of care. Using these results and the results from 
future studies, we can begin to develop plans for future 
pandemics and large-scale disruptions to the delivery 
of HIV services.
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