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Abstract

Objectives: Viral suppression (VS) is the hallmark of successful antiretroviral therapy (ART) 

programmes. We sought to compare clinic retention, virological outcomes, drug resistance and 

mortality between peri-urban and rural settings in South Africa after first-line ART.
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Methods: Beginning in July 2014, 1000 (500 peri-urban and 500 rural) ART-naïve patients with 

HIV were enrolled and managed according to local standard of care. Clinic retention, virological 

suppression, virological failure (VF), genotypic drug resistance and mortality were assessed. The 

definition of VS was a viral load ≤1000 copies/ml. Time to event analyses were stratified by 

site, median age and gender. Kaplan–Meier curves were calculated and graphed with log-rank 

modelling to compare curves.

Results: Based on 2741 patient-years of follow-up, retention and mortality did not differ between 

sites. Among all 1000 participants, 47%, 84% and 91% had achieved VS by 6, 12 and 24 months, 

respectively, which was observed earlier in the peri-urban site. At both sites, men aged < 32 years 

had the highest proportion of VF (15.5%), while women aged > 32 years had the lowest, at 7.1% 

(p = 0.018). Among 55 genotypes, 42 (76.4%) had at one or more resistance mutations, which did 

not differ by site. K103N (59%) and M184V (52%) were the most common mutations, followed 

by V106M and K65R (31% each). Overall, death was infrequent (< 4%).

Conclusions: No significant differences in treatment outcomes between peri-urban and rural 

clinics were observed. In both settings, young men were especially susceptible to clinic attrition 

and VF. More effective adherence support for this important demographic group is needed to 

achieve UNAIDS targets.
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INTRODUCTION

The Joint United Nations Programme on HIV/AIDS (UNAIDS) ‘90–90–90 Goals’, 

established in 2014, were ambitious universal benchmarks intended to drive progress toward 

the elimination of the HIV/AIDS epidemic [1]. The third goal requires that 90% of all 

people receiving antiretroviral therapy (ART) be virally suppressed (VS) by 2020. South 

Africa, which has the largest ART programme in the world, adopted these goals and further, 

in 2016, announced a significant policy shift to offer free treatment to all South Africans 

with HIV irrespective of CD4 count [2].

Viral suppression is the hallmark of a successful ART programme and is associated with 

immune recovery, a reduction in opportunistic infections and drug resistance mutations, 

improved survival and lower HIV transmission rates [3,4]. The percentage of patients 

with VS is the World Health Organization’s (WHO) early warning indicator for HIV 

drug resistance; however, between 2004 and 2009 only 2% of clinics across 50 countries 

monitored this indicator [5]. Another key indicator, retention in care, is vitally important 

but has not been closely monitored. Retaining patients in care is critical to the success of 

the HIV programme. Although approximately 54% of the KwaZulu-Natal (KZN) population 

live in rural areas, few studies reported VS or retention from individuals residing in these 

areas [6].

As ART programmes continue to expand, it has become increasingly important to identify 

treatment gaps at clinical sites in remote areas. In light of this, we sought to compare 
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clinic retention, virological response, drug resistance and mortality from three clinics in the 

uMkhanyakude district, a deeply rural area in KZN, with values from a peri-urban clinic in 

Durban, South Africa.

MATERIALS AND METHODS

Study setting and participants

Ethics approval from the Biomedical Research Ethics Committee of the University of 

KwaZulu-Natal, the Emory University and MassGeneral Brigham institutional review 

boards was obtained prior to the start of the study. After signed informed consent, people 

living with HIV (PLWH) who were at least 18 years of age and qualified for ART, were 

enrolled into the KZN HIV AIDS Drug Resistance Surveillance Study (ADReSS). All 

participants were required to be ART naive (based on self report) prior to enrolment and 

treatment initiation begining July 2014. Each site enrolled 500 consecutive participants 

who were followed up for at least 1 year after enrolment and managed according to 

the prevailing standard of care. All participants were initiated on first-line ART, with > 

99% receiving a fixed-dose combination tablet of efavirenz/emtricitabine/tenofovir. Viral 

load (VL) monitoring was performed 6 and 12 months after ART initiation, followed by 

annual testing if suppressed. Participants with two consecutive measurements of VL > 1000 

copies/ml at least 2 months apart after intensive adherence counselling were changed to 

second-line ART.

The peri-urban site (RKK) is a regional department of health facility in Durban, a large 

metropolitan city in KZN, South Africa. In the rural site (BTD) participants were recruited 

from the ART clinic-cluster comprising Bethesda ART clinic, Jozini clinic and Mkuze clinic 

managed by Bethesda Hospital, located in the northernmost and poorest district of KZN, 

bordering Eswatini to the northeast and Mozambique to the east. Care at RKK was closely 

supervised by doctors, whereas care at BTD was primarily nurse-driven. Further details 

about these sites were described previously [7].

Data collection and study end-points

Baseline socio-demographics (gender, age, race, ethnicity, language, education and sensory 

impairments), ART regimen and longitudinal laboratory measures were collected for all 

participants. Based on the 2020 South African National Consolidated guidelines, VL ≤ 1000 

copies/ml was considered to be VS. In the ADReSS study, virological failure (VF) was 

defined as the first VL > 1000 copies/ml after ART initiation. Participants with VF had 

genotypic resistance testing performed at the next clinic visit. Time to loss of virological 

response (TLOVR) was defined as VF following documented VS. Clinic attendance and 

disposition were determined by a search of the clinic electronic patient management system 

(TIER.net) and a review of participant clinic files for visit dates, transfer notes and death 

reports. Additionally, the study team searched the National Health Laboratory System 

(NHLS) online system, Trakcare, for results of laboratory tests done at other facilities 

and the National Department of Home Affairs database to determine the vital status of 

participants lost to follow-up (LTFU). Being LTFU was defined as no further contact or 

VL data at any time after enrolment except for those who died. Participants were defined 
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as ‘in study clinics’ (ISC) if all VLs obtained were from the study clinics. If participants 

changed service providers (CSP), they were still considered in care but by an outside 

service provider. Data were recorded, reconciled and archived using Research Electronic 

Data Capture (REDCap) [8,9], the electronic data capture tool hosted at Emory University.

Statistical analysis

Standard statistical methods were used to summarize and compare variables between peri-

urban and rural populations. Continuous variables were summarized with sample means 

and compared using a two-sample t-test; categorical variables were summarized via sample 

frequencies and compared using Pearson’s χ2 test of independence. Time-to-event outcomes 

(including disposition, treatment failure, VS and TLOVR) were explored by Kaplan–Meier 

(KM) curves stratified by site, median age and gender. The KM curves were compared using 

K-sample log-rank test statistics. Additionally, multi-state outcomes across the HIV care 

continuum were graphically represented using Sankey diagrams created by the networkD3 R 

package.

Statitical analyses were performed using the R programming language (v.4.00) with 

the RStudio (v.1.3.1) integrated development environment using R packages including 

‘tidyverse’, ‘survival’ for survival analysis, and ‘survminer’ for survival analysis plots.

RESULTS

Baseline characteristics

There were no significant differences in the mean age or mean CD4 count between 

participants enrolled at the two study sites (Table 1). Most of the other baseline 

characteristics differed significantly between sites. The majority of participants identified 

as black (100% BTD, 92.6% RKK). RKK had 6.2% Indian and 1.2% coloured (a locally 

used word for people of mixed-race origin). Among black participants, 97.6% identified 

themselves as Zulu at BTD compared with 64.7% at RKK. Significantly more participants 

reported understanding English at RKK (97.4%) than at BTD (75.2%) which was reflected 

in the level of education. A small proportion of participants reported baseline visual and 

auditory impairments which differed significantly by site. Nearly all participants received 

the fixed-dose combination tablet efavirenz/emtricitabine/tenofovir disoproxil fumarate 

(EFV/FTC/TDF) unless contraindicated, in which case TDF was replaced with zidovudine 

or abacavir and EFV was replaced with nevirapine.

Clinic retention and disposition

Over 2741 patient-years of follow-up, clinic retention and final disposition did not differ 

between sites (Table 1; Figure 1a,b). Overall, death was infrequent (< 4% cumulative) 

(Figures 2a, S1a) and did not differ by site (Figure 2b) or by remaining ISC (Figure S1b). 

The rate of mortality was significantly different among the four groups defined by age (< 32 

years vs. > 32 years) and gender, overall (Figure 2c; p = 0.015) and being ISC (Figure S1c; 

p = 0.018). Overall, 13.4% of participants were LTFU and 17% of participants could not be 

contacted, which includes being LTFU and deaths (Table 1; Figure 1a,b). By the end of the 

study, 172 (15.6%) participants were CSP with > 65% remaining ISC (Table 1; Figure 1a,b).
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Virological outcomes

Among all 1000 participants, 47%, 84% and 91% achieved VS by 6, 12 and 24 months, 

respectively. By the end of the study, 917 participants had at least one VL test result. 

Among participants who had a VL result, 49%, 89% and 95% had VS by 6, 12 and 24 

months, respectively (Figures 3a, S2a). However, time to VS differed significantly between 

peri-urban and rural sites overall (p = 0.0002; Figure 3b) and for those remaining ISC (p = 

0.00012; Figure S2b). Viral suppression occurred earlier at the peri-urban site; however, the 

rural site rapidly closed the gap; VS also differed by age and gender overall (p = 0.0075; 

Figure 3c) but not for those who were ISC (Figure S2c).

Among all participants, approximately 12% developed VF in the first 30 months of 

treatment (Figure 4a). Of these participants, 35% subsequently became suppressed. If 

participants without a VL were considered failures then 19.9% had VF. Among participants 

remaining ISC with a VL, 10.6% had VF (Figure S3a). Among all participants the rate of 

VF did not differ between sites (Figure 4b); however, at both sites, men and women with a 

mean age of < 32 years had the highest rate of VF, while women > 32 years had the lowest 

rate (p = 0.019; Figure 4c). Again, for participants remaining in care there was no difference 

by site (Figure S3b), and women > 32 years old had the lowest proportion of VF (p = 

0.044; Figure S3c). Of 872 participants achieving VS, 63 (7.2%) subsequently developed VF 

(Figure 5a). This proportion did not differ by site (Figure 5b) but was greater for younger 

men (Figure 5c; p = 0.051). Similar trends in the TLOVR were observed for those remaining 

ISC, except that there were no significant differences by age and gender (Figure S4a–c).

HIV drug resistance at virological failure

Out of 106 participants with VF, 55 had a successful genotypic resistance test. Genotypes 

were not obtained for the remaining 51 of those participants because 37 provided samples 

that were below the limit of detection, nine did not return for testing, four provided samples 

that could not be amplified, and one had poor-quality sequencing. Among 55 genotypes, 42 

(76.4%) had at least one known resistance mutation, and 13 had no mutations, which did not 

differ by clinic site (Figure S5; Table 1). K103N (59% at BTD and 32% RKK) and M184V 

(52% at RKK and BTD) were the two most common mutations, followed by V106 M (31% 

at RKK and BTD) and K65R (31% at RKK and 20% at BTD). Only K103N and K65R 

differed by site. If those cases having a confirmatory VL < 1000 copies/ml were excluded 

from the VF calculation, there would be 6.8% of those on ART and 7.4% of those on ART 

having a VL with VF.

DISCUSSION

This large prospective longitudinal cohort study compared outcomes in ART-naïve patients 

initiating treatment in a peri-urban versus rural setting within a region having the highest 

prevalence of HIV in the world and demonstrated similar clinic retention, VF, drug 

resistance and mortality. Outcomes were similar depite substantial differences between the 

sites. The peri-urban site was characterized by enhanced operational procedures, robust 

staffing, easy access to laboratories, consistent record-keeping and access to a trained 

pharmacist. The deep rural site was insufficiently staffed, with few nurses managing all 
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aspects of clinic activity including record-keeping, phlebotomy, monitoring results and 

dispensing medication. Although VS was noted earlier in the peri-urban clinic, potentially 

due to differences in the timing of viral load monitoring, ultimately 84% and 91% of 

participants overall achieved VS by 12 and 24 months, respectively. Of note, men (in 

particular men < 32 years old) had significantly worse outcomes compared with women and 

men > 32 years, emphasizing the need for programmes to provide greater support for this 

group.

Over 15% of participants relocated to an outside clinic, 14% were LTFU and 4% died. In 

general, multiple factors contributed to a substantial decline in mortality from HIV/AIDS 

in South Africa over the last 5 years. Free access to potent ART with minimal toxicity, 

rollout of a universal test and treat policy, and massive educational programmes directed 

to patients and healthcare providers have all played a role in improving life expectancy in 

KZN and SA in general from 62.6 years in 1990 to 64.1 years in 2020. The success of 

this programme can be traced to a substantial increase in the number of patients attending 

clinics for chronic disease management [10,11]. A systematic review and meta-analysis 

reported a LTFU rate of 11% at 3 months after ART initiation and 25.1% at 5 years after 

ART initiation in South Africa [12]. A national laboratory cohort study in South Africa 

showed that the majority of LTFU cases were attributed to a change in service provider or 

death [13]. Unfortunately transferring patients back to local clinics in an attempt to ease 

the burden of travel on patients and to decongest central clinics had a negative effect on 

retention in care metrics [14–16]. Other factors that affected retention were low CD4 count, 

poor functionality, younger age, stage 4 disease, poor clinic experience and transfer to the 

private sector. Patients with lower CD4 counts are more likely to be hospitalized or too ill to 

travel, adversely impacting retention in care.

Based on the 90–90–90 targets, 73% of all people with HIV and 90% of people on ART 

must achieve VS. In this study, suppression surpassed 90% by 2 years. This indicates that 

South Africa may have been close to achieving the third UNAIDS goal. In a 2017 South 

African cross-sectional household survey, overall 62.3% of people with HIV achieved VS 

[17]. Similarly, within KZN, only 67.5% of people with HIV had VS. These data suggest 

that a large proportion of patients either have an unsuppressed viral load, did not have 

a VL test obtained or were LTFU. This subset of patients is at high risk of transmitting 

drug-resistant HIV, developing opportunistic diseases, further encumbering the healthcare 

system, or dying. Despite substantial resources, VL monitoring and resistance testing remain 

suboptimal in South Africa [18]. Failure to detect VF increases the likelihood of drug 

resistance. Although VF and drug resistance did not differ between sites, VS was noted 

earlier for the peri-urban clinic, which probably reflects greater attention to monitoring at 

this site. Finally, the percentage of patients having at least one major resistance mutation 

(76.4%) was comparable to other similar studies [19–21]. The most common mutations, 

K103N, M184V, K65R, and V106 M, reflect the first-line regimen used in the South Africa 

during the study period [19,21,22].

Our findings of poor outcomes in young men was consistent with reports from other cohorts 

in South Africa and eastern Africa [22–24]. In addition, a 2017 report showed that men aged 

15–24 years had the lowest proportion of VS (41.5%) [20]. Given the migratory nature of 
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the male population, being LTFU and changes in service provider are common. Additionally, 

inconsistent care for this population has had a documented effect of VF and death [23–25].

Results from ADReSS are critical to informing the 2020 UNAIDS goals from a region with 

the highest HIV prevalence in the world. These findings can serve as a unique, real-world, 

prospective benchmark to compare with emerging data for patients receiving dolutegravir-

based first-line regimens in South Africa. It remains to be seen whether these regimens will 

be sufficient to close the gap on the 95–95–95 goals set for 2030.

Limitations of this study include the fact that > 20% of participants did not have a VL, 

potentially underestimating the true proportion of VS. In addition, some patients with VF 

did not return for a genotype test. Thus, the proportion of patients with resistance and 

specific mutations tmay be underestimated. Another limitation is that baseline genotypic 

reseistance testing is not standard of care therefore, it is possible that some of the mutations 

described were present prior to initiation of ART. The strengths of this study include the size 

of the cohorts, the propective design and a unique observation of real-world management of 

HIV at a programmatic level from two contrasting settings.

CONCLUSIONS

Despite the vast infrastructural and functional differences between peri-urban and rural sites 

in KZN, we did not detect a statistically significant difference in measured outcomes. Of 

note, and consistent with other reports, young men were at a higher risk of being LTFU, VF 

and death. In order to achieve the WHO 95–95–95 goals by 2030, substantial gains in clinic 

retention and VS are required, especially for young men with HIV. Improved patient service, 

suffficient virological monitoring and enhanced adherence counselling will be essential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
(a, b) Retention and viral load suppression at each viral load monitoring visit at the 

R.K. Khan Hospital clinic (a) and Bethesda Hospital clinics (b). The disposition of each 

participant at the time of viral load testing and how their disposition changes between each 

test are illustrated. The vertical nodes define disposition when viral load testing was due, and 

the grey ‘flows’ identify the proportion of participants from the previous nodes that flow into 

subsequent nodes
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FIGURE 2. 
(a–c) Probability of survival for participants in care overall (a), by site (b) and by age/gender 

(c). Log-rank p-values are provided if significant (< 0.05). The time interval extended from 

participant enrolment until the end of the study with death date as the event date. Censoring 

occurred for those who became uncontactable
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FIGURE 3. 
(a–c) Probability of viral load suppression over time for participants in care overall (a), by 

site (b) and by age/gender (c). Log-rank p-values are provided if significant (< 0.05). The 

underlying assumption was that at enrolment every participant was in a state of viraemia. 

Therefore, the time interval extended from participant enrolment until the end of the study 

with date of first suppression event as the event date. Censoring occurred for participants 

who were lost to follow-up or died
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FIGURE 4. 
(a–c) Probability of virological failure (viral load > 1000 copies/ml) for participants in 

care overall (a), by site (b) and by age/gender (c). Log-rank p-values are provided if 

significant (< 0.05). The underlying assumption was that at 5 months after enrolment every 

participant should have achieved a state of virological suppression. Therefore, the time 

interval extended from participant enrolment until the end of the study with date of first 

failure event as the event date. Censoring occurs for those who became uncontactable or 

died
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FIGURE 5. 
(a–c) Time to loss of virological response for participants in care overall (a), by site (b), and 

by age/gender (c). Log-rank p-values are provided if significant (< 0.05). The population 

analysed included only those participants who were suppressed at any point during the study. 

Therefore, the time interval extended from the date of first suppression until the end of the 

study, with date of first failure event as the event date. Censoring occurred for those who 

were lost to follow-up or died

Brijkumar et al. Page 14

HIV Med. Author manuscript; available in PMC 2022 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brijkumar et al. Page 15

TA
B

L
E

 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
an

d 
ou

tc
om

es
 f

or
 p

ar
tic

ip
an

ts
 a

t e
ac

h 
si

te

C
ha

ra
ct

er
is

ti
c

C
at

eg
or

ie
s

P
er

i-
ur

ba
n 

(R
K

K
)

(n
 =

 5
00

)
[n

 (
%

) 
or

 m
ea

n 
(S

D
)]

R
ur

al
 (

B
T

D
)

(n
 =

 5
00

)
[n

 (
%

) 
or

 m
ea

n 
(S

D
)]

p-
va

lu
e

G
en

de
r

W
om

en
28

0 
(5

5.
8)

31
8 

(6
3.

6)
0.

01
4

A
ge

Y
ea

rs
34

 (
9.

9)
34

 (
10

.2
)

0.
73

4

E
du

ca
tio

n
Y

ea
rs

9.
7 

(2
.8

)
9.

1 
(3

.6
)

0.
00

2

E
du

ca
tio

n 
be

yo
nd

 m
at

ri
cu

la
tio

n
Y

ea
rs

0.
36

 (
0.

8)
0.

22
 (

0.
7)

0.
00

3

R
ac

e
B

la
ck

46
5 

(9
2.

6)
50

0 
(1

00
)

<
 0

.0
01

C
ol

ou
re

d
6 

(1
.2

)

In
di

an
31

 (
6.

2)

E
th

ni
ci

ty
Z

ul
u

30
1 

(6
0.

2)
48

8 
(9

7.
6)

<
 0

.0
01

X
ho

sa
10

9 
(2

1.
8)

4 
(0

.8
)

O
th

er
59

 (
11

.8
)

8 
(1

.6
)

M
is

si
ng

31
 (

6.
2)

0 
(0

.0
)

L
an

gu
ag

e
is

iZ
ul

u
47

0 
(9

3.
6)

50
0 

(1
00

)
<

 0
.0

01

E
ng

lis
h

48
9 

(9
7.

4)
37

6 
(7

5.
2)

<
 0

.0
01

O
th

er
23

9 
(4

7.
6)

A
ud

ito
ry

 im
pa

ir
m

en
t

Y
es

11
 (

2.
2)

20
 (

4.
0)

0.
14

1

V
is

ua
l i

m
pa

ir
m

en
t

Y
es

27
 (

5.
4)

61
 (

12
.2

)
<

 0
.0

01

N
o 

im
pa

ir
m

en
t

Y
es

46
5 

(9
2.

6)
42

3 
(8

4.
6)

<
 0

.0
01

Si
ng

le
 d

os
e 

ne
vi

ra
pi

ne
Y

es
26

 (
9.

3)
53

 (
23

.9
)

0.
00

5

A
nt

ir
et

ro
vi

ra
l t

he
ra

py
E

FV
/F

T
C

/T
D

F
49

2 
(9

8.
0)

49
7 

(9
9.

3)
0.

09
5

O
th

er
8 

(2
.0

)
3 

(0
.7

)

E
nr

ol
m

en
t C

D
4 

co
un

t
C

el
ls

/µ
L

38
4 

(2
84

)
35

5 
(2

87
)

0.
33

T
im

in
g 

of
 v

ir
al

 lo
ad

 
6 

m
on

th
sa

L
og

 c
op

ie
s/

m
l (

n 
=

 9
17

)
3.

7 
(1

.3
)

3.
3 

(1
.1

)
0.

00
1

 
12

 m
on

th
sa

L
og

 c
op

ie
s/

m
l (

n 
=

 7
55

)
3.

7 
(0

.8
)

3.
0 

(0
.9

)
0.

00
4

 
18

 m
on

th
sa

L
og

 c
op

ie
s/

m
l (

n 
=

 4
31

)
3.

7 
(1

.1
)

3.
0 

(0
.9

)
0.

02
3

 
24

 m
on

th
sa

L
og

 c
op

ie
s/

m
l (

n 
=

 1
41

)
3.

9 
(2

.1
)

3.
0 

(0
.9

)
0.

01
2

HIV Med. Author manuscript; available in PMC 2022 August 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brijkumar et al. Page 16

C
ha

ra
ct

er
is

ti
c

C
at

eg
or

ie
s

P
er

i-
ur

ba
n 

(R
K

K
)

(n
 =

 5
00

)
[n

 (
%

) 
or

 m
ea

n 
(S

D
)]

R
ur

al
 (

B
T

D
)

(n
 =

 5
00

)
[n

 (
%

) 
or

 m
ea

n 
(S

D
)]

p-
va

lu
e

 
30

 m
on

th
sa

L
og

 c
op

ie
s/

m
l (

n 
=

 5
)

5.
3 

(4
.2

)
8.

3 
(4

.2
)

0.
73

Pe
rc

en
ta

ge
 s

up
pr

es
se

d

 
6 

m
on

th
sb

55
.8

38
.2

-

 
12

 m
on

th
sb

84
.4

82
.5

-

 
18

 m
on

th
sb

90
.6

88
.8

-

 
24

 m
on

th
sb

91
.6

90
.0

-

 
30

 m
on

th
sb

92
.2

90
.0

-

Fi
na

l d
is

po
si

tio
n

In
 c

ar
e

41
6 

(8
3.

0)
41

4 
(8

2.
8)

0.
89

In
 s

tu
dy

 c
lin

ic
s

34
4 

(6
8.

8)
31

4 
(6

2.
8)

L
os

t t
o 

fo
llo

w
-u

p
62

 (
12

.4
)

72
 (

14
.4

)

D
ie

d
22

 (
4.

4)
14

 (
2.

8)

R
es

is
ta

nc
e

O
ne

 o
r 

m
or

e 
m

ut
at

io
ns

23
 (

4.
6)

19
 (

3.
8)

0.
72

O
ne

 o
r 

m
or

e 
m

ut
at

io
ns

 in
 tw

o 
dr

ug
 c

la
ss

es
: N

R
T

I,
 N

N
R

T
I 

or
 P

I
1 

(0
.0

2)
3 

(0
.6

)
0.

3

A
bb

re
vi

at
io

ns
: B

T
D

, r
ur

al
 s

ite
 in

 K
w

aZ
ul

u-
N

at
al

; E
FV

, e
fa

vi
re

nz
; F

T
C

, e
m

tr
ic

ita
bi

ne
; N

N
R

T
I,

 n
on

nu
cl

eo
si

de
 r

ev
er

se
 tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r;
 N

R
T

I,
 n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r;
 P

I,
 p

ro
te

as
e 

in
hi

bi
to

r;
 R

K
K

, p
er

i-
ur

ba
n 

si
te

 in
 D

ur
ba

n;
 T

D
F,

 te
no

fo
vi

r 
di

so
pr

ox
il 

fu
m

ar
at

e.

a M
ed

ia
n 

an
d 

st
an

da
rd

 d
ev

ia
tio

n.

b Pe
rc

en
ta

ge
 o

f 
50

0 
w

ith
 in

te
nt

io
n 

to
 tr

ea
t.

HIV Med. Author manuscript; available in PMC 2022 August 05.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study setting and participants
	Data collection and study end-points
	Statistical analysis

	RESULTS
	Baseline characteristics
	Clinic retention and disposition
	Virological outcomes
	HIV drug resistance at virological failure

	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	TABLE 1

