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Abstract

Setting

Khayelitsha, South Africa, with high burdens of rifampicin-resistant tuberculosis (RR-TB)
and HIV co-infection.

Objective
To describe time to antiretroviral treatment (ART) initiation among HIV-infected RR-TB

patients initiating RR-TB treatment and to assess the association between time to ART initi-
ation and treatment outcomes.

Design

A retrospective cohort study of patients with RR-TB and HIV co-infection not on ART at RR-
TB treatment initiation.

Results

Of the 696 RR-TB and HIV-infected patients initiated on RR-TB treatment between 2009
and 2013, 303 (44%) were not on ART when RR-TB treatment was initiated. The median
CD4 cell count was 126 cells/mm?®. Overall 257 (85%) patients started ART during RR-TB
treatment, 33 (11%) within 2 weeks, 152 (50%) between 2—8 weeks and 72 (24%) after 8
weeks. Of the 46 (15%) who never started ART, 10 (21%) died or stopped RR-TB treatment
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within 4 weeks and 16 (37%) had at least 4 months of RR-TB treatment. Treatment success
and mortality during treatment did not vary by time to ART initiation: treatment success was
41%, 43%, and 50% among patients who started ART within 2 weeks, between 2—-8 weeks,
and after 8 weeks (p = 0.62), while mortality was 21%, 13% and 15% respectively (p =
0.57). Mortality was associated with never receiving ART (adjusted hazard ratio (aHR) 6.0,
Cl2.1-18.1), CD4 count <100 (aHR 2.1, Cl 1.0-4.5), and multidrug-resistant tuberculosis
(MDR-TB) with second-line resistance (aHR 2.5, Cl 1.1-5.4).

Conclusions

Despite wide variation in time to ART initiation among RR-TB patients, no differences in
mortality or treatment success were observed. However, a significant proportion of patients
did not initiate ART despite receiving >4 months of RR-TB treatment. Programmatic priori-
ties should focus on ensuring all patients with RR-TB/HIV co-infection initiate ART regard-
less of CD4 count, with special attention for patients with CD4 counts < 100 to initiate ART
as soon as possible after RR-TB treatment initiation.

Background

The emergence of rifampicin-resistant tuberculosis (RR-TB) challenges the success of national
TB control programs and the survival of patients with the disease [1]. RR-TB, or TB with any
resistance to rifampicin, includes rifampicin mono-resistant tuberculosis, multidrug-resistant
tuberculosis (MDR-TB), and extensively resistant tuberculosis (XDR-TB) [1]. South Africa has
high dual burdens of both RR-TB and human immunodeficiency virus (HIV). In 2013, 26,023
laboratory-confirmed RR-TB cases were reported in South Africa with only 10,663 (41%)
reported to have been initiated on second-line anti-tuberculosis treatment [1]. In 2012 it was
estimated that 6.4 million people (12%) of the total South African population were living with
HIV [2]. According to the 2014 World Health Organization Global TB Report, 62% of all TB
cases in South Africa are co-infected with HIV and only 66% of these received antiretroviral
therapy (ART) during TB treatment [1].

Patients with MDR-TB who are HIV-infected have been reported to have high early mortal-
ity [3,4]. In KwaZulu Natal, South Africa, one year mortality was more than 70%, with 30% of
deaths occurring within 30 days of MDR-TB diagnosis [5]. Prior to widespread ART provision
in South Africa, HIV-infected MDR-TB patients had a two-fold mortality when compared to
HIV uninfected patients [4]. Improved survival was reported more recently from our setting in
Khayelitsha, South Africa, although early mortality remains substantial, particularly among
HIV-infected patients [6]. More rapid provision of ART might be expected to reduce this
excess mortality [7,8].

In KwaZulu Natal, among HIV co-infected XDR-TB patients, provision of ART at any
point during second-line treatment was associated with improved survival, particularly for
patients with CD4 counts < 200 cells/mm? [3]. Similarly, ART provision during treatment was
associated with improved 12-month survival among XDR-TB patients in four provinces across
South Africa [9].

While it is evident that the initiation of ART at some point during RR-TB treatment is bene-
ficial, evidence supporting the optimal time to initiate ART is limited. Second-line treatment
for RR-TB is less well tolerated than first-line TB treatment with higher rates of adverse events
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[10,11]. Given the potential for additive toxicity with ART [12], it may be beneficial to delay
ART initiation until second-line TB treatment is tolerated.

Current clinical guidelines in South Africa regarding the appropriate time to initiate ART
are primarily based on data from patients with drug-susceptible TB [13-15]. In these random-
ized trials, ART initiation within 2-4 weeks was associated with improved survival in those
patients with low CD4 counts (<50 cells/mm3). Since 2008, most TB and HIV guidelines have
recommended ART for all RR-TB patients within South Africa. There is, however, a lack of
consensus with respect to timing of ART initiation for RR-TB patients (Table 1).

Guidance for ART initiation is available in the 2013 South African National Drug-Resistant
TB guidelines and the 2013 South African ART guidelines [16,17]. The National Drug-Resis-
tant TB guidelines provide conflicting information; firstly they state that the optimal time to
ART is not known and that ART initiation depends on a careful calculation of risk and benefits
for each patient [16]. However, the guidelines advise that all HIV-infected TB patients, includ-
ing RR-TB patients, are eligible for ART initiation irrespective of CD4 cell count, and should
be “fast-tracked” for ART initiation within 2 weeks of being eligible; eligibility criteria are not
explicitly outlined. Thereafter, they suggest that ART be started within the first month of
RR-TB treatment or when RR-TB treatment is tolerated [16]. In contrast the 2013 South Afri-
can ART guidelines suggest ART “fast-tracking” (within 7 days) for all TB patients with
CD4 < 50 cells/mm” [17]; for the remainder, these guidelines suggest 2-8 weeks of TB therapy
before commencing ART [17]. The inconsistencies across national guidelines are likely to lead
to uncertainty amongst clinicians regarding appropriate time for ART initiation among RR-TB
patients, along with the potential for significant delays and missed opportunities for ART initi-
ation in co-infected patients.

Due to the lack of direct evidence regarding the timing of ART initiation for RR-TB
patients, we aimed to describe time to ART initiation among RR-TB patients in a community-
based RR-TB programme in Khayelitsha, Cape Town. Additionally, we aimed to assess associa-
tions between time to ART initiation and the patient outcomes of treatment success and
mortality.

Methods
Ethical approval

Ethical approval was received from the University of Cape Town Human Research Ethics
Committee (540/2010) for the evaluation of the decentralized programme. Additional ethical
approval specific to this study was received from the Ethics Advisory Group of the Interna-
tional Union against Tuberculosis and Lung Disease, Paris, France and the MSF Ethics Review
Board, Geneva, Switzerland. All routine programme data used for analysis was anonymized
and de-identified as informed consent was not required for this retrospective cohort study.

Design

We conducted a retrospective cohort study of HIV-infected RR-TB patients not on ART at ini-
tiation of second-line anti-tuberculosis treatment. Our outcome measurements were time to
ART initiation and RR-TB treatment outcomes.

Setting and population

The study was conducted in Khayelitsha, the largest township in South Africa’s Western Cape
Province, where government health services in collaboration with Médecins Sans Frontiéres
developed a decentralized model of RR-TB care. This decentralized model was integrated into
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Table 1. South African guidelines and recommendations for antiretroviral treatment (ART) initiation for drug sensitive- and rifampicin-resistant
tuberculosis patients 2008—2014.

Year
2008

2009

2009

2010

2011

2012

2013

January
2013

Source

Guidelines—Antiretroviral therapy in adults:
Southern African HIV Clinicians Society. [21]

Draft: Management of drug-resistant tuberculosis:
policy guidelines. SANDOH. [22]

SA National Tuberculosis Management
Guidelines. SANDOH. [23]

The South African antiretroviral treatment
guidelines. SANDOH. [24]

Management of Drug-resistant tuberculosis: policy
guidelines. SANDOH. [28]

Guidelines—Antiretroviral therapy in adults:
Southern African HIV Clinicians Society. [38]

The South African antiretroviral treatment
guidelines, SANDOH. [17]

Management of Drug-resistant tuberculosis: policy
guidelines, updated. SANDOH. [16]

Recommendation

TB diagnosed before starting ART

CD4 count <200: commence ART after it is clear that the patient's TB symptoms are
improving and that TB therapy is tolerated (between 2 and 8 weeks).

CD4 count 200-350: delay ART until after the intensive phase of TB therapy (2
months) unless the patient has other serious HIV-related illness.

CD4 count >350: defer ART.

No specific recommendation for RR-TB

Initiation of ART at the earliest opportunity is encouraged

If CD4 count 350 and no other HIV-related symptoms: Start DRTB treatment. Assess

the need for ART after completing treatment, using CD4 and clinical criteria.

If CD4 count <350: Delay ART until after 1 month of DR-TB treatment.

If CD4 count of <50/ mm® or presence of other serious HIV illness: Introduce ART as

soon as the patient is stabilized on DR-TB treatment, preferably within the first month.

TB diagnosed before starting ART

CD4 count 50-200: Delay ART for two months (until intensive phase of TB therapy
complete).

CD4 count of <50 or other serious HIV illness: Introduce ART regimen above as soon
as the client is stabilized on TB therapy (at least 2 weeks between starting TB therapy
and starting ART).

No specific recommendation for RR-TB

Require fast track (i.e. ART initiation within 2 weeks of being eligible-MDR-/XDR-TB
irrespective of CD4 count.

The National guidelines on the use of antiretroviral therapy need to be
considered in conjunction with the content of this chapter

All HIV positive, MDR- and XDR-TB patients are eligible to start ART irrespective of
CD4 cell count. Moreover, these patients must be fast-tracked (ART initiation within
2 weeks of being eligible) for the initiation of ART.

All patients must be started on ART irrespective of CD4 cell count. Moreover the
initiation of ART must be fast tracked as soon the DR-TB treatment is tolerated
preferably within first month of treatment

Starting ART in patients with TB: Decisions regarding the timing of ART in patients
with TB should be made on the basis of the CD4 count:

CD4 count <50: ART should be regarded as urgent, and the aim should be to start
therapy after 2 weeks of TB treatment.

CD4 count >50: ART should be delayed until after the intensive phase of TB treatment
(2 months) unless the patient has other serious HIV-related conditions (e.g. Kaposi’s
sarcoma or HIV encephalopathy.

No specific recommendation for RR-TB

Starting ART in patients with TB

ART indicated irrespective of CD4 count: All types of TB (In patients with TB/HIV drug
resistant or sensitive TB, including extra pulmonary TB).

Patients with TB/HIV co morbidity with CD4 count <50 require fast track (i.e. ART
initiation within 7 days of being eligible).

In general, ART should be initiated as soon as the patient is tolerating their TB
therapy.

All HIV-positive TB, MDR- and XDR-TB patients are eligible to start ART irrespective
of CD4 cell count. Furthermore, these patients must be fast-tracked (ART initiation
within 2 weeks of being eligible) for the initiation of ART.

(Continued)
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Table 1. (Continued)

Year
2014

2014

Recommendation

Guidelines—Antiretroviral therapy in adults: Starting ART in patients with TB: Decisions regarding the timing of ART in patients
Southern African HIV Clinicians Society. [39] with TB should be made on the basis of the CD4 count:

CD4 count <50: ART should be regarded as urgent, with the aim to start therapy 2
weeks following the commencement of TB treatment.

CD4 count >50: ART can be delayed until 8 weeks after starting TB treatment, but no
later. However, if the patient has other WHO stage 4 conditions, ART should also be
initiated 2 weeks after TB treatment is started.

No specific recommendation for RR-TB

National Tuberculosis Management Guidelines, TB diagnosed before ART
SANDOH. [40]

Patients with CD4 count <50: Fast track- start ART within 2 weeks after starting TB
treatment.

Patients with CD4 count >50: Start ART 2—8 weeks after starting TB treatment.

Patients with TB meningitis (irrespective of CD4 count: Defer ART until 8 weeks after
starting TB treatment

No specific recommendation for RR-TB

SANDOH: South African National Department of Health

doi:10.1371/journal.pone.0142873.t001

the existing national TB program in 2008 and handed over to government for management in
2011 [6,18]. Khayelitsha has among the highest burdens of TB, including RR-TB, and HIV
infection in the country and globally. In 2011, HIV antenatal prevalence was estimated to be
37% and the TB case notification rate was at least 1,500 per 100,000 people a year. More than
200 RR-TB patients are diagnosed every year, of which 70% are HIV co-infected [6,18,19].
RR-TB diagnosis and treatment services are provided through 10 primary health care clinics
and one secondary level hospital; integrated TB and HIV services are offered to a target popula-
tion of an estimated 400,000 people, half of whom live in informal settlements [20].

Diagnosis, registration, and treatment initiation for RR-TB was conducted according to the
National Drug-Resistant TB guidelines at the time of the study. All patients diagnosed with
RR-TB started on a standardized second- line TB treatment regimen, with subsequent adjust-
ment of treatment if any second-line drug resistance was detected. At the start of the study
period in 2009, the treatment regimen in Khayelitsha included ofloxacin, kanamycin, ethambu-
tol, ethionamide, and pyrazinamide. Cycloserine was added from September 2009, and was
replaced by terizidone in April 2010; ofloxacin was also replaced by moxifloxacin in September
2009. Since 2008, all HIV-infected RR-TB patients have been eligible for ART, regardless of
CD4 count; the aim has been to initiate ART as soon as possible, but no specific guidance was
available on the timing of ART. First-line ART included zidovudine (or stavudine), lamivudine,
and efavirenz (or nevirapine) [16,17,21-25]. More recently, tenofovir became one of the pre-
ferred non-nucleoside reverse transcriptase inhibitor options, but was mostly avoided during
aminoglycoside treatment [16,17]. Patients received individual structured RR-TB counselling
as well as HIV counselling and testing at diagnosis and start of RR-TB treatment. The study
included all RR-TB and HIV co-infected patients starting RR-TB treatment in Khayelitsha
between January 2009 and December 2013 who were not on ART at the time of RR-TB treat-
ment initiation.

Data variables, sources, and statistical analysis

Data was sourced from the Khayelitsha RR-TB database and cross checked with medical rec-
ords for confirmation of data specific to this study. The Khayelitsha RR-TB database was
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established in 2008 for evaluation of the decentralized model of care and all data was collected
prospectively from 2008 [6]. The STROBE guidelines on the reporting for observational studies
were followed [26]. Data meeting the inclusion criteria were extracted into an Excel database
(Microsoft, Redmond, WA, USA). CD4 count was defined as CD4 result available at time at
RR-TB diagnosis or within one month of RR-TB treatment start. Final RR-TB treatment out-
comes were defined according to the South African National Guidelines, which are in line with
the World Health Organization outcome definitions, with the exception of treatment failure,
where failure to convert positive cultures to negative within 6-8 months constitutes failure of
treatment [22,27,28]. The time from RR-TB treatment start to start of ART was calculated in
days and then categorised as < 2 weeks, 2-8 weeks and > 8 weeks; time windows were derived
from the guidelines described in Table 1.

Data was analysed using STATA/IC 12 software (Stata Corp, College Station, TX, USA) and
descriptive statistics were used to report demographic, clinical, and immunological characteris-
tics of patients. Final treatment outcome proportions were compared by chi-square tests; a p—
value < 0.05 was considered significant. Time to ART initiation was shown using a Kaplan
Meier curve. To assess the impact of time to ART initiation on mortality, a multivariate Cox
regression analysis was performed. Censoring for both analyses was done at loss from RR-TB
treatment (previously defined as lost to follow-up) and transfer out. Data was administratively
censored as of 30 June 2014, when the analysis was conducted. Factors significant (p<0.05)
from univariate analysis and those previously determined to be associated with mortality
among RR-TB patients were included in the model.

Results

During the study period between January 2009 to December 2013, 982 laboratory-confirmed
RR-TB patients from Khayelitsha initiated second-line RR-TB treatment. Among these, 71%
(696/982) were HIV positive and 56% (393/696) of these were on ART at start of RR-TB treat-
ment, leaving 303 RR-TB and HIV positive patients not on ART at the time of starting second-
line TB treatment for inclusion in the analysis. Demographic, clinical, and immunological
characteristics are shown in Table 2. The median CD4 count was 126 cells/mm? and 152 (41%)
had a CD4 count <100 cells/mm?.

Overall 257 (85%) of patients were recorded as initiating ART; 33 (11%) started ART within
2 weeks, 152 (50%) within 2—-8 weeks, and 72 (24%) started after 8 weeks (Table 2). Time to
ART initiation is shown in a Kaplan-Meier graph (Fig 1). Of all those patients who initiated
ART, respectively, 35%, 65%, and 75% of patients had been initiated on ART at 30, 60, and
90 days.

Among the 46 patients who never initiated ART, nine (20%) died, one experienced loss
from treatment, and three were transferred out within 4 weeks of starting second-line treat-
ment. Among the nine patients with early mortality and no ART, four (44%) had CD4 counts
less than 100 cells/mm”. At 8 weeks post RR-TB treatment initiation, 28 patients known to be
in clinical care and eligible for ART (median CD4 count 116 cells/mm’) were not yet initiated;
by 16 weeks, 16 patients remaining in care and eligible (median CD4 count 132 cells/mm?)
were still not initiated on ART. At 6 months after RR-TB treatment initiation, 66% of the 12
patients remaining in care but not initiated on ART had already converted their positive spu-
tum cultures to negative, indicating good retention in care and representing a missed opportu-
nity to initiate ART in a timely fashion.

Final 24 month treatment outcomes were available for 229 (76%) of patients started on
treatment before June 2013. Among patients initiating ART, there was no significant associa-
tion between time to ART initiation and final RR-TB treatment outcomes (Table 3). Treatment
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Table 2. Demographic, clinical and immunological characteristics of patients starting treatment for rifampicin-resistant tuberculosis in patients
co-infected with HIV not receiving antiretroviral treatment, in Khayelitsha, South Africa 2009-2013.

Variable ART Started®

<2 weeks 2-8 weeks >8 weeks Never Total

n (%) n (%) n (%) n (%)
Total 33 (11) 152 (50) 72 (24%) 46 (15) 303 (100)
Median time(weeks) (IQR) 1.5 (1-2) 4 (3-6) 15 (10-20)
Gender
Male 12 (36) 70 (46) 30 (42) 26 (57) 138 (46)
Female 21 (64) 82 (54) 42 (58) 20 (43) 165 (54)
Age group (years)
0-25 5(15) 26 (17) 16 (22) 7 (15) 54 (18)
26-30 8 (24) 39 (26) 10 (14) 7 (15) 64 (21)
31-35 4(12) 32 (21) 18 (25) 11 (24) 65 (21)
36-40 7 (21) 31 (20) 13 (18) 13 (28) 64 (21)
41+ 9 (28) 24 (16) 15 (21) 8 (18) 56 (19)
Median age (IQR) 33 (27-41) 32 (28-37) 33 (26-39) 24 (29-40) 33 (18-55)
TB treatment status
New 11 (33) 62 (41) 26 (36) 15 (33) 114 (37)
Retreatment 22 (67) 90 (59) 46 (67 30 (65) 188 (62)
Unknown 0 (0) 0 (0) 0 (0) 1(2) 1(0)
CD4 count (cells/mm3)
0-100 16 (49) 69 (45) 18 (25) 22 (48) 125 (41)
100-200 9 (27) 38 (25) 11 (15) 9(19) 67 (22)
200-300 3(9) 21 (14) 11 (15) 7 (15) 42 (14)
>300 5(15) 24 (16) 32 (45) 8 (18) 69 (23)
Median cd4 (IQR) 101 (38-153) 111 (48-217) 274 (106-460) 112 (52-229) 126 (54—280)
RR-TBP" profile
R-mono® 7 (21) 22 (14) 20 (28) 11 (24) 60 (20)
GXP RR¢ only 1(3) 6 (4) 2 1(2) 10 (3)
MDR® 21 (64) 105 (69) 48 (66) 28 (61) 202 (67)
MDR-+SLDres' 4(12) 19 (13) 2 6 (13) 31 (10)
Type of TB disease
Smear positive PTB® 13 (39) 65 (43) 36 (50) 19 (41) 133 (44)
Smear negative PTB? 17 (562) 73 (48) 33 (47) 21 (46) 144 (48)
EPTB" 2 (6) 6 (4) 1(1) 2 (4) 11 (4)
Both PTB? & EPTB' 1(3) 4 (3) 1(1) 0 (0) 6 (2)
Unknown 0 (0) 4 (3) 1(1) 4(9) 9 (3)
Site of treatment initiation
Primary care® 23 (70) 124 (81) 63 (88) 31 (67) 241 (80
Khayelitsha district hospital 0 (0) 7 (5) 3(4) 3(7) 13 (4)
Tertiary hospital outside Khayelitsha 10 (10) 21 (14) 6 (8) 6 (26) 49 (16)
Year started treatment
2009 8(9) 23 (26) 28 (31) 14 (34) 73
2010 7 (12) 26 (46) 15 (26) 9 (16) 57
2011 6 (10) 33 (55) 13 (22) 8 (13) 60
2012 8 (23) 36 (60) 7 (12) 9 (25) 60
(Continued)
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Table 2. (Continued)

Variable ART Started®
<2 weeks 2-8 weeks >8 weeks Never Total
n (%) n (%) n (%) n (%)
2013 4 (8) 34 (64) 9(17) 6 (11) 53

Percent (column)

3ART: Antiretroviral treatment

PRR-TB: Rifampicin-resistant tuberculosis

°R-mono: Rifampicin mono resistance

4GXP: Gene-Xpert MTB/RIF rifampicin resistance only

°MDR: Multi-drug resistant tuberculosis with no confirmed second-line resistance
fSLDres: second-line drug resistance

9PTB: Pulmonary TB

REPTB: Extra-pulmonary TB

KPrimary care: treatment initiation at clinic and local sub-acute care facility
Percent (Row)

Year RR-TBP treatment started

doi:10.1371/journal.pone.0142873.t002

1.00 -

0.80 -

0.60 -

0.40 4

Cummulative ART initiation

0.20 -

0.00

I 1 I I
0 30 60 90 120 150 180 210

Time from RR-TB treatment initiation (days)

Fig 1. Kaplan-Meier plot of time to antiretroviral treatment initiation for HIV infected rifampicin resistant tuberculosis patients.

doi:10.1371/journal.pone.0142873.g001
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Table 3. Treatment outcomes by time to initiation of antiretroviral therapy of patients with rifampicin-resistant tuberculosis in Khayelitsha, South
Africa, January 2009 —September 2012 (N = 229).

Time to ART? initiation

Treatment Outcome <2 weeks 2-8 weeks >8 weeks Never startedART? Total P value®
n (%) n (%) n (%) n (%) n (%)

Treatment Success® 12 (41) 45 (43) 30 (50) 2 (6) 89 (39) 0.624
Loss from treatment® 8 (28) 27 (26) 15 (25) 13 (36) 63 (28) 0.948
Died® 6 (21) 14 (13) 9 (15) 15 (41) 44 (19) 0.570
Treatment failure’ 0 (0) 3(3) 3 (5) 1(3) 7 (3) 0.613
Not evaluated® 3(10) 15 (14) 3(5) 5 (14) 26 (11) 0.177
Total 29 (100) 104 (100) 60 (100) 36 (100) 229(100)

Percent (column)

*The denominator, 229, for all patients having final treatment outcome; 24 months after starting second-line treatment.
3ART: Antiretroviral treatment.

PP-value is for Fishers exact test for categorical values(<2 weeks, 2-8 weeks and >8 weeks).

“Treatment Success: The sum of cured and treatment completed.

9Loss from treatment: A patient whose RR-TB treatment was interrupted for 2 consecutive months or more

°Died: A patient who died (all causes) during the course of treatment

Treatment failure: Treatment terminated or need for permanent regimen change of at least two anti-TB drugs

9Not evaluated: Patients transferred to another facility to receive treatment.

doi:10.1371/journal.pone.0142873.t003

success was 41%, 43%, and 50% in patients who started ART within 2 weeks, between 2 to 8 weeks,
and after 8 weeks respectively (p = 0.62). Patients who never started ART had a RR-TB treatment
success rate of only 6% (p<0.01 compared to ever starting ART). Similarly, mortality during treat-
ment was 21%, 13%, and 15% among patients who started ART within 2 weeks, between 2-8
weeks, and after 8 weeks(p = 0.57). However, 41% of patients who never initiated ART died during
RR-TB treatment (p<<0.01 compared to patients receiving ART). Of the 16 patients still on treat-
ment without ART at four months, only two were successfully treated; two died, eight experienced
loss from treatment, one failed treatment, one was transferred out with unknown outcome, and
the remaining two were still receiving RR-TB treatment at time of analysis.

On univariate analysis of time to death, mortality was significantly associated with not
receiving ART, CD4 count <100 cells/mm?, and MDR-TB with either fluoroquinolone or sec-
ond-line injectable resistance (Table 4). In the multivariate model, these factors remained sig-
nificant. There were no significant differences in survival over six months between patients
initiated on ART within 2 weeks, 2-8 weeks, and >8 weeks (Fig 2).

Discussion

Due to a paucity of data on optimal timing of ART initiation in the treatment of RR-TB, cur-
rent and past guidelines concerning time to ART initiation for HIV-infected RR-TB patients in
South Africa lack clarity and consensus (Table 1). Our findings show that there was a wide var-
iation in time to ART initiation in Khayelitsha, and there were a significant proportion of
patients that never started ART despite significant opportunity to do so. Among those initiated
on ART there was no significant difference in either treatment success or mortality stratified by
time to ART initiation.

Our data demonstrate that patients who never initiated ART have high mortality and poor
outcomes overall. A small proportion of these patients died or experienced loss from treatment
very rapidly after starting second-line treatment, therefore the opportunity to start ART may
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Table 4. Cox proportional hazards model of factors associated with time to death in rifampicin-resistant tuberculosis in patients co-infected with

HIV and not on antiretroviral treatment at rifampicin-resistant treatment start, in Khayelitsha, South Africa, 2009—2013.

Factor

Female

Age

0-25

26-30

31-35

36-40

41+

Time to ART?
<2 weeks

2-8 weeks

8+ weeks

No ART

CD4 count
0-100
100-200
200-300
300+

RR-TB" profile
R-mono®
GXP RR only
MDR®
MDR+SLDres'

Previous TB treatment (any)
Year RR-TBP treatment started

2009
2010
2011
2012
2013

Percent (column)

3ART: Antiretroviral treatment

PRR-TB: Rifampicin-resistant tuberculosis
°R-mono: Rifampicin mono resistance

Univariate

HR? (95% ClI)

0.96 (0.6-1.6)

1.0 (Reference)
0.85 (0.36—-1.9)
0.88 (0.4-1.9)
0.64 (0.3-1.5)
1.0 (0.5-2.2)

1.0 (Reference)
0.93 (0.3-2.7)
0.94 (0.3-2.9)
5.9 (2.0-17.5)

2.2 (1.1-4.4)
1.2 (0.5-2.8)
0.82 (0.3-2.4)
1.0 (Reference)

1.0 (Reference)
0.42 (0.1-3.1)
0.63 (0.3-1.1)
2.1 (1.0-4.5)
1.8 (1.0-3.1)

1.0 (0.5-2.1)
0.60 (0.2—-1.5)
0.65 (0.3—-1.5)
0.64 (0.3-1.5)
1.0 (Reference)

4GXP: Gene-Xpert MTB/RIF rifampicin resistance only
°MDR: Multi-drug resistant tuberculosis with no confirmed second-line resistance

fSLDres: second-line drug resistance
9HR: Hazard ratio

PP value

doi:10.1371/journal.pone.0142873.t004

P value®

0.86

0.69
0.75
0.3

0.99

0.89
0.91
<0.01

0.031
0.71
0.72

0.39
0.14
0.049
0.051

0.97
0.26
0.31
0.30

Multivariate

Adjusted HR? (95% Cl)

0.85 (0.3-2.5)
1.2 (0.4-3.9)
6.0 (2.0-18.1)

2.1 (1.0-4.5)
1.21 (0.5-3.1)
0.80 (0.3-2.4)

0.40 (0.1-3.2)
0.82 (0.4-1.6)
2.5 (1.1-5.4)
1.8 (1.0-3.5)

0.55
0.47
0.54
0.60

0.2-1.2
0.2-1.3
0.2-1.4
1.0-3.5

—_ o~ =~

)
)
)
)

value®

0.76
0.75
<0.01

0.047
0.69
0.68

0.39
0.55
0.021
0.059

0.14
0.13
0.18
0.25

have been limited. However, the remainder suggest that ART initiation was either overlooked
or not considered at all and is particularly concerning. While efforts have been directed at
improving integration of TB and HIV services, the lack of fully integrated services is often a
primary reason that RR-TB patients are not initiated on ART in a timely fashion [29,30].
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Fig 2. Kaplan-Meier plot of survival during treatment of rifampicin resistant tuberculosis by ART initiation, from multivariate Cox regression

analysis for HIV co-infected patients.

doi:10.1371/journal.pone.0142873.9002

Additionally, a small number of these patients were started on treatment in hospital settings
and later discharged to continue treatment in the primary care setting. For these patients, con-
tinuity of care, including ART initiation, may have been compromised. Also, it is possible that
some patients refused ART, particularly those with relatively high CD4 counts.

In the absence of evidence-based guidance, clinicians in Khayelitsha are likely to have used
clinical judgement on timing of ART initiation among HIV infected RR-TB patients. Delays in
ART initiation may have been driven by the occurrence of adverse events related to second-
line treatment, particularly in the first month of treatment [10,11]. Other reasons may include
concerns regarding pill burden and the impact on treatment adherence, or the risk of immune
reconstitution inflammatory syndrome; patients with early ART are at more risk of developing
TB-immune reconstitution inflammatory syndrome than patients with delayed ART [31-33].
In this study setting, medical records were not detailed enough to assess potential reasons for
delaying ART, if this was a conscious decision by clinicians.

Overall treatment outcomes were poor, with only 39% treatment success. This is, however,
comparable with national and globally reported outcomes for RR-TB programmes and recently
published RR-TB/HIV co-infected patient cohort studies [1,34]. Inadequate treatment out-
comes result from poorly efficacious and lengthy RR-TB treatment regimens, along with high
rates of loss from treatment reported internationally, in South Africa, and within the Khayelit-
sha RR-TB programme [1,6,34,35].

Rapid ART initiation within two to four weeks appears to be beneficial for patients with low
CD4 counts, but may not be necessary for all patients [13-15,33]. In the SAPIT trial (drug- sus-
ceptible TB patients), there was no difference in overall mortality between patients who started
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ART within four weeks of TB treatment initiation and those starting ART after two months of
TB therapy. However, there was a survival benefit among patients with CD4 counts <50 cells/
mm’ who initiated ART within four weeks [13,33]. Similar findings were demonstrated by
Havlir et al [14]. Overall, there was no significant difference in the proportion of patients with
an AIDS-defining illness or death between those started on ART within two weeks and those
started between eight to twelve weeks after TB treatment. There was, however, a significant dif-
ference among patients with CD4 counts <50 cells/mm? [14]. In the Cambodian CAMELIA
trial, where the median CD4 count at drug-susceptible TB treatment start was less than 50
cells/mm’, there was a significant impact on mortality when ART was initiated two weeks after
TB treatment compared to eight weeks [15].

Information regarding time to ART initiation for RR-TB patients is very limited, with only
one sub-study of the SAPIT trial with 23 patients, assessing the impact of time to ART initia-
tion for MDR-TB patients on survival with 14 patients in the combined integrated arm (ART
within 12 weeks of anti-tuberculosis treatment) and nine in the sequential treatment arm
(ART on completion of anti-tuberculosis drugs) [8]. In this trial starting ART early (within 12
weeks) led to a 86% reduction in mortality, whether or not patients were later switched to sec-
ond-line treatment [8].A Lesotho cohort of HIV infected MDR-TB patients showed 62% suc-
cess rate for ART initiation at a median of 16 days, although no comparison was made with
delayed treatment initiation [7].

Our findings are consistent with those from studies of drug-susceptible TB, and suggest that
delaying ART in this cohort of HIV-infected RR-TB patients, even beyond two months, does
not markedly impact mortality or treatment success [13-15]. However, in our observational
study the association is likely confounded by several factors. Clinicians may have based deci-
sions on when to start ART on the clinical condition of the patient, which is known to be asso-
ciated with outcomes, particularly mortality [36,37]. The direction of this association is
difficult to predict, since life-saving ART may have been started more rapidly among cases
with a high likelihood of poor outcomes, including very low CD4 counts. Patients who were
previously treated for TB also had a tendency for decreased survival, potentially reflecting lon-
ger disease duration and worse clinical condition. While there appeared to be variation in sur-
vival by year of treatment initiation, this was not significant and therefore did not reflect the
impact of changes in guideline recommendations over the study period.

In addition to the lack of documentation on reasons for timing of ART initiation, this study
had limitations associated with the use of routine medical records. The study would be
strengthened if data on the reasons for early or delayed ART initiation, particularly patient
refusal to take ART, as well as information on previous ART history, were available. Unfortu-
nately, medical records were not detailed enough to provide such information. Nonetheless,
this was a large cohort of co-infected patients with treatment decisions reflective of routine
clinical care. Given the limited number of studies assessing the impact of time to ART initiation
on RR-TB patient outcomes, this study provides some additional evidence to guide clinicians
regarding management of these patients.

Conclusions

The findings of this analysis coincide with previous studies that show rapid (within 2 weeks)
ART initiation for patients with low CD4 counts less than or equal to 100 cells/mm? is crucial
given their high early mortality rates. In addition, our results reaffirm that ART initiation is
required for all RR-TB patients regardless of CD4 count due to high mortality and poor out-
comes among those patients never initiated on ART. The optimal timeframe of ART initiation
in the first weeks to months of RR-TB treatment remains unclear, and will likely continue to be
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debated amongst clinicians trying to treat this complex and high risk group of patients; the
desire for timely immune restoration is unfortunately tempered by pill burden, drug interac-
tions, and frequent toxicities of currently available drugs and RR-TB treatment regimens.

Acknowledgments

This research was conducted through the Structured Operational Research and Training Initia-
tive (SORT IT), a global partnership led by the Special Programme for Research and Training
in Tropical Diseases at the World Health Organization (WHO/TDR). The model is based on a
course developed jointly by the International Union Against Tuberculosis and Lung Disease
(The Union) and Médecins sans Frontiéres. The specific SORT IT programme which resulted
in this publication was jointly developed and implemented by: the Operational Research Unit
(LUXOR), Médecins Sans Frontiéres, Brussels Operational Centre, Luxembourg; the Centre
for Operational Research, The Union, Paris, France; the Centre for International Health, Uni-
versity of Bergen, Norway; the Institute of Tropical Medicine, Antwerp, Belgium; the Univer-
sity of Nairobi, Kenya and the University of Chester, United Kingdom.

In addition, acknowledgment to the Provincial Government of the Western Cape and the
City of Cape Town Research Committee for permission for use of program data and their
facilities.

Author Contributions

Conceived and designed the experiments: JFD HSC SM. Analyzed the data: JED HSC EM.
Contributed reagents/materials/analysis tools: JFD HSC EM. Wrote the paper: JEFD MK EM
VC SM ME SGH GM JH VDA GVH HSC.

References
1. World Health Organization. Global Tuberculosis Report 2014. WHO/HTM/TB/2014.08. 2014.

2. Shisana O, Rehle T, Simbayi L, Zuma K, Jooste S, Zungu N, et al. South African national HIV Preva-
lence, Incidence and Behaviour survey. Communication. Cape Town; 2014.

3. O’Donnell MR, Padayatchi N, Kvasnovsky C, Werner L, Master |, Horsburgh CR Jr. Treatment Out-
comes for Extensively Drug-Resistant Tuberculosis and HIV Co-infection. Emerg Infect Dis. 2013; 19:
416—-424. doi: 10.3201/eid1903.120998 PMID: 23622055

4. Farley JE, Ram M, Pan W, Waldman S, Cassell GH, Chaisson RE, et al. Outcomes of Multi-Drug Resis-
tant Tuberculosis (MDR-TB) among a Cohort of South African Patients with High HIV Prevalence.
PLoS One. 2011; 6: €20436. doi: 10.1371/journal.pone.0020436 PMID: 21799728

5. Gandhi NR, Shah NS, Andrews JR, Vella V, Moll AP, Scott M, et al. HIV coinfection in multidrug- and
extensively drug-resistant tuberculosis results in high early mortality. Am J Respir Crit Care Med. 2010;
181: 80-86. doi: 10.1164/rccm.200907-09890C PMID: 19833824

6. CoxH, Hughes J, Daniels J, Azevedo V, McDermid C, Poolman M, et al. Community-based treatment
of drug-resistant tuberculosis in Khayelitsha, South Africa. Int J Tuberc Lung Dis. 2014; 18: 441-8. doi:
10.5588/ijtld.13.0742 PMID: 24670700

7. Sattie H, McLaughlin M, Hedt-Gauthier B, Atwood SS, Omotayo DB, Ntlamelle L, et al. Outcomes of
Multidrug-Resistant Tuberculosis Treatment with Early Initiation of Antiretroviral Therapy for HIV Co-
Infected Patients in Lesotho. PLoS One. 2012; 7: €46943. doi: 10.1371/journal.pone.0046943 PMID:
23115633

8. PadayatchiN, Abdool Karim SS, Naidoo K, Grobler A, Friedland G. Improved survival in multidrug-
resistant tuberculosis patients receiving integrated tuberculosis and antiretroviral treatment in the
SAPIT Trial. IntJ Tuberc Lung Dis. 2014; 18: 147—-154. doi: 10.5588/ijtld.13.0627 PMID: 24429305

9. DhedaK, Shean K, Zumla A, Badri M, Streicher EM, Page-Shipp L, et al. Early treatment outcomes and
HIV status of patients with extensively drug-resistant tuberculosis in South Africa: a retrospective cohort
study. Lancet. 2010; 375: 1798-89. doi: 10.1016/S0140-6736(10)60492-8 PMID: 20488525

10. Nathanson E, Gupta R, Huamani P, Leimane V, Pasechnikov AD, Tupasi TE, et al. Adverse events in
the treatment of multidrug-resistant tuberculosis: results from the DOTS-Plus initiative. Int J Tuberc
Lung Dis. 2008; 8: 1382—4.

PLOS ONE | DOI:10.1371/journal.pone.0142873 November 10, 2015 13/15


http://dx.doi.org/10.3201/eid1903.120998
http://www.ncbi.nlm.nih.gov/pubmed/23622055
http://dx.doi.org/10.1371/journal.pone.0020436
http://www.ncbi.nlm.nih.gov/pubmed/21799728
http://dx.doi.org/10.1164/rccm.200907-0989OC
http://www.ncbi.nlm.nih.gov/pubmed/19833824
http://dx.doi.org/10.5588/ijtld.13.0742
http://www.ncbi.nlm.nih.gov/pubmed/24670700
http://dx.doi.org/10.1371/journal.pone.0046943
http://www.ncbi.nlm.nih.gov/pubmed/23115633
http://dx.doi.org/10.5588/ijtld.13.0627
http://www.ncbi.nlm.nih.gov/pubmed/24429305
http://dx.doi.org/10.1016/S0140-6736(10)60492-8
http://www.ncbi.nlm.nih.gov/pubmed/20488525

@ PLOS | one

Time to ART after RR-TB Treatment Initiation

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Isaakidis P, Varghese B, Mansoor H, Cox HS, Ladomirska J, Saranchuk P, et al. Adverse events
among HIV/MDR-TB co-infected patients receiving antiretroviral and second line anti-TB treatment in
Mumbai, India. PLoS One. 2012; 7: €40781. doi: 10.1371/journal.pone.0040781 PMID: 22792406

World Health Organization. Companion handbook to the WHO guidelines for the programmatic man-
agement of drug-resistant tuberculosis. WHO/HTM/TB/2014.11. Geneva, Switzerland; 2014.

Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N, Baxter C, Gray A, et al. Timing of Initiation of
Antiretroviral Drugs during Tuberculosis Therapy. N Engl J Med. 2010; doi: 10.1056/NEJM0a0905848
PMID: 21190469

Havlir DV, Kendall MA, Ive P, Kumwenda J, Swindells S, Qasba SS, et al. Timing of antiretroviral ther-
apy for HIV-1 infection and tuberculosis. N Engl J Med. 2011; 365: 1482-91. doi: 10.1056/
NEJMoa1013607 PMID: 22010914

Blanc FX, Sok T, Laureillard D, Borand L, Rekacewicz C, Nerrienet E, et al. Earlier versus later start of
antiretroviral therapy in HIV-infected adults with tuberculosis. N Engl J Med. 2011; 365: 1471-81. doi:
10.1056/NEJMoa1013911 PMID: 22010913

National Department of Health, South Africa. Management of Drug-Resistant Tuberculosis Policy
Guidelines (updated January 2013) [Internet]. Available: http://www.health-e.org.za/wp-content/
uploads/2014/06/MDR-TB-Clinical-Guidelines-Updated-Jan-2013.pdf

National Department of Health, South Africa. The South Africa antiretroviral treatment guidelines 2013
[Internet]. Available: http://www.auruminstitute.org/phocadownload/guidelines-short.pdf

Medecins Sans Frontieres Khayelitsha 2001-2011, Activity Report: 10 years of HIV/TB care at primary
health care level. 2011;

Western Cape Department of Health. Western Cape antenatal HIV survey 2010. 2010.

Strategic Development Information and GIS Department CoCT. City of Cape Town—2011 Census—
Khayelitsha Health District. 2013 [Internet]. Available: http://www.capetown.gov.za/en/stats/
2011CensusSuburbs/2011_Census_CT_Suburb_Khayelitsha_Profile.pdf

Southern African HIV Clinicians Society. Antiretroviral therapy in adults: guidelines. South Afr J HIV
Med. 2008; Available: http://www.sahivsoc.org/upload/documents/guidelines_Guidelines_for_
Antiretroviral_Therapy_in_Adults.pdf

National Department of Health, South Africa. Management of Drug-Resistant TB in South Africa: draft
policy guidelines. 2009.

National Department of Health, South Africa. National Tuberculosis Management Guidelines, 2009.
2009.

National Department of Health, South Africa. The South African Antiretroviral Treatment Guidelines
2010 [Internet]. Available: http://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=
1&ved=0CCQQFjAA&url=http://www.genderjustice.org.za/resources/doc_download/502-south-
african-antiretroviral-treatment-guidelines-2010.html&ei=xRs8U9i0lYev7AbAt4HYCA&usg=
AFQJCNGHfPJ201vy23q0SrsSX

Southern African HIV Clinicians Society. Guidelines for antiretroviral therapy in adults. South Afr J HIV
Med. 2012; 13: 114-33.

Von EIm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbrouckef JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting
observational studies. Bull World Health Organ. 2007; 85: 867—872. doi: 10.2471/BLT.07.045120
PMID: 18038077

World Health Organization. Guidelines for the programmatic management of drug-resistant tuberculo-
sis: 2011 update. Geneva, Switzerland; 2011.

National Department of Health, South Africa. Management of Drug-Resistant tuberculosis policy guide-
lines, August 2011 [Internet]. Available: http://www.gov.za/documents/download.php?f=165278

Howard AA, EI-Sadr WM. Integration of tuberculosis and HIV services in sub-Saharan Africa: lessons
learned. Clin Infect Dis. 2010; 50: S238—44. doi: 10.1086/651497 PMID: 20397954

Kerschberger B, Hilderbrand K, Boulle AM, Coetzee D, Goemaere E, De Azevedo V, et al. The effect of
complete integration of HIV and TB services on time to initiation of antiretroviral therapy: a before-after
study. PLoS One. 2012; 7: e46988. doi: 10.1371/journal.pone.0046988 PMID: 23071690

Meintjes G, Lawn SD, Scano F, Maartens G, French MA, Worodria W, et al. Tuberculosis-associated
immune reconstitution inflammatory syndrome: case definitions for use in resource-limited settings.
Lancet Infect Dis. 2008; 8: 516-523. doi: 10.1016/S1473-3099(08)70184-1 PMID: 18652998

Meintjes G, Sonderup MW. A practical approach to the diagnosis and management of paradoxical
tuberculosis immune reconstitution inflammatory syndrome: TB-associated immune reconstitution
inflammatory syndrome is seen after the initiation of antiretroviral therapy. CME. 2011; 29: 410—415.

PLOS ONE | DOI:10.1371/journal.pone.0142873 November 10, 2015 14/15


http://dx.doi.org/10.1371/journal.pone.0040781
http://www.ncbi.nlm.nih.gov/pubmed/22792406
http://dx.doi.org/10.1056/NEJMoa0905848
http://www.ncbi.nlm.nih.gov/pubmed/21190469
http://dx.doi.org/10.1056/NEJMoa1013607
http://dx.doi.org/10.1056/NEJMoa1013607
http://www.ncbi.nlm.nih.gov/pubmed/22010914
http://dx.doi.org/10.1056/NEJMoa1013911
http://www.ncbi.nlm.nih.gov/pubmed/22010913
http://www.health-e.org.za/wp-content/uploads/2014/06/MDR-TB-Clinical-Guidelines-Updated-Jan-2013.pdf
http://www.health-e.org.za/wp-content/uploads/2014/06/MDR-TB-Clinical-Guidelines-Updated-Jan-2013.pdf
http://www.auruminstitute.org/phocadownload/guidelines-short.pdf
http://www.capetown.gov.za/en/stats/2011CensusSuburbs/2011_Census_CT_Suburb_Khayelitsha_Profile.pdf
http://www.capetown.gov.za/en/stats/2011CensusSuburbs/2011_Census_CT_Suburb_Khayelitsha_Profile.pdf
http://www.sahivsoc.org/upload/documents/guidelines_Guidelines_for_Antiretroviral_Therapy_in_Adults.pdf
http://www.sahivsoc.org/upload/documents/guidelines_Guidelines_for_Antiretroviral_Therapy_in_Adults.pdf
http://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=1&amp;ved=0CCQQFjAA&amp;url=http://www.genderjustice.org.za/resources/doc_download/502-south-african-antiretroviral-treatment-guidelines-2010.html&amp;ei=xRs8U9i0IYev7AbAt4HYCA&amp;usg=AFQjCNGHfPJ201vy23q0SrsSX
http://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=1&amp;ved=0CCQQFjAA&amp;url=http://www.genderjustice.org.za/resources/doc_download/502-south-african-antiretroviral-treatment-guidelines-2010.html&amp;ei=xRs8U9i0IYev7AbAt4HYCA&amp;usg=AFQjCNGHfPJ201vy23q0SrsSX
http://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=1&amp;ved=0CCQQFjAA&amp;url=http://www.genderjustice.org.za/resources/doc_download/502-south-african-antiretroviral-treatment-guidelines-2010.html&amp;ei=xRs8U9i0IYev7AbAt4HYCA&amp;usg=AFQjCNGHfPJ201vy23q0SrsSX
http://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=1&amp;ved=0CCQQFjAA&amp;url=http://www.genderjustice.org.za/resources/doc_download/502-south-african-antiretroviral-treatment-guidelines-2010.html&amp;ei=xRs8U9i0IYev7AbAt4HYCA&amp;usg=AFQjCNGHfPJ201vy23q0SrsSX
http://dx.doi.org/10.2471/BLT.07.045120
http://www.ncbi.nlm.nih.gov/pubmed/18038077
http://www.gov.za/documents/download.php?f=165278
http://dx.doi.org/10.1086/651497
http://www.ncbi.nlm.nih.gov/pubmed/20397954
http://dx.doi.org/10.1371/journal.pone.0046988
http://www.ncbi.nlm.nih.gov/pubmed/23071690
http://dx.doi.org/10.1016/S1473-3099(08)70184-1
http://www.ncbi.nlm.nih.gov/pubmed/18652998

@ PLOS | one

Time to ART after RR-TB Treatment Initiation

33.

34.

35.

36.

37.

38.

39.

40.

Uthman O, Okwundu C, Gbenga K, Volmink J, Dowdy D, Zumla A, et al. Optimal Timing of Antiretroviral
Therapy Initiation for HIV-Infected Adults With Newly Diagnosed Pulmonary Tuberculosis: A System-
atic Review and Meta-analysis. Ann Intern Med. 2015; 163: 32-9. doi: 10.7326/M14-2979 PMID:
26148280

Isaakidis P, Casas EC, Das M, Tseretopoulou X, Ntzani EE, Ford N. Treatment outcomes for HIV and
MDR-TB co-infected adults and children: systematic review and meta-analysis. Int J Tuberc Lung Dis.
2015; 19: 969-978. doi: 10.5588/ijtld.15.0123 PMID: 26162364

Mohr E, Cox V, Wilkinson L, Moyo S, Hughes J, Daniels J, et al. Programmatic treatment outcomes in
HIV-infected and uninfected drug-resistant tuberculosis patients in Khayelitsha, South Africa. Trans R
Soc Trop Med Hyg. 2015; 109: 425-432. doi: 10.1093/trstmh/trv037 PMID: 25979526

Lawn SD, Harries AD, Anglaret X, Myer L, Wood R. Early mortality among adults accessing antiretrovi-
ral treatment programmes in sub-Saharan Africa. AIDS (London, England). 2008. pp. 1897—1908. doi:
10.1097/QAD.0b013e32830007cd

Boulle A, Schomaker M, May MT, Hogg RS, Shepherd BE, Monge S, et al. Mortality in Patients with
HIV-1 Infection Starting Antiretroviral Therapy in South Africa, Europe, or North America: A Collabora-
tive Analysis of Prospective Studies. Plos Med. 2014; 11: e1001718. doi: 10.1371/journal.pmed.
1001718 PMID: 25203931

Southern African HIV Clinicians Society. Guidelines for antiretroviral therapy in adults. South Afr J HIV
Med. 2012; 13: 144-33.

Southern African HIV Clinicians Society. Adult antiretroviral therapy guidelines, 2014. South Afr J HIV
Med. 2014; 15: 121-43.

National Department of Health, South Africa. National Tuberculosis Management Guidelines, 2014.
2014 [Internet]. Available: http://www.sahivsoc.org/upload/documents/NTCP_Adult_TB Guidelines
27.5.2014.pdf

PLOS ONE | DOI:10.1371/journal.pone.0142873 November 10, 2015 15/15


http://dx.doi.org/10.7326/M14-2979
http://www.ncbi.nlm.nih.gov/pubmed/26148280
http://dx.doi.org/10.5588/ijtld.15.0123
http://www.ncbi.nlm.nih.gov/pubmed/26162364
http://dx.doi.org/10.1093/trstmh/trv037
http://www.ncbi.nlm.nih.gov/pubmed/25979526
http://dx.doi.org/10.1097/QAD.0b013e32830007cd
http://dx.doi.org/10.1371/journal.pmed.1001718
http://dx.doi.org/10.1371/journal.pmed.1001718
http://www.ncbi.nlm.nih.gov/pubmed/25203931
http://www.sahivsoc.org/upload/documents/NTCP_Adult_TB

