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Worldwide, drug-resistant tuberculosis (DR-TB) is a serious 
public health concern.  In South Africa, tuberculosis (TB), 
including DR-TB, was determined to be the leading cause of 
death in 20121. In Khayelitsha, a township on the outskirts of 
Cape Town with a high prevalence of HIV, there are epidemic 
levels of DR-TB, including multi and extensively drug resistant 
tuberculosis (MDR/XDR-TB).  In late 2007, Médecins Sans 
Frontières (MSF), in collaboration with local department of 
health (DoH) authorities, began piloting a decentralized model 
of care in Khayelitsha to enable clinically stable patients with 
DR-TB to be diagnosed and managed by clinicians in facilities 
at a primary health care (PHC) level. This decentralized model 
of care has been described in previous MSF Khayelitsha 
reports in 20092 and 20113, which provide information on 
interim outcomes and developments of the model from 
late 2007 to early 2011.  The aim of this report is to provide 
updated outcomes of the decentralized programme; to share 
new successes regarding DR-TB patient care and support; and 
to provide insight into further improvements in the model of 
decentralized DR-TB care. 

Management and responsibility of the routine decentralized 
DR-TB programme was handed over to the local DoH at the 
end of 2013 following notable successes such as increased 
case detection, strengthened patient support, increased 
treatment initiation rates, decreased time from diagnosis to 
treatment initiation, improved infection control measures, 
and more efficacious treatment regimens.  Treatment 
outcomes have not worsened since decentralization to 
primary care level, but despite the intensive patient support 
component of the Khayelitsha model, loss from treatment 
(LFT, defined as at least two months of treatment interruption 
without medical approval4) rates have remained high 
(~30%), suggesting that the current toxic, lengthy, and 
poorly efficacious standardized DR-TB regimen remains 
a major challenge of treatment.  While proportional rates 
of successful treatment outcomes, defined as treatment 
cure or completion4, have largely remained the same as 
those reported from other sub-districts and provinces, this 

should be considered in light of the increased proportion of 
prevalent DR-TB cases in the community accessing care due 
to decentralization of services. Over the past several years, 
the vast majority (>90%) of diagnosed cases in Khayelitsha 
have initiated DR-TB treatment, a significant achievement 
compared to other areas of South Africa. Thus even with 
treatment success rates remaining near 50%, a greater 
number of prevalent cases are being successfully treated 
than before 2007, with potential impact on the rate of 
ongoing DR-TB transmission in the community.  

In addition to ongoing LFT, DR-TB treatment outcomes 
remain extremely poor for patients diagnosed with pre-XDR-
TB or XDR-TB. Due to these challenges, MSF has continued 
its partnership with the DoH’s DR-TB programme through 
various pilot initiatives aimed at reducing LFT and improving 
treatment success rates. These initiatives are integrated into 
the decentralized model of care, and focus on providing 
comprehensive counseling and patient support throughout 
treatment, identifying and supporting patients interrupting 
treatment prior to LFT, providing treatment outside of clinic 
based directly observed therapy (DOT), and strengthening 
the treatment regimens for both MDR and XDR-TB.  The key 
successes of these initiatives are described are described 
herewithin. 

Although decentralization of DR-TB services has been 
shown to increase access to rapid diagnosis and treatment 
for people infected with DR-TB, treatment outcomes are 
still adversely affected by the many challenges related to 
provision of adequate adherence support for patients with 
DR-TB, as well as access to shorter, more tolerable, and more 
effective DR-TB treatment regimens. The pilot initiatives and 
ongoing developments described in this report are aimed 
at addressing these challenges.  A prioritization of resource 
commitment will be needed in South Africa and other high 
burden settings to ensure access to quality DR-TB care; only 
then will outcomes for patients suffering from DR-TB begin to 
change.
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2 .  INTRODUCTION

Khayelitsha is a peri-urban township of roughly 450,000 inhabitants on the outskirts of Cape Town, South Africa where 
nearly 200 cases of drug-resistant tuberculosis (DR-TB) are diagnosed each year. In addition, the rate of HIV co-infection is 
over 70%5 - similar to that noted among drug-sensitive TB (DS-TB) cases.  MSF has been working in collaboration with local 
stakeholders in Khayelitsha since 1999 to develop and implement models of care for tuberculosis (TB) and HIV. In late 2007, 
due to the rising incidence of DR-TB, MSF began piloting a decentralized model of care for DR-TB patients. This model 
of care enabled clinicians to diagnose and manage clinically stable patients at a primary care level throughout treatment, 
while the smaller proportion of clinically unstable patients were referred for admission and long term care in hospital.  The 
decentralized model of care has been described in two previous MSF Khayelitsha reports in 20092 and 20113.

Early successes of the 
decentralized model:

•	 Increased DR-TB case detection

•	 Improved patient support

•	 Improved rates of treatment initiation among those 
diagnosed

•	 Decreased time from diagnosis to treatment initiation 

•	 Improved infection control measures in health care 
facilities 

•	 More efficacious treatment regimens

•	 Improved survival of individuals diagnosed with DR-TB

Despite these successes, treatment outcomes remain 
relatively poor, reflecting those across the rest of South Africa 
and beyond5. DR-TB treatment regimens are expensive, 
toxic, and lengthy (with a recommended duration of at least 
20 months), all of which impact patients’ ability to maintain 
their usual daily activities6. The massive pill burden, common 
side effects, and relatively poor efficacy of current standard 
treatment regimens contribute to poor DR-TB programmatic 
outcomes, including high rates of loss from treatment (LFT) 
and stagnant treatment success rates. 

Management and responsibility of the routine decentralized 
DR-TB programme in Khayelitsha was successfully handed 
over to local City Health and Western Cape Government 
Health in 2013.  MSF has continued to work with local health 
authorities, through pilot initiatives aimed at improving 
current DR-TB treatment success rates and reducing rates 
of LFT, death, and treatment failure.  This report provides 
updated outcomes from the DR-TB decentralized model 
of care, as well a description of further improvements to 
the model and advocacy efforts to disseminate results and 
lessons learned from the Khayelitsha experience. 

Key Successes and Developments 
(2011-present):

•	 Decentralization: In 2014, of the 190 cases of DR-TB 
diagnosed, 183 (96.3%) initiated treatment. 79.0% of 
patients diagnosed with DR-TB in Khayelitsha were 
initiated on treatment by medical officers in one of 
eleven primary care clinics, with the remaining 6.0% 
starting treatment at the local district hospital, 2.0% in 
the local sub-acute facility (see below), and 13% at a 
hospital outside of Khayelitsha.

•	 Cost savings of decentralization: The MSF Khayelitsha 
project has contributed to costing studies which 
determined that a fully decentralized DR-TB model 
of care is 42% less costly than a centralized hospital 
model, making treatment more affordable. 

•	 Local network of DR-TB services: DR-TB patients 
requiring short term inpatient care for treatment 
initiation or additional monitoring can access short 
term treatment support at a ten bed sub-acute care 
facility in Khayelitsha.  If the patient is clinically stable 
but too weak to attend clinic, a community nursing 
service can provide daily care at the patient’s home. 
Together with primary care clinics, this network of 
services provides continuity of care and allows the 
patient to remain with family in the community.

•	 Improved patient support: A DR-TB counseling model 
provides routine, standardized, patient-centered 
support for DR-TB patients throughout their course 
of treatment.  Aside from counseling at the start of 
treatment, specific counseling sessions at pre-XDR 
or XDR-TB diagnosis, completion of intensive phase, 
treatment interruption (two weeks or less of missing 

treatment), or treatment failure aim to reduce LFT and 
increase support at specific time points during the 
difficult treatment journey.

•	 Self-administered continuation phase treatment: 
A pilot was started in 2011 to provide a weekly or 
monthly supply of DR-TB medication throughout the 
continuation phase to patients adherent to treatment 
during the intensive phase.  Early outcomes of the 
pilot demonstrate that provision of a longer supply 
does not lead to increased LFT, and removing the 
requirement to attend daily DOT may improve quality 
of life.

•	 Improved treatment regimens: Since 2011, patients 
identified with extensive second-line drug resistance 
(pre-XDR or XDR-TB) - and later for those in whom 
standard MDR treatment regimens are inadequate 
or failing - have receive tailored treatment regimens 
with new or re-purposed drugs such as bedaquiline 
and linezolid in order to increase the chance of 
treatment success.  In part due to use of these drugs 
in Khayelitsha, access to better drugs is increasing in 
the public sector in South Africa.

•	 Advocacy: MSF has played a pivotal role in local, 
national and international advocacy efforts to 
decrease the diagnosis and treatment gaps for 
patients with DR-TB; increase access to care through 
the decentralization of services; and improve 
treatment regimens with less harmful, more effective 
drugs.  
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3 .  The Burden of DR-TB in Khayelitsha

Of the 227 cases registered with DR-TB in 2013, 45.8% were new TB diagnoses (no history of previous TB/DR-TB treatment), 
43.6% were cases with a previous DS-TB treatment history, and 10.6% were DR-TB retreatment cases (Table 2). These figures 
suggest that a large proportion of DR-TB cases in Khayelitsha are due to direct transmission of already drug-resistant TB strains. 

Table 2. Burden of DR-TB in Khayelitsha by registration status, 2013

Drug-resistant TB Class No previous 
TB or DR-TB 
treatment

Previously 
treated DS-
TB Cases

Previously 
treated DR-
TB Cases

Total

Unconfirmed rifampicin resistant tuberculosis 15 (14.0%) 9 (9.0%) 3 (13.0%) 27 (12.0%)

Rifampicin mono-resistant tuberculosis 16 (15.0%) 28 (28.0%) 1 (4.0%) 45 (20.0%)

Multi-drug resistant tuberculosis 62 (60.0%) 47 (48.0%) 10 (42.0%) 118 (51.0%)

Pre-extensively drug resistant tuberculosis  8 (8.0%) 13 (13.0%) 7 (29.0%) 28 (12.0%)

Extensively drug resistant tuberculosis  3 (3.0%) 2 (2.0%) 3 (12.0%) 8 (3.0%)

TOTAL 104 99 24 227

Overall 203 (89.4%) of the 227 DR-TB cases identified had culture confirmed mycobacterium TB (MTB) at baseline, and 179 
(88.2%) of these had second-line drug susceptibility testing (DST) results available.  Only 27 cases (11.9%) did not have 
the initial diagnosis of rifampicin resistant TB (RR-TB) on GXP confirmed with DST.  The majority (n=25; 92.6%) of these 27 
unconfirmed cases were continued on DR-TB treatment despite lack of confirmation.

Dual Burden of HIV and DR-TB
There is a very high rate of HIV co-infection among patients diagnosed with DR-TB in Khayelitsha7. Between 2008 and 
2014 there were 1,400 diagnosed cases of DR-TB and 993 (70.9%) were known to be HIV infected, 366 (26.1%) were HIV 
uninfected, and 41 (2.9%) had an unknown HIV status.

The time to treatment initiation in Khayelitsha has been reduced by decentralization and further through national coverage 
of GeneXpert MTB/RIF (GXP), a rapid diagnostic test for rifampicin resistant TB, since December 2011.  Although the use of 
GXP changed the specific definitions of DR-TB (Table 1), the generic term DR-TB will be used in this report unless specified 
otherwise.  Patients diagnosed with isoniazid mono-resistant TB are not considered DR-TB patients for the purposes of this 
report as they are treated with first-line anti-TB drugs.

DR-TB Classification Definition
Unconfirmed rifampicin resistant 
tuberculosis

Patients registered for and started on second-line anti-tuberculosis medication based 
on rapid molecular results (GeneXpert MTB/RIF, or GXP) but lacking laboratory 
confirmation of resistance

Rifampicin (RIF) mono-resistant 
tuberculosis

Resistance to RIF only, without resistance to isoniazid (INH), confirmed by first-line 
drug susceptibility testing

Presumptive multi-drug resistant 
tuberculosis*

Patients registered for and started on second-line anti-tuberculosis medication based 
on high risk but lacking bacteriological confirmation

Multi-drug resistant tuberculosis 
(MDR-TB)

Resistance to the two main first-line anti-tuberculosis drugs (RIF and INH), confirmed 
by first line resistance testing

Pre-extensively drug resistant 
tuberculosis  (pre-XDR-TB)

Resistance to INH and RIF along with either one fluoroquinolone drug or any 
of the injectable second-line anti-tuberculosis drugs (amikacin, kanamycin,  or 
capreomycin), confirmed by second-line resistance testing

Extensively drug resistant 
tuberculosis  (XDR-TB)

Resistance to INH and RIF along with a fluoroquinolone and any of the injectable 
second-line anti-tuberculosis drugs (amikacin, kanamycin,  or capreomycin), 
confirmed by second-line resistance testing 

Table 1. DR-TB definitions4

*Patients with presumed DR-TB have been excluded from outcomes as there are no bacteriological results to confirm resistance

4 .  Decentralized management of DR-TB 
in Khayelitsha: Outcomes

The integrated, community based approach of decentralized DR-TB care implemented  incrementally from 2007 included 
a range of additional supports to move DR-TB diagnosis and management to the primary care level (Figure 1).   Many 
components of this model have since been adopted across other sub-districts within the Cape Metro in the Western Cape, 
and the decentralized programme in Khayelitsha influenced the development of a national policy for decentralization of 
DR-TB care by the National Department of Health (NDOH) in 20118.  There have been notable improvements in DR-TB 
programmatic and clinical outcomes over the years, as the model has adapted to the changing needs of patients; new or 
improved diagnostics, treatments, and local services became available; and additional innovations to the model of care have 
been piloted.

Figure 1.  Overview of the patient-centered, decentralized model of DR-TB care in 
Khayelitsha; green bars represent pilot programmes implemented since 2011
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4.1.2. DR-TB treatment initiation: The proportion 
of patients diagnosed with DR-TB in Khayelitsha who initiated 
treatment has been steadily improving since decentralization 
and the implementation of GXP. Early mortality has been 
the most common reason for not initiating treatment; 
encouragingly, the annual pre-treatment mortality rate has 
decreased over time. These improvements are likely due 
to improved access to diagnostic11 and treatment services, 
improved health care worker knowledge and clinic capacity 
to provide DR-TB care, and increased awareness of the 
disease in the community due to intensive patient and family 
support and community mobilization activities.

The proportion of diagnosed patients initiated on DR-TB 
treatment in Khayelitsha is relatively high (88.0% of all 
cases diagnosed from 2009 to July 2013 started DR-TB 
treatment11) compared to the reported national treatment 
initiation rate of 45.9% among laboratory confirmed cases 
of MDR-TB and XDR-TB13.

4.1.3. Time to treatment initiation: A notable 
success of the decentralized DR-TB programme in 
Khayelitsha is the dramatically reduced time from sputum 
collection to DR-TB treatment initiation, predominantly as a 
result of decentralization of services from 2008 (Figure 3)11,12.  
Reduction from 50 days in 2008 to 6 days in 2014 was also 
achieved through the introduction of rapid diagnostic tools 
(Hain Line Probe Assay [LPA] in 2009 and GXP in 2011)10, 11, 12.

Figure 3. Time to treatment initiation 
comparing patients diagnosed in 2010-

11 with those diagnosed in 2012-1311

Figure 2. Number of DR-TB cases diagnosed in Khayelitsha by year (2003-
2014), excluding those with a previous history of DR-TB

4.1.4.  Site of treatment initiation:  One of the 
aims of decentralization was to train and mentor primary 
care clinicians to initiate standardized DR-TB treatment for 
clinically stable patients at the primary care level, including a 
local sub-acute care facility (Lizo Nobanda TB Care Center). 
Lizo Nobanda was set up to enable clinicians to refer patients 

for short term inpatient treatment initiation and support 
while still retaining clinical responsibility for their care. Figure 
4 demonstrates the increase in the number of patients 
initiating treatment at primary care level from 2003 to 2014, 
which has relieved the demand on specialist hospital beds 
and reduced DR-TB programmatic costs. 

Figure 4.  Site of DR-TB treatment initiation by year of treatment start

4.1.5 Cost of the decentralized model of care:  

MSF Khayelitsha contributed to vital costing studies for a fully decentralized model of care.  These studies determined: 

When costing was undertaken based on individual patients 
and their outcomes in the 2009-2011 Khayelitsha cohort, 
the mean cost per patient treated was $7,916. Importantly, 
the mean cost for successful treatment was $8,359 
compared with $23,006 for patients who failed treatment. 
This highlights that improved treatment regimens with 
better drugs are likely not only to improve outcomes but 
also enhance cost effectiveness (still be published).

4.1 Programmatic Outcomes

4.1.1 Case detection: The national roll out of GXP from 2011 meant that all individuals with presumptive TB could be 
screened for DR-TB, rather than just those patients considered at high risk. It was anticipated that this diagnostic tool would 
lead to an estimated increase in national case detection for TB and multi-drug resistant TB (MDR-TB) each year by 30%-37% 
and 69%-71% respectively, as well as reduce time to treatment initiation due to the shorter time between sputum collection 
and diagnosis9.  In Khayelitsha, is estimated that the DR-TB case notification rate increased from 28/100,000 per year before 
decentralization (2005-2007) to 55/100,000 per year following decentralization (2007-2011)5; improved case detection was 
subsequently sustained by the local availability of GXP for all TB suspects by December 2011 (Figure 2)10,11,12. 

A fully hospitalized model was 42% more costly than 
the fully decentralized model (US$13,432 vs. US$7,753 
per patient). A much shorter hospital stay in the 
decentralized model (44–57 days), compared to 128 days 
of hospitalization in the hospitalized model, was the key 
contributor to the reduced cost of treatment14. 

Key message:

Time from diagnostic sample (days)
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4.2 CLINICAL Outcomes

4.2.1 TREATMENT OUTCOMES: DR-TB treatment 
outcomes are poor, particularly among those with XDR-TB. 
According to the WHO 2014 report, the global MDR-TB 
treatment success rate was 48% with a 25% LFT rate, while 
the global XDR-TB treatment success rate was 22%, with 
rates of 35%, 10% and 33% for death, treatment failure 
and LFT, respectively. In South Africa alone, the rate of 
treatment success among XDR-TB patients who started 
treatment in 2009 was only 15%, while 40% of patients died 
and 36% were LFT or not evaluated15. DR-TB treatment 
outcomes in Khayelitsha are defined according to WHO 

recommendations4 with the exception of treatment failure, 
which is defined separately by the National DoH as lack 
of culture conversion after 6-8 months of treatment (due 
to the high rate of HIV co-infection in South Africa)8.  Final 
treatment outcomes are assigned upon completion of the 
recommended duration of treatment or following premature 
termination of treatment due to death, treatment failure or 
LFT. Table 3 shows final outcomes for new DR-TB patients 
(without a previous DR-TB treatment history) who initiated 
treatment from 2008 through 2012.

Table 3. Final treatment outcomes for new DR-TB patients initiated 
on treatment by year in Khayelitsha, 2008-2012

2008 2009 2010 2011 2012

OUTCOMES N (%) N (%) N (%) N (%) N (%)

Treatment success* 53 (36.6%) 75 (43.6%) 79 (53.4%) 68 (50.4%) 86 (52.4%)

Death 25 (17.2%) 36 (20.9%) 20 (13.5%) 19 (14.1%) 24 (14.6%)

Lost from treatment 49 (33.8%) 46 (26.7%) 42 (28.4%) 46 (34.1%) 48 (29.3%)

Treatment failure 18 (12.4%) 15 (8.7%) 7 (4.7%) 2 (1.5%) 6 (3.7%)

TOTAL** 145 172 148 135 164

*Treatment success = ‘cure’ or ‘treatment completion’
** 96 patients transferred out were excluded from analysis (12 in 2008, 16 in 2009, 21 in 2010, 28 in 2011, 19 in 2012)

Treatment success rates for patients initiating DR-TB 
treatment in Khayelitsha remain stable at around 50% each 
year, similar to rates reported across the rest of South Africa. 
Given the availability of resources and patient support 
activities, the stagnant outcomes may largely be due to the 
long duration of standardized treatment regimens that are 
poorly tolerated and lack efficacy. Encouragingly, treatment 
success rates did not deteriorate after decentralization to 
primary care level in 2008.  In fact, increased DR-TB case 
detection, coupled with rapid treatment initiation in the vast 
majority of identified cases, has led to a larger proportion 
of prevalent DR-TB cases entering into care and a greater 
absolute number of patients achieving cure or treatment 
completion than before. This may contribute to reduced 
DR-TB transmission within the wider community, and could 

explain the relatively unchanged DR-TB incidence rate 
reported in Khayelitsha even after introduction of GXP for 
routine TB screening in 2011 - which was anticipated to 
dramatically increase DR-TB case detection. 

Between 2008 and 2012 there were a total of 65 patients 
who had previously received treatment for DR-TB and 
who were reregistered for another treatment episode in 
Khayelitsha. While a small proportion of these patients 
had completed DR-TB treatment successfully in the past, 
the majority (47, 72.3%) had been previously discharged 
as LFT before returning to care to restart treatment again. 
Unfortunately, most of these patients again had unsuccessful 
treatment outcomes in subsequent treatment episodes, as 
seen in Figure 5.

4.2.2 Survival: Among 860 patients initiated on DR-TB treatment from 2008 through 2012, 764 were assigned final 
outcomes (96 patients transferred out). The overall mortality rate at 24 months was 28% and was calculated as death during 
treatment or after a final treatment outcome (success, LFT, or treatment failure) had been assigned. Figure 6 demonstrates 24 
month survival rates.

Figure 5. Final outcomes for 47 DR-TB 
patients previously discharged as LFT who 
restarted DR-TB treatment, 2006 – 2012

B. Survival by year of treatment 
initiation (p=0.0016)

C. Survival by known HIV status (p=0.12); 7 
patients with unknown status excluded

D. Survival by DR-TB classification (p<0.0001); 
10 patients with unconfirmed RR-TB excluded

A. Overall survival (24 month 
cumulative hazard rate = 0.32)

Figure 6. Kaplan-Meier curves demonstrating 24 month survival of all patients initiated 
on DR-TB treatment in Khayelitsha from 2008 through 2012 (a) overall, (b) year of 
treatment initiation, (c) known HIV status, and (d) confirmed DR-TB classification

Decentralized diagnosis and treatment of drug-resistant tuberculosis in Khayelitsha, South Africa
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4.2.3 DR-TB/HIV co-infection: Between 2009 and July 2013 a gradually increasing proportion of diagnosed DR-
TB patients who were HIV co-infected initiated DR-TB treatment, as seen in Figure 7. This improvement was likely due to 
integration of HIV and DR-TB services at all primary care clinics in Khayelitsha, improved access to DR-TB care through 
decentralization of services, and more rapid case detection with rollout of GXP for TB screening11. 

*Only includes patients diagnosed through the end of June 2013

The association between HIV infection and DR-TB treatment outcomes in patients with known HIV status initiated on DR-
TB treatment from 2008 to 2012 is shown in Table 4. While treatment success is comparable between the two groups, HIV 
infected individuals have a significantly higher risk of death during treatment compared to HIV uninfected DR-TB patients, 
potentially due to HIV-related comorbidities, while the LFT rate was significantly higher among HIV uninfected patients.

Table 4. Association between HIV status and DR-TB treatment outcomes, 2008-2012

Figure 7. Proportion of diagnosed DR-
TB patients initiating DR-TB treatment 
annually by HIV status, 2009 – July 2013

Treatment outcome HIV infected (%) HIV uninfected (%) p-value

Treatment success* 259 (48.1%) 100 (45.9%) 0.59

Lost from treatment 149 (27.6%) 78 (35.8%) 0.027

Treatment failure 30 (5.6%) 18 (8.3%) 0.17

Death 101 (18.7%) 22 (10.1%) <0.003

TOTAL 539 (100%) 218 (100%)

5 .  Pilot initiatives to improve DR-TB treatment 
outcomes in Khayelitsha

The programmatic and treatment outcomes reported 
above suggest that the Khayelitsha DR-TB model of care is 
associated with improved case detection, increased DR-
TB treatment initiation, and shortened time to treatment 
initiation.  However, the process of determining what works 
in the clinical management and adherence support for 
patients with DR-TB is ongoing, and retention in care remains 
key to improving programmatic treatment outcomes.  
MSF has maintained its strong partnership with local and 
provincial Department of Health (DoH) managers and non-
governmental partners to pilot innovative strategies aimed at 
solving remaining challenges in the successful management 
of DR-TB patients.  

The following initiatives are described in this section: 

•	 Standardization of DR-TB counseling 

•	 Early identification of patients interrupting DR-TB 
treatment 

•	 Community supported, self-administered treatment (SAT) 
in the continuation phase

•	 Improved treatment regimens for patients with DR-TB with 
additional second-line resistance 

•	 Community nursing service

5.1 Standardization of DR-TB counseling

Key message:

•	 DR-TB counseling is essential to support patients 
through their difficult treatment journey.

•	 Counselors benefit from standardized scripted content 
which covers vital treatment literacy and structured 
steps to determine and overcome adherence barriers.

Although the policy for the decentralized management of DR-
TB was welcomed in South Africa, it lacks specific information 
on how to provide structured patient support and counseling 
despite its recommendation to provide such services.  In 
Khayelitsha, DR-TB counseling has been standardized to 
provide routine psychosocial support for patients from the 
onset of treatment.  The counseling sessions provide guidance 
on how to improve patients’ understanding of DR-TB disease 
and treatment, promote adherence to difficult treatment 
regimens, and maintain retention in care throughout the two 
year course of treatment16. Figure 8 provides an overview of 
the various counseling sessions that span across the entire DR-
TB treatment journey.

Figure 8. Overview of the DR-TB counseling sessions

* Treatment success = “cure” or “treatment completion
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The goals of the initial sessions are treatment literacy, 
adherence planning, family involvement, contact tracing, and 
infection control advice.  The additional sessions provide 
detailed scripts for counselors or health care workers 
who must address very sensitive topics with patients and 
their families should their treatment be challenging or 
unsuccessful.

Implementation of the counseling sessions includes several 
essential components: DR-TB counseling session guides 
for counselors and their supervisors; adherence plans for 
patients; a DR-TB flipchart that is used as an educational 
tool during counseling sessions; and a structured training 
programme for counselors.  The training programme 
provides counselors with the tools necessary to ensure 
standardized quality of counseling and provides counselor 
supervisors with techniques to oversee and evaluate 
counseling sessions for quality assurance purposes16, 17.  

The DR-TB counseling model is detailed in the “Patient 
support interventions to improve adherence to drug resistant 
tuberculosis treatment counseling toolkit”16.  The toolkit 
contains the specific counseling session plans with structured 
scripts for counselors that include simple, essential key points 
for patients: steps to follow to determine and overcome 
adherence barriers, information on treatment literacy, and 
problem solving approaches to encourage patients to take 
ownership of their treatment.  

As summarized in the toolkit, “it is essential that all DR-TB 
clinicians, nurses and counsellors work together to ensure 
productive and successful support for patients with drug 
resistant tuberculosis; this support is as essential as the pills 
they take every day, and must continue throughout the long 
treatment journey.”

5.2 Early identification of patients interrupting DR-TB treatment

Key message:

•	 Routine tracing of patients with treatment interruption 
greater than 2 weeks is not sufficient. 

•	 A structured counselor and nurse intervention is 
required to ensure these vulnerable patients are guided 
back onto treatment.

The routine management of patients interrupting treatment 
includes identification of missed clinic visits for directly 
observed therapy (DOT) and attempts to trace the patient; at 
two consecutive months of treatment interruption, the patient 
is allocated an outcome of LFT. Risk factors associated 
with treatment interruption and LFT have been previously 
investigated in Khayelitsha18.  Methods to promptly identify 
treatment interruption when it first occurs during treatment, 
as well as structured adherence support to identify and 
overcome barriers to continuing treatment, are essential in 
order to identify patients who are at increased risk for LFT.  
Since September 2013, the treatment interrupter pilot was 
implemented at six clinics in Khayelitsha. The objective was 
to intensify support for patients not returning after 3 days of 
missing daily DOTS.  Our experience in Khayelitsha showed 
that the longer a patient interrupts treatment, the less likely 
the patient is to return to care despite attempts to trace and 
recall the patient. 

Episodes of treatment interruption are identified after 2-3 
days of missed treatment; a counselor or community care 
worker (CCW) contacts the patient either by telephone or 
home visit and the patient is encouraged to return to the 
clinic for care. If the patient returns to the clinic, s/he will 
continue with DOT and be monitored for further missed 
clinic visits. If the patient continues to interrupt care, two 
weeks after the interruption started, they are enrolled onto 
the treatment interrupter intervention and a counselor 
visits the patient at home. Figure 9 shows the adherence 
support for patients enrolled in the treatment interrupter 

intervention.  The counselor interviews the patient to 
uncover the determinants driving the individual patient’s 
treatment interruption, including a screen for substance 
abuse or mental illness.  Once these obstacles have been 
identified, the counselor devises a plan with the patient, 
including modification of the time the patient arrives at the 
clinic, increased family support, or transportation support.  In 
addition, they discuss motivational factors for completing DR-
TB treatment with patients. 

Following the initial counseling session, patients will have 
follow up sessions at their clinic by the clinic TB nurse. These 
sessions are 5-10 minutes in duration for a twelve week 
period during which the TB nurse will reinforce short term, 
easily achievable treatment adherence goals and assess the 
patient’s progress. Patients who are identified as abusing 
substances are encouraged to attend weekly support 
groups to assist patients with harm reduction activities and 
enrollment in rehabilitation support.

Figure 9. Adherence support for patients enrolled in the treatment interrupter pilot

To date there have been 48 (96%) out of 50 eligible patients (1 refused, 1 was 
not enrolled) enrolled in the pilot. Reasons for enrollment included the patients 
missing more than two weeks of treatment (n=45, 94%) and chronic treatment 
interruption (n=6%).

Interim treatment outcomes of patients enrolled in the pilot to date are shown 
in Figure 10. The results are encouraging for retaining a challenging group of 
patients in care with a low resource intervention.

The determinants which led to 
treatment interruption included:

•	 Substance abuse including alcohol 
abuse and resultant chronic LFT

•	 Poor treatment insight

•	 Location of residence and 
transportation to clinic

•	 Financial difficulties

•	 Fear of loss of employment due to 
frequency of clinic visits

•	 Travel to Eastern Cape province

•	 Family emergency

Figure10. Interim treatment outcomes for 
patients enrolled in the treatment interrupter 

pilot, September 2013 to December 2014
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5.3 Community supported, self-administered 
treatment (SAT) in the continuation phase

The aim of the community supported, self-administered 
treatment (SAT) pilot is to assess the feasibility of providing 
an alternative option to daily clinic based DOT for patients 
on continuation phase of DR-TB treatment in primary care 
clinics, in an attempt to improve retention in care.  A regular 
(weekly or monthly) supply of DR-TB medication is offered to 
adherent patients for daily self-administration outside of the 
clinic setting, with individual counseling to identify and tackle 
specific barriers to adherence, as well as weekly home visits 
and ongoing support from a Community Care Worker (CCW). 
This pilot is described in Figure 11.

Key message:

•	 SAT allows compliant patients to take responsibility for 
their own DR-TB treatment while continuing their usual 
responsibilities and activities of daily living. 

Figure 11. Flow chart to describe the activities involved in the SAT pilot programme

The SAT pilot was initially implemented 
in one primary care clinic in mid-2012 
and was integrated into local TB and 
HIV services using existing resources. 
Since then, the pilot has been 
progressively rolled out to an additional 
five clinics across Khayelitsha. Between 
July 2012 and December 2014, a 
total of 161 potentially eligible DR-TB 
patients were identified and presented 
to multi-disciplinary (MDT) meetings 
across 6 different clinics in Khayelitsha, 
and 133 (83%) were approved to 
receive a supply of medication for 
SAT. The reasons that 28 patients were 
NOT approved for SAT were: previous 
adherence concerns, patient choice to 
remain on DOT, HIV-related issues, poor 
clinical condition, or possible treatment 
failure. Ten (8%) of the 133 patients 
approved for SAT were not supported 
by a CCW due to lack of staff; these 
patients were supported adequately by 
specific treatment partners at work or 
home.  

5.4 Strengthened DR-TB Treatment Regimens

Previous MSF Khayelitsha reports2, 3 have described gradual improvements to the standard MDR-TB treatment regimen 
offered to patients over the years since decentralization in 2008; these modifications are summarized in Figure 12.

Figure 12. Timeline demonstrating introduction of specific drugs and 
modification of the standard MDR regimen over time in Khayelitsha

Since 2014, all patients diagnosed with any RR-TB in 
Khayelitsha initially receive a standard treatment regimen 
consisting of pyrazinamide, ethambutol, kanamycin, 
moxifloxacin, terizidone and either ethionamide or high dose 
isoniazid (15mg/kg), depending on the presence of inhA 
or KatG mutations detected on line probe assay.  While this 
treatment may be suitable for MDR-TB, it remains inadequate 
for the treatment of MDR-TB with additional second-line drug 
resistance (pre-XDR or XDR-TB) or in cases where both INH 
mutations are present. In these cases, treatment regimens 
should be individually tailored with any potentially effective 

drugs as soon as second-line DST results become available, 
in order to provide these patients with any chance of cure. 
The diagnosis of second-line drug resistance (to amikacin 
and ofloxacin specifically) is currently still dependent on 
conventional culture-based DST methods. Second-line DST is 
carried out routinely on all diagnostic MTB specimens shown 
to be resistant to RIF (+/- INH), however there is considerable 
delay (4 – 6 weeks) before results are received in the 
clinic, during which time the patient continues potentially 
inadequate standard MDR-TB therapy.

Early findings from this pilot were presented at the 4th South African TB conference held in Durban in June 201419. 
Further analysis of treatment outcomes among DR-TB patients enrolled on the pilot to receive community supported, self-
administered treatment will be presented for publication in 2016.
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Table 5 demonstrates the second-line resistance patterns 
among a total of 1037 laboratory confirmed MDR-TB cases 
detected in Khayelitsha from 2008 through October 2014, 
excluding patients with a previous history of DR-TB. On 
average, second-line DST results are available for more than 

Table 5. Number of confirmed MDR-TB cases detected, with second-line DST results 
available and second-line drug resistance detected in Khayelitsha, 2008 – 2014

85% of MDR-TB cases detected, and over this period one-
fifth (21.4%, n=192) of the 899 confirmed MDR-TB  cases with 
available second-line DST results appear to have additional 
second-line drug resistance, with 7.6% (n=68) diagnosed as 
full XDR.

YEAR Multi-drug 
resistant *

Second-line 
DST results 
available, N (% 
of MDR-TB)

Pre-XDR, 
ofloxacin 
resistance only, 
N (% of second-
line available) 

Pre-XDR, inj** 
resistance only, 
N (% of second-
line available)

XDR-TB (both ofloxacin 
and inj** resistance),       
N (% of second-line 
available)

2008 158 122 (77.2%) 9 (7.4%) 6 (4.9%) 11 (9.0%)

2009 165 149 (90.3%) 8 (5.4%) 6 (4.0%) 14 (9.4%)

2010 164 139 (84.8%) 8 (5.8%) 18 (12.9%) 10 (7.2%)

2011 150 138 (92.0%) 11 (8.0%) 10 (7.2%) 8 (5.8%)

2012 149 129 (86.6%) 8 (6.2%) 9 (7.0%) 10 (7.8%)

2013 135 118 (87.4%) 13 (11.0%) 8 (6.8%) 5 (4.2%)

2014 116 104 (89.7%) 5 (4.8%) 5 (4.8%) 10 (9.6%)

TOTAL 1037 899 (86.7%) 62 (6.9%) 62 (6.9%) 68(7.6%)

*Laboratory confirmed MDR-TB cases
**inj = injectable drugs, e.g. aminoglycosides or capreomycin

Figure 13. Treatment outcomes for pre-XDR-TB and XDR-TB patients 
initiating treatment in Khayelitsha, 2007-2012

*Excludes 14 pre-XDR-TB patients who were transferred out

In an attempt to improve treatment success rates, particularly 
among patients with pre-XDR and XDR-TB, MSF started the 
‘Strengthened Regimen’ (SR) pilot in mid-2011. The initial aim 
of the pilot was to offer selected patients, in whom standard 
second-line DR-TB therapy was failing, or those with limited 

treatment options - individualised treatment regimens using 
existing drugs thought to still be effective along with any 
available new or repurposed drugs. Initially, MSF was only 
able to access repurposed drugs such as linezolid (LZD) 
and clofazimine to support individualised regimens for 
patients with second-line drug resistance. The addition of 
LZD was based on two systematic reviews which found that 
rates of treatment success with regimens containing LZD for 
complicated cases of MDR-TB are equal to or better than 
those reported for uncomplicated MDR-TB20, 21 and better 
than reports of patients treated for XDR-TB22, 23.

PRE-EXTENSIVELY DRUG 
RESISTANT TUBERCULOSIS 

TREATMENT OUTCOMES, n=69*

EXTENSIVELY DRUG RESISTANT 
TUBERCULOSIS TREATMENT 

OUTCOMES, n=42

Figure 14. Time to culture conversion among 28 patients 
culture positive at linezolid start by HIV status24 

Prior to August 2014, MSF had to procure LZD from the 
pharmaceutical company, Pfizer, through a local South African 
distributor at a cost of 767 rand (€59.6) per tablet. Following a 
number of appeals and attempts to access LZD more cheaply 
throughout 2013 and 2014, MSF finally got approval from 
the Medecines Control Council in August 2014 to import a 
much more affordable generic version of linezolid, produced 
by Hetero in India, for use in DR-TB patients enrolled onto the 
SR pilot in Khayelitsha. It then became possible to expand 
the eligibility criteria for patients enrolled in the SR pilot 
to increase access to LZD for MDR-TB patients with pre-
existing contra-indications or new adverse events resulting 
in necessary omission of one or more drugs from the current 
standard MDR regimen, resulting in sub-optimal treatment 
regimens for MDR-TB. 

At the start of the SR pilot, two new drugs, bedaquiline (BDQ) 
and delamanid (DEL), were in the development pipeline and 
showed promising results in clinical trials for the treatment 
of TB and DR-TB. These drugs have slowly become available 
through national treatment programmes in some countries 
and the WHO has produced recommendations for their 
use in treatment of DR-TB25, 26, 27, 28.  At the end of 2012, 

Khayelitsha was included as one of the four initial sites in 
the South African Bedaquiline Clinical Access Programme  
(BCAP), which was set up by the National DoH to enable 
early access to BDQ for selected patients29.  Janssen 
Pharmaceutical provided access to BDQ free of charge 
through their global compassionate use programme for 
use in the BCAP. Eligibility criteria for the BCAP were quite 
strict (e.g. MDR and XDR-TB treatment failure cases were 
excluded), and only a handful of patients were approved 
to receive BDQ, thus the BCAP was added as a component 
of the broader Strengthened Regimen pilot in Khayelitsha. 
Results from the national BCAP have been described in more 
detail elsewhere29. 

Over the years, eligibility criteria have gradually expanded 
for patients enrolled on the SR pilot to receive individualised 
regimens with new or repurposed drugs, and outcomes are 
now reported for patients in three categories: 

•	 Cases with any second-line drug resistance (pre-XDR and 
XDR) – this is sub-divided into those eligible to receive a 
SR either with or without BDQ 

•	 MDR and XDR-TB treatment failure cases – none of these 

Initial experiences and early outcomes among HIV-infected 
and uninfected patients receiving LZD in a combined cohort 
from MSF projects in Khayelitsha and Mumbai, India, have 
been reported in a letter to the European Respiratory Journal 
(recently accepted for publication). Of the 28 patients who 
had positive cultures at the start of treatment with LZD, 
50% had culture converted within 3 months of treatment 
initiation (Figure 14). There was no difference in culture 

conversion over time related to HIV infection, resistance 
pattern, or weight24. Those patients who started LZD as early 
as possible on initial detection of second-line drug resistance 
had more rapid culture conversion compared to those 
offered LZD after failure of DR-TB treatment, suggesting that 
individualized regimens containing LZD should be offered 
early to improve the chance of treatment success.  

The high level of second line TB drug resistance is a concern 
given the limited treatment options available for these cases 
and the poor outcomes associated with current treatment. 
Figure 15 indicates treatment outcomes among pre-XDR and 
XDR patients starting DR-TB treatment in Khayelitsha from 
2007 through 2012.
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5.5 Community nursing service
In October 2012, the Western Cape Provincial Department 
of Health partnered with MSF to pilot a DR-TB Community 
Nursing (CN) service in Khayelitsha to cater for DR-TB 
patients who required closer monitoring and management 
while being supported in their own homes. Khayelitsha 
District Hospital staff, along with staff from the local sub-
acute care facility, work closely with the CN service to ensure 
a continuum of care for DR-TB patients at sub-district level.  
Patients are visited at home daily by a trained nurse and 
counselor for a maximum of 3-4 weeks; the CN staff can 
monitor side effects, complete laboratory investigations, 
dispense medications, ensure appropriate infection control 
measures, and provide nursing support; the counselor 
ensures appropriate patient and family support.  Over a 
10 month period in 2013-2014, 55 patients were enrolled 
into the CN service: 27% for treatment initiation, 38% for 

comorbid illnesses, 17% for monitoring on XDR-TB regimens, 
9% for adverse events, 7% for social reasons and 2% for 
palliative care. Forty five (82%) patients were referred from a 
clinic (25) or sub-acute facility (20) that would otherwise have 
required hospital admission. The average length of stay for 
all 55 patients was 14 days and only 9 (16%) patients were 
referred on to hospital. The CN service provides intermediate 
options between clinic and hospital services which reduces 
bed pressure, length of stay, and risk of nosocomial 
transmission in local inpatient facilities.

cases are eligible for BDQ
       - Failure to convert positive cultures to negative after 6        	
          months of second-line therapy
       - Re-conversion of negative cultures to positive at any 	
         point in treatment

•	 MDR-TB cases with inadequate treatment regimens – 
these cases were not eligible for BDQ until recently, when 
the national BDQ clinical committee advised that these 
patients be offered BDQ if possible following registration 
of the drug by the South African Medicines Control 
Council (MCC) in November 2014

As of February 2015, 58 patients with pre-XDR, XDR, or 
any treatment failure in Khayelitsha have been offered a 
strengthened regimen, and 28 have received BDQ. Since 
expansion of eligibility criteria in 2014, 26 MDR-TB patients 
with inadequate regimens have been offered a modified 
regimen including LZD.  A number of potentially eligible 
cases in each of the categories above have not been 
considered due to adherence concerns or limited availability 
and restricted access to new or repurposed drugs. Complete 
analysis of treatment outcomes among DR-TB patients 
enrolled on the strengthened regimen pilot will be presented 
for publication in 2016.

6 .  DR-TB ADVOCACY

MSF Khayelitsha is involved in a great deal of advocacy work 
related to access and best practice management of DR-TB 
at a provincial, national, and global level. The advocacy 
agenda is regularly updated as new drugs become available, 
changes are made to DR-TB management, and DoH policies 
are revised.   

The current foci of advocacy efforts include: 

•	 Decentralized and patient-centred models of care 

-- Rapid implementation of comprehensive 
decentralized care across South Africa including 
diagnosis, initiation and management by primary 
health clinicians at primary healthcare clinics.    

-- Rapid implementation of nurse-Initiated-MDR 
(NIMDR) treatment to support a higher proportion of 
patients diagnosed with MDR-TB starting treatment 
quickly.

-- Training and mentoring of both doctors and nurses 
at primary healthcare level to improve treatment 
initiation rates and strengthen the quality of care 
provided to DR-TB patients post treatment initiation.

•	 Prioritization of patient support strategies to improve 
retention in care 

-- Implementation of standardized DR-TB counseling 
approach across South Africa for newly diagnosed 
DR-TB patients. 

-- Nationwide early identification, tracing and tailored 
support of treatment interrupters. 

-- Funded counsellors to carry out DR-TB counseling 
including facility based initiation counseling, home 
visit, treatment interruption and palliative care 
counseling sessions.

-- Training and mentoring of counselors to provide the 
full DR-TB counseling package.

•	 Improved evaluation capacity of the national DR-TB 
reporting database (EDR.web) 

-- Patients being registered on EDR.web at diagnosis 
not only when commencing treatment to allow for 
accurate evaluation of patients being lost before 
treatment initiation. 

-- Prioritization of improved data collection within EDR.
web to ensure accurate and timely monitoring and 
evaluation of the DR-TB programme throughout 
South Africa. 

•	 Diagnosis and treatment of paediatric DR-TB

-- Prioritization of research funding for better diagnostic 
tools and drug formulations for paediatric patients to 
improve management. 

•	 Reliable access to new and repurposed drugs for DR-TB

-- Clofazimine (Cfz): 

›› Registration by Novartis with MCC to allow 
broader national access. 

›› Improved country forecasting and 
communication with Novartis to ensure 
uninterrupted supply.  

›› Registration and availability of generics within 
South Africa, once available.

-- Linezolid (LZD): 

›› Accessible throughout the public sector.  

›› MCC to expedite registration of other generic 
manufacturers to create a more competitive 
market and a better price. 

-- Bedaqualine (BDQ): 

›› Accessible throughout the public sector.

›› Should be offered in standard regimens to 
all patients with MDR-TB through a staged 
implementation approach. 

-- Delamanid (DEL):

›› Otsuka to pursue registration in South Africa. 

›› Otsuka to interact with NDOH to make DEL 
available through clinical access programme 
similar to BDQ. 

-- Improved DR-TB drug regimens:

›› Government to actively enable compassionate 
use access to new and repurposed drugs for DR-
TB patients with limited treatment options.

›› Government and research institutions in South 
Africa to provide financial and political backing 
for alternative innovation models that will deliver 
affordable complete DR-TB regimens out of the 
development pipeline as an end stage product.
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7.  C ONCLUSIONS

7.1 Challenges
Although there have been many successes noted in the 
management of DR-TB care in Khayelitsha over the years, 
especially with the implementation of the decentralized 
model of care, there are still many challenges concerning DR-
TB care and treatment.

The ever increasing burden of DR-TB in South Africa is one 
of the biggest challenges to overcome in light of the TB 
epidemic. This will require greatly improved case detection 
and diagnosis followed by rapid treatment initiation, 
which can impact transmission rates within the community. 
Treatment efforts need to largely focus on patient centered 
support and retention in care in order to reduce rates of 
LFT.  Strengthened regimens are urgently needed in order 
to provide patients with improved second-line treatment 
options and reduce rates of treatment failure; more effective 
regimens will also improve treatment success rates and 
reduce mortality rates.  Regimens with less serious side 
effects would decrease adverse events associated with 
treatment and could impact LFT.

Paediatric DR-TB treatment remains a neglected part of 
DR-TB treatment programmes, despite the increased risk 
for children who are under the age of five and/or who are 
HIV infected of acquiring DR-TB30.  There are even fewer 
treatment options for children with DR-TB than for adults; 
additionally, the diagnostic tools are limited and often not 
available at primary care level.  In Khayelitsha, paediatric 
DR-TB contacts are monitored and placed on prophylaxis; 
however, decentralization of DR-TB paediatric services for 
stable children remains a distant possibility.  

7.2 The way forward
Since implementation of the decentralized program for 
DR-TB in Khayelitsha in 2008, MSF and its partners have 
achieved many successes in DR-TB care and management.  
In the coming years, MSF will continue to implement and 
report on new DR-TB models of care.  The overarching goal 
of MSF’s work in Khayelitsha, similar to many others working 
in the field of DR-TB, is to reduce the suffering for patients 
with drug resistant tuberculosis.  It is hoped that in the near 
future, DR-TB patients, their families, and their health care 
providers will see more patients celebrating their cure from 
this disease; each such celebration is worth the fight.

DR-TB care and treatment challenges

•	 Decreasing the burden of DR-TB 

•	 Retention in care to reduce rates of LFT

•	 Improved regimens for DR-TB

•	 The management and treatment of paediatric DR-TB

8 .  REFERENCES
1.Statistics South Africa. Statistical Release Mortality and 
Causes of Death in South Africa , 2012 : Findings from Death 
Notification.; 2014.

2. Medecins Sans Frontieres. A Patient-Centred Approach to 
Drug Resistant Tuberculosis Treatment in the Community : A 
Pilot Project in Khayelitsha , South Africa.; 2009:1-20.

3. Medecins Sans Frontieres. Scaling-up Diagnosis and 
Treatment of Drug-Resistant Tuberculosis in Khayelitsha , 
South Africa.; 2011:1-32.

4. World Health Organization. Companion Handbook to the 
WHO Guidelines for the Programmatic Management of Drug-
Resistant Tuberculosis.; 2014.

5. Cox H, Hughes J, Daniels J, et al. Community-based 
treatment of drug-resistant tuberculosis in Khayelitsha, South 
Africa. Int J Tuberc Lung Dis. 2014;18(4):441-8. doi:10.5588/
ijtld.13.0742.

6. Hughes J, Osman M. Diagnosis and management of drug-
resistant tuberculosis in South African adults. South African 
Med J. 2014;104(12):894. doi:10.7196/samj.9097.

7. Cox HS, McDermid C, Azevedo V, et al. Epidemic levels of 
drug resistant tuberculosis (MDR and XDR-TB) in a high HIV 
prevalence setting in Khayelitsha, South Africa. PLoS One. 
2010;5(11):e13901. doi:10.1371/journal.pone.0013901.

8. National Department of Health. Management of 
Multiple Drug-Resistant Tuberculosis: Policy Guidelines.; 
2011:749-56. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/24833763.

9.Meyer-Rath G, Schnippel K, Long L, et al. The impact and 
cost of scaling up GeneXpert MTB/RIF in South Africa. PLoS 
One. 2012;7(5):e36966. doi:10.1371/journal.pone.0036966.

10. Cox HS, Mbhele S, Mohess N, et al. Impact of Xpert MTB/
RIF for TB Diagnosis in a Primary Care Clinic with High TB 
and HIV Prevalence in South Africa: A Pragmatic Randomised 
Trial. PLoS Med. 2014;11(11):e1001760. doi:10.1371/journal.
pmed.1001760.

11. Cox H, et al. Impact of decentralized care and the Xpert 
MTB / RIF test on rifampicin-resistant tuberculosis treatment 
initiation in Khayelitsha , South Africa. Open Forum Infect Dis. 
2015;(January 2009).

12. Catharina C. Boehme et al. Rapid Molecular Detection 
of Tuberculosis and Rifampin Resistance. N Engl J Med. 
2011;363(11):1005-1015. doi:10.1056/NEJMoa0907847.
Rapid.

13  Ndjeka N. Final TB Epidemiology in South Africa. National 
Department of Health.; 2014:Presenation, Slides 1-28. 

14. Sinanovic E, Ramma L, Vassall A, Azevedo V, Wilkinson L, 
Ndjeka N et al. Impact of reduced hospitalisation on the cost 
of treatment for drug-resistant tuberculosis in South Africa. 
Int J Tuberc Lung Dis. 2015;19(2):172-178.

15. World Health Organization. Global Tuberculosis Report 
2014.; 2014:1-147.

16. Medecins Sans Frontieres. Patient Support Interventions to 
Improve Adherence to Drug Resistant Tuberculosis Treatment: 
COUNSELLING TOOLKIT. Khayelitsha, Cape Town; 2014:1-
7. Available at: http://samumsf.org/documents/2014/06/

khayelitsha_dr-tb-pt-support.pdf.

17.  Mohr E, Hughes J, Snyman L, Beko B, Harmans X, 
Caldwell J, Duvivier H, Wilkinson L C V. Patient support 
interventions to improve adherence to drug resistant 
tuberculosis treatment: a counseling toolkit. SAMJ. 2015;In 
press.

18.  Cox H., Beko B., Daniels J., Vazi A. HJ. Default from drug-
resistant TB treatment in Khayelitsha : risk factors and impact 
of long treatment duration. Conf proceeding. 2012.

19. Beko B, Caldwell J, Daniels J, Hughes J, Mpulu M, 
Nonkunzi M P-AS. Early outcomes of a pilot for self-
administered, community-supported continuation phase 
treatment for drug-resistant tuberculosis in Khayelitsha. In: SA 
TB Durban.; 2014.

20. Cox H, Ford N. Linezolid for the treatment of complicated 
drug-resistant tuberculosis : a systematic review and meta-
analysis. Int J Tuberc Lung Dis. 2012;(February).

21. Sotgiu G, Centis R, D’Ambrosio L, et al. Efficacy, 
safety and tolerability of linezolid containing regimens 
in treating MDR-TB and XDR-TB: systematic review 
and meta-analysis. Eur Respir J. 2012;40(6):1430-42. 
doi:10.1183/09031936.00022912.

22. Dheda K, Shean K, Zumla A, 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(9728):1798-807. doi:10.1016/S0140-
6736(10)60492-8.

23.Jacobson KR, Tierney DB, Jeon CY, Mitnick CD, 
Murray MB. Treatment outcomes among patients with 
extensively drug-resistant tuberculosis: systematic review 
and meta-analysis. Clin Infect Dis. 2010;51(1):6-14. 
doi:10.1086/653115.

24. Hughes J, Isaakidis P, Andries A, Mansoor H, Cox V, Cox H. 
Linezolid for multidrug-resistant tuberculosis in HIV-infected 
and uninfected patients Corresponding author : ERJ. 2015; in 
press.

25. Diacon A. et al. The Diarylquinoline TMC207 
for Multidrug-Resistant Tuberculosis. N Engl J Med. 
2009;360(23):2397-2405.

26. World Health Organization. The Use of Bedaquiline in the 
Treatment of Multidrug-Resistant Tuberculosis: Interim Policy 
Guidance.; 2014:1-64.

27. World Health Organization. The Use of Delamanid in the 
Treatment of Multidrug-Resistant Tuberculosis: Interim Policy 
Guidance.; 2014:1-65.

28. Cabrera-rivero JL, Vargas-vasquez DE, Gao M, et al. 
Delamanid for Multidrug-Resistant Pulmonary Tuberculosis. N 
Engl J Med. 2012;366(23):2151-2160.

29. Conradie F, Meintjes G, Hughes J, et al. Clinical Access 
Program for Bedaquiline for the treatment of drug-resistant 
tuberculosis. South African Med J. 2014;104(3):164. 
doi:10.7196/samj.7263.

30. Seddon JA, Hesseling AC, Finlayson H, et al. Preventive 
therapy for child contacts of multidrug-resistant tuberculosis: 
a prospective cohort study. Clin Infect Dis. 2013:1-28.



Decentralized diagnosis and treatment of drug-resistant tuberculosis in Khayelitsha, South Africa

24

Clinical & advocacy queries:  msfocb-khayelitsha-tbdoc@brussels.msf.org

Patient support queries:  msfocb-khayelitsha-tbmanager@brussels.msf.org

DR-TB epidemiology related queries: msfocb-khayelitsha-drtb-epi@brussels.msf.org

Médecins Sans Frontières (Doctors Without Borders) - Khayelitsha

Site B Town One Properties, Sulani Drive, Khayelitsha, 7784

+27 21 364 5490

msfocb-khayelitsha@brussels.msf.org

www.msf.org.za

Published March 2015

Photos by Jose Cendon, 
Dave Harrison, Samantha Reinders, 
Damien Schumann, John Freeman

Design and layout:  
Naomi Waite Graphic Design

www.naomi-waite.com


