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Summary

Background—Globally, per-capita, South Africa reports a disproportionately high number of 

cases of multidrug-resistant (MDR) tuberculosis and extensively drug-resistant (XDR) 

tuberculosis. We sought to estimate the prevalence of resistance to tuberculosis drugs in newly 

diagnosed and retreated patients with tuberculosis provincially and nationally, and compared these 

with the 2001–02 estimates.

Methods—A cross-sectional survey was done between June 15, 2012–June 14, 2014, using 

population proportionate randomised cluster sampling in the nine provinces in South Africa. 343 

clusters were included, ranging between 31 and 48 per province. A patient was eligible for 

inclusion in the survey if he or she presented as a presumptive case during the intake period at a 

drug resistance survey enrolling facility. Consenting participants (≥18 years old) completed a 

questionnaire and had a sputum sample tested for resistance to first-line and second-line drugs. 

Analysis was by logistic regression with robust SEs, inverse probability weighted against routine 

data, and estimates were derived using a random effects model.

Correspondence to: Dr Nazir Ahmed Ismail, Centre for Tuberculosis, National Institute for Communicable Diseases, Johannesburg, 
South Africa, nazir.ismail@gmail.com.
*Contributed equally
Contributors
NAI, LM, CI, and SAM were involved in the conception and design of the study. NAI, LM, CI, AN, SVO, and AD were involved in 
study implementation. NAI, AN, and AD did the data analysis. NAI, LM, AN, AD, SVO, SB, TM, MvdW, AA, VD, CI, and SAM 
interpreted the data and provided important intellectual input. NAI, AN, SVO, CI, and SAM wrote the first draft.

See Online for appendix

Declaration of interests
We declare no competing interests.

HHS Public Access
Author manuscript
Lancet Infect Dis. Author manuscript; available in PMC 2019 October 18.

Published in final edited form as:
Lancet Infect Dis. 2018 July ; 18(7): 779–787. doi:10.1016/S1473-3099(18)30222-6.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Findings—101 422 participants were tested in 2012–14. Nationally, the prevalence of MDR 

tuberculosis was 2·1% (95% CI 1·5–2·7) among new tuberculosis cases and 4·6% (3·2–6·0) among 

retreatment cases. The provincial point prevalence of MDR tuberculosis ranged between 1·6% 

(95% CI 0·9–2·9) and 5·1% (3·7–7·0). Overall, the prevalence of rifampicin-resistant tuberculosis 

(4·6%, 95% CI 3·5–5·7) was higher than the prevalence of MDR tuberculosis (2·8%, 2·0–3·6; 

p=0·01). Comparing the current survey with the previous (2001·02) survey, the overall MDR 

tuberculosis prevalence was 2·8% versus 2·9% and prevalance of rifampicin-resistant tuberculosis 

was 3·4% versus 1·8%, respectively. The prevalence of isoniazid mono-resistant tuberculosis was 

above 5% in all provinces. The prevalence of ethionamide and pyrazinamide resistance among 

MDR tuberculosis cases was 44·7% (95% CI 25·9–63·6) and 59·1% (49·0–69·1), respectively. The 

prevalence of XDR tuberculosis was 4·9% (95% CI 1·0–8·8). Nationally, the estimated numbers of 

cases of rifampicin-resistant tuberculosis, MDR tuberculosis, and isoniazid mono-resistant 

tuberculosis for 2014 were 13 551, 8249, and 17 970, respectively.

Interpretation—The overall prevalence of MDR tuberculosis in South Africa in 2012–14 was 

similar to that in 2001–02; however, prevalence of rifampicin-resistant tuberculosis almost 

doubled among new cases. Furthermore, the high prevalence of isoniazid mono-resistant 

tuberculosis, not routinely screened for, and resistance to second-line drugs has implications for 

empirical management.

Funding—President’s Emergency Plan for AIDS Relief through the Centers for Disease Control 

and Prevention under the terms of 1U19GH000571.

Introduction

Multidrug-resistant (MDR) tuberculosis was declared a public health crisis by WHO in 2013 

and recognised as a global health security risk by the World Health Assembly in 2014. South 

Africa remains one of the highest burdened countries in all three WHO-defined tuberculosis 

categories, including tuberculosis, MDR tuberculosis, and tuberculosis and HIV coinfection 

cases. Rifampicin-resistant tuberculosis, often seen as a proxy for MDR tuberculosis and 

treated as such has become increasingly relevant and characterises cases of both MDR 

tuberculosis and rifampicin-monoresistant (RMR) tuberculosis. The difference 

fundamentally being the presence or absence of resistance to the second core tuberculosis 

drug, isoniazid. In 2014, South Africa reported the second highest absolute number of 

notified rifampicin-resistant cases globally (n=18734),1 following India, where 25749 cases 

were recorded in a population 20 times greater than South Africa.

The previous tuberculosis drug resistance survey done in South Africa during 2001–02 

reported the prevalence of MDR tuberculosis as 1·6% (95% CI 1·1–2·1) in new tuberculosis 

cases and 6·6% (4·9–8·2) in retreatment cases.2 At that time, the prevalence of tuberculosis 

and HIV was rising, late presentation was common, and tuberculosis-related mortality was 

high, whereas laboratory testing for drug-resistant tuberculosis was limited. In 2005, at the 

Tugela Ferry Hospital, KwaZulu-Natal province, an outbreak of extensively resistant (XDR) 

tuberculosis with high mortality was identified and was followed by the emergence of totally 

drug-resistant tuberculosis strains identified during 2008–09 in the Eastern Cape province.3
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Treatment success based on notification data has remained low at approximately 50% for 

MDR tuberculosis and 20% for XDR tuberculosis cases.4 However, the situation has 

potential for improvement with the introduction of bedaquiline, a new antimycobacterial 

agent, with improved outcomes compared with a background regimen.5 Furthermore, 

implementation of new diagnostics for early detection of drug-resistant tuberculosis, in 

particular the Xpert MTB/RIF assay as the primary test, and an upscaling of the 

antiretroviral treatment programme were important advances in South Africa since the 

previous drug resistance survey in 2001–02. This cross-sectional survey was initiated in 

mid-2012 in South Africa to evaluate the prevalence of resistance to first-line and second-

line agents in new and retreatment tuberculosis cases nationally and provincially, and 

provide estimates as to the burden of drug-resistant tuberculosis.

Methods

Study design and participants

The survey was a population-based cross-sectional study, following WHO guidelines6 as 

applied to the 2001–02 survey. A population proportionate, cluster-sampling design was 

used to determine sample size and select study sites to provide MDR tuberculosis prevalence 

estimates for each province and nationally. Clusters were randomly selected using a 

population-proportionate cluster-sampling approach based on a list of new sputum smear-

positive cases per health facilities, per province, in the year when the survey was designed, 

and were individual health-care facilities or a combination of facilities. A patient was 

eligible for inclusion in the survey if he or she presented as a presumptive case during the 

intake period at a drug resistance survey enrolling facility. A presumptive case was defined 

as a patient who had a persistent cough for more than 2 weeks or at least two of the 

following symptoms: fever, drenching night sweats, loss of appetite, unexplained weight loss 

(>1·5 kg/month), a general feeling of illness (malaise) and tiredness, and shortness of breath 

with chest pain. Only adults aged 18 years or older who could produce sufficient volumes of 

good quality sputum were included. Patients were excluded if they declined to give informed 

consent to participate in the survey.

The survey received ethical approval from the University of Witwatersrand Research Ethics 

Committee on Nov 26, 2010 (ethics clearance number M081022). Clearance was also 

obtained from Centers for Disease Control and Prevention, Atlanta, GA, USA. The survey 

was initiated after approval from the respective provinces and the South Africa National 

Tuberculosis Control Programme was received.

Procedures

A survey-specific sputum sample, together with a questionnaire completed through direct 

patient interview by a health-care worker were collected from all patients with presumptive 

tuberculosis who provided informed consent at selected facilities during the June 15, 2012–

June 14, 2014, survey period. Auramine smear microscopy, mycobacterial culture (MGIT 

960; Becton Dickinson, Sparks, MD, USA), and HIV testing (Oraquick Advance Rapid HIV

—1 & 2 Antibody Test; Orasure Technologies,Bethlehem, PA, USA) on sputum were done, 

followed by drug susceptibility testing against first-line and second-line antituberculosis 
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drugs on Mycobacterium tuberculosis culture-confirmed isolates.7 Data from case report 

forms and laboratory testing were collated and analysed.

A new case was defined as a patient with a newly registered episode of tuberculosis who, in 

response to direct questioning, reports never having been treated for tuberculosis or reports 

having taken antituberculosis drugs for less than 1 month; or where adequate documentation 

is available, for whom there is no evidence of having taken antituberculosis drugs for 1 

month or more. A previously treated case was defined as a patient having a newly registered 

episode of tuberculosis who, in response to direct questioning, reports having received 1 

month or more of antituberculosis drugs in the past; or where adequate documentation is 

available, there is evidence of having received 1 month or more of anti-tuberculosis drugs in 

the past. Drug resistance prevalence was determined among culture-confirmed tuberculosis 

cases in the survey.

Statistical analysis

Descriptive and statistical analyses accounting for the complex multistage sampling design 

and clustering of patients within primary sampling units, were done and compared with the 

2001–02 survey. Multiple imputation was done for missing age, sex, and previous treatment 

history data, as well as final status for contaminated cultures and failed drug susceptibility 

testing. Logistic regression with robust SEs adjusting for clustering effects introduced by 

survey design and potential biases arising during implementation was used to determine 

provincial estimates of drug resistance prevalence among new and previously treated cases, 

and by HIV status. These estimates were pooled to generate national estimates using a 

random effects model. Additionally, national estimates for prevalence of second-line drug 

resistance including XDR tuberculosis were calculated among subgroups of RMR 

tuberculosis and MDR tuberculosis cases. To determine the absolute burden expected to be 

diagnosed for 2014 in South Africa, the 95% CIs of the prevalence estimate for rifampicin-

resistant tuberculosis, isoniazid monoresistant (IMR) tuberculosis and MDR tuberculosis 

was applied to the reported number of microbiologically confirmed tuberculosis cases 

reported for the same year.8 Additional details are provided in the appendix (pp 2, 3) and 

estimates presented are the adjusted rates.

Role of the funding source

The sponsor of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

Results

The South African Tuberculosis Drug Resistance Survey 2012–14 tested 101 422 people 

from 464 randomly selected facilities (figure) for tuberculosis by culture from all nine 

provinces in South Africa (table 1). Of those screened and not tested, 12 043 (6%) were 

younger than 18 years, 13 141 (7%) did not give consent, 10 012 (5%) did not fulfil criteria 

for presumptive tuberculosis cases, 864 (<1%) were currently on treatment, 1434 (1%) were 

already included at another survey site, 61 351 (31%) supplied insufficient specimen 
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volume, and 91 (<1%) had incomplete forms (appendix p 4). Of 10044 culture-confirmed 

tuberculosis cases detected, 5423 (55%) of 9793 were smear positive. Nationally, 2210 

(22%) of the culture-positive cases reported having ever been previously treated for 

tuberculosis. The age and sex distributions are shown in the appendix (p 5). The prevalence 

of HIV coinfection among culture-confirmed tuberculosis cases was 63% nationally, ranging 

from 47% in Western Cape to 77% in Mpumalanga.

The national MDR tuberculosis prevalence estimate was 2·;1% (95% CI 1·5–2·7) in new 

tuberculosis cases, and higher among retreatment cases (4·6%, 3·2–6·0), with an overall 

estimate of 2·8% (2·0–3·6; table 2). Provincial MDR tuberculosis prevalence in six of nine 

provinces was below 2·0% among new cases (table 3). Mpumalanga province had the 

highest overall prevalence of MDR tuberculosis (5·1%, 95% CI 3·7–7·0), including both new 

(4·2%, 2·8–5·6) and retreatment cases (7·6%, 3·2–12·0), whereas Limpopo province had the 

lowest at 1·6% (0·9–2·9) overall, 1·4% (0·4–2·4) new, and 2·5% (0–5·1) retreatment cases.

Compared with the MDR tuberculosis point prevalence estimate nationally, rifampicin-

resistant tuberculosis prevalence was significantly higher overall at 4·6% (95% CI 3·5–5·7, 

p=0·01), and in new cases at 3·4% (2·5–4·3, p=0·03), whereas in retreatment cases it was 

7·1% (4·8–9·5, p=0·07; table 2). The rifampicin-resistant tuberculosis prevalence ranged 

between 3·0% (95% CI 2·1–4·2) and 4·9% (3·2–7·5) for eight of the provinces, whereas 

Mpumalanga province again had the highest prevalence at 8·4% (6·5–11·0). The higher 

prevalence in Mpumalanga province was observed in both new and retreatment cases. 

Regional variation was observed in RMR tuberculosis cases with point prevalence of MDR 

tuberculosis and RMR tuberculosis notably different in Gauteng province at 3·4% (95% CI 

2·3–5·2) and 1·3% (0·8–2·2), and in Western Cape province it was 3·0% (2·1–4·2) and 1·2% 

(0·8–1·8), respectively (table 3). The MDR to RMR ratio of the point estimates was close to 

1:1 for several provinces (appendix p 9). Prevalence among HIV-positive cases was higher 

than HIV-negative cases for both rifampicin-resistant tuberculosis (4·9%, 95% CI 3·8–6·1 vs 
3·2%, 2·1–4·3) and MDR tuberculosis (3·1%, 2·2–4·0 vs 2·0%, 1·1–2·8; appendix p 8).

The prevalence of any isoniazid resistance nationally (9·3%, 95% CI 7·9–10·7) was higher 

than that of any rifampicin resistance (4·6%, 3·5–5·7; table 2). The point prevalence of IMR 

tuberculosis ranged between 5·3% and 8·1% across the nine provinces with no notable 

difference by previous tuberculosis treatment history (appendix p 6). The prevalence of 

resistance among tuberculosis cases was relatively low for pyrazinamide (3·7%, 95% CI 

2·9–4·5) and the fluoroquinolone ofloxacin (1·4%, 0·9–1·8; table 2).

Second-line drug resistance prevalence was determined among MDR tuberculosis and RMR 

tuberculosis cases. The prevalence of resistance to drugs used empirically in the treatment of 

MDR tuberculosis was 44·7% (95% CI 25·9–63·6) for ethionamide and 59·1% (49·0–69·1) 

for pyrazinamide, contrasting with the point estimate of 5·3% (2·2–8·3) for resistance to 

para-aminosalicylic acid (table 4). However, among RMR tuberculosis cases, the prevalence 

of resistance to ethionamide (11·2%, 95% CI 0–23·8) and pyrazinamide (13·9%, 2·0–25·9) 

were notably lower. Resistance prevalence to the key second-line drug classes, 

fluoroquinolones (ofloxacin) and injectable antituberculosis drugs, were both 13·0% (95% 

CI 5·0–21·0; table 4; appendix). Cross-resistance between selected drugs was also assessed 
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(appendix p 7). The XDR tuberculosis prevalence among MDR tuberculosis confirmed cases 

was 4·9% (95% CI 1·0–8·8) nationally (table 4).

The midpoint estimate of the MDR tuberculosis case burden for 2014 was 8249 and was 

similar to the number reported as microbiologically confirmed (n=8035; table 5). For 

rifampicin-resistant tuberculosis, the 95% CI estimated burden ranged between 10 311 and 

16 792, whereas the case burden reported (n=18 631) was higher than the estimate; this was 

also observed in three of the nine provinces. The number of IMR tuberculosis cases reported 

nationally in 2014 was 851 and was much lower than the estimate (17 970, 95% CI 15 

024·20 916).

Discussion

The South African Tuberculosis Drug Resistance Survey 2012·14 provides an update of the 

population level first-line and second-line drug resistance estimates in a country with the 

highest per capita incidence of tuberculosis globally. The emergence of RMR tuberculosis 

among new cases and the high levels of second-line resistance are major causes of concern 

and have important implications for the introduction of new rapid technologies for diagnosis, 

as well as the use of short regimens and new therapeutic agents. Furthermore, although the 

number of cases of rifampicin-resistant tuberculosis and MDR tuberculosis diagnosed in the 

country was comparable to the burden reported through standard-of-care testing, the 

problem of IMR tuberculosis was largely undetected using current routine testing 

algorithms. To our knowledge, the present survey was the largest of its kind done globally, 

with over 100 000 people tested. The consistently higher prevalence across provinces of 

rifampicin and multidrug resistance among HIV-infected individuals, confirms the 

importance of HIV infection in the tuberculosis epidemic.

The national prevalence of MDR tuberculosis in 2012–14 remained relatively unchanged 

(2·8%) compared with that reported in 2001–02 (2·9%). Among new cases, the prevalence of 

MDR tuberculosis was 2·1%, and similar to the global estimate1 of 3·3%, whereas in 

previously treated cases it was much lower (4·6% compared with 20%, respectively). This 

finding might be related to a high mortality rate in the local setting, which was twice as high 

in 2002 compared with 20139 particularly in HIV-infected individuals not on antiretroviral 

therapy, and thus a second episode would not have occurred. Alternatively, introduction of 

new diagnostics (eg, line-probe assays in 2008 and Xpert MTB/RIF in 2011) that tested for 

drug resistance irrespective of treatment history, might have resulted in an effective cure and 

prevented a recurrence. The absolute number of cases reported for 2014 was in line with the 

estimate derived from the survey, which is encouraging. However, the survey estimates only 

included microbiologically confirmed cases; whereas 34·3% of cases notified in South 

Africa in 2014 were clinically diagnosed,1 the absolute number is likely an underestimate on 

our part.

Contributory factors for the higher provincial prevalence of MDR tuberculosis observed in 

Mpumalanga (5·1%) than the national estimate (2·8%), might include cross-border migration 

from neighbouring countries such as Swaziland, which has reported the highest MDR 

tuberculosis prevalence in the region.10 This finding illustrates the need for a regional 
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approach in dealing with efforts aimed at combating drug-resistant tuberculosis. 

Additionally, this province also had the highest prevalence of tuberculosis-HIV coinfection 

(77%) in the current survey, and other socioeconomic factors might also have contributed.

The significant difference between the rifampicin-resistant tuberculosis and MDR 

tuberculosis estimates highlights the increasing relevance of RMR tuberculosis, which 

contributes to the growing drug-resistant tuberculosis crisis and counters the simplistic 

dogma that rifampicin-resistant tuberculosis and MDR tuberculosis are synonymous. 

Significant increases in rifampicin resistance among new cases compared with the previous 

survey (table 2) were observed, almost doubling from 1·8% to 3·4%. The same trend was 

evident at the provincial level, with increases in point estimates observed across all 

provinces among new cases. Increases in rifampicin resistance among new cases indicate 

primary resistance driven by transmission, which is of concern in the South African context 

with its high rates of HIV infection, now being coupled to an increased risk of acquiring 

rifampicin-resistant M tuberculosis complex infection. The introduction of Xpert MTB/RIF 

as a primary diagnostic tool targeting presumptive tuberculosis cases enables simultaneous 

detection of tuberculosis and rifampicin resistance. Widespread adoption is essential for 

early diagnosis of primary drug-resistant cases, which would be missed if only retreatment 

cases were tested. Additionally, the higher prevalence of rifampicin-resistant tuberculosis 

and MDR tuberculosis among HIV-infected cases, highlights the importance of using this 

technology universally in high burdened HIV-infected settings.

The WHO-approved mycobacteria growth indicator tube methodology was used for drug 

susceptibility testing in the present survey, but recent data indicate that this methodology 

might record false susceptible findings in strains harbouring specific rpoB mutations and 

could account for more than 10% of cases.11 Thus, our rifampicin-resistant tuberculosis 

estimates might be an underestimate in the survey, but would have been detected with the 

currently used molecular diagnostic methods. This possibly explains the higher case burden 

reported in 2014 compared with the burden estimate derived from the survey findings (table 

5).

The prevalence of RMR tuberculosis in South Africa has also increased substantially since 

the 2001–02 survey, notably among new cases, and is the primary reason for the doubling in 

rifampicin-resistant tuberculosis. Clonal transmission has been shown to be an important 

driver of RMR tuberculosis and other drug resistance.12–14 Younger patients (aged 25–29 

years), who are less likely to have had previous tuberculosis treatment exposure have also 

been shown to be at increased risk of RMR tuberculosis.15 Emergence of single drug 

resistance is unusual when standard combination therapy is used. Adequate dosage 

concentrations are crucial and concerns raised about the current rifampicin dosage being too 

low have important global implications.16 This problem is compounded when patients are on 

concurrent antiretroviral therapy, abuse alcohol, or take treatment irregularly, all of which 

have been associated with rifampicin mono-resistance related to deficient drug 

bioavailability.17,18 Although RMR strains might have originated through selection of 

rifampicin resistance during treatment, transmission will increase if left unchecked.
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The WHO estimate in 2014 for MDR tuberculosis cases in South Africa was 6200, whereas 

18 734 rifampicin-resistant tuberculosis and MDR tuberculosis cases were reported from the 

country.1 This WHO estimate for MDR tuberculosis alone was lower than the survey 

estimate (n=8249) and importantly did not take into account RMR tuberculosis. The latter is 

essentially managed as MDR tuberculosis, and as observed in the current survey, accounts 

for a large (39% of all rifampicin-resistant strains) and expanding burden. This major 

shortcoming in WHO reporting has been addressed in the 2016 report and more accurately 

reflects the true burden of drug-resistant tuberculosis in South Africa, which is now 

estimated at 20 000 cases.

Furthermore, the number of rifampicin-resistant and MDR tuberculosis cases reported by 

South Africa accounts for 18 734 (73%) of 25 531 cases in Africa, while among notified 

tuberculosis cases it was 318 193 (24%) of 1 342 400 cases. The disproportionately higher 

number of rifampicin-resistant and MDR tuberculosis cases from South Africa appears to be 

an outlier. However, the survey does confirm the high case burden of MDR tuberculosis 

notified from South Africa, which is likely undetected in less resourced African countries 

and could undermine WHO’s END-TB strategy if improvement in access to laboratory 

testing is not addressed.

Significant increases in overall IMR have also been noted, increasing from 2·7% in the 

2001–02 survey to 4·9% in the current survey. There was no significant difference in IMR 

prevalence between new and previously treated cases, suggesting that previous tuberculosis 

combination therapy is unlikely to contribute to IMR. The IMR point estimate, irrespective 

of resistance to other first-line drugs, was 5% or more in all provinces (appendix p 6). IMR 

tuberculosis prevails across many settings in the world and in a meta-analysis by Menzies 

and colleagues19 it accounted for almost half of all tuberculosis drug resistance.

Globally, South Africa has one of the largest isoniazid preventative therapy programmes and 

both previous isoniazid preventative therapy and previous tuberculosis therapy, and younger 

age groups were identified as risk factors.20 An association between isoniazid preventative 

therapy and IMR or other drug resistance has not been shown in a WHO-initiated review of 

published data.21 However, a model-based study on community-administered isoniazid 

preventative therapy22 has suggested that this is likely to occur at a population level and 

could be missed when analysing studies involving small numbers of patients. The use of 

rifapentine in combination with isoniazid as preventative therapy does offer a promising 

approach to prevent the emerging risk of IMR tuberculosis and results of clinical trials are 

awaited.

The estimated case burden of IMR tuberculosis in 2014 was almost 20-fold higher than the 

reported number of diagnosed cases through the public sector laboratories in the country. 

Xpert MTB/RIF, which has ensured every newly diagnosed case of tuberculosis in South 

Africa can be concurrently tested for rifampicin resistance, does not test for isoniazid 

resistance. A review on IMR tuberculosis has noted poorer clinical outcomes in such cases23 

and thus consideration needs to be given for all tuberculosis cases diagnosed being tested for 

isoniazid resistance or alternatively strengthening of the continuation regimen with a third 

agent. Furthermore, inadequate treatment of these cases would in effect result in rifampicin 
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monotherapy during the continuation phase and over time lead to an increase in MDR 

tuberculosis, as has been previously shown.24

The present survey is the first to provide population level estimates of second-line resistance 

in South Africa. Although the frequency of resistance to fluoroquinolones was relatively low 

at 13% among MDR tuberculosis cases, high rates of resistance to companion drugs 

prevailed. The ethionamide resistance rate was 44·7%. MDR tuberculosis cases are by 

definition isoniazid-resistant and mutations in the inhA promoter region, accounting for 

approximately 8–43% of isoniazid-resistant strains,25 would confer cross-resistance to 

ethionamide. Information on inhA mutations is available through the use of line-probe 

assays and could be used to guide therapeutic decision making. Pyrazinamide, another drug 

used in drug resistance regimens, has potent sterilising activity but among MDR cases more 

than half showed resistance to this drug (59·1%, 95% CI 49·0–69·1). Our finding is 

corroborated by other studies showing similarly high prevalence of pyrazinamide resistance.
24,26,27 With these high rates of resistance, further selection of resistance and consequently 

poor patient outcomes are likely to persist, unless new strategies and drugs are developed—

this should be a global priority.

WHO has endorsed the use of the line-probe assay for second-line resistance testing to 

rapidly identify pre-XDR and XDR tuberculosis cases,28 constituting an important step in 

selecting rifampicin-resistant tuberculosis and MDR tuberculosis cases for the new seven-

drug combination short-course regimen. The XDR cartridge on the GeneXpert platform, 

although not currently available, is an urgent need in light of the resistance levels observed 

and efforts to decentralise drug-resistant tuberculosis management. Although the 

background second-line resistance is a concern, rifampicin-resistant and RMR tuberculosis 

cases, which are on the increase, show lower levels of resistance and will be best suited for 

the short course regimen. Furthermore, isoniazid, even at a standard dosage for these RMR 

tuberculosis cases, would provide an effective oral agent. The inclusion of clofazimine, 

although not tested in the present survey, is likely to show low resistance prevalence in 

patients with rifampicin-resistant tuberculosis and MDR tuberculosis since the drug was 

historically reserved for pre-XDR tuberculosis and XDR tuberculosis cases. Thus, at least 

three drugs are likely to be effective despite the worrying findings from this survey.

The situation for pre-XDR tuberculosis and XDR tuberculosis cases accounting for more 

than one in every eight rifampicin-resistant tuberculosis cases, is however less promising 

unless an aggressive approach is taken to consider all the new drugs (eg, bedaquiline and 

delamanid) and repurposed drugs (eg, linezolid) for the development of an effective 

combination regimen for these cases. One drug to which very low levels of resistance have 

been encountered is para-aminosalicylic acid, which is re-emerging as a therapeutic option,
29 although drug tolerability concerns have limited its use. Despite the excitement with the 

introduction of new drugs for tuberculosis, investment in drug discovery is still needed 

because these new drugs are arriving just in time to address a current and dire need but leave 

nothing for the future.

The XDR tuberculosis estimate among MDR tuberculosis cases in this survey of 4·9% was 

lower than that reported globally at 9·7%,1 but the difference was not significant. This 
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finding suggests that the XDR tuberculosis problem that has seen two outbreaks during the 

period between the two drug resistance surveys has not become widespread across the 

country. A contributory factor could have been the high mortality associated with these 

cases. Additionally, XDR tuberculosis cases could have been concentrated in certain 

provinces or districts and this survey might not have been powered to assess the distribution 

of such cases.

The findings of this survey are important but should be seen in the context of certain 

limitations. This large nationwide survey was done using existing health services in a 

resource constrained setting. The recording of previous treatment history was by self-report 

and prone to recall bias; however, the retreatment rates reported here are comparable to 

findings observed in the 2001–02 survey. Patient screening was not consistently consecutive 

and a large proportion of cases were not included. Non-consecutive recruitment is unlikely 

to have an impact on the survey outcomes because the study population included confirmed 

tuberculosis cases only, and predicting tuberculosis in patients would be difficult, even for 

experienced clinicians. Non-inclusion did not show specific geographical localisation and 

was therefore likely to be random. To address these concerns, imputation and inverse 

probability weighting were applied, and although the estimates were similar,30 we have 

reported on the adjusted data. Lastly, drug susceptibility testing has inherent limitations and 

is less reliable for second-line drugs. However, the survey used established procedures at an 

International Organization for Standardization-accredited reference laboratory, which is part 

of the WHO supranational reference laboratory network, and showed good performance in 

the external quality assurance programme for both first-line and second-line drug testing. In 

addition, and where available, sequencing was done to cross-check resistance profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed for original research that presented results for national and 

provincial prevalence of drug-resistant tuberculosis in South Africa published in English 

between Jan 1, 2000, and Dec 31, 2017. We combined search terms for tuberculosis/TB, 

prevalence, drug resistance, survey/DRS, and South Africa and looked for studies 

indicating population level prevalence estimates for first-line and second-line resistance 

(“rifampicin”, “isoniazid”, “MDR”, and “XDR”). Only one previous national drug 

resistance survey was done in South Africa in 2001–02. Although these surveys are 

recommended to be repeated every 5 years, this was not done. The previous survey 

showed low levels of multidrug-resistant (MDR) tuberculosis and showed a relatively low 

prevalence rate of 1·6% (95% CI 1·1–2·1) in new cases and 6·6% (4·9–8·2) in retreatment 

cases. Several publications have highlighted the emergence of extensively drug-resistant 

tuberculosis in KwaZulu-Natal and Eastern Cape provinces and more recently the 

emergence of rifampicin monoresistant tuberculosis in South Africa. Studies have also 

highlighted person-to-person transmission as an important driver of drug-resistant 

tuberculosis in South Africa. However, these studies have been either small or 

geographically restricted and not designed to provide population level estimates at a 

national or provincial level for the different types of drug resistance.

Added value of this study

The current survey provides updated first-line tuberculosis drug resistance prevalence 

estimates for South Africa that have been long overdue. An increase in rifampicin 

resistance nationally among new cases suggests ongoing transmission as a primary 

reason; rifampicin resistance is widespread requiring universal testing for drug resistance. 

Isoniazid resistance was close to 10% nationally and has implications for tuberculosis 

preventative therapy. Both ofloxacin and pyrazinamide were also tested among 

tuberculosis cases and provide country level information on these widely used companion 

drugs in new regimens being trialed. For the first time, population level second-line 

resistance is reported for South Africa, and is worrying. Commonly used second-line 

agents have shown a high prevalence of resistance with almost half being resistant to 

pyrazinamide and more than a quarter resistant to ethionamide. However, the national 

population prevalence of extensively drug-resistant tuberculosis was similar to the global 

average.

Implications of all the available evidence

Our findings support the universal roll-out of the Xpert MTB/RIF assay for the early 

detection of drug-resistant tuberculosis irrespective of previous treatment history. The 

endorsement of the first-line and now second-line molecular assays is a timely 

improvement to ensure that patients on the new short MDR tuberculosis regimen are 

appropriately managed and second-line resistance excluded early. South Africa uses 

isoniazid monotherapy for prevention and an evaluation of the impact of the intervention 
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on emerging resistance is needed. In addition, combination therapies for prevention (eg, 

rifapentine and isoniazid) should be considered in light of the findings.
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Figure: Map of randomly selected facilities included in the South African Tuberculosis Drug 
Resistance Survey 2012–14
NCID=National Institute for Communicable Diseases. NHLS=National Institute for 

Communicable Diseases.
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Table 4:

National second-line drug resistance among multidrug resistance and rifampicin mono-resistance cases, South 

Africa, 2012–14

MDR (%, 95% CI) RMR (%, 95% CI)

Pyrazinamide 59·1% (49·0–69·1) 13·9% (2·0–25·9)

Ethambutol 44·1% (30·2–58·0) 19·3% (0–45·9)

Streptomycin 63·0% (52·8–73·2) 16·7% (3·4–30·1)

Ethionamide 44·7% (25·9–63·6) 11·2% (0–23·8)

Para-aminosalicylic acid   5·3% (2·2–8·3) 16·2% (0–35·5)

Second-line injectable 13·0% (5·0–20·9) 17·8% (0–41·7)

Ofloxacin 13·0% (5·0–21·0) 10·4% (0–28·3)

XDR tuberculosis   4·9% (1·0–8·8)     ..

MDR=multidrug resistance. RMR=rifampicin mono-resistance. XDR=extensively resistant.

Lancet Infect Dis. Author manuscript; available in PMC 2019 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ismail et al. Page 20

Table 5:

Estimated burden of rifampicin-resistant tuberculosis and multidrug-resistant tuberculosis compared with 

numbers reported for 2014 by province in South Africa

mPTB2014 reported8 Rifampicin-resistant tuberculosis Multidrug-resistant tuberculosis

Number (95% CI) Reported* Number (95% CI) Reported*

Eastern Cape   60 518   1997 (1331–2965)   3923 1271 (787–2179) 2071

Free State   15 833     728 (507–1045)   1008   364 (237–570)   309

Gauteng   46 467   2230 (1580–3160)   2530 1580 (1069–2416)   730

KwaZulu-Natal   72 743   3564 (2328–5456)   5075 2110 (1309–3273) 2354

Limpopo   15 921     621 (446–876)     717   255 (143–462)   113

Mpumalanga   18 439   1549 (1199–2028)   1680   940 (682–1291)   528

North West   17 790     872 (640–1210)   1036   463 (320–694)   327

Northern Cape     9607     288 (202–403)     508   163 (96–269)   261

Western Cape   37 272   1565 (1193–2050)   2154 1118 (783–1565) 1342

South Africa 294 590 13 551 (10 311–16 792) 18 631 8249 (5892–10 605) 8035

mPTB=microbiologically confirmed pulmonary tuberculosis.

*
The WHO Global Report 20151 (reports 18 734 cases; however, it includes 103 cases with an unassigned province).
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