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Abstract
Background: Treatment for rifampicin-resistant Mycobacterium tuberculosis (RR-TB) is complex, however, shorter
treatment, with newer antimicrobials are improving treatment outcomes. The South African National Department
of Health (NDoH) recently accelerated the rollout of 9-month, all-oral, RR-TB short-course regimens. We sought to
evaluate an inter-professional training program using pre-test and post-test performance of Professional Nurses (PNs),
Advanced Practice Professional Nurses (APPNs) and Medical Officers (MOs) to inform: (a) training needs across cadres;
(b) knowledge performance, by cadres; and (c) training differences in knowledge by nurse type.
Methods: A 4-day didactic and case-based clinical decision support course for RR-TB regimens in South Africa (SA)
was developed, reviewed and nationally accredited. Between February 2017 and July 2018, 12 training events were
held. Clinicians who may initiate RR-TB treatment, specifically MOs and PN/APPNs with matched pre–post tests
and demographic surveys were analyzed. Descriptive statistics are provided. Pre–post test evaluations included 25
evidence-based clinically related questions about RR-TB diagnosis, treatment, and care.
Results: Participants (N = 842) participated in testing, and matched evaluations were received for 800 (95.0%) training participants. Demographic data were available for 793 (99.13%) participants, of whom 762 (96.1%) were MOs, or
nurses, either PN or APPNs. Average correct response pre-test and post-test scores were 61.7% (range 7–24 correct
responses) and 85.9% (range 12–25), respectively. Overall, 95.8% (730/762) of participants demonstrated improved
knowledge. PNs improved on average 25% (6.22 points), whereas MOs improved 10% (2.89 points) with better mean
test scores on both pre- and post-test (p < 0.000). APPNs performed the same as the MOs on post-test scores (p = NS).
Conclusions: The inter-professional training program in short-course RR-TB treatment improved knowledge for
participants. MOs had significantly greater pre-test scores. Of the nurses, APPNs outperformed other PNs, and performed equally to MOs on post-test scores, suggesting this advanced cadre of nurses might be the most appropriate
to initiate and monitor treatment in close collaboration with MOs. All cadres of nurse reported the need for additional
clinical training and mentoring prior to managing such patients.
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Background
New, shorter course treatment regimens for rifampicinresistant Mycobacterium tuberculosis (RR-TB) are
improving treatment outcomes in South Africa (SA)
[1]. SA has boldly adopted an all-oral, 9–12 month
short-course RR-TB treatment regimen, aligning with
one option in the new World Health Organization
(WHO) RR-TB treatment guidelines [2]. Initial RR-TB
cohorts, in which up to 60–70% of patients are coinfected with human immunodeficiency virus (HIV)
and include a high proportion of patients with extensively drug-resistant TB (XDR-TB), continue to demonstrate promising results [1, 1].
Since 2013, SA embarked on a plan to decentralize
RR-TB treatment to primary care settings, many with
nurse-led models of care. This nurse-led approach followed a task-sharing model, in which Professional
Nurses (PNs) with advanced practice preparation (i.e.,
Advanced Practice Professional Nurses (APPN)) would
initiate and manage patients with RR-TB and HIV coinfection. A Medical Officer (MO) was available for
clinical consultation. A prospective cohort study evaluated this approach and demonstrated outcomes equivalent to that of an infectious disease-trained MO [4].
This observational study resulted in endorsement of a
task-sharing approach through the National Strategic
Plan for tuberculosis (TB), HIV and sexually transmitted infections [5], and the expansion of a nurse-led
model of care to rural areas of the country. Since that
time, investigators have identified that such community-based, nurse-led models may offer cost-effective
alternatives to traditional hospital-based programs [6].
Introduction of the newer oral short-course regimen
complicates the country’s decentralization of RR-TB
treatment services to nurse-run primary care clinics.
Three new agents (bedaquiline, linezolid and clofazimine) have been introduced into the regular regimen.
Traditionally, nurses have not prescribed these agents,
as their use was either restricted to XDR-TB patients
or available only at tertiary care hospitals identified
as national TB Centers of Excellence. The change also
resulted in additional clinical monitoring requirements,
with monthly ototoxicity monitoring being replaced
by monthly electrocardiogram monitoring for QT prolongation. Further, due to a potent drug–drug interaction with efavirenz and bedaquiline, the standard
antiretroviral (ART) regimen of fixed dose combination of efavirenz, tenofovir and emtricitabine must be

switched for either nevirapine or a protease-inhibitorbased regimen. Each of these regimen modifications
has been standardized into simplified algorithms to
accommodate nurse-led approaches to care, yet correct
treatment decisions for RR-TB is critical for successful
patient management.
Understanding the need to ensure safe and convenient patient care for RR-TB, while making certain such
care was scalable to all areas of the country, a structured educational training program in partnership with
the SA National Department of Health (NDoH) was
developed. In-service training is a first step required
when implementing new clinical treatment guidelines
and programs. Prior studies have demonstrated better clinical outcome measures with gains in knowledge
and application of learned content to clinical management immediately after training. Confidence to provide
effective care has also been demonstrated in studies
that utilized an interactive, didactic and case-based
approach to short-course training where participants
have opportunities to get feedback from trainers and
engaged in shared learning [7, 7]. Multiple studies
from low- and middle-income countries have demonstrated that multi-day, face-to-face in-service trainings
improve providers’ knowledge of TB disease and clinical treatment guidelines [9]. Evaluation of such training methods is essential, as governments determine the
appropriate cadre of clinical workers to expand services. The purpose of this paper was to evaluate such a
training and elucidate pre-test and post-test scores to
guide recommendations for future training approaches.

Methods
Under a collaborative agreement with the NDoH of SA,
our team developed a certificate-based short-course
for RR-TB management. The course was designed for
healthcare workers (HCWs) in primary health care
centers and TB settings, preparing them to plan and
offer treatment for RR-TB care in the community. The
program provided a detailed overview of clinical management, with special emphasis on treatment initiation
at the community level. The course offered continuing
professional development (CPD) accreditation from the
South African Medical Association. The training events
were held throughout South Africa and scheduled in
accordance to NDoH and local departments’ needs
from February 2017 through July 2018.
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Course structure

The course was organized into a 4-day, module-based
design, with 3–4 modules per day as follows:
• Day 1 modules—key concepts and definitions; TB
and TB/HIV epidemiology; latent vs active disease;
differentiation of clinical, epidemiologic and microbiologic features of TB compared to RR-TB.
• Day 2 modules—RR-TB screening and diagnostics;
baseline clinical evaluation; and treatment regimens.
• Day 3 modules—RR-TB and HIV co-infection;
RR-TB and special populations (i.e., pregnancy, diabetes, substance use); community-based and patientcentered care approaches.
• Day 4 modules—integrated case study and participant case study presentations; infection control practices; RR-TB recording and reporting structure.
Each didactic module included case presentations,
group-based interactions and/or facilitated discussion.
The course faculty included MDR-TB scientists, MDRTB and HIV-trained physicians and nurses, a nurse
practitioner trained in MDR-TB treatment initiation,
epidemiologist from the local department of health, as
well as patients who successfully completed MDR-TB
treatment.
Course materials development

The curriculum was developed using SA National TB
Guidelines [10], which were based on WHO recommendations [11], and related research [12, 13]. The
course modules were organized to guide the participants through progressively more complicated didactic
material followed by case-based application of the corresponding material. All patient scenarios were derived
from actual TB, RR-TB or TB/HIV case situations from
SA. A participant guidebook accompanied lectures
to provide supplemental materials and a pocket guide
offered quick reference to the salient clinical points. Each
didactic lecture underwent three separate reviews: (1)
assessment by the faculty and staff at The REACH Initiative of The Johns Hopkins University School of Nursing; (2) assessment by the NDoH; and, (3) assessment by
the South African Medical Association for CPD credits.
In each step of review, feedback was obtained with comments and corrections incorporated. Prior to launch,
the NDoH adopted the training partners to utilize the
approved training package.
Participant selection

Any healthcare professional was eligible to attend the
course as invited by the provincial TB leadership. Invitations were based on strategic needs of the province

Page 3 of 7

related to an intended goal of decentralization of treatment services to improve access to care. Participant
selection also ensured that all trainings were interdisciplinary and included medical officers, pharmacists and
nursing staff.
Evaluation metrics

Before each training, participants completed a 25 question, multiple choice pre-test to determine knowledge
of RR-TB. The pre- and post-test was designed by the
RR-TB training team members based on content expertise and the SA clinical treatment guidelines. Prior to use,
the instrument was assessed for face validity by the lead
physician at the Drug-Resistant TB Program of the South
Africa National Department of Health who is responsible for leading the national RR-TB guideline development
process. Of the 25 questions, 10 were general knowledge questions about RR-TB and 15 questions required
application of material by brief clinical case scenarios.
At the conclusion of the training, the same questionnaire was administered to assess change in knowledge as
a result of workshop participation. All participants were
asked to provide basic demographic information. Qualitative course evaluations were anonymously collected
using an open-ended questionnaire with five questions
and two yes/no questions. The open-ended questionnaire addressed the programs overall rating, it’s strengths
and weaknesses, as well as perceived needs of additional
training with the final question giving participants the
opportunity to provide additional comments.
Ethical review

This training was implemented as part of public health
practice involving educational tests with survey procedures. The Johns Hopkins Institutional Review Board
reviewed and approved the project as exempt research
(IRB00212633), which did not require consent. However, all participants received an overview letter with the
instruction that their completion of the demographic
form, pre- and post-test was voluntary and, if completed,
was an authorization to evaluate the individual’s test
score and demographic data.
Data analysis

Data capture was performed using Excel (Microsoft,
WA). Descriptive statistics and tests of strength of association (Chi-square, t-test) were calculated using Stata
15 (Stata Corporation, TX). Qualitative evaluations were
open text and were reviewed for themes as to opportunities to improve along with additional training needs.
Respondents offered open-ended responses to “What
additional training do you need to initiate RR-TB treatment?” Only participants with completed demographic
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and matched pre–post tests were analyzed. The cadres
of MOs and PN/APPNs were included in the analysis
because they have the potential to initiate and/or support
RR-TB treatment. The health care professionals excluded
from the analysis because they did not identify with

Health Care Professionals
Trained (N=842)

Matched Tests
(N=800)

Unmatched (Pre/Post)
Tests (N=42)

Demographics
Completed (N=793)

Missing Demographics
(N=7)

Clinicians (N=762)

Other Professionals
(N=31)

Professional Nurses
(N=661)
Professional Nurses
Advance Pracce(N=65)
Medical Officers
(N=36)

RR-TB Treatment
Iniators

Fig. 1 Population of trainees with demographic data and pre/post
tests. This figure diagrams the selection of the healthcare workforce
participants analyzed during the inter-professional training in South
Africa

initiating patient treatment included: Academic Lecturer
(n = 2), Clinical Associate (n = 1), Community Speech
Pathologist (n = 1), Enrolled Nurse (n = 19), Epidemiologist (n = 1), and Pharmacist (n = 7). Analysis compared
MOs to PNs, and further elucidated PNs, particularly
APPNs identified as those having completed both the
Advance Course Primary Health Care (PHC) and Short
Course Training in Nurse Initiated Management of
Antiretroviral Therapy (NIMART).

Results
Twelve trainings including 842 healthcare professionals were conducted between February 6, 2017 and July
6, 2018 throughout SA. After exclusions, the 762 participants included for analysis had matched pre-tests
and post-tests with complete data (Fig. 1). Of these, 661
(83.96%) were PNs without APPN training, and of these
555 (83.96%) were female (Table 1). Most PNs reported
being between 35 and 44 years of age (38.58%), and the
majority (84.57%) reported no prior TB experience.
Sixty-five APPNs had completed preparations designating them as APPNs. The APPNs were also more likely to
be female, older (majority reported age range between
45 and 54 years) and more likely to report some RR-TB
experience (46.15%), than the PNs. Among the 36
MOs, the majority were male (61.11%), with the majority reporting an age range between 35 and 44 years, and
having at least 6 months or more of RR-TB experience
(61.11%).
MOs (N = 36) performed better on both pre-test score
and post-test score than all nurses, including both APPNs
and PNs (N = 726) (mean pre-test, 17.30/25 [p < 0.000]

Table 1 Participant characteristics (%) (n = 762 matched tests and participant demographics)
Medical Officer (MO)
(N = 36)

Advanced Practice Professional
Nurse (APPN) (N = 65)

Professional Nurse (PN)
(N = 661)

Total (N = 762)

Gender
Female

14 (38.89)

46 (70.77)

555 (83.96)

615 (80.71)

Male

22 (61.11)

19 (29.23)

106 (16.04)

147 (19.29)

Age
18–34 years

4 (11.11)

8 (12.31)

231 (34.95)

243 (31.89)

35–44 years

15 (41.67)

20 (30.77)

255 (38.58)

290 (38.06)

45–54 years

11 (30.55)

25 (38.46)

142 (21.48)

178 (23.36)

6 (16.67)

12 (18.46)

33 (4.99)

51 (6.69)

55+ years
RR-TB experience

10 (27.78)

35 (53.85)

559 (84.57)

604 (79.27)

< 6 months

No experience

4 (11.11)

5 (7.69)

25 (3.78)

34 (4.46)

6 months–1 year

5 (13.89)

4 (6.15)

17 (2.57)

26 (3.41)

1 year–3 years

4 (11.11)

8 (12.31)

20 (3.03)

32 (4.20)

3 years–6 years

4 (11.11)

6 (9.23)

22 (3.33)

32 (4.20)

> 6 years

9 (25.00)

7 (10.77)

18 (2.72)

34 (4.46)
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and mean post-test, 22.13/25 [p = 0.0332]). Among
APPNs, the mean pre-test score (18.08/25) was lower
than the MO (p = 0.0003), yet the mean post-test score
(22.37/25) were equivalent to MOs (p = 0.1214) (Table 2).
The APPNs demonstrated a significant improvement
between pre- and post-test scores (p = 0.0110) compared
to the MOs.
Written qualitative evaluation data were available
from all but 42 participants (2 physicians, 2 APPNs and
38 nurses); not all participants wrote answers to every
question. The following additional training themes were
reported by more than 10% of participants, regardless of
clinical preparation: case studies were helpful (n = 232),
but more case studies (n = 87) and supervised clinical
application post-training (n = 127), were particularly
noted in nurse participants.

Discussion
This report describes the impact of inter-professional
training on knowledge for RR-TB clinical care. We found
that all cadres of nurses scored lower on baseline knowledge and reported less RR-TB experience (< 6 M experience) than MOs. APPNs, however, improved their
post-test scores demonstrating knowledge post-training
equivalents to MOs, despite having reported less experience caring for patients with RR-TB. This training is an
initial step in our understanding of the potential opportunity to task-share the management of RR-TB using
short-course regimens. While it is not possible to extrapolate findings on pre–post-test knowledge to safe and
effective clinical care, this data can be used to guide decision-making on the cadre of nurse best suited for such
care. Focusing time, energy and resources through shortcourse training of Professional Nurses with advanced
practice training (i.e., APPNs) may offer one solution to
the human resource challenges that limit access to care in
some settings.
To date, only one small cohort of 197 patients was used
to evaluate a nurse-led RR-TB program [4]. In this study
of 24-month injection-based treatment in SA, patients
initiated and managed by an APPN demonstrated

outcomes equivalent to the MOs at a single peri-urban
site. Overall, the APPN patients’ outcomes were better than the national average for the country during the
same period of time [4]. The APPN had access to a MO
who served as the clinical mentor and a research team
of highly trained RR-TB clinical experts. It is unclear
whether these findings could be replicated in a real-world
scale-up of such treatment models. It is also unclear
the manner in which shorter treatment regimens with
more potent antimicrobials would impact this outcome.
While it is theorized that the newer short-course, all-oral,
RR-TB regimen will improve adherence and reduce loss
to follow-up, the treatment-related adverse events [14],
drug–drug interactions [15] and pill burden [16] of an alloral regimen may complicate treatment needs. Despite
these challenges, data from SA and other sub-Saharan
African countries on task-sharing between MOs and
nurses are clear for both HIV [17, 18] and drug-susceptible TB [19]—outcomes are equivalent. The evidence thus
far for RR-TB suggests that the APPN cadre of nurse may
offer a suitable and complementary alternative to models
that rely solely on MOs, however more evidence is clearly
needed.
The inter-professional nature of the training program
was designed with intent and based on prevailing evidence suggesting three core elements are required—
didactic training, simulation/case studies and community
experience [20]. In this program, our “community experience” was represented through former RR-TB patients
as training facilitator, who communicated the ‘lived
experience’ of surviving RR-TB as well as the influence of the healthcare team on their success. Drawing from the inter-professional literature and our prior
experience with discipline-specific training programs in
RR-TB, our team was keenly aware that MOs often saw
the psychosocial aspects of the training as unnecessary,
while general nurses most often did not want an exhaustive understanding of treatment decision-making. To
overcome these barriers, we ensured that all case-based
applications sought to engage the learners in the comprehensive management of the patient’s care. This required
the groups to function as teams in the small break-out

Table 2 Comparison of pre- and post-test score means of medical officers to cadres of nurses (test)
Outcome variable

Medical Officer (MO) Advance Practice Professional Nurse (APPN) Professional Nurse (PN) (N = 661)
(N = 36)
(N = 65)
Mean (SD)

Mean (SD)

T (p-value)

Mean (SD)

T (p-value)

Pre-test score (0–25)

19.89 (2.80)

18.08 (2.27)

3.5305 (0.0006)

14.92 (2.78)

Post-test score (0–25)

22.78 (1.42)

22.37 (1.80)

1.1749 (0.2429)

21.33 (2.22)

3.8742 (0.0001)

2.89 (2.54)

4.29 (3.01)

5.17 (3.17)

16.89 (19.57)

25.93% (20.22)

− 2.3660 (0.0199)

− 6.8456 (< 0.0000)

Change score, difference
Relative change (%)
N number, SD standard deviation

− 2.1763 (0.0319)

35.37% (28.93)

10.4559 (< 0.0000)

− 6.0078 (< 0.0000)
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sessions where cases were being applied, thus facilitating insight into the clinical decision-making of each
cadre. Although we did not measure participant perceptions of this approach directly, our training evaluations
were overwhelmingly positive about the team case-based
approach, a finding consistent with available literature on
learner, receptivity, to inter-professional education in the
health professions [21, 22].
This evaluation has important limitations that future
research should seek to explore. As our pre- and posttest measured only immediate knowledge gain, we are
unable to determine knowledge retention in this context.
APPNs, by their own account, still require additional
mentored clinical training. This review did not explore
the clinical aspects of their training, nor outcomes of
such training on patient care. The effective length and
duration of effective supervision of such training is also
not known. Further, APPNs are fewer in SA than the PN
cadre. The trend in HIV care has been to engage a PN
without advanced practice training in a short-course for
initiation and management of ART. This approach has
proven highly effective for the scale-up of ART throughout the country, yet is based on limited HIV treatments
and an algorithm approach that guides decision-making
[23, 24]. The treatment regimen for RR-TB is also highly
regimented, however, the laboratory and clinical monitoring are more complex and require changes to the HIV
treatment regimen in many patients. Finally, as the implications of non-adherence are profound, were APPNs to
integrate RR-TB treatment into a primary care setting,
services that support adherence, engagement and retention in care would be essential [25].

Conclusion
In this pre–post-test evaluation of didactic and casebased inter-professional training for short-course RR-TB
treatment, MOs had greater RR-TB experience and
outperformed nurses in pre-test evaluations. After the
4-day training, APPNs scored equally as well as MOs on
post-test, despite having less experience. Both APPNs
and MOs outperformed PNs. Focusing time, energy and
resources through short-course training of Professional
Nurses with advanced practice training (i.e., APPNs) may
offer one solution to the human resource challenges that
limit access to care in some settings. Future RR-TB trainings should combine short-course training followed by
an immediate period of supervised clinical training with
serial measurements for the development of clinical competency, patient safety and knowledge retention.
Abbreviations
APPNs: Advanced Practice Professional Nurses; CPD: Continuing professional
development; HCWs: Healthcare workers; HIV: Human immunodeficiency

Page 6 of 7

virus; MO: Medical Officer; NDoH: National Department of Health; PHC:
Primary Health Care; PNs: Professional Nurses; RR-TB: Rifampicin-resistant
Mycobacterium tuberculosis; SA: South Africa; TB: Tuberculosis; WHO: World
Health Organization; XDR-TB: Extensively drug-resistant TB.
Acknowledgements
The authors would like to thank the nurses, medical officers and other health
care professionals whose dedication to improving patient care helped make
the trainings a success.
Authors’ contributions
PDS: made substantial contributions to the acquisition, analysis and interpretation of data; and drafted the manuscript. KM: made substantial contributions
the acquisition, and analysis of data. KL: made substantial contributions to the
conception and design of the work; developed the training; aided in initial
acquisition and analysis; and substantively revised the manuscript. KG: made
substantial contributions to drafting the work and revised the manuscript.
YN: made substantial contributions to drafting the work and revised the
manuscript; and the acquisition of data. CB: made substantial contributions to
the analysis and interpretation of data. NN: made substantial contributions to
the conception and design of the work; and revised the manuscript. JEF: made
substantial contributions to the conception and design of the work; developed the training; interpreted the data; and drafted and substantively revised
the manuscript. All authors read and approved the final manuscript.
Funding
This work was funded, in part, by an ongoing R01 AI104488-01A1 and The
Global Fund for AIDS, TB and Malaria.
Availability of data and materials
Not applicable as results are published. Should readers require additional
information, the authors will provide the available data upon request.
Ethics approval and consent to participate
The training was implemented as part of public health practice involving
educational tests with survey procedures, and was therefore determined by
the Johns Hopkins Medicine Institutional Review Board (IRB00212633; Federal
Wide Assurance # FWA00005752-JHUSOM) to be exempt research under the
Department of Health and Human Services regulation, 45 CFR 46.104(d)(2)
(ii). Because the data analyzed in aggregate as part of public health practice
involving educational tests with survey procedures for purposes to analyze a
training implemented by the National Department of Heath of South Africa,
informed consent was not required, and described in detail in the manuscript
in the section titled “Ethical review”.
Consent for publication
Not applicable as our manuscript does not contain any individual person’s
data. All authors have consented to publication and realize responsibilities to
the manuscript.
Competing interests
The authors declare that they have no competing interests.
Author details
The REACH Initiative, Johns Hopkins University School of Nursing, 855 N.
Wolfe Street | Rangos Building Suite # 601, Mailbox #30, Baltimore, MD 21205,
United States of America. 2 National Department of Health, CBD, Civitas Building, 222 Thabo Sehume St, Pretoria 0001, South Africa.
1

Received: 17 June 2020 Accepted: 22 December 2020

References
1. Ndjeka N, Schnippel K, Master I, Meintjes G, Maartens G, Romero R, et al.
High treatment success rate for multidrug-resistant and extensively drugresistant tuberculosis using a bedaquiline-containing treatment regimen.
Eur Respir J. 2018;52(6):1–9. https://doi.org/10.1183/13993003.01528
-2018.

Farley et al. Hum Resour Health

2.
3.

4.

5.
6.
7.

8.
9.

10.
11.

12.

13.

14.

(2021) 19:6

World Health Organization. Consolidated guidelines on tuberculosis
treatment. Geneva: World Health Organization; 2019.
Schnippel K, Ndjeka N, Maartens G, Meintjes G, Master I, Ismail N, et al.
Effect of bedaquiline on mortality in South African patients with drugresistant tuberculosis: a retrospective cohort study. Lancet Respir Med.
2018;6(9):699–706. https://doi.org/10.1016/S2213-2600(18)30235-2.
Farley JE, Ndjeka N, Kelly AM, Whitehouse E, Lachman S, Budhathoki
C, et al. Evaluation of a nurse practitioner-physician task-sharing
model for multidrug-resistant tuberculosis in South Africa. PLoS ONE.
2017;12(8):1–11.
SANAC. Let Our Actions Count South Africa’ S National Strategic Plan for.
2017. http://sanac.org.za/2017/05/11/download-the-full-version-of-thenational-strategic-plan-for-hiv-tb-and-stis-2017-2022/.
Loveday M, Wallengren K, Reddy T, Besada D, Brust JCM, Voce A, et al.
MDR-TB patients in KwaZulu-Natal, South Africa: cost-effectiveness of 5
models of care. PLoS ONE. 2018;13(4):1–13.
Galagan S, Jed S, Sumitani J, Gilvydis JM, Bakor A, Cooke R, et al. Improving TB and HIV treatment monitoring in South Africa: evaluation of an
advanced TB/HIV course for health care workers. Open Forum Infect Dis.
2016;4:ofw248.
Wu S, Li R, Su W, Ruan Y, Chen M, Khan MS. Is knowledge retained by
healthcare providers after training? A pragmatic evaluation of drugresistant tuberculosis management in China. BMJ Open. 2019;9(3):1–10.
Wu S, Roychowdhury I, Khan M. Evaluating the impact of healthcare provider training to improve tuberculosis management: a systematic review
of methods and outcome indicators used. Int J Infect Dis. 2017;56:105–
10. https://doi.org/10.1016/j.ijid.2016.11.421.
Department of Health R of SA. Interim clinical guidance for the implementation of injectable-free regimens for rifampicin-resistant tuberculosis in adults. Adolesc Child. 2018;1–61.
Falzon D, Schünemann HJ, Harausz E, González-Angulo L, Lienhardt C,
Jaramillo E, et al. World Health Organization treatment guidelines for
drug-resistant tuberculosis, 2016 update. Eur Respir J. 2017. https://doi.
org/10.1183/13993003.02308-2016.
Pontali E, Sotgiu G, D’Ambrosio L, Centis R, Migliori GB. Bedaquiline and
multidrug-resistant tuberculosis: a systematic and critical analysis of the
evidence. Eur Respir J. 2016;47(2):394–402. https://doi.org/10.1183/13993
003.01891-2015.
Farley JE, Ram M, Pan W, Waldman S, Cassell GH, Chaisson RE, et al.
Outcomes of multi-drug resistant tuberculosis (MDR-TB) among a
cohort of South African patients with high HIV prevalence. PLoS ONE.
2011;6(7):e20436.
Sineke T, Evans D, Schnippel K, Van Aswegen H, Berhanu R, Musakwa
N, et al. The impact of adverse events on health-related quality of life
among patients receiving treatment for drug-resistant tuberculosis in
Johannesburg, South Africa. Health Qual Life Outcomes. 2019;17(1):94.

Page 7 of 7

15. O’Donnell MR, Padayatchi N, Daftary A, Orrell C, Dooley KE, Rivet Amico K,
et al. Antiretroviral switching and bedaquiline treatment of drug-resistant
tuberculosis HIV co-infection. Lancet HIV. 2019;6(3):e201–4. https://doi.
org/10.1016/S2352-3018(19)30035-9.
16. Shringarpure KS, Isaakidis P, Sagili KD, Baxi RK, Das M, Daftary A. “When
treatment is more challenging than the disease”: a qualitative study of
MDR-TB patient retention. PLoS ONE. 2016;11(3):1–12.
17. Georgeu D, Colvin CJ, Lewin S, Fairall L, Bachmann MO, Uebel K, et al.
Implementing nurse-initiated and managed antiretroviral treatment
(NIMART) in South Africa: a qualitative process evaluation. Implement Sci.
2012;7:66.
18. Emdin CA, Chong NJ, Millson PE. Non-physician clinician provided HIV
treatment results in equivalent outcomes as physician-provided care: a
meta-analysis. J Int AIDS Soc. 2013;16:1–10.
19. Howard AA, Hirsch-moverman Y, Frederix K, Daftary A, Saito S, Gross T,
et al. Gha-9–31543. 2016;1(March):1–11.
20. Naidoo K, Gengiah S, Yende-Zuma N, Padayatchi N, Barker P, Nunn A, et al.
Addressing challenges in scaling up TB and HIV treatment integration
in rural primary healthcare clinics in South Africa (SUTHI): a cluster randomized controlled trial protocol. Implement Sci. 2017;12(1):1–12.
21. Makhado L, Davhana-Maselesele M, Farley JE. Barriers to tuberculosis and
human immunodeficiency virus treatment guidelines adherence among
nurses initiating and managing anti-retroviral therapy in KwaZulu-Natal
and North West provinces. Curationis. 2018;41(1):1–8.
22. Alipanah N, Jarlsberg L, Miller C, Linh NN, Falzon D, Jaramillo E, et al.
Adherence interventions and outcomes of tuberculosis treatment: a
systematic review and meta-analysis of trials and observational studies.
PLoS Med. 2018;15:1–44.
23. Sanne I, Orrell C, Fox MP, Conradie F, Ive P, Zeinecker J, et al. Nurse versus
doctor management of HIV-infected patients receiving antiretroviral
therapy (CIPRA-SA): a randomised non-inferiority trial. The Lancet.
2010;376(9734):33–40. https://doi.org/10.1016/S0140-6736(10)60894-X.
24. Uebel KE, Fairall LR, van Rensburg DHCJ, Mollentze WF, Bachmann MO,
Lewin S, et al. Task shifting and integration of HIV care into primary care
in South Africa: the development and content of the streamlining tasks
and roles to expand treatment and care for HIV (STRETCH) intervention.
Implementation Sci. 2011;6(1). https://doi.org/10.1186/1748-5908-6-86.
25. O’Donnell MR, Daftary A, Frick M, Hirsch-Moverman Y, Amico KR, Senthilingam M, et al. Re-inventing adherence: Toward a patient-centered
model of care for drug-resistant tuberculosis and HIV. Int J Tuberc Lung
Dis. 2016;20:430–4. https://doi.org/10.5588/ijtld.15.0360.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

