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New treatments for multidrug-resistant tuberculosis (MDR 
TB) are urgently needed. Two new drugs, bedaquiline and 
delamanid, have recently been released, and several new 
drugs and treatment regimens are in the pipeline. Misuse 
of TB drugs is a principal cause of drug resistance. As new 
drugs and regimens reach the market, the need to make 
them available to patients must be balanced with regula-
tion of their use so that resistance to the new drugs can 
be prevented. To foster the rational use of new drugs, we 
propose 1) expanding/strengthening the capacity for drug 
susceptibility testing, beginning with countries with a high 
TB burden; 2) regulating prescribing practices by banning 
over-the-counter sale of TB drugs and enacting an accredi-
tation system whereby providers must be certified to pre-
scribe new drugs; and 3) decentralizing MDR TB care in 
rural communities by employing trained community health 
workers, using promising mobile technologies, and enlisting 
the aid of civil society organizations.

The World Health Organization (WHO) recently de-
scribed the global effects of multidrug-resistant tuber-

culosis (MDR TB) as a “public health crisis” (1). In 2013, 
an estimated 480,000 new cases and 210,000 deaths were 
caused by MDR TB, which is defined by resistance to at 
least isoniazid and rifampin, the 2 most effective anti-TB 
drugs (1). In addition, ≈9% of MDR TB cases are believed 
to be extensively drug-resistant (XDR TB), which implies 
additional resistance to any fluoroquinolone and to at least 
1 injectable second-line drug (1). Treatment of MDR and 
XDR TB require prolonged therapy with toxic, poorly tol-
erated medications, and for patients in developing coun-
tries, access to active drugs may be limited. As a result, 
outcomes for MDR and XDR TB treatment have been dis-
couraging: in a 2011 cohort, treatment was successful for 
only 48% of patients with MDR TB and for 22% of those 
with XDR TB (1).

Fortunately, 2 drugs active against drug-resistant TB, 
bedaquiline and delamanid, have recently been approved 
(delamanid by the European Medicines Agency and be-

daquiline by the US Food and Drug Administration and 
the European Medicines Agency) (2,3), and several oth-
ers are being developed (4). Because TB drugs need to be 
given in combination to prevent drug resistance, trials are 
underway to design treatment regimens that include us-
ing bedaquiline and delamanid for MDR TB (5). The new 
drugs and regimens offer the hope of additional effective 
MDR and XDR TB treatment options for patients who 
urgently need them. However, given the propensity of 
Mycobacterium tuberculosis to rapidly develop resistance 
to antibiotics, the worldwide release of new therapies also 
raises critical questions regarding the need for drug re-
strictions. In 2014 the WHO published a policy imple-
mentation package that described conditions necessary for 
rapidly introducing new TB drugs while maintaining pa-
tient safety and treatment efficacy (6). Similarly, in 2015 
the European Centre for Disease Prevention and Control 
released recommendations for the responsible use of new 
TB drugs in European countries, which included several 
preconditions that should be in place at the national level 
before new TB drugs are used (7). These actions by WHO 
and the European Centre for Disease Prevention and Con-
trol highlight a fundamental dilemma regarding the use 
of new TB drugs: as new drugs are released, how can the 
urgent need to make them widely available be balanced 
with the need to regulate their use, so that drug resistance 
can be prevented and the promise of novel therapies is 
not lost?

Argument for Restricting New Drugs
Successful TB treatment, for drug-resistant or non–drug-
resistant TB, requires the use of multiple active drugs, and 
one particularly troubling cause of treatment failure is the 
prescription of inadequate or inappropriate drug regimens. 
For example, a 2010 survey of 106 private practitioners in 
Mumbai, India, found that only 6 prescribed appropriate 
TB treatment and that the group prescribed 63 different 
regimens (8). Similarly, another study reported that 89.3% 
of private physicians surveyed in the Philippines usually 
treated TB with inappropriate regimens (9). Medication 
errors may also occur within public clinics: a 2002 study 
found that dosing errors were common within the national 
TB programs of Kenya, Nepal, and Senegal (10). In many 
areas, anti-TB medications are available over-the-counter 
with no input from physicians at all (11).
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Exposure to inadequate treatment is one of the prin-
cipal causes of TB drug resistance. Antimicrobial drug 
resistance, including resistance to TB drugs, has been ac-
knowledged by WHO as a serious threat to global public 
health, and this resistance is thought to be driven in part by 
inadequate regulation of prescribers and the irrational use 
of antibiotics (12). Given the evidence of poor prescribing 
practices worldwide, some may argue that restricting the 
use of new TB drugs to referral hospitals, public clinics, 
or specially credentialed providers may help promote cor-
rect prescribing and therefore prevent the development of 
resistance. Some countries have already enacted such re-
strictions on TB treatment to eliminate improper prescrib-
ing practices. In Brazil, for example, TB is treated exclu-
sively within the public health system, and most TB drugs 
are only available through government pharmacies (13). 
Despite the country’s identification as one of the 22 high 
TB burden countries worldwide, incidence of MDR TB in 
Brazil has remained relatively low (1). Such restrictions are 
absent from many other countries with a high TB burden. 
For example, in 2014, Médecins Sans Frontières called for 
urgent regulation of the private TB drug market in India, to 
help slow the rising rates of TB drug resistance there (14).

In addition to appropriate prescribing practices, suc-
cessful treatment of drug-resistant TB is aided by timely 
and accurate drug-susceptibility testing (DST) of the 
agents being used. Although standardized DST for the 
newest drugs is still in development, for other components 
of MDR TB treatment regimens, DST is more established. 
However, access to DST for second-line drugs is severely 
limited in many countries (15), and where it is available, it 
may only be performed by national reference laboratories 
or at large referral centers. Therefore, limiting the use of 
new drugs to these centers might help ensure their appro-
priate use as part of effective regimens.

Another potential benefit of restricting the use of new 
drugs to specialty centers or highly trained providers would 
be to allow closer monitoring of adverse drug reactions 
and interactions. Although the side effects of established 
TB therapies are well known, some new anti-TB medica-
tions have distinct toxicity profiles that may not be fully 
recognized by inexperienced prescribers. Additionally, 
some toxicities and interactions of new drugs may not yet 
be known, and therefore patients may benefit from more 
thorough monitoring for unexpected adverse reactions. 
WHO has recommended that all centers where bedaquiline 
or delamanid are prescribed have programs for preventing, 
detecting, and managing adverse drug reactions and inter-
actions that may be unique to these medications (16,17).

Dangers of Restricting New Drugs
Given the extraordinary effects of disease and death caused 
by MDR and XDR TB, any effort to restrict new drugs 

must be balanced with the need to rapidly distribute poten-
tially life-saving therapies where they are needed. Recent 
reports of bedaquiline compassionate use programs sug-
gest that the drug can be safe and effective when combined 
with other active drugs to treat MDR and XDR TB (18,19). 
WHO has identified the scale-up of MDR TB treatment in 
high-TB-burden countries as a major priority, and restrict-
ing the use of new drugs may disrupt global efforts to ex-
pand the delivery of much-needed MDR TB care.

The effects of drug regulation on treatment scale-up 
were seen after the Green Light Committee (GLC) was es-
tablished in 2000. The GLC was created by the Stop TB 
Partnership to ensure that low-cost, quality-assured sec-
ond-line TB drugs reached approved treatment programs. 
The committee verified that programs adhered to WHO 
guidelines and procured all drugs used to treat MDR TB 
by programs funded by the Global Fund to Fight AIDS, 
Tuberculosis and Malaria.

Although the GLC successfully obtained drugs and 
verified their appropriate use, after 10 years only 29,000 
MDR TB patients had been started on treatment through 
this mechanism (20), a small fraction of cases worldwide. 
The committee members recognized that to meet the global 
need for MDR TB treatment, they needed to reconsider their 
approach to regulation (20). The GLC has since been repur-
posed into a less centralized program focused on the rapid 
scale-up of care and greater availability of drugs (21). The 
experience of the GLC seems to illustrate the following ob-
servation, however. Because GLC provided assistance and 
training to improve the program quality in countries that 
did not meet eligibility criteria, the limited number of MDR 
TB patients who began appropriate treatment through this 
mechanism may also have reflected countries’ inability to 
import specific second-line drugs.

Restricting new drugs to referral centers, another 
seemingly beneficial regulation, may also obstruct access 
to care. If novel therapies for MDR TB are only available 
in large hospitals, they will not be accessible to patients 
in rural areas. Studies in Ethiopia, Malaysia, and Argen-
tina, for example, have linked poor TB treatment adher-
ence with transportation costs or the distance needed to 
travel to receive care (22–24). Although it was previously 
thought that MDR TB could be successfully treated only 
in referral hospitals, community-based outpatient therapy 
has also been effective (25–27). Presumably, new drugs 
or regimens could be incorporated into existing commu-
nity-based MDR TB treatment programs with adequate 
training and oversight. Barriers to access can be devas-
tating to persons with highly resistant disease. Countries 
have reported multiple problems related to restricting 
access, such as long waiting lists, patients who relo-
cated to gain access to treatment being lost to follow up  
when they needed to return home, and the exclusion of 
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vulnerable populations such as refugees, prisoners, and 
migrant populations (28).

In addition, although a principal argument for restrict-
ing new TB drugs is to limit the development of resistance 
by limiting their misuse, recent data suggest that transmit-
ted drug resistance, as opposed to treatment failure, may be 
an increasing cause of drug-resistant TB cases (29). Provid-
ing effective treatment with new drugs may therefore actu-
ally help reduce resistance rates by curing patients of MDR 
TB and reducing their infectiousness.

The Way Forward: Regulation without Obstruction
To meet the worldwide demand for new MDR TB thera-
pies, while also limiting drug resistance and monitoring for 
adverse effects, the public health community needs an ap-
proach to treatment regulation that does not hinder care. 
Efforts should thus focus on improving DST, ensuring ap-
propriate prescribing practices, and promoting effective 
community-based MDR TB treatment (Table). 

First, the availability and reliability of DST in devel-
oping countries must be improved to ensure that new drugs 
are used appropriately as part of effective multidrug regi-
mens. Strengthening laboratory support in countries with a 
high TB burden has already been identified as a key goal by 
WHO and the Stop TB Partnership (1). 

WHO’s 2014 Global TB Report described several re-
cent improvements in worldwide DST standards, includ-
ing the rapid global rollout of Xpert MTB/RIF systems and  
the Expanding Access to New Diagnostics for TB  

(EXPAND-TB) Project, a collaboration to improve TB lab-
oratory support in 27 countries that contain ≈40% of global 
MDR TB cases (1). However, that report also noted that in 
2013, 12 of 27 countries with a high burden of MDR TB 
did not yet have an adequate number of laboratories that 
performed TB culture and DST, and that quality assurance 
in many laboratories is lacking. Therefore, despite recent 
gains, intensive laboratory strengthening is still needed. 
Also, in countries in which new TB drugs are introduced, 
WHO and national TB programs (NTPs) must closely mon-
itor all patients receiving new drugs for the development 
of resistance. Not only will this monitoring help limit the 
spread of new drug-resistant strains, but it will also make it 
possible to collect a bank of specimens for researchers and 
diagnostic companies to identify emerging resistance mu-
tations and develop relevant diagnostic tests (DST for the 
new drugs). These tests could eventually be introduced to 
help guide the use of new drugs and aid in the introduction 
of additional compounds still undergoing development.

Second, in countries such as India where TB is fre-
quently treated in private clinics, providers should be better 
trained in MDR TB treatment, and, if possible, prescrib-
ing privileges should be limited only to trained prescribers. 
Although Brazil has shown that shifting treatment to the 
public sector has led to more stringent TB treatment over-
sight, private practitioners in India are still major providers 
of TB care and excluding them from TB treatment may not 
be feasible. Efforts are ongoing within the Indian national 
TB control program to better engage the private sector and 
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Table. Suggested plan for ensuring the appropriate use of new TB drugs and regimens* 
Goals Support Feasibility/precedent 
1. Improve DST in high-TB-burden countries   
 A. Increase number of laboratories 
performing TB culture and DST 

Key goal of WHO (1). Funding available 
from UNITAID, FIND, GLI, Global Drug 

Facility, Global Fund, United States 
government, World Bank 

Ongoing global scale-up of DST during 
2006–2015. EXPAND-TB project has 

improved technology in 97 TB laboratories 
worldwide (1) 

 B. Improve TB diagnostic technology in 
existing laboratories, including rollout of 
molecular diagnostics 

WHO, NTPs >3,000 GeneXpert machines procured at 
concessional prices since WHO 
recommended use in 2010 (1) 

 C. Develop a specimen bank of TB 
strains resistant to new antibiotics 

WHO, private sector (both diagnostic and 
pharmaceutical companies) 

TDR TB strain bank launched by Special 
Program for Research and Training in 

Tropical Diseases 
2. Improve prescribing practices in high TB 
burden countries 

  

 A. Establish accreditation process for 
prescribers of new TB drugs 

National governments, NTPs, 
pharmaceutical companies 

Similar programs instituted for laboratory 
services in low-resource settings (25–27) 

 B. Ban over-the-counter sale of TB drugs Widely supported by many NGOs and 
other authorities (15) 

Common practice in many countries; new 
regulations instituted in India in 2014 

3. Support community-based treatment of 
MDR TB 

  

 A. Employ community health workers to 
assist with MDR TB treatment 

Supported by WHO (1); to be 
implemented by local NTPs and NGOs 

Beneficial role of CHWs in TB care well 
described (1) 

 B. Use emerging mobile technologies to 
monitor for adherence and adverse effects 

WHO recently acknowledged value of 
mobile health technology (35) 

Well-studied for HIV care; data for use in TB 
management emerging (29–34) 

 C. Enlist support of existing civil society 
organizations 

Wide support on global, national, and 
local level 

Many such organizations already invested in 
improving TB care 

*TB, tuberculosis; DST, drug-susceptibility testing; WHO, World Health Organization; FIND, Foundation for Innovative New Diagnostics; GLI, Global 
Laboratory Initiative; EXPAND-TB, Expanding Access to New Diagnostics for TB; NTPs, national TB programs; TDR TB, totally drug-resistant TB; MDR 
TB, multidrug-resistant TB; NGOs, nongovernmental organizations; CHWs, community health workers. 
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to provide incentives to doctors to deliver appropriate TB 
care (30,31).

For countries in which a large proportion of private 
sector providers are involved in TB management, we 
strongly recommend the introduction of an accredita-
tion mechanism developed by local NTPs, with guidance 
from the WHO. The accreditation process would not only 
verify providers’ knowledge of current treatment guide-
lines, it would also educate them on the rational use of 
new drugs and correct regimens and teach them to recog-
nize and treat possible adverse effects of newly available 
medications. It would also ensure that the private sector 
participates in the pharmacovigilance process for the new 
drugs. Furthermore, an accreditation system could also be 
used to help foster greater oversight of MDR TB care, 
including increasing enrollment of MDR TB patients in 
national registries, encouraging more thorough contact 
tracing by using NTP and public sector channels once 
patients are identified and registered by accredited physi-
cians, and improving tracking of adverse events related 
to new drugs. There are several examples of accredita-
tion programs that were successfully introduced in low-
resource settings, and had marked public health effects 
(32,33), but involvement of the national government and 
availability of donor funds are critical (34).

The accreditation process should be made mandatory 
and free to ensure a large national coverage and impact. 
Even if accreditation were not mandatory, private practi-
tioners would presumably be given incentives to become 
accredited because accreditation would provide them with 
a uniquely developed qualification, attesting to their com-
petency and easily identifiable by TB patients. In parallel, 
local NTPs and civil society organizations should develop 
campaigns to promote this accreditation to patients and to 
urge them to only visit accredited practitioners. Such a sys-
tem would foster the safe use of new compounds, elimi-
nate the prescription of new drugs by unqualified practi-
tioners, and also strengthen overall management of TB in 
these countries. Because antibiotics are available without 
prescriptions in many countries, assuring the use of ap-
propriate treatment regimens would also require a ban on 
the over-the-counter sale of new TB drugs (35). In March 
2014, the government of India instituted new prescription 
restrictions on 46 medications, including all first-line anti-
TB drugs. The effect of this legislation on prescribing and 
treatment practices is not yet known.

Third, in rural areas, the management of TB and MDR 
TB patients should be decentralized to the community lev-
el. This can be achieved by using paid community health 
workers (CHWs) for community-based management of 
TB and MDR TB, harnessing new technologies to promote 
appropriate use of drugs, and enlisting support of existing 
civil society organizations.

CHWs can be trained to monitor patients for treat-
ment compliance, administer injectable second-line drugs, 
and refer cases with a poor treatment response or severe 
medication side effects to a higher level of care. CHWs 
can also utilize new technologies, such as mobile devices, 
to monitor compliance (36), to collect patient data, and to 
communicate questions or concerns with providers. In ad-
dition, these devices can be distributed directly to patients 
to issue treatment reminders, monitor adherence to therapy, 
provide educational material related to TB treatment and 
prevention, and transmit information about adverse events 
back to prescribers (37). If used on a large scale, electronic 
monitoring with mobile devices might allow detection in 
real time of previously undescribed adverse drug reactions 
or interactions. Use of text message communication has 
been associated with improved adherence to HIV treat-
ment in developing countries (38–40), and by similarly 
incorporating these technologies into TB care (41), more 
regulation may be possible without limiting access to treat-
ment. Video-based directly-observed therapy using mobile 
devices has also recently been shown to be effective (42), 
and other trials evaluating the effects of mobile technology 
on TB treatment and outcomes are ongoing. Finally, local 
civil society organizations can be involved to help educate 
patients regarding TB prevention and treatment, and to re-
inforce positive messages that TB is curable and that treat-
ment is free. These organizations should be empowered to 
form support groups within local communities to assist TB 
and MDR TB patients throughout their treatment.

Bedaquiline, delamanid, and other forthcoming drugs 
have the potential to greatly improve MDR and XDR 
TB treatment outcomes worldwide. The appropriate use 
of these medications along with other active drugs is es-
sential to prevent resistance. Although the release of new 
drugs and regimens should not prompt the introduction of 
potentially harmful treatment restrictions, a nuanced use 
of some restrictions could be introduced without obstruct-
ing appropriate treatment. The arrival of promising new 
drugs should also be seen as an opportunity to strengthen 
existing TB diagnostic and treatment efforts, so that the 
expected benefits of new therapies may reach patients 
quickly and safely.

Dr. Sullivan is an infectious diseases specialist at Mount 
Sinai Hospital. His research focuses on the treatment of infec-
tions in patients who have undergone organ transplantation, 
those being treated for cancer, and those with other immuno-
compromising conditions.

Dr. Ben Amor is a research scientist at the Earth Institute at 
Columbia University. He has close to a decade of research experi-
ence in global TB and HIV/AIDS. His research interests focus on 
new diagnostic tests for TB as well as improving quality of care 
and access to TB treatment for patients in developing countries.

e4	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 3, March 2016



Global Introduction of New MDR TB Drugs

References
  1.	 Global tuberculosis report. Geneva: World Health Organization; 

2014.
  2.	 Diacon AH, Pym A, Grobusch M, Patientia R, Rustomjee R,  

Page-Shipp L, et al. The diarylquinoline TMC207 for multidrug-
resistant tuberculosis. N Engl J Med. 2009;360:2397–405.  
http://dx.doi.org/10.1056/NEJMoa0808427

  3.	 Gler MT, Skripconoka V, Sanchez-Garavito E, Xiao H,  
Cabrera-Rivero JL, Vargas-Vasquez DE, et al. Delamanid for 
multidrug-resistant pulmonary tuberculosis. N Engl J Med. 
2012;366:2151–60. http://dx.doi.org/10.1056/NEJMoa1112433

  4.	 Zumla A, Nahid P, Cole ST. Advances in the development of new 
tuberculosis drugs and treatment regimens. Nat Rev Drug Discov. 
2013;12:388–404. http://dx.doi.org/10.1038/nrd4001

  5.	 Zumla AI, Gillespie SH, Hoelscher M, Philips PP, Cole ST,  
Abubakar I, et al. New antituberculosis drugs, regimens, and ad-
junct therapies: needs, advances, and future prospects.  
Lancet Infect Dis. 2014;14:327–40. http://dx.doi.org/10.1016/
S1473-3099(13)70328-1

  6.	 World Health Organization. Policy implementation package for 
new TB drug introduction. Geneva: The Organization; 2014.

  7.	 European Centre for Disease Prevention and Control. Expert  
opinion on the introduction of new drugs for tuberculosis control in 
the EU/EEA. Stockholm: The Centre; 2015.

  8.	 Udwadia ZF, Pinto LM, Uplekar MW. Tuberculosis management  
by private practitioners in Mumbai, India: has anything changed 
in two decades? PLoS ONE. 2010;5:e12023. http://dx.doi.org/ 
10.1371/journal.pone.0012023

  9.	 Portero JL, Rubio M. Private practitioners and tuberculosis  
control in the Philippines: strangers when they meet?  
Trop Med Int Health. 2003;8:329–35. http://dx.doi.org/10.1046/ 
j.1365-3156.2003.01032.x

10.	 Diop AH, Gakiria G, Pande SB, Malla P, Rieder HL. Dosages of 
anti-tuberculosis medications in the national tuberculosis programs of 
Kenya, Nepal, and Senegal. Int J Tuberc Lung Dis. 2002;6:215–21.

11.	 Morgan DJ, Okeke IN, Laxminarayan R, Perencevich EN,  
Weisenberg S. Non-prescription antimicrobial use worldwide: a 
systematic review. Lancet Infect Dis. 2011;11:692–701.  
http://dx.doi.org/10.1016/S1473-3099(11)70054-8

12.	 World Health Organization. The evolving threat of antimicrobial 
resistance: options for action. Geneva: The Organization; 2012.

13.	 Gemal A, Keravec J, Menezes A, Trajman A. Can Brazil play a 
more important role in global tuberculosis drug production? An 
assessment of current capacity and challenges. BMC Public Health. 
2013;13:279. http://dx.doi.org/10.1186/1471-2458-13-279

14.	 Snidal SJ, Barnard G, Atuhairwe E, Ben Amor Y. Use of  
eCompliance, an innovative biometric system for monitoring of 
tuberculosis treatment in rural Uganda. Am J Trop Med Hyg. 2015; 
92:1271–9. http://dx.doi.org/10.4269/ajtmh.14-0413

15.	 Médecins Sans Frontières. Out of step: deadly implementation gaps 
in the TB response. 2014 [cited 2016 Jan 20]. http://www.msf.org/
article/out-step-deadly-implementation-gaps-tb-response

16.	 World Health Organization. The use of bedaquiline in the  
treatment of multidrug-resistant tuberculosis: interim policy  
guidance. Geneva: The Organization; 2013.

17.	 World Health Organization. The use of delamanid in the treat-
ment of multidrug-resistant tuberculosis: interim policy guidance. 
Geneva: The Organization; 2014.

18.	 Ndjeka N, Conradie F, Schnippel K, Hughes J, Bantubani N,  
Ferreira H, et al. Treatment of drug-resistant tuberculosis with 
bedaquiline in a high HIV prevalence setting: an interim cohort 
analysis. Int J Tuberc Lung Dis. 2015;19:979–85. http://dx.doi.org/ 
10.5588/ijtld.14.0944

19.	 Guglielmetti L, Le Dû D, Jachym M, Henry B, Martin D,  
Caumes E, et al. Compassionate use of bedaquiline for the 
treatment of multidrug-resistant and extensively drug-resistant 

tuberculosis: interim analysis of a French cohort. Clin Infect Dis. 
2015;60:188–94. http://dx.doi.org/10.1093/cid/ciu786

20.	 Green Light Committee Initiative. Scaling up the global fight 
against MDR-TB. Annual Report: World Health Organization; 
2010 [cited 2016 Jan 20]. http://whqlibdoc.who.int/hq/2010/ 
WHO_HTM_TB_2010.14_eng.pdf

21.	 World Health Organization. New global framework to support 
scale up to universal access to quality management of MDR-TB. 
Geneva: The Organization; 2011.

22.	 Herrero MB, Ramos S, Arrossi S. Determinants of non adherence 
to tuberculosis treatment in Argentina: barriers related to access to 
treatment. Rev Bras Epidemiol. 2015;18:287–98. 

23.	 Shargie EB, Lindtjorn B. Determinants of treatment adherence 
among smear-positive pulmonary tuberculosis patients in Southern 
Ethiopia. PLoS Med. 2007;4:e37. http://dx.doi.org/10.1371/ 
journal.pmed.0040037

24.	 O’Boyle SJ, Power JJ, Ibrahim MY, Watson JP. Factors affecting 
patient compliance with anti-tuberculosis chemotherapy using the 
directly observed treatment, short-course strategy (DOTS).  
Int J Tuberc Lung Dis. 2002;6:307–12.

25.	 Malla P, Kanitz EE, Akhtar M, Falzon D, Feldmann K,  
Gunneberg C, et al. Ambulatory-based standardized therapy 
for multi-drug resistant tuberculosis: experience from Nepal, 
2005–2006. PLoS ONE. 2009;4:e8313. http://dx.doi.org/10.1371/
journal.pone.0008313

26.	 Mitnick C, Bayona J, Palacios E, Shin S, Furin J, Alcantara F,  
et al. Community-based therapy for multidrug-resistant  
tuberculosis in Lima, Peru. N Engl J Med. 2003;348:119–28.  
http://dx.doi.org/10.1056/NEJMoa022928

27.	 Weiss P, Chen W, Cook VJ, Johnston JC. Treatment outcomes  
from community-based drug resistant tuberculosis treatment  
programs: a systematic review and meta-analysis.  
BMC Infect Dis. 2014;14:333. http://dx.doi.org/10.1186/1471-
2334-14-333

28.	 Lessem E, Cox H, Daniels C, Furin J, McKenna L, Mitnick CD,  
et al. Access to new medications for the treatment of drug-resistant 
tuberculosis: patient, provider and community perspectives.  
Int J Infect Dis. 2015;32:56–60. http://dx.doi.org/10.1016/ 
j.ijid.2014.12.012

29.	 Shah NS, Brust JC, Mathema B, Mthiyane T, Ismail N, Moodley P, 
et al. Majority of XDR TB cases are due to transmission in a high-
HIV-prevalence setting. Presented at: Conference on Retroviruses 
and Opportunistic Infections; 2015 Feb 23–24; Seattle,  
Washington, USA.

30.	 Indian Ministry of Health and Family Welfare. TB India 2014: 
revised National Tuberculosis Control Programme status report. 
2014 [cited 2016 Jan 20]. http://www.tbcindia.nic.in/showfile.
php?lid=3142

31.	 Sachdeva KS, Kumar A, Dewan P, Kumar A, Satyanarayana S. 
New vision for Revised National Tuberculosis Control Programme 
(RNTCP): universal access—“reaching the un-reached.”  
Indian J Med Res. 2012;135:690–4.

32.	 Gershy-Damet GM, Rotz P, Cross D, Belabbes el H, Cham F,  
Ndihokubwayo JB, et al. The World Health Organization African 
region laboratory accreditation process: improving the quality 
of laboratory systems in the African region. Am J Clin Pathol. 
2010;134:393–400. http://dx.doi.org/10.1309/ 
AJCPTUUC2V1WJQBM

33.	 Peter TF, Rotz PD, Blair DH, Khine AA, Freeman RR,  
Murtagh MM. Impact of laboratory accreditation on patient care 
and the health system. Am J Clin Pathol. 2010;134:550–5.  
http://dx.doi.org/10.1309/AJCPH1SKQ1HNWGHF

34.	 Bukonda N, Tavrow P, Abdallah H, Hoffner K, Tembo J.  
Implementing a national hospital accreditation program: the  
Zambian experience. Int J Qual Health Care. 2002;14(Suppl 
1):7–16. http://dx.doi.org/10.1093/intqhc/14.suppl_1.7

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 3, March 2016	 e5



ONLINE REPORT

35.	 Slagle T, Ben Youssef M, Calonge G, Ben Amor Y.  
Lessons from Africa: developing a global human rights  
framework for tuberculosis control and prevention. BMC Int 
Health Hum Rights. 2014;14:34. http://dx.doi.org/10.1186/ 
s12914-014-0034-7

36.	 Snidal SJ, Barnard G, Atuhairwe E, Ben Amor Y. Use of  
eCompliance, an innovative biometric system for  
monitoring of tuberculosis treatment in rural Uganda.  
Am J Trop Med Hyg. 2015;92:1271–9. http://dx.doi.org/10.4269/
ajtmh.14-0413

37.	 Denkinger CM, Grenier J, Stratis AK, Akkihal A, Pant-Pai N,  
Pai M. Mobile health to improve tuberculosis care and control: a 
call worth making. Int J Tuberc Lung Dis. 2013;17:719–27.  
http://dx.doi.org/10.5588/ijtld.12.0638

38.	 Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, et al. 
Effects of a mobile phone short message service on antiretroviral 
treatment adherence in Kenya (WelTel Kenya1): a randomised trial. 
Lancet. 2010;376:1838–45. http://dx.doi.org/10.1016/ 
S0140-6736(10)61997-6

39.	 Mbuagbaw L, Mursleen S, Lytvyn L, Smieja M, Dolovich L, 
Thabane L. Mobile phone text messaging interventions for HIV 
and other chronic diseases: an overview of systematic reviews 

and framework for evidence transfer. BMC Health Serv Res. 
2015;15:33. http://dx.doi.org/10.1186/s12913-014-0654-6

40.	 Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, 
Goldstein MP, de Walque D, et al. Mobile phone technologies 
improve adherence to antiretroviral treatment in a resource-
limited setting: a randomized controlled trial of text message 
reminders. AIDS. 2011;25:825–34. http://dx.doi.org/10.1097/
QAD.0b013e32834380c1

41.	 Nhavoto JA, Gronlund A, Chaquilla WP. SMSaude: design,  
development, and implementation of a remote/mobile patient  
management system to improve retention in care for HIV/AIDS 
and tuberculosis patients. JMIR Mhealth Uhealth. 2015;3:e26. 
http://dx.doi.org/10.2196/mhealth.3854

42.	 Mirsaeidi M, Farshidpour M, Banks-Tripp D, Hashmi S, Kujoth 
C, Schraufnagel D. Video directly observed therapy for treatment 
of tuberculosis is patient-oriented and cost-effective. Eur Respir J. 
2015;46:871–4. http://dx.doi.org/10.1183/09031936.00011015

Address for correspondence: Yanis Ben Amor, The Earth Institute, 
Columbia University, 475 Riverside Dr, New York, NY 10115, USA; 
yba2101@columbia.edu

e6	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 3, March 2016

The Public Health Image Library (PHIL)
The Public Health Image 
Library (PHIL), Centers 
for Disease Control and 
Prevention, contains thousands 
of public health-related images, 
including high-resolution 
(print quality) photographs, 
illustrations, and videos. 

PHIL collections illustrate current 
events and articles, supply visual 
content for health promotion 
brochures, document the 
effects of disease, and enhance 
instructional media.

PHIL Images, accessible to PC  
and Macintosh users, are in the 
public domain and available  
without charge. 

Visit PHIL at:  
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