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Introduction
Multidrug-resistant tuberculosis (MDR-TB) is caused by Mycobacterium tuberculosis resistant to 
both isoniazid and rifampicin with or without resistance to other drugs. MDR-TB is emerging to be a 
worrisome pandemic of antibiotic resistance world over. Results of resistance surveys from 64 countries, 
together with data predictive of resistance rates from 72 others suggest that an estimated 273,000 new 
cases of MDR TB occurred worldwide in 2000 and constituted 3.2 per cent of all new TB cases.1 
Reliable data on the epidemiology of MDR-TB are lacking from India.2 In India, prevalence of primary 
MDR-TB in newly diagnosed cases has been observed to be 3.4 per cent or less.2, 3 Prevalence of MDR-
TB among previously treated patients has been observed to be much higher. Isoniazid and rifampicin 
are keystone drugs in the management of tuberculosis (TB). While resistance to either isoniazid or 
rifampicin may be managed with other first line drugs, resistance to isoniazid and rifampicin (MDR-TB) 
demands treatment with second-line drugs which have limited sterilising capacity and are not suitable 
for short-course treatment. In most of the published studies, previous history of tuberculosis and past 
history of antituberculosis treatment have been implicated in the causation of MDR-TB4-6 suggesting 
that MDR-TB is largely a man-made tragedy.7-9

Management Strategies

Practical Problems
Good, reliable laboratory facilities for performing mycobacterial culture and drug-susceptibility testing 
are seldom available in India nations. Therefore, therapeutic decisions are most often made by 
algorithms or inferences from previous treatment. Guidelines such as those published by the World 
Health Organization (WHO) are often resorted to choose the treatment regimen.10

For patients categorised as “treatment failure”10 the WHO re-treatment regimen consists of three drugs 
(isoniazid, rifampicin, and ethambutol) for a period of eight months, supplemented by pyrazinamide 
during the first three months and streptomycin during the first two months.10 If mycobacterial culture 
and in vitro sensitivity testing are not routinely performed, it is not possible to establish whether these 
patients are excreting multidrug-resistant bacilli. If this regimen is administered to treatment failure 
patients who have actually have MDR-TB, it is evident that the last five months of this regimen amounts 
to “monotherapy”. Thus, programmatic approach may fail in settings with a high degree of resistance 
to antituberculosis drugs.11 
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Second-line drugs are very difficult to obtain in small towns and rural areas in India. Reliable 
pharmacokinetic data regarding bioavailability of most of these formulations is not available either. 
Moreover, there is no assurance that the most expensive brand names have the best bioavailability 
profile. Even considering the cheapest brand names available, the cost of drug treatment alone is much 
beyond the means of the average Indian patient. Therefore, long term compliance is not very good. 
All these factors constitute significant therapeutic challenges for the clinicians treating MDR-TB in the 
field setting. Population migration due to poverty to seek better job opportunities, because of natural 
disasters, political instability and regional conflicts also create mobile populations. These factors make 
treatment of MDR-TB difficult, as it is difficult for persons who are forced to move for any of a variety 
of reasons to complete 24 months of treatment.12

Drug Treatment of MDR-TB : Evidence From Published Literature

World Scene
In the early reports of outbreaks of MDR-TB in human immunodeficiency virus HIV co-infected 
patients in hospitals and prisons, the mortality rate was very high ranging form 72 to 89 per cent.13,14 
Even in HIV-negative patients, treatment of MDR-TB has been difficult and may only give response 
rates of the order of 50 per cent with a high mortality rate with persistent positive cultures.15,16 However, 
subsequent studies have documented decreased mortality and improvement in clinical outcome for 
HIV-positive patients with MDR-TB.17-19

In a recently published study,20 results of community-based out-patient treatment of MDR-TB were 
reported form Peru. While the results of susceptibility testing were pending, the patients were treated 
empirically under direct observation with regimens containing at least five drugs to which their strains 
were likely to be susceptible. The definitive regimens, determined on the basis of the results of drug 
susceptibility, contained a minimum of five drugs and lasted for at least 18 months. Of the 66 patients 
who completed four or more months of therapy, 83 per cent were probably cured (defined as at 
least 12 months of consecutive negative cultures during therapy); eight per cent died while receiving 
treatment; and only one patient continued to have positive cultures after six months of treatment. 
These observations suggest that community-based out-patient treatment of MDR-TB has the potential 
to yield high cure rates even in resource-poor settings.20

Indian Experience
Sparse data are available from published literature regarding the treatment of patients with MDR-TB 
from India. In a study from New Delhi,21 additional administration of oral ofloxacin was found to be 
effective and safe for the treatment of MDR-TB.21 Reports from Karnataka22 and Vellore23 also endorse 
the usefulness of pefloxacin,22 and ofloxacin23 in the treatment of MDR-TB. In another prospective 
uncontrolled study from New Delhi24 sparfloxacin, in combination with kanamycin and ethionamide 
was found to be useful in achieving sputum conversion, clinical and radiological improvement in 
patients with pulmonary tuberculosis who had received adequate antituberculosis treatment with first-
line drugs, including supervised category II treatment regimen as per WHO guidelines for five months, 
and were still sputum smear acid-fast bacilli positive. 

Guidelines for The Management of Patients with MDR-TB
When MDR-TB is suspected on the basis of history, or epidemiological information, the patient’s 
sputum must be subjected to culture and antituberculosis drug-sensitivity testing and the WHO re-
treatment regimen10 or the empirical regimens employing “second line” reserve drugs suggested by the 
American Thoracic Society, Centers for Disease Control and Prevention and the Infectious Diseases 
Society (ATS/CDC/IDSA)25 must be initiated pending sputum culture report. Further therapy is guided 
by the culture and sensitivity report. These guidelines clearly mention that a single drug should never 
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be added to a failing regimen. Furthermore, when initiating treatment, at least three previously unused 
drugs must be employed to which there is in vitro susceptibility.10, 25

When susceptibility testing reports are available, if there is resistance to isoniazid and rifampicin 
(with or without resistance to streptomycin), during the initial phase, a combination of ethionamide, 
fluoroquinolone, another bacteriostatic drug such as ethambutol, pyrazinamide and aminoglycoside 
(kanamycin, amikacin, or capreomycin) are used for three months or until sputum conversion. During 
the continuation phase, ethionamide, fluoroquinolone, another bacteriostatic drug (ethambutol) 
should be used for at least 18 months after smear conversion.10,25

If there is resistance to isoniazid, rifampicin and ethambutol (with or without resistance to streptomycin), 
during the initial phase, a combination of ethionamide, fluoroquinolone and another bacteriostatic 
drug such as cycloserine or PAS, pyrazinamide, and aminoglycoside (kanamycin, amikacin, or 
capreomycin) are used for three months or until sputum conversion. During the continuation phase, 
ethionamide, ofloxacin, another bacteriostatic drug (cycloserine or PAS) should be used for at least 18 
months after smear conversion.10, 25

The recently published ATS/CDC/IDSA25 guidelines suggest that among the fluoroquinolones, 
levofloxacin is most suited for the treatment of MDR-TB given its good safety profile with long-term 
use. These observations need to be confirmed in prospective studies with a large sample size.

When administering antituberculosis drugs by the parenteral route, proper precautions must be taken. 
This is particularly relevant in countries like India where, disposable syringes are not always available 
for giving the injections and the use of improperly sterilized needles would be a health hazard especially 
in patients with HIV infection and acquired immunodeficiency syndrome (AIDS).

DOTS-plus Strategy
In populations where MDR-TB is endemic, the outcome of the standard short-course chemotherapy 
regimens remains uncertain. As a consequence, there have been calls for well-functioning DOTS 
programmes to provide additional services in areas with high rates of MDR-TB. These “DOTS-plus for 
MDR-TB programmes”26,27 may need to modify all five elements of the DOTS strategy. The suggested 
modifications include, provision of individualised treatment; provision of laboratory services for on-site 
culture and antibiotic susceptibility testing; reliable supply expensive second-line agents among others. 
WHO has established a Working Group on DOTS-Plus for MDR-TB, to develop policy guidelines for 
the management of MDR-TB to develop protocols for pilot projects intended to assess the feasibility 
of MDR-TB management under programme conditions. The WHO has also established a unique 
partnership known as the “Green Light Committee” In an attempt to promote access to and rational 
use of second-line antituberculosis drugs for the treatment of MDR-TB28-30. If DOTS-plus programmes 
are established, they may prove beneficial not only for patients with MDR-TB but for all patients with 
tuberculosis.

Monitoring Response to Treatment
Patients receiving treatment for MDR-TB should be closely followed up. Clinical (e.g., fever, cough, 
sputum production, weight gain), radiological (e.g., chest radiograph), laboratory (erythrocyte 
sedimentation rate) and microbiological (e.g., sputum smear and culture) parameters should be 
frequently reviewed to assess the response to treatment. In addition, considerable attention must 
be focussed on monitoring the adverse drug reactions which often develop with the second line 
antituberculosis drugs. Most of the patients who respond to treatment begin to show favourable signs 
of improvement by about four to six weeks following initiation of treatment. Failure to show positive 
trend may alert the clinician to resort to alternative measures detailed below.

Newer Antituberculosis Drugs
After the introduction of rifampicin, no worthwhile antituberculosis drug with new mechanism(s) 
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of action have been developed over the last three decades. Currently available second-line drugs 
used to treat MDR-TB (Table 1) are four to ten times more likely to fail than standard therapy for 
drug-susceptible tuberculosis.3,17 A series of compounds containing a nitroimidazopyran nucleus (PA-
824) that possess antituberculosis activity have attracted attention as potential antituberculosis drugs.31 

It is being hoped that these molecules may offer the practical qualities of a small molecule with the 
potential for the treatment of tuberculosis.31

Surgery 
Various surgical procedures ranging from segmental resection to pleuro-pneumonectomy have been 
performed in patients with MDR-TB with a low mortality (<3%).32, 33 However, the complication rates 
are high with bronchopleural fistula (BPF) and empyema being the major complications. Resectional 
surgery is currently recommended for MDR-TB patients whose prognosis with medical treatment is 
poor. Indications for surgery in patients with MDR-TB include : (i) persistence of culture-positive 
MDR-TB despite extended drug retreatment; and/or (ii) extensive patterns of drug resistance that are 
associated with treatment failure or additional resistance; and/or (iii) local cavitary, necrotic/destructive 
disease in a lobe or region of the lung that is amenable to resection without producing respiratory 
insufficiency and/or severe pulmonary hypertension. It should be performed after minimum of three 
months of intensive chemotherapeutic regimen, achieving sputum-negative status, if possible. The 
chemotherapeutic regimen needs to continue for prolonged periods after surgery also, probably for 
well over a year, otherwise recrudescence of the disease with poor survival is a real possibility. 

Nutritional Enhancement
When MDR-TB occurs especially in patients with HIV-infection/AIDS,34 cachexia is profound. Current 
evidence suggests that tumour necrosis factor-α [TNF-α; molecular weight (mol. wt) 50,000 produced 
by macrophages] in addition to inducing immunopathological effects such as tissue necrosis and fever, 
is also thought to induce the catabolic response.35 Further more, several second-line drugs used to treat 
MDR-TB result in significant anorexia, nausea, vomiting and diarrhoea interfering with food intake, 
further compromising the cachectic state. Therefore, nutritional support is a key factor in the care of 
patients with MDR-TB. Thus, nutritional assessment and regular monitoring of the nutritional state by 
a nutrition expert should be an essential part of the treatment programme. 

Table  1: Second-line Antituberculosis Drugs 

Drug Daily dosage Toxicity

Aminoglycosides

 Streptomycin 15 mg/kg  (750-1000 mg) Medium
 Kanamycin 15 mg/kg (750-1000 mg) Medium
 Amikacin 15 mg/kg (750-1000 mg)
 Capreomycin 15 mg/kg  (750-1000 mg) Medium

Thioamides

 Ethionamide 10-20 mg/kg (500-750 mg)
 Prothionamide 10-20 mg/kg (500-750 mg)  Medium

Pyrazinamide 20-30 mg/kg (1200-1600 mg) Low

Ofloxacin 7.5-15 mg/kg (600- 800 mg) Low

Levofloxacin 500-1000 mg Low

Ethambutol 15-20 mg/kg (1000-1200 mg) Low

Cycloserine  10-20 mg/kg (500-750 mg) High

Para-aminosalicylic acid 10-12 g Low

Adapted from references 10 and 25
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Immunotherapy
Several workers have attempted to modify the immune system of patients with tuberculosis to facilitate 
cure. Agents with potential for immunotherapy are detailed below.

Mycobacterium vaccae vaccination
Transiently favourable results were observed when immunoenhancement using  
vaccination was used to treat drug-resistant tuberculosis patients who failed chemotherapy.36, 37 However, 
subsequent reports from randomised controlled trials have not confirmed these observations.38

Cytokine Therapy 
Recent data, suggest that aerosolised interferon-γ (IFN-γ) (500 µg, thrice weekly), may improve 
disease evolution in subjects affected with MDR-TB.36 Granulocyte-macrophage colony-stimulating 
factor (GM-CSF) has been used simultaneously with IFN-γ in the successful treatment of a patient with 
refractory central nervous system MDR-TB.39 Preliminary data suggest that aerosolised IFN-α (3MU, 
thrice weekly) may be a promising adjunctive therapy for patients with MDR-TB.40 Daily low-dose 
recombinant human interleukin 2 (rhuIL-2) adjunctive immunotherapy has been found to stimulate 
immune activation and may enhance the antimicrobial response in patients with MDR-TB.41 Optimal 
doses and schedules, however, require further studies.

Other Agents
Several agents have evoked interest as potential adjunctive treatment for patients with MDR-TB. 
Thalidomide42 and pentoxifylline43 have been shown to combat the excessive effects from TNF-α. They 
may be useful in limiting the wasting associated with MDR-TB. Other agents which have occasionally 
been considered include, levamisole,36 transfer factor36, inhibitors of transforming growth factor-β 
(TGF-β),44 interleukin-12 (IL-12),36 interferon-α (IFN-α) and imiquod an oral agent which stimulates 
the production of IFN-α.45 Though there have been anecdotal reports of their usefulness, further studies 
are required to clarify their role.

Prevention of Nosocomial Transmission of MDR-TB
As MDR-TB poses a significant risk to health care workers, doctors and other patients, the Centers for 
Disease Control (CDC) in Atlanta have made recommendations to try to prevent such nosocomial 
transmission.46 These include: isolation in a single room with negative pressure relative to the outside 
with six air exchanges per hour, the room to be exhausted to the outside; consideration of ultraviolet 
lamps or particulate filters to supplement ventilation; use of disposable particulate respirators for 
persons entering the room and during cough inducing procedures.

Preventive Chemotherapy for Contacts to MDR-TB Cases 
For contacts thought to be infected with multidrug-resistant strains of Mycobacterium tuberculosis, 
no satisfactory chemoprophylaxis is available. There is no consensus regarding the choice of the 
drug(s) and the duration of treatment. The CDC guidelines for the management of persons exposed 
to multidrug-resistant tuberculosis47 suggest that patients with risk factors for progression to active 
disease warrant treatment, although immunocompetent individuals may be observed closely without 
therapy for at least six months. The two suggested regimens for MDR-TB preventive therapy are47: 
(i) pyrazinamide (25 to 30 mg/kg daily) plus ethambutol (15 to 25 mg/kg daily), or (ii) pyrazinamide (25 
to 30 mg/kg daily) plus a quinolone with antituberculosis activity (e.g., levofloxacin or ofloxacin). The 
recommended duration of therapy is 12 months for those with underlying immunosuppression and at 
least six months for all others. All patients should be closely followed for at least two years, and a low 
threshold for referral to a center with experience in managing MDR-TB should be maintained.
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Treatment of Latent MDR-TB Infection
Very little is known regarding the usefulness of pyrazinamide and levofloxacin in the treatment of 
multidrug-resistant latent tuberculosis infection. In a study from Canada,48 this combination was found 
to be poorly tolerated regimen as several patients developed severe adverse drug reactions. These 
issues merit further study.

Prognostic Markers
Park et al17 reported that extra-pulmonary involvement was a risk factor for shorter survival, while a 
cavitary lesion on initial chest film and institution of appropriate treatment were positive predictors of 
survival in patients with MDR-TB. In a recently published study (n=90) from the United Kingdom,19 
median survival time overall was 1379 days and immunocompromised status and increasing age was 
associated with increasing risk of death. In a study from France, HIV-coinfection,49 treatment with less 
than two active drugs, and knowledge regarding the multidrug-resistant status at the time of diagnosis 
were found to be associated with a poor outcome. In another study from Turkey,50 older age, history of 
previous treatment with a larger number of drugs were found to be associated with a poor outcome.

Conclusions
MDR-TB is a therapeutic challenge and is very difficult to treat. It has been shown that DOTS strategy 
is very effective in not only cutting down the transmission of tuberculosis, but also in preventing the 
emergence of MDR-TB.51 In fact, the most effective way to combat MDR-TB is to prevent its occurrence 
by using the standard antituberculosis treatment regimens employing the DOTS strategy.

References
1. Dye C, Espinal MA, Watt CJ, Mbiaga C, Williams BG. Worldwide incidence of multidrug-resistant tuberculosis. 

J Infect Dis 2002;185:1197-202. 
2. Mohan A, Sharma SK. Epidemiology. In: Sharma SK, Mohan A, editors. Tuberculosis. New Delhi: Jaypee 

Brothers Medical Publishers;2001.p.14-29.
3. Sharma SK, Mohan A. Multidrug-resistant tuberculosis. Indian J Med Res 2004 (in press).
4. Sharma SK, Turaga KK, Balamurugan A, Saha PK, Pandey RM, Jain NK et al. Clinical and genetic risk factors for 

the development of multidrug-resistant tuberculosis in non-HIV infected at a tertiary care center in India: a case-
control study. Infect Genet Evol 2003;3:183-8.

5. Espinal MA, Laserson K, Camacho M, Fusheng Z, Kim SJ, Tlali RE, et al. Determinants of drug-resistant 
tuberculosis: analysis of 11 countries. Int J Tuberc Lung Dis 2001;5:887-93. 

6. Alrajhi AA, Abdulwahab S, Almodovar E, Al-Abdely HM. Risk factors for drug-resistant Mycobacterium 
tuberculosis in Saudi Arabia. Saudi Med J 2002;23:305-10.

7. Frieden TR, Driver CR. Tuberculosis control: past 10 years and future progress. Tuberculosis (Edinb) 
2003;83:82-5. 

8. Nachega JB, Chaisson RE. Tuberculosis drug resistance: a global threat. Clin Infect Dis 2003;36(Suppl 1): 
S24-30. 

9. Davies PD, Yew WW. Recent developments in the treatment of tuberculosis. Expert Opin Investig Drugs 
2003;12:1297-312. 

10. Crofton J, Chaulet P, Maher D, Grosset J, Harris W, Horne N, et al. Guidelines for the management of drug-
resistant tuberculosis. Geneva: World Health Organization; 1997.

11. Espinal MA, Kim SJ, Suarez PG, Kam MK, Khomenko AG, Migliori GB, et al. Standard short-course chemotherapy 
for drug-resistant tuberculosis. Treatment outcomes in 6 countries. JAMA 2000;283:2537-45.

12. Schluger NW. The impact of drug resistance on global tuberculosis epidemic. Int J Tuberc Lung Dis 
2000;4:S71-S75. 

13. Beck-Sague C, Dooley SW, Hutton MD, Otten J, Breeden A, Crawford JT, et al. Hospital outbreak of multidrug-
resistant Mycobacterium tuberculosis infections. Factors in transmission to staff and HIV-infected patients. JAMA 
1992;268:1280-6.

14. Fischl MA, Daikos GL, Uttamchandani RB, Poblete RB, Moreno JN, Reyes RR, et al. Clinical presentation and 
outcome of patients with HIV infection and tuberculosis caused by multiple-drug-resistant bacilli. Ann Intern Med 
1992;117:184-90.

15. Pablos-Mendez A, Gowda DK, Frieden TR. Controlling multidrug-resistant tuberculosis and access to expensive 
drugs: a rational framework. Bull World Health Organ 2002;80:489-95.



Multidrug-Resistant Tuberculosis: Management Strategies 77

16. Drobniewski F, Eltringham I, Graham C, Magee JG, Smith EG, Watt B. A national study of clinical and laboratory 
factors affecting the survival of patients with multiple drug resistant tuberculosis in the UK. Thorax 2002;57:810-6 

17. Park MM, Davis AL, Schluger NW, Cohen H, Rom WN. Outcome of MDR-TB patients, 1983-1993. Prolonged 
survival with appropriate therapy. Am J Respir Crit Care Med 1996;153:317-24.

18. Turett GS, Telzak EE, Torian LV, Blum S, Alland D, Weisfuse I, et al. Improved outcomes for patients with 
multidrug-resistant tuberculosis. Clin Infect Dis 1995;21:1238-44.

19. Salomon N, Perlman DC, Friedmann P, Buchstein S, Kreiswirth BN, Mildvan D. Predictors and outcome of 
multidrug-resistant tuberculosis. Clin Infect Dis 1995;21:1245-52.

20. 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.

21. Sharma SK, Guleria R, Jain D, Chawla TC, Saha P, Mohan A, et al. Effect of additional oral ofloxacin 
administration in the treatment of multi-drug resistant tuberculosis. Indian J Chest Dis Allied Sci 1996;38:73-79.

22. Rao S. An uncontrolled trial of pefloxacin in the retreatment of patients with pulmonary tuberculosis. Tuber Lung 
Dis 1995;76:219-22.

23. Subhash HS, Ashwin I, Jesudason MV, Abharam OC, John G, Cherian AM, et al. Clinical characteristics and 
treatment response among patients with multidrug-resistant tuberculosis: a retrospective study. Indian J Chest Dis 
Allied Sci 2003;45:97-103. 

24. Singla R, Gupta S, Gupta R, Arora VK. Efficacy and safety of sparfloxacin in combination with kanamycin and 
ethionamide in multidrug-resistant pulmonary tuberculosis patients: preliminary results. Int J Tuberc Lung Dis 
2001;5:559-63. 

25. Blumberg HM, Burman WJ, Chaisson RE, Daley CL, Etkind SC, Friedman LN, et al. American Thoracic Society, 
Centers for Disease Control and Prevention and the Infectious Diseases Society. American Thoracic Society/
Centers for Disease Control and Prevention/Infectious Diseases Society of America: treatment of tuberculosis. Am 
J Respir Crit Care Med 2003;167:603-62.

26. Bastian I, Rigouts L, Van Deun A, Portaels F. Directly observed treatment, short-course strategy and multidrug-
resistant tuberculosis: are any modifications required? Bull World Health Organ 2000;78:238-51.

27. Arora VK, Visalakshi P. Multi-drug resistant tuberculosis in context of RNTCP. Indian J Chest Dis Allied Sci. 
2003;45:215-9. 

28. Gupta R, Cegielski JP, Espinal MA, Henkens M, Kim JY, Lambregts-Van Weezenbeek CS, et al. Increasing 
transparency in partnerships for health--introducing the Green Light Committee. Trop Med Int Health 
2002;7:970-6. 

29. Kim JY, Mukherjee JS, Rich ML, Mate K, Bayona J, Becerra MC. From multidrug-resistant tuberculosis to DOTS 
expansion and beyond: making the most of a paradigm shift. Tuberculosis (Edinb) 2003;83:59-65. 

30. Gupta R, Espinal M; Stop TB Working Group on DOTS-Plus for MDR-TB. A prioritised research agenda for 
DOTS-Plus for multidrug-resistant tuberculosis (MDR-TB). Int J Tuberc Lung Dis 2003;7:410-4. 

31. Stover CK, Warrener P, VanDevanter DR, Sherman DR, Arain TM, Langhorne MH, et al. A small-molecule 
nitroimidazopyran drug candidate for the treatment of tuberculosis. Nature 2000;405:962-6.

32. Kir A, Tahaoglu K, Okur E, Hatipoglu T. Role of surgery in multi-drug-resistant tuberculosis: results of 27 cases. 
Eur J Cardiothorac Surg 1997;12:531-4. 

33. Park SK, Lee CM, Heu JP, Song SD. A retrospective study for the outcome of pulmonary resection in 49 patients 
with multidrug-resistant tuberculosis. Int J Tuberc Lung Dis 2002;6:143-9. 

34. Sharma SK, Mohan A. Clinical manifestations of tuberculosis: molecular mechanisms (editorial). Indian J Chest 
Dis Allied Sci 1997;39:1-4.

35. Beutler B, Greenwald D, Holmes D, Chang M, Pan Y-CE, Methison J, et al. Identity of tumor necrosis factor and 
macrophage-secreted factor cachectin. Nature 1985;316:552-54.

36. Iseman MD. A clinician’s guide to tuberculosis. Philadelphia: Lippincott Williams and Wilkins; 2000.
37. Etemadi A, Farid R, Stanford JL. Immunotherapy for drug-resistant tuberculosis. Lancet 1992;340:1360-61. 
38. Stanford JL. Frontiers in mycobacteriology. Symposium sponsored by National Jewish Center for Immunology 

and Respiratory Medicine. Vail, Colarado, October 1997.
39. Raad I, Hachem R, Leeds N, Sawaya R, Salem Z, Atweh S. Use of adjunctive treatment with interferon-gamma 

in an immunocompromised patient who had refractory multidrug-resistant tuberculosis of the brain. Clin Infect 
Dis 1996;22:572-4.

40. Giosue S, Casarini M, Ameglio F, Zangrilli P, Palla M, Altieri AM, Bisetti A. Aerosolized interferon-alpha treatment 
in patients with multi-drug-resistant pulmonary tuberculosis. Eur Cytokine Netw 2000;11:99-104

41. Johnson BJ, Bekker LG, Rickman R, Brown S, Lesser M, Ress S, et al. rhuIL-2 adjunctive therapy in multidrug 
resistant tuberculosis: a comparison of two treatment regimens and placebo. Tuber Lung Dis 1997;78:195-203.

42. Reyes-Teran G, Sierra-Madero JG, Martinez del Cerro V, Arroyo-Figueroa H, Pasquetti A, Calva JJ, et al. Effects 
of thalidomide on HIV-associated wasting syndrome: a randomized, double-blind, placebo-controlled clinical trial. 
AIDS 1996;10:1501-7.

43. Strieter RM, Remick DG, Ward PA, Spengler RN, Lynch JP, Larrick J, et al. Cellular and molecular regulation of 
tumor necrosis factor-alpha production by pentoxifylline. Biochem Biophys Res Commun 1988;155:1230-6.



78 CME 2004

44. Hirsch CS, Ellner JJ, Blinkhorn R, Toossi Z. In vitro restoration of T cell responses in tuberculosis and augmentation 
of monocyte effector function against Mycobacterium tuberculosis by natural inhibitors of transforming growth 
factor beta. Proc Natl Acad Sci U S A. 1997;94:3926-31.

45. Goldstein D, Hertzog P, Tomkinson E, Couldwell D, McCarville S, Parrish S, et al. Administration of imiquimod, 
an interferon inducer, in asymptomatic human immunodeficiency virus-infected persons to determine safety and 
biologic response modification. J Infect Dis 1998;178:858-61.

46. Dooley SW, Castro KG, Hutton MD, Mullan RJ, Polder JA, Snider DE. Guidelines for preventing the transmission 
of tuberculosis in health-care settings, with special focus on HIV-related issues. MMWR Morb Mortal Wkly Rep 
1990;39:1-29. 

47. Lou HX, Shullo MA, McKaveney TP. Limited tolerability of levofloxacin and pyrazinamide for multidrug-resistant 
tuberculosis prophylaxis in a solid organ transplant population. Pharmacotherapy 2002;22:701-4 

48. Papastavros T, Dolovich LR, Holbrook A, Whitehead L, Loeb M. Adverse events associated with pyrazinamide 
and levofloxacin in the treatment of latent multidrug-resistant tuberculosis. CMAJ 2002;167:131-6. 

49. Flament-Saillour M, Robert J, Jarlier V, Grosset J. Outcome of multi-drug-resistant tuberculosis in France: a 
nationwide case-control study. Am J Respir Crit Care Med 1999;160:587-93. 

50. Tahaoglu K, Torun T, Sevim T, Atac G, Kir A, Karasulu L, et al. The treatment of multidrug-resistant tuberculosis 
in Turkey. N Engl J Med. 2001;345:170-4.

51. Sharma SK, Mohan A. Scientific basis of directly observed treatment short-course (DOTS). J Indian Med Assoc 
2003;101:157-8,166.


