Anti-tuberculosis drug resistance in Nairobi, Kenya.
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SUMMARY

Background: Drug resistant tuberculosis (TB) which is a state when Mycobaterium tuberculosis (MTB) organisms
are resistant to antimicrobial agents at the levels attainable in blood and tissue pose a serious threat to TB control
programs. Limited information exists on the exact prevalence of resistance to anti-tuberculosis drugs in
populations with high rates of tuberculosis and HIV co-infection such as those in Nairobi, Kenya.

Setting: A cross sectional study was conducted among new and previously treated consecutive sputum smear
positive pulmonary tuberculosis (PTB) patients of 14 years and older at 16 diagnostic and treatment facilities in
Nairobi, Kenya, between February and August 2010.

Objective: To determine the magnitude of drug resistance to first line antituberculosis drugs among MTB isolates
obtained from a study addressing the diagnosis and epidemiology of drug resistant tuberculosis in Nairobi, Kenya.

Methods: Sputum samples from patients with bacteriologically confirmed PTB on microscopy were cultured on
Lowenstein Jensen (L.J) media. Participants were offered diagnostic testing and counselling for HIV testing. Strains
of MTB complex from Lowenstein Jensen (LJ) slopes were subjected to drug susceptibility testing (DST) to
isoniazid (H), rifampicin (R), streptomycin (S), and ethambutol (E) using the proportional method on the
Mycobacterium Growth Indicator Tube (MGIT) conventional method.

Results: A total of 595 TB patients had their MTB strains DST done. Of the 568 (95.4%) patients who had valid
results for analysis, 369 were new and 199 previously treated. About eighty five percent and seventy seven percent
of the strains from new patients and previously treated patients were fully sensitive to all the drugs tested
respectively. Any resistance to isoniazid, streptomycin, ethambutol and rifampicin was 10.3%, 4.3%, 5.1% and
0.81% respectively among new patients. Among previously treated patients any resistance to isoniazid,
streptomycin, ethambutol and rifampicin was 18.1%, 10.5%, 7.03% and 9.04% respectively. The prevalence of
MDR TB defined as resistant to at least both isoniazid and rifampicin was 0.54% and 8.54% among new and
previously treated patients respectively.

Conclusion: The study found high levels of drug resistant TB in Nairobi compared to other previous studies done
in the country. MDR TB in Kenya is now a reality and the situation in Nairobi being the largest cosmopolitant city
is worrying. The upword trend of MDR TB in Nairobi is course of concern. This calls for urgent concerted efforts
to address the problem especially the strenghthening of the implementation of the comprehensive framework of
the DOTS-Plus strategy for appropriate management of MDR-TB.

[Afr J Health Sci. 2012; 20:21-27]

Introduction:

Drug resistance of Mycobacterium tuberculosis which is
a state when Mycobaterium tuberculosis organisms are
resistant to antimicrobial agents at the levels attainable
in blood and tissue was recognized soon after the

introduction of anti-tuberculosis drugs in late 1940s"2.
The re-emergence of drug resistant TB especially
multidrug resistant TB (MDR TB) poses a serious threat
to TB control programs all over the world®. Resistance to
antituberculosis drugs develop naturally through
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mutations, non-adherence to drugs and inadequate
tuberculosis treatment.  Primary resistance is the
presence of drug resistant MTB in a patient with no or
less than one month of previous antituberculosis drug
therapy. On the other hand acquired resistance the
patient has received at least one month of
antituberculosis drugs in the past. Primary resistance
reflects the transmission of TB over the years while
acquired resistance is a good measure of TB programme
perfomance since it includes relapse cases, treatment
failures and defaulters®.

Early detection of TB drug resistance allows prompt
initiation of the appropriate treatment in patients and
surveillance of drug resistance. It is one of the key
priorities of the TB control program. However limited
information exists on the exact prevalence of resistance
to anti-tuberculosis drugs in populations with high rates
of tuberculosis and HIV co-infection such as those in
Nairobi, Kenya. Data from routine drug sensitivity
testing from the National reference laboratory (CRL)
shows resistance to rifampicin and isoniazid to be 10%
and 20% respectively for previously treated pulmonary
tuberculosis patientss. In 2007 alone 118 Multidrug
resistance TB cases were reported in Kenya from the
routine MDR-TB surveillance. This was based on only
1,500 (14% of all retreatment cases) samples analyzed at
the central reference 1ab0rat0ry6. As of April 2009 one
case of XDR-TB had been reported in the Western part
of Kenya in Busia’. The high rates of drug resistance TB
currently being reported in Kenya is alarming. In 2006,
WHO estimated a total of 400,000 Multi-drug resistant
TB (MDR-TB) to have occurred in the world of which
7,000 MDR-TB cases were reported from African
countries®. In most areas of the world where TB is
common, reliable pretreatment drug susceptability
results are not available. However epidemiological
studies have shown that most previously treated patients
with drug resistance initially had primary drug
resistance’. Mycobacterium tuberculosis strains resistant
to anti-TB drugs can be transmitted the same way MTB
strains susceptible to anti-TB drugs are transmitted.
Evidence that MDR TB strains have the potential for
transmission has been reported in a series of outbreaks in
hospitals'” "' amongst health care workers'®" and in
prisons“’.

Resistance to any anti-TB drug is predictable if the drug
is used alone. A similar resistance is expected if only
one drug is in a regimen were effective because of

preexisting resistance to other drugs in the regimen".
Rifampicin needs special protection because it is the key
sterilizing drug in short course treatment of
tuberculosis'®.

Among patients with drug resistance TB, additional
drug resistance may develop if a regimen with multiple
drugs is prescribed that includes drugs against which
primary resistance is present. Such a regimen may be
equivalent to a single drug therapy. In Vietnam it was
shown that primary resistance was a strong factor for
failure and relapse and for acquiring further resistance'”.
MDR-TB is a severe form of drug resistance and is on
the increase in many countries of the world . Most
childhood contacts of adults with MDR-TB are likely to
be infected with MDR-TB. Contact tracing is therefore
important in identifying children at risk and also know
the susceptibility patterns of the index case in order to
choose a proper treatment regimen for the contacts'® ',
TheWorld Health Organization has proposed in the
global plan to stop TB 2006-2015 several components
including addressing TB/HIV and MDR-TB*. Human
Immunodeficiency Virus (HIV) infection curtails the
effects of TB control programme by lowering the life
expectancy of those receiving TB treatment. The “direct
costs” of diagnosis and treatment are significant for poor
families, but the greatest economic loss occurs as a result
of “indirect” costs, such as loss of employment, travel to
health facilities, sale of assets to pay for treatment
related costs, and in particular, lost productivity from
illness and premature death®. The greatest economic
benefits of the global plan to stop TB are greatest in
African countries especially those with high levels of
HIV?

Directly Observed treatment short course (DOTs)
strategy can rapidly reduce the transmission and
incidence of both drug susceptible and drug resistance
TB. However, standardized or individualized treatment
regimen may be required based on the Drug Sensitivity
Testing (DST) to reduce mortality rates due to MDR-
TBZ. Primary drug resistance is a strong risk factor for
failure and relapse for acquiring further resistance. In
Vietnam it was shown that 17 out of 40 (43%) of the
failure patients enrolled for retreatment had primary
MDR-TB and 15 out of 25 (65%) of the patients
enrolled for retreatment who did not have primary
MDR-TB had acquired MDR-TB*. The treatment of
MDR-TB is expensive and takes long time though most
MDR-TB patients can be treated with the use of
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appropriate regimen. Second line drug also have many
side effects. Aminoquinolones are among the second
line anti-TB drugs and the widespread use of
aminoquinolones such as ciprofloxacin and ofloxacin for
other infections may render them significantly less
effective alternative therapy for MDR-TB%.

Extensively drug resistance TB (XDR-TB) also defined
as MDR-TB with further resistance to at least three of
the six classes of second line drugs anti-TB drugs is also
becoming a threat to public health worldwide. Of the
221 patients who had MDR-TB and were studied in
South Africa in September 2006, 53 cases were
identified with XDR-TB. This represented almost one-
sixth of all the known XDR-TB cases in the whole
world?’.

Materials and Methods

Setting: The study was conducted in Nairobi, the capital
city of Kenya. The population of Nairobi is steadly
growing due to rural-urban migration and immigration
from unstable countries e.g Somalia and Sudan. A
significant proportion of the residents of Nairobi belong
to the middle or low social economic class with high
population densities in certain areas. The total area of
Nairobi is 696 sq km with about 60% of the people
living in less than 5% of this area in overcrowded
informal settlements in the form of shelters. Nairobi has
the highest TB case load compared to other regions in
Kenya. In 2007 there were 18,902 (684/100,000) of all
forms of TB cases and 6,634 (242/100,000 ) of the new
smear positive TB cases.

There are 8 health districts in Nairobi divided based on
the geographical location and population sizes for
operational issues. All the 8 districts were selected for
the study. The study was cross sectional and to get the
number of patients per district the required sample size
was divided proportionately to the 8 districts depending
on the number of smear positive TB patients diagnosed
by each district in 2007. A list of all public diagnostic
centers in each district was compiled and ranked
according the number of new smear positive TB cases
diagnosed in 2007. The intake period was between
February and August 2010 i.e at 6 months maximum
duration in order to minimise operational costs. The
diagnostic facility in each of the health districts with the
highest number of patients diagnosed in a quarter of a
year was selected. This approach was used because the
facilities selected would capture most of the TB patients

in that particular health district and reach the required
sample size within the intake period. If the calculated
number of patients in the first facility was not adequate
for the particular district, then additional patients were
recruited from the next nearest dignostic facility within
the district. Consecutive eligible patients (both new and
previously treated) diagnosed and/or registered for
treatment at each of the selected diagnostic sites during
the intake period and gave consent were enrolled for
the study .

Specimen collection and transport

At the peripheral laboratory, the standard Acid —fast
(AFB) direct smear microscopy using Zeihl-Neelsen
(ZN) staining was done on the initial sputum to confirm
TB diagnosis of suspected patients. A second sputum
specimen was then collected before start of treatment
and then transported to the Central reference Laboratory
(CRL) on the same day for culture. The central reference
laboratory is located within the Centre for Respiratory
Diseases Research, Kenya Medical Research Institute
(CRDR- KEMRI) at Kenyatta National Hospital.

Culture of M. Tuberculosis and drug susceptability
testing.

Central reference laboratory (CRL) is the only public
laboratory which does sputum culture and drug
susceptability testing for M. tuberculosis. Primary
culture of M. tuberculosis was perfomed on egg based
solid culture media, Lowenstein-Jensen (LJ). Sputum
specimens were first decontaminated using 4% sodium
hydroxide to eliminate the associated commensal flora.
The decontaminated sputum specimens were then
homogenized by vortexing and then centrifuged for 15
minutes at 300 revolutions per minute (rpm). The
sediment obtained after centrifuging was inoculated
directly to the LJ culture media slopes and incubated at
37°C. The slopes were examined weekly for any visible
growth. A positive culture of M. tuberculosis confirmed
the diagnosis of active TB disease. Strains of MTB
complex from Lowenstein Jensen (LJ) slopes were
subjected to drug susceptibility testing (DST) to
Isoniazid (INH), rifampicin (RIF), streptomycin (SM),
and ethambutol (EMB) using the Mycobacterium
Growth Indicator Tube (MGIT) method.

A loopful of the colonies was harvested from the LIJ
slants, suspended in Iml sterile saline and vortexes to
break the large clumps. The suspension was adjusted to a
standard 0.5 McFarland turbidity by visual comparison.
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The drug containing and drug-free growth control MGIT
tubes were inoculated with the standardized 0.5
McFarland inoculums of the M. tuberculosis isolate and
entered into the MGIT960 automated machine in a
special rack-carrier with a printed barcode; this is read
by the machine when entering the tubes to identify the
test and apply the adequate algorithm for susceptibility
or resistance interpretation. All readings were performed

inside the machine and the results were printed as
susceptible or resistant for each drug tested.

Results

A total of 691 pulmonary tuberculosis patients were
enrolled for study in the 8 health districts of whom 438
were new smear positive PTB patients and 253 were
previously treated smear positive patients.

Of the 690 patients for whom data was available, 446

Table 1: Patterns of resistance to first line anti-tuberculosis drug in Nairobi, 2010

Newly diagnosed patients Previously treated patients Total

Item Number | % 95% CI Number | % 95% CI N % 95%CI
Number of DST | 369 100 199 100 568
Sensitive toall | 312 84.6 | 80.6-87.9 | 153 769 | 707-823 | 465 | 819 | 786849
Any Resistance
Isoniazid (H) 38 103 | 7.5-13.7 | 36 18.1 | 13.2-23.8 | 74 132 | 104-15.9
Rifampicin (R) | 3 0.81 |0.19-2.10 | 18 9.04 |559-13.5 |21 3.7 | 3.245.57
Ethambutol (E) 19 51 | 319772 | 14 702 | 4.02-11.1 |33 58 ] 4.08-7.94
Streptomycin (S) | 16 43 | 2.56-674 | 21 105 |68153 |37 |65 |468-874
Monoresistance TB
Isoniazid (H) 24 650 | 428933 |13 65 |364-105 |37 |62 | 468874
Rifampicin (R.) | 027 |0.01-128 |1 050 |0.02:236 |2 035 | 0.05-1.12
Ethambutol (E) 10 271 | 136471 |5 251 0953 |15 26 | 152418
Streptomycin (S) | 8 2.17 109940 |4 20 | 06466 |12 21| 113353
Multidrug resistance TB (MDR TB)
H4R 0 0 0 3 151 | 036392 |3 05 ]0.13-1.39
H+R+E | 027 | 0.01-1.28 | 2 10 |0.153.17 |3 05 ]0.13-1.39
H+R+S 0 0 0 6 3.0 | 1.19-6.04 |6 1.05 | 0.42-2.14
H+R+E+S I 0.27 | 0.01-128 | 6 30 [ 119604 |7 12 10.53-238

0.083- 335 | 2.06-5.04
Total MDRTB |2 054 | 1.72 17 854 |5.19-129 |19
Other resistance Patterns
H+E 5 136 | 0.48-2.91 | 1 0.5 0.02-2.36 | 6 105 | 0.422.14
H+S 5 136 | 0.482.91 251 0953 |10 176 | 0.88-307
H+E+S 2 054 | 0.83-1.72 | 0 0 0 2 035 | 0.054-1.12
R+E 0 0 0 0 0 0
E+S 0 0 0 0 0 0 0
R+S 0 0 0 0 0 0 0
R+E+S 0 0 0 0 0 0 0
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(64.7%) were males and 244 (35.3%) were females with
a mean age of 31.3 years, median and mode of 30 years.
The minimum age was 14 years and maximum age 84
years. A total of 485 patients (311 males and 174
females) were tested for HIV of whom 155 (32%) tested
positive while 330 (68%) tested negative for HIV.
and 199 previously treated. Strains of 312 (84.5%) of
new patients and 153(76.9%) of previously treated
patients were fully sensitive to all antituberculosis drugs
tested. Any resitance pattern among new patients was as
follows; isoniazid 38 (10.3%). ethambutol 19 (5.1%),
streptomycin 16 (4.3%) and rifampicin 3 (0.81%).
Among previously treated patients the resistance pattern
was isoniazid 34 (18.1%), streptomycin 21 (10.5%)
ethambutol 14 isolates (7.02%) and rifampicin 18
(9.04%). Two (0.54%) and 17 (8.54%) strains from new
and previosely treated patients respectively were
multidrug resistant TB (MDR TB) defined as resistant to
at least both isoniazid and rifampicin (Table 1).

Discussions:

Drug resistance in tuberculosis is a matter of great
concern for TB control programs since resistant
Mycobacterium tuberculosis strains could spread around
the world. The increasing prevalence of TB and HIV
infection is also worrying. Resistance to at least one
anti-tuberculosis drug in the world ranges from 0% in
two Western European countries i.e. United Kingdom
and Iceland to 56.3% in Baku and Azerbaijan. Among
previously treated patients’ resistance to at least one
anti-tuberculosis drug ranges from 0% in three European
countries to 86% in TashKent and up to 60% for MDR-
TB with 4012 MDR-TB cases reported all over the
world between 2002-2006, 301 (7%) being XDR-TB
cases®. As of January 2008 a total of 58 countries
worldwide including Kenya had reported to the World
Health Organization (WHO) at least one case of XDR-
TB. WHO recommends that in order to prevent
emergency of XDR-TB, countries should strengthen
laboratory diagnostic services to ensure rapid and
accurate DST and also increase disease surveillance
efforts to asses epidemiological trends®.

Initial drug resistance surveys performed in Kenya in
1964, 1974 and 1984, indicated that Initial resistance
ranged from 7.1% to 8.9% for isoniazid (H), from 0.5%
to 1.4% for streptomycin and from 1.3% to 1.4% for
both H and S combined while acquired resistance ranged
between 16% and 17% for H and between 2% and 16%
for both H and S. There was no resistance to

Fourty one percent of the female patients tested positive
while only 27% of the males tested positive for HIV.
Culture was positive in sputum from 595 (86.1%)
patients. Of the 595 strains subjected to drug
suaceptabilty testing, 568 cultures of M. tuberculosis
were available for analysis of whom 369 were new cases
rifampicin®. A countrywide survey carried out by Githui
et al. in Kenya in 1994, showed that among patients with
no previous exposure, 6.3% had a strain resistant to
either isoniazid (5.3%) or both isoniazid and
streptomycin  (1%) while in those with  previous
exposure 37% of the patients had a strain resistant to
either isoniazid (30.4%) or both isoniazid and
streptomycin  (6.5%). However no resistance was
recorded in rifampicin and ethambutol unlike in the
present study where resistance was recorded in both new
and previously treated patients’. In another study
carried out in Nairobi between September 1999 and
October 2001, MDR TB was documented in 17 (11.4%)
out of 209 isolates”. Recurrent TB has been identified as
the most important risk factor for resistance to isoniazid,
rifampicin or both in a study carried out by Zhiyuan et al
in New Jersey, USA®. Irregular treatment which is also
a common problem in big cities like Nairobi due to
fre(iuent movements has been associated with MDR-
TB™. High prevalence of drug resistance in HIV
infected TB patients has been reported. Studies in
Lativia showed that any resistance and MDR-TB were
significantly associated with HIV infection. Taylor et
al., found out in a study in Texas that TB patients with
HIV were more likely to have rifampicin resistance and
less likely to have isoniazid resistance™. However a
study done in Puna, Maharashltra India on anti-TB drug
resistance showed that prevalence of drug resistant
isolates among HIV seropositive patients was similar to
that of HIV seronegative TB patients indicating that HIV
infection may not be associated with drug resistant TB*.
Tuberculosis infections in high incidence countries have
been shown to be recently transmitted and failure to
contain MDR TB and XDR TB reflects inability to
diagnose the problem early to prevent transmission of
the same while continuing to prescribe an ineffective
regimen®. Once MDR TB has developed, further
progression to pre-XDR and XDR is only a question of
time and will take place over few months or even years.

The patient remains infectious and transmission of MDR
TB and XDR TB continues particularly in areas with
high incidence of HIV and overcrowding. The
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emergence of MDR TB in Nairobi is therefore a course
of concern and calls for urgent attention to address the
problem of drug resistant TB. Concerted efforts are
therefore required to prevent drug resistance and
effectively treat patients with MDR-TB as a crucial
protection of public health and TB control. The DOTS
strategy developed in 1970s and 1980s can prevent
MDR TB from becoming a serious problem in a
population and also reduce MDR TB once it has
occurred. We call for strenghthened efforts on the
implementation of the comprehensive framework of
DOTS-Plus strategy that add components for MDR-TB
diagnosis, management and treatment integrated within
the DOTS programs.

References

1.

10.

Crofton, J.,  Mitchison, D.A.
Streptomycin ~ resistance  in
tuberculosis. BMJ; 2: 1009-1015.
Canetti, G. (1965). Present aspects of bacterial
resistance in tuberculosis. Am Rev Respir Dis;
92: 687-703.

World Health Organization/Stop TB partnership
(2001). Stop TB. Annual report 2001. Geneva.
Mitchison, D., A. (1985). The actions of anti-
tuberculosis drugs in short course chemotherapy.
Tubercle; 1995; 66: 219-25

Ministry of Health, Kenya, (2007). National
Tuberculosis  Central reference laboratory
(CRL). Routine Drug susceptability testing,
2007.

Ministry of Health, Kenya, (2007). National
Leprosy and Tuberculosis control programme
(NLTP) . Annual Report, 2007

Ministry of Health, Kenya, (2009). National
Leprosy and Tuberculosis control programme
(NLTP) . Annual Report, 2009

World Health Organization (2008a).  Anti-
tuberculosis drug resistance in the world.

World Health Organization. (2004).  Anti-
tuberculosis drug resistance in the world.

Bifani, P.J., Plikaytis, B.B., Kapur, V.,
Stockbauer, K., Pan, X., Lutfey, M. L.,
Moghzeh, S, L., Eisner, W., Daniel, T. M.,
Kaplan, M. H., Crawford, J. T., Msser, J. M.,
Kreiswirth, B. M. (1996). Origin and interstate
spread of a New York City multidrug-resistant

(1948).
pulmonary

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mycobacterium tuberculosis clone family:
JAMA; 275: 452-7.

Coronado, V.G., Becke-Sagwe, C., Hutton,
M.D., Davies, B.J., Nicholas, P., Villareal, C.,
Woodley, C. L., Kilburn, J, O., Crawford, J. T.,
Frieden, T. R. (1993). Transmission of Multdrug
resistant TB (MDR TB) among persons with
HIV-infection in an  urban  hospital.
Epidemiology and Restriction Fragment Length
Polymorph (RFLP). J Infect Dis 168: 1052-
1055.

Beck-Sagwe, C., Dooley, S.W., Hutton, M.D.,
Otten, J., Breeden, A., Crawford, J. T.,
Pitchenik, A. E., Woodley, C., Cauthen, G.,
Jarvis, W. R. (1992). Hospital outbreak of
Multidrug resistant tuberculosis (MDR TB)
infection; factors in transmission to staff and
HIV-infected patients: JAMA; 268: 1280-1286.
Jereb , J.A., Klevens R.M., Privett, T.D., Smith,
J.T. (1995). Tuberculosis in health care workers
at a hospital with an outbreak of Multdrug
resistant TB (MDR TB). Arch Intern Med; 155:
854-859.

Valway, S. E., Richards, S. B., Kovacovich, J.,
Greifinger, R. B., Crawford, J. T., Dooley, S.
W. (1994). Outbreak of Multidrug resistance TB
in New York state prison, 1991: Am J
Epidemiol; 140: 113-123.

Torman’s tuberculosis. Case  detection,
treatment and monotoring, Questions and
answers, second edition. Geneva,
WHO, Publication, WHO/HTM/TB/2004.334
World Health Organization (2008b). Guidelines
for the programmatic management of drug
resistance tuberculosis.
WHO/HTM/TB/2008.402

Mitchison, D. A., Nunn AJ. (1986). Influence of
initial drug resistance on the the responce to
shortcourse ~ chemotherapy of  pulmonary
tuberculosis. American review of respiratory
disease, 133: 423-430.

Simon, H., Helen, A., Vermeulen, S., Robert , P.,
Nilda ,B., Peter, R. (1999). Evaluation of young
children in household contact with adult
multidrug resistant pulmonary tuberculosis
cases. Paediatric Infectious, Diseases Journal ;
18: 494-500

Simon, H., Annelies, V., Robert P., Nulda, B.,
Tommy, C., Van, H., Peter, R. (2000)

African Journal of Health Sciences, Volume 20, Number 1-2 January-March 2012 26



20.

21.

22.

23.

24.

25.

26.

27.

28.

Transmission of multidrug resistance
tuberculosis. Paediatric Infectious, Diseases
Journal, 2000; 19: 695-705

World Health Organization (2006a). The Stop
TB strategy. WHO/HTM/TB/2006.368.

Smith , I. (2004). What is the health, social, and
economic burden of tuberculosis. p. 233-7,
In:Frieden T. (ed). Toman’s tuberculosis case
detection, treatment, and monitoring: questions
and answers. 2nd ed. Geneva, WHO, Publication,
WHO/HTM/TB/2004.334.

Ramanan L, Klein E, Dye C, Katherine F,
Darley S, Adeyi O. (2007). Economic benefits
of Tuberculosis control. The world Bank, Human
development Network ,Health, Nutrition &
population team.

Kathryn, D., Louders, G., Mirriam, B., Manuel,
P., Martinez-Gamboa., Peter, M, S., Jose, S.,
Alfredo, P. (2005). Does DOTS work in
populations with drug resistant tuberculosis? The
lancet, vol 365.

Quy, H.T.W., Lan, N.T., Borgdorff, M.W,,
Grosset, J., Link, P.D.,Tung, L.B., Soolingen,
V.D., Raviglione, M., Broekmaus, J. (2003).
Drug resistance amomg failure and relapse cases
of tuberculosis: Is the standard retreatment
regimen adequate? International Journal of
Tuberculosis Lung Disease ; 7(7): 631-636.
Kemal, T., Tulay, T., Tulin, S., Guliz, A.,
Altan, K., Levent, K., Ipek, O., Nilofer, K,.
(2001). The treatment of Multidrug tuberculosis
in Turkey. New Engandl Journal of Medicine,
Vol 345, No.3,

Grimaldo, E. R., Tupasi, T. E., Rivera, A.B.,
Quelapio, I. D., Cardano, R. C., Derilo, J. O,
Belen, V. (2002). Increased resistance to
ciprfloxacin and ofloxacin in muiltidrug resistant
mycobacterium  tuberculosis  isolates from
patients seen at atertiary hospitl in phillipines.
International Journal of Tuberculosis Lung
Disease; 5(6): 546-550.

Singh, J. A., Upshur, R., Padayatchi, N. (2007).
XDR-TB in South Africa: No time for Denial or
complacency. PLoS Med 4 (I1): e50.dol:
10.1371/journal.pmed.0040050.

The WHO/IUATLD (2007), Global project on
anti-tuberculosis drug resistance surveillance,
Report No.4

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sanjeev, K. N. (2009). Extensively Drug
resistant Tuberculosis (XDR-TB). JK Science.
www.jkscience.org. Vol, 11 No. 2, April-June
20009.

Kenya/British Medical Research Council co-
operative investigations (1989). Tuberculosis in
Kenya. A 3rd National Sampling Survey of drug
resistance and other factors and comparison with
the 1st two National Surveys. Tubercle; 70: 5-20.
Githui, W. A., Juma, E. S., van Gorkom, J.,
Kibuga, D., Odhiambo, J., Drobniewski, F. (1998).
Anti-tuberculosis drug resistance surveillance in
Kenya, 1995. International  Journal of
Tuberculosis Lung Disease; 2: 499-505

Githui, W. A., Meme H., Juma E., Karimi F.,
Kinyanjui P., Chakaya J., Kangangi J., and
Kutwa A (2004). Isolation of multi-drug resistant
tubercuolisis strains in patients from private and
public care facilities in Nairobi, Kenya.
Inernational Journal of Tuberculosis Lung
Disease; 8: 837-841.

Zhiyuan, L., Kenneth, L. S., Lyn, F. (1998).
Epidemilogy of drug resistant tuberculosis in
New Jersey from 1991 to 1995. International
Journal of Epidemiology ; 27: 121-126.
Elizabeth, C. B., Rosa, M. S. M., Raimunda, O.
S., Ana L. O. S., Joana, B. B., Jorge L. N.
R.(2003); Risk facotrs for acquired multidrug-
resistanr tuberculosis. Journal of Pneumology ;
29 (2):89-97.

Taylor, J. P., Bergmire-Sweat, D., Suarez, L.
(1999). Epidemilogy of drug resistant
tuberculosis in Texas. American medical journal
of Epidemiology ; 149: 359-365.

Mycal, P., Srikanth, T., Vikas, 1., Ramash, K.,
Manoj, B., Amrita, D., Rajshekar, 1., Annand,
A., Sanjar, M., Arun, R. (2005). Drug resistance
pattern of Mucobacteria tuberculosis
seroppsitive and seronegative HIV-TB patients
in Pune, India. Indian Journal Medical
Respiratory, 121 April 2005, pp 225-239.

Millen, S. J., Uys, P.W., Hargrove, J., Van
Helden, P.D., Williams, B.G. (2008). The effect
of diagnosic delays on the drop out rate and the
total delay to diagnosis of tuberculosis. PloS
ONE 2008; 3:e1933-€1933. [Cross
Ref][Medline]

African Journal of Health Sciences, Volume 20, Number 1-2 January-March 2012 27



