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Abstract. The aim of the study was to determine drug sensitivity and DNA finger-
prints of Mycobacterium tuberculosis strains from retreatment cases of pulmonary
tuberculosis. The study population consisted of 131 culture positive, retreatment
tuberculosis patients admitted to the Chest Hospital, Welisara, Sri Lanka who had
taken anti-tuberculosis drugs previously. Forty-eight percent of the isolates were
susceptible to all 12 drugs tested. Twenty isolates were resistant to first line drugs,
28 to both first and second line drugs and 17 to second line drugs. Forty-six per-
cent were resistant to a single drug, 23% to two and 19% to 3 drugs, respectively.
Resistance to p-aminosalicylic acid (15%) was most common followed by etham-
butol (14%), isoniazid and pyrazinamide (12%). Multi-drug resistance was present
in four isolates. Using RFLP analysis the copy number and IS 6110 element in M.
tuberculosis strains varied from one to seven, the majority having 3 to 5 copies. The
prevalence of acquired drug resistance to individual drugs was comparatively
lower except resistance to ethambutol. The majority of retreatment patients be-
longed to the defaulter category and this stresses the importance of implementing
directly observed treatment short course and susceptibility testing of isolates in
retreatment TB patients to prevent the spread of drug resistance. By using the IS
6110 genetic marker it was possible to differentiate most of the M. tuberculosis iso-
lates. However, for an unambiguous confirmation of the identities of strains, ad-
ditional genetic markers should be employed in strain typing such as spoligotyping.

Key words: Mycobacterium tuberculosis, drug resistant patterns, RFLP analysis,
recurrent TB patients, Sri Lanka

nearly 2 million people in the world each
year (WHO, 2007). The study of tubercu-
losis (TB) epidemiology and transmission,
traditionally involving patient contact
tracing, has been improved by the use of
molecular strain typing (Mathema et al,
2006). Molecular epidemiological studies
have added much-needed accuracy and
precision to the study of transmission

INTRODUCTION

Mycobacterium tuberculosis is an ex-
tremely successful pathogen that kills
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dynamics, and have allowed previously
unresolved issues to be newly addressed,
such as the classification of recent-versus-
reactive disease, the extent of exogenous
reinfection and the detection of unsus-
pected transmission events (Mathema et
al, 2006). Advances in molecular typing
have led to the identification of highly
transmissible M. tuberculosis complex
strains in the last few years. Although TB
has been treated effectively, the emergence
of drug resistant TB strains has become a
global threat to TB prevention and control
efforts. Currently, the major threat to TB
control is the transmission of extensively
drug-resistant (XDR) strains (Gandhi et al,
2006; Samper and Martin, 2007). The suc-
cessful treatment of TB depends upon the
selection of an effective chemotherapeu-
tic regimen. Therefore, the aim of the study
was to determine the patterns of drug re-
sistance and the DNA fingerprints of M.
tuberculosis isolated from re-treatment TB
patients in Sri Lanka.

MATERIALS AND METHODS

One hundred seventy sputum smear-
positive TB patients admitted for re-treat-
ment to Chest Hospital, Welisara, Sri
Lanka were enrolled in the study. There
were 24 patients among the chest clinic
attendees having a history of imprison-
ment before being diagnosed as having TB
(ex-prisoners). The study population con-
sisted of 131 culture-positive re-treatment
TB patients. The remaining patients were
excluded, as their cultures were negative.
Of the 131 patients, 38 cases were relapses
after WHO category 1 or category 2 treat-
ment, 92 were defaulters and the remain-
ing patient was a treatment failure. Spu-
tum culture for acid-fast bacilli and DST
were carried out at the Department of Mi-
crobiology, Faculty of Medicine of the

University of Colombo, Sri Lanka and the
ethical clearance for the study was ob-
tained from the Ethical Review Commit-
tee of the Faculty of Medicine, University
of Colombo.

Sputum samples were decontami-
nated using the standard sodium hydrox-
ide - sodium citrate - N acetyl - L - cysteine
method and were inoculated on Lowen-
stein-Jensen (LJ) medium and Middle
Brook 7H-10 agar medium to isolate the
M. tuberculosis strains (Kubica and Dye,
1963). The strains of M. tuberculosis ob-
tained from these media were used for
antibiotic sensitivity testing and restriction
fragment length polymorphism (RFLP)
analysis.

Antibiotic sensitivity testing
Criterion for resistance was based on

1% survival level of the organism in com-
parison with a control medium without
the drug. Resistance was defined as sur-
vival of the tubercle bacilli at the follow-
ing drug concentrations (µg/ml), isoniazid
(H), 0.2; rifampin (R), 1.0; streptomycin (S),
2.0; ethambutol (E), 5.0; pyrazinamide (Z),
25.0; p-amino salicylic acid (PASER), 2.0;
ethionamide (Et), 5.0; cycloserine (Cs),
30.0; kanamycin (Km), 5.0; viomycin (Vm),
5.0; ciprofloxacin (Cx), 2.0 and rifabutin
(Rb), 2.0.

IS6110-RFLP
RFLP analysis of the 131 isolates by

Southern blotting and DNA hybridization
with IS6110 probe was performed accord-
ing to the standard fingerprinting method
(van Embden et al, 1993).

RESULTS

Among the 131 patients 63 (48%) were
susceptible to all 12 drugs tested and drug
resistance was observed in 68 (52%) of the
isolates. Eighty-three (63%) isolates were
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Druga Number of Percentage
resistant isolates resistance

H 16 12.2
R 10 7.6
E 19 14.5
S 13 9.9
Z (pH-5.5) 16 12.2
PASER 20 15.3
Et 15 11.4
Cs 15 11.4
Km 9 6.8
Cx 7 5.3
Vm 2 1.5
Rb 1 0.7

Table 1
Resistance to anti-tuberculosis drugs of

131 M. tuberculosis isolates.

aThe full names of the drugs are indicated in
the text.

Number of IS 6110 copies Ex-prisoners General population
n = 24 (%) n = 106 (%)

1 6 (25) 13 (10)
2 5 (21) 11 (9)
3 5 (21) 24 (19)
4 2 (8) 22 (17)
5 4 (17) 20 (16)
6 2 (8) 10 (8)
7 0 (0) 6 (5)

Table 2
Comparison of IS element IS 6110 copy numbers in M. tuberculosis isolates.

Number of strains (N =130)

Pattern of resistance to first line and sec-
ond line anti-TB drugs between default-
ers and relapses were not significantly dif-
ferent. Among the isolates, 31 (46 %) were
resistant to a single drug, 16 (23%) to two
drugs and 13 (19%) to three drugs. Four
isolates (6%) were resistant to four drugs,
another two (3%) were resistant to five,
and from remaining two isolates (3%) one
was resistant to seven and the other to
eight drugs.

In tested isolates, resistance to PASER
(15.3%) was the most common followed
by E (14.5%), H and Z (12.2%) (Table 1).
Multidrug resistance was present in 4 (3%)
isolates. Among the 48 strains resistant to
first line drugs, 30 (23%), 12 (9%), and five
(4%) isolates were resistant to one, two and
three drugs of the five drug combination,
respectively. A single isolate was resistant
to all five first line drugs. Among the 83
isolates that were susceptible to all first line
drugs there were 20 strains that showed
resistance to second line drugs.

Table 2 summarizes the numbers of IS
copies found in the strains investigated.
The copy number of IS 6110 element in
M.tuberculosis strains varied from 1 to 7,
the majority having 3 to 5 copies. Among

susceptible to all five first line drugs H, R,
E, Z and S of the WHO re-treatment
course. Among the resistant isolates, 20
were resistant to first line drugs, 28 to both
first and second line drugs of Et, Cs,
PASER, Km and Cx while 17 were resis-
tant to second line drugs only. The remain-
ing 3 were resistant to Vm (2) and Rb (1).
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the strains tested one strain from the gen-
eral population lacked the IS 6110 element.

Pattern of drug resistance and IS 6110
copy number are shown in Table 3. Ac-
cording to the RFLP patterns of the iso-
lates, five sets of isolates had similar band-
ing patterns. However, in antibiotic sensi-
tivity testing in one set, one strain was re-
sistant to drug Z while the other was sen-
sitive to all tested drugs. In the second set,
one was sensitive to all drugs while the
other strain was resistant to Et. The re-
maining three pairs of isolates, which had
identical RFLP patterns, were sensitive to
all drugs tested.

DISCUSSION

In this study, sputum direct smear and
culture positive patients in Sri Lanka who
had received prior treatment for TB were
examined to determine DNA fingerprint-
ing and pattern of drug resistance devel-
oped against the first and second line

drugs treatments. It was found that ac-
quired drug resistance was high (52%).
However, the incidence of multidrug re-
sistant TB was low (3%). The prevalence
of acquired drug resistance to individual
drugs was comparatively lower in Sri
Lanka compared to other countries except
E resistance (14.5%). R resistance has been
observed most frequently in association
with resistance to H (Bloch et al, 1994) but
the resistance to R and susceptibility to H
isolates has also been recognized through
surveillance (Ridzon et al, 1998). Resistance
pattern observed for R in our study is simi-
lar, where six out of the 10 R resistant
strains did not show resistance to H. An-
other interesting factor is the low incidence
of cross-resistance between R and Rb.
There were nine isolates, which were re-
sistant to R but susceptible to Rb, while a
single isolate showed resistance to both
drugs. This is comparable to a study in
Turkey (Cavusoglu et al, 2004), where Rb
remains active against R resistant strains

Druga

1 2 3 4 5 6 7

H 1 5 1 2 2
R 1 3 1
Z 1 1 2 2 4 2
S 1 1 2 3 1
E 1 4 5 4 1
PASER 2 3 5 4 4 1
Et 1 4 4 1 1
Km 1 3 1
Cs 1 4 1 3
Rb 1
Vm 1 1
Cx 1 1 3 1

Table 3
Comparison of drug resistant pattern and IS element (IS 6110) copy numbers

in M. tuberculosis isolates.

aThe full names of the drugs are indicated in the text.

Copy number
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with certain genetic alterations. A limita-
tion to our study was that we were unable
to test the drugs H, S and E at two differ-
ent concentrations.

The other notable factor in our study
was the presence of significant numbers
of bacterial strains resistant to second line
drugs without being previously exposed
to them. Furthermore, there were strains
that were resistant to second line drugs
without showing resistance to first line
drugs. This is similar to the report by CDC
(2006), which recorded multiple cases of
TB with resistance to virtually all second
line drugs. Therefore, it is difficult to pre-
dict the response to treatment without
performing an antibiotic sensitivity test.
According to the WHO guidelines for the
management of drug resistant tuberculo-
sis (Croffton et al, 1997) recurrent TB pa-
tients can be subdivided into three groups.
They are patients excreting bacilli suscep-
tible to all anti-TB drugs, patients excret-
ing bacilli resistant to H but susceptible to
R and those excreting bacilli resistant to at
least H and R. Therefore, theoretically it is
possible for 97% of our study population
to recover from TB by using the WHO re-
treatment regimen under supervision. In
this study, although the number of patients
with MDR strains was few, the mono-drug
and poly-drug resistance to first line drugs
were quite high. Hence, in the evaluation
of drug resistance, consideration of resis-
tance to drugs other than H and R is rec-
ommended.

According to the findings 14% of the
isolates were resistant, at least to two of
the five-drug regimen, and therefore such
patients require the use of second line anti-
TB drugs in their chemotherapy. WHO
recommends that the drugs prescribed in
re-treatment (which the patients have not
had previously in the initial regimen)
should consist of at least three drugs, pre-

ferably 4 or 5, to which the bacilli are likely
to be fully sensitive. Wide variation in
drug sensitivity patterns in our study in-
dicates the necessity to have an antibiotic
sensitivity test before instituting treatment
for recurrent TB patients.

The presence of a strain resistant to
eight drugs, which was similar to the ex-
tensively drug resistant (XDR) strains, sig-
nals the possibility of untreatable TB. Al-
though the use of PASER and Et in primary
tuberculosis treatment had been disconti-
nued a decade ago in Sri Lanka, the study
showed that some of the patients had
strains, which are resistant to these drugs.
A similar observation was recorded in
Peru (Saravia et al, 2005), in which more
than half of Category I failures with MDR-
TB had strains also resistant to S, a drug
they had never received. In Sri Lanka up
to 1989, treatment regimen of pulmonary
tuberculosis consisted of 18 months
therapy with the daily administration of
H, Et and S for 2-3 months and then H and
Et for 16 months or bi-weekly admission
of H, Et and S or PASER for 3 months fol-
lowed by H and S for next 15 months. Al-
though this treatment regime may have
attributed to the decline in TB in the coun-
try, it may also have contributed to the
drug resistant strains and relapses, due to
poor patient compliance. Of the patients
tested, 43% had initial treatment prior to
1989.

In this study, patients with docu-
mented positive culture results and not
those with negative culture results who
continued to have clinical features sugges-
tive of pulmonary tuberculosis were in-
cluded. However, non-viable specimens
are more likely to be resistant to H, R and
other first line drugs (Mitike et al, 1997);
thus, the actual proportion of patients with
resistant isolates is likely to have been
higher. The present study reveals that the
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majority of the re-treatment TB patients
belong to the defaulter category and there-
fore this stresses the importance of imple-
menting directly observed treatment short
course (DOTS) in the island, to prevent
recurrence of infection. Effective tubercu-
losis control programs using standardized
regimens and directly observed therapy
can decrease the level of acquired drug
resistance in a community.

In Sri Lanka drug sensitivity testing
on initial isolates of M. tuberculosis is not
routinely practiced. In the case of category
2 treatments, sensitivity testing is carried
out for first line drugs only. However, due
to the wide variation in patterns of drug
resistance observed in this study, it is rec-
ommended that sensitivity tests for both
first and second line drugs be carried out
before instituting treatment for re-treat-
ment TB patients. Despite its greater ini-
tial cost (Croffton et al, 1997) it is impor-
tant to implement DOTS and carry out
DST in the case of recurrent TB patients to
prevent the spread of drug resistance for
which an effective national TB program  is
necessary.

RFLP analysis showed that the major-
ity of circulating M. tuberculosis strains in
Sri Lanka belong to a limited number of
families, the degree of IS 6110 DNA poly-
morphism among strains was high with a
low copy number. In this study, 68% of
the isolates had less than five copies. This
pattern is similar to that of other countries
in the Asian and Indian Ocean regions,
such as India, Malaysia, Oman, Hong
Kong, Madagascar and Mozambique (van
Soolingen et al, 1996; Razanamparany
et al, 2009). However, in the absence of
DNA sequencing analysis, conclusions
could not be made whether these isolates
were genetically different or they under-
went any genetic changes within a given
time. In our study, there were five pairs of

isolates, which had identical banding pat-
terns. However, the pattern of drug resis-
tance in the two strains of two sets was
different. These isolates were collected
from patients coming from different dis-
tricts but in the same province. Although
they came to the same hospital for treat-
ment, the strains were unlikely to be epi-
demiologically related. The findings of
Gillespie et al (2000) showed that non-ran-
dom association of IS 6110 with M. tuber-
culosis could result in false positive clus-
tering in unselected collections of isolates.
Among the strains tested, one strain lacked
the IS 6110 element. Previous studies
showed that M. tuberculosis strains carry-
ing one or few IS 6110 copies are often dif-
ficult to differentiate by IS 6110 standard
RFLP analysis because of a site specific
preference for insertion of the IS element.
Therefore, to differentiate the strains other
genetic markers, such as polymorphic rich
GC repetitive sequence and direct repeats
have been used (van Soolingen et al, 1993;
Bauer et al, 1999). In this study for DNA
fingerprinting restriction enzyme Pvu II
was used to digest chromosomal DNA of
the mycobacterial strains. The enzyme
cleaves the 1.35 - kb IS 6110 element at a
single site. The 541 bp DNA probe used for
the hybridization corresponds to a piece
of the IS 6110 element and the Pvu II site is
located within that region. By using this
DNA probe all of the possible IS 6110 con-
taining restriction fragments are visualized
and when analyzing the fingerprints two
bands were considered as a single copy.
Therefore, the DNA probe used could dif-
ferentiate the M. tuberculosis strains carry-
ing one or few IS 6110 copies.

This is the first study in Sri Lanka in
which the RFLP pattern of M. tuberculosis
strains in a population has been examined
along with the drug sensitivity patterns.
By using the genetic marker of IS 6110 it
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was possible to differentiate most of the
M. tuberculosis isolates. However, for an
unambiguous confirmation of the identi-
ties of strains, additional genetic markers
should be employed in strain typing such
as spoligotyping. Therefore, establishment
of this method of analysis in Sri Lanka will
not only be useful to study strain varia-
tions in epidemiological analysis but may
be used beneficially in treatment of pa-
tients as well as identifying patients car-
rying drug resistance strains.
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