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Section 2

Executive Summary o f the Project

This should be limited to 200-250 words and include the scientific background and 
objectives, methodology and major findings

Background: Tuberculosis (TB) is a disease of poverty that contributes significantly to ill- 
health in developing countries. Drug resistant TB is a major challenge in controlling and 
prevention of TB. Therefore, early diagnosis and rapid determination of drug sensitivity is 
of paramount importance in eradication of TB.

Objectives: The study was divided into 3 main parts. The aim of the first part was to 
identify the rifampicin resistant gene mutations of Mycobacterium tuberculosis (MTB) 
strains in Sri Lanka (Mainly Western Province). The objective of the second part was to 
develop a rapid molecular method for determination of rifampicin (RIF) resistance. The 
aim of the third part was to determine the molecular epidemiology of RIF resistance in 
Western Province where the highest disease burden in Sri Lanka is reported. Each 
objective was achieved through several specific objectives.

Methodology: Five hundred and thirty four acid fast bacilli (AFB) positive sputum 
specimens collected from Chest Hospital- Welisara, Chest Clinic- Colombo and Prison 
Hospital were used for the study. Lowenstein-Jensen (L-J), Middlebrook7H9 broth and 
paranitrobenzoic acid incorporated L-J media were inoculated using processed and 
concentrated sputum. Drug susceptibility testing (DST) was carried out by using the Agar 
Proportion Method (APM). The Nitrate Reductase Assay (NRA) and the manual 
Mycobacteria Growth Indicator Tube (MGIT) were evaluated as rapid culture based DST 
methods. DNA was extracted from isolated M. tuberculosis strains. Three fragments in 
rpoB gene were PCR (polymerase chain reaction) amplified and DNA sequenced. PCR 
based enzyme linked iminunoabsorbant assay (PCR-ELISA) was developed and evaluated 
for detection of RIF resistant M. tuberculosis isolates in Sri Lanka. Restriction fragment 
length polymorphism (RFLP) was carried out to investigate the molecular epidemiology of 
the RIF resistance.

Findings: Four hundred and one (401) MTB cultures were isolated form 534 AFB 
positive specimens. The evaluated rapid culture methods, the NRA and the manual MGIT 
were found to be good alternatives for conventional proportion method that spend more 
than 28 days for determination of RIF resistance. Two novel mutations (at codon 184 and 
626) and 2 prevailing mutations (at codon 526 and 531) were identified in rpoB gene of 
MTB strains collected from Sri Lanka. The PCR ELISA that was developed as a 
component of study is simple, rapid, cost effective and an accurate molecular method for 
determination of RIF resistance. With regard to RFLP analysis of the band pattern of the 
isolates, there is no clonal relationship of the RIF resistant MTB isolates retrieved from the 
study.

2



Section 3

(A) Background

One third of the world's population is estimated to be infected with MTB and the majority 
of TB cases are concentrated in developing countries (WHO. 2011). Globally, 8.8 million 
cases of TB were estimated in 2009. Most of the estimated cases occurred in Asia (59%) 
and Africa (26%) as compared to the Eastern Mediterranean Region (7%), European 
Region (5%) and the Region of the Americas (3%). Three Asian countries namely India, 
China and Indonesia, are among the five countries with the largest number of incidents of 
TB in 2009. India alone contributed 26% of all TB cases worldwide, while India and 
China together accounted for 38% (WHO. 2010).

Although Sri Lanka is not a high-burden country, TB remains a significant public health 
issue. The estimated incidence rates of all forms of tuberculosis in 2009 were 66 per 
100,000 populations (WHO. The Regional Report 2011) and 9643 new TB cases were 
notified (NPTCCD annual report. 2009). The overall treatment success rate among smear 
positive cases was 85% among the new smear positive cases and 70% among re-treatment 
patients in the year 2008 (WHO. The Regional Report, 2011). A study conducted by the 
National Reference Laboratory-Sri Lanka during the period 2005 - 2007 revealed that 
3.4% of MTB strains were resistant to RIF and 4.5% were resistant to isoniazid (INH) 
while 2.5% were multi drug resistant (Elwitigala et al. 2008).

Rifampicin is the most important drug in the short-course treatment regimen due to its 
efficient antimicrobial action (Rattan and Ahmad. 1998). Rifampicin interferes with 
initiation of DNA transcription. It is stated that approximately 90% of world's RIF 
resistant isolates are also resistant to INH, making RIF resistance a useful marker of 
MDR-TB that is at least resistant for RIF and INH (Traore et al. 2000). Most of RIF 
resistant MTB strains from different countries appear to harbour specific point mutations 
in the Rifampin Resistance-Determining Region (RRDR) of rpoB gene which comprises 
an 81 bp region containing codons 507-533 (Williams et al. 1998; Mani. et a/. 2001). In 
addition, studies have also revealed a significant contribution to RIF resistance through 
mutations in the region outer to RRDR of the rpoB gene, suggesting that, the nature and 
frequency of mutations in the rpoB gene of RIF resistant MTB clinical isolates vary 
considerably, between different geographical regions (Lingala et al. 2010; Ozkutuk et al. 
2007). Further, it has been reported that there is discordance between results of phenotypic 
methods and genotypic methods that are based on RRDR mutations in the detection of 
drug resistant TB (Lingala et al. 2010).

The WHO recommends to perform DST for at least RIF and INH in resource limited 
settings, especially in previously treated patients and HIV co-infected patients. Early 
diagnosis of drug resistant TB and the management of MDR-TB patients are challenging 
obstacles faced by tuberculosis control programmes all over the world (WHO policy 
statement .2010). Presently, numerous molecular based identification methods such as 
INNO-LiPA Rif.TB (INNOGENETICS. Belgium) and Geno Type MTBDR/?/?m 
(HainLifescience, Germany) have been commercialized for identification of rifampicin 
resistance. However, these methods are based on the detection of commonly reported 
mutations which are at codon 531. 526 and 516 (WHO, 2010). It is now recognized that 
there is a need to customize the detection systems according the geographical variation of 
the mutations (Tan et al. 2012).

3



In Sri Lanka, rifampicin resistance is determined by the conventional proportion method 
that requires more than 28 days for detection of drug resistance. Thus, evolution of the 
rapid culture methods is very important for early and accurate disease diagnosis. However, 
drug susceptibility pattern may delay at least 10 days even with the use of rapid culture 
methods. Thus, molecular methods for determination of drug resistant tuberculosis are 
vital in controlling and prevention of the disease. Prior to establishing molecular based 
methods for detection of drug resistance in a particular geographical setting, it is important 
to characterize the mutations in rpoB gene in MTB isolates.

Genotyping of M. tuberculosis has been extensively used for investigating epidemics of 
MDR-TB. There is much debate about the degree of transmissibility as a specific 
characteristic of drug resistant strains. This controversy focuses on whether MDR strains 
are more easily transmissible or whether the mutations that confer drug resistance also 
impair the reproductive function of the organism (Sougakoff. 2011). Application of 
molecular epidemiological methods was central to the identification and description of all 
drug resistant outbreaks. The most extensive MDR-TB outbreak reported was from New 
York, among 267 patients who were infected by Beijing/W genotype (Frieden et al. 1996). 
This cluster of cases included drug resistant isolates that were resistant to all first line anti 
TB drugs. Molecular methods were used to identify, how this initially fully drug 
susceptible strain expanded to result in a MDR phenotype by sequential acquisition of 
resistance conferring mutations in several genes (Bifani el al. 1996). Beijing/W genotypes 
can be identified by their characteristic multi-banded IS6 \ 10 Restriction Fragment-Length 
Polymorphism (RFLP) patterns and Beijing/W genotypes significantly contribute in drug 
resistance. However, the studies conducted later suggested that MDR outbreaks are not 
limited to the Beijing/W genotype (Bifani et al. 2002). Thus, studies on molecular 
epidemiology are very important in a particular geographical area for prevention of drug 
resistant outbreaks and understanding the transmission pattern of MDR-TB.

(B) Scientific scope of the project (overall and specific objectives)

(1) To study the RIF resistant gene mutations in a selected group of MTB 
strains in Sri Lanka (part 1).

Specific objectives

(a) To identify the MTB isolates using phenotypic characters of colonies, 
biochemical test and PCR amplification of specific gene fragment for MTC 
(part 2).

(b) To determine the rifampicin resistance of MTB isolates using the 
conventional Agar Proportion Method (part 2).

(c) To evaluate of manual MGIT and NRA for rapid identification of RIF 
resistance of MTB (part 2).

(d) To identify the rifampicin resistant mutations of the rpoB gene of MTB 
among drug resistant isolates using DNA sequencing (part 3).

(2) To develop a rapid molecular method for determination of RIF resistance
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Specific objectives

(a) To optimize PCR-ELISA as a rapid molecular method for detection of 
rifampicin resistant mutation (part 4)

(b) To validate the PCR-ELISA as a diagnostic method for detection of 
rifampicin resistance of MTB culture isolates (indirect method) (part 4)

(3) To determine the molecular epidemiology of rifampicin resistance in 
Colombo district where the highest disease burden reported in Sri Lanka

Specific objectives:

(a) To determine the restriction fragment length polymorphism (RFLP) pattern 
of 30 rifampicin resistant MTB isolates (part 5)

(b) To determine restriction fragment length polymorphism (RFLP) pattern of 
50 rifampicin susceptible MTB isolates (part 5)

(C) Materials and methods (including statistical methods)

Part 1:

Sputum specimens positive for AFB by smear examination were collected from suspected 
TB patients attending Chest Hospital-Welisaea, Central Chest Clinic - Colombo and 
Prison Hospital- Colombo. Sputum specimens were processed using the Petroff s method 
and concentrated by centrifugation at 3500 g in a refrigerated (4 °C) centrifuge for 15 min. 
Sediment was diluted in 1 ml sterile distilled water. A small portion of the suspension was 
stained with Ziehl-Neelsen (ZN) stain and examined microscopically for the detection of 
acid fast bacilli. Two slopes of L-J (Difco, US) (one containing paranitrobenzoic acid to 
detect Non Tuberculosis Mycobacteria (NTM) species) were inoculated with 100 pi of 
above bacterial suspension (WHO. 1998). The inoculated culture media were incubated at 
37 °C in 5% COt until growth was observed or discarded as negative after 8 weeks. 
Culture isolates were confirmed as MTB, if they were slow growing, non-pigment 
producing, reduced nitrate and did not grow in the presence of paranitrobenzoic acid. 
Further, species confirmation was carried out by nitrate reductase test (biochemical test) 
and PCR amplification of fragment of IS6 \ 10 insertion element, specific to MTB complex 
using specific primers, pt 18 (5'-GAA CCG TGA GGG CAT CGA GG-3’) and (NS2 (5'- 
GCG TAG GCG TCG GTG AC A AA-3’) ( (1st base -Singapore) (Kolk el al. 1998).
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Part 2:

The MTB isolates retrieved from part one of the study were tested for RIF resistance by 
APM, the gold standard for culture based drug susceptibility testing of MTB. Agar 
proportion method was carried out on Middlebrook 7HI0 agar (Difco, US) plates as per 
Clinical and Laboratory Standards Institute (CLS1) guidelines (Forbes el al. 2004). Briefly, 
fourteen days old, fresh MTB cultures grown on L-J medium were suspended in 7H9 broth 
medium to achieve a turbidity of McFarland No.l standard. This bacterial suspension was 
further diluted (two fold and four fold) and used for inoculating rifampicin incorporated (1 
pg/ml) agar plates and rifampicin free control agar plates. Colonies on each plate were 
counted on the 28th and 42nd day of inoculation, and the proportion of organisms growing 
in the presence of rifampicin was calculated.

The MGIT (BD diagnostics, US) that contains 4ml of modified Middlebrook 7H9 broth 
medium (figure 1) was used for evaluation of manual MGIT as a rapid culture based drug 
susceptibility testing. The RIF containing tubes (final rifampicin concentration of 1 pg/ml) 
were inoculated with 500 pi of a 1:5 dilution of a McFarland No: 0.5 bacterial suspension 
and rifampicin free control tubes were inoculated with 500 pi of a 1:500 dilution of same 
bacterial suspension as per manufacturer's guidelines. The emission of fluorescence was 
measured using the manual MGIT reader (figure 2) from day 2 onwards.

Middlebrook 7H9 broth medium with 0.1% sodium nitrate was used as the medium for 
NRA. Each RIF containing medium (final RIF concentration of I pg/ml) was inoculated 
with 100 pi of McFarland No: 1 bacterial suspension. The control medium was inoculated 
with 100 pi of a 1:10 dilution of the same bacterial suspension. Two sets of the drug free 
and drug containing media were inoculated per isolate. On 6lh day of incubation, the first 
set was examined for a colour change by sequentially adding of Griess reagent (10 pi of 
50% HCI, 20 pi of 0.2% sulfanilamide and 20 pi of 0.1% N-napthtylethylene-diamine) to 
the culture medium. Readings were obtained visually by comparing with the prescribed 
colour standards (figure 3). Readings between +5 to +3 of the standard colour series were 
considered positive. If the drug free control medium was negative, the second set was 
tested at day 12th incubation.
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-  Broth medium

Fluorescence labeled material 
(Silicon film embedded ruthenium 
salt)

Figure 1: Mycobacteria growth indicator tube containing 4 ml Middlebrook 7H9
broth medium and fluorescence labeled material on the bottom the 
tube

Negative reading range 

Positive reading range

Figure 2: View of manual MGIT reader
Reading from 1-14 indicate the absence of bacterial growth in the MGIT. 
Readings from 14-20 (red colour region) indicate the growth o f bacteria.

Figure 3: Standard colour series for NRA
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Part 3

DNA was extracted from identified rifampicin resistant MTB isolates by using phenol 
chloroform extraction method. Three fragments of the rpoB gene (437bp, 872bp and 
1395bp) that covers RRDR and spanning RRDR were PCR amplified with specific 
primers (figure 4). The amplified products were purified and sequenced by Macrogen 
DNA sequencing service, in Korea.

FRBN TR8 TR9 RRBN

1395bp 872bp

Start codon End codon
437bp

rpoBF rpoBR

RRDR

Figure 4: Position of primers used for amplification of selected three regions in
rpoB gene of MTB

Part 4

Forty two MTB isolates (including both rifampicin resistant and rifampicin susceptible 
isolates) were used for the development (n=!0) and evaluation (n=32) of PCR-EL1SA for 
determination of rifampicin resistance. 5’ biotinylated allele specific oligonucleotides 
corresponding to point mutations at codons 526. 531& 626 (most prevailing mutations of 
MTB isolates in Sri Lanka as identified in the study-part 3) were custom synthesized. The 
probes were immobilized on streptavidin coated microtiter plates. Digoxigenin labeled 
PCR amplified fragments of the rpoB gene (437bp and 872bp) were hybridized to 
immobilized probes. The hybridization was detected using peroxidase conjugated anti- 
Digoxigenin and the optical density (OD) of colour development was measured at 405 nm 
(reference wave length was 492 nm) using an ELISA plate reader (Awareness technology, 
USA). The sensitivity of the PCR-EL1SA was measured by a serial dilution of H37Rv 
DNA and the specificity was determined by using DNA of non-tuberculosis Mycobacteria 
(NTM).
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Part 5

The genomic DNA extracted from RIF resistant isolates (31) and RIF susceptibility (50) 
isolates were digested by using Pvull enzyme. Following electrophoresis ol'digested DNA 
mixture on 0.8% agarose gel, southern blotting were carried out in order to transfer the 
fragments of DNA on to the nylon membrane. Alter transferring, the membrane was baked 
and subjected to probe hybridization. The probe was prepared in the standard manner 
(Soolingen el al. 1993). The hybridization was detected by using Amersham ECL,m 
detection reagents and the RFTP pattern was developed on x-ray film by using standard x- 
ray development method.

Statistical analysis

The suitability of the manual MGIT and the NRA in comparison with the APM was 
evaluated in terms of sensitivity (the ability to detect true drug resistance), specificity (the 
ability to detect true drug susceptibility), positive likelihood ratio and negative likelihood 
ratio. A positive likelihood ratio above 10 or a negative likelihood ratio below 0.1 was 
considered to indicate excellent test-performance, and ratios above 5 and below 0.2 were 
considered to indicate adequate performance. The agreement between the NRA results or 
the manual MGIT results, and the APM were estimated by kappa statistics. The kappa 
value(k), a measure of test reliability, was interpreted as follows: <0.2, poor; 0.21 to 0.4, 
fair; 0.41 to 0.6. moderate; 0.61 to 0.8, good; >0.81, excellent. The consumable costs per 
test were calculated for each test method. The suitability of PCR-FTJSA as a molecular 
drug susceptibility testing method was evaluated in same way.

DNA sequence analysis was done using NCBI data base and Sea View software (version 
4.2.12). The RFTP is analysed using SPSS (version 15) and gel comparison software.

(D) Results 

Part 1

Table 1 details the number of AFB positive sputum specimens received from each of the 
sampling centers. Four hundred and forty two (442) Mycobacterium isolates were yielded 
from 534 AFB positive sputum specimens in solid and liquid culture media collectively. 
Of the remaining sputum specimens (92, 17%), 64 did not show any growth on a 
subsequent culture in any of the media used, while 28 sputum specimens were unable to 
grow Mycobacterium spp. Among the 92 sputum. 25 (28.7%) isolates were collected from 
secondary TB patients and reaming 67 (15 %) were from new patients. Among 442 
Mycobacterium cultures, 401 w'ere M. tuberculosis complex and remaining. 41 were NTM 
(Figure 5).
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Figure 5: Mycobacterium cultures retrieved from collected AFB positive sputum
(n=534)

Table 1: No of AFB positive sputum specimens were received from each
sampling centers during March 2008 to October 2011

Collection center No. of AFB 
positive sputum 
specimen

Clinically suspected treatment category 
of patient

Chest hospital-Welisara 80 Only secondary TB patients (default, 
retreatment, treatment failure)

Central chest clinic - 
Colombo

418 Primary and secondary TB patients

Prison hospital - 
Colombo

31 Primary and secondary TB patients

Routine laboratory at 
Dept, of Microbiology

5 Primary and secondary TB patients

Total 534 Primary and secondary TB patients

Part 2

Twenty seven strains were detected as rifampicin resistant by the APM, the currently used 
gold standard for conventional methods. MGIT and NRA identified 26 isolates each. 
There were 3 discordant results between the NRA and the APM and one discordant result 
between the MGIT and the APM in determination of RIF resistance. Three isolates that 
were detected as rifampicin resistant by NRA were susceptible by the manual MGIT and 
APM. Furthermore, one isolate that was rifampicin resistant by the manual MGIT was 
susceptible by APM and NRA (Table 2). Repeat testing of these 4 isolates provided the 
same results.
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Table 2: Pattern of Individual strains (n=31) showing resistance to rifampicin 
with the DST methods used in the study

Strain no (Lab No.) DST method/s that confirmed 
rifampicin resistance

C4, C6, C7, C8, C9, CIO, C20, C73, C83, C86, 
C88, Cl 15, M60, M l27, M l5, C27, C22 
C23,C163, C254 C150, C135, Cl 10 
(n=23)

APM, MGIT and NRA

M9, M33 (n=2) APM and MGIT
PCR 88.PCR 57 (n=2) Only APM
C l20 (n=l) Only MGIT
M46 , C25, M22 (n=3) Only NRA

The sensitivity and specificity of the NRA in 7H9 broth medium when compared with the 
APM were 85 % and 99 % respectively (Table 3). Thus, there was a good agreement 
between NRA and APM for detection of rifampicin resistance (k= 0.86). An excellent 
agreement was also observed between the manual MG1T and APM (k= 0.94) (Table 4) 
with 93 % sensitivity and 100 % specificity. The average turnaround time for MGIT and 
NRA in liquid medium was 08 days (mean) and 10 days (mean) respectively.

Table 3: Sensitivity, specificity, positive and negative likelihood ratio for NRA
compared to APM (n=381) in determination of RIF sensitivity

APM NRA Sensitivity Specificity Likelihood ratio

No. of
resistant
isolates

No. of
susceptible
isolates

% % Positive Negative

Resistant(27) 23 4 85 99 101

Susceptible(354) 3 351 (23/27x100) (351/354x100) 0.13

Table 4: Sensitivity, specificity, positive and negative likelihood ratio for the
MGIT method compared to APM (n=381) in determination of RIF 
sensitivity

APM MGIT Sensitivity Specificity Likelihood ratio

No. of
resistant
isolates

No. of
susceptible
isolates

% % Positive Negative

Resistant (27) 25 2 93 100 328

Susceptible(354) 1 353 (25/27) (353/354) 0.07
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Part 3

DNA sequencing of amplified fragments of the rpoB gene revealed that mutations in the 
RRDR region accounted for resistance in 18 (54%) isolates and were confined to two 
codons, 526 (n=15, 48.4%) and 531 (n=3, 9.7%). The remaining mutations were detected 
in the regions outer to RRDR and occurred at codons 626 (n=13, 41.9%) and 184 (n=2, 
6.4%). Twenty nine isolates showed single point mutations at codon 526 (n=14, 45.2%), 
626 (n=ll, 35.5%), 531 (n=3, 9.7%) and 184 (n=l, 3.2%). Dual mutations (at codon 
526+626 and at codon 184+626) were detected in 2 strains (table 5).

The mutation observed at codon 526 (CAC -> TAC) and codon 531 (TCG -> ITG) was a 
C to T transition mutation while the novel mutation at codon 626 (GAC -> GAG) was a C 
to G transversion mutation and at codon 184 (GAC -> GAT) a transition mutation. All 
point mutations in this study revealed only a single mutation pattern and there were no 
multiple patterns of base changes at a single codon.

NCBI Accession numbers for DNA sequences: HQ377336-HQ377338, HQ377340- 
HQ377345, HQ377351, and JQ314433-JQ314444

Table 5: Frequencies and types of mutations in the rpoB gene of MTB isolates
from Sri Lanka. The mutated codons with corresponding amino acids are 
indicated.

*Codons within RRDR. $Codons outer to RRDR, +novel Mutations

Mutated
codon

Specific mutation Primary /secondary 
TB (No.)

Percentage
%

526* CAC (His) -» TAC(Tyr) Secondary-10 
Primary -4

45.2

626$ + GAC(Asp) GAG(Glu) Secondary-7 
Primary -4

35.5

531* TCG(Ser) -» TTG (Leu) Secondary-0
Primary-3

9.7

184$ + GAC(Asp) -> GAT(Asp) Secondary-0 
Primary-1

3.2

626,184 GAC->GAG,GAC-> GAT Secondary-0 
Primary-1

3.2

526,626 CAC->TAC, GAC-> GAG Secondary-1 
Primary-0

3.2

Total 100
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Part 4

The positive and negative cut off of optical density (OD) value for the PCR-ELISA assay 
were 1.25±0.37 (Mean OD value ± S.D.) and 0.4±0.12 (Mean D value ± S.D.) 
respectively. In validation, there was a good agreement between APM and PCR-ELISA 
with 86% sensitivity and 100% specificity for identification of RIF resistance of MTB. 
The turnaround time of the assay was 2 days after isolation of primary cultures (table 6).

Table 6: Sensitivity, specificity, positive and negative likelihood ratio for PCR-
ELSA compared to phenotypic methods (n=32)

Phenotypic PCR-ELISA Sensitivity Specificity Likelihood ratio

method % % (95%)

No. of
resistant
isolates

No. of
susceptible
isolates

Positive Negative

Resistant (22) 22 0 86 Infinite

Susceptible
(10)

0 7 100 0.14

Part 5

The rifampicin resistant strains showed different DNA fingerprinting patterns with 1-15 
copies of the IS6 \ 10. The absence of identical banding patterns demonstrates the presence 
of epidemiologically nonrelated strains. Thus, it is plausible that rifampicin resistant MTB 
strains represent epidemiologically different strains. Further analysis of RFLP using 
computer software is being carrying out currently to arrive at more detailed analysis.
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(E) Discussion

The present study on RIF resistance of MTB in from Sri Lanka was split into several 
components for the purpose of improving clarity of presentation and the articles submitted 
to journals were based on these different components. Two rapid culture based DST 
methods were evaluated using the MTB isolates retrieved from AFB positive sputum 
specimens as an alternative for proportion method. Then, the genetic basis of rifampin 
resistance of MTB isolates from Sri Lanka was determined by investigation of rpoB gene 
mutations. Then, the PCR-ELISA was developed as a simple, cost effective, rapid and 
sensitive DST method for determination of RIF resistance. Finally, molecular 
epidemiology was investigated to determination of transmission of RIF resistant isolates.

Laboratory has a critical role in diagnosing of TB, MDR-TB and monitoring its treatment. 
The strength of the laboratory network often directs the success of TB control programmes 
leading to prevention of the disease. Developed countries have sophisticated laboratory 
infrastructures with high techniques and provide rapid detection, identification and drug 
susceptibility testing of MTB that combined with good treatment programmes. In contrast, 
many developing countries, even in high rates of TB burdened regions struggle to provide 
good diagnosis using microscopy with scarce to non-existent culture and drug 
susceptibility testing (Drobniewski et al. 2003; WHO, 2006).

The AFB positive pulmonary infections should be addressed properly by enhancing the 
laboratory investigations, due to the emergence of NTM as a regular pathogen. Of 41 
NTM isolates, 11 were recovered from suspected secondary TB patients. As NTM are 
often resistant to first line anti TB medication. AFB will continue to be detected in sputum 
continuously even after the 6 months of completed anti TB regimen (Vidal et al. 1996). 
Presumably, many of these cases would be considered treatment failures and subsequently 
treated incurring a high cost, less effective and more toxic second line anti TB drugs 
(Maiga el al. 2012). Most patients treated with second line anti TB drugs experiences at 
least one side-effect and two thirds of such patients have had at least one drug terminated 
temporarily or permanently as a result of severe adverse effects such as psychiatric 
episodes, hepatitis and renal failure (Bloss el al. 2010). Thus, improper diagnosis leads to 
severe complications in patients while making a negative impact on the economy of the 
country.

Furthermore, out of 401 MTB strains identified during the study, 51 isolates were 
recovered from suspected secondary TB patients. Thus, their anti TB treatment regimen 
should have been adjusted with the drug susceptibility pattern of the MTB isolates before 
continuing the medication with second line anti TB. WHO has recommended DST at least 
for RIF and INH prior to initiating second line anti TB drugs (WHO. 2010). The use of 
culture methods or genetic methods for DST is a standard practices in high resource 
countries. However, most of low-resource countries still struggle to provide culture DST 
for priority needs such as drug resistance surveillance, extra pulmonary and childhood TB, 
and MDR-TB (WHO. 2006).

The evaluated NRA in broth medium and manual MGIT are simple cost effective methods 
for determination of RIF susceptibility that can be easily applied in low resource settings. 
The drug susceptibility pattern may be available within 8 and 10 days by manual MGIT 
and NRA respectively. Therefore, these 2 methods are good alternatives for APM in 
discrimination of RIF resistance. In government sector of Sri Lanka, peripheral 
microscopic centers have to direct suspected specimen to reference laboratory for DST and
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this significantly delays the proper treatment. However, manual MGIT and NRA can be 
used for culture with minimum infrastructure facilities. The consumable cost per test for 
APM and NRA is around US$ 4.00 and US$ 3.00 respectively. Comparatively, the manual 
MGIT is more expensive (~US$ 7.00). Nevertheless, both the NRA and the manual MGIT 
methods can be initiated with low technical expertise and initial cost. Thus, application of 
manual MGIT and NRA methods will contribute to decentralize the availability of drug 
susceptibility testing in Sri Lanka which will improve control and prevention of MDR-TB 
within the country.

Drug susceptibility results may be delayed at least a week even with use of Rapid culture 
based methods. Thus, genetic based molecular methods that arrive at precise conclusions 
on DST of MTB within few days or hours are vital for ensuring early and accurate 
chemotherapy. In the last century, several genetic based molecular DST methods that 
based on the mutations of rpoB gene were commercialized. However, these methods are 
costly and are beyond the routine use in developing countries. Additionally, these methods 
may not be achieve the expected sensitivity in certain geographical areas as mutations of 
rpoB vary geographically (Siu eta],2011; Tan el at. 2012).

The rpoB gene mutations discovered during this study will significantly contribute to 
expanding the knowledge on the profile of mutations in the rpoB gene by revealing 2 
novel point mutations at codon 184 and codon 626 that are spanning RRDR. Mutation at 
codon 626 will significantly contribute (35.5%) to RIF resistance in Sri Lanka. Even 
though point mutations at codon 531 have been recorded as world prevailing mutation, it 
contributed to only 9.7% of RIF resistance and the most prevailing mutated codon was 
526 (Adikaram el al. 2012). The type and frequency of the prevailing mutations that were 
identified in the present study fairly match with the Sheng el al 2008, that reported high 
mutation frequency at 526 (73.2%) and less mutation rate at cordon 531 (3.5%). Further, 
absence of mutation at codon 531 of 43 M. tuberculosis isolates has been recorded from 
China (Tan at al. 2012). Therefore, the commercialized molecular DST methods will 
identify around 60% of MDR cases in Sri Lanka (Adikaram el al. 2012). Considering all 
these factors, the PCE-ELISA was established as a simple molecular DST method that can 
be customized according to user requirement.

Good agreement was shown between PCR-ELISA and APM for identification of RIF 
resistance with 86% sensitivity and 100% specificity. Further, the sensitivity and 
specificity of probes were < 1 pg and 100% respectively. Ability to design the probes as 
per user requirement and availability of conclusion of drug susceptibility after 2 days of 
primary isolation of cultures are added advantages of this method. The sophisticated 
instruments or infrastructures are not required and these techniques can be made familiar 
to most of the technicians easily. Technician will be able to carry out the test by qualitative 
analysis of colour development even in the absence of an ELISA reader. Once, extraction 
of DNA is completed there is no biohazard risk and people can carry out the test even in a 
bench where cross-contamination of the PCR amplification can be managed. The initial 
instrumentation and consumable cost is not behind the settings in Sri Lanka.

In general, the work presented in this thesis has contributed to expand the knowledge on 
the profile of mutations in the rpoB gene and delivered scientific data for increasing the 
laboratory strength of determination of MDR-TB. a major issue faced by TB control 
programms.
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(F) Conclusion

Sri Lanka is located in a separate geographical area, neighboring India, one of the major 
contributors for the MDR- TB and XDR- TB in the world. Thus, Sri Lanka is at risk of 
acquiring XDR-TB in the future, if there are no proper control programs that address the 
persistent issue of drug resistant tuberculosis in timely manner. The study has focused on a 
current drawback in controlling and prevention of TB in Sri Lanka, the lack of simple 
rapid and inexpensive drug susceptibility testing for determination of drug resistance.

The study describes the specific need for definitive laboratory identification following 
AFB microscopy for the Mycobacterium lung diseases in Sri Lanka. The variation of 
disease outcome generated by this study provided the strong background for the evaluation 
of the rapid diagnostic tools to determine RIF resistance that is a marker of the MDR TB. 
Both the NRA in liquid medium and the manual MGIT’ agreed well with the APM in 
determination of RIF sensitivity. Further, as need of sophisticated instruments and high 
technical skills is minimal, the initial establishment cost will be low. Introduction of these 
methods for low resource settings will make the identification of rifampicin RIF faster and 
cost effective.

The genetic based molecular DST methods may dramatically reduce the time for the 
diagnostic of MDT-TB. The two novel point mutations outer to the RRDR and different 
frequencies of universally prevailing mutations in the RRDR of the rpoB gene of MTB 
isolates in Sri Lanka emphasize the need for expanding the geographical database of the 
mutations for effective application of the rpoB-based diagnosis of MDR-TB in public 
health settings. It may be necessary to customize the rpoB-based molecular diagnostic 
methods so as to make them suitable to detect locally prevalent mutations.

The PCR-ELISA is a simple, rapid, inexpensive sensitive and specific molecular based 
DST method that can be customized as per variation of profile of mutation of rpoB gene of 
MTB in a particular geographical region. Application of PCR-ELISA will certainly 
contribute to the controlling and prevention of MDR-TB in Sri Lanka by early and 
accurate detection of drug resistance. In future, the PCR-ELISA should be validated for 
direct detection of RIF resistances from sputum specimens in order to reduce time spend 
for primary cultures «/MTB.
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(H) Problems if any, encountered during the implementation of the project

Initially a problem was encountered when patients were recruited from the Central chest 
Hospital, but managed to circumvent by enrolling additional centres for patient 
recruitment

(I) Major findings and follow up activities

Major findings

(a) The laboratory differentiation of Mycobacterium spp into MTB complex 
and NTM is essential prior to treatment as well as performing DST, 
especially in suspected secondary TB cases as NTM are frequently resistant 
to conventional anti TB drugs.

(b) The evaluated new DST methods, manual MGIT and NRA are rapid and 
good alternatives for conventional proportion method for determination of 
MDR-TB.

(c) The presence of a high frequency of new mutations as reported here, 
compared to those reported earlier, emphasizes the need for expanding the 
geographical database of mutations for effective application of rpoB based 
diagnosis of MDR TB and customizing rapid molecular based drug 
susceptibility testing.

(d) The developed PCR-EL1SA is a simple, inexpensive, rapid, sensitive and 
specific molecular based DST method that can be customized as per user 
requirement. Thus, it is a suitable alternative molecular DST method for 
determination of RIF resistance of MTB.

(e) The RIF resistant MTB strains in Sri Lanka are not belonged to a single 
clone and represent epidemiologically different strains.
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Follow up activities

(a) The evaluation of PCR-ELISA as a direct method (directly from sputum 
specimen) for determination of RIF resistance is important as it reduces the 
time of the assay by eliminating the primary isolation of the MTB strains.

Section 4

Im pact o f Research results

i) Relevance of results achieved to scientific advancement

The results of the present study contribute to expand the scientific knowledge on 
RIF resistance of MTB. The new mutations and different frequencies of prevailing 
mutations that are reported here emphasize the need for expanding the 
geographical database of the mutations for effective application of the rpoB-based 
diagnosis of MDR-TB in public health settings. It highlighted the necessity of 
customizing the rpoB-based molecular diagnostic methods so as to make them 
suitable to detect locally prevalent mutations.

The developed PCR-ELISA is a simple molecular drug susceptibility testing 
method that can be applied even in the resource limited settings. The conventional 
ELISA that is based on the antigen and antibody has been mimicked by the DNA 
probe hybridization. This will add data to the scientific knowledge in the field of 
molecular based microbial drug susceptibility testing. The data on molecular 
epidemiology of the RIF resistance is more informative with the findings of present 
study. It fills the gap in the molecular epidemiological evidence of RIF resistance 
of MTB in different geographical settings.

ii) Relevance of results achieved to national/socio-economic development

In Sri Lanka, patients have to wait for over 2 months to receive their drug 
susceptibility testing reports after isolation of primary M. tuberculosis culture. 
During this period, empirical therapy is started in order to reduce dispersal of the 
disease and especially if the patient is seriously ill or the disease is progressing 
rapidly. However, prolonged inappropriate treatment would cause serious 
complications in patients as well as spreading of MDR-TB among others is 
inevitable. The cost of treatment per patient especially in secondary TB is very 
high and it will negatively impact on the economy of the country. People in 
productive age are more affected by TB and it will reduce their contribution to the 
economy of the country. Thus, the delaying of diagnosis of RIF resistance will lead 
to several complications in society and the economy of the country.

The culture based rapid methods (manual MG IT and NRA) and PCR-ELISA that 
were addressed by the present study determine the RIF resistance within 10 days 
and 2 days respectively after primary isolation of MTB cultures. These simple and 
cost effective methods are suitable for resource poor settings and will enable 
proper treatment rapidly. Thus, these methods are vital in the control and 
prevention of the MDR-TB in the country with added advantage to patients and the 
economy. Therefore, present study is highly relevant in the current context of 
diagnosing communicable diseases in Sri Lanka.
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iii) Dissemination/application of research output

a)

b)

c)

d)

Section 5 

Miscellaneous

i) List of major equipment acquired during the project period and their functionality

Instrument Function
MGIT reader Read of MG1T tube

ii) List of publications/communications arising from the project and/or presentations 
made at seminars, workshops etc. (Please attach copies)

(a) List of publications/communications 

Published in a peer reviewed indexed journal

The manual MGIT has been applied in routine diagnosis of TB at the 
department of Microbiology. Faculty of the Medicine, University of 
Colombo.

The elevated rapid culture based manual MGIT and NRA is applicable for 
determination of RIF resistance in Sri Lanka as well as other settings.

The findings of the present study have been applied in customization of the 
rpoB gene based diagnostics methods by developing a PCR-EL1SA. The 
PCR-EL1SA may be applied in the health care settings as a rapid molecular 
diagnostic method for determination of drug resistance of MTB. This is yet 
to be established.

The findings of the present study will be applied in customization of the 
rpoB gene based commercialized diagnostic kits.

(I) Adikaram CP, Perera J , Wijesundera S. Geographical profile of rpoB gene

mutations in rifampicin resistant Mycobacterium tuberculosis isolated in Sri Lanka. 

Journal of Antimicrobial Drug resistance wvvw.ncbi.nlm.nih.gov /pubmcd/ 227318 

59
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Manuscript submitted for an indexed peer reviewed journal

Adikarain CP, Perera .1, Wijesundera S. The Manual Mycobacteria Growth 
Indicator Tube and the Nitrate Reductase Assay are suitable alternatives for the 
rapid detection of rifampicin resistant M. tuberculosis in low resource settings 
(2012). Has been submitted to Journal of BMC infectious diseases

Manuscript in preparation for publication

1. Adikaram CP, Perera J, Wijesundera S. Probe based PCR- Enzyme-Linked 
Immunoabsorbent Assay (PCR -ELISA) as a susceptibility testing method for 
Mycobacterium tuberculosis (2012)

2. Adikaram CP, Perera J, Wijesundera S. Epidemiology of rifampicin resistance of 
M. tuberculosis in Sri Lanka (2012)

Research communication

1. Adikaram CP, Perera J , Wijesundera S. PCR-Enzyme Linked Immunoabsorbent 
Assay as a rapid molecular method for detection of rifampicin resistant 
Mycobacterium tuberculosis in low resource settings. The Ceylon Medical Journal 
2012; 57: 31 (Presented at 125lh anniversary international medical congress -Sri 
Lanka Medical Association)

2. Adikaram CP, Perera J, Wijesundera SW, Senaratne V. Mutations in the Non 
Rifampicin Resistance-Determining Region (RRDR) of the rpoB Gene are y 
Important Determinants of M tuberculosis (MTB) Rifampicin Resistance (RifR).
5 lsl annual sessions of 1CAAC. Chicago. USA 2011; C1: 627.

3. Adikaram CP, Perera J, Wijesundera S W. Senarathne V. Mutations in the rpoB 
gene of rifampicin resistant Mycobacterium tuberculosis isolates in Sri Lanka, o, 
Association of the Pulmonologist-Sri Lanka 2nd Annual Sessions and Symposium 
2010
(This paper awarded 1st place from oral presentation).

4. Adikaram CP, Perera J, Wijesundera S W, Weersinghe B. Prevalence of ^ 
Tuberculosis and Rifampicin resistance in Colombo Prisons. The Ceylon Medical 
Journal 2010; 55: 48

5. Adikaram CP, Perera J, Wijesundera S. Comparison of Mycobacterium Growth 
Indicator Tube (MGIT) method and Nitrate Reductase Assay (NRA) with agar > 
proportion method (APM) for detection of Rifampicin resistance. Proceedings of 
the 66th annual sessions of Sri Lanka Association for the Advancement of Science 
(SLAAS) 2010; 112A :12
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6. Adikaram CP, Perera J, Wijesundera S. Genus Mycobacterium as an etiological 
agent of pulmonary infection in Sri Lanka, accepted for oral presentation in annual 
symposium -University of Colombo, 2012

7. Adikaram CP, Perera J, Wijesundera S, Perera GMM, Gamage S. Cord formation 
in a clinical isolate of Mycobacterium abscessus. Has been sent for the annual 
symposium of Association of Pulmonologist. 2012

(b) Presentations made at seminars, workshops

(1) The findings of the research were presented during the advanced training course on 
“Molecular Biology, Immunology, Biochemistry and Vaccinology applied to 
Tuberculosis” at WHO - TDR training centre. University of Lausanne, Switzerland 
(2010).

(2) The findings of the research were presented during the workshop on “working with 
pathogen genome” in India (January 2011)

Section 6

Summary Statement of Expenditure (indicate under Personnel, Equipment, 
Consumables, Travel and Subsistence and Miscellaneous) -

Please see the annex II

Section 7

i)

ii)

iii) Head of the Institution’s signature PROFESSOR JENNIFER PERERA 
M BBS,MD Microbiology /CoM
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Geographical Profile of rpoB Gene Mutations 
in Rifampicin Resistant Mycobacterium tuberculosis

Isolates in Sri Lanka

Chamila Priyangani Adikaram,1 Jennifer Perera1 and Sandhya Sulochana Wijesundera2

The nature and frequency of m utations in the rpoB gene of rifampicin (RIF) resistant Mycobacterium tuberculosis 
clinical isolates varies considerably between different geographical regions. The objective of the present study 
was the identification of rpoB gene m utations responsible for RIF resistance in M. tuberculosis isolates in Sri 
Lanka. Three regions of the rpoB gene of M. tuberculosis, one corresponding to a 437-bp region, including the 
rifampicin resistance-determining region (RRDR) and two other regions (1395 bp and 872 bp) spanning the . 
RRDR, were polymerase chain reaction amplified, and were subjected to DNA sequencing. The two mutations 
found within the RRDR in the 31 RIF resistant strains isolated in this study were at codon 526 (n = 15, 48.4%) 

(Tyr) and codon 531 (?i = 3, 9.7%) TCG (Ser)—>TTG (Leu). A significant proportion (« = 15, 
48.3 to) showed mutations spanning the RRDR, including two novel mutations at codon 626 {n = 13, 41.9%) GAC 
(Asp)—*GAG (Glu) and 184 (n =  2, 6.4%) GAC (Asp)—»GAT (Asp), a silent mutation. Two isolates revealed 
double mutations (codons 626 + 526 and 626+ 184). The presence of a high frequency of new mutations, and the 
diffeient frequencies of the universally prevailing mutations, as reported here, emphasizes the need for ex­
panding the geographical database of mutations for effective application of an jpoB-based diagnosis of multi­
drug resistant tuberculosis.

Introduction

J J N E  T H IR D  O F T H E  W O R L D 'S  P O P U L A T IO N  is estimated tO 
be infected with Mycobacterium tuberculosis (MTB), and 

the majority of tuberculosis (TB) cases are concentrated in 
eveloping countries.34 Globally, 8.8 million incident cases of 
B were estimated in 2009. Most of the estimated cases oc- 

cuired in Asia (59%) and Africa (26%) as compared to the 
Eastern Mediterranean Region (7%), the European Region 
(5a>), and the Region of the Americas (3%). Three Asian 
countries, namely India, China, and Indonesia, are among 
t e five countries with the largest number of incidents of TB 
m.2009- India alone contributed 26% of all TB cases world- 
wide, while India and China together accounted for 38% 34 

ultidrug resistant tuberculosis (MDR-TB) is defined as 
resistance to at least rifampicin (RIF) and isoniazid (INH). 
ihe WHO has recognized MDR-TB and XDR-TB, or exten­
sively drug resistant tuberculosis (MDR-TB plus resistance to 
any fluoroquinolone, and resistance to at least 1 of the 3 
mjectable drugs: capreomycin, kanamycin, and amikacin) as

being a major challenge for controlling TB. Around 440,000 
MDR-TB cases are estimated to emerge each year, and 
150,000 people die annually from MDR-TB.32 The four 
countries that have the largest number of estimated cases of 
MDR-TB are China, India, the Russian Federation, and South 
Africa.3'1 The WHO progress report of 2011 states that 69 
countries had reported at least one case of XDR-TB by the 
end of 2010, and it is estimated that 25,000 cases of XDR-TB 
will emerge each year. In an outbreak in South Africa, 52 out 
of 53 XDR-TB patients died within an average of 3 weeks of 
being diagnosed.32

Although Sri Lanka is not a high-burden country, TB re­
mains a significant public health problem. The estimated 
incidence rates of all forms of tuberculosis in 2009 were 66 
per 100,000 population,34 and 9643 new TB cases were no­
tified.15 The overall treatment success rate among smear­
positive cases was 85% among the new smear-positive cases 
and 70% among retreatment patients in the year 2O08.34 A 
study conducted by the National Reference Laboratory- 
Sri Lanka during the period 2005-2007 revealed that 3.4% of
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MTB strains were resistant to RIF and 4.5% were resistant to 
INH, while 2.5% were multidrug resistant.”

RIF is the most important drug in the short-course treat­
ment regimen due to its efficient antimicrobial action.i0 RIF 
interferes with initiation of DNA transcription. It is stated 
that approximately 90% of the world's RIF resistant isolates 
are also resistant to INH, making RIF resistance a useful 
marker of MDR-TB.25,27 Most of RIF resistant MTB strains 
from different countries appear to harbor specific point 
mutations in the rifampicin resistance-determining region 
(RRDR) of tire rpoB gene, which comprises an 81-bp region 
containing codons 507-533.1U2'16'30 In addition, studies have 
also revealed a significant contribution to RIF resistance 
through mutations in tire region outer to RRDR of the rpoB 
gene, suggesting that, the nature and frequency of mutations 
in the rpoB gene of RIF resistant M. tuberculosis clinical 
isolates vary considerably, between different geographical 
regions.10,11,17*19 Further, it has been reported that there is 
discordance between results of phenotypic methods and 
genotypic methods that are based on RRDR mutations used 
for the detection of drug resistant TB.1U

The WHO recommends performing drug susceptibility 
testing (DST) for at least RIF and INH in resource limited 
settings, especially in previously treated patients and HIV 
coinfected patients. An early diagnosis of drug resistant TB 
and the management of MDR TB patients are challenging 
obstacles faced by tuberculosis control programmes.31 Pre­
sently numerous molecular-based identification methods 
such as INNO-LiPA Rif.TB (INNOGENETICS) and Geno- 
Type MTBDRp/ns (HainLifescience) have been commercial­
ized for identification of RIF resistance. However, these 
methods are based on the detection of commonly found 
mutations at codon 531, 526, and 516.34

In Sri Lanka, RIF resistance is identified by the proportion 
method that requires more than 28 days for detection of drug 
resistance. Rapid molecular methods have yet to be estab­
lished for identification of drug resistant tuberculosis. Before 
establishing molecular-based methods for detection of drug 
resistance, it is important to characterize the mutations in the 
rpoB gene in MTB isolates in a particular geographical set­
ting. Therefore, the present study was focused on evaluating 
the nature and the frequency of mutations in the rpoB gene 
that are associated w ith resistance to RIF in M. tuberculosis 
strains isolated from Sri Lanka. The results of the present 
study will also contribute to expand the knowledge on the 
profile of mutations in the rpoB gene.

Materials and Methods

C o lle c t io n  o f  s p u t u m  s a m p le s

The sample collecting period was from March 2008 to 
September 2010, and only pulmonary TB cases were con­
sidered. The study population represented primary TB pa­
tients (patients that had never received treatment for TB or 
who had received anti-TB treatment for < 1 month) as well as 
secondary TB patients (i.e., relapse, retreatment, treatment 
failure, and defaulters) (defaulter: A patient who returns to 
treatment, positive bacteriologically, following interruption 
of treatment for 2 months or more). Sputum samples were 
collected from secondary TB patients admitted to the Chest 
Hospital Welisara (the only chest hospital in Sri Lanka) for

supervised treatment and from primary and secondary TB 
patients presenting to the Central Chest Clinic, Colombo (the 
location to which secondary TB patients are referred for re- 
evaluation and treatment from peripheral clinics). In addi­
tion, sputum from all TB suspects (cough >3 weeks) were 
collected from the Prison Hospital Colombo as prisoners are 
at a high risk of harboring drug resistant TB strains.

Is o la tio n  o f  M . t u b e rc u lo s is  s tra in s

The sputum specimens were processed using the modified 
Petroff's method. Sodium hydroxide (4%) (Sigma)-treated 
sputum was centrifuged at 3000 g  under refrigerated con­
ditions (at 4°C). The centrifuged deposit w as diluted in 1ml 
of sterile distilled water for preparing the bacterial suspen­
sion for inoculation. Two slopes of the Lowenstein-Jensen 
(L-J) medium (Difco), one containing paranitroben/.oic acid 
(PNB, Sigma), w'ere inoculated w ith 100 pi of the bacterial 
suspension. A small portion of the bacterial suspension was 
examined microscopically, using the Ziehl-Neelsen (ZN) 
stain, to determine the presence of acid fast bacilli. The in­
oculated media were incubated at 37°C in a 5% C 0 2 incu­
bator up to 8 weeks until growth was observed. Cultures 
w'ere confirmed as MTB if they were slow growing, non­
pigment producing, reduced nitrate, and did not grow in the 
presence of PNB. The isolates were further confirmed as 
MTB by detection of the insertion element 1S6110 by poly­
merase chain reaction (PCR) as published previously.14 One 
Isolate from each patient was used for the study. The H37Rv 
strain and a known RIF resistant MTB isolate confirmed by 
the National Tuberculosis Institute, Bangalore, India were 
used as quality control strains.

D S T  fo r  M .  tu b e rc u lo s is  s tra in s

DST was carried out using the agar proportion method,' 
the nitrate reductase assay (NRA),2 and the manual Myco­
bacteria Growth Indicator Tube (MGIT).1 Rifampicin (Sigma) 
stock solution (lOmg/ml) was prepared using dimethyl 
sulphoxide (DMSO) (Sigma), and filter sterilized aliquots 
were stored at -70°C. A working solution (lm g/m l) was 
prepared by diluting the stock solution with sterile distilled 
water. The final concentration of RIF in each drug containing 
the culture medium used for the DST was 1 pg/m T (Data not 
shown).

D N A  e x tra c tio n

Genomic DNA was extracted from identified RIF resistant 
isolates using the phenol chloroform extraction method.29 
Harvested heat-killed bacteria from the L-J slopes were in­
cubated overnight with proteinase K (Sigma). Genomic DNA 
was extracted using phenol-chloroform (Sigma) and pre­
cipitated w ith absolute ethanol (Sigma) followed by washing 
with 70% ethanol. The precipitated DNA was resuspended 
in tire TE buffer (pH 8.0). The quality and concentration of 
the extracted DNA was tested using an agarose gel (1.5%) 
electrophoresis, and the DNA was stored at -20°C.

P C R  a m p lif ic a tio n  a n d  D N A  s e q u e n c in g

Extracted DNA was used for amplification of three dif­
ferent segments (437 bp, 872 bp, and 1395 bp) of the rpoB 
gene (Fig. 1). The amplified segments covered around 60%. of
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FIG. 1. Position of primers used for amplification of the 
three regions of the rpoB gene in rifampicin resistant Myco­
bacterium tuberculosis isolates.

the total length of the rpoB gene. Specific primers were de­
signed using available literature21'28 and primer-3 software. 
For amplification of the 437-bp region, including RRDR, 
rpoBF primer and rpoBR primer were used. The TR9 and 
RRBN primer pair was used to amplify the 872-bp region 
downstream of the RRDR region. The 1395-bp fragment 
upstream of RRDR was amplified using the FRBN and TR8 
primer pair (Table 1) (all primers were purchased from 
Promega).

A 50 pi PCR mixture containing 50 mM KC1, 10 mM Tris 
(pH 8.0),1.5mM MgCU, 200 pM of deoxvnucleotides tri­
phosphates (dNTPs) (Promega), ID  Taq polymerase (Gen- 
Script), 20 pmol of each primer (Promega), and 2.5 pi of 
genomic DNA (10ng) was used for each PCR reaction. 
The thermo-cycling parameters used for amplification of the 
three segments of the rpoB gene are shown in Table 1. The 
amplified PCR products were electrophoresed on ethidium 
bromide stained agarose gels (1.5%) and visualized under a 
UV illuminator.

Each resistant strain was PCR amplified in duplicate and 
both amplified products were custom DNA sequenced 
(Macrogen DNA sequencing service in Korea). A DNA se­
quence analysis was done using NCB1 and Sea View soft­
ware (version 4.2 12). All resistant isolates were also 
subjected to IS6110 restriction fragment length polymor­
phism typing using the Pvull restriction enzyme.29

Results

Three hundred and seventy-three (373) MTB strains were 
isolated from sputum samples during the period March 2008 
to September 2010. The majority of patients were from the 
Western Province (Colombo, Gampaha, and Kalutara dis­
tricts) of Sri I .a aka, which has a high prevalence of TB.15 
Thirty one RIF resistant isolates were identified among the 
373 MTB strains by one or more phenotypic method (APM, 
NRA, and manual MGIT). Thirteen RIF resistant isolates 
were from primary cases of TB and the remaining 18 isolates 
from patients with secondary' TB.

DNA sequencing of amplified fragments of the rpoB gene 
revealed that mutations in the RRDR region accounted for 
resistance in 18 (54%) isolates and were confined to two co­
dons, 526 (n = 15, 48.4%) and 531 (it = 3, 9.7%). The remaining 
mutations were detected in the regions outer to RRDR and 
occurred at codons 626 Of = 13, 41.9%) and 184 (n =  2, 6.4%). 
Twenty nine isolates showed single-point mutations at 
codon 526 (n = 14, 45.2%), 626 (n = 11, 35.5%), 531 (n = 3, 9.7%), 
and 184 (n = 1, 3.2%). Dual mutations (at codon 526+626 and 
at codon 184 + 626) were detected in 2 strains (Table 2).

The mutation observed at codon 526 (CAC-»TAC) and 
codon 531 (TCG-+TTG) was a C-to-T transition mutation, 
while the novel mutation at codon 626 (GAC—»GAG) was a 
C-to-G transversion mutation and at codon 184 (GAC-* 
GAT), a transition mutation. All point mutations in this 
study revealed only a single mutation pattern, and there 
were no multiple patterns of base changes at a single codon.

T a b l e  1. P r im e r  S e q u e n c e s  a n d  T h e r m o -C y c lin g  P a r a m e t e r s  U sed  f o r  t h e  A m p l if ic a t io n  
o f  R if a m p ic in  R e s is t a n c e -D e t e r m in in g  R e g io n  a n d  5 ' a n d  3 ' Reg io n s  O u t er  to  Rif a m p ic in  Re s is t a n c e -D e t e r m in in g  

R e g io n  o f  t h e  r p o B G e n e  in  R if a m p ic in  Re s is t a n t  M y c o b a c t e r iu m  tu b e r c u l o sis  Iso l a t e s

Forward primer (t>'-3') 

rpoBF
TGGTCCGCTTGCACGAGGGTCAGA

Reverse primer (5'-3')

rpoBR
CTCAGGGGTTTCGATCGGGCACAT

Length 
o f the

fragment Thermo-cycling parameters

437 bp 94“C-10min-denaturing
94°C-lmin Y 
57°C-lmin > 40 cycle 
72°C-1 min J

TR9 RRBN 872 bp
TCGCCGCGATCAAGGAGT GCGCCATCTCGCCGTCGTCAGTACAG

FRBN TR8 1395 bP
GCA A A ACAGCCGCTAGTCCTAGTCCG A TGC ACGTCCCCGACCTCC A

72°C-10 min-extension 
94°C-10min-denaturing 
94°C-lmin \ 
620C-lm in > 40 cycle 
72°C-1 min J 
72°C-10 min-extension 
94<>C-1 Omin-derta turing 
94'C-lm in y 
60QC-lm in i 40 cycle 
72°C-1 min J 
72°C-10 min-extension
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T a b l e  2. F r e q u e n c ie s  a n d  T y p e s  of M u t a t io n s  in  t h e  r t o B  G e n e  
o f  M y c o b a c t e r iu m  tu b e r c u lo sis  Is o l a t e s  f r o m  S r i  L a n k a

Mutated codon Specific mutation Primary/secondary TB (No.) Percentage%

526J CAC (His)-*TAC (Tyr) Secondary-10 
Primary -4

45.2

626b-c GAC(Asp) -> GAG (Glu) Secondary-7 
Primary -4

35.5

531a TCG (Ser) -* TTG (Leu) Secondary-0
Primary-3

9.7

184b,c GAC-(Asp) -* GAT(Asp) Secondary-0
Primary-!

3.2

626,184 GAC—* GAG, GAC — GAT Secondary-0
Primary-1

3.2

526, 626 C A C -T A C , G A C -G A G Secondary-1
Primary-0

3.2

Total 100

The mutated codons with corresponding amino acids are indicated. 
aCodons within RRDR. 
bCodons outer to RRDR. 
cnovel mutations.
RRDR, rifanipicin resistance-determining region; TB, tuberculosis.

NCBI Accession numbers for DNA sequences; HQ377336- 
HQ377338, HQ377340- HQ377345, HQ377351, and JQ314433- 
JQ314444.

Discussion

It is widely reported that MTB expresses a high degree of 
geographic diversity in mutations to the rpoB gene.9'13'22,26'36'3' 
Mutations of codon 531, 526, and 516 have been reported as 
the most frequent mutations in tire mutation hotspot region 
of the rpoB gene of MTB worldwide.3'23,36 In the present study, 
the majority of mutations occurred at codon 526, and the mu­
tation frequarcy (48.4%) observed was slightly higher than 
frequencies reported by China (40%),36 Japan (35%),16 and 
Korea (38%).9 However, the frequency of occurrence of the 
mutation at codon 526 in India, the closest neighbor to Sri 
Lanka, is much higher (93%) as reported by Sharma et al. (2003).

Although the majority of published reports have shown 
CAC to GAC (transversion mutation) as the most prevalent 
base change at codon 526 (29.7% among Italian isolates’5 and 
12% in Greece isolates12), our study revealed that the base 
change was CAC to TAC (transition mutation) in all isolates, 
similar to reports from India.24

The frequency of mutation at codon 531 (9.7%) was com­
paratively low in MTB isolates from Sri Lanka in relation to 
mutation frequencies reported by other countries, including 
India (47%), Australia (52%),3/ Vietnam (31%),4 and Poland 
(41%).23 However, the base change observed at codon 531 
was a TCG to TTG (transition mutation) as commonly re­
ported by several Asian countries (Japan,16 China,36 Korea,9 
and India” ) and other countries such as Greece12 and Italy.15 
Previous studies have reported that a mutation at codon 531 
is frequently associated with the codon 526 mutation in 
certain regions of the world.22 However, this phenomenon 
was not observed in our study.

The mutation at codon 626 (n =  13, 41.9%) GAC (Asp)-* 
GAG (Glu) was the second major mutation found in the 
present study. Codon 626 is located downstream of RRDR 
and mutation in this codon has not been previously reported.

This novel mufation was present in 13 isolates, and these 
strains showed different DNA fingerprinting patterns with 
1-15 copies of the IS6110. The absence of identical banding 
patterns demonstrates the presence of epidemiologically 
nonrelated strains. Thus, it is plausible that M. tuberculosis 
strains with mutation at codon 626 represent epidemiologi­
cally different strains.

Two isolates showed a silent mutation at codon 184 GAC 
(Asp) —* GAT (Asp) that is located upstream of RRDR. In one 
isolate, the mutation at codon 184 was associated with a 
mutation at codon 626. Several mutations in the upstream 
region of RRDR also have been reported from India.10

Mutations at codon 516 have been reported as prominent 
in several geographical areas such as India, 13%10 and Iran, 
10%5 and therefore, commercially available RIF resistance 
diagnosis kits have been optimized to detect mutation at 
codon 516 among other mutation in the RRDR. However, no 
mutations were observed at codon 516 in the present study.

Several publications have stated that —4% of phenotypi- 
cally resistant isolates did not show any mutations within the 
RRDR.4"5 Yue et al. (2003) have reported that 10% of phe­
notypically resistant MTB strains did not show any m uta­
tions at RRDR. According to Lingaia et a t  (2010), 21% of 
phenotypically RIF resistant isolates did not show* any m u­
tations when a 255-bp region of RRDR and 350-bp region of 
non-RRDR of the rpoB gene were sequenced. This may be 
due to mutations occurring in the region outer to RRDR, as 
was observed in 41.9% of RIF resistant isolates of MTB in the 
present study. A single discordant result was observed be­
tween phenotypic and genotypic results in the present study 
(phenotypically resistant, but no mutation), although the 
isolate showed a silent mutation at codon 184. This isolate 
was confirmed as resistant to RIF by* APM and MGF1. It is 
possible that an additional point mutation is present in this 
isolate at a codon in the rpoB gene not investigated in the 
present study.

Current molecular diagnostic methods such as 1NNO- 
LiPARif are designed to detect common rpoB mutations 
at codon 531, 526, and 516. Therefore, they may not be
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applicable universally across various settings, considering 
the geographical diversity of the m utations.10’24

Although the mutations in our strains are limited to a few 
types, tlie occurrence of a high percentage of mutations 
outside the RRDR presents important implications for the 
use of currently available rapid molecular methods, which 
target mutations in the RRDR region. Molecular tests used 
for rapid detection of drug resistance need to be customized 
to enable detection of novel mutations in different geo­
graphical areas. Therefore, identification of drug resistant 
mutations and their relevant frequencies is an important first 
step before introducing molecular DST in different geo­
graphical settings.

In conclusion, two novel point mutations outer to the 
RRDR and two universally prevailing mutations in the 
RRDR of the rpoB gene were observed in Sri Lankan RrF 
resistant MTB isolates. The new mutations and different 
frequencies of 'universally prevailing mutations that are re­
ported here emphasize the need for  expanding the geo­
graphical database of the mutations for effective application 
of the rpoB-based diagnosis of MDR-TB in public health 
settings. It may be necessary to customize the rpoB-based 
molecular diagnostic methods so as to make them suitable to 
detect locally' prevalent mutations.
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C l-627 - Mutations in the Non Rifampicin Resistance-Determining Region (RRDR) 
of the rpoB Gene are Important Determinants of “M  tuberculosis” (MTB) 
Rifampicin Resistance (RifR)
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Background: During 2005 - 2007 the national reference laboratory reported drug 
resistance in 17.9% MTB isolates with multi drug resistance rate of 2.5%. The 
objective of study was to identify mutations in the rpoB gene o f resistant isolates. 
This is the first report on drug resistant gene mutations in rpoB gene of MTB 
isolates from Sri Lanka. Methods: DNA was extracted using phenol chloroform

9/27/2011 9:29 AM
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rneth°d from 31 RifR MTB isolates confirmed as resistant by agar proportion 
method. A 437bp fragment including RRDR and other 2 fragments cover large part 
° f  rP°B §ene (872bp and 1395bp) were amplified by PCR. DNA sequences of 
amplified products were analyzed using NCBI, EMBL and Sea View (version 
4.2.12). Results: DNA sequencing confirmed 2 point mutations in the RRDR region 
for 18 (58.1%) isolates, at codons 526 (n=15, 48.4%) CAC (His) to TAG (Tyr) and 
531(n=3, 9.7%) TCG (Ser) to TTG (Leu). The balance 15 isolates had mutations in 
the region outer to RRDR at codons 626 (n=13, 41.9%) GAC (Asp) to GAG (Glu) 
and 184(n=2, 6.4%) GAC (Asp) to GAT (Asp) and these have not been reported 
previously. Twenty nine isolates showed single point mutations and were at codons 
526(n=14, 45.2%), 626 (n=ll, 35.5%), 531(n=3, 9.7%) and 184 (n=l, 3.2%). 
Double mutations were detected in 2 strains (526+626 & 184+626). A single 
discordant result was observed between phenotypic and genotypic results due to the 
silent mutation at codon 184. Conclusions: Two novel point mutations outer to 
RRDR and some universally prevailing mutations in the RRDR of rpoB gene were 
observed in Sri Lankan RifR MTB isolates. Although codon 531 is reported as the 
most common mutation site worldwide, the majority of RifR strains in the present 
study showed mutations at codon 526. The second commonest mutation seen at 
codon 626 has not been previously reported. Although the mutations in our strains 
are limited to few types, the new mutations and their high frequency emphasizes the 
need for raising the geographical profile of the mutations for effective application of 
rpoB gene based molecular diagnosis of MDR.

American Society for Microbiology 
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Washington, DC 20036 
Email: icaac@asmusa.org 
Phone: (202) 737-3600

TECHNICAL SUPPORT:
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or OASIS Helpdesk
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Comparison of Mycobacterium Growth Indicator Tube (MGIT) method and Nitrate 
Reductase Assay (NRA) with agar proportion method (APM) for detection of

Rifampicin resistance

C  Adikaram ', J Perera 1 and S  Wijesundera2

departm ent of Microbiology, Faculty of Medicine, University of Colombo 
2Department of Microbiology, Faculty of Medicine, University of Colomb

Testing of drug susceptibility prior to initiating treatment is vital for controlling and managing 
drug resistant TB. Drug susceptibility testing by the nitrate reductase assay (NRA) and 
manual Mycobacterium Growth Indicator Tube (MGIT) method has been used extensively 
for detection of growth. The objective of the study was to compare Mycobacterium Growth 
Indicator Tube (MGIT) method and Nitrate Reductase Assay (NRA) with agar proportion 
method (APM) for detection of rifampicin resistance.

Three hundred and seventy three clinical isolates of Mycobacterium tuberculosis were 
collected from Chest Clinic Colombo, Chest Hospital, Welisara and Prisons of Colombo from 
March 2008 to M ay 2010. Rifampicin susceptibly tests were carried out by APM  (gold 
standard), M G IT  method and N RA  with 14 days old fresh cultures. The final rifampicin 
concentration used was 1 .Opg/ml in all three methods.

Thirty one rifampicin resistant isolates were detected from among 373 Mycobacterium 
tuberculosis isolates by APM, NRA and MGIT methods. Twenty seven isolates out of 31 
were identified as rifampicin resistant by the APM. MGIT and N RA  methods were able to 
identify 28 rifampicin resistant isolates each. One resistant isolate was identified only by 
M G IT  method and another 3 isolates by NRA only. The sensitivity and specificity of the NRA 
method was 9 3 %  and 9 9 %  respectively and there was very good agreement between NRA 
and APM. There was complete agreement between APM  and manual MGIT methods with 
100%  sensitivity and 99.7%  specificity.

Rapid identification of drug resistance is a prerequisite for initiating effective anti- TB 
treatment Newer methods (NRA and MGIT) showed a high level of agreement with the gold 
standard, APM. The N RA  and MGIT methods are rapid and easy to perform and results 
could be used for timely management of patients.

jennifer_perera55@yahoo.com Tel: 0776096002
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Mutations in the rpoB gene of rifampicin resistant 
Mycobacterium tuberculosis isolates in Sri Lanka

Adikaram C  Perera J 1, Wijesundera S 2, Senarathne V 3. 
Department of Microbiology, Faculty of Medicine"!, Department of Molecular 

Biology and Biochemistry2, Faculty of Medicine, Chest hospital Welisara3

Objectives:
To identify the mutations in the rpoB gene of rifampicin resistant Mycobacterium tuber­
culosis isolates in Sri Lanka.

Design, setting and method :
Two hundred ninety eight Mycobacterium tuberculosis isolates were collected from 
chest clinic Colombo, Chest Hospital Welisara and Prisons of Colombo from March 
2008 to May 2010. Decontaminated sputum was cultured on LJ, 7H10 and 7H9 
medium. Drug susceptibility testing was carried out with agar proportion method, 
Nitrate Reductase assay and Mycobacterium Growth Indicator Tube method. D N A  of 
resistant isolates was extracted by phenol chloroform extraction method and the 437bp 
fragment of rpoB gene was amplified by polymerase chain reaction with specific prim­
ers. The D N A  sequencing was carried out and resulted sequences were analyzed with 
NCBI, CLUSTAL W  (1.83) and DNAman software.

Results:
From 298 Mycobacterium tuberculosis isolates, 20 isolates were rifampicin resistant. 
D N A  sequence analysis showed that there is one point mutation at codon 526 
CAC(His) TAC (Tyr) and one point mutation at codon 531TCG(Ser) TTG(Leu ) within 
mutation hotspot region of rpoB gene .

Conclusion:
Mutations in the rpoB gene indicate resistance to rifampicin and it is associated with 
resistance to other classes of drugs, most notably isoniazid. The point mutation at the 
codon 526 and 531 has reported as the most frequent mutation of rpoB gene world­
wide and the frequency and place of mutation can vary geotropically. The identification 
of mutations is vital to develop a rapid molecular drug susceptibility testing method 
which is suitable for Sri Lanka.
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OP 35: Utility of quantitative polymerase chain reaction in leptospirosis diagnosis - association 
between level of leptospiraemia and clinical manifestations in Sri Lanka
S AgampodP, M A Matthias2, AC Moreno2, JM Vinetz2 
’Rajurata University of Sri Lanka,
2University of California San Diego, USA
Introduction and Aims: Quantitative polymerase chain reaction (qPCR), has the potential to provide 
accurate and timely diagnosis for leptospirosis at the point-of-care in endemic areas. We studied optimal 
sample types for qPCR, timing of sampling, and clinical manifestations in relation to quantitative 
leptospiraemia.
Methods: A new qPCR assay using pathogenic leptospira-specific 16S ribosomal RNA(rRNA) gene taqman 
primers and an optimised temperature stepdown protocol was used to analyse patient blood samples. 
Serum was compared with whole blood as sample source. Quantitative leptospiraemia was compared 
with clinical manifestations of leptospirosis and outcome.
Results: The diagnostic sensitivity of qPCR ofwholc blood and serum was 18.4% (95%CI: 9.97%-31.4%] 
and 51.0% (95%Ci:37.5%-64.4%) respectively. The qPCR on suspected cases confirmed infection in 58 of 
381 cases (15.2%). Of these, 6 cases confirmed by nested PCR and sequencing were serologically negative 
using a standard but not regionally optimised microscopic agglutination test panel. The bacterial load in 
serum/blood ranged from 102 to 106 lcptospira/ml. Median leptospiral load for uncomplicated, renal 
failure, myocarditis, and multi-organ failure patients were 8616, 11 007, 36 100, and 15 882 
Leptospira/mL respectively. The qPCR window of positivity ranged from day 2 to day 15; sensitivity of 
qPCR was not affected by the length of the interval between the onset of symptoms and sample collection 
(p=.328).
Conclusions: Quantitative PCR shows potential as a valid diagnostic test with a wider window of 
positivity than previously thought. Quantitative leptospiraemia in serum/whole blood samples did not 
directly correlate with clinical manifestations of outcome in this patient population.

OP 36: PCR-enzyme linked immunoabsorbent assay as a rapid molecular method for detection of 
rifampicin resistant Mycobacterium tuberculosis in low resource settings
CP Adikaram1, J Perera1, WSS Wijesundera2
’Department of Microbiology, Faculty of Medicine, University of Colombo
2 Department of Biochemistry and Molecular Biology, Faculty of Medicine, University of Colombo
Introduction: Rifampicin resistance (RR) of M.tuberculosis (MTB) is due to point mutations in the rpoB 
gene. Early detection of drug resistance is important for prevention and control of tuberculosis (TB). 
Commercially available molecular based methods cannot be adopted in low resource settings due to high 
cost.
Aims: The study was focused on developing a PCR-ELISA, for rapid detection of RR, a surrogate marker of 
multi drug resistance.
Methods: Thirty RR- MTB strains with mutations at codon 526, 531 or 626 of rpoB gene, confirmed by 
DNA sequencing were selected for the study. 5’ biotinylated allele specific oligonucleotides corresponding 
to point mutations at codons 526, 531& 626 were designed as probes and were immobilized on 
streptavidin coated microtiter plates. Digoxigenin labeled PCR amplified fragments of the rpoB gene were 
hybridized with the immobilized probes and detected using peroxidase conjugated anti-Digoxigenin. The 
sensitivity of the PCR-ELISA was measured by a serial dilution of H37Rv DNA and the specificity was 
determined by using DNA of non tuberculosis Mycobacteria (NTM).
Results: The PCR-ELISA was able to detected mutations in all 30 RR-MTB strains. The sensitivity of 
detection was lpg of DNA for mutation at codon 531 and 626 and 100 fg for mutation at codon 526. 
Specificity of the PCR-ELISA was 100% against tested NTM.
Conclusions: The PCR-ELISA for the detection of RR was in total agreement with DNA sequencing results 
(Kappa=l). Hence the developed PCR-ELISA is a rapid, sensitive and specific assay for detection of RR, 
suitable for low resource settings.
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OP 58: Characteristics of Staphylococcus aureus isolates from patients with atopic dermatitis and 
healthy controls
Gomes PLR1 Malavige GN1, FernandoSSN1, MahendraMHR1, Kamaladasa SD2 , Seneviratne JKK3 
Karunatilaka DH4, Ogg GS 5 ’
Departments o f 1 Microbiology and 2Medicine, Faculty of Medical Sciences, University o f  Sri 
Jayawardanapura
3 Skin Clinic, Lady Ridgeway Hospital, Colombo 
4Asha Central Hospital, Colombo
5 MRC Human Immunology Unit, Weatherall Institute of Molecular Medicine, John Radcliffe Hospital 
Oxford, UK  '

Objectives: Staphylococcus aureus (SA) shows a wide range of antibiotic resistance and therefore, it 
would be useful to know the general patterns of antibiotic sensitivity of this organism in patients with 
atopic dermatitis (AD).
Methods: Skin and nasal swabs were collected from 100 patients with AD and 100 healthy individuals. 
All swabs were cultured and antibacterial susceptibility testing was performed when indicated.
Results: SA was isolated from 59% of patients with AD and 16 % of healthy individuals. Of the SA 
strains isolated from patients, 8 (10.7%) were MRS A and only 10% showed susceptibility to penicillin 
and 37% to erythromycin. Susceptibility was much higher to gentamicin (95%), co-trimoxazole (91%) 
and fusidic acid (98%). The 8 MRSA strains were consistent with those of community acquired MRSA 
according to Centre for Disease Control criteria. Although 98% of isolates from patients were sensitive 
to clindamycin, 47% showed erythromycin induced resistance. Antibiotic resistance was not seen in SA 
isolates from healthy controls. Out of the 75 isolates from both groups 67 isolates were P lactamase 
producers. .
Conclusions: Patients with AD are more likely to be colonized with SA strains resistant to 
conventional antibiotics. Emergence of community acquired MRSA appears to be a significant problem 
in Sri Lanka and could worsen with the indiscriminate use of antimicrobials.

OP 59: Prevalence of tuberculosis and rifampicin resistance in prisons of Colombo
Adikaram C1. Perera J1, Wijesundera S2, Weersinghe B3

Departments o f1 Microbiology and 2Biochemistry, Faculty of Medicine, University o f Colombo 
3Department o f Prisons, Colombo .

Introduction and Objectives: Prevalence of tuberculosis (TB) in prisons is reported to be up to fifty 
times higher than in the general population and is considered a public health problem globally. 
Prisoners are more likely to die from T B  and default treatment than non-incarcerated populations and 
once released from the prison are infectious hazards to the community. This study was done to 
determine prevalence of T B  and rifampicin resistance of M. tuberculosis isolates from prisons in 

' Colombo which houses 9000 prisoners with a daily turnover rate of 250.
Methods: During the study period October 2008 -  July 2009, sputum samples were collected and 
examined by smear and culture for T B  from all prisoners in Colombo prisons who had fever and 
cough. Rifampicin susceptibility was tested by Agar proportion method (conventional method), 
Mycobacterium growth indicator tube (MGIT) and Nitrate reductase assay. H37Rv and rifampicin 
resistant reference strains were used as control strains.
Results: Eligible participants (605) comprised 592 (97.25%) males and 13 (2.15%) females. 28 (4.6%) 
(27 male; 1 female) were smear positive. A ll smear positives, except one grew Mycobacteria on 
culture. 96.3% (26/27) isolates were confirmed as Mycobacterium tuberculosis (Mtb) by PCR and 
biochemical tests while 3.7% (1/27) were non-tuberculosis Mycobacteriae. 7.69 % (2/26) were 
Rifampicin resistant.
Conclusion: The prevalence of Mtb (0.31%) and Rifampicin resistance (7.69%) is higher in the 
Colombo prisons compared to figures in the general population (0.079% and 3.14% respectively).
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