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Section 2
Executive Summary of 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 discase 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 Mvcobacterium 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. wuberculosis strains. Three fragments in
rpoB gene were PCR (polymerase chain reaction) amplified and DNA sequenced. PCR
based enzyme linked immunoabsorbant 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.



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 e 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 81bp region containing codons 507-533 (Williams er a/. 1998; Mani. et al. 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 er 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 a/. 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 MTBDRplus
(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 er al.2012).



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 et al. 1996). Beijing/W genotypes
can be identified by their characteristic multi-banded IS6110 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 er 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 ).

Specific objectives
(@)  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).

(¢)  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)  Todevelop a rapid molecular method for determination of RIF resistance



Specific objectives

(@)  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:

(@)  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-Welisaca, 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 ul of
above bacterial suspension (WHO.1998). The inoculated culture media were incubated at
37 °C in 5% CO, 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 IS6110 insertion element, specific to MTB complex
using specific primers, pt18 (5-GAA CCG TGA GGG CAT CGA GG-3') and INS2 (5
GCG TAG GCG TCG GTG ACA AA-3") ( (1™ base -Singapore) (Kolk e7 al. 1998).



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 7H10 agar (Difco, US) plates as per
Clinical and Laboratory Standards Institute (CLSI) guidelines (Forbes ¢t 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.1 standard. This bacterial suspension was
further diluted (two fold and four fold) and used for inoculating ritampicin incorporated (1
pg/ml) agar plates and rifampicin free control agar plates. Colonies on each plate were
counted on the 28" and 42" 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 I pg/ml)
were inoculated with 500 pl of a 1:5 dilution of a McFarland No: (.5 bacterial suspension
and rifampicin free control tubes were inoculated with 500 pl 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 | pg/ml) was inoculated
with 100 pl of McFarland No: 1 bacterial suspension. The control medium was inoculated
with 100 ul 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 6" day of incubation, the first
set was examined for a colour change by sequentially adding of Griess reagent (10 pl of
50% HCI, 20 pl of 0.2% sulfanilamide and 20 pl 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 12" incubation.



Figure 1:

Figure 2:

Figure 3:

- Broth medium

Fluorescence labeled material
(Silicon film embedded ruthenium

salt)

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

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 of bacteria.

Standard colour series for NRA



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).



Part 5

The genomic DNA extracted from RIF resistant isolates (31) and RIF susceptibility (50)
isolates were digested by using Pvull enzyme. FFollowing clectrophoresis of 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. After transferring, the membrane was baked
and subjected to probe hybridization. The probe was prepared in the standard manner
(Soolingen e¢r al. 1993). The hybridization was detected by using Amersham ECL™
detection reagents and the RFLP pattern was devcloped on x-ray {ilm 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 ncgative 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. exccllent. The consumable costs per
test were calculated for each test method. The suitability of PCR-ELISA 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 RFLP is analysed using SPSS (version]5) and gel comparison software.

(D)  Results
Part 1

Table 1 details the number of AFB positive sputum specimens received {rom each of the
sampling centers. Four hundred and forty two (442) Mvcobacterium 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
Mvcobacterium cultures. 401 were M. tuberculosis complex and remaining. 41 were NTM
(figure 5).



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 Clinically suspected treatment category
positive sputum of patient
specimen
Chest hospital-Welisara 80 Only secondary TB patients (default,
retreatment, treatment failure)
Central chest clinic - 418 Primary and secondary TB patients
Colombo
Prison hospital - 3l Primary and secondary TB patients
Colombo
Routine laboratory at 5 Primary and secondary TB patients
Dept, of Microbiology
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.

10



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, APM, MGIT and NRA

C88, CI 15, M60, M 127, M 15, C27, C22

C23,C163, C254 C150, C135, Cl 10

(n=23)

M9, M33 (n=2) APM and MGIT
PCR 88.PCR 57 (n=2) Only APM
C120 (n=1) 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 MGLT 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  No. of % % Positive  Negative
resistant  susceptible
isolates isolates

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 No. of % % Positive  Negative

resistant  susceptible
isolates isolates
Resistant (27) 25 2 93 100 328

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



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=I1, 35.5%), 531 (n=3, 9.7%) and 184 (n=I, 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, +ovel Mutations

Mutated  Specific mutation Primary/secondary Percentage

codon TB (No.) %

526* CAC (His) -» TAC(Tyr)  Secondary-10 45.2
Primary -4

62635+ GAC(Asp) GAG(GIlu)  Secondary-7 35.5
Primary -4

531* TCG(Ser) -» TTG (Leu)  Secondary-0 9.7
Primary-3

184%+ GAC(Asp) -> GAT(Asp)  Secondary-0 3.2
Primary-1

626,184  GAC->GAG,GAC-> GAT Secondary-0 3.2
Primary-1

526,626 CAC->TAC, GAC-> GAG Secondary-1 3.2
Primary-0

Total 100



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  No. of Positive Negative

resistant  susceptible
isolates  isolates

Resistant (22) 22 0 86 Infinite
Susceptible 0 7 100 0.14
(10)

Part 5

The rifampicin resistant strains showed different DNA fingerprinting patterns with 1-15
copies of the 1S6\ 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.



(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, 20006).

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 et 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 er 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

14



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
susceptibtlity 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 et al.2011; Tan et al. 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 et al. 2012). The type and frequency of the prevailing mutations that were
identified in the present study fairly match with the Sheng er 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. ruberculosis isolates has been recorded from
China (Tan ar al. 2012). Therefore, the commercialized molecular DST methods will
identify around 60% of MDR cases in Sri Lanka (Adikaram er 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 ot 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 of MTB.
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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

(M

Major findings and follow up activities
Mayjor findings

(a) The laboratory differentiation of Mvcobacterium 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 eftective application of rpoB based
diagnosis of MDR TB and customizing rapid molecular based drug

susceptibility testing.

(d) The developed PCR-ELISA 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

Impact of Research results

i)

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.

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 MGIT 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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iti) Dissemination/application of research output

a) The manual MGIT has been applied in routine diagnosis of TB at the
department of Microbiology. Faculty of the Medicine, University of
Colombeo.
b) The elevated rapid culture based manual MGIT and NRA is applicable for
determination of RIF resistance in Sri Lanka as well as other settings.
C) The findings of the present study have been applied in customization of the
rpoB gene based diagnostics methods by developing a PCR-ELISA. The
PCR-ELISA 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.
d) The findings of the present study will be applied in customization of the
rpoB gene based commercialized diagnostic kits.
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1) List of major equipment acquired during the project period and their functionality
Instrument Function
MGIT reader Read of MGIT tube
i) 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

(1) 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 www.ncbi.nlm.nih.gov /pubmed/ 227318

59

21



Manuscript submitted for an indexed peer reviewed journal

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

Manuscript in preparation for publication

l. 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 125" 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 3
Important Determinants of M tuberculosis (MTB) Rifampicin Resistance (RifR).
51* annual sessions of ICAAC. 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 2" Annual Sessions and Symposium
2010
(This paper awarded 1* 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

. Adikaram CP, Perera J, Wijesundera S. Comparison of Mycobacterium Growth
[ndicator 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

22



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

(@) 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 Il

Section 7

ii)

Head ofthe Institution’s signature PROEESSOR JENNIFER PERERA
MBBS,MD Microbiology /CoM

23



DEPARTMENT OF MICROBIOLOGY

TacuCty o f Medicine, University o f Colombo

(P OPoy 271, pynsey poacf, CoComeo 8, Sri l.anka
Tel : 94 11 2697513 (Direct), 94 11 2695300 - Ext 154, 155 1
Fax : 94 11 2691581 e-mail : microcmb@yahoo.cojp:

17 AUG2UU

Q" /I
v August 6, 2012 / . X

FORWARDED
To: Director

National Science Foundation
|  [CrtR .cWNIFEK PERI

av Colombo-07 . bAott oMicrobictogV
& Zalaé
Thro' Vice Chancellor, University of Colombo’ ~——========"==-
Dean, Faculty of Medicine, Colombo
r'( Supervises”™:. Professor Jennifer Perera, Dept of Microbiology 1 rI
Dr Sulochana Wijesundera, Dept, of Biochemistry KAS__
FORWARDED
Dear Sir
Final report - RG/ 2007/ BT/03 @)
%c/8f)"P

Herewith | am sending the final report alone with the financial report for the
research on ‘Determination of Drug Resistant Gene Mutations among

Rifampicin Resistant Strains of M. tuberculosis in Sri Lanka".

Thank you

Yours faithfully

Chamila Adikaram
Research Student



Annex I

Publications/Communications arising from the project during the reporting period

Published in a peer reviewed indexed journal

Adikaram CP, Perera J , Wijesundera S. Geographical profile of rpoB gene
mutations in rifampicin resistant Mycobacterium t(uberculosis isolated in Sri
Lanka. Journal of Antimicrobial Drug resistance www.ncbi.nlm.nih.gov /pubmed/

227318 59

Manuscript submitted for an indexed peer reviewed journal

1.

Adikaram CP, Perera J , Wijesundera S. The Manual Mycobacteria Growth
Indicator Tube and the Nitrate Reductase Assay are suitable alternatives for the
rapid detection of rifampicin resistant M. (uberculosis 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)

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 125" anniversary international medical

congress —Sri Lanka Medical Association)

Adikaram CP, Perera J, Wijesundera SW, Senaratne V. Mutations in the Non
Rifampicin Resistance-Determining Region (RRDR) of the rpoB Gene are
Important Determinants of M ruberculosis (MTB) Rifampicin Resistance (RifR).
51" annual sessions of ICAAC, Chicago. USA 2011; C1: 627.

Adikaram CP. Perera J, Wijesundera S W, Senarathne V. Mutations in the rpo]%
> ? - . . - . l

gene of rifampicin resistant Mycobacterium tuberculosis isolates in Sri Lanka. 2"

annual sessions and symposium. Association of the Pulmonologist-Sri Lanka

2010
(This paper awarded 1° place from oral presentation).



DISEASE

MICROBIAL DRUG RESISTANCE
Volume 00, Number 00, 2012

© Mary Ann Liebert, Inc.

DOI: 10.1089/mdr.2012.0031

| Qeographical Profile of rpoB Gene Mutations
iIn Rifampicin Resistant Mycobacterium tuberculosis
Isolates in Sri Lanka

Chamila Priyangani Adikaram! Jennifer Perera! and Sandhya Sulochana Wijesundera?

Tk.le nature and frequency of mutations in the rpoB gene of rifampicin (RIF) resistant Mycobacterium tuberculosis
clinical isolates varies considerably between different geographical regions. The objectfve of the present study
was the identification of rpoB gene mutations responsible for RIF resistance in M. tuberculosis isolates in Sri
L.anka. 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 (1395bp and 872bp) 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%)
CAC (His) » TAC (Tyr) and codon 531 (11=3, 9.7%) TCG (Ser) - TTG (Le£1). A significant proportion (n=15,
48.3%) showed mutations spanning the RRDR, including two novel mutations at codon 626 (11=13, 41.9%) GAC
(Asp) > GAG (Glu) and 184 (n=2, 6.4%) GAC (Asp)—;GAT (Asp), a silent mutation. Two isolates revealed
df)ub]e mutations (codons 626 +526 and 626 + 184). The presence of a high frequency of new mutations, and the
dxffer_ent 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 rpoB-based diagnosis of multi-

drug resistant tuberculosis.

Introduction

()NIE THIRD OF THE WORLD'S POPULATION is estimated to
be infected with Mycobacterium tuberculosis (MTDB), and
the majority of tuberculosis (TB) cases are concentrated in
de"eloping countries.** Globally, 8.8 million incident cases of
TB were estimated in 2009. Most of the estimated cases oc-
curred in Asia (59%) and Africa (26%) as compared to the
Eis:ten\ Mediterranean Region (7%), the European Region
(5%), and the Region of the Americas (3%). Three Asian
Cmm.tr;es, namely India, China, and Indonesia, are among
Fhe 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%.%

Multidlﬂg resistant tuberculosis (MDR-TB) is defined as
Thoance to at least rifampicin (RIF) and isoniazid (INH).
si -eIVVHO haS. recognized MDR-TB and XDR-TB, or exten-
Stvely drug resistant tuberculosis (MDR-TB plus resistance to
any ﬂuoroquinolone, and resistance to at least 1 of the 3
tjectable drugg: 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.>® The four
countries that have the largest number of estimated cases of
MDR-TB are China, India, the Russian Federation, and South
Africa.> 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.™

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 p()puiati()n,35 and 9643 new TB cases were no-
tified.'> The overall treatment success rate among smear-
positive cases was 85% among the new smear-positive cases
and 70% among retreatinent patients in the year 2008.*° A
study conducted by the National Reference Laboratory-
Sri Lanka during the period 2005-2007 revealed that 3.4% of

G Originally presented as poster (abstract) entitled “Mutations in the Non Rifampicin Resistance-Determining Region (RRDR) of the rpoB3
€ne Are Important Determinants of ‘M tuberculosis’ (MTB) Rifampicin Resistance (RifR)” at the 51" Interscience Conlerence on Anti-

mlggbial Agents and Chemotherapy (ICAAC) held in Chicago, Ilinois, 2011
partments of ‘Microbiology and “Biochemistry and Molecular Biology, Faculty of Medicine, University of Colombo, Colombo,

Sii Lanka.
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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.”® 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.?>% Most of RIF resistant MTB strains
from different countries appear to harbor specific point
mutations in the rifampicin resistance-determining region
(RRDR) of the rpoB gene, which comprises an 81-bp region
containing codons 507-533.1112.16:20 1y 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 M. tuberculosis clinical
isolates vary considerably, between different geographical
regions.'”"'7-7% 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.'"

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.*' Pre-
sently numerous molecular-based identification methods
such as INNO-LiPA Rif.TB (INNOGENETICS) and Geno-
Type MTBDRplus (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.*

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 with 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
Collection of sputum samples

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
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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.

Isolation of M. tuberculosis strains

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 was diluted in 1ml
of sterile distilled water for preparing the bacterial suspen-
sion for inoculation. Two slopes of the Lowenstein—fjensen
(L-}) medium (Difco), one containing paranitrobenzoic acid
(PNB, Sigma), were inoculated with 100 ul 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% CO; incu-
bator up to 8 weeks until growth was observed. Cultures
were 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 156110 by poly-
merase chain reaction (PCR) as published prewiol.xsly.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.

DST for M. tubercuiosis strains

DST was carried out using the agar proportion method,”
the nitrate reductase assay (NRA),> and the manual Myco-
bacteria Growth Indicator Tube (MGIT).! Rifampicin (Sigma)
stock solution (10mg/ml) was prepared using dimethyl
sulphoxide (DMSO) (Sigma), and filter sterilized aliquots
were stored at —70°C. A working solution (1 mg/ml) 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 pug/ ml” (Data not
shown).

DNA extraction

Genomic DNA was extracted from identified RIF resistant
isolates using the phenol chloroform extraction method.*
Harvested heat-killed bacteria from the L-] slopes were in-
cubated overnight with proteinase K (Sigma). Genomic DNA
was extracted using phenol—chloroform (Sigma) and pre-
cipitated with absolute ethanol (Sigma) followed by washing
with 70% ethanol. The precipitated DNA was resuspended
in the 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.

PCR ampilification and DNA sequencing

Extracted DNA was used for amplification of three dif-
ferent segments (437bp, 872bp, and 1395bp) 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 literature®’*" and primer-3 software.
For amplification of the 437-bp region, including RRDR,
rpoBF primer and rpoBR primer were used. The TR9Y 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 50pl PCR mixture containing 50 mM KCl, 10mM Tris
(pH 8.0),1.5mM MgCl,, 200uM of deoxynucleotides tri-
phosphates (dNTPs) (Promeéga), 1 U Tag polymerase (Gen-
Script), 20pmol of each primer (Promega), and 2.5u 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.

3

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 NCBI and Sea View soft-
ware (version 4.212). All resistant isolates were also
subjected to [S6110 restriction fragment length polymor-
phism typing using the Poull restriction enzyme.”

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 Lanka, which has a high prevalence of TB.'”
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 (11 =3, 9.7%). The remaining
mutations were detected in the regions outer to RRDR and
occurred at codons 626 (11=13, 41.9%) and 184 (n=2, 6.4%).
Twenty nine isolates showed single-point mutations at
codon 526 (i1=14, 45.2%), 626 (n1=11, 35.5%), 531 (1=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 mulliple patterns of base changes at a single codon.

TaBLe 1. PRIMER SEQUENCES AND THERMO-CYCLING PARAMETERS USED FOR THE AMPLIFICATION
OF RIFAMPICIN RESISTANCE-DETERMINING REGION AND 5’ AND 3’ REGIONS QUTER TO RIFAMPICIN RESISTANCE-DETERMINING
REGION OF THE ®POB GENE IN RIFAMPICIN RESISTANT MYCOBACTERIUM TUBERCULOSIS IsOLATES

Forward primer (5°-3')

Reverse primer (5-3')

Lengtl
of the
fragment Thermo-cycling parameters

rpoBF rpoBR 437bp  94°C-10min—denaturing
TGGTCCGCTTGCACGAGGGTCAGA CTCAGGGGTTTCGATCGGGCACAT 94°C-1min

57°C-1min } 40 cycle

72°C-1 min

72°C-10 min—extension
TRY RRBN 872bp  94°C-10min-denaturing
TCGCCGCGATCAAGGAGT GCGCCATCTCGCCGTCGTCAGTACAG 94°C-1min

62°C-1min } 40 cycle

72°C-1 min

72°C-10 min—extension
FRBN TRS 1395bp  94°C-10min-denaturing

GCAAAACAGCCGCTAGTCCTAGTCCGA TGCACGTCGCGGACCTCCA

94°C-1min
60°C-1min
72°C-1 min
72°C-10 min—extension

} 40 cycle
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TABLE 2. FREQUENCIES AND TYPES OF MUTATIONS IN THE RroB GENE
OF MYCOBACTERIUM TUBERCULOSIS [SOLATES FROM SRI LANKA

Mutated codon Specific mutation Primary/seconidary TR (No.) Percentage¥%

526" CAC (His}-—TAC (Tyr) Secondary-10 45.2
Primary -4

626< GAC(Asp)— GAG (Glu) Secondary-7 35.5
Primary -4

531% TCG (Ser)—TTG (Leu) Secondary-0 9.7
Primary-3

184°< GAC(Asp)— GAT(Asp) Secondary-0 3.2
Primary-1

626,184 GAC-—-GAG, GAC—GAT Secondary-0 32
Primary-1

526, 626 CAC—TAC, GAC—-GAG Secondary-1 32
Primary-0

Total 100

The mutated codons with corrtspondmb amino acids are indicated.
*Codons within RRDR.

®Codons outer to RRDR.

‘novel mutations.

RRDR, rifampicin 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. 13 22 26:36.37
Mutations of codon 531, 526, and 516 have been reported as
the most frequent mutations in the mutation hotspot region
of the rpoB gene of MTB worldwide.’?*7¢ In the present study,
the majority of mutations occurred at codon 526, and the mu-
tation frequency (48.4%) observed was slightly higher than
frequencies reported by China (40%),* Japan (35%),"® and
Korea (38%).” 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 [talian isola tes'® and
12% in Greece isolates'?), our study revealed that the base
change was CAC to TAC (transition mutation) in all isolates,
similar to reports from India.**

The frequency of mutation at codon 531 (9.7%) was com-
paratively low in MTB isolates from Sri Lanka in relation to
mutation ﬁe%{uencxe'; reported by other countnes, including
India (47%),'” Australia (52%),% Vietnam (31%),* and Poland
(41%).> However, the base change observed at codon 531
was a TCG to TTG (transition mutation) as commonly re-
ported by several Asian countries (Japan,'® Chma 36 Korea,
and India’ !} and other countries such as Greece'? and Italy
Previous studies have reported that a mutation at codon 531
is frequently associated with the codon 526 mutation in
certain regions of the world.”? 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 mutation 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. tubercilosis
strains with mutation at codon 626 represent epidemioclogi-
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. '

Mutations at codon 516 have been reported as prominent
in several geographical areas such as India, 13%'% and Iran,
10%> and therefore, commercially available RIF resistance
diagnosis kits have been optimized to detect mutation at
codon 516 among other mutation in the RRDR. However, ne
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.** Yue et al. (2003) have reported that 10% of phe-
notypically resistant MTB strains did not show any muta-
tions at RRDR. According to Lingala et al. (2010), 21% of
phenotypically RIF resistant isolates did not show any mu-
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 isclate
was confirmed as resistant to RIF by APM and MGIT. 1t 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 INNO-
LiPARit 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 mutations.'®*4

Although the mutations in our strains are limited to a few
types, the 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 RIF
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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Tigecycline Resistance Can Occur Independently of the
ramA Gene in Klebsiella pneumoniae

M. Veieba, I. Schneiders; Queens Univ. Belfast, United
Kingdom.

Description ofa Novel pCl194-Family Plasmid Carrying
the smr Efflux Pump Gene

S. S. Costau , C. Mouratol, M. Viveirasl, J. Melo-Cristino3,

L Amarall4, j. Couto, J;'Inst, de Higienc e Med, Tropical, Lisbon,
Portugal, 2CRLM, Lisbon, Portugal, ’CentraHasp. Lisboa Norte E.P.F,
listion, Portugal, *UPMM, Lisbon, Portugal.

Role of MexAB-OprM in Intrinsic Resistance of
Pseudomonas aeruginosa (Pa) to Temocillin

J. Buyck'-, P. Plesiat', P. M. Tulkens], F.Van Bambeke': 'Univ.
Cafholigue- de Louvain, Brussels, Belgium, 'Hosp. Jean Minjoz,
Besacon, France.

Pan-Beta-Lactam Resistance Development in

P. aeruginosa Clinical Strains: Molecular Mechanisms,
PBPs Profiles and Binding Affinities

B. Moya, A Beceiro, G. Cabot, C. juan, L. Zamorano, S. Alberti,

A. Oliver; Hosp. Son Esposes-IUNICS, Palma de Mallorca, Spain.

New Determination of Pentapeptide Repeat Units in the
Qnr Proteins by the Structure-Based Alignment Approach
K. S. Park, J. H. Lee. J. J. Lee. X. Wu. S. H. Lee; Myongji Univ, Yongin,
Korea, Republic of.

The Abundance of Monocistronic aac(6)-ib mRNA Is
Dependent on the Presence ofthe attC Locus in TnlITil
I. Shukla, M. Ramirez,T. R. Parenteau, M. E.Tolmasky; California
State Univ, Fullerton, CA.

Identification ofan Integrative and Conjugative Element
(ICE) Carrying Twelve Resistance Genes in Pasteurella
Multoeida

G. Brenner Michael12, K. Kadlecl M. T. Sweeney], E. B. Brzuszkiewiez?2,
H. Uesegang3, R. Daniel2,J. L Watts3, S. Schwarz]; ‘Inst, of Farm An-
imal Genetics, Neustadt-Mariensee, Germany. 'Georg-August-Univ,
Gdttingen, Germany, 'Pfizer Animal Health, Kalamazoo, ML

Prevalence of qnr, aac(6')-lb-cr Genes and Mutation of
gyrA Among Levofloxacin-Resistant Clinical Isolates
of Stenotrophomonas maltophilia in Brazil

J. Paez, J. Rosa Ferraz, F. Rossi, A. S. Levin, S. F. Costa; Hosp. das
Clinicas, Sao Paulo, Brazil.

Mobilization of an ISA Transposase in a Pseudomonas
aeruginosa Mutant Following Meropenem Exposure

R. C. Fowler, N. D. Hanson; Creighton Univ, Omaha, Nt.
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The Carboxyl-Terminus of Eremomycin Interacts with the
None-D-Ata-D-Ala Segment of Peptidoglycan Pentapep-

tide Stem for Binding

S. Kim1S. S. Solovyeva-’, E N, Olsufyeva2, M,N. Preobrazhenskaya2,
J. Schaeferl; 'Washington 1Jniv, St. Louis, MO, 26ause Inst, of New

Antibiotics, Moscow, Russian Federation.
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From XDR to MDR: First Description of Compensatory GyrA
Mutations Restoring Fluoroquinolone Susceptibility in a
Clinical M. tuberculosis Strain

H. ferrandl, A Pantell, A. Bmiigel V. Jarlier}:2, N. Vezirisu , C. Mayer5%,
A. Aubryl'; "UPMC (F:R5), Paris. France! 2NRC for Mycobacteria,
Paris, France, ‘Inst. Pasteur, Paris France, *Univ Paris Diderot, Paris,
France.

Mutations in the Non-Rifampicin Resistance-Determining
Region (RRDR) of the rpoB Gene Are Important Determi-
nants of M. tuberculosis (MTB) Rifampicin Resistance
(RifR)

C. P. Adikaraml,J. Pereral, S. S. Wijesunderal, W. V. Senaratne2;
'Univ. of Colombo. Colombo, Sri Lanka, 'Chest Hosp, Welisara, Sri
Lonka.

Mutation Analysis ofthe Mycobacterium leprae rpoB
Gene and Rifampicin Resistance

N. Nakata, M. Kai, M. Makino; Leprosy Res. Ctr, Natl. Inst, of Infec-
tious Diseases, Tokyo, Japan.

Introduction of Inhibitor Resistance Mutations into BlaC
of Mycobacterium tuberculosis and Impact on Catalytic
Activity

S. G. Kurzl”’, K Wolff3, L Ircmblay4, C. R. Bethel5. K. Smith s, Y. Xu',
J. Blanchard4, L Nguyen3, R. A Bonomo'; ‘Case Med. Ctr, Cleveland,
OH, 'Louis Stokes Cleveland Dept, of VA Med. Ctr, Cleveland, OH,
’CWRtl, Cleveland. OH, *AECOM, New York, NY, 'Louis Stokes VA
Med. Ctr, Cleveland, OH, 6CSU, Cleveland, OH.

The Mycobacterial ssrA Promoter: Mapping the Elements
Associated with Up-Regulation by Antimicrobial Agents
N. Andinil2 K A. Nash"; 'Childrens Hosp, Los Angeles, CA, 'Univ.
of Southern California, Los Angeles, CA.

RNA Polymerase Target Modification in Clostridium
difficile with Reduced Susceptibility to Fidaxomicin

J. Seddonl, E Batrakhanil, A Gomezl1. Artsimovitch2. P. Searsl;
‘Optimer Pharmaceuticals Inc, San Diego, CA, 'Ohio State Univ,
Columbus, OH.

Fidaxomicin Inhibits Spore Production in Clostridium
difficile

A. Gomez. P. Sears, t. Nguyen, f. Babakhani; Optimer Pharmaceuti-
cals, Inc, San Diego, CA
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088-Mechanisms of Action and Mechanisms of Resistance in Mycobacterium spp.
and Clostridium difficile

Sunday, Sep 18, 2011, 11:15 AM - 1:15 PM

C1-627 - Mutations in the Non Rifampicin Resistance-Determining Region (RRDR)
of the rpoB Gene are Important Determinants of “M tuberculosis” (MTB)
Rifampicin Resistance (RifR)

Exhibit Hall F1
93

C1-627

Sunday, Sep 18, 2011, 11:15 AM - 1:15 PM
Cl
tuberculosis ; rifampicin resistant; rpob gene

C. P. Adikaram, Bachelors ( BS,Zoolbgy) reading for PhD - Research Assistant
(PhD student)l, J. Perera, MBBS, MD - Professor of Microbiology l's.s.
Wijesundera, PhD - Senior Lecturer 1, W. V. Senaratne, MBBS, MD - Consultant 2 ;
1Univ. of Colombo, Colombo, Sri Lanka, 2Chest Hosp., Welisara, Sri Lanka.

C. P. Adikaram, None..
J. Perera, None..

S. S. Wijesundera, None..
W. V. Senaratne, None.

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 of resistant isolates.
This is the first report on drug resistant gene mutations in 7poB gene of MTB
isolates from Sri Lanka. Methods: DNA was extracted using phenol chloroform

9/27/2011 9:29 AM
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method from 31 RifR MTB isolates confirmed as resistant by agar proportion
method. A 437bp fragment including RRDR and other 2 fragments cover large part
of rpoB gene (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 TAC (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=11, 35.5%), 531(n=3, 9.7%) and 184 (n=1, 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 scen 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 empha.nsiz;fs thc‘
need for raising the geographical profile of the mutations for effective application of

rpoB gene based molecular diagnosis of MDR.

American Society for Microbiology
1752 N Street NW

Washington, DC 20036

Email: jcaac@asmusa.org

Phone: (202) 737-3600

TECHNICAL SUPPORT: ,
217-398-1792 (Monday through Friday 9:00 am-5:00 pm Central Standard Time)

or QASIS 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 ' and S Wijesundera ®

'Department of Microbiology, Faculty of Medicine, University of Colombo
Department 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 May 2010. Rifampicin susceptibly tests were carried out by APM (gold
standard), MGIT method and NRA with 14 days old fresh cultures. The final rifampicin
concentration used was 1.0ug/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 NRA meth-ods were able to
identify 28 rifampicin resistant isolates each. One resistant isolate was JQ9thf;ed only by
MGIT method and another 3 isolates by NRA only. The sensitivity and specificity of the NRA
method was 93% and 99% respectively and there was very good agreement between NBA
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 eﬂectiv9 anti- T8
treatment. Newer methods (NRA and MGIT) showed a high level of agreement with the gold
standard, APM. The NRA 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 ] ', Wijesundera S 2, Senarathne V 3,
Department of Microbiology, Faculty of Medicine1, Department of Molecular
Biology and Biochemistry?, Faculty of Medicine, Chest hospital Welisara®

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, 7ZH10 and 7H9
medium. Drug susceptibility testing was carried out with agar proportion method,
Nitrate Reductase assay and Mycobacterium Growth Indicator Tube method. DNA 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 DNA 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.
DNA 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 Agampodi!, M A Matthias?, AC Moreno?, JM Vinetz?

1Rajarata 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 gPCR, 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 tagman
primers and an optimised temperature stepdown protocol was used to analyse patient blood samples.
Serum was compared with whole blood as sample source. Quantitative leptospiracmia was compared
with clinical manifestations of leptospirosis and outcome.

Results: The diagnostic sensitivity of qPCR of whole blood and serum was 18.4% (95%Cl: 9.97%-31.4%)
and 51.0% {95%C1:37.5%-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 leptospira/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 Adikaram!, ] Pereral, WSS Wijesundera?

1Department of Microbiology, Faculty of Medicine, University of Colombo

2Department 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 duc 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 1pg 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=1). 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:

OP 59:

Characteristics of Staphylococcus aureus isolates from patients with atopic dermatitis and
healthy controls

Gomes PLR' Malavige GN', Fernando SSN ! Mahendra MHR ! Kamaladasa SD? , Seneviratne JKK,
Karunatilaka DH’, Ogg GS’

Departments of 'Microbiology and *Medicine, Faculty of Medical Sciences, University of Sri
Jayawardanapura

3 Skin Clinic, Lady Ridgeway Hospital, Colombo

‘dsha Central Hospital, Colombo

’ MRC Human Immunology Unit, Weatherall Institute of Molecular Medicine, John RadCcliffe 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 MRSA 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.

Prevalence of tuberculosis and rifampicin resistance in prisons of Colombo

Adikaram C', Perera J', Wijesundera s Weersinghe B’

Departments of ]Microbiology and *Biochemistry, FaMulty of Medicine, University of Colombo
3Department of 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 TB and default treatment than non-incarcerated populations and
once released from the prison are infectious hazards to the community. This study was _do'ne to
determine prevalence of TB 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 TB from all prisoners in Colombo prisons who-had fever and
cough. Rifampicin . susceptibility was tested by Agar proportion method (conventional .meth(.)d.),
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. All smear positives, except one grew Mycobacteria on
culture. 96.3% (26/27) isolates were confirmed as Mycobacterium tubercz.doszs (Mtb) by PCR and
biochemical tests while 3.7% (1/27) were non-tuberculosis Mycobacteriae. 7.69 % (2/26) were
Rifampicin resistant. o _
Conclll)lsion: The prevalence of Mtb (0.31%) and Rifampicin resistance (7.62%) 18 Iggher in the
Colombo prisons compared to figures in the general population (0.079% and 3.14% respectively).
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