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A b stra ct

The thesis com prise studies on  rifam picin  resistance  o f  M ycobacterium  tuberculosis  in S ri L anka 
by sequentially  addressing the isolation  o f  M yco b ac ter iu m  tuberculosis, d rug  susceptib ility  
testing m ethods, characterisation o f  rp oB  gene m utations and transm ission  pattern  o f  rifam picin  
resistance.

M ycobacterium  cultures (n=442) w ere isolated from  acid  fast bacilli (A F B ) positive sputum  
specim ens collected from  clin ically  suspected  tub ercu lo sis  patients in Sri Lanka. F our hundred 
and one (401) isolates w ere identified as b elong ing  to  M. tuberculosis  com plex  w hile  the 
rem aining  41 w ere recognised as belong ing  to  non-tubercu losis m ycobacteria  g ro up . The 
prevalence o f  non-tuberculosis m ycobacteria  (9 .7 % ) in an acid fast bacilli positive sputum  
cohort in Sri L anka indicates the necessity  for species identification  o f  M ycobacterium  isolates 
prior to  treatm ent as non-tubercu losis m ycobacteria  are frequently  resistan t to conven tionally  
used anti tubercu losis drugs.

In Sri L anka, d rug susceptibility  testing  o f  M. tuberculosis  still depends on  tim e consum ing , 
conven tional p roportion  m ethod. Thus, the  n itra te  red uc tase  assay (N R A ) in bro th  m edium  and 
the m anual m ycobacteria  grow th ind icator tube (M G IT ) w ere evaluated  as rapid  culture  based 
drug suscep tib ility  testing  m ethods for determ ination  o f  rifam picin  resistance. T he n itrate 
reductase assay  and the  m anual m ycobacteria  grow th  indicator tube dem onstrated  excellen t 
agreem ent ( k=  0.86 and k=  0.94 respectively) w ith  the  agar proportion  m ethod  (A PM ). W ith the 
m anual m ycobacteria  g ro w th  indicator tube  and the n itrate reductase assay, it w as possib le  to 
determ ine the  rifam picin  susceptib ility  w ithin  8 and  10 days respectively  from  prim ary
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M. tuberculosis isolates with high sensitivity  (93%  and 85%  respectively) and specificity  (100%  
and 99%  respectively).

Rifampicin resistance has immerged due to point m utations in the rpoB  gene and m ajority  o f  
w orld’s prevailing m utations are restricted to  the rifam picin  resistance determ ining  region 
(RRD R) o f  rpoB  gene. However, the presence o f  m utations varies geographically  and is not 
restricted to the rifam picin resistance determ ining  region. Therefore, selected fragm ents (437bp, 
872bp and 1395bp that cover RRDR and regions spanning the R R D R ) o f  rpoB  gene o f  the 31 
rifampicin resistant M. tuberculosis strains isolated during the study w ere subjected  to  PCR 
am plification and DNA sequencing. The DNA  sequences revealed 2 point m utations w ith in  the 
rifam picin resistance determ ining region at codon 526 (n=15, 48 .4% ) CAC (H is) - )  TA C  (T yr) 
and codon 531 (n=3, 9 .7% ) TCG (S er)-^T T G  (Leu). A significant proportion (n=15, 48 .3% ) 
showed tw o novel m utations in the region spanning the R R D R  at codon 626 (n=13, 41 .9% ) GAC 
(Asp) -^G A G  (G lu) and codon 184 (n=2, 6.4% ) GAC (A sp) G AT (A sp), a silent m utation. 
Two isolates revealed double mutations (codons 626+526 and 626+184). The presence o f  new  
m utations w ith a high frequency and the different frequencies o f  the universally  prevailing  
m utations, as reported here, em phasizes the need for expanding the geographical database o f  
m utations for effective application o f  rpoB  based diagnosis o f  drug resistant tuberculosis.

The com m ercialized m olecular drug susceptibility  testing m ethods are based on w orld ’s prevalen t 
m utation in rifam picin resistance determ ining region o f  rpoB  gene (codon, 531,526 and 516). 
Thus, available m olecular drug  susceptibility  testing  m ethods may not achieve the required 
sensitivity in Sri Lanka as they  w ill only  be able to  identify 58%  o f  drug  resistant TB cases. 
Additionally, these m ethods are not accessible in developing countries due to the high cost per
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test. Therefore, the polym erase chain reaction linked im m unoabsorbent assay (P C R -E L IS A ) was 
developed using rifam picin resistant and susceptible M. tuberculosis  isolates identified by agar 
proportion method. The dig labelled PC R  am plified fragm ents o f rpoB  gene w ere hybridized with 
5 ’ biotinylated allele specific oligonucleotide probes corresponding  to  point m utations at codons 
526, 531 & 626. The hybridization w as determ ined by co lour developm ent. There w as a good 
agreem ent betw een agar proportion m ethod and PC R -E L ISA  with 86%  sensitiv ity  and 100% 
specificity for identification o f  rifam picin resistance o f  M. tuberculosis. The turnaround tim e o f  
the assay w as 2 days after isolation o f  prim ary cultures. Thus, PC R -ELISA  is a rapid, sensitive 
and specific drug susceptibility  testing m ethod that can be custom ized as per user requirem ent.

DNA fingerprinting o f  IS6110 insertion elem ent o f  rifam picin  resistant and susceptib le  M. 
tuberculosis isolates revealed that none o f  the rifam picin resistant isolates have sim ilar 
fingerprinting patterns to that o f  susceptible isolates. This observation  indicated the absence o f  
the acquisition  o f  rifam picin resistance fo llow ing infection o f  a rifam picin  susceptib le strain. 
Thus, th e  rifam picin resistance o f  M. tuberculosis  in Sri Lanka is due to  the transm ission  o f  
rifam picin resistant strains (prim ary drug resistance) based on  the IS6I 10 DNA fingerprinting.
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C h ap ter l



G en e ra l in tro d u ctio n

1.1 G enus M ycobacterium

The G enus M ycobacterium  w as  first p ro po sed  in 1896 by  L ehm ann  and  N eum ann. 
C urrently , it contains abou t 151 species and  11 sub sp ecies (S kerm an  et al. 1980). 
M ost species exist as free-liv ing  sap ro p h y tes  and o n ly  m in orities are  successfu l as 
pathogens o f  higher verteb ra tes. T h e  h ost-d epen den t m y cob acteria  a re  capable  o f  
reproducing  in vitro. In co n tra st, M. lepra e  and M. lep ra em u riu m  are  u ncu ltivab le  and 
require the  intracellular m ilieu for su rv ival and p ro p ag atio n  (P a lo m ino  et al. 2007).

1.1.1 B acterio logy  o f  genus M yco b a c ter iu m

M ycobacterium  is a  non-m otile , non sporu lating , s tra igh t o r sligh tly  curved  bacillus 
w hich is 1-10 pm  in length and  0 .2 -0 .6  pm  in w idth . U nlike o th e r ac tinom vcetales, M. 
tubercu losis  and m ost M yco bacteriu m  species a re  rarely  p leom o rph ic  and do not 
e longate  into filam ents o r  b ranch ing  chains in e ither c lin ica l specim en s o r in culture. 
A ccord ing  to grow th cond itions and m aturity  o f  the cu lture , bacilli m ay  vary  in size 
and shape from  short coccobacilli to  long rods (P a lom ino  et al. 2 007). H ow ever, 
experim en ts have show n th a t M. tubercu losis  ce lls  g ro w n  in m acrophages are 
filam en tou s (C hauhan et al. 2006).

The m ycobacteria l cell w all is un ique and consists o f  p ep tid o g ly co lip ids , m ycolic 
acids, free  lipids and interspersed p ro teins (Jarlie r and N ik a id o , 1994). Inner 
pep tidoglycan  layer co n ta in s  a  num ber o f  cross links and the o u te r end o f  the
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arab inogalactan  has e ste rif ied  by  m y co lic  acids. T he a rran g em en t o f  m y co lic  ac ids are  
species specific . T he o u te r  lay er o f  th e  ce ll w all p re sen ts  an a rray  o f  free  lip ids such  as 
phth iocerol d im y co serosa tes , p h en o lic  g ly co lip id , tre h a lo se -co n ta in in g  g ly co lip id s  and  
su lfo lip ids (F igure 1.1). T he  lip id  c o m p o sitio n  o f  the  ce ll w all d ep end s on  th e  
availab ility  o f  nu trien ts and  m ay  v ary  d u r in g  the  life cy c le . H ow ev er, lip ids co n stitu te  
m ore than  h a lf  o f  th e  d ry  w e ig h t o f  th e  m y co b ac te ria l ce ll w all (B ren nan , 2 0 0 3 ).

Figure 1.1 S chem atic  rep resen ta tio n  o f  th e  cell en v e lo p e  o f  M . tub ercu lo sis . The 
cell w all is m ain ly  co m p o sed  o f  p ep tid o g ly can  (g rey ), a rab in o g a lac tan  
(b lue) and  m y colic  ac id s (g reen ). T he o u te r  layer (b ro w n ), cap su le  
m ain ly  con ta in s  p o ly sacch a rid e s  (A b d a llah  e t al. 2007).

T he w ax y  co a t con fe rs  th e  ch a ra c te r is tic s  o f  th e  g en u s  co m p ris in g  th e  d is tin c tiv e  
im m u n o lo g ica l p ro perties , re s is tan ce  to  an tib io tics (Ja rlie r and  N ik a id o , 1994), slow  
g row th  ra te  and acid  fastn ess (res is tan ce  to  d eco lo n iza tio n  w ith  ac id -a lco h o l a f te r  
sta in ing  w ith  a ry lm eth an e  d y es) (H arad a , 1976). T reh a lo se  6, 6 '-d im y c o la te  (T D M ),
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the cord factor is an ex ternal co n stitu en t com prising  the  w axy  coa t o f  M TC  (A ctor, 
2012). It is responsib le  for the  v iru lence  o f  the bacilli and  (R a jn i et al. 2010) 
protection  from  the m acro ph ages (H u n te r et al. 2006). H ow ever, cord  fac to r is not 
characteristic  for all species o f  the  genus.

S om e o f  the interspersed p ro te ins  are  involved in con stru c tio n  o f  the  ce ll w all and 
o thers know n as porins form  h yd roph ilic  ch an n e ls  that are responsib le  for perm eab ility  
o f  solutes. The cell w all re stric ts  the  p e rm eab ility  to m ost lipophilic  m o lecu les w hile 
o ther substances m ay pass th rou gh  the  porins (N ied erw eis, 2003).

In add ition  to  the cell w all, M. tub ercu lo sis  a ccu m u la tes  an  unbound  p seud o-cap su le  
in static  cu lture  and it con tains p o ly sacch arid es and p ro te ins  w ith  sm all am oun ts o f  
lip ids (F igure  1.1) (D affe and E tienne, 1999).

A lthough  the tubercle bacillus is not a  sp o re-fo rm in g  bacterium , the  M yco b ac ter iu m  
tubercu losis  com plex  (M T C ) is ab le  to  to le ra te  u n fav ourab le  con d ition s (P ard in i et al. 
2005). U nder such cond itions, m y cob acteria  en te r a  latent o r d orm ant state and 
m ultip lication  can be suspended  from  d ays to  m any years (C am in ero , 2004). The 
tub erc le  bacilli can surv ive at acid o r a lkaline  m icroenv ironm en t in v ivo  a s  w ell as in  
vitro  (V andal e t al. 2009). This fea tu re  is m ade use o f  in p rocessing  c lin ica l specim ens 
as th ey  can  be treated  w ith 4%  N aO H  p rio r to  culture fo r reducing  con tam in a tio n  (D e 
K an tor e t al. 1998). M. tubercu losis  is h igh ly  resistan t to  freezing (fro m  2 -4  °C to  -70 
°C), as v iab ility , patho logy  and physio logical p roperties are not altered  by low  
tem pera tu re  (K ubicaa and  K im , 1979). A dditionally , tuberc le  bacilli can  survive for 
several m o n th s on  surfaces o r  in soil even  at low oxygen  level (W ayne, 1982).
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H ow ever, M. tubercu losis  is very  sen sitiv e  to  heat, sun ligh t and U V  rad iation . T he 
ultraviolet killing effect ran g es from  5 0 %  for M. kansa sii to  m ore than  99%  for M. 
tuberculosis  (C ollins, 1971; H ub er et al. 1970; C am inero , 2004).

M ycobacteria  require a m esophilic  w ell-n o u rish ed  env iro nm en t w ith  h igh  o x yg en  
conten t for their optim um  g ro w th  and  ca rbo n  d io x id e  ten sion  is im portan t fo r 
successful m ultip lication  (G ru ft and L o d er, 1971). T hus, the  cu ltu re  positiv ity  ra te , 
grow th rate and yield from  the acid  fast b acilli (A F B ) sm ear negative sp ecim en s cou ld  
be enhanced w ith incubation  o f  L-J m ed iu m  at 10%  CO? (C h auhan  et a l. 1991). M. 
tuberculosis  can sw itch  o f f  from  being  ae rob ic  to  m icroaero p h ilic  and  u tilize  lipids 
(W ayne, 1982). T herefore, it can  su rv iv e  and  g ro w  as a su ccessfu l p a thog en  in tissu es, 
using fa tty  acids as the  m ajor carbo n  so u rce  (N eyro lies et al. 2006). M. tubercu lo sis  is 
able to  m etabolize g ly cero l into  pyruva te , w hereas M . bov is  does no t show  th is ab ility  
due to the presence o f  inactive p y ruv a te  k inase and  u tilizes p y ruv a te  as carbon  so urce  
(K eating  e t al. 2005). R ecently  it h as  been sh ow n  th a t M. tu b ercu lo sis  can  
sim ultaneously  co-catabo lize  m ultip le  carbo n  so u rces  to  ach ieve  enhanced  
m onophasic  g row th  (C arvalho e t al. 2010).

1.1.2 T he G en om e o f  M ycob acteria

The g en om e o f  p ro karyo te  is in a D N A /pro te in  com plex  in the  cy to so l called  the  
nucleo id , w hich  lacks a nuclear envelope. The bacteria l ch rom oso m e is a c ircu la r 
m olecule o f  D N A  tha t functions as a se lf-rep lica ting  genetic  e lem en t. In addition , 
m any im portan t genes o f  p ro k ary o tes are  stored  in ex tra  ch rom osom al genetic  
e lem en ts such  as p lasm id s and b ac te riop hag es (H o lm es and Jobling , 1996). H ow ever,
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certain bacteria  have m u ltip le  c ircu la r ch ro m o so m es, linear ch ro m o so m es and linear 
plasm ids (V o lff  and A lten b u ch n er, 2 0 0 0 ).

Bacterial genom es are g en e ra lly  sm all (< 1 4 ,0 0 0  kbp) and  less varian t am ong  species 
(R ibeiro  et al. 2012). U nlike e u k a ry o te s , b ac te ria  sh o w  a s tro n g  co rre la tio n  betw een  
genom e size and n um b er o f  fu n c tio n a l g en es  in a g en o m e as the  bacteria  have 
relatively  sm all am oun ts o f  ju n k  o r n o n -co d in g  D N A  (K uo  e t al. 2 0 0 9 ). H ow ever, 
Cole et al. 1998 has show n  th a t v iru len t M . lep ra e  has a s ign ifican tly  h igher 
percentage o f  pseudogenes to  fun ction a l g en es  (S in gh  an d  C ole , 2011).

1.1.2.1 G enom e o f  M yco b a c ter iu m  tu b ercu lo s is

In tegrated  m ap o f  the c ircu la r ch ro m o so m e  o f  th e  v iru len t re fe ren ce  strain , M . 
tubercu losis  H 37R v w as the  s ta rtin g  p o in t for g en o m e seq uen cin g  o f  the genus 
M ycobacterium . T he com ple te  gen o m e seq u en ce  o f  M . tu b ercu lo sis  H 37 R v  com prises 
4 ,411 ,532  bp  (C ole e t al. 1998), second  o n ly  to  E sch erich ia  co li  (B la ttn e r e t al. 1997) 
w ith  a 65 .6  %  o f  G +C  con ten t. T he M yco b a c ter iu m  g en o m e is rich in rep e titiv e  D N A  
and dup lica ted  h ou sekeep ing  g en es (C o le  e t al. 1998). T he G  + C co n ten t is re la tive ly  
constan t th ro u g h o u t th e  g en om e ind ica ting  the ab sen ce  o f  p ro b ab le  h o rizon ta lly  
transferred  pathogen ic ity . T he g en o m e con tains 3 ,924  open  read in g  fram es, 
accounting  fo r >  91%  o f  the po ten tia l co d in g  cap ac ity  (C o le  e t al. 1998).
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1.1.2.2 C om parative gen om ics o f  M . tu b e rcu lo s is  com p lex

Several approaches have been em p lo y ed  to  com pare  the  genom es o f  m em b ers o f  the  
M. tuberculosis  com plex  by v ario u s D N A  array  tech no log ies  (G o rdo n  e t al. 1999; 
B ehr e t al. 1999; K ato -M aeda et a l. 2 001). M any o f  these  stud ies h av e  com pared  
virulent and avirulent s tra ins for d isco verin g  th e  links to  understand  changes in 
pathogenesis, develop novel v acc ines and  to  investiga te  the e ffec tiv e  d iagnostic  
m arkers o f  tuberculosis.

The regions o f  d ifference (R D ) in tan d em  repeat loci m ain ly  RD 1, R D 2, R D 4, R D 7, 
RD8, R D 9, RD10 and R D 12 are can d id a tes  for th e  d ev e lo p m en t o f  p o w erfu l too ls for 
the rapid and unam biguous id en tifica tion  o f  m em bers o f  the  M. tu b ercu lo sis  com plex  
(B rosch e t al. 2002). T he RD 7, R D 8, R D 9 and R D 10 reg io ns are  ab sen t in M . m icroti, 
M. bovis  and BCG (B acillus C a lm ette—G uerin) w hile  p resen t in all M. tub ercu lo sis  
strains. F igure 1.2 d em on stra tes the d iffe ren tia tio n  o f  m em bers o f  M . tub ercu lo sis  
com plex  based on the reg ions o f  d iffe rence  (C ole, 2 002).
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T u b ercle  bacilli

R D 9

M. canettii 
M. tuberculosis

M. a fricanum , M. bovis  
M. m icro ti

TbD l
+

M. canettii M. tu bercu lo sis
M. tuberculosis  (Modern)
(Aancestral)

M m pl655'
+

M. a frica nu m  M. bovis
M. m icro ti

R D 4
+

M. bov is  (Caprine, Seal) M. b ov is  (C lassical)
M. m icro ti 1

+
RD1
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F igu re 1.2 Identification  o f  M ycobacteria  at the species level using the  reg ions o f  
difference (R D ) in tandem  repeat loci (C ole , 2002)

1.1.2.3 In sertion  sequ ences (IS)

Insertion  sequences are sm all (<  2-5 kb) segm ents o f  D N A  that can be inserted at 
m u ltip le  sites in a genom e (M ahillon  and C handler, 1998). Insertion sequences and
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transposons are m obile  g en e tic  e le m e n ts  en co d ing  g en es w h ich  a re  essen tia l fo r 
transposition . In sertion  o f  th e se  e le m e n ts  into s tru c tu ra l g en es leads to  gene 
inactivation  (C am pbell e t al. 1979). T h us, m ost o f  the insertion  seq u en ces  are  inserted  
in non-coding  reg ions and  c lu s te red  to  ex is t as inse rtio n  h o t-sp o ts  (C o le  et al. 1998). 
M ore than  32 d ifferen t insertion  seq u en ces  have b een  d e tec ted  in M . tu b ercu lo sis  
genom e and m ost o f  them  b elo ng  to  th e  IS3 and IS 256  fam ilie s  (C o le  e t al. 1998).

T hese e lem en ts are p resen t in m u ltip le  cop ies  in th e  g en o m e  o f  M. tu b ercu lo sis . In  
H 37R v, there  are 56 cop ies o f  IS e le m e n ts  b e lo n g in g  to  th e  w e ll-k n o w n  IS3, IS5, 
IS21, IS30, IS 110, IS256, ISL3 and IS 1535 fam ilies (G o rd o n  e t  al. 1999).

IS 6 1 10, a  m em ber o f  th e  IS3 fam ily, is th e  m ost ab u n d an t in sertio n  e le m e n t and p lay  
an im p ortan t role in geno m e p la stic ity  (C o le , 2 0 0 0 ). T he v ariab le  c o p y  n um ber o f  
IS 6110  betw een  d iffe ren t s tra ins o f  th e  tub erc le  b ac illu s  is used  as a  g en e tic  m arker 
fo r m o lecu la r ep idem io log y  o f  tu b e rcu lo sis  (see sec tio n  6.1 fo r fu rth er d e ta ils ) (P ou le t 
and C ole , 1995) and M. tu b ercu lo sis  s tra in s  m ay co n ta in  0 -25  IS61 10 c o p ie s  (M cE vo y  
e t al. 2007 ; A gasino  et al. 1998).

1.1.3 C lin ica l re lev an ce  o f  th e  g en u s M yco b a c ter iu m

T he o b lig a to ry  causa tiv e  ag en ts  o f  th e  genus M y co b a c ter iu m , re sp o n sib le  for 
tu b e rcu lo sis  (T B ) are c lass ified  into M yco b a c ter iu m  tu b ercu lo sis  co m p le x  (M T C ). It 
co m prises  M . tu b ercu lo sis , M .b o v is , M. a fr ica nu m  M . m ic ro ti  (W ie ten  e t a l. 1983), M. 
ca n e ttii  (P fy ffe r et al. 1998) M . ca p ra e  (A ran az  et al. 1999) and  M . p in n ip e d ii  
(C o u sin s  et a l. 2003) species. M . tubercu losis , M. a fr ica nu m , and  M . c a n e ttii  cause  TB
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prim arily in hum an (P a lo m ino  et al. 2 00 7 ) w hereas, M . bovis  (M oda  e t a l. 1996), M. 
m icroti (C avanagh et a l. 2002 ), M . ca p ra e  (A ranaz e t a l. 1999) and M. p in n ip ed ii  
(C ousins et al. 2003) infect ca ttle , d om estic  an im als, g oa ts  and seals resp ec tiv e ly  and 
anim al tuberculosis can  also  be zo o n o tic  (C vetn ic  e t al. 2007 ; K iers e t a l. 2008 ; M oda 
e t al. 1996). M edically  im p ortan t o th e r m ycobacteria  such as M. avium , M. 
in tracellu lare  com plex, M. kansasii, M. m arinum , M . fo r tu itu m , M. ch e lo n a e  com plex, 
M. abscessus  and M. scro fu la ceu m  a re  k now n as n o n -tu b ercu lo sis  m y cob acteria  
(N TM ) species. They are resp onsib le  fo r d iseases inc lud ing  lym phaden itis  in ch ildren , 
chronic pulm onary  d iseases, sk in  and  so ft-tissu e  d iseases  and infec tions o f  th e  skele tal 
system  (W o 1 in sky et al. 1992).

1.2 T ub ercu losis in hum an
1.2.1 A n n otation  from  the a n cien t h istory

T ubercu losis is an  ancien t in fectious d isease  p resen t b efore  the  beg inn ing  o f  recorded  
history  and  it has claim ed m illions o f  hum an  lives th ro u g h o u t several cen turies. 
T ubercu losis (p h th is is  in G reek  term in o lo g y ) w as first recorded  in E gyp t, 5000  years 
ago. A round 460 BC, H ippocra tes identified  p h th is is  as the  m ost w id esp read  fatal 
d isease in the  age betw een  18 and 35 years (P alom ino  e t al. 2007). C lariss im us G alen  
(131-201 A D ), the  m ost em inen t G reek  physician  a fte r H ippocra tes, describ ed  p h th is is  
as a d isease  o f  m alnu tritio n  cau sin g  u lcera tion  o f  the  lungs, ch est o r th roa t, 
accom panied  by coughs, low fever, and w asting  o f  the  body  because o f  pus (P alom ino  
e t al. 2007). In 1882, w ith  the  m icro scop ic  observa tio n  o f  tuberc le  bacilli in anim al 
tissue by  R obert K och (1843-1910), the  re la tionsh ip  betw een  a causative  m icrobe and 
TB w as estab lished  (K aufm ann  and S chaib le, 2005).
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A ccording to  the m o lecu lar ev idence , it seem s tha t the m odern  m em bers o f  M. 
tuberculosis  com plex  o rig in ated  abo u t th ree  m illion  years ago  in A frica . It w as then  
spread all over the w orld  as a  su ccessfu l c lone  p ossib ly  co incid ing  w ith  th e  w aves o f  
hum an m igration ou t o f  A frica  (G u tie rrez  et al. 2 005). TB  w as also  kno w n  as G reat 
W hite P lague and 400 years ago , it w as  ep idem ic  in E urope (B ates and  S tead , 1993). 
G radually , TB becam e a  m ajor public  h ea lth  concern  in the w orld  and  curren tly  it is 
the second infectious k iller o f  adu lt, first being  H IV /A ID S  (W H O , 2010  a).

1.2.2 M echanism  o f  transm ission

T ubercu losis is an air born  co n tag io u s d isease . In hala tion  o f  m icro  d ro p le ts  in the  air. 
produced  by patients during  speak ing , sing ing , laughing, sneezing , and espec ially  
coughing  w ould infect healthy  persons. M icro  d ro p le ts  are h igh ly  in fec tiou s as they  
can en te r a lveolar spaces in the su bp leu ra l zon e  and a person  needs o n ly  to  inhale a 
sm all num ber o f  bacilli to  be infected. E ach  u n trea ted  person  w ith  transm issib le  TB  
disease w ill infect 10 to  15 healthy  peop le  ev ery  y ear (W H O , 2010 b). In addition  to 
the resp ira to ry  tract, M. tuberculosis  can  use less con v en tio n al rou tes o f  infection  such  
as d igestive, m ucocu taneous, p lacental and  inoculation  to  en ter the hum an  body. O nly 
10% o f  infected  persons w ill d evelop  the  ac tive  d isease  at som e poin t o f  th e ir life and 
h a lf  o f  th em  (5% ) w ill p resen t sym ptom s during  the  first tw o years after initial 
infection. T he risk  o f  develop ing  active  d isease is increased  by 10%  annually  for 
persons co -in fec ted  w ith  H IV  (C am inero , 2004; TBVI A nnual R eport, 2009).
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1.2.3 Sites o f  infection

Human is the m ain reserv o ir o r  host fo r M. tubercu losis  w hich  is a  facultative 
intracellular parasite usually  in m acro p h ages (D affe  and E tienne, 1999; R ussell, 2001). 
The lungs especially in e ither the  u p p er part o f  the  low er lobe o r the low er part o f  the 
upper lobe are prim ary sites o f  in fec tio n  and th is is called  p u lm onary  tubercu losis 
(Russell, 2001). Extra pu lm onary  tu b e rcu lo sis  refers to  d isease  ou tside  the  lungs such 
as lym ph glands and abscesses, bones and  jo in ts , g en ito u rin a ry  trac t, abdom en, spine, 
pericardium , skin and p leura (S harm a and M ohan, 2003).

1.2.4 P athogenesis o f  M . tu bercu losis

Infection o f  M. tuberculosis  fo llow s a w ell charac terized  sequence o f  even ts  in hum an 
body. O nce infectious bacilli reach the  low er resp ira to ry  tract, the  bacilli are 
phagocy tosed  by alveolar m acrophages and  rep lica te  w ith in  the endosom es. T hey  
induce a localized pro inflam m ato ry  response w ith  the recru itm en t o f  blood 
m ononuclear cells such as m onocy tes and  lym phocy tes (B h att and Salgam e, 2007). 
B efore a  cellu lar im m une response is e lic ited , the  bacilli m ay g row  and en te r the blood 
stream  and spread to  the apical reg ions o f  the lungs as w ell as o th e r o rgans o f  the 
body. F urther, TB bacilli that spread th rou gh  the body  set up m any foci o f  infections 
by form ing  tubercles in the tissues and it causes a severe form  o f  the d isease  called as 
M iliary  TB (K im  et al. 2003).

T he recru ited  inflam m atory  cells are the building b locks for the granulom a, or 
tubercle . T he g ranu lom a consists o f  a kernel o f  infected  m acrophages and foam y gian t
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cells surrounded by lym phocy tes d e lin ea tin g  the perip hery  o f  the struc tu re . Bacilli are 
not always elim inated  w ith in  th e  g ran u lo m a  and it m ay becom e dorm an t resulting  in a 
latent infection. O nce an  infected  p erso n  becom es im m unocom prom ised  (in  old age, 
m alnutrition and H IV), the d o rm an t bacilli can get ac tivated  and p roduce active 
tuberculosis (Kim et al. 2003).

1.2.5 Im m une responses against M . tu b ercu losis

M ost individuals exposed  to  M. tub ercu lo sis  never develop  ac tive  d isease, suggesting  
that adaptive im m unity  aga inst tu b e rcu lo sis  is ab le  to  con tro l the  infection . Follow ing  
inhalation o f  bacilli, d endritic  cells p resen t m ycobacteria l an tig en s  to  native T and B 
cells. The activated  T  cells tra ffic  b ack  to  the lung, w here  w av es o f  in filtra ting  cells, 
wall o f f  infected m acrophages in g ranu lom a. T h is resu lts  in a dynam ic  interaction  
betw een M. tuberculosis, m acrophages and  T  cells (F ig u re  1.3). T hus, prim ing  o f  T  
cells and rapid m igration  into th e  infected  lung are  o f  c ritica l im portance  in p ro tec tion  
from  TB (Y oung et al. 2008). A fter B C G  vaccination , m em ory  T  cells tha t are  specific  
for m ycobacterial an tigens w ill be gen era ted . The p rim ing  o f  specific T  ce lls  requ ires 
efficient presentation  o f  m ycobacteria l antigens, and both M . tu b ercu lo sis  and B C G  
are able to  interfere w ith  these  p rocesses to  persist in the  host (M arino  and K irschner, 
2004).

M. tuberculosis  can su rv ive  w ith in  m acrophages as it is able to  interfere w ith  
m em brane traffick ing  and a rrest the  m aturation  o f  the  phagosom e by  inhibition o f  
phagosom e-lyzosom e fusion. T h is p ro tec ts  the pathogen  from  d eg rad ation  and 
m aintains th e  delivery  o f  n u trien ts  to  the  M. tuberculosis-con tain ing  vacuole . T h is is
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critical fo r p rop ag ation  and  p e rs is te n c e  o f  M . tu b ercu lo sis  in th e  h u m an  b o d y  (V erg n e  
e t al. 2004).

Re-mfectiort
and
re artivaf ion

Adaptiveresponse Latent TB•nnate response

Macrophage

Active TBActive TB

4—6  w eeks Years -  decades

Elimination of bacte-a Elimination of oacteria
Elimination 
of bacteria

Figurel.3 A ctiva tion  o f  im m u n e  re sp o n se s  a f te r  e x p o su re  to  M . tub ercu lo sis .
M acrop h ag es are  k ey  e ffe c to r  ce lls  in m y c o b ac te ria l k illin g , b u t can a lso  
p ro v ide  a n iche  fo r b ac te ria l m u ltip lic a tio n . D en d ritic  c e lls  e n g u lf  b ac te ria  
and co n tro l th e  in fec tio n  by  a c tiv a tin g  T  ce lls . B a c te ria  c a n  p ers is t w ith in  
g ranu lom as and cause  la ten t T B . I f  th e  T -ce ll re sp o n se  is in su ffic ien t to  
con tro l th e  in itia l in fec tio n , c lin ica l sy m p to m s w ill d ev e lo p  w ith in  ~ 1 y ea r 
(Y ou ng  e t a l. 2 008).

1.3 Burden o f tuberculosis

1.3.1 Global burden

T he b u rden  o f  tu b e rcu lo s is  is b ein g  m easu red  in te rm s o f  in c iden ce , p rev en tio n  and  
m o rta lity . It can  be ex p re ssed  as th e  a c co u n t o f  illn ess  as w ell as m o rta lity  an d  the  
d isab ility -ad ju s ted  life y ea rs  lost (W H O , 2 0 1 1 ). A o n e  th ird  o f  th e  w o rld 's  p o p u la tio n  
is in fec ted  w ith  T B  and  so m eo n e  d ie s  fro m  T B  ev e ry  15 seco n d s. T he v ast m a jo rity  o f  
T B  d ea th s  a re  in th e  d ev e lo p in g  c o u n tr ie s  w ith  the  co n trib u tio n  o f  m o re  th an  h a lf  o f  all
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deaths from  the A sian  reg io n . T he  g rea te s t TB  burden  per pop u la tio n  (o v er 350 cases 
per 100,000 population) and h ig h est n u m b er o f  d ea th s  per p op u la tio n  w as in A frica  by 
2009 (W H O  Fact sheet, 2010).

In 2010, 8.8 m illion inciden t cases and  12.0 m illion  p reva len t cases o f  T B  w ith  1.45 
m illion deaths w ere estim ated  g lo b ally . M ost o f  th e  estim ated  cases o cc u r in A sia  
(59% ) and A frica (26% ) co m p ared  to  the  E aste rn  M ed iterranean  R eg ion  (7% ), 
E uropean Region (5% ) and th e  R egion  o f  th e  A m erica s  (3% ). T he five co u n trie s  w ith  
the largest num ber o f  inciden t cases  in 2 0 1 0  w ere  India, C hina, S o u th  A frica. 
Indonesia and Pakistan  w h ich  inc ludes 4 A sian  co u n trie s . Ind ia  a lone co n trib u ted  one  
quarte r o f  w orld  TB  cases (2 6 % ) w hile  C h in a  and  In d ia  com bin ed  to g e th e r accounted  
for 38%  (F igure 1.4) (W H O , 2011).

G lobally , in 2010, 6.2 m illion  peo p le  w ere  d iag n o sed  as hav ing  T B  includ ing  5.4 
m illion  new  cases and 0.3 m illion  recu rren t inc idence  a fte r being cu red  o f  TB in the  
past. B esides 0.4 m illion  w ere  re trea tm en t cases due  to  trea tm en t failu re o r 
in terruption . In rem ain ing  (0.1 m illion), th e  h isto ry  o f  trea tm en t w as no t recorded . 
A m ong new  TB cases, 4 .6  m illion  w ere  p u lm o n ary  T B  cases (2 .6  m illion  o f  spu tu m  
sm ear-positive  and 2 .0  m illion  sp u tu m  sm ear-n eg a tiv e ) and 0.8 m illion  w ere  ex tra  
pu lm o nary  TB  cases. C ase n o tifica tio n  has been increased  w ith  invo lvem ent o f  p ub lic - 
p rivate  and  p u b lic -pu b lic  m ix in co n tro llin g  o f  T B . G lobally , th e  num ber o f  TB  cases 
d iagnosed  and  notified  p er 100 ,000  p o p u la tio n  has stab ilized  since 2008  an d  clear gap 
ex ists betw een  the  n u m bers o f  notified  and  th e  estim ated  cases (W H O , 201 1).
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F igu re 1.4 E stim ated  T B  in c iden ce  ra te , 2 0 1 0  (W H O , 2 0 1 1 ). H ig hest in c id en t ra te  is 
estim ated  in A sia  and  m o st o f  A frican  c o u n tr ie s  have >  3 00  e s tim a ted  
new  T B  cases  p e r 100 ,000  p o p u la tio n .

1.3 .2  B u rd en  o f  dru g  resistan t tu b ercu lo s is

A bo ut 4 4 0 ,0 0 0  m ulti d ru g  re s is tan t tu b e rc u lo s is  (M D R -T B ) cases  a re  e s tim a ted  to  
em erg e  each  y ear and  150 ,000  p e rso n s  a re  e s tim a te d  to  d ie from  M D R -T B . T he fo u r 
cou n tries  th a t had th e  largest n u m b er o f  e s tim ated  cases o f  M D R -T B  w ere  C h ina , 
Ind ia, th e  R ussian  F ed e ra tio n  and  S o u th  A frica  (W H O , 2 0 1 0 ). In 2 0 1 0 , th e re  w ere  an  
e s tim ated  6 5 0 ,0 0 0  ca ses  o f  M D R -T B  in c lu d in g  2 9 0 ,0 0 0  cases o f  p u lm o n a ry  T B . 
H ow ev er, th e  ac tu a l d iag n o sis  o f  M D R -T B  is less th an  10%  in m o st o f  th e  c o u n tr ie s  
th a t h av e  h ig h  M D R -T B  estim atio n  (W H O , 2011).

In  2 0 1 0 , o n ly  16%  o f  e s tim ated  M D R -T B  cases (4 5 ,5 5 3  p a tien ts) w ere  en ro lled  on  
trea tm en t fo r reco m m en d ed  seco n d -lin e  d ru g  reg im en s. N atio n a l d a ta  o n  trea tm en t
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outcom es for cases o f  M D R -T B  are  lim ited  and rates o f  treatm en t su ccess are  variab le.
ranging from  below  50%  to 74%  (W H O , 2011).

At least one case o f  ex ten siv e ly  d ru g -re s is tan t tub ercu lo sis  (X D R -T B ) has been  
reported  from  69 coun tries by the  end  o f  2 0 1 0  and it is estim ated  tha t 2 5 ,0 00  cases o f  
X D R -T B  is em erging every  year. M ost X D R -T B  p a tien ts  died  w ith in  an average  o f  3 
w eeks o f  being d iagnosed  (W H O  p ro g re ss  rep ort, 2 0 1 1 ). T he n u m b ers  o f  TB  cases 
tested  for M D R -TB , d iagnosed  w ith  M D R -T B  and  su ccessfu lly  trea ted  fo r M D R -T B  
lag far behind the targets set in the  G lo b a l P lan  (W H O , 201 I).

1.3.3 B urden  o f  H IV  and T B  co-in fection

TB  and H IV  are frequently  referred  to as  c o -o r d u a l-ep id em ics due to  th e ir  h igh rate o f  
co -in fec tio n . Since the  1980s H IV  has been  largely  resp o nsib le  for th e  resu rg ence  o f  
the  TB  epidem ic becom ing a m assive ch a llen g e  fo r g lobal TB  contro l. A s T B  is h arder 
to  d iagnose  and p rogresses m ore rap id ly  w ith in  im m u n oco m prom ised  p atien ts , TB  is a 
leading cause  o f  death  am ong  peop le  w ith  H IV , esp ec ia lly  in d ev e lo p in g  coun tries 
(W H O  Fact sheet, 2010). People co -in fec ted  w ith  T B  and H IV  are  2 1 -34  tim es m ore 
likely  to  develop  active TB  d isease  than  P eop le  w ith o u t H IV . T he h ig h est ra tes o f  H IV  
co -in fec tio n  in TB  patien ts  a re  in the A frican  reg ion , (44% ) fo llow ed by  th e  reg ions o f  
the  A m erica  (17% ) (W H O , 201 1). In 2010 , 1.1 m illion  new- TB  cases w ere am ong  
peop le  liv ing w ith  H IV  and ap p ro x im ate ly  82%  o f  them  w ere in the  A frican  region. 
G lobally , there  w as an  estim ated  0.35 m illio n  deaths from  TB  am ong p eo p le  w'ho w ere 
H IV -po sitiv e  and 34%  o f  notified  T B  cases w ere aw are  o f  the ir H IV  s ta tu s  (W H O , 
201 1).
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1.3.4 TB in w om en  and ch ildren

In 2010, there  w ere 3 .2  m illion  e s tim a te d  TB  cases (36% ) am ong  w o m en  (W H O , 
2011). G lobally, 700 ,000  w o m en  d ied  from  T B  includ ing  2 0 0 ,000  o f  H IV -T B  co  
infected  cases in 2008. In m an y  co u n trie s , even tho u gh  m en c a rry  m o re  o f  the TB  
burden, h igher TB  inc iden ces are  d e te c te d  am o ng  w om en  in som e se ttin gs such  as  
A fghanistan , and in parts o f  P ak is tan . W om en  o f  rep ro du c tiv e  ag e  are m ore 
susceptib le  to  develop TB  th an  m en  o f  th e  sam e ag e  and T B  can  cau se  infertility . 
G lobally, TB  is the th ird  lead ing  c a u se  o f  d ea th  am o ng  w o m en  in rep ro d u c tiv e  age. 
The fem inization  o f  th e  HIV  e p id em ic  h as led to  a g rea te r b u rden  o f  TB  am ong  
w om en (T ubercu losis W om en and T B , 2 009).

The percen tage  o f  p rev a len ce  o f  ch ild h o o d  TB cases varies from  3 %  to  m ore than  
25%  o f  estim ated  cases w orldw id e. O f  th e se  c h ild h o o d 'c a se s , 75%  o cc u r annually  in 
high TB  burden coun tries  (W H O , 2 0 0 6 ). T B  is th e  cau se  o f  d ea th  fo r a ro u n d  100.000 
ch ildren  w orldw ide in each y ea r and th e  m ajo rity  o f  th ese  cases  o cc u r in low  incom e 
coun tries w here  the  p revalence  o f  H IV  is h igh  (W H O , 2011).

1.3.5 T B  in Sri L anka

T he popu la tion  o f  Sri L anka is a b o u t 21 m illion  and  is co n sid ered  a  low  TB 
p revalence  co u n try  in th e  A sian  reg ion . In Sri L anka, the  estim ated  inc iden ce  ra te  o f  
all fo rm s o f  tub ercu lo sis  in 2 01 0  w as 66 p er 100,000 p op u la tio n  and  the  case  
no tifica tion  w as 95%  o f  the  to ta l. In 2 01 0 , 9328 new  T B  cases (6780  p u lm o n ary  cases 
and 2548  ex tra  p u lm onary  cases) had  been notified  and 4635 am o n g  them  w ere
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sputum  sm ear positive TB  cases  (W H O  coun try  profile , 2 012). T o ta l o f  380 
retreatm ent cases w ere n o tified  inc lud ing  219  relapse cases, 62 trea tm en t a fter failure 
and 99 treatm ent after defau lt by  2 01 0 . H IV  co -in fec tion  ra tes am ong  T B  p atien ts  are 
currently estim ated to be less th an  0 .1 %  (W H O  reg ional report, 201 1).

In B adulla, Batticaloa, M onaragala , Ja ffn a  and A m para  d istric ts , the  n u m b ers  o f  sm ear 
negative cases w ere h igher than  the  sm ear p ositives cases  in 200 9 . T he h ighest 
num bers o f  TB cases as w ell as n ew  sm ear p ositive  cases  w ere rep orted  from  
C olom bo district w hile the low est w as reported  from  M annar in 2 0 0 9  (N P T C C D  
A nnual R eport, 2009).

The d rug  resistan t rate in Sri L anka is low  and d ru g  resistance  am o ng  new  TB patien ts 
is 0 .2%  and 18%—21%  am ong  re -trea tm en t cases (W H O  reg ion al rep o rt. 2011). The 
estim ated  M D R -T B  cases am o ng  notified  new  and  re trea tm en t p u lm o n ary  TB cases 
w ere 14 and  6.1 respectively  in 2010 . Further, 1 1 cases  (5 new  and  6 re trea tm en t 
cases) confirm ed  as M D R -T B  after tes tin g  o f  su sp ec ted  1221 cases (8 3 9  new  cases 
and 378 re trea tm ent cases) (W H O  co u n try  p rofile , 2 012). In y ear 2 00 9 , the overall 
treatm ent success rate w as 86%  am ong  reg istered  new  sm ear positive cases, 88%  in 
sm ear negative  and ex tra  p u lm onary  and 73%  am ong  re -trea tm en t p a tien ts  (W H O  
regional rep ort, 201 1).

The m ajo rity  o f  new  T B  cases w ere am o ng  45-54  years age g ro up  w h ile  the low est 
num bers w ere  seen in 0 -14  years age g roup . In 2009, th e  p roportion  o f  infected  m ales 
w as h ig h er than  the  fem ales am ong  all age groups. D uring  the last five years, the
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num ber o f  infected fem ales w as m ore than  the m ales in the age g ro u p  o f  15-24 
(N PTC C D  annual report, 2009).

1.4 D iagn osis o f  tuberculosis

P ulm onary  TB is suggested  by ch est rad io g raph y  and c lin ical sy m p to m s such as 
persisten t productive cough fo r th ree  w eek s o r longer, b lood  sta ined  sputum , w eight 
loss, night sw eats and chest pain . R eliab le  d iag no sis  can  be m ade by d em on stra tin g  the 
presence o f  tubercle bacilli in the sp u tu m  o r o ther specim en  from  an infected  site o f  
the body by m eans o f  m icroscopy  and  cu ltu re  in the  labora to ry  (D e K an tor e t al. 
1998). Several m olecu lar based au to m ated  m ethods have also  been d ev e lo p ed  recen tly  
for the rapid and accura te  laborato ry  d iag n o sis  o f  T B  (P a lom ino  et al. 2007).

1.4.1 D irect m icroscop ic observation

M ycobacteria  appear as red co lo u r rods under light m icroscopy  a fte r Z e ih l-N ee lsen  
(Z N ) stain ing . M icroscopy  fo r A FB is the  gold  standard  for the d iag n o sis  o f  active TB  
espec ially  in resource p o o r settings (D e K an tor et al. 1998). A FB  sm ear m icroscopy  is 
a rapid , inexpensive m ethod  o f  laborato ry  d iagnosis and useful to  identify  h igh ly  
in fec tious sm ear positive TB patien ts. H ow ever, the specific ity  and sen sitiv ity  o f  the 
m ethod  is low  (S om oskovi et al. 2001) especially  in the  d iagnosis o f  ex tra  pu lm onary  
TB  cases  (D e K antor e t  al. 1998). T his techn ique is based on  the  acid  fast natu re  and 
h igh  lipid con ten t o f  the w all o f  bacteria . It resists d eco lo u r izat ion by 3%  ac id -a lcoho l 
(HC1 and  e th ano l) a fter p rim ary  sta in ing . A uram ine O  sta in ing  is m ore sensitive  than
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Zeihl- N eelsen  but req u ires a  f lu o rescen t m icro scop e  for o b se rva tio n  (M u rray  el a l. 

2003).

The sensitiv ity  o f  A FB  m ic ro sco p y  is in flu enced  by  n um ero u s fac to rs (L ipsky  et al. 
1984) such as p revalence and  sev e rity  o f  d isease , type o f  sp ec im en , q uality  o f  
specim en (M cC arter et al. 1996), n u m b e r o f  m y cob ac te ria  p re sen t in th e  specim en , 
quality o f  the  exam ination  (D e  K an to r el al. 1998), m ethod  o f  p ro cess in g  (d irect o r 
concentrated) and m ethod  o f  c e n trifu g a tio n  (R ick m an , et al. 1980; P ere ra  e t al. 1999). 
The m inim um  num ber o f  bacilli tha t need to  be p resen t for d e tec tion  by s ta in ed  sm ears 
has been estim ated  to  be 5 ,0 0 0 -1 0 ,0 0 0 / m l o f  sp u tum . H ow ever, A FB  m icroscopy  is 
unable to  d ifferen tia te  m y co b ac te ria  in to  sp ec ie s  level based  o n  m icroscop ic  
m orpho logy  (D e K an to r et al. 1 998).

1.4.2  C u ltu res based  id en tifica tion

D ifferent egg-based  m edia, agar-b ased  m ed ia  and liqu id  m ed ia  are  used  fo r cu ltiv a tin g  
tuberc le  bacilli. M ost con ven tional so lid  m ed ia  such  as L o w enste in -Jen sen  (L-J) and 
O gaw a m edium  are egg  based and con ta in  h igh  co n cen tra tio ns o f  m a lach ite  g reen  to  
preven t con tam in a tion  from  o th e r b ac te ria  (D e K an to r e t al. 1998). M id d leb ro ok  
7H 10, 7H11 (ag ar based  so lid  m ed ia) and  M id d leb ro o k  7H 9 (b ro th  m edia) a re  
availab le  in p o w d er form . A dd ition  o f  g ro w th  su pp lem en t (O A D C - m ix tu re  o f  o leic 
acid , a lbu m in , d ex tro se  and ca ta lase) and an tib io tics  (P A N T  A- m ix tu re  o f  po lym yxin  
B, am pho teric in  B, n alid ix ic  acid , trim e th o p rim  and az lo c illin ) w ill enh ance  the 
g row th  o f  pure  M yco b a c ter iu m  cu ltu res  on  M id d leb ro o k  m ed ia  (D e K an to r et al. 
1998). S ligh tly  h ig her iso la tion  rate  h as been  detected  on M id d leb ro o k  m edium  than
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egg-based  m e d ia  (F lo u rn o y  e t al. 2 0 0 1 ). H ow ever, M id d leb ro o k  m ed ia  require  
incubation  in a  5%  to  10%  C O 2 a tm o sp h e re  for ach iev ing  b e tte r sensitiv ity  and are 
m ore expensive  th an  L -J m ed iu m  (D e K an to r e t a l. 1998). A dd itionally , b lood  agar 
m edia is a  g o o d  a lte rna tive  fo r L -J m ed iu m  fo r rap id  iso la tio n  o f  M . tu b ercu lo sis  from  
sputum  in low  re so u rce  se ttings. M . tu b e rc u lo s is  g ro w s w ith in  one to  tw o  w eek s on 
b lood agar p la tes  w ith  s ig n ific an tly  h ig h e r num ber o f  co lo n ie s  th an  L -J m edium  
(M athur e t al. 2 00 9 ; D ran co u rt et a l. 2 0 0 3 ). C u ltu re  is m o re  sen sitiv e  th an  m icro scopy  
as it detec ts low  n u m b ers  o f  v iab le  o rg an ism s  and  g en era lly  10-100 v iab le  b acilli per 
m l o f  sp u tu m  are  ad eq u a te  to  p ro d u ce  co lo n y  fo rm ing  units (C F U ) o n  a  cu lture  
m ed ium  (M o n o c a  et a l. 1999).

In the  last tw o  d ecad es, sem i-au to m a ted  and  fu lly  au to m a ted  liquid  cu ltu re  m ethods 
such  a s  B A C T E C  T B -4 6 0  system , M y c o b a c te ria  G ro w th  In d ica to r T ube  (M G IT ), 
B ac t/A le rt, E S P  M ice, M B R edo x  an d  K R D  N ich e  B, b iphasic  S ep tic -C h eck  A FB  and 
M ice-A cid  an d  B A C T E C  M G IT 96 0  h av e  been in tro d uced  fo r cu ltiv a tio n  o f  
m y co b ac te ria . A  sa tis fac to ry  cu ltu re  iso la tio n  rate  can  be ach iev ed  w ith in  a  sh o rt tim e 
by  u sin g  th e se  au to m ated  liquid  cu ltu re  sy stem s (P a lo m ino  e t a l. 2007).

In the  a u to m a te d  B A C T E C  T B -4 6 0 , a  m o d ified  M id d leb ro o k  7H 9 m ed ium  con ta in in g  
l4C  rad io  lab e led  p a lm itic  a c id  is u sed . T h e  v ia ls  con ta in in g  th e  m ed iu m  rem a in  sealed 
th ro u g h  th e  en tire  cu ltu re  p ro cess . T he sp ecim en  is ino cu la ted  by  p u n c tu rin g  the 
ru b b e r se p tu m  w ith  a sterile  need le  and th e  g ro w th  o f  b ac te ria  is d e tec ted  rad io labe led  
C O 2 (M id d leb ro o k , 1977).
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M anual o r au tom ated  M G IT  have d es ig n ed  fo r the  rap id  d e tec tio n  o f  m y co b ac te ria  in 
all types o f  clin ical sp ec im en s ex c e p t b loo d  and urine. M G IT  co n ta in s  m od ified  
M idd lebrook  7H 9 w ith a s ilico n  film  em b ed d ed  ru then iu m  salt a t the b o tto m  o f  the 
tube as a flu orescence  in d ica to r. T h is  flu o rescen ce  co m p o u n d  is sen sitiv e  to  the 
presence o f  d isso lved  o x y g en  in th e  b ro th  m edium . T he o x y g en  n o rm a lly  p resen t in 
the m edium  q u en ches the n atu ra l f lu o re sc e n ce  o f  the  ru th en iu m  salt. In th e  p resen ce  o f  
bacterial g row th , oxygen  is c o n su m ed  d u e  to  th e ir  m e tabo lism . T h e  q u en ch in g  effect 
low ers acco rd ing ly , and the  b o tto m  o f  th e  tu b e  flu o resces  w h en  ex p o sed  to  u ltrav io le t 
light. G row th  su pp lem en t O A D C  an d  P A N T A  an tib io tic  m ix tu re  a re  add ed  to  th e  tube 
before  inocu la tion  o f  th e  d eco n tam in a ted  sam p le . The tu b e s  are incubated  a t 37°C  and 
tes ted  daily  w ith  a UV lam p from  th e  seco n d  d ay  o f  in o cu la tio n  (S o m o sk o v i et al. 
2 00 0 ). H ow ev er, the h igh c o n tam in a tio n  ra te  in M G IT  cu ltu res  h as been reco rd ed  as a 
m a jo r d raw b ack  (L ee et al. 2003).

V ersaT R E K  is a g ood  a lte rn a tiv e  to  au to m ated  M G IT  960 in iso la tio n  o f  M. 
tu b ercu lo sis  w ith  low rate  o f  co n tam in a tio n  (Y u k se l e t al. 201 1). T he te c h n o lo g y  o f  
th e  V ersaT R E K /E S P  cu ltu re  sy stem  is based  on the  d e tec tio n  o f  h ead sp ace  p ressu re  
ch an ges w ith in  a sealed  bottle . It ind ica tes p resence o f  v iab le  m y co b ac te ria  by 
m o n ito ring  ch an ge  o f  in ternal p re ssu re  e ith er d ue to  gas p ro du c tio n  o r gas 
co n su m p tio n  and  specia l a lg o rith m  has been  dev e lo p ed  fo r d e tec tio n  o f  v e ry  slow  
g ro w ing  M y co b ac te ria  (G rav e l et a l. 2010).

H ow ev er, th e  ideal m edium  for iso la tio n  o f  tub erc le  b ac illi sh o u ld  be eco n o m ica l, 
s im p le  to  p rep a re  from  read ily  av a ilab le  ing red ien ts, inh ibit the g ro w th  o f  
co n tam in an ts , su pp o rt luxurian t g ro w th  o f  a  sm all n u m b er o f  bacilli an d  perm it
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prelim inary d iffe ren tia tion  o f  iso la tes on  th e  basis o f  co lo n y  m o rp h o log y  (D e  K an tor 
e ta l .  1998).

1.4. 3 N ucleic acid based  d ia g n o stic  m eth o d s

D N A  am plification  by P C R  is a m ore  re liab le  rap id  m ethod  for d e tec tio n  o f  M. 
tuberculosis  in c lin ica l sam p les  (K o x  e l al. 1994) and  v arie ty  o f  in h ou se  PC R  
m ethods have been  d ev e lo p ed  for d iag n o s is  o f  p u lm o n ary  and  ex tra  p u lm o n ary  TB . 
Insertion e lem en ts  IS61 10 (G ith u i et al. 1999) and  IS 1081 (B ah ad o r e t a l. 2 0 0 5 ) that 
are present in m ultip le  c o p ies  and som e sign a l co p y  g en es  such as the g en e  enco d in g  
65 kD a hea t-sh ock  p ro te in  (B ab a  e t al. 2 0 0 8 ), the  g ene enco d in g  126 k D a  fusion 
p ro tein  (P a lo m ino  et a l. 2 00 7 ), and  th e  g en e  en co d in g  the  P -subun it o f  R N A  
po lym erase  (K im  et a l. 2 0 0 4 ) are co m m o n  am p lifica tio n  ta rg e ts  for d e tec tio n  o fM T C . 
A s PC R  based  m ethods m ore  sen sitiv e  an d  rap id  co m p ared  to cu ltu re  and  it is m ore 
re liab le  e sp ec ia lly  for final d iag n o sis  o f  E P T B  (M ag an a-A rach ch i, 2 0 0 1 ). H ow ever, 
re la tively  low  sen sitiv ity  h as  b een  o b se rv ed  in the  d iag n o sis  o f  sm ea r n eg a tiv e  
pu lm onary  TB  cases (P arvez  e t al. 2003).

F urther, the nested  P C R  and  the  R eal T im e-P C R  have been  in tro duced  as p ow erfu l 
too ls  for rap id  and  accu ra te  d iag no sis  o f  tu b e rcu lo sis  m en in g itis  (T ak ah ash i and 
N akayam a, 2 0 0 6 ). H ow ever, the  o ccu rren ce  o f  fa lse -p ositiv e  re su lts  is k n o w n  to  be a 
m ajo r ch a llen ge  in the  in te rp re ta tio n  o f  resu lts  o f  P C R  based m etho d s (H o n o re - 
B ouakline  e t a l. 2003).
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Recently, sev era l P C R  based  c o m m e rc ia l m e th o d s  such as A m plified  M yco bac teriu m  
T uberculosis D irec t tes t (A M T D ) (B ra d ley  e t a l. 1996). the  A ccu P ro b e  system  
(Ichiyam a e t al. 1997), IN N O  L iP A  M y c o b a c te r ia  (P erand in  et al. 2006), G en o T yp e  
M ycobacterium  (K iraz  e t al. 2 0 1 0 ) and  G e n o T y p e  M T C  (R ich te r e t a l. 2 0 0 3 ) te s t have 
been m ade ava ilab le . In all th ese  m e th o d s , sp ec ific  g en e  ta rg e t tha t a llo w s species 
differentiation  is am p lified  and  h y b rid iz e d  w ith  the  sp ecific  p robes. T he  h yb rid iza tio n  
detection  m ethod  is sp ec ific  to  e a ch  te s t. F o r exam p le , in A M T D  tes t, th e  am p lified  
fragm ent o f  16S rR N A  g en e  o f  M . tu b e rc u lo s is  is d e tec ted  by h y b rid iza tio n  w ith  
chem ilum inescen t acrid in iu m  e s te r-lab e led  p ro b e s  (Ich iy am a  e t a l. 1996; B a rre tt et al. 
2 0 0 2 ).

D N A  seq uen cin g  o f  an am p lified  sp ec ific  g en e  frag m en t is th e  re fe ren ce  standard  
m o lecu la r id en tifica tion  m eth o d  o f  M. tu b e rc u lo s is  in c lin ica l sp ec im en s (K im  et al. 
1999). A dd itionally , P C R - re s tric tio n  frag m e n t leng th  p o ly m o rp h ism  (P C R -R F L P ) 
using gene m ark ers  such  as h sp6 5  (V a rm a -B a s il e t al. 2 0 1 0 ), rp o B  (L ee e t al. 2000), 
g yrB  (G oh  e t a l. 2006) &  p n cA  (B a n n a lik a r and  V erm a, 200 6 ) can  be u sed  in the 
id en tifica tion  o f  m y cob acteria l sp ec ie s . In th is  m ethod , a  se lec ted  gene fragm en t is 
P C R  am plified  and d ig est w ith  re s tric tio n  en zy m es such  as B s tE II  and H a e l l l .  The 
p ro du c ts  o f  the  d ig estio n  reac tio n  are  sep ara ted  and  v isu a lized  by a g a ro se  gel 
e lec tro ph o res is  (L ee e t al. 2000).
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1.5 C hem otherapy for tu b ercu losis  a n d  d ru g  resistan ce
1.5.1 A nti TB drugs and trea tm en t reg im en s

Treatm ent for T B  com m enced  in 1944 w ith  the  d isco v ery  o f  S trep tom y cin  (S M ) and 
later developm ent o f  new  an tib io tic s  im proved  the e fficacy  o f  the trea tm en t and 
reduced the duration  o f  the trea tm en t. T h e  p resen t 6 m onth  sh ort course  th e rap y  w as 
started w ith in troduction  o f  rifam p ic in  (R IF ) and p yraz inam id e  (P Z A ) since  1980 
(palom ino e t al. 2007). T he ra tion ale  o f  tre a tm e n t o f  TB  is tw o -fo ld , k illin g  o f  b acteria  
for prevention  o f  the tran sm issio n  and  e lim in a tio n  o f  b ac te ria  from  th e  body  for 
preventing  re lap ses (C en te rs  for D isease  C o n tro l and P reven tion , 2003). T hus, the anti 
tubercu losis  d ru gs have 3 m ain p ro p erties ; b ac te ric id al ac tiv ity , s te riliz in g  ac tiv ity  and 
ab ility  to  preven t resistance d ev e lo p m en t w hich  are  essen tia l p ro p erties  o f  anti 
tubercu lo sis  drugs. T hese  p ro p erties  are  m an ifes ted  to  d iffe ren t ex ten ts  by d iffe ren t 
d ru gs (W H O , 2003).

T he new ly identified  TB  patien ts (A  p atien t w ho  has never been trea ted  fo r T B  o r w ho 
has taken  an ti tubercu losis d ru g s fo r less than  four w eeks) are  tre a ted  with 
com bination  o f  first line anti tub ercu lo sis  d ru g s including  ison iazid  (IN H ), e tham buto l 
(E M B ), R IF , PZ A  and SM . RIF and  IN H  are  m ost pow erfu l bac te ric id al d ru gs against 
all popu la tio n s o f  bacteria  and  R IF  has p ow erfu l steriliz ing  ab ility  too . PZ A  and  SM  
are b ac te ric id al d ru gs active aga inst certa in  p op u la tio n  o f  T B  bacilli. P Z A  is ac tive  in 
an acid  env iro nm en t and SM  ac ts  o n ly  on  rap id ly  m u ltip ly ing  TB  bacilli. E B M  are 
used  to  p reven t th e  em ergence  o f  resis tan t bacilli (W H O , 2003). H ow ever, E M B  is not 
used in ch ild ren  and R IF  is n o t recom m end ed  for the  p aed ia tric  cases . The 
recom m ended  d oses for first line d ru g s  are  g iven  in T able 1.1.
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S econd-line d ru g s  inc lud e  th e  a m in o g ly c o s id e s  (k an am y c in  and  a m ik a c in ), the 
po lypep tide (cap reo m y c in , P A S , c y c lo se r in e ) , the  th io am id e s  (e th io n a m id e  and 
p ro th ionam ide) and sev era l f lu o ro q u in o lo n e s  su ch  as m o x iflo x ac in , lev o flo x ac in  and 
gatifloxacin  (W H O , 2 0 0 3 ; W H O , 2 0 1 0 ).

T ab le  1.1 R eco m m en d ed  d o se s  o f  first line  an ti tu b e rc u lo s is  d ru g s  for a d u lts  
(W H O , 2 01 0 )

D ru g R ec o m m en d e d  d oses
D a ily 3 tim es  p er  w e e k

D o se  and  ra n g e  
(m g /k g  b o d y  )

M a x im u m(mg) D o se  a n d  ran ge  
(m g /k g  b o d y )

D a ily  
m a x im u m  

w e ig h t (m g)
Ison iazid 5 (4 -5 ) 3 00 10 (8 -1 2 ) 9 00
R ifam p ic in 10 (8 -1 2 ) 6 00 10 (8 -1 2 ) 6 0 0
P y raz in am id e 2 5 (1 5 -2 0 ) - 35 (3 0 -4 0 ) -

E th am b u to l 15(15-20) - 30  (2 5 -3 5 ) -

S trep tom y cin* 15(12-18) 15 (1 2 -1 8 ) 1000
* F o r p a tien t o ver 60  y ea rs  a n d  p a tien t w e ig h tin g  <  5 0 k g  m o d ified  d o se s  a re  

A dm in is te red

T h e  cu rren t, 6 m on th  T B  tre a tm e n t co u rse  is d iv id ed  in to  2 phases. T h e  in itia l phase  
th a t last 2  m o n th s  for rap id  k illin g  o f  b ac illi is fo llo w ed  by  a c o n tin u a tio n  p h a se  for 
k illin g  o f  a n y  rem ain in g  o r  d o rm an t b ac illi. T h e  d ru g  reg im en  an d  d u ra tio n  o f  the  
tre a tm e n t m ay  v ary  w ith  th e  re sp o n se  o f  p a tien ts  to  d ru g s . A s an  e x a m p le , the  
tre a tm e n t o f  n ew  TB cases  c o n s is ts  o f  a  tw o -m o n th  in ten s iv e  p h a se  and  fo u r-m o n th  
co n tin u a tio n  p h ase  w h ile  re tre a tm en t c a ses  a re  trea ted  w ith  a  3 m on th  in ten s iv e  phase  
fo llo w ed  by a  fiv e  m o n th s c o n tin u a tio n  p h ase  (T ab le  1.2) (W H O , 2 0 0 3 ; W H O , 2 01 0 ). 
R e lap se  cases , tre a tm en t fa ilu re  c a ses  an d  trea tm en t a f te r  in te rru p tio n  (d e fa u lt)  c a ses  
shou ld  be tre a te d  w ith  a t least 4 a n ti T B  d ru gs, inc lud ing  seco n d  line  in jec tab le  d rugs.
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An initial phase  o f  at least 6 m o n th s  sh o u ld  be fo llo w ed  by a  co n tin u a tio n  p h ase  o f  12­
18 m onths for these  p a tien ts .

D irectly  observed  trea tm en t sho rt co u rse  (D O T S ) is a W H O  reco m m en d ed  s tra teg y  for 
TB  treatm ent. In D O T S , th e  p a tien ts  sh o u ld  be tre a ted  under the  o b se rv a tio n  o f  
recognized health  care  p e rso n  and it p re v e n ts  th e  in te rrup tio n  o f  trea tm en t. T h u s, it has 
been recogn ized  as a h ig h ly  e ffic ie n t and  c o s t-e ffec tiv e  p lan . D O T S  h as  been  
prom oted as a g lobal s tra teg y  s in ce  th e  m id -1 9 9 0 s . C o u n trie s  a p p ly in g  D O T S  on a 
w ide scale have w itnessed  rem ark ab le  re su lts  inc lud ing  reduc tio n  o f  T B  tran sm iss io n , 
TB  deaths and d rug  resis tance  (W H O , 2 00 3 ).

T ab le  1.2 R eco m m en ded  d ru g s and  d u ra tio n  o f  ch em o th e rap y  fo r d iffe ren t 
ca tegories o f  TB  p a tien ts  (W H O , 2 0 1 0 ; W H O , 200 3 )

T yp e  o f  P a tien t In ten siv e  p h ase C o n tin u a tio n  P h a se
D ru g D u ratio n D ru g D u ration

N ew  sm ear —positive P T B H ,R ,Z ,E 2 m o n th s H ,E ,R 4 M onths
N ew  sm ear- negative PT B daily d a ily
N ew  severe ex tra  p u lm onary  T B
R etrea tm ent cases-sm ear p ositiv e S ,H ,R ,Z ,

E
3 m o n th s  
d a ily  w ith  
S g iven  
o n ly  for 
I st tw o  
m on th s

H ,R ,E 5 m o n th s 
d a ily

C hron ic(still sp u tu m -p o sitiv e  a fte r 
re -trea tm en t) o r su sp ec ted  M D R  
T B  cases

S p ec ia lly  desig ned  standard  
o r  ind iv id ua l reg im en

* H =  ison iazid , R =  rifam p icin , Z =  p y raz in am id e , E =  e th am b uto l, S =  strep to m y cin  
P T B =  p u lm o nary  tub ercu lo sis
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1.5.2 D rug resistan ce o f  M . tu b e rc u lo s is

D rug resistance m ay  be d e fin ed  in the  light o f  the  p ro bab le  resp o n se  o f  th e  p a tien t to 
chem otherapy  w ith  th e  co n ce rn ed  d ru g  (A z iz  e t al. 2 0 0 3 ). T h e  em e rg en c e  o f  d rug  
resistance in T B  u n d erm in es  th e  e ff ic a c y  o f  trea tm en t in in d iv id u a ls  a n d  con tro l 
program s in p op u la tio n s. A s  m u ltip le  d ru g  re s is tan ce  o f  T B  is o ften  a ttr ib u te d  to 
sequential m o n o therap y , th e  s ta n d a rd  in itia l tre a tm en t reg im en s th a t co n ta in  4 
d ifferent an tib io tics  h ave been  d es ig n ed . D ru g  resis tan t bacilli have em erg ed  in m any  
settings even  th o u g h  c o m b in a tio n  th e ra p y  seem ed  to  be su ffic ien t fo r c o n tro llin g  the  
d isease (C o lijn  e t al. 2 01 1 ). P rev iou sly , d ru g  resis tan t T B  has been  d e sc rib e d  as a 
m an-m ade am p lifica tio n  o f  a n atu ra l p h e n o m en o n  (P a b lo s -M e n d e z  et al. 1997). 
H ow ever, it m ay  not be an  en tire ly  m a n -m a d e  m arv e l and  d ru g  re s is tan t fo rm s o f  T B  
have ind ep en d en tly  em erg ed  in m an y  se ttin g s . A s per cu rren t fin d in gs, p ro b a b ility  o f  
d ru g  resistan t a t the tim e  o f  d iag n o s is  (n ew  p a tien ts) m ay be 1000—10,000  tim es 
h ig h er than  p rev io u sly  su g g ested  (C o lijn  e t al. 2 0 1 1 ). T rea tm en t w ith  a s in g le  d rug, 
irreg u lar d ru g  supply , in ap p ro p ria te  p re sc rip tio n  and p o o r ad h eren ce  to  trea tm en t 
perm it fu rth er m u ltip lica tion  o f  d ru g -re s is ta n t stra ins (P ab lo s -M en d ez  e t al. 1997).

D rug  resis tan t cases req u ire  second  line d ru g s  th a t are  m o re  costly , m o re  to x ic , less 
e ffec tiv e  and  h av e  m ore  side  effec ts . R ecen tly , X D R -T B  has em erg ed  and  p o ses  an  
im portan t ch a llen g e  to  the  con tro l o f T B  (W H O , 2011).

T he im p ortan t d efin itio n s  w ith  re fe ren ce  to  d ru g -re s is tan ce  are  lis ted  in T ab le  1.3 
(W H O , 2 0 1 1 ).
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Table 1.3 D efin itions w ith  re fe ren ce  to  d ru g -re s is tan ce  (W H O , 2 01 1 ).

C ategory o f  resistan ce D efin itio n
Prim ary resistance T h eo re tic a l c o n c e p t tha t re fe rs to  tran sm iss io n  o f  a  d rug- 

re s is tan t s tra in  to  T B  p a tien ts  w ho  h ave n o t been 
p rev io u sly  tre a te d

R esistance am ong  new D ru g -res is tan t T B  cases w ith  less th an  o n e  m o n th  o f
cases trea tm en t. T h is  is a  p ro x y  fo r p rim ary  o r initial re s is tan ce
A cquired  resistance T h eo re tica l c o n c e p t th a t re fe rs  to  th e  d ev e lo p m en t o f  

res is tan ce  a m o n g  p a tien ts  d iag n o sed  w ith  T B  w h o  have 
rece iv ed  an ti-T B  trea tm en t fo r m o re  than  o n e  m o n th . In 
the p ast, re s is ta n c e  am o ng  p rev io u s ly  tre a ted  c a ses  w as 
used as  a p ro x y  o f  acqu ired  resistance . C u rren tly , th is 
c a te g o ry  a lso  in c lud es p a tien ts  re -in fec ted  w ith  a resis tan t 
stra in , th o se  w ith  tre a tm en t fa ilu re  and re lap se . T h erefo re , 
the o n ly  w ay  to  tru ly  d efine  acq u ired  re s is ta n c e  ca ses  is to  
d e te rm in e  th e  D S T  pattern  b efo re  and  a fte r  th e  start o f  
trea tm en t.

M u ltid ru g -resis tan t T B R esis tan ce  to  a t least IN H  and R IF , the  m o st e ffec tive  
first-line  d ru g s

E x ten sive ly  d ru g - R esis tan ce  to  at least IN H  and  R IF  w ith  re s is ta n c e  to  any
resis tan t T B flu o ro q u in o lo ne , and  to  at least 1 o f  th e  3 fo llo w in g  

in jec tab le  d ru g s  used in an ti-T B  trea tm en t: cap reo m y cin , 
k an am y cin  and  am ikac in
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1.5.3 M echan ism s o f  d ru g  res is ta n ce

M. tuberculosis characteristically develops natural genetic resistance to anti-TB drugs without 
exposure to any antibiotics. However, w ith the  presence o f  cy to to x ic  d ru gs, re s is ta n c e  can 
arise in m any w ays in c lu d in g  a lte ra tio n  o f  th e  d ru g  ta rg e t p ro te in , d ec reas in g  
m em brane p erm eab ility  and  red u c in g  d ru g  m etab o lism .

1.5.3. N atu ral d ru g  resistan ce

T he natu ral resistance  d ev e lo p s  d u e  to  ran d o m , sp o n tan eo u s  m u tation s d u r in g  bac te ria l 
m u ltip lica tion  w ith  a d e fin ed  freq u en cy . U n lik e  m any  o th e r  bacteria , M . tu b ercu lo s is  
d o es  no t show  ev idence  o f  h o rizo n ta l g en e  tra n s fe r  th a t lead s to  acq u is itio n  o f  re sis tan t 
p lasm id s o r tran sp o so n s  (P ab lo s -M en d ez  e l a l. 1997).

G en e tic  m u ta tio n s th a t d o n a te  R IF  re s is tan ce  o f  M. tu b ercu lo sis  o cc u r a t a  ra te  o f  10"'° 
p e r ce ll d iv is io n  and lead to  an  e s tim a ted  p rev a len ce  o f  1 in 10s bacilli in d ru g -free  
env iro n m en ts . T h e  resistan t m u ta tio n  ra te  fo r IN H  is ap p ro x im a te ly  10"7to  1 O'9 p e r cell 
d iv is io n  resu ltin g  in a p rev a len ce  o f  1 o u t o f  106 b ac illi in d ru g -free  e n v iro n m en ts  
(D avid , 1970). T hus, sp on tan eo u s o c c u rre n c e  o f  g ene tic  re s is tan ce  is d ilu te d  by th e  
m a jo rity  o f  d ru g -su scep tib le  m ic ro -o rg an ism s in a  d ru g  free e n v iro n m en t. T h is 
su g g ests  th e  p resence  o f  a large b ac te ria l load  such as in lung  cav itie s  is re q u ired  fo r 
em erg en ce  o f  n a tu ra l M D R  stra in . T h e  ex is ten ce  o f  a n tim ic ro b ia ls  d e liv e rs  the  
se lec tiv e  p re ssu re  for resistan t o rg an ism s to  becom e p red o m in an t and  lead th e  rising  
n um bers  o f  M D R  stra ins (D o ts-p lu s  fo r stand ard ized  m an ag em en t o f  m u ltid ru g - 
resis tan t tu b e rcu lo s is  in S ou th  A frica  - p o licy  g u id e lin es , 2 00 4 ). F ig u re  1.5
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dem onstra tes th e  d e v e lo p m e n t o f  p r im a ry  an d  ac q u ired  d ru g  re s is ta n c e  d u e  to  the  
spon taneous m u ta tio n s  an d  se le c tiv e  p re ssu re  o f  th e  tre a tm en t.

W ild  M . tu b e rc u lo s is  s tra in s

Spontaneous m utation

Iso la ted  s tra in s  w ith  g en e tic  d ru g  re s is tan ce

Selection  by poor treatm ent

A cq u ire d  d ru g  re s is ta n c e  (s in g le / M D R  T B )

Transm ission due to  poor control m ethods

P rim ary  d ru g  re s is ta n c e  (s in g le  d ru g  /M D R -T B )

F ig u r e  1 .5  T he  sch em atic  d iag ram  d isp la y in g  th e  d ev e lo p m e n t an d  sp read  o f  d ru g  
re sis tan t tu b e rc u lo s is  (P a b lo s -M e n d e z  e t  a l. 1997)

T h e  m u lti-d ru g  re s is ta n t p h e n o ty p e s  a re  m o u n te d  by  seq u en tia l a c c u m u la tio n  o f  p o in t 
m u ta tio n s  in d if fe re n t g en e s  th a t in te rfe re  w ith  each  an ti tu b e rc u lo s is  d ru g  ac tiv ity  
(T ab le  1.3) (Z h an g  and  T e len ti, 2 0 0 0 ; S ilv a  e t  al. 2 00 3 ; T e sse m a  e t al. 2 0 1 2 ; Ju reen  
e t al. 2 0 0 8 ). So far, th e re  is no  e v id en c e  fo r p le io tro p ic  m u ta tio n  th a t is re sp o n s ib le  fo r 
M D R -T B .
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T able 1.4 G enetic m arkers re sp o n sib le  fo r resis tan t o f  first line an ti T B  d rugs

D rug G e n etic  m a rk er  o f  d ru g  resistan t
Isoniazid katG , inhA , a h p C
R ifam picin rp o B
P yrazinam ide p n cA
E tham buto l em b A , e m b C , em b B

In a bacterial p o p u la tio n  w ith  b ase lin e  re s is ta n c e  to  IN H, sp o n tan eo u s m u ta tio n  m ay 
result in RIF resis tan ce  to o . M on o  re s is ta n c e  to  IN H  is q u ite  co m m o n  w h e re a s  m ono  
resistance to  R IF  is ra re . T h e re fo re , R IF  re s is tan ce  is o ften  a sso c ia ted  w ith  IN H  
resistance  (9 5 % ) and R IF  re s is ta n c e  is u sed  as a  su rro g a te  m ark er o f  M D R -T B . 
F urther, com bin a tion  th e ra p y  w ith  IN H  an d  R IF  w ill se lec t s tra ins  re s is ta n t to  both  
an tim icrob ia ls  in such  a  s itua tio n  (S o m o sk o v i e t al. 2001).

1 .5 .3 .2  C ell w all m ed iated  d ru g  resistan ce

T he p resence  o f  active m u lti-d ru g  e fflu x  p u m p s in the  ce ll w all p lay  a s ig n ific an t ro le 
in dev e lo p m en t o f  natu ra l and  ind u ced  d ru g  resistance  in m y co b ac te ria  (G u p ta  et 
a l.2006 ). E fflu x -m ed ia ted  d ru g  resistance  in M . tu b ercu lo sis  cou ld  be d u e  to  o n e  o r 
m ore  e fflu x  p um ps w ork in g  alone o r in co o rd in a tio n . S evera l A T P -b in d in g  c a sse tte s  
(A B C ) m ajor fac ilita to r fam ily  (M F S ), re s is tan ce -n o d u la tio n -d iv is io n  (R N D ) and  the  
sm all m u ltid ru g  resistance  (S M R ) e fflu x  p u m p s have been  ch arac te rized  a s  an tib io tic  
tran sp o rte rs  in m y co b ac te ria l cell w a ll (M een ak sh i e t al. 2012 ; P asca  e t a l. 2004 ; 
P asca  e t a l. 2 00 5 ; D e R ossi e t a l. 1998). A t least 14 m em b ers o f  M FS  and  2 6  A B C  
tra n sp o rte rs  a re  enco ded  by  M . tu b ercu lo sis  g en o m e  w hile  A B C  tra n sp o rte rs  acco u n t 
fo r 2 .5 %  o f  th e  w ho le  g en o m e  (C o le  e t a l. 1998; B raiban t e t a l. 2000). D iffe ren ces  in
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efflux pum p exp ressio n  b e tw een  m y co b ac te ria l species a re  im portan t b ecau se  they  
offer insights in to  the acq u is itio n  o f  d ru g  re s is tan ce  (S ara th y  e t al. 2012).

The exposure to  v ario us an ti- tu b e rcu lo u s  d ru g s  can trig g e r exp ressio n  o f  se lec ted  
efflux  pum ps and  it leads to  d ru g -m ed ia ted  p h en o ty p ic  resis tance . A cco rd in g  to  D e 
Steenw inkel e t al. 2010  ison iazid  re s is tan t b ac te ria l p op u la tio n  th a t em erg ed  as the  
subsequent re -g ro w th  o f  su scep tib le  p o p u la tio n  rep resen ted  e fflu x  p u m p -m ed ia ted  
drug to lerance. Further, ison iazid  su scep tib le  and rifam p ic in  m o n o -re s is tan t M. 
tubercu losis  s tra in s  can d ev e lo p  re s is tan ce  to  isoniazid  w ith in  th ree  w eek s  o f  ex p o su re  
and th is  can  be  e ffec tiv e ly  p rev en ted  by e fflu x  p um p  inh ib ito rs  (M ach ad o  e t al. 2012). 
T he h igher ex p ressio n  o f  p u m p -en co d in g  g en e s  such  as m m p ll , p 5 5 . e fpA , m mr, 
R v I2 5 8  a n d  R v2 4 5 9  (M achad o  et a l.2 0 1 2 ) can  be  due to  the  tran s ito ry  ind u c tio n  by 
the su bstra te  o f  these  pum ps o r m u ta tio n s in th e  p ro m ote r and  reg u la to ry  re g io n  (D e 
R ossi et a l.2 0 0 6 ; N guyen  and  T h o m p so n , 2 0 0 6 ). T he s im u ltan eo u s e x p re ss io n  o f  
R v2459, R v3 7 2 8  and R v3065 g ens is a sso c ia ted  w ith  resis tance  to  the  co m b in a tio n  o f  
ison iazid  and  e th am b u to l (G u p ta  e t al. 201 0 ).

1 .5 .2 .3  S p ec ific  m o lecu la r  m ech a n ism s fo r  an ti T B  d ru g  resistan ce

T h ere  is a  c lea r co rre la tio n  b etw een  th e  g en e tic  m echan ism  and  the  re sis tan t 
pheno ty pe . R esis tan ce  con fe rrin g  ch ro m o so m a l a lte ra tion s a re  h igh ly  re s tric ted  to  the 
g en es tha t are  ta rge ted  by the  d rug . M u ta tio n s in rpsL  (s trep to m y cin ), rp o B  (R IF ) o r 
16S  rib oso m al R N A  (kanam y cin , am ik ac in ; 2 -d eo x y strep tam in e  a m in o g ly co s id e s) are 
re la ted  w ith  h ig h - level d ru g  resistance  w h ile  m utations in g ld B  (s trep to m y c in ), eis
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(kanam ycin), and  inhA  (IN H ) co n fe r a lo w -lev e l resis tan t p h en o ty pe  (Z h a n g  and  Y ew  
2009).

Isoniazid
Isoniazid (IN H ) is h igh ly  sp ec ific  a n tim y c o b a c te ria l  agen t aga in s t th e  M . tu b e rc u lo s is  
com plex. It is a p ro d ru g  w h ich  n eed s to  be co n v e r te d  into  ac tive  fo rm  by th e  b ac te ria l 
enzym e ca ta lase  p e ro x id ase  (K a tG ) (Z h a n g  e t al. 1 992). A ctiv a ted  IN H  in te rfe re s  w ith  
the synthesis o f  e ssen tia l m y co lic  a c id s  by  inh ib iting  en o y l- acy l c a rrie r  p ro te in  
reductase  tha t is enco ded  by Inh A  (R aw a t et al. 2003). T hus, m ain ly  IN H  re s is ta n c e  is 
genetica lly  h e te ro g en eo u s as it m ay  be  ra ised  w ith  m u ta tion s in k a tG  and  m u ta tio n s  in 
inh A , o r m o re  freq u en tly  in its p ro m o te r  reg io n  (S ilva  et al. 2 00 3 ). A d d itio n a lly , 
m u tations in a hp C , kasA  and  n d h  g en es  have been  asso c ia ted  w ith  iso n iaz id  re s is ta n c e  
(Z hang  et al. 1992). H ow ever, in c lin ica l iso la tes , the  m u ta tio n s  in In h A  a re  a sso c ia ted  
w ith  low  level resis tan ce  to  IN H  w h ile  m u ta tio n s  in ka tG  co n fe r m o d era te  to  high 
level resistance .

M ore than  h u n d red  m u tation s inc lud ing  m issen se  and n o n sen se  m u ta tio n s, in se rtio n s  
and d e le tio n s  in ka tG  have been  rep o rted  w ith  M IC s ran g in g  from  0 .2  to  2 5 6  m g/L . 
Further, lu ll g en e  d ele tio n  has b een  d e te c te d  m ore ra re ly . T h e  m o st p rev a len t 
m utation  is a t am ino  acid  p ositio n  315 o f  K a tG  (serine  —► th reo n in e ) and  it a c co u n ts  
for m ore  than  6 0 -8 0 %  o f  IN H  resis tan ce  in c lin ic a l iso la tes (L eu n g  et al. 2 0 0 6 ) w ith  
M IC v a lu es ra n g in g  from  2 to  > 1 0  mg/1 IN H . A lso , th is  m u ta tio n  o c c u rs  m ore  
frequen tly  in M D R  than  in ison iazid  m o n o  re s is tan t s tra ins (H azb o n  et al. 2 0 0 6 ). The 
m ost co m m o n  inhA  m utation  o ccu rs  in its p ro m o te r reg ion  (2 1 5 C —»T) and  it has been 
found m ore  freq u en tly  to  be asso c ia ted  w ith  m o n o -resis tan t s tra in s  (L eu n g  e t al.
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2006). H ow ever, th e  m u ta tio n  p ro file  fo r IN H  res is tan ce  m ay  vary  g eo g ra p h ica lly  and 
diagnostic te s ts  should  be ad a p te d  a c co rd in g ly .

R ifam picin
R ifam picin  is the  key  e le m e n t o f  sh o r t co u rse  an ti-tu b e rcu lo sis  th e ra p y . It b in d s  w ith  
the R N A  p o ly m erase  P su b u n it th a t is en co d ed  by  rp o B  g en e  and  in h ib its  the  
e longation  o f  m essen g e r R N A . M a jo rity  o f  M. tu b ercu lo s is  c lin ica l iso la tes re s is ta n t to 
RIF show  m u ta tio n s in rp oB  g en e  an d  it lead s co n fo rm atio n a l c h an g es  in th e  R N A  
polym erase th a t d e te rm in e  a  low  a ffin ity  for the  d ru g  (C am p b e ll e l a l. 2 0 0 1 ). M ore 
than 90%  o f  rifam p ic in -re s is tan t M . tu b e rc u lo s is  iso lates co n fe r m u ta tio n s w ith in  the  
ho t-sp o t reg ion  o f  8 1 bp o f  rp o B  g en e  and  m u ta tio n s a t cod o n  531 and  526  a re  th e  m ost 
frequen tly  rep o rted  poin t m u ta tio n s  re sp o n s ib le  fo r R IF  re s is tan ce  (M an i e t a l. 2 001 ; 
Z han g  and T e len ti, 2 000 ; R am asw am y  and  M u sser, 1998). A lso , s tud ies  h av e  rep o rted  
m u tation s o u ts id e  o f  the h o t-sp o t reg io n  o f  rp o B  g en e  in R IF  re s is tan t M . tu b e rc u lo s is  
iso la tes (fo r fu rth er d eta ils  re fe r c h a p te r  5). C ro ss  resis tance  b etw een  R IF  and  o th e r 
rifam ycin s m ay  occur. A s an  ex am p le , m u ta tio n s  in co d o n s 516, 518 , 522 , 5 2 9  and 
533 a re  a sso c ia ted  w ith  low -lev e l re s is tan ce  to  rifam p ic in  w h ile  su sc e p tib le  to 
rifabu tin  and  rifa laz il (Y ang  e t al. 1998).

P yra z in a m id e
P yraz inam id e  inh ib its  sem i d o rm an t bac illi resid ing  in ac id ic  e n v iro n m e n ts  by  
d isrup tin g  b ac te ria l m em b ran e  e n e rg e tic s  an d  inh ib iting  m em b ran e  tra n sp o rt 
(M itch ison , 1985). It is a  p ro -d ru g  and  a c tiv a te  into  p y raz in o ic  acid  (ac tiv a ted  from ) 
by th e  enzy m e p y raz in am id ase /n ico tin am id ase  (P Z ase) (K on n o  et al. 1967). P Z ase  in 
M. tub ercu lo sis  is enco ded  by  th e  p n c A  g ene  (S co rp io  and Z h an g . 1996) and m u ta tio n s
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in pncA  are the m ain m ech an ism s fo r p y raz inam id e  resistance  in M. tubercu lo sis . 
M ost a lterations o ccu r in a 561 bp reg io n  o f  th e  open  read ing  fram e o r  in an  82 bp 
region o f  its pu ta tive  p ro m o te r (Ju reen  et al. 2008). H igh  d eg ree  o f  d iv e rs ity  o f  
m utations in p n c A  gene had been  o bserved  am o ng  p y raz in am id e  re s is tan t stra ins. 
H ow ever, som e c lin ica l p y raz in am id e  res is tan t stra ins do not show  m u tation s in p n cA  
o r its p rom oter reg ion  bu t m ay  o ccu r d u e  to  m u ta tion s in an  unk now n  p n c A  reg u la to ry  
gene (C heng  et a /.2 0 0 0 )

S trep tom ycin
In p rokary o tes, strep tom ycin  (S M ) in te rfe res w ith  the  p ro te in  sy n th es is  d u rin g  
transla tion  by b ind ing  to  th e  30S  su bu n it o f  b acteria l rib o so m e (M o azed  and  N o lle r 
1987). In M. tub ercu lo sis , the  g en e tic  basis o f  resis tan ce  to  s trep to m y cin  is m o stly  due 
to  m utations in rrs  o r rpsL  gene, w h ich  p ro d u ce  a lte ra tio n s in the  s trep to m y c in  
b in d in g  site (G illesp ie , 2 00 2 ). T he site  o f  ac tio n  o f  SM  is the  rib osom al p ro te in  S12 
and  th e  16S  rR N A  o f  the  30S su bu n it o f  the  riboso m e. T hus, resistance  is cau sed  by 
m u ta tion s in th e  S12  pro tein  en co d ed  by rpsL  gene and 16S  rR N A  en co d ed  by rrs  
g en e  (H on o re  and Cole, 1994; F inken  et al. 1993). M uta tions o f  the  rrs  gene o c c u r  in 
th e  loops o f  the  16S  rR N A  and are c lu s te red  in tw o  reg ions a ro un d  n u c leo tid es  530  
and  915 . T he m o st com m on m u ta tio n  in rpsL  is K 43R 79 (N air e t al. 1993). H o w ev er, 
such  m u tation s are  identified  in s lig h tly  m ore  th an  50%  o f  th e  c lin ica l s tra ins  stud ied  
to  d a te  (G illesp ie , 2002) and  c lin ica l iso la tes sh ow ing  low -leve l resis tan ce  have no 
m u ta tio n  in rpsL  o r rrs. F urther, m u ta tio n s in g id B , w hich en co d es  a con serv ed  7- 
m e th y lg u an o sin e  m ethy ltran sferase  sp ec ific  for the  16S  rR N A  con fe r a low  level o f  
s trep tom ycin  resis tan ce  (O kam oto  et a l.2007).
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Etham butol
Etham butol in terferes in the  b io sy n th es is  o f  ce ll w all arab in og alac tan  (T ak ay am a  et al. 
1979) and a rab inosy l transfe rase , an  en zy m e  involved in the sy n th es is  o f  
arabinogalactan  tha t is enco d ed  by e m b B  gene. N early , 50%  o f  e th am b u to l resistan t 
clinical iso lates are  asso c ia ted  w ith  m u ta tio n s  a t codon  306 o f  em b B  gene  (T e len ti et 
al. 1997) and it is responsib le  fo r low -leve l o f  resistance . A lso , m u tations at e m b B 406 
and em bB 491  p lay  an  im p ortan t ro le in p re sen tin g  e th am b u to l resis tan ce . H ow ever, 
certain  am ino acid  su bstitu tion s in em b B  g en e  have little o r no effect on e th am b u to l 
resistance (Safi e t al. 2002). It is rep o rted  th a t a sign ifican t p ercen tag e  o f  e th am b u to l- 
resistan t isolates are not asso c ia ted  w ith  m u ta tio n s  in em b B  and th e re  m ust be o th e r 
m echan ism s fo r e th am buto l re sis tan ce  th a t has not yet been d escribed  (S h i e t al. 
2 0 1 1 ).

F lu oroq u in o lon es
In M . tub ercu lo sis , ta rge ts  o f  the q u in o lo n es  a re  the D N A  g yrase  (ty pe-II D N A  
topo isom erase) that is com posed  o f  tw o  A and tw o  B subun its enco ded  by g en es  gyrA  
and g yrB  respective ly  (T ak iff, 1994). H ig h -lev e l resistance  to  flu o ro q u in o lo n es  in 
c lin ica l stra ins o f  M. tub ercu lo sis  is d u e  to  the  am in o  acid su bs titu tio n s in th e  p u ta tive  
fluo roq u ino lo ne  b ind ing  reg ion  o f  th e  M. tu b ercu lo sis  (A ubry , 2004 ; C am b au  1994). 
T he m o st p reva iling  m utation  is A sp-94  (Z hu e t al. 2012; C hen g  e t al. 2 0 0 4 ) in the 
conserved  reg io n  o f  gyrA  w hile  A la -7 5 , G Iy -88 , A la-90  and  Ser-91 have also  
associa ted  w ith  fluoroqu ino lones re sis tan ce  (P itaksajjaku  et a l. 2 01 1 ). T he 
p o lym orph ism  o ccurring  a t C od on  95 o f  g yrA  g en e  is not re lated  to  flu o roqu in o lo ne  
resistance  and  th e  p resence o f  m u ta tio n s at position  80 o f  g yrA  gene  lead to
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hypersusceptibility , esp ec ially  i f  p resen t to g e th e r w ith o th e r resistance m utations 
(Aubry et a l.2006).

1.5.3.4 Fitness o f  bacteria  and d ru g resistan ce

As m utations conferring  drug  resistance  u sua lly  affec t rep lica tion  o f  resistan t bacteria , 
they have to  com pete  w ith sensitive b ac te ria  in the  absence o f  an tib io tics. A ntib io tic  
resistance th erefo re  confers a reduc tion  in fitness as the e ffic iency  o f  m u ltip lica tion  o f  
the m utant cell is less com pared  to  that o f  th e  w ild-type strain. T he red uc tio n  o f  
fitness is expressed  as reduced  g ro w th , v iru lence  o r transm ission  o f  bacteria  
(A ndersson, 2006). T hus, m icro organ ism s requ ire  a  physio log ical cost fo r the 
acquisition  o f  d rug  resistance and th e  o u tcom e o f  the  com petition  p ro cess d ep en d s on 
its re lative fitness. T his is a d isad v an tag e  for p ropagation  o f  d rug  resistan t bac te ria . 
T herefore, the re lation  betw een drug  resistance  and  fitness cost m ay co n trib u te  to  the 
elim ination  o f  resistant bacteria  from  a bac te ria l popu lation  (A ndersson  and L evin , 
1999). As an exam ple  RIF resistant isolates (labouring rpoB  gene m utations h av e  less 
fitness cost in vitro  (O 'S u lliv an  et al. 2 00 5 ) suggesting  there  is a p oss ib ility  for 
reversion  to  susceptib ility  (M ariam  et al. 2004). H ow ever, there  are lim ited data  
availab le  o n  th e  fitness co st in M . tu b ercu lo sis  (G agneux, 2006; M ariam  et al. 2004) 
and these stud ies have been based  m ain ly  on in vitro  m odels p r non-isogen ic  stra ins.
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1.6 Scope o f  the th esis

The m olecular d ru g  su scep tib ility  te s tin g  is based  on the d e tec tion  o f  m u tation s that 
are responsib le for resistance  o f  each  d ru g . T h e  availab le  com m erc ia lised  m o lecu la r 
D ST m ethods fo r detection  o f  R IF  res is tan ce  have been custo m ized  to  d e tec t the 
w orld ’s p revailing  m u tation s in th e  R IF  resis tan ce  d ete rm in in g  reg io n  (R R D R ) o f  
rpoB  gene. T he recent lite ra tu re  have reco rd ed  tha t m u tations o f  rp oB  gene 
responsib le for R IF  resis tance  are  not restric ted  to  the  R R D R  and  vary  g eo g rap h ica lly  
(L ingala el al. 2010 ; T an  et al. 201 1). T h us, investigation  o f  the  rp o B  gene m u ta tion s 
in a specific  g eo g raph ica l a rea  is v ital p rio r to  in itia tion  o f  a p ro p e r m o lecu la r D ST  
m ethod  for d ete rm ination  o f  R IF  resis tance . B ased  on  th e  lite ra tu re  rev iew , it w as 
hypo thesized  that m u tations o f  the  rp o B  gen e  o f  M . tu b ercu lo sis  iso la tes in Sri L ank a  
d iffer from  th o se  identified  in o th e r coun tries.

F urther, several im portan t con cep ts such  as th e  m o lecu lar ch arac te risa tio n  o f  d rug  
resistan t M. tub ercu lo sis  and  tran sm issio n  p attern  o f  d rug  resistance  in S ri L anka 
rem ain  unknow n. A dditionally , m o lecu la r based  iden tification  m eth o d s o f  d rug  
resistan t M. tubercu losis  are yet to  be estab lished . Thus, rem ain ing  p a rts  o f  th e  thesis  
cover in depth  stud ies on  the  m o lecu la r based  iden tifica tion  o f  R IF  resis tan t iso la tes in 
Sri L ank a  and transm issio n  o f  R IF  resis tance .
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1.7 O bjectives

G eneral o b jec tiv e  1
To study th e  R IF  re s is ta n t g en e  m u ta tio n s  in a  se lec ted  g ro u p  o f  M . tu b e rc u lo s is
strains in Sri L anka.

S pecific  o b jec tiv es
(a) T o  d e te rm in e  the  p ro p o rtio n a te  c a se  load  o f  M T C  o r  N T M  stra ins  a m o n g  

p a tien ts  p re sen tin g  w ith  acid  fa s t b ac illi p o s itiv e  sp u tu m .
(b) T o  d e te rm in e  the  in c id en ce  o f  R IF  re s is ta n c e  am o n g  M . tu b ercu lo s is  

iso la tes u s in g  co n v en tio n a l a g a r  p ro p o rtio n  m ethod .
(c) T o  ev a lu a te  o f  m anual M y c o b a c te r ia  G ro w th  In d ica to r T u b e  (M G IT ) and  

n itra te  red u c tase  a ssay  (N R A ) fo r rap id  d e tec tio n  o f  R iF  re sis tan ce .
(d) T o  iden tify  th e  R IF  re s is ta n t m u ta tio n s  o f  th e  rp oB  g en e  o f  M . tu b e rc u lo s is  

am ong  d ru g  resis tan t iso la tes  using  D N A  seq uen cin g .

G en era l o b jec tiv e  2
T o d ev e lop  a rap id  m o lecu la r m etho d  fo r id en tifica tio n  o f  r ifam p ic in  re s is ta n c e

S p ec ific  o b jec tiv es
(a) T o  d ev e lo p  a P C R -E L IS A  as a rap id  m o lec u la r m etho d  fo r id e n tif ic a tio n  o f  

R IF  re s is ta n t m u tations.
(b) T o  v a lid a te  th e  P C R -E L IS A  as a  d iag n o s tic  m etho d  for d e te rm in a tio n  o f  

R IF  re s is ta n c e  o f  M. tu b ercu lo s is  c u ltu re  iso la tes ( in d irec t m eth o d ).
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G eneral o b jective  3
To describe the g en e tic  d iv e rs ity  and  th e  tran sm iss io n  pattern  o f  RIF resistan t 
M. tuberculosis  in S ri L anka, using  m o lecu la r fingerp rin ting

Specific ob jectives:
(a) T o  d e te rm in e  the  R estric tio n  F rag m en t L eng th  P o ly m o rp h ism  (R F L P ) 

patterns o f  31 R IF  resis tan t and  46  R IF  su scep tib le  M . tub ercu lo sis  iso la tes .
(b) To com pare  ev o lu tion a l re la tio n sh ip s  b e tw een  R IF  su scep tib le  and 

resistan t s tra ins  o f  M. tub ercu lo sis .

1.8 P resen tation  o f  th e  th esis

The specific  a im s under th e  firs t o b jec tiv e  o f  th e  resea rch  have been  a ch iev ed  by  
stud ies describ ed  in ch ap te rs  2 -4  o f  the  thesis . C h ap te r 2 exp la in s the  iso la tio n  o f  the 
M yco b a c ter iu m  cu ltu res  from  sp u tu m  sp ec im en s o f  suspec ted  TB  p atien ts  in S ri L ank a  
and id en tifica tion  o f  M TC  iso la tes using  p h en o ty p ic  ch a rac te rs  o f  co lo n ie s , 
b iochem ical tes t an d  PC R  am p lifica tio n  o f  sp ecific  gene  frag m en t fo r M T C . T he 
iso lation  o f  rifam p ic in  re sis tan t M . tu b ercu lo sis  by co n v en tio n a l m etho d  and  
eva lua tion  o f  tw o  cu ltu re  based  m e th o d s fo r d e te rm in a tio n  o f  rifam p ic in  re s is tan ce  is 
addressed  in c h a p te r  3. C h ap te r 4 d escrib es th e  inv estig a tio n  o f  m u ta tio n s in R IF  
resistan t iso la tes and  the  D N A  sequencin g  w as used  fo r con firm in g  the  re su lts  o f  
conv en tio n al m etho d s. T hus, the stud ies d escrib ed  in ch ap te r 2 -4  c o llec tiv e ly  
investigated  th e  rifam p ic in  re s is tan ce  in a  se lec ted  g ro up  o f  M . tu b ercu lo sis  s tra in s  in 
Sri Lanka.
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The specific aim s o f  the second objective o f  the research  w ere achieved  by  the  study 
described in the chapter 5 o f  the thesis and it describes the optim ization  and  validation  
o f  PC R -E L ISA  for determ ination  o f  RIF resistance o f  M. tuberculosis.

C hap ter 6 explains the investigation o f  the  po lym orphism  am ong M. tubercu losis  
strains by R FL P analysis and transm ission  pattern  o f  RIF resistance. T hus, th e  chap ter 
6 covers the  specific aim s o f  the third  objective  o f  the research.

C hap ter 7 d iscusses the  relevance o f  the p resent findings to  the adv ancem en t o f  
know ledge in the field o f  science and benefits to  contro l p rogram m es and com m unity  
that could be derived from  the research.
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C h a p te r



G enus M yco b a c teriu m  as an etio log ica l agen t in  p u lm o n a ry  d iseases

2.1 B ackground
2.1.1 M ycobacteriu m  species and pulm onary d iseases

A considerable num ber o f  species in the genus M ycobacterium  are non-pathogenic w hile 
a few are obligatory  etiological agen ts o f  pulm onary  diseases. M. tuberculosis  com plex 
(M TC), consisting  o f  M. tuberculosis , M. bovis, M. a fricanum  M. m icroti and M. canettii 
are causative agents for tuberculosis in hum an (Zum ia and G range, 2002). A m ong these, 
M. tuberculosis  is responsible for hum an tuberculosis in the vast m ajority  o f  cases 
w orldw ide. H ow ever, geographical variation  o f  the M TC species d istribution  has been 
identified. A s an exam ple, M. a fricanum  is a com m on cause o f  hum an pulm onary  TB 
(39% ) as m uch as M. tuberculosis  (55% ) in W est A frica (D e Jong et al. 2010). In G hana, 
3%  o f  pulm onary  TB cases are represented  by M. bovis, w hile 20%  are M. a fricanum  and 
73%  are M. tuberculosis  (A ddo et al. 2007).

N on tuberculosis m ycobacteria  (N T M ) are ubiquitous in nature and are w idely  d istributed 
in w ater, soil and anim als. A m ong prevailing  N TM  species, only  a few  species have a 
clinical im pact on hum ans as opportunistic  pathogens (F alk inham , 2009). M. avium  
com plex (M A C ), M. abscessus. M. kansasii, M. fo rtu itu m , M. chelonae, M. szulgai, M. 
triviale  and M. scro fu laceum  are com m on N T M  species tha t cause pulm onary  d iseases in 
hum ans (S im ons et al. 2011). A dditionally , M. riyadhense  w as recently  proposed  as a 
causative agen t o f  pulm onary  N T M  disease (G odreuil e t al. 2012). H ow ever, N TM  are
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increasingly recognized as a significant cause o f  chronic hum an pulm onary  infections in 
both im m unocom prom ised and im m unocom petent patients. Further, it is an im portant 
cause o f  m ortality  in W estern countries (N ightingale et al. 1992; K atoch, 2004).

In contrast to tuberculosis, diseases caused by N TM  have varied clinical m anifestations, 
triggering a w ide spectrum  o f  infections w ith generally  low virulence than TB  (S im ons et 
al. 2011). Patients w ith underlying structural lung d iseases such as chronic obstructive 
pulm onary diseases, cystic fibrosis, bronchiectasis, h istory  o f  tuberculosis and chronic 
aspiration are more vulnerable to  develop N TM  lung disease (G riffith  et al. 2007). 
A dditionally, w orking in m ining industry and advanced age are risk  factors for N T M  lung 
diseases. H ow ever, there is no evidence on  anim al-to-hum an (zoonosis) o r hum an-to- 
hum an transm ission o f  N TM  and hum an d iseases are generally  acqu ired  from  
environm ental exposure (M eissner and A nz, 1977; G riffith et al. 2007).

Clinical relevance o f  pulm onary N T M  species vary geographically  and M AC is the m ain 
cause o f  pulm onary d iseases in A sia (specially  South K orea and Japan), N orth  A m erica 
and m ost parts o f  E urope (Table 2.1), (S im ons et al. 2011; M arras and D aley, 2002). 
However, Sim on et a l (201 1) has show n that the M. fo r tu itu m  is the main cause o f  N TM  
pulm onary d isease in India. There is very little inform ation on N TM  infections in the 
South East A sian region including Sri Lanka. The system atic reporting  on m olecular 
epidem iology o fN T M  pulm onary  infectious is also lim ited (S im ons et al. 201 1).
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Table 2.1 N on tuberculosis m ycobacteria species causing pulm onary infections in 
hum an (Sim ons et al. 2011)

C ountry 
(no. o f  
infections 
tested)

N T M  Species %
M. absce  

-ssus
M.

avium
M.

chelonae
M.

fo rtu itu m
M.

gordonae
M

kansasii
M.
triviale

M.
scro fu la
-aceum

M.
szulgai

India (1 5) - - - 40 - 33 20 7
H ong
K ong(28) - 54 14 - 4 4 - 4
South
K orea
(131)

39 50 2 3 - 4 - 0
Japan
(1064) - 81 0.6 2 - 14 - 0.5
T hailand
(132) - 43 5 5 - 17 - 8 -
S ingapore 
(15) - 60 7 - - 27 - 7 -
Taiw an
(302) 19 43 10 10 - 9 - -

2.1.2  L aboratory  d iagnosis o f  M ycobacteriu m  pulm onary infections

The initial laboratory identification o f  the genus M ycobacterium  can be m ade by 
m icroscopic observation for the presence o f  AFB. The definitive d iagnosis dem ands the 
recovery  o f  M ycobacterium  species on a culture m edium , follow ed by species 
identification  tests. A lthough num erous novel, rapid and direct m olecular m ethods have 
been developed , culture rem ains the gold standard for identification o f  M ycobacterium  
species from  clinical specim ens (O gbaini-E m ovon, 2009).
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The genera] m icrobiological m easures o f  grow ing clinical m aterial on a selective or 
differential culture m edia and sub-culturing  to  obtain pure cultures cannot be applied to 
M ycobacterium . G enus M ycobacterium  w ill not grow on sim ple, chem ically  defined 
m edia and it requires special, enriched, selective m edia. Slow  rep lication  rate is a 
characteristic feature in culturing o f  M ycobacterium  (De K antor et al. 1998). G enerally, 
an AFB positive sputum  will require 3 w eeks for producing visible colonies o f  
M ycobacterium  on solid m edium  (Palom ino  e t al. 2007). H ow ever, N TM  species such as 
M. fo r tu itu m , M abscessus, and M. chelonae  are considered as rapid grow ers as they grow 
into visible colonies w ithin 3—5 days o f  incubation (G riffith  et a l.2 0 0 ! ; Falk inham , 2002).

2.1.2.1 Selective c u ltu re  m ed ia  fo r  M ycobacteriu m  species

C ulture isolation is a prim ary requirem ent in conventional species identification  and 
indirect drug susceptibility  testing. Solid m edia (egg-based o r agar-based) and liquid 
m edia have been optim ized as special, selective m edia for cultivating  bacilli o f  the genus 
M ycobacterium  (D e K antor et al. 1998). Egg based L-J m edium  is the m ost com m only  
used solid m edium  for isolation o f  M ycobacterium  species especially  in low resource 
settings (D e K antor et al. 1998). M iddlebrook  m edia (7H 10 and 7H1 1 agar m edium  and 
7H9 broth m edium ) are m odified m edia for b etter isolation o f  M ycobacterium  species and 
Table 2.2 show s a com parison o f  d ifferent culture m edia. The selective nature  o f  culture 
m edia is p rovided  by addition o f  certain  antib io tics that do  not interfere w ith  the grow th 
o f  M ycobacterium  species (R othlau  et al. 1981). The activ ity  o f  each antib io tic  used for 
the M iddlebrook  m edia is sum m arized in tab le  2.3.
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T abJe 2.3 M ode o f  action o f  antibiotics in M iddlebrook culture m edia

A n tib iotic A ctiv ity R eference
Polym yxin B Inhibit grow th o f  G ram  (-) bacteria D ixon and 

Chopra, 1986
A m photericin  B Inhibit grow th o f  G ram  (+) bacteria 

and Fungi
Reeves et al. 2004

T rim ethoprim  lactate Inhibit grow th o f  G ram -positive 
bacteria

G leckm an et al. 1981
N alid ix ic  acid Active against both G ram  (-) and (+) 

bacteria
C ook et al. 1966

A zolicilin Inhibit g row th  o f  G ram  (+) and (-) "White et al. 1980

2.1.2 .2  L aboratory d ifferentiation  o f  M ycobacteriu m  species

M icroscopic observation o f  ZN stained sm ear prepared from  the culture will provide 
evidence only for the presence o f  m ycobacteria, purity o f  the culture and cord  form ation. 
These basic characters are not sufficient for definitive species level identification  o f  the 
genus M ycobacterium  (Leao e t al. 2004). The conventional taxonom ic d ifferentiation  o f  the 
genus M ycobacterium  is based on phenotypic characters o f  the cultures and biochem ical 
properties o f  bacteria. In the past decade, the species characterization  o f  genus 
M ycobacterium  w as addressed by various m olecular biological m easures and it increased 
the species pool o f  the genus w ith  refreshing  know ledge on know n species (K asai et al. 
2000; K im et al. 1999).

The phenotypic characters o f  cultures such as slow  growth rate, cord form ation, rough and 
crum bly  co lo ny  appearance, non p igm entation  and inhibition o f  grow th in the presence o f
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para n itrobenzoic acid (PN B ) are characteristic features o f  M TC cultures. In contrast, the 
characters o f  rapid grow th, pigm entation (schotochrom ogens, photochrom ogens or 
nonchrom ogens) ability  to grow  in PNB incorporated m edia and cream y like w atery  
colonies indicate the presence o f  N TM  (D e K antor et al. 1998; G arcia-A gudo and G arcla- 
M artos, 2011). Several biochem ical properties o f  the genus M ycobacterium  including 
n itra te  reductase, niacin production, catalase activity, production o f  aryIsulfatase and 
urease, tw een  80 hydrolysis, grow th in the presence o f  5%  N aC l and M acC onkey agar 
w ithout crystal violet and the use o f  m annitol, inositol and sorbitol are adequate  to 
identify m ajority  o f  c lin ically  re levant M ycobacterial species (D e K antor et al. 1998; 
G arcia-A gudo and G arcla-M artos, 2011).

B iochem ical analysis and phenotypic characters m ay occasionally  fail to  arrive at a 
defin itive identification. Thus, analysis o f  the lipids o f  m ycobacteria by thin  layer 
chrom atography  (T L C ) (Jenkins, 1981) and high perform ance liquid chrom atography  
(H PL C ) (D uffey  et al. 1996) has been recom m ended as alternate approaches for 
identification  o f  M ycobacterium  cultures. Presently, m olecular based m ethods such as 
P C R  am plification , DNA sequencing (C hen et al. 1996), probe hybridization  (Tortoli et al. 
2003; R ich ter e t al. 2003) and P olym orphism  analysis o f  restriction  fragm ents (PC R - 
R FLP) are used for d ifferentiation  o f  M TC and N TM  (Lee e t al. 2000; O ng et al. 2010).

Further, d ifferentiation  o f  m em bers in M TC m ay be im portant for epidem iological 
purposes and individual patient m anagem ent. For exam ple, patients who are infected with 
M. bovis m ay not respond to pyrazinam ide, a  first line anti TB drug. M TC m em bers can
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be identified by using several conventional phenotypic and biochem ical characters (T able 
2.4) and defin itive confirm ation can be m ade by m olecular based m ethods.

Table 2 .4  The com m on phenotypic characteristics o f  M ycobacterium  tuberculosis  
com plex  m em bers (Leao et al. 2004)

M TC  m em ber Specific p henotyp ic characters
M. tuberculosis N itra te  positivity, n iacin  positivity, cord form ation, susceptib ility  

to PZA  and cycloserine, resistant to  2-thiophen- carboxylic  acid 
hydrazide (T C H ), sensitive to PNB

M. bovis G row th  on pyruvate m edia, susceptible to  TCH  and cycloserine, 
resistant to  PZA , niacin negativity

M. africanum Susceptible to  TC H , PZA  and cycloserine
M. canettii N iacin  negativ ity , n itra te  positivity, resistant to TC H , PZA  and 

streptom ycin

2.2 Justification  and objectives o f  th e  present chapter

The pulm onary  m ycobacterial d iseases m ay be a result o f  an infection caused  e ither by  
M TC or N T M . The individual patien t m anagem ent in pu lm onary  m ycobacteria l d iseases 
depends on the causative  agent. Thus, the species level iden tification  o f  genus 
M ycobacterium  enhances th e  quality  o f  the treatm en t and contro l program m es.

The literature review ed so far reveals th a t the A FB m icroscopy  is not sufficient to 
d ifferentiate M TC from  N T M  even the laboratory  d iagnosis o f  suspected  pulm onary
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m ycobacteria] diseases is mainly based on the AFB m icroscopy in Sri Lanka. Thus, the 
objective o f  the present chapter is,

1. To isolate o f  M ycobacterium  cultures from A FB positive sputum  sam ples
2. To identify the importance o f  differentiation o f  M ycobacterium  cultures as

M TC or N TM

2. 3 R esearch m ethodology

The su itab ility  o f  culture for the identification o f  M ycobacterium  species com pared  to the 
AFB m icroscopy w as evaluated by calculating  the overall culture positiv ity  rate, culture 
positivity o f  prim ary and secondary suspected TB cases.

2.3.1 Study population

Patients a ttending chest hospital-W elisara, central chest clin ic-C olom bo and prison- 
hospital C olom bo w ere enrolled for the study during the period from  M arch  2008 to  
O ctober 2011. O nly suspected secondary  TB patients (including retreatm ent, default, 
treatm ent failure and recurrent) w ere considered from  the chest hospital. S putum  sam ples 
w ere collected  from  both new and secondary  TB  patients a ttend ing  chest clinic C olom bo, 
following confirm ation  o f  AFB sm ear positiv ity . Also sym ptom atic resp ira to ry  patients 
undergoing evaluation  for pulm onary  tuberculosis a t the prison hospital C olom bo were 
screened by sm ear exam ination and these included both new  cases and retreatm ent cases. 
In addition, a few sam ples received from  the routine d iagnostic laboratory  o f  the
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D epartm ent o f  M icrobiology w ere used for the study. H 37R v w as used as the control 
strain.

2.3.2 Sam ple collection

Early m orning sputum  sam ples on 3 consequent days w ere collected  into new , sterile, leak 
proof, w ide mouthed specim en containers. Patient records including dem ographic 
inform ation and clinical history on tuberculosis w ere collected through  a specially 
prepared request form (A ppendix  1). The specim ens w ere refrigerated im m ediately  after 
collection and transported to the laboratory.

2.3 .3  Preparation  o f  culture m edia

T issue culture grade chem icals w ere purchased from  S igm a C om pany, St. Louis, MO, 
U SA  (un less otherw ise stated) and consum ables were sterilized by autoclaving  at 121 °C 
for 15 min (H irayam a, USA). P ipettes w ere disinfected by exposing  to  UV light and 
w'iping w ith 70%  ethanol.

L-J, and 7H9 M iddlebrook m edia (B D , D ifco rM) w ere used for isolation o f  
M ycobacterium  species and prepared according to  the m anufactu rers’ guidelines 
(A ppendix  2.1 and 2.3). A dditionally , PN B incorporated L-J w as prepared and used to 
d ifferen tiate  M TC from  N T M  species.
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T he an tib io tic  m ixture (P A N T A - p o ly m yx in  B, am p ho teric in  B, n alid ix ic  acid , 
trim etho prim  and azlocilfin ) (A ppend ix  2 .4 ) and O A D  (o le ic  acid , a lbum in  and  d ex tro se) 
g ro w th  supp lem ent for M idd leb ro ok  m edium  w ere  p repared  m anually . In p rep ara tio n  o f  
O A D , 300  p i o f  o leic acid  w as w arm ed  w ith  15 ml o f  0 .05 M  N aO H  at 56 °C  in o rd er to  
sa fo n ify  o le ic  acid. T hen  it w as added  into 450  ml o f  6%  b ov ine  album in  frac tio n  V  in 
fresh  0 .8 5 %  N aC l. T he pH  w as ad justed  to  7.0 w ith 4%  N aO H . T he m ix tu re  w as  w arm ed 
at 56 °C  fo r 1 h and 20 m l o f  50%  d ex tro se  so lu tion  w as added  into the m ix tu re . F inally , 
20  ml o f  Filter s terilized  a liq u o ts  w ere  sto red  at 4 °C fo r fu tu re  use. R and om ly  se lected  
a liq u o ts  w ere  incubated  at 37 °C fo r 48 h fo r d ete rm in ation  o f  con tam in a tion .

2 .3 .4  S am p le  p rocessin g

D eco n tam ina tio n  o f  spu tu m  w as carried  o u t acco rd ing  to  P e tro fF s  m ethod  (D e  K an to r et 
ah  1998). B riefly , 3 co n seq u en t sputum  sam p les o f  a p a tien t w ere  poo led  in to  a new  
ste rile  p la s tic  con ta in er and tw o  v o lu m es o f  4 %  N aO H  (x  m l o f  sputum  + 2 x  ml o f  4%  
N aO H ) w as added. F ollow ing  v ortex in g  (3 0  seconds), th e  specim ens w ere  left at room  
tem p era tu re  (2 5 °C ) w ith  o ccasion a l shaking . A fte r 15 m in, the  m ix tu re  w as tran sfe rred  
into a new  15 ml sterile  p lastic  tu b e  and , cen trifu ged  at 3 000  x  g  fo r 15 m in at 4 °C. 
S up e rn a tan t w as d iscarded . The p elle t w as w ash ed  tw ice  w ith  10 ml o f  s te rile  d istilled  
w a te r by  re -su sp en d in g  and  cen trifu g ing  u n d e r the  sam e cond itions. F inally , th e  w ashed  
pelle t w as  re -su sp end ed  in 1 m l s te rile  d is tilled  w ate r and  200  p i each  o f  th e  p repared  
su sp en sion  w as inoculated  into L -J, 7H 9 M id d leb ro o k  b ro th  and PN B  inco rp orated  L-J. 
T he inocu la ted  cu ltu re  m ed ia  w ere  incubated  a t 37 °C in an  a tm osph ere  o f  5%  C O 2 partia l
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pressure. C ultures w ere observed tw ice a w eek  for presence o f  any grow th and m edia that 
had no grow th  w ere discarded after 2 m onths. F or m icroscopic exam ination , 20  pi o f  the 
suspension w as used to  prepare the sm ear. The sm ear w as stained w ith  ZN stain 
(A ppendix 2 .5) and exam ined m icroscopically  under oil im m ersion (xlOOO) for AFB. The 
rem aining suspension w as stored in sterile g lycerol at -20 °C for further use.

2 .3 .5  Identification  o f  M ycobacterium  cultures '

Isolated M ycobacterium  cultures (n=442) w ere  d ifferentiated  as M TB o r N T M  by using 
phenotypic m ethods, n itra te  reductase activ ity  and m olecular m arkers. T he ability  o f  
d ifferentiation  by each m ethod w as calcu lated  as percentage.

2.3 .5 .1  P henotyp ic identification

The phenotypic characters; colony appearance, grow th rate, p igm entation , presence o f  
grow th on PNB and cord  form ation in broth m edium  w ere used for the d ifferen tiation  o f  
m ycobacterial cultures into M TC and N TM .

2.3 .5 .2  N itrate reductase activ ity

M ycobacterium  cultures w ere further identified  as M TC or N T M  by n itra te  reductase 
activity  (D e  K antor et al. 1998). Briefly, 1 loop (— 10 pg) o f  colony o r 100 pi o f  a broth 
culture w as added  into 200  pi o f  sterilized N aN O s (0 .1% ) in a m icro-cen trifuge  tube (1.5
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m l) and tu b es w ere incubated  at 37 °C fo r 3 h. C olour change (co lourless to  p ink) w as 
exam ined by  sequentially  adding  1 drop  o f  50%  HC1, 2 d ro ps o f  0 .2%  su lfan ilam ide and 2 
d rops o f  0 .1%  N -nap th ty le thy lene-d iam ine  into the incubated  tube. The co lo u r o f  the 
cu lture  m edium  w as interpreted using a standard  co lour series (A ppendix  2 .6 ) as show n in 
F igure  2 .1 . The optical density  o f  co lo u r in tensity  w as dete rm in ed  using a 
spectropho tom eter at 570 nm.

,______________J"Y
Ind ica te  presence o f  M T C  cu ltu res

Jk
T

J
Indicate absence o f  M TC  cu ltu re

F igu re 2 .1  Standard  co lo u r series fo r n itra te  reductase te s t in terp retation  (D e K an to r et 
al. 1998). C o lour range from  +5 to  +3 (from  O D  (570)0 .28  to 0 .0 9 7) indicates 
sign ifican t n itra te  reductase  ac tiv ity  (p resence  o f  M T C ) and +  2 to  + /-l(fro m  

O D  (570)0.044 to  0 .01) ind icates insignificant n itra te  reductase ac tiv ity  (no t 
supportive o f  p resence o f  M T C )

In o rd er to  d etec t n itrite  tha t m ay have been fu rther reduced  to nitric o x ide  (w hich  cannot 
be detec ted  by the reagen ts used above), a sm all am ount o f  pow dered  zinc w as added to 
each  cu ltu re  m edia that did not show  co lo ur change.
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2 .3 .5 .3  Identification  o f  isolates by m olecular m arkers

The conven tionally  classified  culture  iso lates w ere further confirm ed by DNA 
am plification . A  240 bp fragm ent o f  the insertion  elem ent IS6110 w as am plified  w ith  
specific p rim ers PT18 (5 '-G A A C C G T G A G G G C A T C G A G G -3‘) and IN S2 (5 -G C  G TA  
G G C G T C G G T G A C A A A -3’) (M ulcahy  et al. 1996). The 25 pi PCR  m ix tu re  contain ing  
50 mM  KCI, 10 m M  Tris (pH  8.0), 1.5 m M  M gC b, 200 pM  o f  d eoxynucleo tides 
triphosphates (P rom ega, U SA ), 1 U Taq  polym erase (G enS crip t, U SA ), 20 pm ol o f  each 
prim er (1 st base, S ingapore), and 2.5 pi o f  c rude  genom ic D NA  from  heat-k illed  bacterial 
culture  w as used for each PC R  reaction. T he therm o-cycling  p aram eters w ere  as follows. 
Initial denatu ra tion  a t 94 °C  for 10 m in, 40 cyc les fo llow ing  at 94 °C for 1.5 m in, 65 °C 
for 1.5 min and  at 72 °C for 1.5 min and final extension  at 72 °C fo r 10 min. The 
am plified  PCR  products w ere e lec tro phoresed  using eth id ium  b rom ide sta ined  1% 
agarose gel. B riefly, 2.5 g  o f  agaro se  p ow der w as d issolved  in T B E  b u ffe r (A ppendix  
3 .1) by heating  in a m icrow ave oven. A fter cooling  to around 56 °C, e th id iu m  brom ide 
(0.5 pg/m l) w as added to  gel so lu tion  and  poured  into a gel casting  tray . The PCR 
products (5 p i) w ere m ixed w ith  gel loading buffer (3 p i) (A pp end ix  3 .2 ) and  loaded on to  
the gel and elec trophoresed  at 50 V  fo r 2.5 h. The am plified  D N A  p rodu cts on 
elec trophoresed  gel w ere  v isualized  using U V  illum inator.
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2 .4  R esu lts
2.4 .1  A F B  m icro sco p y

Five h un d red  and th irty  fou r (534) A FB  p ositiv e  sputum  sp ec im en s w ere  co llec ted  during  
th e  s tu d y  p erio d . In the analysis o f  c lin ica l d a ta  re trieved  fro m  p a tie n t’s reco rd s , 87 out o f  
534  A FB  positiv e  sputum  sp ecim en s w ere  deno ted  as seco n d ary  T B  p atien ts . The 
rem a in in g  sam p les (n =  4 4 7 ) w ere from  p rim ary  p u lm o nary  in fec tions. T ab le  2 .5  show s 
th e  n u m b er o f  A FB  p ositive  spu tu m  sp ec im en s received  fro m  each  sam p lin g  cen tre .

T ab le  2 .5  A FB  positive spu tum  sp ec im en s rece iv ed  from  each  sam p lin g  c e n tre s  during  
s tu d y  period  (M arch  2 00 8  to  O cto b e r 2011)

C o llec tio n  cen ter N o. o f  
sp ec im en

S u sp ected  trea tm en t category' o f  
p atien t

C hest h o sp ita l-W elisa ra 80 O nly  seco n d ary  T B  p a tien ts  (defau lt, 
re trea tm en t, trea tm en t fa ilu re )

C en tra l ch e s t clin ic —C olo m b o 418 P rim ary  an d  secon d ary  T B  p a tien ts
P rison  h o s p i ta l—C o lo m b o 31 P rim ary  and  seco n d ary  T B  p atien ts
D ept, o f  M icrob io logy 5 P rim ary  and  seco n d ary  T B  p a tien ts
T otal 534 P rim ary  and  seco n d ary  T B  p atien ts
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2 .4 .2  M ycobacteriu m  cu lture isolates

As show n in F igure 2 .2 , 442 M yco b a c ter iu m  cu ltu res w ere y ie lded  from  534 A FB 
positive spu tum  specim ens in so lid  and liquid culture  m ed ia  co llec tive ly . Among the 
rem aining  92  A FB positive  sputum  sp ecim en s (17% ), 64 did not yield  a p o s itiv e  cu lture  
in any  o f  th e  m edia used, w hile 28  sputum  specim ens y ie lded  con tam in an ts . A m ong  the 
92 sputum  specim ens th a t did no t show  M yco b ac ter iu m  g ro w th , 25 (2 8 .7 % ) w ere  
co llected  from  suspected  seco n d ary  TB  p a tien ts  w hile ream ing  67 (15 % ) w ere  from  
suspected  new  TB  patien ts. T he cu ltu re  iso lation  rate  w as 82 .7%  am ong  th e  se lec ted  A FB  
positive pu lm onary  in fec tio u s co h o rt in Sri L anka. T he cu ltu re  recov ery  ra te  in suspected  
secondary  T B  patien ts w as 71.2 %  (62  o u t o f  87) w hile it w as s ligh tly  h ig h er am o ng  new  
T B  patien ts 85%  (380  out o f  447).

T hree hundred  tw en ty  seven  (3 27) A FB  p o sitiv e  spu tum  sam p les sh ow ed  a g ro w th  on 
both  solid  and  liquid m edium . A m on g  442  M yco b a c ter iu m  cu ltu res , 68 cu ltu res  w ere 
recovered  on ly  from  b ro th  m edium  w hile  4 7  g rew  only  o n  solid  m ed ium  on  in itial culture. 
Thus, the  h ig h er iso lation  ra te  w as o b served  in bro th  m ed ium  (8 9 .3 % ) co m p ared  to  the  L- 
J m edium  (84 .6% ).
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F igu re 2 .2  F lo w  d iag ram  fo r the  su m m ary  o f  the  iso la tion  o f  M yco b a c ter iu m  sp p  
from  A FB  p ositive  sp u tu m  sp ec im en s in the  p resence study

2 .4 .3  D ifferen tia tion  o f  M yco b a c ter iu m  cu ltu res

F o u r hundred  fo rty  tw o  (4 4 2) M yco b a c ter iu m  isolates th a t w ere  reco v e red  from  A F B  
positive sp u tu m  specim en s w ere  iden tified  as M T C  o r N T M  by th e ir  pheno typ ic , 
b iochem ical and  m o lecu la r charac te ris tic s . O ut o f  442  cu ltu res , 4 0 1 (9 0 .7 2 % ) w ere  
observed  as  M T C  and rem ain ing  41 (9 .2 7 % ) w ere c lassified  as N T M  species. The N T M  
culture popu la tio n  w as iso lated  from  b o th  suspected  p rim ary  T B  (n = 3 0) and  second ary  
TB  (n = l 1) patien ts.
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2.4.3 .1  C lassification  by p h en otyp ic  characters

A s show n in F igure 2 .3 , 41 iso lates w ere rap id ly  g row ing  M yco b ac ter iu m  sp ecies that 
p ro du ced  C FU  <  7 days from  A FB  positive  sputum  specim ens and 401 w ere  slow  
g row ing  iso la tes those  requiring  >7  days. E x cep t for sing le  isolates, the rap id  g row ing  
specim ens p ro duced  yellow ish  o range  co lo u r, soft, w et, cream y m oist co lo n ies  on L-J 
m ed ia  (F ig u re  2 .4). H ow ever, the g ro w th  w as observed  on PN B incorporated  m edium  for 
all rap id  g ro w ers . All slow  g ro w ing  iso la tes w ere  characterized  by rough, d ry , yellow ish  
co lo n ies  (F igure  2 .5) and absence o f  g ro w th  on  PN B incorporated  m edium .

T he p resence  o f  cord  fo rm ation , a ch arac te ris tic  fea tu re  o f  th e  M TC  w as o b se rv ed  in ZN 
sta ined  m icroscop ic  sm ears p repared  from  b ro th  cu ltu res o f  several slow  g ro w e r (n=26). 
H ow ever, o ne  rap id ly  g ro w ing  cu ltu re  o b ta in ed  from  a suspected  seco n d ary  T B  patient 
d em on stra ted  the  cord  fo rm ation  in bro th  m ed ium  (F igure  2 .6 ).
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Figure 2 .4  C olony  app earance  o f  
N T M  culture o n  L-J

F igu re 2 .5  C olony  ap p earan ce  o f  
M T C  culture  on L -J

F igure 2 .6  A ppearance o f  cord  in Z ieh l—N ee lsen  stained slide u nd er the  ligh t 
m icroscope (X  1000)
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2 .4 .3 .2  A pplication  o f  n itrate reductase test for  cu ltu re d ifferen tiation

In b iochem ical iden tification  o f  M yco bacteriu m  isolates by n itra te  red u c tase  test, the  
isolates that dem onstrated  the  co lo ur change w ith in  the +5 to  +3 o f  standard  co lo u r series 
(F igure 2 .1 ) w ere considered  as M T C . S low  grow ing  cu ltu re  iso lates sh o w ed  n itra te  
reductase  ac tiv ity  excep t in 3 cu ltu res 99 .2% ) . N o  co lour change w ith in  +5 to  +3 w as 
observed  fo r any  rap id  g row ing  isolates. F igure 2 .7  represents an  ex am p le  o f  co lour 
change observed  for the  n itra te  red uc tase  tes t o f  M ycobacteria l isolates.

Figure 2 .7  F our rep resen ta tive  sam ples show ing  the resu lts  o f  n itra te  red u c tase  activity .
Sam ple N o . 1-3 show s a co lo u r change com patib le  w ith  p ositive  range in the 
standard  co lo u r series ind ica ting  n itra te  red uc tase  ac tiv ity  (M T C ). Sam ple 
N o .4  has no sign ifican t co lo u r change (N T M )
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2.4 .3 .3  M olecu lar identification  o f  M ycobacteriu m  cultures

The am plifica tion  o f  240 bp fragm ent o f  IS 6 1 10 insertion e lem ent w as observed  for D N A  
from  all slow  grow ing cultures (n=401, 100% ) confirm ing these isolates to  be M TC. 
C ultures tha t failed to  am plify  th is fragm ent w ere confirm ed as non M T C . T he single 
rap id ly  g row ing  isolate th a t m im icked  M T C  due to cord  form ation w as confirm ed  as 
N TM  due to  the absence o f  240 bp fragm ent. F igure 2 .8  show s the pho tograph  o f  
e lectrophoresed  agarose gel for several isolates under U V  illum ination.

300 bp 
200  bp 
100 bp

Figure 2.8  G el pho tograph  show ing  agaro se  gel e lectrophoresis o f  PCR am plified
IS61 10 fragm ent (240  bp) fo r selected  isolates. Lane 1-3 M . tubercu losis  
isolates, lane 4- N T M  isolate, PC- positive contro l, N C  negative contro l, 
M - 100 bp m olecu lar m arker.
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2.5 D iscussion
2.5.1 R ecovery o f  M ycobacteriu m  cultures from  A FB  positive sputum

A lthough defin itive identification is lim ited by AFB m icroscopy, it is the key  d iagnostic  
tool for c lin ically  suspected TB cases in low resource settings. In Sri Lanka, the 
availab ility  o f  M ycobacterium  culture facility  is restricted to the reference laborato ry  and 
a few p rivate  laboratories. M olecular identification is yet to  be estab lished  in the 
governm ent health care settings. T he defin itive diagnosis o f  pulm onary  TB is lim ited for 
suspected d rug  resistant cases (as cultures are done to  provide D ST resu lts to  clinicians). 
A ll peripheral chest clinics depend solely  on AFB for laboratory confirm ation  o f  TB.

In the present study, the recovery  rate o f  the  M ycobacterium  cu ltures from  A FB  sm ear 
positive sputum  specim ens was 83% . It w as observed tha t 1 7% o f  AFB positive  sputum  
sam ples did not show  subsequent M ycobacterium  culture on any m edium . It is a com m on 
phenom enon tha t could be observed in m any settings (S tone et al. 1997). T he precise 
reason for th is inability  is yet unknow n. T his phenom enon could be observed  in high 
percentage o f  previously  treated cases and  for specim ens received after com m encem ent o f  
the anti TB treatm ent. W ith com m encing  o f  treatm ent the v iability  o f  the  bacilli will be 
lost and dead  bacilli m ay rem ain in the sputum , m aking A FB  m icroscopy is positive.

Frequently , the  culture isolation rate o f  the  broth m edium  is sligh tly  h ig h er than L-J 
m edium  as observed  by th e  present study. T he broth m edium  ensures o p tim um  nutrition 
for grow th  o f  m ycobacteria  than the egg  based L-J m edium  (A ng  et al. 2001; Sula and

96



Sundaresan, 1963). H ow ever, the possib ility  o f  contam ination is higher in bro th  m edium  
com pared to  L-J m edium. As an exam ple, Irfan et al. (2008) has revealed an 8% 
contam ination rate in broth m edium  com pared to 3% in L-J medium . Further, the study 
described in th is chapter had 4%  and 1% contam ination rate for broth and L-J m edium  
respectively.

2.5 .2  Prerequisite o f  species d ifferentiation  o f  pathogenic N TM

The prevalence o f  M TC and N TM  w as 90.7%  and 9.3%  respectively  am ong a selected 
AFB sputum  positive pulm onary disease cohort in Sri Lanka. A lthough the percentage o f  
N TM  is sm all, it is o f  significant im portance as NTM  are resistant to  conventional anti 
tuberculosis drugs. O f  the 41 N T M  isolates retrieved from the present study, 1 1 isolates 
were from  suspected secondary patients. These patients are resistant to  conventional first 
line anti-TB  drugs and AFB positiv ity  rem ain after 6 m onths o f  treatm ents. Thus, 
clinicians m ay m isunderstand as M D R -T B  cases.

The drug susceptib ility  profile o f  N T M  is quite different to that o f  M TC  and thus 
chem otherapy o f  patients should be d ifferent. Further, rapidly  grow ing  M ycobacterium  
species are frequently  resistant to  RIF and IN H , the m ost im portant am ong the first line 
anti -TB drugs. They are susceptib le to  inexpensive broad spectrum  antib io tics (K atoch et 
al. 2004). A s exam ples, RIF and IN H  have no role in the treatm ent o f  infections due to 
M. chelonei com plex  and com bination  o f  cefoxitin and ciprofloxacin w ill be successive 
against it (S ingh and victory, 1992). S im ilarly, the com bination  o f  ciprofloxacin.
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clarith rom ycin  and am ikacin is sufficient for eradication o f  infections caused  by M. 
fo r tu itu m . Further, m em bers o f  the  M. fo r tu itu m  g roup  are usually susceptib le to 
c ip ro floxacin  and ofloxacin , w hile M. chelonae  and M. abscessus  are resistan t to  these 
drugs. A lso , M. chelonae  is resistant to  cefoxitin  and susceptib ility  to  tobram ycin, 
w hereas M. abscessus  is susceptib le to  cefoxitin  and resistant to tobram ycin  (G arcia- 
A gudo and G arcia-M artos, 2011). Thus, the correct laboratory identification  o f  
M yco b a c ter iu m  species is o f  p rim ary  im portance prior to  com m encing treatm ent (A rora et 
al. 2012).

2.5 .3  L im ita tion s o f  current d ifferen tiation  m ethods o f  M ycobacteriu m  species

The use o f  n itra te  reductase activity  for d ifferentiation  o f  M ycobacterium  species m ay not 
be fu lly  re liab le  as several species o f  the M TC com plex show  m utable behaviours. A s an 
exam ple M. bovis  a m em ber o f  M TC  has w eak  nitrate reductase activity  in aerob ic  growth 
and B acille  C alm ette-G u erin  (B C G ), vaccine strain o f  M. bovis entirely  lacks th is  activity 
(S ohaskey  and  M odesti, 2009). P ractical lim itations such as y ielding o f  few , sm all CFU 
m ay be less in form ative  in phenotypic charac ters and is n o t sufficient for n itrate reductase 
test. To m ake an exact conclusion  a subcu ltu re  will be required  tha t increase the 
tu rnaround  tim e  for diagnosis.

The m o lecu la r m arkers are reliab le in identification  o f  M ycobacterium  species, especially, 
w hen inconclusiv e  resu lts are observed  for phenotypic and  biochem ical characters. As an 
exam ple, M . m arinum  and M. abscessus , com m on pathogens responsib le  for N T M  lung
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disease have the  ability  to  m im ic the presence o f  M. tuberculosis by form ing m icroscopic 
cords in b ro th  m edium  (Sanchez-C hardi et al. 2011; S taropoli and B randa, 2008). 
Further, a rough colony m orphotype is also present am ong virulent form s o f  M. abscessus  
(H ow ard et al. 2006). In the present study, one o f  the isolates retrieved from  a young 
w om an w ith  pulm onary  disease, show ed rough  cream  coloured colonies a fter 6 days o f  
incubation on L-J and PNB incorporated L-J. The cord form ation w as observed  in the 
m icroscopic sm ear tha t w as prepared from  broth culture. H ow ever, n itrate reductase 
activity and D NA  am plification  o f  IS6110 fragm ent w ere negative. R apid  growth, 
positive grow th  in the presence o f  PN B, absence o f  nitrate reductase activity  and failure to 
PCR  am plify  the IS 6110 fragm ent confirm ed tha t the isolate is a N T M  species, although 
rough colony appearance and cord form ation are  characteristic  features o f  M TC . The 
analysis o f  D N A  sequence o f  fragm ent o f  the rpoB  gene that is com m only  used for the 
speciation o f  M ycobacterium  species (K im  et al. 1999; K im  et al. 2004), confirm ed the 
isolate as M ycobacterium  abscessus  w hich is one o f  the m ost pathogenic  and 
chem otherapy resistant N TM  species. This is the first report o f  isolating M. abscessus  
from  a clin ical specim en in Sri Lanka and it c learly  dem onstrates that cord  form ation is 
not specific to  M TC and detection  o f  cord ing  in broth  culture should  be further 
investigated before arriv ing  at a conclusion.
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C h a p te r  3



E valu ation  o f rapid cu ltu re b ased  d ru g  su scep tib ility  testin g  o f
M . tu bercu losis

3.1 B ackground
3.1.1 Drug susceptib ility  testing

The drug susceptib ility  testing (D ST ) is an in-vitro  m icrobiological assay perform ed for 
determ ination o f  susceptibility  o f  an organism  to a d rug  w hile m aking a d istinction 
between susceptible and resistant strains. DST decides w hich antibiotic w ill be m ost 
successful in treating a bacterial infection (Forbes et al. 2004) and ensures correct 
treatm ent. D rug susceptibility  profile o f  a bacterial species is a very  im portant 
phenom enon in treating o f  relapse or re-treatm ent cases, changing  the drug regim en with 
suspected d rug  resistance and d rug  resistance surveillance in a particular reg ion  (W HO , 
2010 ).

Drug susceptibility  testing  o f  M. tuberculosis  is crucial due to  the increasing rates o f  
M DR-TB and the em ergence o f  X D R -TB  (W H O  policy  statem ent, 2010). W HO has 
recom m ended to  carryout DST for at least RIF and IN H  in resource lim ited settings 
especially for previously  treated  patients and HIV co-infected  patien ts to  face obstacles o f  
m anagem ent and contro lling  o f  M D R -TB . D rug susceptib ility  tes ts  o f  TB are basically 
two different types; phenotypic and genotypic. Phenotypic, m ethods assess the grow th o f  
M. tuberculosis  in the presence o f  antib io tics w hile genotype m ethods are based on the 
characterization  o f  m utations in genes that are responsible for the activ ity  o f  the drug.
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Phenotypic D ST m ethods are w idely used all over the w orld especially  in resource- 
constrained settings (W H O  policy  statem ent, 2010).

3.1.2  P hen otyp ic D ST  m ethods
3.1.2 .1  C on ven tion al m ethods

The absolu te  concentration m ethod (A C ), the resistance ratio  m ethod (R R ) and  the 
proportion  m ethod (PM ) are com m on conventional D ST m ethods perform ed on  solid 
m edia (A ziz  et al. 2003). The proportion  m ethod (on 7H10 agar m edium ) is the  gold 
standard  conventional phenotypic m ethod and therefore , new D ST m ethods are validated  
against the PM (Curry, 2008). T he critical concentration  o f  the  d rug  used in the PM  m ay 
vary w ith  the m edium , either L-J m edium  o r agar m edium  (T ab le  3.1). The p roportion  o f  
CFU  visualized  on the d rug  contain ing  m edium  is com pared w ith that o f  d ru g  free 
m edium  to  express the results. Interim  resu lts can be reported  at three w eeks o f  incubation  
and final confirm ation  o f  resu lts will be m ade at 42 days (A ziz et al. 2003; F orbes et al. 
2004).

T able 3.1 C ritical concentrations o f  first line anti TB  drugs in L-J, 7H10 agar and
7H1 1 agar m edium  in proportion  m ethod (Forbes et al. 2004; W HO, 2003)

M edia A n tib iotic  con cen tration  (pjg/ml)
Isoniazid R ifam picin Etahm butol Pyrazinam ide

L-J 0.2 40 2 100
7H 10
agar

0.2, 0.1 1 5 N D
7H1 1
agar

0.2, 0.1 1 7.5 N D
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In the resistance ratio m ethod, the  ratio betw een the m inim um  inhibitory  concentra tion  
(M IC ) o f  the test strain  and the M IC o f  the d rug  susceptible reference strain  (H 37 R v ) is 
considered  under the same experim ental conditions. In perform ing the R R  m ethod , 
parallel sets o f  m edia  contain ing tw o-fold  d ilu tions o f  the tes t d rug  are inoculated  w ith  a 
standardized inoculum  o f  both tes t and reference strain. M IC is defined  as the low est d rug  
concentration  show ing  a colony count o f  <  20. R R  <  2 indicates sensitive strain, and R R  > 
8 represent resistant strains. T he RR m ethod is the most expensive m ethod  am ong 
conventional D ST m ethods due to  the use o f  large quantities o f  culture  m edia (C an etti et 
al. 1969).

The determ ination  o f  the g row th  o f  an o rgan ism  in the critical concentra tion  o f  a certa in  
drug is the basis o f  the  absolute  concentration  D ST  m ethod. T he conclusion  on th e  drug 
susceptib ility  can  be perform ed after 4 w eeks o f  inoculation o r at 5-6  w eeks in the 
p resence o f  a  p o o r grow th. A strain is considered  to  be susceptib le  i f  the  n u m ber o f  
co lon ies on the d rug  contain ing  m edium  (in c ritica l concentration) is <  20 w ith  a 3 +  o r 4+ 
(conflu en t) g row th o n  the d rug  free contro l. T hree  additional d rug  concen tra tions instead 
o f  critical concentra tion  should be  used w hen q ua lity  contro lling  the te s t m ethod (H eifets, 
2000 ) .

C onventional D ST m ethods are w idely  used especially  in resource p oo r setting as these  
are sim ple, inexpensive, sensitive and specific . T h ey  also do not require e ither h igh level 
technical expertise  o r sophisticated  instrum ents o r infrastructure and are  th e refo re  added
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advantages. The m ajor draw back o f  these  m ethods is the long turnaround  tim e (W H O  
policy sta tem ent, 2008).

3.1.2 .2  R apid  p henotyp ic D ST m ethods
3 .1 .2 .2 .1C om m erciaI m ethods

Presently , there a re  several com m ercia lized  sem i and fully autom ated  cu ltu re  based rapid 
D ST m ethods fo r M. tuberculosis  such as B A C T E C  460 rad iom etric  system  (B ecton  
D ickinson, Sparks, M D), M ycobacteria  G row th  Indicator T ube - M G IT  (B ecton  
D ickinson, Sparks, M D), and M B B acT /A lert system . The tu rnaround  tim e fo r a final 
conclusion  on d rug  susceptib ility  is d ram atica lly  reduced to 1-2 w eeks w ith  the use o f  
these culture  system s. H ow ever, rou tine  d rug  susceptib ility  tes tin g  using  these  
com m ercialized  system s are lim ited in resource-constra ined  settings because o f  technical 
com plexity , h igh cost per test and the requ irem en t fo r sophisticated  laborato ry  instrum ents 
and infrastructu re  (W H O  policy sta tem ent, 2010).

B A C T E C  460 autom ated  system  d e tec ts  the em ission  o f  I4C O t and expressed  it as a 
g row th  index. T he inoculated drug  con tain ing  v ials and d rug-free con tro l v ials are  read  by 
the system  au tom atica lly  during  the  period  o f  incubation  on a d aily  basis. T he resistance  is 
m easured  by the grow th  index that ca lcu la tes autom atically  and the in terp retation  o f  
resu lts is s im ilar to  tha t o f  agar p roportion  m ethod . The system  g enera tes an tim icrob ial 
suscep tib ility  resu lts for selected first and second line anti-T B  drugs w ithin  4 to  8 days 
(H eifets and C angelosi, 1999; P fyffer e t al. 1999).
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The fu lly  autom ated  M GIT 960 system  is based  on the detection  o f  em ission  o f  
fluorescence from  culture tubes. The O 2 concentration  o f  the culture m edium  w ill be 
reduced w ith  m icrobial grow th. The R uthenium  salt em bedded silicon film  at the bottom  
o f  the  culture  tube releases O 2, resulting  in em ission  o f  fluorescence from  the b o ttom  o f  
the tube and it is detected  by U V  illum ination. In D ST, fluorescence em itting  in drug 
con tain ing  and con tro l tubes are m onito red  and rep orted  autom atically  o ver tim e (B erner 
et ah 2002; Lu et al. 2002). In the m anual M G IT  m ethod, em ission  o f  fluorescence 
should  be recorded m anually ( A djers-K oskela  and  K atila, 2003). The average tu rnaround  
tim e for the  final conclusion on  D S T  is 6.4 days and 6.5 for M G IT  960 and m anual M G IT  
m ethods respectively  (A djers-K oskela  and K atila, 2003). A lthough a substan tial am ount 
o f  lite ra ture  is availab le  on the use o f  au tom ated  M G IT  for drug susceptib ility  testin g , the 
published  data  on  the  m anual M G IT  m ethod  is lim ited.

B acT /A L E R T  3D  is a typical w alk -aw ay  instrum entation  w hich  m onito rs the cu ltu re  
bottles a t 10-min intervals and alerts w hen they  becom e positive as w ell as at the  end  o f  
the  incubation  period. The C O 2 sensor is im pacted  by a light and reflected  rays are 
m onito red  by a photodiode. T he C O 2 p roduced  by the m etabolism  o f  v iable bacteria  
changes the  co lo u r o f  the  sensor from  g reen  to  yellow . Y ellow  co lo u r is p roduced  specific  
changes in the  intensity  o f  the reflected  light and it report as the positive g row th  (N a ir et 
al. 2009; Palom ino  e t a l. 2007).

104



3 .1 .2 .2 .2  C olorim etric redox ind icator (C R I) m ethods

The colorim etric  m ethods based on the ab ility  o f  live bacteria to reduce an ind ica to r that 
can  be detected  as a colour change is a  prom ising technique for D ST o f  M. tuberculosis . 
T he g row th  o f  M. tuberculosis  in a d rug  m edium  is m easured by using the in tensity  o f  
co lou r change o f  the  m edium  (P alom ino  et a /,2007).

C olorim etric  assays, using reagen ts such as A lam ar blue (F ranzblau  et al. 1998), 3 -(4 ,5 - 
d im ethylth iazo l-2 -y l)-2 ,5 -d ipheny lte trazo lium  brom ide (M T T ) (A bate et al. 2004; M artin  
e t al. 2005), 2 ,3-bis (2 -m ethoxy- 4 -n itro -5 -su Iphophenyl)-2H -te trazo lium -5-carboxaniIide  
(X T T ) (D e Logu e t al. 2003) and 2 ,3-d iphenyI-5- th ienyI-(2)-te trazo lium  chloride  (T T C ) 
(M oham m adzadeh  et al. 2006) have been  rep orted  to  be su itab le  fo r d e tec tin g  d ru g  
resistance o f  M. tuberculosis. H ow ever, further evaluation  o f  these  m ethods in d iffe ren t 
settings is needed (W H O  policy  statem ent, 2010),

In the T T C  based CRI assay, the  grow th  o f  M. tuberculosis  in the drug m edium  w ill be 
ind icated  by the reduction  o f  T T C  to an insoluble red co lour TTC form azan cry sta ls  
(M oham m adzadeh  et al. 2006). In M TT reduction  assay, the M TT solution  w ill b e  added  
to  a 7 day  old  culture  and incubated  overn ight for the  v io let p recip ita tion  (fo rm azan ), to 
occur. Then, further 3 h incubation  is needed w ith  SD S-D M F solution  tha t changes the 
co lo ur from  vio let to  yellow  indicating  presence o f  bacteria  (M artin  et al. 2005).
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A lam ar B lue is a proprietary  reagent that is blue in the  oxidized sta te  and changes to  pink 
once reduced. T hus, the grow th o f  bacteria w ill be indicated by the change o f  co lo u r from  
blue to  pink after adding  o f  indicator to  an 8 day old culture (P alom ino  and P ortaels, 
1999).

3 .1 .2 .2 .3  N itrate  reductase A ssay

M. tuberculosis  is an obligate aerobic m icroorgan ism  w ith the ab ility  to  persist fo r years 
o r  decades in a  c lin ica lly  latent sta te  w ithout causing  any overt d isease sym ptom s (K han  
and Sarkar, 2012). O nce the bacteria  are  enclosed  in a host tissue, several enzy m e 
activ ities are stim ulated  for survival in the hostile  env ironm ent and the  reduction  o f  n itra te  
to  n itrite  w hich serves to  provide energy  in anaero b ic  conditions is one o f  them  (W ay n e  
and H ayes, 1998).

A ssim ila tion  o f  n itra te  in bacteria  is a m ultistep  pathw ay, w hich involves a com bination  
o f  series o f  enzym es functions. N itra te  is con v erted  into nitrite and su bseq u en tly  to  
am m o n ia  by n itra te  reductase enzym e. A m m o nia  is norm ally  assim ila ted  into g lu tam ine. 
A lthough  the  m olecu lar basis o f  n itra te  assim ila tion  in m ycobacteria  rem ains unknow n, it 
m ay  be sim ilar to  the m echanism  described  for o th e r bacteria (M o reno -V iv ian  et al. 
1999). T he anaerobic  n itrate reductase ac tiv ity  is encoded  by four genes, narG, narH , 
n a r J a n d  narl, c lu stered  together as n arG H JI  locus (K han  and Sarkar, 2012).
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M. tuberculosis is one o f  the strongest reducers o f  nitrate in the genus M ycobacterium  due 
to the presence o f  narG H JI  locus and n arK 2 X  operon that is responsib le for n itrate 
reductase activ ity  (Sohaskey and W ayne, 2003). The exogenous nitrogen source for 
nitrate is transported  to  the cell through the transport protein N arK 2 and it is reduced  to  
nitrite by nitrate reductase enzym e. The n a rG HJI genes m ediated n itrate reductase is 
expressed not only  under anaerobic conditions but also under aerobic conditions. T he 
degree o f  nitrate reduction under aerobic conditions is much low er than in an anaerobic  
condition. In aerobic conditions, N ark2 w ill not be able to  transport nitrate to  the cell and 
less am ount o f  n itrate enter by d iffusion  (K han and Sarkar, 2012; E scoto  and K antor, 
1978).

V irulent M. bovis has w eak n itra te  reductase activ ity  during aerobic grow th  and no 
hypoxic induction. B acille C alm ette—G uerin  (B C G ) lacks nitrate reductase activity  in both 
aerobic and anaerobic status (Sohaskey and  M odesti, 2009). This is due to  the d ifference 
in regulation  o f  both nitrate reductase enzym e and transporte r in the tw o strains (S ohaskey  
and M odesti, 2009).

N itrate  reductase assay  (N R A ), ano ther co lo rim etric  m ethod that is based on  the  ability  o f  
the organism  to  reduce nitrate to nitrite is a sim ple, specific and sensitive m ethod  for 
perform ing D ST. In th is assay, inoculated n itra te  incorporated  culture m edia will be tested  
for co lour change by sequential add ing  o f  HC1, su lfanilam ide, and n-1- 
naphthylethylenediam ine. D evelopm ent o f  a p ink-red  co lour indicates the presence o f  M. 
tuberculosis  (A ni et al. 2009; G up ta  et ah  2011; A ngeby et al. 2002). The W H O  has
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recom m ended N R A  together w ith colorim etric  red ox  indicator m ethods fo r direct D S T  o f  
M. tuberculosis  (W H O  policy statem ent, 2010).

3 .1 .2 .2 .4  M icroscop ic observation  o f  drug su scep tib ility  (M O D S)

M icroscopic  observation  for the p resence o f  characteristic  strings and tang les o f  M. 
tubercu losis  (typical cord form ation) under sim ple inverted m icroscopy  seem s to  be a 
p rom ising  m ethod for DST. The presence o f  cord  form ation in drug  con tain ing  m ed ia  
(a fte r 5 day  o f  inoculation) indicates ex istence  o f  d ru g  resistant strains (C av iedes e t al. 
2000; Shah et al. 2011; Lu, 2011). H ow ever, the  M O D S m ay lead to  inaccurate resu lts in 
d irec t D ST  as certa in  N TM  species such as M. m arin u m  and M. abscessus  p ro du ce  tru e  
cord  in bro th  m edium  (S taropoli and  B randa, 2 008 ; S anchez-C hard i et al. 2011).

3.2 J u stifica tion  and objectives o f  th e  present ch ap ter

In Sri L anka, D ST  is perform ed o n ly  at th e  N ational R eference L abo ra to ry -W eiisara  (s ta te  
secto r) and is still dependent on the  conven tional L-J proportion  m ethod that req u ires a 
m in im um  o f  28 days to  obtain  resu lts. T h is s ign ifican tly  delays th e  detection  o f  drug  
resistance  and appropriate  treatm ent. Further, it m ay lead to  increase transm ission  o f  d rug  
resistan t strains and m ay reduce the quality  o f  the TB  contro l p rogram m e o f  the country .

T he com m erc ia lized  au tom ated  liquid rapid  cu lture  system s for d iagnosis  o f  M D R -T B  are 
beyond the  reach o f  laboratories in Sri L anka due to  the high co st and need for com plex
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infrastructure and sophisticated  instrum ents. T hus, the  evaluation  o f  rap id  inexpen sive  
culture based D ST  m ethods is vital for con tro lling  o f  M D R -T B  and p reven tion  o f  X D R - 
TB in the  country. T hus, the ob jectives o f  the p resen t chap ter are,

1. To determ ine the R IF  resistance  o f  M . tubercu losis  iso lates using the  ag a r 
p roportion  m ethod  (A PM ).

2. T o  eva lua te  m anual M yco bac teria  G row th  Ind ica to r T u b e  (M G IT ) and n itra te  
reductase assay  (N R A ) fo r rapid iden tification  o f  RIF resistan t
M. tuberculosis.

3 .3  R esearch  m eth od ology
3.3.1  S tu d y  p opulation

T hree hundred and n inety  (3 9 0 ) M. tu b ercu lo sis  iso lates co llec ted  d u rin g  the  study  
described  in ch ap te r 2 o f  the  thesis  w ere used  fo r th e  p resen t study. H 37R v, a su scep tib le  
laborato ry  re fe ren ce  stain and a know n rifam picin  resistan t M. tu b ercu lo sis  iso late  
confirm ed  by the N ation a l T u bercu lo sis  Institu te , B angalo re , Ind ia  w ere  used  as q u a lity  
con tro l strains.

3 .3 .2  P rep aration  o f  R IF  so lu tion

R ifam picin  stock  so lu tion  (10 m g/m l) w as p repared  by  d isso lv ing  10 m g o f  R IF  p o w d er 
(S igm a, U SA ) in 1 m l d im ethy l su lph ox ide  (S igm a, U SA ). F ilter sterilized  a liq u o ts  o f  
stock  RIF so lu tions w ere  stored  at -70 °C until use. A  w ork ing  so lu tion  (1 m g/m l) w as
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prepared by d ilu ting  the stock solution w ith  sterile  double d istilled  w ater and w as used 
only once (F orbes e t al. 2004).

3.3 .3  D rug su scep tib ility  testing by A PM

The agar proportion  m ethod w as carried  out o n  M iddfebrook 7H 10 agar (D ifco , U S) 
p lates as per C LSI guidelines (F orbes et al. 2004). A gar M edium  w as p repared  fo llow ing  
m anufactu res gu idelines (A ppendix  2 .2) and final RIF concentration  o f  tes t m edium  w as 
1 pg/m l. R andom ly  selected RIF con tain ing  (te st) and RIF free (con tro l) p la tes w ere 
incubated  at 37 °C fo r 48 h for testing  con tam ination .

T he inoculum  for A PM  w as p repared  using 14 d ay  o ld  fresh M. tuberculosis  co lo n ies  
g row n on  solid m ed ia  (prim ary  cu ltures w ere used rather than  sub cu ltu res w h en ev er 
possib le). Loopful o f  bacteria w ere suspended  in 3 ml o f  sterile M idd ib rook  7H9 m ed ium  
w ith  10 sterile  g lass beads contained  in sterile  15 m l p lastic  tubes. The con ten t o f  th e  tube  
w as hom ogenized  by vortexing fo r 2 min. T hen , the tube w as a llow ed  to  stand for 30  min 
fo r large clum ps o f  o rgan ism s to  settle. S upernatan t w as transferred  into a new  sterile  15 
ml p lastic  tube and turb id ity  o f  the  so lu tion  w as adjusted  to  M cFarland N o .l  tu rb id ity  
standard . This bacterial suspension w as fu rth er d ilu ted  (1 :100  and 1:10000) w ith  sterile  
saline and both d rug  contain ing  and drug  free m edia  w ere inoculated  separately  w ith  100 
p! o f  each  d ilu tion. A fte r the inoculum  g o t absorbed  into the agar m edium , the p la tes w ere  
sealed  w ith  a strip o f  parafilm  and incubated  at 37 °C in an a tm osphere  o f  5%  C 0 2 partial 
p ressure.
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The p la tes w ere  observed  w eekly  and the num ber o fC F U  w as counted . T he susceptib ility  
o f  the iso lates w as reported  after 28 days o f  inoculation. I f  the grow th w as sparse in the 
d rug  free m edium , p lates w ere reincubated  further for an additional period o f  tw o w eeks 
(a to tal o f  42 days). The contro l p lates (inoculated  with 1:100 or 1:10000 d ilu tion  o f  
bacteria l suspension) that y ielded <  50 colonies w ere  used for the counting. I f  the g row th  
w as inadequate  (no. o f  colonies <  5) o r  if  over g row th  (> 50) occurred  in both con tro l 
plates, the  test w as repeated.

T he p roportion  o f  o rganism s g row ing  in the p resence o f  RIF w as calcu lated  using  the 
fo llow in g  equation . S trains that show ed > 1 %  proportion  o f  colony  coun t betw een  d rug  
con ta in ing  and  d ru g  free m edia w ere  considered as resistant to RIF.

N o. o f  co lonies on  drug contain ing  m edium  %  proportion  =  _______________________6_________ _____________X 100
N o. o f  colonies on drug fee control m edium

3.3 .4  E va lu ation  o f  n itrate  reductase assay in  broth m edium  as a D ST
3.3.4.1 C ulture m edium  and inoculation

M idd leb ro ok  7H 9 bro th  m edium  w ith 0 .1%  N a N 0 3 w as used fo r N R A  (A ppend ix  2 .3). 
T he final con cen tra tio n  o f  RIF in the tes t m edium  w as lp g /m l (A ngeby  et al. 2002; 
A ffo lab i e t al. 2008). D rug free m edia bottles w ere prepared in the sam e m anner w ithou t 
add ition  o f  R IF  so lu tion . Several random ly  selected  culture bottles (contained  4 ml o f  
m edium ) w ere  incubated  at 37 °C fo r 48 h to  test sterility  o f  culture m edia.
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T he M cF arland  N o .l  bacterial suspension  w as p repared  from  14 day  o ld  fresh  cu ltu res  
grow n on L-J m edium  as per p rocedure  described  in 3 .3 .3 . D rug  con tain ing  m edium  w as 
inoculated  w ith 100 p i o f  M cFarland N o .l  bacterial suspension  and d rug  free con tro l 
m edium  w as inoculated  w ith  100 p i o f  a  tenfo ld  d ilu tion  o f  M cFarland  N o .l  bacterial 
suspension . T w o paralle l sets each  o f  the  con tro l and test m edia w ere inocu la ted  per 
isolate and incubated  at 37 °C in an  a tm osphere  o f  5%  CCF partial p ressure for 12 days 
(A ng eby  e t ad. 2002).

3 .3 .4 .2  In terp retation  o f  d ru g  su scep tib ility  by N R A

A fte r 6 days o f  inoculation , one set o f  cu ltu res w ere tested  fo r co lo u r change by 
seq uen tia lly  add ing  o f  G riess reagen ts (10  p i o f  50%  H C I, 20 pi o f  0 .2%  su lfan ilam id e  
and 20 p i o f  0 .1%  N -nap th ty le thy len e-d iam ine) to  the culture  m edium (A ngeby ' e t al. 
2002). R ead ings w ere  in terpreted  as per p rescribed  co lo ur standards in section  2 .3 .6 .2 . 
T he co lo u r change com parab le  w ith  +5 to  +3 o f  the  standard  co lo ur series w as con sidered  
as re s is tan t to  RIF. I f  the d ru g  free con tro l m edium  o f  the first set w as negative, th e  
second  set w as tested  at 12 days o f  inoculation  in a sim ilar m anner. I f  the d rug  free 
con tro l show ed  a  co lo ur change w ith in  th e  p ositiv e  range o f  the s tandard  co lo u r series and 
th e  d rug  con tain ing  m edium  did n o t show  a co lo ur change after 12 days o f  incubation  th e  
iso late  w as considered  as susceptib le  to  RJF.

In o rd e r  to  d etec t n itrite  that m ay have been  fu rth er reduced  to  n itric ox ide  (w hich  can n o t 
be d etec ted  by  the reagen ts used above), a sm all am oun t o f  pow dered  zinc w as add ed  to  
each  cu ltu re  m edia  th a t did n o t show  co lo ur change. T hereafter, it w as tes ted  w ith  G riess
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reagents. T his avo ids reporting  o f  fa lse-negative resu lts  as culture m edium  should be dark  
pink w ith  absence o f  M. tuberculosis  grow th (Syre et al. 2003).

P resence o f  A FB and purity  o f  the  culture w as confirm ed  m icroscopically  for all tes ted  
iso lates as bacterial con tam ination  m ay produce positive resu lts in N R A . F urther, to  
ensure  tha t the m edia  w ere free o f  con tam inants, the inoculated N R A  bro ths w ere  
streaked  on blood agar plates to  detec t any  non-specific  bacterial g row th  before  tes tin g  for 
co lo u r change.

3 .3 .5  E va lu ation  o f  M an u al M G IT  for D ST  o f  M . tu b ercu losis
3.3.5 .1  C u ltu re m edium  and  inoculation

C om m ercially  availab le  4 m l M G IT  (B D  d iagnostic , U SA ) w ere used  for the stud y  
(F igure  3 .1 ) and 100 pi o f  PA N TA , 500 p i o f  O A D C  and 40 p i o f  RIF w ork ing  so lu tion  
w as added  to  each tube for p reparation  o f  R IF  contain ing m edium  (final RIF 
concen tra tion  w as lp g /m l) as p e r m anufacturers guidelines. D rug free con tro l m ed ium  
w as p repared  in the sam e m anner w itho u t addition o f  R IF  solution.
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B ro th  m ed ium

. F lu o rescen ce  
labeled  m ateria l

F igu re 3.1 M yco bac teria  g ro w th  in d ica to r tub e  con ta in in g  4 m l M id d leb ro o k  7H 9 b ro th  
m edium  an d  fluorescence  lab e lled  m a teria l a t the b o tto m  o f  th e  tube.

M cF arland  N o .0.5 b ac te ria l su sp en sio n  w as p rep a red  by  d ilu tin g  o f  M cF arlan d  N o . l  
bacterial su sp ension  p repared  as  d escrib ed  in sec tio n  3 .3 .3 . T h e  rifam p icin  co n ta in in g  
M G IT  w ere  inocu la ted  w ith  500  p i o f  a  1:5 d ilu tio n  o f  a M cF arland  N o : 0.5 b ac te ria l 
suspension  and  rifam p ic in  free co n tro l M G IT  w ere  inoculated  w ith  500  p i o f  a  1:500 
d ilu tion  o f  sam e b ac te ria l su sp en sio n  as p e r m a n u fa c tu re rs  g u id elines and  incubated  at 37 
°C in an  a tm o sp h ere  o f  5%  COo p artia l p ressu re .

3 .3 .S .2  In terp retation  o f  d ru g  su scep tib ility  by M G IT

T he em ission  o f  flu o rescen ce  w as m easured  u s in g  the  m anual M G IT  read e r (F ig u re  3 .2 ) 
daily  from  day  2 o f  inocula tion . T he  tub e  w as p laced  in the  tube slo t o f  th e  M G IT  read e r 
and the read in g  w as tak en  in the  p resen ce  o f  the  U V  light housed  in the reader. I f  th e  d ru g  
free con tro l tube  d id  n o t give a  read in g  b etw een  14-20  (positive  ran g e-red  c o lo u r reg io n  
o f  reader) (F ig u re  3 .2 ) w ith in  13*days o f  inocu la tion , the tes t w as repea ted . I f  d ru g  free
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control tube gave a positive reading  and the d rug  con tain ing  tube d id n ’t show  a read ing  
betw een 14-20 (positive  range) a fter 15 days o f  inoculation , the  tes t strain  w as read  as 
sensitive to  R IF . P resence o f  A FB in tes t and con tro l tub es w as confirm ed  
m icroscop ically  fo r a ll tes ted  isolates.

T ube h o ld er

N egative  read in g  
Positive read in g

F igu re 3 .2  V iew  o f  m anual M G IT  reader. A  read in g  from  1-14 ind ica te  the  absence o f  
g row th  in the  M G IT  and  a read in gs from  14-20 (red  co lo u r reg ion) ind ica te  
the p resence  o f  g row th

3 .3 .6  M in im u m  in h ib itory  con cen tration  (M IC ) o f  R IF  resistan t iso lates

T he M IC  o f  the  R IF  resistan t M. tubercu lo sis  iso la tes re trieved  from  the  p resen t s tud y  w as 
determ ined  using  a series o f  7H 10 ag a r m ed ia  inco rporated  w ith  d iffe ren t R IF  
concen tra tions from  2 5 6  pg /m l to  0.5 pg /m l. E ach  m ed ium  w as inocu la ted  w ith  a tw o ­
fold d ilu tion  o f  M cF arland  N o. 0.5 bacteria l su sp en sion  and  incubated  at 37 °C in an 
a tm osphere  o f  5%  C O 2 partial p ressu re  fo r 42 days. T he g ro w th  w as observed  w eek ly  
(O hno  e t  al. 1996).
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3 .3 .7  D ata analysis

The su itab ility  o f  the  m anual M G IT  and N R A  in com pariso n  w ith  the  A PM  w as eva lu a ted  
in term s o f  sensitiv ity  (the ability  to  detect true  d rug  resistance), specific ity  (the ab ility  to  
d etec t tru e  d rug  susceptib ility), positive likelihood  ratio  and negative likelihood  ratio . A 
p ositive  likelihood ratio  above 10 o r a negative likelihood  ratio  below  0.1 w as con sidered  
to  indicate excellen t test-perform ance, w hereas ra tio s above 5 and below  0 .2  w ere taken  
to  indicate adequate  perform ance. The ag reem en t betw een  the NRA. results, the m an ua l 
M G IT  results, and the  A M P w ere estim ated  by  the  kappa statistic. T he k ap p a  value  (k ), a 
m easu re  o f  test reliab ility , w as in terpreted  as fo llow s: <0 .2 , poor; 0.21 to  0.4, fair; 0.41 to  
0 .6 , m oderate; 0.61 to  0.8, good; >0 .81 , exce llen t (S im  and W right, 2005; K irk w oo d  and 
S terne, 2003; D eeks, 2001). T he con su m ab le  costs  per tes t w ere ca lcu la ted  in d e te rm in in g  
th e  cost for each te s t m ethod  using  purchase  records.

3.4  R esu lts
3.4 .1  Id en tification  o f  R IF  resistance by A P M

In coun ting  o f  th e  co lon ies on  con tro l m edia , th e  p la tes  inoculated  w ith  1:100  d ilu tion  o f  
bacteria l suspension  w ere  used fo r 68%  o f  M T C  isolates. In rem ain ing  iso lates (3 2 % ), the  
con tro l p la tes inoculated  w ith 1:10,000  d ilu tion  o f  bacterial suspension  w ere  used fo r the  
cou n tin g  as 1:100  d ilu tion  produced  > 50  o r uncoun tab le  num ber o f  co lonies. A ll re s is tan t 
iso lates excep t one p roduced  < 50  colonies on  p la tes  inoculated  w ith  both  d ilu tions and 
M IC  w as 1 pg/m l (F ig u re  3.3). T he excep tion  resistan t isolate y ie lded  >  50  co lo n ies on

116



plate th a t inoculated  w ith  1:100 bacterial d ilu tion  and show ed h ig h er M IC  (8 p g /m l) than  
o ther isolates.

F igu re  3 .3  C olony  fo rm ing  un its o f  M. tu b ercu lo sis  o n  7H 10 ag a r p la tes  in agar 
p roportion  m ethod .

F o llo w in g  42 days o f  incubation , 9 o u t o f  390  M. tubercu losis  iso la tes th a t fa iled  to  
p ro d u ce  m ore  than  5 co lon ies on  d ru g  free con tro l m ed ium  w ere  rem o v ed  from  the  study . 
T w en ty  seven  (27 ) o u t o f  381 M. tub ercu lo sis  s tra ins  w ere  iden tified  as R IF  re s is tan t 
iso la tes by  A PM . R em ain ing  354  iso la tes w ere  con firm ed  as sen sitiv e  to  RIF. T he final 
co n c lu sio n  on R IF  su scep tib ility  by th e  A PM  w as  achieved  a t 32 days (m ean ) o f  
incubation . T hree  p e rcen t (3% ) o f  iso la tes w ere  co n tam in a ted  m ain ly  w ith  y easts  and  no 
con tam in a tio n  w as observed  w hen  th e  te s t w as rep ea ted .
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3 .4 .2  V alid ity  o f  m an u al M G IT  for D S T  o f M  tu b ercu losis

O f  381 M . tubercu losis  isolates, 26  w ere identified  as resistant to  R IF  and rem ain in g  355 
iso lates as sensitive  by m anual M G IT . T here w as one d isco rdan t result betw een  M G IT  
and A P M  as one iso la te  that w as resistan t to  R IF  by th e  m anual M G IT  w as su scep tib le  by  
ARM. T he rep ea ted  testing  (once) o f  th is iso lates confirm ed  the sam e resu lts. A n ex ce llen t 
agreem en t w as a lso  observed  betw een  th e  m anual M G IT  and A PM  (k = 0 .94 ) (T ab le  3 .2 ) 
w ith  93 %  sensitiv ity  and 100 %  sp ec ific ity  fo r d ete rm in ation  o f  R IF  su scep tib ility . T he 
average tu rnaro und  tim e w as 08 days (m ean ) and the con tam ination  ra te  w as 2 %  for 
m anual M G IT .

T ab le  3 .2  Sensitiv ity , specificity , positive and n ega tive  likelihood ratio  fo r the M G IT  
m ethod  com pared  to  agar p ro po rtio n  m ethod  (n= 381) in de te rm ination  o f  
rifam picin  sensitivity.

A PM M G IT Sensitivity Specificity L ike lih o od  ra tio
N o . o f
resistant
iso lates

N o . o f
suscep tib le
isolates

%
%

P ositive N eg a tiv e

R esis tan t (27 ) 25 2 93 100 328
S uscep tib le  (354) 1 353 0.07

3.4 .3  V a lid ity  o f  N R A  assa y  as a  D S T  m ethod

A m ong  381 M . T ubercu losis  s tra ins, 26  w ere  d ete rm in ed  as resistan t to  R IF  w h ile  th e  
rem ain in g  355 iso la tes w ere d iscrim in a ted  as su scep tib le  by N R A . T he c o lo u r ch an ge  o f  
cu ltu re  m ed ia  in N R A  is illustra ted  by the  F igure  3 .4.
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Figure 3 .4  C olour change o f  cu ltu re  m ed ia  in N R A  fo r selected iso lates. C -R IF  tree  
contro l, D -R IF  con tain ing  m edium , S I - R IF  susceptib le  M. tub ercu lo sis  
iso late, S2- RIF resistan t M. tub ercu lo sis  isolate.

T here w ere 3 d isco rd an t resu lts  betw een  N R A  and  A PM . R epeated  tes tin g  (o n ce) o f  th ese  
3 isolates confirm ed  the  sam e resu lts. T he N R A  in 7H 9 broth m edium  show ed  ex ce llen t 
agreem ent (k= 0 .87 ) w ith  A M P fo r d ete rm in ation  o f  R IF  su scep tib ility  o f  M. tu b ercu lo sis  
w ith  86 %  sensitiv ity  and  9 9%  specific ity  (T ab le  3 .3 ). T he average  tu rn aro u n d  tim e  for 
N R A  in b ro th  m edium  w as 10 days (m ean ) w ith  a  4 %  con tam ination  rate.

T ab le 3 .3  S ensitiv ity , specific ity , p ositiv e  and n eg a tiv e  likelihood  ratio  fo r N R A
com pared  to  agar p ro po rtion  m etho d  (n = 381 ) in d ete rm in ation  o f  rifam p ic in  
sensitiv ity

A PM N R A S en sitiv ity S pecific ity L ike lih o od  ra tio
N o . o f
resistan t
iso lates

N o . o f
suscep tib le
isolates

% % P o sitiv e  N eg a tiv e

R esistan t(27) 23 4 86 99 101
S usceptib le(354) 3 351 0.13
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A m ong 381 M. tubercu losis  isolates, 31 w ere  iden tified  as R IF  resistance  by one o r  m ore 
testing m ethods (A P M , m anual M G IT  and N R A ) used  fo r the study. R em ain ing  350 , 
isolates w ere  d iffe ren tia ted  as sensitive to  R IF. O f  th e  31 R IF  resis tan t iso lates, 26  w ere  
identified  by all 3 m ethods (A P M , m anual M G IT  and N R A ). T he D ST  m e th o d /m eth o d s 
confirm ed  the rifam p icin  resistance  o f  each  iso lates is show n in T ab le  3.4.

T ab le 3 .4  M. tub ercu lo sis  isolates sho w in g  resistance  to  d ifferen t d ru g  su scep tib ility  
testing  m ethods.

Strain  no (L ab  N o.) D S T  m eth o d /s  th a t con firm ed  
r ifam p icin  resistan ce

C 4, C 6, C 7 , C 8, C 9, C IO , C 20 , C 73 , C 83 , 
C 86, C 88 , C l 15, M 60, M l 27, M l 5, C 27, 
C 22 C 23 ,C  163, C 254 C l 50, C 135, C l 10 
(n=23)

A PM , M G IT  and N R A

M 9, M 33 (n= 2) A PM  and  M G IT
P C R  8 8 ,P C R  57 (n= 2) O nly  A P M
C l 20 (n=  1) O nly  M G IT
M 46 , C 25 , M 22 (n= 3) O nly  N R A

T able  3.5 show s th e  assessm en t o n  m ajor in v estm en t, instrum en ts, reag en ts , co s t p e r  te s t 
and tu rnaro u n d  tim e for the A P M , m anual M G IT  and  N R A  fo r d e te rm in a tio n  o f  R IF  
resistance . T he co s t p e r te s t w as ca lcu la ted  by p u rch ase  o rd ers  co llec ted  d u rin g  th e  s tu d y  
period.
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3.5 D iscussion

Rapid and accurate detection o f  drug resistance is a prerequisite for initiating effective 
anti-TB  treatm ent. In Sri Lanka, liquid culture based o r m olecular based DST m ethods 
for rapid detection o f  drug resistance are not available. Establishm ent o f  a m ore rapid 
culture based D ST m ethod w ould positively  im pact the m anagem ent o f  a patient 
harbouring a drug resistant strain as appropriate therapy  can be instituted earlier. T his w ill 
curtail the  spread o f  drug resistance and lead for better clinical outcom es. Thus, the study 
described in this chapter evaluated  the 2 phenotypic m ethods, m anual M G IT  and N R A  in 
liquid m edia as indirect DST for determ ination  o f  rifam picin resistance. These 2 m ethods 
have been proposed as feasible options for detection  o f  drug resistance and  the selection  
o f  these m ethods for validation as DST in Sri L anka w ere based on several reasons such 
as rapidity, cost effectiveness and m inim um  infrastructure requirem ents.

In contrast to solid m edium  based DST m ethods, N R A  in broth m edium  and M G IT  use an 
ind icator to detect grow th in the liquid m edium , elim inating  the need for v isualization  o f  
grow th  as colonies. This reduces the turnaround tim e o f  the assay  dram atically  and the 
resu lts o f  susceptib ility  testing w ill be availab le  in less than 2 w eeks. In the present study, 
there  w as a good agreem ent betw een A PM  and N R A  in broth m edium  ( k =  0.86) o r M G IT  
( k =  0.94) for the detection o f  RIF resistance o f M  tuberculosis. A dditionally , the level o f  
sensitiv ity  and specificity  o f  the tes ts  are in line w ith sim ilar type o f  studies reported  
p reviously  from  different countries (A djers-K oskela  and Katila, 2003).
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In the evaluation  o f  the  m anual M G IT  for identification  o f  RIF resistance, an in-house  
preparation  o f  RIF solution was used instead o f  the com m ercially  available rifam picin  
drug p reparation  kit (B D  diagnostics, U S). The excellen t agreem ent betw een the m anual 
M G IT  and A PM  for determ ining RIF resistance confirm s the su itability  o f  using in-house 
p reparation  o f  RIF instead o f  com m ercially  availab le drug  k its ($ 450) that increases the 
cost o f  the test.

T he final concentration  o f  the d rug  in the culture m edium  is a  critical fac to r that can affect 
the accuracy  o f  the  DST. Thus, d issolv ing  o f  the correct am ount o f  RIF p ow der 
com plete ly  in appropriate  solute and abstain ing  from  reusing once thaw ed so lu tion  is 
im portan t for ach iev ing  correct potency o f  the drug. RIF is only  partia lly  (<  30% ) so lub le  
in d istilled  w ater. Therefore, D M SO  o r ethanol should be used fo r ach iev ing  accu ra te  
concentration  o f  the R IF  in d rug  solution.

T he m anual M G IT  reader is a  reliable and su itab le  instrum ent for use in low resou rce  
coun tries as no housing  is required . The tim e spent in obtain ing  a reading  is abo u t 30 
seconds. The cost o f  a M G IT  reader is approx im ate ly  U S$ 3000 and it w ill be a long te rm  
investm ent. A lternatively , in the absence o f  a m anual M G IT reader a sim ple u ltra  v io let 
(U V ) lam p (365nm ) m ay be used to  detect grow th (C h itra  and P rasad, 2001).

In the N R A , a standard  co lour series w as used to  in terpret test results. In the case  o f  
in term ed ia te  resu lts the test should be repeated  for accurate  interpretation . T he 
in term edia te  results in N R A  m ay o ccu r due to  low  inoculum  o f  the  bacteria o r w hen the 
p rim ary  cu lture  represented  a m ixed g row th  o f  both  susceptib le and resistant stra ins. 
C on tam ina tion  o f  the tes t m edium  o f  N R A  can  also lead to  e rroneous resu lts as several

123



other bacteria can reduce nitrate to nitrite. As an exam ple, G ordonia  sihwertsis, free liv ing  
bacteria in w ater (K im  et al. 2003) and H aem o p hilus influenzae, pathogenic bacteria  in 
the lung (F lem ing and Fiere, 1977) have the ability  to  reduce nitrate. Thus, perfo rm ing  a 
purity test by sub culturing  a blood agar p late w ith a loopful o f  the test m edium  w ill 
prevent reporting o f  false positive results due to  contam ination. In certain  cases n itra te  
can further reduce into am m onia tha t cannot be detected  by G riess regents. T herefore , Zn 
pow der w as used for the identification  o f  false negatives. In the absence o f  bacterial 
grow th, the n itrate should be reduced by Zn pow der and produce pink co lo ur with G riess 
reagents.

N itrate  reductase assay  is easy  to  handle than o ther colourim etric m ethods such as M T T  
that use m icroplate form at. The use o f  a  liquid m edium  in a  m icroplate  form at m ay 
increase com plexity  in handing and also  constitu tes a biohazard risk for healthcare  
w orkers.

The consum able cost per test for APM  and N R A  is around U S$ 4 .00  and U S$ 3 .00  
respectively. C om paratively , the m anual M G IT  is m ore expensive (~ U S $ 7.00). H ow ever, 
both the  N R A  and the  m anual M G IT  m ethods can be initiated w ith low tech n ica l 
expertise and initial cost. A dditionally , both  m ethods are m ore rapid than the A PM  as the 
results o f  susceptib ility  testing  w ill be available in less than 2 w eeks.

The evaluation  o f  d irec t N R A  and m anual M G IT  w ill d ram atically  reduce  the tu rnaro und  
tim e o f  the assay  as p rim ary  isolation o f  the  M . tuberculosis  is not needed. H ow ever, in 
d irect N R A  and m anual M G IT, the  m icrobio log ical techniques should be addressed  
strictly to  prevent contam inations.

124



C h ap ter 4



M o le c u la r  b a s is  o f  r ifa m p ic in  r e s is ta n c e  o f  M . tu b e rc u lo s is

4.1 B ack grou n d
4.1.1 R ifa m p ic in  as an  a n tib io tic

R ifam p ic in  (R IF ) is a  sem i-sy n th e tic  d e riv a tiv e  o f  rifam y cin  B th a t is d eriv ed  fro m  
N o ca rd ia  m ed iterran ei. It is o n e  o f  th e  m o st b ro ad -sp ec tru m  an tib io tic s  a g a in s t 
s taph y lo cocc i, s trep to cocc i, N eisseria  sp. an d  L eg io n ella  pn eu m oph ila  (S ensi, 1983). R IF  
is a  re d -b ro w n  c ry sta llin e  p o w d er w ith  a  co m p lica ted  chem ical s tru c tu re  (F ig u re  4 .1 ) th a t 
is p o o rly  so lu b le  in w a te r  and free ly  so lu b le  in c h lo ro fo rm , e thy l a ce ta te  an d  m eth an o l.

F igu re  4 .1  M o lecu la r s tru c tu re  o f  rifam p ic in . T h e  n ap h th o l rin g  w ith  o x y g en  a to m s 
(O l and  0 2  at C l  and  C 8 ) and  an sa  b ridg e  w ith  u n -su b s titu ted  h y d ro x y ls  
( 0 1 0  and  0 9  at C21 and  C 23) a re  c ritica l fo r the a c tiv ity  o f  rifam p ic in . 
(S ensi, 1983; T elia  e t a l .2 0 \2 ) .

R IF  is e x tre m e ly  e ffec tiv e  ag a in st in trace llu la r p a th o g en s  like M. tu bercu losis  as it can  
d iffu se  free ly  in to  tissu es , liv ing  ce lls  and  b ac te ria  (Sensi, 1983). R IF  w as in tro d u ced  in to
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therapeutic use in 1968 (Sensi, 1983) and is a  key  com ponen t o f  th e  sh o rt-cou rse  
chem otherapy reg im en  for treatm ent o f  tubercu losis  (W H O , 2010). RIF acts against 
d ividing m ycobacteria  and hence lesser degree o f  ac tiv ity  on non-d iv id ing  bacilli. T he 
bactericidal ac tiv ity  o f  RIF stem s from  its h igh-affin ity  to  b inding and inhibition  o f  the 
bacterial D N A -dependen t RN A  polym erase (C am pbell et al. 2001). H ow ever, there  is no 
RIF activ ity  against m am m alian  RN A  polym erase  (R N A P s), thus becom ing  an e ffec tiv e  
d rug  for e lim inating  th e  bacilli in pathogenic  s ta tu s (W ehrli. 1983)

4 .1 .1 .1  P harm acok inetics & p harm acod yn am ics

RIF is readily  absorbed  from  the gastro in testinal tract. A fter ingesting  a dose  o f  600  m g. 
the peak p lasm a con cen tra tio ns m ay reach  10 pg /m l w ith in  2 to  4 h (A coce lla , 1978) and 
absorption  w ill be reduced  if  taken  w ith  a m eal (A m erican  T horacic  S ociety , 2003). A fter 
absorption , RIF tha t bound to  p lasm a p ro teins is d istribu ted  into body tissues as w ell as 
flu ids (A cocella , 1978). In pregnancy, it can cro ss the  p lacenta (M agee e t a l. 1996).

T he half-life  o f  R IF  is 2 to  5 h and  is m etabo lized  in the  liver and  excre ted  w ith  the  bile, 
feces and  urine (A coce lla , 1978). R enal fa ilu re  m ay  result w ith  R IF  trea tm en t in som e 
patients, but w ill recov er w ith the  cessation  o f  trea tm en t (K riscahoyo  et al. 2000). R IF  
interacts w ith ce rta in  d rugs such as m ox ifloxacin  (b y  reducing  p lasm a con cen tra tio n ) 
(N ijland , 2007) and o ra l con tracep tives (by  reduc ing  effec tiv eness) (W H O , 2010).
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4.1 .1 .2  R ifam picin  toxicity

RIF is a  w ell-to lera ted  drug (K riscahoyo et al. 2000; W H O  E ssentia l M edicines L ibrary) 
but d iverse  a ltera tions in the gastro in testinal trac t (abdom inal pain , nausea, vom iting ), 
skin, k idney  and nervous system  m ay arise (W H O  E ssential M edicines L ibrary). O th e r 
adverse  effects such as fever, in fluenza-like syndrom e and th rom bocytopen ia  are m ore 
likely  to  o ccu r w ith  in term ittent adm inistra tion . C lin ica l m onitoring  and liver fu nction  
tests  should  be perfo rm ed  during  treatm ent o f  all patien ts w ith p re-ex isting  liver d isease . 
RIF w ill cause a red -o range coloration  o f  body  flu ids such as urine, tears, saliva, sw eat, 
and sputum  (W H O , 2010).

4.1 .2  B acteria l R N A  p olym erase

R N A  polym erase (R N A P ) is a rem arkable  m o lecu la r m achine in gene expression  o f  
liv ing cells (F inn et al. 2000). T he sequence, s tru c tu re  and function  o f  R N A P ex h ib it 
unam biguous sim ilarities w ithin  eukaryotes, bacteria, archaea  and ch lo rop iasts (F inn  e t 
al. 2000). B acterial R N A P is a com plex  o lig om er con tain ing  fo u r d ifferent subunits, a , 
P, p and o  and assem bled  into 2 m ajor form s: a co re  enzym e (o o p p ) and a h o loenzym e 
(ooPP p lus a). T hese sub  units a , P, P and a  are  enco ded  by genes rp oA , rp o B , rp o C , and 
rp oD  respectively . T he core enzym e can perfo rm  R N A  polym erisa tion  but requires an  a  
subun it to  initiate site-specific  transcrip tion  at p ro m o te r sites (Ish iham a, 1988).

D uring  initiation  o f  transcrip tion  R N A P reco g n izes the p ro m ote r D N A . A key  fu nction  
o f  R N A P is the  p ro m o te r clearance that is tran sitio n  from  the initial transcrib ing  com plex
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(ITC) to  the elongating  com plex (EC). In ITC, holo enzym e is stably anchored a t the 
prom oter and elongates RNA up to  9 nucleotides in length. Then, initiation (IT C ) w ill be 
aborted and as a resu lt prom oter clearance that involves the release o f  the o  fac to r will 
take place. Then, the com m encem ent o f  e longation  o f  RNA by the core enzym e w ill be 
initiated (Y oung e t al. 2002).

4.1.3  T he rpoB  gene o f  bacteria

T he rpoB  gene (D N A -directed  R N A  polym erase P-Subunit gene) encodes the P-subunit 
o f  R N A P (A dekam bi et al. 2009). It contains 3 ,534 nucleotides with 64.2%  G + C 
com position  and responsib le for encoding  a protein  w ith 1,178 am ino acids. T he p 
subunit o f  RNA polym erase in bacteria is involved in chain initiation and  elongation  in 
transcrip tion  (M iller et al. 1994).

In m olecular studies, the rpoB  gene is w idely  used as a m olecular m arker to  define new  
bacterial species (A dekam bi et al. 2009) and classification  o f  the  genus M ycobacterium  
(L ee e t al. 2003). Further, the rpoB  gene o f  M. tuberculosis  is used for analysis o f  
ep idem io log ical evo lution  processes o f  tubercu losis strains especially  am ong RIF 
resistant strains (Saeed et al. 2009).
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4 .1 .4  A ction  o f  R IF  on  M . tu bercu losis
4.1.4.1 R IF -R N A P  com p lex

R IF  sp ecifica lly  inh ib its  b acteria l R N A P  by fo rm in g  a  stable d rug -en zy m e com plex . R IF  
m akes con tac ts  on ly  w ith  the R N A P p subun it by  b ind ing  in a c lo se  co m p lem en ta ry  fit in
a pock et betw een  tw o structural dom ains o f  the R N A P p subunit. T here  is no d irec t
b ind in g  o f  R IF  a t th e  R N A P ac tive  site and  the c lo se s t approach  o f  R IF  to  the ac tiv e  site 
(the  d istance  b etw een  the  active site  M g2 and R if  C -38) is o ccu rs  at a  d istance  o f  12.1 
A ° (F ig u re  4 .2 ) (C am pbell et al. 2001).

F igu re  4 .2  T h ree-d im en siona l s tru c tu re  o f  com plex  o f  R N A P  and  R IF . T h e  b ack bo n e  
o f  the  R N A P  struc tu re  is show n  as tub es, a lon g  w ith  th e  c o lo u r coded  

transparen t m o lecu lar su rface. T h e  M g2'  ion chelated  a t th e  active site  is 
show n as a  m agen ta  sphere. T h e  R IF  is show n  as C P K  a to m s (carbon- 
o range , oxyg en - red , n itro g en - b lue) (C am p b e ll et al. 2001).

4.1.4.2 M ech a n ism  o f  R N A P  In h ib ition  by R IF

T he m echan ism  o f  th e  RIF ac tion  on  R N A P  h as  been  stud ied  m ain ly  on  Taq (T. 
a q u a tic u s ) and E. co li  genom e and  the seq u en ce  o f  rp o B  gene in bo th  E. co li  and T aq  is
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95%  identical to  M. tuberculosis  (C am pbell et al. 2001). Thus, curren t assum ptions abo u t 
the  m echan ism  o f  RIF resistance in M. tuberculosis  are based on  stud ies o f  E. co li and 
Taq.

RIF b inds to  R N A P holo enzym e either before  o r a fter b ind ing  o f  R N A P to  D N A  
tem pla te . P redom inan t effect o f  R IF  b ind ing  on R N A P is d irect, com plete  b lockage o f  
e longating  R N A  transcrip t. It p revents fo rm ation  o f  second o r th ird  pho sp ho d ieste r bond 
at the  5 ' end, once the transcrip t becom es e ith er 2 o r 3 nucleotides in length. Thus, R IF 
inh ib its R N A P th rough  a  sim ple steric  b lock o f  the  path  o f  the elongating  R N A  at th e  5 ' 
end. T he functions o f  R N A P such as su b s tra te  b ind ing, the translo cation  m echan ism , 
specific  p ro m o te r binding and open  com plex  fo rm ation  are not h ighly  affec ted  by the 
p resence o f  RIF (M cC lure  and C ech , 1978; C am p bell et al. 2001).

P resence o f  RIF sligh tly  affects the in itiating  o f  nucleo tide su b stra te  b inding  at the  
R N A P  i-site (F igure 4 .3 ). But, the effect is less fo r the  second nuc leo tide  b in d in g  in the 
i+1 site. H ow ever, R N A P ca ta lyses the fo rm ation  o f  a  pho sp ho d ieste r bond betw een  the  
tw o  nucleo tides. I f  the  initiating nucleoside  bears a  5 ’ triphosphate , the  su bsequen t 
tran slo ca tion  o f  the  R N A P m oves to  the  2 nd nucleo tide  R N A  transcrip t upstream . Such 
tha t, i+1 nucleo tide  occupies the i-site  (-1 position), and the  i-site nucleo tide  m oves into 
th e  - 2 position . The m ovem ent o f  the  5 ’ n uc leo tide  into  the  -2 position  resu lts in a severe  
steric  c lash  w ith  th e  R IF  (F igure 4 .3). In the  end, the R N A P rem ains at the sam e 
tem pla te  position , the  2 nd nucleo tide  transcrip t is re leased , and the futile cycle beg ins 
again. T h e  R N A P can translocate  no rm ally  and  the steric  clash  o f  the  transcrip t w ith  R IF
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occu rs during  the translocation  o f  the 3 rd nucleo tide  transcrip t fo llow ing  the  synthesis o f  
the  second  phosphod iester bond (C am pbell e t al. 2001).

DNA
template

strand

) (i+1 site)

F igu re 4.3  The R N A P  active site M g 2 ' and the 9bp  R N A /D N A  hybrid  (fro m  +1 to  -8)
from  a  m odel o f  the  te rn ary  e lo n gatio n  com plex . T he incom ing  nuc leo tide  
substra te  at the +1 position  is co lo u red  green. The -1 and -2 positions, w h ich  
can be accom m odated  in the  p resence  o f  R IF , are co loured  yellow . T he  
R N A  upstream  (-3 to  -8 ), is p in k  co lo ur. T he tem pla te  strand  o f  the  D N A  is 
gray  co lo ur. RIF positioned  in its b in d in g  site on the  p subunit (ca rb on  
atom s- orange, oxygen- red, n itrogen- b lue) (C am pbell et al. 2001).

4.1.5  R ifam p ic in  resistan ce due to  rpoB  gen e m u tatio n s

T he am ino  acid ch anges in the p subunit o f  R N A P  responsib le  for R IF  resistance  (Jin  and  
G ross, 1988). T he 12 residues (am ino  ac id s Q  390 , L 391, Q  393, F 394, D 396, H 4 06 , R 
409 , S 41 1, G 414 , L 413 , I 452 , E 445 in T aq ) o f  the  R N A P are c lose  enough  to  in teract 
d irec tly  w ith  R IF  and  they  are iden tical b etw een  E. coli, Taq, and M. tuberculosis . 
A m on g  these  12 resid ues, the  am ino  acid  ch an g es in 11 positions are responsib le  fo r R IF  
resistan t pheno types. T he 12th position  (am ino  acid  E 445 in Taq ) is h igh ly  conserved .
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Thus, its su bstitu tion  w ould likely  to  be lethal and consequen tly  n o t detectab le  as R IF  
m utations (C am p bell et al. 2001). Further, 12 add itional p ositio ns o f  R N A P b ind ing  
p ockets have been  identified w here  su bstitu tion  g ives rise to  R IF  resistance. T hese  
residues su rround  the  R IF  binding pocket but do not d irectly  in teract w ith  R IF . T hus, the 
R IF  b ind ing  pocket o f  R N A P is enclosed  by  23 k now n p o sitio n s o f  am ino  acid  
su bstitu tion s th a t co n fe r RIF resistance  o f  bacteria . T hese  su bstitu tion s w ou ld  a ffec t the  
fo ld ing  o r pack ing  o f  the  pro tein  in the local v ic in ity  o f  the su bstitu ted  residue, cau sin g  
d is to rtio n  o f  the  R IF  b ind ing  p ock et (C am pbell et a l. 2001).

D efec tiv e  b inding  o f  RIF due to  con fo rm ation a l ch an ges in the  p subunit o f  R N A P  
co n seq u en tly  w ill a ffec t the  sen sitiv ity  o f  the  R IF  and th ese  chan ges in the  p subunit w ill 
lead by m utations in the rpoB  gene. An 81 bp reg ion  (co d o n s 507—533, acco rd in g  to  E. 
co li  num bering  system ) o f  the  rpoB  gene has been  recog n ized  to  h arbo u r m ore  than  9 0%  
po in t m u tation s th a t lead to  R IF  resistance  in b ac te ria  in d iffe ren t cou n tries. T hus, th is  
reg io n  has been  n am ed  as RIF resistan t d e te rm in in g  reg ion  (R R D R ) o f  rp o B  gene (M an i 
e t a l. 2001 ; Z h ang  and  T elen ti, 2000 ; M ats io ta -B ern a rd  et al. 1998). H ow ev er, re cen t 
rep o rts  have show n th a t reg ions sp ann in g  the  R R D R  also  con trib u te  to  the R IF  re s is tan ce  
o f  M. tub ercu lo sis  (L inga la  e t al. 2010).

M uta tio na l sites and  frequencies o f  m u tation s in the  R R D R  o f  rp o B  gene seem  to  v ary  
b e tw een  d iffe ren t geog raph ica l reg io n s (Q ian  e t a l. 2002 ; Pozzi e t a l. 1999; M ani e t  al. 
2001). M ost com m on substitu tion  o f  am ino  ac id s has been o b served  at codons 531 , 526 
and 516  o f  R R D R  (A cco rd ing  to  E. co li n um berin g  system ) (R am asw am y  and M usser,
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1998; O hno et al. 1996; W illiam s et al. 1998). The m inim um  inhibitory  concen tra tion  
(M IC ) studies suggest that high level o f  R IF  resistance is associated  w ith  m utations at 
codons 526 and 531, w hereas substitu tions at codons 511,516, 518 and 522 lead to  low  
level RIF resistance (Johnson e t a l.2007). Table 4.1 show s the ex tensive  studies on  the  
rp oB  gene m utations in RIF resistan t isolates o f  M. tuberculosis  addressing  the nature o f  
am ino acids substitu tions related to  resistance.

4.1 .6  M eth od s for d etection  o f  point m utations

D uring  the  past several years, m any m olecu lar m ethods such as g rad ien t gel 
e lec trophoresis (D G G E ), sing le-strand  confo rm ation  polym orph ism  (S S C P ), 
hete ro du p lex  analysis, R N A se a  c leavage m ethod , chem ical c leavage m ethod , enzym e 
m ism atch  cleavage, hybrid ization  on D N A  chips and D NA  sequencing  have been 
developed  for screening  o f  point m utations, sm all deletions and  insertions o f  a gene 
(N o llau  and W agener 1997). H ow ever, au tom ated  D N A  sequencing  is cu rren tly  
considered  as the gold  standard and  w id e ly  used fo r detection  o f  poin t m utations (H egd e  
and R oa 2006; N ollau  and W agener 1997).
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T ab le  4.1 M utations in the R R D R  o f  the rpoB  gene reported  up to  201 0

C o d o n
N o .

N u c l e o t i d e  C h a n g e A m i n o  A c i d  
C h a n g e

C i t a t i o n

507 G G C—>AGT
G G C—>GGT GGC—*GAT 
G G C—»G AC G GC—  C.GT

G ly — * S er 
G ly—  G ly  
G ly—► A sp 
G ly—► Asp 
G ly  —  G ly

B ostanabad e t  a l  2007  
B ostanabad  e t  a l  2007  
B ostanabad  e t  a l  2007  
Y ue e t a l. 2 0 0 3 : K im  e t a l. 1997 
Y ue e t a l. 2003

508 A C C —>GCC A C C —‘ C C C  
A C C —>CAC

T hr—» A la  
T h r—* Pro 
T h r—  His

B ostanabad  e t a l. 2007  
B ostanabad  e l  a l. 2007 
B ostanabad  e t  a l. 2007

509 A G C  —>GAC C v s—» A sp B ostanabad  e t a ! . 2 0 0 1
510 C A G —* AG G in —» deletion B ostanabad  e t a l. 2007
51 1 C TG —‘ CC G  CTG —*GTG 

C T G —* C T A
L eu —* Ser 
L eu —  V al 
L eu —» Lue( S ilen t )

B ostanabad  e t a l .2 0 0 1
Y u s e t  a l. 2 0 0 3 : pozzi e t  a l. 1999 :
B ostanabad  e t  a !. 2007
Kim e t  a l. 1997 : L in g a la  e t a l. 2 0 1 0

512 A G C —»GGC
A G C —‘ G CC A G C—‘ A C C

S e r—» T yr 
S e r — * G ly 
S e r  — Thr

B ostanabad  e t  a l. 2007  
B ostanabad e t  a l. 2 0 07  
Pozzi e t a l. 1999

513 C A A —» A A T  
C A A —> T A A  
C A A —* G A A  
C A A —» A A A  
C A A  —^deletion 
C A A  —  C C A  
C A A —* C A C

G in—‘ Asn 
G in—‘ Stop 
G in— G lu 
G in —* L ys

G in —*Pro 
G in —‘Pro

B ostanabad  e t  a l. 2 0 07  
B ostanabad  e t  a l. 2 0 07  
B ostanabad  e t  a l  2 0 0 7 : l in g a la  e t  

a l. 2010
Y ue e t  a l. 2 0 0 3 .Q ian  et a l .20 02  
L in g a la  e t  a l. 2 0 1 0  
D oustdar e t a l  2008  
Kim et a/. 1997

514 T T C —* insersion P he—‘  insertion H irano e t a l .  1990
515 A TG  —  GTG M et —* V a l Kim e t a l  199 7
516 G A C —>CAC

G A C —* GGC GAC —  T A C

G A C —  GTC

G A C —
G A C  —  G C A

A sp —» H is 
A sp  —* G ly 
A sp — * T yr

A sp —» va l

A sp —* A rg 
A sp —» A la

B ostanabad  e t  a l. 2007  
Y ue e t  a l. 2003
K im  e t a l .  1997 ; Pozzi e t a l .  1 9 9 9 ; 
D oustdar e t a l . 20 0 8  
Y u e e t  a/ .2003 :K im  e t a l .  1997 
L in g a la  e t  a l. 2 0 1 0 :  Pozzi e t a l .
1999; D oustdar e t  a l .  2008
Q ian e t  a l 2 0 0 2  .L in g a la  e t a l 20 1 0

518 A A C  —  T A C  
A A C  —  C A C

A sn  —* T yr 
A sn  —> H is

Y ue e t  a/ .2003 : L in g a la  e t  a l .  2 0 1 0  
Kim e t a l .  1997

51 9 A A C — A A G  A A C  — 
de le tio n

A sn —‘ L ys 
A sn — deletion

B ostanabad  e t  a l  2 0 0 7  
L in g a la  e t a l. 2 0 10

520 C C G — C  G L eu —‘ deletion B ostanabad  e t  a l  2 0 0 7
522 TC G  —  CCG  TCG —  TTG ser —>Pro 

S e r  —* Leu
Y ue e t a l. 2 0 0 3 ; K im  e t at. 1997 
D oustdar e t a l . 20 0 8

523 GGG— G CG GGG— GG 
GGG —  TGG

G ly—‘A la  
G ly—‘ deletion  
G ly  —* Trp

B ostanabad e t  a l .2 0 0 1  
B ostanabad  e t  a l . 2 0 0 1  
Pozzi e l  a l. 1999

525 A C C  —  A T C A sp  —» T ry Pozzi e t a l. 1 99 9
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526 C A C  — GAC

C A C —» CTC

C A C  — C C C  

C A C  —  G CC

C A C —»TA C

C A C —>AAC 

C A C — _G C

C A C - C G C  

C A C —>TTC 

C A C  —>CAA 

C A C  —  TCG 

C A C  —  TGC

H is—» A sp

H is —  L eu

H is —» Pro 

H is—» A ta

H is— T yr

H is—>Asn 

H is—^deletion

H is—>Arg 

H is—*Phe 

H is—>Gln 

FIs — C ys  

H is —> C ys

Y uee/  a l .20 03 : K im  e t a l .  1997 : 
Pozzi e t a l .  1999 ; D oustdar et 

a l .2008

Yue e t a l .20 0 3 ; K im  e t a l .  1997 . 
L in g a la  e t a l .  2 0 1 0

Q ian e t  o / .2002 ;Y ue e t  
a l .2003 : Y ue e t a l. 2003

B ostanabad e t a l . 2 0 0 7 ;Y u e  e t  
a l .20 03 : L in g a la  e t a l ,  2 0 1 0  ; K im  
e t a l . 1997 : Pozzi e t  a l .  1999 ; 
D oustdar e t  o/ .2008 ,Q ian  e t
a l .2002

B ostanabad  e t a l . 2 0 0 7 ; Y u e  e t  
<3/ 2003 : L in g a la  e t a l . 2 0 1 0 ; Q ian 
e t a l. 2002

B ostanabad  e t a l . 2 0 0 7

B ostanabad  e t a l .2 0 0 7 \  Y u e  e t  
a l .2003 :
Kim e t a l .  1997; P ozz i e t a l .  1999 : 
Q ian e t a l. 2002

B ostanabad  e t a l.  2 0 0 7

B ostanabad  e t a l. 2 0 07

B ostanabad  e t a l. 2 0 07

Soudan  i e t a l. 2 0 07

Kim e t a l .  1997
529 C G A — C A A A rg  —>Gln L in g a la  e t a l .2 0 1 0

531 T C G —*TTG S e r —*■ Leu B ostanabad  e t  a l . 2 0 0 7 K im  e t
a l .  1997: Pozzi e t a l . 1999 ; D oustdar
e t <a/.2008;Qian e t a l . 2 0 0 2

T C G — T TC S e r—» Phe Y ue e t a l 20 03 ; So u d an i e t a l . 20 07 ;
L in g a la  e t a l  2 0 1 0 ; Pozzi e t
a l .  1999 D oustdar e t  a l. 2 0 08

T C G —  TTG S e r —» L eu L in ga l e t a l .20 1 0

T C G  —  T C C S e r —» Phe Y ue e t  a l. 2 0 0 3 ; So u d an i e t
a l .2 0 0 7 ;L in g a ia  e t  a l . 2 0 10

TC G  — TGG S e r —  Trp Y ue e t  a/ .2003 ,Q ian  e t  a l . 2 0 0 2

TC G  —  CA G S e r —> Gin Y ue e t  «/ .2003

T C G  — T A C S e r —  T yr Soudan i e t  a l .2007

T C G —  GCG S e r  —»A la
533 C T G — CCG L eu  —* pro) Y ue e t a l. 2 0 0 3 ; D oustdar e t

a/ .2008 ;Q ian  e t a l . 2002
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4.2 Ju stifica tion  and objective o f  the present ch ap ter

T he m o lecu la r d rug  susceptib ility  testing  p lay  a  m ajor role in con tro l o f  M D T -T B  and 
p reven tio n  o f  X D R -T B . These m ethods are  based on the  detection  o f  m u tations that are 
resp o nsib le  fo r each drug. The availab le com m ercialised  m olecu lar D S T  m ethods fo r 
d e tec tio n  o f  RIF resistance, m arker o f  M D R -T B  have been custo m ized  to  d etec t the 
w o rld ’s p revailing  m utations in the  R R D R  o f  rp oB  gene. T he recent literature  have 
reco rded  tha t m utations o f  rpoB  gene  responsib le  for RIF resistance are no t restric ted  to 
the  R R D R  and v ary  geograph ically  (L in g a la  e t al. 2010; T an et al. 2011). T hus, 
investiga tio n  o f  the  rp oB  gene m utations in a  specific  geograph ical area  is v ital p rio r to 
in itia tion  o f  a p ro p er m olecular D ST  m ethod  for determ ination  o f  R IF  resistance . 
M o lecu la r D ST  m ethods are yet to be estab lished  in Sri Lanka. T hus, the  o b jective  o f  the  
p resen t ch ap te r is to  identify the RIF resistan t m utations o f  the  rpoB  gene o f  M. 
tu b ercu lo sis  am o ng  d ru g  resistant isolates using  D N A  sequencing.

4.3 R esearch  m eth od ology
4.3.1 S tu d y  p op u lation

T h irty  one (31) R IF  resistan t M . tub ercu lo sis  isolates identified by  o ne o r  m ore 
p heno ty p ic  m ethods (A PM , N R A  and m anual M G IT ) in ch ap ter 3 w ere  used  for the 
study. H 37R v  stra in  and a know n R IF  resis tan t M T B  isolate confirm ed  by  the  N ationa l 
T u bercu lo sis  Institu te , B angalore, India w ere  used as quality  con tro l strains.
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4.3.2 E xtraction  and purification o f  genom ic D N A

Fully grow n, fresh, three L-J slants from  each M. tuberculosis  isolate w ere used for 
extraction  o f  DNA  by phenol-chloroform  m ethod. C ultures w ere heat inactivated  by 
incubating the L-J slants in a pre-heated  oven at 80 °C for 1 h (W arren  et al. 2006). O nce 
cooling to  room  tem perature , 3 ml o f  extraction  buffer (A ppendix  3 .3) w as added to  each 
o f  the L-J slants. Bacterial colonies w ere  scraped o f f  from  the L-J m edium  (w ith ou t 
loosening the cu ltu re  m edium ) w ith a sterile  d isposab le  10 p i plastic loop. The bacterial 
suspension (in ex traction  buffer) w as added into a labelled, new, sterile 50 ml 
polypropylene tube contain ing  approx im ately  20x5 m m  glass beads (up to  3 m l). T hree 
suspension o f  each isolates w ere pooled and  vortexed for 2 min. T he vortexed  bacterial 
suspensions w ere trea ted  with 500 p i o f  lysozym e (50  m g/m l) and 2.5 p i o f  R naseA  (10 
m g/m l) and incubated  at 45 °C in a pre-heated  oven. A fter 16 h o f  incubation . 5 m l o f  
phenol/ ch lo ro fo rm / isoam ylalcohol (25 :24 :1 ) w as added. The m ix ture  w as gen tly  m ixed  
at every  30 min for 2 h at room  tem pera ture . The tub es w ere centrifuged  at 3000  g  for 20 
min at room  tem perature . The separated  top  layer was trea ted  w ith  5 m l o f  
ch lo roform /isoam ylalcoho l (24:1) in a new  plastic  sterile 50 m l tube and  cen trifuged  
again using the  sam e conditions. T he top  phase w as separated  into new  sterile  50 m l tube 
contain ing  600 pi 3M  sod ium -acetate  (pFf 5.2) and m ixed well. Then, the  D N A  tha t 
p recip itated  by adding  7 ml o f  ice-cold isopropano l w as im m ediately  collected  on a th in  
glass rod . The g lass rod  w ith D N A  w as incubated  in a 1.5 m l m icro -cen trifuge tub e  
contain ing  1ml o f  70%  ethanol at room  tem peratu re  fo r 10 min fo r fu rther purification. 
Then, air dried D N A  pellet on  g lass rod  (3 h) w as rehydrated in 1.5 ml new  m icro ­
centrifuge tube w ith  200 pi T E  (pH  8.0) (A ppend ix  3 .4 ) and the tube  w as incubated  a t 4
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°C overn igh t to  ensure com plete d issolv ing o f  D N A . The purity and the concen tra tion  o f  
extracted  D N A  w ere determ ined using the gel electrophoresis. Extracted  pure D N A  also 
w as quan tified  using a N anoD rop (2000c/2000) U V -V is Spectrophotom eters (T herm o, 
U SA ) and stored  at -20 °C).

4.3.3 D N A  am plification
4.3.3.1 P r im er  selection

T hree fragm ents co llectively  covering  approx im ate ly  60%  o f  the to tal length o f  rpoB  
gene includ ing  RR D R  (437bp), upstream  o f  R R D R  (1395bp) and d ow nstream  o f  R R D R  
(872bp) w ere selected for am plification  (F igure 4 .4 ).

Specific  prim ers w ere designed using prim er-3  so ftw are  and published litera ture  (V an- 
D er-Z anden  et al. 2003; R igouts et al. 2007). F or am plification  o f  the 437bp reg ion  
includ ing  R R D R , rpoB F  prim er and rpoB R  prim er w ere used. TR 9 and R R B N  prim er 
pair w as used to  am plify  the 872bp reg ion  dow nstream  o f  the R R D R . The 1395bp 
fragm ent upstream  o f  R R D R  w as am plified  using  FR B N  and TR8 prim er pair (F ig u re  4 .4  
and T able  4 .2 ) (All p rim ers w ere purchased from  P rom ega, USA).
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F R B N TR8 T R 9 RRBN

R R D R

End codon

F igure 4 .4  P ositions o f  p rim ers used for am p lifica tion  o f  selected  fragm ents o f  the  rpoB  
gene o f  M. tuberculosis

4.3.3 .2  O p tim iza tion  o f  P C R  am plification

T he P C R  reaction  m ix ture  and therm al cycle  p aram ete rs  w ere o p tim ized  in o rd e r to  
ob ta in  h igh  q uality  and quantity  (> 100  n g /p l as req u irem en t o f  D N A  sequencin g) o f  PC R  
am p lified  fragm en ts (437bp, 872bp and 1395bp) o f  the  rpoB  gene.

T h e  co n cen tra tio n  o f  M gC b  w as varied  from  1.0 - 2.5 m M  in 0.5 m M  increm en ts . The 
am o u n t o f  Taq polym erase  w as varied  from  0 .5U  to  2U in 0.5 U increm en ts. The 
o p tim u m  D N A  concentra tion  w as d e te rm in ed  th ro u g h  a 10 fold se ries o f  D N A  
co n cen tra tio n  form  10 ng  to  1 pg.

T he  fo llo w in g  therm o  cyclic p aram eters w ere  app lied  in the  PC R  am plifica tion . 
D en a tu ra tio n  tem p era tu re  and ex tension  tem p e ra tu re  w ere  kept at 94 °C and  72 °C w hile
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the annealing  tem perature w as varied around calculated annealing  tem pera tu res o f  
prim ers. In optim ization  o f  am plification  o f  the 437bp fragm ent, the annealing  
tem pera tu re  w as determ ined by varying the tem perature  from 56 °C to  59 °C by 1 degree 
increm ents. For the optim ization  o f  872bp fragm ent, the tem perature w as varied from  56 
°C to  65 °C. The 1395bp fragm ent w as optim ized  by varying the tem peratu re  from  56 
°C to  62 °C by 1 degree increm ents.

4.3.3.3 P C R  am p lifica tion  o f  selected isolates

A ll isolates (31) w ere PCR am plified under optim ized conditions as follow s. The 50 pi 
PC R  m ixture contain ing  1.5 m M  M gC fi , 200 pM  o f  deoxynucleotide triph osph ates 
(dN T P s) (Prom ega, USA), 1U Taq  po lym erase (G enS crip t), 20 pm ol o f  each  p rim er and 
2.5 pi o f  genom ic D NA  (10 ng) w as used for each PCR reaction. The therm o-cyc ling  
param eters used fo r am plification o f  three segm ents o f  the rpoB  gene are show n in T able  
4 .2 .

4 3 .3 .4  A garose  gel electroph oresis

T he eth id ium  brom ide (E tB r) stained agarose  gel (1 .5% ) was prepared  as described  in 
section  2 .3 .6 .3 . The PC R  products (2 p i) w ere m ixed w ith gel loading buffer (4  p i) 
(A pp end ix  3 .2) and loaded on to  the gel. E lec trophoresis was carried o u t at 50 V for 2.5 h 
and v isualized  under UV illum ination . T he concentration  o f  PC R  products w as 
determ ined  by using know n m olecu lar w eig h t m arker.
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T able 4.2  Prim er sequences and therm o-eyeling  param eters used for the PCR 
am plification  o f  selected regions o f  the rpoB  gene in R IF  resistant M. 
tuberculosis  isolates.

1 Forw ard p rim er  (5 ’- R everse prim er Length T herm o-cycling
3 ’) (5 ’-3 ’> O f the fragm ent param eters
rpoBfor rpoBrev 437bp 94°C - 1 Omin - denatu ring

T G G TC C G C TTG C A C G A CTCAG G G GTTTCG 9 4 °C -lm in

G G G TCAG A A TC G G G C A C A T 57°C - 1 m in . 40 c y c le

72°C -I min

7 2 ° C -10 m in — extension

TR9 R R B new 872bp 94°C -10m in —denatu ring

T C G C  C G C G A T C A A G G A G C G C C A TC TC G C C 94°C -1 min

GT G TC G TC AG TA CA G 62°C  - lm in , 40  c y c le

7 2 ° C -1 m in

72°C -10  m in — extension

FRBnew T R8 1395bp 94°C - 1 Omin -- d enatu ring

G C A A A A C A G C C G C T A G TG CACG TCG CG G A 9 4 °C - lm in *■% :

T C C T A G T C C G A C C T C C A 60°C  - lm in ^ 40  c j c le

72°C -I min

7 2 °C -1 0  m in . — extension

4.3.3.S D N A  seq u en cin g

E ach stra in  w as PC R  am plified in dup lica te  and both am plified p roducts (40 pi, ~  75 
n g /p l) w ere  custom  D N A  sequenced by M acrogen  D NA sequencing serv ice in K orea 
(C ap illa ry  sequencing  technique - ABI 3730x1 M achine). In brief, sequencing  reactions
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w ere perform ed in a MJ Research PTC -225 Peltier Therm al C ycler using  a AB1 
P R ISM ®  B igD yeTM  T erm inator Cycle Sequencing  Kits w ith A m pliT aq®  D N A  
polym erase  (FS enzym e) (Applied B iosystem s), fo llow ing the protocols supplied  by the 
m anufacturer. S ingle-pass sequencing w as perform ed on each tem pla te  using  selected  
prim er. The fluorescent-labeled fragm ents w ere purified from  the unincorporated  
term ina to rs w ith  an ethanol precip itation  protocol. T he sam ples w ere re -susp end ed  in 
d istilled  w ater and subjected to e lectrophoresis in an AB1 3730x1 sequencer (A pplied  
B iosystem s).

T he qua lity  contro l o f  the D N A  sequencing  w as done w ith H 37Rv strain  and  a know n 
R IF  resistan t M TB  isolate confirm ed by the  N ational T uberculosis Institu te , B angalore , 
India.

4.3 .3 .6  D ata  A n alysis

A search  o f  the G enB ank  database w ith the  B L A S T  program  w as perfo rm ed  to  determ ine 
the  hom ology  o f  the DNA  sequences and  hom ologues sequence w ere aligned  w ith  
S eaV iew  softw are (version  4 .2 .12) to  identify  the presence o f  point m utations. T he rp oB  
gene sequence o f  H 37R v strain o f  M . tuberculosis  w as used as the reference sequence.
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4.4 R esu lts
P o in t m u ta tio n s  o f  th e  rpoB  gene in M. tu b ercu lo sis  iso lates w ere  d e te rm in ed  u sin g  P C R  
am p lific a tio n  and D N A  sequencing . T h e  m ajo rity  o f  isolates w ere  from  the  W estern  
P ro v in ce  (C o lo m b o , G am paha, and K alu ta ra  d is tric ts) o f  Sri L anka.

4.4.1 O p tim u m  P C R  p aram eters

T h e  o p tim u m  co n cen tra tio n  o f  M g C h , T aq  p o ly m era se  and  g en o m ic  D N A  w ere  1.5 m M , 
1U and  10 n g /p l respective ly . T h e  o p tim u m  th e rm o  cycling  p a ram e te rs  a re  sh ow n  in 
T ab le  4 .2 . F ig u re  4 .5 , 4 .6  and  4 .7  re p re sen t p ho tog raph s o f  th e  ag a ro se  gel 
e lec tro p h o res is  o b ta in ed  for each  am p lified  frag m en ts  o f  rp oB  gene.

F ig u re  4 .5  G el p h o to g raph  show ing  ag a ro se  g el e lec tro p h o res is  o f  P C R  am p lified  
4 3 7 b p  fragm en t o f  rp o B  g en e  fo r se lec ted  iso lates. L anes 1-8 are  M T C  
iso la tes , N C —N eg ativ e  co n tro l, P C - p o sitiv e  con tro l and  M - m o lecu la r 
m arker.
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1 2 3 4 5 NC PC M

900bp

800bp

F ig u r e  4 .6  G el p ho tog raph  show ing  ag a ro se  g e l e lec tro ph ores is  o f  P C R  am p lified  
872bp  fragm ent o f  rp o B  g ene  fo r se lec ted  isolates. L anes 1-5 are  M T C  
iso lates, N C —negative  con tro l, P C - p o sitiv e  con tro l and  M - m o lecu la r 
w eig h t m arker

15 0 0 b p  

lO O O bp

F ig u r e  4 .7  G el p h o to g rap h  show ing  ag a ro se  g el e lec tro ph ores is  o f  P C R  am p lified  
1395bp fragm en t o f  rp o B  g en e  fo r se lec ted  iso lates. L anes 1-5 are  M T C  
iso lates, N C -negative  co n tro l, P C - p ositive  con tro l and  M - m o lecu la r w e ig h t 

m arker.
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4.4.2 rp o B  g en e  m u ta tio n s o f  M . tu bercu losis  iso lated  from  Sri Lanka

T he N C B I A ccession  num bers o f  the  deposited  D N A  sequences w ere H Q 3 773 36- 
H Q 3 77 3 3 8 , H Q 3 773 40- H Q 377345, H Q 377351 , and JQ 3 14433-JQ 3 14444.

A search  o f  the  G en  B ank d atabase  w ith  the B L A S T  program  co n firm ed  tha t the 
seq uen ces belonged  to  M TC. T he m ultip le a lig n m en ts  o f  sequences (A p p en d ix  4) 
ind icated  the  p resence  o f  po in t m utations.

DNA seq u en ces ana lysis  o f  the am p lified  rp o B  gene fragm ents revealed  th a t in 54%  o f  
d rug  resistan t tu b ercu lo sis  stra ins th e  m u tations w ere  in the  R R D R  reg ion  (n = 1 8 ). T hese  
m utation  w ere  confined  to  tw o  codons, 5 26  (n= 15 , 48 .4 % ) and 531 (n= 3 , 9 .7 % ). In the  
balance iso lates, m u tations w ere d e tec ted  in the reg ions o u ter to R R D R  and th ese  novel 
m u tations o ccu rred  at codons 626 (n= 13 , 4 1 .9 % ) and 184 (n=2. 6 .4% ). A s sh ow n  in 
T ab le  4 .3 , 29 iso lates show ed sing le  po in t m u tations at codon 526 (n= 14 , 4 5 .2 % ), 626 
(n = l 1, 35 .5% ), 531 (n= 3 , 9 .7% ) and 1 84 ( n = l ,  3 .2% ). D ual m utations (a t co d o n  526 + 626  
and at codon  184+626) w ere d e tec ted  in 2 isolates.

M uta tio ns observed  a t codon 526 (C A C  ->  T A C ) and codon 53 1 (T C G  -> T T G ) w as a C 
to T  trans ition  m utation  w hile  the novel m u ta tion s at codon 626 (G A C  -> G A G ) w as a C 
to  G  transv ersio n  m u tation  and at codon  184 (G A C  -> G A T ) a tran s itio n  m u tation . A ll 
po in t m u tation s in th is  study  revealed  o n ly  a single m utation  pattern  and th e re  w ere  no 
m u ltip le  p a tte rn s o f  base changes at a single codon.
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T he T ab le  4 .4  and  the Figure 4.8 illustrate the  com parison  am ong  p ercen tages o f  m ost 
p revailing  m utated  codons o f  rpoB  gene in d ifferen t geographical areas and those from  
Sri Lanka.

T a b le  4 .3  M utation  types and frequencies observed  for the rpoB  gene o f  
M. tuberculosis  isolates in Sri L anka. T he poin t m u tations w ith  

corresponding  am ino acids are  indicated.

M utated
codon

Specific m utation P rim ary /secondary  
TB (N o.)

Percentage
%

526* CAC (H is) -»  T A C  (T yr) S eco nd ary -10 
Prim ary -4

45.2

626$ + G A C (A sp) ->  G A G  (G lu) S econdary-7  
Prim ary -4

35.5

531* TC G  (Ser) -»  T T G  (L eu) S econdary-0
Prim ary-3

9.7

184s + G A C (A sp) G A T (A sp) S econdary-0  
P rim ary -1

3.2

626 ,184 G A C -> G A G ,G A C  G A T S econdary -0 
P rim ary -1

3.2

526, 626 C A C T A C ,  G A C ^  G A G S eco n d ary -1 
Prim ary-0

3.2

T o ta l 100

*C o d o n s w ith in  RRD R, $C odons outer to  R R D R , "n o ve l m utations
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T ab le  4 .4  C om pariso n  am ong  percentages o f  p reva ilin g  m utated  codons o f  rpoB  gene in 
6 d iffe ren t geograph ical regions

M u ta ted  
c o d o n  in  
R R D R

In d ia
(L in g a la  et 
al. 2 0 1 0 )  
n = 3 0

C h in a  
(Y u e  et al. 
2 0 0 3 ) n = 7 2

S r i
L a n k a  
n = 3 1

Ira n
(B o sta n a b a d  et 
al. 2 0 0 7 ) n=91

A u str a lia  
(Y u en  et 
al. 19 99 )  
n = 3 0

Ita ly  
(P o z z i et 
al. 19 99 )  
n = 3 7

codon  516 13.3 5 0 1.39 10 2.7
codon  526 16.6 40 45 .2 16.65 32 29.7
codon  531 46.6 41 9.7 9 .56 52 56.7

codon  523 0 0 0 23.63 0 0
cod on  626 0 0 35.5 0 0 0
N o  m u ta tion s 
in R R D R

21 10 4 1 .9 5 4 0

M utation %

India China Sri Lanka Iran Australia Italy Country

F ig u re  4 .8  G raph ica l v iew  o f  the co m p ariso ns am o n g  percentage o f  m o st p reva ilin g  
m u tated  codons in rp oB  gene in 6 d iffe ren t geograph ical reg ions. T he 
p ro file  o f  m utations in Sri L ank a  is d iffe ren t from  tha t o f  o th e r cou n tries 
and  m u ta tio n  at codon  626 is u n iq ue  to  Sri Lanka. M uta tion  in cod on  523 
is u n ique  to  Iran.
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4.5 D iscu ssio n

It is w id e ly  rep o rted  that M. tub ercu lo sis  exp resses  a high deg ree  o f  g eo g rap h ica l 
d iv e rs ity  in m u ta tio n s o f  rpoB  g en e  ac ro ss  various parts o f  the w orld  (Y u e  et a /,2 0 0 3 ; 
R uw en  e t a l. 2005 ; K im  et al. 1997; M irand a  et al. 2001; Y uen  et a l. 1999). M uta tio ns at 
co d o n  531 , 526 and  516 have been  rep o rted  as the m ost frequen t m u tation  sites  in the  
m u ta tio n  ho tsp o t reg ion  o f  the rp o B  gene in M. tub ercu lo sis  w o rld w id e  (S a jd u d a  et al. 
2004 ; Y u e  e t a l. 2003 ; B ostanabad et al. 2007).

In the p resen t study, the  m ajority  o f  m u ta tio n s o ccu rred  at codon  526  and  the  m u tation  
freq u en cy  (4 8 .4 % ) observed  w as  sligh tly  h igh er than  freq u en c ies  rep o rted  by C h in a  
(4 0 % ) (Y u e  e t a l. 2003), Japan  (3 5 % ) (O hn o  et a l. 1996) and K orea  (3 8 % ) (K im  e t a l. 
1997). H ow ev er, the  frequency  o f  occu rren ce  o f  the  m utation  a t codon  526  in India, the  
c lo ses t n e ig h b o u r to  Sri Lanka, is m uch h ig h er (9 3 % ) as reported  by  S harm a  et a l  (2 0 03 ).

A lth o u g h  th e  m ajo rity  o f  p ub lish ed  rep o rts  have  show n C A C  to  G A C  (tran sv e rs io n  
m u ta tio n ) as th e  m ost prevalen t base ch an g e  at co d o n  526 , w ith  2 9 .7 %  am o ng  Ita lian  
iso la tes  (P ozz i e t al. 1999) 12%  in G reece  iso la tes (M ats io ta -B em ard  e t al. 1998), o u r  
s tud y  rev ea led  the  base change w as C A C  to  T A C  (transition  m u ta tio n ) in all iso la tes 
s im ila r to  w hat has been reported  in In d ia  (S h arm a  e t al. 2003).

T he freq u en cy  o f  m utation  at codo n  531 (9 .7 % ) w as m uch low er in M . tub ercu lo sis  
iso la tes  from  th is  study , com pared  to  freq u en c ie s  rep orted  by o th e r co u n trie s  inc lud ing  
Ind ia  (4 7 % ) (L ingala  e t a l.2010), A ustra lia  (5 2 % ) (Y uen  e t a l. 1999), V ie tnam  (3 1 % )
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(C aw s e l al. 2006) and Poland (41% ) (S ajduda et al. 2004). H ow ever, the base change 
observed  at codon  531 was confined to  TCG  to  T T G  (transition m utation) as reported  
from  several A sian countries (Japan (O hno et al. 1996) China (Y ue et a l. 2003), K orea 
(K im  e t a l. 1997), India (M ani et al. 201 1) and o th er countries such as G reece  (M atsio ta- 
B em ard  et al. 1998) and Italy (P ozzi et al. 1999). P revious studies have reported  tha t a 
m u tation  at codon 531 is frequently  associa ted  w ith  the codon 526 m utation  in certa in  
reg ions o f  the w orld  (Ruwen et al, 2005). H ow ever th is phenom enon w as no t observed  in 
o u r study.

T he m utation  at codon  626 (n=13, 4 1 .9 % ) G A C  (A sp) —* G A G  (G lu) w as  the second 
m ajor m utation  found in the p resent study. C odon 626 is placed d ow nstream  o f  R R D R  
and has not been previously  reported . T his novel m utation  w as p resent in 13 isolates.

T w o  isolates show ed a silent m utation  at codon 184 G AC (A sp) —» G A T  (A sp) th a t is 
p laced  upstream  o f  RRDR. In  one isolate, m utation  a t codon 184 w as asso c ia ted  w ith  a 
m u tation  at codon  626. Several m u tations in the upstream  reg ion  o f  R R D R  also  have 
been reported  from  India {Lingala e t al. 2010).

M uta tions at codon  516 have been reported  as a p rom inent m utation  in several 
geograph ical areas such as India, 13% (L ingala  et al. 2010) and Iran, 10%  (D o u std ar et 
al. 2008) and therefo re , com m ercially  ava ilab le  rifam picin  resistance d iagno sis  k its  have 
been op tim ized  to  detect m utation  at codon  516 am ong o ther m utation  in the  R R D R . 
H ow ever, no m utations w ere observed a t codon  516 in the present study.
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Several p u b lica tio n s  have stated  tha t ~  4 %  - 10% o f  th e ir pheno ty p ica lly  resistan t M. 
tubercu lo sis  iso lates did not show  any  m u ta tion s w ith in  the R R D R  (C aw s et al. 2006; 
H irano e l a l. 1999; Y ue et al. 2003). A cco rd in g  to  L ingala e t al. (2 0 1 0 ) 21%  o f  
p h en o ty p ica lly  rifam picin  resistan t iso la tes d id  n o t show  any m u ta tion s w hen  a 2 5 5 b p  
reg ion  o f  R R D R  and 350bp reg ion  o f  n o n -R R D R  o f  th e  rpoB  gene w ere  seq uen ced . T h is 
m ay be d ue  to  m utations occurring  in the  reg io n  o u te r to  R R D R , and th is  p hen om enon  
w as o b se rv ed  in 41.9%  o f  rifam picin  re s is tan t iso la tes o f  M. tub ercu lo sis  in the  p resen t 
study. A lso  a  single d iscordant resu lt w as o b se rv ed  betw een  p hen o ty p ic  and  g eno typ ic  
re su lts  in the  present study as a  iso late  sh o w ed  a silen t m utation  a t co d o n  184. T h is 
iso la tes w as  confirm ed as resistan t to  rifam p ic in  by  A PM  and M G IT . It is possib le  tha t 
an ad d itio n a l po in t m utation is p resen t in th is  iso late  and  it m ay be a t a cod o n  e lsew here  
in th e  rp o B  gene not investigated in the  p re sen t study.

C u rren t m o lecu la r diagnostic m ethods su ch  as IN N O -L iP A R if are d es ig ned  to  d etec t 
k no w n  rp o B  m utations at codon 531 , 526 and  516  th a t are com m o nly  rep o rted  in M. 
tu b ercu lo sis  isolates. A lthough the  m u ta tio n s in o u r stra ins are lim ited  to  a  few  typ es, the 
o ccu rren ce  o f  a high percen tage o f  m u ta tion s o u ts id e  the  R R D R  p resen ts  im portan t 
im p lica tion s fo r the  use o f  curren tly  av a ilab le  rap id  m olecu lar m etho ds w h ich  ta rg e t the  
m u tation s in the  R R D R  region. M o lecu la r te s ts  used  for rapid  d e tec tio n  o f  d ru g  
resis tance  need  to  be custom ized  to  en ab le  d e tec tio n  o f  novel m u ta tion s in d iffe ren t 
g eo g rap h ica l areas. Therefore, iden tifica tio n  o f  d ru g  resistant m u ta tion s and th e ir 
re lev an t freq u en c ies  is an im portan t first s tep  p rio r to  introducing the  m o lecu la r d rug  
su scep tib ility  tes tin g  in a  particu lar g eo g rap h ica l se ttin g .
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C h a p te r  5



P C R -E n z y m e -L in k e d  Im m u n o a b so r b e n t A ssa y  (P C R —E L IS A ) for  
d e ter m in a tio n  o f  r ifa m p ic in  resista n ce  o f  M  tu b ercu lo s is

5.1 B ack grou n d
5.1.1 N u cle ic  acid  h yb rid ization

D uplex  D N A  can  be sep ara ted  into the ir com plem en tary  strands by heat or increasing  pH 
and these  stran ds w ill g rad u a lly  rean n ea l to  form  the  d oub le  stranded  D N A  m olecule. 
T his ab ility  is possib le  on ly  w ith  th e  in te rac tion  o f  sing le-stranded  m o lecu les tha t have a 
hom olog u es base sequence to  denatu red  DNA. T his is know n as nucleic  acid 
h y b rid iza tion , a fundam ental too l in m o lecu la r genetics assay . T he ra tionale  o f  the 
hyb rid iza tio n  assay  is iden tification  o f  the  ta rg e t D N A  by u sin g  a know n D N A  sequence 
called  a p robe (S trachan  and R ead, 1999).

5.1.1 .1  N u cle ic  acid  probe

N ucleic  acid  p robes a re  sing le-strand s and can be D N A , R N A  (W olco tt, 1992) o r 
o lig on uc leo tide  probes. C onv en tio n al D N A  probes, 0.1 kb to  hundreds o f  k ilo bases in 
length  a re  iso lated  by c lo n in g  o r by  P C R  am plifica tion . R N A  p ro b es con v en ien tly  can  be 
genera ted  by c lon ing  (M elton  e t al. 1984). O ligonucleo tide  p ro bes are chem ically  
synthesized  sing le-stranded  p ieces o f  D N A  w ith  15—50 nucleo tides.
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5.1.1.1.1 P rob e lab ellin g

Incorporation  o f  p robes w ith  the  rep o rte r m olecu le  is know n as probe labelling. T he label 
can be un ifo rm  o r a ttached  to  the 5 ’ o r 3 ’ end o f  the nucleo tide sequence. In labelling  o f  
D N A  by in vitro  D N A  synthesis, D N A  o r R N A  polym erase is used to  m ake labelled 
nucleo tide cop ies  and at least one o f  the four nucleo tide p recursors should carry  a labelled 
group . L abelling  o f  D N A  by syn thesis is norm ally  accom plished  using n ick-translation , 
random  prim ed labelling o r  P C R -m edia ted  labelling  (S trachan and Read, 1999).

N ick  transla tion  (R igby  e t al. 1977) is a un ifo rm  labelling  m ethod  and used the com bined 
activ ity  o f  tw o  enzym es. T h e  n ick -transla tio n  p ro ced ure  involves in troducing  sing le­
strand b reaks (n icks) in the D N A , leaving exp o sed  3 ' hydroxy l term ini and 5 ' phosphate  
term ini.

T he random  prim ed D N A  labelling  m ethod  (F e in berg  and V ogelste in , 1983) is based on 
hybrid ization  o f  a m ix ture o f  all possib le  hexanucleo tides. T he starting  D N A  is denatu red  
and then  cooled  slow ly to  bind individual hexanucleo tides w ith  co m plem en tary  sequences 
in the D N A  strands. S yn thesis o f  new  com plem en tary  D N A  strands is p rim ed by the 
bound hexanucleo tides and is ca talysed  by th e  K lenow  su bu n it o f  D N A  p o lym erase  I. 
R andom  prim ed D N A  labelling  p roduces labelled  D N A s o f  h igh  specific  ac tiv ity  as all 
sequence com binations are  rep resen ted  in the hexanucleo tide  m ix ture , b ind ing  o f  p rim er 
to tem pla te  D N A  occurs in a  random  m anner, and labelling  is uniform  across the  length o f  
the D N A  (S trachan  and R ead, 1999).
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The end labelling  is p rovided in the form  o f  a y j2P — ATP and single stranded 
o ligonucleotides are labelled at the 5 ’ o r 3 ’ end using polynucleotide kinase. The enzym e 
polynucleotide k inase transfers a labelled phosphorus group from  y j2P — labelled A TP to  
the free hydroxyl g roup  (H ilario , 2004).

5 .1 .1 .1 .2  R adioactive and n on -rad ioactive probes

The radioactive probes that are labelled by either a  o r the y position o f  different 
radio isotopes such as 32P, JH, l25I and l j , I are com m ercially  available. M ost com m only 
used isotope is 32P as it g ives high specific  ac tiv ity  w ith optim al sensitiv ity  and resolution 
in hybridization assays. H ow ever, as the half-life  o f  "P is 14 days, the labelled probes 
cannot be stored for a long period (K eller and M anak, 1989).

In autoradiographic detections, rad ioactive  probes are versatile, sim ple and highly 
sensitive. H ow ever, it is o f  restricted  use in rou tine d iagnosis d ue  to  the inhabitant 
lim itations such as instability  o f  the labelled probe, short half-life o f  the isotopes, high 
cost, biohazard risks in handing  and need fo r special w aste m anagem ent system s 
(Strachan and Read, 1999).

The non-radioactive probes such as biotin labelled probes has overcom e the lim itations 
associated w ith  radioactive probes (Pereira, 1986). M ost non-rad ioactive labelling 
procedures targe t the am ino g roup  substituent on the purine o r the pyrim id ine ring  o f  the 
nucleotide bases. F luorescein  (E shaghpour et al. 1979), horseradish  perox idase (R enz and
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KurZ, 1984) and alkaline phosphate  (R eyes and C ockerell, 1993) are the m ost com m on 
reporter g roups em ployed for labelling. The m ost com m only use haptens are the vitam in 
biotin (L eary  et al. 1983) and the p lan t steroid  d igoxigenin (H eiles et al. 1988) that can be 
covalently  linked to  the nucleo tide base. B iotin  is attached to  position C-5 o f  the 
pyrim idine ring through an a lkaline linker arm . The biotin labelled nucleotides are 
excellent substrates for D N A  polym erase and they  could be incorporated into D NA  by 
nick translation  (L anger et al. 1981), random  prim ing  (T akahash i et al. 1989) and tailing 
o f  the 3 ’ end (K um ar et al. 1988). Thus, b iotin has becom e the choice for indirect, non­
rad ioactive labelling. Further, long sh e lf  life o f  prepared probes and ability  to  detect by 
various m ethods increase the usefu lness o f  the  biotin labelled probes. Presently, synthetic 
non radioactive labelled o ligonucleo tide p robes are w idely used due to the sim ple 
preparation m ethods and stability  o ver a  period o f  the tim e (H ill et al. 1991).

5.1 .1 .2 .3  D etection o f  n on-rad ioactive probes

N on-rad ioactive probes are v isualized  in various w ays such as colourim etry , fluorescent 
and chem ilum inescen t detection system s (M ansfielda et al. 1995). B iotin has a strong 
affinity tow ard  the avidin and its m icrobial analogue streptavidin  (D iam and and 
C hristopoulos. 1991). The biotin and avidin  interaction form the basis for enzym e linked 
detection m ethods and hybridized b io tin  labelled probe react w ith strep tav id in  o r avidin 
conjugated  to  an enzym e. The resu lting  com plex  can be v isualized  by the action  o f  
enzym e on the  substrate  (H ill et al. 1991). S im ilarly, d igoxigen in  labelling  can be 
detected by using  A nti-D igox igen in-P erox idase (G ill et al. 2006).
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A lkaline p ho sphate , horserad ish  p erox idase , p galactosidase and urease can be used a 
reporter enzym e in the c o lo u r d ev e lo p m en t process. H ow ever, a lkaline p hosphate  and 
horseradish  p erox idase  are the  m ost com m on enzy m es used in non-rad ioactive m em brane 
based D N A  detection  sy stem s (W ilson , 1991).

5 .1 .1 .3  H yb rid ization  p aram eters

The hybrid ization  rate is d ep en d en t on  several factors such as the probe length, 
com plexity  o f  the probe, tem p era tu re , ionic streng th  o f  the  so lu tion , v iscosity  and the  pH 
o f  the  solu tion  (G ong  and L evicky , 2 00 8 ). Further, th e  length, confo rm ation  and 
abundance o f  the  probes d e te rm in e  th e  cap tu re  e ffic iency  o f  the so lid  phase (G ong  and 
Levicky, 2008 ; L evicky  and H organ , 2 00 5 ). L onger probes (6 0 0 -1 0 0 0  bp) exhibited  low er 
subtraction  effic iency  and th is  m ay be due to  secondary  s tru c tu re  and steric in terference. 
(A rcher e t al. 2010). H ow ever, longer p ro b es p roduce h ig h er fluorescen t h ybrid iza tion  
signals than sh o rte r ones in m icroarrays (L e to w sk i e t al. 2004).

In hybrid ization  assay, the  signal c an  be p roduced  in 3 d iffe ren t situations. F irstly , the 
desired  in teraction  betw een  the  p ro b e  and  targe t, second ly , th e  m ism atched  annealing  
betw een  the  p robes and re la ted  D N A  th a t w ill g ive rise to  n o n -sp ec ific  signals and  th ird ly , 
the  non-specific  in teractions o f  th e  p robe w ith  the solid su p p o rt that w ill resu lts  in 
background signals. T hus, h yb rid iza tio n  param eters should  be chosen  to  o p tim ize  the 
desired  in teraction  betw een  the  p ro be  and target.
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The stringency o f  hybridization is referred as the degree o f  the m ism atches tha t can be 
tolerated in a hybridization reaction  still rem ains a duplex double to  produce a positive 
hybridization signal (T enover, 1988). H igher salt concentration im proves the kinetics o f  
the hybridization, but in the m eantim e reduces the stringency o f  the binding (B ajaj, 2000). 
H igher tem peratures provide better d issociation  between m ism atches by denaturing the 
less stable m ism atched sequences. O n the o ther hand, higher tem peratures may also cause 
the dissociation rate to increase and thus lead to  a decrease hybridization  am ount.

5 .1 .1 .4  H ybridization  form ats

V arious form ats such as filter hybrid ization , sandw ich hybridization  and solution 
hybridization can be used for the hybrid ization  o f  probes to target DNA (C ansiz, 2010). In 
m ost com m on hybridization m ethods, the target nucleic acid is im m obilized on to  a solid 
support while probe is free in the solu tion . Such m ixed phase hybrid ization  m ethods often 
provide a convenient form at fo r detection  o f  nucleic acid hybrids as unhybrid ized probes 
can be washed aw ay during post hybridization  w ashing. The solid support w here the 
D NA  is im m obilized can be m em brane filters, latex, or m icro titre  plates. N itrocellu lose 
and nylon m em branes are com m only  available filter m em branes (K handjian, 1987). 
C ationic nylon m em brane (nylon m em brane that contains cationic groups) binds D N A  via  
covalent bonds giving much stronger b inding than n itrocellulose m em brane (H erzer and 
Englert, 2001). N ylon m em brane is considered  to  be superior to  n itrocellu lose m em brane 
as they  are m ore sensitive (K handjian, 1987) resilient, easier to  handle and w ithstand
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m ultiple hybrid ization  w ithout tearing  o f f  (H erzer and Englert, 2001). Southern (1975), 
w as one o f  the earliest scientists w ho dem onstrated  solid phase hybridization  and it is 
im portant in the study  o f  genetic  d isease  and D N A  fingerprinting by restriction  fragm ent 
length polym orphism  (H w ang e t al. 2003).

The sandw ich hybrid ization  consists o f  a so lid  bound capture probe, the target D N A  and a 
signal generating  substance. The ta rg e t D N A  links to both cap ture  probe and signal 
generating o r reporter probe. F urther, in the  absence  o f  target DNA, the signal generating  
m olecule does not bind to  the cap tu re  probe and therefore  a signal is not generated . Thus, 
interference is m inim al (R anki et al. 1983) and decreases the background interference.

5.2 .2  A pplications o f  D N A  hyb rid ization  in D S T  o f  M . tu bercu losis

Prevention and contro l o f  m ulti d rug-resis tan t tuberculosis is a lm ost synonym ous w ith 
tim ely  detection  o f  drug resistance. The trea tm en t o f  TB requires a p ro longed  course o f  
expensive drugs and hence the to tal cost o f  treating  a sing le case is high. T he hidden 
costs that are incurred due to delayed d iagnosis  o f  M D R -T B  affects the  grow ing 
econom ies especially  in develop ing  coun tries (O 'R io rdan  e t al. 2008).

D N A  based D ST  m ethods o f  M. tuberculosis  have been d irec ted  tow ards detection  o f  
previously  identified m utations in the R R D R  o f  rpoB  gene (fo r R IF resistance) o r 
sim ultaneous identification  o f  m utations in bo th  rpoB  gene and ka tG  gene (fo r 1NH
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resistant) (O 'G rady  et al. 2011). M ost o f  the  m ethods are based on  D N A  am p lifica tion  
fo llow ed by detection  o f  m utations by  h y b rid iza tio n  based m ethods. H ow ever, the  high 
costs, the need o f  m ore than average  tech n ica l expertise and  com plex , expensive  and 
soph isticated  equipm ent are m ajo r ch a llen g es  p reven ting  th e  rou tine  use o f  
com m ercialised  D N A  based D ST  m ethod s espec ia lly  in re so u rce  p o o r settings (C hegou  
et al. 2011).

5.2 .2 .1  L in e probe assay  (LPA )

Line probe assays w ere end o rsed  by  the  W H O  in 2008 as  a m o lecu la r m ethod  for 
detec tion  o f  d rug  resistance from  d irec t sputum  sm ear-p o sitiv e  specim ens as w ell as  from  
p rim ary  cu lture  iso lates o f  M. tubercu losis  com plex . H ow ever, d irec t use o f  line p robe 
assays on sm ear-negative clin ical sp ec im en s is not recom m ended  to  d ate  (W H O . 2008 
po licy  sta tem en t). In Line p robe assay , P C R  am p lified  p ro du c ts  are  h ybrid ized  to  M TC 
D N A  probes specific  for m ost p reva len t m u tation s associa ted  w ith  d ru g  resistance  (W H O  
policy  sta tem en t, 2008).

IN N O -L iP A R if.T B  test (IN N O G E N E T IC S , B elg ium ) and G en o T y p e  M T B D R /?/m  tes t 
(H ain  L ifesc ience , G erm any) are  co m m erc ia lly  av a ilab le  L P A  fo r rap id  d etec tio n  o f  d ru g  
resistance  o f  TB . IN N O -L iP A R if.T B  is b ased  on  the  reverse h yb rid iza tio n  and d e tec t o f  
R IF resis tance  by 3 0 o lig o n u c leo tide  p ro b es th a t are  im m obilized  on  n itro cellu lo se  paper 
strips (M o rgan , 2005). O ne p robe sp ec ific  fo r th e  M T C , 5 w ild -ty p e  p robes th a t cov er 
codons 509  to  534 o f  R R D R  and  rem a in in g  4 p ro bes specific  fo r p o in t m utations, D  516

158



V, H 526 Y, H 526 D, S 53 1 L o f  rpoB  gene that are frequently responsib le for rifam picin 
resistance are used in the test (F igure 5 .1) (W HO  policy  statem ent, 2008). Thus, 
hybridization o f  am plified D N A  o f  a clinical sam ple to  the strip allow s determ ination  o f  
either resistance or susceptib ility  by  visual observation  o f  co lour changes o f  the 
respective bands on the strip (H auck, et al. 2009; W HO policy  statem ent, 2008).

The G enotype M TBD R tes t is also based on the same general principle used in the 
IN N O -LiPA  Rif. TB test w ith the advantage  o f  detecting  the  presence o f  m utations in 
inhA, katG  and rpoB  gene sim ultaneously . Thus, M TB D R  test detects M. tuberculosis  
com plex, m utations in the rpoB , katG  (responsib le  for h igh-level INH resistance) (Bang 
el al. 2006; Ling et al. 2008) and inhA  (confers low -levels o f  INH resistance) (L ing  et al. 
2008) genes. Further, 4 probes detec t rpoB  gene m utations ( D 516 V, H 526 Y, H 526 
D, and S 531 L) and 8 w ild-type p robes covering  the region from  codon  505 to 533 o f  the 
rpoB  gene. For identification o f  isoniazid  resistance, it includes probes for katG  m utation, 
S 315 T1 and S 315 T  together w ith  4 probes for m utations in inhA  C 15 T, A  16 G , T  8 
C and T 8 A (H auck et al. 2009).
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M arker line 
C onjugate control

M TB Com plex

52
53
54
55

R2
R4a
R4b
R5

F ig u re  5 .1  L ocation  o f  d iffe ren t p ro bes im m o b ilized  on  a IN N O -L iP  A R if.T B  strip . A  
red  M ark er L ine  is d raw n  on  to p  o f  the  strip fo r o rien ta tio n . T he C o n ju g a te  
C on tro l line p ro v ides an internal con tro l for th e  co lo u r d ev e lo p m en t reac tion . 
T he M T B  line is a  specific  p ro be  fo r M. tubercu lo sis  com plex . S I -  S5 is a w ild  

type p robe and R 2, R 4a, R 4b  and R 5 are  specific  m u tan t probes.

T h e  G en o T y p e  M T B D R s/ te s t, ano th er line p ro be  assay  th a t h as b een  d es ig n ed  to  te s t 
re sis tance  o f  second-line  an ti-T B  d ru gs (flu o roq u in o lo n es , e th am b u to l, am in o g ly co sid es  
and  cyc lic  pep tid es) in add itio n  to  tes tin g  o f  M D R -T B , fo r d ete rm in ation  o f  X D R -T B  
(B ro ss ie r e t a l. 2010).

L ine  p robe  a ssay s  are h igh ly  sen sitiv e  (> 9 7 % ) and  specific  (> 9 9 % ) fo r the  detec tion  o f  
R IF  res is tan ce  a lone o r in co m b in a tion  w h ich  e ffec tively  d e te rm in e  IN H  resistance  
(sen sitiv ity  > 9 0 % ; specific ity  > 9 9 % ) h o rn  p rim ary  iso la tes o f  M . tu b ercu lo sis  and  sm ear­
p o sitive  sp u tu m  sp ecim ens (W H O  p o licy  s ta tem en t, 2008). T he m ajor adv an tag es o f
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LPAs are  the low b iohazards risk  and availab ility  o f  final resu lts on  D ST  w ith in  
approxim ately  5 h after extraction  o f  D N A  (W H O  policy sta tem ent, 2010).

5.2.2.2 R eal-T im e P C R

R eal-T im e PC R  is an advan tageous m ethod  for detection o f  resistance  due to  its rapid ity  
high sensitiv ity , reproducib ility  and low con tam ination  risk (R a th o re  et al. 2011; Espy et 
al. 2006). The final analysis on drug  resistance using  rea l-tim e PC R  is possib le  w ith in  3 h 
fo llow ing  D N A  extraction  (W ad a  et al. 2004). The d rug-resis tan t m utations are  detected  
by tw o main m ethods. In the first m ethod, a fluorescen t signal is gen era ted  by 
hybrid ization  o f  a probe to  the ta rg e t sequence at the end o f  the  each  PCR  cycle. The use 
o f  T aqM an probe (Sajduda et al. 2004) and m olecu lar beaco ns (Y esilk ay a  et al. 2006) for 
a lle le  d iscrim ination  o f  M . tubercu losis  belong  to  th is  ca tegory . H ow ever, the d etec tion  is 
lim ited  to the m ost com m on m utations, such as those in codon  3 1 5 o f  katG  and codon 
531 o f  rpoB  genes as these assays require the  use o f  tw o  d ifferen t fluorophore-labeled  
p robes for d ifferentiation  o f  a  sing le allele (Y esilkaya  et al. 2006; S ajduda e t a l. 2004; 
E spasa  et al. 2005). A dditionally , th is  m ethod requires a rea l-tim e P C R  instrum en t w ith 
m ultip le  channels.

M elting  curve  analysis is a second m ethod  o f  m utation  detec ted  using real-tim e PC R . The 
h igh -reso lu tion  m elting  curve  (H R M ) analysis has been su ccessfu lly  app lied  to  detect 
d ru g-resis tan t m utations in M . tubercu losis  (O ng  e t al. 2010; C hen et al. 2011). H ow ever, 
the ir app lica tio ns are lim ited as the H R M  assay  requires h igh ly  advanced  rea l-tim e PCR
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instruments (Luo et al. 2011). M ore recently, several new probe-based m elting  curve 
analysis technologies, using unlabelled probes (Erali et al. 2008), dual labelled probes 
(Luo et a l.2011), and m olecular beacons (C hakravorty  et a l.2 0 \ 1) have been developed 
for analysis o f  gene m utations. H ow ever, a lim ited num ber o f  studies are reported  on 
their application  in the detection  o f  d rug-resistance in M. tuberculosis  (Luo et al. 2011).

5.2.2 .3  DNA m icroarrays

M icroarray is a technique that a llow s the  analysis o f  several genetic  m arkers by sim ple 
hybridization o f  D N A  on m in iature  g lass m icroch ips con tain ing  o ligonucleo tide  probes 
(V olokhov et al. 2002). Thus, this is a valuab le  tool for detecting  genetic  variations 
responsible for M D R -T B . M icroarray  allow s detection  o f  80 %  o f  1NH resistan t isolates, 
based on the katG  gene and >  90 %  o f  RIF resistan t isolates based on  rpoB  gene w ithin  12 
h (G ryadunov et a l. 2005). A lso, m icroarray  is vital for rapid screening  o f  P Z A  resistance 
o f  M  tuberculosis  that face challenges w ith  cu lture  based susceptib ility  testing  m ethods 
due to the requirem ent o f  an acidic m edium  fo r drug activ ity  in the cu ltu re  m edium  
(D enkin et al. 2005).

5 .2 .2 .4  X pert M ycobacteriu m  tub ere  u lo sis/R  i fa m p i c i n A ssay

G eneX pert (C epheid, Sunnyvale, C aliforn ia, U SA ) is a m ore recently  developed  fully 
autom ated m olecu lar m ethod for identification  o f  M TB and RIF resistance. T h is assay 
detects M. tuberculosis  and R IF  resistance by  P C R  am plification  o f  R R D R  fragm ent o f
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the rpoB  gene (specific for M. tuberculosis') and subsequent probing o f  th is reg ion  for 
m utations. T esting  is carried  out on  the  M TB /R IF  test p latform  (G eneX pert, C epheid), 
w hich integrates sam ple p rocessing , D N A  am plification  and hybrid ization  in a d isposable 
plastic cartridge. The cartridge con tains all reagen ts required for bacterial lysis, nucleic 
acid extraction , am plification , and am plicon  detection. T he only m anual step is the 
transfer o f  a defined volum e o f  spu tum  sam ple m ixed w ith  a bactericidal buffer into the 
cartridge. T he conclusion  on p resence  o r  absence o f  tub ercu lo sis  and d rug  resistance 
tuberculosis are available w ithin  2 hou rs w ith  very  low b iohazard  risk  (H elb  et a l.2010).

5.2 Justifica tion  and objectives o f  th e  p resen t ch a p ter

T he literature  review ed so far, ind icated  the  usefu lness o f  D N A  m arkers in detecting  
M D R -T B  and individual analy tical capab ility  o f  m olecu lar app lica tio ns tha t have been 
developed  as D ST  m ethods. D uring the  last decade, v arious m olecu lar too ls tha t are 
d irec ted  tow ards detection o f  p rev iously  iden tified  m utations in the  R R D R  o f  the  rpoB  
gene have been com m ercialised  fo r identification  o f  R IF  resistance in tubercu losis. 
H ow ever, m ost o f  these m olecu lar m ethods are  not utilized in se ttings w here  reso u rces are 
lim ited  due to  h igh  cost involved in initial setting  up as w ell as running  o f  the  test. T he 
expend itu re  incurred for p u rchasing  instrum en ts and con su m ables, in frastruc tu re  
deve lop m ent and tra in ing  p ersonnel on  specific  technical k no w ledg e  are  som e concerns 
regard ing  the cost (M organ e t al. 2005 ; B ang et al. 2006; L ing  e t al. 2008 ; E spy  et al. 
2006 ; S ajduda et al. 2004). F urther, gen e  m utations responsib le  fo r R IF  resistance , the 
m ark er o f  M D R -T B , m ay v ary  in d iffe ren t geograph ica l reg ions (Z aczek  et al. 2009;
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A dikaram  et al. 2012). Thus, availab le techniques based  on frequently  identified 
m utations in R R D R  (at cod o n  516, 526 and 531) m ay not achieve the  required  sensitiv ity  
in certain geograph ical reg ions. T hese facto rs highlight the need for developm ent and 
evaluation  o f  an econom ical D N A  based m ethod  for detection  o f  d rug  resistance in 
tubercu losis that can be custom ized  as p er user requirem ent.

C urrently , there  is no m o lecu lar app ro ach  used for detec tio n  o f  d rug  resistance  in Sri 
Lanka, resu lting  in considerab le  d elay  in d ete rm in ation  o f  d ru g  sensitiv ity  p a tte rn s and 
appropriate  treatm ent for M D R -T B . T hus, the  study  described  in th e  p resen t ch ap te r w as 
aim ed a t developing  and v a lida tin g  a P olym erase  C hain  R eac tion —E nzym e-linked  
Im m unosorbent A ssay (P C R -E L IS A ) also  know n as en zy m e-lin k ed  o lig oso rb en t assay  as 
a low  cost, sim ple and rapid  m o lecu la r m ethod  for d e te rm in in g  d rug  resistan t tub ercu lo sis  
in S ri Lanka.

5 .3  R esearch  m eth od ology

5 .3 .1  S tu d y  p op u lation

M. tubercu losis  isolates (n = 4 2) and  non tu b ercu lo sis  m y cob acteria  (N T M ) iso la tes (n=3) 
co llec ted  from  the  C hest H osp ita l and  C en tra l C hest C linic C o lo m b o -S ri L anka w ere  used 
fo r th e  study. H 73R v w as used  as th e  quality  con tro l strain.
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5.3.2  M eth odology

DIG D N A  labeling  by PCR  reagen t kit and  D IG  detection  reagen t kit w ith  streptavidin 
coa ted  m icro -titre  plates, w ere  purchased from  R oche A pplied  S ciences, G erm any .

5.3.2.1 P C R  based  d igox igen in  lab elling

D N A  w as ex trac ted  from  selected  M . tu b ercu lo sis  and N T M  cu ltu re  isolates as described 
in section  4 .3 .2 . Tw o fragm ents o f  the  rp oB  gene, 437bp  and 872bp  fragm ents w ere dig 
labelled  using  PC R  d igoxigen in  labelling  kit. PCR  w as p rep ared  in 2 0  p i reac tio n  volum e 
con tain ing  1.5 m M  M gC L, 0 .5U  Taq  po lym erase , 2 m M  d A T P , dC T P , d G T P , 5 .7  m M  
dU T P  and 0.3  m M  D IG -dU T P , 20 pm ol o f  each p rim er and 1 pi co n ta in in g  e ith er 100 fg 
o r  1 pg  o f  genom ic D NA  for am p lifica tion  o f 4 37  and 872 bp frag m en ts  respectively . The 
p rim ers  and therm o-cycling  p aram ete rs  used for am p lifica tion  w ere  sim ilar to  described  in 
T ab le  4 .2  in chap te r 4.

5 .3 .2 .2  S election  o f  ca p tu re  p robes for E L IS A

Six, 5 ! b io tin y la ted  a lle le  specific  o lig on uc leo tide  cap tu re  p ro bes (F 1-F 6 ) corresponding  
to  po in t m u tations at cod ons 526, 531 & 626  w ere custom  syn thesized  (P ro m ega , USA). 
A lle le  specific  cap tu re  p robes FI to  F4 w ere hybrid ized  w ith  th e  4 3 7 b p  P C R  am plified  
frag m en t and  cap tu re  p robes F5 and  F6 w ere  hybrid ized  w ith  872 bp frag m en t (Table 
5 .1). A  search  o f  the G en B ank  database  w ith  the B L A S T  p ro g ram  w as perfo rm ed  to 
co n firm  th e  specific ity  o f  the  cap tu re  p robes for th e  M . tu b ercu lo sis  com plex .
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T ab le 5.1 S equences o f  cap tu re  p ro b es designed  fo r P C R -E L IS A  (F 1-F6). T he 
h igh ligh ted  letters ind icate the  alle le  specific ity  o f  p robes.

P rob e S eq u en ce ( B io  5 ’- 3 ’) R ep resen t m utation  site  o f  the
N am e rpoB  gen e
FI G T T G  A C C j j § A C  A  A G C G C C G  A C T W ild  typ e  (co do n  526)
F2 G T T G A C C l A C A A  G C G  C C G  A C T M u tan t ty p e (co d o n  526)
F3 G A C  T G T  P G G  C G C  T G G  G G W ild  typ e (co d o n  531)
F4 G A C  T G T  § G G  C G C  T G G  G G M u tan t ty p e  (co d o n  531)
F5 C G A  T G C G G A g G G  T C G  C T T  C G W ild  ty p e (co d o n  626)
F6 C G A T G C G G A f  G G  T C G  C T T  C G M u ta n t ty p e (C o d o n  6 2 6 )

s .3 .2 .3  O p tim iza tion  o f  h yb rid iza tion  and  sig n a l d etectio n

P C R -E L IS A  w as op tim ized  w ith  th e  d ig o x ig en in  d e tec tio n  k it. E ach  c ap tu re  p ro be  (15 
p m o l/p l)  w as  im m obilized  o n  to  a s trep tav id in  co a ted  m ic ro titre  p la te  by in cu b a tin g  w ith  
h y b rid iza tio n  buffer a t ro o m  tem p e ra tu re  (25 °C ) fo r 20 m in  w ith  sh ak in g  a t in tervals
acco rd in g  to  m an u fac tu re ’s g u id e lin es .

T h erea fte r, each  w ell w as  w ash ed  5 tim es  u s in g  w ash  b u ffer. T h e  d ig o x ig en in  labelled  
P C R  am p lified  p ro du c t w as d en a tu re d  in a  1.5 m l m ic ro cen trifu g e  tu b e  c o n ta in in g  20 p i 
o f  d en a tu ra tio n  so lu tio n  a t 2 2  °C  fo r 15 m in  fo llo w ed  b y  th e  ad d itio n  o f  h yb rid iza tio n  
buffe r to  a final v o lum e o f  2 50  p i. T h e rea fte r, 2 00  p i o f  th is  m ix tu re  w as p ip e tted  ou t into 
each  w ell o f  th e  m ic ro titre  p la te  co a ted  w ith  cap tu re  p robes and  hyb rid ized . T h e  optim um
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tem perature w as determ ined  th rough  a series o f  tem perature  varia tions (37 °C , 45 °C and 
55 °C) and the op tim um  incubation  tim e fo r hybrid ization  w as selected  th rou gh  tim e 
variation (1 h, 1.5 h, 2 h and 2.5 h). T he p late w as w ashed  using w ash buffer (x  5) and 
200 pi o f  1:99 d ilu tion  o f  an ti-d ig ox ig en in-p ero x id ase  (A D P ) w as added  to  each w ell. The 
plate w as sealed  and incubated  in the dark  w ith  shaking  a t 37 °C for 30 m in. T he excess 
conjugate w as rem oved by w ash ing  (x5 ) and  200  pi o f  co lo u r d evelopm ent substrate , 
A BTS (2 ,2 '-az ino-b is  3 -e th y lbenz th iazo lin e-6 -su lfo n ic  ac id ) w as added to  each  w ell and 
incubated in the dark  at 37  °C fo r 15 min w ith  shaking. T he co lo u r d eve lo p m en t w as 
carried ou t at 5 min, 7 m in, 10 m in, 15 m in and 20 m in to  determ ine th e  optim um  
incubation tim e. T he optical d en sity  (O D ) o f  c o lo u r d ev e lo p m en t w as m easured  at 405 
nm  (reference w ave length 492 nm  — for n o rm aliza tion ) using  an  E L IS A  p la te  reader 
(A w areness techno logy , U SA ). P C R  g rade w ate r w as used as the  negative con tro l and 
H 37Rv strain w as used as th e  positive con tro l. T he sy stem atic  v iew  o f  th e  p ro ced u re  for 
PC R -E L ISA  (w ith  the  op tim um  tem pera tu re  and the tim e d uration  in each  step) is 
illustrated  in F igure 5.2.
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Allele specific oligo 
probe

Streptavidin coated  w ells
W ash X 5 tim es w ith  w g buffer

Single strands o f  Dig 
labelled DNA

Conjugate

Incubation w ith 5 ’- 
b io tinylated
capture probe for 10 min

H ybrid ization  o f  D ig 
labelled single stranded 
PC R  products w ith 
capture  probes at 55 °C 
for 1.5 h w ith shaking

Incubation  w ith  200 p i o f  
1:99 d ilu tion  o f  A O D  
con jugate  in dark  at 37 °C 
fo r 30 m in w ith  shaking

Incubation  w ith  200  p i o f  
A BTS at 37 °C fo r 15 min 
w ith  shaking

C olour developed w ells

R eading  w ith  p late 
reader

F ig u re  5.2 Flow diagram  show ing the P C R -E L ISA  process (the optim um  tem peratu re  and 
the tim e duration  for hybrid ization  and co lour developm ent are indicated in 
relevant steps).
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5.3.2.4 D eterm ination o f  sensitiv ity  and specificity

A 10 fold serial dilution o f  M. tuberculosis  DNA (1 pg to 1 fg) was PCR labelled with 
digoxigenin to determ ine the  sensitivity  o f  detection o f  each capture probe. Three 
different N TM  strains confirm ed by D N A  sequencing (M  abscessus, M. fortu itum , M. 
avium) w ere PCR dig labelled and hybridized to capture probes to determ ine the 
specificity o f  these probes.

5.3.2.5 D eterm ination o f  positive and negative cut o ff  optical density7 (O D) values

The mean O D  values (m ean ±  S .D ) for 9 rifam picin resistant isolates corresponding to 
m utations at codon 526 (n=3), 531 (n=3) and 626 (n=3) o f  rpoB  gene and one susceptible 
M. tuberculosis isolate w ere used for determ ining the negative and positive cut o ff  values 
for the assay.

5.3.2.6 V alidation o f  the assay

The ability  o f  the PCR- ELISA  to  determ ine RIF resistance w as validated with DNA 
extracted from  32 M. tuberculosis isolates from  Sri Lanka. These isolates have previously 
been tested  for RIF susceptibility  by agar proportion m ethod and the presence o f  point 
m utations in all RIF resistant isolates has been confirm ed by DNA sequencing (refer 
chapter 4).
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5.3.2.7 Statistical A nalysis

D ata w ere processed w ith SPSS statistical software package 15.0 for W indows. The test 
reliability, sensitivity, specificity  and cu t-o ff OD value o f  the PCR -ELISA  for 
identification o f  rifam picin resistance (as an indirect D ST m ethod) w ere determ ined using 
two different statistical m ethods.
R eceiver O perating C haracteristic  (R O C ) curve analysis
In ROC curve analysis, the sensitiv ity  (the ability to detect true drug resistance) and the 
specificity (ability  to detect true  drug susceptibility) o f  each probe w ere calculated against 
the agar proportion m ethod. The optim um  cut o ff point (at the highest sensitivity and 
specificity) for each capture  probes w as determ ined in order to distinguish positive and 
negative results.
K appa analysis
In kappa analysis, the su itab ility  o f  the PCR -ELISA  as a d iagnostic test w as evaluated in 
term s o f  sensitivity  and specificity  com pared  to  the agar proportion m ethod. The positive 
and negative cut o ff  OD values for the overall test were expressed as arithm etic mean and 
standard deviation. The kappa value (k), a m easure o f  test reliability , w as interpreted as 
follows: <0.2, poor; 0.21 to 0.4, fair; 0.41 to 0.6, m oderate; 0.61 to  0.8, good; >0.81. 
excellent (Sim and W right, 2005; K irkw ood and Sterne, 2003; D eeks, 2001).

The cost o f  establishm ent and cost per test for PC R -ELISA  m ethods w ere com pared with 
frequently used com m ercialized m olecular D ST m ethods using price quo tations (based on 
cost in Sri Lanka as o f  2012 January).
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5 .4  R e s u l t s

5 .4 .1  O p t im u m  p a r a m e t e r s  f o r  t h e  h y b r id i z a t io n  p r o c e s s

The stringency temperature and time o f probe- DNA hybridization were 55 °C and 1.5 h. 

The optimum incubation time for the colour development was 15 min. Colour 

development in PCR-ELISA (under optimized conditions) for selected isolates are shown 

in Figure 5.3.
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F ig u r e  5 .3  Photograph showing the colour development in PCR-ELISA. A 1-FI shows 
colour development o f H37Rv for probe F1-F6. A5-F5 shows colour 
development o f probe F1-F6 for negative control (water). A8- F8 shows 
colour development for M . abscessus (NTM). Renaming wells represent 
M  tu b e rcu lo s is  isolates.
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5.4.2 Test criteria

To increase the accuracy  o f  the assay, the follow ing criteria were used during 
interpretation o f  results. The results w ere valid, if  at least one o f  the probes w ere able to 
produce an OD o f  >  1 and if  none o f  the probes gave an OD value between positive and 
negative cut o ff  values.

5.4.4.2 Sensitivity and specificity  o f  probes in PCR -ELISA

A serial dilution o f  PCR  am plified M. tuberculosis DNA w as hybridized to capture probes 
to determ ine the sensitivity  o f  the PCR-ELISA . All cap ture  probes did not show equal 
sensitivity. C apture probes FI and F4 were able to detect 100 fg o f  genom ic DNA 
(O D > l) while the o ther probes (F5 to F6) produced an O D  >1 w ith 1 pg DNA. The N TM  
strains gave an absorbance value below  the mean negative cut o ff  value (<  0.4 ±  0.12), 
confirm ing the specificity  o f  the  assay (F igure 5.4).
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Figure 5.4 Optical density  values for selected  N TM  strains in R C R - E L ISA  assay. 
All OD are below the negative cut o ff  value (<  0.4 ±  0.12).
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5.4.3 PCR-ELISA as an ind irect D ST for determ ination o f  rifam picin resistance
5.4.3.1 ROC curve analysis

ROC curve determ ines the variation o f  sensitivity and specificity o f  a tested method 
against a reference m ethod. The total area that represented by an ROC curve is 1. Thus, 
both true positive rate (T PR ) and false positive rate (FPR ) range from 0 to 1. The area 
under the curve (A U C ) serves as a quantitative sum m ary o f  the strength o f  association 
between the underlying test statistics and disease status (w hether resistant o r susceptible). 
Further, an AUC o f  1.0 would mean that the test could use for perfect discrim ination 
between resistant and susceptible cases. The AUC can be interpreted as follows (0.90-1.0 
=  excellent, 0 .80-0.90 =  good, 0.70-0.80 =  fair, 0 .60-0.70 =  poor 0.50-0.60 = fail).

The ROC curves for com paring the utility  o f  each capture probes for determ ination o f  
rifampicin resistance by PCR- ELISA and agar proportion m ethod is shown in Figure 5.4. 
The cut o ff  (at the highest sensitivity and specificity) for each probe derived from ROC 
curves are shown in Table 5.2. A ccording to the AUC (a t 95%  confidence interval) 
values, all probes are excellent in determ ination o f  susceptibility  to  rifampicin.
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F igu re 5.5 ROC curve analysis for each  probe, (a) probe FI (b) p robe F2 (c) probe F3 
(d) F4 (e) F5 (d) F6
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Table 5.2: AUC, sensitivity, specificity  and cut o ff  OD for each probe in ROC curve analysis

Probe C ut o ff  OD Sensitivity (% ) Specificity  (% ) AUC (95%  C l)
FI 0.666 96.3 100 0.986
F2 0.827 100 96.3 0.981
F3 0.610 97.4 100 0.979
F4 0.799 100 97.4 0.996
F5 0.699 100 100 1.000
F6 0.781 100 100 1.000

5.4.3.2 K appa analysis
(A) Cut o ff OD values o f  the PC R -E L ISA

The positive and negative cut o f f  OD values for the PC R -E L ISA  w ere 1.25±0.37 (M ean 
OD value ±  S .D .) and 0 .4±0 .I2  (M ean OD value ±  S .D .) respectively. The difference in 
OD o f  a wild type probe and the corresponding m utant probe (O D  o f  wild type probe — 
OD o f  the m utant probe) should be >  0.82±0.33. The O D  values between positive and 
negative cut o ff  values w ere considered as giving inconclusive results.

The O D s >  positive cut o ff  for hybridization o f  w ild type capture  probes indicated the 
absence o f  m utations while positive O D s for hybridization o f  m utant capture probes 
confirm ed the presence o f  the point m utation in the PC R  am plified product.
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(B )  S e n s it iv i ty  a n d  s p e c i f ic i t y  o f  t h e  P C R -E L I S A  te s t

The PC R -ELISA  w as able to  correctly determ ine R IF  susceptibility  in 29 o f  32 M. 
tuberculosis isolates (R IF  sensitive isolates =  08 and rifam picin  resistant isolates = 21) 
that were used for the validation o f  the assay. Three isolates, gave inconclusive results 
w ith the F3 capture  probe (O D  between positive and negative cut o f f  values). Repeated 
testing (2 tim es) o f  these 3 isolates revealed the sam e results.

PCR-ELISA  show ed good agreem ent ( k  = 0.8,) w ith agar proportion method. The 
sensitivity and specific ity  o f  the PC R -ELISA  was 86%  and 100% (95%  confidence 
intervals) respectively  in determ ining RIF susceptibility  o f  M. tuberculosis. Further. 
PCR-ELISA  w as able to detect all m utations that w ere identified by DNA sequencing 
resulting in excellent agreem ent ( k  = 1) betw een PCR -ELISA  and DNA sequencing.

The com parative analysis on cost (based on price available in Sri Lanka in 2012 January), 
technical expertise and the need o f  sophisticated instrum ents for the com m ercial 
m olecular DST m ethods and PC R -ELISA  m ethods is dem onstrated  in table 5.2.
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5.5 Discussion

The sensitivity observed for the 437 bp fragm ent was 10 tim es greater (lOOfg) than that 
observed for the longer fragm ent ( lp g ) . Liu et al. 2007 have also reported that the 
sensitivity o f  PC R -E L ISA  varies with the length o f  the am plified fragment. Although the 
872bp fragm ent requires a 10 fold increase in DNA concentration  for hybridization, this 
fragment covers all three codons tested for mutations, m aking it more cost effective and 
tim e saving as a single PCR product can be used for the assay. Furthermore, 1 pg DNA 
can be obtained from  a few colony form ing units unit (C FU ) o f  bacteria, elim inating the 
necessity o f  sub culturing  o f  isolates.

5.5.1 Validity o f  PCR —E LISA  assay

To avoid m isinterpretation o f  results, the dig labelled PCR am plified products were 
hybridized with the w ild type and m utant capture probes as a double check procedure. For 
example, if the absorbance value for hybridization o f  an am plified product to a wild type 
capture probe is in the accepted negative range it should not be interpreted as positive for 
the mutation or RIF resistant as reported by G arcia et al. (2001). It could be due to a 
technical e rro r such as failure in PCR am plification, probe hybridization or digoxigenin 
detection. To be accurate, the am plified product should g ive  an absorbance in the positive 
range when hybridized to a m utant capture probe. Therefore, in the present study three 
wild types capture probes w ere also used with the corresponding three m utant probes and 
the criteria that, at least one probe should be able to produce O D s o f  >1 under optim ized
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test conditions w as used to  increase the accuracy  o f  the assay, preventing 
m is interpretat io n .

The validity o f  the PC R -ELISA  as an indirect drug susceptib ility  testing was determ ined 
by 2 methods. In ROC curve analysis, a cut o ff  OD value, sensitivity and specificity for 
each probe w as determ ined. In the present study, both sensitivity and specify o f  all probes 
were > 96%  and there w as an excellent discrim ination (A U C  > 0.9) between RIF 
susceptible cases and resistant cases. H ow ever, in ROC curve analysis method. 6 different 
cut o ff  OD values w ere used in interpretation o f  the test results.

According to kappa analysis, the developed PC R -ELISA  show ed good agreem ent, with 
86% sensitivity and 100% specificity to the agar proportion m ethod. In this analysis, there 
is a single set o f  cu t-o ff  OD (positive cut o ff  and negative cut off) for the overall PCR- 
ELISA assay (for all 6 probes). The use o f  both negative and positive cut o ff  OD values 
increase the accuracy o f  the test. With regard to interm ediate values (betw een positive and 
negative cut o ff  O D), the test should be repeated. H ow ever, if the  repeated test results are 
also inconclusive, ROC curve analysis is recom m ended w here the individual cut o ff  for 
each probe is used.

The ROC curve analysis increase the sensitivity  in PC R -E L ISA  for the determ ination o f  
RIF resistance as the cut o ff  O D  values for each probe is less than  the overall positive cut 
o ff  value (1.25±0.37 (M ean OD value ±  S.D .)) in kappa analysis. Thus, the degree o f  
sensitivity o f  the PCR- ELISA generated by the kappa analysis (86% ) is less than that was
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generated by ROC curve analysis (> 96% ). H ow ever, use o f  a single set o f  cut o ff  OD 
values is m ore practical than the use o f  individual cu t o f f  for each probe.

5.5.2 PC R -ELISA  is an indirect m olecular D ST  m ethod for low resource settings

PCR-ELISA  technique has been successfully  applied in diagnosis o f  bacterial (Sailsa et 
al. 2001) and parasitological diseases (H odgkinson et a l.2003; G om es et al. 2010). This 
technique has also been used in determ ination o f  m utations in diseases such as cancer 
(W ard et al. 1995) and thalassem ia (G il e t al. 2007).

In m ost DNA based D ST m ethods o f  M. tuberculosis, the  initial PCR am plification o f  the 
selected gene target will be followed by specific m utation  detection m ethods that require 
various instrum entations and infrastructure add high cost to the assay. Thus, the 
developm ent o f  sim ple, cost effective, D N A  based DST m ethod that can be custom ized as 
per user requirem ent would be very useful in the prevention o f  M DR-TB. Further, the 
diagnostic tests designed to  detect M D R -TB  w ould have to  satisfactorily meet four 
essential criteria; safety, high sensitivity, high specificity  and low cost (W HO, 2010).

The biohazard risks are m inim al follow ing extraction o f  D N A  in PC R -ELISA . Thus, 
PCR-ELISA  can be perform ed even at a routine laboratory w ork bench by m anaging PCR 
contam inations. Use o f  dU TP in the dig labelling is an additional advantage as it will not 
contribute to carryover contam ination that occurs frequently  in routine PC R  based assays 
(Pang et al. 1992). The initiation cost o f  PC R -E L ISA  is lim ited to purchasing o f  a PCR 
m achine and a plate reader, the instrum ents necessary to  perform  DNA am plification  and
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quantification analysis fo r colour developm ent during the ELISA respectively. Plate 
reader is a routinely used instrum ent in m ost diagnostic laboratories even in low resource 
settings. In the absence o f  a p late reader, the qualitative analysis by visual observation o f  
colour developm ent is possible for determ ination o f  RIF sensitivity to some extent. 
H ow ever, a reference colour series should be used in the qualitative analysis o f  PCR- 
ELISA. Further, the technical expertise required is m inim al as laboratory health care 
w orkers are familiar w ith both PCR and ELISA  to  a great extent. Thus, the test initiation 
cost o f  PCR-ELISA  as a m olecular D ST m ethod is m anageable even for peripheral TB 
diagnosis centres. The consum able cost o f  PC R -ELISA  ($40 per test) is less than other 
established DNA based D ST methods. The PCR dig labelling and digoxigenin detection 
kit is sufficient to analyse 30 PC R -ELISA  reactions using 6  probes. A dditionally, this 
technique is potentially autom atable, and up to 96 or 384 reactions can be done 
simultaneously. The turnaround tim e o f  the test is 2 days after isolation o f  prim ary M. 
tuberculosis cultures. Therefore, the indirect PC R -ELISA  is an excellent alternative as a 
m olecular DST method, especially in resource lim ited settings.
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C h a p te r 6



A nalysis o f  tran sm ission  o f  rifam picin  resistance o f  M . tu bercu losis  using
D N A  fin gerp rin tin g

6.1 Background
6.1.1 M olecular epidem iology o f  tuberculosis

M olecular epidem iology o f  TB  is the study o f  occurrence o f  TB in human populations 
using m olecular techniques (N arayan, 2004). In essence, m olecular epidem iology focuses 
on the role o f  genetic and environm ental risk factors for transm ission o f  disease, at the 
m olecular, cellular o r biochem ical level. It is a blend o f  epidem iology and molecular 
biology as well as clinical m edicine and statistics (M athem a et al. 2006). M olecular 
epidem iology is a m ultidisciplinary approach used to study the spread o f  tubercle bacilli in 
mini epidem ics and outbreaks. It analyses the transm ission dynam ics and determ ine the 
risk factors for transm ission in a com m unity. M olecular epidem iology has a great role in 
distinguishing exogenous re-infection from  endogenous reactivation as well as 
identification o f  laboratory cross contam ination (Narayan, 2004).

The m id-1980s revealed the first effect on m olecular applications for discrim inating 
clinical isolates o f  M. tuberculosis. P reviously used m ethods such as colony m orphology, 
com parative growth rates, susceptibility  to  selected antibiotics and phage typing were 
unable to provide sufficient discrim ination. Thus, developing appropriate m olecular tools 
for genotyping o f M  tuberculosis w as essential. The key aspects in choosing a satisfactory
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m olecular approach for genotyping w as based on the observed rate o f  polym orphism  and 
the genetic diversity o f  M. tuberculosis strains in a population (M athem a et al. 2006).

6.1.2 DNA fingerprinting m ethods for genotyping o f  M. tubercu losis

Various DNA fingerprinting m ethods has been developed for genotyping o f  M. 
tuberculosis and investigation o f  m olecular epidem iology. N um erous repeat sequences in 
M ycobacterium  genom e, such as insertion elem ents (ISs), trinucleotide repeats (W iid el 
al. 1994), variable num ber tandem  repeats (V N R T) (Frothingham  et al. 1998), 
m ycobacterial interspersed repetitive units (M IR U ) (Supply et al. 2001) and the direct 
repeat (DR) regions (G roenen et al. 1993) are com m only used as genetic markers for 
genotyping.

6.1.2.1 R estriction Fragm ent Length Polym orphism  (RFLP)

RFLP is one o f  the DNA fingerprinting too ls that w idely  used for genotyping o f  M  
tuberculosis (Hwang et al. 2003; D ym ova et al. 2011) and it was initiated with the 
discover o f  IS61 10 insertion elem ent (refer section 1.1.2.3) (Thierry  et al. 1990b; Cave et 
al. 1991). IS 61 10 elem ent is a 1361bp sequence and only a few nucleotide variation has 
been detected am ong its copies. The characteristics o f  insertion sequences such as high 
variable copy num ber and the great variability  o f  insertion sites in the chrom osom e allow 
easy typing o f  strains (H erm ans et al. 1990, Van Em bden et al. 1993, K rem er et al. 1999,). 
RFLP facilitate to investigate the international transm ission o f  tuberculosis and identify
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specific strains w ith unique properties such  as h igh infectiv ity , high v iru lence o r drug 
resistance (V an Em bden e t al. 1993).

The num ber o f  copies o f  IS6110 elem ent present in the  gen om e is species and strain 
specific. G enerally , M. tuberculosis  stra ins carry  0 to 25 cop ies o f  IS6110 elem ent in 
different positions o f  the genom e (M cE voy  et al. 2007). T he num ber o f  IS 6 1 10 copies in 
genom e o f  M. tuberculosis  varies w ith  the  geographic o rig in  also. M. tuberculosis  strains 
from  A frican and E uropean  origin  con tain  5 to  15 cop ies w hile  a h igher copy  num ber is 
present in isolates from  H ong K ong. H ow ever, m any stra ins from  the F ar East contain a 
single IS61 10 elem ent (V an Soolingen e t al. 1993) and 4 0%  o f  the  strains from  India have 
either a single copy o f  the IS61 10 e lem en t or none (D as e t a l. 1995). A dditionally , several 
sing le-copy  strains w ere also identified from  M alaysia, T anzan ia , V ietnam ese (Y uen et al. 
1993) and O m an (Fom ukong et al. 1994).

The degree o f  IS6110 polym orphism  am o n g  the d escendan ts o f  a particu lar clone in a 
population  is a reflection  o f  the  tim e tha t has elapsed, since th e ir d ivergence as the 
transposition  o f  IS6110 is a  tim e-dep end en t process. T hus, ana lysis  o f  the m olecular 
epidem io logy  o f  M. tuberculosis  by IS61 10- R FL P m ay p rov ide  inform ation about the 
evo lutionary  h istory  and the d issem ination  o f  particu lar c lon es in a g iven  geographic 
region (V an Soolingen et al. 1995).
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IS 1081 is another insertion sequence (C ollins and S tephens, 1991) that is used as a 
genetic marker o f  M. tuberculosis (Park e t al. 2000). It contains 1324bp flanked by 15 bp 
inverted repeats (Collins and Stephens, 1991). IS 1081 has a lower degree o f  
polym orphism  than IS6110, and transpositional activity is low (V an Soolingen et al. 
1993). The differentiation pow er o f  RFLP using IS 1081 is lim ited due to  its low copy 
num ber com pared to  IS6110 elem ent. As an exam ple, the genom e o f  H37Rv, the 
reference strain o f  M. tuberculosis contains 16 copies o f  IS6110 insertion sequence 
(Philipp et al. 1996) and 6  copies o f  IS 1081 insertion elem ent (Van Soolingen et al. 
1992). Thus, the RFLP analysis o f  IS 61 10 is w idely used as a gold standard strain-typing 
technique o f  M. tuberculosis (V an Soolingen et al. 2001) due to its apparent mobility, 
average copy number, and highly d iscrim inatory  pow er at population level (K rem er et al. 
1999).

The discovery o f  alternative genetic m arkers and typing m ethods are prom oted due to 
certain drawbacks associated with analysis o f  insertion sequences by RFLP. One o f  the 
m ajor lim itations o f  R FLP-based typing is the requirem ent o f  large am ount o f  pure DNA. 
In certain cases, epidem iologically  unrelated M. tuberculosis  strains that harbour one or 
two IS 6110 copies give sam e banding pattern in RFLP. Thus, additional typing techniques 
have to be considered when dealing w ith  strains having low IS6110 copy num bers (Van 
Soolingen et al. 1993).
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6.1.2.2 Spoligotyping

Spacer oligonucleotide typing o r spoligotyping is based on  the direct repeat (D R) regions 
in direct repeat locus o f  the M. tuberculosis genom e (F igure 6.1). Two types o f  genetic 
rearrangem ents have been shown in DR regions. In one type o f  polym orphism , variation 
can be seen in one o r a few discrete, contiguous DRs plus spacer sequence that is probably 
driven by hom ologous recom bination betw een adjacent or distant DRs regions. The other 
type o f  rearrangem ent is probably driven by transpositional events o f  the IS61 10, which is 
almost invariably present in the D R cluster o f  M. tuberculosis com plex strains (Groenen et 
a/. 1993).

Spoligotyping is a PCR based m ethod that analyses the polym orphism  in the well- 
conserved 36bp DRs interspersed with 35- to 41- bp non-repetitive spacer sequences in 
MTC genom e (K am erbeek et al. 1997). Both the num ber o f  DR (ranging from 10-50 
copies) and the presence o f  spacers vary from strain  to strain and serve as an 
epidem iological m arker (Van Soolingen e t al. 1995). DRs are am plified using one set o f  
primers. Spoligotype patterns are produced by hybridization o f  am plified sam ple DNA to 
m ultiple synthetic spacer oligonucleotides (43 oligonucleotides) (Figure 6.1). Each 
genotype is represented by a binary string and analyses the presence or absence o f  43 
distinct direct variant repeats in the DR (K am erbeek et al. 1997). The digitally represented 
data can be com pared with international spoligotyping database and it allow s for grouping 
o f  isolates as clades o r strain fam ilies (D riscoll et al. 2009).
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Figure 6.1 (A) Structure o f  the DR locus in the m ycobacterial genom e. The
chrom osom es o f M  tuberculosis H37Rv contain 48 DRs (depicted as 
rectangles), which is interspersed. The site o f  integration o f  insertion 
element IS 61 10 is depicted. (B) Principle o f  in vitro  am plification o f  the DR 

region by PCR. A ny D R in the DR region m ay serve as a target for these 
primers; therefore, the am plified DNA is com posed o f  a m ixture o f  a large 
number o f  different-size fragm ents. (C) H ybridization patterns 
(spoligotypes) o f  am plified m ycobacterial D N A s o f  M. tuberculosis H37Rv. 
The order o f  the spacers on the filter corresponds to their order in the 
genome (K am erbeek et al. 1997).

The m ethod is highly reproducible and can be applied for large epidem iological projects as 
com pared to RFLP, spoligotyping does not require high am ount o f  pure DNA. It reduces 
tim e between suspicion o f  the disease and typing to 1 o r 2  days as it requires only a few 
bacteria that can be obtained from clinical specim ens o r slides o f  ZN staining (Vander 
Zanden et al. 1998; Kam erbeek et al. 1997). The discrim inatory  pow er o f  spoligotyping is 
generally poor and m ay not be able to provide sufficient d iscrim ination betw een isolates in
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Beijing genotype as the vast m ajority o f  Beijing strains share an identical spoligotype 
pattern (K rem er et al. 2004). However som e studies suggest that the sim ultaneous use o f  
both RFLP and spoligotyping may be m ore inform ative in DNA fingerprinting o f  M. 
tuberculosis (M athuria et al. 2008).

6.1.2.3 M ycobacterium  Interspersed R epetitive U nits - V ariable num bers o f  tandem  repeat 
sequences (M IRU -V NTR ) typing

Variable numbers o f  tandem  repeat sequences (V N TR ) typing has em erged as a genetic 
m arker o f  M. tuberculosis subsequent to spoligotyping. In this method, the num ber o f  
repeats present at a particular tandem  repeat locus in the bacterial genom e is analysed. This 
is also a PCR-based method which analyses the 24 loci using gel electrophoresis, 
autom ated capillary system s or high perform ance liquid chrom atography. These 24 loci are 
interspersed with M ycobacterium  In terspersed Repetitive U nits (M IRU s), Exact Tandem 
Repeats (ETRs) and Q ueen’s U niversity o f  Belfast (Q U B ) loci (D e Beer and Kremer 
2010). As the length o f  the repeat is known, the sizes o f  the PCR product reflect the 
num ber o f  repeats in each V N TR locus. M IR U -V N TR  is faster than RFLP and its results 
can be com pared easily (M azars et al. 2001; Supply et al. 2006). M IRU -V N TRs have been 
adopted in com bination with spoligotyping for large-scale high-throughput genotyping o f  
M ycobacterium  tuberculosis. H owever, even the com bination o f  these tw o m ethods is yet 
less discrim inatory than IS61 10 fingerprinting by RFLP (Sypply et al. 2006).
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6.1.3 G enotypes o f  M. tuberculosis

M ycobacterium  tuberculosis com plex has been categorized into 3 principal genetic groups 
by analysis o f  several genetic markers. G roup 1 includes 3 lineages nam ely, the East 
A frican-Indian (EAI) lineage, the Beijing lineage, the C entral-A sian (C A S) or Delhi 
lineage (Palom ino et al. 2007). The EAI lineage is characterized by a tow number o f  
IS6110 copies and is frequent in South-East Asia, India, and East Africa (K rem er et al. 
1999). Presently, it has been renam ed as Indo-Oceanic lineage (G agneux et al. 2006). The 
Beijing lineage was recently renam ed as East Asian Lineage (G agneux et al. 2006). It 
contains high virulence strains and is recognized to be frequently associated with multi 
drug resistance (Anh et al. 2000; P fyffer e t al.20Q\). Beijing strains are characterized by 
the presence o f  an inverted IS6110 copy w ithin the direct repeat (DR) region, an IS61 10 
element at a particular insertion site and one o r two IS61 10 copies in N TF locus (Plikaytis 
et al. 1994; Kurepina et al. 1998). The CAS lineage is specific for India (Bhanu et al. 
2002,), Sudan, other sub-Saharan countries and Pakistan (B rudey et a l .2006). The 
Haarlem family (highly prevalent in N orthern Europe) (K rem er 1999), the Latin American 
and M editerranean (LA M ) fam ily (Sola et al. 2001), the X fam ily (m ost prevalent in South 
Africa) (Sebban, 2002), the T fam ilies (M arm iesse, 2004) and others belong to  the 
principal genetic groups 2 and 3 (Palom ino et al. 2007).
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6.1.4 Transm ission o f M D R-TB

Genotyping o f  M. tuberculosis has been extensively used for investigating epidem ics o f  
M DR-TB. There is much debate about the degree o f  transm issibility as a specific 
characteristic o f  drug resistant strains. Further, this focuses on w hether M DR-TB strains 
are more easily transm issible o r w hether the mutations that confer drug resistance also 
impair the reproductive function o f  the organism  (Sougakoff, 2011).

Application o f  m olecular epidem iological m ethods w as central to  the identification and 
description o f  all drug resistant outbreaks. The most extensive M DR-TB outbreak reported 
was from N ew  York, am ong 267 patients who were infected by Beijing/W  genotype 
(Frieden el al. 1996). This cluster o f  cases included drug resistant isolates that were 
resistant to all first line anti TB drugs. M olecular m ethods w ere used to identify, how this 
initially drug susceptible strain expanded to  result in a M D R -TB  phenotype by sequential 
acquisition o f  resistance conferring m utations in several genes (Bifani el al. 1996). 
Beijing/W  genotypes can be identified by their characteristic m ulti-banded IS6110 
restriction fragm ent-length polym orphism  (RFLP) patterns, a specific spoligotype pattern 
characterized by the presence o f  spoligotype spacers 3 5 ^ )3  (Bifani et al. 2002) and 
resistance conferring gene m utations. A lthough these data led many to propose that 
Beijing/W  strains behaved differently from other strains, m ore recent w ork suggests that 
M DR-TB outbreaks are not limited to the Beijing/W  genotype. Sm aller outbreaks 
involving other M DR-TB genotypes have been reported in o ther settings such as the Czech 
Republic, Portugal and N orw ay (Kubin et al. 1999).
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6.2 Justification and objective o f  the present chapter

Much o f  the M DR-TB burden falls on developing countries that are not engaged in routine 
molecular epidem iological surveillance and little is know n about the characteristics o f  
circulating drug resistant strains. L iterature reviewed w ithin the chapter revealed that drug 
resistant outbreaks may not be associated only with w orld prevailing strains such as 
Beijing/W . Furthermore, the genotype o f  the M. tuberculosis may vary with the 
geographical region. Thus, it is possible to find hitherto unreported M TB-TB strains with 
specific characteristics such as those responsible fo r transm ission o f  M DR-TB and MDR- 
TB outbreaks. Therefore, routine surveillance o f  m olecular epidem iology o f  M DR-TB is 
essential to  prevent and control drug resistant tuberculosis (Portugal et al. 1999).

In Sri Lanka, there is very little data on epidem iological characteristics o f  M. tuberculosis 
strains, i.e. whether recurrent tuberculosis is due to exogenous reinfection, current rate o f  
active transm ission in different strains, emergence o f  new strains and possibility o f  
extensive transm ission o r outbreaks o f  M DR-TB. Thus, the study described in this chapter 
will address the genetic diversity and the transm ission patterns o f  RIF resistant M. 
tuberculosis strains in Sri Lanka, using m olecular fingerprinting to achieve the following 
objectives.

(a) To determ ine the RFLP pattern o f  31 RIF resistant M. tuberculosis isolates 
and 46 RIF susceptible M. tuberculosis isolates

(b) Investigate the transm issions o f  RIF resistance o f  M. tuberculosis in Sri 
Lanka using a dendrogram  based on the RFLP banding patterns
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6. 3 Research m ethodology

All reagents were o f  m olecular biology grade and purchased from Sigm a Com pany, St. 
Louis, MO, USA (unless otherw ise stated). A  A m ersham ™  ECL D irect™  Nucleic Acid 
Labeling and Detection System  were purchased from GE Healthcare, USA.

6.3.1 Study population

Phenotypically and genotypically confirm ed 31 RIF resistant M. tuberculosis isolates and 
phenotypically confirm ed 46 RIF susceptible M. tuberculosis isolates were used for the 
RFLP analysis. H37Rv was used as the control strain.

6.3.2 Restriction endonuclease digestion

Genomic DNA from selected M. tuberculosis strains w ere extracted as described in section 
4.3.2. Restriction enzym e digestion w as perform ed according to the method described by 
W arren et al. (2009), in a total volum e o f  100 pi by sequential addition o f  PCR grade 
water, 10 pi o f  10X restriction buffer, 6  pg  o f  DNA and 30 units o f  PvuW restriction 
enzyme. The mixture was vortexed well and incubated at 37 °C for 16 h. The PvuW 
enzyme w as heat inactivated by incubating the m ixture at 65 °C for 10 min. The digested 
DNA ( 8  pi) was mixed with loading buffer (4 pi) and w as separated by electrophoresis in 
EtBr stained 1% agarose gel at 1.5 V/cm for 16 h and visualized under the UV light. 
Remaining digested D NA (92 pi) was precipitated by adding  9 p i sodium acetate (pH 5.2) 
and 300 pi ice cold absolute ethanol. The mixture was kept at -20 °C for 16 h. DNA was
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pelleted by centrifugation at 10,000 x  g  for 30 min at 4 °C. Supernatant was discarded. The 
pellet was resuspended in 500 pi ice cold 70% ethanol and centrifuged as above. A fter 
removing the supernatant, DNA w as dried at room tem perature (~  25 °C) for 24 h to 30 h. 
DNA w as re-dissolved in IX  loading buffer (volum e w as determ ined according to the 
concentrations o f  DNA presence on the test gel) that include m olecular w eight maker X 
(Roche diagnostics, USA) (A ppendix 3.5). The mixture w as allow ed to  dissolve over night 
and 10 pi o f  DNA m ixture (D N A  + loading buffer) was separated on 0.8%  agarose gel by 
electrophoresis at 2 V/cm for 16 h and visualized under UV light.

Electrophoresed DNA was denatured  by im m ersing the inverted gel in 500 ml denaturing 
buffer (A ppendix 3.6) at 25 °C for 30 min with shaking. The denatured gel was neutralized 
in 500 ml neutralizing buffer (A ppendix 3.7) at 25 °C for 30 min w ith gentle shaking. The 
nylon m embrane (GE healthcare, U SA ) w as marked by spotting with orientation m arker 
(A ppendix 3.8) at 6  different positions on upper and low er m argin o f  the membrane. Then, 
the membrane w as hydrated in 500 m l sterile distilled w ater for 30 seconds and 
equilibrated in 500 ml 20x  SSPE buffer (A ppendix 3.9) for 5 min. Southern transfer set up 
was arranged and allowed capillary  transfer for 16 h. T hereafter, the Southern transfer set 
up was dism antled and the nylon m em brane w as baked at 80 °C for 2 h in vacuum oven 
and stored at 4 °C.
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6.3.4 Probe hybridization
6.3.4.1Preparation and labelling o f  IS6110 probe

The 240bp fragment o f  1S6110 insertion sequence o f  M. tuberculosis was selected as the 
probe and am plified by PCR (as described in section 2 .3 .6 .3). The PCR amplified product 
was purified using PCR am plification clean-up kit (Prom ega, USA) as per m anufacture's 
guidelines. DNA concentration o f  the am plified IS61 10 fragm ent was determ ined using a 
N anoD rop (2000c/2000) U V-V is Spectrophotom eters (Therm o, USA). In labelling, 2 p i o f  
prepared probe (200 ng) that mixed with 13 pi PCR grade H 2O w as heated at 100 °C for 5 
min and snap cooled on  ice (4 °C) for another 5 min. T hereafter, 15 pi o f  horseradish 
peroxidase and 15 p i o f  gluteraldihyde (A m ersham  EC Ltm nucleic acid labeling system) 
were added sequentially. Finally, the m ixture was incubated at 37 °C for 10 min.

6.3.4.2 Pre hybridization and hybridization

The procedure described by W arren et al. (2009) was follow ed in pre hybridization and 
hybridization o f  labelled probe.

Pre-hybridization o f  Southern blot w as carried out in 48 ml EC Ltm Gold buffer (GE 
healthcare, USA) at 42 °C for 1 h in a sealed bag. Thereafter, 45 pi o f  labelled probe was 
added directly to the G old buffer (48 ml) in the sealed bag. H ybridization w as carried out 
at 42 °C for 16 h with shaking. The hybridized m em brane w as w ashed tw ice in 400 ml 
prim ary wash buffer (A ppendix 3.10) for 20 min at 42 °C. Then, the m em brane w as 
washed twice in 400 ml o f  2 X SSC (A ppendix 3.1 1) at room  tem perature (~25 °C) for 5
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min w ith shaking. Finally, the m em brane w as sealed in a  new  plastic bag and subjected to 
chem ilum inescence by incubating in 8  ml (4 ml o f  detection reagent 1 + 4 ml o f  detection 
reagent 2) o f  A m ersham  EC Ltm detection reagents for 90 seconds. Thereafter, all fluid was 
rem oved and sealed the bag. The m em brane w as exposed to X -ray  film in a dark room for 
5- 10 min. Thereafter, the X -ray film w as developed accord ing  to  standard m ethods, at the 
D epartm ent o f  R adiology o f  N ational H ospital o f  Sri Lanka, Colom bo.

A fter the detection w as com pleted, m em brane w as incubated in 400 ml boiling SDS for 
1 h, at room tem perature (—25 °C) w ith shaking to rem ove the hybridized probe. 
Thereafter, the m em brane was sealed in a new  plastic bag to carry out the hybridization o f  
the m olecular w eight m aker X D NA in that m em brane. The probe for the m aker X DNA 
was prepared as described in section 6 .3.4.1. The hybridization, and detection was as 
carried out as described in section 6 .3.4.2. Finally m em brane w as de-probed by incubating 
in 400 ml boiling SDS for 1 h at room tem perature (—25 °C) and stored at 4  °C for further 
use.

6.3.5  D ata analysis

Band positions on the autoradiogram  w ere determ ined m anually. The sizes o f  IS6110 
RFLP fragm ents were calculated  by com parison o f  the ir m obility  with know n m olecular 
sizes o f  internal m arker (M arker X - A ppendix 5). The accuracy  o f  the norm alization
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procedure was controlled by com paring the IS6110 fingerprint patterns o f  reference 
strain, H37Rv.

Genetic relationship am ong 77 isolates w as analysed by the presence (1) or absence (0) o f  
specified DNA fingerprints o f  each isolate com pared to the m olecular w eight m arker X on 
the same lane. A distances m atrix w as com puted in PHY LIP (version 3.69) by the 
program  Restdist (using the distance m atrix which w as introduced by N ei and Li) and 
internal branching probabilities w ere determ ined by bootstrap analysis using 1 0 0  

replications. C luster analysis w as carried out with the same program m e using Neighbour 
Joining m ethod (Felsenstein, 1989) and the dendogram  was constructed using Phyfi 
software (Fredslund, 2006).

6.4 Results

As shown in Figure 6.2, the IS61 10 fingerprints for both catalogues (RIF resistant and 
susceptible) were highly variable according to the num ber o f  copies and location o f  
bands. The num ber o f  copies o f  IS61 10 per isolate varied from 1 to  14, with sizes ranging 
from 665bp to 10180bp. All isolates had at least one copy o f  the 1S6110 element. 
M ajority o f  the isolates (n=T6 , 20.8% ) had 11 copies o f  IS6110 and am ong them  
II  isolates were resistant to RIF. N one o f  the isolates had 3 o r 4 copies (Figure 6.3). 
Further, copy num ber 2, 5 and 14 w ere show n only in RIF susceptible strains (F igure 6.3 
and Figure 6.4).

197



A B

Figure 6.2 (A) IS 6 1 10-based RFLP patterns o f  17 RIF resistant M. tuberculosis isolates.
Lanes 1 and 20-reference strain o f  M. tuberculosis (H 37R v); lane 2 to 19- RIF 
resistant M. tuberculosis isolates. (B ) IS6110-based R FLP patterns o f  19 RIF 
susceptible M. tuberculosis isolates. Lane 10- H 37R v; lane lto 9  and 1 lto  20- RIF 
susceptible M. tuberculosis isolates.
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Figure 6.3 IS 6 1 10 copy num bers present in M  tuberculosis isolates (n= 77)
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F ig u re  6 .4 IS 61 10 copy num bers present in RIF resistant M. tuberculosis isolates 
(n = 3 1)

The genetic relatedness am ong IS6110 fingerprint patterns w ere analysed using the 
distance m atrix m ethod and the N eighbour Joining dendrogram  is show n in figure 6.5. A  
total o f  6 8  distinct isolates w ere found am ong 77 M  tuberculosis  isolates and they w ere 
separated into two groups, G1 and G2 at the node A. The group  G1 w as the larger group 
consisting o f  7 clusters w ithin it and 2 clusters (C luster 1 and 2) w ere separated in G2. In 
addition, one isolate (M o 6 o) branched ou t independently w hereas another isolates (C432) 
w as very  closely associated w ith the H 7R v isolate (w ild type), the root o f  the dendrogram .

A m ong the 6  isolates in c luster 1, 4 w ere genetically identical RIF resistant isolates 
(C oo 8 , C o lo , Co2o, C 12o) based on the IS6110 insertion elem ents. Susceptible isolate 
(C424 -branch length 0 .01591) in cluster 1 distinctly separated  from  the RIF resistant 
isolates.
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Cluster 5, included m ore susceptible isolates (87% ) than rem aining  clusters and cluster I 
contained more resistant isolates (83% ). C luster 8  com prised  o f  large num ber o f  distinct 
isolates (n=15) than rem aining clusters. Further, it show ed m ore distinct genetic relations 
with its linages according to their branch length. H ow ever, all clusters contained both RIF 
resistant and susceptible strains. The genetically  identical o r closest relatedness was not 
observed between any susceptible and resistant isolates (F igure 6 .5) based on the IS61 10 
insertion element.

Figure 6 . 6  represent the N eighbour Joining dendrogram  constructed  for 31 RIF resistant 
M. tuberculosis isolates and they  show ed 28 distinct RFLP IS6110 patterns. They 
represented 3 clusters and 13 isolates w ere categorized into cluster 2. Two isolates were 
distinct and 1 o f  the distinct isolates (C o o 6 ) was m ore related to  the H37RV (wild type) 
than others (branch length 0.01084).

C luster 1 contained 3 genetically  identical isolates (C oo 8 , C o2o, and C o lo ). In cluster 3, 
one clade contained 2 genetically identical isolates (C l 15 and C o22) while its sister clade 
also had identical isolates (Co27 and Coo7). The RIF resistant isolates; C oo 8 , Co2o, C o lo  
and C12o w ere genetically  identical in the  dendrogram  that w as constructed for 77 M. 
tuberculosis isolates (figure 6.5). H ow ever, C 12o had separated  into a sister clade in the 
dendrogram  constructed for only RIF resistant M. tuberculosis  isolates (F igure 6 .6 ).

RIF resistant isolates that contained novel m utations at codon  626 (n=13) (refer chapter 4) 
had 11 distinct IS 61 10 RFLP patterns and they  w ere d istributed  in all clusters (F igure 6 .6 ).
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Among them, Co20 was genetically identical to C 0 0 8  w hile the isolate C007 was sim ilar 
to Co27. However, they w ere belonged to separate clusters (C luster 2 and 3 respectively) 
(Figure 6 .6 ).

Isolates PC 8 8  and Mo33 containing the novel m utation at codon 184 belonged to 2 
separates cluster (C lusters 2 and 5 respectively (Figure 6 .6 )
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F ig u re  6.5 Rooted N e igh bou r - jo in in g  dendrogram  constructed from  IS6110 R F L P  
fingerprinting patterns o f M  tuberculosis  isolates using  P h y lip  
(version 3.69). R IF  resistant strains highlighted in  p in k  co lo u r and the 
reference H 7 R v  (named as H 3 7 R ) strain h igh lighted  in  orange. T h e  values  
above branches indicate branch length.
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Figure 6 . 6  Rooted N eighbour - jo in ing  dendrogram  constructed  from  IS 6 1 10 RFLP
fingerprinting patterns o f  RIF resistant M. tuberculosis  isolates using Phylip 
(version 3.69). The values above branches ind icate  branch length. Strains 
contained m utation at codon 626 (novel m utation  ) are in orange colour and 
H7Rv (nam ed as H 37R ) strain  h ighlighted  in yellow .
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6.5 D iscussion

N eighbour- jo in ing  algorithm  is more suitable for analysis o f  genetic relationship am ong 
large data sets and it is a w idely used distance based m ethod for phylogenetic 
reconstructions. Even though dendogram s constructed using U PG M A  (U nw eighted group 
m ethod with arithm etic m ean) displays the sim ilarity d istances am ong isolates it fails to 
pick closest neighbours (Posada, 2001).

Analysis o f  the polym orphism  in IS61 10 insertion sequence using RFLP determ ines the 
num ber o f  copies and location o f  the IS61 10 elem ents in the genom e o f  M. tuberculosis 
(M cEvoy et al. 2007). An overall p icture o f  the epidem iology o f  M D R-TB in the world 
can be draw n from  m ultiple studies that represent various parts o f  the world in order to 
identify the factors involved in the transm ission  o f  drug resistant strains. This information 
m ay facilitate effective control o f  the disease (S ougakoff 2011).

The RFLP fingerprints o f  IS61 10 insertion elem ents o f  M. tuberculosis  isolates tested in 
the present study w ere highly polym orphic (F igure 6.5). Isolates w ith eleven (11) IS 61 10 
copies w ere most predom inant am ong M. tuberculosis in Sri Lanka. N one o f  the isolates 
had zero copy num ber and 12% o f  isolates show ed single copy  o f  IS6110. N one o f  the 
isolates showed 3 o r 4 copies o f  IS61 10 insertion elem ent in their genom e and sim ilar 
observation had been m ade in M. tuberculosis isolates in T aiw an (H w ang et al. 2003).

O nly 18% o f  tested M. tuberculosis isolates had <  5 IS61 10 copies. In contrast, M agana- 
Arachchi et al. (2011) has shown that 52%  o f  isolates had 5 o r less copies o f  IS 6 1 10 in M.
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tuberculosis isolates retrieved from  Kandy district in Sri Lanka. Further, Das et a/. (1995) 
has reported that high num ber o f  M. tuberculosis isolates (40% ) retrieved from India lack 
o r contained only a single IS61 10 elem ent.

Among M. tuberculosis isolates studied in the present study, 83%  had > 6 copies (6-14 
copies) o f  IS6110 insertion elem ents in their genome. This observation is similar to 
findings o f  Tunisia and Denm ark w here 75%  o f  isolates had 6-10 copies and 50 % o f  the 
strains carried 11-15 copies in 1S61 10 elem ent respectively (Chevrel-D ellagi et a l 1993; 
Sola et al. 2001). Further, 87%  o f  RIF resistant M. tuberculosis  strains in the present 
study had 6-13 copy num bers o f  IS61 10. M any o f  the strains in EAI family have few 
copies o f  IS61 10 (< 5) while Beijing fam ily is one o f  the lineages with the highest number 
o f  copies o f  IS61 10 elem ent (A lonso et al. 2011, Phyu et al. 2009). As Beijing strains are 
reported to be frequently associated with RIF resistance (G lynn e t al. 2006; Wang et al. 
2009) it is possible to suggest that most o f  RIF M. tuberculosis isolates tested in Sri 
Lanka may belong to  the Beijing family. Further, this suggestion is supported by a 
previous study that used spoligotyping (R ajapaksa et al. 2008) which concluded as the 
majority o f  M. tuberculosis strains in Sri Lanka belong to  Beijing family. The lack o f  a 
standard Beijing strain in the present fingerprinting analysis is a lim itation and findings 
indicate the importance o f  using reference strains for m ajor genotypes o f  M. tuberculosis 
in arriving at definitive conclusions on RFLP analysis.

Among the RIF resistant isolates (Figure 6.5 and 6.6), 87 % (n=27) were genetically 
distinct. It supports the assum ption that RIF resistant M. tuberculosis  in Sri Lanka is not
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related to outbreaks in contrast to those reported from C ape Tow n, where 52%  o f  drug- 
resistant tuberculosis cases w ere caused by transm ission o f  a drug-resistant strain (Rie et 
al. 2000). Further, isolates with novel m utation at codon 626 is distributed in all clades o f  
the dendrogram  (Figure 6 .6 ) indicating the presence o f  epidem iologically  nonrelated 
strains. Thus, based on the IS61 10 fingerprinting, it is p lausible that M. tuberculosis 
strains with mutation at codon 626 represent epidem iologically  d ifferent strains.

M. tuberculosis could be transm itted as a drug-susceptible organism , and patients could 
acquire drug resistance independently. In this case, there should be drug-susceptible 
isolates w ith similar RFLP fingerprint patterns to drug-resistant isolates. In the present 
study, none o f  the RIF resistant isolates showed genetically  uniqueness or close 
relationship with susceptible isolates (according to branching length) based on IS6110 
insertion elem ents. Thus, the present study highlights the absence o f  the acquisition o f  
RIF resistance, following an infection w ith a RIF susceptible strain. Therefore, the RIF 
resistance o f  M. tuberculosis in Sri Lanka probably due to the transm ission o f  drug 
resistant strains (prim ary drug resistance).

The classification o f  drug  resistance in patients as prim ary o r acquired resistance is very 
im portant for national tuberculosis control program m es. The degree o f  acquired drug 
resistance reflects the quality and the effectiveness o f  m anagem ent o f  individual patients 
and quality o f  tuberculosis treatm ent in the com m unity. Thus, the present study provides 
evidence for the presence o f  good m anagem ent in treatm ent o f  TB  patients in Sri Lanka as 
there is no acquired resistance. H ow ever, the occurrence o f  prim ary drug resistance
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highlights the need for definitive laboratory' identification o f  RIF resistance before starting 
chem otherapy for TB patients in Sri Lanka.

Except in 4 isolates (Co2o, C 0 0 8  and Coo7, Co27), there  w as no sim ilarity between 
genetic relationship based on IS61 10 insertion elem ent and rpoB  gene mutations in RIF 
resistant isolates (Figure 6 .6 ). As an exam ple, strains C o2o and C oo 8 that contained 
mutation at the codon 626 (confirm ed by DNA sequencing- refer chapter 4) showed 
sim ilar fingerprinting patterns (100% ) with the Co 10 that had a mutation at codon 526. 
This observation highlights that genetically sim ilar strains based on the IS61 10 may have 
mutations at different sites in the rpoB  gene. This observation will be important in 
selecting a m olecular based drug susceptibility testing for particular geographical region 
as genetically sim ilar strains m ay contain  different m utations in rpoB  gene.

The further studies focused on genotype identification by a com bination o f  typing 
methods that include IS61 10-RFLP typing, spoligotyping and V NRT-M IRU  typing would 
be helpful in order to arrive at a  more com plete epidem iological investigation o f  M DR- 
TB.
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C h a p te r 7



G e n e r a l d isc u ss io n  a n d  c o n c lu s io n

7.1  G e n e r a l d is c u s s io n s

The study on rifam picin resistance o f  M. tuberculosis in Sri Lanka was presented in several 
chapters w here each chapter was focused on a specific objective o f  the study. Two different 
culture based DST m ethods were evaluated using M. tuberculosis  isolates retrieved from 
AFB positive sputum  specim ens as an alternative to proportion m ethod. The genetic basis o f  
rifampicin resistance o f  M. tuberculosis isolates in Sri Lanka w as determ ined by 
investigation o f  rpoB  gene m utations. The PCR-ELISA  w as developed as a  simple, cost 
effective, rapid and sensitive DNA based D ST method for determ ination o f  RIF resistance. 
Finally, the transm ission pattern o f  RIF resistance was investigated by DNA fingerprinting.

A s hypothesized the novel m utations and frequencies o f  the prevailing  m utations described 
in the present study has substantially contributed to broaden the know ledge on the profile 
o f  mutations o f  the rpoB  gene. The novel m utation at codon 626 was responsible for 
significant proportion o f  RIF resistance (35.5% ) o f  M. tuberculosis  isolates in Sri Lanka. 
Even though the point m utation at codon 531 has been reported as a g lobally  prevailing 
com m on mutation it contributed only 9.7%  o f  the RIF resistance. The m ost prevailing 
m utated (48.4% ) codon w as at 526 (A dikaram  et al. 2012). Further, m utations at codon 
516 have been reported as prom inent in several geographical areas such as India, (13% ) 
and Iran (10% ) and therefore, com m ercially available RIF resistance d iagnosis kits have 
been optim ized to  detect mutation at codon 516 am ong o ther m utation in the RRDR.
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However, no m utations w ere observed at codon 516 in the present study. The m ajority o f  
published reports have shown CAC to  G AC (transversion m utation) as the  most prevalent 
base change at codon 526 in contrast to the present study w here it w as a CAC to  TAC 
transition m utation in all isolates (n=15) carrying this m utation. It is also reported that in 
certain regions o f  the w orld the m utation at codon 531 to be frequently  associated with the 
codon 526 mutation (Ruwen et al, 2005). H ow ever this phenom enon was not observed in 
this study. The present study clearly  show s that the m utated codons, types o f  m utations 
(transversion o r transition) and their frequencies vary geographically  and diagnostic 
m ethods should take into account such changes in local settings.

A laboratory has to play a critical role in diagnosing T B , M D R -TB  and m onitoring 
treatm ent. The strength o f  the laboratory netw ork often d irec tly  influence the success o f  TB 
control program m es. The study described in chap ter 2 o f the thesis challenges the defining o f  
M ycobacterium  lung diseases using the results based only on the AFB m icroscopy and it 
highlights the need o f  strengthening the laboratory' facilities in Sri Lanka. Developed 
countries have the sophisticated laboratory infrastructure w ith high tech methods for 
providing rapid detection and identification o f  M. tuberculosis. In contrast, m any developing 
countries, even those with high TB burden, struggle to  provide satisfactory  levels o f  
laboratory diagnosis using m icroscopy w ith  scarce to  non-existent culture m ethods 
(D robniew ski et al. 2003; W H O ,2006). As N TM  are often  resistan t to first line anti TB 
m edication, AFB will be detected in sputum  continuously in patien ts w ith N TM  pulm onary 
infections even after the 6 m onth treatm ent o f  anti TB drugs(V idal e t al. 1996). Therefore, 
these cases m ay be incorrectly d iagnosed as drug  resistant TB  and subsequently  treated  with
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high cost, less effective and more toxic second line anti TB drugs (M aiga et al. 2012). M ost 
patients treated with second line anti TB drugs experience at least one side-effect and two 
thirds o f  such patients have had at least one drug term inated tem porarily  o r perm anently as a 
result o f  adverse effect such as hepatitis and renal failure (B loss et al. 2010).Thus, improper 
diagnosis o f  M ycobacterium  lung diseases leads to severe com plications in patients while 
having a negative impact on the econom y o f  the country.

As described in chapter 2 o f  the thesis, out o f  the 401 M. tuberculosis isolates identified 
during the study, 51 isolates w ere recovered from suspected secondary TB patients. Thus, 
their anti TB treatm ent regim en should have been adjusted  with the drug susceptibility 
pattern o f  the M. tuberculosis isolates before continuing the m edication with second line anti 
TB drugs. The drug susceptibility testing is a standard practice in high resource countries. 
However, the majority o f  low -resource countries use D ST for priority needs such as drug 
resistance surveillance, extra pulm onary and childhood TB, and M D R -TB  (W HO, 2006). 
Thus, there is a gap between estim ated and notified M DR-TB cases. As an exam ple, in 2010, 
there were 650,000 estim ated cases o f  M D R-TB w orldwide. The actual diagnosis o f  MDR- 
TB was less than 10% in most o f  countries except in E uropean region and South Africa 
(W HO, 2011).

In Sri Lanka, it takes around 1-2 m onths for a patient to  receive the drug susceptibility 
testing report after isolation o f  prim ary M. tuberculosis culture. D uring this period, em pirical 
therapy is started in order to  reduce the transm ission o f  disease and especially if the patient 
is seriously ill or the disease is progressing rapidly. W hen D ST results are available, drug
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regim ens are adjusted appropriately  (W HO , 2009). H ow ever, prolonged inappropriate 
treatm ent would cause serious com plications in patients as well as spread o f  M DR-TB 
among others is inevitable. As TB is m ostly a disease o f  poverty, diagnosis should 
concentrate on more cost effective and sim ple technologies. The evaluated NRA and manual 
M GIT are simple cost effective m ethods that can be easily applied in low resource settings 
like Sri Lanka. The drug susceptibility  pattern m ay be availab le within 8 and 10 days by 
manual M GIT and N R A  respectively  after prim ary isolation o f  M. tuberculosis. Therefore, 
these 2 methods are good alternatives for APM  in determ ining o f  RIF resistance. 
N evertheless, both the N R A  and the m anual M GIT m ethods can be initiated with low 
technical expertise and the initial cost also less. Thus, m anual M GIT and N RA  m ethods will 
certainly assist decentralization o f  the DST facility within the country.

Drug susceptibility results w ill take at least a  w eek even w ith rapid culture based methods. 
Thus, DNA based m ethods that arrive at a  conclusive DST result w ithin a few hours or days 
are vital for ensuring early  and accurate chem otherapy. In the last century, several DNA 
based DST m ethods w ere com m ercialised. H owever, these m ethods are not freely available 
for routine use in developing countries. A dditionally, these m ethods m ay not achieve 
expected sensitivity in all settings as m utations o f  rpoB  vary geographically  (Siu et ah2011; 
Tan et al. 2011).C onsidering all the above factors, the PC R -ELISA  described in chapter 5 o f  
the thesis was established as a sim ple m olecular D ST m ethod that can be custom ized 
according to .user requirem ents.
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A good agreem ent w as shown between PCR -ELISA  and APM  for identification o f  RIF 
resistance. The sensitivity and specificity o f  probes were <  1 pg and 100% respectively. The 
probes can be designed as per needs o f  the user and results on drug susceptibility will be 
available 2 days after prim ary isolation o f  culture. Further, sophisticated instrum ents or 
infrastructure are not required and these techniques are fam iliar to m ost laboratory personnel 
even in peripheral laboratories. Thus, the initial instrum entation and consum able cost is 
affordable for settings like Sri Lanka.

Drug-resistant tuberculosis is caused either by transm ission o f  resistant strains o f  M. 
tuberculosis o r by acquisition o f  resistance through inadequate treatm ent (Seddon et a l 
2012). Thus, identification o f  the transm ission pattern o f  drug resistant strains is vital in 
controlling and prevention o f  M DR-TB. D NA fingerprinting has becom e a powerful tool for 
tracing and recognising the TB transm ission  chains and outbreaks in a particular 
geographical area (Barniol et al. 2009).C hapter 6 o f  the study revealed the epidem iological 
data that are urgently needed for better control o f  disease and forecasting o f  the future 
transm ission o f  RIF resistance o f  M. tuberculosis  in Sri L anka.T heIS 61 10 fingerprinting 
pattern o f  investigated M. tuberculosis  isolates in the present study, showed significant 
genetic distance between RIF resistant isolates and susceptible isolates indicating the 
presence o f  prim ary RIF resistant isolates in Sri Lanka. Further, there are no outbreaks o f  
RIF resistance o f  M. tuberculosis in Sri Lanka and a high genetic variation am ong resistant 
isolates was observed. Further, the results revealed in chapter 6 indicated the success o f  the 
treatm ent regim en o f  the country  as there w as no resistant acquisition  by strains. However, 
the early and accurate definitive laboratory identification o f  R IF resistance should be
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addressed precisely for prevention o f  M DR-TB in Sri Lanka. Thus, the transm ission pattern 
o f  RIF resistant M. tuberculosis that w as investigated in the present study will be important 
for planning treatm ent, control and prevention o f  the M D R-TB in the country.

7.2 Conclusion

India, the closest neighbour o f  Sri Lanka is one o f  the m ajor contributors o f  M DR-TB and 
XDR-TB burden in the world. I f  there are no adequate control program m es that address the 
persistent issues o f  drug resistant tuberculosis in a tim ely m anner, Sri Lanka will be in a 
risk o f  acquiring high M DR-TB in the future.

The information derived on disease etio logy  and transm ission o f  rifam picin resistance from 
this study justifies the need for reliable and rapid diagnostic tools to identify rifampicin 
resistance. Thus, introduction o f  the evaluated NRA in liquid m edium  and the manual 
M GIT will make the appropriate contribution for control o f  M D R -TB .

The tw o novel point mutations ou ter to  the RRDR and different frequencies o f  universally 
prevailing mutations in the RRD R o f  the rpoB  gene o f  M. tuberculosis  isolates in Sri Lanka 
emphasize the need for expanding the geographical database o f  the m utations for effective 
application o f  the rpoB -based diagnosis o f  M DR-TB in public health  settings. It may be 
necessary to customize the rpoB-based  m olecular diagnostic m ethods so as to make them 
more suitable to detect locally prevalent m utations.
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The PCR-ELISA developed during the study, is a simple, rapid, inexpensive, sensitive and 
specific DNA based DST m ethod that can be custom ized as per variation o f  profile o f  
mutation o f  rpoB  gene o f  M. tuberculosis in a particular geographical region. It will 
certainly contribute to the control and prevention o f  M D R -TB  in Sri Lanka by determining 
the drug resistance more accurately. Future studies should focus on, validation o f  indirect 
PCR-ELISA with a larger num ber o f  resistant isolates as well as with different types o f  
mutations. Additionally, evaluation o f  PCR-ELISA  as a d irect m ethod would be o f  much 
importance, as it will avoid the prim ary isolation o f  cultures, reducing the turnaround time 
o f  the assay.
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A p p e n d ic e s

Appendix 1 - Ethics approval

The Ethics Review Com m ittee o f  the Faculty o f  M edicine, U niversity  o f  Colom bo, Sri Lanka 
approved the study (ERC N um ber is EC /06/062). The inform ed consent form patients w ere 
obtained prior to sample collection.

Appendix 2 - Data collection questionnaire
2.1 Request form

Drug resistance in relapse and recurrent TB patients
To be filled by m edical officer. Please tick the appropriate box.
This patient is a,

(1) Suspected relapse patient □
(2) Re-infected patient □
(3) Pre M DR treatm ent patient □
(4) Treatm ent failure patient at the end o f  C A T 1 □
(5) Sputum POSITIV E patients after 

3 months o fC A T l treatm ent □
(6) Pre CAT II Patient □

Please include any patient who belongs to any o f  the categories to  the research study.
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2.2 Questionnaire for the study on “drug resistance in relapse and recurrent TB patients”
Serial number: Place: Date:
General data:
Name: R egistration  number:
Address: D ate o f  Birth:
Sex: O ccupation:
Past history:
1. How many courses o f  treatm ent prior to  the present episode with dates:
2. Details o f  each episode

•  1st episode: W hen (year & m onth):
Treatm ent com pleted/ Cured & treatm ent com pleted/T reatm ent failure/ 
Relapse/D efaulter/Relapse & D efaulter not d istinguishable/ Chronic/U nknow n

•  2nd episode: W hen (year & m onth):
Treatm ent com pleted/ Cured & treatm ent com pleted/T reatm ent failure/ 
Relapse/D efaulter/Relapse & D efaulter not d istinguishable/ Chronic/U nknow n

• 3 rd episode: When (year & month):
Treatm ent com pleted/ Cured & treatm ent com pleted/T reatm ent failure/Relapse 
/Defaulter/Relapse &  D efaulter not distinguishable/ C hronic/U nknow n

3. W as there a contact history in the first episode: Y E S  /  N O
I f  positive: household / w ork place /  prison 
O thers..................................................

4. Outcom e o f  treatm ent during the last episode (tick the m ost appropriate one)
Treatm ent Com pleted / Cured &  treatm ent com pleted /T reatm ent failure/R elapse/ 
D efaulter/Relapse &  D efaulter not d istinguishable/ C hronic/U nknow n

5. Co-morbid illnesses:
Diabetes: +  / - R heum atoid Disease: +  / - Epilepsy: +  / -
Psychiatric: + / - O ther (Specify)

6. I f  an regular treatm ent with a specific drug /s for co-m orb id  illness /es (e.g. steroids or 
NSAIDS for rheum atoid arthritis, oral hypoglycem ic for d iabetes): +  /  -

Name the drugs
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Appendix 3- C ulture m edia and reagents for m icrob io logica l techn iques

3. 1 L-J m edium  (1600 ml)
The anhydride L-J pow der (37.5 g) w as dissolved in 600 ml d istilled  w ater. A fter adding 
12 ml o f  glycerol, the m ixture w as autoclaved at 121 °C for 10 min. Then, 1000 ml egg 
fluid and 5000 u o f  penicillin  w ere added to  the L-J so lu tion  at room  tem perature and 
dispended in to  sterile w ide m outh M cC arthy bottle (7 ml per each) under aseptic 
conditions. The L -J m edium  w as coagulated  at 85 °C fo r 1 h on an inspisater. PN B- 
incorporated L-J slants w ere m ade follow ing sam e p rocedure w ith adding o f  PNB in to 
sterile L-J m edium . L-J slants w ere stored  at 4 °C after exam ination  o f  the random ly 
selected cultures for contam ination by incubating at 37 °C fo r 48 h and used before 2 
weeks.

3.2 7H 10 agar m edium  (200 ml)
A ccording to the m anufactured guidelines, 3.4 g o f  anhydride  7H10 agar pow der w as 
dissolved in 180 ml o f  d istilled w ater contain ing 400  pi o f  g lycero l and autoclaved at 121 
°C for 10 min. Then, 20 ml o f  O A D  m ixture and 720 p i o f  PA N TA  antibiotics were 
added to the agar solution around 50 °C and dispended in to  sterile  w ide m outh M cC arthy 
bottle (4 ml per each). Each bottle w as slanted on an insp isa ter and allow ed to settle. 
7H10 agar slants w ere stored  at 4  °C after exam ination  o f  the random ly  selected cultures 
for contam ination by incubating at 37 °C fo r 48 h and used  before  2 w eeks.
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3.3 7H9 broth medium (200 ml)
A ccording to the m anufactured guidelines, 0.94 g o f  anhydride 7H9 broth pow der was 
dissolved in 180 ml o f  distilled w ater containing 1 ml o f  g lycero l and autoclaved at 121 °C 
for 10 min. Then, 20 ml o f  O AD m ixture and 720 p i o f  PA N TA  antibiotics were added to 
the solution at room  tem perature and dispended in to  sterile bijou bottle (4 ml per each). 
Random ly selected bottles w ere incubated at 37 °C for 48 h to  exam ine contam inations. 
Bottles were stored at 4 °C until used.

3.4 PANTA antibiotic m ixture (for 25 vials)
Polymyxin B 1200 pg
Amphotericin B 120 pg
N alidixic Acid 480 pg
Trim ethoprim  120 pg
Azolicilin 120 pg
The am photericin B dissolved in D M SO  and other an tib io tics w ere dissolved in DDW  
and made up to final solution o f  18 ml. S terilization w as done by filtering and stored at - 
20 °C until used.

3.5  Z iehl-Neelsen staining
Air-dried sm ear w as heated w ith 1% carbol fiichsin so lu tion  fo r 5 min. The sm ear was 
washed with 3% acid alcohol. The counters stain m ethylene blue w as put on to  the 
decolourized sm ear and incubated for 2 min at room tem pera tu re . Finally, w ashed w ith 
w ater and allowed to  air dry.
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3.6 Standard colour series for NRA test
Stock solutions
1) 0.067 M disodium  phosphate
2) 0.067 M m onopotassium  phosphate
3) 0.067 M trisod ium  phosphate
4) 1% phenolphthalein
5) 1% brom thym ol blue
6) 0.01%  brom thym ol blue
W orking buffer solution: M ixed 35 ml o f  disodium  phosphate, 5 ml m onopotassium

phosphate and 100 ml o f  trisodium  phosphate.
Solution 1 M ixed 0.1 ml o f  phenolphthalein and 0.2 ml o f0 .0 1 %

brom thym ol blue with 10 ml o f  w orking  buffer solution.

Eight clean test tubes (sam e size tubes that used to  perform  the nitrate reduction test) were
labelled as 1 -8 . Then, 2 ml o f  w orking buffer solution w as added into each tube from
No. 2 to 8. A fter that, 2 ml o f  solution 1 w as added to the tube N o. 1 in the series. Then, 2
ml o f  solution 1 w as added into tube No. 2, m ixed w ell and transferred  2m l to  the next
tube (tube No. 3). Serial d ilutions w ere made and discarded 2 ml from  the tube N o .8.
Tubes w ere autoclaved, sealed and stored at 4 °C. The co lour standards:
Tube 1 =  5+
Tube 2 = 4+
Tube 3 = 3 +
Tube 5 = 2+ .
Tube 6 = 1  +
Tube 8 = +/-
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Appendix 4 —R eagents and buffers for m olecular b iological techn iq ues

4.1 lOx THE (pH  8.0)
To prepare 1 I o f  TB E, 54.5 g o f  Tris (0.45 M ), 24.73 g o f  boric acid (0.44 M) and 2.92 g 
EDTA (10 mM) w ere dissolved in in distilled w ater and adjusted  the pH using HCI. A fter 
made up to 1 1 stored at room  tem perature.

4.2 6x G el loading buffer (pH  8.0)
Dissolved 60 mg o f  brom ophenol blue and 6 m g o f  SDS in 30 m l o f  100% glycerol and 
diluted to 100 ml w ith TE. Stored at room  tem perature.

4.3 Extraction buffer (pH  7.4)
D issolved 50 g m ono sodium  G lutam atic acid (M SG ), 9.3 g ED TA  and 6.06 g Tris- HCI 
in 900 ml distilled w ater and made up to 1 1. A djusted pH  with HCI and stored at 4 °C.

4.4  TE (pH  8.0)
Dissolved 1.57 g o f  Tris - HCI (100 m M ) and 2.92 g  o f  E D T A  (10 m M ) in 100 ml 
distilled w ater and adjusted pH. A utoclaved and stored  in room  tem perature.

4.5  Loading buffer /internal m olecular w eight m aker X
M ixed 6 ml TE (pH  8), 2 ml loading buffer and 6.6 p i M ark er X (1650 ng) in a  tube and 
stored at -20 C.
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4.6 D enaturing buffer
Dissolved 87.66 g o f  N aCl and 20 g o f  N aO H  in d istilled  w ater and made up to 1 L. 
Stored at room  tem perature.

4.7 N eutralizing buffer (pH 7.5)
Dissolved 87.66 g o fN aC l and 60.57g o f  Tris-H Cl in d istilled  w ater and made up to 
1 1. S tored at room  tem perature.

4.8 O rientation m arker
M ixed 2 pi m arker X (250 ng/ pi), 20 p i H 37RV  DNA (1.25 p g / pi), 45 pi 0.8 M NaOH 
and 23 p i TE (pH  8.0) and stored at -20°C .

4.9 20 x SSPE buffer (pH  7.4)
Dissolved 175.32 g o fN a C l, 24 g o f N a ^ P C U  5.8 g o f  E D T A  in distilled w ater and 
topped up to  I 1. pH w as adjusted w ith N aO H  pellets and stored  at room  tem perature.

4.10 Prim ary W ash buffer
D issolved 720 g o f  urea, 8 g o f  Sodium  dodecyl su lphate (S D S ) and 25 ml o f  20X SSC in 
distilled w ater and made up to 2 1. S tored at room  tem perature.

4.11 20x Standard saline citrate (SSC ) pH  7.0
Dissolved 175.32 g o fN a C l and 77.4 g  o f  Tri-sodium  c itra te  in d istilled  w ater and topped 
up to 1 1. Stored at room  tem perature and diluted with d istilled  w ate r to  2 x  as required.
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A ppendix 5 —DNA sequence alignm ent
5. 1 Part o f  m ultiple alignm ent o f  DNA sequences o f  437 bp fragm ent o f  rpoB  gene
sub< 
quC9Re< 
quM22Re< 
quM60Re< 
quC l63<  
quC254< 
quC163Re< 
quC25 4 Re< 
quC4 < qviC:6«= 
quC7 < 
quC8 < 
quC9c 
quC l0<  
quC20< 
quC73 < 
<3XXCT8 3 -e cqixCQ 6 «= 
quC8 8 -c 
quC l15<  
quM9< 
quM15< 
cqtaM2 2 «= 
quM46 < 
quM60< 
cqvxM 127< 
quPCRS 7 «= 
quPCR88< |  §  w e

5.2 Part o f  m ultiple alignm ent o f  DNA sequences o f  872 bp fragm ent o f  rpoB  gene

sub< 
qul2< 
q u l 3 < 
cpal4 < 
q u l5 c
cqul 6 c
qul7<  qial 8 < cpal 
Qia2 O < 
< j x i 2  1 c 
qu22< 
qu2 3 < 
qu2 4< 
cjia2S< 
cp_i2 6 <
cpa2 7 c <j\a2 8 < 
qu2 9 <

5.3 Part o f  m ultiple alignm ent o f  DNA sequences o f  1392 bp fragm ent o f  rpoB  gene

s u b <
q u 3 2 <
q u 3 4 <
q u 3 5 <
q u 3 6 <
q u 3  8 <
q u 4 2 <
q u 4 5 <

2 8 1
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A pp en dix  6 - D N A  m olecu lar w eight m arker X  (0.07 - 12.2 kbp)
(A) Autoradiogram develop for DNA molecular weight marker X

4072bp

3054bp

2036bp
1636bp

1018bp
517bp

(B ) D N A  M olecular W eight M arker X (2%  agarose gel) - F rom  p roduct catalogue
12216 
1 1 196 
10180 
9162 
8144 
7126 
6108 
5090 
4072 
3054

2036

1636

1018

517/506 

396 
344 
298
220/201 
154/134
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Geographical Profile of rpoB Gene Mutations 
in Rifampicin Resistant Mycobacterium tuberculosis
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C ham ila P riyangani A d ika ra m ,1 Jenn ife r P erera ,1 and  S andhya  S u lochana  W ijesundera 2

The n a tu re  a n d  f re q u e n c y  o f m u ta t io n s  in  th e  r p o B  g e n e  o f r ifa m p ic in  (R IF) r e s is ta n t  M y c o b a c t e r iu m  tu b e rc u lo s is  

clin ical is o la te s  v a r ie s  c o n s id e r a b ly  b e tw e e n  d if fe re n t g e o g r a p h ic a l re g io n s . T h e  o b je c tiv e  o f the p re s e n t s tu d y  
w as th e  id e n t if ic a t io n  o f r p o B  g e n e  m u ta t io n s  re sp o n s ib le  fo r RIF re s is ta n c e  in  M . tu b e rc u lo s is  is o la te s  in  S ri 
Lanka. T h ree  re g io n s  o f th e  r p o B  g e n e  o f M .  tu b e r c u lo s is , o n e  c o r re sp o n d in g  to  a  43 7 -b p  reg io n , in c lu d in g  th e  
r ifam p ic in  re s is ta n c e -d e te rm in in g  re g io n  (R R D R ) a n d  tw o  o th e r  r e g io n s  (1395  b p  a n d  872 bp ) s p a n n in g  th e  
RRDR, w e r e  p o ly m e ra s e  ch a in  re a c t io n  a m p lif ie d , a n d  w e r e  su b je c te d  to  D N A  se q u e n c in g . T he tw o  m u ta t io n s  
found w ith in  th e  RRD R in  th e  31 RIF r e s is ta n t  s t r a in s  iso la te d  in  th is  s tu d y  w e r e  a t  co d o n  526 ( n  =  15, 48 .4% ) 
CAC (H is )—>TAC (T yr) an d  c o d o n  531  (n = 3 , 9 .7% ) TCG  (S e r )—>TTG (L eu ). A  s ig n if ic a n t  p ro p o rtio n  ( «  = 15, 
48.3%) s h o w e d  m u ta t io n s  s p a n n in g  th e  R R D R , in c lu d in g  tw o  n o v e l m u ta t io n s  a t  co d o n  626 (u  = 13, 41 .9% ) G A C  
(A sp )—>■ G A G  (G lu ) a n d  184 ( n  =  2 , 6 .4% ) G A C  (A s p )—* G A T  (A sp ), a  s i le n t  m u ta t io n . T w o  iso la te s  r e v e a le d  
doub le m u ta t io n s  (co d o n s 626 + 526  a n d  626 + 184). T h e  p re s e n c e  o f a  h ig h  f r e q u e n c y  o f n e w  m u ta t io n s , a n d  the 
d ifferen t fre q u e n c ie s  of th e  u n iv e r s a l ly  p r e v a i l in g  m u ta t io n s , a s  re p o r te d  h e re , e m p h a s iz e s  th e  n e e d  fo r ex ­
p an d in g  th e  g e o g ra p h ic a l d a ta b a s e  o f  m u ta t io n s  for e ffe c t iv e  a p p lic a t io n  o f a n  r p o B -b a se d  d ia g n o s is  o f  m u lt i­
d ru g  r e s is ta n t  tu b e rcu lo s is .

Introduction

O n e  t h i r d  o f  t h e  w o r e d ' s  p o p u l a t i o n  is estim ated  to 
be infected w ith  M yc o b a c te riu m  tuberculosis (MTB), and 
the m ajority of tuberculosis (TB) cases are  concentrated in 

developing countries.34 G lobally, 8.8 m illion  incident cases of 
TB w ere  estim ated in 2009. Most of the estim ated  cases oc­
curred in  A sia (59%) and Africa (26%) as com pared to the 
Eastern M editerranean Region (7%), the European Region 
(5%), and  the Region of the Am ericas (3%). Three A sian  
countries, n am ely  India, China, and  Indonesia, a re  am ong 
the five countries w ith  the largest num ber of incidents of TB 
in 2009. Ind ia alone contributed 26% of a ll TB cases w o rld ­
wide, w h ile  India and China together accounted for 38%.33

M ultid rug  resistant tuberculosis (MDR-TB) is defined  as  
resistance to a t least rifam picin (RIF) and  ison iazid  (INH). 
The WHO h as recognized MDR-TB and XDR-TB, or exten­
sively d ru g  resistant tuberculosis (MDR-TB p lu s  resistance to 
any fluoroquinolone, and resistance to a t least 1 of the 3 
injectable d rugs: capreom ycin, kanam ycin , and  am ikacin ) as

being a m ajor challenge for controlling TB. Around 440,000 
MDR-TB cases are estim ated  to em erge each year, and 
150,000 people d ie  an n u a lly  from MDR-TB.32 The four 
countries that h ave the largest num ber of estim ated  cases of 
MDR-TB are C hina, Ind ia, the R ussian  Federation, and South 
A frica.34 The W HO progress report of 2011 states that 69 
countries h ad  reported a t least one case of XDR-TB b y  the 
end of 2010, and it  is  estim ated  that 25,000 cases of XDR-TB 
w ill em erge each year . In an  outbreak in South Africa, 52 out 
of 53 XDR-TB patients d ied  w ith in  an average of 3 w eeks of 
being d iagnosed .32

A lthough  Sri Lanka is  not a h igh-burden  country, TB re­
m ains a sign ificant pub lic  health  problem. The estim ated 
incidence rates of a ll form s of tuberculosis in 2009 w ere  66 
per 100,000 popu lation ,35 and 9643 new  TB cases w ere  no­
tified .15 The overa ll treatm ent success rate am ong sm ear­
positive cases w as  85% am ong the new  sm ear-positive cases 
and 70% am ong retreatm ent patien ts in  the y e a r  2008.35 A 
stu d y  conducted b y  the N ational Reference Laboratory- 
Sri Lanka du rin g  the period  2005-2007 revealed  that 3.4% of

O rig in ally  p resen ted  as p o ster (ab stract) en titled  "M u ta tio n s in  th e  N o n  R ifam p icin  R e sistan ce-D eterm in in g  R egion (R R D R ) o f th e  rpoB  
Gene A re  Im p o rta n t D eterm in an ts of 'M  tubercu losis' (M TB ) R ifam picin R esistance (R ifR )" a t th e  5 1 st In terscience C o n feren ce  on A nti­
m icrobial A g e n ts  a n d  C h em o th erap y  (IC A A C ) h e ld  in  C hicago, Illinois, 2011 .

D e p artm en ts o f 'M icrobiology a n d  2B iochem istry  a n d  M olecular B iology, F acu lty  o f M ed icin e, U n iv ersity  o f C o lo m b o , C o lom bo, 
Sri L anka.
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MTB strains w ere resistant to RIF and 4.5% w ere  resistant to 
JNH, w hile 2.5% w ere m u ltid rug  resistan t.6

RIF is the most im portant d rug  in  the short-course treat­
ment regim en due to its efficient antim icrobial action.20 RIF 
interferes w ith  in itiation of DNA transcription. It is stated 
that approxim ately 90% of the w o rld 's  RIF resistant isolates 
are also resistant to INH, m aking  RIF resistance a useful 
marker of MDR-TB.23,27 M ost of RIF resistan t MTB strains 
from different countries ap p ear to harbor specific point 
mutations in the rifam picin resistance-determ ining region 
(RRDR) of the rpoB  gene, w hich com prises an 81-bp region 
containing codons 507-533.11,12'16'30 In add ition , stud ies have 
also revealed a sign ificant contribution to RIF resistance 
through m utations in the region outer to RRDR of the rpoB  
gene, suggesting that, the nature and frequency of m utations 
in the rpo B  gene of RIF resistant M. tuberculosis  clinical 
isolates v a ry  considerably, betw een different geograph ical 
regions.l a i , '17~19 Further, it has been reported that there is 
discordance between results of phenotypic m ethods and 
genotypic m ethods that are based  on RRDR m utations used 
for the detection of d rug  resistant TB.10

The WHO recommends perform ing d ru g  susceptib ility  
testing (DST) for at least RIF and  INH in  resource lim ited 
settings, espec ia lly  in  prev iously  treated patients and  HIV 
coinfected patients. An early  d iagnosis of d rug  resistant TB 
and the m anagem ent of MDR TB patients are challeng ing 
obstacles faced by tuberculosis control program m es.31 Pre­
sently num erous m olecular-based identification m ethods 
such as INNO-LiPA Rif.TB (INNOGENETICS) and  Geno­
Type MTBDRp/i/s (HainLifescience) have been com m ercial­
ized for identification of RIF resistance. H owever, these 
methods are based on the detection of com m only found 
mutations a t codon 531, 526, and 516.34

In Sri Lanka, RIF resistance is identified  b y  the proportion 
method that requires more than 28 d ays  for detection of d rug  
resistance. R apid m olecular m ethods have yet to be estab­
lished for identification of d rug  resistant tuberculosis. Before 
establishing m olecular-based m ethods for detection of d ru g  
resistance, it is  im portant to characterize the m utations in the 
rpoB gene in MTB isolates in  a particu lar geograph ical set­
ting. Therefore, the present stud y  w as  focused on eva luatin g  
the nature and  the frequency of m utations in  the rpo B  gene 
that are associated w ith  resistance to RIF in  M. tuberculosis  
strains iso lated  from Sri Lanka. The resu lts of the present 
study w ill also  contribute to expand the know ledge on the 
profile of m utations in the rp o B  gene.

Materials and Methods

C ollection  o f  sp u tu m  s a m p le s

The sam ple collecting period w as  from M arch 2008 to 
September 2010, and only pu lm onary TB cases w ere  con­
sidered. The stud y  population represented p rim ary  TB p a­
tients (patients that had never received treatm ent for TB or 
who had  received anti-TB treatm ent for < 1 month) as w ell as  
secondary TB patients (i.e., relapse, retreatm ent, treatm ent 
failure, and  defaulters) (defaulter: A patient who returns to 
treatment, positive bacterio logically, fo llow ing interruption 
of treatm ent for 2 months or more). Sputum  sam ples w ere 
collected from secondary TB patients adm itted  to the Chest 
Hospital W elisara (the on ly chest hospital in  Sri Lanka) for

sup erv ised  treatm ent and  from p rim ary  and secondary TB 
patien ts presen ting to the C entral Chest C lin ic, Colombo (the 
location to w h ich  secon dary  TB patients are referred for re­
eva luatio n  and  trea tm en t from peripheral clin ics). In ad d i­
tion, spu tum  from a ll TB suspects (cough >3 w eeks) w ere 
co llected from the Prison H osp ital Colombo as prisoners are 
a t a  h igh  risk  of h arboring  d ru g  resistant TB strains.

Iso la tio n  o f M. tuberculosis stra in s

The sputum  specim ens w ere  processed using  the modified 
Petroff's m ethod. Sod ium  hyd rox ide (4%) (S igm a)-treated 
spu tum  w as  cen trifuged  at 3000 g  under refrigerated con­
d itions (at 4°C). The cen trifuged  deposit w as d ilu ted  in 1ml 
of sterile  d istilled  w ate r for p reparing  the bacterial suspen­
sion for inoculation . Tw o slopes of the Lowenstein-Jensen 
(L-J) m edium  (Difco), one contain ing paranitrobenzoic acid 
(PNB, S igm a), w ere  inocu lated  w ith  100 pi of the bacterial 
suspension . A  sm all portion  of the bacterial suspension w as 
exam ined  m icroscop ically , u s in g  the Z iehl-Neelsen (ZN) 
stain , to determ ine the presence of acid  fast bacilli. The in ­
ocu lated  m ed ia w ere  incubated  a t 37°C in a  5% CO 2 incu­
bato r up  to 8 w eeks un til g row th  w as  observed. Cultures 
w ere  confirm ed as  MTB if th ey  w ere  slow  grow ing , non­
p igm en t producing , reduced  n itrate , and  d id  not grow  in the 
presence of PNB. The iso lates w ere  further confirmed as 
MTB b y  detection of the insertion elem ent 1S6110 by p o ly­
m erase  chain  reaction (PCR) as pub lished p rev io us ly .14 One 
Iso late from each p atien t w as  u sed  for the study . The H37Rv 
stra in  and  a know n RIF resistan t MTB iso late confirmed by 
the N ational T uberculosis Institute, Bangalore, India w ere 
u sed  as q u a lity  control strains.

D S T  fo r M. tuberculosis stra in s

DST w a s  carried  out u sin g  the ag a r  proportion m ethod,7 
the n itrate  reductase a s sa y  (NRA),2 and the m anual M yco­
bacteria Growth Ind icator Tube (M GIT).1 R ifam picin  (Sigm a) 
stock so lution  (lO m g/m l) w as  prepared  u s in g  d im ethyl 
su lphoxide (DMSO) (S igm a), and  filter sterilized  aliquots 
w ere  stored a t — 70°C. A w o rk in g  solution ( lm g / m l)  w as 
p repared  b y  d ilu tin g  the stock so lution  w ith  sterile  d istilled  
w ater. The final concentration of RIF in  each d ru g  contain ing 
the cu ltu re  m ed ium  used  for the DST w as  1 pg/m l7 (Data not 
show n).

D N A  e xtra ction

Genomic DNA w a s  extracted  from  identified  RIF resistant 
iso lates using  the pheno l chloroform  extraction m ethod.214 
H arvested  heat-k illed  bacteria  from  the L-J s lopes w ere in ­
cubated  overn igh t w ith  p ro te in ase  K (Sigm a). Genomic DNA 
w as  extracted u s in g  phenol-ch loroform  (S igm a) and  pre­
c ip itated  w ith  abso lu te e thano l (S igm a) fo llow ed b y  w ash ing 
w ith  70% ethanol. The p rec ip ita ted  DNA w as  resuspended 
in  the TE buffer (pH  8.0). The q u a lity  and  concentration of 
the extracted DNA w a s  tested u s in g  an  agaro se  ge l (1.5%) 
electrophoresis, and  the DNA w a s  stored at -2 0 °C .

P C R  a m p lifica tion  a n d  D N A  s e q u e n c in g

Extracted DNA w a s  u sed  for am p lification  of three d if­
ferent segm ents (437bp , 872b p , an d  1395bp) of the rp o B  
gene (Fig. 1). The am p lif ied  segm ents covered around  60% of
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FRBN TR8 TR9 RRBN

FIG. 1. Position of p rim ers used  for am plification  of the 
three regions of the rp o B  gene in rifam picin  resistant M y c o ­
bacterium tuberculosis iso lates.

the total length of the rpo B  gene. Specific prim ers w ere  de­
signed using  ava ilab le  literature21'2® and prim er-3 softw are. 
For am plification of the 437-bp region, includ ing RRDR, 
rpoBF prim er and rpoBR prim er w ere used. The TR9 an d  
RRBN prim er pair w as  used  to am p lify  the 872-bp region  
downstream of the RRDR region. The 1395-bp fragm ent 
upstream of RRDR w as  am p lified  using  the FRBN and TR8 
primer pair (Table 1) (a ll p rim ers w ere purchased  from 
Promega).

A 50 jd PCR m ixture contain ing 50 mM  KC1, 10 m M  Tris 
(pH 8.0),1.5m M  MgCty, 200 pM of deoxynucleotides tr i­
phosphates (dNTPs) (Prom ega), 1 U Ta q  po lym erase (Gen- 
Script), 20 pm ol of each prim er (Prom ega), and 2.5 pi of 
genomic DNA (10 ng) w as  used  for each PCR reaction. 
The therm o-cycling param eters used for am plification  of the 
three segm ents of the rp o B  gene are show n in T ab le 1. The 
amplified PCR products w ere  electrophoresed on eth id ium  
bromide stained  agarose gels (1.5%) and v isua lized  un der a 
UV illum inator.
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Each resistant s tra in  w as  PCR am plified  in dup licate  and 
both am plified  products w ere  custom  DNA sequenced 
(M acrogen  DNA sequencing  serv ice in Korea). A DNA se­
quence an a ly s is  w a s  done u s in g  NCBI and Sea V iew soft­
w are  (version 4.2.12). A ll resistan t iso lates w ere also 
subjected to IS 6 1 1 0  restriction  fragm ent length po lym or­
ph ism  typ ing  using  the P v u l l  restriction enzym e.29

Results

Three hundred an d  seventy-three (373) MTB strains w ere 
iso lated  from sputum  sam p les d u rin g  the period M arch 2008 
to Septem ber 2010. The m ajo rity  of patients w ere  from the 
W estern Province (Colom bo, G am paha, and K alutara d is­
tricts) of Sri Lanka, w h ich  has a high prevalence of TB.13 
Thirty one RIF resistan t iso lates w ere identified am ong the 
373 MTB strains b y  one or m ore phenotypic m ethod (APM, 
NRA, and m anual MGIT). Thirteen RIF resistant isolates 
w ere  from prim ary  cases of TB an d  the rem ain ing 18 isolates 
from patients w ith  secon dary  TB.

DNA sequencing of am p lified  fragm ents of the rpoB  gene 
revealed  that m utations in the RRDR region accounted for 
resistance in 18 (54%) iso lates and  w ere confined to two co­
dons, 526 (n  =  15, 48.4%) an d  531 (n  = 3, 9.7%). The rem ain ing 
m utations w ere detected in the regions outer to RRDR and 
occurred at codons 626 (n  = 13, 41.9%) and 184 (n  —  1, 6.4%). 
T w enty nine iso lates show ed single-point m utations at 
codon 526 (w = 14, 45.2%), 626 (n = 11, 35.5%), 531 (n = 3, 9.7%), 
an d  184 (n = l ,  3.2%). D ual m utations (at codon 526 + 626 and 
a t codon 184 + 626) w ere  detected in 2 strains (Table 2).

The m utation observed a t codon 526 (CAC -+TAC) and 
codon 531 (TCG—►TTG) w a s  a  C-to-T transition m utation, 
w h ile  the novel m utation  a t codon 626 (G A C—»GAG) w as  a 
C-to-G transversion m utation  and  a t codon 184 (GAC —> 
GAT), a transition m utation . A ll point m utations in this 
s tu d y  revealed  on ly a s in g le  m utation  pattern , and there 
w ere  no m ultip le patterns of base changes at a single codon.

T a b l e  1 . P k im e r  S e q u e n c e s  a n d  T h e r m o -C y c l in g  P a r a m e t e r s  U s e d  f o r  t h e  A m p l i f i c a t io n  
of R i f a m p i c i n  R e s i s 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 ' R e g io n s  O u t e r  t o  R i f a m p i c i n  R e s i s 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 i f a m p i c i n  R e s i s t a n t  M y c o b a c t e r i u m  t u b e r c u l o s i s  Is o l a t e s

F o rw a rd  p r im e r  (5 '-3 ') Reverse p r im e r  (5 ' -3 ’)

L e n g th  
o f  the

f ra g m e n t  T h e rm o -c y c lin g  param eters

rpoBF
TGGTCCGCTTGCACGAGGGTCAGA

TR9
TCGCCGCGATCAAGGAGT

FRBN
GCAAAACAGCCGCTAGTCCTAGTCCGA

rpoBR 437 bp
CTCAGGGGTTTCGATCGGGCACAT

RRBN 872 bp
GCGCCATCTCGCCGTCGTCAGTACAG

TR8 1395 bp
TGCACGTCGCGGACCTCCA

94 °C-10min—denatu ring  
94C -1  m in \
57°C -lm in  > 40 cycle 
72 ’C - l m in J 
72°C-10 m in—extension 
94°C-1 Omin—denatu ring  
94 ’C -lm in  % 
62°C -lm in  > 40 cycle 
72 'C -l m in )

72°C-10 m in-extension  
94°C-1 Omin-dena tur ing 
94°C -lm in  \ 
60°C -lm in  l  40 cycle 
72°C-1 m in J 
72°C-10 m in -ex tension
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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  o f  M u t a t io n s  i n  t h e  r p o B  G en e  
o f  M y c o b a c t e r i u m  t u b e r c u l o s is  Is o l a t e s  f r o m  S r i  L a n k a

M utated codon Specific m u ta tio n P rim a ry/s e c o n d a ry  T B  (N o . ) Percentage  (%)

526a CAC (His) — TAC (Tyr) Secondary-10 
P rim ary  -4

45.2

626b'c G AC( Asp) —* GAG (Glu) Secondary-7 
P rim ary  -4

35.5

5314 TCG (Ser) — TTG (Leu) Secondary-0
Prim ary-3

9.7

184b'<" G AC( Asp) — GAT(Asp) Secondary-0
Prim ary-1

3.2

626,184 G A C — GAG, GAC —GAT Secondary-0
Prim ary-1

3.2

526, 626 

Total

CAC — TAC, GAC — GAG Secondary-1 
P rim ary-0

3.2

100

The m u ta te d  co d o n s w ith  co rre sp o n d in g  am in o  acid s are indicated. 
'C o d o n s w ith in  RRDR. 
bC o d o n s o u te r to RRDR.
'novel m utations.
RRDR, rifam picin  resistan ce-d eterm in in g  region; TB, tuberculosis.

NCBI Accession num bers for DNA sequences; HQ377336- 
HQ377338, HQ377340- HQ377345, HQ377351, an d  JQ314433- 
JQ314444.

Discussion

It is w id e ly  reported that MTB expresses a  h igh  degree of 
geographic d iversity  in  m utations to the rp o B  gene.9'13'22'26'36'37 
M utations of codon 531, 526, and 516 have been reported as 
the m ost frequent m utations in the m utation hotspot region 
of the rp o B  gene of MTB w orldw ide .3'23"16 In the present study, 
the majority of mutations occurred at codon 526, and the m u­
tation frequency (48.4%) observed w as slightly h igher than 
frequencies reported b y  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 b y  Sharrna et at. (2003).

A lthough the m ajority of published reports have shown 
CAC to GAC (transversion m utation) as  the m ost prevalent 
base change at codon 526 (29.7% am ong Italian iso lates18 and 
12% in Greece iso lates12), our study revealed that the base 
change w as  CAC to TAC (transition m utation) in  a ll isolates, 
sim ilar to reports from India.24

The frequency of m utation a t codon 531 (9.7%) w as  com­
parative ly  low in MTB isolates from Sri Lanka in  relation  to 
m utation frequencies reported by other countries, includ ing 
India (47% ),10 A ustralia (52%),37 V ietnam  (31%),4 and Poland 
(41%).23 H owever, the base change observed a t codon 531 
w as a TCG to TTG (transition m utation) as com m only re­
ported b y  several A sian countries (Japan ,16 China,36 Korea,9 
and Ind ia11) and other countries such as  Greece12 and  Ita ly .18 
Previous stud ies have reported that a m utation a t codon 531 
is frequently associated w ith  the codon 526 m utation in 
certain regions of the w o rld .22 H owever, this phenomenon 
w as not observed in  our study.

The m utation  at codon 626 (n  =13, 41.9%) GAC (A sp )—* 
GAG (Glu) w as the second m ajor m utation found in the 
present stud y . Codon 626 is located dow nstream  of RRDR 
and m utation in  this codon has not been p rev iously  reported.

This novel m utation  w as  present in 13 isolates, and these 
strains show ed different DNA fingerprinting patterns w ith  
1-15 copies of the IS 6 1 1 0 . The absence of identical band ing 
patterns dem onstrates the presence of ep idem io logically  
nonrelated strains. Thus, it is p lausib le that M . tuberculosis  
strains w ith  m utation  at codon 626 represent ep idem io logi­
ca lly  different strains.

Two isolates show ed a s ilen t m utation at codon 184 GAC 
(Asp) —* GAT (A sp) that is located upstream  of RRDR. In one 
isolate, the m utation  at codon 184 w as associated w ith  a 
m utation at codon 626. Severa l m utations in the upstream  
region of RRDR also  h ave  been reported from India.10

M utations a t codon 516 have  been reported as  prom inent 
in several geograph ica l areas such as India, 13%10 and Iran, 
10%5 and therefore, com m ercially ava ilab le  RIF resistance 
d iagnosis kits h ave  been optim ized to detect m utation at 
codon 516 am ong other m utation in the RRDR. H owever, no 
m utations w ere  observed a t codon 516 in the present study.

Several pub lications h ave  stated that —4% of phenotvpi- 
ca lly  resistant iso lates d id  not show any m utations w ith in  the 
RRDR.4'8 Yue et al. (2003) h ave reported that 10% of phe­
notyp ically  resistan t MTB stra in s d id  not show an y m u ta ­
tions at RRDR. A ccording to L ingala et al. (2010), 21% of 
phenotyp ically RIF resistan t iso lates did not show  an y  m u­
tations w hen  a 255-bp region  of RRDR and 350-bp region  of 
non-RRDR of the rp o B  gene w ere  sequenced. This m ay be 
due to m utations occurring in the region outer to RRDR, as 
w as observed in  41.9% of RIF resistant iso lates of MTB in  the 
present study. A s in g le  d iscordant resu lt w as  observed be­
tween phenotypic and  geno typ ic results in the present study 
(phenotyp ically resistan t, but no m utation), a lthough  the 
isolate showed a  s ilen t m utation  at codon 184. This iso late 
w as  confirm ed as  resistan t to RIF by APM and  MGIT. It is 
possib le that an  ad d itio n a l po int m utation  is  present in  this 
isolate at a codon in  the rp o B  gene not investigated  in the 
present study.

C urrent m o lecu lar d iagnostic  m ethods such  as  INNO- 
LiPARif are d es ign ed  to detect com m on rp o B  m utations 
a t codon 531, 526, an d  516. Therefore, they m ay  not be
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applicable un iversally  across various settings, considering 
the geographical d iversity  of the m utations.10'24

Although the m utations in our strains are lim ited  to a few 
types, the occurrence of a h igh  percentage of m utations 
outside the RRDR presents im portant im plications for the 
use of currently ava ilab le  rap id  m olecular m ethods, which 
target m utations in  the RRDR region. M olecu lar tests used 
for rap id  detection of d rug  resistance need to be customized 
to enable detection of novel m utations in different geo­
graphical areas. Therefore, identification of d ru g  resistant 
mutations and their re levant frequencies is  an  im portant first 
step before introducing m olecular DST in different geo­
graphical settings.

In conclusion, two novel point m utations outer to the 
RRDR and  tw o un iversa lly  p reva iling  m utations in the 
RRDR of the rpoB  gene w ere observed in Sri Lankan RIF 
resistant MTB isolates. The new  m utations and different 
frequencies of un iversally  p revailing  m utations that are re­
ported here em phasize the need for expand ing the geo­
graphical database of the m utations for effective application 
of the rpoB-based d iagnosis of MDR-TB in  pub lic health  
settings. It m ay be necessary to custom ize the rp o B -based 
molecular diagnostic m ethods so as to m ake them  su itab le to 
detect locally  prevalent m utations.
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Abstract

Background: Tuberculosis (TB) is a disease of poverty that contributes significantly to ill-health in developing 
countries. Drug resistant TB is a major challenge to disease control. Early diagnosis and rapid determination of drug 
sensitivity is of paramount importance in eradication of TB. Although automated liquid culture based methods are 
available for rapid detection of drug resistance, the high cost of these tests prevent them from being used 
routinely in low resource settings. This study compares two phenotypic methods, the manual Mycobacteria Growth 
Indicator Tube (MGIT) and the Nitrate Reductase Assay (NRA) in liquid medium, with the agar proportion method 
(APM), the gold standard for susceptibility testing of M y c o b a c te r iu m  tuberculosis.

Methodology: Fourteen day old M. tuberculosis strains (n=373) grown on solid media were used for drug 
susceptibility testing by APM, NRA and the manual MGIT method. Rifampicin free and rifampicin incorporated (final 
concentration, 1 pg/ml) media were inoculated with the recommended concentrations of mycobacterial 
suspensions and incubated at 37°C in 5% C 0 2 In the APM, the proportion of colonies in the drug containing 
medium was determined. In the NRA, the colour change in the medium was compared with a standard colour 
series after day 6 and day 12 of incubation. Growth in the MGIT was detected using the manual MGIT reader from 
day 2 onwards. The 2 methods were compared with the gold standard, APM to determine sensitivity and specificity 
and agreement between the methods was calculated using kappa statistics.

Results: Thirty one (31) rifampicin resistant isolates were identified. When compared with the APM, the sensitivity 
of detection of rifampicin resistance was 85% for the NRA and 93% for the manual MGIT and the specificity was 
99% and 100% respectively. Both assays, NRA ( k = 0 .8 6 )  and manual MGIT method (k =  0.94) were in excellent 
agreement with the APM. The mean turnaround time for manual MGIT method and NRA were 08 days and 10 days 
respectively.

Conclusion: The NRA in liquid medium and manual MGIT are useful alternatives to APM for drug susceptibility 
testing of M. tuberculosis in low resource settings.

Keywords: Drug resistant tuberculosis, Determination of drug sensitivity, Manual MGIT, NRA in liquid medium. Agar 
proportion method
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Background
The population o f Sri Lanka is about 20 m illion  and it is 
considered a low T B  prevalence country in  the Asian re­
gion. In Sri Lanka, the estimated incidence o f all forms 
of tuberculosis in  2009 was 66 per 100,000 population. 
In 2009, 9643 new T B  cases were notified and 5186 
among them  being sputum  sm ear positive T B  cases. The  
notification rate o f  T B  was slightly increased when com ­
pared to the year 2008 [1]. T h e  drug resistant rate in  Sri 
Lanka is also low. It is around 0.2% am ong new T B  
patients and 18%—21% am ong re-treatment cases. The  
H IV  co-infection rate am ong T B  patients is currently 
estimated to be less than 0.1% [2].

Tuberculosis control activities in  Sri Lanka operate 
through the National Program m e for Tuberculosis C o n ­
trol &  Chest Diseases (N P T C C D )  which is a decentralized 
unit under the M in istry  o f Health. There are 26 chest 
clinics in the 25 administrative districts o f Sri Lanka and 
the internationally recom m ended Directly Observed 
Treatment Short course (D O TS ) strategy is used for 
treatment o f T B  patients throughout the island [1].

M u lti Drug Resistant Tuberculosis (M D R -TB ) is 
defined as resistance to isoniazid and rifampicin, the two 
most effective drugs am ong the currently used anti T B  
drugs [3], Rifam picin is the im portant drug especially in  
the short-course treatment regimen. Significantly, rifam­
picin resistant isolates are also resistant to isoniazid, mak­
ing rifampicin resistance a useful marker o f M D R -T B  
[4,5]. Early and accurate diagnosis o f M D R  T B  is very 
important for prevention and control o f the disease. 
Currently several rapid and automated liquid  culture 
methods such as the B A C T E C  460 radiometric system 
and the M G I T  960 system for diagnosis of M D R -T B  [6,7] 
have been com mercialized [3]. However, these methods 
are beyond the reach o f laboratories in  most developing 
countries including Sri Lanka, due to high cost and the 
need for com plex infrastructure facilities [8-11].

In Sri Lanka, drug susceptibility testing (D ST) is 
carried out using the conventional proportion method 
on Lowenstein-Jensen (L-J) m edium  w hich requires a 
m inim um  o f 28 days. T h is  significantly delays the detec­
tion o f drug resistance and appropriate treatment. Estab­
lishing a rapid culture based m ethod for identification of 
rifampicin resistance is essential for control and preven­
tion o f M D R -T B . Therefore the objective o f this study 
was to evaluate the suitability o f  the manual M ycobac­
teria G row th Indicator T u b e  and the nitrate reductase 
assay for the rapid detection o f  rifam picin resistance in  a 
low resource setting.

Methods
M. tuberculosis strains
Three hundred and seventy three (373) isolates o f M. 
tuberculosis cultured from  suspected T B  patients during

the period M a rch  2008 to September 2010 were used for 
the study. T h e  reference strain, M. tuberculosis H 37R v  
and a known rifam picin resistant isolate confirm ed by 
the National Tubercu losis Institute, Bangalore were used 
as quality control strains.

Preparation of rifampicin solution
Rifam picin stock solution (10 mg/ml) was prepared by 
dissolving 10 m g o f rifam picin powder (Sigma, U S A ) in 
1 m l dimethyl sulphoxide (Sigma, U S A ). Filter sterilized  
aliquots o f  stock rifam picin solutions were kept at -7 0  °C 
until use. A  w orking solution (lmg/ml) was prepared by 
diluting the stock solution with sterile double distilled 
water and used only once [12].

Isolation of M . tuberculosis from clinical specimens
Sputum  specimens were processed using the m odified  
Petroff s m ethod and concentrated by centrifugation at 
3500 g in a refrigerated (4°C) centrifuge for 15 m inutes 
[13]. Sediment was diluted in  1 m l sterile distilled  
water. A  small portion o f  the suspension was stained 
with Ziehl-Neelsen (ZN ) stain and examined m icro ­
scopically for the detection o f acid fast bacilli [14]. 
Tw o slopes o f  L-J (Difco, US) (one containing parani- 
trobenzoic acid  to detect M ycobacterium  other than  
tuberculosis ( M O T T )  species) were inoculated w ith  
100 pi o f  above bacterial suspension. T h e  inoculated  
cu lture  m edia were incubated at 37“C  in  5% C 0 2 u n til 
growth was observed o r discarded as negative after 8 
weeks. Culture isolates were confirm ed as M. tuberculosis 
i f  they were slow  grow ing, non -pigm ent p roducing , 
reduced nitrate and  d id  not grow in  the presence o f  
paranitrobenzoic acid. Further, species co n firm ation  
was carried out by P C R  am plification  o f  heat k illed  
bacterial D N A  [15] using  prim ers derived from  IS 
6110 insertion  e lem ent o f  M ycobacterium  genom e, 
p tl8  (5’- G A A  C C G  T G A  G G G  C A T  C G A  GG-3') and 
INS2 (5 -G C G  T A G  G C G  T C G  G T G  A C A  A A -3 )  [16] 
(1st base -Singapore).

Drug susceptibility testing 
A g a r Proportion m e th o d
Agar proportion m ethod (A P M ) remains the gold stand­
ard for culture based drug susceptibility testing for M. 
tuberculosis. T h e  proportion  m ethod was carried out on  
M iddlebrook 7H 10  agar (D ifco, US) plates as per C LS I  
guidelines [12]. Fourteen day old, fresh M. tuberculosis 
cultures grown on L-J m edium  were suspended in 7H 9  
broth m edium  to achieve a turbidity o f  M cFarlan d  N o .l  
standard. T h is  suspension was further d iluted (two fold  
and four fold) and used for inoculating rifam picin  in co r­
porated (1 pg/ml) agar plates and rifam picin  free con tro l 
agar plates. C o lon ies on each plate were counted o n  the 
28th and 42nd day o f  inoculation, and the proportion  o f
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organisms growing in the presence of rifampicin was cal­
culated using the following equation [12].

No. of colonies on drug containing medium X 1UU
No. of colonies on drug fee control medium

(Strains that showed > 1% were considered as resist­
ance to rifampicin)

Manual Mycobacterium Growth Indicator Tube (MGIT)
The M G IT  (BD diagnostics, US) contains 4 ml of modi­
fied Middlebrook 7H9 broth with a fluorescence­
quenching-based oxygen sensor embedded on the bot­
tom of the tube. The level of fluorescence that the tube 
emits corresponds to the amount of oxygen consumed 
by organisms, which in turn is proportional to the num­
ber of bacteria present [17,18]. The rifampicin contain­
ing tubes (final rifampicin concentration of 1 pg/ml) were 
inoculated with 500 |il 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 
McFarland No: 0.5 bacterial suspension as per manufac­
turer’s guidelines. The emission of fluorescence was mea­
sured using the manual M GIT reader from day 2 onwards. 
If the drug free control tube gave positive reading and the 
drug containing tube did not show a positive reading up 
to 15 days of inoculation the test strain was read as 
sensitive to rifampicin. The test was repeated when the 
drug free control tube failed to give a reading in the 
positive range within 13 days of inoculation. The presence 
of Mycobacterium in the test and control tubes was 
confirmed microscopically by ZN  stain.

Nitrate Reductase Assay
The nitrate reductase assay is based on the ability of M. 
tuberculosis to reduce nitrate to nitrite by the nitrate re­
ductase enzyme and in the present study, N R A  in liquid

medium was evaluated as a drug susceptibility test 
method [19]. Middlebrook 7H9 broth medium with 0.1% 
sodium nitrate was used as the medium. The final con­
centration of rifampicin in the medium was 1 pg/ml. 
Each drug containing medium was inoculated with 100 pi 
of McFarland No: 1 bacterial suspension prepared 
from 14 day old M. tuberculosis strains grown on L-J 
medium. The control medium was inoculated with 
100 pi of a 1:10 dilution of the same bacterial suspension 
[20], Two sets of the drug free and drug containing 
media were inoculated per isolate. After 6 days, 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 stan­
dards (Figure 1) [14], Readings between +5 to +3 of the 
standard colour series (Figure 1) were considered positive. 
The drug free control medium was tested after 6 days and 
if it was negative, the second set was tested at day 12. If 
the drug free control gave a colour change within the 
positive range of the standard color series and the drug 
containing medium did not yield a colour change even 
after 12 days of incubation the isolate was considered sen­
sitive to rifampicin (Figure 2). In order to prevent false 
negative results (if the produced nitrite have further 
reduced to nitric oxide), a small amount of powdered zinc 
(Sigma, USA) was added to each negative tube [21] and 
tested for generated nitrite in the medium by sequentially 
adding of HCI, sulfanilamide and N-napthtylethylene- 
diamine as described above. Development of a dark 
pink colour indicated the absence of the M. tuberculosis 
in the test medium. Bacterial contamination may cause 
false positive results. Therefore, to ensure that the 
media were free of contaminants the inoculated N R A  
broths were streaked on blood agar plates to detect any 
non-specific bacterial growth before testing for colour 
changing.

Positive colour range Negative colour range

Figure 1 Standard colour series for nitrate reductase assay (WHO, laboratory services in tuberculosis control culture part iii). C olour

range from  +5 to  +3 w as considered as positive.
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Figure 2 An example of a test result of an isolate tested using NRA. C-Rifam picin free control, D-Rifam picin containing m e dium , S1- 

Rifampicin susceptible strain o f  M. tuberculosis, S2- Rifampicin resistant strain of M. tuberculosis.

DNA sequencing
The rpoB gene mutations, of the rifampicin resistant iso­
lates, detected by any one of the phenotypic methods, 
were identified by D N A  sequencing (Macrogen -Korea).

Data analysis
The suitability of the manual M G IT  and the N R A  in 
comparison with the A P M  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 agree­
ment between the N R A  results or the manual M G IT  
results, and the A PM  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 [22]. 
The consumable costs per test were calculated in deter­
mining the cost for each test method.

Results
Thirty one rifampicin resistant isolates (resistant by 
one of the 3 methods) were identified among the 373 
M. tuberculosis strains isolated during the study period 
March 2008 to September 2010. A ll 31 phenotypically 
resistant strains showed point mutations in the rpoB 
gene responsible for coding for rifampicin resistance 
(data not shown -  see Additional file 1).

Twenty seven strains out of 31 were detected as rifam­
picin resistant by the APM , the currently used gold 
standard for conventional methods. M G IT  and NRA  
identified 26 isolates each. There were 3 discordant 
results between the N R A and the A P M  and one discord­
ant result between the M G IT  and the APM . Three iso­
lates that were detected as rifampicin resistant by NRA  
were susceptible by the manual M G IT  and APM.

Furthermore, one isolate that was rifampicin resistant by 
the manual M G IT  was susceptible by A P M  and N R A  
(Table 1). Repeat testing of these 4 isolates provided the 
same results.

The sensitivity and specificity of the NRA in 7H9 
broth medium when compared with the A PM  were 85% 
and 99% respectively (Table 2). Thus, there was a very 
good agreement between NRA and A PM  for detection 
of rifampicin resistance ( k =  0.86). An excellent agree­
ment was also observed between the manual M G IT  and 
A P M  ( k =  0.94) (Table 3) with 93% sensitivity and 100% 
specificity. The average turnaround time for M G IT  and 
N R A in liquid medium was 08 days (mean) and 10 days 
(mean) respectively.

Discussion
Rapid and accurate detection of drug resistance is a pre­
requisite for initiating effective anti-TB treatment. In Sri 
Lanka, presently, DST for M. tuberculosis is carried out

Table 1 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, C IO , C20, C73, C83, 
C86, C88, C l  15, M 60, M l 27, M l 5, C27, 
C22 C23.C163, C 2 54  C l 50, C l  35, C l  10

A P M , M G IT  and  N R A

(n =2 3)

M 9, M33 A P M  and M G IT

(n = 2 )

PCR 88,PCR 57 O n ly  A P M

(n = 2 )

C l  20 O n ly  M G U

(n = 1 )

M 46 , C25, M 22 O n ly  NRA

(n = 3 )
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Table 2 Sensitivity, specificity, positive and negative likelihood ratio for NRA compared to APM (n=373)

APM NRA Sensitivity % Specificity % Likelihood ratio

No.of resistant 
isolates

No.of susceptible 
isolates

Positive negative

Resistant (27) 23 4 85 98 0.15

Susceptible (346) 3 343 99

only at the central reference laboratory, Welisara using 
solid based D ST method. Liquid culture based or mo­
lecular based D ST methods for detection of drug resist­
ance are not yet available. Establishment of a more rapid 
DST method would positively impact the management 
r'( a patient harbouring a drug resistant strain. As rifam- 
, .icin resistance is considered a surrogate maker of M DR  
YB, W H O  recommends performing DST at least for ri- 
fampicin, especially in low resource settings [3].

In contrast to solid medium based DST methods, 
N R A  and M G IT  use an indicator to detect growth in 
the liquid medium, eliminating the need for visualization 
of growth as colonies. Therefore, N R A  in liquid medium 
and M G IT  methods are an attractive alternative to con­
ventional methods. In this study, a good agreement was 
observed between A P M  and N R A in liquid medium or 
manual M G IT  in the detection of rifampicin resistance. 
Similar results for detection of rifampicin resistance by 
manual M G IT  and N R A  have been reported previously 
[18,19,23,24].

The consumable cost per test for A PM  and NRA is 
around US$ 4.00 and US$ 3.00 respectively. Compara­
tively, the manual M G IT  is more expensive (~US$ 7.00). 
However, both the N R A  and the manual M G IT methods 
can be initiated with low technical expertise and initial 
cost. Additionally both methods are more rapid than the 
A P M  as the results of susceptibility testing will be avail­
able in less than 2 weeks.

In the evaluation of the manual M G IT  for identifica­
tion of rifampicin resistance, an in-house preparation of 
rifampicin solution was used instead of the commercially 
available rifampicin drug preparation kit (BD diagnos­
tics, US). The appropriate volume of rifampicin solution 
was added to obtain a final concentration of 1 pg/ml of 
drug in the 4 ml broth medium. The excellent agreement 
between the M GIT and A P M  detecting rifampicin resist­
ance confirms the suitability of using in-house preparation 
of drugs instead of commercially available drug kits that

increases the cost of the test. The manual M G IT  reader 
is a reliable and suitable instrument for use in low 
resource countries as no housing is required and the 
results can be read by placing the tube in the reading slot 
(See additional file 2). The time spent to take a read­
ing is about 30 seconds. The cost of a M G IT  reader 
is around US$ 3000 and it is a once only investment. 
Alternatively, in the absence of a manual M G IT reader a 
simple ultra violet (UV) lamp (365 nm) may be used to 
detect growth [25].

In the NRA, a standard colour series [14] was used to 
interpret test results. In the case of intermediate results, 
the test should be repeated for accurate interpretation. 
In our series, 2 of the 373 tests required repeat testing. 
The intermediate results in N R A  may occur due to low 
inoculum in the medium. Contamination of the test 
medium can also lead to erroneous results as several 
other bacteria can reduce nitrate to nitrite. Therefore, it 
is important to ensure that there is no bacterial con­
tamination, prior to reporting results of the NRA. Per­
forming a purity test by sub culturing a blood agar 
plate with a loopful of test medium will prevent report­
ing of false positive test results due to contaminating 
bacterial flora.

Conclusion
In conclusion, both the N R A  in liquid medium and the 
manual M G IT  agreed well with the A P M  in determin­
ation of rifampicin resistance. Introduction of these 
methods for low resource settings will make the deter­
mination of rifampicin resistance faster and cost effect­
ive. As the need for sophisticated instruments and high 
technical skills is minimal, the initial test establishment 
cost will be low. Therefore, the N R A  in liquid medium 
and the manual M G IT  are suitable alternatives to A P M  
that can be used to determine rifampicin resistance es­
pecially in low resource settings.

Table 3 Sensitivity, specificity, positive and negative likelihood ratio for the MGIT method compared to APM (n=373) 

ApM MGIT Sensitivity % Specificity % Likelihood ratio

No.of resistant No.of susceptible Positive negative
______ isolates isolates

Resistant (27) 25 2 93 167 0.04

Susceptible (346) 1 345 100
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