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Miltidrug - Resistant Tubercul osis (MR- TB): Epidemol ogy, Mechanisns of Drug Resistance
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Mostract: Mitidrug-resistant tuberculosis (MIRTB is caused by Mcobact eri umtubercul osi s resi stant
to bothisoniazid ad rifanpicin wth or wthout resistance to other drugs. V@rld-wde, about 3%of
all newy diagnosed patients and a consi derably higher proportion of patients who have previously
recel ved antitubercu osis treatnent have MIRTB Wil e host genetic factors nay probably contribute,
irregu ar, inconpl ete and i nadequate treatnent is the sing e nost inportant factor resulting inthe
devel oprent of MR TB. Managenent of MORTBis a challenge as it requires prol onged use of
expensi ve second-line drugs that are not wdely available wth a significant potentia for toxicity.
Furthernore, centres equipped wth reliabl e laboratory service for nycobacterial cuture and in vitro
sersitivity testing are sddomavailade. Gven these constraints, the best nethod to contain this nenace

aopears to be

Key V@rds : Miltidrug-resistant tubercul osis, MR TB epi demol ogy, di agnosis, drug resistance

nechani sns.

[ ntrocucti on

Gobally, tubercuosis (TB is considered to be anajor public
hed th hazard. Accarding to the recent estinates, in 2000 there
vere an estinated 8 3 nillion new cases of TB worl dw de; 95%
of TB cases and 98%o0of TB deaths are i n devel opi ng countri est2.
Whthe aalaility of dfintive atituercdcsis tregnart ad the
introducti on of “short-course treatnent”, cure for TB becane a
redity. Hwever, there has been a g obd recurgence of TBwth
the advent of HV infection-the acquired i nmunodefi ci ency
syndrone (A D5 pandem ¢34,

Rfintin

Isoniazid, ad rifamicin are the keystone drugs i n the nanegenent
of TB Wileresistance to ether of themnay be nanaged wth
aher first line dugs, resistaxetobathisoiazid adrifapicin
(MRTB denands treatnent wth second-line drugs wth linnted
sterilising caecity thet aenat suitade far short-corse tregtnarnt®.
It ispossibetostrictly dfireagvenisdae of Mcabacteriunm
tubercul osis as “mil tidrug-resistant” only after perforning
nycobecteriad cutue ad invitrosemsitivity testing Theterm
MR TB has been used in this reviewin the strict sense of the
defintionreferring toisdates resistat to both isoniazid and
rifanpicin wth or wthout resistance to ather drugs since the
thergeticimlicadias aedffeat. Resatly, theters resitare
anong new cases, and resi stance anong previowsly treated petients
are preferred over the d der terns such as prinary and acqui red
resi stance as these are nare preci se.

Boi demhol ogy

Wl d : Thougt earlier studes suggested thet drug resi stance vas
apotentia prodem it was the energence of MIRTBin the LA
inthe 1990s wiich attracted the attentio. The report by the
Vérid Heal th Qgani zation (WD) -International Lhi on Agai nst
Tubercul osis and Lung DO sease (1 UATLD Gobal Project on
Atti-tubercu osis Dug Resistance Survel | | ance between 1994 and
1997 wii ch describes the prevd ence of resistace to four first-line
atituercdosis drugs in 3B coutries’. Inthis study resi stace
to antitubercu osis drugs ves found indl 35 countries surveyed
suggesting thet it isadobd prodem The ned an preva ence of
acquired MR TB was 13% wth a range of 0%/(Kenya) to
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54. 4% (Latvia). Subsequently, VWO UATLD survey (6) was
extended to define this prod emfurther’”.  Between 1996 and 1999,
patients in 58 geographic sites vere surveyed®. The nedi an
preval ence of MR TB anong new cases of tubercul osi s was
ony 1% but the preval ence vas nuch higher in Estonia (14.1%,
Henan Province in Ghina (10.8%, Latvia (9%, the Russian
obl asts of Ivanovo (9% and Tonsk (6.5%, lran (5%, and
Zgiang Rovincein Gina (4.5%. Rsuts o resistance survyes
from64 courtries, together wth deta predictive of resistace raes
from72 others suggest that an estinated 273,000 new cases of
MR TB occurred worl dwde in 2000 and constituted 3. 2%0f all
new TB cases (8). Further details are expected to be knomn in
the third report on the Atitubercu osis drug resistance inthe
vorldthet islikdy tobe avaldde otline soon

India: Reliable data on the epidemol ogy of MR TB are
lacking fromindia° InlIndia prevaence of prinary MIRTB
innewy d agnosed cases has been dbserved to be 3 4%or | ess>®.
Crta neticul ously collected a the Tubercu osis Research Gatre
(TRQ, Genmnai over the last three decades suggest that MR TB
levels in newy diagnosed patients has been 1%o0r |ess®%%,

Preval ence of MIRTB anong previously treated patients has
been abserved to be higher rangi ng from®%to 8°4°L.  Hovever,
cationhes tobe exarcised ininterpreting the preva ence figures
pudished in stud es ivwh a snal | sanpl e si ze because of i nherent
net hodadl ogi cal  concerns.

Bdogcand Ml ecda Basis of Dug Resistance

Spont aneous chronosonal |y borne mutati ons occurring in
Mcobacteriumtubercul osis at a predictabd e rate is thought to
cofer resistance to atitubercu osis drugs® 8. Achaeracteristic
fetue d thesemtaiasisthe they aeulirked Ths, resistace
toaduwis wudly mt associated wth resistance to an urd aed
dug Thsnmeas tha, if ntatios casingresistavetoisoiazid
occur inabout 1in 10 redicaios o becteria the prassblity of
spont aneous nat ati ons causi ng resitance to bath i soni azid and
rifanpicin woul d be 10%10°=1 in 10 Gven that this nuner
o bed!li cama be foud evenin ptiets wth edesive caitaay
pu nanery tubercu osis (a tubercd osis cavity usud |y cota ns 10
to 1% becilli), the chance o spotaneoss dud resistane devd gaing
is practically renote®23, Thus, the fact that mitations are
“unlinked”, forns the scientific basis of antitubercul osis
chenatherapy. GQrrently, the prinary nechani smaof nultip e drug
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resistareintuercdcsisis detopetubdiosintheindvidd
drug target genes. Table 1 lists the nol ecul ar nechani sns of
antitubercul osis drug resistance that are considered to be
inportant>>%5, Mitidrug transporters conprise four fanlies of
transnenforane ef flux proteins that actively punp out a broad
rage of structurdly uredaed conpounds framthe interior of the
cell, using either proton native force or ATP suppl i ed erergyP.
The potertia contribution of these moltidrug transporter proteins
inthe causation of MRTBnerits further evaualtion. These
transnentrane effl ux protei ns a so appear to be novel target for
drug thergpy infuue.

Table 1 : Ml ecul ar nechanisns inplicated in antitubercul osis
drug resi stance.

Drug Gene(s) involved in drug resistance

I soni azi d Enoyl acp reductase (inhA
Cat al ase- per oxi dase (kat G
A kyl hydroper oxi de reductase (ahpQ

i dative stress regul ator (oxyR

R fanpi cin RNA pol ynerase subunit B (rpoB)
Pyr azi nam de Pyr azi nami dase (pncA)
St reptonyci n R bosonal protein subunit 12 (rpsL)
16s ribosonal R\A (rrs)
A nogl ycosi de phosphot r ansf erase gene (strA
Et hanbut ol Arabi nosyl transferase (enb A B and Q

H uoroqui nol ones  DNA gyrase (gyr A and B)

Adapted fromreference 5

Ratentiad Guses of Dug Resistance

Various factors have been inplicated in the causation of MR
TB. These are discussed bel ow

Gretic factars : Though there i's sone evi dence to postu ate host
genetic pred sposition as the basis for the devel opnent of MIR
TB it s beencodwsive. It islikdy the theselod fa the
alleles linked wth themplay a pernissive ra e in conferring
increasi ng susceptibility to the devel opnent of MIRTB

Factars related to previous antitubercul osi s treat nert:
I nconpl et e and i nadequat e treat ment @ Review of publ i shed
literaure strogy suggests that the mast poverfu predctar of the
presence of MIRTBis a history of treatnent of tubercul osis.
Irregd ar, incopl ete, inadequete treatnent appears to be the nast
conmon neans of acquiring drug resi stant organisns. e of
singe drugtotreat TBis another conmon perd Sposi ng cause in
the Ida setting This cod d have occurred because of i gorance;
use o penicillin/strepomycin conbinetions; use of rifanpicin for
aher d seases; ad econonic constraints. Thereis dso the risk
of use of unreliable drugs wth poor biocavailability. e of
atituercdosis drugs by ugaified parsons o dterretive ned dne
practitioners resfuting in bizarre reg ners far i nedequet e peri abs.
Poor treatnent compl i ance : The change over fromfuly supervi sed
sanat ori umtreat nent to unsupervi sed donciliary treatnent has
affected conpliance signficatly. Roor conpli ance wth trest nent
isdsoaninportant factor in the devel opnent of acquired drug
resistance. Nor-conpliance wth prescribed treatnent is often
underestinated by the pysician and is dfficut topredct. The
drug defau ter, just like placebo reactar is not a consistent o
read |y idertified persoP. Inthe vest, denographic factors such
as age, sex narital status, education level and soci o-econonic
status have not been found to correlate wth the degree of
conpliace Onthe ather hand, certan factars such as psychiaric
illness, acohdism drug addiction and honel essness do predi ct

JI MBA Apri | - June 2005 Vol . 18 No. 2

non-conpl i ance. This nay not be entirely true in the Indian
cotext ad the rel evance of these factors inthe Ind an scenario
nerits further study.

lack of laboraay dagostic Facilities : God, reiade laboraory
suppart is sd domavailad e in deve oping neti ons, the areas were
MRTBis anajor hedth hazard Wenfacilities for cuture ad
sasitivity testingaent avalad e thergpetic ded sios are nast
often nade by d gorithuns or inferences fromprevi ous treat nent ™.
Progranmat i ¢ approach has been observed to fail in sone settins
and pud i shed data suggest that standard short-course chenat her gy,
based on first-line drugs, is aninadequate treatnent for sone
petients wth drug-resistant TB>%.  Athough the DOS strat egy
isthe basis of good TBcotrd, the strategy shou d be nad fied
insone settings toidentify drug-resistant cases sooner, and to
nake use of second-1ine drugs in appropriate treatnent
regi nens'” 1,

Redictors for the devel opnent of MIRTB : In nost of
the published studi es, previous history of tubreu osis and past
histoy of antitubercu osis treatnent have beeninplicated in the
causation of MR TB.

Inplicaios for trestnent

Second-line drugs are very difficut todxtaninsnall tows ad
rua areas inlinda Therefore reliable suppy of drugs is a
dfficdt ppddem Mreove, theeisawde vaiaioninthe price
range between different pharnaceutical brands. Reliable
phar nacoki netic data regarding bicavai lability of nast of these
fomidiosisnt adlddedtha. Mreove, theeis no assuare
that the nost expensi ve brand nanes have the best bicavailability
profile Bren considering the chegpest brand nanes availad e, the
cost of drug treatnent al one i s nuch beyond the neans of the
average Indian patient. Therefore, |ong termconpliance is not
very good. Al these factors constitute significant therapeutic
celeges far thedindas tresting NIRTBin the fid d setting
Ropd ai on mgraion due to poverty to sesk better jdb ggoortunities,
becase of returd dssstes, vars pditicd instaility adregad
coflicts aso create nobil e popul ations. These factors nake
treatnent of NIRTBd fficut, asit is nat easy for persons wo
are forced to nave for any of avariety o reasons to conpl ete 24
norths of treat nent®.
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