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ABSTRACTS: 

Drug resistance is reduction in effectiveness of an 

anti-microbial agents used in inhibiting the 

microorganisms orcuring a disease. Mycobacterium 

tuberculosis is responsible for causing tuberculosis 

can acquire multiple drugresistance by not 

responding to Isoniazid and Rifampicin the two 

most powerful anti-TB agents. The complications 

ofdrugresistanceinTBelevatesduetosomeoftheriskfa

ctorslikeinadequatetreatmentcompliance,non-

complianceofthe patientsto the treatment. 

 

Proper diagnosis of the disease and switching to 

modified drug therapy may improve the treatment 

outcome. Thedrug treatment involves usage of 

combination of drugs Isoniazid, Rifampicin, 

Ethambutol along with other anti-

microbialagents,andnutritionaltherapy,immunother

apy.Inthisreviewwediscussedabouttheoccurrence,tr

eatmentofmultidrugresistancetuberculosisalongwith

drugsundertrialsandnutritionalrequirements. 

 

Keywords:Multidrugresistanttuberculosis;Mycoba

cteriumtuberculosis;Non-

compliance;Nutritionaltherapy;Immunotherapy. 

 

I. INTRODUCTION 
Tuberculosis(TB)isaninfectiousdiseasecaus

edbyMycobacteriumspecies(M.tuberculosisinhuma

nsandM.bovisincattle).Themortalityrateishighfortub

erculosisnexttoAIDS.Researchesshowedthatapproxi

matelyaboutmorethanonebilliondeathsoccurredduet

otuberculosis around the world till now. TB is 

progressive and 

spreadsthroughtherespiratorytractasanasaldelivery. 

Thedevelopmentofthediseasefrominitialinfectiontoa

ctiveprimary tuberculosis occurs within 1-3 years. 

The development ofresistanceismulti-

facetedandisinfluencedbysomeofthefactorslikesocio

-

economic,pathologicalandenvironmentalconditions

[1,2]. 

 

Epidemiology 

In India, the incidence of multi drug resistant 

tuberculosis is 3.4%(or) less. Of these, Rifampicin 

resistance accounts for about 1% or less[3]. 

 

Multidrug-resistanttuberculosis(MDR-TB) 

Itisaconditioninwhichmycobacteriumtuber

culidevelopsresistancetoIsoniazidandRifampicin,th

etwomosteffectivefirstlineanti-

TBmedicines.PatientswithMultiDrug-

ResistantTuberculosis(MDR-TB) require treatment 

with second-line treatment regimens,which are 

more complex than those used to treat patients 

withoutdrug-resistant TB [4]. 

ExtensivelyDrug-ResistantTB(XDR-

TB)isaconditioninwhichMycobacterium tuberculi 

responds only to few second-line anti-

TBmedicines[5]. 

 

Drugresistance 

Drugresistanceisreductionineffectivenessofamedica

tionsuchasan antimicrobial inkilling a microbeor 

condition. 

 

 

Naturalresistance 

Somemicrobeshavealwaysbeenresistanttocertainant

i-

microbialagent.Theyaredevoidofthemetabolicprocess

orthetargetsitewhichisaffectedbytheparticulardrug.E

g:Gramnegativebacilliarenormally unaffected by 

Penicillin G and M. tuberculosis is 

insensitivetotetracyclines 

 

Acquiredresistance 

It is the development of resistance by an organism 

(which 

wassensitivebefore)duetotheuseofanAMAoveraperi

odoftime. 
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Pathogenesis 

Most bacilli of mycobacterium undergo frequent 

mutations andthus exhibit resistance to drugs, thus 

requiring usage of multiple drugregimens. The 

mutation rates for different drugs are as included 

inTable1. 

 

Drug AverageMutationRate 

Isoniazid 2.56× 10-8 

Rifampicin 2.25 ×10-10 

Ethambutol 1 ×10-7 

Streptomycin 2.95× 10-8 

Pyrazinamide 1 ×10-3 

Table1:Mutationratesofselecteddrugs. 

 

In the treatment using a first line drug, the 

number of TB bacilli isdecreased due to the action 

of drug in killing the organisms. Eventhough, some 

of the organisms survive and become drug 

resistantmutants. 

 

Themultiplicationofthesemutantsgradually

leadstoproductionofsufficient number of bacilli 

enough for reappearance of 

symptoms.Thisistermed“thefallandrisephenomenon

”.Resistanceisproducedautomaticallyforeveryantitu

berculardrugeachatonetimegradually.The main aim 

of modern therapy for tuberculosis is to control 

themultiplicationoftheresistantmutants. 

Thiscanbeachievedbyusingmultipledrugregimens(n

otlessthanthreeanti-

tuberculardrugs)whichcancontroltheresistantmutant

sto10-18 times. Wild type bacilli are more resistant 

and survive whileothers which show resistance to 

only single drug will be destroyed[5-8]. 

 

Multidrug Transportation: 

Multidrugtransporterscontaintrans-

membraneeffluxproteinsthatactivelypumpoutabroad

rangeofcompoundsfromtheinteriorofthecell,usingeit

herprotonmotiveforceorATPsuppliedenergy.Theyar

eresponsible for acquiring resistance of a multitude 

of organisms tovariousdrugs. 

P-

glycoproteinisahumananalogueofthesemultidrugtra

nsportersand is expressed on immune effector cells. 

Infection by M. 

tuberculosisresultsinincreasedexpressionofP-

glycoproteinanddecreasedaccumulationof Isoniazid 

and Rifampicin inside the cells[9-11]. 

 

Occurrenceofresistancetoanti-

tuberculosistreatment 

Incompleteandinadequatetreatment 

It mainly occurs with usage of monotherapy (with 

single drug). 

Thismayalsobeduetoignorance,useofpenicillin/strep

tomycincombinations,useofrifampicinforotherdisea

ses,andeconomicconstraints. 

Inadequatetreatmentcompliance 

Poorcomplianceduetoimproperknowledgeandcareis

alsoresponsible for development of the resistance. 

Demographic factorsandsocio-

economicstatusdonotshoweffectondegreeofcomplia

ncewhilepsychologicalfactorscaneffectcompliance[

12,13]. 

Relationbetweendoseanddrugresistance 

A drug 

ForM.tuberculosis,duringtheinitialphaseoftreatment,

theshapeoftheconcentration–

timecurveisUshaped(Figure1)indicatingthatdrug 

exhibited its action. As the time passed, the curve 

changed toinverted U shape (Figure 2), indicating 

the development of resistanceofM.tuberculito 

drug[14].shows its action at different doses in 

different individuals.This is because a drug does 

not show same concentration versus timeprofile in 

allsubjects. 

Itindicatesthatlowplasmadrugconcentrationscanlead

toemergence of drug resistance. The response of 

the pathogen to 

aparticulardrugisrelatedtoconcentration–

timeprofile. 
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Diagnosis 

When multi drug resistant tuberculosis is 

suspected, it is confirmedby sending the patient’s 

sputum to anti tubercular drug sensitivitytesting. 

The diagnosis of drug-resistant TB is made by 

performingDrug-Susceptibility Testing (DST) to 

the strain of TB obtained fromthepatient[15]. 

 

DiagnosticMethods 

Patientswithdrug-

resistantTBaredividedintothreemajorcategories.The

yare: 

1. Thosewhoareincontactwithdrug-

resistantTB. 

2. Thosewhoarepreviouslytreated. 

3. Thosewithinterruptedtherapy[16,17]. 

 

Conventionalmethods 

Mostly,Lowenstein-

Jensen(LJ)cultureisusedfordrugsensitivitytesting. 

Thedifferentconventionaldiagnosticmethodsare: 

1. Absoluteconcentrationmethod 

2. Theresistanceratiomethod 

3. Theproportionsmethod 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure1:concentration-timecurvefornon-resistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure2:concentration-timecurveforresistance. 
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Absoluteconcentrationmethod 

In this method, the culture media and drug 

containing media isinoculated with a carefully 

controlled inoculum of M. tuberculosis.Minimum 

Inhibitory Concentration (MIC) of the drug is 

determined.Lower concentration of the drug 

inhibiting the growth indicates lesserresistance. 

 

Theresistanceratiomethod 

This method uses minimum inhibitory 

concentration of a 

standardsusceptiblestrainasstandardtoavoidvariatio

ns. 

 

Theproportionsmethod 

It is the method of choice for evaluating 

the drug resistance. Thismethod correlates the 

number of colonies increasing in size on drughold 

medium to the drug free medium. It designates the 

segment 

ofdrugresistantbacilliavailableinbacterialpopulation

. 

 

Modernmethods 

Radiometricmethodsarebeingusednow-a-

daysinordertodiagnosingtuberculosis.Oneofsuchme

thodsisBACTEC-460(Becton- Dickinson) method. 

In this, a medium containing palmiticacid labeled 

with radioactive carbon is inoculated with 

mycobacteriawhich slowly metabolize the palmitic 

acid. Due to this, radioactivecarbon dioxide is 

released which is an indicator of bacterial 

growth[18-20]. The other most commonly used 

method is RFLP (RestrictionFragment Length 

Polymorphism) method. In this, fragment 

patternsareusedtocategorizetheisolatesoftheorganis

msandcomparethemwitheachother[21].TheMycoba

cteriumGrowthIndicatorTube(MGIT) system is 

another method which is used for detection 

andsusceptibilitytesting.Thissystemutilizesanoxyge

n-sensitivefluorescent compound in a silicone plug 

placed at the bottom of tubecontaining the medium 

and is used to detect mycobacterial growth[22,23]. 

 

ObjectivesofAnti-TBTreatment 

1. Rapiddeclineofbacterialcountwhichdecreasesm

orbidityandmortalityandtoceasetransmission. 

2. Preventtheoutbrokeofdrugresistantvariantstrain

s,and 

3. Preventtheworseningofcondition. 

 

PreventionofResistance 

1. Isoniazid which is the most potent prophylactic 

drug is 

usedpredominantlyinthefirstweekfollowedbyrif

ampicintopreventresistance. 

2. To avoid drug resistant variants, use multiple 

drugs which showsevidenceonefficacy. 

Treatment is advised for adequately long period, 

with 

examiningofattachmenttotreatment,toeradicatet

heremainingsurvivingorganismsthatareaccount

ablefortheworseningofcondition. 

1. Almost all the successful mode of averting 

drug resistance is toadhere to the authoritative 

recommendations for treatment 

andmakesurethatalldosestakencorrectly. 

 

Re-treatment 

For patients classified as therapy failure 

the WHO recommends there-treatment regimen 

with in a span of eight months. The regimen ismade 

up of three drugs (isoniazid, rifampicin, and 

Ethambutol). 

Inadditiontothis,pyrazinamideisspecifiedalloverthef

irstthreemonths and streptomycin all over the first 

two months. Uncertaintymycobacterial culture and 

in vitro sensitivity testing are not 

regularlyconducted. Because, it is not feasible to 

institute whether these 

casesareevacuatingthemultidrug-

resistantbacilli.Supplementalmanagementoforaloflo

xacinwasestablishedtobepotentandsecureforthetreat

mentofMDR-TB. Pefloxacinhavinghighsafety 

profileand is inexpensive so it was scrutinized to be 

an efficacious associatedrug inselected cases. 

Sparfloxacinisassimilated 

withkanamycinspecifiedduringthefirstthreetofourm

onths.Andfinallyethionamidemanagementwashelpf

ulinattainingsputumconversion,clinical and 

radiological development. Other prophylactic 

agents 

likecarbapenemsexhibitoptimisticeffectandsupporta

bleinincorporation with clavulanate for 

management of MDR-TB (Table 2)[24]. 

 

Resistancepattern  

Alternativetreatmentoptions 

Duration of

 therapy(months) 

INH RIF,PZA,EMB(FQ) 6-9 

 

RIF 

INH,PZA,EMB,STRorINH,PZA, EMB, FQ 

(STR) 

 

9 
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INH,RIF,PZA FQ, INJ, second-line therapy 24 

PZA INH,RIF,EMB 9 

EMB: Ethambutol; FQ: Fluoroquinolone; INH: isoniazid; INJ: Injectable Agent(Capreomycin, 

Kanamycin, Amikacin); PZA: Pyrazinamide; RIF: Rifampin; STR:Streptomycin. 

Table2:Possibledrugadministrationsforpatientswithtuberculosiswithdiversestandardsofdrugresistance. 

 

Neweranti-tuberculosisdrugs 

TB medication has been persistent for a 

period of ten years andfrequently composed of 

acquiring ten pills per day to a greater extentfor a 

least possible of six months. In case of MDR-TB, 

twenty pills perday for 18-24 months. At present 

accessible second-line drugs used totreatMDR-

TBarefourtotentimesmoreacceptabletofailthanstand

ard remedy for drug non resistant tuberculosis. This 

prolongedregimen is not only more expensive than 

first-line antibiotics, but alsoappears with severe 

toxic side effects and psychological stresses. 

Insequence to oppose MDR and XDRTB and the 

generally expand ofantibiotic unaffected TB 

strains, the requirement of newer anti-TBdrugs is 

upcoming. In 2012 and 2013, two new anti-

tubercular drugswereapproved. 

TheyareBedaquilineandDelamanid.Bedaquiline(dia

rylquinoline derivative) acts by inhibiting bacterial 

ATP 

synthetaseandpossesspotentactivityagainstdrugresist

antanddrugsensitiveM.tuberculosis. Delamanid 

(nitro imidazole derivative) acts by 

inhibitingsynthesisofcellwallcomponents.Inthelastfe

wmonths,asequenceofcompoundsholdanitroimidazo

pyrannucleusthatownantitubercularactivityhavebee

ndiscoveredandareundertrials[25]. 

 

Drugs under Trials 

TMC207 

Itisanoveldiarylquinolineandisalsoknowna

sR207910.Itactsbyexhibitingitseffectinvitroasananti

bacterialagentagainstoxidative-reproduction,drug-

susceptible,MDRM.tuberculosis,antibiotic-

sensitive M. tuberculosis. It particularly prevents 

the mycobacterialATP-synthase, consequently 

decreasing bacterial energy output in theformof 

ATP molecules [25,26]. 

 

PA-824 

Itisanitro-

imidazolesderivative(nitroimidazo-oxazine).PA-

824isa prodrug which needs stimulation by 

bacterial de-hydrogenase andnitro-reductase to 

obstruct mycolic acid (important constituent in 

celllayerofmycolatataxonresponsibleforpathogenici

ty)synthesis.Moxifloxacin and pyrazinamide are 

indicated as antibacterial 

agentsexhibitingtheiractivityagainsttuberculosisinm

ice[27,28]. 

OPC-67683 

Itisadihydroimidazo-

oxazole.Itpossessespotentantibacterialactivityagains

tantibioticsusceptibleandMDRM.tuberculosisbothin

invitroandinvivoconditions.Itactsbyinhibitingmycol

icacidoutputinthe cell wall [29]. 

Thoughthefindingoflatestanti-

TBdrugswithlessresistanceareinprogress under 

trials, their invention and expansion is quiet 

complexandexpensive ($800million to $1billion) 

 

RecommendationsfortherapyofpatientswithMD

R-TB 

When susceptibility experiment 

investigations are accessible andthere is an 

opposition to isoniazid and rifampicin but with or 

withoutresistance to streptomycin. In the beginning 

period, an association ofethionamide, 

fluoroquinolone, and other bacteriostatic drugs 

such 

asethambutol,pyrazinamideandaminoglycosidelike

kanamycin,amikacin,orcapreomycinareadministere

dforthreemonthsuptothetimeofsputumtransformatio

n. 

In continuation phase, ethionamide, 

fluoroquinolone, and 

otherbacteriostaticdrugsuchasethambutolcanbeused

fornotlessthan18monthsfollowingstaintransformatio

n. 

On condition that there is resistance to rifampicin 

and 

ethambutolbutwithorwithoutresistancetostreptomyc

inthroughoutthestartingperiod and an association of 

ethionamide, fluoroquinolone and 

otherbacteriostaticdrugssuchascycloserine,pyrazina

mide,andaminoglycosides like kanamycin, 

amikacin, or capreomycin are usedforthreemonths. 

 

TB-

DOTs(DirectlyObservedTreatment,ShortCou

rse) 

DOTS programs have been developed to 

control the unacceptablefailure rates and to combat 

the resistance of drug resistant mutantsagainstanti-

tubercular drugs. 

ThemainfiveelementsofDOTSstrategyare: 
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1. Thetherapymayrequirebeingcategorizedrathert

hanstandardized; 

Laboratory facilities may be required to supply 

resources for on-

sitecultureandantibioticsusceptibilitytesting; 

2. Authenticsuppliesareanextensiveareaofexpensi

vesecond-linedrugs; 

3. To regulate the manifestations needed some 

operational studiesand 

4. Economicandscientificsupportfrominternationa

lorganizationsand Western governments must 

be required moreover 

procuredfromlocalgovernments [30-32]. 

 

Preventivemeasures 

1. Isolationoftheeffectedpatienttoaseparaterooma

ndchangingtheairinsideaboutsixtimesforeveryh

our. 

2. Roomshouldbeventilatedusingultravioletlamps

orHEPA 

filterstosupplementventilation; 

3. Useofdisposablemasksforpersonsenteringthero

omtoavoidspreading. 

 

Immunotherapy inMDR-TB 

As M. tuberculae is pathogen, immune system 

improvement canplay a major role in combating the 

organisms. This can be achieved inanumber 

ofways: 

1. Vaccination: Vaccination for tuberculosis 

stimulates the host’simmune system and 

protects the individual by enhancing 

theeradication of mycobacterial population. 

BCG vaccine 

(BacillusCalmetteGuerin):Itisthemostcommonly

usedTBvaccinethoughothervaccinesarealsoavail

ablewhichareunderuseandtrials. It is highly 

affordable and safe when compared to 

othervaccines. The BCG vaccine is usually 

administered at birth and atan early age of 4-6 

weeks to provide protection against all kindsof 

tuberculosis. However, babies with HIV/AIDS 

should not bevaccinated. BCG vaccine is not 

generally given to adults as 

theresultsarevariable. 

2. Cytokinetherapy:Itincludesadministrationofinter

feron-γ(IFN-γ,500µthriceweekly)andinterferon-

α(IFN-

α,3MUthriceweekly).Theseinterferonshelpinacti

vatingthemacrophageswhichinhibitmultiplicatio

nofmycobacterialpopulation. 

3. Miscellaneous: The miscellaneous agents 

mainly used includeThalidomide and 

pentoxifylline Other agents include 

levamisole,transferfactor,TransformingGrowthF

actor(TGF)inhibitors,andagentsinvolved inIFN-

α generation[33]. 

 

Surgery 

Surgeryaccountsforlowerdeathratewithlessthan3.5

%thoughrespiratorycomplicationsmaypersist. 

The important factors responsible for death rate are 

severe chestirradiation, pulmonary abscission, 

extreme pulmonary damage, 

anyothermicrobialinfectionsandsputumpositivity. 

Conditions for performingsurgery: 

1. PresenceofMDR-

TBirrespectiveofprolongedtreatment;and/or 

2. Substantial standards of drug resistance 

that are related 

withtreatmentcollapseorauxiliaryresistance. 

Internalcavitary,necroticillnessinalobeofthelungwas

modifiedduringabscissionwithoutdevelopingrespira

toryinsufficiencyandextremepulmonaryhypertensio

n[34-37]. 

 

Nutritionalsupport 

Nutritional support plays a key role in 

treating MDR-TB 

patients.Thefirstlineandsecondlineanti-

tuberculardrugsarehighlyefficaciousandcancauseab

dominalpain,headache,nausea,dizzinessanddiarrhea

interruptingwithfoodabsorption.Thisultimatelyresul

tsin decreased body weight and weakness. Dietary 

supplementation 

insuchpatientsmustincludemilkandcodliveroil(Tabl

e3)[38-40]. 

 

Typesofnut

rients 

Examples 

Highcalorief

oods 

Banana,wholewheatbread,coconutmilk,avocados,chiaseeds,walnuts,pinenuts,blueberries. 

 

 

Highproteinf

oods 

Eggs- 6 g per 1 large egg, Milk-8 g per 1 cup, whey protein-24 g per scoop, chicken breast-

24 g per oz, canned legumes-20 g per 1 cup,peanuts-6gper2oz,cashews-6gper2oz,almonds-

6gper2oz,greenpeas-7gper1cup,Wheatgerm-6gper1oz,groundnuts-38gper1cup. 
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Vitamins 

VitaminCrichjuiceslikeOrangejuice,apowerfulantioxidantthatcanhelpthebodytofightagainstt

uberculosisbacillus.Carrot,tomato,gooseberry,andpineapplejuices.VitaminArichfoodslikeOr

ange,mango,papaya,sweetpumpkin,carrots. 

 

Minerals 

Zincrichfoodslikepumpkinseeds,darkchocolate,sesameseeds,watermelonseeds,wheatgerm,c

hickpeas,squashseeds.SeleniumrichfoodslikeBrazilnuts,fortifiedeggs,flax,spinach,beefliver,

sardines.Ironrichfoodslikeredmeat,seafood,beans,apricots,raisins. 

Table3:Nutritional chartforTB. 

 

II. CONCLUSION 
Notonlyregardingtuberculosis,butalsoinrel

ationtoothermicrobialandinfectiousdiseases,resistan

cetowardsantibioticsresultsintreatmentfailures,progr

essionofdiseaseandinfections. 

So, treatment should be directed towards using 

drugs which eithersuppress the resistance of 

organisms towards antibiotics or improve theefficacy 

of other anti-TB drugs. Resistance repression is 

explained asone medication intercept the resistance 

to another, but not one drugintercept the resistance 

to itself. By taking appropriate measures andstrictly 

following the therapy, the MDR-TB might be 

suppressed to agreaterarea. 

 

REFERENCES 

[1]. Ducati RG, Ruffino-Netto A, Basso LA, 

Santos DS (2006) The resumptionof 

consumption-A review on tuberculosis. 

Mem Inst Oswaldo Cruz 101:697-714. 

[2]. KimJY,ShakowA,MateK,VanderwarkerC,

GuptaR,etal.(2005)Limited good and 

limited vision: multidrug-resistant 

tuberculosis 

andglobalhealthpolicy.SocSciMed61:847-

859. 

[3]. ParamasivanCN(2003)Statusofdrugresistan

ceintuberculosisaftertheintroduction of 

rifampicin in India. J Indian MedAssoc 

101: 154-156. 

[4]. JamesM,CesarUG,DavidMAJ(2015)Multid

rugresistanttuberculosis.BMJ.350: 882. 

[5]. Vareldzis BP, Grosset J, de Kantor I, 

Crofton J, Laszlo A (1994) Drug-

resistanttuberculosis:Laboratoryissues.Wor

ldHealthOrganizationrecommendations.T

uberLungDis75:1-7. 

[6]. DavidHL(1970)Probabilitydistributionofdr

ug-resistantmutantsinunselected 

populations of Mycobacterium 

tuberculosis. Appl Microbiol20:810–814. 

[7]. Anti-

tuberculosisDrugResistanceintheWorld.Ge

neva,Switzerland:World Health 

Organization. 

[8]. EspinalM(2004)Whatisthe“fallandrise”phe

nomenonandthe“sequential regimen” 

mechanism? 2nd ed. Geneva, Switzerland: 

WorldHealthOrganization 200–202. 

[9]. Verbon A, Leemans JC, Weijer S, Florquin 

S, DerPoll VT (2002) Micelacking the 

multidrug resistance protein 1 have a 

transiently impairedimmuneresponseduring 

tuberculosis.Clin ExpImmunol130: 32-36. 

[10]. GollapudiS,ReddyM,GangadharamP,Tsuru

oT,GuptaS(1994)Mycobacteriumtuberculo

sisinducesexpressionofP-

glycoproteininpromonocyticU1cellschroni

callyinfectedwithHIVtype1.BiochemBioph

ysRes Commun199: 1181-1187. 

[11]. Mahmoudi A, Iseman MD (1993) Pitfalls 

in the care of patients 

withtuberculosis.Commonerrorsandtheirass

ociationwiththeacquisitionofdrugresistance

. JAMA270: 65-68. 

[12]. Blackwell B (1973) Drug therapy: patient 

compliance. N EnglJ Med 289:249-252. 

[13]. Wilkins JJ, Langdon G, McIlleron H, Pillai 

GC, Smith PJ, Simonsson US(2006) 

Variability in the population 

pharmacokinetics of pyrazinamide 

inSouthAfricantuberculosispatients.EurJCli

nPharmacol62:727-735. 

[14]. QianG,XiaL(2010)TransmissionofMDRt

uberculosis.DrugDiscoveryToday:Diseas

eMechanisms7:e61–65. 

[15]. PhilipL(2009)Extensivelydrug-

resistanttuberculosis.CurrentOpinioninInfe

ctiousDiseases22:16773. 

[16]. CitronKM,GirlingDJ(1987)Tuberculosis.In

:WeatherallDJ,Ledingham JGG, Warrell 

DA, eds. Oxford textbook of medicine, 2nd 

edn.Oxford:OxfordUniversity Press5: 278–

299 

[17]. RobertsGD,GoodmanNL,HeifetsL,LarshH

W,LindnerTH,etal.(1983) Evaluation of 

the BACTEC radiometric method for 

recovery 

https://doi.org/10.1590/s0074-02762006000700001
https://doi.org/10.1590/s0074-02762006000700001
https://doi.org/10.1590/s0074-02762006000700001
https://doi.org/10.1590/s0074-02762006000700001
https://doi.org/10.1590/s0074-02762006000700001
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1016/j.socscimed.2004.08.046
https://doi.org/10.1136/bmj.h882
https://doi.org/10.1136/bmj.h882
https://doi.org/10.1136/bmj.h882
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.0.3.248/0962-8479(94)90096-5
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1046/j.1365-2249.2002.01952.x
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1006/bbrc.1994.1355
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1001/jama.270.1.65
https://doi.org/10.1056/NEJM197308022890506
https://doi.org/10.1056/NEJM197308022890506
https://doi.org/10.1056/NEJM197308022890506
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1007/s00228-006-0141-z
https://doi.org/10.1016/j.ddmec.2010.09.006
https://doi.org/10.1016/j.ddmec.2010.09.006
https://doi.org/10.1016/j.ddmec.2010.09.006
https://doi.org/10.1097/QCO.0b013e3283229fb
https://doi.org/10.1097/QCO.0b013e3283229fb
https://doi.org/10.1097/QCO.0b013e3283229fb
https://doi.org/10.1097/QCO.0b013e3283229fb


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 6 Nov-Dec 2021, pp: 1151-1158 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-060611511158 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1158 

ofmycobacteriaanddrugsusceptibilitytestin

gofMycobacteriumtuberculosisfromacid-

fastsmear-

positivespecimens.JClinMicrobiol18:689-

696. 

[18]. LeeCN,HeifetsLB(1987)Determinationofm

inimalinhibitoryconcentrationsofantituberc

ulosisdrugsbyradiometricandconventional

methods.Am Rev RespirDis 136: 349-352. 

[19]. KoskelaAK,KatilaML(2003)Susceptibilityt

estingwiththemanualmycobacteria growth 

indicator tube (MGIT) and the MGIT 960 

systemprovidesrapidandreliableverification

ofmultidrug-resistanttuberculosis.J 

ClinMicrobiol 41: 1235-1239 

[20]. Andries K, Verhasselt P, Guillemont J, 

Göhlmann HWH, Neefs JM, et 

al.(2005)Adiarylquinolinedrugactiveonthe

ATPsynthaseofMycobacteriumtuberculosis

.Science223–227. 

[21]. Diacon AH, Pym A, Grobusch M, Patientia 

R, Rustomjee R, et al. (2009)The diaryl 

quinoline TMC207 for multidrug-resistant 

tuberculosis. NewEnglJMed 360:2397–

2405. 

[22]. BemerP,PalicovaF,GerdesRS,DrugeonHB,

PfyfferGE(2002)Multicenterevaluationoffu

llyautomatedBACTECMycobacteriaGrowt

hIndicatorTube960systemforsusceptibilityt

estingofMycobacteriumtuberculosis.JClin

Microbiol40:150-154. 

[23]. Stover CK, Warrener P, Devanter VDR, 

Sherman DR, Arain TM, et 

al.(2000)Asmallmoleculenitroimidazopyra

ndrugcandidateforthetreatmentoftuberculos

is.Nature,405:962–966. 

[24]. Manjunatha U, Boshoff HI, Barry CE III 

(2009) The mechanism of actionof PA-

824: novel insights from transcriptional 

profiling. Commun IntegrBiol2:215–218. 

[25]. SaliuOY,CrismaleC,SchwanderSK,Wallis

RS(2007)Bactericidalactivity of OPC-

67683 against drugtolerant Mycobacterium 

tuberculosis.JAntimicrob Chemother60: 

994–998. 

[26]. Wayne LG, Sramek HA (1994) 

Metronidazole is bactericidal to 

dormantcells of Mycobacterium 

tuberculosis. Antimicrob Agents 

Chemother 38:2054–2058. 

[27]. Sonya S, JenniferF, Jaime B, Kedar M, 

Yong KJ, et al. (2004) Community-

basedtreatmentofmultidrug-

resistanttuberculosisinLima,Peru:7yearsofe

xperience.SocialScience&Medicine59:152

9–1539. 

[28]. Weis SE, Slocum PC, Blais FX, King B, 

Nunn M, et al. (1994) The effect ofdirectly 

observed therapy on the rates of drug 

resistance and relapse 

intuberculosis.NEnglJMed330:1179-1184. 

[29]. BlumbergHM,BurmanWJ,ChaissonRE,Dal

eyCL,EtkindSC,etal.(2003)AmericanThora

cicSociety/CentersforDiseaseControlandPr

evention/InfectiousDiseasesSocietyofAmer

ica:Treatmentoftuberculosis.AmJ 

RespirCrit CareMed 167:603-662. 

 

https://doi.org/10.1164/ajrccm/136.2.349
https://doi.org/10.1164/ajrccm/136.2.349
https://doi.org/10.1164/ajrccm/136.2.349
https://doi.org/10.1164/ajrccm/136.2.349
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1128/jcm.41.3.1235-1239.2003
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1126/science.1106753
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1056/NEJMoa0808427
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1128/jcm.40.1.150-154.2002
https://doi.org/10.1038/35016103
https://doi.org/10.1038/35016103
https://doi.org/10.1038/35016103
https://doi.org/10.1038/35016103
https://doi.org/10.1038/35016103
https://doi.org/10.1038/35016103
https://doi.org/10.4161/cib.2.3.7926
https://doi.org/10.4161/cib.2.3.7926
https://doi.org/10.4161/cib.2.3.7926
https://doi.org/10.4161/cib.2.3.7926
https://doi.org/10.1093/jac/dkm291
https://doi.org/10.1093/jac/dkm291
https://doi.org/10.1093/jac/dkm291
https://doi.org/10.1093/jac/dkm291
https://doi.org/10.1093/jac/dkm291
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1128/aac.38.9.2054
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1016/j.socscimed.2004.01.027
https://doi.org/10.1056/nejm199404283301702
https://doi.org/10.1056/nejm199404283301702
https://doi.org/10.1056/nejm199404283301702
https://doi.org/10.1056/nejm199404283301702
https://doi.org/10.1056/nejm199404283301702
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603
https://doi.org/10.1164/rccm.167.4.603

