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31.Newer methods for better & rapid diagnosis of Tuberculosis and

detection of Multi drug resistance.

Anita Kulkarni
KirtiDubey

vishakhaclinicarMicrobiologyt.oT:["ilIl;JrL1
SewadalMahilaMahavidyalaya, Nagpur

Abstract Tuberculosis is the world wide problem and a major health issue in lndia, especially due to
emergence of Multi Drug Resistance (MDR) strains of Mycobacterium tuberculosis.

A total of 112 respiratory specimens comprising of 54 sputum, 42 bronchial aspirates and 16 pleural

fluids were tested for tuberculosis by ZiehlNeelson stainang (ZN), culture and Line Probe Assay (LPA),

a Polymerase Chain Reaction (PCR) based rapid test. M. tuberculosis was detected in 48 (42.85Yo1

samples in which ZN stain was positive in 28 (25.00%), culture in 39 (34.82Yo1 and LPA in 48l42.86yol
samples. All these tests were simultaneously positive in 27 (56.250/,1 of 48 positive samples, any two
tests positive in 13 127.O8%l and only LPA positive in 8 (L6.67Yo) samples. MDR was observed in 5 out
of 39 (12.82%) culture positive samples and 6 out of 48 1L2.5%l LPA positive samples. ZN stain

sensitivity is low and culture is time consuming. LPA is most sensitive test, it is rapid and can be used

for diagnosis of tuberculosis and detection of MDR as well in a single test run.

tntroduction: Tuberculosis is the ninth leading cause of deaths worldwide and the leading cause due

to single infectious agent. lndia is contributing nearly one third of the world's tuberculosis cases

andhas the highest rate of new TB cases. The estimated prevalence of bacteriologically positive TB

(Smear and/or culture) is 211 per IOO,OOO for lndial.Prevalence of multi drug resistant TB (MDR TB)

cases is on the rise in lndia and proportions of new cases of MDR TB have been observed to vary

from t.lYo to 5.3% in most of the reported studies. The proportion of previously treated patients

with MDR TB varied from 8% to 67Yo2.

MDRTB has been a cause of concern in both developed and developing countries. Worldwide

emergence of multidrug resistant TB has been reported. These isolates resistant to both

lsoniazid(lNH) and rifampicin with or without resistance to other drugs have caused concern

worldwide due to high mortality particularly in persons co-infected with HlV. Continuous

surveillance of the primary and acquired drug resistance pattern of M.TB is important in assessing

the efficacy of chemotherapy which will help in designing TB control programme3. Development of

efficient laboratory strategies for rapid and reliable antimicrobial susceptibility testing of

M.tuberculosis is paramount for proper management of patients, particularly those with multi drug

resistant tuberculosis. Susceptibility testing has to be performed for each new patient.lf resistance

to lsoniazid,Rifampicin or ethambutol is detected, an extended spectrum of anti tuberculosis drugs

should be tested immediately. Also, further emergence of resistance has to be carefully monitored

by repeating susceptibility testing with subsequent isolates within a short time frame.a
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Conventional diagnostic method for tuberculosis is based on microscopy and culture. The

microscope based techniques are less sensitive. Though culture is a gold standard for diagnosis,it

takes about 4 weeks with additional weeks for diagnosis of drug resistance5.

Such delayed diagnosis facilitates further transmission of TB.A quick and reliable diagnosis can

permit early chemotherapeutic intervention and interrupt further transmission.Molecular methods

consisting of Nucleic acid amplification targeting certain genes which are fairly sensitive, specific and

very rapid are now available. Hence this study is planned to detect multi drug resistant tuberculosis

rapidly by molecular methods. The data presented in this article is our preliminary experience with
Line Probe Assay (LPA), the GenoType MTBDR plus VerZ Kit for detection of M. tuberculosis in

clinical samples and simultaneous assessment of their sensitivity to INH and Rifampicin, which is

based of Polymerase chain reaction followed by Reverse Hybridization.

Material & Methods:The study data comprises of respiratory samples received in the laboratory

from patients suspected of having pulmonary tuberculosis. A total of 1L2 samples were received

which comprised of 54 sputum samples, 42 bronchial aspirates and 16 Pleural fluids.

The samples were subjected for decontamination with NALC-NaOH6.Smears were prepared and

stained by Ziehl Nelson methods. The cultures were done in the liquid media and processed in

BacT Alert 3D Automated culture system.

Molecular genetic assay was carried out by Geno Type MTBDR plus Ver2 kits (by HAIN

Lifesciences,Germany) for identification of resistance to Rifampicin and lsoniazid of the

Mycobacterium tuberculosis complex. The whole procedure is divided into three steps.l) DNA

extraction from decontaminated specimen z)amplification with biotinylated primers 3) reverse

hybridization. The results are obtained in the form of bands on the strips. (Figure 1).

Results: Out of all 112 samples M. tuberculosis was detected in a8(42.86%) samples either in
individual test or in combination.The ZN stain was positive in 28 (25.00%) samples, culture was

positive in 39 (34.82%) samples and LPA test was positive in 48 (42.86%) samples. Their distribution

is shown in Table 1.

Table 1: Positivity of different tests in clinical samples

NO. ZN TEST CULTURE LPA

SPUTUM 54 L2122.22%l 16(2e.63%) 24(44.M%l

BRONCH. ASP 42 16(38.1o%) 231s4.76%l 231s4.76%l

PLEURAT FLUID 15 0(0.00%) 0(0.00%) 7(6.2s%l

TOTAT 1t2 28125.ffi%l 3e(34.82%) 48142.86%l

Out of 48 samples all the three tests were positive in 27 s6.2 5%) cases, any two l-3(27.08%) cases

,\ r:+iln
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Table 2: simultaneous positivity of staining, culture and LpA in different samples

TESTS

SPUTUM

n=54

BRONCHIATWA

SH

n=42

PLEURAL

FLUID

n=16

TOTAL

n=112

(AIONLY ONE TEST

ZN TEST

CULTURE

LPA

0

0

7

0

0

0

0

0

1

0

0

8

suB ToTAr (A) 7 0 7 8

(BITWOTESTS

ZN + CULTURE

ZN + LPA

CULTURE + LPA

0

1

4

0

0

8

0

0

0

0

1.

L2

suB TorAL (B) 5 8 0 13

(c)AttTHREE 72 15 0 27

TOTAT (A+B+C) 24 23 1 48

Of all the 48 positive samples 5 lLO.42%l showed resistance to INH only and 6 .12.5%l were resistant

to both INH and Rifampicin (MDR). Rests of the 37 (77.08%l positive patients were sensitive to both
INH and Rifampicin. The results of the resistance detection by culture as well as LPA tests were

comparable. (Table 3)

Table 3: Detection of Drug Resistance by Culture and LPA

MDR RESISTANTTO

INH

RESISTANT TO

RIFAMPICIN

SENSITIVE

CULTURE (n=39) s (t2.82%l s (L2.82%l 0 29174.36yol

LPA (n=48) 6112.s%l s (Lo.4zYol 0 37 (77.Ogyol

Discussion:The present data indicates that the tests positivityfor suspected cases of pulmonary

Tuberculosis is to the tune of 42.860/o.lt does n

cases of Tuberculosis and suspected MDR cases

cases 12.5% were MDR which is aeain within the

ot reflect the correct

were referred to the
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Of the three types of respiratory samples, Bronchial aspirate is the most appropriate sample,

followed by sputum sample. Positivity of all the tests performed in the study is very less in pleural

fluids.

Of the three tests, it is well known that the ZN smear positivity has the least sensitivity. But

sometimes it is preferred for its speed, simplicity and economy. The culture is considered to be the
most specific diagnostic tool but it is very much time consuming. However, with the advent of
automated systems and liquid cultures the time duration has been cut down substantially, but it
may still take couple of weeks before we get the results.

A large number of Nucleic Acid Amplification techniques like PCR, TMA and LPA have been employed
for rapid diagnosis of tuberculosis. Of these Genotype MTBDR plus Ver2 kits have the advantaBe of
simultaneous detection as well as determination of INH and Rifampicin resistance in the same runT'8.

The preliminary data obtained in the present study clearly indicates the superiority of LpA over

culture and smear examination for rapid diagnosis of tuberculosis. lt has detected 9 more cases of
tuberculosis which could have been missed by culture alone. As far as detection of drug resistance is

concerned, both culture and LPA were equally consistent with each other. However, the major
advantage of LPA is its speed and if positive it will give the results of INH and Rifampicin sensitivity in

the same test run without any extra cost. This test fails to detect Atypical mycobacteria and in some

doubtful cases confirmation by culture and phenotypic tests resistance tests become essential.

Although early results for use of automated cultures and Molecular methods are very encouraging

for diagnosis of tuberculosis. The performance of the tests will better be evaluated and better

inferences will be drawn when more number of samples will be tested over a period of time.
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Figure 1: Strip 1: !NH-Sensitive, Rifampicin-Sensitive. Strip 2: MDR (MUT bands positive)
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Drug Resistance Detection in Mycobacterium
Tuberculosis

Anita Kulkarnir, Kirty Dubcy2, Pallavi Wanjari!, yagncsh Thaka/

''r''Vishakha Clinical lvlicrobiology Laboratory. Nagpur. lv{aharashtra. India

:Sewadal 
lr.t ahil a Mah nvidya I o1a, Nagpur. il{aharashtra. India

Abstract: MDR cascs of tuberculosit ore increosing and they arc dilficult to treal This stuly :ll"rls condacted to assess prevalence of
drug reslstancc ln Mycoboctcrlum tubcrculosb, Study comprlses of 67 sputum spcclmcn recelved for lllycobacterium tuberculosis
(MTB) culturc, Culturc *vs donc la lltlddlebrooh broth uslng BacT Alen 3D duto,rrated cultut. slstern. Thc stady perlod twslrom Dec
2!lE 1o Nov 2019, Out of these IITB wos grown tn 3I (46,27!o) cnses. Thc firsl llnc sensttlvlty testing wos done ii ltquld culture me4ls
(BacT AlanjD) ogalnst Isonlzlt Rtfanplcitt, Ethambutol, Streptomlcln Isonlzld and Rlfamplcln resistance was seen in I (9.6g/o)
coscs. Only Isonlzld resistancc was seen ln 9 (29.03%) cases n b bllcolcs that mubldrug rcslstoncc ls prescnt to thc tune o! g.6t %
whllc monoreslstancc to lsonidd ls nore cornmon ln 29.039L tlonoreslstancc to ilamplcln wos not obsemed Reslstancc to ctiamburol
and strepomycln $as nol obscmed ln the present stud1,. 7tr, advantage of dolng Drug susceptibttiry nstlng ln llquld nedla over solld
mclla is spced and thc results can bc obtained wilhin 15 daTs os comporud to owr 4 wee*s when testei in soiid medta. Rifompicln
rcslstoncc can bc consldcrcd a a marhcr for lobeling thc strain as MDR.

Keywords: Mpobacterium tuberculosis, Multi drug resistance (MDR). Bact-alert 3D Rifampicin, lsoniazid.
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l. Introduction

Tuberculosis (TB), caused by lv.lycobaclerium tuberculosis,
remains one of India's biggest health problems. Every year.
India reports over 2 million TB cases, With the emergence
ofsevere forms ofdrug-resistant TB and concerns about TB
drug shortages, there is much work to be done to control the
epidemic(l). The rvorldwide prevalence of TB rvas 9.6
million in 2014, with 1.5 million dearhs(2). Pulmonary
infc.ction is the most prevalent contagious clinical form of
tuberculosis, and is thcrefore of primc public health
importance(3).Fast and effective microbiological diagrrosis
is essential to control the spread of TB.

The BacT/Alert 3D system is a fully automated liquid
culhre system rvhich allows thc grorth and detection of
mycobacteria. It is a rapid and sensitive method for recovery
of mycobacteria ftom clinicat specimens using an N-acctyl-
L-cysteine-NaOH decontamination method (4). Horvever,
the emergencc of resistant strains. including multi-drug
resistant (MDR) and extemely drug resistant (XDR) strains
has posed a sigrificant challenge. Though advances in drug
therapy havc been limite( TB control has greatly benefited
from the advent of newer diagnostic tests including use of
liquid culture media. Culturing,ty'Jcobacterium
tuberculasis remains the gold standard for the laboratory
diagrosis of pulmonary tuberculosis.

Multidrug-resistant tuberculosis (MDR-TB) is defined as

disease dua lo Mycobacteium tuberculosis that is resistant
to isoniazid (tI) and rifampicin (R) with or without
resistance to oth€r drug(s). The emergence of multidrug-
resistant tuberculosis (MDR-TB) and, more recently,
extensively drug-resistant TB (XDR-TB) is r+'idely

considered a serious threat to global TB control. Detection

of drug resistance in Tuberculosis by conventional disc

diffusion is not possible due to slow speed of growth of
Mycobacteria. Therefore dilution methods have been

used(6).

In the present study the drug susceptibility testing was
standardized in liquid culture media using the automated
sptem of BacT Alert 3D (bioMerieux) and its utility rvas
assessed for clinical use.

2. Literature and Review

Ivlultidrug-resistant TB (N{DR TB), i.e. resislarrce to at least
isoniazid (hrh) and rifampin (Rif), and cxtcnsivcly drug-
rcsistant TB (XDR TB), i.e. MDR plus rcsistancc to
amikacin, kanamycin or capreomycin and a fluoroquinotone,
are the most problematic forms of resistance bccausc
reatnrent options are limited and the second-line drugs used
for therapy are more toxic. less efTective, more expensive,
and must be administercd for a longer pcriod of tinre than
standard first-line drug therapy(7). Conventional culhuc and
DST on solid media is a slow process, and in high income,
low-incidence countries these systems havc been
supplemented (or replaced) by automated liquid culture
slntems, The World Health Organization now recommends
expanded use of liquid culture systems in rcsource
constrained settings.

Seoung-Cheol Kim and co aulhurs evaluated the
performance of the BasT Al€rt 3D system, a liquid culture
system. for mlcobacterial culture and drug susceptibility
testing by comparison with mycobacterial culture using LJ
medium and drug susceptibility testing with M-KIT plates in
the situation of a high MDR-TB and XDR-TB burden. In
our study population, the prevalence of MDR-TB and XDR-
TB in our pool of isolates rvere 6,0% and 23%,
respectively (8).

Increase in multidrug resistance from 4.7 to 19.8 per cent in
the past 13 years, as observed by Recna Raveendranand

freinds, needs to be noticed. ln the present scenario of
increasing prevalence of MDR-TB and lack of availability of
many second line drugs, screcning with culture and drug
susceptibitity testing should be recommcnded for all smear
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positivc pulmonary patir:nts. Thc WflO policy
guidclinesrl for the use of ncrv rapid molccular basccl

techniques for early detection of MDR-TB may help the
high-burden countrics in idcntitying and treating puticnts of
I\.IDR-TB quickly.(9)

3. Material & IVlethods

The study period was from lr'lay 2018 to Nov 2019. Study
comprises of 67 sputum specimur receivcd for
Ivlycobacterium tuberculosi s culture. Aft er dc.contaminati on
Culture lvas done in Middle brook broth using Bac 7 Alert
3D automated culture system.

Decontamlnatlon uslng Sodium hydroxlde (modtfled
Petroff) method:(10)
Sputum (at least 2 ml, not more than 5 ml) was transferred
into a centrifuge tuh. Equal volume of 4o1o NaOH and
citrate was added. Cap was tightened cap and solution rvas
vortexed and pinch of NALC (l/-acetyl'Z-cysteine) porvder
was added, mixed and allowed to stand for 15 minutes at
room temperahre. The tube u,as filled to within 2 cm of the
top (e.g. to the 40-ml mark on the tube) with phosphate
buffer, vortexed, mixed and centrifuged at 50009 for 15

minutes. The supernatant was carefully poured off into a

discard can containing 5% phenol or other disinfectant. The
deposit was resuspended into MP bonle of BacTalert.

In the BacT/Alert MBo OioM6rieux, Craponne. France),
grorvth is inferred &om inceasing CO2 tension in a bottle.
Once the bottle is flagged positive by the system, the bottle
is removed, small amount of fluid is drawn using the
syringe, ZN smear is prepared and Mycobacterium species is
confirmed. M. tuberculosis rvas confirmed by TB Antigen
MPT64 Rapid test. (SD Bio Line, Standard Diagnostics
Inc.).

Drug susceptibility testing was done on the isolated stains
of M, tuberculosis.

The bottle when flashes positive has 106 - 107 CFU/mL
which is equivalent to I McFarland.

Drug Susceptibility Testing: Drug susceptibility was done as

follows (ll)

Inoculum
To perform the sensitivity for the lirst line drugs, 6 bottles
were used as follows:
l) Growth Contol 2\ l% of Grouth Control 3)
Strcptomycin 4) Isoniazid 5) Rifampicin 6)Ethambutol
Inoculum of 0.5 ml of lMcF of Mycobacterium grorvth uas
added to Growth contol bottle. (Bottle no l)

From separate bottle 0.I ml of media rvas discarded and

replaced with equal volume of I McFarland gro*th. Now
this bottle became l% (diluted as 100 times) and from this

bottle 0.5 ml of inoculum was added to the l% GC bottle.

@ottle no.2)

Steps to perform DST
The following concenhations ofdrugs were prepared:

I{AGPUR

Isonizid (l); ! pginrl (Solvcnt: DW)
Rifampicin (R): 20 pg,inl (Soh,cnt: Dll'lSO)
Etharnbutol (E): 100 pginrl (Solvcnt; DW)

The drugs arc addcd to the rcspectivc bottlcs rvith a volnmc
of 0,5 nrL so that thc final conccntrations in the bottles are
as follows:
Streptomycin (S): I pglml
Isonizid (l): 0.I pgiml
Rifampicin (R): I Fglml
Ethambutol (E): 5 pglml

Reconstitution Fluid (0.5 ml)was added to the GC bottle
also.

The I McF primary grorlth in oculum was added to all drug
containing bottles, The rubber septum was cleaned with
sterilium and kept in BacT/ALERT 3D equipmcnt for at'
least 12 days.

Interpretntion
The bottle flashing positive before l% GC bottle with pure
growth (confrmed by ZN) should be considered as Rcsistant
and rest as Sensitive which comes positive aftcr l9lo CC
bottle. The l% bottle should flash positive in 12 dayr or else
the test should be repeated.

4. Results

Out of 67 sputum liquid cultures, M. tuberculosis rvas grown
in 3l cases with the culture positivity of 46.27 per ccnt. All
the strains were confirmed to be M. tuberculosis by TB Ag
MPT64 Rapid test.

The Drug Resistance testing was consistent in all 3l
samples. The bottles became positive fiom 7 to 12 days. The
average duation of resistance detection was 9 days. There
wcre no inconsistent results. Isoniazid and Rifampicin
resistance was seen in 3 (9,68%) cases. Only Isoniazid
resistancs was seen in 9 (29.03o/oJ cases. This i'rdicates that
multidrug resistance is present to the rune of 9.68 per ceflt
while monoresistance to Isonizid is more common in
29.03%. (Table l).

Table l: Resistance of M. tubcrculosis

In any of the 3l cases resistance was not detected to
Ethambutol and Streptomycin.

5. Discussion

Multi Dnrg resistance is a problem in managing tuberculosis
cases. Detection of drug resistance in tuberculosis is an

important step in confol of tuberculosis. In India, the
prevalancc of nrulti drug resistance as reported by WHO is
9.6%(12l and detection of dnrg resistance is important in
order to detect lhese cases and treat them properly so as to
have effective control of sprcad of disease. In the present

study also MDR M. lnberculosis was delected in 9.68%
Resistance

INH + RIFAMPICIN Resistance 3 9.680/o

ONLY INH Resistance 9 29.03%
Iesistance 0 0.0ff/oONLYRIFAMPICIN

Sreptomycin (S): 20 pglml (Solvenr DW)

Vnlrr rrr
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6. Future Scope

The technique being rapid and standardized, the resistance

tcsting to second line drugs used for lreatmcnt of MDR
strains can be performed and the data in this regard can be

generatcd. Once standardized, tlris method can be uscd for
ioutine testing of resistance to first as well as second line
drugs also. If any potential nerv drug has to b€ tested, the

same technique may be used with due modifications as

rcquired.

obscrvcd in thc prcscnt study. Thc agrcctncrll \rrs lo\\cr for
S'lR and ENll] thon li,r RIF and lNtl. (13) lsol0tcd lNtl
rcsislanct was observed in 29.03')', strains in the prisenl
study. Rcsistuncc to INH has also bccn rcportcd to be high in

othcr studics.(14), (l l).

The drug susceptibility testing by conlentional solid media

like Lowenstein Jensen Medium will take about thrce to lour
wecks. While susceptibility testing using liquid cultuc
media in automated system is fairly rapid, easy to perform

and feasible in evcry sct up wherc myobactcrial culture is

done,
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To,
Dr. Yagnesh Thakar
Director,
Vishakha Clinical Microbiology Laboratory,
Nagpur

Subject: Invitation to deliver a Guest Lecture at our College.

Respected Sir.

I may be excused fbr disturbing your extremely busy studded schedule to

apprise you with this letter that you are invited to deliver a Guest Lecture for the

students of B.Voc. Course in "Medical Laboratory and Molecular Diagnostic
Technology" of Sevadal Mahila Mahavidyalaya, Nagpur.

Organization of your Guest Lecture will be helpful to our students as a part o1'

their curriculum.

Topic of the Lecture: "PCR, an Effective Molecular Diagnostic Tool"

Date arrd Time : 9'h February,2022 at 11.30 am.

I hope your eminent lecture will definitely boost up the knowledge of our

students.

We shall always remain grateful to you.

I'hanking you.

Yours

J NA.L

(Prof. Pravin Charde)
Principal,

Sevadal Mahila Mahavidyalaya
NagpLrr
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To,
Dr. Yagnesh Thakar
Director,
Vishakha Clinical Microbiology Labor.atory,
Nagpur

Letter of Tlranks.for accepting invitution as a Guest Speaker

we thank you for the Guest Lecture on the topic, ,.pcR, an Ef1'ective

Molecular Diagnostic Tool" organized by B.Voc. Medical Labor.ator.r, ar.rcl

Molecuiar Diagnostic l'echnology of Sevadal Mahila Mahavidyalaya, NagpLrr or.r

9'r' Fcbrua ry 2022.

We once again thank you for guiding our students on this topic and also

informing them about various types of PoR and its applications.

Thanking you.

Yours.

(Prof. Pravin Chardc)
Pri nci pa l,

Sevadal Mah i la Mahaviclyalaya
Nagpur
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