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Susceptibility Rates of Pulmonary and
Extrapulmonary 229 Mycobacterium tuberculosis

Isolates to Major Antituberculous Drugs and
Comparison of E test and

Standard Proportion Methods

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Fol lo wing the an timy co bac te ri al re sis tan ce that has be en emer ging, and struggling
the aga inst re sis tan ce has be co me as im por tant as ef fec ti ve tre at ment in tu ber cu lo sis con trol. The drug sus-
cep ti bi lity test (DST) re sults of 229 M.tu ber cu lo sis (MTB) which had be en iso la ted on Lo wens te in-Jen sen
(L-J) me di um from va ri o us cli ni cal samp les we re eva lu a ted. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  All iso la tes are ori gi na -
ted from112 pul mo nary samp les and 117 ex tra pul mo nary samp les. Af ter de con ta mi na ti on and L-J cul tu re
pro ce du res, all iso la tes we re iden ti fi ed as MTB comp lex by using con ven ti o nal bi oc he mi cal tests inc lu ding
ni a cin, nit ra te, ca ta la se and ca ta la se tests imp le men ted at 68°C. DST was per for med by E test (AB Bi o disk,
Swe e den) met hod for iso ni a zi d (INH), ri fam pi cin (RIF), et ham but hol (EMB) and strep tomy cin (SM) ac cor -
ding to ma nu fac tu rer ad vi ces. L-J pro por ti on met hod was per for med for 59 MTB iso la tes in ad di ti on to E
test. RRee  ssuullttss::  The ove rall re sis tan ce ra tes of INH and RIF we re 4% and resistance to SM was 2% and of EMB
was 1%. The re sis tant iso la tes we re fo und ge ne rally in the iso la tes ori gi na ted from pul mo nary samp les. The
re sis tan ce ra tes to INH and RIF we re 7%, to SM 3% and to EMB 2% for pul mo nary; and to INH, RIF and
SM we re 1% and to EMB was 0% for ex tra pul mo nary iso la tes, res pec ti vely. INH and RIF re sis tan ce was sig-
ni fi cantly hig her in pul mo nary iso la tes (p< 0.05). In 59 MTB iso la tes, ag re e ment bet we en E test and L-J pro-
por ti on was 95% for INH and EMB, 86% for RIF, and 85% for SM. CCoonncc  lluu  ssii  oonn::  Ac cor ding to DST re sults,
an timy co bac te ri al re sis tan ce ra tes in ex tra pul mo nary MTB iso la tes we re sig ni fi cantly lo wer than pul mo nary
iso la tes. E test met hod which is known as a re a so nably fast test in com pa ri son with con ven ti o nal sus cep ti -
bi liy tests may be used as a ra pid di ag nos tic test met hod for DST. Ho we ver, the re is a ne ed for furt her E test
stu di es com pa ring stan dard met hods in mo re MTB iso la tes. 

KKeeyy  WWoorrddss::  Myco bac te ri um tu ber cu lo sis; tu ber cu lo sis, mul tid rug-re sis tant; 
tu ber cu lo sis; mic ro bi al sen si ti vity tests 

ÖÖZZEETT  AAmmaaçç::  Or ta ya çık mak ta olan an ti mik ro bi yal di ren cin ar dın dan di ren ce kar şı mü ca de le tü ber kü loz
kon tro lün de et ki li te da vi ka dar önem li ha le gel miş tir. Çe şit li kli nik ör nek ler den alı nan, Lo wens te in-Jen -
sen (L-J) be si ye rin de izo le edi len 229 M. tu ber cu lo sis (MTB) ‘un du yar lı lık test so nuç la rı de ğer len di ril di. GGee  --
rreeçç  vvee  YYöönn  tteemm  lleerr::  Tüm izo lat la rın 112’si ak ci ğer ör nek le rin den ve 117’si ak ci ğer dı şı ör nek ler den mey da na
gel miş tir. Kon ta mi nas yon ve L-J kül tür iş lem le rin den son ra, tüm izo lat lar ni a sin, nit rat, ka ta laz ve 68°C’de
ya pı lan ka ta laz test le ri ni içe ren kla sik bi yo kim ya sal test ler kul la nı la rak MTB komp lek si ola rak ta nım lan -
dı. An ti mik ro bi yal du yar lı lık test le ri üre ti ci si nin öne ri le ri ne gö re izo ni a zid (INH), ri fam pi sin (RIF), etam -
bu tol (EMB) ve strep to mi sin (SM) için E test (AB Bi o disk, İsveç) yön te miy le ya pıl dı. Elli dokuz MTB su şu
için E test ile bir lik te L-J pro por si yon me to du uy gu lan dı. BBuull  gguu  llaarr:: Ge nel di renç oran la rı INH ve RIF ’e kar -
şı %4, SM’e kar şı %2 ve EMB ‘e kar şı%1 idi. Di renç li izo lat lar ge nel lik le ak ci ğer ör nek le rin den alı nan izo -
lat lar dı. Di renç oran la rı ak ci ğer izo lat la rı için INH ve RIF’ de %7, SM’de %3 ve EMB ’de %0 ve ak ci ğer dı şı
izo lat lar için INH, RIF ve SM’de %1 ve EMB ’de %0’dı. INH ve RIF di ren ci ak ci ğer izo lat la rın da be lir gin ola -
rak yük sek ti (p< 0.05). L-J pro por si yon ve E test me to du ara sın da 59 suş için sap ta nan uyum lu luk; INH ve
EMB için %95, RIF için %86 ve SM için %85 idi. SSoo  nnuuçç::  Ça lış ma mız da el de edi len ilaç du yar lı lık so nuç la -
rı na gö re, ek tra pul mo ner kö ken li MTB izo lat la rın da di renç, pul mo ner izo lat la ra kı yas la an lam lı ola rak dü -
şük tü. Kon van si yo nel du yar lı lık test le ri ne kı yas la da ha kı sa sü re de so nuç ver di ği bi li nen E test yön te mi,
an ti mi ko bak te ri yel du yar lı lık la il gi li hız lı ta nı tes ti ola rak kul la nı la bi lir. An cak, agar pro por si yon yön te mi
ile kar şı laş tı rıl dı ğı çok da ha faz la sa yı da suş la ya pıl mış kar şı laş tır ma lı ça lış ma la ra ih ti yaç var dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Myco bac te ri um tu ber cu lo sis; tü ber kü loz, çok ilaç di ren ci; 
tü ber kü loz; mik ro bi yal du yar lı lık test le ri  
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u ber cu lo sis (TB), which is one of the ol dest
di se a ses in his tory, still is a thre at for the
pub lic he alth. The in ci den ce of the di se a se

dec re a sed un til 1980 as a re sult of che mot he rapy
and tu ber cu lo sis con trol stra te gi es. In the next 20
ye ars, not only HIV in fec ti on but al so the non tre -
a tab le re sis tant ca ses will con ti nu e to in fect com-
mu nity and re le vant di se a ses will ri se aga in.1

Cli ni cal forms of ex tra pul mo nary TB that are the
most fre qu ent ca u se of fe ver of unk nown ori gin in-
cre a sed re la ted to the HIV ca ses.2

No wa days the ba sis of the con trol stra tegy is
early de tec ti on of ca ses and comp le ti on of tre at -
ment. Ra pid de tec ti on of mic ro or ga nisms and DST
are im por tant in tre at ment of ca ses and in fec ti on
con trol of TB, es pe ci ally in ex tra pul mo nary forms
which are dif fi cult to di ag no se.

Alt ho ugh the di se a se has be en known for a
long ti me, ef fec ti ve che mot he ra pe u tic agents we re
only fo und in the last cen tury. Des pi te most ca ses
can be tre a tab le with cur rent drugs, an timy co bac -
te ri al re sis tan ce co uld not be pre ven ted. To day we
face with mul tid rug re sis tant TB and we ne ed new
ef fec ti ve the ra pe u tic agents. Thus far app li ca ti on of
di rectly ob ser ved tre at ment stra tegy (DOTS) will
pre vent emer gen ce of se con dary re sis tan ce. In ad-
di ti on, cli ni cal mic ro bi o logy la bo ra to ri es ha ve an
im por tant ro le in TB con trol for early and prompt
di ag no sis and fol low up for drug re sis tan ce.3

The aim of this study is to (1): de tect an timy -
co bac te ri al sus cep ti bi li ti es of 229 Mycobacterium
tuberculosis (MTB) iso la tes by E test, (2): eva lu a te
sig ni fi cant re sis tan ce dif fe ren ce bet we en pul mo -
nary and ex tra pul mo nary ori gi na ted iso la tes.

MA TE RI AL AND MET HODS

SET TING AND PA TI ENT PO PU LA TI ON

Our hos pi tal, in which mostly ex tra pul mo nary TB
ca ses are fol lo wed up, is a 550-bed ter ti ary re fer ral
cen ter hos pi tal in Is tan bul, Tur key. In this study,
so me pul mo nary iso la tes (59 samp les) ob ta i ned
during tre at ment of na i ve TB dis pen cery pa ti ents
we re eva lu a ted be si des pul mo nary and ex tra pul -
mo nary iso la tes ob ta i ned from in/out pa ti ents of our
hos pi tal. Two hundred twenty nine MTB iso la tes

iso la ted wit hin the last 10 ye ars we re inc lu ded in
this study. Most of the iso la tes were ob ta i ned from
the pa ti ents with pul mo nary and ex tra pul mo nary
TB (es pe ci ally tu ber cu lo us me nin gi tis, tu ber cu lo us
lympha de ni tis, Pott di se a se, and etc.) from in/out -
pa ti ents of our hos pi tal. 

CUL TU RE AND IDEN TI FI CA TI ON

Samp les we re cul tu red in L-J me di um fol lo wing
the stan dard di ges ti on-de con ta mi na ti on pro ce -
du re de ve lo ped by Kent and Ku bi ca for 45 days
and growth con trol was do ne we ekly.4 Spe ci es
iden ti fi ca ti on was per for med by using ni a cin, ni-
t ra te, ca ta la se and ca ta la se tests imp le men ted at
68°C.5

AN TIMY CO BAC TE RI AL SEN SI TI VITY

The mi ni mal in hi bi tory con cen tra ti on (MIC) va lu -
es of iso la tes iden ti fi ed as MTB we re in ves ti ga ted
for pri mary an ti tu ber cu lo sis agents [isoniazid
(INH), rifampicin (RIF), ethambutol (EMB) ands-
treptomycin (SM)] using E test. Bac te ri al sus pen si -
ons pre pa red in li qu id Midd leb ro ok 7H9 me di um
from L-J me di um equ al to a McFar land 3 den sity
we re spre ad on so lid Midd leb ro ok 7H11 me di um,
then E test strips con ta i ning dif fe rent con cen tra ti -
ons of INH, RIF, EMB and SM we re pla ced. Con trol
me di um pla tes pre pa red with H37Rv (ATCC
27294) iso la te and all pla tes we re in cu ba ted at 37°C
for 5-7 days and then we re eva lu a ted ac cor ding to
the ma nu fac tu rer ad vi ces. MIC va lu es and MIC50/
MIC90 va lu es we re de ter mi ned. All pro se du res we -
re per for med in a class 2A bi o sa fety ca bin (Jo u an™
MSC9, Fran ce).

Bre ak po int va lu es used for de ter mi na ti on of
an timy co bac te ri al sus cep ti bi li ti es for MTB by E test
are as fol low.6

INH 0.2 µg/ml

SM 2 µg/ml

RIF 1 µg/ml

EMB 5 µg/ml

The drug susceptibility test (DST) re sults of 59
pul mo nary iso la tes ob ta i ned from TB dis pen cery
pa ti ents we re al so in ves ti ga ted by me ans of con-
ven ti o nal L-J pro por ti on met hod.
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STA TIS TI CAL ANALY SIS

All da ta in put and sta tis ti cal analy sis we re ma de
using SPSS 17.0 Win dows prog ram (SPSS, Chi ca -
go, IL, USA) li cen sed to our ins ti tu ti on. We re se -
arc hed the dif fe ren ce bet we en pul mo nary and
ex tra pul mo nary MTB iso la tes in terms of re sis tan -
ce to fo ur drugs by Chi-Squ a re test (Fis her’s exact
test) and a p va lu e < 0.05 was ac cep ted as a sig ni fi -
cant dif fe ren ce.

RE SULTS
DST re sults of 112 pul mo nary and 117 ex tra pul -
mo nary MTB iso la tes we re eva lu a ted af ter 5-10
days from ino cu la ti on. The ma te ri al dis tri bu ti on is
shown in Tab le 1.

The re sis tan ce ra tes of 229 iso la tes we re fo und
con si de rably low. In Fi gu re 1, MIC va lu es of MTB
iso la tes by E test are shown. In Tab le 2, MIC va lu -
es of 229 MTB iso la tes for four ma jor an ti tu ber cu -
lo us drugs we re sum ma ri zed.

Most MIC va lu es we re de tec ted in low con-
cen tra ti ons. Re sis tan ce ra tes of ex tra pul mo nary iso-
la tes we re lo wer than pul mo nary ones. De tec ted
MIC50 and MIC90 va lu es we re clo se to each ot her
and all we re sus cep tib le.

Ac cor ding to DST re sults of 229 MTB iso la -
tes, re sis tan ce ra te was 4% for INH and RIF, 2%
for SM and 1% for EMB. Re sis tan ce ra tes in pul-
mo nary and ex tra pul mo nary iso la tes a re shown in
Tab le 3.

The re was a sig ni fi cant dif fe ren ce in DST re-
sults bet we en pul mo nary and ex tra pul mo nary iso-
la tes (p< 0.005). Pul mo nary iso la tes we re mo re
re sis tant to INH and RIF (p< 0.004, p< 0.002). Re-
sis tant iso la tes we re mostly iso la ted from spu tum,
cerebrospinal fluid (CSF), sto mach flu id (FSF) and
as ci tes flu ids, in rank order (Tab le 4). 

Six mul tid rug re sis tant iso la tes we re iso la ted
from spu tum (5) and CSF (1). One of 30 CSF-ori gi -
na ted MTB iso la tes was multi-drug resistant (MDR).
Ho we ver, this stra in was iso la ted from a pa ti ent with
pul mo nary and me nin ge al MDR TB and he had
trans fer red to our hos pi tal as a se con dary MDR TB
ca se from a Chest Di se a ses Hos pi tal.

Samples n %

Pulmonary Samples

Sputum 102 44.5

Stomach fluid 10 4.4

Extrapulmonary Samples

Abscess 47 20.5

Cerebrospinal fluid 30 13.1

Urine 10 4.4

Lymphadenopathy  biopsy 9 3.9

Pleural fluid 7 3.1

Sinovial fluid  6 2.6

Ascites fluid 5 2.2

Pott biopsy 3 1.3

Total 229 100

TABLE 1: Material distribution of 229 
M.tuberculosis strains.

FIGURE 1: MIC value of a MTB isolate by E test.
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DST re sults of 59 MTB iso la tes ob ta i ned from
TB dis pen cery pa ti ents we re in ves ti ga ted with both
E test and con ven ti o nal L-J pro por ti on met hod and

then, the se re sults a re com pa red in Tab le 5. In ad-
di ti on; po si ti ve pre dic ti ve va lu e (PPV), ne ga ti ve
pre dic ti ve va lu e (NPV), sen si vity and spe ci fity of E
test met hod for 59 MTB iso la tes ac cor ding to L-J
pro por ti on test re sults a re sum ma ri zed in the sa me
tab le. 

DIS CUS SI ON
Although TB has be en af fec ting hu man sin ce an ci -
ent ti mes, an timy co bac te ri al che mot he ra pe u tics
were  in ven ted in the midd le of twen ti eth cen tury.
Alt ho ugh the pre sent che mot he ra pe u tics can cu re
most of the in fec ti ons, as a con se qu en ce of inap -
prop ri a te use of an ti tu ber cu lo us drugs in sus cep -
tib le ca ses, the re sis tant mu tants ha ve be en
emer ged. To day we are in an age of re sis tant va ri -
ants and new mo re ef fec ti ve drugs are ne ces sary.7

Now, if pa ti ents ta ke an ap prop ri a te re gi men and
fol low it re gu larly for a suf fi ci ent ti me, all the pa-
ti ents will be cu red. Ho we ver, in de ter mi ned drug
re sis tan ce, inap prop ri a te drug re gi mens and
mostly in comp le te the rapy can ca u se tre at ment fa -
i lu re.

In this study DST re sults of 229 MTB we re se -
arc hed, re sis tan ce ra tes for INH and RIF we re 4%,
for SM 2% and EMB 1%. Only six MDR iso la tes
we re de tec ted (3%) and they we re iso la ted from
spu tum and CSF. The re are few re ports of drug sus-
cep ti bi lity pat terns of MTB iso la ted from ca ses of
tu ber cu lo us me nin gi tis.1,8 Mul tid rug re sis tan ce in
tu ber cu lo us me nin gi tis is not con si de red as a se ri -
o us prob lem in the se re ports in ke e ping with pre s-
ent re port. The ge ne ral re sis tan ce ra tes and MDR
ra tes of this study we re clo se to ot her stu di es in
which ex tra pul mo nary samp les we re in ves ti ga ted.
In Thwa i tes et al.’s study, the re sis tan ce ra tes aga -

EMB INH RIF SM

5 µg/ml 0.2 µg/ml 1 µg/ml 2 µg/ml

MIC50 values 0.02 0.02 0.02 0.06

MIC90 values 0.09 0.02 0.06 0.25

Break point value EMB INH RIF SM

0.002 55

0.003 1

0.008 3

0.016 154 206 116

0.023 9 2 8

0.032 13 4 10

0.047 18 3 3

0.064 10 1 11 178

0.094 6 3 8

0.125 1 2 3 5

0.19 4 1 2 6

0.25 1 1 1 10

0.38 2 1 6

0.5 2 6

0.75 1 2

1 1 1 4 1

1.5 1 1

2 1 5

3 1 1

4 1

6 1

8 1

12

16 2

32 4

48 1

256 4 2 1 2

1024 1

TABLE 2: MIC values of 229 M.tuberculosis strains.

EMB: Ethambutol, INH: İzoniazid, RIF: Rifampicin, SM: Streptomycin.

EMB INH RIF SM

% % % %

Pulmonary 2 7 7 3

Extrapulmonary 0 1 1 1

Total 1 4 4 2

TABLE 3: Resistance rates of 229 MTB isolates.

EMB: Ethambutol, INH: Izoniazid, RIF: Rifampicin, SM: Streptomycin.

EMB INH RIF SM

n n n n

Sputum 5 11 12 7

CSF 1 1 1 1

FSF 1 1 1

Ascites fluid 1

TABLE 4: Distribution of resistant isolates.

EMB: Ethambutol, INH: Izoniazid, RIF: Rifampicin, SM: Streptomycin.
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inst INH and RIF de tec ted were detected as 6%
among 180 iso la tes iso la ted from CSF. Re sis tan ce
was es tab lis hed the most im por tant fac tor re la ted
to de ath in the ir study.1 It is re mar kab le that MDR
iso la tes had ex tra pul mo nary ori gi n in this study
and the re sults we re clo se to ours. The li mi ted
num ber of MDR iso la tes we re not eva lu a ted sta tis -
ti cally in our study. Ho we ver, five of six iso la tes
had pul mo nary ori gi n, only one ex tra pul mo nary
iso la te was iso la ted from CSF. This pa ti ent al so had
pul mo nary MDR TB, the re fo re the re sis tan ce was
eva lu a ted to be pul mo nary ori gin.

An ti tu ber cu lo us drug re sis tan ce ra tes we re fo -
und high in so me re se arc hes in pa ti ents with pul-
mo nary TB.9-13 A study from our co untry, re sis tan ce
ra tes in 214 iso la tes from pa ti ents ad mit ted to re gi -
o nal TB dis pen ce ri es we re fo und as 29, 27, 21 and
10% for SM, INH, RIF and EMB res pec ti vely and
MDR was fo und 11%.14 A si mi lar study con duc ted
in 2007, DST re sults of 505 MTB iso la tes we re se arc -
hed and of stra ins, 76.2% we re fo und sen si ti ve to all
drugs tes ted. The re sis tan ce ra tes of 505 MTB iso la -
tes we re de tec ted as 13.3% for INH and RIF, 9.1%
for SM and 3.4% for EMB.15 High re sis tan ce ra tes in
the se stu di es may be ori gi na ted from pul mo nary TB
pa ti ents with high se con dary re sis tan ce ra tes. The
dif fe ren ce of ge ne ral re sis tan ce ra tes may be ori gi -
na ted from the pa ti ent po pu la ti on’s cha rac te ris tics.
Re sis tan ce ra tes of pul mo nary TB pa ti ents fol lo wed
in re gi o nal TB dis pen ce ri es may va ry re la ted to pri-
mary or se con dary re sis tan ce. The re sis tan ce de tec -
ted in in comp li ant pa ti ents who has be en tre a ted
many ti mes in dif fe rent du ra ti ons is usu ally se con -
dary and hig her than pri mary re sis tan ce ra tes. In
Tur key, the ra te of MDR iso la tes is re por ted as 3%
in new TB ca ses and 18.3% in pre vi o usly tre a ted ca -

ses. The re por ted INH, RIF, SM and EMB re sis tan -
ces we re 13.8%, 6.6%, 7.5% and 4.3%, res pec ti -
vely.16 Is tan bul He alth Di rec to ra te imp le men ted a
DOTS co vering 98% of the pa ti ents to get the ir me -
di ci ne by a he alth pro fes si o nal sin ce 2006. Af ter this
stra tegy it is im por tant to fol low the re sis tan ce ra -
tes of dis pen cery pa ti ents in a co up le of ye ars.

The re sis tan ce ra tes to INH and RIF we re sig-
ni fi cantly hig her in pul mo nary iso la tes (p< 0.005)
compared to ex tra pul mo nary ones in this study.
The iso la tes re sis tant to INH and RIF we re ob ta i -
ned from tre at ment of na i ve dis pen cery TB pa ti -
ents. The re fo re, the se re sis tan ce ra tes to INH and
RIF were assessed as “pri mary re sis tan ce ” in this
study. In two stu di es from Tur key, Al tın top et al.17

and Kork maz et al.18 de tec ted very high sa me mul-
tid rug pri mary re sis tan ce ra tes in the ir stu di es
(6%). Si mi larly, in so me stu di es per for med in our
co untry, re se rac hers fo und high ove rall re sis tan ce
ra tes for all first-li ne an ti tu ber cu lo us drugs.19,20 The
dif fe ren ce bet we en re sis tan ce ra tes of the se re ports
and pre sent study may be du e to dif fe ren ces bet -
we en pa ti ent po pu la ti ons. In stu di es men ti o ned
abo ve, the cli ni cal da ta abo ut ca ses we re not no ted
and they could be inc lu ded in both pri mary and se -
con dary re sis tant ca ses. In de ed, ex tra pul mo nary
iso la tes ha ving lo wer re sis tan ce ra tes comprised the
half of the study. The re fo re, we tho ught that the
lo wer ove rall re sis tan ce ra tes in this study we re re-
la ted to the pa ti ent po pu la ti on. Ho we ver our re sis -
tan ce ra tes in pul mo nary iso la tes we re si mi lar to
stu di es on tre at ment of na i ve pul mo nary TB ca ses
and on pri mary re sis tant ca ses.2,21,22

The low re sis tan ce ra tes of ex tra pul mo nary
iso la tes that we re inc lu ded in pre sent study may be
re la ted to dif fe rent fac tors. The ti me pe ri od among

n: 59 L-J Proportion method E Test method Agreement (%) PPV (%) NPV (%) Sensivity (%) Specificity (%)

S (%) R (%) S (%) R (%)

INH 85 15 86 14 95 88 96 78 98

RIF 88 12 85 15 86 44 94 57 90

SM 78 22 90 10 85 83 85 38 98

EMB 95 5 97 3 95 50 96 33 98

TABLE 5: DST results of E test and conventional L-J proportion methods of 59 MTB isolates and PPV, NPV, 
sensivity and specificity of E test method.

INH: Isoniazide, RIF: Rifampicin, SM: Streptomycin, EMB: Ethambuthol, PPV: Positive predictive value, NPV: Negative predictive value, S: Sensitive, R: Resistant.
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the pa ti ents that re a li ze a comp la int and apply to a
he alth ins ti tu ti on is much shor ter in ex tra pul mo -
nary TB ca ses in con trast to pul mo nary ones. Sin -
ce the di se a se do es not hin der da ily ac ti vi ti es
ex cept ter mi nal pe ri od, de la yed di ag no sis and ina -
dap tab le tre at ment abo ut pul mo nary TB ca ses may
be se en mo re fre qu ently than ex tra pul mo nary TB
ca ses. Whe re as se ve re he a dac he or ne u ro lo gi cal
symptoms in TB me nin gi tis, dyspne a in ple u resy,
exis ten ce of a pal pab le mass in lympha de ni tis are
the most pro mi nent and se ve re symptoms for pa ti -
ents in early ad mit tan ce to a he alth ins ti tu te and
strict ness to the rapy. For this re a son pa ti ent, who
is com pa tib le to tre at ment of ex tra pul mo nary TB,
es pe ci ally TB me nin gi tis which has a high mor ta -
lity and mor bi dity is much bet ter than pa ti ents
with pul mo nary TB.23 The se pa ti ents we re com pa -
tib le to the ir tre at ment and ne ver chan ged or qu it -
ted the the rapy by them sel ves. In ad di ti on,
pul mo nary TB ca ses are usu ally qu it the ir TB the -
rapy when they get well and in comp le ted the rapy
may re sult in se con dary drug re sis tan ce in the se pa-
ti ents. We conc lu ded that the se re a sons we re li kely
to pro vi de lo wer re sis tan ce ra tes in ex tra pul mo nary
TB ca ses.

PPV of E test for RIF and SM we re low (44%
and 50%), but ag re e ment bet we en E-test and L-J
pro por ti on met hods for INH and EMB we re 95%,
for RIF was 86% and for SM was 85%. In this
study, go od cor re la ti on bet we en two tests sho wed
that E-test may be con si dered as an al ter na ti ve
met hod to stan dard pro por ti on met hods. In ad di -
ti on, E test may pro vi de so me ad van ta ges for de ve -
lo ping co un tri es such as easy app li ca ti on, ob-
ta i ning re sults wit hin a we ek, and not re qu i ring an
ex per ti ze or spe ci al equ ip ment. Se ve ral stu di es
per for med in our co untry and ot her co un tri es sho -
wed that this met hod gives ra pid re sult and the re-
sults are si mi lar to the stan dard pro por ti on
met hod. In the se stu di es, E test met hod was emp -
ha si zed as a fast, easy, re li ab le, and fe a sib le met -
hod for ro u ti ne use in de tec ting an timy co bac te ri al
sus cep ti bi lity.11,12,19,21,24 Ak ca li et al. ha ve al so fo -
und an ex cel lent ag re e ment for INH, RIF, SM and
EMB (100%) with E test and agar pro por ti on re-
sults in the ir study.19 In anot her study, Mu ra lid har

et al sug ges ted that cor re la ti on bet we en L-J pro-
por ti on and E test met hod was 87%.25 Ho we ver,
Fre i xo et al. and Ha us dor fer et al. no ted a sig ni fi -
cant num ber of fal se sen si ti ve and fal se re sis tant
re sults with E test in com pa ri son with agar pro-
por ti on.13,22 Si mi larly, so me re se arc hers sug ges ted
that E test sho uld not be used ro u ti nly du e to its
fal se po si ti ve and fal se ne ga ti ve re sults for SM. The
spe ci a li zed equ ip ment re qu i red (CO2 in cu ba tor),
and its cost, all ma ke this met hod less use ful in de-
ve lo ping co un tri es.19,26

Va ri o us stu di es ha ve shown that E-test is a
pro mi sing new met hod for the sus cep ti bi lity tes t-
ing of slowly gro wing myco bac te ri a as well.19,25

However costs may be con si de red a di sad van ta ge
of this met hod. We be li e ve that E test met hod has
ad van ta ges such as to ob ta in the re sults in seven
days and easy imp le men ta ti on and no ne ed for ex-
per ti ze ex cept its cost com pa red to con ven ti o nal
met hods.

Com pa ri son of E test and stan dard pro por ti on
met hods in only 59 stra ins, may be a pro bab le li m-
i ta ti on of this study. We the re fo re sug gest that,
com pa ri son of E test with stan dard met hod sho uld
be per for med with mo re num ber of MTB iso la tes in
furt her stu di es.

CONC LU SI ON
In this study, we fo und that an timy co bac te ri al re-
sis tan ce ra tes of ex tra pul mo nary iso la tes we re sig-
ni fi cantly lo wer than pul mo nary ones. The re fo re;
drug re sis tan ce in ex tra pul mo nary TB is not yet a
se ri o us prob lem ac cor ding to our re sults. Com pa -
ring with mul tid rug re sis tant pul mo nary TB pa ti -
ents, hig her tre at ment suc cess sho uld be ex pec ted
in ex tra pul mo nary TB pa ti ents. To day it is ad vi sed
to get sus cep ti bi lity re sults ro u ti ne pri or to an ti tu -
ber cu lo us tre at ment es pe ci ally in co un tri es with
high INH re sis tan ce ra tes. L-J pro por ti on met hod
is con si de red as the gold stan dard, but it is a ti me
con su ming app li ca ti on. Di ag nos tic de lays in TB
may in cre a se tre at ment fa i lu re and po or out co mes.
It will be pos sib le to get an timy co bac te ri al sus cep -
ti bi lity re sults in a shor ter ti me with de ve lo ping
ra pid, qu an ti ta ti ve, DSTs. We fo und a go od cor re -
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la ti on bet we en L-J pro por ti on and E test met hods
in 59 MTB stra ins. The re fo re, E test se ems to be a
ra pid, re li ab le and simp le met hod for de ter mi ning
an timy co bac te ri al re sis tan ce, but the re is a ne ed for
furt her stu di es com pa ring it with stan dard met hods
with mo re num ber of MTB iso la tes.
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