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SUMMARY
In vitro effects of ciprofloxacin, levofloxacin and Moxifloxacin on Mycobacterium tuberculosis isolates

Introduction: Increased tuberculosis prevalence, and isolation of multidrug resistant (MDR) Mycobacterium tuberculosis strains fre-
quently as causative organisms from tuberculosis infections are resulted in increasing need of new anti-tuberculosis drugs. Nowadays,
fluoroquinolones known to have fewer side effects than the other drugs used in treatment of tuberculosis are sometimes assessed even
as first-line anti-tuberculosis drugs due to their in vitro and in vivo strong activity. It was aimed in this study to investigate phenotyp-
ically the fluoroquinolone susceptibility in MDR and non-MDR M. tuberculosis isolates.

Materials and Methods: A total of 126 MDR and non-MDR M. tuberculosis isolates from mycobacteriology laboratory of two hospi-
tals in the Aegean Region of Turkey were included in the study. Ciprofloxacin (CIP), levofloxacin (LEV) and moxifloxacin (MXF) sus-
ceptibilities were assessed by agar proportion method according to the Clinical and Laboratory Standards Institute (CLSI) recommen-
dations.

Results: Twelve (15.2%), 5 (6.3%) and 4 (5.1%) of the MDR M. tuberculosis strains were resistant to CIP, LEV, MXF, respectively
[resistance breakpoints (ug/mL); CIP (> 2), LEV (> 1), MXF (> 0.5)] while non-MDR strains were susceptible to CIF, LEV, MXF.

Conclusion: Consequently, although high fluoroquinolone suscep- >

tibilities were evaluated as a pleasing data in this study, to preserve
their efficiency for many years steadily, quinolone usage and resis- | . Fethiye Ferda YILMAZ

tance increment in MDR M. tuberculosis isolates should be moni-

d elab / Ege Universitesi Eczacilik Fakiiltesi, Farmasétik Mikrobiyoloji
tored elaborately. Anabilim Dali, IZMIR - TURKEY

Key words: Mycobacterium tuberculosis, fluoroquinolones, multi- | e-mail: fetferday@gmail.com
drug resistance (MDR)

(5] 32



Yilmaz FF, Erag B, Ermertcan §, Cavusoglu C, Bicmen C, Aktogu Ozkan S, Hosgdr Limoncu M.

OZET
Mycobacterium tuberculosis kokenleri iizerine siprofloksasin, levofloksasin ve moksifloksasinin in vitro etkinligi

Giris: Ttiberkiiloz prevalansindaki artis ve cok ilaca direncli (CiD) Mycobacterium tuberculosis suslarinin tiberkiiloz infeksiyonlarin-
dan siklikla etken organizmalar olarak izole edilmesi, yeni anti-tiberkiiloz ilaglara duyulan ihtiyacin artmasina neden olmaktadir.
Giintimiizde, tiiberkiiloz tedavisinde kullanilan ve diger ilaglardan daha az yan etkisi oldugu bilinen florokinolonlar, in vitro ve in vivo
glicli aktiviteleri nedeniyle bazen birinci basamak anti-tiiberkiiloz ilaglar olarak bile degerlendirilmektedir. Bu calismada, CID ve CiD
olmayan M. tuberculosis izolatlarinda florokinolon duyarliliginin fenotipik olarak arastirilmasi amaglanmustir.

Materyal ve Metod: Tiirkiye'de Ege Bolgesi'ndeki iki hastanenin mikobakteriyoloji laboratuvarindan CID ve CID olmayan toplam 126
M. tuberculosis izolati calismaya dahil edildi. Siprofloksasin (CIP), levofloksasin (LEV) ve moksifloksasin (MXF) duyarliliklari, " Clinical
and Laboratory Standards Institute (CLSI)" 6nerilerine gére agar proporsiyon yontemi ile degerlendirildi.

Bulgular: Cok ilaca direncli M. tuberculosis izolatlarinin 12 (%15.2)'si CIR, 5'i (%6.3) LEV ve 4 (%5.1)'i MXF direncliydi [direng sinirlari
(ug/mL); CIP LEV (> 1), MXF (> 0.5)]. Cok ilaca dlirengli olmayan suglar ise CIP, LEV, MXF’ye duyarliyd.

Sonug: Yiiksek florokinolon duyarliliklari bu ¢alisma icin memnuniyet verici bir veri olarak degerlendirilse de uzun yillar florokinolon-

larin etkinligini korumak icin kinolon kullanimi ve CiD M. tuberculosis izolatlarina karsi direng artisi dikkatle izlenmelidir.

Anahtar kelimeler: Mycobacterium tuberculosis, kinolon direnci, cok ilaca diren¢ (CiD)

INTRODUCTION

Mycobacterium tuberculosis that causes tuberculosis
(TB) is the world’s most widespread and oldest public
health problem, especially in Asian and African coun-
tries. It is reported that currently about one third of the
world is infected with M. tuberculosis. Resistance and
high HIV prevalence, mostly due to the treatment of
TB with medication, are the most important problems
in controlling TB. Drug resistance rates and TB inci-
dence are the most needed data to provide control of
this disease (1-5). Isoniazid (INH), rifampicin (RIF),
ethambutol (ETB) and pyrazinamide (PZ) are the first
choice drugs in TB treatment. M. tuberculosis isolates
that are “least resistant to INH and RIF” are defined as
multi-drug resistant (MDR). The emergence of MDRs is
an important problem that makes TB treatment diffi-
cult. Depends on the increase in MDR-TB cases and
the difficulties in treatment, second-line medications
were needed. Due to the irregular and inappropriate
use of the drugs in the treatment, extended drug resis-
tant (XDR) M. tuberculosis isolates, which are resistant
to one of quinolone and parenterally used medicines
(kanamycin, capreomycin, amikacin) besides INH, RIF
resistance, have begun to be observed as well as the
MDR isolates (3,6-8).

Fluoroquinolones (FQs) are a widely-favoured
broad-spectrum group used for the treatment of respi-
ratory, gastrointestinal and urinary tract infections,
osteomyelitis and sexually transmitted infections, espe-
cially. Demonstration of in vitro and in vivo efficacy of
FQs against M. tuberculosis ensured that these drugs

were also included in the treatment of TB. FQs rarely
cause serious side effects than other drugs used for the
treatment of TB, they are suitable to provide the appro-
priate dosage range and is also advantageous because
of high bioavailability. Ciprofloxacin (CIP) and ofloxa-
cin (OFX) is at least effective against TB bacilli, levo-
floxacin (LEV), gatifloxacin (GTX), moxifloxacin (MXF),
and sparfloxacin (SPX), which is reported as the most
effective FQs. It is also stated that powerful FQs such
as MXF and LEV may be considered as first-line drugs
to shorten the duration of treatment in susceptible
cases (6,9-12). FQs exhibit bactericidal effects against
M. tuberculosis via the DNA gyrase enzyme, a Type Il
topoisomerase encoded by gyrA and gyrB genes. FQ
resistance in M. tuberculosis has been observed to be
a consequence of the presence of mutations, low cell
wall permeability, and efflux pump systems in or
around the “quinolone resistance determining region
(QRDR)” on gyrA/gyrB in general (6,9-14).

In this study, it was aimed to investigate phenotypical-
ly the resistance against FQ antibiotics CIP, LEV and
MOX by agar proportion method in MDR and non-
MDR M. tuberculosis isolates from various clinical
specimens in the Aegean region of Turkey.

MATERIALS and METHODS

A total of 126 M. tuberculosis isolates between 1999-
2008 from Ege University Faculty of Medicine,
Department of Medical Microbiology, Mycobacteriology
Laboratory and between 2006-2010 from Dr. Suat
Seren Chest Diseases and Thoracic Surgery Training and
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Research Hospital, Medical Microbiology Laboratory
were studied. Seventy nine (62.7%) of these isolates
were MDR. FQ susceptibilities in the isolates were phe-
notypically determined by the agar proportion method
in accordance with the Clinical and Laboratory
Standards Institute (CLSI) recommendations (15). Stok
solutions of CIP (Kogak Farma, Turkey), LEV (Sanofi
Aventis, Turkey) and MXF (Bayer AG, Turkey) were pre-
pared and sterilised by filtration. Middlebrook (MB)
7H10 agar (BD & Difco) supplemented with 10% oleic
acid, albumin, dextrose and catalase (OADC) was
used as a growth medium. The dehydrated medium
was prepared and autoclaved according to the manu-
facturer’s recommendations. The OADC solution and
two-fold dilution series of antibiotic solutions were
added to the sterilized medium, kept at 50-55°C in a
water bath, and allowed to solidify after poured into
separated plates. Antibiotic-free medium were also
prepared for growth control. The isolates were adjusted
to a McFarland No: 1, and then diluted to 102 ve 107
Antibiotic-free (control) and antibiotic media were
inoculated with 100 pL of dilutions of bacterial sus-
pensions. Plates were wrapped in parafilm and incu-
bated for three weeks in an incubator with a CO, ratio
of 5% at 37°C. The concentration of antibiotic in the
plate, which inhibited more than 99% of the growth
compared to the control, was accepted as the minimal
inhibitor concentration (MIC) for that strain
[Breakpoints: CIP (> 2 pg/mL), LEV (> 1 pg/mL), MXF
(> 0.5 pg/mL)]. M. tuberculosis H37Rv (ATCC 27294)
was used as a control strain in the study.

RESULTS

Among the M. tuberculosis strains, 47 non-MDR iso-
lates were all sensitive to CIP, LEV and MXF. On the
other hand, among the 79 MDRs, 12 (15.2%) isolates

were found to be resistant to CIP, 5 (6.3%) isolates
resistant to LEV and 4 (5.1%) isolates resistant to MXF.
CIP, LEV and MXF sensitivity ratios, MIC ranges (ug/
mL), MIC;, and MIC,, values for M. tuberculosis
strains were given in Table 1.

DISCUSSION

Tuberculosis, mainly due to migration from endemic
regions, HIV epidemics and the presence of MDR M.
tuberculosis isolates, has increased again since the
1980s. Today, it continues to be important as an infec-
tious disease that has problems in control and results
in high mortality, despite the improvement of diagnosis
and treatment methods. The recognition of the treat-
ment and resistance mechanisms of MDR-TB patients
is accepted as a fundamental component of TB con-
trol. In countries with high TB incidence, high rates of
resistance also indicate a relationship between inci-
dence and resistance (2,14,16). In recent years, about
2-64% of MDR M. tuberculosis has been reported
between 2000 and 2014 in different countries of the
world and in different regions of our country. It is also
stated that the rate of MDRs is low in new cases but it
can be increased because of the use of antibiotics in
patients who have already received TB treatment (1,2,
4,5,16-19).

Resistance in M. tuberculosis causes from natural resis-
tance genes or spontaneous mutations. It is not possi-
ble to transfer the resistance genes or plasmids among
these bacteria (2). FQ resistance in M. tuberculosis is
thought to be led to primarily by gyrA mutations, then
by drug permeability reduction and by efflux pump
systems. Cross resistance against FQs and sometimes
different group antibiotics can be seen in M. tubercu-
losis in consequence on common resistance mecha-

Table 1. Fluoroquinolone (FQ) susceptibilities in MDRs and non-MDRs

Isolates (n) FQs Susceptibility % (n) MIC,, (pg/mL) MICy, (pg/mL) MIC range (pg/mL)
MDRs (79) CIP 84.8 (67) 1 2 0.25-2 <
LEV 93.7 (74) 0.5 1 0.125-1 <
MXF 94.9 (75) 0.25 0.5 < 0.06-0.5 <
Non-MDRs (47) CIpP 100 (47) 1 1 < 0.25-1
LEV 100 (47) 0.5 1 < 0.125-1
MXF 100 (47) 0.25 0.5 < 0.06-0.5
MIC: Minimum inhibitory concentration, MDR: Multi-drug resistant, CIP: Ciprofloxacin, LEV: Levofloxacin, MXF: Moxifloxacin,
MIC; and MIC,: The antibiotic concentration inhibiting 50% and 90% of the bacteria, respectively, n: Number of isolates.
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nisms (9,18,20-22). In a study comparing the efficacy
of MXF, GTX and OFX on M. tuberculosis, MFX and
GTX were found to be more effective than OFX, and
cross resistance against these antibiotics were deter-
mined. It was stated that an isolate resistant to the all
three FQs with no mutation in the gyrA or B, probably
had different resistance mechanisms (22). Escribano et
al. (2007) showed efflux pump systems effective for
both FQ and linezolid resistance in M. tuberculosis
(20). Since FQs are commonly used against resistant
M. tuberculosis, acquired FQ resistance is often asso-
ciated with resistance to RIF and other first-line drugs.
A study in Taiwan found that there was an association
between resistance to FQ and resistance to any of the
first-generation TB medicines, except streptomycin,
and that this association was stronger in MDRs. The
rate of FQ resistance was reported to be 3.3% when
420 M. tuberculosis isolates selected from the 2004-
2005 period were considered and 19% when only the
MDR cases were evaluated. Susceptibilities of CIP,
LEV, MXF of the isolates were indicated as 98.6%;
98.6%,; 97.6%, respectively. In another study, the rate
of OFX resistance in the isolates from 640 patients in
the USA between 2002 and 2006 was 2.5%. In addi-
tion, it has been reported that the use of FQ for more
than 10 days, especially 60 days before the diagnosis
of TB for any reason, may cause FQ resistance in M.
tuberculosis (21). In a study about MDR M. tuberculo-
sis in Pakistan, FQ resistance was tested using CIP
between the isolates from 2005-2008, and OFX begin-
ning from 2009. The reported rates of FQ resistance
were increased from about 17.41% to 42.92%, and it
was declared that this increase might be due to uncon-
trolled and irregular use of FQ for the treatment of TB
or other infections (24). As opposed to the studies
which claim that previously usage of FQs or longer
exposure due to any infection causes resistance in M.
tuberculosis, Wang et al. (2007) (18) stated in their
study these factors did not affect FQ susceptibility.
Patients whose strains in our study have been isolated
have not been able to obtain any information on FQ
exposure and duration in previous periods. However,
according to our data, whereas there is no FQ resis-
tance in non-MDRs, its presence in MDRs, supports
the idea that to being MDR would be a factor that
increases the tendency to FQ resistance.

In this study, quite good susceptibility results were
determined for CIP nearly over 80%, and for LEV and

MXF over 90%. Similarly, Ozkiitiik et al. (2008), in
their study which was detected the efficacy of sec-
ond-line drugs against MDR M. tuberculosis isolates
from our region; found a high susceptibility rate of
95% for OFX used as representative of FQs (8). The
tests used to detect resistance to second-line TB drugs
are mostly difficult, time consuming, expensive, not
fully standardized methods, and are generally indicat-
ed that to be appropriate evaluating by experienced
laboratories. For this reason, although there are numer-
ous studies on the susceptibility of M. tuberculosis to
first-line drugs, limited research on susceptibility to
FQs and other second-line drugs has been found. In
recent years, in addition to standard and reference
method “agar proportion method”, also used in this
study, a number of new phenotypic and genotypic
tests that are advantageous in terms of speed, time to
completion, cost and ease of use aiming diagnosis of
MDR-TB and XDR-TB have been developed. In other
respects, although genotypic tests that determine the
mutations responsible for resistance have yielded fair-
ly fast and reliable results, these tests have not always
been able to identify the phenotypic resistance due to
mutations that have not yet been discovered and some
different resistance mechanisms (6,17,25).

Currently, FQs are indicated as an alternative to first-
line anti-tuberculosis drugs, especially in resistant
cases. When the results of this study are evaluated,
high FQ susceptibility rates in MDRs and non-MDRs
are pleasing, but the resistance rates are also expected
to rise in time depend on increased use. For this rea-
son, it is thought that the spread of resistant strains
would be controlled rapidly by monitoring the resis-
tance particularly in MDR M. tuberculosis isolates
against FQs and second-line alternative drugs, and
also developing and acquiring the related rapid, easy,
safe methods to a large number of laboratories.
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