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ABSTRACT

Background/Aim: Tuberculosis (TB) remains a major global health problem with a high morbidity
and mortality rate, approximately a quarter of the population is infected with tuberculosis. Drug
susceptibility testing is an essential tool to identify and manage drug-resistant tuberculosis. This
study was conducted to evaluate the drug susceptibility pattern of Mycobacterium tuberculosis
complex strains isolated from a university hospital.

Methods: A total of 10900 samples sent to the microbiology laboratory with the suspicion of
tuberculosis clinically between January 2018 and January 2022 were analyzed retrospectively.
The automated BACTEC MGIT 960 (Becton Dickinson, USA) was used for sample culture and
susceptfibility testing. The obtained data were statistically analyzed with the Statistical Package for
Social Sciences (SPSS version 20).

Results: Out of the 154 isolated positive samples, males and females constituted equal parts of the
study population (50%). The majority of tuberculosis cases were in the age group of 56-75 years
(42.2%). Pulmonary tuberculosis was detected in 139 (90.3%) of the patients while extrapulmonary
TB cases were observed in 15 (9.7%) patients. As a result of susceptibility studies on positive samples,
isoniazid resistance was 5.2%; streptomycin resistance 1.3%; ethambutol resistance was detected
at a rate of 0.6% while no rifampicin resistant sample was found. Both streptomycin and isoniazid
resistance were seen together in 1.3% of the samples.

Conclusion: A similar resistance pattern of the first-line antituberculosis drugs was observed in
other studies conducted in different provinces of Turkiye. The absence of multi-drug resistant
and extensively drug-resistant tuberculosis in our study indicates that the tuberculosis surveillance
program implemented in our region was successful.

Keywords: Mycobacterium tuberculosis complex, tuberculosis, anti-tuberculosis drug, drug
suscepfibility testing.
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Giris/Amag: TUberkUloz, yUksek morbidite ve mortalite orani ile dnemli bir kiresel saglik sorunu
olmaya devam etmektedir ve nUfusun yaklasik dértte biri tUGberkUloz ile enfektedir. llac duyarliik
testleri, ilaca direngli tOberkllozu tanimlamak ve ydnetmek icin dnemlidir. Bu c¢alismada, bir
Universite hastanesinden izole edilen Mycobacterium tuberculosis kompleks suslarinin ilaca duyarliik
paterninin degerlendiriimesi amaglanmustir.

Yontemler: Ocak 2018-Ocak 2022 tarihleri arasinda tiberkUloz sphesiile mikrobiyolojilaboratuvarina
goénderilen toplam 10900 6rnek retrospektif olarak incelenmistir. Orneklerin kOIOr0 ve duyarliik
testleri icin BACTEC MGIT 960 (Becton Dickinson, ABD) otomatize sistem kullaniimistir. Elde edilen
veriler Statistical Package for Social Sciences (SPSS version 20) ile istatistiksel olarak analiz edilmistir.
Bulgular: Pozitif olarak bulunan 154 hastada erkek ve kadin orani esit olarak bulunmustur. TUberkdloz
olgularnin cogunlugu 56-75 yas grubunda (%42,2) olup, hastalarin %90,3'Gnde akciger tUberkilozu
saptanirken, %9,7 oraninda akciger disi tOberklloz tespit edilmistir. Pozitif drneklerde yapilan
duyarliik ¢alismalarn sonucunda izoniazid direnci %5,2; streptomisin direnci %1,3; etambutol direnci
%0,6 oraninda tespit edilirken, rifampisin direncli érnek bulunmamistir. Orneklerin %1,3'Unde hem
streptomisin hem de izoniazid direnci birlikte gdriimUstir.

Sonug: Turkiye'de farkliillerde yapilan diger ¢alismalarda birinci basamak antitiberktloz ilaglarda
benzer direnc paterni gdzlenmistir. Calismamizda ¢ok ilaca direngli tiberkiloz ve yaygin ilaca
direngli tUberkGloz suslarnin bulunmamasi, bdlgemizde uygulanan tiberklloz gdzetleme
programinin basaril oldugunu géstermektedir.

Anahtar Kelimeler: Mycobacterium tuberculosis kompleksi, tGberkUloz, anti-tUberkUloz ilag, ilag
duyarllik testi.

Tuberculosis (TB) is a communicable disease caused latest World Health Organization (WHO) 2022 Global TB
by Mycobacterium tuberculosis complex, an organism report estimates an incidence rate of 10.6 million new
that spreads slowly and broadly in the lungs creating TB cases and 1.6 million deaths globally (4). In 2020,
hard nodules with the possibility of infecting other the incidence of tuberculosis in Turkiye was 15 cases
organs in the body (1). TB has affected humans for per 100,000 people. Statistics provided by the WHO
over 5000 years (2) and continued to be among and the European Centre for Disease Prevention and
the top ten causes of death due to an individual Control (CDC), show that the rate of tuberculosis cases
infectious agent until the COVID-19 pandemic (3). The in Turkiye has witnessed a gradual decline, with a mean
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annual change (-4.5%) between 2016-2020 (5).

The disease is tfransmitted through the inhalation of
infected aerosols. TB bacili have a unique ability
to survive infracellularly. After being taken up by
alveolar macrophages, which in most cases kill the
entering bacteria, some may avoid being killing
and remain inactive for a long period of time unfil
the development of a favorable environment. The
critical point in TB treatment is the completion of the
treatment within the expected period which is at least
six months (6). Two groups of drugs are used. First-line
drugs e.g. (isoniazid, rifampicin, pyrazinamide, and
stfreptomycin), most effective and least toxic for use in
the tfreatment of TB, while the second-line therapeutic
drugs, less effective, more expensive and have
higher toxicities and more difficult to tolerate, e.g.
(rifabutin, cycloserine, amikacin, capreomycin, paro-
aminosalicylic acid, levofloxacin and gatifloxacin) are
the drugs available (7). A 4-6-month uptake of anti-
TB drug can successfully treat 85% of patients with TB
(4). Shortly after the implementation of streptomycin in
clinical use, drug resistance to anti-TB drugs developed
(3).

The emergence of drug-resistant Mycobacterium
tuberculosis strains is one of the major public health
problems of this century (8). Multidrug-resistant TB
(MDR-TB) is the condition in which M. tuberculosis
develops resistance to the first-ine anti-TB drugs,
isoniazid, and rifampicin, simultaneously whereas
extensively drug-resistant TB (XDR-TB) is identified as
resistant to secondary anti-TB injectable drugs and
fluoroquinolones in addition to MDR-TB (?). In 2020
the nationwide incidence of multidrug-resistant/
rifampicin-resistant tuberculosis (MDR/RR-TB) was 3.3%
in new cases and 18% in formerly treated cases (1).
According to the instruction of the American Thoracic
Society and the CDC, drug susceptibility testing must
be done for at least the first-line anti-TB drugs in all older
and new TB cases to guarantee the proper freatment
for patients and to hinder the development of anti-
TB drugs resistance (10). Drug susceptibility testing is
critical for recognizing and managing drug-resistant
TB (11). This study was intended to assess the drug
susceptibility pattern of Mycobacterium tuberculosis
complex strains isolated from the university hospital in
Konya, Turkiye through 5 years of results.

Material And Methods
Study design

This laboratory-based descriptive refrospective study
was conducted at a university hospital in Turkiye, and
approved by the Ethics Committee of the Necmettin
Erbakan University (Decision no. 2023/4443). The
study was carried out using presumptive TB patient
records who were referred to different health
centers between January 2018 and January 2022.
Epidemiological, clinical, and laboratory data were
collected from the lab database and registration
books. Over the five years, a total of 10900 samples
were received for culture for Mycobacteria, patients
with positive automated culture results at any age
were selected. Any repeated samples for confirmation
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or follow-up were not included in the study. Culture
and susceptibility to anti-TB drugs results of isolated
Mycobacterium tuberculosis complex were reviewed.

Microbiological methods

All procedures in the laboratory were carried out in
Class Il biosafety cabins using the required personal
protective equipment. Sterile samples such as pleural
fluid and cerebrospinal fluid which were obtained
with aseptic techniques, were handled without
being decontaminated; whereas other samples
such as sputum, bronchoalveolar lavage (BAL),
and abscess were examined after homogenization
and decontamination with N-acetyl-L-cysteine and
sodium hydroxide (10). The material obtained after the
preliminary preparation was inoculated on BACTEC
MGIT 960 TB automated system (Becton Dickinson,
USA) and Léwenstein-Jensen (LJ) medium according
to the recommendations of the manufacturer. The
Ehrlich-Ziehl-Neelsen (EZN) staining method was used
for acid-fast bacilli (AFB) detection in direct smear
preparations (12). Cultures were left for incubation
for up to 42 days (10). Drug susceptibility testing
was achieved by BACTEC MGIT 960 following the
manufacturer’'s procedures (13). Reference strain
H37RV (ATCC 27294) was used as a quality control of
culture and drug suscepfibility test, and the strain was
sensitive to all standard anti-TB drugs (10).

Statistical analysis

The obtained data were statfistically analyzed by The
Statistical Package for Social Sciences (SPSS version
20). Contfinuous variables were described as mean *
Standard deviation (SD) while descriptive statistics were
used to calculate the frequency and percentage of
age categories, gender, organism isolated, sensitivity
and resistance.

Results

The number of male and female patients was equal
in 154 positive samples (77 males, 77 females). The
mean + standard deviation of the participant age
was 57.87+ 20.872 (range 1 year to 93 years). The
majority of TB cases were in the age group 56-75
years (42.2%), whereas the lowest TB cases were at
the age of < 15 years (2.6%). followed by 16-35 years
(15.6%), = 76 years (19.4%), and 36-55 years (20.1%)
as illustrated in figure 1. The obtained clinical samples
were distributed as the following: Sputum 94 (61%),
bronchoalveolar fluid 44 (28.6%), pleural effusion 5
(3.2%), body fluids 4 (2.6%), biopsy 2 (1.3), gastric juice,
drainage fluid, cerebrospinal fluid, urine and abscess
1 (0.6%). Pulmonary TB was detected in 139 (90.3%)
of the patients, while extrapulmonary TB cases were
observedin 15 (9.7%) as shown in Table 1.

Of the total isolated strain 101 (65.6%) samples were
detected positive using EZN staining method and 111
(72%) samples were evaluated positive by growing
on the LJ medium. As Table 2 demonstrates, the
susceptibility pattern against first-line anti-tuberculosis
drugs, 145 (94.1%) of the isolated strains were sensitive
to all fested drugs. Only isoniazid resistance was
detectedin 6 samples, bothisoniazid and streptomycin
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resistance in 2 samples, and ethambutol resistance in
one sample. Among the first-line antituberculosis drugs,
the highest resistance was isoniazid with 5.2%, followed
by streptomycin resistance with 1.3% and ethambutol
resistance with 0.6%. (Table 2). Neither rifampicin
resistance nor multidrug resistance has been observed
in this study.

Fig 1: The distribution of fuberculosis-positive patients by age

Table 1: Distribution of Mycobacterium tuberculosis isolated strains
according to clinical samples

n (%)
Pulmonary TB 139(90.3)
Sputum 94(61)
Bronchoalveolar fluid 44(28.6)
Gastric juice 1(0.6)
Extrapulmonary TB 15(9.7)
Pleural effusion 5(3.2)
Biopsy 2(1.3)
Drainage 1(0.6)
CSF 1(0.6)
Body Fluids 4(2.6)
Urine 1(0.6)
Abscess 1(0.6)
Total 154(100)

Table 2: The suscepfibility pattern of Mycobacterium tuberculosis
complex isolates to first-line anti-tuberculosis drugs by years

2018 2019 2020 2021 2022 Total
Characteristics n(%) n(% n(% n(% n(% n(%)
. 41 19 28 26 40 154
lesicel Belkie (100}  (100) (100) (100) (100} (100}
" . 38 14 28 23 40 146
Sensitive to anti-TB drugs (92.6) (73.7) (100) (88.5) (100) (94.8)
Resistance to any drug 3(7.3) ‘[526.3) 0 (0) ?] 15) 0 (0) 8(5.2)
Streptomycin 0(0) [2105) 00 0(0) 00 2(13)
Isoniazid 3(7.3) (3] sg 00 2077 0(0 8(52)
Rifampicin 0(0) 00 0 0 0() 0()
Ethambutol 0(0) 0(0) 0(0) 1(38 0(0) 1(04)
Single drug Resistant
Streptomycin 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Isoniazid 3(73) 1(24) 0(0) 2(77) 0(0) 6(39)
Rifampicin 0(0) 00 00 0 0() 0()
Ethambutol 0 (0) 0 (0) 0 (0) 1(3.8) 0(0) 1(0.6)
Poly Resistant
ISSZ?]%;;”VCI” e 0(0) (2] 05 00 00 0@ 203

Multidrug-Resistant
Isoniazid and Rifampicin -~ 0 (0) 0(0) 0(0) 0(0) 0(0) 0(0)
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Discussion

Mycobacterium fuberculosis complex is a group
of diverse bacteria species that cause TB, a serious
chronic infection recognized by the high rate of
morbidity and mortality (14,15). Globally, around 25%
of the populationisinfected with TB (16), with an annual
death rate of 1.6 million people in 2021 according to
WHO reports (4). TB mortality has surpassed that of
acquired immunodeficiency syndrome (AIDS), making
Mycobacterium tuberculosis the leading infectious
agent that threatens human well-being (16). TB
control strategies have been massively hindered by
the emergence and fransmission of antituberculosis-
resistant strains, specifically rifampicin-resistant and
MDR-TB isolates despite the striking declines in the
prevalence of TB in recent years (17). The estimated
annual incidence of RR-TB in new cases was 3.4% (18).
Performing drug susceptibility testing not only assists to
identify MDR-TB/ RR-TB but also provides a solid base
for clinicians to prescribe the appropriate regimens
(19). Our study was conducted to evaluate the
anfimicrobial susceptibility patterns of Mycobacterium
tuberculosis complex strains over the past five years.

This study revealed an equal prevalence of TB among
males and females (50%) which is consistent with
studies conducted in cenfral Ethiopia and Pakistan
(13,20). This can be explained by the equivalent
involvement of both genders in the community and the
exposure to the same environment. However the ratio
differs from the results obtained by Quezel-Guerraz et
al and Al-Shahrani et al (21,22), stating that TB has a
higher incidence in men due to greater exposure to
the surrounding, alcohol-abusing and other factors
that may constitute a risk to acquire the bacterium.
Despite many studies in the literature have reported
that tuberculosis is common among young people
(22-25), in our study the vast majority of TB cases were
in the age group 56-75 years (42.2%)., With aging,
many elements can play a crucial role in acquiring
TB such as suppressed immune system due to drugs
or other conditions, higher tendency to respiratory
diseases, and activation of latent TB infection. The
most frequent clinical manifestation of TB infections
was pulmonary TB 139 (90.3%) while extrapulmonary
cases were only 15 (9.7%), in accordance with many
previous literature (12,13,25-27). Since the primary
location of the bacteria is the lungs, extrapulmonary
involvement is expected fo be low. In addition, the
atypical course of extra-pulmonary infections makes
it more difficult to diagnose, which may be one of
the reasons for the low rates. In our study, 65.6% of
the samples detected positive by automated culture
were found positive by EZN staining method. EZN
staining positivity rate was which is in line with studies
done by Behcet et al and Balci et al (12,26). Although
direct microscopy examination is broadly used in TB
diagnosis, the sensitivity varies according fo numerous
factors such as the density of bacilli in the sample,

decontamination procedures and the examiner
experience.
Regarding  anfimicrobial  resistance, 5.2%  of
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Mycobacterium tuberculosis complex isolates were
resistant to at least one of the tested antituberculosis
drugs. This rate is lower to some extent than the
registered frequencies in Turkiye (26-28). This disparity
canbeduetothedifferenceinthe geographicalregion
of the country, population, and sample size. In studies
conducted in Turkiye in recent years, the resistance
rates have been reported as 3.2-9.4% for isoniazid,
1.8-10.3% for streptomycin, 0-3.6% for ethambutol and
0-1.8% in the range for rifampicin 10,26-29%, which are
comparable with the findings in our study where the
detected resistance against isoniazid, streptomycin,
and ethambutol, was 52%, 1.3% and 0.6%
respectively, and no resistance was observed against
rifampicin. Among the fested drugs, isolated sfrains
displayed high resistance against isoniazid, followed
by streptomycin, and poly resistance of both drugs
(1.3%) was also observed. The wide resistance of these
regimens was attributed to their extensive implication
in prophylaxis and freatment. Moreover, streptomycin
is used in the freatment of conditions other than TB.
The absence of rifampicin resistance is confradictory
to a study conducted in the same province (30), the
disparity can be explained by the difference in the
sensitivity of the automated system used at the time
of the study. Supported by the study conducted in
Eastern Anafolia (27), no MDR was also observed in
our study which can be accredited to the successful
TB conftrol strategies or low rifampicin resistance rate
despite the high isoniazid resistance.

Conclusion

Despite the similar resistance pattern of the first-line
anfituberculosis drugs to other studies performed in
different provinces in Turkiye, lower resistance against
TB regimens was observed in our study. In addition fo
the absence of RR-TB and MDR strains, the finding is
a good suggestion for the effective TB surveillance
program in Konya province. Stating the fact that the
study finding is based on a single-center experience,
hence, more studies are required fo reflect the real
situation in the province.

Ethical aspects of the research: This laboratory-based
descriptive retrospective study was conducted at
a university hospital in Turkiye, and approved by the
Ethics Committee of the Necmettin Erbakan University
(Decision no. 2023/4443).
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