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Abstract 

Acinetobacter baumannii is a common and opportunistic pathogen in hospitals. Intrinsic drug resis-
tance and acquired resistance features have caused high drug resistance in this pathogen. The current re-
search evaluated the antimicrobial resistance profile and identified the extended-spectrum beta-lactamases 
(ESBL) producing A. baumannii isolates by both phenotypic and genotypic methods. Totally seventy-three 
A. baumannii isolates were collected from various wards in hospitals and confirmed by standard phenotypic 
methods during winter 2021. For all isolates approved as A. baumannii, an antimicrobial susceptibility test 
was performed using the Kirby-Bauer disc diffusion method. Next, the combined disk method was used 
to identify ESBL-producing isolates, and finally, the presence of blaTEM and blaPER was investigated in ES-
BL-positive isolates with polymerase chain reaction (PCR). Of the 73 A. baumannii isolates, 58 isolates 
were resistant to all tested antibiotics and most of them were isolated from the ICU wards. The phenotypic 
test showed that 56 isolates were ESBL-producing (ESBL-positive). PCR screening revealed that 69.9% 
and 25% of ESBL-positive isolates contained blaTEM and blaPER genes, respectively. The high resistance to 
most antibiotics and the high prevalence of ESBLs-producing isolates detected in the current study may be 
due to the overuse or unsuitable use of antibiotics in this region. Therefore, paying more attention is needed 
to the prescribing practices for different antibiotics. 
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Резюме

Acinetobacter baumannii е често срещан опортюнистичен патоген в болниците. Вътрешно-болнич-
ната лекарствена резистентност и придобитата такава са причина за висока резистентност при този 
патоген. Настоящите изследвания оценяват профила на антимикробна резистентност и идентифицират 
бета-лактамазите с разширен спектър (ESBL), продуцирани от изолатите на A. baumannii по фено-
типни и по генотипни методи. От различни отделения в болници са събрани общо седемдесет и три 
изолата на A. baumannii, чиято идентификация е потвърдена чрез стандартни фенотипни методи през 
зимата на 2021 г. Всички получени изолати от A. baumannii са проучени за антимикробна чувстви-
телност с помощта на метода на дискова дифузия на Kirby-Bauer. Освен това, комбинираният дисков 
метод е използван за идентифициране на ESBL-продуциращи изолати, както и наличието на blaTEM 
и blaPER в ESBL-положителни изолати с полимеразна верижна реакция (PCR). От 73 изолата на A. 
baumannii, 58 изолата са резистентни към всички тествани антибиотици и повечето от тях са изолирани 
от отделенията за интензивно лечение. Фенотипният тест показа, че 56 изолата са ESBL-продуциращи 
(ESBL-положителни). PCR скринингът разкрива, че 69.9% и 25% от ESBL-позитивните изолати съдър-
жат съответно blaTEM и blaPER гени. Високата резистентност към повечето антибиотици и високото 
разпространение на изолати, продуциращи ESBLs, открити в настоящото проучване, може да се дъл-
жат на прекомерната употреба или неподходящата употреба на антибиотици в този регион. Ето защо 
е необходимо да се обърне повече внимание на практиките за предписване на различни антибиотици.

Introduction
Acinetobacter baumannii is one of the most 

common bacteria in hospitals and is associated with 
hospital-acquired infections. This pathogen causes  

 
high mortality in different parts of the hospital 
throughout the world. In addition to medical cen-
ters, this pathogen also spreads in nature. A. bau-
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mannii can be isolated from a variety of sources, in-
cluding mucous membranes and skin, wounds and 
burns, respiratory, digestive, urinary tracts, intra-
vascular, and urinary catheters (Peleg et al., 2008). 
The intensive care unit (ICU) is one of the most 
common sites for A. baumannii infections (Fourni-
er et al., 2006). In recent decades, the prevalence 
of this pathogen has spread to other parts of the 
hospital and was observed in trauma patients after 
natural disasters and even in patients with common 
diseases in the community (Falagas and Karveli, 
2007). Infections caused by A. baumannii include 
urinary tract infections, wound infections, pneumo-
nia, bacteremia, and even meningitis (Eliopoulos et 
al., 2008). High resistance to antimicrobial agents 
(Multidrug-resistant and extensively drug-resis-
tant) creates challenges in drug treatment for A. 
baumannii infections (Pfeifer et al., 2010; Rezaei 
et al., 2014). Multidrug-resistant (MDR) was dis-
tinguished as resistance to at least one agent in three 
or more antimicrobial classes. Extensively drug-re-
sistant (XDR) is a type of MDR, which is resistant 
to many approved antimicrobial agents (Rezaei et 
al., 2014). The presence of mobile genetic elements 
such as insertion sequences (IS), integrons, islands 
of resistance, as well as bacterial plasmids, can lead 
to A. baumannii resistance to almost all available an-
tibacterial agents such as beta-lactamase, aminogly-
cosides, carbapenems, and fluoroquinolones. The 
transfer of these mobile elements between chromo-
somes and plasmids is possible between different 
bacteria species, which increases drug resistance 
in pathogenic bacteria like A. baumannii (Zhou et 
al., 2011; Zhu et al., 2013). Furthermore, alteration 
in membrane proteins (purine channels), mutations 
in cell functionality, and the presence of beta-lact-
amase enzymes can induce antimicrobial resistance 
in Acinetobacter spp. (Sinha et al., 2007; Goel et al., 
2013). Extended-spectrum beta-lactamase enzymes 
(ESBLs), which hydrolyze antimicrobial agents are 
one of the most common resistance mechanisms 
in A. baumannii. ESBLs-positive isolates are mu-
tant strains that show hydrolytic properties and can 
break down beta-lactam compounds. blaTEM and 
blaPER as two of the ESBL genes in A. bauman-
nii isolates can hydrolyze a wide range of these be-
ta-lactams except carbapenem antibacterial agents 
(Sechi et al., 2004; Bali et al., 2010). The main dif-
ficulty of concern with A. baumannii is the selection 
of appropriate antibiotics for treatment, chiefly in 
hospital infections (Fishbain and Peleg, 2010). Giv-
en the high prevalence of ESBL-producing A. bau-
mannii and its drug resistance in hospital infections, 

so far, no study has been reported on the prevalence 
of this bacterium in Ilam hospitals. in this article, we 
report the first characterization of ESBL-producing 
A. baumannii isolates and antibiotic resistance pat-
terns from clinical samples in Ilam, Iran.
Materials and Methods
Laboratory methods of bacteria isolation

The samples were isolated using sterile swabs 
which used moistened with sterile trypticase soy 
broth (TSB) (Merck Millipore, Ireland) from differ-
ent parts of the Imam Khomeini hospital, Ilam, Iran 
(ICU, pulmonary, neurology, pediatrics, emergency, 
infectious, internal, and cardiovascular wards) dur-
ing winter 2021, and cultured on Mac Conkey and 
Blood Agar plates under aseptic conditions. Bac-
terial culture plates were placed at 37°C for 24-48 
h under aerobic conditions. Preliminary identifica-
tion of A. baumannii was performed by observing 
the bacteria’s morphology through Gram staining 
morphology and the characteristics of the colonies 
grown on the MacConkey’s agar and Blood agar 
plates. Biochemical experiments were done for the 
phenotype identification of A. baumannii isolates 
(Turton et al., 2006). 
Antibiotic Susceptibility Testing

Sensitivity to the studied antibiotics such 
as aztreonam (30 µg), piperacillin-tazobactam 
(100.0/10 µg), ceftazidime (30 µg), cefepime (30 
µg), ampicillin-sulbactam (10/10 µg), imipenem 
(10 µg), meropenem (10 µg), tobramycin (10 µg), 
ceftriaxone (30 µg), amikacin (30 µg) (MAST, 
Merseyside, United Kingdom) was done on Muel-
ler Hinton Agar plate by Kirby Bauer disc diffusion 
method. The inhibition zone size was calculated us-
ing the criteria announced by the Clinical and Lab-
oratory Standards Institute (CLSI) (Wayne, 2017). 
A. baumannii ATCC19606 was applied as quality 
control for the antibiotic susceptibility test.
Detection of ESBL-producing A. baumannii 
isolates

ESBL-producing isolates were identified by 
the Denver Developmental Screening Test (DDST). 
For this method, ceftazidime (30µg) and ceftazi-
dime+ clavulanic acid (30/10 µg) disks were used 
on the Mueller-Hinton plate and then incubated for 
24 h at 37°C. An increase of ≥5 mm zone of inhibi-
tion of ceftazidime/clavulanic acid compared to its 
zone diameter when ceftazidime is tested alone is 
considered an ESBL-producing strain.  
Detection of blaTEM, and blaPER genes 

DNA of all A. baumannii isolates was ex-
tracted using a DNA kit extraction (DENA Zist 
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Asia, Iran). Specific forward/reverse primers for 
each gene (primer sequences are listed in Table 1) 
were used for PCR amplification. PCR assay was 
performed by adding 5 μl Master Mix (Ampliqon, 
Stenhuggervej, and Odense M DENMARK), 1 μl 
DNA, 3μl nuclease-free water, and 1 μl specific 
primer to each tube (Table 1). PCR amplification 
conditions were as follows: 94°C for 5 min fol-
lowed by 35 cycles of 30-sec denaturation at 94°C, 
for 30-sec annealing at primers annealing tempera-
ture (Table 1) and 30-sec extension at 72°C with a 
final extension at 72°C for 10 min. Electrophoresis 
of the amplified PCR products was done in a 2% 
agarose gel, and then agarose gel with PCR prod-
ucts was exposed to UV irradiation.
Results

Of the total samples processed, 22 and 51 
were isolated from men and women, respectively. 
The highest and lowest number of isolates were col-
lected from the ICU (n=59) and the internal ward 
(n=2), respectively, which were female. Also, most 
of the isolated A. baumannii strains from the ICU 
wards had high resistance to all antibiotics (Table 2). 

The susceptibility of A. baumannii isolates 
to the studied antibiotics was evaluated by the Kir-
by-Bauer disk diffusion method. As reflected in Fig. 
1, drug resistance levels of aztreonam, piperacil-

lin-tazobactam, ceftazidime, cefepime, ceftriaxone, 
ampicillin-sulbactam, imipenem, meropenem, ami-
kacin, and tobramycin were 94.5%, 94.5%,94.5%, 
94.5%, 94.5%, 84.9%, 83.6%, 83.6%, 82.1%, and 
79.4% respectively. 

Out of 73 isolates, 58 isolates showed mul-
ti-drug resistance (MDR) to all antibiotics. The 
phenotypic confirmation for ESBL production 
using the combined disk test, 56 (76.7%) isolates 
were ESBL-positive. The distribution of ESBL 
producers based on gender indicates that the fre-
quency of ESBLs among females and males was 
78.4% (n=40) and 72.7% (n=16), respectively, 
which showed ESBL production was not associ-
ated with gender (p>0.005). Due to the high num-
ber of isolated samples in ICU, the highest number 
of positive ESBL samples was reported from ICU 
samples (n=46). In total, 39 (69.6%) and 14 (25%) 
isolates harbored the blaTEM and blaPER genes, 
respectively. A PCR fragment of approximately 
925 bp and 861 bp, corresponding to the expected 
products, were considered as blaPER and blaTEM 
genes, respectively (Fig. 2).
Discussion

Infection with A. baumannii is one of the 
healthcare-associated infections and has significant 
mortality. Antimicrobial resistance in this patho-

Table 1. Primer sequences used for PCR amplification

Primer name Sequence (5’ - 3’) Annealing, °C

PER F: ATGAATGTCATTATAAAAGC
R: AATTTGGGCTTAGGGCAGAA 44 °C

TEM F: ATGAGTATTCAACATTTCCGTG
R: TTACCAATGCTTAATCAGTGAG 44 °C

Table 2. Relative frequency (%) of antibiotic resistance in the A. baumannii isolates in the various hospital 
wards

Antibiotics ICU
(N=59)

Infectious
(N=3)

Neurology
(N=3)

Cardiovascular
(N=3)

Pulmonary
(N=3)

Internal
(N=2)

Aztreonam 98.3 100.0 66.6 66.6 100.0 50
Piperacillin/
Tazobactam 98.3 100.0 66.6 66.6 100.0 50

Ceftazidim 98.3 100.0 66.6 66.6 100.0 50
Cefepime 98.3 100.0 66.6 66.6 100.0 50
Ceftriaxone 98.3 100.0 66.6 66.6 100.0 50
Ampicillin/Sulbactam 86.4 66.6 100.0 100.0 66.6 50
Imipenem 86.4 66.6 66.6 66.6 100.0 50
Meropenem 86.4 66.6 66.6 66.6 100.0 50
Tobramycin 79.6 100.0 100.0 66.6 66.6 50
Amikacin 83.0 100.0 66.6 66.6 100.0 50
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gen caused serious concern about the therapy of 
A. baumannii infection in medical centers (Alsan 
and Klompas, 2010; Rezaee et al., 2016). In par-
ticular, the increase of multidrug-resistant A. bau-
mannii isolates has doubled the concern about the 
treatment of A. baumannii infections (Manchan-
da, 2010; Rezaee et al., 2014). Our result showed 
A. baumannii was detected in 98.3% of samples. 
ICU wards are one of the hospital units that have 
the highest occurrence rates of infections, and the 
outbreak of infection is higher there compared with 
the general inpatient population (Meric et al., 2005; 
Lee et al., 2011). In our study, the highest resis-
tance was observed against all tested antibiotics. 

Fallah et al. (2014) also showed the resistance of 
A. baumannii isolates to meropenem (91.7%), cef-
tazidime (95.4%), ciprofloxacin (92.6%), cefotax-
ime (100.0%), cotrimoxazole (98.1%), piperacil-
lin-tazobactam (95.4%) was high. In our previous 
study, the resistance to azteronam, ceftazidime, 
cefepime, piperacillin-tazobactam, ciprofloxacin, 
and ticarcillin antibiotics in A. baumannii strains 
was 97%, 93%, 93%, 93%, 93%, and 93%, respec-
tively which, like the present study, showed high 
resistance to the tested antibiotics (Rezaee et al., 
2014). Al-Agamy et al. revealed the high preva-
lence of drug resistance against the most effec-
tive antibiotics such as cefotaxime, cefepime, and 
ceftazidime was found in A. baumannii isolates 
(Al-Agamy et al., 2014). The results of antimicro-
bial resistance in others research are very near to 
those of the present study, which indicates high 
multiple drug resistance (MDR) A. baumannii iso-
lates increased in recent years. This can be because 
that little consideration is given at the communi-
ty level to include the global antibiotic resistance 
crises, even though many studies have shown a 
high level of resistance to antibiotics in hospital-
ized patients (Alsan and Klompas, 2010; Lee et al., 
2011). The production of beta-lactamase enzymes 
as a mechanism of resistance against beta-lactam 
antibiotics in A. baumannii has been confirmed by 
many studies (Sinha et al., 2007; Hamzeh et al., 
2012). The ESBLs play an important role in resis-
tance against third generation cephalosporins such 
as cefotaxime, ceftazidime, and cefepime (Ghaima, 
2018). In the present study, 76.7% of the A. bau-
mannii isolates demonstrated resistance to Ceftazi-

Fig. 1. a) Antibiotic resistance profile of A. baumannii. b) Double-disk synergy method for Extended-Spec-
trum Beta-Lactamases (ESBL) in A. baumannii. Extension of the edge of the inhibition zone toward the disk containing 
Clavulanate indicated synergy. CAZ/CV: Ceftazidime/Clavulanic acid.

Fig. 2. PCR amplification of blaPER and blaTEM beta 
lactamase genes among ESBL-Producing isolates. 
a) Lane 2, 4, and 5: blaPER positive isolates of gene 
detection in A. baumannii; Lane 3: negative result 
for A. baumannii, Lane 1: 100.0bp DNA ladder. 
b) Lane 2, 4, and 5: blaTEM positive results of gene 
detection in A. baumannii; Lane 3: negative result 
for A. baumannii, Lane 1: 100.0bp DNA ladder.
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dime/Clavulanic acid (ESBL-positive), due to its 
ability to inhibit β-lactamases. Also, gender was not 
significantly associated with ESBL infection in the 
current study (p>0.05), and this data correspond-
ed with data presented by Aziz et al. investigations 
(Azizi et al., 2017). Also in our data, monitoring 
of bacterial genes showed that blaTEM (69.6%) and 
blaPER (25%) genes were detected in the A. bau-
mannii isolates. We showed the producing ESBL 
isolates were resistant to all tested antimicrobial 
agents. Our results revealed blaTEM rate was close 
to the study by Ghaima, in which the frequency 
of blaTEM, blaCTX-M, and blaSHV genes in A. baumannii 
isolates were 75%, 45%, and 27.5%, respective-
ly (Ghaima, 2018). The results of a study showed 
that 43.4% of the A. bumannii isolates carried the 
blaTEM, which was lower compared to our study 
(Asadollahi et al., 2012). The production of blaPER 
in MDR A. bumannii isolates was detected in var-
ious studies such in Turkey (46%) (Vahaboglu et 
al., 1997), Iran (51%) (Farajnia et al., 2013), and 
China (77.8%) (Wang et al., 2007), which is higher 
as compared to this study. ESBL genes are usual-
ly placed on class 1 integrons and are mostly plas-
mid-mediated, thus can be easily transferred from 
one bacterium to another bacterium, and transmis-
sion of these genes between bacteria results in the 
extension of ESBL-producing isolates. This may 
in part explain why most A. bumannii strains are 
MDR, and usually do not respond to antibiotics 
used for bacterial infections (Zhu et al., 2013). 
Furthermore, long-term hospitalization of patients, 
especially in the ICU, and long-term use of antibi-
otics resulted in the creation of strains of A. buman-
nii resistant (Sechi et al., 2004). Thus, due to the 
high resistance to antibiotics and the presence of 
beta-lactamase genes in hospital pathogens in this 
region, consideration should be given to contain-
ing the cause of resistance to antibiotics by bacteria 
in communities. If this issue is not addressed lots 
of gains in modern medicine will be intertwined 
and the obligation to get universal health coverage 
by world leaders will be useless (Nji et al., 2021). 
Considering that in community settings in low- and 
middle-income countries like Iran, knowledge, and 
awareness of the correct way to use antibiotics and 
also self-use of them can play a role in increasing 
drug resistance (Nji et al., 2021). Therefore, our re-
sults should demonstrate usefulness to hold up the 
course for the fight against antibiotic resistance and 
the spread of resistant bacteria using researchers, 
public health policymakers, community pharma-
cists, and advocacy groups, among others. Based 

on our results, the prevalence rate of ESBLs was 
highest in the ICU ward among patients, this has 
negative health implications and prolonged their 
hospital stay and increased costs and could result in 
a quick spread in the hospital setting.
Conclusion

In this study, A. baumannii isolates showed 
high levels of resistance to the studied antibiotics. 
The frequency of ESBL-producing isolates may be 
due to the overuse or unsuitable use of antibiotics 
in this region. Therefore, paying more attention is 
needed to the prescribing practices for different an-
tibiotics. 
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