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Abstract

Multidrug-resistant (MDR) Escherichia coli is one of the main causes of nosocomial infections espe-
cially in intensive care units (ICU). Battelle germanica are widespread. The presence of these insects in the 
hospital can carry a risk of various infections in addition to their pathogenicity. This study aimed to identify 
extended-spectrum beta-lactamase (ESBLs) and colistin resistance genes in E. coli isolated from Blattella 
germanica (German cockroaches) by a dot blot assay in Hamadan hospitals in west Iran. B. germanica were 
trapped and identified using reliable taxonomic keys by an expert in the Department of Entomology, Hamadan 
University of Medical Sciences, Iran. E. coli isolates were identified and confirmed by conventional micro-
biological and biochemical tests. Then, the antibiotic resistance pattern was determined. A dot blot assay was 
used to identify resistance genes in E. coli isolated from B. germanica. Thirty-one E. coli were isolated from 
109 B. germanica. Determination of the pattern of antibiotic resistance showed that ampicillin and colistin 
had the highest and lowest resistance frequencies, respectively. Dot blot assay was employed to determine the 
extended-spectrum beta-lactamase resistance genes, where 8 isolates had the bla CTX gene (29.03%) and one 
isolate had bla SHV genes (3.2%). The results indicated that the B. germanica are an important factor for the 
transmission of Enterobacterales as well as multidrug resistant (MDR) strains. Therefore, effective preventive 
and control measures are needed to reduce vector-borne diseases.
Keywords: German cockroaches, Battelle germanica, extended-spectrum beta-lactamase, colistin, dot blot assay, 
Escherichia coli
Резюме

Мулти-лекарствените резистентни бактерии (MРБ) от вида Escherichia coli са едни от основни-
те причини за нозокомиални инфекции, особено в интензивните отделения. Както е известно, Battelle 
germanica (хлебарка) са широко разпространени. Наличието на тези насекоми в болницата носи риск от 
различни инфекции в допълнение към тяхната патогенност. Това проучване има за цел да идентифицира 
гени на бета-лактамазата с разширен спектър (ESBL) и резистентност към колистин в E. coli, изолирана 
от B. germanica чрез дот блот анализ в болници в Хамадан в Западен Иран. B. germanica са уловени и 
идентифицирани с помощта на надеждни таксономични ключове от експерт в катедрата по ентомология 
на Университета по медицински науки Хамадан, Иран. Изолати на E. coli са идентифицирани и потвър-
дени чрез конвенционални микробиологични и биохимични тестове. Проведени са експерименти за оп-
ределяне на модела на антибиотична резистентност. За идентифициране на резистентни гени в E. coli, 
изолирана от B. germanica е използван дот блот анализ. Тридесет и един изолата на E. coli са изолирани 
от 109 броя B. germanica. Определянето на модела на антибиотична резистентност показа, че ампицилин 
и колистин имат съответно най-висока и най-ниска резистентност. Дот блот анализът е използван и за оп-
ределяне на гените за резистентност към бета-лактамазата с разширен спектър, където 8 изолата имат bla 
CTX ген (29.03%) и един изолат има bla SHV гени (3.2%). Резултатите показват, че B. germanica са важен 
фактор за предаването на мулти-лекарствената резистентност в род Enterobacterales. Поради това са не-
обходими ефективни превантивни и контролни мерки за намаляване на болестите, предавани от вектори.
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Introduction
Battelle germanica are typical tropical in-

sects. They are major carriers of pathogens due to 
their insanitary lifestyle. They breed and forage in 
sewer systems, garbage bins, coming into contact 
with human food with highly destructive conse-
quences for human health (Mpuchane et al., 2006). 
Furthermore, the distribution and persistence of 
the resistant pathogens may be hugely aided by 
inadequate sanitation (Berendonk et al., 2015). B. 
germanica greatly colonize the environment, in-
cluding human dwellings, which plays a serious 
role in transmitting antibiotic-resistant bacteria. B. 
germanica are common, some of them may be car-
riers of drug resistance, which are a repository of 
diverse infectious microorganisms (Salehzadeh et 
al., 2007; Fakoorziba et al., 2014). However, few 
studies have investigated extended-spectrum be-
ta-lactamase (ESBL) or colistin resistance elements 
in bacteria from B. germanica (Loucif et al., 2016). 
They can enter urban structures such as hospitals 
from insanitary areas and are likely to transmit 
microorganisms to humans (Rivault et al., 1994). 
It is conjectured that almost 25% of hospitalized 
patients acquire nosocomial infections in develop-
ing countries (Ikechukwu et al., 2017; Zarei et al., 
2018). Multidrug-resistant (MDR) and ESBL espe-
cially E. coli have caused the main concern in sev-
eral countries (Bhat et al., 2012). Also, these plas-
mid-mediated enzymes frequently show resistance 
to trimethoprim-sulfamethoxazole (TMP-SMX), 
aminoglycoside and quinolones (Loucif et al., 
2016). Although bla CTX-M enzymes were detected 
in 1989, it means that the enzymes are widespread 
in both hospitals and the community, and are often 
detected in E. coli (Cantón et al., 2012; Hossinpour 
et al., 2019). The first bla TEM type beta-lactamase 
was bla TEM-3 that exhibited ESBL phenotype, sub-
sequently, over one thousand variants of bla TEM-1 
have been reported (Prinarakis et al., 1997). A larger 
number of bla SHV type ESBLs is found in strains of 
K. pneumonia, but they have equally been reported 
in other members of Enterobacterales. Isolation of 
ESBL-producing Enterobacterales in farms, wild-
life, and domestic animals and their possible role 
in the persistence and dissemination of resistant 
bacterial species to the human population has been 
widely reported (Afiukwa et al., 2016). Polymyxins 
as a class of polypeptide antibiotics were discov-
ered in 1947 by a study of the bacterium Bacillus 
polymyxia (Paterson and Doi, 2007). There are 
five different classes of antibiotics in the group of  
polymyxins, consisting of polymyxins A-E, which 

are the most important classes in clinical treatment 
of bacterial infections (Mahmoudi et al., 2020). 
This group of antibiotics had side effects like other 
antibiotics so the nephrotoxicity of polymyxins was 
proven in 1980 (Bonnet et al., 2014). This antibi-
otic plays an important role when the patient is ex-
posed to resistant strains (Antonic et al., 2013). In 
addition to having toxicity as a side effect, colistin 
is a very suitable antibiotic for eliminating MDRs, 
extensively drug-resistant strains (XDR), and even 
pan- drug-resistant strains (PDR) (Dalton-Griffin 
and Kellam, 2009). The success of this antibiotic 
in the treatment of resistant strains of Enterobacte-
rales did not last long (Bonnet et al., 2014). In con-
trast, there is still a lack of information on colistin 
and ESBLs-producing organisms from insect spe-
cies like B. germanica. This study aimed to deter-
mine antibiotic susceptibility and resistance genes 
to ESBLs and colistin in E. coli isolated from B. 
germanica by dot blot assay in Hamadan hospitals 
in west Iran.
Materials and Methods
Sample Collection and Identification of E. coli 
strains

In a cross-sectional study, between April and 
September 2018, B. germanica were randomly col-
lected from hospitals located in Hamadan, Iran. 
The B. germanica were gathered using hand catch, 
sticky traps. For sampling, sterile hand-gloves were 
used (Moxon and Paulus, 2016). Only whole and 
alive B. germanica were investigated in the study. 
The samples were immediately transferred to the 
microbiology laboratory of Hamadan University 
of Medical Sciences, Iran. The B. germanica were 
identified using reliable taxonomic keys by an ex-
pert in the Department of Entomology, insectari-
um Hamadan University of Medical Sciences, Iran 
(Zarei et al., 2018). The tubes containing the sam-
ples were filled with 70% ethanol for 5 minutes to 
disinfect their outer surface and then were allowed 
to air dry. Then the B. germanica were washed 
with normal saline to remove excess ethanol. Fi-
nally, their gut was dissected with sterile forceps 
under a microscope, then the instruments were ster-
ilized after each dissection. The gut samples were 
transferred to sterile tubes, transported to tubes 
containing thioglycolate broth media after homog-
enization, and incubated overnight at 37ºC. Then, 
they were inoculated on MacConkey agar plates 
(Merck, Germany) and incubated at 37°C for 24 
h. Subsequently, E. coli colonies were subjected to 
different biochemical tests including sugar fermen-
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tation, Simmons’ citrate, indole production, motili-
ty, methyl red, and Voges-Proskauer (IMVIC) tests 
(Aslani and Alikhani, 2009).
Screening and detection of ESBL-positive isolate

Strains resistant or intermediate to Cefotax-
ime and Ceftazidime (CAZ+CA and CTX+CA) 
were positive ESBLs strains. Combined test (CT) 
from the National Committee for Clinical Labora-
tory Standards (NCCLS) guidelines were used in 
the next step as well as using Ceftazidime discs. 
Strains whose difference in the growth halo diam-
eter greater than 5 mm in an antibiotic compared 
to the same antibiotic containing clavulanic acid as 
the positive ESBLs were considered.
Antibiotic susceptibility test 

Antibiotic susceptibility testing was carried 
out for E. coli isolates using the Kirby-Bauer disk 
diffusion method according to the Clinical and Lab-
oratory Standard Institute (CLSI 2018) guidelines, 
the applied antibiotics (Mast, England) including 
gentamicin (GM) 10 μg, cefotaxime (CTX) 30 μg, 
ampicillin (AMP) 10 μg, co-trimoxazole (SXT) 25 
μg, ciprofloxacin (CP) 5 μg, imipenem (IMP) 10, 
and also minimal inhibitory concentration (MIC) 
test for colistin determination. E. coli ATCC25922 
was used as a positive control for quality control 
and evaluation of results.
Identification of ESBLs and colistin genes by dot 
blot assay

In this study, DNA Flow Technology Master 
Diagnostica (Spain) provided the platform for rapid 
analyses in membrane-based reverse dot blot hy-
bridization processes. DNA target molecules were 
directed to complementary capture probes immo-
bilized in the matrix pores. The reaction between 
the target DNA and probes in a three-dimensional 
environment resulted in high signal intensity in a 
very short time. There were three distinct regions in 
this kit, identified as B: Hybridization control, CI: 
Exogenous amplification control, BG: Endogenous 
amplification control (ß-globin human fragment), 

using the position of the points created around the 
points. In this study, the dot blot assay was used to 
identify the presence of antimicrobial resistance in 
E.coli isolated from B. germanica (www.masterdi-
agnostica.com).
Results

Thirty-one isolates of E. coli were positive 
out of 109 B. germanica collected from hospitals of 
Hamadan, Iran. The pattern of antibiotic resistance 
of these bacteria was evaluated. Colistin and ampi-
cillin had the lowest and highest resistance, respec-
tively, shown in Table 1.

Dot blot assay was used to evaluate the 
strains carrying ESBLs genes based on hybridiza-
tion. In this method, the strains carrying bla CTX and 
bla SHV genes in E. coli isolates collected from B. 
germanica were determined using the DNA Flow 
Technology. The results of the analysis of the tab-
lets in the kit showed that out of 31 isolates from B. 
germanica, 9 isolates (29.03%) had the bla CTX gene 
and one isolate (3.2%) had the bla SHV gene. None 
of the isolates studied had colistin gene (mcr-1) as 
shown in Fig. 1.

Fig. 1. Detection of bla SHV and bla CTX genes 
based on dot blot assay.
Discussion 

B. germanica are one of the most common 
pests in hospitals (Loucif et al., 2016). It is proven 
that they can maintain several pathogenic microor-
ganisms with various degrees of antibiotic resist-
ance (Brown and Alhassan, 2014). B. germanica is 

Table 1. Antibiotic resistance patterns of E. coli isolated from B. germanica
                   Total      ResistanceIntermediate   SensitiveAntimicrobial agent

10031.7427.1041.16Gentamicin
10010000Ampicillin
10028.361.5010.20Cefotaxime
10030.319.1160.58Cefotaxime/Clavulanate
10032.611.356.10Co-trimoxazole
10048.5550.451.00Ciprofloxacin
 1006.4917.1076.41Imipenem
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the most abundant species of cockroaches (Tilahun 
et al., 2012). Their excreta can contaminate food 
and hospital equipment and threaten human health 
(Vahabi et al., 2007). Among them, E. coli is one of 
the pathogenic bacteria found in the digestive tract 
of B. germanica. The present study was performed 
to evaluate the frequency, pattern of antibiotic re-
sistance, and genotype of antibiotic resistance of E. 
coli carried by B. germanica collected from hos-
pitals in Hamadan (Iran). Out of the 109 B. ger-
manica collected, thirty-one, E. coli were isolated. 
However, in many studies K. pneumoniae, E. coli, 
P. aeruginosa, Salmonella spp., and other species 
were the most common of the dominant patho-
gens in the gastrointestinal tract of B. germanica 
(Elgderi et al., 2006; Kassiri et al., 2014; Ikechuk-
wu et al., 2017; Seyfi et al., 2022). The reason of 
this discrepancy with the results of other studies is 
probably the prevalence of nosocomial bacteria in 
that area. A different pattern of antibiotic resistance 
was observed in our study with none of the stud-
ied strains showing resistance to colistin antibiot-
ic, however, ampicillin and ciprofloxacin had the 
highest frequency in terms of resistance pattern. In 
various studies, the important role of B. germanica 
has been reported as a potential reservoir of multid-
rug-resistant (MDR) bacteria from Algeria (Menas-
ria et al., 2014), Turkey (Kutrup, 2002), Japan (Sai-
tou et al., 2009), and Taiwan (Chang et al., 2000), 
as well as different patterns of antibiotic resistance 
of pathogenic bacterial strains isolated from B. ger-
manica from India (Wannigama et al., 2014), Iran 
(Seyfi et al., 2022) and Bangladesh (Islam et al., 
2016). 

The lack of resistance to colistin indicates 
that a significant range of gram-negative intestinal 
bacteria has not yet become resistant to this antibi-
otic, so this antibiotic can still be used to improve 
outcomes of severe Enterobacterales infections. In 
agreement with these results, it is stated that colis-
tin is used as a last-resort antibiotic for the treat-
ment of multidrug-resistant gram-negative bacteria 
(Odoi et al., 2020). In our study, these differences 
in the prevalence of antibiotic resistance reported in 
different studies may be due to differences in phy-
sicians’ ideas on prescribing, availability, and cost, 
and ultimately the laws of different countries for 
prescribing antibiotics.

In our study, the resistance to ampicillin and 
ciprofloxacin antibiotics was consistent with re-
ports provided by Pai et al. (2004) and Bouamama 
et al. (2010). They reported that all species of com-
mon pathogenic bacteria isolated from B. german-

ica were resistant to ampicillin, chloramphenicol, 
tetracycline, trimethoprim-sulfamethoxazole. The 
results of the dot blot assay showed that 9 isolates 
(29.03%) from B. germanica had the bla CTX gene 
and one isolate (3.2%) had the bla SHV gene while 
none of the studied isolates had the colistin gene 
(mcr-1). According to results, Kim et al. (Kim et 
al., 1998) showed that bla SHV was the most com-
mon ESBL. Production of extended-spectrum be-
ta-lactamases such as ESBL and carbapenemases 
is the main mechanism of Enterobacterales resist-
ance (Moxon and Paulus, 2016). Bradford and et 
al showed in their research that bla TEM and bla SHV 
are more common than bla CTX, which is contrary to 
the results of our study (Bradford, 2001). Detection 
of bla CTX-M, bla TEM and bla SHV genes in pests such 
as B. germanica demonstrates the diverse and com-
plex nature of the reservoirs of organisms that use 
ESBL-encoding genes, therefore, the possible role 
of these insects in the spread of multidrug-resistant 
bacteria among humans is shown both in hospitals 
and in society (Ikechukwu et al., 2017).
Conclusion

According to the results of this study, since B. 
germanica play a key role in the spread of Entero-
bacterales and multidrug-resistant (MDR) strains, 
effective prevention and control strategies are re-
quired to reduce vector-borne diseases.
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