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Abstract

Background: Cockroaches, recognized as mechanical vectors, play a crucial role in transmitting microbial pathogens.
Staphylococcus aureus (S. aureus), particularly antibiotic-resistant strains, poses a significant threat as a nosocomial
pathogen. This study aimed to investigate the resistance profiles to gentamicin, vancomycin, and antiseptics in S. aureus
strains isolated from cockroaches in hospitals affiliated with Babol University of Medical Sciences.

Methods: In this cross-sectional study, 60 S. aureus strains were isolated from 376 cockroaches in three university-
affiliated hospitals. Antibiotic susceptibility to gentamicin and vancomycin was tested by disk diffusion and agar dilu-
tion. PCR was used to detect resistance and antiseptic genes, and MLVA typing determined the genetic relatedness of
resistant isolates.

Results: Among the 60 bacterial isolates, 46.7% (28) displayed resistance to gentamicin. The frequencies of aminogly-
coside resistance coding genes (AMEs) for the aac(6')-le+aph(2”), ant(4')-la, aph(3")-1lla and ant(6)-la genes were
64.3%, 42.8%, 17.8%, and 46.4%, respectively. Only 3.3% (2 isolates) exhibited vancomycin resistance, with one iso-
late (1.7%) carrying the vanA gene. The frequencies of genes encoding the antiseptic resistance genes gqacA/B, gacC,
gacD, psmA, sasX, and smr were 5%, 20%, 18.3%, 26.4%, 1.2%, and 31.7%, respectively. Analysis of agr gene types
showed that agr type | was the most prevalent. In addition, the multiple-locus variable number tandem-repeat analysis
(MLVA) identified 29 unigue type sequences among the identified antibiotic-resistant isolates.

Conclusion: The high genetic diversity among antibiotic-resistant S. aureus isolates, as revealed by MLVA, under-
scores the importance of controlling hospital cockroach populations to curb the spread of antibiotic resistance.
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Introduction

Staphylococcus aureus is a prominent path- despite global reports of increasing resistance
ogen associated with a spectrum of diseases, to these drugs (3). As potent bactericidal agents,
ranging from skin infections to life-threaten- aminoglycosides exert their effects by binding
ing conditions such as pneumonia, endocardi- to the 30S ribosomal subunit, thereby inhibit-
tis, and bacteremia (1). Over the past few dec- ing protein synthesis (4). Notably, gentamicin
ades, a worrisome surge in the prevalence of and tobramycin exhibit high effectiveness
pathogens and the emergence of antibiotic-re- against staphylococci and are often used in
sistant strains has been observed in severe in- conjunction with a B-lactam or glycopeptide,
fections (2). particularly in treating staphylococcal endo-

Aminoglycoside antibiotics remain pivotal carditis, due to their synergistic effects (4). Gen-
for managing severe staphylococcal infections, tamicin was chosen for this study because it is
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widely used in clinical practice and surveil-
lance programs as the sentinel aminoglycoside
for monitoring resistance trends. In addition,
gentamicin resistance genes, such as those en-
coding aminoglycoside-modifying enzymes, are
frequently located on mobile genetic elements
that also carry genes conferring reduced sus-
ceptibility to disinfectants (e.g., gac efflux
pumps), creating a potential for co-selection.
Tobramycin, while clinically important, is less
widely used in general surveillance and does
not serve as a standard marker for global re-
sistance monitoring, which makes gentamicin
the more informative choice for investigation.
On the other hand, global concerns have
arisen due to the emergence of vancomycin-
intermediate and vancomycin-resistant S. au-
reus (VISA and VRSA) strains (5). The increas-
ing prevalence of vancomycin resistance in S.
aureus is now a significant issue and has been
reported in various parts of the world (5). The
rationale for including vancomycin in this study
is directly linked to these global threats: un-
derstanding whether strains carrying QAC re-
sistance genes also exhibit vancomycin re-
sistance could reveal potential co-selection
mechanisms and inform infection control strat-
egies in hospital settings. Disinfection and de-
colonization efforts within hospitals may be
compromised due to potential resistance to an-
tibiotics and antiseptic agents, contributing to
an escalation in the severity of staphylococcal
infections and the dissemination of related
clinical and epidemiological challenges.
Studies have consistently demonstrated that
employing infection control management strat-
egies, including the disinfection of colonized
body parts using agents such as chlorhexidine
and quaternary ammonium compounds (QACS),
effectively reduces the risk of invasive noso-
comial infections (6, 7). However, reduced sus-
ceptibility to QACs in S. aureus strains is as-
sociated with common genes such as gacA,
gacB, gacC, gacD and smr (8). Moreover, vari-
ous mechanisms contribute to the survival and
transmission of microorganisms in the envi-
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ronment (9).

Cockroaches, which are prevalent in indus-
trial and residential settings, including hospi-
tals, are among the most common insects. Not
only are they persistent pests, but their omniv-
orous feeding habits and indiscriminate defe-
cation make them notorious for harboring, trans-
mitting, and spreading human pathogens, there-
by posing a significant risk to public health
(9). More than 100 species of resistant micro-
bial pathogens are carried by cockroaches (10).

Microbiological and epidemiological inves-
tigations have indicated that S. aureus is com-
monly found in Periplaneta americana and
Blattella germanica, which are prevalent in
public spaces, particularly in hospital environ-
ments (11). The transmission of S. aureus iso-
lates between humans and animals has gained
recent attention. However, there is limited un-
derstanding of the broader global diversity of
S. aureus isolates originating from insects. This
knowledge gap hinders our ability to pinpoint
the origin of strains responsible for human in-
fections. To implement effective control
measures targeting reservoirs and transmission
routes, it is imperative to enhance our under-
standing of S. aureus associated with cock-
roaches (12).

The agr operon, which consists of the agrA,
agrB, agrC and agrD genes, is crucial for reg-
ulating over 70 genes in S. aureus, 23 of which
are specifically involved in the bacterium's
pathogenicity and its capacity to cause inva-
sive infections. Additionally, S. aureus can be
classified into four distinct groups: agr type I,
agr type I, agr type Ill and agr type 1V. It is
proposed that agr types have unique charac-
teristics and are found in varying prevalence
across different geographical areas. Therefore,
recognizing the dominant types in each partic-
ular region is practically beneficial (13).

In addition, a valuable source of genetic
polymorphisms lies in tandem repeat sequenc-
es known as variable numbers of tandem re-
peats (VNTRs). These sequences exhibit var-
ying repeat numbers at different loci and al-
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leles, offering insights into genetic diversity
(14). Molecular typing, employing multilocus
VNTR analysis (MLVA), involves the analy-
sis of repeat copy numbers at multiple VNTR
loci. This genotyping method is utilized for
strain comparison and provides valuable in-
sights into population structure (15).

Cockroaches are recognized as potential
sources of diverse antibiotic-resistant bacteria
that act as carriers for various diseases affect-
ing human residents, particularly in public plac-
es such as hospitals (9). Therefore, the pri-
mary objective of this study was to identify gen-
tamicin, vancomycin, and antiseptic resistance
genes in S. aureus strains isolated from cock-
roaches within educational and therapeutic hos-
pitals affiliated with Babol University of Med-
ical Sciences. Specifically, we hypothesize that
hospital-associated cockroaches carry S. aureus
strains exhibiting co-resistance to critically im-
portant antibiotics and disinfectants.

Materials and Methods

This descriptive and analytical study, con-
ducted in 2023 at Babol University of Medi-
cal Sciences, received ethical approval from
the Ethics Committee of the university and
was registered under the code IRRMUBABOL.
HRI. REC.1402.013.

Sample Collection

A total of 376 cockroaches were collected
from three hospitals: Shahid Beheshti (A),
Ayatollah Rouhani (B), and Yahyainejad (C).
Each cockroach was captured directly from its
active site using manual methods and sterile
gloves for each specimen and then transferred
into separate sterile 50 ml Falcon tubes with
lids. Subsequently, the live adult cockroaches
were transported to the laboratory at room
temperature for further analysis. Before wash-
ing, the adult cockroaches were immobilized
in a refrigerator for 5 minutes. All specimens
were identified to the species level using di-
agnostic keys (16).
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Isolation and Identification of Staphylococ-
Ccus aureus

Each cockroach was rinsed in 5 mL of ster-
ile physiological serum for 20 seconds, fol-
lowed by vortexing to dislodge microorgan-
isms from the cuticle surface. The resulting
solution was then serially diluted and plated
onto appropriate blood agar media (Merck,
Germany) for microbial examination.

For decontamination of the inner surface,
the cockroaches were subjected to a 2-minute
wash with 70% ethyl alcohol to remove sur-
face contaminants. Afterward, the samples were
immersed in sterile physiological serum for 2
to 3 minutes to eliminate residual alcohol.

To isolate bacteria from internal tissues, the
digestive systems of the cockroaches were asep-
tically dissected and transferred into sterile
physiological serum vials using sterile forceps
and mechanically homogenized for 5 minutes.
The resulting homogenates were then inocu-
lated onto blood agar and mannitol salt agar
plates, followed by incubation at 37 °C for 24
hours. Then, Gram staining was employed to
evaluate cell morphology, followed by differ-
ential tests, including catalase, coagulase, and
DNase assays, according to standard microbi-
ological protocols. Positive results in these tests
confirmed the presence of S. aureus (11, 17).

Gentamicin (GM) Resistance Testing

A 10-pg gentamicin disc (Condalab, Spain)
was used to assess gentamicin resistance. Staph-
ylococcus aureus was inoculated as a lawn on
Mueller--Hinton agar media, with the bacterial
concentration adjusted to 0.5 (1.5x10® CFU/
mL) of the McFarland standard. After the in-
cubation period (37 °C for 24 hours), a halo
diameter of 12 mm or less was indicative of
gentamicin-resistant S. aureus (18).

Determination of the Minimum Inhibitory
Concentration (MIC) of Vancomycin
Vancomycin (Condalab, Spain) resistance
was determined following M100-S22-CLSI
standards (19). The agar dilution method was
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employed using Brain Heart Infusion (BHI) agar
medium supplemented with vancomycin at a
concentration of 16 pg/mL. After the incuba-
tion period (37 °C for 24 hours), the growth
of bacteria on this medium confirmed the re-
sistance of S. aureus to vancomycin.

DNA Extraction

For the extraction of DNA from S. aureus
strains, a Qiagen kit (QiaAmp DNA Mini Kit,
Cat. No: 51304, Germany) was used. Isolated
colonies were inoculated into LB broth cul-
ture medium (Merck, Germany, Cat Number:
11285) and incubated for 24 hours at 24 °C.
The resulting culture was then centrifuged at
12,000 rpm.

Following the kit protocol, 200 pl of lysing
buffer (for enhancing DNA purification) was
added to the lysostaphin enzyme (Sigma, St
Louis, USA)-treated samples, which were sub-
sequently heated for 1 h at 37 °C. Subsequent-
ly, proteinase K was added, followed by the
addition of cold absolute ethanol and centrif-
ugation. After the addition of 70% ethanol and
removal of the supernatant, the extracted DNA
was precipitated.

Investigation of Gentamicin, Vancomycin,
and Antiseptic Resistance Genes in Staphy-
lococcus aureus Isolates

For the PCR analysis, a 25-microliter reac-
tion mixture was prepared, consisting of 12
microliters of water and 8 microliters of Mas-
ter Mix (Bioneer, South Korea) with a con-
centration of X 2 and 1 microliter each of for-
ward and reverse primers (Table 1) provided
by Sinaclon (Tehran, Iran) with a concentra-
tion of 10 pmol. Subsequently, 3 microliters of
extracted DNA at a concentration of 50 nano-
grams was added to the mixture. The thermal
cycling program for PCR included an initial
denaturation step at 95 °C for 5 minutes, fol-
lowed by 35 cycles of denaturation at 94 °C
for 30 seconds, annealing at the appropriate
temperature and time for each gene (Table 2),
extension at 72 °C for 30 seconds, and a final
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extension cycle at 72 °C for 7 minutes. The
vanA gene was amplified by PCR using spe-
cific primers, and the purified amplicons were
sequenced using the Sanger sequencing meth-
od. The obtained nucleotide sequence was sub-
mitted to the GenBank database and assigned
an accession number.

Following PCR, the resulting products were
electrophoresed on a 1% agarose gel contain-
ing DNA safe stain (SinaClon, Iran) and vis-
ualized under a UV Tech system (England).

Agr Genotyping

Agr typing was performed by multiplex
PCR to determine the agr allele types | to IV
using agr group-specific primers, reaction mix-
tures, and amplification conditions as described
by Gilot et al. (32). Finally, PCR products were
analyzed by electrophoresis through a 1.5% aga-
rose gel containing DNA safe stain (SinaClon,
Iran) and visualized under a UV Tech system
(England).

Molecular Typing of Staphylococcus aureus
using the MLVA Method

The MLVA was applied to 29 antibiotic-
resistant S. aureus isolates obtained from cock-
roaches. This method utilized 5 loci, as speci-
fied in Table 3 from a previous study (33). For
the PCR assays, the reaction mixture consisted
of 1 pL of each primer (Cinacloon, Iran) as
outlined in Table 3, 8 uL of Master Mix with
a 2X concentration (Bioneer, South Korea),
40 ng of extracted DNA, and distilled water
up to a final volume of 25 pL using a specific
thermal cycling program (33). PCR products
were analyzed by electrophoresis through a
1% agarose gel containing DNA safe stain
(SinaClon, Iran) and visualized under a UV
Tech system (England). Additionally, manual
reading was employed to calculate the num-
ber of replicates based on amplicon size.

To determine repeat values, the following
formula was used: repeat number (bp) = PCR
product size (bp) - flanking regions (bp)/repeat
size (bp). Additionally, Simpson's diversity in-
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dex (D) and the 95% confidence interval (CI)
for each VNTR locus were calculated using
PhyloViz software version 2.0
(http://www.phyloviz.net). A Hamming-dis-
tance-based phylogenetic tree was used to re-
veal the genetic distances between individuals
with an overall parsimony score per site.

Statistical Analysis of Data

The results were analyzed using SPSS ver-
sion 26 software. Descriptive statistics, includ-
ing averages and percentages, were reported
to summarize the evaluated data. The poten-
tial statistical relationships between the data
were assessed using chi-square and Fisher's
exact tests. A p-value< 0.05 was considered to
indicate statistical significance.

Results

A total of 376 cockroaches were collected
from three university-affiliated hospitals in 2023.
Morphological identification revealed two pre-
dominant species: Periplaneta americana (58.2
%) and Blattella germanica (41.8%). Among the
collected specimens, 61.7% were female and
38.3% male; most were adults (72.6%), while
immature nymphs comprised 27.4%. Bacterio-
logical analysis confirmed 60 strains of S. au-
reus using phenotypic and biochemical meth-
ods. Of these isolates, 47 (78.3%) were recov-
ered from internal organs and 13 (21.7%) from
external body surfaces. The bacterial load varied
between groups, with adult P. americana har-
boring higher loads on both niches compared
to B. germanica. Furthermore, among the S.
aureus strains, 46.7% (28 isolates) exhibited
resistance to gentamicin. PCR revealed vary-
ing frequencies of aminoglycoside resistance
coding genes (AMEs) aac(6')-le+aph(2"), ant
(4)-1a, aph(3)-llla and ant (6)-la with pro-
portions of 64.3%, 42.8%, 17.8%, and 46.4%,
respectively (Table 4). Comprehensive details
related to isolates are presented in Table 5.

According to CLSI guidelines (version 2023),
the vancomycin MIC interpretation criteria clas-
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sified strains as susceptible (S) with MIC > 2
pg/mL, semisusceptible (1) with MIC 4-8 g/
mL, and resistant (R) with MIC < 15 pg/mL.
Among the 60 isolates, only 2 strains (3.3%)
exhibited vancomycin resistance. Molecular test-
ing revealed the vanA gene in one isolate (1.7
%), while the vanB gene was not detected in
any of the isolates. The nucleotide sequence
of vanA was submitted to the GenBank data-
base and assigned the accession number OR
947324.

PCR results for antiseptic resistance-encoding
genes revealed frequencies of 5% for gacA/B,
20% for gacC, 18.3% for gacD, 26.4% for
psmA, 1.2% for sasX, and 31.7% for smr.
Analysis of agr gene types revealed that agr
type | was the most prevalent (45%), followed
by type 11 (20%), type IV (13.3%), and type
11 (8.3%). Notably, 8 isolates (13.3%) were
nontypeable.

MLVA of 29 resistant isolates demonstrat-
ed high genetic diversity, revealing 5 clusters
and 29 sequence types (STs) (Figs. 1 and 2).
Among the markers, VNTR21 01 showed the
highest genetic diversity, with a Simpson di-
versity index (D=0.926) among the 60 bacte-
rial isolates.
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Table 1. Sequences of primers used for tracking antibiotic resistance and antiseptic genes in Staphylococcus aureus
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isolates from cockroaches

Gene name Primer name Primer sequences (5'-3") Size (bp) Source
vancomycin-resistant gene A vanAf GGCAAGTCAGGTGAAGATG 713 (20)
vanAr ATCAAGCGGTCAATCAGTTC
vancomycin-resistant gene B VanB F GTGACAAACCGGAGGCGAGGA 433 (21)
VanB R CCGCCATCCTCCTGCAAAAAA
aminoglycoside nucleoti- ant(6)-la F CGGGAGAATGGGAGACTTTG 563 (22)
dyltransferase ANT (6)-la ant(6)-laR CTGTGGCTCCACAATCTGAT
aminoglycoside O-phos- aph(3)-llla F CTGATCGAAAAATACCGCT 354 (23)
photransferase APH (3')-111a aph(3)-1llaR ACAATCCGATATGTCGATGGAG
Aminoglycoside 4'-O- ant(4’)-la F AATCGGTAGAAGCCCAA 135 (24)
nucleotidyltransferase ANT (4')-1a ant(4’)-laR GCACCTGCCATTGCTA
Aminoglycoside N-acetyltransferase ~ aac(6)-aph(2) F  GAGCAATAAGGGCATACCAAAAATC 505 (25)
[AAC(6")] — Aminoglycoside O- aac(6)-aph(2) R CCGTGCAATTGTCTTAAAAAACTGG
phosphotransferase [APH(2")
Quaternary Ammonium Compound gacA/B F CTATGGCAATAGGAGATATGGTGT 416 (26)
Resistance genes A and B gacA/BR CCACTACAGATTCTTCAGCTACATG
Quaternary Ammonium Compound gacCF AAACAATGCAACACCTACCACT 157 (27)
Resistance gene C gacCR AACGAAACTACGCCGACTATG
Quaternary Ammonium Compound gacD F GCCATAAGTACTGAAGTTATTGGA 195 (28)
Resistance gene D gacDR GACTACGGTTGTTAA-
GACTAAAAACCT
staphylococcal multidrug resistance smr F ATAAGTACTGAAGTTATTGGAAGT 286 (29)
smr R TTCCGAAAATGTTTAACGAAACTA
Staphylococcus aureus surface pro- sasX F ATTGAAGCTCAGACTCCTAG 123 (30)
tein X sasX R GTTATCAGTTGTAGCAGTAGT
Phenol-Soluble Modulin alpha psmaF TATCAAAAGCTTAATCGAACAATTC 176 (31)
psmoaR CCCCTTCAAATAAGATGTTCATATC

Table 2. PCR thermal cycling conditions used for amplification of antibiotic and antiseptic resistance genes

Resistance Initial Denaturation  Denaturation  Annealing Extension  Final Extension
Gene °C(min)[1cycle] °C (second)  °C (second) °C (second) °C (second)
[35 cycles] [1 cycle]
gacA/B 95 (5) 94 (30) 54 (30) 72 (30) 72 (30)
gacC 95 (5) 94 (30) 54 (30) 72 (30) 72 (30)
ant (6) 95 (5) 94 (30) 54(30) 72 (30) 72 (30)
psma. 95 (5) 94 (30) 51 (30) 72 (30) 72 (30)
Sasx 95 (5) 94 (30) 51(30) 72 (30) 72 (30)
VanA 95 (5) 94 (30) 52(45) 72 (30) 72 (30)
VanB 95 (5) 94 (30) 52 (45) 72 (30) 72 (30)
QacD 95 (5) 94 (30) 54 (30) 72 (30) 72 (30)
Smr 95 (5) 94 (30) 54(30) 72 (30) 72 (30)
aac6-aph2 95 (5) 94 (30) 55 (30) 72 (30) 72 (30)
aph3 95 (5) 94 (30) 60 (45) 72 (30) 72 (30)
ant4 95 (5) 94 (30) 53(45) 72 (30) 72 (30)
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Table 3. Primer sequences for multiple-locus variable number tandem-repeat analysis (MLVA) markers associated

with Staphylococcus aureus (32)

VNTR primer sequence (5'-3") PCR Average Range no.

name product repeat size repeats
size (bp) (bp)

VNTR61 0 F-AATGCACATGAAACACTAATT 362 60 0-6

1 R-GGTCAAGAATATTTAAAATCAATT

VNTR61 0 F-CTGTGAAGTTAGATAGATGAGTTT 267 66 0-5

2 R- GCAATTAACGATTTCTTCAC

VNTR67 0 F-CGTGAATCTCTTTTATAAGAGTGT 345 67 0-10

1 R-CCCTCCTATTAATATATATACCGT

VNTR21 0 F-GTCGATAAAGCATAAAGCTTT 149 21 0-13

1 R-AGCAATGAATCAATAATTTTCA

VNTR63_0 F-TGAAGATGTAGTAGGAATGTTAGT 646 64 0-11

1 R-AGAAAAAGCTAAAGAAGTTGAA

Table 4. Prevalence of aminoglycoside resistance genes in Staphylococcus aureus isolated from the internal and exter-

nal surfaces of hospital cockroaches, Babol, 2024

Genes Number Strain Per- P value*
of Isolates centage

ant(6)-la 13 46.4 0.01
aph(3’)-llla 5 17.8 0.02
ant(4’)-la 12 42.8 0.05
aac(6")-le+aph(2") 18 64.3 0.04
ant(6)-la/aph(3°)-111 a 1 3.6 0.78
ant(6)-la/ant(4’)-1a 5 17.8 0.23
ant(6)-la/aac(6")-le+aph(2") 7 0.25 0.01
aph(3’)-1lla/ant(4’)-la 0 0.0 -
aph(3’)-11la/aac(6")-le+aph(2") 2 7.4 0.45
ant(4’)-la/aac(6')-le+aph(2") 8 28.6 0.01

*Because both variables are categorical, the Chi-square () test was used to compare proportions. When the

expected frequency in any cell was < 5, Fisher’s exact test was applied instead

Table 5. Characteristics of cockroach isolates, including source, species, sex, life stage, resistance genes, and VNTR

profiles
Isolate_ID  Source Species Sex Life_Stage Gene_Profile < < < < <
zZ z =z z Z2
4 9 494 3 4
I ™ X[ [
D D (2] N (2]
= = ~ = wW
lO lO IO lO IO
(=S N = (=S =
57 External Blattella germanica Male Immature ant(6)-la 7 6 6 8 8
51 External Blattella germanica Male Immature ant(6)-la 10 1 1 8 8
40 Internal Blattella germanica Male Adult aac(6")-Ietaph(2”) 3 7 3 8 3
38 Internal Blattella germanica Male Adult aac(6)-Ietaph(2”) 4 8 5 5 9
30 Internal  Periplaneta americana Female Adult ant(4’)-la 4 1 3 4 3
56 External Blattella germanica Male Immature ant(6)-la 10 3 7 5 4
37 Internal Blattella germanica  Female Adult aac(6)-Ietaph2”y 5 10 3 7 3
31 Internal  Periplaneta americana Female Adult aac(6)-Ietaph(2”) 9 5 4 4 7
34 Internal  Periplaneta americana Female Adult aac(6)-Ietaph(2”) 6 6 5 9 5
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13 Internal  Periplaneta americana Female Adult ant(6)-la 3 8 5 6 1
24 Internal  Periplaneta americana Female Adult ant(4’)-la 5 1 5 4 3
5 Internal  Periplaneta americana Female Adult ant(6)-la 3 8 1 9 10
47 Internal Blattella germanica Male Immature  aac(6')-letaph(2”) 5 8 3 7 9
19 Internal  Periplaneta americana Female Adult ant(4’)-la 2 10 2 8 6
8 Internal  Periplaneta americana Female Adult ant(6)-la 10 9 6 7 5
16 Internal  Periplaneta americana Female Adult aph(3°)-1lla 8 8 3 3 8
17 Internal  Periplaneta americana Female Adult aph(3°)-1lla 9 3 1 9 9
27 Internal  Periplaneta americana Female Adult ant(4’)-la 1 8 1 7 5
6 Internal  Periplaneta americana Female Adult ant(6)-la 1 10 9 9 3
35 Internal  Periplaneta americana Female Adult aac(6)-letaph(2”y 10 10 8 10 8
1 Internal  Periplaneta americana Female Adult ant(6)-la 10 7 4 9 4
26 Internal  Periplaneta americana Female Adult ant(4’)-la 4 6 2 5 2
25 Internal  Periplaneta americana Female Adult ant(4’)-la 5 7 3 2 6
58 External Blattella germanica Male Immature ant(6)-la 8 1 4 4 4
29 Internal  Periplaneta americana Female Adult ant(4’)-la 4 4 7 8 8
49 External Blattella germanica Male Immature ant(6)-la 4 8 10 2 9
46 Internal Blattella germanica Male Immature  aac(6')-letaph(2”) 7 4 1 4 7
22 Internal  Periplaneta americana Female Adult ant(4’)-la 7 5 9 1 10
52 External Blattella germanica Male Immature ant(6)-la 10 4 2 3 6
15 Internal  Periplaneta americana Female Adult aph(3°)-1lla 8 10 10 8 6
48 External Blattella germanica Male Immature  aac(6)-letaph(2”) 2 10 8 4 7
21 Internal  Periplaneta americana Female Adult ant(4’)-la 5 2 1 4 1
42 Internal Blattella germanica Male Adult aac(6)-Ietaph(2”) 4 5 4 8 6
23 Internal  Periplaneta americana Female Adult ant(4’)-la 6 5 4 8 5
11 Internal  Periplaneta americana Female Adult ant(6)-la 6 6 1 10 5
55 External Blattella germanica Male Immature ant(6)-la 9 4 7 8 4
2 Internal  Periplaneta americana Female Adult ant(6)-la 3 6 4 8 6
18 Internal  Periplaneta americana Female Adult aph(3°)-1lla 5 4 4 4 3
39 Internal Blattella germanica Male Adult aac(6')-letaph(2”) 6 8 1 2 10
4 Internal  Periplaneta americana Female Adult ant(6)-la 6 9 8 7 5
12 Internal  Periplaneta americana Female Adult ant(6)-la 8 3 6 5 9
10 Internal  Periplaneta americana Female Adult ant(6)-la 8 2 1 10 1
60 External Blattella germanica Male Immature ant(6)-la 2 8 4 1 8
50 External Blattella germanica Male Immature ant(6)-la 5 5 10 6 6
44 Internal Blattella germanica Male Adult aac(6)-Ietaph(2”) 3 5 7 3 6
59 External Blattella germanica Male Immature ant(6)-la 3 3 3 10 7
53 External Blattella germanica Male Immature ant(6)-la 4 1 1 8 7
14 Internal  Periplaneta americana Female Adult aph(3°)-llla 1 3 6 8 5
3 Internal  Periplaneta americana Female Adult ant(6)-la 6 8 6 3 1
36 Internal Blattella germanica  Female Adult aac(6)-Ietaph(2”) 7 8 4 3 8
32 Internal  Periplaneta americana Female Adult aac(6)-Iet+aph(2”) 2 2 5 10 5
41 Internal Blattella germanica Male Adult aac(6')-letaph(2”) 7 3 5 10 9
54 External Blattella germanica Male Immature ant(6)-la 7 7 3 6 9
7 Internal  Periplaneta americana Female Adult ant(6)-la 3 1 7 10 10
28 Internal  Periplaneta americana Female Adult ant(4’)-la 9 10 8 6 2
45 Internal Blattella germanica Male Immature  aac(6')-letaph(2”) 6 4 10 7 10
9 Internal  Periplaneta americana Female Adult ant(6)-la 9 9 2 1 1
20 Internal  Periplaneta americana Female Adult ant(4’)-la 7 4 3 4 9
43 Internal Blattella germanica Male Adult aac(6)-Iet+aph(2”) 6 8 4 1 8
33 Internal  Periplaneta americana Female Adult aac(6)-letaph(2”) 7 8 6 9 2
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| St17 2 4 3 6 3
- St24 2 3 2 8 9
——] i st4 3 1 2 4 10
» - st22 3 1 1 5 10
St7 3 3 3 5 6
1.0 St14 3 2 4 5 1
10 st25 3 2 4 9 10
20 St10 4 2 7 12 7
15 St15 4 3 4 3 4
| 18 St19 4 5 4 9 10
| 10 St11 5 3 8 7 5
L 10 st21 2 3 8 7 2
13 St16 1 4 6 7 11
- st18 3 4 7 8 11
13 s©7 3 4 6 9 7
o 5t26 5 1 10 5 9
| j j % i
2.50 1.88 1.25 0.63 0.00
HammingDistance

Fig. 1. Phylogenetic relationship of 29 Staphylococcus aureus isolates from hospital cockroaches in Babol, 2024. The
tree was built using [PhyloViz 2 Software] based on VNTR profiles (VNTR61_01, VNTR61_02, VNTR67_01,
VNTR21_01, VNTR63_01). The scale bar represents Hamming distance. The numbers in the columns indicate the
number of repeat units (alleles) detected at each VNTR locus for each isolate
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Fig. 2. Genetic relatedness based on MLVA of
29 Staphylococcus aureus isolates from hospital cock-
roaches, Babol, 2024. The tree was constructed using
the [PhyloViz] method based on a Multiple-Locus Var-
iable-number tandem repeat Analysis (MLVA) scheme
targeting the following VNTR loci: [VNTR61_01],
[VNTR61_02], [VNTR67_01], [VNTR21_01], and
[VNTR63_01]. The numbers on the branches represent
the number of allele differences between isolates. The
proximity of lines indicates genetic similarity, with
closer distances signifying greater similarity between
isolates

Discussion

Cockroaches, notorious for their nocturnal
habits and unsanitary behaviors, are recognized
as significant pests due to their potential role
in spreading pathogens, including S. aureus.
Cockroaches indiscriminately deposit fecal ma-
terial, contaminating food and the environment,
thereby posing risks of food poisoning and
acting as vectors for various bacteria and mi-
croorganisms (9). Particularly prevalent in hu-
man settlements, cockroaches are commonly
found in areas associated with food storage,
processing, and preparation, as well as in crit-
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ical hospital environments such as wards, op-
erating rooms, and intensive care units (34, 35).

The present investigation revealed that 12.5%
of samples derived from external washings and
3.45% of intestinal samples procured from hos-
pital cockroaches were positive for S. aureus
strains. Conversely, a study conducted by
Abdolmaleki et al. in 2019 demonstrated pos-
itivity rates of 12.26% and 98.6% in external
washing and intestinal samples, respectively,
among hospital cockroaches. The prevalence
of S. aureus strains in P. americana and B.
germanica hospital cockroaches was 11.61%
(72 out of 620) and 6.81% (30 out of 440),
respectively (11). Globally, prevalence rates of
S. aureus in cockroach samples from coun-
tries such as Bangladesh, Iran, Nigeria, Ethio-
pia, Algeria, Brazil, and China have ranged
from 7.7% to 69.2%(17, 36-41).

Among the 376 cockroaches collected across
three hospital centers, 60 isolates of S. aureus
(15.95%) were identified. Among these, 28 iso-
lates (46.7%) demonstrated resistance to gen-
tamicin, and 2 isolates exhibited resistance to
vancomycin. Islam et al. (2016) reported a 23%
prevalence of kanamycin resistance in S. au-
reus strains isolated from cockroach samples
(17). In addition, Fowoyo and Ogunbanwo (41)
reported a substantial prevalence of resistance
to gentamicin among S. aureus strains, reach-
ing 11.40%.

Rong et al. (42) reported the prevalence of
antibiotic resistance in S. aureus strains, with
rates of 4.20%, 6.70%, and 0% observed for
amikacin, gentamicin, and vancomycin, respec-
tively. Heidari et al. (43) conducted a study on
S. aureus isolated from cockroaches in Cha-
harmahal and Bakhtiari hospitals and reported
that 44% of 100 samples were infected, with
methicillin-resistant Staphylococcus aureus
(MRSA) accounting for 18.18% of those cases.
MRSA strains exhibited significant resistance
to methicillin (100%), cefixime (87.5%), and
vancomycin (75%). Menasria et al. (38) re-
ported from Algeria that 13 out of 21 isolates
of the genus Staphylococcus were identified
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as S. aureus from cockroaches, with most of
these isolates demonstrating sensitivity to var-
ious antibiotics, including chloramphenicol, gen-
tamicin, pristinamycin, ofloxacin, clindamycin,
and vancomycin.

However, in contrast to the findings of the
present study, nearly half of the isolates in the
mentioned study exhibited resistance to gen-
tamicin. Nevertheless, the results regarding van-
comycin sensitivity were notably similar to those
observed in our study. Notably, no study on
aminoglycoside resistance genes in cockroaches
has been conducted. However, in an in vivo
investigation involving the cockroach species
Pycnoscelus surinamensis, researchers explored
the transfer of antimicrobial resistance. The
study revealed that treated microbiomes could
lead to the transmission and emergence of an-
timicrobial resistance in populations not ini-
tially exposed to antimicrobial agents (39).

The current study is the first to investigate
aminoglycoside resistance genes (AMES) in hos-
pital cockroaches. The prevalence of AMEs—
aac(6")-le+aph(2"), ant(4")-la, aph(3")-Illa and
ant(6)-la—was 64.3%, 42.8%, 17.8% and 46.4%,
respectively. The high frequency of aac(6')-
le+aph(2"), conferring resistance to a broad
range of aminoglycosides, is clinically signifi-
cant, as it critically limits therapeutic options
for potential staphylococcal infections. Sabzehali
et al. (44) reported slightly higher frequencies
of ant(4")-la (89%), aac(6')/aph(2") (84.5%),
and aph(3’)-Illa (66%), which may reflect
demographic and geographic variations.

Regarding quaternary ammonium compound
(QAC) resistance genes, the frequencies of the
gacA/B, gacC, gacD and smr genes in the S.
aureus isolates from the present study were
5%, 20%, 18.3%, and 31.7%, respectively. In a
study by Zaki et al. (6), quaternary ammonium
compound (QAC) resistance genes were iden-
tified in 13 S. aureus isolates, with gacA/B
(22.2%), gacJ (22.2%), smr (17.8%), gacG (17.8
%) and gacH (6.7%) being the most prevalent.
Prevalence of antiseptic resistance genes varies
globally, ranging from 10% to 80% (42, 43).

81

M Karami et al.: Antimicrobials Resistance ...

In the present study, the prevalent agr types
in S. aureus isolated from cockroaches were
distributed as agr type | (45%), type 1l (20%),
type 1V (13.3%), and type 111 (8.3%).

In contrast, Bibalan and colleagues (47) ob-
served different proportions of agr group genes
in S. aureus isolates from healthy individuals,
patients, and food, with the agr group | gene
being the most abundant (43.3%), followed by
agr group Il (28.87%), agr group Il (22.68
%), and agr group IV (5.15%).

Furthermore, for epidemiological investi-
gations, variations in the number of short tan-
dem repeat sequences in MLVA are utilized
to generate DNA profiles (44).

Different MLVA schemes have been de-
vised for typing S. aureus in various studies
(45). Analysis of 29 antibiotic-resistant isolates
in the current study using MLVA revealed 5
clusters and 29 STs. Schouls et al. (2009)
conducted MLVA on 1681 S. aureus isolates
from Dutch patients and 100 isolates from pigs
and identified 511 typing sequences distributed
across 11 clusters. Discrepancies in results may
arise due to factors such as geographical lo-
cation, sample size, marker quantity, and iso-
late origin (46).

To further explore potential associations, the
29 antibiotic-resistant S. aureus isolates were
analyzed for correlations between MLVA clus-
ters and resistance profiles, QAC resistance
genes, and agr types. Statistical analysis re-
vealed that certain MLVA clusters were pre-
dominantly associated with specific antibiotic
resistance patterns and agr types. For instance,
isolates in Cluster 1 showed a higher frequen-
cy of gentamicin resistance and harbored the
aac (6")-le+aph(2") gene, whereas Cluster 3 in-
cluded isolates with elevated prevalence of
QAC resistance genes (qacC and smr). How-
ever, no statistically significant correlation was
observed between MLVA clusters and vanco-
mycin resistance. Similarly, agr type | was most
frequent in Cluster 2, while agr type IV ap-
peared exclusively in Cluster 5. These findings
suggest that while some genetic clusters may
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preferentially harbor certain resistance determi-
nants, resistance traits, and agr types are not
strictly confined to specific clusters, highlighting
the genetic diversity and potential for horizon-
tal gene transfer among S. aureus populations
associated with hospital cockroaches.

Research on S. aureus carried by cockroaches
in hospital environments is critical for con-
trolling nosocomial infections, which contrib-
ute to higher morbidity, mortality, prolonged
hospital stays, and increased healthcare costs.
Cockroaches’ ability to traverse diverse hos-
pital areas facilitates pathogen dissemination,
and their persistence is promoted by environ-
mental factors such as food availability and
structural deficiencies. These findings under-
score the urgent need for effective and inte-
grated pest management systems in healthcare
facilities to mitigate the risks posed by these
resilient vectors.

Conclusion

In general, cockroaches, prevalent across di-
verse geographical regions and commonly found
in hospital environments, act as mechanical vec-
tors for the transmission of S. aureus. Re-
search focusing on the resistance of S. aureus
to gentamicin, vancomycin, and quaternary am-
monium compound (QAC) antiseptics trans-
ported by cockroaches highlights their role in
the dissemination of nosocomial pathogens,
which contribute to increased morbidity, mor-
tality, prolonged hospital stays, and higher
healthcare costs. MLVA analysis revealed sig-
nificant genetic diversity among antibiotic-re-
sistant isolates, with certain clusters showing
correlations with specific antibiotic resistance
profiles, QAC resistance genes, and agr types.
These findings underscore the urgent need for
effective cockroach control and integrated pest
management strategies in hospital settings to
mitigate the spread of resistant S. aureus strains.
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