https://bjm.ui.ac.ir/?lang=en

Journal of Microbial Biology

E-ISSN: 3060-7647

14 Year, Vol. 14, No. 54, 2025 pp. 15-47
Received: 29/05/2025 Accepted: 02/09/2025

(Research Paper)

Investigation of prevalence of biocide resistance genes gac A/B, smr and nor A in
Staphylococcus aureus isolates and susceptibility of these isolates to Benzalkonium chloride

Zahra Samsami
nzsamsami@yahoo.com
Department of biology, Kavian Institute of Higher Education, Mashhad, Iran

Nazanin Ataee '

Department of biology, Kavian Institute of Higher Education, Mashhad, Iran
ataeel1357@yahoo.com
Atefeh Sarafan sadeghi
Food quality control & hygiene department in Varastegan institute for medical science, Mashhad, Iran
sarafana@varastegan.ac.ir
Davood Mansury
Department of Microbiology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran
mansuryd@med.mui.ac.ir
Mahboubeh Derakhshani
Department of biology, Kavian Institute of Higher Education, Mashhad, Iran
mahboubeh.dr8262@gmail.com

Abstract

Staphylococcus aureus is a major cause of hospital-acquired infections. Quaternary ammonium compounds
(QACs) are widely used as antiseptics in healthcare facilities to prevent such infections. This study
investigated the prevalence of genes conferring resistance to benzalkonium chloride, a common QAC, in S.
aureus strains. A total of 150 Staphylococcus isolates were collected from various wards of Mashhad
hospitals. Diagnostic tests confirmed that 100 of these isolates were S. aureus, including 52 that were
identified as methicillin-resistant S. aureus (MRSA). Antimicrobial susceptibility was determined using the
disk diffusion method with 10 common antibiotics, and MRSA strains were confirmed using cefoxitin disks.
The minimum inhibitory concentration (MIC) of benzalkonium chloride was measured to assess the
sensitivity of the isolates. Finally, the presence of antiseptic resistance genes, specifically gacA/B, smr, and
norA, was investigated in all isolates using the polymerase chain reaction (PCR) method. The highest level
of resistance was to penicillin (85%), followed by erythromycin (50%), amikacin (45%), ciprofloxacin
(38%), doxycycline (36%), clindamycin (33%), tobramycin (27%), trimethoprim-sulfamethoxazole (23%),
gentamicin (19%), and cefoxitin (52%) among the S. aureus isolates. The MIC range for benzalkonium
chloride was 0.01 — 2 pg/mL. Molecular analysis revealed that the gacA/B, smr and norA genes were present
in 37%, 49% and 41% of the isolates, respectively. These results suggest that benzalkonium chloride remains
an effective disinfectant. However, penicillin resistance in S. aureus has increased significantly over time,
rendering benzalkonium chloride less effective. The study also found that the smr gene was more prevalent
than the gacA/B and norA genes in these isolates.
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Introduction

Staphylococcus aureus is a major human pathogen and a leading cause of hospital-acquired infections. This Gram-
positive bacterium can survive in various environments, including biofilms on living (biotic) and non-living (abiotic)
surfaces. While some species of Staphylococcus are part of the normal human flora, others, such as S. aureus, can
cause serious conditions including abscesses, sepsis and food poisoning. The increasing resistance of S. aureus to
antibiotics and antiseptics poses a significant clinical challenge worldwide.

Resistance to disinfectants and antiseptics is often mediated by specific genes, such as the plasmid-borne gacA/B
and smr genes, and the chromosomal norA gene. These genes confer tolerance to commonly used disinfectants such
as quaternary ammonium compounds (QACs), including benzalkonium chloride. The aim of this study was to
investigate the prevalence of antiseptic-resistance genes (qacA/B, smr and norA) in clinical S. aureus isolates, and
to determine their minimum inhibitory concentrations (MICs) against benzalkonium chloride.

Materials and Methods

This study was conducted in 2022-2023 (1401), with ethical approval granted by Mashhad University of Medical
Sciences (IR.MUMS.REC.1399.367). A total of 150 suspected Staphylococcus isolates were collected from clinical
samples (urine, blood, tracheal aspirate, wound swabs and abscess) at four hospitals in Mashhad (Qaem, Imam Reza,
Razavi, and Akbar). The isolates were identified as S. aureus based on standard microbiological tests, including
Gram staining, catalase, coagulase, DNase, and mannitol salt agar test. Antimicrobial susceptibility testing was
performed using the Kirby—Bauer disk diffusion method on Mueller—Hinton agar, in accordance with the 2021 CLSI
guidelines. The results for tobramycin and amikacin were interpreted based on EUCAST guidelines. The MICs of
benzalkonium chloride were determined using the broth microdilution method in 96-well microplates, in accordance
with the 2020 CLSI guidelines. Each isolate was tested in triplicate. The presence of the gacA/B, smr and norA
genes was then detected using a polymerase chain reaction (PCR) and confirmed via agarose gel electrophoresis.

Results and Discussion

Of the 150 samples collected, 100 (66.6%) were identified as S. aureus isolates. The largest proportion of isolates
originated from the emergency department (36%) and the intensive care unit (34%), as well as from clinical samples,
such as urine (26%) and blood (23%). The antibiotic resistance profile revealed that penicillin resistance was the
most prevalent (85%), while gentamicin resistance was the least prevalent (19%). The resistance rates for other
antibiotics were as follows: erythromycin (50%), amikacin (45%), ciprofloxacin (38%), doxycycline (36%),
clindamycin (33%) and trimethoprim-sulfamethoxazole (23%). Based on their resistance to cefoxitin, 52% of the
isolates were categorized as methicillin-resistant S. aureus (MRSA). Molecular analysis revealed the presence of
smr, norA, and gacA/B genes in 49%, 41% and 37% of the isolates, respectively. The MIC values were 0.01-2
pa/mL. Our findings suggest that the presence of the gacA/B gene, followed by the norA gene, is directly correlated
with higher MIC values in the isolates. This indicates a strong link between these genes and reduced susceptibility
to the antiseptic.

Conclusion

This study confirms that, when used properly, benzalkonium chloride remains an effective antiseptic for infection
control. However, antibiotic resistance in S. aureus, particularly to penicillin, is becoming increasingly prevalent
and is a growing concern. The high prevalence of MRSA strains can be attributed to factors such as the overuse of
antibiotics and antiseptics, prolonged hospitalization and patient transfers, all of which facilitate the spread of
resistant clones. These findings emphasis the urgent need for hospitals to strictly monitor antibiotic use and enhance
infection control measures to prevent the further spread of resistant strains.
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Table 5: Antibiotic Resistance Test Results of Staphylococcus aureus Isolates
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Diagram 3: examination of the distribution of relative MIC frequencies observed in isolates
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Figure 1: Agarose gel electrophoresis of gacA/B gene products. Line 1: DNA ladder; Line 2: positive control; Line 3: negative
control; Lines 4, 6, 7, 9, 12: 361 bp positive samples were observed.
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Figure 2: Agarose gel electrophoresis of smr gene products. Line 1: DNA ladder; Line 2: positive control; Lane 3: negative
control; Lines 4,5, 7, 8,9, 10, 11, 14: 157 bp positive samples were observed.
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Figure 3: Agarose gel electrophoresis of norA gene products. Line 1: DNA ladder; Line 2: positive control; Lane 3: negative
control; Lines 5,7, 8,9, 11, 12, 13, 14, 15: 310 bp positive samples were observed.

doi: 10.22108/bjm.2025.145388.1635


doi:%2010.22108/bjm.2025.145388.1635

VP OF oled s sler b (o35 elid s

v

O ol &S sbalis js o)y &S 5 se 53 thiles s
03 o Ll 035 Lo s YF/A (Conl @l ) sl
4 de 3 Vo /A 53 Gl ails el 0 opl &S glaa s
o3 G el g oo Lles gy e (g LIS
(Sl S5 ¢S 50 5T 4 Cslis L gac AB o
ol a LUl (p=2/00Y) 5yl sy (sols sme bLS
T ,o0ac ABB 0 S sbalir ;3 & Sl &g
polis AL ST 4 Lo ys FA/S (Sl ails g
O3 ol &S pbalis js Aoy I &S 5y swe 53 thiles s
0aC O g ol 03 9 doo 35 YA/F il ) g
LUl 55 oS she S5 8T 4 sl L AB
Syse ol a LU (P=2/2V) 3,05 529 ()l sme
wils 355 @1 ;30aCA/B 05 oS sladld 534S Sl
S50 53 e 5y pslhe (S s 4 Lo 53 FVIF (Ll
FY/A B g 05 o) oS ol 3 Aoy ol oS
LUyl eSS om 3T ple by Gl o3y doys
0aC 05 ssi> 5 &S5 ST OT & Cunslin b (55l gan

.JJ‘.\J :ﬁ)A/B

&

-
9smr gac A/B sloi Ok s jgas iy

b los> 3 NOrA
0aC O 4w 2 4l YY 53 PCR jlodaT s i Gl
YO sluss il gl Ol s sba NOrA 3 smr (A/B
alde YV sl Smros gac AIB - slad) lyls alas
&lyls alus YF sl nOrA gsmr«qac A/B sl lyls
ald= FA slaws (Ol jen 5 gbas NOrA s gac AIB s
Nor A 03 slyls ald FY slias piomen 9 SMIF G5 (0o

.~U‘a.§j.3

Lnor A gsmr gac A/B slyj ygas by

5 9 ST Cnglio
nor ssmr «gac A/B <l sl phe bl bls,l
S wle Ve s SO T sl LA
O 7 Jsder bl g s s o] S 5S skl
o Ll AlST 0S5 g0 5T & Cnglis LQAC A/B (35 5o
Ui‘ 4; LU)‘ (p='/~Y"F) J)\D .5)>-3 6)‘}6406 .]aL.?)\
l@JT BL qaC A/B Qj 4§ u;'f.h“‘.'."'\’ DL 4{ s:..w‘ Q)}.p

r)l.z.n Mb‘u\..:.lf o Lo yd YAV (ol atils Sy

sl eSS bl Gl Vee 55 (S se ST Caglie L GACAB 05 5 e e b sl LU, Jour
Table 6: Association between gacA/B gene presence and antibiotic resistance in 100 clinical S. aureus isolates
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Table 7: Association between smr gene presence and antibiotic resistance in 100 clinical S. aureus isolates
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Table 8: Association between norA gene presence and antibiotic resistance in 100 clinical S. aureus isolates
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Table 9: Association between co-presence of gacA/B and smr genes and antibiotic resistance in 100 clinical S. aureus
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Table 10: Association between co-presence of gacA/B and norA genes and antibiotic resistance in 100 clinical S. aureus
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Table 11: Association between co-presence of smr and norA genes and antibiotic resistance in 100 clinical S. aureus isolates
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Table 12: Association between co-presence of gacA/B, norA, smr and genes and antibiotic resistance in 100 clinical S.

aureus isolates
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C values with antibiotic resistance in 100 clinical S. aureus isolates

Table 13: Correlation of Ml
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Table 14: Correlation of MIC values with presence of resistance genes in 100 clinical S. aureus isolates
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