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ARTICLE INFO ABSTRACT
Keywords: Background: The study was conducted with the aim to investigate the VRSA isolates in terms of
Hospital acquired infections (HATs) their susceptibility to routinely used biocides influenced by the co-occurrence of biocide resistant

Biocide resistance genes (BRGs)

gene (BRGs) and efflux pumps genes.
Vancomycin resistant Staphylococcus aureus

Methodology: Frequently touched surfaces within intensive care unit (ICU) of cardiac hospital

VRSA e g . . . . . .

¢ ) were classified into three primary sites i.e., structure, machines and miscellaneous. Over a period
Efflux pump genes (EFPGs) N

Disinfectants of six months (January 2021 to July 2021) twenty three swabs samples were collected from these

sites. Subsequently, these samples underwent both phenotypic and molecular methods for VRSA
isolation and identification. Susceptibility and efficacy testing of biocides (benzalkonium chloride
(BAQ), cetrimide (CET) and chlorhexidine gluconate (CHG)) were evaluated using microdilution
broth and suspension method. Furthermore, specific primers were used for singleplex PCR tar-
geting BRGs (cepA, gacA, and qgacE) and efflux pump (norA, norB, norC, sepA, mepA and mdeA)
associated genes.

Results: We found that 72.2 % S. aureus demonstrate the presence of vanA or vanB genes with no
significant difference among three sites (p > 0.05). cepA is the most dominant BRGs followed by
gacA and gacE from structure site as compared to other sites (p < 0.05). BAC showed reduced
biocide susceptibility and MIC50. There was no significant difference between presence or
absence of BRGs and high MIC values of VRSA isolates from all three sites. However, efflux pump
genes (EFPGs) particularly norA and norA + sepA had a significant association with BRGs and
reduced biocide.

Conclusion: BAC is the most effective disinfectant against VRSA. Proper and controlled use of BAC
is required to overcome the VRSA contamination. We recommend continuous monitoring of the
BRGs prevalence for better prevention of microorganism dissemination and infection control in
hospitals.
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1. Introduction

The earliest strain of vancomycin-intermediate Staphylococcus aureus (VISA) was revealed in May 1, 9961 in Japan [1]. These
isolates were reported globally and developed vancomycin resistance [2]. The WHO recently designated vancomycin resistant
Staphylococcus aureus (VRSA) as a high priority pathogen that has the potential to increase fatality rates globally [3].

The resistance to vancomycin is associated with van genes. This could be inherited by both mutation and horizontal transfer of
vancomycin-resistant genes among the bacteria. So far, 11 van genes, vanA, vanB, vanD, vanF, vanl, vanM, vanC, vanE, vanG, vanL, and
vanN, have been described [4]. Among them, vanA and vanB genes are the most important and frequently reported from hospital
isolates [5]. Being highly resistant to VRSA is known for high virulence and pathogenicity potential. They are able to produce thick
biofilm owing to their thick cell walls. This in turns makes VRSA resistant to surface disinfectants and biocides [6]. These isolates
persist in the healthcare facilities and may results in dissemination of antimicrobial resistance genes (ARGs) and biocides resistant
genes (BRGs) [7,8].

Disinfection is pivotal to the mitigation of nosocomial pathogen dissemination and infection control [9]. Biocides, such as anti-
septics and disinfectants, have been often used in healthcare settings for long time to maintain environmental bioburden [10]. With the
generations of different biocides formulations, biocide resistance is a also a substantially emerging challenge [11,12].

Biocides resistance may be an intrinsic property, or it may arise either by chromosomal gene mutation or by the acquisition of
biocide resistant genes (BRGs) such as gacA and cepA. These genes may be associated with plasmids or transposons [13]. Efflux pumps
also play important role in this process and result in reduce biocide susceptibility in pathogens [13,14].

Here we hypothesized, that efflux pump resistance (EFGs) mediated genes may be associated with BRGs and reduced biocide
susceptibility among VRSA isolates. The study was designed with the aim to analyze the VRSA isolate from hospital surfaces for BRGs
and investigate the association between BRGs and biocide susceptibility along with routinely used biocide efficacy testing. It is a
pressing issue in health care settings, yet there is only a small number of studies available worldwide addressing reduced biocides
susceptibility and biocide minimum inhibitory concentration (MICc) values among nosocomial pathogens.

2. Material and methods
2.1. Study design

The study was conducted over a span of six months (January 2021 to July 2021) at a tertiary level autonomous public sector
hospital for cardiac diseases (Faisalabad institute of cardiology) with the capacity of 202 beds. This hospital situated in Punjab

province with largest population of ~100 million. The primary catchment area is Faisalabad with ~3.5 million population and bears
the burden of surrounding 3 district. The charcoal swab (ThermoFisher, USA) samples were collected from frequently touched surfaces
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Fig. 1. Diagrammatical explanation of sample collection. Swab samples were collected from three frequently touched sites of ICU of cardiac care
hospital situated in Punjab province bears the burden of surrounding three districts. For full coverage of ICU these sites were divided into 1.
Structure (walls, floor, and switches), 2. Machines [Ele. (elevator), BM (biometric machine), ECG (electrocardiogram), CM (cardiac monitor), Ven
(ventilator), IP (infusion pump), SP (spirometer), PCM (paeds cardiac monitor), AM (anesthesia machine), PPM (permanent pacemaker), DFiB (D
fibrillation machine), PIP (paeds infusion pump), NB (nebulizer) and PM (pacemaker)], 3. Miscellaneous [chairs, lights, doorknobs, NC (nursing
counter), PC (pharmacy counter) and PT (paeds table)].
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of intensive care unit (ICU) ward by selecting the 10 and 5 cm? areas according to standard operating procedure of environmental
sampling Fig. 1 [15].

2.2. Bacterial strains

These samples were streaked on selective agar (Mannitol salt agar, Oxoid, UK) for S. aureus isolation. Briefly, all suspected isolates
from selective agar were gram stained and tested for catalase (bioMerieux, Marcy L’Etoile, France), coagulase (Remel™ Coagulase
Plasma - ThermoFisher Scientific, UK) and latex agglutination test (Slidex Staph Plus, bioMerieux, Marcy L’Etoile, France) [16].

2.3. Determination of vancomycin resistant Staphylococcus aureus (VRSA)

All confirmed S. aureus isolates underwent antibiotic susceptibility testing using disc diffusion method based on Clinical and
Laboratory Standards Institute (CLSI) guidelines [17]. The phenotypically confirmed VRSA isolates were subjected for genomic DNA
purification (ThermoFisher, USA). confirmation of VRSA was conducted using singleplex polymerase chain reaction (PCR) with
specific oligonucleotide primer sequence and AccuPrime master mix (Invitrogen, USA) (Supplementary Table 1a). Applied Biosystems
(ThermoFisher, USA) thermocycler was programmed with the initial denaturation, (10 min at 94 °C; 30 cycles with a 30 s denaturation
step at 94 °C), a 45 s annealing step at 50 °C and a 30 s extension step at 72 °C and 10 min extension step at 72 °C and a holding step at
4 °C [16]. Resulting PCR product were electrophoresed, stained (10 pM ethidium bromide) and visualized under UV transillumination
(Gel Doc EZ imager, Biorad laboratories, USA) [18]. Enterococcus faecium ATCC 51559 and Enterococcus faecalis ATCC 51299 were used
as vanA and vanB positive control, respectively. Meanwhile, Enterococcus faecalis ATCC 29212 was used as vanA/B negative control
strain.

2.4. 16S rRNA gene sequencing

All confirmed VRSA isolate underwent the amplification of partial (1.5 kb fragment) sequence of the 16srTRNA gene. This process
involved specific primers and reaction condition. The amplified products were then sequenced by 1st Base (www.Base.asia.com) using
sanger sequencing techniques (Supplementary Table 1b). The resulting sequences were compared to the NCBI database to verify their
identity.

2.5. Biocides susceptibility testing

To access biocide susceptibility, the Minimum inhibitory concentration (MICs) of benzalkonium chloride 20 % (BAC), 100 %
potency of cetrimide (CET), and chlorhexidine gluconate (CHG) were determined using microdilution broth (Mueller Hinton broth
(Merck, Germany)). The MICs value ranged from 0.25 pg/mL to 128 pg/mL as per guidelines of Clinical and Laboratory Standards
Institute (CLSI). The bacterial inoculum was adjusted to a final concentration of 1 x 108 CFU/ml by spectrophotometric (ThermoFisher
scientific, USA) measurement at 625 nm with observance between 0.8 and 1.3 [13]. S. aureus ATCC 6538 was used as a negative
control and served as baseline for MICs. Any values above this threshold considered as tolerance concentration. Additionally, The
MICso and MICgq concentrations were also determined.

2.6. Detection of biocide resistant genes

All VRSA isolates were screened for the presence of BRGs (cepA, gacA, and gacE) by singleplex PCR using specific oligonucleotide
primer sequences (Supplementary Table 1c). The cepA gene is associated with reduced susceptibility to CHG, whereas gacA and qacE
genes are known for their decreased susceptibility to BAC and CET.

The genomic DNA from VRSA isolates was extracted using QIAamp DNA Mini kit (Qiagen, USA) as per manufacturer’s instructions.
Each reaction contained 12.5 pL master mix (AccuPrime, Invitrogen, USA), for each primer; 1 pL (10 pmol) of forward primer, 1 pL (10
pmol) of reverse primer, 2 pL of DNA extract and final volume was 25 pL by adding sterile HyO. The thermocycler from Applied
Biosystems (ThermoFisher, USA) was programmed for qacA, and gacE genes with initial denaturation step 96 °C for 3 min, followed by
25 cycles of 95 °C for 20 s, annealing step 53 °C for 20 s, extension step 72 °C for 20 s, a final extension step at 72 °C for 5 min. However,
for cepA annealing temperature was set to 66 °C [13,19].

2.7. Efficacy testing of routinely used biocide

BAC, CET and CHG were selected as biocidal agents due to their frequent and widespread use in healthcare systems globally,
including the studied hospital [20]. To access their efficacy against the isolated VRSA, a suspension test was used as per European
Standard Guidelines [21]. Bacterial test suspensions were prepared by seeding sterile nutrient broth with an isolated colony and
incubating under rotary conditions (125 rpm) for 12 h at 37 °C. Bacterial cell counts were adjusted to 1 x 10'° CFU/ml, using sterile
saline solution. Chemical test solutions of BAC (20 %, Sigma USA), CET (100 %, Sigma USA) and CHG (20 %, Sigma USA) were
prepared. Before testing, all reagents were equilibrated to the test temperature of 20 °C using the water bath. Subsequently, 8 mL test
products (BAC, CET, CHG) were transferred separately to sterile containers with 1 mL sterile water. Afterward, 1 mL microbial sus-
pension containing 1 x 10'° bacterial cells followed by 1 mL interfering substance (3.0 g/L bovine serum albumin) (Sigma USA) was
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added to each container and incubated for 0-30 min while mixing at 20 °C. At set intervals of 5, 15, and 30 min, 1 mL test mixture was
transferred into a tube containing 8 mL neutralizer (30 g/L polysorbate 80 + 3 g/L lecithine/l-a-phosphatidylcholine from egg yolk)
(Sigma USA) and 1 mL sterile water. Samples were mixed and incubated in the water bath for 5 min. After neutralization, 100 pL
bacterial suspension was transferred onto agar plates in triplicate and incubated at 37 °C for 24 h. Surviving cells of treated organisms
were counted to determine the level of bacterial inactivation following exposure to the test solutions compared with the untreated
control. For compliance with this test, test chemicals must achieve a 10° bacterial cell and 10* bacterial cell reduction in treatment
time <5 min and <15 min, respectively [20]. The suspension of above mentioned neutralizer and sterile water without test products
served as a negative control for the test.

2.8. Efflux pump inhibitor and reduced biocide susceptibility

To ensure the potential presence of efflux pumps, The MICs of BAC, CET and CHG were accessed in the presence of carbonyl cyanide
m-chlorophenyl hydrazone (CCCP) (10 mg/L Sigma, USA) as a pump inhibitor [22]. This was undertaken to observe any potential
reduction in the MICs of the biocides. The presence of efflux pumps would be confirmed by a decreased in the MICs value of the
biocides in the presence.

2.9. Detection of efflux pump resistant genes

All VRSA isolates were screened for the presence of efflux pump resistant genes (EFPGs) (norA, sepA, mepA and mdeA) by singleplex
PCR using specific oligonucleotide primer sequences (Supplementary Table 1d). The genomic DNA from VRSA isolates was extracted
using QIAamp DNA Mini kit (Qiagen, USA) as per manufacturer’s instructions.

Each reaction contained 12.5 pL master mix (AccuPrime, Invitrogen, USA), for each primer; 1 pL (10 pmol) of forward primer, 1 pL
(10 pmol) of reverse primer, 2 pL of DNA extract and final volume was 25 pL by adding sterile H,O. The thermocycler from Applied
Biosystems (ThermoFisher, USA) was programmed for norA gene was initially denatured at 94 °C for 4 min, followed by 35 cycles of
denaturation at 94 °C for 30 s, annealing at 60 °C for 45-55 s and extension at 72 °C for 55 s to 1 min, followed by a step of final
extension at 72 °C for 5 min. However, for sepA, mepA and mdeA annealing temperature was set to 61 °C [23].

2.10. Statistical analysis

Variables normality was evaluated using Kolmogorov-Smirnov test. Comparisons between groups were assessed using the Krus-
kal-Wallis test followed by a post hoc Dunn’s multiple comparison test due to the small data set. Biocides efficacy testing involved
triple repetitions with three plate replicates per data point, resulting in a mean result for each experimental group. The log reduction
was calculated as the log of the ratio of the concentration of the untreated and treated samples (log [nontreated/treated]) and rep-
resented as percentage loss in viability. Student t tests were performed, with statistical significance set as p < 0.05. Analysis employed,
SPSS (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.) for statistical computation.
Antibiotic susceptibility pattern was analyzed through clustering, enhancing proximity, followed by a heat map display of permuted
data. A hierarchical clustering heat map of antibiotic resistance profiles for isolates was constructed using XLSTAT (Addinsoft, New
York, USA).

3. Results
Isolation, identification, and antibiotic susceptibility pattern of vancomycin resistant S. aureus isolated (VRSA) from frequently

touched surfaces of ICU ward.
To determine the prevalence of VRSA isolates within the ICU ward. A total of twenty-three swab samples were obtained from three
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Fig. 2. Isolation and identification of VRSA. Samples from three frequently touched sites i.e., 1) Structure 2) Machines and 3) Miscellaneous
subjected for S. aureus isolation on selective media, phenotypic detection for VRSA by antibiotic disc diffusion method as per CLSI and further PCR
detection for vanA or vanB to confirmed VRSA. The results were showed in terms of percentage frequency (Isolates frequency/total number of
isolates x 100).
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primary (machine, structure, and miscellaneous) high contact sites of the studied ward. Subsequently, these samples were undergone
for isolation as well as phenotypic and molecular identification. We found 72.8 % (n = 18/23) were confirmed as S. aureus and 83.3 %
(n =15/18) showed phenotypic resistance to vancomycin. According to PCR analysis 72.2 % (n = 13/18) of this S. aureus had the vanA
or vanB gene and with no significant difference across three sites and internal control (p > 0.05) (Fig. 2). Notably, the frequency of
isolation was significantly highest among the samples from machines in comparison to the other sites (structure and miscellaneous) (p
< 0.05). These results suggest machines were the most contaminated site and potentially contributing to the transmission of hospital
acquired infection (HAIs) linked with VRSA. Moreover, to determine the antibiotic susceptibility and similarity pattern between VRSA
isolates. The disk diffusion method was used, and antibiotic resistance profile were analyzed through hierarchical clustering. The VRSA
isolates exhibited complete resistance to several antibiotics, including oxacillin (100 %), cefoxitin (100 %), vancomycin (100 %),
doxycycline (100 %), and clindamycin (100 pg). Conversely, azithromycin and linezolid (26 %) were the highest sensitive antibiotic
against VRSA isolates (Fig. 3) (Supplementary Fig. 1). These results suggest VRSA isolates were resistant to multiple antibiotics. Hi-
erarchical clustering within the heat map showed three primary clusters (A, B and C). Cluster A grouped five VRSA isolates from
machines [(n = 2), USA44 and USA45] and miscellaneous sites [(n = 3), USA50, USA51 and USA53]. Notably, USA44 and USA45
exhibited the highest antibiotic susceptibility similarities within cluster A. While cluster B also included five VRSA isolates from
structure [(n = 4), USA39, USA40, USA41, and USA42] and miscellaneous sites [(n = 1), USA52]. USA42 and USA52 exhibited the
most pronounced antibiotic susceptibility similarity within cluster B. Furthermore, cluster C consists of four VRSA isolates from
structure [(n = 1), USA43], machine [(n = 2), USA46 and USA47] and miscellaneous sites [(n = 1), USA49]. USA43 and USA47
displaying the highest similarity for antibiotic susceptibility pattern within cluster C. Conversely, USA48 did not show any significant
linkage in hierarchical clustering (Fig. 3). Overall, these clustering patterns reveal probable sources and modes of spread within each
cluster, pointing to distinct pathways and mechanisms of antibiotic resistance transmission across the VRSA isolates.

Distribution frequency of biocide resistant genes (BRGs) and biocides susceptibility values of vancomycin resistant Staphylococcus
aureus (VRSA) isolates.

For effective control of VRSA dissemination within the ICU. We assessed biocide susceptibility and the distribution of BRGS (cepA,
qacA, and qacE) through microdilution and singleplex PCR method. We hypothesized there is an association between BRGS and biocide
susceptibility. We found that cepA and cepA in combination with gacA were the most predominant BRGs. Moreover, the isolates from
structure site (n = 3) harboring highest BRGs frequency (100 %) with least (16.6 %) among isolates from miscellaneous site (n = 6)
(Fig. 4). Overall, these results suggest structure site provide a favourable environment for the dissemination of BRGs within the ICU. In
addition, Regarding the MICs values of VRSA isolates against three biocides (BAC, CET and CHG) ranged from 8 to 128 ug/mL. No
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Fig. 3. Heatmap showing hierarchical clustering of isolates antibiotic resistance profiles.

Antibiotic susceptibility and similarity pattern between VRSA isolates were examined through single linkage clustering and heat map was generated
using XLSTAT. Cluster analysis of AMR profiles, in the horizontal axis and in the vertical axis are the VRSA isolates obtained in this study. Overall,
three main clusters were found.
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reduced susceptibility to any of biocides was observed among the VRSA isolates from both machine and miscellaneous sites. However,
the isolates from structure site [(n = 3), UAS41, UAS42 and UAS43] showed reduced susceptibility against BAC (8-32 pug/mL).These
results suggest BAC was the most effective disinfectant against the VRSA isolates from structure site (Table 1). Furthermore, results of
MIC50 and MIC90 obtained through the microdilution broth method confirmed that BAC was the most effective while CET exhibited
the least effectiveness (Fig. 5). Moreover, there was no significant mean variance difference between presence or absence of BRGs and
high MICs values of test isolates all three sites (Table 1). These results suggest the biocide susceptibility is not influenced by BRGs, but
there could be potential association between BRGs and EFPGs.

3.1. Efficacy testing of routinely practiced chemical disinfectants for ICU ward

Further we assessed the potential efficacy of the studied disinfectant and to verify that BAC exhibited the highest effectiveness, the
suspension method was used. We found that the VRSA test isolates of structure site showed maximum log 9 cell reduction against BAC
as compared to CET and CHG. In terms of prominent level of cells death results indicates that BAC were the most effective disinfectant
against the VRSA with significant difference to S. aureus (P < 0.05) and similar trend was observed among all three sites (structure,
machines and miscellaneous) (Fig. 6). These results are helpful to overcome the selective pressure of biocide resistance and suggest
appropriate use of disinfectant for the prevention of HAIs linked with VRSA.

Frequency of efflux pump genes mediating biocides resistance in vancomycin resistant Staphylococcus aureus (VRSA)

To determine the association between BRGs and EFPGs on biocide susceptibility of BAC, CET and CHG, we used CCCP efflux pump
inhibitor. We found that CCCP efflux pump inhibitor had a direct significant effect on MICs of BAC, CET and CHG in the presence of
BRGs and EFPGs. Further we found that VRSA isolates from structure site (UAS41, UAS42 and UAS43 showed maximum twofold MICs
reduction with 10 mg/1 CCCP efflux pump inhibitor in the presence of norA + sepA (EFPGs) (Table 1). Furthermore, we observed that
the isolates with norA and norA + sepA (EFPGs) confirming maximum BRGs (Table 2). These results suggest EFPGs had a significant
association with BRGs.

4. Discussion

Microbial colonization on inanimate surfaces is responsible for the increased incidence of HAIs among patients admitted to ICU
[24]. The reported prevalence of HAIs in ICU in developing countries is 2-20 time higher than those of developed countries [25]. We
found high contamination frequently touched machines/instruments with S. aureus (Fig. 2). This frequency is higher than reported by
other studies and illustrates how S. aureus contamination rates differ amongst hospitals [26]. This could be associated with complex
hospital wards environment, patient occupancy, prolonged stay, and other infection control practices [27]. S. aureus is common human
pathogens and significantly associated with HAIs [25] particularly VRSA in ICU (Fig. 2). This finding might be concerning given the
rise in VRSA infections. Detection of VRSA is a matter of concern and requires special attention because vancomycin is the last
therapeutic option for treating methicillin-resistant Staphylococcus aureus (MRSA) [28]. Various studies from region have reported the
emergence of VRSA isolates in clinical samples [29]. VRSA contamination on ICU objects offers a significant risk of HAIs because
patients admitted in ICU are often immunocompromised and involved in direct contact with frequently touched instruments [30].
Therefore, Identification of sites colonized by VRSA and understanding the reason of survival would minimize the transmission among
patients by introducing effective disinfection and sanitation practices. Thus, helping in reducing incidence of VRSA linked HAIs and
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Miscellaneous Structure ee+@« cepAt qacA
Positive Negative cepA+ qacA+ qacE
Control
Machines Machines
Negative Positive

Fig. 4. Frequency distribution of biocide resistant genes (BRGs) among vancomycin resistant staphylococcus aureus (VRSA) isolates. Biocides
resistance genes (cepA, gqacA, and qgacE) were targeted by using singleplex PCR. cepA found to be dominant BRGs. The results were displayed in terms
of percentage frequency (Isolates frequency/total number of isolates x 100).
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Table 1

Effect of carbonyl cyanide m-chlorophenyl hydrazone (CCCP) (10 mg/1) on minimum inhibitory concentration (MICs) of benzalkonium
chloride (BAC), cetrimide (CET) and Chlorhexidine gluconate (CHG) in the presence of biocide resistant genes (BRGs) and association
between efflux pump resistant genes (EFPGs). Key; B. machine (biometric machine), N. counter (nursing counter), and P. counter
(pharmacy counter). In the column, the presence of the respective genes is displayed by blue color, while the absence of genes is
indicated by orange color. Furthermore, the comparison of minimum inhibitory concentration (MICs) of benzalkonium chloride (BAC),
cetrimide (CET) and chlorhexidine gluconate (CHG) and biocide resistant genes (BRGs) showed non-significant NS association. The result
is significant at p < 0.05*.
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Nebulizer UAS47 16 32 128 8 8 8
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§ Lights UAS49 8 32 32 4 8 8
g Handles UAS50 16 64 128 8 8 8
§ N. counter UAS51 64 64 128 4 8 8
= P. counter UAS52 32 16 32 4 8 8
Paeds table UAS53 32 64 4 8 16
E. faecium (ATCC 51559) 16 2 8 4
E. faecalis (ATCC 51299) 8 2 4
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gluconate

Biocids

Fig. 5. MIC50 and MIC90 of (A) benzalkonium chloride 20 % (BAC) (b) 100 % potency of cetrimide (CET) and (c) chlorhexidine gluconate
(CHG) solutions.
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Fig. 6. Efficacy testing of routinely used disinfectant. Bactericidal suspension tests on VRSA test strains with (A) benzalkonium chloride 20 % (BAC)
(b) 100 % potency of cetrimide (CET) and (c) chlorhexidine gluconate (CHG) solutions at a treatment time of 30 min (+ standard deviation) among
all isolation sites. Results show log reductions in viability (colony forming units) of test strains in the presence of 3.0 g/L bovine serum albumin
(inhibitory substances) compared with S. aureus. A, B and C indicate significant difference at P < 0.05 among VRSA and S. aureus.

Table 2
Frequency distribution of efflux pump resistant genes (EFPGs) among vancomycin resistant staphylococcus aureus (VRSA) isolates.
Isolation sites Control
Gene’
enes Structure (n = 3) Machines (n = 4) Miscellaneous (n = E. faecium (ATCC 51559) E. faecalis (ATCC
6) n=1) 51299)
n=1)
Positive ~ Negative  Positive = Negative  Positive = Negative Positive ~ Negative Positive ~ Negative
norA 3 0 2 2 4 2 0 1 0 1
norA + sepA 3 0 2 2 4 2 0 1 0 1
norA + sepA + mepA 0 0 0 0 2 4 0 1 0 1
norA + sepA + mepA + mdeA 0 0 0 0 1 5 0 1 0 1

associated multiple antimicrobial resistance (AMR) in ICU. Our investigation revealed occurrence of AMR within VRSA isolates from
the ICU environment (Fig. 3). The rise of AMR has emerged as a significant global health concern. The occupancy and mobility of
patients plays a crucial role in the process of disseminating AMR. We collect these AMR carrying VRSA isolates while patients were
present. These findings suggest potential sources of AMR dissemination could be from patients to hospital environment. However, to
obtain precise understanding of AMR dissemination within studied ward, further studies based on genome analysis are necessary.
Therefore, keeping hospitals clean and free from contamination has traditionally been considered a matter of aesthetics. Environ-
mental surfaces in all hospitals are cleaned or disinfected regularly. However, the abuse and misuse of disinfectants provides selective
pressure on bacterial cells, causing them to become resistant. This selective pressure is applied to both commensal and pathogenic
bacteria, giving rise to resistant populations via vertical and horizontal gene transfer [31]. It has been known for a long time that
bacteria can resist biocides, such as quaternary ammonium and chlorhexidine [32]. However, only a limited number of studies
describe the distribution of BRGs, biocides susceptibility breakpoint and their efficacy data related to VRSA environmental strains.
Specifically, there are no reports available relating to Pakistan and none of with respect to isolation site. For the effective BRGs
dissemination control within a hospital setting it critical to find out the source. We found structure site as a source of BRGs with high
prevalence of cepA. Almost in every hospital structure site is under massive selective pressure of disinfectant and experience direct
patients and health workers contact [33]. This explains the high BRGs prevalence. In the current study, BRGs prevalence results are in
line with the studies from different countries including United Kingdom, Saudi Arabia, Iraq, Iran, and China, where high prevalence of
cepA gene has been reported [13,34,35] (Fig. 4). These studies, however, had investigated different bacteria with difference in sample
size. According to the published reports, the cepA gene confers reduce susceptibility to chlorohexidine while gacA and gacE genes are
known for their decreased susceptibility to quaternary ammonium compounds [36,37]. Similarly numerous different gac genes have
been described among both environmental and clinical bacteria [38]. Despite the rising significance of VRSA as nosocomial pathogen
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there are insufficient number of studies on cepA, gacA and qacE genes in environmental isolates. However, there are many studies
available with respect to Klebsiella, Pseudomonas, Acinetobacter, and Staphylococcus species [11,13,39]. A study from Turkey on
coagulase negative S. aureus reported high prevalence of gacA. Furthermore, there was no significant difference between presence or
absence of BRGs and high MIC values of test isolates of all three sites and these results are in concise with Azadpour et al. and A’shimi
et al. (Table 1) [40,41]. Therefore, the distribution and transmission of bacterial reduced susceptibility to biocides is likely to be
affected and constrained by biological, physical, and socio-economic factors and these vary among different countries, regions, and
communities. It’s crucial to realise that a rise in the MIC values for biocides does not necessarily indicate "resistance," as these sub-
stances can be used at high concentrations without posing a hazard to health [42]. Therefore, for pathogens showing an increased MIC
to a biocide, the terms "reduced susceptibility" or "increased tolerance" are more appropriate. In this study we found reduced sus-
ceptibility to BAC in concise with the results of MICsy and MICg (Fig. 5) (Table 1).

Based on these results, we suggest that BAC was the most effective biocides against the VRSA and further confirmed by suspension
test method (Fig. 6). These results are helpful to overcome the selective pressure of biocide resistance and suggest appropriate use of
disinfectant for the prevention of HAIs. Resistance to biocides is less common and typically results from cellular changes that impact on
biocide accumulation, including cell envelope changes that limit uptake, or expression of efflux mechanisms [43]. Further, we
investigated the role efflux pump influencing the biocide resistance in VRSA. We found significant role of efflux pump in developing
biocide resistance (Table 1). Contrastingly, another study on Klebsiella pneumoniae demonstrate no effect on CCCP on MICs of tested
biocide [11]. Furthermore, the association of EFPGs and BRGs was not only evaluated phenotypically but genotypic evidence has been
provided by evaluating the related genes. Previous studies have documented the role of norA EFPG as a determinant of biocide
resistance genes (qacA and qacE) in clinical S. aureus isolates [44]. While in this study, we found norA along with sepA (EFPGs)
confirming maximum BRGs frequency in VRSA (Table 2). None of the reports is available with respect to VRSA. This study exclusively
focused on evaluating the effects of BRGs, EFPGs and biocides MIC against VRSA isolates. We do not intend to undertake genomic
studies for comprehensive examination of spa typing and MLST of VRSA isolates and we recognize this as limitation of our study.

5. Conclusion

Overall, from this study we concluded that BAC was the most effective disinfectant against VRSA. norA and norA + sepA EFPGs had
a significant association with BRGs. However, there was no significant variance difference observed between presence or absence of
BRGs and biocide MICs. To our knowledge, this study is the first report showing distribution of BRGs and their biocide MIC values with
efficacy testing and role of EFPGs towards BRGs among VRSA isolates from Pakistan. Consequently, there is a need for a large-scale
study, using isolates from different hospitals, to confirm the trend of reduced susceptibility to biocides of other nosocomial pathogens.
Proper use of basal biocides can be effective in preventing and controlling HAIs. A further experiment needs to be performed to
determine the other genetic mechanisms that contribute to reduced biocide susceptibility in VRSA.
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