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ABSTRACT

Non-susceptibility of bacteria to disinfectants/antiseptics has been reported in various countries,
however, such study has not been conducted in Nepal yet. Therefore, we aimed to determine
prevalence of antiseptic resistance genes (qacA/B, smr), pattern of antibiotic resistance, and
association of antiseptic resistance gene with antibiotic resistance in Staphylococci isolated from
hospital staffs and environment. A total of 275 non-repetitive swabs (total of 120 from health
staffs: 80 from hands and 40 from nares and total 155 from hospital environment: 120 pre-swabs
collected before sterilization of surfaces and 35 post-swabs collected after sterilization) were
collected and subjected for culture and sensitivity. Obtained data were analyzed using Microsoft
Excel. Among hospital surveillance swabs, prevalence of Staphylococci was 9.09% (25/275).
Among them, 40.0% (10/25) of isolates were methicillin resistant and all methicillin resistant
isolates were multidrug resistant. Prevalence of antiseptic resistance gene such as qacA/B was
48.0% and smr was 64.0%. The proportion of antibiotic resistance among positive antiseptic
resistance was 62.5% which is significantly associated (p=0.003; Fisher exact test). Judicious use
of disinfectants for cleaning hospital surfaces is recommended and cleaning should be done with
detergent water on regular basis followed by periodic cleaning with disinfectant for most of the
hospital surfaces. Regular hospital surveillance along with study of antiseptic resistance genes
among isolates could be helpful for formulating policy on “antiseptic use” in Nepalese hospitals.
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INTRODUCTION

Various disinfectants/antiseptics are used to
kill the bacteria in hospital environment and
mainly, quaternary ammonium compounds
(QACs) are recommended for this purpose
globally.! In addition to antibiotic resistance,
hospital environmental Dbacteria have
developed tolerance against these various
disinfectants/antiseptics also in different
countries leading to spread of these bugs in
hospital which directly affects treatment of
patients.>> This has created substantial health
hazard along with financial burden to the
patients and ultimately to the country.

Among various hospital environmental
bacterial isolates, Staphylococci has been
found to be responsible for common health
problems related to hospital environment in
our set-up according to our routine hospital
surveillance findings. Development of non-
susceptibility to these commonly used QAC
antiseptics such as lyzol, sani-hygiene (brand
names) etc. by this hospital environmental
isolate has been reported in other countries
long back.?> According to literatures, antiseptic
resistance genes such as qacA/B, qacG, qacH,
gacl, and smr have been found to be responsible
for resistance to these commonly used
quaternary ammonium compound antiseptics/
disinfectants.2 Among these various antiseptic
resistance genes, qacA/B, and smr have been
reported in neighboring and other Asian
countries among Staphylococci commonly
(>70%).2:45

Moreover, chance of transmission of these
antiseptic resistance genes among either same
or different bacterial community also remains
a great challenge leading to transmission of
antiseptic resistance bugs in hospital set-up
and even in the community.%” So, findings of
our study could be the milestone for preventing
spread of such resistant bug in our hospital
set-up.

In addition to antiseptic resistance, the other
main hurdle of antibiotic resistance exists
as big challenge to us and among which
Staphylococci related infections only lead
to >20,000 deaths per year in USA only.%1°
Evaluation of antibiotic resistance pattern of
this hospital environmental isolate could be
helpful to the clinicians for selection of suitable
antibiotics against this resistant pathogen and
ultimately will be beneficial to the patients in
our Nepalese context.

QACs are being used as disinfectants in hospital
environment in Nepalese hospitals. Resistance

against these QACs in other various countries
have been reported.>* However, no study on it
for its efficacy evaluation has been conducted
in Nepal yet. For our knowledge, this will
be the first research study in Nepal aimed to
evaluate the efficacy of commonly used QAC
disinfectants against hospital environmental
bacterial isolates in a Nepalese hospital set-up
by detecting antiseptic resistance genes, mainly
bagacA/B and P“smr among Staphylococci.?s
Therefore, this study is aimed to determine
prevalence of antiseptic resistance genes and
their association with antibiotic resistance. We
believe, findings of this study will give view
on association of antiseptic resistance genes
with antibiotic resistance among hospital
environmental isolates and also could be
helpful for policy making on ‘antiseptic use in
Nepalese Hospitals’.

MATERIALS AND METHODS

An analytical cross-sectional study was
conducted at Nepal Medical College Teaching
Hospital (NMCTH). Samples were processed
at Clinical Microbiology Laboratory after
collectingfromhospitalenvironmentof NMCTH.
Molecular work for gene detection was done in
molecular lab of Annapurna Research Centre,
Kathmandu. Ethical approval was obtained
from Nepal Medical College Institutional Review
Committee. Study was conducted between
July-December, 2023 with the grant support of
University Grants Commission (UGC). A total of
275 swabs obtained from hospital environment
for hospital surveillance and swabs from hands
and nares of health workers working in high
care units (Doctors and Nurses in OT, ICU,
NICU and PICU); (total 120 from health staffs;
80 from hands and 40 from nares and total 155
from hospital surfaces; 120 pre-swabs collected
before sterilization of surfaces and 35 post-
swabs collected after sterilization of surfaces)
were included in the study.

Bacterial identification, antibiotic
susceptibility test, and gene detection:
Collected swabs were inoculated on blood agar
and MacConkey agar and Staphylococci were
isolated according to standard Microbiological
technique. Suspected colonies on MacConkey
agar were processed for Gram stain, catalase
test and coagulase test. Gram positive cocci
(GPC) in cluster and positive catalase test
indicated the organism as Staphylococci.
Species differentiation was done by coagulase
test. Staphylococcus aureus were considered for
positive coagulase test and coagulase negative
Staphylococci (CoNS) for negative coagulase
test.!! Isolated Gram-negative bacteria were
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also processed for identification according to
standard Microbiological technique. Isolated
Staphylococci were processed for antibiotic
susceptibility test according to standard
Microbiological technique using Kirby-Bauer’s
disc diffusion method.'? Antiseptic resistance
genes were detected by using multiplex PCR.

For gene detection; bacterial DNA was extracted
using standard guideline.'* PCR was performed
using forward and reverse primers for qacA/B
and smr genes.'*'> PCR products were run in
gel electrophoresis and genes were detected
through gel documentation system according
to standard guidelines.*15

Primers used for detection of qacA/B and smr
genes were as follows:1®
qacA/B (F): GCA GAA AGT GCA GAG TTCG

qgacA/B (R): CCA GTC CAA TCA TGC CTG (for
qacA/B gene; 361 bp)

and
smr (F): GCC ATA AGT ACT GAA GTT ATT GGA

smr (R): GAC TAC GGT TGT TAA GAC TAA ACCT
(for smr gene; 195 bp).

Positive controls for gqacA/B and smr were
taken by primer optimization from known
sequences.

Data analysis was done using Microsoft Excel.
Fisher Exact test was applied for evaluating

association between presence of antiseptic
resistance genes and antibiotic resistance.

RESULTS

A total of 275 swabs from hospital surfaces and
health staffs (doctors and nurses) working in
high care units were collected and searched
for prevalence of hospital environmental
Staphylococci. No pathogen was isolated from
health staffs’ hand and nasal swabs. However,
few were reported from hospital surfaces.

Hospital environmental pathogens isolated
were as follows:

Staphylococci-25 (S. aureus = 4, CoNS = 21)
Escherichia coli-3

Klebsiella pneumoniae-4

Acinetobacter spp.-1

Prevalence of Staphylococci: 25/275 = 9.09%

Prevalence of methicillin resistant

Staphylococci: 10/25 = 40.0%

Antibiotic resistance was common among
MRSA isolates compared to MSSA. All MRSA
were multidrug resistant (MDR) too (Table 1).

Prevalence of antiseptic resistance genes was
found to be: qacA/B = 12/25 (48.0%) and smr =
16/25 (64.0%).

Table 1: Antibiotic resistance rate among Staphylococci

Antibiotic resistance rate Antibiotic resistance rate
Name of antibiotics among methicillin resistant among methicillin sensitive
Staphylococci (n=10) Staphylococci (n=15)
Ampicillin (Amp) 9 (90.0%) 2 (13.3%)
Cloxacillin (Cox) 10 (100.0%) 0 (0.0%)
Cephalexin (Cn) 10 (100.0%) 0 (0.0%)
Gentamycin (Gen) 0 (0.0%) 1 (6.6%)
Ciprofloxacin (Cip) 5 (50.0%) 1 (6.6%)
Ofloxacin (Of) 6 (60.0%) 1 (6.6%)
Cotrimoxazole (Cot) 5(50.0%) 1 (6.6%)
Erythromycin (E) 6 (60.0%) 4 (26.6%)
Clindamycin (CD) 8 (80.0%) 1 (6.6%)
Vancomycin (Va) 0 (0.0%) 0 (0.0%)
Teicoplanin (Tei) 0 (0.0%) 0 (0.0%)
Linezolid (Lz) 0 (0.0%) 0 (0.0%)
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Fig. 1: Gel image showing antiseptic resistance genes

Association of antiseptic resistance with
antibiotic resistance: The proportion of
antibiotic resistance among positive antiseptic
resistant genes is 62.5%, which is significantly
associated (P=0.003; Fisher exact test).

DISCUSSION

Hospital environment contains various
microbial pathogens among which the most
common are Staphylococcus, Enterococcus,
Escherichia, Klebsiella, Acinetobacter,
Pseudomonas etc.'” In our study, we found
Staphylococci as major hospital environmental
pathogen followed by Klebsiella, Escherichia,
and Pseudomonas which match with findings
of other various previous studies.’®?° Many
previous studies have shown Staphylococci
as predominant hospital environmental
isolate.’2® We also reported Staphylococci
(S. aureus and CoNS) as major hospital
environmental pathogen (9.09%) out of 12.0%
growth of pathogens in hospital surveillance
sample in our study. This corresponds with
findings of previous other various studies.

Resistance against antibiotics exhibited by
bacteria has become common nowadays
and this is not exception for Staphylococci
too. Resistance to methicillin shown by
Staphylococci is being frequently reported
globally nowadays.?! Various research findings
have shown prevalence of MRSA to be 14.6-
81.6% among clinical samples?*?* as detected
by MecA gene.?* Similarly, the prevalence rate
among hospital environmental samples such
as hospital surfaces and hospital staffs was
found to be high (45.9%) in previous study.!®
In our study, we also found high prevalence of
MRSA (40.0%) among hospital environmental
samples. This high prevalence among hospital
environmental samples could be due to
existence of more drug resistant bacteria in the
hospital environment compared to community

due to widespread use of antibiotics in
hospitals.?

According to WHO, antibiotic resistance has
becomeagreatglobal threatanditwillbebiggest
therapeutic challenge by 2050.2° Staphylococcal
resistance to various antibiotics is also very
common and is a big challenge to clinicians. In
our study, 13.3% of MSSA and 90.0% of MRSA
were resistant to ampicillin. Similarly, 6.6% of
MSSA were resistant to gentamycin, however,
no MRSA isolate was resistant to it. Total
50.0% MRSA and 6.6% MSSA were resistant to
ciprofloxacin and co-trimoxazole. Similarly,
60.0% MRSA and 26.6% MSSA were resistant
to erythromycin and 80.0% MRSA and 6.6%
MSSA were resistant to clindamycin. However,
all MRSA and MSSA isolates were susceptible
to vancomycin, teicoplanin and linezolid.
Resistance to various antibiotics by MRSA was
high compared to that by MSSA. Similarly, all
of the MRSA isolates were multidrug resistant
(MDR) also which was not shown by even
single MSSA isolate. Similarity in findings have
been reported in previous studies too.!®?? This
indicates great therapeutic threat for infections
due to these hospital environmental MRSA
isolates in future.

Nowadays, bacteria have started developing
resistance to commonly used disinfectants.>*
Various previous study reports have shown
that Staphylococci (the most common hospital
environmental pathogen) has developed
resistancetoquaternaryammoniumcompounds
(one of the commonly used disinfectant in
hospital).>* This study on antiseptic resistance
also showed high prevalence of antiseptic
resistant genes (qacA/B = 48.0%, smr = 64.0%)
among hospital environmental Staphylococci
indicating development of resistant to QACs by
Staphylococci. High prevalence of antiseptic
resistant genes among this pathogen could
be due to inclusion of samples in study
from high care units of hospital such as OT,
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ICU, NICU, PICU etc. where frequent use of
disinfectants is common and this might have
led to selective pressure for bacteria and they
might have started developing resistance to
those disinfectants. As role of environmental
cleaning in control of hospital acquired
infections is very high, this should be followed
according to standard guideline.?” This suggests
need of antiseptic policy development. Reduced
and judicious use of disinfectants for cleaning
hospital surfaces and cleaning with detergent
water only in most of the hospital areas
except high care units has been recommended
recently internationally too.?® This guideline
should be followed in Nepalese hospitals also
which could significantly play role on reducing
antiseptic resistance.

Association of antibiotic resistance with
antiseptic resistance is unknown as no such
association has been analyzed in various
previous studies.?* In this first Nepalese study,
we found proportion of antibiotic resistance
with positive antiseptic resistance genes to
be 62.5%. This indicates there is significant
association between antiseptic resistance and
antibiotic resistance. This shows necessity
for judicious use of disinfectants in hospitals
to control antiseptic resistance as well as
antibiotic resistance.

In conclusion, judicious use of disinfectants
in hospital is recommended for reducing
prevalence of antiseptic resistance among
hospital environmental pathogens. Regular
hospital surveillance along with study of
antiseptic resistance genes will give view on
prevalence of antiseptic resistance and hence
could be helpful for formulating policy on use
of antiseptics in hospitals.
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