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Abstract

The current research study was focused on the identification, isolation, and antibiotic resistance of hospital environment microbes associated
with HCAI in healthcare facilities in Islamabad, Pakistan. This research was conducted in the Microbiology Research Laboratory (MRL) at
Pakistan Institute of Medical Sciences (PIMS) Islamabad from September 2021 to November 2022. 100 samples of environmental surfaces (e.g.,
lab instrument, dental chair, first aid room, and labor room delivery table) were collected from 18 government and 2 private hospitals. Various
types of culture media Nutrient Agar, broth, MSA, and EMB were used to grow multiple microbes. Then, gram staining and biochemical tests
were conducted for identification. The antibiotic analysis was conducted through a disk diffusion essay. This study was carried out with 4 sample
portions, each heaving 25 sub-samples, which further sum up 100 samples. Out of the total 100 samples, 86 models were positive, while 14
models were negative. The isolated bacterial species were S. aureus (52), S. epidermidis (06), E. cloacae (34), E. aerogens (23), P.
aurogensa (03), and E. coli (13). The Staphylococcus and Enterobacter acrogens) P. acrogens and E. coli were resistant against ETP, CAZ, FD,
TZP, MEM, CFM, FOX, and AZM, while these bacteria were susceptible to UN2, CIP, and CRO. The use of antimicrobials in healthcare has
the potential to reduce bacterial contamination of the healthcare environment and reduce HCAIs. It is recommended that the emergence of
antibiotic resistance in HCAIs pathogenic bacteria is associated with a significantly increased frequency of adverse outcomes. So, Efforts should
be directed toward early detection and prevention of the emergence of antibiotic resistance in HCAI bacteria and other pathogenic organisms.
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Introduction

Healthcare-associated infections (HcAls) and nosocomial-associated management of various medications, cross-transmission of

infections harm medical outcomes in hospitalized admitted cases and
are a major global problem. In hospitalized patients, (HcAIs) are the
primary cause of morbidity and mortality rates in patients [1].
Infections that occur through or before treatment but remain non-
existent or incubating during the patient's admittance to a clinic or
other health-related facility are HAIs. Infections are the most
common symptom among hospitalized patients and are often a
deciding factor in patient outcomes [2]. (HcAls), the main problems
associated with critically ill patients are due to lowered host defense

mechanisms, repeated use of invasive medical equipment,

pathogenic microbes between many patients and employees, and
insufficient infection prevention and control procedures [3].
Healthcare pathogens have long been a concern for healthcare.
Numerous clinics have put in place infection tracking and
surveillance systems and effective prevention measures to reduce the
incidence of hospital-acquired infections. Multidrug-resistant
illnesses have been linked to healthcare diseases; as a result, their
impact is felt at the level of the individual patient and the community.
Identifying people with health risks is crucial to prevent and minimize

hospital-acquired infections and multidrug-resistant illnesses [4].
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Figure 1: Diagram of the nosocomial infection or healthcare-associated infection (HCAI) transmission channels [3]

Infectious diseases people get while receiving medical treatment are
called "health-care-associated infections” (HCAIs). Contagious
diseases acquired in various environments where patients receive
medical care have become covered by the word "HCAIs," such as
protracted treatment, primary care health centers, home healthcare,
and outpatient centers. The term "HCAIs" typically refers to those
infectious diseases associated with hospitalization in a hospital setting
(previously known as nosocomial infectious diseases) [5]. HCAIs
include infections that initially develop two days or over after being
admitted to the hospital or within thirty days of receiving hospital
treatment [31]. Adverse medication events, HCAIls, and medical
complications are the three most frequent categories of adverse
outcomes impacting hospitalized patients, according to numerous
publications. The USA Centre for Disease Prevention and Control
estimates that every year, almost 1.68 million hospitalized patients
experience Healthcare-associated infections after undergoing care for
other health conditions and that approximately 97,700 of such
patients (one each in 18) pass death owing to HCAI-related reasons
[6]. HCAIs are among the top nine causes of death in the US,
according to the Organization for Healthcare Standards and
Improvement, and they are also one of the most frequent side effects
of hospital treatment. Of every 100 admitted patients, 7 in developed
nations and 10 in undeveloped countries suffer from HCAIs. Another
research conducted in rising economies revealed that 5%-15 percent
of hospitalized experience Healthcare-associated infections, which
can harm patients in intensive care units (ICUs) by up to 37%. (ICUs)
[7]. According to several research, the incidence rates of Healthcare-
associated infections across all hospitals in Europe ranged from
around 4.6% to 8.9%. Furthermore, as the Global Health Organization

reported, global attention to Healthcare-associated infection often

only arises within outbreaks. Since 3 million HCAI events are
identified yearly in Emergency departments separately, HCAIs
frequently affect seriously sick patients. Intensive care unit patients
are more likely to be seriously ill and immunocompromised, making
them more vulnerable to Health care-associated infections [8].
According to a review done in 193 American health facilities with
12,262 subjects, 6% of all patients had at least 1 HCAI, with
Clostridium perfringens representing the most predominant
pathogen. Respiratory, bacterial overgrowth and surgical-site
infections (SSIs) represented the majority of infectious diseases. In
research done by the same researchers two years prior, it was shown
that 8% (54) of individuals developed Healthcare-associated
infections, with the majority (69.97%) developing SSls, Urinary
infections, pneumonitis, and circulatory diseases. The bacterium that
was found most commonly was S. aureus. In a paper comparing 2010
and 2015, the team discovered a significant statistical (P 0.05) decline
in HCAIs in SSls, Urinary infections, and catheter insertion
infections, likely the result of a planned network [9].

Antibiotic mismanagement and overdoing in medication and
agriculture have resulted in the emergence of multidrug-resistant
(MDR) microorganisms, which are increasingly recognized as a
foremost source of hospital-related infections [30]. MDR bacterial
infections are linked to an upper hazard of reduced clinical
consequences and loss and an increased financial burden on patients
[10]. For appropriate treatment, it's critical to understand the medical
features, occurrence, and spread of nosocomial-related infections
produced by MDR microorganisms. Multiple current studies
demonstrate that environment-related contaminations are significant
in the nosocomial spread of MDROs, viruses, mycobacteria, and

fungi [11]. Several nosocomial pathogens are proven to present and
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occur in the environment for long periods. A further precise
explanation of MDRs has been offered as 'non-sensitivity (resistance,
intermediate-ability, or non-susceptibility outcome) to a minimum
one mediator in four or additional antimicrobial groups. Pan-drug
resistance (PDR) was described as "non-susceptibility to all agents in
all antimicrobial categories™ in the same research [12]—methicillin-
resistant Staph aureus (MRSA). The Salmonella species,
Shigella  species, Campylobacterium, Helicobacter  pylori,
Mycobacterium bio vis, E. coli strains, Listeria monocytes,
Actinobacter baumannii, Streptos pyogenes, Strepto mutants, Staph
aureus, Vibrio cholerae, and Yersinia pestis are some of the bacteria
found in healthcare-associated Infections. Due to a weakened immune
system and various other factors, these bacterial species cause
opportunistic infections in individuals with healthcare-associated
disorders [13].

MDR organisms show resistance to more than one antimicrobial
agent in vitro antimicrobial susceptibility testing in the strictest
meaning. MDR microorganisms are Gram-positive and harmful
microorganisms that resist two or more antibiotic groups [14].
Antibiotics become less effective due to antimicrobial resistance,
making therapy more difficult, expensive, and, in some
circumstances, impossible to treat the infection. As a result, the
society faces more serious problems and illnesses. Antibiotics of
various generations are now utilized against pathogenic bacteria,
reducing antibiotic resistance to some extent. Consuming alternative
medicine is a beautiful method to avoid antimicrobial resistance
[15,29]. Antibiotic resistance quickly increases in areas where people
lack good hygiene and take medications inappropriately. One of the
key reasons is the rapid movement of individuals from one country to
another for various reasons, particularly from areas where resistant
bacteria, such as XDR and ESBL, occur [16]. Bacteria that produce
MDR are found in Asia, Africa, and South America. According to the
most recent combined technical study from collaboration with the
Acts of EDA on Antimicrobial sensitivity, at least 3.7 million
European patients die each year from infections caused by ESBL and
MDR bacteria [17].

The objectives were to isolate and Identify bacteria in a hospital
environment associated with healthcare-associated infections.
Furthermore, to explore Antibiotic susceptibility Profiles profile of
the isolated bacteria.

Research Methodology

The current research study was focused on the identification,
isolation, and antibiotic resistance of hospital environment microbes
associated with HCALl in healthcare facilities in Islamabad, Pakistan.
This research was conducted in the Microbiology Research
Laboratory (MRL) at Pakistan Institute of Medical Sciences (PIMS)
Islamabad from September 2021 to November 2022. This study
focused on identifying hospital environment microbes associatedwith
HCAI in healthcare facilities, assessment, and antibiotic profiles.From

September to November 2021, samples of 100 environmental

surfaces (e.g., lab instrument, dental chair, first aid room, and labor
room delivery table) were collected from healthcare institutions
through standard vaccine carriers. The samples were collected from
various hospitals in Islamabad.

Different types of culture media were utilized for the growth of
various microorganisms isolated from multiple materials [28].
According to [18], isolated pure colonies were evaluated after
incubation and subculture on fresh culture media for additional
confirmation. On nutritional agar, pathogenic bacteria were isolated
using a serial dilution approach. Pathogenic bacteria were isolated and
formed into a colony, from which distinct bacterial species were
isolated based on their morphology, Gram's reactivity, and
biochemical tests [19]. The identification was achieved through gram
staining [20] and microscopy [21]. The subsequent biochemical
identification tests were performed to check the presence of
microorganisms [22]. According to CLSI 2015, indole [24], Triple
Sugar Iron (TSI) [25], urease, oxidase [26], catalase [27], and
coagulase [28] are all enzymes.

The Kirby-Bauer disc diffusion technique was used to test antibiotic
sensitivity. The Clinical Laboratory Standards Institute (CLSI) 2015
standard protocols were followed. Antibiotics of various
concentrations (amoxicillin groups, cyclosporine, Vancomycin,
Gentamycin, cephalosporin, Tazobactam, Cefotaxime,
Ciprofloxacin, Doxycycline, Chloramphenicol, Carbapenam,
tetracycline) were tested. Antibiotics were tested against isolated
pathogenic bacteria depending on the type of bacteria recovered [23].
Results

The current research study was focused on the identification,
isolation, and antibiotic resistance of hospital environment microbes
associated with HCAI in healthcare facilities. This study was carried
out with 4 sample portions, each heaving 25 sub-samples, which
further sum up 100 samples. Out of the 100 samples, 86 models were
positive, while 14 were negative.

S. aureus (52), S. epidermidis (06), E. Coli (13), E. cloacae (34), E.
aerogens (23) and P. aurogensa (03). Similarly, A cross-sectional
study by Gashaw, Abtew, & Addis [14] was conducted from March
2013 to May 2013 at 7 health centers that are found around Gondar
town, Addis Ababa Ethiopia isolated Staphylococci, S. aureus, E.
cloacae. Citrobacter and E. coli were the most frequently isolated
bacteria. Another study conducted by Tajeddin [5] isolated K.
pneumoniae, S. aureus, S. aureus, P. aeruginosa, E. coli, A.
baumannii, S. epidermidis, and Streptococciin healthcare-associated
infections.

In the first 25 sub-samples, the PRL has one, RDB has 1, and RLN
has 2 negative samples. RSK has all positive models, while the TOG
series has two negative samples on Nutrient agar and broth. Then,
each illustration was cultured through MSA and EMB media and with
different biochemical examinations in which staphylococcus aureus
17, Enterobacter cloacae 12, and E. coli were 1. These were the

microbial isolation and identification outcomes. Bacteria were
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isolated with nutrient agar and broth, while isolated bacterial species
were identified through biochemical tests with MSA and EMB.

The 2nd sample consisted of 25 sub-samples, divided into 5 series: K,
RCK, RTS, TBF, and W, each having 5 pieces. On MSA, the K series
had two samples positive for staphylococcus aureus, RCK samples
were negative on MSA, and RTS and TBF were 2 samples positive
each for S. aureus. The W has only one selection that showed growth
on MSA. K samples have 4 positive on the EMB medium, which has
two types of bacteria, Enterobacter aerogens and Enterobacter
cloacae. RCK two pieces were positive for Enterobacter aerogens
and three samples for E. coli. RTS and TBT have all positive models
with two types of bacteria, Enterobacter aerogens and Enterobacter
cloacae, while the W also has all positivesamples on EMB and W
have Enterobacter aerogens, Enterobacter cloacae and E.Coli. Each
model series was cultured through MSA and EMB media and with
different biochemical examinations in which staphylococcus aureus
7, Enterobacter aerogens werell, Enterobacter cloacae 9, and
E.Coli were 4. The 3rd sample also has 5 series, namely GMN, RS,
RBL, RCB, and RNA, each having 5pieces. The GMN series samples
were negative on MSA, RS sampleshad two positive, and three
were negative on MSA having staphylococcus aureus while
RBLsamples were all negative, and the RCB two pieces were positive
for S. aureus. The RNAsamples showed growth on MSA, having
two S. aureus andone staphylococcus epidermidis. On the EMB
medium, GMN has

only one piece cheerful, which have bacterial specie Enterobacter
cloacae, while RS has 4 samples positive for Enterobacter cloacae.
RBL one samples positive having E. coli. RCB and RNA both have
two positive pieces, each with bacteria Enterobacter aerogens
and Enterobacter cloacae. The isolated bacterial species were
staphylococcus aureus 6, staphylococcus
epidermidis 1, Enterobacter erogens 4, Enterobacter cloacae 5,and
E.Coli were 1 through MSA and EMB media and with different
biochemical examinations.

In the last and final 4th sample, the series names PMC, PKG, TBL,
RKKS, and TGH. PMC samples have two staphylococcus aureus and
two staphylococcus epidermidis through MSA. On EMB, PMC has 4
positives: Enterobacter cloacae and Enterobacter aerogens. PKG has
4positive pieces consisting  of staphylococcus aureus and two
staphylococcus epidermidis, and 4 positives on EMB, which consists
of Enterobacter aerogens and E. coli. TBL has 3 positive samples on
MSA and 5 positive samples on EMB, with three types ofbacteria:
staphylococcus aureus, E. coli, and Pseudomonas acrogens. The
RKKS series has one selection adverse on MSA, and all are positive
on EMB, consisting of staphylococcus aureus, Enterobactercloacae,
and E. coli. The TGH series has one sample negative and 4 positive
on MSA 3 staphylococcus aureus, and one staphylococcus
epidermidis, and all are positive on EMB consisting of Enterobacter

cloacae and E.Coli.

WS, aureus
m S. epidermidis
E. cloacae
m E. aerogens
mE.Coli
p. aurogensa

Figure 2: shows overall bacterial species distribution.
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Figure 3: shows bacterial species distribution in sample series.
After isolating bacteria through nutrient medium and for further
differentiation, MSA, EMB, Gram staining, and biochemical
examination were performed. The antibiotic susceptibility was
performed against selected bacterial species. The antibiotics were
used in this current microbiological study were Ampitikine
+Salbautum (UN2), Meroponem (MEM), Ceftriaxone (CRO),
Cefixime (CFM), ciprofloxacin (CIP), Azthromycin (AZM),
Ceftazidime (CAZ), Ertapenem (ETP) Fusidic acid (FD) Tazobactum
(TZP) and were Cefonitin (FOX). Antibiotic discs were checked
against staphylococcus in Petri plates, which were showed to be fully
resistant against Ertapenem (ETP), Fusidic acid (FD), Tazobactum
(TZP), Meropenem (MEM), Cefixime (CFM), Cefoxitin (FOX) and
Azithromycin (AZM). Staphylococcus was susceptible or showed no
resistance against Ampitikine +Salbautum (UN2), which produced a

10mm zone of inhibition, and Ceftriaxone (CRO), which had a 17mm
zone of inhibition. The Enterobacter species showed fully resistant
Ertapenem (ETP), Fusidic acid (FD), and Tazobactum (TZP) in all
samples. E.Coli were resistant against Ceftazidime (CAZ), Cefixime
(CFEM), Meropenem (MEM), Azithromycin (AZM), and Cefonitin
(FOX), while susceptible to Ceftriaxone (CRO) produce 17mm zone
of inhibition, Ampitikine +Salbautum (UN2) was created 22 mm zone
of inhibition and ciprofloxacin (CIP) was build 35 mm zone of
inhibition. Enterobacter cloacae were showed resistance against
Cefixime (CFM), Meropenem (MEM), and Cefonitin (FOX), which
susceptible against ciprofloxacin (CIP) was produced 17 mm zone of
inhibition, Azithromycin (AZM) was created 10 zones of inhibition
and Ceftriaxone (CRO) had 22 mm zone of inhibition.

® P.Aurogenosa HE.Coli

Resistence

100% 1

90% A

80% A :
70% 1 | |

60% A

50% A

40% A

30% A

20% A

10% A

0% - T T T T T T T T T

M E.Cloacae M S. Aureus

Tozobactum Ertapenem Ceftazidime Meroponem Fusidic acid Azthromycin  Cefonitin  Ceftriaxone Ciprofloxacin Ampitikine

Antibiotics

+Salbautum

Figure 4: shows the resistance against all antibiotics used in the current study for isolated bacteria.
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Pseudomonas autogenous was resistant against Meroponem (MEM),
Ampitikine +Salbautum (UN2), Azithromycin (AZM), Cefixime
(CFM), and Cefonitin (FOX), while susceptible to Ceftriaxone (CRO)
which was produced 32 mm zone of inhibition and ciprofloxacin
(CIP) which was built 17 mm zone of inhibition. Similarly, a study
by Xia, Gao, & Tang [10] stated that Staphylococcus
aureus are the most common nosocomial infection-related pathogens
and are resistant to a wide range ofmedicines, including penicillins,
ertapenem, and cefixime. A study conducted by Anago et al. in [32]
revealed that the E. coli were resistant to antibiotics and were
imipenem followed by ceftriaxone. Another study in Iran by
Hashemiet al.[7] stated that Enterobacter 98.8% of them were
resistant to ampicillin, but just3.7% were to piperacillin. Most isolates
were also resistant to cefixime, cefazolin, and co-trimoxazole. The
most resistance to ceftriaxone and the least resistance to ceftizoxime
were found amongthird generation cephalosporins. Ipenem resistance
was present in 19.3% of isolates. Nosocomial and community-
acquired infections were resistant to ciprofloxacin to a corresponding
extent of 33% and4.1% in fluoroquinolones. Rezai et al. [23] Stated
that Enterobacter cloacae showed high resistance to Cefonitin and
was susceptible to cefixime (99%), colistin (82%), and ciprofloxacin
(76%).
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