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Abstract
Evaluation of the Distribution of Microorganisms and their Antibiotic
Susceptibility Pattern Isolated from Intensive Care Unit Patients During the

Pre-pandemic and Pandemic Periods
Elizabeth Mkpouto Opawoye
M.Sc., Department of Medical Microbiology and Clinical Microbiology
Supervisor: Assoc. Prof. Ayse Arikan Sarioglu
June 2023

Intensive care units (ICUs) are specialized healthcare environments that offer
treatment for seriously sick patients who need constant observation and assistance.
These patients are often immunocompromised due to their underlying illnesses, which
makes them susceptible to infections. This study aims to evaluate the distribution of
microorganisms and trends of antibiotic resistance among critical care unit patients
hospitalized before and during the SARS-CoV-2 pandemic. To achieve this, details of
patients both male and female from ages 0 to 100 years from various ICU wards of the
different departments in the hospital were taken from the electronic microbiology
database in the laboratory. A total of 3669 samples from 2018 to 2022 were obtained
for the purpose of this study. The most prevalent pathogens isolated during the
pandemic  were  Pseudomonas aeruginosa  392(20.3%), Acinetobacter
baumanni/calcoaceticus complex 359(18.3%), Klebsiella pneumoniae 347(18.0%),
Candida spp 164(8.5%) Escherichia coli 145(7.5%) and Staphylococcus aureus
106(5.5%). The rates of ESBL, MRSA, and VRE were 43.3%, 55.7%, and 6%
respectively. Patients admitted into the ICU (54.7%) showed a significantly high
incidence of bacterial pneumonia compared to those admitted to other wards (49.5%)
in the hospital. Also, the frequency of growth in inpatients (53.7%) was significantly
higher than the growth rate in outpatients (42.4%). Conclusively, the pre-pandemic
periods- 2018, and 2019 had growth rates of 52.0%, and 51.6% respectively. The
pandemic periods- 2020, 2021, and 2022 had growth rates of 45.5%, 52.2%, and 61.1%
respectively. In conclusion, the detection of highly resistant pathogens and the increase
in antibiotic resistance, especially after the late stages of the pandemic showed that

patients in intensive care should be followed closely and alternative treatment



strategies should be developed to limit antibiotic resistance to commonly used
antibiotics.

Keywords; ICU, Antibiotic, Drug resistance, Microbial distribution.
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CHAPTER 1

Introduction

1.0 Intensive Care Unit.

Intensive care units (ICUs) are specialized healthcare environments that offer
treatment for seriously sick patients who need constant observation and assistance. These
patients are often immunocompromised due to their underlying illnesses, which makes
them susceptible to infections. Each year, an astounding 5.7 million patients are admitted
to ICUs in the United States (Shickel et al., 2021). As a result, the distribution of
microorganisms in ICUs is an important factor that can impact patient outcomes.

Healthcare-associated infection (HAI) is typically among the gravest issues in
hospital settings and has presented a significant challenge to modern medicine since they
increase mortality, lengthens hospital stays, and raises therapeutic costs (Rafa et al., 2021).
Healthcare-associated infections harm more than 3 million individuals annually in Europe,
10% of whom needed hospitalization, and up to 1% of whom did not survive (Bouza et
al., 2019).

ICUs have a higher incidence of HAIs than other hospital divisions, and many of
these HAIs are life-threatening even though they account for only 15-20% of all hospital
beds (Duszynska et al., 2020). Research has shown that HAI occurs in 20-50% of patients
receiving hospital care in the ICU (Kotpa et al., 2018)(Dadi et al., 2021). This is entirely

related to the patient's overall severe medical conditions and comorbidities in the ICU.

Research has shown that the most common sources of microorganisms in ICUs are
patients themselves, healthcare workers, and the environment (Tozzo et al., 2022).
Patients can harbor a variety of microorganisms, including bacteria, viruses, and fungi,
that can be transmitted to other patients or healthcare workers through contact, droplets,
or aerosols (Bonadonna et al., 2021). Healthcare workers can also serve as a source of
microorganisms, particularly if they are not following proper hand hygiene protocols or if
they are carrying pathogens on their clothing or equipment (Department of Health.
Victoria, n.d.). The environment in an ICU can also be contaminated with
microorganisms, which can be transmitted to patients through contact or inhalation.

Additionally, the danger is heightened when intrusive equipment like catheters and



10

intubation tubes are used, as well as when patients must frequently interact directly with
medical workers (Blot et al., 2022). Mechanical ventilation, pleural drainage, and the
administration of blood and plasma are additional HAI risk factors in intensive care units
making the patients vulnerable to infections like bloodstream infections, pneumonia,
urinary system illnesses, infection at the surgery site, infections of the soft tissues and
skin, and others (Kotpa et al., 2018).

Consequently, patients generally spend time in other hospital wards before their
stays in the ICU, where their treatment is typically challenging. During their stay, patients'
physiological microbiota is substituted by the hospital microbiota characteristic of a
particular ward (Regardless of the hospital ward in which they are being treated) (Liu et
al., 2020). Patients who are admitted to intensive care units (ICU) encounter many changes
in their gut microbiota as a result of their serious illness, antibiotics, and other ICU-
specific medications (Szychowiak et al., 2022). These alterations are linked to a higher

risk of infection complications and can be fatal.

Overall, the distribution of microorganisms in the ICUs is highly diverse and
varied. Studies found that the most common types of microorganisms found in ICUs were
oval-shaped gram-positive bacteria namely  Coagulase-negative Staphylococci,
Staphylococcus aureus; Gram-negative bacilli including Escherichia coli, Klebsiella
pneumoniae, as well as Enterobacter spp; the Non-fermenting gram-negative bacteria
namely Acinetobacter baumanni, Pseudomnas aeruginosa, and Stenotrophomonas
maltophila. (Hasanzade et al., 2021) (Chang et al., 2021). Fungi, including Candida
albicans, Candida glabrata, and Candida krusei (Prigitano et al., 2022). Finally, viruses,
including Adenovirus influenza and Herpes simplex virus, and most recently SARS-CoV-
2 (Calderaro et al., 2021).

The issue of antibiotic resistance complicates the treatment of major ICU-related
illnesses, including HAIs (Barchitta et al., 2019). The use of antibiotics in the ICU and the
alarmingly high frequency of resistant bacteria identified from infections have been the

subject of several Polish research (Trejnowska et al., 2018).



11

1.1  Antimicrobial Resistance

Antimicrobial resistance is a major concern in the ICU, where extremely sick
patients are more likely to contract infections due to their weakened immune systems and
the usage of invasive medical equipment (Ture et al., 2022). The utilization of
antimicrobial therapy in the treatment of these infections can select antimicrobial-resistant
microorganisms, leading to the emergence of so-called "superbugs" that are difficult or

impossible to treat with standard antimicrobial therapies (Parmanik et al., 2022).

Several factors have been identified as contributing to the emergence of
antimicrobial resistance in the ICU setting. One important factor is the overuse and misuse
of antimicrobial drugs, this may result in the selection and proliferation of antimicrobial-
resistant strains (Chis et al., 2022). Other factors that have been identified include the
presence of invasive medical devices, inadequate infection prevention, and control

measures, and inadequate antimicrobial prescribing practices (Harun et al., 2022).

To address the issue of antimicrobial resistance in the ICU setting, it is important
to implement evidence-based strategies such as infection prevention and control measures,
antimicrobial stewardship programs, and appropriate antimicrobial prescribing practices
(Bankar et al., 2022). Other strategies that have been identified as being effective in
reducing the risk of antimicrobial resistance in the ICU setting include the implementation
of contact isolation protocols, the promotion of hand hygiene, and the proper sterilization

and disinfection of medical equipment (Haque et al., 2020a).

Overall, the distribution of microorganisms in ICUs is complex and diverse, with
various kinds of microorganisms present in different proportions depending on the
specific patient population and the ICU environment. Additionally, antimicrobial
resistance is a major concern in the ICU setting due to the high risk of infection in seriously
sick patients and the likelihood for the emergence of antimicrobial-resistant "superbugs”,
particularly during times like the acute covid-19 era when antimicrobial stewardship

programs are almost impossible to implement.

The purpose of this study is to analyze the distribution of bacteria and trends of
antibiotic resistance among critical care unit patients hospitalized before and during the

SARS-CoV-2 pandemic. Consequently, to ascertain the indirect impact of the SARS-



12

CoV-2 pandemic on the pathogen dispersion at the Near East University Hospital in
Northern Cyprus.
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CHAPTER I

Literature Review

2.0 Intensive Care Unit Infection.

The distribution of microorganisms in the ICU is complex as well as varied, with
different types of microorganisms present in different proportions depending on the
specific patient population and the ICU environment. The term “nosocomial infection” or
“health-care associated infections” (HAI) refers to illnesses that patients get while
undergoing medical care but were neither present at the time of hospital admission nor in
the incubation phase at the time of hospitalization (Orhan et al., 2022). Although everyone
in the hospital is in danger of infection, patients in the ICU are more susceptible to
infection since their immune systems have been impaired and they are exposed to more
intrusive surveillance (Sr et al., 2019).

Life-threatening diseases or trauma requiring intensive care are treated in the
ICUs. According to reports, the intensive care unit has a 2-5 times greater incidence of
nosocomial infections than the general in-patient hospital population (Dasgupta et al.,
2015). Hence, all ICU patients are at risk for infection and death from nosocomial
infections. According to a surveillance study conducted in 2007, nosocomial infections
infected 39% of patients in European Union nations (Surveillance of Healthcare-
Associated Infections in Europe 2007, 2012), whereas between 24 and 45% of ICU
patients in Poland contracted nosocomial infections (Kibler et al., 2012). The most
prevalent types of these infections are presented as pneumonia, bloodstream infection, and
urinary system illnesses (Rafa et al., 2021).

2.1 Impact of coronavirus in ICUs

The outbreak of severe acute respiratory syndrome (SARS-CoV-2) in the
concluding month of 2019 has greatly impacted the population of patients admitted to the
ICUs as well as the ICU environment. The pandemic has had a major influence on the
world health system since 2019. Following the quick spread of the SARS-CoV-2
infection, about 30% of patients with the infection may develop a severe form of illness
that necessitates admission to the ICU (Huang et al., 2020). This has a significant

influence on the ICUs, upheaving these intensive wards and significantly altering the
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microbial flora (Nguyen et al., 2021). This change in the local bacterial and fungal flora
was likely brought on by an unanticipated inflow of patients that outnumbered the medical

staff and filled more ICU beds than there were before the pandemic (Trentini et al., 2022).

Every medical association created and put into action a variety of infection control
and preventive techniques to battle this world health disaster, including the use of masks,
using excellent hygiene practices, avoiding crowded places, keeping a social distance,
actively identifying and quarantining close contacts, quickly establishing shelter hospitals,
and lockdown tactics(Z. Li et al., 2020),(De Georgeo et al., 2021). These forceful
countermeasures to the virus have further advantages in the sense of lowering other
illnesses. According to research, there was a significant decline in influenza activity in
Japan in 2019-2020 as compared to other seasons (Sakamoto et al., 2020), besides that,
invasive pneumococcal disease decreased in Taiwan as well as tuberculosis (Juan et al.,
2021), (Lai & Yu, 2020).

2.1.1 Varying rate of Co-infection

Since SARS-CoV-2 may impair the immune system, there is a higher chance of
fatalities and serious harm brought on by the ever-rising secondary infections, or
suspected co-bacterial illnesses, as the case may be. Patients with underlying diseases or
those who are immunocompromised experience this with greater severity (Moradi et al.,
2021). Research has also shown a rise in organisms that are resistant to multiple drugs on
account of the majority of SARS-CoV-2 victims receiving antibiotic and antifungal
therapy for confirmed or suspected co-bacterial infections while they were receiving
treatmeant in the intensive care unit (Grau et al., 2021). This was almost practically
unavoidable given that some patients' COVID-19 condition developed into multiorgan
failure(Robba et al., n.d.), there were many constraints on invasive diagnostic techniques
as a result of the steps taken to curb the proliferation of SARS-Cov-2 and the skepticism

surrounding the novel disease.

Nevertheless, the co-infection rates during the pandemic was substantially lower
because of the increased rate of antibiotic usage for victims of COVID-19 illness. In the
United Kingdom, an investigation done in the past on 836 patients with COVID-
19 infection found that 3.2% of patients had proven bacterial infection during the initial
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first week after being admitted, rising to 6.1% over the remainder of hospitalization
(Sharifipour et al., 2020). Another study found that only 102 of 1495 COVID-19 patients
developed bacterial infections during their hospital stay (J. Li et al., 2020).

2.1.2 Increasing prevalence of antimicrobial resistance.

Numerous current researchers have found an increase in antibiotic resistance
patterns of bacteria and other organisms during the COVID-19 period compared to prior
years. The prevalence of carbapenem-resistant Enterobacterales colonization elevated
from 6.7% before the pandemic to 50% during the pandemic, according to several recent
papers documenting a growing incidence of antimicrobial resistance; thus, the novelty of
this condition masks the exact connection between bacterial infections and the novel
coronavirus, resulting in antibiotic over-exposure to COVID-19 patients residing in the
ICU (Tiri etal., 2020). Another study conducted in China found Acinetobacter baumannii
(35.8%; n = 57), Klebsiella pneumoniae (30.8%; n = 49), and Stenotrophomonas
maltophilia (6.3%; n = 10) among the isolated strains from 159 strains obtained from 102
hospitalized SARS-CoV-2 patients who had developed secondary bacterial ailments.
Furthermore, carbapenem resistance was found as 91.2% in Acinetobacter baumannii and
75.5% in Klebsiella pneumoniae (J. Li et al., 2020). During the initial wave of the SARS-
CoV-2 pandemic, researchers in a French Intensive care unit found that, of 26 patients, 19
also developed secondary bacterial infections in addition to severe respiratory failure, of
which two samples possessed resistance against third-generation cephalosporins and five
against amoxicillin/clavulanate (Contou et al., 2020). In a similar vein, there were
seventeen multidrug resistant Acinetobacter baumannii isolates and one methicillin-
resistant Staphylococcus aureus (MRSA) which caused secondary infections in a group
of 19 COVID-19 victims who needed ICU hospitalization (Sharifipour et al., 2020). The
wide spectrum  beta-lactamase  (ESBL)-producing  Klebsiella  pneumoniae,
Stenotrophomonas maltophilia, Burkholderia cepacia, and Pseudomonas aeruginosa
were suggested to be the causal organisms in 5 conditions of severe SARS-CoV-2 victims
with bacterial co-infections as discovered by a group of researchers (Fu et al., 2020). New
Delhi metallo-betalactamase (NDM)-producing Enterobacter cloacae was also found to
be present in 5 SARS-CoV-2 patients in the United States (Nori et al., 2020).
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The management of fungal infections and co-infections also got complicated
during the acute phase of the SARS-CoV-2 pandemic. An intricate 53-day clinical history
of a SARS-CoV-2 patient with a noninsulin-dependent diabetes mellitus (NIDDM) was
described by Posteraro et al., the patient experienced multiple incidents of secondary
bacteremia by MRSA, Morganella morganii, and possibly lethal Candida glabrata
(Posteraro et al., 2020). After two weeks of caspofungin therapy, the Candida glabrata
isolates from the patient developed FKS-associated pan-echinocandin resistance
(Posteraro et al., 2020). Ten instances and six fatalities out of the 15 critically ill COVID-
19 patients who contracted Candida spp. bloodstream infections in India were due to
multidrug-resistant Candida auris (Chowdhary et al., 2020). Furthermore, a patient in
Ireland with extreme COVID-19 pneumonia also had a multi-triazole-resistant variant of
Aspergillus fumigatus in their system (Mohamed et al., 2021). Throughout the COVID-
19 pandemic unlike a prior time period, there was a quantitatively marked rise in
Pseudomonas  spp.  resistance  to  carbapenems, piperacillin/tazobactam, and
Enterobacterales spp to piperacillin/tazobactam, according to a retrospective, research

carried out in an ICU in Northern Italy (Zuglian et al., 2022).
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Resistance trends by year.
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Figure 1.
Trends In Antimicrobial Resistance for the Most Common Antibiotics Tracked Throughout A Four-Year

Period. PCN, penicillins; CEP, cephalosporins; AMN, aminoglycosides; FQ, fluoroquinolones; CBP, carbapenems;
VAN, vancomycin (Despotovic et al., 2021).

2.1.3 High rate of antibiotic utilization.

According to reports, the usage of antimicrobial drugs is now more important than
it was in years past owing to the COVID-19 outbreak. It seems as though secondary
bacterial illnesses are frequently to blame for deaths during influenza outbreaks, as
observed with the 1918 influenza epidemic and the 2009 HIN1 influenza outbreak (Cox
et al., 2020), for example, research conducted in China documenting outcomes and
treatment for 191 COVID-19 victims hospitalized in the ICU showed that secondary
bacterial infections were responsible for half the amount of fatalities (Zhou et al., 2020)
hence, the use of antibiotics throughout the SARS-CoV-2 outbreak was a vital defensive

strategy against mortality.

Furthermore, the use of antibiotics in the ICUs as well as the alarmingly
high prevalence of resistant bacteria identified from infections have been the subject of

94%93%
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several research studies (Rafa et al., 2021). The average percentage of antibiotic usage,
according to a review study encompassing 19 publications spanning studies from China,
the United States, Brazil, and Denmark, was 74.0%. (2098 of 2834 patients). In addition
to antibiotics, 56.9% of patients reportedly received antivirals (1613 of 2834 patients)
(Chedid et al., 2021). Moxifloxacin, ceftriaxone, and azithromycin were administered to
89 (64.5%), 34 (24.6%), and 25 (18.1%) patients, respectively, according to results from
different research studies encompassing 138 patients admitted to the hospital (D. Wang et
al., 2020). Another extensive investigation found that about 637 out of 1099 patients were
given intravenous antibiotics (Eastin & Eastin, 2020), while a lower-scale Brazilian
group of 72 hospitalized patients revealed that 84.7% had received this same type of
treatment (Teich et al., 2020). In general, well over half of patients infected with COVID-
19 may require an intravenous antibiotic; in those suffering from serious disease, this

fraction may be greater.

This increased rate of antibiotic usage throughout the COVID-19 pandemic
particularly in those who contracted the SARS-CoV-2 disease can speculatively be a result
of the fact that health professionals routinely administered a wide-spectrum antibiotic
amidst the presumption of a viral cause since the typical manifestations of SARS-CoV-2
infection (coughing, flu, chills, elevated temperature, etc.) are also characteristics of
pneumonia gotten in a community setting. Moreover, the broad and excessive prescribing
of antibiotics may be influenced by the fear and apprehension surrounding the COVID-

19 pandemic as well as the lack of potent therapies that can treat SARS-CoV-2 illnesses.

In summary, co-infection with bacteria, fungi, or COVID-19 is conceivable;
nevertheless, it might be challenging to distinguish between a solitary COVID-
19 infection and co- or secondary infections. Below is a case study of research carried out
at the National Taiwan University Hospital within two intervals indicating an increased

consumption of antibiotics from January to June 2020 in relation to January to June 2019.



Table 1.

19

Extended-spectrum Antibiotic Usage at National Taiwan University Hospital

Between January and June 2019 and January and June 2020 (Lai et al., 2021).

Antibiotics Antibiotic consumption (DDDs/1000 Percentage
patient-days) by indicated periods change
Jan- June 2019 Jan-June 2020
Beta-lactamase 3733 387.6 4.1
combinations / Beta-lactam
Broad-spectrum 763.5 763.7 0.0
cephalosporin
Quinolones 182.3 201.8 10.7
Carbapenems 330.4 376 13.8
Aminoglycosides 237 221.3 -6.6
Colistin 63.3 78.4 23.9
Tigecycline 56.3 89.7 59.3
Glycopeptides 340.1 384 12.9
Linezolid 12.1 15.4 27.3
Daptomycin 77.3 95.1 23.0
Fosfomycin 23.7 41.4 747
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2.2  Multidrug-resistant organisms in ICUs

Antimicrobial resistance (AMR) is a significant threat, particularly in the 1CUs,
and has become a global concern. AMR is the ability of microorganisms to fight the
curative properties of antimicrobial agents, allowing it to become increasingly challenging

to eradicate infections caused by them.

The current situation of AMR is alarming, with an estimated 700,000 deaths
annually worldwide attributed to AMR infections (WHO, 2020). A rise in the prevalence
of both extensively and multi-drug resistant (MDR) pathogens has made the treatment of
infectious diseases increasingly challenging. The most common MDR organisms include
methicillin-resistant ~ Staphylococcus  aureus  (MRSA),  carbapenem-resistant
Enterobacteriaceae (CRE), and vancomycin-resistant Enterococcus (VRE) (Han et al.,
2022).

AMR is a complex issue that involves various mechanisms, including the
acquisition of resistance genes, mutations in existing genes, and microorganisms capacity
to evade the effects of antimicrobial agents (Anthony et al., 2020). Horizontal gene
transfer is one of the most important mechanisms by which bacteria acquire resistance
genes, leading to the spread of resistance among different bacterial species (Lerminiaux
& Cameron, 2019).

Besides the developed immunity, bacteria like Pseudomonas aeruginosa,
Enterococcus faecalis, and Enterococcus faecium have demonstrated innate immunity to
conventional antibiotics, leading to the development of extremely aggressive pathogens
that make infections difficult to treat (Garcia-Solache & Rice, 2019). In addition, the
overuse and misuse of antibiotics in human and animal health, as well as in agriculture,
have contributed to the emergence of AMR (Barchitta et al., 2019). To address the issue
of AMR, various solutions have been proposed, including the development of new
antibiotics, the use of alternative therapies, and the implementation of antimicrobial
stewardship programs which aims to promote the rational use of antibiotics, reduce

unnecessary prescribing, and improve patient outcomes (Tiri et al., 2020).
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However, the development of new antibiotics has been slow, and there is a
growing concern that the pipeline of new drugs is insufficient to meet the demand (Klug
etal., 2021).

Alternative therapies, such as phage therapy and monoclonal antibodies, have
shown promise in preclinical studies, but their clinical efficacy and safety need to be
further evaluated (Abedon, 2019). Nonetheless, despite all of the precautions adopted, the
apocalypse of resistance continues to pose a threat to healthcare facilities. Routine
operations and hospital visits are already becoming more dangerous due to bacterial
antibiotic resistance (AR). Given that approximately 25% of HAIs in long-term critical
care settings are brought on by bacteria resistant to antibiotics, this plague is a particular
concern there (Haque et al., 2020b). As a result of antibiotics' stressors favoring resistance,

resistant bacterial populations proliferate.

The elimination of vulnerable microbiota by antibiotics can also lessen
competition for nutrients and space hence making these resources readily accessible to
resilient opportunistic pathogens (Patangia et al., 2022). Also, a resistant gene may
migrate to different cells and bacterial species after replicating in one bacterium, this has
contributed to the fast development of AR (Urban-Chmiel et al., 2022).

To effectively combat the growing AR problem, we need to comprehend the

manner in which bacteria pick up and spread resistant genes in healthcare situations.

2.3  Horizontal gene transfer.

Microbial organisms can pick up additional genetic traits from origins unrelated
to their hereditary lineage thanks to horizontal gene transfer (HGT) (van Dijk et al., n.d.).
Microbes may explore and distribute a sizable gene pool through HGT, which may contain
features that are advantageous in their immediate surrounding (Woods et al., 2020). For
instance, horizontal uptake of antibiotic resistance genes (ARG) permits diversity of
genomes and generates a possibility for fast survival gains when bacteria are subjected to
intense stressors, including the presence of antimicrobials. Moreover, HGT can produce
the genes required for continued existence more quickly than spontaneous mutations
(Larsson & Flach, 2022) (Tao et al., 2022). With the transmission of harmful features
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including virulence genes as well as the tendency to create biofilms, HGT also leads to

infectious diseases and epidemics (Michaelis & Grohmann, 2023).

In addition to places like wastewater treatment facilities, the study of HGT has

advanced thanks to a number of studies that have been able to follow and quantify rates

and causes of HGT in clinical settings where infections are most prevalent. Conjugation,

transduction, and natural transformation have been determined to be the main

mechanisms of HGT in bacteria. It has also been determined that these three are mostly

responsible for the propagation of AR in healthcare settings (W. Li & Zhang, 2022).

Furthermore, the three most important precursors of conjugation, transduction, and

natural transformation, respectively, are plasmids, bacteriophages, and extracellular DNA

(Golz & Stingl, 2021).

Figure 2.

General Ways of Horizontal Gene Transfer. Conjugation, Transformation,

Transduction. (red represents DNA fragments).
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Bacteriophages and plasmids are two common genetically encoded parts of
bacteria. Although natural transformation is more irregular in distribution, the ability to
undergo spontaneous transformation existed before the development of the bacterial
Gram-positive and Gram-negative taxa (3.1, 2016). Phylogenetically divergent species
can also transmit genes from one another via any of the three pathways, but closely linked
creatures are preferred (Lerminiaux & Cameron, 2019).

Plasmids and bacteriophages are ubiquitous, and natural transformation occurs
across a wide range of habitats and settings due to the widespread dispersion of
phylogenetic groups that make up the natural world. In view of the foregoing, the same
processes will be used to transfer ARGs between patients, in therapeutic settings,
throughout human societies, and in practically every possible natural setting (Michaelis &
Grohmann, 2023). Although there is a dearth of information on the origins, processes, or
frequency of ARG transmission among medical reservoirs (Tao et al., 2022), There are
other instances where patients and clinical surfaces have both shown the precise same
ARG to be present at the same time (Aleem et al., n.d.) (Sukhum et al., 2022), (Avershina
et al.,, 2021). A while ago hospital statistical information, as well as computational
simulations, were used to determine the incidence of blaOXA-48 plasmid
distribution involving Klebsiella pneumoniae and Escherichia coli inside the host patient
(Haverkate et al., 2015). Forecasts regarding DNA frequency of transfer are provided by

these investigations, which may then be experimentally verified and improved.

2.3.1 Conjugation by Plasmids.

Mobile genetic elements such as plasmids exist outside of chromosomes and
multiply on their own. Plasmids or transposons are responsible for the process of
conjugation. It consists of a receiving cell that lacks a conjugative plasmid and the
donating bacteria that does (3.1, 2016). Cell-to-cell interface between live bacteria
results in the transfer of genetic information from a donor to a receiver. It often includes
a conjugation bridge or sex pilus in Gram-negative bacteria (3.1, 2016). When these self-
serving genetic components transport traits that are beneficial to recipient cell, for
instance, ARGs during the use of antimicrobials, their resilience is enhanced (Zwanzig,

2021). As a result, several ARGs are present on plasmids (Khezri et al., 2020).
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Particular instances demonstrating the way HGT aggravates AR issues in
healthcare facilities include plasmid-mediated defense against beta-lactam antibiotics.
Penicillin, carbapenems, and cephalosporins are only a few examples of beta-
lactam antibiotics that extended-spectrum-lactamases (ESBLs) and carbapenemase
breaks down to cause resistance (Aryal et al., 2020). In the family of Enterobacteriaceae,
Pseudomonas, and Acinetobacter, beta-lactam gene sequences that confer resistance are
frequently found on plasmids and spread by conjugation in phylogenetically divergent or
closely related species (Kyriakidis et al., 2021), (J. Wang et al., 2019), (Paul et al., 2020),
(Rensing et al., 2019).

Subsequently, the identification of homologous ARG-carrying plasmids in
healthcare recipients and on hospital surfaces, disease outbreaks have been seen to be
long-lasting due to plasmid replacement across reservoirs (Silago & Mshana, 2022).
Carbapenem-resistant strains were shown to have come into existence via hospital-
acquired transmission or external dissemination, according to genomic profiling (Wendel
et al., 2022). Monitoring epidemics and enhancing infection prevention protocols in
hospitals are both greatly impacted by the granularity of results provided by genome
sequencing in combination with medical records. Nevertheless, the rare ambient tracking
for ARGs makes it difficult to substantiate epidemiological linkages.

The ability of plasmids obtained from hospital AR outbreaks to spread through
conjugation amongst different varieties of bacteria has been demonstrated in laboratory
studies. By way of illustration, conjugation allowed hospital isolates of K. pneumoniae to
transfer plasmids containing the medically significant extended-spectrum-beta-lactamase
(ESBL)-encoding genes blaOXA-48, blaNDM-1, blaKPC-2, and blaSHV-1 to laboratory
E. coli (Lerminiaux & Cameron, 2019). The evolution of resistance in microorganisms
such as Staphylococcus aureus is also impacted by plasmid transfer. S. aureus with
methicillin resistance is a tenacious ICU colonizer in addition to being a common source
of infection obtained from hospitals, and its infections are challenging to combat with
typical antibiotics (Ali Alghamdi et al., 2023). MRSA along with other bacterial infections
that are resistant to other antibiotics are subsequently treated with vancomycin as a last
option. Though MRSA was the parent strain, vancomycin-resistant Staphylococcus
aureus (VRSA) developed from it by horizontal transfer of an Enterococcus faecalis
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plasmid (Cong et al., 2019). This incident offers a crucial illustration of the extent to which
HGT aggregates resistance traits in DNA sequences, resulting in the formation of the

infamous "superbugs™ that cannot be effectively treated with antibiotics.

Antibiotics have the potential to induce conjugation, which is especially important
in healthcare environments where antibiotics are routinely administered. It has been
discovered that exposing numerous Gram-negative bacteria to minimum inhibitory doses
of a combination of two antibiotics from the aminoglycoside family or a combination of
antibiotics that offers wide antimicrobial coverage, promotes conjugation (Sun et al.,
2022) (Shahid et al., 2023). Ultimately, antibiotics have the potential to regulate
DNA transcription that participates in virulence, repair of genomes, and genome transfer
by functioning as chemical impulses (Briffotaux et al., 2019). Additionally, they can
indirectly alter the basic structure of cell walls or promote the amplification of SOS
response proteins to trigger conjugative morphological characteristics (Crane et al., n.d.)
(Cylke et al., 2022).
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Figure 3: Conjugation by plasmid (Conjugation, Transformation & Transduction
| Bacteria (Article), n.d.).

2.3.2 Transduction by bacteriophages.

Transduction is recognized as a possible factor in the transmission of ARGs,
particularly among organisms of common species (Tao et al., 2022). Transduction is
another HGT technique that involves the utilization of bacteriophages, autonomously
reproducing several copies of virus-infecting bacteria that have the ability to wrap of
portions host genetic information in their capsid and infuse it into an alternate host when

an external stimulation induces cell death. As a result, the virus-infected cell's freshly
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injected genome may recombine with the DNA of the recipient cell to produce one of two
types, a lytic or lysogenic cycle (Bello-Ldopez et al., 2019).

Also, due to their molecular architecture and the activity of specific enzymes,
bacteriophages can allow for the entry of other MGEs into their genomes, including
virulence or genomic islands, and "jumping genes" from other kinds of bacteria. These
kinds of occurrences normalize recombination, which can help explain the complex

genetic layout of phages and the adaptability of their DNA sequence (Qi et al., 2023).

Staphylococcus aureus more frequently exhibits resistance transduction (Turner et
al., 2019). Other species of bacteria that have the mecA gene transfer it to Staphylococcus
aureus, establishing a superbug known as Methicillin-resistant Staphylococcus aureus
(MRSA) (Tao et al., 2022). Phagep80a In addition to mediating the transfer of penicillin
and tetracycline resistance genomes to the multidrug-resistant Staphylococcus aureus
strain USA300, Phagep80a may further facilitate the spread of resistance traits to the
Staphylococcus aureus species that are not susceptible to phages (Tao et al., 2022). In
gram-negative bacteria, several ARGs, as well as ESBL genes, have been seen to be
transmitted by transduction from Pseudomonas isolates obtained from a medical

facility to other Pseudomonas spp in the lab (Qin et al., 2022).

According to studies, mice who received antibiotics exhibited greater numbers of
bacteriophages having ARGs in their digestive systems than mice who did not get
antibiotics, suggesting that antibiotics are possibly responsible for the transduction of
ARGs (Y. Zhang et al., 2022). In addition, certain sophisticated phages may encode ARGs
by forming what is known as phage-plasmids, which combine the capabilities of a plasmid
and a phage. It was discovered that 60 phage-plasmids harboring 184 ARGs were
resistant to about 5 broad-spectrum antibiotics (Pfeifer et al., n.d.). The transduction of
plasmids-carry ARGs to Staphylococcus aureus has a prospect of being more active
compared to methicillin resistance acquired by transduction by the transfer of
chromosomes (J. Zhang et al., 2021). Thus, ARGs can be spread by both transduction of
chromosomal DNA and transduction of plasmids-bearing ARGs and in both cases,

antibiotics are likely to speed up the process.
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Figure 4: Transduction by bacteriophages (Conjugation, Transformation &

Transduction | Bacteria (Article), n.d.)

2.3.3 Natural transformation by extracellular DNA.

The process of Transformation in bacteria is a mutation in genes that occurs in a
cell following the immediate assimilation, integration, and proliferation of foreign DNA
by two or more genetically similar bacterial species, and the process is carried out
chromosomally by encoded proteins (Michaelis & Grohmann, 2023). This alien genome
is "without any covering," and it may exist in an ecosystem where the bacterium

flourishes. It can enter the bacterial selectively permeable membrane when the bacterium
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Is in a "competent™ condition, which can be brought on by a shortage of vital minerals or
a high cell mass. For transformation to occur, the DNA must move from the outer layer
to the cytoplasmic wall and subsequent passage through the cytoplasmic membrane via

an intricately intact membrane pathway (Bello-Lopez et al., 2019).

Pseudomonas, Acinetobacter, Staphylococcus, Streptococcus, Neisseria, and
Haemophilus are a few medically significant antibiotic-resistant organisms that have the
capacity to absorb DNA and undergo natural transformation. Escherichia and Klebsiella
are significant contributors to both community-acquired and nosocomial infections gotten
as a result of antibiotic resistance (Caneiras et al., 2019) (Nimer, 2022). Despite neither
species having shown spontaneous transformation in the lab, their natural competence in
the environment has been speculated (Komiyama & Maeda, 2020). Natural transformation
may help ARGs spread throughout numerous important disease-causing
microorganisms since this speculation holds for the other gram-negative bacteria as well
(Averhoff et al., 2021).

It has been noted that horizontal gene transfer occurs often in aeromonads and its
incidence has lately increased. Despite the lack of research and knowledge regarding
natural transformation in the Aeromonas genus, a cohort study was conducted on
Aeromonas species obtained from bodies of water to ascertain whether the microbial
isolates proved to be competent for natural transformation and to determine the ideal
environment for transformation in an experimental system to outline the progressive
sequences of transformability within the genera. According to their research, various
species of Aeromonas are naturally capable of transforming under the studied settings,
and the ideal parameters for transformation are similar to the ones present in their original
ecosystem (Bello-Lopez et al., 2019). In lab settings, antibiotics can boost the overall
amount of transformation in some bacteria (Kunhikannan et al., 2021), indicating that
by just being present, antibiotics can promote HGT and the spread of resistant DNA. For
instance, the expression of competence genes and the frequency of transformation were
both increased when quinolones were added to Streptococcus cells (Lerminiaux &
Cameron, 2019). While dwelling in biofilms, several strains of bacteria exhibit natural
competence, and quorum sensing in biofilms may further encourage competence in nearby

organisms. As a result, the continued existence of biofilms and the possibility of being
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exposed to extreme doses of antibiotic drugs may work in concert to promote natural

competence and transformation (Michaelis & Grohmann, 2023).
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Figure 5: Transformation in bacteria (Avery et al., 1944).
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CHAPTER 3

Materials and Methods

3.1  Study group

This retrospective investigation was done at Near East University Hospital. All
patients admitted to the ICU wards who had bronchoalveolar lavage and/or tracheal
aspiration procedures performed on them were included in the research. The research
timeframes covered the preceding pandemic years of 2018-2019 and the pandemic years
of 2020-2022. Age, sex, patient number, and antimicrobial treatment were all extracted
from the patient's medical records with ethical consent. The most abundant bacterial
species that may be harmful to the respiratory tract were grouped based on their profile of
antibiotic resistance, in accordance with The European Committee on Antimicrobial
Susceptibility Testings (EUCAST) criteria, and antibiotics that were found to be

intermediate in strength were deemed resistant.

3.2  Tools and equipment

e Petri-dish

¢ Inoculating loop

e Test-tubes

e Test-tube racks

e VITEK 2 compact system (Biomerieux)

e Automatic pipette (Gilson Pipetman.Dk60063, Biyomedikal 2179. Made in

France)
e Autoclave (model OT40L. Miive Steam Art. Biyomedikal 2189)
e Incubator (Heraeus Thermo Scientific. Biyomedikal 2184)
e Microscope slides
e Electronic microscope

e Sterile swab
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3.2.1 Chemicals

e Blood agar- Becton, Dickinson and Company, France.
e Eosin methylene blue agar (EMB)- Becton, Dickinson and Company, France.

3.3 Inclusion criteria
There was no limitation on the age boundaries, according to the data of patients in
this research, which ranged in age from 0 to 95. Sputum and aspirate fluids were the only

samples used in this experiment.

3.4  Exclusion criteria
For the sole purpose of this investigation, aspirate samples obtained from patients
hospitalized in hospital wards aside from the ICU wards of the various departments were

disregarded.

3.5  Data collection
Each of the patients was assessed based on age, gender, hospital department,
sample type, resistance as well as sensitivity to antimicrobial drugs.

3.5.1 Culture and antibiotic tests
Aspirate samples that were sent to the Microbiology Laboratory with labels
detailing the patient’s name, barcode number, date of sample collection, and type of

sample, were entered into a record book as well as the electronic microbiology database.

All aspirate samples were inoculated on blood agar and eosin methylene blue agar
and were incubated for about 24-48 hours at 37°C. VITEK 2 (Biomerieux) compact
automated system was used for identification and antibiotic susceptibility tests (AST) of
microorganisms in cultures with growth. VITEK 2 GN and VITEK 2 GP cards were used

for identification.

Also, VITEK 2 AST-N325, VITEK 2 AST-N327, VITEK 2 AST-N326, VITEK
2 AST-P641, and VITEK 2 AST-P640 cards were used to measure antibiotic
susceptibility. The antibiotic card that was used in the study; Amikacin, Tobramycin,
Ampicillin, Aztreonam, Cefepime, Cefixime, Cefoxitin, Ceftazidime, Ceftriaxone,
Cefuroxime, Ciprofloxacin, Clindamycin, Colistin, Daptomycin, Ertapenem,

Erythromycin, Gentamycin, Imipenem, Levofloxacin, Linezolid, Meropenem,
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Netilmicin, Nitrofurantoin, Tazobactam, Teicoplanin, Tetracycline, Tigecycline,

Trimethoprim-Sulphamethoxazole, Vancomycin.

Antibiotic susceptibility tests were evaluated according to the EUCAST (European
Committee on Antimicrobial Susceptibility Testing) criteria and antibiotics detected as

intermediate were considered resistant.

3.6  Statistical data analysis
The Pearson chi-square test was the testing method for the results in this study,
with an SPSS version 27 for all statistical analyses. A P value of 0.005 was considered

significant.
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CHAPTER IV

Results
Growth was observed in 52.7% (n: 1932) of a total of 3669 aspirate and sputum
samples evaluated in the Microbiology Laboratory of NEU Hospital between 2018-2022.
In addition, there was no growth in 47.3% (n: 1737) of the samples. 63% (n: 2312) of the
patients were male, 37% (n: 1357) were female, and the mean age was 66.75+18.77 (range
0-100 years).

Figure 6: The total distribution of microorganisms across the two time periods (2018-
2022)
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64.9% (n: 1254) of the patients with growth were male, 35.1% (n: 678) were female, and
the mean age was 69.63+17.17 (range 0-100 years). When gender and growth status were
compared, it was determined that the rate of growth in aspirate/sputum cultures of the
males was more than females (p=0.012). Accordingly, we can say that male gender is

statistically more prone to bacterial pneumonia.
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Table 2: Comparison of gender and growth status across the two time periods

Gender
Male Female |Total
IGrowth Count 1254 678 1932

Yes Expected Count [1217,4 |714,6 |1932,0
% within Growth | 64,9% 35,1% [100,0%
% within Gender | 54,2% 50,0% |52,7%
Count 1058 679 1737
NOo  Expected Count |1094,6 |642,4 |1737,0
% within Growth | 60,9% 39,1% [100,0%
% within Gender | 45,8% 50,0% |47,3%
Total Count 2312 1357 3669
Expected Count |2312,0 1357,0 |3669,0
% within Growth | 63,0% 37,0% [100,0%
% within Gender | 100,0% |100,0% |100,0%

p-Value = 0.012

When the mean age of the patients with and without growth was compared, it was
observed that the mean age of the patients with growth was significantly higher than the
patients without growth (p=<0.0001). Accordingly, the mean age of those with growth
was 69.63+17.17, and the mean age of those who did not have a growth was 63.54+19.93.

These results show us that the risk of bacterial pneumonia increases in parallel with age



Table 3: Mean age distribution of growth across the two time periods

Growth Mean N Std. Deviation
Yes 69,63 17,165
dimensionl
No 63,54 19,925
p-Value = 0.000
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Of the cultures that grew, 82.7% (n: 1597) were gram negative, 8.9% (n: 171) were
gram positive, and 8.5% (n: 164) were Candida species. The distribution of

microorganisms is as follows. Accordingly, the most common microorganisms were

Pseudomonas aeruginosa (20.3%, 392), Acinetobacter baumannii/calcoaceticus complex
(18.3%, 359) and Klebsiella pneumoniae (18.0, 347), respectively.



Table 4: Total distribution of microorganisms across the two time periods

Microorganisms Frequency Percent
Proteus mirabilis 63 33
Morganella morganii 5 0,3
Citrobacter species 13 0,7
Achromobacter species 6 0,3
Acinetobacter
baumannii/calcoaceticus 359 18,6
complex
Corynebacterium species 4 0,2
Enterobacter aerogenes 21 11
Enterobacter cloacae 49 25
Enterococcus faecalis 25 1,3
Gemella species 2 0,1
Staphylococcus aureus 106 55
Enterococcus faecium 25 1,3
Hafnia alvei 1 0,1
Klebsiella oxytoca 14 0,7
Kocuria kristinae 4 0,2
Providencia species 5 0,3
Streptococcus pneumoniae 5 0,3
Burkholderia cepacia 15 0,8
Escherichia coli 145 75
Serratia marcescens 81 42
Pseudomonas aeruginosa 392 20,3
Stenotrophomonas maltophilia 81 4,2
Candida albicans 164 8,5
Klebsiella pneurr-wniae ssp 347 18,0
pneumoniae
Total 1932 100,0

37
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Figure 7: Total distribution of microorganisms across the two time periods.
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The frequency of growth in the cultures of inpatients was found to be significantly higher
than in outpatients (p=<0.0001).




Table 5: Frequency distribution of growth in inpatients and outpatient

In/Out
Outpatient | Inpatient | Total
Growth Count 140 1792 1932
Yes  Expected Count 173,8 |1758,2 1932,0
% within Growth 7,2% 92,8% 100,0%
% within In/Out 42,4% 53,7% 52,7%
Count 190 (1547 1737
No  Expected Count |156,2 1580,8 1737,0
% within Growth | 10,9% 89,1% 100,0%
% within In/Out |57,6% 46,3% 47,3%

p-Value = 0.000
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Considering the distribution by years, the highest growth rate was determined in
2022. Accordingly, the highest rate was found in 2022 with the rate of 61.1% and this
difference was found to be significant (p=<0.0001).



Table 6: Growth rate during the different time periods.
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Year
2018 2019 2020 2021 2022 Total
Growth Count 270 313 363 467 519 1932
Yes  Expected 273,3 319,6 420,2 471,3 4476 1932,0
Count
%within 140% |[16,2% [18,8% |[24,2% |26,9% |100,0%
Growth
% within Year |52,0% |51,6% |455% [52,2% |61,1% |52,7%
Count 249 294 435 428 331 1737
No Expected 245,7 2874 377,8 4237 402,4 1737,0
Count
% within]14,3% [16,9% |25,0% |24,6% |19,1% |100,0%
Growth
% within Year |48,0% |48,4% |545% |[47,8% [38,9% |47,3%
Total Count |519 607 798 895 850 3669
Expected Count | 519,0 607,0 798,0 895,0 850,0 3669,0
% within]14,1% [16,5% ([21,7% [24,4% |23,2% |100,0%
Growth
% within Year |100,0% |100,0% |100,0% |100,0% |100,0% |100,0%
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Figure 8: Growth rate during the different time periods.
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A statistically significant difference was found in the hospitalization of the patients
to the intensive care unit and the growth in their cultures. Accordingly, the rate of growth
in the patients hospitalized in the intensive care unit was 54.7% (n: 1234), while the rate
in the patients who were not hospitalized in the intensive care unit was 49.5% (n: 698)
(p=0.002). It is clear that hospitalization in intensive care increases the risk of bacterial

pneumonia.
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Table 7: Comparison of microbial growth in patients admitted to the ICU ward and other
wards in NEU hospital.

Patients admitted

ICU Non- Total
wards ICU
Count 1234 698 1932

Expected Count | 1189,0 743,0 1932,0

% within
Yes 63,9% | 36,1% 100,0%
Growth
% within ICU 54,7% | 49,5% 52,7%
Growth
Count 1024 713 1737
Expected Count | 1069,0 668,0 1737,0
% within
No 59,0% | 41,0% 100,0%
Growth
% within ICU 453% | 50,5% 47,3%
p-Value = 0.002

46.6% (n: 744) of Gram-negative bacteria were enteric and 53.4% (n: 853) were non-
enteric bacteria. Among enteric bacteria, Klebsiella pneumoniae (46.6%, 347/744) and
Escherichia coli (19.5%, 145/744) were most frequently isolated. Among non-enteric
bacteria, Pseudomonas aeruginosa (46.0%, 392/853) and Acinetobacter baumannii

(42.1%, 359/853) were the leading ones, respectively.
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The rate of ESBL in enteric bacteria was 43.3%. The antibiotic resistance patterns in these
bacteria are given in the table below;

Table 8: Antibiotic resistance patterns in enteric bacteria

Antibiotic Sensitive Resistant
(%) (%)
Amikacin 87.5 12.5
Ampicillin 8.9 91.1
Aztreonam 60.6 394
Cefepime 55.8 44.2
Ceftazidime 56.3 43.7
Ceftriaxone 50.5 495
Cefuroxime 36.9 63.1
Ciprofloxacin 56.2 43.8
Ertapenem 72.2 27.8
Gentamicin 85.1 14.9
Imipenem 82.5 17.5
Meropenem 83.7 16.3
TZP 66.4 33.6
Tigecycline 72.2 27.8
SXT 64.4 35.6

The resistance rates in non-enteric bacteria are as follows;

Table 9: Antibiotic resistance patterns in non-enteric bacteria

Antibiotic Sensitive Resistant
(%) (%)
Amikacin 87.5 12.5
Ampicillin 8.9 91.1
Aztreonam 60.6 39.4
Cefepime 55.8 44.2
Ceftazidime 56.3 43.7
Ceftriaxone 50.5 495
Cefuroxime 36.9 63.1
Ciprofloxacin 56.2 43.8
Ertapenem 72.2 27.8
Gentamicin 85.1 14.9
Imipenem 82.5 17.5
Meropenem 83.7 16.3
TZP 66.4 33.6
Tigecycline 72.2 27.8
SXT 64.4 35.6
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The most frequently isolated Gram-positive bacteria were Staphylococcus aureus
(62%, 106/171) and Enterococcus spp. (29.2%, 50/171). The rate of MRSA within the
Staphylococcus aureus was 55.7% (59/106). The VRE rate was 6% (3/50).

Table 10: Antibiotic resistance patterns in gram positive bacteria.

Antibiotic Sensitive Resistant
(%) (%)
Ciprofloxacin 73.6 26.4
Clindamycin 64.6 35.4
Daptomycin 92.1 7.9
Erythromycin 54.5 45.5
Gentamicin 84.2 15.8
Levofloxacin 76.0 24.0
Linezolid 98.1 1.9
Teicoplanin 91.5 8.5
Tetracycline 59.3 40.7
Tigecycline 99.2 0.8
SXT 65.4 34.6
Vancomycin 95.8 4.2

Table 11: Comparison of growth rate in the pre-pandemic and pandemic periods

Pandemic
Pre- During Total
pandemic pandemic
Count 583 1349 1932
Expected Count 592,9 1339,1 1932,0
Yes % within Growth 30,2% 69,8% 100,0%
Growth % within Pandemic 51,8% 53,0% 52,7%
Count 543 1194 1737
Expected Count 533,1 1203,9 1737,0
No %within Growth 31,3% 68,7% 100,0%
% within Pandemic 48,2% 47,0% 47,3%
Count 1126 2543 3669
Total Expected Count 1126,0 2543,0 3669,0
% within Growth 30,7% 69,3% 100,0%
% within Pandemic 100,0% 100,0% 100,0%

Accordingly, while the growth rate in cultures was 51.8% before the pandemic, this rate
was 53% during the pandemic. The difference between the two ratios was not statistically
significant (p=0.477).
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CHAPTER V

Discussion
ICU patients are seriously unwell and have weak immune systems. Throughout
medical evaluation and therapy, they experience a variety of stressful surgical treatments.
Unlike patients in different wards, ICU patients have a greater prevalence of hospital-
acquired infections because they consume high-dose hormonal substances and broad-
ranging antibiotics more often, more frequently, and for more extended periods of time
(Han et al., 2022), leaving ICU patients highly vulnerable to infections caused by

multidrug resistant bacteria.

The SARS-CoV-2 outbreak that occurred more recently presented a bigger
problem for the healthcare sector. Aside from the disease itself, there has been a sharp rise
in the prevalence of antibiotic resistance, which is especially connected to an elevated

level of antimicrobial agent usage during the period (Lai et al., 2021).

In order to determine the effects of COVID-19 pandemic in the ICU of Near East
Hospital, this retrospective study investigated the distribution of pathogens involved in
nosocomial infections in the ICU and the level of drug resistance to various antibiotics
during the pre-pandemic and pandemic era. Out of the 3669 patients analyzed, only
1932(52.7%) of the patient samples were colonized by microorganisms as seen in Figure
6. The growth of microorganisms was more prevalent in the male patients having
1254(64.9%) number of growth than in female patients with 678(35.1%) and it was
statistically, significant (p-value = 0.012) as shown in Table 2. Based on this data we can
say that male gender is statistically more prone to bacterial pneumonia than female gender.
These findings are similar to the data obtained in the investigation of Sharifipour et al.,
(2020), in which case out of the 19 patients evaluated, 11 (58%) of them were male and
8 (42%) were female. Also, (Chen et al., 2020b) had similar findings however the reason
was likely due to occupational exposure of which majority of the infected workers were

males.

In a broad sense, a higher percentage of ICU hospitalizations, deaths, and HAIs
are linked to older ages. The findings in this study as seen in Table 3 were indicative of

higher risk for bacterial pneumonia in older patients and negligible risk for patients aging
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less than 20. With a mean age of 69.63+£17.17 and a significant value of p=0.000, the
findings were significant. This information is consistent with a prior research (Moradi et
al., 2021) that found that bacterial co-infection of the respiratory tract was most common
in those between the ages of 60 and 70. This is largely because elderly people have weaker

immune systems and are therefore more susceptible to infections.

Among the different species isolated from the ICU patients, the most prevalent
pathogen isolated during the pandemic were the gram negative bacteria. Among which
were Pseudomonas aeruginosa, Acinetobacter baumanni/calcoaceticus complex, and
Klebsiella pneumoniae. The most prevalent fungal species was Candida spp. Escherichia
coli among the gram negative enteric bacteria showed more prevalence (second to
Klebsiella pneumoniae) and the most prevalent gram positive bacteria were
Staphylococcus aureus, and Enterococcus spp. as shown in Table 4 and Figure 7. This
findings align with various other research carried out in the ICU (J. Li et al., 2020),
(Ibrahim et al., 2021), (Dasgupta et al., 2015). Although (Chang et al., 2021) reported that
out of 267 pathogens isolated, the most prevalent were A. baumanni (n=89), S. aureus

(n=52), K. pneumoniae (n=25), P. aeruginosa (n=22).

HAIs have since been a serious problem in healthcare settings even before the
SARS-CoV-2 pandemic. From the results obtained, there was a significant increase in the
frequency of microbial growth of patients who were admitted into the hospital than
patients who were not admitted (Table 5). Also, ICU hospitalization showed a significant
increase in growth compared to patients admitted to other wards (49.5%) in the hospital
as seen in Table7. This is possibly due to the fact that patients who are admitted to the
hospital are already at risk of nosocomial infection especially those who have prolonged
hospital stay and those who end up being admitted into the ICU. This findings are in
accordance with (Kotpa et al., 2018), whose report showed that patients who stayed longer

than 20days in the ICU had HAIs compared to those who had lesser number of days.

The distribution of microorganisms was seen to be more prevalent in the year 2022
having a frequency of 61.1% when compared to previous years. However, the year 2020
which was the peak of the pandemic showed a drastically reduced frequency of growth as

seen in Figure 8 and Table 6. This is mostly due to the infection control and preventive
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measures put in place at the time, as well as the fact that patients were overexposed to
broad-spectrum antibiotics during the pandemic due to the novelty of the disease, which
led to a decline in other bacterial respiratory tract-associated diseases. This result is similar
to those obtained by (Zuglian et al., 2022), who according to their research revealed that
a number of bacterial species linked to respiratory tract infections, particularly
Enterobacterales (22.9%, p=0.002), significantly decreased in patients admitted to the
ICU during the pandemic. This was congruent with the decreased frequency of co-
bacterial infection among COVID-19 patients. Other recent investigators (Lai et al.,
2021), reported that several respiratory infections such as tuberculosis, seasonal influenza
e. t. c. reduced in frequency during the COVID-19 pandemic due to the same reasons.

In enteric bacteria, the ESBL rate was 43.3%, the rate of MRSA within the
Staphylococcus aureus was 55.7% and the rate of VRE was 6%. These microorganisms
are crucial to the serious complications of infections in intensive care units. Patients who
spend a minimum of seven days and more in the ward are at an increased risk of
developing MRSA (> 2.5-4 times) (Sharifipour et al., 2020). Multiple research
investigations have also demonstrated a substantial death rate among patients referred to

intensive care units due to bacterial pneumonia brought about by MRSA.

The enteric and the gram-positive bacteria in this investigation demonstrated high
levels of antibiotic sensitivity as seen in Tables 8 and 10 when compared to their
resistivity, however this does not negate the fact that there was resistance to the antibiotics
used for example, ampicillin had the highest rate of resistance (91.1%). The high rate of
sensitivity could be as a result of the introduction of different treatment protocols imbibed
by the ICU medical workers which involved the use of combination therapies to combat
infections caused by resistant strains during the pandemic as evaluated by (Sharifipour et
al., 2020).

Nevertheless, the resistance rate in non-enteric bacteria showed a considerable
high level of resistivity compared to their sensitivity as shown in Table 9. The
predominant organism is this group is the Acinetobacter baumanni/calcoaceticus complex
which from other recent studies has become an ICU menace due to its increasing

resistance against antibiotics (Ibrahim et al., 2021). A recent study carried out by (Han et
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al., 2022) showed that the resistance rate of A. baumanni to Ceftaziidime in 2016 which
was 89.44% increased to 94.32% in 2017. Its resistance rate to meropenem also increased
from 67.05% to 77.38% from 2017 to 2018.

In comparing the pre-pandemic and pandemic periods, it was found that the
incidence of growth during the pandemic period was not statistically different from the
growth rate during the pre-pandemic period (as shown in Table 11). This was basically
due to the high rate of utilization of antimicrobials during the pandemic period that
resulted in reduced microbial growth. This result aligns with the findings of (Chen et al.,
2020a) who reported that In China, Well over 70% of patients admitted to the ICU,
especially COVID-19 patients in an initial study of 99 cases were administered antibiotic

medication, while around 15% of them received antifungal therapy.
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CHAPTER VI

Conclusion
The emergence of the COVID-19 pandemic has undoubtedly caused a change in
every sector of the world system, healthcare facilities, more specifically the ICUs have
been greatly affected. There has been a variation in the distribution of microbiological
respiratory isolates before and during COVID-19 pandemic.

An unanticipated and inescapable effect of the COVID-19 pandemic is the
development of antibiotic resistance, particularly in patients hospitalized to the intensive
care unit. The root reason is complex and includes, among other things, the increased
incidence of antimicrobial agent usage during the COVID-19 pandemic as compared to
pre-pandemic times. This as a result has led to a much bigger concern which is the inability
of standard antimicrobial therapies to be effective against microbial infection leading to

the emergence of what is called the “super bugs”.

In conclusion, the detection of highly resistant pathogens and the increase in
antibiotic resistance, especially after the late stages of the pandemic showed that patients
in intensive care should be followed closely and alternative treatment strategies should be

developed to limit antibiotic resistance to commonly used antibiotics.

Recommendation
To address the issue of antimicrobial resistance in the ICU setting, it is important
to implement evidence-based strategies such as infection prevention and control measures,

antimicrobial stewardship programs, and appropriate antimicrobial prescribing practices.

Other strategies that have been identified as being effective in reducing the risk of
antimicrobial resistance in the ICU setting include the implementation of contact isolation
protocols, the promotion of hand hygiene, and the proper sterilization and disinfection of

medical equipment.

The emergence of MDROs during the pandemic may be avoided with the proper
prescription and optimized use of antibiotics in accordance with the guidelines of
antimicrobial stewardship, in conjunction with accurate diagnosis and vigorous measures

to combat infection.
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This retrospective study examines the patterns of drug resistance for pathogenic
microorganisms associated with nosocomial infections in the ICU over the course of two
time periods. These findings offer a conceptual framework for hospitals to manage drug-
resistant illnesses, enhancing the reliability of patient assessment and treatment, the
potency of antibiotics, and the prudent use of medicines while easing the burden on

patients, their families, and the general economy.
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