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ABSTRACT

Hospital acquired infections are a serious public health problem worldwide affecting
hundreds of millions of people every year and are difficult to treat due to the problem
of antibiotic resistance. The problem has been compounded by lack of sufficient data
to help understand the antimicrobial pattern and spectrum, which impedes has the
fight against antimicrobial resistance. This study aimed at determining the common
pathotypes causing nosocomial infection in various categories of patients including
age, sex and the type of wards in which they were admitted and then determining
antimicrobial resistance in the common isolates in JOOTRH. A descriptive cross-
sectional study design involving bacteriological analysis of clinical samples including
urine, blood, pus swab, stool, cerebrospinal fluid, and effusion was used to
purposively select 111 study participants from August to December 2021. Specimens
were cultured and the bacterial isolates were tested against different antibiotics by
disk diffusion technique following clinical laboratory standards institute (CLSI)
guidelines. Data obtained were analyzed using SPSS version 20. P values < 0.05 were
considered statistically significant. Tables and bar graphs were used to summarize
data in percentages. More than half of the study participants 59(53.2%) were females
while 52(46.8%) were males. A third, (31%) were aged less than one year while 4%
were aged between six and twelve years. In total, 51(45.9%) of samples yielded
bacterial growth out of which, 37(33.3%) were gram negative while 14(12.6%) were
gram positive. Generally, Klebsiella pneumoniae was the predominant bacterial
pathogen isolated from samples followed by Escherichia coli and Staphylococcus
aureus; Pseudomonas aeruginosa, Proteus spp., Enterococci and Acinetobacter
baumannii at 16(31.4%), 13(25.5%), 12(23.5%), 4(7.8%), 3(5.9%), 2(3.9%) and
1(2%) respectively. The newborn unit had 1(7.7%) accounting for the least number of
pathogens isolated. 27(52%) of the isolates were from surgical ward. Staphylococcus
aureus was the predominant pathogen responsible for surgical site infection. This
study found an association between age and the risk of hospital acquired bacterial
infection (y2, p=0.012) however, gender (p=0.338) and ward category (p=0.774) were
not significantly associated with acquiring bacterial infection during hospitalization
period. High prevalence of multidrug resistant bacteria was noted with many
pathogens showing resistance to more than three antibiotic classes. Included in this
category were ampicillin, imipenem and ceftazidime at 17(100%), 33(97.1%), and
35(92.1%) respectively. Piperacillin and penicillin G showed 27(87.1%) and
5(83.3%) resistance respectively, while sulphamethoxazole-trimethoprim resistance
was at 64.7%(n=11). Low resistance was however, noted against amikacin,
gentamycin and meropenem at 7.3% (n=3), 22.2% (N=8) and 24.1% (N=7)
respectively. This study reported high hospital infections in surgical wards with gram-
negative bacteria being most common and Klebsiella spp., predominating among
Enterobacteriaceae and Staphylococcus aureus among gram positive pathogens. Most
bacteria isolated were resistant to multiple antibiotics. While this study recommends
the use of amikacin, gentamycin and meropenem for empiric treatment particularly in
resource limited areas where culture facilities are not available it is envisaged that this
information will be used in clinical practice to manage patients as antibiotics are
being researched on while continuously monitoring new antimicrobial threats that
may emerge against them. On the other hand, the study also recommended a review
on the continued use of sulphamethoxazole-rimethoprim, ampicillin, ceftazidime,
piperacillin and penicillin G due to high resistance showed against them by the
bacterial pathogens.
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CHAPTER ONE: INTRODUCTION

1.1. Background

Nosocomial (also known as hospital acquired infections-HAIs) are still a major
challenge in both developed and developing countries often resulting in morbidity,
mortality and increased cost of healthcare in low-, middle- and high-income countries
(Sikora & Zahra, 2022). Prevalent among other causal agents are those infections
caused by bacterial pathogens which often are associated with antibiotic resistance.
Treatment outcomes involving HAIs therefore becomes difficult which may possibly
result in death due to treatment failure or increased patient days which spirals
healthcare costs because of limited antibiotic therapy options (I. Ahmed et al., 2019;
Peters et al., 2019; Sikora & Zahra, 2022). Interestingly, bacteria among other
pathogens acquired within healthcare settings are not always confined to within such
set ups, but may occasionally escape their containments (healthcare set ups) and can
often be carried by both human and non-human reservoirs to the community where
they contribute in increasing the load of antibiotic resistant strains (I. Ahmed et al.,
2019; Cattoir, 2022).

Several microbial agents have been shown to cause HAIs majority of which are
caused by bacteria that often complicates patient management outcomes due to their
antibiotic resistance (Bryce et al., 2016). Although various studies have dwelt on
antibiotic characteristics of bacterial isolates from hospitalized patients, the pattern
and spectra of their antibiogram to aid in the empiric treatment is still not well
understood (Maina et al., 2023). Pathogenic bacteria including Pseudomonas spp.,
Coagulase negative Staphylococci, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii and Escherichia coli are among other most common causal
agents of HAIs (Agaba et al., 2017; Bryce et al., 2016; Tolera et al., 2018; Walkty et
al., 2017).

In general, nosocomial infection can be defined as infections which are acquired
during the period of hospitalization and whose clinical manifestations appear after
48hrs or more post admission or after discharge (Sikora & Zahra, 2022). Several
factors often contribute to risk of acquiring infections within the hospital. These
include improper management of hospital wastes, immunodeficiency of a patient,

surgical procedures, presence of indwelling catheter as well as presence of underlying



conditions (Cheng et al., 2020; Yallew et al., 2016). Differences in prevalence rates
and antibiotic resistance across the globe have been reported in previous studies. In
one of the studies done in the United States (U.S) for example, a 3.2% prevalence was
documented while in other European countries the prevalence was 6.5%. Another
study done in Serbia revealed a prevalence of 7.1%. (llic & Markovic-Denic, 2017,
Sikora & Zahra, 2022), while a study in Iran (Ghashghaee et al., 2018) found a
prevalence of 4.5%. However, due to scarcity of published reports that document
prevalence rates, the true burden of nosocomial infections (NIs) which is thought to
be higher that what most reports document is yet to be established (Sikora & Zahra,
2022).

Studies done on antimicrobial resistance (AMR) have also shown high levels of
resistance exhibited by the bacterial isolates from hospitalized patients. For instance,
in a given study done in Iranian hospitals on device associated infections revealed that
100% of Klebsiella pneumoniae, and Acinetobacter baumannii were resistant to
imipenem; and 100% of Staphylococcus aureus causing nosocomial pneumonia and
surgical site infections (SSIs) were resistant to oxacillin while respiratory tract and
uropathogens isolated from catheters were resistant to imipenem (Jahani-Sherafat et
al., 2015); Acinetobacter baumannii isolated from blood stream infection due to
central line catheters were all (100%) resistant to imipenem while those that caused

catheter associated urinary tract infections (UTI) were 96.4% resistant to imipenem.

In Africa, some study findings of HAIs have put prevalence of HAIs to be between
2.5% and 14.8%, even though it is still thought that these figures could have been
underreported (Tolera et al., 2018). In a study done in Ethiopia, for example, the
prevalence of culture confirmed nosocomial bacteria was 6.9%; 80% of
Staphylococcus aureus isolates were resistant to chloramphenicol and erythromycin,
70% were resistant to cephalexin and tetracycline, 88.9% to methicillin beside being
the most common bacterial isolate; while 83.7% of Pseudomonas aeruginosa, isolates
showed resistance to cephalexin and ceftazidime, 66.7% were resistant to
chloramphenicol (Tolera et al., 2018). A study from hospital surveillance data in a
Nigerian hospital however, documented a prevalence of laboratory confirmed HAIs to
be 6.3% with a high prevalence of antimicrobial resistance in bacterial isolates
(liyasu et al., 2018)



In East Africa a metanalysis study showed that there was a high prevalence of catheter
associated blood stream infections (BSIs), urinary tract infections (UTIs), surgical site
infections (SSIs) and healthcare associated pneumonia which were commonly caused
by Klebsiella spp., Staphylococcus aureus, Escherichia coli and Pseudomonas spp.
Methicillin-resistant S. aureus and extended-spectrum beta-lactamase producing
Gram-negative bacilli were the most reported antimicrobial resistant pathogens
according to a study by (Feleke et al., 2018). In Uganda, a similar study by (Agaba et
al., 2017) revealed the most prevalent bacterial pathogen causing NlIs was , Klebsiella
spp. In Kenya, studies done on HAIs have similarly found Klebsiella pneumoniae to
be responsible for approximately 23% amongst bacterial isolates from clinical
specimens and in which 82% of isolates from new born unit (NBU) were resistant to
commonly used antibiotics (Patil et al., 2022).

Several risk factors have been known to contribute to nosocomial bacterial infections
including among others, lumping sick people together under one roof and especially
when the proportion of severely ill and immunocompromised patients is high
(Roohani, et al., 2018). Incidences of nosocomial infection vary in distribution
depending on whether there is involvement of surgical sites, respiratory tract, urinary
tract, blood stream, burn or the use of medical devices (Khan et al., 2017; Taj et al.,
2018).

1.1.1 Potential Sources of Common Nosocomial Pathogens

Microorganisms that are potential causers of NIs may be normal microflora that
occasionally gain entry in to other sites of the body causing endogenous infections
(Agaba et al., 2017; Johnson, 2002) such as UTI, and infection of surgical wounds as
well as respiratory tract infection arising from aspiration of oral and GIT material
facilitated by mechanical intubation (Agaba et al., 2017). Sources of common NIs can
also emanate from exogenous sources (Matinyi et al., 2018).

Additionally, hospital staff working in various service delivery points have been
shown to aid in the transfer of pathogens to patients (Hawkins et al., 2023; Nimer,
2022). While carrying a study in one of the referral hospitals in Kenya, Obanda and
coworkers demonstrated that Staphylococcus aureus carried in the noses of
hospitalized patients pose a potential risk to transmission of opportunistic nosocomial



infections (Obanda et al., 2022) which eventually complicates treatment outcomes

due to multiple resistance to antibiotics (George et al., 2018).

Carriage of pathogens is not just restricted to nasal passages and as has been
demonstrated by (Poignant et al., 2015), members of Enterobacteriaceae family have
previously been transmitted to hospitalized patients (Muvunyi et al., 2020) with most
common encountered being E. coli and Klebsiella spp., (Magale et al., 2015) which
are notorious for being multidrug resistant (Maina et al., 2023).

The role of environment as a source of NIs cannot be overemphasized (Suleyman et
al., 2018). While a number of organisms have been isolated from surfaces in hospital
settings (Odoyo et al., 2023), several others have been isolated from water sources
making contact with inanimate areas a real risk of transmission of the pathogens to
patients (Percival et al., 2015; Suleyman et al., 2018). And while direct transmission
of organisms from contaminated environment to susceptible patients is possible, the
environment can contaminate medical devices which in turn aid in the transmission of

infections to patients (Percival et al., 2015; Ssekitoleko et al., 2020)

1.2 Problem Statement

Antimicrobial resistance is a silent pandemic that continue to be a cause of death
across the globe (Kariuki et al., 2022). It is estimated that about 700,000 people die
globally every year and that 23.5 deaths per 100,000 were attributable to AMR in
Sub-Saharan Africa compared to other regions (Kariuki et al., 2022). Few studies
have been done on the prevalence of antibiotic resistance in nosocomial bacteria in
Western Kenya (Wangai et al., 2019) which makes sources of potential pathogens
causing hospital infection to be poorly understood (Sikora & Zahra, 2022). This has
led to unavailability of sufficient data that ought to inform treatment of infections
acquired during hospitalization particularly those which occur as a result of infection
with multidrug resistant (MDR) bacteria. In resource limited rural settings, culture
facilities to isolate and perform drug testing on bacteria are not often available.
Clinicians therefore are forced by circumstances to resort to treating clinical suspects
empirically often using trial and error to manage patients and sometimes the treatment
becomes unsuccessful since the pattern and spectrum of antimicrobial resistance

(AMR) is not well understood. This leaves limited treatment options that may result in



increased morbidity and mortality mostly experienced in low- and middle-income
countries (Collignon et al., 2018). This study therefore aims to provide data on the
common bacterial pathogens causing hospital acquired infections and how they
respond to antibiotics administered against them. The information will then be used to
inform specific treatment particularly when empiric administration of antibiotic is
inevitable which would again help in the fight against emergence of new resistant

bacterial strains.

1.3 Objectives

1.3.1 Main Objective

To characterize bacterial pathogens causing hospital acquired infection and
determines their antibiotic resistance at Jaramogi Oginga Odinga Teaching and

Referral Hospital.

1.3.2 Specific Objectives
I.  To determine whether age, sex and ward type (patient category) predispose to
bacterial infection in JOOTRH
ii.  To determine the most common bacterial pathogens causing hospital acquired
infections in JOOTRH.
ii. To determine antimicrobial resistance of bacterial pathogens isolated from

clinical specimens in JOOTRH.

1.4 Research Questions
i. Does age, sex and type of ward predispose to nosocomial infection in
JOOTRH?
ii.  What are the most common bacterial pathogens causing nosocomial infections
in JOOTRH?
ilii.  Are nosocomial bacteria isolated from clinical specimens in JOOTRH

resistant to commonly administered antibiotics?



1.5 Justification of the Study

JOOTRH is one of the largest among referral hospitals in the western region of
Kenya. However, no study involving nosocomial bacterial and their antibiotic
resistance has ever been conducted in this facility that would guide the empiric use of
routinely administered antibiotics. Due to the existing problem of antimicrobial
resistance, new patterns continue to emerge thereby putting more constrains on the
already existing shortage of new antibiotics. It is therefore important to provide
knowledge about the most common bacterial pathogens causing infection in
hospitalized patients and determine if they are resistant to commonly used antibiotics.

This would eventually help in the fight against emergence of MDR strains.

1.6 Significance of the Study

It is envisaged that this study has generated knowledge about common bacterial
pathogen causing NIs and their antibiotic resistance commonly used antibiotics. It is
therefore expected that the information contained in this study report will be used to
guide policy on empiric use of antibiotics and promote stewardship that would help in

the fight against prevention and control of AMR.

1.7 Scope and Limitation

1.7.1 Scope

The study was purely hospital based and will involve laboratory culture of clinical
specimens obtained from patients who will have been clinically proved to be

exhibiting signs and symptoms of HAIs.

1.7.2 Limitation

The study was limited to nosocomial infections caused by bacterial agents. However,
a few challenges were faced because the study was done during Covid-19 pandemic
and therefore direct interaction with patients was prohibited. However, engagement of

selected hospital staff to help in data collection helped to surmount the challenge.



1.8 Definition of Terms

Antibiotics are medicines that kill or inhibit bacterial growth

Antimicrobials are drugs that kill or inhibit growth of a variety of microorganisms
including bacteria, viruses and fungi

Antibiogram refer to a summary of susceptibility patterns of bacteria to locally
available drugs

Antimicrobial resistance is the ability of a microorganism to prevent the activity of
an antimicrobial drug that was once effective against it

Antimicrobial susceptibility testing is a laboratory test used to determine if a
microorganism is susceptible to a particular antibiotic(s)

Antimicrobial stewardship refers to programs that are coordinated to promote the
appropriate use of antimicrobials to improve patient outcomes, reduce
antimicrobial resistance and to limit the spread of MDR organisms

Aerosols are fine sprays from coughs, sneezes etc. producing droplets that remain
suspended in the air for some time

Appropriate use of antibiotics refers to the use of antimicrobials to treat the right
conditions for the right duration on the right patient

Bacteremia: refers to the presence of un-dividing bacteria within the blood stream

Broad spectrum antibiotic is an antibiotic that works against a wide range of gram-
positive and gram-negative bacteria

Cystitis is an inflammation of the urinary bladder.

Droplet nuclei are residues of solid material such as bacterial cell which is left on a
surface after aerosols dry

Emerging infections are infections that have not occurred in humans before or those
that have occurred throughout human history but have only recently
been recognized as distinct due to an infectious agent such as Lyme
disease and gastric ulcers

Empiric treatment refers to choosing of antimicrobials based on their clinical
judgement and expertise in the absence of susceptibility test

Endogenous infection is an infection due to offending agents migrating from another
sight within the patient body

Exogenous infection is an infection caused by a microbial agent contracted from

another individual, or from the environment



Fomites are non-living objects such as bedding, towels and handkerchiefs that are
contaminated by an infected person

Inappropriate use of antibiotic refers to the use of an antibiotic with no indication or
for non-therapeutic purposes

Isolate refers to an organism obtained from specimen such as pus, blood and urine

Lower respiratory tract infection refers to infection involving the lungs i.e. those
that occur below the voice box

Mortality refers to the number of people dying due to a particular infectious agent

Morbidity is the rate at which people get sick in a given community

Multi-drug resistance refers to resistance of microorganisms to at least one antibiotic
in three or more drug classes

National action plan is a policy document that provides a comprehensive policy
frame work and priority actions to contain the emergence and spread of
antimicrobial resistance

Nosocomial infection is any infection that is acquired while in hospital occurring
48hrs or more after admission and up to 48hrs after discharge

Over the counter means sale of medicine at a pharmacy without a doctor’s
prescription

Pathogen is a disease-causing organism such as bacteria

Pathogen category refers to grouping of bacteria in to either gram-positive or gram-
negative

Pathotypes refer to different bacterial species such as Klebsiella, Escherichia,
Pseudomonas, Acinetobacter, Proteus, and Staphylococcus

Patient category is a grouping of hospitalized patients by their conditions (cause and
severity), patient demographic characteristic and ward type.

Priority microbes are microbes that cause diseases that are associated with high rates
of antimicrobial resistance, morbidity, mortality and treatment costs.

Resurging infections are infections that were once a major health problem globally
or in a particular country, and then declined dramatically, but are again
becoming health problems such as tuberculosis, lyme disease and
group A streptococcal infections

Sample is a specimen collected for laboratory testing such as urine, pus, blood and

cerebral spinal fluid



Septicemia is a condition characterized by the presence of multiplying bacteria in
bloodstream with symptoms such fever, headache and shock

Surveillance is the detection and monitoring of trends and threats in antimicrobial
resistance and antimicrobial use to inform strategies that reduce the
risks of resistance

Upper respiratory tract infection is an infection of the nasal passages and throat



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

Nosocomial bacterial pathogens are considered a serious threat to public health and
are a major cause of mortality and morbidity worldwide (Sadeghi et al., 2021), in
which the very young (Schroder et al., 2018) the elderly, those with underlying health
conditions which put them under intensive care as well as those who have undergone
surgical operation are often at risk (Huang et al., 2020). Moreover, such infections
ostensibly often lead to treatment failure or sometimes becomes difficult to treat due
to their antimicrobial resistance resulting in death (Schroder et al., 2018). Moreover,
despite heightening intervention policies, infection rates continue to increase and so is
the problem of antimicrobial resistance of bacteria agents which are notorious in
causation of HAIs (Schroder et al., 2018; Tomczyk-Warunek et al., 2021).

2.1.1 Global prevalence of hospital acquired bacterial infections

Different studies have documented different global prevalence of HAIs and the
patterns of antimicrobial resistance. For example, studies done in the in the United
States and other European countries documented a prevalence rate of 3.2% and 6.5%
respectively; but in South East Europe, particularly Serbia, a prevalence rate of 7.1%
was reported (llic & Markovic-Denic, 2017; Sikora & Zahra, 2022). Several
organisms showing varied resistance towards antibiotic therapy globally have been
isolated from clinical specimens in hospitalized patients. For instance, a surveillance
study on healthcare associated infections and antimicrobial resistance in an Italian
hospital recorded a number of blood stream infections, several of which were due to
catheterization for patients admitted in intensive care units (ICU) (Bianco et al.,
2018). Predominating, the isolated organisms were Gram negative bacteria including
Acinetobacter baumannii and Klebsiella pneumoniae; of which 91.6% and 28.5%
respectively showed resistance to carbapenem antibiotics while over 50% of the

Gram-positive isolates were resistant to oxacillin (Bianco et al., 2018).

A study done on MDR nosocomial pathogens in a Chinese hospital was able to
identify extended spectrum beta-lactamase (ESBL) producing Escherichia coli as a
common causal agent beside A. baumannii and Pseudomonas spp., in male patients,
the elderly (above 65years), those with critical conditions and admitted in ICU; in

post-surgical patients and those in neonatal units (M. Wang et al., 2019b). Incidences
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of antimicrobial resistance among the isolates were also reported and methicillin
resistant Staphylococcus aureus (MRSA) were found to be 90% resistant to Penicillin
G, cefoxitin, and oxacillin drugs while gram negative bacteria including ESBL
Klebsiella pneumoniae isolates were mostly resistant to carbapenems, B-lactams,
aminoglycoside and quinolones but susceptible to amikacin; while the same study
revealed all isolates of A. baumannii were resistant to piperacillin and imipenem,
resistance towards ciprofloxacin, ceftazidime and ceftriaxone was more than 90% (M.
Wang et al., 2019b).

Similar studies have been conducted in Iranian hospitals, in which device associated
NIs rates revealed that all Klebsiella pneumoniae isolates, and Acinetobacter
baumannii showed resistance to a carbapenem; and all of the Staphylococcus aureus
isolates from lower respiratory sites causing nosocomial pneumonia and surgical site
infections (SSIs) were resistant to oxacillin. Pathogens that were isolated from
respiratory tract and those from urinary catheters were resistant to imipenem.
Acinetobacter baumannii isolates from blood stream due to central line catheters were
all resistant to imipenem while those that caused catheter associated UTI were 96.4%

resistant to imipenem (Jahani-Sherafat et al., 2015).

In a study conducted by (Golan, 2015), Enterobacteriaceae accounted to more than
60% of HAIs with ESBL producing Escherichia coli being most common isolate
followed by Klebsiella species. Among several factors, male gender and surgical
operation was found to be a risk factor for acquiring infection during time of
hospitalization. A study conducting on risk factors for hospital acquired MDR
uropathogens in Serbian, Enterococcus faecalis was most frequently isolated bacteria
followed by Klebsiella spp., which was a major uropathogen in patients above
65years. Generally, most infections were due to gram negative bacterial which
showed multi drug resistance up to 53.8% (Milovanovic et al., 2019).

Incidences of infections acquired in certain hospitals in India have in the past been
linked to ICU admissions particularly in patients under care following cardiac surgery
(Sahu et al., 2016); findings of which revealed that 4.6% of patients developed
infection and that lower respiratory tract infections (LRTI) accounted for majority of
the reported cases followed by SSls. Acinetobacter baumannii, Klebsiella spp.,
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Escherichia coli and Staphylococcus aureus were the most frequent pathogens. The
study further revealed that GNB isolated from different sources were highly resistant
to commonly used antibiotics (Sahu et al., 2016). Other global studies involving
systematic reviews and meta-analysis have in the past implicated Group B
Streptococcus infection of surgical site post- caesarean delivery to cause 10% post-
surgical infection as well as deep organ space SSI and UTI (Collin et al., 2019).
Previously, bacterial isolates from adults and neonates admitted to ICU have shown
high resistance to antibiotics (Barnsteiner et al., 2021). Incidentally, the most
common pathogens according to this study were Acinetobacter baumannii and
Klebsiella spp. In s study carried out in Madhya Pradesh Hospital, prevalence of
orthopedic SSI was 7.6%, and were majorly caused by S. aureus of which all isolates
were resistant to penicillin, 80% resistance to erythromycin and cotrimoxazole;
amikacin and cefoxitin resistance was considerably high (60%). The study also
revealed that amikacin was the antibiotic mostly prescribed and that sex (male) was a
risk factor to developing SSI (Skender et al., 2022).

2.1.2 African Perspective of Prevalence of Hospital Acquired Bacterial Infections
In Africa, studies involving infections in ICU which was done in Morocco found out
that 39 % of HAIs recorded in ICU were due to pneumonia while bacteremia and
catheter related BSI were 39% and 17% respectively (EI Mekes et al., 2020).
Acinetobacter baumannii was most common pathogen in ICU patients (31%)
followed by Enterobacteriaceae family members (30%). Klebsiella pneumoniae was
the major pathotype causing infection and 76% of the pathogens were GNB while
gram positive bacteria were (24%). Prevalence rates of MDR according to this study
was (41%) with 70% of A. baumannii isolates (70%) showing resistance to imipenem
(El Mekes et al., 2020).

In a study done in Ghana, HAIs were found to be more in males as compared to
females and that factors including gender, age less than 10years and more than 60
years contributes to contracting bacterial infection in the hospital. Moreover, high
level of antimicrobial resistance was noted for ampicillin, sulphamethoxazole-
trimethoprim as well as cefuroxime at 94.8%, 84.5% and 79% respectively while low
resistance rate was documented for ertapenem, meropenem and amikacin at 1.5%, 3%

and 11%, respectively. MDR was remarkably high at 89.5%. Acinetobacter
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baumannii and Pseudomonas spp., were resistant to all the antibiotics tested against

them (Agyepong et al., 2018).

Similarly, the prevalence of hospital acquired SSI in a Nigerian teaching hospital
unearthed a considerably higher infection rate among patients below 20 years and
those above 50 years which classically put age and gender as risk factors to acquiring
hospital infection (Olowo-Okere et al., 2019). Infection acquired after surgery had a
prevalence rate of 13% and were mostly caused by S. aureus, E. coli and Klebsiella
spp. The study also noted high resistance to commonly used antibiotics and that E.
coli, Klebsiella spp., Proteus spp., Pseudomonas aeruginosa and S. aureus were
100% resistant to ampicillin and amoxycillin. Proteus, pseudomonas, and S. aureus
isolates also showed 100% resistance to Amoxiclav (Olowo-Okere et al., 2020). In
Ethiopia, the patterns and spectra of hospital acquired bacterial pathogens has been
studied and studies done in selected referral hospitals in Addis Ababa have shown that
GNB are mostly responsible for HAIs majority of which have shown multi-drug
resistance (Dessie et al., 2016). The biggest problem was due to E. coli causing
infection in surgical ward as well as Acinetobacter baumannii. The pathogens isolated
were also highly resistant to Ampicillin, amoxycillin, penicillin, cephazolin and
tetracycline while gentamycin and ciprofloxacin antibiotics were relatively effective
against most isolates (Dessie et al., 2016).

2.1.3 East African Perspective of Prevalence of Hospital Acquired Bacterial
Infections

Comparatively, about NIs done in Rwanda have shown advanced age and longer
hospital stay to significantly contribute to acquiring infection in the surgical ward
(Mukagendaneza et al., 2019). The study further revealed that Klebsiella spp., was the
most common pathotype being followed by Escherichia coli, Proteus spp.,
Acinetobacter baumannii and S. aureus, at 15%, 12%, 9% and 6% respectively.
Among the isolated bacteria, antibiotic resistance varied considerably, with resistance
against amoxiclav, gentamycin, ciprofloxacin and ceftriaxone being 98.8%, 92.6%
78.1% and 53.3% respectively, however, while 50% of the isolates showed multi-drug
resistance, effectivity of Amikacin and imipenem to treat bacterial infections was
clearly displayed in the sense that among the tested isolates, none showed resistance
to either of the two drugs (Mukagendaneza et al., 2019).
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Many pathogens acquired in the hospital are mostly commensals of the nose and
throat. Transmission through airborne mode therefore becomes easy when infected
individuals as well as carriers cough or sneeze releasing droplets in the air (Laux et
al., 2013; Weterings et al., 2019). Presence within the respiratory tract makes
transmission of the pathogens possible through aerosols to infect post-operative sites
of the body (Laux et al., 2013; Weterings et al., 2019). As has been demonstrated by a
previous study, coughing, sneezing and even laughing actively generate aerosols that
settles ends up settling on surfaces and fomites leaving infectious agents inform of
droplet nuclei which can remain viable for long periods of time and therefore
perpetuates continuous wave of infection to susceptible individuals in the hospital
(Kunkel et al., 2017).

2.2 Agents of Nosocomial Infections

2.2.1 Bacteria

Bacteria are important agents responsible for NlIs and various species have been
implicated in majority of health care problems in developing countries with
transmission being either exogenous or endogenous (Alhumaid et al., 2021; Floret et
al., 2009; Ghasemzadeh-Moghaddam et al., 2015). Several gram positive as well as
gram negative bacteria have been characterized as common pathogens causing
majority of HAIs (Alhumaid et al., 2021). Emmergence of new pathogens causing
hospital acquired blood stream infections such as Stenotrophomonas multophilia has
also been isolated from neurologic patients in ICU (Trifonova & Strateva, 2019).

A study in Eastern Ethiopia, found the 6.9% of hospital infections to be caused by
bacteria and that those bacteria that were Gram-positive were the predominant
pathotypes led by S. aureus (Tolera et al., 2018). Infections caused by E. coli and S.
pneumoniae were second and third most common. SSIs were mostly caused by S.
aureus, P. aeruginosa, and CoNS; E. coli, Proteus spp., and Enterococcus spp. were
common uropathogens while URTI were predominantly caused byS.

pneumoniae and Klebsiella spp., (Tolera et al., 2018).
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2.3 Nosocomial Infection Types Commonly Encountered

2.3.1 Urinary tract

Urinary tract infections caused by Escherichia coli are commonly encountered in
clinical practice accounting for over 80% of cases (Alhumaid et al., 2021; Folliero et
al., 2020). Several factors often contribute to the risk of infection of the urinary tract
and according to (Odoki et al., 2019), persons who are 19years and below, female
gender, patients with urinary catheters and diabetes among others significantly
predispose individuals to UTIs. In young healthy women however, the most
presentation of UTI was uncomplicated cystitis caused by Staphylococcus
saprophyticus while in other cases of urinary tract infections were caused by other
bacteria of Enterobacteriaceae family and Pseudomonas aeruginosa, (Ehlers et al.,
2018; Karlowsky et al., 2017).

The complexity of management of UTI cases in the past has been a challenge due to
empiric antimicrobial therapy necessitating a need to monitor antimicrobial trends
which will guide selection of an antimicrobial agents to be used in treatment (Sipahi
et al., 2014). Gender, contraceptive use, and presence of a debilitating disease, use of
diapers, aging as well as catheterization have been shown to predispose to hospital

acquired urinary tract infections (Sipahi et al., 2014).

2.3.2 Wound and Surgical Site Infection

Hospital acquired infections associated with surgical site SSI is an important category
of HAIs with a substantial impact on patient morbidity and mortality. Studies have
suggested higher SSI rates of SSls in sub-Saharan Africa. For example, a recent
prospective study done in Kenya documented SSI in 8% of surgical patients but other
estimates have been higher, including an SSI rate of 22% reported at a rural
Tanzanian hospital (Nthumba et al., 2010). Despite the estimates, studies that describe
SSls in sub-Saharan Africa still remain scarce (Nthumba et al., 2010). Among the
notorious organisms, Providencia spp., Proteus spp., Pseudomonas aeruginosa,
Acinetobacter baumannii, Klebsiella spp., Escherichia coli, Enterococcus faecalis and
Staphylococcus aureus are still the major bacterial pathogens causing infections of
surgical wounds and that they are often resistant to multiple antibiotics (Carroll et al.,

2016). According to (Badia et al., 2017), incidences of surgical site infections have
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presented with variabilities depending on the type of operation and underlying patient

status.

2.3.3 Respiratory Site

Pneumonia has been and continues to be a major health problem particularly in
developing countries being caused by several airborne pathogens such as
Mycobacterium tuberculosis, Legionella pneumophila, Streptococcus pneumoniae,
Hemophilus influenza, Staphylococcus aureus, Mycoplasma pneumoniae, enteric
bacteria, Group B Streptococcus and Chlamydia spp. as the causal agents. Primarily,
pneumococci are the predominant cause of lower respiratory tract infection in adults
while both pneumococci and Hemophillus influenzae are commonly involved in

causing pneumonia in children (de Benedictis et al., 2020; H. L. Hong et al., 2014).

2.3.5 Blood stream infection (BSI)

Bloodstream infections due to bacterial pathogens are a major cause of morbidity and
mortality in developing countries where most patients are treated empirically based on
their clinical symptoms (Syue et al., 2019). Previously a raft of measures have been
taken to prevent blood stream infections (Bell & O'Grady, 2017). Surprisingly these
interventions have not yielded much and that there has been an increase in the number
of cases of BSI whose origin appear to be both community and hospital sources (D.
Ahmed et al., 2017).

Meanwhile, BSIs presenting with fever of unknown origin continue to be
misconstrued to be malaria in most African countries and especially in malaria
endemic regions due to lack of capacity to perform blood culture to isolate bacterial

agents responsible for BSI (Diekema et al., 2019; Njeru et al., 2016).

2.4 Antimicrobial Resistance

Antimicrobial resistance (AMR) by bacterial pathogens continues to be one of the
most serious global public health threats witnessed in the current century (Nasser et
al., 2020). Notably, a number pathogens including Escherichia coli, Acinetobacter
baumannii and Klebsiella spp., have shown resistance to most antibiotics used to treat
them posing a great concern on future of treatment caused by these pathogens
(Mauldin et al., 2010; Nasser et al., 2020).
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Continued existence of surveillance gaps continue to jeopardize the fight against
AMR since it is difficult to capture newly emmerged resistance trends in a timely
manner and which overrides newly discovered effective antimicrobials to prevent and
treat new bacterial strains (Prestinaci et al., 2015). In turn, medical procedures like
organ transplantation and major surgeries like, caesarean sections and hip
replacements have become very risky to perform (Garcia et al., 2018; Huang et al.,
2020; Tomczyk-Warunek et al., 2021).

Emerging MRSA, Enterococcus  faecium, Acinetobacter baumanii,
Enterobacteriaceae and Pseudomonas aeruginosa showing significantly high
resistance to gentamicin, amikacin, ciprofloxacin, carbenicillin, tobramycin,
amoxicillin, cefotaxime and ceftriaxone have had increased prevalence (Singh et al.,
2017). Moreover, the problem of antimicrobial resistance has continue to erode gains
realized by the Millennium Development Goals-MDGs thereby impacting on
achievement of the Sustainable Development Goals-SDGs (Jasovsky et al., 2016).
Over-use of antimicrobial agents coupled with the ease of accessibility of over-the-
counter, presence of counterfeit and substandard antibiotics and poor infection control
measures in developing countries often antagonize the fight against AMR (Shah et al.,
2016). It is unfortunate that widely studied antibiotics such as methicillin together
with other antibiotics administered together with it, for first line treatment such as
carbapenems have also shown resistance to common pathogens causing HAIs
(Chouchani et al., 2011).

2.5 Mechanism of Antibacterial Resistance

2.5.1 Resistance Due to Altered Receptors

Alteration of receptors inhibit binding of the antibiotic such as penicillin to penicillin-
binding proteins (PBPs) resulting in impedance of uptake process which is
enzymatically controlled via methylation of the amino acid growing chain common
seen in penicillin and cephalosporins, glycopeptides, macrolides as well as quinolones
(Lee etal., 2017; Osterman et al., 2020).

2.5.2 Resistance due to Decreased Entry of a Drug
Resistance of bacteria to tetracycline develops as a result of decreased entry of the
antibiotic drug inside a cell which is commonly witnessed in members of the family
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Enterobacteriaceae and may occur when there is binding of tetracycline on to cell
surface layers before it is passed out by diffusion as well as via a proton-motive force
(Petchiappan & Chatterji, 2017). Other mechanisms of resistance can also be through
modification of the antibiotic structure via acetylation, phosphorylation, or
adenylation which can be exhibited by pathogens such as Pseudomonas and members
of the Enterobacteriaceae which then interfere with proper binding of and hence poor
uptake by the cell (Ramirez & Tolmasky, 2017).

2.5.3 Antibiotic Efflux Pump

Active pumping of antibiotics from the periplasmic space to the outer membrane of
bacterial cell can occur through efflux pumps which ideally are genetically encoded
proteins possessed by some bacterial pathogens. Pumping process actively extrude
antibiotics out of the cell into the extracellular space, ensuring their unavailability to
interfere with bacterial physiology (Jamshidi et al., 2016; Mittal et al., 2019).

2.5.4 Resistance Due to cell Adaptations

Bacteria can adapt to different environmental conditions capable of creating a
stressful environment stressor including but not limited to antibiotics in their
microcosm; of which if constantly encountered and more particularly at low doses,
will enable bacteria adaption for them to survive with the end result being

development of resistance (Huijbers et al., 2015; Salimiyan Rizi et al., 2020).

2.6 Factors Contributing to Antibacterial Resistance

Bacterial infection of animals has constantly been treated by administering antibiotics
while or prophylaxis practiced by incorporating antibiotics in animal feeds and so
when products from such animals such as meat, milk and milk products, poultry and
poultry products and even fish are consumed, they will ultimately expose the bacteria
to sub lethal doses of antibiotics which then creates room for development of
antibiotic resistance (Haskell et al., 2018). While antibiotic dosages are designed to
eradicate entire pathogen populations, it is imperative that they must be taken in the
appropriate prescribed dosages and for the prescribed duration of time, failure to
which pathogenic bacteria can adapt and eventually evolve population that exhibit

complete resistance to the antibiotic irrespective of the dosage administered (Bansal et
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al., 2019). It is therefore imperative to monitor patients to ensure that there is

completion of the dosage prescribed and avoid defaults.

Dispensing antibiotics over the counter (OTC) without doctor’s prescription often
culminates in wrong administration, and furthermore other practices such as
administering antibiotics for viral infection, non-adherence to hospital antibiotic
policy, excessive and indiscriminate use of broad-spectrum antibiotics cumulatively
results in selection pressure which in the long run culminates in development of
antibiotic resistance considering that the number of new antibiotics being developed

has dropped drastically in the last 40 years (Muri-Gama et al., 2018).

2.7 Prevention and Control of Nosocomial Infection

In order to provide a safe hospital environment to control hospital infections a
concerted effort should be put in place. Simple infection prevention and control (IPC)
practices such which include regular hand washing is particularly crucial in
minimizing transmission of pathogens from hands of healthcare providers to patients
(Nyamogoba & Obala, 2002). If hand washing is practiced in conjunction with some
other key safe handling of foods (Allerberger & Wagner, 2010).

Whereas it is important to avoid overcrowding in wards, a critical consideration
regarding the nature of illnesses should be an ultimate key to infection prevention and
control which therefore demands for assessment and screening of cases as a priority in
order to avail isolation rooms to patients that require isolation such as the
immunocompromised, neutropenic and those with immunological disorders; diarrhea,
skin rashes, known communicable disease and known cases of an epidemics of
bacteria (Mehta et al., 2014). For prevention of airborne pathogens acquired in the
hospital, prevention require observing respiratory hygiene like covering nose and
mouth when sneezing, coughing on the sleeves or elbow and using disposable paper
towel when wiping the nose and disposing it properly in an appropriate biohazard
waste bin (Kotb et al., 2020; Zayas et al., 2013).
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2.8 Control of Antibiotic Resistance

One of the ways through which antibiotic resistance is accelerated can be through
misuse and overuse of antibiotics, as well as poor infection prevention and control
practices. Steps at various levels of society can then be taken to reduce the impact and
limit the spread of resistance (Scott et al., 2019). Control strategies therefore need to

focus attention at the following levels: -

2.8.1 Control at Individual Level

Individuals taking antibiotics can help in control of resistance by ensuring that
antibiotics are taken under prescription by a certified health professional and
following the prescription strictly beside regular handwashing, observing food and
respiratory hygiene, following strictly the advice given by the health worker on
antibiotic use as well as not sharing their drugs with other sick family members (Scott
etal., 2019).

2.8.2 Control at Policy Makers’ Level

Policy makers also have a very distinct role to play in regards to resistance control
which can be instituted by ensuring a robust national action programs (NAP) to deal
with resistance, improve on surveillance systems of to detect emergence of resistant
pathogens beside strengthening policies and implementing programs on IPC and also
regulate the use and disposition, making available information on impact of antibiotic
resistance as well as empowering healthcare industry to invest in research so as to
develop new antibiotics, vaccines, diagnostics and other tools to support in prevention
and control the spread of antibiotic resistant pathogens (Birgand et al., 2018; Malania
et al., 2021; Robilotti et al., 2017).

2.8.3 Health Professionals’ Level

Health care professionals have a duty to fight antibiotic resistance which they can
execute through prescription and dispensation of antibiotics only when they are
needed and according to guidelines, reporting incidences of antibiotic resistance to
surveillance teams and giving proper instructions to patients about correct use of
antibiotics in line with the current guidelines ("Health workers' education and training
on antimicrobial resistance: curricula guide,” 2019). Coupled with improved

diagnostic precision, an uncertainty would reduce leaving room to permit the more
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precise prescription of antimicrobials which will reduce selection pressure by
promoting the initiation or withdrawal of treatment whenever necessary (Sadiq et al.,
2017). Health professionals should also strive to encourage sharing of departmental
data between laboratory and pharmacy on surveillance of drug resistant pathogens to
help in improving mechanism towards detection, identification and monitoring of
bacterial pathogens (Ajuebor et al., 2019; Ashley et al., 2019; Scott et al., 2019).

2.8.4 The Agricultural Sector

The agricultural sector can play part in controlling antibiotic resistance by ensuring
that antibiotics are only given to animals under supervision of a veterinary officer,
discouraging the use of antibiotics for growth promotion to prevent diseases in
healthy animals, preventing animal diseases through vaccination rather than
administering antibiotics and embracing alternative remedy available; improving
biosecurity on farms and preventing infection through improved hygiene and animal
welfare (Braykov et al., 2016; Scott et al., 2019).

2.8.5 Using Combination of Therapy

Therapeutic combinations of antimicrobial use should be a routine practice in the
treatment of a life-threatening infections, infections caused by mixed agents such as
aerobic and anaerobic bacteria so that antibacterial activity can be enhanced;
combined treatment is reasonable when the precise agents of an infection deemed
serious is unknown let alone for therapy of certain chronic infections (D. J. Hong et
al., 2016). By using combined therapy, a lot of gains have been achieved, however
amid myriads of challenges because in some occasions, the synergistic effects
occasioned by combined therapy sometimes may get complicated resulting in
indifference while on the contrary antagonistic effect may also reduce the activity of

one or both components of the combined antibiotics (Agarwal et al., 2017).
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Figure 2.1: Conceptual framework (Author: Arthur Aroko)

2.9 Conceptual Framework

The above framework was conceived considering the fact that a person’s health
condition which will warrant admission in particular wards (ward type), age of the
patient, sex and the type of pathogen in the patient environment will play a role in
contracting nosocomial bacterial infection which can either gram positive or gram
negative; and that bacteria contracted in the hospital settings are notorious for

antimicrobial resistance.
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CHAPTER THREE: METHODOLOGY

3.1 Study Site

The study was conducted in Jaramogi Oginga Odinga teaching and referral hospital
(JOOTRH), which is the largest referral hospital that serve patients in Western part of
Kenya. The hospital was fully expanded in the late 1960s to a district hospital serving
a great number of people from western Kenya. The hospital is situated in Kisumu city
between Kondele and Kibuye market along Kisumu-Kakamega highway. The hospital
has many departments including: laboratory, surgery, nursing, casualty,
comprehensive care center, mortuary, and physiotherapy just to mention but a few.
The hospital operates in conjunction with other adjacent facilities such as regional
blood transfusion center and Mitchell Obama children hospital. Being a center also
for teaching and research, the hospital serves various institutions including Kenya
Medical Training College campuses, Maseno University and Uzima University
Schools of Medicine, among other private and faith based medical training
institutions. Other research institutions which also work in collaboration with
JOOTRH include Kenya Medical Research Institute and Center for Disease Control
and prevention. JOOTRH has a bed capacity of 467 with bed occupancy of about
94.8%. The highest bed occupancy being in surgical wards and Gynecology, which
are 148.7% and 146% respectively (available from-http://www.newnyanzapgh.com).

The hospital boasts of six operating rooms. Services offered include Internal
Medicine, Pediatrics medicine, General Surgery, reproductive health, Radiology,
ENT, Ophthalmology, Intensive Care Medicine, Radiotherapy and Dental services

The presence of a well-equipped microbiology laboratory made it possible for this
study to be conducted. Being a major referral facility in Western Kenya, the hospital
serves a population in excess of 5 million and the average annual out-patient visits
stands at approximately 197,200 and in-patient admissions of about 21,000, annually

(available from-http://www.newnyanzapgh.com)

3.2 Study Design
Descriptive cross sectional study design involving bacteriological analysis of samples

was used to carry out this research.

3.3 Study Duration/ Period
The study was conducted from August to December 2021.
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3.3 Study Population

All patients admitted to surgical, medical, obstetrics and gynecology, pediatrics, NBU
wards for at least 48hrs in JOOTRH or those who got discharged from the hospital,
went home but developed signs and symptoms of infection after 48 hours or more,

came back to the hospital and were readmitted.

3.4 Inclusion Criteria

Patient who developed clinical signs of nosocomial infection such as fever, nausea
and/or vomiting, diarrhea, dysuria, discharging and discolored surgical wounds which
was not present at the time of admission but had its onset 48hrs or more after
admission as well as those who returned 48hrs or more after discharge and were

readmitted at JOOTRH with clinical signs and symptoms of NI.

3.5 Exclusion Criteria
e Patients who presented with infection at the time of admission and getting
complicated along the way due to change of pathogen and/ or symptoms
e Patients with respiratory symptoms
e Infections of burnt wounds

e Patients who were referred from other facilities

3.6 Sampling Technique

Patients admitted in JOOTRH were followed prospectively for development of Nlis by
the clinicians. Purposively sampling technique was used to select participants who
developed signs and symptoms of NIs consecutively until the desired sample size was

obtained.

3.7 Sample Size Determination
The sample size was calculated using Cochran Equation assuming 95% confidence
level, 5% margin of error, 10% predicted non-response rate, and 7.1% prevalence of

NIs. The final sample size was determined to be 111.

. 72Pq
Cochrane Equation; n, = —--
1.962(0.071x(1-0.071)

Mo = 0.0025

Where;
no= sample size
Z=1.96 at 95% level of confidence
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P= Global percentage prevalence which is 7.1%

q=1-p

€ = Margin of error= 5%

Therefore, the sample size = 101

A 10% adjustment to this brings a final sample size to 111

Therefore, the sample size will be 111 samples.

3.8 Data Collection Tools

Data collection tools included questionnaires, data entry forms, patient request forms,
inpatient record, laboratory record, microscope, culture media, petri dishes, sterile
swabs, micropipettes, water bath, autoclave, incubator, hot air oven, antimicrobial
susceptibility discs, weighing balance, microscope slides, Gram stains, applicator
sticks, and wire loop. The data obtained was then entered into Microsoft Excel

worksheet and analyzed using SPSS version 20.

3.9 Data Collection Procedures

Patients admitted in medical, surgical, obstetrics and gynecology, pediatrics, ICU,
HDU, NBU and amenity wards were followed prospectively for the development of
HAIs by the clinicians and medical officers. Patients were assessed for SSI, BSI,
CNS, UTI, GIT infection. Data were then collected using questionnaire by the
clinicians and medical officers. Permission to obtain the relevant sample was then be
sought from the patient after elaborately explaining to him/her about the exercise to
be undertaken. Once consent was granted, information such as time of admission, age,
sex, clinical presentations and clinical diagnosis were entered into biodata form. We
relied heavily on the hospital diagnosis which was already documented in the
patients’ file which were extracted by the hospital staff engaged to help in data
collection. Specimens were then obtained and transported to microbiology laboratory
in JOOTRH for processing.

3.10 Specimen Collection

Pathological samples were collected while observing strict aseptic technique and then
immediately transported to the laboratory after which they were cultured without
delay. For urine specimens, at least 10ml mid-stream sample was collected in a sterile
50ml plastic tubes (falcon tubes), and transported to the laboratory for processing. In

case of occasioned delay, the specimens were kept in the refrigerator until the time of
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processing. In cases of catheterized patients, samples were obtained from the catheter
tube and not from the collection bag. Blood samples for culture were collected during
fever to increase chances of isolating the offending bacteria. The area of the skin to be
punctured was sterilized using tincture of iodine and left to dry.

10ml of venous blood was drawn through venipuncture in to standard blood culture
bottles and then entered in to BD™ BACTEC™ FX40 and BD™ BACTEC™ FX
automated blood culture system and incubated for a maximum of five days.
Specimens from surgical sites were collected using sterile swabs before dressings
were changed having done several clinical assessments and noting presentations such
as discoloration, bad odor and rapid separation of eschar or presence of pus emanating
from the wound. Bandages were removed carefully and wounds washed using sterile
physiological saline to remove top debris so as to expose the deeper wound surface.
The sterile swab was dipped in sterile normal saline to moisten. The wounds were
then swabbed until the swabs got saturated with the exudates. The surgical site
specimens were then placed in containers and transported to microbiology laboratory

for immediate processing.

3.11 Bacterial Cultivation and Isolation

Upon arrival at the laboratory, swabs from suspected SSlIs samples were immediately
cultured on BA, CBA and MacConkey Agar. Positive blood culture samples were
removed from BACTEC machine, gram stained to identify morphotype of the bacteria
before being sub-cultured on Mac CONKEY AGAR (OXOID) Lot 3132377 and
Blood Agar (OXOID) and chocolate blood agar. Urine samples were cultured on
CLED Agar-SIGMA-ALDRICH Lot BCC4353 while pus swab from wounds and
surgical sites were inoculated on, Mac CONKEY AGAR, B.A and CBA upon arrival
at the laboratory. Blood Agar and Mac CONKEY agar plates were incubated at 37°C
in aerobic condition while Chocolate agar plates were incubated in anaerobic jar.

Urine culture plates were incubated aerobically.

Following growth on agar plates, in vitro phenotypic characterization of the colonies
like morphology (colonial), pigmentation and cellular morphology was done; further
characterization was done using immunological, and biochemical tests such as
catalase, urease, coagulase, citrate utilization, indole, fermentation of various sugars,
bile solubility, motility and TSI tests as described by (Cheesbrough, 2005).
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3.12 Gram Staining

Gram staining was the first test to be performed to help characterize bacterial isolates
on the basis of cytomorphology and staining reaction as either Gram positive or Gram
negative and also whether they are rods or cocci. Smears prepared from bacterial
colonies were allowed to air after which they were heat fixed by passing over Bunsen
flame 2-3 times. Crystal violet was then applied to the smear and left to stain for 60
seconds, washed in running tap water, flooded with iodide for 60 seconds, washed in
running water and then rapidly decolorization with acetone for a few seconds.
Safranin was then be used to counterstain the smear for 60 seconds after which it was
washed in running water and allowed to airdry. The dried smear was examined

microscopically under 100x oil immersion objective lens.

3.13 Biochemical Tests

Catalase test was done to differentiate staphylococci from streptococci.
Staphylococcus aureus was then distinguished from other Staphylococcus species
through serological test using Staphaurex Plus* kit. On the other hand, streptococci
species were identified using Prolex™ Latex Agglutination System from PRO-LAB
DIAGNOSTICS.

Gram negative rods were characterized by blending API 20E system (bioMerieux,
Inc.) and conventional ability of bacteria to ferment various sugars incorporated in
TRIPLE SUGAR IRON (OXOID) as well as production of various enzymes such as
oxidase and urease, catalase, indole as well as citrate utilization tests. Colonial and

cellular morphologies were also used to identify the isolates in the preliminary stages.

3.14 Antimicrobial Testing

Kirby-Bauer disc diffusion technique was performed to test the isolates in vitro as
described by (Cheesbrough, 2005). In short a sterile 4mm deep plate of Mueller
Hinton Agar(Oxoid) was prepared as per Bauer-Kirby method. For fastidious
organisms, Muller Hinton Agar was enriched with 5% Blood. Colonies from an
overnight culture were picked with a sterile wire loop and emulsified into 5ml of
sterile 0.85% sodium chloride solution and the turbidity of the inoculum adjusted to
match 0.5 McFarland equivalence turbidity standard which will have been prepared
prior. A sterile Polysterene Spun Swab (SteriPack) was then dipped into the
standardized inoculum and the soaked swab rotated firmly against the upper inside

wall of the tube to express excess fluid. The entire agar surface of the plate was then
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streaked with the swab three times, turning the plate at 60° angle between each
streaking. The inoculum was then allowed to dry for 5 - 15 minutes with lid in place.
Antimicrobial discs (Oxoid) including CN (10mcg), CXT(5mcg), CRO (30mcg), SXT
(25mcg), P1 (iu), FOX (30mcg), AZM (15mcg), CAZ (10mcg), CFM (5mcg), ETP
(20mcg), OX (1mcg), AMP (10mcg), AK (30mcg), TGL (15mcg), MEM (10mcg),
CIP (5mcqg), were then placed on the surface of the streaked plate using disk dispenser
(OXOID). The plates were then incubated immediately at 35 + 2°C and examine after
16-18 hours.

Zones of inhibition to the nearest millimeter were then measured using a Vernier
caliper. The diameter of the area displaying no growth was then compared using
interpretation guide as per the standards chart for the determination of antibiotic

sensitivity and resistance status by the Disk Diffusion method (Sarker et al., 2014).

3.15 Validity
The data for this report was collected using well calibrated and maintained tools and

the whole process followed a well laid out standard operation procedures.

3.16 Reliability

Samples were analyzed alongside controls to ensure reliability.

3.17 Data Analysis

Prevalence of nosocomial bacterial pathogens and their antimicrobial resistance were
determined using percentages. The relationship between patient category and the risk
of acquiring nosocomial pathogens was determined using x* (chi-square) test. P

value <0.05 at 95% confidence were considered statistically significant.

3.17 Ethical Considerations

Board of post graduate studies of Jaramogi Oginga Odinga University of science and
technology (JOOUST) gave permission to conduct this study. Approval was then
obtained from Jaramogi Oginga Odinga Teaching and Referral Hospital Ethics and
Review Committee Ref: IERC/JOOTRH/478/21. National Commission for Science
Technology and Innovation (NACOSTI) then gave clearance to conduct the study

under Ref. No: 807371. Assent forms were used to obtain data from people unable to
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consent on their own and consenting process elaborately explained to this group of

participants.

Confidentiality and anonymity of the participants was maintained by using codes for
purposes of identification and not by names. Every information obtained was strictly
used for research purpose only and data collected was stored, analyzed and reported in
formats that won’t allow identification of the individuals whose information have

been used for purposes of this study.

3.18 Quality Control and Assurance

Quality of antimicrobial testing was ensured by following a routine internal quality
control testing with a range of control strains as part of quality assurance process.
This allowed monitoring of the of tests performance. Accepted zone diameters were
ensured to fall within accepted ranges and any that fell outside the accepted ranges
were investigated for sources of error which could have emanated from culture media,
antimicrobial discs, inoculum sizes not being consistent, as well as reading of the
plates. External quality assessment schemes provided an independent assessment of

performance. Routine tests were repeated with identity of organisms blinded.
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CHAPTER FOUR: RESULTS

4.1 Age and Gender as Risk Factors to Acquiring Nosocomial Pathogens

This study involved 111 patients. In terms of gender, over half of respondents,
59(53.2%) were female. In terms of age, about a third of participants, 35 (31.5%)
were aged less than 1 year, a few respondents, 4(3.6%) were aged six to twelve years.
Age was significantly associated with risk of acquiring nosocomial pathogens (x2,
p=0.012). However, this study found no association between gender and the risk of
contracting nosocomial pathogens (x2, p =0.338). More than half of samples,
60(54.1%) did not grow any pathogens. This is presented in table 4.1.

Table 4.1: Age and Gender as Risk Factors to Acquiring Nosocomial Pathogens

NG Kleb S.A E.C Ps Pr EF AB P-

Age n(%) n(%o) n(%o) n(%o) n(%o) n%) n(%) n(%) N(%) Value
<1 35(31.5) 29(82.9) 1(2.9) 3(8.6) 1(2.9) 1(29) 0(©) 0@ 0@ 0.012
1-5 7(6.3) 5(71.4) 0(0) 1(14.3) 1(14.3) 0(0) 00) 0@ 0(0

6-12 4(3.6) 2(50) 0(0) 1(25) 1(25) 0 (0) 00) 0@ 0(0

13-19 7(6.3) 2(28.6) 1(14.3) 3(429) 1(143) 0(0) 00) 0@ 0

20-39 23(20.7) 9(39.1) 7(30.4) 2(8.7) 1(14.3) 0(0) 2(8.7) 2(8.7) 0(0)

40-59 22(19.8) 9(40.9) 2(9.1) 2(9.1) 6(27.3) 1(45) 145 0() 1(4.5)

60+ 13(11.7) 4(30.8) 5(38.5) 0(0) 2(15.4) 2(154) 0(©) 0@ 0(0)

Gender

Female 59(53.2) 33(55) 10(16.9) 8(13.6) 6(10.2) 0(0) 12.7) 1(1.7) 0() 0.338
Male 52(46.8) 27(51.9) 6(11.5) 4(7.7) 7(13.5) 4(7.7) 2(3.8) 1(1.9 1(1.9
Total 111(100) 60(54.1) 16(14.4) 12(10.8) 13(11.7) 4(3.6) 3(2.7) 2(1.8) 1(0.9

KEY: N.G= No growth; Kleb= Klebsiella spp.; S.A= Staphylococcus aureus; E.C=
E.coli; Ps= Pseudomonas aeruginosa; Pr= Proteus spp.; E.F= Enterococcus
faecalis; A.B= Acinetobacter baumannii

4.2: Prevalence of Nosocomial Pathogens with Respect to Ward Category

The infecting nosocomial pathogens were categorized with respect to ward category.
The most common pathogens found to cause nosocomial infections was Klebsiella
spp. followed by E. coli and Staphylococcus aureus; 16(31.4%), 13(25.5%) and
12(23.5%) respectively. Among the three most common pathogens Klebsiella spp.,
was the leading cause of infection among gram-negative bacteria while
Staphylococcus aureus was the most frequently isolated gram-positive bacteria.
Acinetobacter baumanni, 1(2%) was found not a common pathogen in JOOTHR
hospital. Among the patient ward categories, most pathogens were isolated from
surgical ward followed by amenity and gynecology at 27(52.9%), 8(15.7%) and
6(11.8%) respectively. The newborn unit had the least pathogens isolated, with only

two percent of the samples, 1(2%) yielding bacterial growth. This study however,
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found no significant association between the nosocomial pathogens and patient ward

category (x2, p =0.774). This is as summarized in table 4.2

Table 4.2: Total number of Bacterial Isolates from Patients in Various Wards

New  Sur Ame Gyn ICU HDU  Chil Cas
Pathogen n(%) n(%) n(%) n) n%) n%) n%) n%) n%) P
Klebsiella 16(31.4) 0(0) 6(37.5) 3(18.8) 3(18.8) 2(12.5) 1(6.3) 0(0) 1(6.3) 0.774
S. aureus 12(23.5) 0(0)  9(75) 1(8.3) 1(8.3) 0(0) 0(0) 1(8.3) 0(0)
E. coli 13(25.5) 1(7.7) 5(38.5) 2(23.1) 1(7.7) 1(7.7) 0(0) 2(15.4) 0(0)
P. aeruginosa 4(7.8) 0(0)  3(75) 1(25)  0(0) 0(0) 0(0)  0(0) 0(0)
Proteus 3(5.9) 0(0)  3(100)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

E. faecalis 2(39) 00) 1(50) 0(0)  1(50) 0(0)  0() 0(0)  0(0)
A baumanni  1(2.0)  0(0)  0(0) 0(0)  00)  1(100) 0(©0) 0(©0)  0(0)

Total 51(100) 1(2) 27(52.9) 8(15.7) 6(11.8) 4(7.8) 1(2) 3(.9) 1(2)

Key: New = Newborn; Sur = Surgical; Ame = Amenity; Gyn = Gynecology; ICU =
Intensive Care Unit; HDU = High Dependency Unit; Chi = Children; Cas = Casualty

Table 4.2 shows no association between the pathogens isolated ward in which the
patient is admitted.

4.3: Common Bacterial Pathogens Causing Nosocomial Infections

Klebsiella spp., was the most commonly isolated pathogen causing hospital infection
in JOOTRH, followed by Escherichia coli and Staphylococcus aureus at 16(31.4%,
13(25.5%) and 12(23.5%) respectively. In this study, Acinetobacter baumannii, 1(2%)
was the least commonly isolated nosocomial pathogen. This is as summarized in

figure 4.1.
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Figure 4.1: Common Bacterial Pathogens Causing Nosocomial Infection.

According to the figure above, Klebsiella spp. was the most frequent isolate followed
by E. coli and S. aureus. Acinetobacter baumannii was the least isolated bacteria

4.3 Antibiotic Resistance Rates of the Bacterial Pathogens Isolated

The highest antimicrobial resistance rate was against Ampicillin, Imipenem and
Ceftazidime at 17(100%), 33(97.1%) and 35(92.1%) respectively. The lowest rate was
against Amikacin 3(7.3%), Gentamicin 8(22.2%), Meropenem 7(24.1%) and
Cefepime 5(33.3%). Acinetobacter baumannii showed the most resistance to all
antibiotics. Staphylococcus aureus showed the most resistance to imipenem,

Ampicillin, Cefotaxime. This is as summarized in table 4.3
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Table 4.3. Antibiotic Resistance Rates of the Bacterial Pathogens Isolated

Kleb Pr EC Ps SA EF AB TR
Drug No (%) (%) (%) () () (%) () (%)
OX 6 NT  NT NT 0 60 100 NT 4(66.7)
CIP 42 53.80 0 69.20 NT 25 100 100 20(47.6)
SXT 17 100 100 100 100 25 100 NT 11(64.7)
CXT 39 6150 O 76.90 20 100 100 24(61.5)
MEM 29 3330 0 10 100 NT 100 0 7(24.1)
IMP 34 100 100 92.30 100 100 NT 100 33(97.1)
AK 41 1330 0 7.70 100 0 0 0 3(7.3)
Pi 6 NT  NT NT NT 8330 NT NT 5(83.3)
GEN 36 4550 0 2220 0 1110 0 0 8(22.2)
AZM 13 100  NT NT 100 44.40 100 NT 8(61.5)
AMP 17 100  NT NT 100 100  NT NT 17(100)
CEF 29 60 0 75 100 100 NT 100 19(65.5)
ERY 3 NT  NT NT NT 50 50 NT 2(66.7)
CAZ 38 100 100 9230 75 75 NT 100 35(92.1)
FEP 15 50 0 25 0 NT 100 NT 5(33.3)
TAZ 10 75 NT 75 0 NT NT 100 7(70)
AMC 14 100 NT 75 0 33.00 100 100 10(71.4)
PIP 31 7780 66.70 9230 100 100  NT 100 27(87.1)
OF 30 20 0 5830 0 0 NT 100 10(33.3)
KEY: Oxacillin; CIP=Ciprofloxacin; SXT= Sulphamethoxazole-

Trimethoprim; CXT= Ceftriaxone; MEM= Meropenem; IMP= Imipenem; AK=
Amikacin; Pi= Penicillin G; AZM=Azithromycin; AMP= Ampicillin; CEF=
Cefotaxime; FEP= Cefepime; ERY= Erythromycin; CAZ= Ceftazidime; FEP=
Cefepime; TAZ= Tazobactam; AMC= Amoxyclav; PIP= Piperacillin; OF=
Ofloxacin; No= Number of organisms; Kleb= Klebsiella spp.; S.A=
Staphylococcus aureus; E.C= E.coli; Ps= Pseudomonas aeruginosa; Pr= Proteus
spp.; E.F= Enterococcus faecalis; A.B= Acinetobacter baumannii; NT= Not tested;
TR= Resistance
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Figure 4.2: Number of Admissions in the Wards Sampled During Study Period.

Among the wards sampled during the study period, surgical ward had the highest
number of admissions followed by children ward, medical wad, gynecology and

newborn unit. Isolation ward, amenity and ICU had the lowest number of admissions.
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CHAPTER FIVE: DISCUSSION
Nosocomial bacteria contracted during admission is one of the major public health
threats due to difficulty in treatment because of MDR tendencies. This study was
purely hospital based and was done in JOOTRH with an aim of determining
prevalence of nosocomial infecting bacteria in relation to patients age, sex and ward
of admission and determining the antibiotic resistance of the isolates. The study was
carried out from August to December 2021. Demographic characteristics such as age,
sex plus other relevant information like date and ward of admission; clinical condition
for which the patient was admitted as well as other clinical histories were extracted
from patient files. Clinical samples were collected from patients admitted in surgical,
medical, gynecology, intensive care unit, high dependency unit, amenity, children, as
well as newborn units and who presented with signs and symptoms of nosocomial

infection which occurred 48hours or more post admission.

5.1 Predisposition to Infections

This study findings showed that age was significantly associated with the risk of
contracting nosocomial pathogens while there was no association between gender and
the risk of contracting HAIs. This study reported findings which agree with a study by
(Murni et al., 2022), who found that children had an increased chance of contracting
nosocomial bacterial infections. Similarly, (Milovanovic et al., 2019; Mukagendaneza
et al.,, 2019; M. Wang et al., 2019b), in their study findings managed to find an
increased risk of Nls in the elderly patients above 60 years which concurs with
findings of this study. Additionally, increased predisposition to NlIs can be enhanced
due to weakened body defenses (Agyepong et al., 2018; Olowo-Okere et al., 2018)

and perhaps also due to the presence of comorbidities (L. Wang et al., 2019a)

As has been demonstrated by this study, surgical ward had the highest prevalence of
NIs as compared to other wards. A similar study done for Sub-Saharan Africa ably
demonstrated more hospital infection in surgical wards (Ngaroua et al., 2016).
However, findings from a study done by (Gelaw et al., 2017) gave a considerably
lower findings compared to the findings of this study. The discrepancy could have
been due to the scope of their study which concentrated only on caesarean section
cases while this study looked at surgical sites in general. Another study done in
Rwanda by (Mukagendaneza et al., 2019) also documented lower rates than the one
posed by this study; a discrepancy which could be explained by the fact that their
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results were merely based on estimates, and therefore could not capture the true
burden of SSls and that studies that would give the correct estimates still remain
scarce (Badia et al., 2017).

5.2 Common Bacterial Pathogens Causing Isolated

Majority of cases of NIs according to this study were caused by gram negative rods.
This agrees with findings of a another study done by (El Mekes et al., 2020) which
found gram negative Enterobacteriaceae to be a common cause of infections in
hospital settings. Among the isolates, Klebsiella spp., was predominant followed by
Escherichia coli. This finding again agrees with findings of other studies by (Bianco
et al., 2018; Dessie et al., 2016; Golan, 2015; Mukagendaneza et al., 2019;
Suwantarat & Carroll, 2016) which found majority of hospital infections to be

dominated by Klebsiella spp., and E. coli.

However, Enterococcus spp., was found to be a common hospital acquired
uropathogens in a study by (Milovanovic et al., 2019) while another study by (El
Mekes et al., 2020) found Acinetobacter baumannii to be most common. Findings of
the two studies are in disagreement with that of this study which found Klebsiella
spp., to be the most common pathogen isolated from urine. The discrepancy could
have been occasioned by the study by Milovanovic et al., having been carried purely
on patients with liver cirrhosis and that of EI Mekes et al., being based on patients
admitted in ICU which might have narrowed the target population. This study

however, included all in-patients who showed signs of nosocomial infection.

5.3 Antibiotic Resistance

Generally, there has been a growing concern about increase in antibiotic resistance on
bacterial pathogens contracted within the hospital environments exhibiting high
variability in the prevalence rates; variability which could be due to differing
population characteristics as well as geographical distribution that would otherwise
influence seasonal variation and this has been shown to influence thriving of resistant
bacteria (Erb et al., 2007; Omulo et al., 2021), the study design used and methods of
bacterial detection, sample size involved notwithstanding. Findings of this study
however, revealed an overall antibiotic resistance ranging from between 7.3 % which

is the lowest rate for amikacin according to this study and 100% recorded for
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ampicillin. These findings agree with that of (Erb et al., 2007) which found resistance

rates of between 0-100%

Furthermore, findings of this study revealed varying prevalence rates of antimicrobial
resistance among the isolates with several NI agents exhibiting resistance to multiple
antibiotics. For example, all Klebsiella spp., isolated showed high resistance to
sulfamethoxazole-trimethoprim, azithromycin, and ampicillin. These findings agree
with those of (Skender et al., 2022), who demonstrated high level of resistance of the
same antibiotics in their study. Findings of this study again revealed high prevalence
of resistance against imipenem which again agrees with findings of (EI Mekes et al.,
2020; M. Wang et al.,, 2019b) which showed high resistance (100% and 70%)
respectively. Findings by (Olowo-Okere et al., 2020) that there is high resistance to
ceftazidime and amoxiclav which also agrees with findings of this study. A similar
study conducted in Western Kenya had findings which were coherent with the ones
for this study in which Klebsiella pneumoniae was found to be the predominant
bacterial pathogen with high resistance rates of more than 80% to drugs such as

penicillin, cephalosporins, macrolides and tetracyclines (Patil et al., 2022).

While notably high prevalence rates were noted in a number of antibiotics, this studies
by (M. Wang et al., 2019b) also revealed relatively low resistance towards
meropenem which quite agrees with our finding. Another low rate of resistance was
also recorded for Amikacin and gentamycin. Findings by (Critchley et al., 2020; M.
Wang et al., 2019b) while working on Klebsiella pneumoniae isolates documented
resistance rates against Amikacin and Meropenem respectively, which correlates well

with the findings of this study.

However, the findings disagree with (Skender et al., 2022) in which resistance to
amikacin was 60%. This could be highly possible considering the fact that amikacin
was the most prescribed antibiotic at 36% and so there could be high chances of abuse
and misuse. This study therefore justifies even though with caution, the empiric
administration of Amikacin and Meropenem particularly in areas where facilities for
antimicrobial susceptibility testing are not readily available. High resistance against
cefepime also disagrees with the finding of our study; the discrepancy of which could
have resulted from the number of isolates tested against cefepime (15) in our study

compared in relation to (213) in their study.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This study reports that, surgical site infection was the most common type of infection
acquired in JOOTRH. Furthermore, age was significantly associated with the risk of
contracting infection during admission but gender was otherwise. The study also
found that most cases of nosocomial infections were caused by Gram negative
bacteria and Klebsiella spp., was the most prevalent pathogen among gram-negative
bacteria. Staphylococcus aureus was the most frequently isolated gram-positive
bacteria and was commonly isolated from surgical sites. Generally, there was high
prevalence of antimicrobial resistance with a number of pathogens showing multidrug
resistance. Relatively low resistance rate was noted for meropenem, amikacin and

gentamycin.

6.2 Implication of the Findings

High antibiotic resistance reported in this study is indeed an indication that antibiotics
commonly used to manage infections have become ineffective and infections majority
of which have been reported to occur in surgical ward might therefore be difficult to
treat. The risk of disease spread, severe illness, disability and death in essence appear

real.

6.3 Recommendations

1. The hospital should strive to continuously strengthen infection prevention and
control in all the service delivery points and focus more in the surgical wards.

2. The hospital should carry out continuous surveillance on antimicrobials such
as amikacin, gentamycin and meropenem to detect any resistance threats that
would emerge.

3. This study recommends the use of amikacin, gentamycin and meropenem for
empiric treatment in resource constrained settings in which culture facilities

are not available.

6.4 Suggestion for Future Research
This study suggests future research to involve molecular work to isolate genes that

codes for antimicrobial resistance in western Kenya.
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APPENDICES
APPENDIX I: CONSENT FORM
Title of the proposal
Characterization of antibiotic resistant nosocomial bacterial isolates from clinical

specimens at Jaramogi Oginga Odinga Teaching and Referral Hospital.

Purpose of the study:

The aim is to determine and characterize antibiotic resistant nosocomial bacterial
pathogens isolated from clinical specimens at JOOTRH

Procedure to be followed

The data collector will introduce himself/herself to the respondent (patient) and
explain the procedure he/she intends to perform after which personal information
about the patient such as age, sex, date and time of admission, treatment administered
will be entered into the data collection sheet. The data collector will then put on
gloves after hand washing and then he/she will collect the requisite specimen
following strict aseptic technique after the respondent will have consented.

Risks

The study will not expose you to unusual risks.

Benefits

The study will help in provision of information about antibiotic resistance of
commonly isolated nosocomial bacterial pathogens that cause nosocomial infections
hence enabling timely management and treatment of such infections. This will reduce
length of hospital stay, reduce cost of healthcare as well as preventing disabilities and
deaths.

Confidentiality of records

Codes will be used to number the data collection sheets to protect confidentiality of
the patients. No identity of the participants will be disclosed to the public in any
reports or publications

Basis of participation

It is important for you to know that you have the freedom to decline to participate in

the study and this will not affect your relationship with the hospital or the investigator
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Signature

I have the above information and have had an opportunity to ask questions and all my
questions have been answered. | have consented to taking part in the study and have
allowed the investigator to take my sample(s). | fully understand there are no risks

associated with participating in this study.

SIgNature. .......ovovveiiniiiiieiisenees DA€

I, the undersigned, have fully explained the relevant details of this study to the

respondent named above.
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APPENDIX Il: PARENTAL INFORMED CONSENT
Brief Description of Research Study
The purpose of this research is to isolate nosocomial bacterial pathogens from
clinical specimens and determine their antibiotic resistance. During this study
specimens will be collected from patients with signs and symptoms of nosocomial
infection and then cultured to isolate bacterial pathogens after which they will be
tested against antibiotics. Please read the rest of this form before deciding if you will
allow your child to be in this research study.
My name is Arthur Aroko and | am a student at Jaramogi Oginga Odinga University
of Science and Technology. Because you are the parent or legally authorized
representative of the hospitalized child, | am seeking your permission to let your child
participate in this research study. Involvement in the study is voluntary, so you may
decide whether to let your child participate or not. | will also ask your child if he or
she wants to be in the study, and I will only collect information if both you and your
child agree. Before making your decision, please read the information below and ask
me any questions that you have about the research; | will be happy to explain
anything in greater detail. Duration of data collection is envisaged to take three
months however, your direct involvement or that of your child will take at most thirty
minutes.
Even if your child does not take part in my study, he or she will still be able to get
services from of this hospital and therefore you should feel free to either participate or
decline to do so. However, to ensure confidentiality 1 will not reveal any private
information about your child to anyone, unless required by law to do so. My records
will be in my possession at all times, and only I will know which records belongs to
which child. In any reports I make about this study, I will not use your child’s name
or any other information that could be used to identify him or her directly or
indirectly. When my study is complete, | will destroy all of the information I collected
from individual patients.
Risks and Benefits of Participation
Risks that may be experienced by children may be minimal and would vary from
child to child. The mild Some children may experience mild pain for a few minutes
particularly when samples such as venous blood is being collected. Otherwise, the
study does not pose grave danger to your child. There are no rewards for taking part
in this study, and no penalties of any kind if they do not take part. However, being in
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this research study might provide important data that could be used to improve
management of hospital acquired bacterial infections.

Participant Rights

You have the right to ask any questions you have before, during or after the study, and
| encourage you to do so. If you do not want your child to be in this study, there will
be no penalties or loss of benefits that he or she is entitled to. If you agree to let your
child, be in this study and later change your mind, you have the right to take him or
her out simply by contacting me at the email address below, and | will destroy any
research data collected about your child. This research has been approved by the
JOOUST board of post graduate studies as well as JOOTRH Ethics Review
Committee (JOOTRH ERC, which is responsible for ensuring that the safety and
rights of research participants are protected. For information about your participation
in this study, please, feel free to contact me using below contact mobile number as
email address: -

Name: Arthur Aroko Tel. no 0721463866; E-mail: arthuraroko@gmail.com; Or

you can contact my university supervisors,

Name: Dr. Daniel Onguru Tel. 0721818368; E-mail: danonguru@yahoo.com
Name: Dr. Daud Ibrahim Tel. no. 0726487199; E-mail: ibrayed@gmail.com

Before signing this form, please ask me any questions you have about participation in

this study.

To be completed by participant

| have read all of the information on this form, and all of my questions and concerns
about the research described above have been addressed. | choose, voluntarily, to
permit my child to take part in this research study. I certify that | am at least 18 years
of age.

Signature of parent or legally authorized representative-------------- Date----------------
To be completed by Researcher

I confirm that the legally authorized representative of the child whose signature
appears above has been given an opportunity to ask questions about the study, and all
the questions asked have been answered to the best of my knowledge and ability. A
copy of this Consent Form has been provided to the child’s legally authorized
representative, and | will keep the original for a minimum period of 1 year.

Name of researcher.......................... Signature.................. Date...................
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APPENDIX I11: CHILD ASSENT FORM
DeEar MI/MS. ..o , My name is Arthur Aroko, and
the reason for this letter is to ask if you want to be in a research study | am doing. By
“research” I mean that I am trying to find out more about something. In this study I
am trying to find out more about bacteria (germs) that cause diseases and are
contracted within hospital settings. We will also look at how they behave towards the
medicine used in treating them when they infect. These germs can be termed
nosocomial bacterial pathogens. They are usually isolated from clinical specimens
such as urine, sputum, blood, pus and stool among others. | have already asked your
parent/ guardian if they will permit you to be in this study. If they did not agree, you
will not be asked to sign this form. If they did agree, it is still your choice to make,
and 1 am now going to describe what you will do if you agree to be in this study. I am
going to read this information to you, so listen carefully and ask any questions you

have before you decide whether to be in the study or not.

What will you do if you are in this study?

During the next thirty minutes if you agree to be in my study, you will allow me to
ask you a few questions which you may choose to answer or not as | fill them in the
forms that | have with me here, after which I will carry out a simple procedure on you

to obtain a specimen which will be taken to the laboratory for testing.

What will you do if you are not in this study?

Nothing bad will happen to you if you do not want to be in the study, and it will not
hurt your relationship with me as a researcher or other staff of this hospital. You will
still enjoy the health services provision. Also, if you are not in the study, I will not

obtain any specimens from you.

Will anything bad happen to you in this study?

If you decide to be in this stud will not expose you to risks that may endanger your
life, however you may experience mild discomfort during specimen collection which
is normal. But should you feel that the procedure is extremely discomforting to you,
then you are free to tell the researcher to stop. | will ensure that special steps are taken
to make sure that you feel okay during and after the procedure in question. You do not

have to answer any questions during the interview that you do not want to answer. |
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will also make sure that you do not miss any instruction that you need to be given at
any given time.

Will anything good happen to you in this study?

You will not receive any special rewards or services for agreeing to be in this study.
Will anyone else know what was done or what you said in this study?

In my study, I will not use your names or any form of identification that will infringe
on your privacy. If you decide to be in this study, | will not tell anyone else about
what you said during your individual meetings with me, unless | have to for legal

reasons or if you give me an okay to do so.

What if you have any questions?

Be sure to ask me any questions you have before deciding whether to be in this study
or not. Even if you don’t have questions now, you can ask me about this study at any
time later. If you would like time to discuss it with your parents before making your
decision, please tell me.

What if you change your mind?

If you decide to be in this study and later change your mind, just tell me that you want
to stop. | will stop collecting information about you for my study and will take out all
of the information | already have about you. I will finish my study on June 2022, so
that is the deadline when you should tell me if you want your information taken out of
the study.

Name of researcher...................... Signature..........c..coeeieinn. Date...............

To the patient (child)

Your signature below indicates that you have read the information on this form [or
that | have read the information on this form aloud to you], and that all of your
questions about this research study have been answered. Please put an X next to your
decision:

___ | agree to take part in this research and | will let you make a recording of what |
say

__1 DO NOT want to have any information about me used in this research

Signature of patient...................ooeeninnn.. Date.....oooviiiiiii
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APPENDIX IV: DATA ENTRY FORM

Serial.
No.

Age

Sex

Adm.
Date

Ward

Specimen
type

Date of
collection

Organism
isolated

Antibiotic
resistance
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APPENDIX V: DATA COLLECTION FORM

TITLE: Characterization of antibiotic resistant nosocomial bacterial isolates from

clinical specimens at JOTRH

Serial NO......o.oooi

Age i Gender M F
Date of adMiSSIoN=-=========s=nmmmmem e

Condition for which admitted/ Diagnosis ------------=-==-==-==-=-----—- -

Degree of severity of the condition Mild Moderate Severe

Other comorbidities (SPECITy)------=-=-mmmmmmmm oo oo
Is the patient on any antibiotics? Yes No

If yes then SpeCify-------m-mmmm e - -
Type of nosocomial infection-------=-=-===-=-mmmmmmm oo e

Date of onset of NI signs and symptoms----- e -
Treatment given to alleviate NI symptoms----------------=----omemoemuuu-- -

Sample type mm=memm e Sample collection date--------------------
Sample culture date---------------------m-omrmemo—-

Bacteria isolated-----------------=------m-m-mo--- e e e e
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Antibiotic susceptibility results

Antibiotic tested Sensitive | Intermediate | Resistant
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APPENDIX VI: BOARD OF POST GRADUATE STUDIES APPROVAL
LETTER
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APPENDIX VII: ERC APPROVAL LETTER

COUNTY GOVERNMENT OF KISUMU
DEPARTMENT OF HEALTH

Telephone: 057-2020801/2020803/2020321
Fax: 057-2024337

JARAMOG! OGINGA ODINGA TEACHING &

E-mail: ercjoorth@gmail.com REFERRAL HOSPITAL
When replying please quote Pl(()lSB[(J)l)\"l:J”
; IERC/JOOTRH/478/21 26t August, 2021
REE i s ot
. TRl o o

To:  Arthur Aroko

Dear Arthur,

RE: REQUEST FOR ETHICAL APPROVAL TO UNDERTAKE A STUDY TITLED:
NOSOCOMIAL BACTERIAL PATHOGENS AND THEIR ANTIBIOTIC RESISTANCE AT JARAMOGI

OGINGA ODINGA TEACHING AND REFERRAL HOSPITAL, KISUMU,
—\\_I\

This is to inform you that JOOTRH IERC has reviewed and approved your above research proposal. Your application
approval number is IERC/JOOTRH/478/21.The approval period is 26 August, 2021 - 26t August, 2022.
This approval is subject to compliance with the following requirements:
. Only approved documents including (informed consents, study instruments, MT, A) will be used.
il.  All changes including (amendments, deviations, and violations) are submitted for review and approval by
JOOTRH - [ERC,
iii.  Death and life threatening problems and serious adverse events or unexpected adverse events whether
related or unrelated to the study must be reported to JOOTRH - IERC within 72 hours of notification
v.  Any changes, anticipated or otherwise that may increase the risks or affected safety or welfare of study
participants and others or affect the integrity of the research must be reported to JOOTRH - IERC within 72
hours
V.. Clearance for export of biological specimens must be obtained from relevant institutions.
vi.  Submission of a request for renewal of approval at least 60 days prior to expiry of the approval period,
Attach a comprehensive progress report to support the renewal.
"vii. Submission of an executive summary report within 90 days upon completion of the study to JOOTRH -
IERC.
Prior to commencing your study, you will be expected to obtain a research license from National Commission for
Science, Technology and Innovation (NACOSTI) hitps:/foris nacosti.qo ke and also obtain other clearances needed,

e T
In case the sty dysi 1&&@&1&5@\

30 e ane BU
{ /0 AUV

Phancy n\a@umsscnsw P~
JOOTRHERC "
KISUMU
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APPENDIX VIII: NACOSTI LICENCE

! Ref No: 807371

NATIONAL COMMISSION FOR
SCIENCE,TECHNOLOGY & INNOVATION

REPUBLIC OF KENYA

Date of Issue: 06/September/2021

RESEARCH LICENSE

This is to Certify that Mr.. ARTHUR AROKO of Jaramogi Oginga Odinga University of Science and Technology, has been

! licensed to conduct research in Kisumu on the topic: NOSOCOMIAL BACTERIAL PATHOGENS AND THEIR ANTIBIOTIC

! RESISTANCE AT JARAMOGI OGINGA ODINGA TEACHING AND REFERRAL HOSPITAL, KISUMU for the period

| ending : 06/September/2022.

License No: NACOSTI/P/21/12695

it

Director General
NATIONAL COMMISSION FOR
SCIENCE,TECHNOLOGY &
INNOVATION

807371

Applicant Identification Number

Verification QR Code

NOTE: This is a computer generated License. To verify the authenticity of this document,
Scan the QR Code using QR scanner application.
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APPENDIX IX: MAP OF THE STUDY AREA

https://www.google.com/search?jaramogi+oqginga+odinga+teaching+and+referral+ho
spital
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APPENDIX X: BIOCHEMICAL TEST PROCEDURES

Catalase (Slide Test) assay

A small amount of bacterial colony was transferred to the surface of a clean,
dry glass slide using sterile wooden stick.

A drop of 3% H,0, was then placed on to the slide and mixed.

Rapid evolution of oxygen evidenced by evolution of bubbles (within 5-10
sec.) was regarded as positive result.

A negative result was evidenced by absence of air bubbles.

Slide Coagulase Test assay

V.

A staphylococcal colony will be emulsified in a drop of sterile physiological
saline on a clean, dry and grease-free glass slide. A similar suspension of
control positive and negative strains was set to confirm the proper reactivity of
the plasma.

A flamed and cooled straight inoculating wire was dipped into the undiluted
plasma at room temperature, withdrawn, and the adhering traces of plasma
(not a loopful) stirred into the staphylococcal suspension on the slide. The
wire loop was flamed again and the procedure repeated for the control
suspensions.

A positive reaction was manifested by the presence of characteristic coarse
clumping of cocci visible to the naked eye within 10 seconds.

Absence of clumping or any reaction taking more than 10 seconds to develop
was interpreted as a negative reaction.

Slow reacting strains were examined by the tube coagulase test.

Tube coagulase test procedure

A 1-in-6 dilution of the plasma in physiological saline was prepared. 1 ml
volumes of the diluted plasma put placed in small tubes.

Several isolated colonies of test organism were emulsified in 1 ml of diluted
plasma to give a milky suspension.

The tubes were incubated at 35°C in a water bath for 4 hours and examine at
intervals of 1, 2 and 4 hours for clot formation by tilting the tube through 90°.
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iv.

Negative tubes were left at room temperature overnight and re-examine to
capture some strains of S. aureus, including many MRSA, produce a delayed

clot which is rapidly lysed at 37°C by staphylokinase.

Procedure of Bacitracin test

Two to three colonies of a pure culture of suspected organism were streaked
onto a blood agar plate using a sterile inoculation loop.

Using heated forceps, a bacitracin disk was placed in the first quadrant (area of
heaviest growth).

The plate was incubated for 18 to 24 hours at 37°C in ambient air.

Zone of inhibition around disk signified a positive test result.

Procedure for Triple Sugar Iron Agar (TSI) Test

TRIPLE SUGAR IRON (CM0277) OXOID slants were prepared in tubes

The top of an isolated colony was touched by sterilized inoculation wire.

TSI agar was inoculated by first stabbing through the center of the medium to
the bottom of the tube and then streaking on the surface of the agar slant.

The cap of the tube was left loose and the tube incubated at 37°C in ambient
air for 18 to 24 hours.

Interpretation of Triple Sugar Iron Agar Test

Lactose (or sucrose) fermentation was characterized by a large amount of acid
being produced, which turns the phenol red indicator yellow both in the butt
and in the slant. Some organisms generate gases, which produces bubbles
and/or cracks on the medium.

None-lactose fermentation and small amount of glucose fermentation results
in the oxygen-deficient butt turning into a yellow color butt has comparatively
more glucose than slant i.e., more media more glucose), but on the slant the
acid produced is oxidized to carbon dioxide and water by the organism making
the slant red.

If neither lactose/sucrose nor glucose is fermented, both the butt and the slant

turn red. The slant can become a deeper red-purple (more alkaline) as a result
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of the production of ammonia from the oxidative deamination of amino acids
provided for by peptone.
iv.  If hydrogen sulfide (H.S) is produced, the black color of ferrous sulfide is

usually apparent.
Procedure of Oxidase test:

i. A filter paper soaked with the Oxidase reagent (B02D008M) Becton
Dickinson
ii.  The colony to be tested was picked with sterile wooden applicator stick and
smeared on the filter paper.
iii.  Inoculated areas of the oxidase paper strips were observed for development of
a deep blue or purple color change within 10-30 seconds signifying a positive

result
Procedure for Indole Test

Pure bacterial culture was grown in sterile Peptone Water-HIMEDIA (M028-500G)
for 18-24 hours at 37°. Five drops of Kovac's reagent were then added to the culture
broth. The presence of a red or red-violet or orange (due to presence of skatole) color
in the surface alcohol layer of the broth indicated a positive reaction while a negative

result appeared yellow.
Procedure for urease test

Pure colony of suspected bacteria was inoculated in tubes containing Urea Broth
Base-HIMEDIA (M111-500G). The tubes were then incubated at 37°C in ambient air
for 18-24hrs loosely capped and examine for the development of a pink color

denoting a positive result.
Procedure for citrate Utilization test

Pure colonies from suspected bacteria were inoculated into tubes containing sterile
Koser Citrate Medium-HIMEDIA (M069-500G) and incubated aerobically at 370C
for 18-24hours. A positive test indicating utilization of citrate was shown by turbidity
of the medium; a sign of bacterial growth.

68


https://en.wikipedia.org/wiki/Kovac%27s_reagent

Antimicrobial testing procedure

Kirby-Bauer disc diffusion technique was performed to test isolates in vitro for
antimicrobial susceptibility following clinical and laboratory standards institute CLSI

criteria as follows:

I. A sterile 4mm deep plate of Mueller Hinton Agar from (CMO0337) from
OXOID was prepared as per Bauer-Kirby method. For fastidious organisms,
Muller Hinton Agar was enriched with 5% Blood.

ii.  Colonies from an overnight culture were picked with a sterile wire loop and
emulsified into 5ml of sterile 0.85% sodium chloride solution and the turbidity
of the inoculum adjusted to match 0.5 McFarland equivalence turbidity
standard which will have been prepared prior.

iii. A sterile Polysterene Spun Swab-SteriPack (60566RevA) was then dipped
into the standardized inoculum and the soaked swab rotated firmly against the
upper inside wall of the tube to express excess fluid.

Iv.  The entire agar surface of the plate was then streaked with the swab three
times, turning the plate at 60° angle between each streaking.

v.  The inoculum was then be allowed to dry for 5 - 15 minutes with lid in place.

vi.  Antimicrobial discs were then placed on the surface of the streaked plate using
disk dispenser (OXOQOID).

vii.  The plates were then incubated immediately at 35 + 2°C and examine after 16-
18 hours.
viii.  Zones of inhibition to the nearest millimeter were then measured using a

Vernier caliper.

Result interpretation

The diameter of the area displaying no growth were measured and then compared
with the interpretation guide as per the standards chart for the determination of
antibiotic sensitivity and resistance status by the Disk Diffusion method (Sarker et al,
2014).
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Analytical Profile Index (APl 20E) system Assay
APl (Analytical Profile Index) 20E-bioMerieux, Inc. was employed in the

identification and differentiation of members of the family Enterobacteriaceae.

1.

6.
7.

A single isolated colony (from a pure culture) was picked and used to make a
suspension in sterile API® Nacl 0.85% medium.

The API20E biochemical test strip which containing dehydrated bacterial
media/biochemical reagents in 20 separate compartments was placed on a clean
bench.

A sterile Pasteur pipette was then used to fill up to the compartments with the
bacterial suspension.

Sterile oil was added into the ADH, LDC, ODC, H2S, and URE compartments.
Some drops of water were placed in the tray before the API Test strip was put and
the tray closed with a lid.

The set tray was then marked with an identification initial.

The tray was incubated at 37°C for 18 to 24 hours.

Results interpretation

1. Before interpretation, the following reagents were added to specific
compartments as follows:
1. One drop of ferric chloride was added to TDA compartment
2. One drop of Kovacs reagent was added to IND compartment
3. VP: Put one drop of 40 % KOH (VP reagent 1) & One drop of VP
Reagent 2 (a-Naphthol) were added to VP compartment and allowed to
react for 10 minutes before it a negative interpretation is given.
2. The API reading scale (color chart) was obtained
1. Each test was marked as positive or negative on the lid of the tray
2. The wells were marked off into triplets by black triangles, for which

scores were allocated as follows:

70


https://microbeonline.com/seven-common-characteristics-family-enterobacteriaceae/
https://microbeonline.com/seven-common-characteristics-family-enterobacteriaceae/

The scores were added up for the positive wells only in each triplet with the highest

score possible for a triplet being 7 (the sum of 1, 2 and 4) and the lowest being 0.

Triad | 11 11 v A% Vi Vil |
Tube 1]2(3/4/5/6/7/8(9/10|11 /1213 14 (15|16 |17 18 |19 |20 |oxidase |
Reaction [+ |+ |+ |-|-|-|+|+|-|+ |- |-|-|+|+|-|-|+|+]- + |
Point 1[2|4/0/0l0|1|2/0({1|0]|O0|O0O|2(4|0|0O|4 1|0 4 |
Add 7 0 3 1 6 4 5 |
7-digital Code 7031645 |

The figure shows triplet codes in API chart: Available from

https://microbeonline.com/api-20e-test-system-introduction-procedure-results-

interpretations/

Numbering in APl 20E Test Strip

1. The profile for the combination of reactions in figure above is therefore

7031645 (7 digit code), which was then interpreted by using API catalog from

apiweb

Sample of Api 20E identification results
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APPENDIX XI: ANTIMICROBIAL SUSCEPTIBILITY PLATES

The above image is a sensitivity plate showing inhibition zones of various antibiotic
discs against Klebsiella spp.

Sy
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The above image is a sensitivity plate showing inhibition zones of various antibiotic
discs against Proteus spp.

Above photo shows a drug sensitivity test of Acinetobacter baumannii.
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The above image is a sensitivity plate showing inhibition zones of various antibiotic
discs against E. coli.

(A) (B)

The image labelled (A) is Staphylococcus aureus colonies showing golden yellow

appearance on TSA while (B) is the same organism grown on MacCONKEYagar.

Below is a plate of lactose fermenting colonies on MacCONKEY agar.
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APPENDIX XI1: INDOLE TEST BOTTLES

The above image shows three bottles on the left displaying positive indole test
denoted by presence of pink color, while on on far right is indole negative test (pale
yellow) color.
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APPENDIX XII1: BIOSAFETY CABINET

The above photo shows a technologist in the process of media preparation inside a
biosfaety cabinet
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APPENDIX XIV: BACTEC INSTRUMENT FOR BLOOD CULTURE
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APPENDIX XIV: AN INCUBATOR
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