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ABSTRACT

Urinary tract infections (UTI) are inflammatory disorders within the urinary system due to
presence of pathogenic microorganisms. Taking advantage of lowered immunity in Human
Immuno-deficiency Virus (HIV) patients, bacterial UTI globally contribute up to 60% of
opportunistic infections (Ol). Previous HIV related (Ol) studies concentrated on malaria and
sexually transmitted diseases ignoring UTI. Owing to its wide interceptive range, cotrimoxazole
was recommended for prophylaxis by world health organization and has been standard against
opportunistic infections. However, with prolonged use, bacterial resistance is being reported.
Uncertainty of UTI management following rising reports of bacterial resistance to commonly
used drugs in AIDS era is real. This hospital based descriptive study investigated prevalence and
antibiotic susceptibility patterns of cotrimoxazole resistant bacterial uropathogens from HIV
patients attending Maseno mission hospital in western Kenya where treatment is blindly based
on chance and history during clinic visits without laboratory testing. Specifically described
bacterial UTI prevalence, determined their response to cotrimoxazole and established antibiotic
susceptibility patterns. At interval of six, 354 participants were systematically selected from
population of 2000. Mid-stream urine was cultured on cysteine lactose electrolyte deficiency
agar and samples obtaining >10° colony forming units determined by colony counters were
biochemically characterized before being subjected to cotrimoxazole broth dilution sensitivity
testing. Isolates not responding to cotrimoxazole were subjected to disc diffusion susceptibility
testing in accordance with Clinical Laboratory Standards Institute’s guidelines. Tables, graphs
and charts were used to present generated data which was analyzed alongside structured
questionnaire captured demographic information. Prevalence of UTI among HIV patients was
117(33%) where 75.4% originated from females and 25.6% males with Escherichia coli (54.7%)
being most encountered. Chi square analysis of bacterial responses to cotrimoxazole evaluated at
95 % confidence level was statistically significant at P<0.05 (x)? (5)=14.3, p< 0.005 with an
average susceptibility of 46.6%. Significantly, study results will serve as reference point for
future researchers and medics, formed policy reevaluation for prophylaxis program and enhanced
better Ol management by establishing susceptibility patterns and suitable antibiograms. Study
recommended for constant monitoring profile aetiological bacteria, periodic surveillance of for
prophylactic drug and practicing scientifically determined treatment recommending most
susceptible gentamicin (80.3%) empirical antibiotic for region with 53.4% resistance
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CHAPTER ONE
INTRODUCTION
1.1 Background of Study
Urinary tract infections (UTI) are globally among the most frequently encountered infestations in

practice with over 150 million isolations yearly (Zeyaullah et al., 2015). They present with
typical systemic signs and symptoms. Varieties of aetiological organisms being implicated can
complicate UTI diagnosis and affect the treatment course. Sometimes polymicrobial aetiologies
in titers of >100,000 colony forming units (CFU)/ml are isolated from a single urine sample.
Therefore, the need to establish causative agents in a given case is key to effective antimicrobial
therapy as opposed to blind antibiotic administration as practiced in most developing countries.
Previous studies have continuously isolated gram negative bacteria (75.6%) more compared to
gram positives (24.4%) (Kimberly et al., 2016) where members of Enterobacteriaceae family
are leading culprits with Escherichia coli being most common isolate from urine samples. Other
commonly encountered gram negative bacteria include Proteus mirabilis, Klebsiella pneumoniae
and Pseudomonas aeruginosa. Lekha et al., (2016) reported 88% isolates being as a result of
Enterobacteriaceae with Escherichia coli accounting for 80.3% of them. Gram positive bacteria
though not as common, have been implicated in the form of Staphyllocus family which includes
S. aureus and S. epidermidis (Megan et al., 2015).

Urinary tract infections cause significant morbidity in vulnerable groups of people including HIV
seropositive patients where they mask signs and symptoms leading to asymptomatic disease and
have as such been isolated in higher prevalence (Ngowi et al., 2021).The virus slows down
systemic host defense against infections by diminishing CD4 counts, Vijayan et al., (2017) thus
precipitating for even less common uropathogens to opportunistically turn into complicated

infections. HIV further causes variety of viral renal syndromes including bladder-areflexia and


https://pubmed.ncbi.nlm.nih.gov/?term=Vidya%20Vijayan%20KK%5BAuthor%5D

hypo-reflexia that favour bacterial growth when they disintegrate into neurologic complications
that encourage urinary stasis Yang et.al, (2017). Resultant opportunistic infections have been
reported to be accounting for up to 60% of AIDS defining illness (Marimuthu & Narasingam
2018).

The discovery and understanding of HIV identified the need for control of opportunistic
infections. Being broad spectrum covering varieties of bacterial, fungal and protozoan infections,
cotrimoxazole was recommended for use in prophylaxis (WHO guidelines 2014). Since then,
interceptive therapy has been a central care practice in preventive management of opportunistic
infections in seropositive patients. However, being cheaper and easily available as “an over the
counter” remedy, cotrimoxazole has been as well used unsparingly in management of common
infections thus resulting into resistance development (Marwa et al., 2015). Cotrimoxazole’s
interceptive relevance is heavily dependent on periodic evaluations of effectiveness, a practice
that globally has none or very limited published information. As early as 2008 there arose a
genuine concern of whether such preventive measures were more cost effective against (Ol) than
the alternative ‘wait to effectively treat when cases occur’ (Rodhe et al., 2009). Most patients are
received at CCCs with complaints related to opportunistic UTI despite increased availability and
accessibility of prophylaxis drugs.

Previous researchers have even attributed massive antibiotic failures in the aids era to long time
cotrimoxazole use in prophylaxis (Marwa et al., 2015). Management of bacterial UTI continues
to face challenges with the absence of reliable scientifically determined reference antibiograms
on the local scene thus leaving chance and history as the main guiding principle for drug choice.
This has commonly been identified as a leading cause for resistance being reported towards

commonly used drugs particularly among Enterobacteriaceae family (Park et al., 2017).This calls



for more involvement of laboratory procedures in urinary tract infection management an exercise
that has been overlooked particularly in non-urban regions of most developing countries.
Diagnostic procedures though a bit expensive guide treatment by determining of reliable drugs
for appropriate antibiotics therapy failure of which eventually leads to resistance development.
This is particularly true when offered empirical treatment is based on antibiograms developed
elsewhere when it is clear that patterns of susceptibility are regional and time bound as Prasada
et al., (2019) was able to demonstrate in his five year study on resistance development.

Another treatment guiding principle that is linked to antimicrobial insusceptibility is assigning
antibiotics in relation to disease severity related i.e. whether the case is routine, uncomplicated,
or complicated. Joanna (2020), in a study on UTI treatment noted the use of nitrofurantoin (32%)
and trimethoprim-sulphamethoxazole (26%) were globally preferred remedies for uncomplicated
cases. However, when it came to routine and more complicated infections ciprofloxacin (35%)
and levofloxacin (2%) were drugs of choice in developed countries was price of medicine was
anon issue. But in most developing countries, clinicians are forced to opt for cheaper medications
which may compromising treatment as well as negatively affect susceptibility. Disparities in
antibiotic therapeutics are responsible for the differing regional susceptibility patterns that are of
major concern in management of opportunistic infections that are behind increasing worldwide
antibiotic failures in AIDS era. If urinary tract infections are not properly managed on the local
scene, multi-drug resistant bacteria which tend to circulate more in seropositive patients
(Kemajou et al 2016) are likely to cross over to the rest of the communities. But with good
strategies in place, seropositive patients have the chance of having near normal lives, long

enough to realize their life time goals.



1.2 Statement of the Problem

Urinary tract infections being globally among the most frequently encountered infectious
diseases are important cause of morbidity among HIV seropositive patients accounting for up to
60% of AIDS defining illness. Cotrimoxazole which has been central in interceptive therapy
against opportunistic infections as recommended by world health organisation has of late been
showing resistance and its long time daily prophylaxis use combined with routine therapeutic
application in routine management of common infections is being attributed to massive antibiotic
failures witnessed in this aids era. Patients on the local scene are more these has left exposed to
opportunistic bacterial urinary tract infections given that blind treatment usually based only on
likelihood and history relying on antibiograms developed elsewhere is administered. With
absence of antimicrobial stewardship and direct involvement of laboratory in management of
UTI, the threat of multi drug resistant bacteria which are very expensive to treat is real. These
group of dangerous bacteria that are responsible for high urinary tract infection morbidity and
mortality circulate among seropositive patients from where they are likely to spread to the rest of
the community.

1.3 Broad Objective

To investigate bacterial urinary tract infection prevalence and antibiotic susceptibility patterns of
cotrimoxazole resistant bacterial pathogens in HIV seropositive patients attending Maseno
mission hospital western Kenya.

1.3.1 Specific Objectives
The specific objectives were to;

i.  Describe the prevalence of bacterial urinary tract infections from HIV immunosuppressed

patients attending Maseno mission hospital.



ii.  Determine bacterial UTI response to prophylactic cotrimoxazole among HIV patients
attending Maseno mission hospital.

iii.  Establish antibiotic susceptibility patterns for cotrimoxazole resistant uropathogens
isolated from HIV patients attending Maseno mission hospital.

1.4 Study Questions
i.  What is the prevalence of bacterial uropathogens amongst HIV seropositivity patients

attending Maseno mission hospital?

ii.  How did bacterial uropathogen isolates from HIV seropositive patients attending Maseno
mission hospital respond to Co-trimoxazole prophylaxis?

iii.  What are the susceptibility patterns of Cotrimoxazole resistant bacterial uropathogen
isolates from HIV seropositive patients attending Maseno mission hospital to commonly
used antibiotics?

1.5 Significance of the study
Study results provided useful information to researchers, medical practitioners and study

population. An overall prevalence of 33% was established with Escherichia coli emerging as the
most encountered bacterium with 54.7%. This expected to be a point of reference for future
researchers. All UTI positive participants were treated in accordance with the ministry of health
guidelines in line with Kenya government development goal of universal health care (UHC) of
affordable health services aimed at achieving a healthier working citizenry as one of the pillars
of big four agenda.

High cotrimoxazole resistance (89.7%) rate established was brought to policy makers to inform
on better approaches to preventive management of opportunistic infections in line with
Millennium Development Goals (MDG) of lowering communicable disease burden to minimal

by the year 2030.



Despite the regional low susceptibility rate (46.6%) established, gentamicin, ciprofloxacin, and
nitrofurantoin were established across most bacteria as reliable antimicrobials and formed part of
most antibiograms established for future references. However, gentamicin (86.7%) being the
most effective drug on average across most pathogens was recommended the empirical drug of
choice for reference in the area. This is expected to lower treatment costs in terms of reduced
laboratory testing as part of the government big four agenda of affordable healthcare under

sustainable development goals (SDGs).



CHAPTER TWO
LITERATURE REVIEW

2.1 Urinary Tract Infections Prevalence

Urinary tract consists of the kidneys, ureters (tubes that carry urine from the kidneys to the
bladder), bladder, and urethra (the tube that carries urine from the bladder out of the body).
When microbes infect any of these structures, infestations typically present with signs and
symptoms which include frequent urination with pain, feeling of urinating even when the bladder
is empty, fever, passing of cloudy urine with or without blood and pressure or cramping in the
lower abdomen. Urinary tract infections are the most common infectious diseases with global
prevalence of at about 150million people per year (Talha et al., 2022). Incidences vary
geographically with cases being more common in developing countries. In sub Saharan Africa
for instance Mwang’onde et al., (2022) reported prevalence for various countries as follows,
Ghana 15.9%, Nigeria 12.3%, Zambia (HIV pregnant women 16.5%, Ethiopia (pregnant women)
15.0%, Uganda (age 8 month to 95years) 32.2%, Tanzania (children 2-6 months 39.13% and
Kenya 26.7% (Mwang’onde et al., 2022).

Urinary tract infections are of great medical significance as they are associated with easy
circulation within communities (Olowe et al., 2015), affecting quality of life and lowering
productivity. They may be difficult to medically manage particularly when clinical diagnosis
becomes problematic as witnessed in seropositive patients where they occur asymptomatically
with systemic inflammations only (Ayoyi et al 2017). Despite these challenges, previous
researchers on opportunistic infections in HIV concentrated on sexually transmitted diseases and

malarial ignoring UTI as there is minimal published information about it.

Disease density is determined to a great extent by the immunity of the infected and this is why

some groups of people are more predisposed than others. HIV seropositive patients, the elderly



because of slowing down immunity following long lives and infants who are yet to fully develop
full defense system (Nelson & Good 2015) have been associated with high UTI prevalence.
Factors that have been linked to high UTI prevalence include gender, (where females due to their
genital anatomy and its proximity to the anus are more exposed) as demonstrated by Kanu et al.,
(2016) who isolated 51% UTI cases from females compared to 17% from males. Lifestyle and
behaviour have been cited as factors for prevalence where by more sexually active people are
associated with higher UTI prevalence e.g. Odoki et al., (2019) in a Ugandan study recorded
highest UTI prevalence of 28/86 (32.6%) from the age group 20-29 linking it to sexual activities.
UTI investigations have yielded to different types of organisms being isolated from urine
samples worldwide (Behzadi, P. 2019). These include Fungi like (Candida spp), viruses such as
adenoviruses & herpes simplex virus which may infect the urethra, making urination painful and
emptying of the bladder difficult. Other culprits include parasites like (schistosoma
haematobium) which cause schistosomiasis affecting kidneys, ureters, and bladder, Trichomonas
vaginalis causing Trichomoniasis that is behind a copious greenish yellow, frothy discharge from
the vagina in women, occasionally infecting the bladder or urethra and can as well infect the
urethra in men though with no symptoms and Filariasis, which is caused by a threadworm
infection, obstructing lymphatic vessels causing lymph fluid to enter urine (chyluria) and is also
known to cause enormous swelling of tissues (elephantiasis), which, in men, may involve the
scrotum.

Despite the large bionetwork of microorganisms being associated, are almost exclusively due to
bacterial inflammations Mireles et al., (2015), with gram-negative bacteria being encountered
more (75. 6%) compared to gram-positive (24.4%) (Megan et al., 2015). Bacterial infections

mostly infect the lower urinary tract usually the bladder especially of young women. Young


https://www.msdmanuals.com/home/infections/herpesvirus-infections/herpes-simplex-virus-hsv-infections
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women also often get bacterial kidney infections, but less commonly than bladder infections.
Between ages of 20 and 50, bacterial are more common among women than men in whom
infections are mostly urethritis or prostatitis. Amongst older people of 50 years and above,
bacterial UTlIs are equally common in both men and women (Talha H. 2022). Escherichia coli is
many a times reported the most common bacterium isolated as captured by Lekha et al., (2016)
at (49.5%) and Maniga et al., (2015) 23%.

2.1.1 Urinary tract infections in HIV infestation

HIV has been known to harm nephrons by infecting the kidneys thus making them work less
efficiently. In addition, some medicines used in suppressing the virus may equally injure the
nephron if not monitored carefully (National Kidney Foundation 2016) resulting into urologic
abnormalities of renal syndromes that include bladder-areflexia and hypo-reflexia. These
conditions usually disintegrate into neurologic complications that encourage urinary stasis a
condition that greatly favour bacterial growth. This perhaps gives the best explanation behind
high UTI prevalence in seropositive patients where they account up to 60% of AIDS defining
illness (Marimuthu et al., 2018). Even with revelations, UTI has never been a priority during
clinic visits. Even when suspected, patients are blindly treated with laboratory testing due to lack
of screening policies particularly in most rural areas in most developing countries.

Due to nonspecific presentations of UTI, diagnosis can be complicated as signs and symptoms of
Clinical presentations resemble common ailments. Guiding principles diagnosis recommends
evaluation of clinical signs & symptoms alongside Laboratory tests that should be directed at
species identification. Turbidity of specimen and cloudiness with positive dipstick though
suggestive, on their own cannot confirm an infection. Cultural confirmation by use of non-
contaminated mid-stream urine aseptically captured directly into sterile specimen bottles while
voiding is preferred (Sinawe et al., 2022). Samples are considered positive if productivity of

9
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>10° colony forming units of a typical urinary tract causing organism per pl of mid-stream urine
is obtained upon culture (Agata et al., 2018). Culture method of pathogens identification is
advantageous to other methods because it involves direct isolation of causative agents by way of
characterization using appropriate biochemical tests in relation to gram stain reactions of the
organisms under study. This is the surest way of confirming of suggestive abnormalities from
urinalysis. However, even though high level (36.1%) abnormalities of altered urine constituents
reported by Opiyo et al., (2010) from urine samples of HIV seropositive patients at Jaramogi
Odinga Oginga Teaching and Referral Hospital-JOOTRH (within the same region) were strongly
suggestive of uropathogenesis, no local follow up urine culture study has been published to date.

2.2 Cotrimoxazole Prophylaxis in Urinary Tract Infections

Following the discovery of HIV and study based more understanding of the virus, World Health
Organization (WHO) recommended preventive therapy for seropositive patients. Instantly,
prophylaxis became a milestone and has remained central in management of opportunistic
infections. Considering affordable low pricing, high tolerability and wide interventional range
against bacteria, fungi and protozoa cotrimoxazole was picked as interceptive drug of choice.
This was based on outcomes of a Zambian study that demonstrated major reductions in
mortality, morbidity and in-patient cases upon use of cotrimoxazole prophylaxis (WHO
guidelines of 2014). Giving room for further studies in examining whether lower doses of 480
mg and below could still provide the same efficacy, prophylactic dosage was initially set at
960mg (800mg sulfamethoxazole + 160 mg trimethoprim). Even though earlier studies found no
difference between the two regimens in respect to death, guideline development group
recommended maintaining daily dose of 960mg. However, there are no publications showing
that research work on possibility of using lower dosage regimen in prophylaxis have been

conducted.

10



With increased accessibility to prophylaxis thanks to international donations and political
willingness, the numbers of enrolled patients in ART/cotrimoxazole programmes have gone up.
Kenya national aids control council report that adult patients aged >15 on the program stood at
627,900 in 2010 compared to 1,338,200 in 2017 (Kenya HIV estimates report 2018). However,
the lack of patient monitoring strategies that would ensure proper medicine uptake while at home
have led to cotrimoxazole misuse. Non-adherence continuous to greatly contribute to prophylaxis
failure as a result of resistance development as was reported by Marwa et al., (2015) who posted
a 75% cotrimoxazole resistance rate from HIV patients. Surveillance studies designed to pick
resistance as they emerge and inform concerned authorities on policy making that should be
aimed at strengthening of the program of prophylaxis are locally lacking. None properly
functioning preventive therapeutic program has directly opened up ways for UTI to continue
flourishing in seropositive patients.

The need to monitor and evaluate cotrimoxazole response to common bacterial uropathogens is
key in control of (OI). Single drug monitoring exercises have has been on-going throughout the
history of antibiotics and several technics are available for use. These include commercially
available modern and faster techniques (Baquer et al., 2021) in the form of E-Test strips (AB
BIODISK from bio Me rieux). However, due to high pricing, broth dilution method which is one
of the earliest drug performance testing techniques is preferred and is still commonly employed
in establishing ideal minimum inhibitory drug levels that can hinder bacterial growth

(Miftahussurur et al., 2022).
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MIC 0.25 pg/ml

Figure 2.1: E-testing technique showing minimum inhibitory concentration at 0.25ug/ml.

2.3 Antimicrobial Susceptibility and Bacterial Resistance

The fact that previous studies on seropositive patients did not give UTI in HIV much attention is
linked to now emerging strains of multi-drug resistant bacteria (Mireles et al., 2015). This group
of patients is therefore doubted to be an important source of unsusceptible microbes. Massive
antibiotic failure witnessed AIDS era has partly been linked to circulation of counterfeit drugs in
the form of ‘over the counter remedies’ that are readily available without prescription (Bryce et
al 2016). Resultant misuse and/or under dosage encourage common pathogens to develop
resistance to routine antibiotics and even newer drugs Dadi et al., (2019). The ever increasing
prevalence of multi- drug resistant bacteria among HIV seropositive patients that are difficult to
treat has become a global public health concern (Mireles et al., 2015) more so in resource limited
areas of most developing countries leading high morbidity and mortality rates arising from
escalated cost of treatment (Paul 2018). Antimicrobials routinely employed in treatment of
common ailments are affected most. These include Cotrimoxazole, cephalosporins, semi-
synthetic penicillins and fosfomycin trometamol. However, all is not lost as some pathogens still
respond well to most common routine drugs as reported by Lekha et al., (2016) in whose study
amikacin and nitrofurantoin were effective against most pathogens. This calls for antibiotic
stewardship aimed at ensuring that correct medication for each isolated pathogen as scientifically
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determined locally via laboratory procedures is appropriately administered. Alternatively, local
development of periodic antibiograms provides long lasting solution for both geographical and
time bound susceptibility effects (Truong et al., 2021). This is a missing aspect in bacterial Ol

management locally.

Tendency of susceptibility patterns changing with time has always been used in determining the
type of antimicrobials in management of cases heavily relying on history and chance. This
strategy has been cited a factor in massive drug failures. For instance, Dat et al., (2022) from a
seven day study of five Vietnamese provinces on antibiotic use demonstrated a 63.6% empirical
based treatment where 1112 out of 1747 patients were initiated on treatment without undergoing
susceptibility testing on suspected causative agents. Drug choices relied heavily on previous
susceptibility trends. Given that sulphonamides had started showing resistance to common
pathogenic isolates, most clinicians resorted to broad spectrum antibiotics for treatment of UTI.
More investigations on effect on time on susceptibility by Prasada et al., (2019) in a five-year
period study (2013-2017) reported increased resistance for uropathogenic E. coli to
cephalosporins from (51-58%), Cotrimoxazole (52-59%), Piperacillin tazobactam (9.4-23%),
Carbapenems (0-5.9%). High rates of resistance towards Fluoroquinolones, Sulfamethoxazole,
and Trimethoprim have been reported with previous studies attributing it to cheap pricing
leading over exposure. Other drugs associated with frequency related resistance are ampicillin
and nitrofurantoin both at 25% susceptibility for P. mirabilis (Mageto et. 2018).

Distinct susceptibility patterns have emerged for gram negative and positive bacteria. Generally
gram positive bacteria in most cases respond more to antimicrobial agents than their counterparts
Alhumai et al., (2021). In this Saudi Arabian multi-hospital healthcare system in study, an

overall susceptibility rate of 52.6% was reported for gram-positive bacteria compared to (49.5%)
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for gram negatives. Researchers have attributed this to structural difference between the two
groups of bacteria. Borrowing from Maniga et al., (2015) who recommended gentamicin drug of
choice in management of UTI at Gucha sub-county following its high susceptibility, antibiotic
application in this era of ever changing patterns of susceptibility, should include evidence based
strategies particularly in regions where laboratory testing may not be readily available. This has

proved reliable as dependence on local empirical originations reduces cases of resistant bacteria.
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3.1 Area study

CHAPTER THREE
MATERIALS AND METHODS
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Figure 3.1: Map of Maseno (The Study Area)

The study was conducted at Maseno ACK Mission Hospital at the boundary of Vihiga and

Kisumu Counties in the Western Kenya, East Africa (Kenyan census report on Urban Poverty
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Estimates for Kenya’s Provinces, Districts Divisions and Locations of 2019). The facility is
administratively placed Kisumu County and houses a comprehensive care centre (CCC) which
clinically carters for HIV patients from surrounding regions.

Geographical co-ordinates for Maseno are 0° &10' 0" South and 3 4°& 36' 0" East (Figure 3.1:
map of study area). Maseno covers an area of 580,367 km? and is located along Kisumu-Busia
highway just 20kilometers north-west of Kisumu town the regional capital of Nyanza region. A
15kilometer Eastward running road connects the town to Vihiga town. Kombewa sub-urban
centre is located 10 kilometers west of town. The altitude of the region is about 1,503 meters
(4,934 feet) above sea level. The town serves as the headquarters of Kisumu west district which
is part of Kisumu Rural Constituency and the larger Kisumu county council (Kenya government

census 2019).

Prevalence for HIV in Kisumu County stands at 19.3% which is within the same range as
bordering county of Siaya 23.7% (National AIDS control council Report on HIV situation in
Kenya 2014). Due to its proximity to Lake Victoria, Maseno experiences generally high
temperatures all the year round a condition favorable for bacterial disease causing germs for
urinary tract infections. Generally, Maseno has a cosmopolitan population thanks to the many
international, national and local institutions found in the region. These include Maseno
University, Maseno School, Maseno polytechnic, several primary schools, Agricultural
development research centre (ADC), Kenya Forestry Research Institute Kenya (KEFRI), and
International Centre for Research in Agro-Forestry -ICRAF). Presence of these establishments
has brought in people from all over Kenya as well as internationals as from all over.

3.2 Population of study
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The population of study comprised of registered (2000) HIV seropositive patients at Maseno
mission hospital’s Comprehensive Care Clinic CCC (as per the facility’s official records).

3.2.1 Inclusion Criteria

Consenting HIV seropositive patients attending Maseno mission hospital-with or without signs
and symptoms of urinary tract infection)

3.2.2 Exclusion Criteria

HIV seropositive patients with underlying immunosuppressive diseases like cancer.

Those on immunosuppressive medication e.g. cancer treatment.

Patients whose initial urinalysis stage results were found to be harboring non-bacterial urinary
tract co-infections were excluded from the study due to their confounding effects.

3.3 Study design
It was a hospital based descriptive study of HIV seropositive patients attending comprehensive

care clinic at Maseno Mission Hospital who were screened for bacterial urinary tract infections.

3.4 Determination of Sample Size
Basic model formula by Fisher et al (1999) as adopted and modified by (Mugenda and Mugenda

2003) was used to determine the sample size

z2p@A— p)

Nn = —

Where,

N = Target population size which is greater than 10,000;

(z=1.96) = Value of standard normal distribution curve corresponding to 95% level of

significance.
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p = 0.5, Adopted prevalence of uropathogens amongst HIV sero positive patients attending
Maseno Mission hospital. (This was obtained from (Mugenda and Mugenda 2003) who guided
on the use of p value of 50% (0.5) where there is no data available showing percentage of

participants with characteristic being investigated.
d= Margin of error which is 5% (0.05)

Therefore, at 95% confidence interval, assuming targeted population was more than 10,000, the

desired sample size was worked out as follows.

- _ (1L.96)°(05)(0.5)
~ (0.05)?
=384

But because the population of interest was less than 10,000, finite formula of adjustment was

employed as shown below.

Finite adjustment formula Ng =——-

Where:

Nt = The required sample size given that characteristic population is below 10,000;

N = Sample size if target population was more than 10,000 (384); and

N = approximated characteristic population size in the current study (2000)
Hence the sample size in this study was adjusted as shown below,

384

+7
2000
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The calculated figure of 322 participants was adjusted upwards by 10% (32) for the purpose of
non-responders thus fixing the working sample size was therefore at 354 participants.

3.5 Sampling Techniques

Systematic sampling technique was employed. Based on hospital treatment schedules that all
2000 enrolled patients were to visit the clinic at least once in two months (which translated into
an average of 33 per day (2000patients/60 days) , to obtain the calculated working sample, the
picking interval was determined by number of sampling days available (60). By dividing the
sample size (354) by sampling days (60) the interval determined at 6 i.e. 354/60 = 5.9 rounded
off to 6. Sampling starting point was randomly determined by writing on pieces of paper
numbers 1 to 6 and folded (6 the sampling interval). While blind folded, one piece of paper was
picked. Number (2) which was randomly chosen became the starting point i.e. the 2" patient that
visited the clinic on day one of sampling became the first participant recruited. Thereafter others
were systematically selected at an interval of six i.e. (every 6™) starting from patient number two
was included into the study i.e. 2", 8" 14™ 20™.. etc. Therefore at an interval of 6 picking 6
participants out of the 33 visiting per day, 59 days during the months of September to November
2020 were used to sample 354 participants required i.e. (59 X 6 =354).

3.6 Training of Research Assistants

Study assistants who were the main link between participants and the laboratory staff were
selected from medical staff of the clinic. Importance of patient confidentiality and privacy during
and after the study was emphasized. The assistants were trained on procedures of sterile urine
collection and handling before delivery to the laboratory. Latex and plastic gloves were provided

for individual protective handling of the specimen.

3.7 Reliability and Validity
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To ensure that collected data would yield information that accurately answered to the specific
research questions, the questionnaire’s reliability and validity were determined before the study
as follows.

3.7.1 Reliability Testing

Test-retest method was carried out by administering copies of the structured study questionnaire
to a group of seropositive respondents from a different facility (Siriba dispensary). While
keeping the initial conditions constant, the same group of respondents was retested by use of the
same questionnaire after ten days with the aim of informing on how consistently the tool would
collect data that upon analysis would answer to the specific objectives of the study. The scores
from the two tests were correlated for co-efficient of reliability/stability based on Cronbach’s
alpha index (0.7).

3.7.2 Validity

Construct validity test was performed by a professional statistician who first established purpose
of the test before performing a job-test analysis, creating an item pool, reviewing the exam items
and finally conducting item analysis of the study questionnaire. An outcome of 90 N (80-100)
obtained from seropositive patients from the neighboring Siriba dispensary indicated that the tool
designed for the study would be able to measure the concepts it was intended to.

3.8 Ethical Considerations

Approvals for the study were obtained from the Board of Graduate Studies (SGS) (Appendix I-
SGS Letter of Approval) and Ethical Review Committee- MUERC (Appendix Il-Ethical
approval) both of Maseno University. Additional authority was granted by Maseno Mission
Hospital (Appendix I1I: Letter for Permission). All participants gave informed written consent

(Appendix 1V: Consent Form) before being enrolled. Minors gave verbal assent which was
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confirmed by parents/guardians with written consent allowing their participation. For infants

written consent was directly sought from parents before being enrolled.

Prior to commencement of the study, all participants were taken through the importance of strict
adherence to ARV dosage regimens alongside prophylaxis programs in relation to infectious
disease control. The relationship between seropositivity and uropathogenesis was explained to
participants as were the importance of the study objectives of surveying the burden of
uropathogenesis, investigating resistance to prophylaxis and establishment of susceptibility

patterns of uropathogens isolates.

The participants were assured of confidentiality of volunteered information including non-
exposure of generated data to unauthorized persons. In achieving this, codes were known only to
laboratory staff were improvised. Generated information was kept under lock and key accessible
only to the investigator just as were urine samples. The nature of non-invasive procedures used
in urine sample collections was explained to participants. Assurance of absence of pain and
discomfort was given. The lack of incurring any risk for participating was made known to the
participants in fact their right to voluntary participation and freedom of withdrawal without
penalization was explained. Generated information was synthesized and used only for the
purpose of compiling this thesis.

3.9 Data Collection Process

Bio and laboratory generated data were captured by use of appropriate techniques as follows.

3.9.1 Collection of Bio Data
Bio data of consenting participants was captured through interviews by way of administration of

structured questionnaires (Appendix V:Questionnaire-filled by consenting patients. Questions of
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which covered socio-demographics and associated variables (age, gender, education level and
marital status), HIV diagnosis, history of ARV use and cotrimoxazole prophylaxis.

3.9.2 Laboratory Data Collection

Bacterial strains of isolated uropathogens, their response to prophylactic cotrimoxazole and
susceptibility to commonly used drugs were captured on specially designed forms (Appendix VI:
laboratory data capture form).

3.10 Collection of Sterile Urine Samples

From each of the participants 5-10mls of fresh midstream urine was collected. The participants
were asked to discard part of the stream then directly capture mid-stream sample into a labeled
autoclavable sterile universal bottle (from Euromed. Equip. Itd. U.K.) before redirecting the last
portion into the toilet. The bottles were tightly capped and samples delivered to Maseno
University School of Medicine Microbiology Laboratory without delay (probably within an hour
of voiding). Where delay was inevitable, samples were refrigerated till when processing was
possible.

3.11 Laboratory Procedures
All samples were processed in accordance with guidelines of clinical laboratories standards

institute as follows.

3.11.1 Urinalysis and Microscopy

Potential co-infection confounders were controlled for via urinalysis. Each of the samples was
aseptically divided into two portions with the first part being macroscopically examined for
parasitic infections including Trichomonas vaginalis, Candida albicans and Schistosoma
haematobium. A commercially available urine stripe (Bio Me rieux from Spain) per sample was
inserted into urine samples and macroscopically examined for biochemical indicators of UTI

(presence of red blood cell/haemoglobin, proteins, and pus cells). From each sample 5ml was
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transferred into corresponding sterile labeled autoclavable centrifuge tube and span for three
minutes at the speed of 3000r/m . Resultant supernatant was disposed and the deposits scanned
microscopically for characteristic diagnostic parasitic stages i.e. Schistosoma haematobium eggs,
Trichomonas vaginalis trophozoites and fungal yeast cells of Candida albicans using X10
magnification and confirmation with X40 objective. Patients who turned positive for any non-
bacterial co-infections were, replaced from the study and contacted for treatment.

3.11.2 Urine Culture
Using calibrated sterile standard wire loops (0.002ml) (GmbH &Co0.KG- Germany), urine from

the second portion for each sample was inoculated on to Cysteine Lactose Electrolyte Deficiency
culture medium (CLED-Oxoid LTD, UK) by streaking. After incubation at 37°C for 24 hours,
numbers of bacterial colonies were enumerated using a colony counter (Astor20 colony counter
India). Degree of bacteria per ml of urine was determined on all viable samples by multiplying
number of colonies obtained by 1/0.002 the dilution factor. Samples obtaining >10° Cfu/ml were
gram stained before being biochemically processed for pathogen identification in accordance
with Clinical laboratory Standards Institute (CLSI 2015 guidelines). Gram positive bacteria were
biochemically tested for catalase, coagulase, urease, Methyl Red (MR), oxidase, indole, motility,
Voges-Proskaur (VP) while gram negative bacteria were subjected to Catalase, Oxidase, Indole,
Motility, Triple Sugars Iron Agar (TSI Agar) and Urease. Bacterial were identified based on their
biochemical characteristics as recorded in tables (3.3 & 3.4)

3.11.3 Broth Dilution Technique - Determination of Bacterial Response to Cotrimoxazole
Isolated, characterized and identified uropathogens were subjected to a cotrimoxazole two-fold
dilution technique for sensitivity testing as follows. Nine sterile capped test tubes were arranged
in a rack and labelled (C) concentrated & 1 to 8 in that order. All tubes except (C) were
aseptically filled with 1.0ml of Mueller-Hinton broth (Oxoid LTD, UK). Two tablets containing
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800mg sulfamethoxazole and 160mg trimethoprim (Forte 960mg) from (Aspen Bad Oldesloe
GmbHA-Germany) were aseptically grounded in a mortar. Concentrated stalk solution of
(960mg/1ml) was prepared by dissolving the entire powder in 2ml of sterile distilled water in
tube (C) and well mixed. 1ml was transferred to tube (1) and again well mixed. Starting from
tube (2), Iml was similarly transferred to the next tube with pipette changing between tubes
down to tube (7) from which 1ml was discarded leaving tube (8) with only Muller- Hinton broth.
To tube (1), a loop full (0.02ml) of distilled water was added while to tubes (C) and 2 to 8, a loop
full of test organism colony suspended in 1ml of normal saline and adjusted to 0.5 McFarland
turbidity was added. All the tubes were incubated at 35°C for 18hrs and examined for visible
signs of bacterial growth as determined by turbidity against tubes (1) negative control (as it
contained distilled water instead of the test organism) and tube (8) positive control as it did not
contain any cotrimoxazole thus allowing growth unhindered. The highest dilution showing no
growth was considered minimal inhibitory concentration (MIC). For interpretation of resistance,
MICs for each isolated organism were compared to standard control organisms Escherichia coli
(ATCC 25922) for gram negatives and Staphylococcus aureus (ATCC 25923) for gram positive
bacteria in accordance with Clinical and Laboratory Standards Institute-CLSI document M23
(Baquer atel., 2021).

3.11.4 Susceptibility Testing
Cotrimoxazole resistant uropathogens were subjected to antimicrobial susceptibility testing by

way of disk diffusion technique in accordance with CLSI Subcommittee on Antimicrobial
Susceptibility Testing (2018). Standard inoculum adjusted to 0.5 McFarland was swabbed onto
Muller-Hinton agar and allowed acclimatization of 5 minutes at 37°C. for each inoculated plate,
a compound sensitivity testing disc specific for urinary tract isolates (KGL %) comprising of
Ampicillin - (AMP10 ug), Trimethoprim-sulfamethoxazole (SX23.75upg), Nalidixic acid
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(NA30Oug), Streptomycin (S50ug), Ceftriaxone (CTR30ug), Nitrofurantoin (NIT300ug),
Tetracycline (TET30pg) from HiMedia Laboratories Pvt. Ltd-India was aseptically dispensed.
Other single discs for commonly used antibiotics according to hospital treatment and medicine
dispensation records were added. These included gentamicin (GEN1Opg), ciprofloxacin
(CIP5ug), ofloxacin  (OFX10ug), vancomycin (VAN30Oug), cefuroxime (CXM20ug),
Ceftazidime (CAZ30ug), cefepime (CPM30ug), and Doxyccline (DX30ug) were added and
incubated at 37° C for 18 hours. Zones of growth inhibition for each drug across all isolated
bacteria were measured in millimeters by use of graduated ruler. These were used to determine
susceptibility for each antibiotic with reference to standard sensitivity tables of Escherichia coli
(coded ATCC 25922) for gram negatives and Staphylococcus aureus (coded ATCC 25923) for
gram positives. Susceptibility average rates for all drugs were obtained (as shown in Table 3.5)
and used in establishment of empirical antibiograms for cotrimoxazole resistant isolates as

determined by their patterns of susceptibility (Figure 4.3).

3.11.5 Summary of methodology

Urine Culture: including biochemical characterization

Cotrimoxazole Sensitivity Testing



Antibiotic Susceptibility Testing

Figure 3.2:Flow chart for Urine culture processing. (UTI isolation and characterization, response to prophylaxis and
antibiotic susceptibility testing).

3.12 Data Analysis
Descriptive statistics were used to analyze prevalence of bacterial uropathogens and patterns of

antibiotic susceptibility while Chi-square evaluated at evaluated at 95 % confidence level was

employed in determining of proportions of cotrimoxazole responding isolates per bacterial strain.

3.12.1 Prevalence of bacterial UTI

Table 3.1: Bacterial UTI Prevalence of Maseno Mission hospital HIV Seropositive Patients

No. Bacterial Agent Positive cases (P) Percentage %

1 Escherichia coli 64 (54.7%) 54.7

2 Klebsiella spp. 21 (17.9%) 17.9

3 Staphylococcus aureus 14 (12.0%) 12.0

4 Proteus mirabilis 11 (09.4%) 09.4

5 Staphylococcus epidermis 04 (03.4%) 03.4

6 Pseudomonas aureginosa 03 (02.6%) 02.6
Total =(N) Total (Ps)= TP (117) 100

Percentage distribution for UTI causing bacteria amongst the (117) total positive cases from the Sample size of
(354) X 100 = overall Prevalence of (33.05%)

Table 3.2: Age Based Bacterial UTI Prevalence of HIV Seropositive Patients.

No. Age set No. sampled (S) No. Positive (P) Per Overall positivity
per age group age Group contribution. (P/117X 100)
1 <17yr 77 20 (26.0%) (17.1%)
2 18 — 40yr 184 67 (36.4%) (57.3%)
3 41 — 60yr 86 27 (31.4%) (23.0 %)
4 Over 60yr 07 03 (42.9%) (02.6%)
Total = 354 P/S X 100 TOTAL =100%

Percentage UTI distribution amongst HIV seropositive patients according to age brackets

Table 3.3: Biochemical tests for Gram negative bacteria
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No. Bacteria Catalase Oxidase Urease Indole Motility TSI
Gas Butt Slant H,S
1 E. coli (64) + _ _ + + + Acid  Acid
2 K. pneumoniae (21) + _ _ _ _ + Acid  Acid
3 P.aeruginosa (3)  + + _ _ + _ (K) (K) _
4 P. mirabilis (11) + + + + (K)  Acid +
Biochemical characterization results of gram negative bacteria.
KEY: K = Alkaline: (+) = Positive: (-) = Negative
Table 3.4: Biochemical tests for Gram positive bacteria
No Bacteria Catalase = Coagulase Urease M/Red VP Oxidase Motility Indole
1 S.aureus (14) + + + + - - - -
2 S. epidermidis  + - + - + - - -
(4)
Biochemical characterization results for gram positive bacteria.
KEY: (+) = Positive: (-) = Negative:
3.12.2 Cotrimoxazole response
Table 3.5: Bacterial Responses to Cotrimoxazole Prophylaxis
No Bacterial Number Responsive (R) Non Responsive (NR)
Isolates
Isolated
NO. % NO. %= NO. %
R/12x100
NR/117x NR/105 X
100 100
1 S. aureus 14 12 4 3.4 10 8.5 9.52
2 P. mirabilis 11 94 4 34 7 6.0 6.66
3 E. coli 64 547 2 1.7 62 53.0 59.05
4 K.pneumoniae 21 179 1 0.6 20 17.0 19.05
5  S.epidermis 4 34 1 0.6 3 2.6 2.86
6 P. aeruginosa 3 26 O 0.0 3 2.6 2.86
Total 117 100 12 10.3 105 89.7 100
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Prevalence of overall cotrimoxazole responsive (10.3%) and non-responsive (89.7%) UTI bacteria from HIV
seropositive patients KEY: R = Responsive: NR = Non-Responsive:

Table 3.6: Intra species responses to prophylactic Cotrimoxazole.

No Bacterial isolates UT]I Positive Response to CTX
Sensitive (S) Non sensitive (NS)
No (%) No (%) No (%)
1  Staphylococcus aureus 14 120 4 333 10 9.5
2  Proteaus mirabilis 11 94 4 333 7 6.7
3 Escherichia coli 64 547 2 16.7 62 59.0
4  Klebsiella pneumoniae 21 179 1 833 20 19.0
5  Staphylococcus epidermis 4 34 1 833 3 2.9
6  Pseudomonas aeruginosa 3 2.6 0 0.0 3 2.9
Total 117 100 S=12 100 NS=105 100

Both responsiveness and non-responsiveness of Individual UTI bacterial species prevalence to cotrimoxazole
prophylaxis

3.12.3 Drug susceptibility Patterns

Table 3.7: Antibiotic Susceptibility Across isolated uropathogens.

SUSCEPTIBILITY RATING

NO. Drugs E.coli K. S. aureus P. S. P. Mea
(60) pneumonia (10) mirabilis  epidermidis  aeruginosa n
e (20) (7) ) @)
SNO % S % S % S % S % S % %
1 GEN 51 82 18 90 9 90 6 86 2 67 2 67 80.3
2 CIP 55 89 18 90 8 80 6 86 2 67 2 67 79.8
3 S 55 89 17 85 8 80 6 86 2 67 2 67 79.0
4 NIT 51 82 13 65 8 80 6 86 2 67 2 67 74.8
5 TET 50 81 15 75 7 70 6 86 2 67 2 67 74.3
6 CXM 36 58 13 65 6 60 4 57 1 33 1 33 51.0
7 NA 35 56 8 40 5 50 4 57 2 67 1 33 50.5
8 CTR 25 40 10 50 6 60 3 42 1 33 1 33 43.0
9 DX 25 40 3 15 6 60 4 57 1 33 1 33 39.7
10 VAN 30 48 6 30 3 30 3 42 1 33 1 33 36.0
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11 OFX 17 27 6 30 3 30 3 42 1 33 1 33 325
12 AMP 16 26 5 25 3 30 3 42 1 33 1 33 315
13 SX 6 10 3 15 1 10 1 14 1 33 0 0 13.7
14 CAZ 5 8 3 15 1 10 10 1 33 0 0 12.7
15 CPM 1 2 0 0 0 0 0 0 0 0 0 0 0.3
Mean 49.2 46.0 49.3 52.9 44.4 37.7 46.6

Mean susceptibility rates across all tested antimicrobials for isolated bacterial UTI pathogens.

(GEN10ug) =Gentamicin, (CIP5pg) =Ciprofloxacin, (S50ug) =Streptomycin, (NIT300ug) =Nitrofurantoin,
(TET30pg) = Tetracycline, (CXM20ug) = Cefuroxime, (NA30ug) = Nalidixic Acid, (CTR30pg) =Ceftriaxone,
(DX30pg) =Doxycycline, (VAN30ug) =Vancomycin, (OFX10 ug) =Ofloxacin, (AMP10 pg) =Ampicillin,
(SX23.7ug) =Trimethoprim-sulfamethoxazole, (CAZ30ug) =Ceftazidime, (CPM30ug) =Cefepime.

CHAPTER FOUR
RESEARCH FINDINGS AND OBSERVATIONS

4.1 Participants’ Demographic Characteristics

Table 4.1: Demographic Characteristics of Study participants

STATUS Female Male Total

Marital Single 79 72 151 (42.7%)
Married 101 58 159 (44.9%)

Widowed 17 14 31 (8.8%)

Divorced 09 4 13 (3.7%)
Total 206 148 354 (100%0)
Age <17yrs. 42 35 77 (21.8%)
18-40yrs. 102 82 184 (51.9%)

41-60yrs. 57 29 86 (24.3%)

> 60yrs. 5 2 07 (2.0%)
Total 206 148 354 (100%0)
Level of <1’ 83 56 139 (39.3%)
Education 2° 84 51 135 (38.1%)
> Collage 39 41 80 (22.6%)
Total 206 148 354 (100%0)
When <lyr. 102 77 179 (50.6%)
diagnosed 2-5 yrs. 96 68 164 (46.3%)

6- 10yrs. 05 02 07 (2.0%)

>10yrs. 03 01 04 (1.1%)
Total 206 148 354 (100%0)

Demographic characteristics indicating age, marital status, level of education for both male and female participants

4.2 Urinary tract infection prevalence in HIV seropositive participants at Maseno mission

Hospital
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Upon performance of urinalysis, five participants were found to have been infected with
Candidiasis and one with Trichomoniasis. The six were treated and replaced from the study.
Out of 354 participants investigated, 117 (33.1%) were positive for bacterial urinary tract

infections with various organisms being encountered as captured in figure 4.1 below.

Prevalence of Urinary Tract Infection Bacterial
species

3.42:6

m E.coli

9.4

= K.pneumomiae

= S.aureus
P.mirabilis

m S.Epidermidis

m P.aeruginosa

Figure 4.1: Individual bacterial species contribution towards the overall UTI Prevalence of 33.1% (117/354)
amongst HIV Seropositive Patients from Maseno mission Hospital

4.2.1 Prevalence according to age groups
Most of the infections were realized in age group 18- 40yrs 67 (57.3%) while those over 60yrs

had only 3 positive cases (2.6%) as shown in the table 4.3. Comparing the number of positive
cases in relation to the actual number of participants sampled per age group, the elderly patients

are more at risk than the rest as shown in figure 4.2 below.
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Figure 4.2: Graph of UTI prevalence as expressed in percentages of number sampled per age group

4.2.2 Gender and prevalence

According to gender distribution, most of the isolated cases were from women participants who
were also the majority of the patients attending the comprehensive care clinic. Out of the 117
positive samples females contributed 87(74.4%) and males 30(25.6%). At least 206 females were
sampled giving a positivity rate of 42% compared to males’ total sample size of 148 yielding a

positivity of 20.3%.
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Gender and Urinary Tract Infections
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Figure 4.3: Bar graph showing prevalence of females against males in relation to positive cases against number
sampled per group

4.3 Bacterial Response to Cotrimoxazole

Of all the 117 UTI positive samples that were examined for cotrimoxazole sensitivity, only 12
(10.3%) samples responded positively. There were however varied responses based on different
bacterial strains isolated varying between E.coli (59.0%) and Pseudomonas aureginosa (2.9%).
Chi square analysis of bacterial responses to cotrimoxazole evaluated at 95 % confidence level

was statistically significant at P< 0.05 (x)? (5) = 14.3, p< 0.005
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Bacterial Responses to Cotrimoxazole
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Figure 4.4: Pie chart representation of individual bacterial pathogenic species contribution to overall 89.7%
(105/117) cotrimoxazole non-response

Table 4.2: Overall Response to Prophylactic Cotrimoxazole

No. Responding to Cotrimoxazole performance per dilution level
Cotrimoxazole. Conc. 1:1 1:2 1:4 1:8 1:16 1:32 1:64
105 R R R R R R R R

4 S S R R R R R R
3 S S S R R R R R
2 S S S S R R R R
1 S S S S S R R R
1 S S S S S S R R
1 S S S S S S S R
0 S S S S S S S S

Total = 117 (S)Sensitive = 12 (R) Resistant =105

Distribution of prophylactic resistant and sensitive bacteria at various cotrimoxazole dilution levels

4.4 Antibiotic Susceptibility Patterns

Several patterns of antibiotic susceptibility were obtained from the 105 (89.7%) non
cotrimoxazole responding cases subjected to antibiotic testing in attempt to find remedy as
captured in (Figure 4.5: Drugs Susceptibility patterns). On average, the most effective drug was
gentamicin (80.3%) cepime being least active. Preferred antibiograms for isolated bacteria were

CIP & S (89%) for E.coli, GEN & CIP (90%) for Klebsiella pneumoniae, GEN (90%) for S.
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aureus, GEN,CIP,S,NIT&TET (86%) for Proteus mirabilis, GEN,CIP,S,NIT,TET,NA (67%) for

S. epidermidis and finally GEN,CIP,NIT&TET (67%) for P. aeruginosa.

Drug Susceptibilty patterns

GEN CIP NIT TET CXM NA CTR DO VAN OFX AMP SX CAZ CPM
Antibiotics

100

8

[

b

L]

-

L]

2

[

Percentage Susceptibilty

L]

BE.coli mKpneumomiae MS.aureus M P.mirabilis MS.epidermidis MP.aeruginosa

Figure 4.5: Graph of antibiotic susceptibility pattern showing variations on average for different isolated bacterial
uropathogen ranging from P. mirabilis (52.9%), S. aureus (49.3%), E. coli (49.2%), S. epidermidis (44.4%) K.
pneumoniae (46%), P. aeruginosa (37.7%)
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CHAPTER FIVE
DISCUSSION
5.1 Demographic characteristics of study participants
Study participants who were selected from sero positive patients attending comprehensive care

clinic cut across varied demographic characteristics (table 4.1). The fact that participants were
across all age groups is proof that HIV is a non-selective virus that can infect any one exposing
them to numerous opportunistic infections including urinary tract manifestations.

Several reasons can be attributed to the fact that more women were captured in the study
compared to men. In line with the suburban nature of the region, it is positive that most men have
moved to bigger cities and towns in search of employment as is the norm in developing countries
leaving women and children behind. In addition, women are generally known to be more caring
about their health and are likely to take relevant medical actions compared to men who only

present at healthcare facilities when they can’t avoid it any more.

The fact that the number of patients captured in the study tended to degrease with increasing
educational levels may indicate that knowledge plays a big role in terms of creating awareness of
risky behaviour like casual unprotected sex that can lead to contraction of the virus.

5.2 Prevalence of Urinary Tract Infections

Urinary tract infection prevalence of 33% compared to previous study from Kenya by Masika et
al., (2017) whose overall prevalence of UTI was 11.9% is higher. This could be attributed to
differing immune status between these studies. Whereas participants in the initial study were
randomly picked with no consideration to immunity as opposed to the later in which inclusion
criteria was HIV seropositivity attending comprehensive care clinic. A fact that predisposes them
to opportunistic infectious diseases. However, when compared with studies on patients with

similar characteristics (immuno compromised participants), the results seem to agree in. In fact
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previous studies reported higher prevalence for instance, working with adolescent/young adult
Nigerians with acquired human immunodeficiency disease in Benin City (Michael et al., 2006)
reported prevalence of 41%. The drop in the current study compared to the earlier one can be
attributed to improved strategies in management of opportunistic infections including easier
access to ART/prophylaxis following efforts by donor communities and local governments.
Previous studies reported more gram-negative bacteria than gram positives, for example Megan
et al., 2015) in his study on prevention of recurrent infections in women isolated (75%) gram
negatives and (24.4%) gram positive bacterial with Escherichia coli (54.7%) and Klebsiella
pneumoniae (17.9%) being predominant. Another study from India by Lekha et al., (2016)
recorded similar results where Escherichia coli (49.5%) was predominant followed by Klebsiella
spp. (24.7%). A unique structure possessed by gram negative bacteria which assists in
attachment to uro-epithelium prevents these pathogens from being easily washed away in urine
as in gram positives. The same is used in tissue invasion and cellular growth thus partly
accounting for their high prevalence. This explains the predominance of the troublesome
infectious, invasive and pyelonephritis. Escherichia coli bacterium in many studies. Anal Cross
infection from gastro intestinal tract (GIT) where E. coli is normal flora in adults is another
reason for its predominance. The fact that Staphylococcus aureus (12.0%) was most prevalent
gram positive and third overall can also be attributed to cross infection from the skin where the
organism is a commensal owing to lowered immunity.

The highest rate of infections was realized in age groups (18-40yrs) where 67(57%) of the cases
were positive. This could be attributed to the fact that this age bracket comprises members who
are generally more active sexually which is a common lifestyle risk factor for UTIs, particularly

for women. It’s thought that sexual intercourse may transport bacteria from the anus to the
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genitals and urethra causing infection. This further explains high female prevalence compared to
males in this age which agrees with study results from Uganda where highest prevalence of
28/86 (32.6%) was from the age group 20-29 linking it to sexual activities (Odoki et al., 2019).
Those aged 60 years and above seem to have contributed the least 3(2.6%) but considering that
very few patients in this age bracket were captured in the study (7) and that 3 of them were
positive, it actually emerged as the most vulnerable group at (42%) i.e. (3 out of sampled 7).
These findings are in line with Girija et al., (2021) who reported up to 49% UTI positivity rate
among the Pakistan elderly patients. This is reasonable considering age related slowing down
immunity which also agrees with Akhtar et al., (2021) whose results from an Iranian study of
elderly patients recorded uropathogenes in high prevalence from various parts of the urinary
systems as follows Cystitis (37.6%), bacteriuria (31.9%), urosepsis (10.2%), and prostatitis
(6.4%) attributing it to age-related immune drop. Another reason for high UTI among the elderly
can be attributed to the fact that with aging, bladder muscles and pelvic floor tend to weaken.
This causes urine retention and/or incontinence which increase the potential for bacteria to
thrive. Since elderly patients are likely to have been exposed to more antibiotics and other
antimicrobial agents in the course of their long lives compared to their younger counterparts, it is
possible that these drug/immunity interactions may have led to resistance exposing the elderly a
more risky group of patients for urinary tract infections in HIV.

The occurrence of more infections amongst female patients (74.4%) compared to males (25.6%)
is in agreement with Megan et al. (2015) whose findings suggested a 50% to 60% life time risk
of urinary tract disease in women with a recurrent possibility of over 25%. A similar report by
Kanu et al., (2016), showed female majority of 51%. Generally, the high urinary tract infections

prevalence in women can be linked to the female urogenital anatomy and its anal proximity and
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also to some birth control methods like diaphragms or spermicides which change the p™ making
it favourable for bacterial pathogens to thrive.

5.3 Uropathogenic Response to Cotrimoxazole

Out of 117 isolated uropathogens subjected to cotrimoxazole sensitivity testing 105(89.7%) were
non-responsive. This agrees with a Nigerian study from as far back as 2009 where bacterial
resistance to cotrimoxazole stood at 83.9% by bacteria Nwadioha et al., (2010). Continued daily
low dose drug administration for a long time is likely to turn into development of resistance. Non
strict adherence to prophylaxis dosage regimen is another contributory fact in the increasing loss
of effectiveness of cotrimoxazole in protecting the seropositive patients as expected. As noted on
the local scene, the lack follow up measures of ensuring patients compliance once they have
received medicines to take home may have contributed to this non-responses as they end up not
taking their medication on time or not sticking to prescript directions.

In general, gram negative bacteria were more resistant to cotrimoxazole than gram positives i.e.
Pseudomonas aureginosa (100%), Escherichia coli (96.9%), Klebsiella pneumoniae (95.2%) and
compared to Staphylococcus aureus (71.4%) and Staphylococcus epidermidis (75%). This could
be attributed to the characteristic cell envelopes they possess. The envelope which is made up of
a special layer of peptidoglycan wall between cytoplasmic inner and outer membranes makes it
harder for antibiotics including cotrimoxazole to penetrate into the cells. Mostafa et al., (2018)
paints an almost similar picture from an Iranian study where high cotrimoxazole resistance
prevalence was reported across most gram negative isolates i.e. Escherichia coli 62%, Klebsiella
54%, Staphylococcus 55%, and Enterobacter 52%. Even though results from the two studies
agree for Escherichia coli the slide difference for Klebsiella pneumoniae and Staphylococcus

family may be attributed to regional variations in drug sensitivity.
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Chi-square analysis of resistance averages by various bacteria uropathogens was x° (5) = 14.3, p<
0.005 shows statistical significance. None of the organisms had frequencies less than 5. With an
expected minimum frequency of 83.7, the results show a significant statistical differences in the
resistance patterns with pseudomonas aureginosa being the most resistant organism at 100%.

5.4 Antibiotic Susceptibility Patterns
Maseno region’s average susceptibility of 46.6% (Table 3.7) can be attributed to the lack of

involvement of the laboratory as a tool in management of opportunistic infections in seropositive
patients. Instead patients are blindly treated on the basis of chance and history using outdated
empirical antibiograms originated elsewhere. The lack of scientifically determined antibiotic
guidance from the laboratory compromised bacterial management standards thus raising the level
of bacterial resistance to commonly used antimicrobial agents. Cases of antibiotic misuse in the
area where cases of under-dosages, skipping and/or delayed taking of drugs could be another
reason for the high resistance reported for the study. Other reasons include over the counter drug
prescriptions as a result of the numerous commercial chemists/pharmacies in the area including
neighboring Luanda trading centre. Being an agricultural area overuse of antibiotics in livestock
and fish farming may have contributed to this resistance development.

Even though no drug had 100% susceptibility, most bacteria were antibiotically affected by all
the drugs. Generally, the emerging pattern had, GEN 80.3%, CIP 79.8%, S 79.0%, NIT 74.8%
and TET 74.3% as the most effective drugs. Gentamicin being an injectable drug and therefore
requiring some technical know-how to be administered makes it less likely to be misused. Being
aminoglycoside exhibiting concentration-dependent killing, gentamicin’s higher concentrations
correlated with greater antimicrobial killing. Additionally, research shows that gentamicin has
synergistic effects on gram-positive bacteria. This results compare favorably with those of
another study within the same region. In Gucha sub-county hospital investigating pregnant
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women for urinary tract infections, Maniga et al., (2015) though with a smaller susceptibility rate
(21%) recommended gentamicin as the empiric drug of choice for the region after. The same
study results indicated ciprofloxacin (17%) and nitrofurantoin (13%) as next preferable drugs.
This tend to agree with results of the current study where ciprofloxacin (79.8%) second best
followed by streptomycin (79%).

Drugs showing mixed performance against various uropathogens included CXM 51.0%, NA
50.5%, CTR 43.3%, DOX 39.7% while least effective antimicrobials included VAN 36.0%,
OFX3 2.5%, AMP 31.5%, SX 13.7%, CAZ 12.7%, CPM 0.3%. Ampicillin (31.5%) was ranked
among the poorest performing drugs only better than Sulphamethoxazole, vancomycin
Ceftazidime and Cefepime. This again agrees with the results of a related Tehran (Iranian) study
whose results showed most of the isolated pathogens being resistant to ampicillin in very high
rates i.e. E. coli (85.9%), Proteus spp. (88.3%) and Klebsiella spp. (94.5%) (Kashef et al., 2010).
This was an important observation because ampicillin is generally among the most used drugs
world widely including in management of urinary tract infections. Being cheap and easily
available as an over the counter drug, chances of being abused are high making it more resistant
to common uropathogens as witnessed in this study. Despite being relative newer drug, cefepime
(0.3%) ranking last is worrying. Possible reasons for this could include over reliance on the latest
drugs and rapid over exposure while overlooking the traditional medicines. Like all other
cephalosporins, previous researchers have linked cefepime resistance has to previous treatment
exposures which either reduces affinity of existing target components, or causes acquisition of
bacterial produced chromosomal or plasmid DNA supplementary beta-lactam-insensitive targets.
On average, study findings found Proteus mirabilis (53.1%) as most susceptible bacterium. This

followed high susceptibility scores with most antibiotics i.e. 86% for ciprofloxacin, Gentamicin,
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nitrofurantoin, streptomycin and tetracycline. There are slide difference compared with findings
of a Pakistan by Kidwai et al., (2017) who reported E. coli (58.6%) most susceptible compared
to this study’s (49.2%). The drop in E.coli susceptibility in the two studies can be explained by
the fact that being among the most implicated uropathogen globally, its continuous subjection to
various antibiotics is likely to have led to horizontal transfer and accumulation of resistance
genes. However, despite the drop between then and now, E.coli showed susceptibility to all the
drugs including sulphamethoxazole 10% ceftazidime 8% and even cefepime 2%. This shows the
bacterium still retains its nature of being intrinsically susceptible to almost all clinically relevant
antimicrobial.

Gram-negative bacteria exhibited more resistance across all antimicrobials compared gram-
positive bacteria because of their thicker layer of peptidoglycan which easily absorbs antibiotics.
These gram positive susceptibility pattern has some resemblance with an Ethiopian study which
also had most Gram positive bacteria resisting majority of the test antibiotics including
Ampicillin (90%), amoxicillin (Agersew et al., 2013).The only notably difference between the
two studies is the complete resistance reported for tetracycline in Ethiopia which directly
contradicts high (74.8%) susceptibility reported in this current one. The resurgence noticed in
tetracycline susceptibility may be attributed to initial hesitancy by most clinicians in prescribing
the drug following massive development of resistance by most bacterial. This coincided with
brief withdrawal from the counters, a strategy that seem to have worked well for it because upon
reintroduction, it acted like a new drug with the strains that had developed resistance for it
having been wiped out by more effective antimicrobial agents.

Most gram negative bacteria generally were susceptible to ciprofloxacin and gentamicin. For

instance, for E. coli, rates were 82% & 89, Klebsiella spp. 90% & 90% and pseudomonas spp.
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were 67% & 67% respectively which is in agreement with a Nigerian study (Nwadioha et al.,
2010). Some uropathogens showed some resistance to both commonly used antibiotics and the
latest drug interventions. Pseudomonas aeruginosa which was the most resistant uropathogen
bacterium was completely resistant to cefepime, Ceftazidime and sulphamethoxazole. This
phenomenon is not unique as previously identical patterns had been reported by Rajan &
Prabavathy (2012). In fact, some worse situations where organisms showed resistance to almost
all the antimicrobial agents have been reported (Ngowi et al., 2021). Such situations are mostly
hospital transmissions. Multi Drug Resistant (MDR) bacteria were mostly noted from samples of
the elderly patients where 2 out of the 3 cases were resistant to at least three of the drugs in the
panel. Bacteria in this category were P. aeruginosa and S. epidermidis. These are likely to have
been indiscriminately exposed to many antibiotics throughout their longer lifespans leading to
development of resistance (Gashaw et al.,2018). Study of emerging trends of susceptibility
patterns obtained from this study point to the likelihood of multi-drug resistant uropathogens
being domiciled likely in HIV patients making this group of patients a significant source to the
rest of the communities.

5.5 Limitations of the Study
i.  The study scope was limited to bacterial urinary tract pathogens leaving out viral,
parasitic, fungal and other organisms associated urinary tract infections in HIV patients.
ii.  Uneven patient presentation patterns for age and sex translated into skewed selection of
participants in favour of women against males and adults against minors.

iii.  The lack of follow up programs that would ascertain whether the patients stick to dosage
regimen at home was a major limitation in establishing if cotrimoxazole
unresponsiveness was due to drug misuse or genetic nature of the isolates and/or affected
patients.

iv.  Unavailability of CD4 Data was a limitation in linking UTI prevalence to HIV stage
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
6.1 Summary of Findings
1. The study documents a Urinary Tract Infections prevalence (33%) 117/354 with Gram-

negative bacteria as the most dominant uropathogens and Escherichia coli (54.7%) being
implicated most. Others were, Klebsiella pneumoniae (17.9%), Staphylococcus aureus (12.0%),
Proteus mirabilis (9.4%), Staphylococcus epidermidis (3.4%) and Pseudomonas aeruginosa
(2.6%).

2. Most isolates (89.7%) 105/117 failed to respond to prophylactic drug cotrimoxazole with
individual bacterial species resistance contributions being P. aeruginosa (59.0%), K. pneumoniae
(19.0%), S. aureus (9.5%), P. mirabilis (6.7%), E. coli (2.9%) and S. epidermidis 2.9%).

3. Despite an average susceptibility of 46.6%, encountered bacterial pathogen strains exhibited
varying patterns to both commonly used antimicrobial agents and newer drugs with means
ranging from the most susceptible P. mirabilis (52.9%), S. aureus (49.2%), E. coli (49.2%), K.
pneumoniae (46.0%) and P. aeruginosa (37.7%) as the lowest.

6.2 Conclusions

i.  One in every three seropositive patients is likely to be having a urinary tract infection
probably caused by Escherichia coli.

ii. High prevalence (89.7%) of prophylaxis non-responsiveness exhibited by most
uropathogens among HIV seropositive patients can be attributed to daily low dose
administration of cotrimoxazole in addition to its routine use in management of non-

complicated infections.
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Despite good susceptibility scores from a good number of antimicrobials, the average rate
of insusceptibility to commonly used drugs was averaged at (53.4%) with gentamicin

(80.3%) being the most effective drug and cefepime (0.3%) the least performing.

6.3 Recommendations from the study

Findings and conclusions of this study highlight the need for continuous monitoring of
urinary tract infections and profiling of bacterial aetiologies amongst HIV seropositive
patients by encouraging hospitals and CCCs to invest in diagnostic testing in order to
establish traditional culprits emerging infection trends.

Community health workers should be mobilized to ensure that patients stick to dosage
regimen for prophylactic drug as well as prescribed antimicrobials. Periodic surveillance
of cotrimoxazole effectiveness and continued updating of prophylaxis program should be
adopted.

There is need for CCCs to base UTI treatment on scientifically determined data as
obtained from periodic studies of susceptibility patterns. This will aide effective therapy
and limit development of antimicrobial resistance through maximal utilization of
resources instead of prescription of outdated drugs. This study recommended gentamicin

as the empirical drug of choice for Maseno region.

6.4 Recommendations for further studies

Since long term administration of anti-retro viral drugs has some negative effects on
functionality of the nephron, studies that would investigate prevalence of urinary tract
infections against duration of these drug use are recommended.

Cotrimoxazole studies aimed at investigating whether high rate of bacteria not

responding to prophylaxis is as a result of drug failure due to long term application of
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daily doses combined with routine antimicrobial therapeutic use, bacterial gene mutations
or genetic makeup of affected patients.
Following the high rates of drug insusceptibility across commonly isolated uropathogens,

antimicrobial susceptibility studies are recommended
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Appendix IV: letter of consent
Participation Consent

Study Title: Prevalence of bacterial urinary tract infection and antibiotic susceptibility patterns
of cotrimoxazole resistant uropathogens from HIV sero positive patients on cotrimoxazole
attending Maseno mission hospital, western Kenya.

Dear participant,

You are hereby invited to participate in this study because you are affected. This form is meant
to make you aware why this research is being carried out. Please read through and make decision
if you want to take part or not. The principal investigator in this study is a master’s student at
Maseno University.

The purpose of this study is to determine prevance of urinary tract infections, investigate
prophylaxis sensitivity and establish antibiotic susceptibility patterns of cotrimoxazole
resistant uropathogens from seropositive patients attending Maseno mission hospital in
western Kenya. Urine specimens will be collected for urinary tract infection screening a process
that will not cause any pains.

You are free to decide whether to take part or not. It is of importance to note that by volunteering
to participate there is no financial benefit just as there will be no cost implications. However,
participating in this study is important as the findings of the may be helpful in your own personal
management and for decision making in improving public health that will go a long way in
prevention of urinary tract infection among people living with HIV in Kenya. Your results will
be relayed personally to you through your comprehensive care centre (CCC) service provider at
Maseno mission hospitals

Questions posed to the participants regarding their socio-demographic characteristics may cause
discomfort. The researcher wishes to assure the participants that their information will be treated
with high level of confidentiality but not guaranteed.

Read and Signed

N/B: In case of any queries and /or complaints arising from this study you can reach us on
1. Principal Investigator (Philip Sakwa Musasia — reg. MSc/PH/00072/2015)
Maseno University,
School of Public health and Community Development
Department of Biomedical Sciences.
P.O. Box 333 Maseno.
Tel no: 0722219622.
Email:spmusasia@gmail.com
1. Secretariat Maseno University Ethics Review Committee
School of Graduate Studies (SGS).
P.O. box 333 Maseno
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Appendix V: Questionnaire (Questions answered by patient)

1. Agein Years
18- 30 L1 31-44 L 145-60C10ver60 L
2. Gender: Male——] Female—I
3. Marital Status
Single —— Marriedr——] Widowed — Divorced/separated[—]
4. Level of education
None T3 Primary—1  Secondary T  College/University —
5. For how long have you been known to be sero positive?
1-6 Months[J7- 12 Months ] Over 1 Year [
6. How long have you been on medication?
Less than 6months[]5-12months ] 13-24months[] 25-36months[_Jover 3years
7. What type of medication?
ARVs [] Antibiotics Others [

8. Are you on cotrimoxazole?
Yes [ No [

9. If yes for [8] above, how long have you been on cotrimoxazole?

1-6 Months[—17- 12 Months 1 Over 1 Year 1
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Appendix VI: Laboratory data capture form (Questions answered by Laboratory Staff)
1. Was uropathogen(s) isolated from the HIV sero positive patient?

Yes ] No

2. If yes for (1) above, which uropathogen?

E.coli [ Klebsiellaspp. — Pseudomonas spp —] Proteaus spp—]
Staphylococcus aureus [ Other bacteria —10Others /non bacteria [

3. Was the uropathogen(s) isolated sensitive to Cotrimoxazole?

Yes [ No [
4. 1f no, for (3) above was the cotrimoxazole resistant uropathogen(s) susceptible to other
antibiotics?
Yes No 1

5. If yes for (4) above, which other antibiotics were the cotrimoxazole resistant
uropathogens susceptible to?

AMP CXM GEN
CIP NA SX

S CTR CAZ
NIT DO CPM
OFX VA TET

58



