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ABSTRACT 

Pseudomonas aeruginosa is a leading cause of hospital infections and is intrinsically 

resistant to most antimicrobials. Emergence of multidrug resistant Pseudomonas 

aeruginosa has been reported and poses a great challenge in the management of the 

resultant infections. While a sizable amount of research has been done on these 

infections in developed countries, little is known about the susceptibility profiles and 

molecular diversity of strains recovered from wounds in Kenya. This cross-sectional 

study conducted in Tigoni District Hospital in rural Kenya sought to determine 

susceptibility profiles, molecular diversity of strains and risk factors associated with 

carriage of the organism in wound infections. This being a rural area, residents are 

presumed to be more likely to get wounds due to the manual nature of their work. 

Wound swabs were collected from 299 patients, and transported to the NMRL. Isolation 

was done on SBA and MacConkey with salt then drug susceptibility testing for 

Pseudomonas aeruginosa isolates using gentamicin, amikacin, ciprofloxacin 

,piperacillin-tazobactam, ceftazidine, cefepime and meropenem. PCR was performed 

testing for β lactamase genes bla NDM-1, blaSHV and blaTEM. Fingerprinting analysis was 

done using the (GTG)
5 

primer to determine the phylogeny of recovered isolates. 

Statistical analysis of age and sex in relation to Pseudomonas aeruginosa carriage and 

recorded antimicrobial resistance patterns was done using IBM SPSS version 20 

software (SPSS, Inc. Chicago, IL). Chi-square test was used to calculate P-value for 

risk factors associated carriage of Pseudomonas aeruginosa in wound infections. Binary 

logistic regression analysis was done to generate the adjusted odds ratio with 95% 

confidence interval, an alpha of less than 0.05 (P < 0.05) was considered statistically 

significant. Of the 299 patients 85 (28%) had positive wound carriage of Pseudomonas 

aeruginosa. This was highest among adults (94%) compared to children (6%)(P: 0.001, 

C.I:2.1-14.0, O.R:3.4). Wounds in females were more likely to be colonised (67%) 

compared to those in males at (33%) (P: 0.19, C.I:0.84-2.4, O.R: 1.42). Patients sourcing 

medication from a community chemist were more likely to have bacteria carriage 

compared to those who sourced from a hospital pharmacy (P: 0.001, C.1:3.01-8.86, 

O.R:5.17). Those who acquired antimicrobials without a doctor’s prescription were more 

likely to be colonized compared to those to those had (P: 0.001, C.I:3.01-8.86, 

O.R:5.17). Patients who did not complete dosage had a higher carriage (50.6%) 

compared to those that completed (49.4%). Highest antimicrobial resistance was 

recorded towards Ceftazidime (64%), Cefepime (52%) while Piperacillin-tazobactam 

was least resisted (20%). The isolates were more resistant towards Gentamicin (45%) 

and Amikacin (40%) compared to Ciprofloxacin (25%). Notable is the high resistance 

towards Meropenem (40%). Carriage of blaTEM, blaSHV  and blaNDM was most common 

among strains showing resistance towards third generation cephalosporins, in addition to 

Amikacin and Meropenem for bla NDM-1Tight clustering was noted in isolates from 

diverse patients with a similarity of ≥ 80% was noted in 9 clusters based on isolates 

banding patterns. This appearance of blaNDM-1 linked to pervasive misuse of carbapenem 

is worrying. Strengthening antimicrobial stewardship is recommended 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

The β-lactams antimicrobials, such as cephalosporin and carbapenems, aminoglycosides 

and fluoroquinolones are usually the drugs of choice for the treatment of Pseudomonal 

infections. The production of extended spectrum β-lactamases for example NDM-1 SHV 

and TEM offers a mechanism of resistance to the wide range of antimicrobials that 

contain the β-lactam ring.  

There has been reported increased resistance to carbapenems in the developed world; 

however information is limited in developing countries. There are few reported cases of 

Metallo β-lactamases such as NDM-1 in Africa, which confers resistance to 

carbapenems (Kilivwa et al., 2018; Pitout et al., 2008; Ssekatawa et al., Ejobi et al., 

2018). Worse still there is no information on these resistance genes in wounds infections 

from rural areas in Sub-Sahara Africa where over 60% of people live (WHO 2011, 

2011). Rural areas are typified by low income, increased hazards that would cause 

wounds, poor laboratory infrastructure, hospitals lacking essential antimicrobials and an 

emerging increasingly empowered population that will readily resort to self-medication. 

Development of resistance is linked to improper use of antimicrobials and the 

transmission of resistance genes (Weist & Hogberg, 2016). 

This study sought to determine the prevalence of wound infections caused by 

Pseudomonas aeruginosa in Tigoni in rural Kenya, antimicrobial susceptibility patterns 

and presence of carbapenemases and extended spectrum β-lactamases resistance genes. 

The likelihood for getting wounds in Tigoni is high due to the largely manual work by 

the people living in the area. This is either manual agricultural or informal/formal 

industrial work with inadequate protection. The area is also characterised by low income 

which impacts negatively on patient’s access to proper care for wounds in hospitals and 
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ability to afford proper antimicrobials. The study sought to establish some of the risk 

factors that may be associated with wound carriage of Pseudomonas aeruginosa and 

resistant strains. A questionnaire was used for capturing social demographic features of 

the study participants. 

1.2 Statement of the problem 

Pseudomonas aeruginosa remains one of the common causes of wound infections that 

have widely been documented (Peleg & Hooper, 2010). While most of these infections 

have been documented among surgical and burn wounds patients elsewhere (Decraene et 

al., 2018; Egbe et al., 2011), very little has been done to determine the prevalence of this 

bacteria strain in traumatic and non-traumatic wounds in Kenya. Information on risk 

factors that possibly leads to both traumatic and non-traumatic wound colonization by 

Pseudomonas aeruginosa has not been documented in Kenya. This study was conducted 

in rural Kenya among farming community which make this a unique study. Farmers are 

likely to have more injuries than typical urban population due to mechanical nature of 

their occupation, however, this hypothesis has not been tested either. Although the study 

did not take samples from the environment, it is important to note that Pseudomonas 

aeruginosa is ubiquitous on un-animate objects which may be a source of bacteria 

colonization. There is also a research gap in determining the genetic relatedness of 

Pseudomonas aeruginosa that colonize wound infections especially within a community. 

While abundant data on antimicrobial resistance is available on Pseudomonas 

aeruginosa from surgical and burn wounds are available (Decraene et al., 2018; Egbe et 

al., 2011), no data is available on the same from strains from non-traumatic wounds of 

patients in a rural set up.  The ease in access and affordability of antimicrobial agents 

especially among the urban population has been termed as one of many factors that leads 

to antimicrobial resistance emergence. The emergence and spread of in genes encoding 

for β-lactamases which mediates resistance to carbapenems have further limited 

treatment options for infections associated with Pseudomonas aeruginosa. The 

development of resistance has been documented to significantly increase the risk of 
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fatality in some cases up to three times have increased mortality risk as a result of 

treatment failure and prolonged hospitalization. It is however worth noting the paucity of 

data available on antimicrobial sensitivity pattern of bacterial strains recorded from rural 

inhabitants in Kenya where accessibility and affordability to these agents is 

comparatively limited compared to the urban population.  

Pseudomonas aeruginosa has also been shown to lack  gene duplication, which is an 

indicator that the size of its genome is due to greater gene and functional diversity (Silby 

et al., 2011). The multidrug efflux systems are members of the resistance-nodulation-

cell division (RND) family. Each of the genes encoding a putative RND transport 

protein is adjacent to a gene for a probable membrane fusion protein; most RND loci 

also contain genes for outer membrane proteins of the OprM family (Stover et al., 2000). 

A common efflux pump MexAB-OprM, is made of a pump (MexB), a linker lipoprotein 

(MexA), and an exit portal (OprM). Although the study will not screen for these genes 

that can also been attributed to antimicrobial resistance, there is need for future studies 

check possible carriage in Pseudomonas aeruginosa isolates in Kenya where this has not 

been documented. Saaid et al., 2016    Farshadzadeh et al., 2014 

1.3 Justification 

Since Pseudomonas aeruginosa is among the most common cause of wound infections, 

it is important to determine possible risk factors that may cause wound colonization by 

this bacteria strain. Such information is particularly essential in formulation of mitigation 

measures by public health officials. There is therefore dire need for basic surveillance to 

provide research based data on possible risk factors especially among rural central 

Kenya where no studies have been conducted.  Pseudomonas aeruginosa is one of the 

most common bacterial strains that have been associated with high intrinsic resistance to 

multiple antimicrobial agents (Cicek et al., 2014). Infections caused by Pseudomonas 

aeruginosa are therefore becoming increasingly difficult to manage due to emergence 

and spread of antimicrobial resistance. The implication of such resistances has been 

prolonged hospitalization and delayed healing of wounds. Regular monitoring the 
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effectiveness of antipseudomonal agents through surveillance is essential in informing 

the best treatment of infections associated with Pseudomonas aeruginosa In this cross 

sectional research study, we intended to provide missing data of antimicrobial resistance 

patterns, genetic basis of resistance and strains relatedness among a farming community.  

1.4 Research questions 

1. What is the prevalence of Pseudomonas aeruginosa in wound infections among 

patients attending Tigoni district hospital? 

2. What are the antimicrobial resistance patterns to anti-pseudomonal agents in 

isolates recoverable from these wounds? 

3. What are the possible risk factors for carriage of multi-drug resistance 

Pseudomonas aeruginosa strains in infected wounds? 

4. What proportion of Pseudomonas aeruginosa isolates carry most common   

carbapenemases and extended β-lactamases genes.  

5. Are the recovered Pseudomonas aeruginosa isolates genotypically related? 

1.5 Research objectives  

1.4.1 Main objective 

To determine antimicrobial resistance profiles and clonal relatedness of Pseudomonas 

aeruginosa strains recovered from wounds infections of patients presenting in a rural 

hospital in Kenya. 

1.4.2 Specific objectives 

1. To determine the prevalence of Pseudomonas aeruginosa in wound infections 

among patients attending Tigoni District Hospital?  

2. To determine antimicrobial resistance patterns of Pseudomonas aeruginosa 

recovered from  wound infections 
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3. To determine the risk factors associated with carriage of Pseudomonas 

aeruginosa in wound infections? 

4. To determine the carriage of Extended Spectrum β lactamases and 

carbapenemases in recovered Pseudomonas aeruginosa isolates 

5. To determine genetic relatedness of Pseudomonas aeruginosa wound isolates. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Epidemiology of wound infections 

Pseudomonas aeruginosa has a variety of virulence factors that contribute to its 

pathogenicity which include production of exotoxins, proteolytic enzymes and 

hemolysins that destroy cells and tissue. Some strains produce alginate, a polysaccharide 

polymer that inhibits phagocytosis. (Maharjan et al., 2018)Nevertheless, the organism 

remains an opportunistic pathogen that requires a compromised host to establish an 

infection. The organism either disrupts or takes advantage of loss of protection offered 

by intact epidermis in cases like of burns, puncture wounds, eye trauma. Other infections 

include infections of the respiratory tract (hospital acquired pneumonia in patients in 

respirators), urinary tract, wounds, blood, central nervous system, burns, ear and cystic 

fibrosis (Rouhi & Ramazanzadeh, 2018). The organism has been incriminated as a 

leading cause of wound infections (Siddiqui & Bernstein, 2010 Agyepong et.al., 2018, 

Tarana & Shamsuzzaman, 2018 2015, Pathi et al., 2013. Satyajeet et al., 2014 Mohan et 

al., 2013). A wound is a break in the skin which can either be acute or chronic. An acute 

wound is caused by damage to the skin which can be accidental or surgical. A chronic 

wound is one that does not heal in the normal manner and duration mostly due to 

underlying pathological cause for example diabetic wounds or bed sores. Whereas both 

types of wounds are prone to infections when a wound does not heal the likelihood of 

developing an infection is increased. This is when the organism’s virulence factors 

overcome the host defence mechanisms. The formation of biofilms has also been shown 

to play a huge role in Pseudomonas aeruginosa wound infections (Maharjan, et al., 

2018). In compromised patients such infections are often severe and often life 

threatening. These infections have high mortality which is associated with ineffective 

empirical therapy (Cicek et al., 2014; Siddiqui & Bernstein, 2010). 
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Patients with infected non-healing wounds pose a huge problem for hospitals at times 

taking up to 50% of medical ward beds and strain already overstretched facilities They 

often lead to prolonged duration of stays in hospitals which drives up costs gobbling up 

to 4% of health care budgets and cause high mortality of 7.6% (Nathwani et al., 2014, 

Finn Gottrup et al., 2014, Turner KH et al., 2014).The effective treatment of these 

wound and skin infections is hampered in a great way by presence of multiple drug 

resistant  bacteria (Oli et al., 2017). The development of resistance statistically 

significantly increases the risk of fatality in some cases up to three times have increased 

mortality risk. These same patients also have a longer length of hospital stay. ( Nathwani 

et al., 2014, Hong-Tu et al., 2015).  

In a study at military burn centre in the USA Pseudomonas aeruginosa was found to be 

the most frequent cause of burn-wound infections. (Keen et al., 2010). It was the most 

common bacteria causing wound infections. (Raffaele et.al., 2015). In a Pakistani study 

on chronic wounds the organism was the most prevalent organism at 27% (Rahimm et 

al., 2016). In neighboring India the organism was the most commonly isolated from pus 

and wound swabs. (Tarana & Shamsuzzaman, 2018). More than 80% of the 

Pseudomonas aeruginosa isolates were obtained from wound and pus swabs with, 

20.69% of these being multidrug resistant in another Indian study (Chander et al., 2013). 

Pseudomonas aeruginosa was the leading cause of wound infections and pus swab 

isolate in a Ghanaian study. (Agyepong, et al., 2018).Yet in another Ghana study the 

organism recorded the highest prevalence of 30.7% in wound infections (Amankwa et 

al., 2017). In two Nigerian studies on wound infections the organism was the leading 

causative bacteria as an ESBL producer at 34.92% and 36.07% (Angus et al., 2017, ).In 

an Egyptian study multidrug ESBL producing were isolated from burn wounds 57% and 

pus swabs 66%. (Mahmoud et al., 2013). In Sub Sahara Africa a study on wound 

infections at the Mhumbili hospital in Tanzania, the most prevalent bacterial species 

were Pseudomonas aeruginosa at 16.3% (Manyahi et al., 2014).  

http://login.research4life.org/tacsgr1www_magonlinelibrary_com/author/Gottrup%2C+Finn
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2.2 Resistance towards carbapenem 

Resistance to carbapenems, which is often accompanied by resistance to multiple other 

agents, has increased. (Mushi et al., 2014). A study in China found that over a 9 year 

period that there was a 4.6% increased resistance to meropenem which was the highest 

as compared to other drugs (Xu, et al., 2013).Carbapenems have been shown to have 

limited activity of 4% sensitivity against ceftazidime resistant Pseudomonas aeruginosa 

in another China study (Jean, et al., 2002).In Europe the average drug resistance of 

Pseudomonas aeruginosa increased from 17.1% in 2012, to 17.8 % in 2015 with a 

reported resistance carbapenems of 52% and 66% in Slovakia and Romania respectively 

(European CDC surveillance report 2015). High levels of resistance to ceftazidime 

73.7% and 76% meropenem were observed in study is US hospitals 8.9% of 

Pseudomonas aeruginosa were classified as multidrug-resistant (Farrell, et al., 2014). 

The organism was the cause of 75% of chronic wound samples of which 6% were 

multidrug resistant in a Brazilian setting (de Oliveira et al., 2017). Clinical isolates from 

burns wounds in Iran had 100% resistance to two carbapenems Meropenem and 

Imipenem (Akbarmirsalehian et al., 2017). Isolates from burn wounds showed 78% 

multi drug resistance with 42% of this producing ESBL (El-Shouny et al., 2018). A 

study by Ahmed et al in Egypt found out that increased resistance to β-lactams and third 

generation cephalosporins of  imipenem at 34%, cefepime 98%, piperacillin \ 

tazobactam at 94.7%  and ceftazidime at 91% (Ahmed et al., 2009). A study in Nigeria 

reported 50% prevalence of P, aeruginosa from wound specimen where most of these 

isolates were also MDR(Pondei et al., 2013). In Ethiopia, the same organism was second 

most common in cause of wound infections with a multidrug resistance rate of 73 % 

(Mulu et al., 2017). In a Ugandan study the multidrug resistance was 81% with a 24% 

resistance to carbapenems(Kateete et al., 2016). In a study in Tanzania the organism was 

the second most common cause at 18.2%, ESBL producing gram negative bacteria 

showed resistance rate 100% to ceftriaxone and cefotaxime (Kassam et al., 2017).  

Another Tanzanian study 73% of the 15 isolates with reduced susceptibility to 

meropenem were positive for carbapenemases genes (Mushi et al., 2014). 
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The resistance gene blaNDM-1 was first reported in Africa in Kenya in 2011 in Klebsiella. 

There has been reported incidence of NDM-1producing Pseudomonas aeruginosa in 

Uganda in 2016, and Egypt in 2014 (Kateete et al., 2016; Zafer et al., 2014). A study at 

the Aga Khan hospital in Nairobi found the prevalence of Metallo-β-lactamase 

producing Pseudomonas aeruginosa at 13.7% (Pitout et al., 2008). 

Previous exposure to antimicrobials has been linked to development of resistance in 

Pseudomonas aeruginosa either to same or different antibiotic because it harbors 

multiple mechanisms of resistance (Shick, 1989)A key factor that plays a role in 

widespread dissemination of β-lactams and Carbapenem resistant bacteria is the over the 

counter misuse of antibiotics or excessive use of antibiotics which are either generic or 

counterfeits. The restricted use of imipenem has been shown to reduce rates of 

resistance. (Chander et al., 2013).In this case as opposed to other antibiotics 

carbapenems are more expensive and therefore original drugs are not widely available in 

rural settings characterised by high poverty levels but rather generics or counterfeits. 

Other factors that lead to dissemination of carbapenem resistant bacteria are presence in 

hospital environments, weak infection control practises and lack of antimicrobial 

stewardship ( Manenzhe et al., 2015, Decraene et al. 2018;Kohlenberg et al., 2010). 

There is lack of antimicrobial resistance data in Africa which eventuates in ineffective 

responses, poor antimicrobial stewardship and late detection of dissemination of 

resistant bacteria. (Manenzhe et al., 2015). 

2.3 Genetic complexity and resistance mechanisms 

The organism possesses intrinsic resistance which is due to three factors; inactivating 

enzymes, low permeability of its cell wall to antimicrobials and active efflux pumps 

(Riou et al., 2010). The complementary effect of these independent mechanisms offers 

the organism wide ranging resistance to most potent drugs. (WHO, 2008). 
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2.4 Molecular basis of resistance 

Pseudomonas aeruginosa contains the highest proportion of regulatory genes observed 

for a bacterial genome. A large number of these genes are involved in the catabolism, 

transport and efflux of organic compounds as well as four potential chemotaxis systems. 

The size and complexity 5,570 predicted open reading frames (ORFs), of the genome 

acts as evolutionary adaptation permitting it to thrive in diverse environments and resist 

the effects of a variety of antimicrobial substances. The organism has nearly 300 

cytoplasmic membrane transport systems, about two-thirds of which are involved in the 

import of nutrients and other molecules. These numerous cytoplasmic transport systems 

afford the organism a wide capacity to metabolize and grow on organic substances and 

are numerous iron-siderophore uptake systems. They enhance the ability to export 

compounds for example, enzymes and antimicrobials by a large number of protein 

secretion and resistance-nodulation-cell division efflux systems. The efflux systems are 

made of a protein transporter of the cytoplasmic membrane that uses energy in the form 

of proton motif force to transport drugs and other substances through the inner 

membrane, a periplasmic connective protein and an outer membrane protein component 

with a barrel configuration. A large number of genes codes for outer membrane proteins 

which play a role in cell surface exposure, transport of antimicrobials, export of 

extracellular virulence factors and assist in adhesion and motility by anchoring the 

structures involved. Pseudomonas aeruginosa has been shown to lack recent gene 

duplication, which is an indicator that the size of its genome is due to greater gene and 

functional diversity (Silby et al., 2011) the multidrug efflux systems are members of the 

resistance-nodulation-cell division (RND) family. Each of the genes encoding a putative 

RND transport protein is adjacent to a gene for a probable membrane fusion protein; 

most RND loci also contain genes for outer membrane proteins of the OprM family 

(Stover et al., 2000). A common efflux pump MexAB-OprM, is made of a pump 

(MexB), a linker lipoprotein (MexA), and an exit portal (OprM).  

Pseudomonas aeruginosa may develop resistance to carbapenems through combined 

mechanisms such as target inaccessibility, stable derepression of AmpC b-lactamase, 
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overexpression of efflux systems and production of Metallo β-lactamases (MBLs) 

(Pournaras et al., 2007). 

Commonly, genetic information for target site or efflux resistance mechanisms is 

chromosomally encoded. There has however been recent emergence of plasmid-

mediated transferable resistance.(Exner et al., 2017). Transfer of resistance genes from 

species found in the environment, creates a problem in the treatment of these infections  

(Falagas et al., 2005). 

In Kenya various studies have documented carriage of blaVIM, blaSHV and blaNDM in 

Pseudomonas aeruginosa isolates from clinical isolates consisting of blood, urine, 

tracheal aspirates and pus samples (Kilivwa et al., 2018; Pitout et al., 2008). To the best 

of my knowledge data on antimicrobial resistance patterns of Pseudomonas aeruginosa 

from wound infections and their resistance mechanisms have not been documented in 

Kenya.  

2.5 Treatment options 

Treatment of Pseudomonas aeruginosa infections involves the presumptive use of 

combination therapy while awaiting susceptibility results. Once susceptibility is 

determined a single drug is used. This is because Pseudomonas aeruginosa readily 

acquires resistance to the available antimicrobials. 

Therapy usually involves the use of antimicrobials with anti-pseudomonal activity. 

These include anti-Pseudomonal penicilins such as Ticarcillin and piperacillin (with or 

without β-lactamase inhibitors such as Tazobactam), and third and fourth generation 

cephalosporins such as ceftazidime and cefepime. Others drugs include aminoglycosides 

for example amikacin, gentamicin, aztreonam, oxazolidinones, and carbapenems such as 

imipenem and meropenem. The list also includes fluoroquinolones such as ciprofloxacin 

and levofloxacin, colistin, and polymixin B (Kanj & Kanafani, 2011). It is recommended 

that patients with severe Pseudomonas multidrug resistance (MDR) infections should be 
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treated with a combination therapy consisting of an anti-pseudomonal β-lactam such as 

meropenem (carbapenems), an aminoglycoside for example amikacin or 

fluoroquinolones such as ciprofloxacin to provide adequate therapy cover and improve 

patient outcomes.  

Antimicrobial resistance in Pseudomonas aeruginosa may easily emerge during 

treatment(Zavascki, et al., 2010). Resistance to aminoglycosides for example gentamicin 

and amikacin involves the MexXY-OprM efflux pump as well as the aminoglycosides 

modifying enzymes (AMEs).  Resistance to fluoroquinolones for example ciprofloxacin 

involves mutations in target genes (gyrA, gyrB, parC, and parE), aminoglycoside 

modifying enzymes or to drug efflux systems (MexAB-OprM, MexCD-OprJ, MexAB-

OprM, MexXY-OprM, OqxAB and Qep) (Breidenstein et al., 2011). The organism 

possesses intrinsic resistance to the majority of antimicrobial agents, and through the 

different mechanisms develops combined resistance to multiple antimicrobial groups 

(Mushi et al., 2014). 

2.6 Metallo β-lactamases  

β-lactams are antimicrobials that contain the β-lactam ring in their molecular structure 

and include cephalosporins for example ceftazidime (third generation), cefepime (fourth 

generation) carbapenems for example meropenem, monobactams for example aztreonam 

and penicillin derivatives for example piperacillin. Some drugs are β-lactam inhibitors 

for example tazobactam and are used in combination with penicillin derivatives for 

treatment of Pseudomonas aeruginosa infections for example piperacillin. Resistance to 

carbapenems for example meropenem develops due to more than one mechanism with 

efflux pump systems playing a major role with a key role the mediation by 

Carbapenemases which include β-lactamases hydrolysing carbapenems among other β-

lactams. The β-lactamases are classified in Ambler’s structural classification into four 

molecular classes, two of which were the focus of this study the Extended Spectrum β-

Lactamases and Metallo-β-Lactamases (Bush & Jacoby, 2010). 
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Derive from genes for narrow spectrum β-lactamases for example blaSHV and blaTEM. 

Genetic mutations alter the amino acid configuration on the active sites. They are found 

in plasmids that are easily transferred to different bacterial species. (Fuste et al.,2013) 

The broad spectrum Metallo- β lactamases are thought to be most clinically significant 

for three reasons: genes encoding for them are found as gene cassettes in integrons, are 

transferable and worse still other resistance genes for other antibiotic classes can also be 

found in the same integrons resulting in multi-drug resistance. The blaNDM-1 a type of 

MBL can hydrolyse all β-lactam antimicrobials except for monobactams. (Fuste et 

al.,2013) 

Carbapenems enter into the periplasmic space of Pseudomonas aeruginosa through the 

OprD outer membrane porin. Meropenem is stable to dehydropeptidase I inactivation 

and is more active against gram-negative bacteria and especially against Pseudomonas 

aeruginosa because it passes more swiftly through the OprD porin (Meletis et al., 2012).  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study site 

This study was conducted in Tigoni District Hospital, in rural Kiambu County, Kenya. 

Majority of residents here live in poverty (below 2 dollars a day) and therefore access to 

proper health-care is a major problem to many people hence opting for self-medication. 

Majority of residents rely on agriculture and other manual work for a livelihood which 

makes them prone to suffer wounds. This location typical of many rural areas in Kenya 

is unique as health facilities are not well equipped lacking necessary antimicrobials 

leading to a flourishing industry of private chemists.  

3.2 Study design 

A consecutive random sampling method was used in this cross-sectional study to obtain 

wound swabs from consenting patients attending Tigoni District hospital for a period of 

six months from June to December 2015.  

3.3 Patients recruitment 

Individuals having a wound infection were identified and recruited at the outpatient 

department. Identification of the in-patient population having wound infections was 

done by a nurse at the medical and surgical wards. Recruitment process involved brief 

introduction of the research study and potential benefits in involvement which includes 

proper diagnosis.  

3.4 Inclusion criteria  

i. To be eligible for recruitment one must have been a resident of Kiambu  

ii. Only patients with a wound infection were recruited. 

iii. One must be willing to participant in this study by signing a written consent 
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iv. This study only recruited minors who agreed to participate accompanied by a 

signed assent from the parent or guardian. 

3.5 Exclusion criteria 

i. Non-Kiambu residents were excluded from this study. 

ii. Patients un willing to participate in this study by signing a written consent were 

also excluded 

3.6 Sample size 

The Fisher’s et al 2005 method was used to calculate the sample size using a previously 

published prevalence of 14%. (Kasiulevičius et al.,2006 ) 

N = Z
2
 P (l-P)/d

2 

Where N =  Minimal sample size: 

Z =   Standard normal deviation corresponding to 95% confidence interval 

(=1.96); 

P =  Prevalence of 8% (Ngumi et al., 2010) 

d =  degree of precision (5%) 

• N= 1.96
2 

X 0.14(0.86)/0.05
2
 

Therefore, a minimum of 246 wound samples were obtained from different patients 

seeking treatment at Tigoni District Hospital. 

3.7 Sample collection and demographic data capture 

In order to collect the specimen, a sterile cotton wool swab was gently rotated on the 

patients’ wound. The swabs were transported in Cary-Blair media in a cool box below 
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10°C to the National Microbiology Reference Laboratory within three hours of 

collection. Unique codes were assigned to sample collection forms and transport media. 

A total of 299 non-duplicate wound specimens were collected and analyzed in this 

study. Of these specimens, 240 (80%) were from adults and 59 (20%) were from 

children. Further, 183 (61%) were obtained from males compared to 116 (39%) from 

females. The mean age was 33.6 years and median age 29 years. 

Social demographic data was captured included patient’s age, gender, residence, 

antimicrobial source and ease in accessing over the counter, prescription availability was 

captured using a structured questionnaire. 

3.8 Bacteria isolation and identification 

Pus and wound swabs were directly plated on sheep blood agar (SBA) and MacConkey 

without salt and incubated at 35
0 

C, for up to 24 hours. On MacConkey agar plate, non-

lactose fermenters colonies with characteristic dry translucent edges were presumed as 

Pseudomonas aeruginosa. On SBA, Pseudomonas aeruginosa colonies were shiny, dry 

with rough edges, β-hemolytic with grape like smell. Identification was done using 

Gram stain and a series of biochemical tests which includes; Oxidase (positive), glucose 

fermentation, hydrolysis of arginine, and nitrate production test among others as 

previously described(Al-Charrakh, et al., 2016). 

3.9 Antimicrobial susceptibility testing 

Antimicrobial susceptibility tests were performed using Kirby–Bauer disc diffusion 

technique on Mueller Hinton agar (Oxoid). A suspension of the organism in normal 

saline equivalent to McFarland turbidity standard of 0.5 was evenly spread three times 

on Mueller Hinton plate to obtain a confluent lawn. Antimicrobial discs selected based 

on CLSI guidelines were included; gentamicin (GEN 10 µg), amikacin (AK 30µg), 

ciprofloxacin (CIP 5 µg), piperacillin-tazobactam (TZP 100/10 µg), ceftazidime (CAZ 

30 µg), cefepime (FEP 30 µg) and meropenem (MEM 10 µg) were then dispensed. 
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Pseudomonas aeruginosa strains ATCC 27853 was used as control strain for media 

quality and disc potency. The plates were then incubated overnight at 35
o
C. The 

antimicrobial inhibition zone sizes were then measured and interpretation done based on 

the CLSI guidelines.  

3.10 PCR screening of β-lactamases genes 

Isolates showing resistance towards third generation cephalosporin and meropenem were 

screened for carriage of blaNDM-1, blaSHV and blaTEM genes using the published primers, 

Table 3.1. Pure colonies sub-cultured on Mueller Hinton agar were used for DNA 

extraction using the boiling method. Briefly, the method involved heating bacterial 

inoculums suspended in 1mL of PCR water in an Eppendorf at 95 
o
C for 12 minutes. 

Separation was then done by centrifugation at 14000rpm for 5 minutes. The supernatant 

containing separated DNA was used as template for the PCR amplification. Reagents for 

PCR amplification were prepared as shown in Table 3.2. Fingerprint analysis using the 

(GTG)5
 
primer was also done to determine the phylogeny of recovered Pseudomonas 

aeruginosa isolates. Amplified products were separated using 1.5 agarose gel and 

resultant bands visualized on gel max U.V imager. 

Table 3.1: β-lactamases gene and finger printing primers. 

(GTG)5 GTGGTGGTGGTG 40
(Mohapatra et al. 

2007)

F-TTATCTCCCTGTTAAGCCACC

R-GATTTGCTGATTTCGCTCGG

F-GCGGAACCCCTATTTG

R-ACCAATGCTTAATCAGTGAG

F-GAGATTGCCGAGCGACTTG

R-CGAATGTCTGGCAGCACACTT

Gene Primer sequence (5’→3’)
Annealing 

(TºC)
Reference

bla SHV 50 (Hasman et al. 2005)

bla TEM 50

(Hasman, Mevius, 

Veldman, Olesen, & 

Aarestrup 2005)

bla NDM-1 61 (Teo et al. 2015)
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blaSHV: Sulhydryl β-lactamase variant, blaTEM: Temoneria β-lactamase variant, bla: β-

lactamase gene, blaNDM: New Delhi β-lactamase, bp: molecular weight in base pair, F: 

forward primer, R: reverse primer. 

Table 3.2: Table showing the preparation method of PCR for amplification 

Reagents
Calculated 23 µl final 

volume of one sample

PCR master mix( containing buffer, taq

polymerase, MgCL and dNTPs) 
4 µl

PCR water 15 µl

Primer Forward 1 µl

Primer Reverse 1 µl

Betaine solution 1 µl

DNA 1 µl   

The PCR results were then analyzed on 1.5 % agarose containing 0.3mg/l ethidium 

bromide and visualized under UVP Gelmax imager (Cicek et al., 2014) 

3.11 Ethical issues 

Ethical approval from KEMRI IRB and Tigoni district hospital was obtained before the 

study commenced. Identified target population was introduced to the concepts and 

purpose of this study. The target population was informed that no monetary benefits 

were to be received for participation. A written consent was obtained from the study 

participants before sample collection and administering the questionnaire. For minor 

participants below the age of 18 years, their consent was first obtained before seeking 

written assent from the parent or guardian. The questionnaire was translated to the local 

Kikuyu language. 
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3.12 Data analysis 

Statistical analysis of social-demographic characteristics in relation to Pseudomonas 

aeruginosa carriage and recorded antimicrobial resistance patterns was done using IBM 

SPSS version 20 software (SPSS, Inc. Chicago, IL). Chi-square test was used to 

calculate P-value for risk factors associated carriage of Pseudomonas aeruginosa in 

wound infections. Binary logistic regression analysis was carried out to generate the 

adjusted odds ratio with 95% confidence interval, an alpha of less than 0.05 (P < 0.05) 

was considered statistically significant. 

3.13 Study limitations 

The study was not able to check on other factors like education levels of the 

respondents. The possibility of use of counterfeit drugs was one area that the study could 

not delve into, this could be important in the misuse of carbapenems. The study did not 

also obtain information on whether the participants were diabetic, a health condition 

which has previously been associated with chronic wound infections. The study was not 

able to breakdown the type of the wounds and their anatomical sites.  
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CHAPTER FOUR 

RESULTS 

4.1 Analysis of Pseudomonas aeruginosa carriage in relation of sex and age  

A total of 85 non-duplicate Pseudomonas aeruginosa strains were obtained from 299 

wound cultures translating into a prevalence of 28%. Out of the 85 isolates recovered in 

this study, 80 (94%) were from adult participants while 5 (6%) were from minors (P: 

0.001, C.I:2.1-14.0, O.R:3.4). Wounds in females were more colonised with 

Pseudomonas aeruginosa at 67% compared to those of males at 33% (P: 0.19, C.I:0.84-

2.4, O.R: 1.42). 

4.2 Factors associated with carriage of pseudomonas aeruginosa in wounds 

Analysis of demographic characteristics revealed that majority of the participants 

obtains antimicrobials from a community chemist (60%) as opposed to hospital 

pharmacy (40%) Table 4.1. Although the study was not able to explain the relationship 

between source of drugs and wound colonization, patients who got their medication 

from community chemist were more likely to test positive for Pseudomonas aeruginosa 

compared to those who obtained drugs  from hospital pharmacies (P: 0.001, C.1:3.-3.88, 

O.R:2.3). Participants who purchased antimicrobials without a doctor’s prescription 

regardless of the source of the drug were more likely to be colonized by a resistant strain 

compared to those to those who had a valid prescription (P: 0.001, C.I:3.01-8.86, 

O.R:5.17). Participants who did not complete dosage had a higher carriage (50.6%) of 

Pseudomonas aeruginosa compared to 49.4% those who that completed their dosage (P: 

0.12, C.I:0.9-2.5, O.R: 1.5) though this was not significant 
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Table 4.1: Factors associated with carriage of pseudomonas aeruginosa in wounds 

Adults 80 (94.1)

Children 5 (5.9)

Gender:       

Female 57(67.1)

Male 28(32.9)

Source of 

antibiotic:   

Chemist 51 (60.0)

Hospital                                    34 (40.0)

 

Prescription by 

doctor:   

 No 

Yes                                           52 (61.2)

33 (38.8)

Duration of 

antibiotic use:

  5 days 42 (49.4) Chi Square= 9.23

10 days 4 (4.7)

Completed dose:         

No

Yes                                     43 (50.6)

42 (49.4)

 7 days                                                39 (45.9)

1.5 (0.9-2.5) 0.12

2.3 (1.39-3.88) 0.001

5.17 (3.01-8.86) <0.001

3.4 (2.1-14.0) 0.001

1.42 (0.84-2.4) 0.19

Number with 

growth N (%)
Odds Ratio

95% Confidence 

Intervals
P-ValueCategory

4.3 Antimicrobial susceptibility patterns of Pseudomonas aeruginosa isolates. 

Among the 7 antimicrobial tested, highest resistance was recorded towards ceftazidime 

(64%), followed by cefepime (52%) while Piperacillin-tazobactam was least resisted 

(20%). Figure 4.1. Pseudomonas aeruginosa isolates were more resistant towards 

gentamicin (45%) and amikacin (40%) compared to ciprofloxacin (25%). High 

resistance towards imipenem was also recorded in a high number of isolates (40%).  
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Table 4.2: Antimicrobial Inhibitions Zones of Pseudomonas aeruginosa isolates. 

Antimicrobial agent Zone diameter in Millimeter (MM)Interpretative criteria  

S No of Isolates(n-85) R No of Isolates(n-85) 

Ciprofloxacin ≥ 16 63 ≤ 15 22 

Gentamicin ≥ 13 46 ≤ 12 39 

Amikacin ≥15 51 ≤14 34 

Meropenem ≥16 51 ≤15 34 

Tazobactum-

piperacillin 

≥15 68 ≤14 17 

Ceftazidime ≥15 31 ≤14 54 

Cefepime ≥15 40 ≤14 45 

 

 

Plate 4.1: Image of a Muller Hinton plate showing Inhibition zones 
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Key: TZP: Tazobactum-piperacillin, CIP: Ciprofloxacin, CN: Gentamicin, FEP: Cefepime, CAZ: 

Ceftazidime, AK: Amikacin, MEM: Meropenem. 

Figure 4.1: Antimicrobial resistance patterns of Pseudomonas aeruginosa isolates 

from wound samples 

4.4 Antimicrobial resistance patterns in relation to Sex and Age  

Pseudomonas aeruginosa from females participants were resistant to aminoglycosides 

(AK 80%, CN 41%) compared to those from males counterparts (AK 79%, CN 38%). 

However resistance towards cephalosporins was higher in isolates from male 

participants to females where resistance towards CAZ was 68% against 53% and FEP 

was 53% and against 51%. Isolates from participants aged between 18-30years were 

overall more resistant compared with those obtained from other age brackets Table 4.3 

A higher resistance towards virtually all tested antimicrobial agents was also recorded in 

bacterial isolates from participants who did not complete dosage compared to those that 

did. 
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Table 4:3: Antimicrobial resistance patterns of Pseudomonas aeruginosa isolates in 

relation to Sex and Age of the study participants.  

n CN TZP CIP FEP CAZ AK MEM

All 85 45 20 25 52 64 40 40

Gender of source

Males 34 38 21 26 53 68 79 59

Females 51 41 20 24 51 67 80 73

Age of source

Children <13 years 5 20 0 0 60 80 100 80

Children 13-17 3 33 0 0 0 0 100 0

Adults 18-30 35 51 34 37 66 83 83 83

Adults 31-50 25 24 8 12 36 52 68 52

Adults >50 17 47 18 29 53 71 82 65

Prescription adherance 

Dose completed 4 0 0 0 75 100 75 75

Dose incompleted 81 42 21 26 51 67 80 67

No prescription 66 44 23 24 47 65 79 64

with prescription 19 26 11 26 68 79 84 79

Source of drugs

Drugs from hospitals 24 29 17 29 75 79 83 79

Drugs from chemist 61 44 21 23 43 64 79 62

Resistance %

TZP: Tazobactum-piperacillin, CIP: Ciprofloxacin, CN: Gentamicin, FEP: Cefepime, CAZ: Ceftazidime, 

AK: Amikacin, MEM: Meropenem, n: total count of corresponding feature. 

4.5 Carriage of ß-lactamases genes  

Carriage of blaTEM (24.7%) was common in most in Pseudomonas aeruginosa with most 

of these isolates showing resistance towards ceftazidime. Carriage of blaSHV (22%) was 

also common among isolates resistant ceftazidime, gentamicin and cefepime. blaNDM 

was detected in 10 (12%) isolates that were resistant to ceftazidime, cefepime, amikacin 

and meropenem, Figure 4.2.   
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Figure 4. 2: Gel images for screened resistance genes 
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Key 

A- (GTG)5 fingerprint analysis image. 

The image shows banding image of 

41 analyzed Pseudomonas 

aeruginosa isolates. 

B- Gel image for blaNDM. The image 

shows 4 positive isolates, negative 

and positive control strain. 

C- Gel image for blaNDM gene 

 

D- Gel image for blaSHV positive in 20 

isolates, a negative control (N.C), 

positive control (P.C) and 100kb 

molecular ladder. 

E- Gel image for blaTEM positive in 21 

isolates, a negative control (N.C), 

positive control (P.C) and 100kb 

molecular ladder. 

 

4.6 Genetic relatedness of recovered Pseudomonas aeruginosa isolates  

Tight clustering was noted in Pseudomonas aeruginosa isolates from diverse patients 

visiting Tigoni District Hospital. A similarity of ≥ 80% was also noted in 9 clusters 

based on isolates banding patterns, participant area of residence, and source of 

antimicrobial agents, resistance phenotype and genotype. Besides the 9 highly clonal 

strains, most isolates had varying resistance phenotypes and genotype which perhaps is 

an indication that different clones have acquired these resistances independently, Figure 

4.3.  
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Figure 4.3: Phylogeny od recovered Pseudomonas aeruginosa isolates 
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Key: P: Participant’s residence, AM.S: Source of 

antimicrobial, F/S: Fully susceptible, N/D: None of the 
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Figure 4.3: Phylogeny of recovered Pseudomonas 

aeruginosa isolates 

224 Rironi Hospital CAZ,AK,FEP,MEM N/D 

225 Murengeti Hospital CAZ N/D 

274 Ndeiya Hospital CAZ N/D 

235 Ngarariga Hospital CAZ,CN,TZP,AK,FEP,CIP,MEM N/D 

266 Nderi Hospital CAZ,AK,FEP N/D 

175 Ngecha Hospital F/S N/D 

97 Limuru Hospital CAZ,CN,AK,FEP,MEM N/D 

176 Kinoo Hospital CAZ,CN,TZP,AK,FEP.CIP.MEM F/S 

201 Kahuho Hospital CAZ,CN,AK.FEP,MEM N/D 

222 Karanjee Hospital CAZ,CN,AK,FEP,MEM N/D 

195 Murengeti Hospital CAZ N/D 

80 Limuru Chemist CAZ,CN,AK,FEP,MEM N/D 

105 Tigoni Hospital CAZ,CN,TZP,AK,FEP,CIP,MEM N/D 

152 Murengeti Hospital CAZ N/D 

92 Limuru Hospital F/S N/D 

38 Limuru Chemist CAZ,FEP,MEM NDM 

74 Banana Chemist CAZ,CN,TZP,AK,FEP,CIP,MEM N/D 

202 Ngarariga Hospital CAZ,AK,FEP N/D 

47 Gitiha Chemist CAZ N/D 

58 Murengeti Chemist F/S TEM,SHV 

17 Rironi Chemist CAZ,CN,CN,MEM N/D 

27 Limuru Chemist F/S N/D 

32 Limuru Chemist CAZ,CN,AK TEM,SHV 

40 Kawaida Chemist F/S N/D 

54 Kinoo Chemist CAZ,FEP,MEM NDM 

61 Limuru Chemist CAZ,CN,AK,MEM NDM 

63 Kawaida Chemist CAZ,AK,FEP,MEM TEM,SHV 

15 Rironi Chemist F/S N/D 

91 Kamandur
u 

Hospital F/S N/D 

96 Ngecha Hospital CAZ N/D 

90 Kamandur
u 

Chemist F/S N/D 

174 Ngecha Hospital CAZ N/D 

93 Limuru Hospital CAZ,CN,TZP,AK,FEP,CIP,MEM N/D 

173 Karanjee Hospital CAZ,CN,AK,FEP,CIP,MEM N/D 

82 Kiambaa Chemist F/S N/D 

89 Karanjee Chemist CAZ,CNAK,FEP,CIP N/D 

83 Kamandur

u 

Chemist CAZ,FEP,MEM N/D 

86 Kamirithu Chemist F/S N/D 

76 Fly-over Chemist CAZ,CN,TZP,AK,FEP,MEM N/D 

77 Kamonde Chemist F/S N/D 

36 Banana Chemist CN N/D 

67 Karanjee Chemist CAZ,AK N/D 

72 Kiambaa Chemist CAZ,CN,TZP,AK,FEP,MEM N/D 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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CHAPTER FIVE 

DISCUSSION 

Pseudomonas aeruginosa is one of the leading cause of soft tissue infections, including 

surgical and chronic non-traumatic wound infections especially in immunocompromised 

individuals (Siddiqui & Bernstein, 2010). Although surgical wounds are the most 

prevalent, non-traumatic wounds are a significant cause of mortality. The current study, 

recorded a prevalence of 28% in wound carriage of Pseudomonas aeruginosa which 

lower than previously reported in tertiary Nigeria (85.05%) perhaps due to difference in 

study settings. The age of the study participants seems to have a bearing in wound 

infections where elderly were significantly colonized which in constituent with findings 

of previous studies conducted in Nigeria and Ethiopia (Azene & Beyene, 2011; Egbe, et 

al., 2011; Siddiqui & Bernstein, 2010). Although the study did not establish the 

association between bacteria colonization and environmental risk factors, Pseudomonas 

aeruginosa is ubiquitous in environments and therefore open wounds are exposed to 

contamination that may emanate from soil among other sources. Although the study also 

did not establish whether recruited patients were diabetic, most cases on chronic non-

traumatic wound infections have previous been associated with Diabetes mellitus due to 

the immune-compromised status (Neves et al., 2019). Pseudomonas aeruginosa 

accounts for approximately 11% of these cases in developed countries often associated 

with limbs amputation and high mortality (Baumfeld, et al., 2018), but this data is 

limited in developing countries such as Kenya.  

Most of the isolates showed high resistance towards tested antimicrobial agents showed 

resistance above 20%. A previous study conducted in Kenya by Mukaya et al., (2018), 

reported higher resistances of more than 40% to most antimicrobial agents in blood, 

respiratory tract, urine and burn wound P.s aeruginosa isolates. Among them is the 

resistance rate of 50.5%, 52.7% and 67.6% towards TZP, CIP and MEM respectively 

which is higher than the current study. Although aminoglycosides, β-lactams and 

fluoroquinolones are the most effective antipseudomonal agents, the high resistance 



29 

recorded to these classes of antimicrobial in most bacteria strains that were recovered 

which suggest that the resultant wounds infections are difficult to treat. Resistance to 

carbapenem (MEM 40%) further diminish the available treatment options increasing 

chances of prolonged healing process, hospitalization and mortality in chronic cases 

especially in immunocompromised patients. The study however showed that tazobactam 

and ciprofloxacin are effective antipseudomonal agents in wound treatments which is 

contrary to findings of previous study in Kenya by Mukaya et al., (2018).  

The study found out that use of un-prescribed and non-completion of antimicrobial 

dosage stands out as significant risks for development of antimicrobial resistance. This is 

linked to the finding that most patients sourced their antibiotics from community 

chemists which suggests self-medication. Self-medication is characterized by use of 

antibiotics without a prescription and unsupervised use often leading to non-completion 

of dosage. The high poverty levels may cause some patients not to afford the complete 

dose. Findings from other studies show that the unrestricted and indiscriminate use of 

antimicrobials, over-the-counter sale, self-medication, consumption of counterfeit drugs 

or low cost generics, improper dosage and non-adherence to dosage are very common 

and fuel the process of positive selection for many types of antibiotic resistance leading 

to high multidrug resistance. (Tolbert et al., 2016, Satyajeet et al., 2014, Manenzhe et 

al., 2015 Chika et al., 2017, Chander et al., 2013 , Magiorakos et al ., 2011) . 

The study reported a prevalence of 21%, 20% and 10% in Pseudomonas aeruginosa 

carriage of blaTEM, blaSHV and blaNDM respectively. This is the first report of blaNDM-1 in 

Pseudomonas aeruginosa isolates from rural hospital in Kenya. This therefore is an 

indication of spread of this gene to a rural area which is proximal to the capital centre of 

Nairobi where the first case of blaNDM-1 in Klebsiella pneumoniae was reported in 2011 

(Poirel et al., 2011). blaNDM-1 and blaNDM-1 have been previously reported in Kenyatta 

National Hospital by Mukaya et al (2018) in wound, blood , urine and respiratory 

aspirates Pseudomonas aeruginosa isolates. Increased travel and migration plays a role 

in this spread. The blaNDM-1 confers resistant to multiple antimicrobials and the study 

found that in all the cases the gene was present the isolates were resistant to multiple 
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drugs. Most remarkably all these isolates were resistant to meropenem. The transfer and 

spread of blaNDM-1 blaTEM, blaSHV among other resistance genes if unchecked will limit 

the repertoire of drugs available for treatment of multidrug resistant Pseudomonas 

aeruginosa wound infections. This has a negative impact on the management of wound 

infections especially among rural people most of whom cannot afford high cost of 

proper and advanced treatment options which further exacerbates the situation. 

The phylogeny showed 9 tight clusters among most NDM Pseudomonas aeruginosa 

isolates. Although (GTG)5 is not a very powerful phylogeny method, there is possibility 

that the NDM producing strains are clonal going by their clustering and resistance 

profiles. Therefore, there is a possibility of clone stability of the highly resistant NDM 

strains. The study also noted that the non-NDM strains did not cluster tightly, possibly 

indicating independent evolution under the influence of distinct resistance pressures. 

Although the study was not able to determine possible carriage of genetic elements such 

as plasmids that could possibly cause above mention resistance features, further genetic 

analysis and SNP typing based on WGS data will shed light into this. Clonal spread of 

NDM producing strains that are also associated with high resistance non-carbapenem 

antimicrobial is therefore a serious health risk in development of difficult to treat 

infections. The spread of clonal strains in clinical set-up has been associated with use 

medical devices such as catheters and prosthetics (Aiken et al., 2011). Pseudomonas 

aeruginosa strains are able to survive in the environment especially in most areas. 

Therefore, person to person transmission is also possible especially in contaminated 

environment. There should therefore be deliberate effort to reduce transmission and 

source reservoir of such resistance strains in such settings.  
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

6.1 Conclusions 

i. Open wounds of many patients observed in this study make such infections from 

colonization of bacterial strains that may emanate from the environment. 

Pseudomonas aeruginosa is ubiquitous in the environment compartments such as 

contaminated surfaces and soil. Most residents are farmers and casual workers; 

therefore, the risk of injuries associated with these occupations further increases the 

risk of wound colonization by bacterial strains.  

ii. The antimicrobial susceptibility of 80-75% by Tazobactam/Pipperacilin and 

Ciprofloxacin shows they are ideal anti-pseudomonal agents. 

iii. Self-medication is a is a risk factor as it involves use of antibiotics without 

prescription and non-completion of dosage which is associated with bacterial 

carriage and acquisition of resistance  

iv. There is emergence of blaNDM-1 in a rural area linked to widespread misuse of 

Carbapenems which is alarming. 

v. The clonal stability of Pseudomonas aeruginosa strains producing blaNDM-1 and 

diversity of non- blaNDM-1 producing strains indicates independent acquisition of 

resistance. 

6.2 Recommendations 

i. Measures to institutionalize antimicrobial stewardship such as hospital 

committees, prescription guided by empirical laboratory susceptibility patterns 

and continued monitoring of development of resistance should be initiated. It 

will be important to leverage on the National Anti-Microbial Resistance plan, by 

strengthening the infection control committee and sharing information with 

clinicians. It is hoped that this information will assist to minimise the risk of 



32 

development of resistance by ensuring the use of correct drugs, dosing and 

combination therapy  

ii. Measures to closely monitor dosage completion and post –treatment follow-up 

for serious infections should be initiated where possible to prevent emergence of 

antimicrobial resistance. 

iii. It is common for people to purchase antimicrobials without prescription. Most 

people use antimicrobials and do not complete the recommended doses. Relevant 

bodies should ensure rational use of antimicrobials by restricting over the counter 

sales of antimicrobial agents with prescription. There should be enhanced 

antimicrobial stewardship, by adopting measures that will improve antibiotic 

prescribing practices and stop the excessive indiscriminate use of antimicrobials. 

iv. Only a few surveillance studies have been conducted in central region of Kenya. 

Perhaps more surveillance studies in future should also give focus to rural 

settings in effort to improve human health through infections risks assessment 

and better treatments optionsIn Kenya, most studies conduct have reported few 

genetic mechanisms that can be attributed to resistance in β-lactams and 

carbapenems. Future studies should therefore use high resolution methods such 

as whole genome sequencing (WGS) to shed more light on full mechanisms of 

resistance in Pseudomonas aeruginosa isolates in the region.  



33 

REFERENCES 

Agyepong, N., Govinden, U., Owusu-Ofori, A., & Essack, S. Y. (2018). Multidrug-

resistant gram-negative bacterial infections in a teaching hospital in Ghana. 

Antimicrobial.Resistance .Infection.Control, 7, 37. 

Ahmed, S. H., Daef, E. A., Badary, M. S., Mahmoud, M. A., & Abd-Elsayed, A. A. 

(2009). Nosocomial blood stream infection in intensive care units at Assiut 

University Hospitals (Upper Egypt) with special reference to extended spectrum 

beta-lactamase producing organisms. BMC Research Notes, 2, 76. 

Aiken, A. M., Mturi, N., Njuguna, P., Mohammed, S., Berkley, J. A., Mwangi, I. (2011). 

Risk and causes of paediatric hospital-acquired bacteraemia in Kilifi District 

Hospital, Kenya: a prospective cohort study. Lancet, 378, 2021-2027. 

Akbar, M., Davood Kalantar, N., Morovat, T., Fereshteh, J., & Mohammad, E. (2017). 

Determination of carbapenem resistance mechanism in clinical isolates of 

Pseudomonas aeruginosa isolated from burn patients, in Tehran, Iran. 

Al-Charrakh, A. H., Al-Awadi, S. J., & Mohammed, A. S. (2016). Detection of Metallo-

beta-Lactamase Producing Pseudomonas aeruginosa Isolated from Public and 

Private Hospitals in Baghdad, Iraq. Acta Med.Iran, 54, 107-113. 

Anil, C., & Shahid, R. M. (2013). Antimicrobial susceptibility patterns of Pseudomonas 

aeruginosa clinical isolates at a tertiary care hospital in Kathmandu, Nepal. Asian 

J Pharm Clin Res, 6(3), 235-238. 

Azene, M. K. & Beyene, B. A. (2011). Bacteriology and antibiogram of pathogens from 

wound infections at Dessie Laboratory, North-east Ethiopia. Tanzan.J.Health 

Res., 13, 68-74. 



34 

Baumfeld, D., Baumfeld, T., Macedo, B., Zambelli, R., Lopes, F., & Nery, C. (2018). 

Factors related to amputation level and wound healing in diabetic patients. Acta 

Ortop.Bras., 26, 342-345. 

Breidenstein, E. B., Fuente-Nunez, C., & Hancock, R. E. (2011). Pseudomonas 

aeruginosa: all roads lead to resistance. Trends Microbiology., 19, 419-426. 

Bush, K. & Jacoby, G. A. (2010). Updated functional classification of beta-lactamases. 

Antimicrobial.Agents Chemotherapy., 54, 969-976. 

Chika, E. O., Nneka, A. R., Dorothy, O. N., & Chika, E. (2017). Multi-Drug Resistant 

Pseudomonas aeruginosa Isolated from Hospitals in Onitsha, South-Eastern 

Nigeria. Int Arch. Bi Sonda, T., Kumburu, H., van Zwetselaar, M., Alifrangis, 

M., Lund, O., Kibiki, G., & Aarestrup, F. M. (2016). Meta-analysis of proportion 

estimates of Extended-Spectrum-Beta-Lactamase-producing Enterobacteriaceae 

in East Africa hospitals. Antimicrobial Resistance & Infection Control, 5(1), 1-

9.oMedical. Clinical. Research, 3(3), 22-26. 

Cicek, A. C., Saral, A., Iraz, M., Ceylan, A., Duzgun, A. O., Peleg, A. Y. et al. (2014). 

OXA- and GES-type beta-lactamases predominate in extensively drug-resistant 

Acinetobacter baumannii isolates from a Turkish University Hospital. 

Clinical.Microbiology.Infections., 20, 410-415. 

De Abreu, P. M., Farias, P. G., Paiva, G. S., Almeida, A. M., & Morais, P. V. (2014). 

Persistence of microbial communities including Pseudomonas aeruginosa in a 

hospital environment: a potential health hazard. BMC.Microbiology., 14, 118. 

De Oliveira, F. P., Pires, B. M. F. B., de Cassia Ferreira de Almeida Silva, de Carvalho, 

B. T. F., Teixeira, L. A., de Paula, G. R. et al. (2017). Prevalence, Antimicrobial 

Susceptibility, and Clonal Diversity of Pseudomonas aeruginosa in Chronic 

Wounds. Journal of .Wound.Ostomyelits.Continence.Nursing., 44, 528-535. 



35 

Decraene, V., Ghebrehewet, S., Dardamissis, E., Huyton, R., Mortimer, K., Wilkinson, 

D. et al. (2018). An outbreak of multidrug-resistant Pseudomonas aeruginosa in 

a burns service in the North of England: challenges of infection prevention and 

control in a complex setting. Journal.Hospital.Infections., 100, e239-e245. 

Egbe, C. A., Omoregie, R., Igbarumah, I. O., & Onemu, S. (2011). Microbiology of 

Wound Infections Among patients of a Tertiary Hospital in Benin City, Nigeria. 

Journal of .Research in.Health Sciences., 11, 109-113. 

El-Shouny, W. A., Ali, S. S., Sun, J., Samy, S. M., & Ali, A. (2018). Drug resistance 

profile and molecular characterization of extended spectrum beta-lactamase 

(ESbetaL)-producing Pseudomonas aeruginosa isolated from burn wound 

infections. Essential oils and their potential for utilization. Microbial.Pathology., 

116, 301-312. 

Exner, M., Bhattacharya, S., Christiansen, B., Gebel, J., Goroncy-Bermes, P., 

Hartemann, P. et al. (2017). Antibiotic resistance: What is so special about 

multidrug-resistant Gram-negative bacteria? GMS.Hygiene.Infection.Control, 12, 

Doc05. 

Falagas, M. E., Bliziotis, I. A., Kasiakou, S. K., Samonis, G., Athanassopoulou, P., & 

Michalopoulos, A. (2005). Outcome of infections due to pandrug-resistant (PDR) 

Gram-negative bacteria. BMC.Infectious.Diseases., 5, 24. 

Farrell, D. J., Sader, H. S., Flamm, R. K., & Jones, R. N. (2014). 

Ceftolozane/tazobactam activity tested against Gram-negative bacterial isolates 

from hospitalised patients with pneumonia in US and European medical centres 

(2012). International.Journal.of Antimicrobial.Agents, 43, 533-539. 

Fuste, E., López-Jiménez, L., Segura, C., Gainza, E., Vinuesa, T., & Vinas, M. (2013). 

Carbapenem-resistance mechanisms of multidrug-resistant Pseudomonas 

aeruginosa. Journal of medical microbiology, 62(9), 1317-1325. 



36 

Gottrup, F., Apelqvist, J., Bjarnsholt, T., Cooper, R., Moore, Z., Peters, E. J., & Probst, 

S. (2014). Antimicrobials and Non-Healing Wounds. Evidence, controversies 

and suggestions—key messages. Journal of wound care, 23(10), 477-482. 

Jean, S. S., Teng, L. J., Hsueh, P. R., Ho, S. W., & Luh, K. T. (2002). Antimicrobial 

susceptibilities among clinical isolates of extended-spectrum cephalosporin-

resistant Gram-negative bacteria in a Taiwanese University Hospital. Journal of 

.Antimicrobial.Chemotherapy., 49, 69-76. 

Kanj, S. S. & Kanafani, Z. A. (2011). Current concepts in antimicrobial therapy against 

resistant gram-negative organisms: extended-spectrum beta-lactamase-producing 

Enterobacteriaceae, carbapenem-resistant Enterobacteriaceae, and multidrug-

resistant Pseudomonas aeruginosa. Mayo Clin.Proc., 86, 250-259. 

Kassam, N. A., Damian, D. J., Kajeguka, D., Nyombi, B., & Kibiki, G. S. (2017). 

Spectrum and antibiogram of bacteria isolated from patients presenting with 

infected wounds in a Tertiary Hospital, northern Tanzania. BMC Research Notes, 

10, 757. 

Kasiulevičius, V., Šapoka, V. and Filipavičiūtė, R., 2006. Sample size calculation in 

epidemiological studies. Gerontologija, 7(4), pp.225-231. 

Kateete, D. P., Nakanjako, R., Namugenyi, J., Erume, J., Joloba, M. L., & Najjuka, C. F. 

(2016). Carbapenem resistant Pseudomonas aeruginosa and Acinetobacter 

baumannii at Mulago Hospital in Kampala, Uganda (2007-2009). Springerplus., 

5, 1308. 

 

Keen III, E. F., Robinson, B. J., Hospenthal, D. R., Aldous, W. K., Wolf, S. E., Chung, 

K. K., & Murray, C. K. (2010). Prevalence of multidrug-resistant organisms 

recovered at a military burn center. Burns, 36(6), 819-825. 



37 

Kilivwa J.S Mukaya, John Maina, Beatrice Museve, Andrew K Nyerere, John Kiiru. 

"Antimicrobial resistance profile and Genetic profiling of Pseudomonas 

aeruginosa strains obtained from different inpatient wards at Kenyatta National 

Hospital". IOSR Journal of Pharmacy and Biological Sciences (IOSR-JPBS) 13.4 

(2018): 01-09. John Maina, Beatrice Museve Andrew K Nyerere John Kiiru.   

Laurent Poirel, Gunturu Revathi, Sandrine Bernabeu, And Patrice Nordmann Ndm-1 

Reported In Kenya In Klebsiella In 2010 Antimicrobial Agents And 

Chemotherapy, Feb. 2011, P. 934–936 Vol. 55, No. 2 0066-4804/11/$12.00 

Doi:10.1128/Aac.01247-10 American Society For Microbiology. Detection Of 

Ndm-1-Producing Klebsiella Pneumoniae In Kenya   

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C. 

G. et al. (2012). Multidrug-resistant, extensively drug-resistant and pandrug-

resistant bacteria: an international expert proposal for interim standard definitions 

for acquired resistance. Clinical.Microbiology.Infections., 18, 268-281. 

Maharjan, G., Khadka, P., Siddhi, S. G., Chapagain, G., & Dhungana, G. R. (2018). 

Catheter-Associated Urinary Tract Infection and Obstinate Biofilm Producers. 

Canadian.Journal of .Infectious.Disease and.Medical.Microbiology., 2018, 

7624857. 

Mama, M., Abdissa, A., & Sewunet, T. (2014). Antimicrobial susceptibility pattern of 

bacterial isolates from wound infection and their sensitivity to alternative topical 

agents at Jimma University Specialized Hospital, South-West Ethiopia. Annals 

of.Clinical.Microbiology and .Antimicrobials., 13, 14. 

Manenzhe, R. I., Zar, H. J., Nicol, M. P., & Kaba, M. (2015). The spread of 

carbapenemase-producing bacteria in Africa: a systematic review. Journal of 

antimicrobial chemotherapy, 70(1), 23-40. 



38 

Manyahi, J., Matee, M. I., Majigo, M., Moyo, S., Mshana, S. E., & Lyamuya, E. F. 

(2014). Predominance of multi-drug resistant bacterial pathogens causing 

surgical site infections in Muhimbili National Hospital, Tanzania. BMC Research 

Notes, 7, 500. 

Meletis, G., Exindari, M., Vavatsi, N., Sofianou, D., & Diza, E. (2012). Mechanisms 

responsible for the emergence of carbapenem resistance in Pseudomonas 

aeruginosa. Hippokratia., 16, 303-307. 

Mulu, W., Abera, B., Yimer, M., Hailu, T., Ayele, H., & Abate, D. (2017). Bacterial 

agents and antibiotic resistance profiles of infections from different sites that 

occurred among patients at Debre Markos Referral Hospital, Ethiopia: a cross-

sectional study. BMC Research Notes, 10, 254. 

Mushi, M. F., Mshana, S. E., Imirzalioglu, C., & Bwanga, F. (2014). Carbapenemase 

genes among multidrug resistant gram negative clinical isolates from a tertiary 

hospital in Mwanza, Tanzania. Biomed Research International, 2014, 303104. 

Nathwani, D., Raman, G., Sulham, K., Gavaghan, M., & Menon, V. (2014). Clinical and 

economic consequences of hospital-acquired resistant and multidrug-resistant 

Pseudomonas aeruginosa infections: a systematic review and meta-analysis. 

Antimicrobial.Resistance and Infection.Control, 3, 32. 

Neves, J. M., Duarte, B., Pinto, M., Formiga, A., & Neves, J. (2019). Diabetic Foot 

Infection: Causative Pathogens and Empiric Antibiotherapy Considerations-The 

Experience of a Tertiary Center. The International.Journal of.Lower 

Extremity.Wounds., 1534734619839815. 

Oli, A. N., Eze, D. E., Gugu, T. H., Ezeobi, I., Maduagwu, U. N., & Ihekwereme, C. P. 

(2017). Multi-antibiotic resistant extended-spectrum beta-lactamase producing 

bacteria pose a challenge to the effective treatment of wound and skin infections. 

The Pan African.Medical.Journal., 27, 66. 



39 

Oli, A. N., Eze, D. E., Gugu, T. H., Ezeobi, I., Maduagwu, U. N., & Ihekwereme, C. P. 

(2017). Multi-antibiotic resistant extended-spectrum beta-lactamase producing 

bacteria pose a challenge to the effective treatment of wound and skin 

infections. The Pan African Medical Journal, 27. 

Peleg, A. Y. & Hooper, D. C. (2010). Hospital-acquired infections due to gram-negative 

bacteria. New.England.Journal of .Medicine., 362, 1804-1813. 

Pitout, J. D., Revathi, G., Chow, B. L., Kabera, B., Kariuki, S., Nordmann, P. et al. 

(2008). Metallo-beta-lactamase-producing Pseudomonas aeruginosa isolated 

from a large tertiary centre in Kenya 

Pondei, K., Fente, B. G., & Oladapo, O. (2013). Current microbial isolates from wound 

swabs, their culture and sensitivity pattern at the niger delta university teaching 

hospital, okolobiri, Nigeria. Tropical.Medicine and.Health, 41, 49-53. 

Pournaras, S., Ikonomidis, A., Markogiannakis, A., Spanakis, N., Maniatis, A. N., & 

Tsakris, A. (2007). Characterization of clinical isolates of Pseudomonas 

aeruginosa heterogeneously resistant to carbapenems. Journal.of 

Medical.Microbiology., 56, 66-70. 

Rahim, K., Qasim, M., Rahman, H., Khan, T. A., Ahmad, I., Khan, N., ... & Saleha, S. 

(2016). Antimicrobial resistance among aerobic biofilm producing bacteria 

isolated from chronic wounds in the tertiary care hospitals of Peshawar, 

Pakistan. Journal of wound care, 25(8), 480-486. 

Richcane, A., Samuel, C. T., Pius, A., Enoch, F., Thomas, K. G., & Poku, O. S. P. 

(2017). Bacteriological profile of burn wound isolates in a burns center of a 

tertiary hospital. Journal of Acute Disease, 6(4), 181. 



40 

Richcane, A., Samuel, C. T., Pius, A., Enoch, F., Thomas, K. G., & Poku, O. S. P. 

(2017). Bacteriological profile of burn wound isolates in a burns center of a 

tertiary hospital. Journal of Acute Disease, 6(4), 181. 

Riou, M., Carbonnelle, S., Avrain, L., Mesaros, N., Pirnay, J. P., Bilocq, F. et al. (2010). 

In vivo development of antimicrobial resistance in Pseudomonas aeruginosa 

strains isolated from the lower respiratory tract of Intensive Care Unit patients 

with nosocomial pneumonia and receiving antipseudomonal therapy. 

International.Journal of .Antimicrobial.Agents, 36, 513-522. 

Rouhi, S. & Ramazanzadeh, R. (2018). Prevalence of bla Oxacillinase-23and bla 

Oxacillinase-24/40-type Carbapenemases in Pseudomonas aeruginosa Species 

Isolated From Patients With Nosocomial and Non-nosocomial Infections in the 

West of Iran. Iran Journal of.Pathology., 13, 348-356. 

Serra, R., Grande, R., Butrico, L., Rossi, A., Settimio, U. F., Caroleo, B., ... & de 

Franciscis, S. (2015). Chronic wound infections: the role of Pseudomonas 

aeruginosa and Staphylococcus aureus. Expert review of anti-infective 

therapy, 13(5), 605-613. 

Shick, J. (1989). Tantalizing textbook tests, Part II: True-false, matching, completion 

and essay. Health Education., 20, 18-22. 

Siddiqui, A. R. & Bernstein, J. M. (2010). Chronic wound infection: facts and 

controversies. Clinical.Dermatology., 28, 519-526. 

Silby, M. W., Winstanley, C., Godfrey, S. A., Levy, S. B., & Jackson, R. W. (2011). 

Pseudomonas genomes: diverse and adaptable. FEMS Microbiology.Reviews., 

35, 652-680. 



41 

Ssekatawa, K., Byarugaba, D. K., Wampande, E., & Ejobi, F. (2018). A systematic 

review: the current status of carbapenem resistance in East Africa. BMC 

Research Notes, 11, 629. 

Stover, C. K., Pham, X. Q., Erwin, A. L., Mizoguchi, S. D., Warrener, P., Hickey, M. J. 

et al. (2000). Complete genome sequence of Pseudomonas aeruginosa PAO1, an 

opportunistic pathogen. Nature, 406, 959-964. 

Swathirajan, C. R., Rameshkumar, M. R., Solomon, S. S., Vignesh, R., & Balakrishnan, 

P. (2019). Changing drug resistance profile in Pseudomonas aeruginosa 

infection among HIV patients from 2010-2017: A retrospective study. Journal of 

.Global.Antimicrobial.Resistance., 16, 274-277. 

Tablan, O. C., Anderson, L. J., Besser, R., Bridges, C., & Hajjeh, R. (2004). Guidelines 

for preventing health-care--associated pneumonia, 2003: recommendations of 

CDC and the Healthcare Infection Control Practices Advisory Committee. 

MMWR Recommendations and .Reports:morbidity and mortality report., 53, 1-

36. 

Tarana, M. N. & Shamsuzzaman, S. M. (2018). Laboratory Diagnosis of Bacterial 

Vaginosis and Potential Pathogens Other Than Group B Streptococcus in 

Vaginal Swab of Pregnant Women in Dhaka Medical College Hospital. 

Mymensingh medical journal ., 27, 834-842. 

 

Tolbert Sonda ,Happiness Kumburu, Marco Van Zwetselaar,, Michael Alifrangis,, 

Ole Lund, Gibson Kibiki & Frank M. Aarestrup Meta-Analysis Of Proportion 

Estimates Of Extended-Spectrum-Β--Lactamase-

Producing Enterobacteriaceae In East Africa Hospitals Antimicrobial Resistance 

& Infection Control20165:18 Https://Doi.Org/10.1186/S13756-016-0117-4) 

https://doi.org/10.1186/s13756-016-0117-4


42 

 

Turner, K. H., Everett, J., Trivedi, U., Rumbaugh, K. P., & Whiteley, M. (2014). 

Requirements for Pseudomonas aeruginosa acute burn and chronic surgical 

wound infection. PLoS Genet, 10(7), e1004518. 

Weist, K. & Hogberg, L. D. (2016). ECDC publishes 2015 surveillance data on 

antimicrobial resistance and antimicrobial consumption in Europe. 

Euro.Surveilancel, 21. 

WHO 2011 (2011). The selection and use of essential medicines. World Health 

Organization Techinical.Report.., i-249. 

Xu, J., Duan, X., Wu, H., & Zhou, Q. (2013). Surveillance and correlation of 

antimicrobial usage and resistance of Pseudomonas aeruginosa: a hospital 

population-based study. PLoS.One., 8, e78604. 

Zafer, M. M., Amin, M., El Mahallawy, H., Ashour, M. S. E. D., & Al Agamy, M. 

(2014). First report of NDM-1-producing Pseudomonas aeruginosa in 

Egypt. International Journal of Infectious Diseases, 29, 80-81. 

Zafer, M. M., Amin, M., El, M. H., Ashour, M. S., & Al, A. M. (2014). First report of 

NDM-1-producing Pseudomonas aeruginosa in Egypt. International.Journal of 

.Infectious.Diseases., 29, 80-81. 

Zavascki, A. P., Carvalhaes, C. G., Picao, R. C., & Gales, A. C. (2010). Multidrug-

resistant Pseudomonas aeruginosa and Acinetobacter baumannii: resistance 

mechanisms and implications for therapy. Expert.Rev.Anti.Infect.Ther., 8, 71-93. 

Zhang, H. T., & Liu, H. (2015). Laboratory-based evaluation of MDR strains of 

Pseudomonas in patients with acute burn injuries. International journal of 

clinical and experimental medicine, 8(9), 16512. 



43 

APPENDICES 

Appendix I: Role of Investigators. 

Thomas Gachuki Thuo is a Master of Science Medical Microbiology student at 

JKUAT/KEMRI here and referred to as the Principal Investigator for this work. He is 

registered with the Kenya Medical Laboratory Technologist and Technicians Board. 

Registration number: A0088. He conducted research based on the procedures in this 

protocol as part of his Degree requirement. 

Dr. John Kiiru is a researcher at KEMRI, Centre for Microbiology Research and is the 

co-investigator in this project. He is also a part time lecturer at JKUAT. He gave 

technical advice to the PI.  

Prof. Ciira Kiiyukia is a Lecturer at the Institute of Tropical Medicine and infectious 

Diseases (JKUAT) and a co-investigator. He provided the research team with a key link 

between JKUAT and KEMRI administration. He also provided technical assistance and 

advice. 
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Appendix II: List of materials  

1. Sheep blood agar  

2. MacConkey agar 500g   

3. Oxidase reagent 

4. Glucose fermentation 

5. Lysine hydrolysis  

6. Screw cap, universal urine  containers 

7. Screw cap, universal sputum containers 

8. Sterile swabs 

9. Petri-dishes 

10. Non-sterile gloves 

11. Mueller-Hinton 500g Agar 

12. LPG gas cylinder 

13. Yeast extract 250g 

14. PCR machine 

15. Primers -  
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Appendix III: Culture media preparation 

Mueller-Hinton Agar 

1. Prepare MHA from a commercially available dehydrated base according to the 

manufacturer’s instructions. 

2. Immediately after autoclaving, allow the agar to cool in a 45 to 50°C water bath. 

3. Pour the freshly prepared and cooled medium into glass or plastic, flat-bottomed 

Petri dishes on a level, horizontal surface to give a uniform depth of 

approximately 4 mm. This corresponds to 60 to 70 mL of medium for plates with 

a diameter of 150 mm and 25 to 30 mL for plates with a diameter of 100 mm. 

4. Allow the agar plates to cool further to room temperature and, unless the plates 

are used the same day, store in a refrigerator (2 to 8°C). 

5. Use the plates within seven days after preparation unless adequate precautions, 

such as wrapping in plastic, are taken to minimize drying of the agar. 

6. A representative sample of each batch of plates should be examined for sterility 

by incubating at 35 ± 2°C for 24 hours or longer. 

7. Check the pH of each batch of MHA when the medium is prepared. The agar 

medium should have a pH between 7.2 and 7.4 at room temperature, and must 

therefore be checked after gelling.  

8. Do not add supplemental calcium or magnesium cations to MHA. 

0.5 McFarland Turbidity Standard 

1. Prepare a 0.048 mol/L BaCl2 (1.175% w/v BaCl2 • 2H2O) stock solution. 

2. Prepare a 0.18 mol/L (0.36 N) H2SO4 (1% v/v) stock solution. 

3. With constant stirring to maintain a suspension, add 0.5 mL of the BaCl2 

solution to 99.5 mL of the H2SO4 stock solution. 

4. Verify the correct density of the turbidity standard by measuring absorbance 

using a spectrophotometer with a 1-cm light path and matched cuvettes. The 

absorbance at 625 nm should be 0.08 to 0.13 for the 0.5 McFarland standard. 

5. Transfer the barium sulfate suspension in 4- to 6-mL aliquots into screw-cap 

tubes of the same size as those used for standardizing the bacterial inoculum. 
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6. Tightly seal the tubes and store in the dark at room temperature. 

7. Vigorously agitate the barium sulfate turbidity standard on a vortex mixer before 

each use and inspect for a uniformly turbid appearance. Replace the standard if 

large particles appear. Mix latex particle suspensions by inverting gently, not on 

a vortex mixer. 

8. The barium sulfate standards should be replaced or their densities verified 

monthly. 

MacConkey Agar without salt  

1. 47 g of the medium was suspended in one litre of purified water. 

2. Heating with frequent agitation was done and boiling for one minute to 

completely dissolve the medium.  

3. This solution was autoclaved at 121
O
C for 15 minutes.  

4. Media was poured into petri-dishes and allowed to cool. 

5. Media will then be packed and stored refrigerated at 4
O
C for future use. 

Blood agar preparation 

1. Measure 500ml of distilled water using a measuring cylinder  and transfer 

into a 1 litre conical flask. 

2. Weigh 20g of Blood Agar Base (SBA) using a weighing balance. 

3. Suspend the measured SBA into the 500ml of distilled water. 

4. Mix thoroughly (dissolving occurs during autoclaving). 

5. Autoclave at 121°C for 15 minutes. 

6. Allow the autoclaved SBA to cool to 45-50°C and then aseptically add 

25ml of sterile defibrinated blood. Mix thoroughly. 

7. Arrange the petri-dishes onto the clean safety hood and then gently pour the 

warm blood agar onto the plates. 

8. Using a bunsen burner gently invert and pass the flame over the poured 

blood agar in the plate such that the air bubbles are removed. 
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9. Cover the petri-dishes and allow the blood agar to coagulate before storage 

in a refrigerator. 
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Appendix IV: Questionnaire 

Title of Research: Cross Section Study On Susceptibility Patterns And Presence Of 

resistance Genes In Pseudomonas Aeruginosa Infections In Tigoni District Hospital In 

Kenya Investigators: Thomas Gachuki Thuo: Jomo Kenyatta University of Agriculture 

and Technology, John Kiiru: KEMRI-CMR, Ciira Kiyuukia: JKUAT 

Date : ....../ ............/ 20…….                       Barcode ID : ................................  

Patient Hospital No…………… Age…… 

Gender:  (Tick where appropriate)      Male                      Female  

Place of residence: ...................................................................... 

HISTORY OF ANTIBIOTIC USE 

1. Last time antibiotic was used……… 

2. Where did you get the antibiotic from……………Hospital        private chemist  

3. Was it a doctor’s prescription…………..Yes                      No 

4. How long was antibiotic used………. 

5. Did you complete  full dose of the antibiotic Yes                      No 

6. If no for no(5) above state why? 

Type of Specimen  

WOUND SWAB  
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Appendix V: Consent forms  

PATIENT WRITTEN CONSENT FORM  

The study you are about to participate in is on drug susceptibility patterns and presence 

of resistance genes in the infections caused by a bacteria called Pseudomonas 

Aeruginosa. The duration of the study will be 12 months and no follow up. You will 

only give one sample/specimen. Should you agree to participate in the study, you will be 

asked to allow a trained person to collect a wound swab from a wound on your body.  

All data collected from you will be coded in order to protect your identity. We will not 

use your name but only use your hospital number.  Only the research study staff will 

have access to the information. At the end of the study, there will be no way to link your 

name with your data. Any additional information about the study will  be provided to 

you including the final study results.  

You are free to withdraw or refuse to answer any questions at any time without any 

consequences.  

Should you agree to participate in the study, please sign your name below, indicating 

that you have read and understood the nature of the study, your responsibilities as a 

study participant, the inconveniences associated with voluntary participation in the study 

and that all your questions and concerns concerning the study have been answered 

satisfactorily. You understand Jomo Kenyatta University and KEMRI has no policy or 

plan to pay for any injuries you might receive as a result of participating in this research 

protocol  

You will receive a copy of this signed consent form to take away with you.  

 _________________________________                                             

________________________  

Signature of Study Participant and Date                                         Thumbprint of Study 

Participant and Date   _________________________________  

Signature of Person Obtaining Consent and Date  ______________________________  

Signature of Witness and Date 

The participant received a copy  

PATIENT WRITTEN CONSENT FORM IN KIKUYU 
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Uthuthuria uyu ukonie germs muthemba wa bakteria itagwo pseudomonas aeruginosa. 

Tura thima dawa mithemba miingi nakurora njira iria bacteria ino ihotaga gwithema 

dawa icii. Ututhuria uyu ni wa mieri ikumi na iri tu. Wee wita umwe uria ugukoro 

uthuthuriaini uyu ukuheana  githimo gia kironda. 

Tutikuhuthira ritwa riaku, tukuhuthira naba yaku ya thibitari tu. Tukuhe githimi giaku  

namba  ati no aria mareka uthuthuria uyu mangimimenya. Gutiri mundu ungihota 

kumenya riatwa riaku kana kumenya niwee waheanire githimi  kiu. 

Wina rutha kana wiathi  wa kwieheria kuma gwi uthuthuria uyu kana kwaga gucookia 

kiuria ogiothe . 

Weetikira gukorwo wi thiini wauthuthuria uyu, ugwikira thairi kana kirore fomu ino. 

Uguo nikuga ati niwienderi waku mwene. 

Ni ukuheo  fomu ota ino wiigire. 

____________________                  ____________________________ 

Thairi  yaku na tareki      kana     kirore giaku na tareki 

 

____________________ 

Thairi ya muthuthuria na tareki 

________________ 

Thairi ya muira  na tareki 

 

Mhusika niaheo copy ya fomu? 

CONSENT TO STORE BACTERIA ISOLATES 

Title: Cross Section Study On Susceptibility Patterns And Presence Of Aac (6')-Ib-Cr 

Genes In Pseudomonas Aeruginosa Infections In A Rural Hospital In Kenya  

Storage: Pseudomonas aeruginosa isolates from this study will be stored in Tryptic soy 

broth with 15% glycerol at -80
O
C for future studies relevant infections and antimicrobial 

resistance for a period of not more than 5 years.  

Rationale for future tests 

 



51 

 For comparison with other phenotypic multi-drug resistant Pseudomonas 

aeruginosa   isolates from other regions of the world. 

 For molecular sequencing of drug resistance genes present the isolates. 

BARCODE 1.D      

LAB I.D: …………………………….. 

Participant Consent  

1. “Will you allow me to take your wound swab sample for testing in the 

laboratory?” 

Yes ………………………………….. 1 

No …………………………………… 2 

2. “Will you allow us to keep bacteria isolates got from your sample for later 

testing?” 

                          Yes …………..................................... 1 

                           No …………………………………... 2 

3. “Will you allow us to ship specimens to Welcome trust laboratory in the United 

kingdom for any testing?” 

Yes …………..................................... 1 

No …………………………………... 2 

Date…./……/……………… Participant Signature: ……………Signature of Witness: 

………………….. 

Lab Tech Name/ ID: ………………………………………………………. 

Signature of Laboratory Technician: …………………………………....... 

 

CONSENT TO STORE BACTERIA ISOLATES  in Kikuyu 

Rutha rwa kuiga ithimi gwa kahinda. 
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Kiongo gia uthuthuria: Mirimu iria irehagwo ni bacteria muthembawa Pseudomonas 

Aeruginosa thiini wa aruaru thibitariini ya  Tigoni. 

Kuiga bacteria barabuini nauhehuwa-80
O. 

Ithimi ici niikahuthika nja ya bururi kuria 

ruraya gwa kahinda gatakiritie miaka itano. 

Gitumi gia kuiga 

 Kuhanania maumithio na mabururi mangi. 

 Guthima kihuumo kana mbari cia bacteria iyo. 

namba ya thiri 

 

namba ya lab: …………………………….. 

Ruutha rwa gukorwo uthuthuria ini uyu. 

4. “Niwetikira ndware githimigia kironda, laboratory?” 

Nindetikira………………………………….. 1 

Nindarega…………………………………… 2 

5. Niwetikira njige bakteria icio gwa ihinda ria miaka itano niguo ithiimi ingi 

igathimwo? 

Nindetikira………………………………….. 1 

Nindarega…………………………………… 2 

6. “Niwetikira ndume bacteria bururini wa ruraya( Welcome trust laboratory  

United kingdom) ?” 

Nindetikira………………………………….. 1 

Nindarega…………………………………… 2 

Tareki…./……/……………… 

Thairi ya mhusika: ………………………………………. 

Thairi ya muira: ………………….. 
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Lab Tech Name/ ID: ………………………………………………………. 

Signature of Laboratory Technician: …………………………………....... 
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Appendix VI: Published Manuscript  
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Appendix VII: KEMRI Ethical Approval Letter 
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Appendix VIII: Letter of Approval Tigoni  
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