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ABSTRACT 

Background: Respiratory infections are among the common infections in diabetes 

patients with Streptococcus pneumoniae being one of the common causative 

organisms. This organism colonizes the nasopharynx with varying frequency which 

has been stipulated to be higher in patients with diabetes. Elimination of colonization 

is possible through immunization. This immunization strategy is yet to be applied in 

Kenya due to paucity of data on the burden of colonization with the organism. 

Objective: To determine the nasopharyngeal carriage and antibiotic susceptibility of 

S. pneumonia among diabetic and non-diabetic patients at the Moi Teaching and 

Referral Hospital (MTRH) in Eldoret, Kenya. 

Methods: A cross-sectional comparative study among diabetic and non-diabetic 

patients attending the MTRH diabetes and eye clinics respectively. Participants were 

selected using systematic random sampling from the clinic queue. An interviewer 

administered questionnaire was used to collect social demographic data and risk 

factors. Blood samples were taken for measurement of random blood sugar and 

HbA1c. Nasopharyngeal swabs were taken and immediately delivered into Amies 

transport media and transported to the laboratory for culture and antibiotic 

susceptibility testing within 24 hours. Data analysis was done using STATA version 

13. Association between nasopharyngeal carriage of S. pneumoniae was assessed 

using Pearson’s Chi Square test and Fisher’s exact test for categorical variables and 

unpaired t test and two-sample Wilcoxon test for continuous variables.  

Results: A total of 124 and 121 participants were enrolled into the diabetes and non-

diabetes groups respectively. Of all the participants 149 (60.8%) were female. The 

mean age was 43.6 with a standard deviation of 16.15 years. Among all participants, 

carriage of S. pneumoniae was 7.4% (95%CI 4.4, 11.4). Carriage was higher in the 

diabetes group at 12.1% (95%CI 0.07, 0.19) than the non-diabetes group 2.48% 

(95%CI 0.01, 0.07) with this difference being statistically significant at p=0.004. Only 

diabetes was associated with higher odds of carriage (adjusted OR 6.2, p=0.012). 

There was no association with age, gender, type of cooking fuel used, presence of 

under 5-year-old or previous antibiotic use. Among participants with diabetes, 

66.13% had diabetes for less than 10 years and majority (56.46%) were on insulin 

with only 17.74% having good glycemic control. Nasopharyngeal carriage of S. 

pneumoniae was associated with insulin use. There was no association with duration 

of diabetes or glycemic control. Among the antibiotics used, Amoxicillin was the 

most frequently used at 67.31% with macrolides only used by 9.61%. Antibiotic 

resistance was highest for Cotrimoxazole (94.44%) followed by Amoxicillin at 16.7% 

and Cefuroxime at 11.1%. No resistance was reported to macrolides. 

Conclusion: Nasopharyngeal carriage of Streptococcus pneumoniae is higher among 

persons with diabetes and isolates are resistant to routinely used antibiotics with 

macrolides being spared 

Recommendations: The ministry of health should adapt policy guidelines to reduce 

the burden of nasopharyngeal carriage of Streptococcus pneumoniae among patients 

with diabetes such as vaccination. Streptococcus pneumoniae resistance to 

Cotrimoxazole is high and its use should be supported by a positive culture and 

sensitivity result. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background information 

Respiratory tract infections remain among the leading cause of morbidity and 

mortality in most populations. In kenya it is second only to Human immunodeficiency 

Virus (HIV)/Acquired Immunodeficiency Syndrome (AIDS) (Institute for Health 

Metrics and Evaluation, 2017). Streptococcus pneumoniae, also known as 

pneumococcus, is the most common documented causative organism of lower 

respiratory tract infections in Kenya with high mortality attributed to drug resistant 

strains of the bacteria (Scott et al., 2000). S. pneumoniae colonizes the nasopharynx 

of healthy individuals. Colonization of the upper respiratory tract with the organism is 

key to the development of invasive disease (Kadioglu et al., 2008; Simell et al., 

2012). Most people with intact mucosal immunity will be asymptomatic despite 

colonization. In persons  with impaired immune function the risk of progression from 

asymptomatic carriage to invasive disease is higher (Garcia-Rodriguez and 

Fresnadillo Martinez, 2002).  

Certain populations have a higher risk of colonization and invasive disease than 

others. Colonization is higher in childhood and reduces with age (Simell et al., 2012). 

It is also higher in adults older than 65 years old and those with poor immune 

response. Diabetes Mellitus (DM) is one of the conditions associated with poor 

immune response and predisposition to infections. Patients with DM have higher rates 

infection and poor outcomes compared to persons without DM (Bertoni et al., 2001; 

Muller et al., 2005) contributing significantly to their morbidity and mortality (Shah 

and Hux, 2003). 
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The higher incidence of infections in DM has been attributed to immune dysfunction 

associated with DM which occurs as a result of inherent defects in immune cells 

(Casqueiro et al., 2012; Geerlings et al., 2000) as well as in relation to the 

hyperglycemic environment in DM (Mathews et al., 2012; Price et al., 2010). 

Respiratory tract infections are among the commonest infections in persons with DM 

and tend to have worse outcomes than in persons without DM (Joshi et al., 1999; 

Kornum et al., 2007, 2008; Peleg et al., 2007). Colonization and progression to 

invasive disease with S. pneumoniae is higher in DM than in the general population 

(Garcia-Rodriguez and Fresnadillo Martinez, 2002). Elimination of colonization with 

S. pneumoniae in this population and others predisposed to colonization becomes an 

important public health measure to reduce the burden of invasive disease and the 

morbidity and mortality associated with it. 

Elimination of S. pneumoniae from the carriage sites can be achieved through 

immunization and carriage can be used as a marker for vaccine induced protection 

(Marchisio et al., 2002; Simell et al., 2012). Immunization also confers additional 

benefits of reduction in invasive disease, number of hospitalizations and better disease 

outcomes. Hospitalized patients with respiratory pneumococcal disease who have 

previously been vaccinated against the organism have reduced length of 

hospitalization, deaths and risk of respiratory failure (Casqueiro et al., 2012; Fisman 

et al., 2006; Marchisio et al., 2002; Shapiro et al., 1991). Immunization also reduces 

the horizontal transmission of the bacteria reducing rates of community acquired 

respiratory infections (Bogaert et al., 2004). These benefits have led to the 

introduction of mandatory pneumococcal vaccination in all children in most countries 

including Kenya (Ministry of Health, 2013).  
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The current global initiatives on immunization against S. pneumoniae mostly focus on 

vaccinating children. While this has been shown to confer some herd immunity 

extending to adults, the benefit is much less in those in extremes of age and those with 

preexisting co-morbid conditions such as DM (Hennessy et al., 2005; Lexau et al., 

2005). Among children and adolescents with DM who had received the vaccine as 

part of the childhood immunization schedules, the protection is not lifelong and a 

booster vaccination is required to fully provide coverage (Principi et al., 2015). This 

has led to vaccination recommendations for persons with DM. Despite the 

demonstrated disorders in immune response associated with DM, antibody response 

to pneumococcal vaccine is not impaired in diabetes and is safe (Lederman et al., 

1981). 

There are two available pneumococcal vaccines; pneumococcal conjugate vaccine 13 

(PCV13) and pneumococcal polysaccharide vaccine 23 (PPSV 23) which protect 

against 13 and 23 serotypes of pneumococcal bacteria respectively. It is recommended 

that persons with diabetes receive one dose of PPSV 23 at ages 19-64 years, one dose 

of PCV 13 after 65 years at least one year after the PPSV 23 vaccine and a final PPSV 

23 vaccine after 65 years at least one year after the PCV 13 and 5 years after the most 

recent PPSV 23 vaccine (Centres for Disease Control and Prevention, 2017). This 

guideline has been adopted by most diabetes associations (American Diabetes 

Association, 2016; Canadian Diabetes Association Clinical Practice Guidelines 

Expert et al., 2013) but is yet to be implemented in most low and middle income 

countries (LMIC) despite the significant rise in burden of DM and higher incidence of 

infectious diseases in these countries. While one may argue that inclusion of the 

vaccine in the routine management of diabetes patients will financially overwhelm 

economies of LMICS, cost effectiveness studies done on this recommendation 
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showed that it’s indeed a cost effective vaccine strategy (Chen et al., 2014) (Tomczyk 

et al., 2014).  

An emerging problem in the management of pneumococcal invasive disease is the rise 

in antibiotic resistant strains. This has been fueled by lack of proper diagnosis to 

guide antibiotic use, unqualified personnel prescribing drugs with no evidence of 

benefit or indication and the over availability and over use by the general public 

(Kimang'a, 2012; Neu, 1992). Colonization with drug resistant strains of 

pneumococcus leads to risk of invasive disease with the same drug resistant strain. 

This poses the risk of longer treatment durations and poor outcomes (Scott et al., 

2000). Most of the antibiotic resistant serotypes are covered by the current 

pneumococcal vaccines (Dagan et al., 1997). As a result, apart from reducing carriage 

of pneumococcus, the pneumococcal vaccine also prevents carriage of drug resistant 

serotypes of the bacteria (Dagan et al., 1997; Mbelle et al., 1999) a benefit which is 

transferred to the larger population through herd immunity (Hennessy et al., 2005).  

Knowledge of the resistant patterns is useful to not only inform choice of antibiotics 

but also to guide and inform pharmacologic stewardship programs. 

Pneumococcal carriage studies are key in informing vaccination guidelines in persons 

with diabetes. Literature search revealed no such studies carried out in the African 

diabetes population thus lacking data to support such a guideline. As a result, the 

existing recommendations on vaccination and treatment have largely been ignored by 

care providers and health ministries denying the patient the immense benefit of this 

albeit simple intervention. This study was conducted to compare the burden of 

nasopharyngeal carriage of S. pneumoniae and antibiotic susceptibility patterns 

among persons with and those without DM in western Kenya with the goal of 

informing vaccination guidelines in this population. 
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1.2 Problem statement 

Infections among patients with DM are of concern because they cause significant 

mortality and morbidity and increasing cost of hospitalization (Joshi et al., 1999; 

Schuetz et al., 2014). Respiratory infections are the most common infections among 

persons with DM and are caused by organisms that can most often be isolated from 

the nasopharynx of healthy individuals (Mackenzie et al., 2010).  S. pneumoniae is 

the most common causative organism of bacterial respiratory infections in the general 

population as well as among patients with diabetes (Casqueiro et al., 2012; Ruiz-

Gonzalez et al., 1999). In patients with DM, there is a higher risk of asymptomatic 

carriage developing into invasive disease. This higher risk is due to immune 

dysfunction in diabetes that impairs mucosal immune response (Casqueiro et al., 

2012). Colonization with S. pneumoniae is key to the development of invasive disease 

and elimination from colonization sites has been proven to reduce the risk of invasive 

disease. Elimination of carriage of S. pneumoniae is possible through immunization 

and this has been recommended among patients in DM (Centres for Disease Control 

and Prevention, 2017; Shapiro et al., 1991). This recommendation has been adopted 

and implemented in most developed countries but is yet to be replicated in SSA 

despite the higher burden of infections in this region. Lack of data on the burden and 

factors associated with nasopharyngeal carriage of S. pneumoniae among persons 

with DM in SSA could partly be blamed for failure to implement this guideline 

(Auranen et al., 2013). Management of invasive S. pneumoniae disease faces the 

challenge of emerging drug resistance (Kimang'a, 2012) which is preceded by 

nasopharyngeal colonization with the drug resistant strain. There is limited data on 

drug resistance patterns of these organisms in this same population that would be 

useful in informing treatment guidelines. 
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1.3 Justification of the study 

Studies on the carriage of S. pneumoniae are key to informing vaccination 

recommendations for at risk populations (Auranen et al., 2013). Many studies have 

been conducted on the nasopharyngeal carriage of S. pneumoniae among children and 

adolescents (Bogaert et al., 2001; Lehmann et al., 1997; Marchisio et al., 2002; 

Principi et al., 2015). However, few studies have been done on the same among adult  

patients with DM particularly in developing countries (Kesavadev et al., 2012). This 

has led to a knowledge gap in the burden and factors associated with nasopharyngeal 

carriage of S. pneumoniae in this population. As a result, there is no data to inform 

vaccination recommendation guidelines. Antibiotic susceptibility of colonizing 

species approximates that of the invasive species as these are likely to be the cause of 

invasive disease (Lehmann et al., 1997). Vaccination in addition to reducing invasive 

disease, has also been associated with reduced carriage of drug resistant serotypes 

(Dagan et al., 1997; Hennessy et al., 2005).Most studies on nasopharyngeal carriage 

of S. pneumoniae also assessed the drug susceptibility of isolates (Blossom et al., 

2006; Gebre et al., 2017; Hill et al., 2006; Marchisio et al., 2002). 

This study sought to describe and compare the nasopharyngeal carriage of S. 

pneumoniae among DM and non-DM patients, and the drug susceptibility patterns of 

isolates. By demonstrating this, we hope to provide data on nasopharyngeal carriage 

of S. pneumoniae that will inform the vaccination policy among DM patients in 

Kenya as well as antibiotic use in the treatment of respiratory infections caused by 

this organism in this population. 
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1.4 Research questions 

1. Is nasopharyngeal carriage of S. pneumonia higher among patients with DM 

than those without DM at MTRH? 

2. What are the factors associated with nasopharyngeal carriage of S. pneumonia 

among patients at MTRH? 

3. Are nasopharyngeal isolates of S. pneumoniae at MTRH susceptible to 

routinely used antibiotics? 

1.5 Research Objectives 

1.5.1 Broad objective 

To determine nasopharyngeal carriage and antibiotic susceptibility patterns of S. 

pneumonia among DM and non-DM patients at MTRH. 

1.5.2 Specific objectives 

1. Compare the prevalence of nasopharyngeal carriage of S. pneumonia among 

DM and non-DM patients at MTRH. 

2. Determine the socio-demographic and clinical factors associated with 

nasopharyngeal carriage of S. pneumonia among patients at MTRH. 

3. Determine the antibiotic susceptibility of nasopharyngeal isolates of S. 

pneumoniae to routinely used antibiotics. 
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Infections and diabetes 

DM is a recognized risk factor for infections, both the common ones affecting the 

general population as well as those that exclusively affect persons with DM. A 

retrospective study in a Canadian population compared infection and their outcomes 

in persons with DM and matched persons without DM. This study demonstrated that 

persons with DM had higher risk of infection, hospitalization and mortality 

attributable to infections. They also found that serious bacterial infections were more 

common in persons with DM(Shah and Hux, 2003). Similar findings were 

demonstrated in a Dutch cohort where DM was associated with increased risk of 

lower respiratory infections, urinary tract infections, skin and mucous membrane 

infections (Muller et al., 2005). A review article on DM and the risk of infection 

concluded that DM is a risk factor for skin, nail and mucous membrane infections and 

also a risk factor for serious respiratory tract infections with an atypical presentation. 

The risk of infection in the DM population is also associated with increased risk of 

adverse outcomes (Peleg et al., 2007). In a retrospective cohort study in a US 

population, higher infection related mortality was observed among patients with DM 

irrespective of age, sex, poverty status, smoking, body mass index (BMI) and 

hypertension was observed (Bertoni et al., 2001). 

This increased susceptibility to infection in DM is the result of interplay of various 

factors. These mechanisms of immune deficiency  have been summarized in one 

review article as due to the hyperglycemic environment, reduced production of 

interleukins in response to infections, reduced chemotactic and phagocytic activity, 

immobilization of polymorphonuclear leukocytes (PMNL), glycosuria, 
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gastrointestinal and urinary dysmotility (Casqueiro et al., 2012). One experimental 

study in Netherlands compared cytokine production in women with and without DM 

and the women with DM had reduced levels of tumor necrosis factor-alpha (TNF-α) 

and Interleukin 6 (IL-6). There was also reduced production of pro-inflammatory 

cytokines from monocytes of women with DM after stimulation with bacterial 

lipopolysaccharide (Geerlings et al., 2000). This reduction in cytokine production 

appears to be due to an intrinsic defect in the cells of individuals with DM (Geerlings 

and Hoepelman, 1999). Antibody production and function also appears to be deranged 

in patients with DM. In a study to determine the baseline protective titers of 

antibodies to S. pneumoniae surface protein A (PspA), the authors demonstrated that 

PspA antibody titers were lower in persons with DM and had reduced ability for 

complement deposition and this was associated with hyperglycemia (Mathews et al., 

2012). Immune glycation contributes to both the cellular and innate immune 

dysfunction observed in DM. It reduces production on interleukin 10 (IL-10) from 

myeloid cells, TNF-α and interferon gamma (IFN-γ) from T cells (Price et al., 2010) 

and interferes with antigen antibody recognition by modification of the Fab fragment 

of IgG (Lapolla et al., 2002). These disorders in immune function have rendered DM 

an immunosuppressive state with patients having a higher than normal predisposition 

to infection. 

2.2 Respiratory infections in DM  

Respiratory infections are among the most common infections in persons with DM. in 

population based case control studies in Denmark to assess DM as a risk factor for 

pneumonia hospitalization, persons with DM had four times higher risk of 

hospitalization for pneumonia and higher odds of bacteremia than persons without 
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DM. Longer duration of DM, more than forty years of age and prolonged poor 

glycemic control were associated with higher risk of hospitalization (Kornum et al., 

2008; Thomsen et al., 2004).  

Respiratory infections in DM tend to have atypical presentation, higher risks 

complications and adverse outcomes (Casqueiro et al., 2012; Peleg et al., 2007). In 

Bangladesh, an analytic study comparing the differences in clinical presentation of 

respiratory infections in persons with and without DM demonstrated that persons with 

DM had more atypical presentation, more severe disease, higher rates of 

complications  and were more likely to have multilobar infiltration (Saibal et al., 

2012). In Denmark, adults with DM hospitalized for pneumonia had a higher ninety-

day mortality non-DM patients. A prospective study of pneumonia cases in Spain 

demonstrated that DM was associated with increased complications specifically 

pleural effusions and fatality (Falguera et al., 2005). 

The causative organisms of respiratory infections in DM include those affecting the 

general population as well as organisms that are more likely to affect persons with 

DM. S. pneumoniae is the most common causative agent of bacterial respiratory 

infections in the general population (Ruiz-Gonzalez et al., 1999; Scott et al., 2000) as 

well  those with DM as demonstrated in several review articles on infections in 

persons with DM (Casqueiro et al., 2012; Joshi et al., 1999; Klekotka et al., 2015). 

Other organisms causing respiratory infections with increasing frequency in persons 

with DM include Staphylococcus aureus, Klebsiella pneumoniae and Mycobacterium 

tuberculosis (Klekotka et al., 2015; Peleg et al., 2007). S. pneumoniae has generated 

interest not only because colonization with the organism is very common but also 

because prevention of its invasive disease is possible through vaccination. 
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2.3 Bacteriology of S. pneumoniae 

S. pneumoniae is a gram positive lancet shaped cocci that is alpha hemolytic, catalase 

negative, non-spore forming, and non-motile bacteria. It is fastidious and grows best 

in a carbon dioxide (CO2) rich environment and requires a source of catalase to grow 

on agar plates (Kenneth Todar, 2012). Over 90 serotypes of the bacteria exist but only 

a few are pathogenic. The structure of the bacteria aids in its ability to colonize, evade 

the host’s immune protective mechanisms and to cause invasive disease. The outer 

surface of the bacteria is covered by a polysaccharide capsule that overlies the cell 

wall. The capsule forms the basis of serotyping and has antiphagocytic properties 

making it protective to the bacteria (Henriques-Normark and Tuomanen, 2013). Pilli 

are present on the bacteria which serve to facilitate adherence to epithelial cells of the 

nasopharynx during colonization (Elaine I Tuomanen, Aug 10, 2017.; Henriques-

Normark and Tuomanen, 2013).  

The bacteria possesses several surface proteins that are essential in its adherence, cell 

division and evasion of host immune responses. The surface protein LytA autolysin is 

the main pneumococcal autolysin and is a major virulence factor which aids in cell 

division. Pneumococcal surface protein A (PspA) inhibits complement activation and 

deposition and impairs phagocytosis. The Choline binding proteins A, D, E and G 

play a role in bacterial adherence (Henriques-Normark and Tuomanen, 2013). The 

bacteria is a leading cause of mortality and morbidity globally with the highest impact 

seen children under 5 years and persons older than 65 years of age (World health 

Organization, 2018). The spectrum of disease it causes ranges from asymptomatic 

colonization to severe invasive disease. 
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2.4 Carriage of S. pneumoniae, transmission and progression to invasive disease 

S. pneumoniae colonizes the nasopharyngeal mucosa and upper airways of healthy 

individuals. Non-symptomatic colonization has been demonstrated in both adults and 

children. Human beings are its only host and are necessary for its survival. 

Transmission of the S. pneumoniae occurs between humans and is from infected 

droplets of persons with disease or from healthy nasopharyngeal carriers (Bogaert et 

al., 2004; Sleeman et al., 2005). 

Nasopharyngeal colonization is higher in children. It starts from birth, peaks at 1-2 

years and reduces with increase in age (Hussain et al., 2005; Lloyd-Evans et al., 

1996). The initial asymptomatic colonization involves the binding of pneumococcal 

cell surface proteins to non-inflamed epithelium a process mediated by bacterial cell 

surface proteins (Bogaert et al., 2004). Choline binding proteins present on the 

surface of S. pneumoniae contribute to the hydrophobic and electrostatic 

characteristics of the bacteria and aid in its adherence to respiratory epithelium 

(Swiatlo et al., 2002).  

Colonization with the bacteria is not always followed by invasive disease. In order for 

this to happen, a local host inflammatory response is required to facilitate the process. 

The inflammatory response leads to release of inflammatory mediators and increased 

the affinity of the pneumococcus for the platelet activating factor (PAF) receptor. 

Binding to this receptor results in internalization of the pneumococcus, migration 

through the respiratory epithelium and vascular endothelium resulting in invasive 

disease (Cundell et al., 1995; McCullers and Rehg, 2002). 

The prevalence of nasopharyngeal carriage of S. pneumoniae differs in different 

populations and age groups. In Kilifi Kenya in a rural and semi urban population the 

prevalence was found to be 6.4% in children older than 10 years and adults 
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(Abdullahi et al., 2008). In an aboriginal Australian population a prevalence of 28.4% 

was found in the wet season and 22.8% in the dry season among adults (Mackenzie et 

al., 2010). The prevalence appears to be higher in patients with DM with a prevalence 

as high as 49.8% among children and adolescents in Italy (Principi et al., 2015). This 

is the only study identified that was done in an adult population. The prevalence in 

this group was much higher than the 8.6% what was found in a similar study in a 

general population in Italy (Marchisio et al., 2002) demonstrating the much higher 

prevalence of carriage in persons with DM compared to the general population. 

2.5  Factors associated with carriage of S. pneumoniae 

Immune status of the individual determines S. pneumoniae colonization, 

decolonization as well as progression to invasive disease (Garcia-Rodriguez and 

Fresnadillo Martinez, 2002) .Persons with impaired immunity as is the case with DM 

are at higher risk with carriage rate of 49.8% among adolescents with DM (Principi et 

al., 2015) which was significantly higher than the 8.6% observed in healthy children 

in the same population (Principi et al., 2015). Another study in Georgia US 

demonstrated an incidence of invasive pneumococcal infection to be 8.8/100000 

among healthy adults and 51.4/100000 among persons with DM (Kyaw et al., 2005). 

Higher carriage has also been demonstrated in persons living with HIV (Conklin et 

al., 2016; Heinsbroek et al., 2015). Other factors that have been demonstrated to be 

associated with carriage of S. pneumoniae include younger age, male gender, recent 

rhinorrhea, exposure to indoor air pollution (Abdullahi et al., 2008; Cardozo et al., 

2008; Mackenzie et al., 2010; Principi et al., 2015). Factors associated with reduced 

carriage include antibiotic use and previous pneumococcal vaccination (Garcia-

Rodriguez and Fresnadillo Martinez, 2002).Living with a vaccinated child is 

associated with reduced carriage among adults (Hennessy et al., 2005). Vaccination of 
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children under 5 years of age against pneumococcus confers protection to adults, a 

benefit referred to as herd immunity. 

2.6 S. pneumoniae antibiotic susceptibility 

Microbial drug resistance is an emerging threat in the management of infectious 

diseases. This problem has not spared Africa. A review article on antimicrobial 

resistance in the continent highlighted its increase in the region. This rise has been 

attributed to indiscriminate use of antibiotics, wrong prescriptions by unqualified 

personnel and wrong diagnoses (Kimang'a, 2012).  

Drug susceptibility testing is key in determining the choice of antibiotics. In the 

assessment of drug susceptibility of S. pneumoniae serotypes causing invasive 

disease, the use of drug susceptibility testing on isolates from carriage sites has been 

shown to provide an estimate of the drug susceptibility of invasive strains (Lehmann 

et al., 1997). Studies of drug susceptibility patterns of S. pneumoniae have highlighted 

differences in resistant patterns between the developed and the developing nations. In 

Gambia 14.3%, 39%, 0.3%, 39%, 32.3% and 6.3% of the isolates were resistant to 

penicillin, cotrimoxazole, erythromycin, tetracycline, chloramphenicol and 

cefotaxime respectively (Hill et al., 2006).  A similar study in Ethiopia demonstrated 

53.2%, 43.7%, 36.1%, 13.3%, and 8.9% of S. Pneumoniae isolates being resistance to 

tetracycline, cotrimoxazole, penicillin, chloramphenicol and erythromycin 

respectively (Gebre et al., 2017). In Uganda 99% of the isolates were resistant to 

cotrimoxazole and only one isolate was resistant to macrolides (Blossom et al., 2006).  

In Italy, the resistance to macrolides was higher at 52.1%, that to penicillin was lower 

at 9.1% and resistance to cotrimoxazole was 23.9% (Marchisio et al., 2002). The 
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same was observed in China with macrolide resistance at 74%, tetracycline at 87.6% 

and only 1.2% to penicillin (Wang et al., 1998). 

2.7 Clinical and laboratory diagnosis of S. pneumoniae 

To demonstrate colonization with S. pneumoniae, the organism can be isolated from 

the nasopharynx or the oropharynx. Nasopharyngeal specimens have a higher yield 

than oropharyngeal specimens. A study on nasopharyngeal carriage among adults, 

demonstrated 11.1% yield of nasopharyngeal specimens compared to 5.8% from 

oropharyngeal specimens.  (Watt et al., 2004). A study to compare the sensitivities of 

sampling the nasopharynx and the oropharynx for identification of potential 

respiratory pathogens colonization found higher sensitivity of nasopharyngeal swab at 

89% than oropharyngeal swab was 30% (Lieberman et al., 2006).  

In Kenya, nasopharyngeal sampling was validated in the Kilifi study. In this study the 

sensitivity of nasopharyngeal swabs was high at 85%. Sampling from both nostrils by 

nasopharyngeal swabbing and nasopharyngeal wash were found to increase sensitivity 

but the discomfort associated with use of the two methods concurrently was not 

justifiable with the marginal increase in sensitivity (Abdullahi et al., 2007). The WHO 

pneumococcal working group recommends the use of nasopharyngeal swabs for 

collection of samples as opposed to nasopharyngeal washes or aspirates. One swab is 

recommended as multiple swabs increase the discomfort to the patient without 

increasing the yield (Satzke et al., 2013).  

Culture of the specimen to demonstrate growth of S. pneumoniae remains the gold 

standard for detection of the bacteria from nasopharyngeal samples. For culture based 

studies, the swab material used to collect the sample should be made from calcium 

alginate, rayon, Dacron or nylon materials. Skim milk tryptone- glucose-glycerol 
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(STGG) medium or Amies transport media can be used as transport and storage 

medium with no evidence of one being more superior to the other (Satzke et al., 

2013). The samples should be transported in ice and stored at ultralow temperatures. 

Blood agar, either Columbia or trypticase soy agar base with sheep, horse, or goat 

blood, supplemented with 5 µg/ml gentamicin is considered the core primary isolation 

media (Satzke et al., 2013). Confirmation of S. pneumoniae is based on alpha 

hemolytic colony morphology, bile solubility, catalase negativity, and optochin 

sensitivity (Paul G. Engelkirk, 2008; Satzke et al., 2013). 

2.8 Vaccination against S. pneumoniae 

Due to the high burden of infections caused by S. pneumoniae, a vaccine was 

developed to help protect against colonization and invasive disease especially in 

children under 5 years of age and adults at high risk. There are two available 

pneumococcal vaccines; pneumococcal conjugate vaccine 13 (PCV13) and 

pneumococcal polysaccharide vaccine 23 (PPSV 23) which protect against 13 and 23 

serotypes of pneumococcal bacteria respectively. PCV13 contains 13 serotypes and is 

recommended for use in children aged 6 weeks-71 months (Nuorti et al., 2010). It is 

widely used globally including in Kenya where it was introduced in 2010 but as 

PCV10 into routine vaccination (Ministry of Health, 2013). PPSV 23 contains 12 of 

the serotypes in PCV13 and 11 additional serotypes. It is recommended for use in 

adults  older than 65 years of age and persons aged 19-64 at high risk of colonization 

and invasive disease (Centres for Disease Control and Prevention, 2017).   

It is recommended that persons with DM receive one dose of PPSV 23 at ages 19-64 

years, one dose of PCV 13 after 65 years at least one year after the PPSV 23 vaccine 

and a final PPSV 23 vaccine after 65 years at least one year after the PCV 13 and 5 
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years after the most recent PPSV 23 vaccine (Centres for Disease Control and 

Prevention, 2017). The antibody response among patients with DM receiving the 

vaccine is not impaired  and is not related to age, glycemic control, insulin dose or 

duration of DM and therefore they should receive the vaccine without any 

reservations (Lederman et al., 1981). 

Vaccination reduces the carriage of serotypes contained in the vaccines and leads to a 

reduction in the incidence of invasive disease caused by these serotypes (Dagan et al., 

1997; Marchisio et al., 2002). The impact of the vaccine on progression to invasive 

disease has been assessed after vaccination in children under 5 years old and the 

vaccine type invasive disease decreased by 91% in children and 40% in adults 

(Hennessy et al., 2005). This benefit of herd immunity conferred to unvaccinated 

adults by vaccinating children was demonstrated in most studies looking into the 

effects of the vaccine (Dagan et al., 1997; Hennessy et al., 2005). According to one 

such study, this benefit does not apply to all adults. Adults over 65 years and those 

with a comorbid condition for which the vaccine is indicated did not benefit as much 

from herd immunity (Lexau et al., 2005). Even children and adolescents with 

conditions predisposing to infection with S. Pneumoniae who receive the PCV 13 do 

not appear to be protected for life and require a booster vaccine to maintain the 

protection offered (Principi et al., 2015). Administration of the polyvalent 

pneumococcal vaccine to adults at high risk of invasive disease has been 

demonstrated to be effective in the prevention on invasive pneumococcal disease and 

should be used more widely (Shapiro et al., 1991).  

Another benefit of vaccination is the reduction of carriage of drug resistant S. 

pneumoniae strains. Mbelle, N., et al demonstrated a reduction in carriage of 

penicillin and cotrimoxazole resistant pneumococci after pneumococcal vaccination 
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(Mbelle et al., 1999). Similar findings were reported in a study in Alaska where there 

was noted a reduction in invasive disease due to isolates resistant to penicillin, 

erythromycin and cotrimoxazole after introduction of the pneumococcal conjugate 

vaccine (Hennessy et al., 2005). Other benefits of the vaccine include a reduction in 

mortality from pneumococcal invasive disease, reduced likelihood of complications 

and reduced length of hospital stay (Casqueiro et al., 2012; Fisman et al., 2006). 

Despite these benefits, one downside observed with the use of the vaccine is the 

increase in colonization by non-vaccine serotypes (Mbelle et al., 1999; Usuf et al., 

2014). While these serotypes may not be as pathogenic as those covered by the 

vaccine, there is still a need for continued monitoring of colonization and invasive 

disease strains to inform future vaccination strategies. 

2.9 Knowledge gap on nasopharyngeal carriage of S. pneumoniae 

Studies on the colonization of the nasopharynx with organisms are key to informing 

vaccine practices and for the backbone of vaccine research and recommendations 

(Kesavadev et al., 2012; Satzke et al., 2013). Vaccination against S. pneumoniae has 

been recommended in most developed countries where the bulk of colonization 

studies have been carried out. There are currently few studies highlighting the 

carriage of S. pneumoniae among healthy as well as persons with DM in most 

developing countries. Where these have been conducted, they have been in mostly in 

children and adolescents (Adegbola et al., 2014; Usuf et al., 2014). This has resulted 

in a lack of epidemiologic data to guide the vaccine guidelines in adults with DM 

despite its availability globally and demonstration of its benefits and cost 

effectiveness (Chen et al., 2014). 
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CHAPTER THREE: METHODOLOGY 

3.1  Study site 

The study was conducted at the Moi Teaching and Referral Hospital (MTRH) which 

is the second largest referral hospital in the country located in Eldoret town, Western 

Kenya (310 kilometres Northwest of Nairobi, the capital city of Kenya). The hospital 

serves a catchment population of 24 million people (Moi Teaching and Referral 

Hospital (MTRH), 2014). The hospital runs DM and eye outpatient clinics with 

approximately 150 and 250 patients respectively seen in clinic per week. 

3.2 Study design 

This study was a cross sectional comparative study comparing nasopharyngeal 

colonization with S. pneumoniae between DM patients attending the DM clinic and a 

non-DM patients attending the eye clinic at MTRH. The eye clinic was selected as it 

provided a population of participants who were likely to be healthy clinic walk in. 

3.3 Study population 

3.3.1 Target population 

DM group- DM patients attending the DM clinic at MTRH who met the inclusion 

criteria. 

Comparison group - Non DM patients attending the eye clinic at MTRH who met the 

inclusion criteria.  

3.3.2 Sample Size calculation 

A formula for the comparison of two proportions was used (Kirkwood R Betty, 

2003.). To detect a 23.8% difference in carriage of S. pneumoniae between persons 

with and without DM with 90% power at 0.05 level of significance and with a 20% 
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adjustment for non-responders and missing data, a sample size of 123 was required in 

each study group. The estimates used in this calculation were derived from the study 

done by Principi, N., et al in a DM population (Principi et al., 2015) and that by 

Mackenzie, G. A., et al done in a general adult population (Mackenzie et al., 2010) 

 

n= {((Zα/2+Zβ)
 2 

* (p1 (1-p1) +p2 (1-p2)))/ (p1-p2)
2
 * 100% 

 

Zα/2 = the critical value of the normal distribution at α/2= 0.05, critical value=1.96 

Zβ = the critical value of the normal distribution at β = 0.1, critical value = 1.64 

 p1 = Burden of NP carriage among DM populations =0.498 

 p2 =Burden of NP carriage among non DM patients = 0.26 

3.3.3 Sampling technique 

Participants were selected using systematic random sampling from the clinic queues. 

Given the 8 weeks allocated for data collection and the target of 123 participants, we 

needed to enroll at least 15 participants per week in each study group. At the time of 

conducting the study, an average of 150 and 250 adult patients were seen each week 

in the DM and eye clinics respectively. To meet our target of we enrolled every 10
th

 

patient (150/15) in the clinic queue at the DM clinic and every 16th patient (250/15) 

in the eye clinic. This process was continued until the desired sample size was 

achieved. 
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3.3.4 Inclusion and exclusion criteria 

Inclusion criteria 

Study arm 

1. Known DM patient 

2. Above 18 years of age 

3. Attending DM clinic at MTRH 

Comparison arm 

1. Non-DM patient 

2. Above 18 years of age 

3. Attending eye clinic at MTRH clinic 

Exclusion criteria 

Study arm 

1. Presence of craniofacial abnormalities limiting access to nasopharynx. 

Comparison arm 

1. Known DM patient or new diagnosis of dysglycemia. 

2. Presence of craniofacial abnormalities limiting access to nasopharynx 
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3.4 Study methods 

3.4.1 Recruitment of participants 

Participants were recruited from MTRH DM and eye clinics by the principal 

investigator (PI) and/or the research assistant. The study was explained to all recruited 

participants and informed consent sought. Those participants who did not meet the 

inclusion criteria or declined participation were omitted from the study. The 

recruitment process is summarized in Figure 1 below. 

 

Figure 1: Participants Recruitment Schema 
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3.4.2 Consenting process 

Each participant was taken through the informed consent process by the PI or the 

research assistant. An English version (Appendix Ia) and Swahili version (Appendix 

Ib) of the consent form were available an administered based on the participants 

preference. For participants who were illiterate, the consent was read to them in the 

presence of a witness/translator where necessary. 

3.4.3 Study procedure 

After consent was obtained, an interviewer administered questionnaire was used to 

record clinical and demographic characteristics. Procedures to be done were explained 

to the participants. Blood pressure, height and weight measurements were then taken 

as outlined in Appendix III. Blood samples were drawn using finger prick for 

measurement of random blood sugar an HbA1c (Appendix III). 

3.4.4 Nasopharyngeal swab collection 

The procedure was explained to the participant and consent obtained.  A trained 

research assistant (clinical officer) and/or the PI then performed the procedure in 

keeping with WHO standards (Satzke et al., 2013). The participant’s head was tilted 

slightly backwards and the swab made of flexible polystyrene on nylon introduced 

into the nasal cavity and passed directly backwards parallel to the base of the 

nasopharyngeal passage. The swab was pushed in to a distance equivalent to two 

thirds of the distance between the tip of the nose and the earlobe until the 

nasopharynx was reached. The swab was left in place for 5 seconds and rotated 180
0
 

to saturate the tip. If resistance was met before the swab reached the nasopharynx, the 

swab was withdrawn and the procedure repeated in the opposite nostril. Once the 

specimen was collected, the swab was gently withdrawn and immediately placed into 
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Amies transport media. The samples were then transported to the Lancet Laboratory 

offices in Eldoret where cold chain was initiated for transportation to the Nairobi 

main laboratory within 24 hours. 

3.4.5 Nasopharyngeal swab culture procedure 

As soon as the swabs were received in Lancet laboratory Nairobi, they were 

inoculated into culture media. Where delay was anticipated between arrival and 

inoculation, the specimens were stored in the refrigerator which was maintained at 2-

8degrees Celsius. Inoculation was done in sheep blood agar with Bactrim, 

Erythromycin, and penicillin discs and also into Saboraud dextrose agar with 

chloramphenicol (Dex/Chlor). The blood agar culture was incubated a CO2 

atmosphere while the Dex/Chlor culture was incubated in an oxygen rich atmosphere. 

3.4.6 Identification of S. pneumoniae 

S. pneumoniae was identified by colony morphology, alpha hemolysis and optochin 

sensitivity. Confirmation was by gram staining in which they appeared as lancet 

shaped cocci existing in pairs, single colonies and positive on gram staining. They 

were catalase negative, negative on bile esculin test, Christie–Atkins–Munch-Petersen 

(CAMP) test negative and 6.5 percent salt negative. 
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3.4.7 Drug susceptibility testing 

Drug susceptibility was carried out using disk diffusion (modified Kirby -Bauer) and 

E test. A bacterial suspension of 0.5 density check was inoculated into sheep blood 

agar in a CO2 atmosphere. For the disk diffusion test, the disks containing the test 

antibiotics were placed aseptically on the plate using sterile forceps then plates were 

incubated in a 5–10% CO2 atmosphere at 37
0
C for 24 hours.  The zone of inhibition 

around each disk was then measured and compared to a standard interpretation chart 

used to categorize the isolate as susceptible, intermediately susceptible or resistant. 

This method was used to test sensitivities to cotrimoxazole, Erythromycin, 

Clindamycin, Moxifloxacin, Tetracycline and Vancomycin. For the E test, the E test 

strips containing Penicillin and Ceftriaxone were applied onto the agar plate and 

incubated in a 5–10% CO2 atmosphere at 37
0
C for 24 hours. The colonies were 

assessed for an elliptical zone of growth inhibition around the test strip. Where the 

lower part of the ellipse intersected the test strip, this was interpreted as the minimum 

inhibitory concentration (MIC). E test was done for Penicillin and Ceftriaxone. MIC 

for parenteral penicillin was considered sensitive when equal or less than 2, 

intermediate when 4, resistant when equal 8 or more. Oral Penicillin was considered 

sensitive when the MIC was equal 0.6 or less, intermediate 0.12-1 and resistant when 

equal or greater than 1. Ceftriaxone was considered sensitive when the MIC was equal 

or less than 1, intermediate when equal to 2 and resistant when equal or greater than 4. 

Based on the E test results, sensitivities were reported for Augmentin, Cefuroxime 

and Ampicillin. 
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3.5 Data management 

3.5.1 Data collection 

An interviewer administered questionnaire (Appendix II) was used to collect data on 

demographic and clinical characteristics as well as risk factors for nasopharyngeal 

carriage of S. pneumoniae. These included age, gender, area of residence, history and 

duration of hypertension, history and duration of DM, history of chronic kidney 

disease, HIV status, indoor air pollution, presence of under 5 year olds in the 

household, prior pneumococcal vaccine, type of DM medication used and results of 

nasopharyngeal culture. Each questionnaire was assigned a unique identifier that was 

unique to each participant. The questionnaire was a simplified checklist thus did not 

need to be validated prior to administration. 

3.5.2 Data entry and validation 

The questionnaires were checked for completeness before data entry was done. Data 

from the questionnaire was then entered, into EpiData (version 3.1, EpiData 

Association, Odense, Denmark). Validation was ensured by use of data entry checks, 

use of unique identifiers and double data entry. 

3.5.3 Data protection and security 

All the data was de-identified and stored in a password protected computer that only 

the PI had access to. The computer was protected using an antivirus and all the data 

was backed up in password protected cloud storage. The data will be kept for a 

minimum of three years after completion of the study. 
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3.5.4 Data cleaning 

All data was assessed for missing data and consistency. Assessment for outliers was 

done using scatter plots and box plots. Distribution of continuous variables was 

assessed using histograms and normal probability plots. Missing data was excluded 

from the univariate and multivariate analysis, this did not affect the sample as this had 

been factored into the sample size calculation. 

3.5.5 Data analysis 

Data analysis was done using STATA version 13. Categorical variables were 

summarized as frequencies with corresponding percentages. Continuous variables 

were assessed for Gaussian assumptions using graphical methods such as normal 

probability plots and histograms. They were then summarized using the mean and 

corresponding standard deviation (SD) where the distribution was normal and using 

median and the corresponding inter quartile range (IQR) where the assumptions were 

violated. Association between nasopharyngeal carriage of S. pneumoniae and 

categorical variables was assessed using Pearson’s Chi Square test. Fisher’s exact test 

was used whenever the Chi Square assumptions were violated. Association between 

continuous variables and nasopharyngeal carriage of S. pneumoniae was assessed 

using the unpaired t test where the distribution was normal and using Wilcoxon rank 

sum test where the Gaussian assumptions were violated. Factors associated with 

nasopharyngeal carriage of S. pneumoniae were assessed using univariate logistic 

regression with results presented as odds ratios (OR) with corresponding 95% 

confidence intervals. Multivariate logistic regression was carried out on all factors 

associated with nasopharyngeal carriage of S. pneumoniae from the univariate 

analysis and those that were determined as a priori including age, sex, area of 
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residence, type of cooking fuel used, presence of a child under 5 years old in the 

household, tobacco use, presence of URTI and use of antibiotics in the previous three 

months. Results were presented as adjusted ORs with corresponding 95% confidence 

intervals. Drug sensitivity was analyzed and presented as frequencies. 

3.6 Study limitations 

This study did have some limitations. We collected data on HIV status and chronic 

kidney disease from self-report which could have underestimated the persons with 

HIV and chronic kidney disease in the study. Data on vaccination status of children 

under 5 years of age living with the participants was not confirmed with the 

vaccination cards. 

3.7 Ethical considerations 

This study was approved by the Institutional research and ethics committee (IREC) at 

MTRH. 

Informed consent was sought from all participants prior to performing any study 

procedures. The study was explained to the participants in detail in a language they 

were comfortable with. A translator was sought where required. All study procedures 

were explained to the patients prior to performing them and consent obtained. 

Participants were free to decline participation in the study and were not denied care. 

3.8 Dissemination of results 

The results of the tests and procedures were communicated to all the participants and 

their clinicians. The findings will also be shared with DM patient support groups, 

stakeholders such as the Ministry of Health, DM management Institute (DMI) and the 
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International DM Federation (IDF). The results will also be disseminated through a 

written thesis and an oral defense in a forum that shall be convened by the School of 

Medicine (SOM). The results will also be shared with MTRH and published in peer-

reviewed journal. The printed thesis will be available at the Moi University School of 

Medicine (MUSOM) library. This study will be published in a peer reviewed journal 

and presented in professional conferences and seminars.  
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CHAPTER FOUR: RESULTS 

4.1 Participants recruited 

The study was conducted between the months of April and June 2017. A total of 135 

participants were approached for enrollment into the study from the DM clinic. Of 

these, 124 completed the study and were included in the final analysis. 

A total of 132 participants were approached for enrollment into the study from the eye 

clinic. Of these 121 completed the study and were included in the final analysis.     

(Figure 2) 

 

Figure 2: Participant Recruitment flow chart 
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4.2 Demographic and clinical characteristics of participants 

Table 1: Demographic characteristics of participants screened for S. pneumoniae 

carriage at MTRH, Eldoret, Kenya 

Variable Total 

N=245 

DM Non-DM P 

value 

 n(%),mean (SD n(%),mean (SD) n(%),mean (SD)  

Age 43.69 (16.15) 50.50 (16.44) 36.71(12.50) <0.001 

Sex     

Male 96 (39.18) 45 (36.29) 51 (42.15) 0.348 

Female 149 (60.82) 79 (63.71) 70 (57.85)  

Residence     

Rural  128 (52.24) 68 (55.28) 60 (49.59) 0.373 

Urban 117 (47.76) 55 (44.72) 61 (50.41)  

Fuel type     

Gas 46 (18.78) 13 (10.48) 33 (27.27) 0.001 

Firewood/charcoal/ 

Kerosene 

199 (81.22) 111 (89.52) 88 (72.73)  

Presence of under 5 

year old 

    

Present 64 (26.12) 41 (33.06) 23 (19.01) 0.012 

None 181 (73.88) 83 (66.94) 98 (80.99)  

Smoking      

   Never smoked 220 (89.80) 105 (84.68) 115 (95.04) 0.007 

   Past/current 

smoker 

25 (10.20) 19 (15.32) 6 (4.96)  
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Table 2: Clinical characteristics of participants screened for S. pneumoniae 

carriage at MTRH, Eldoret, Kenya 

Variable Total 

N=245 

DM Non-DM P 

value 

 n (%), Mean  

(SD) 

n(%),Mean 

(SD) 

n(%), Mean 

(SD) 

 

URTI in last 3 months     

Present 41 (16.73) 32 (25.81) 9 (7.44) <0.001 

None  204 (83.27) 92 (74.19) 112 (2.56)  

Antibiotic use last 3 

months 

    

Used 52 (21.22) 32 (25.81) 20 (16.53) 0.076 

None 193 (78.78) 92 (74.19) 101 (83.47)  

HIV status     

Positive 7 (2.86) 5 (4.03) 2(1.65) 0.447 

Negative 238 (97.14) 119 (95.97 119 (98.35)  

SBP 128.69 (17.05) 131.61 (20.33) 125.69 (12.24) 0.003 

DBP* 86 (17) 83 (16.50) 87 (14.00) 0.390 

BMI 25.52 (5.21) 25.76 (5.68) 25.28 (4.69) 0.240 

Duration of DM N=124     

<10 years  82 (66.13)   

>10 years  42 (33.87)   

HbA1c N=124  9.9 (2.52)   

<7.0%  22 (17.74)   

>7.0%  102 (82.26)   

Type of DM 

medication N=124 

    

Insulin based  85 (68.55)   

OGLA  36 (29.03)   

Lifestyle only  3 (2.42)   

*Median (IQR) 

There were more women (60.82%) than men enrolled into the study. There was an 

almost equal distribution between rural (52.46%) and urban (47.54%) dwellers. The 

mean age among all participants was 43.69 with only 10% being older than 65 years 

of age. Participants with DM were significantly older than those without DM 
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(p<0.001), had more history of smoking (15.32%, p=0.007) and upper respiratory 

tract infection in the previous 3 months (25.81%, p<0.001) than those without DM. 

More DM participants had used antibiotics in the preceding 3 months (25.81%) but 

this difference was not statistically significant (p=0.076). The mean systolic blood 

pressure among DM participants was 139.33 and was significantly higher than that in 

non-DM participants 127.84 (p=0.005). There were less participants with DM using 

safer fuel options than those without DM P<0.001. More DM than non DM 

participants had children under 5 years living with them (33.06%, p= 0.012). There 

was no difference in BMI between the two groups. Among the participants with DM, 

68.55% were on an insulin based regimen and of these 87.06% had poor glycemic 

control p=0.02 with HbA1c above 7%. Majority (66.13%) had a diagnosis of DM for 

less than 10 years. Of those who had had DM for more than 10 years, 85.71% were on 

insulin based regimen and were more likely to have poor glycemic control (97.62%, 

p=0.001) than those on other treatment modalities. 

 

4.3 Objective 1: Compare the prevalence of nasopharyngeal carriage of S. 

pneumoniae among DM and non-DM patients at MTRH 

Nasopharyngeal carriage of S. pneumoniae was 7.4% (95% CI 4.4, 11.4) among all 

the participants. It was 12.1% among participants with DM and 2.48% among non-

DM participants. This difference was statistically significant with a p value of 0.004. 
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4.4 Objective 2: Determine the socio-demographic and clinical factors associated 

with nasopharyngeal carriage of S. pneumoniae among patients at MTRH 

Table 3: Factors Associated with nasopharyngeal carriage of S. pneumoniae 

among DM and non-DM patients in MTRH, Eldoret, Kenya 

Variable Total 

N= 245 

Culture 

Positive  

Culture 

Negative 

P value 

 n (%), Mean  

(SD) 

n(%),Mean 

(SD) 

n(%), Mean 

(SD) 

 

Study Group     

DM 124 (50.61) 15 (12.10) 109 (87.90) 0.004 

Non-DM 121 (49.39) 3 (2.48) 118 (97.52)  

Sex     

Male  96 (39.18) 10 (10.42) 86 (89.58) 0.139 

Female 149 (60.82) 8 (5.37) 141 (94.62)  

Age 43.69 (16.15) 48.83 (18.34) 43.28 (15.94) 0.161 

Residence     

Rural 128 (52.24) 10 (7.81) 118 (92.19) 0.770 

Urban 117 (47.76)  8 (6.84) 109 (93.16)  

Smoking      

Never smoked 220 (89.80) 16 (7.27) 204 (92.73) 0.895 

Past/current smoker 25 (10.20) 2 (8.00) 23 (92.00)  

HIV status     

HIV positive 7 (2.86) 0 (0.00) 7 (100) 0.582 

HIV negative 238 (97.14) 18 (7.56) 220(92.44)  

Fuel type     

Gas 46 (18.78) 2 (4.35) 44 (95.65) 0.378 

Firewood/ Kerosene/ 

Charcoal 

 

199 (81.22) 16 (8.04) 183 (91.96)  

Presence of under 5 

year old 

    

Present 64 (26.12) 7 (10.94) 57 (89.06) 0.200 

None 181 (73.88) 11 (6.08) 170 (93.92)  
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URTI in last 3 

months 

    

Positive 41 (16.73) 3 (7.32) 38 (92.68) 0.646 

Negative 204 (83.27) 15 (7.35) 189 (92.65)  

Antibiotic use last 3 

months 

    

  Used 52 (21.22) 3 (5.77) 49 (94.23) 0.444 

None 193 (78.78) 15 (7.77) 178 (92.23)  

HbA1c N=124     

<7% 22(17.74) 2 (9.09) 20 (90.91) 0.479 

>7% 102 (82.26) 13 (12.75) 89 (87.25)  

Duration DM N=124     

< 10 years 82 (66.13) 8 (9.76) 74 (90.24) 0.264 

>10 years 42 (33.87) 7 (16.67) 35 (83.33)  

DM medication type 

N=124 

    

Insulin based 85 (68.55) 15 (17.65) 70 (82.35) 0.012 

OGLAs 36 (29.03) 0 (0.00) 3 (100.00)  

Lifestyle modification 

only 

3 (2.42) 0(0.00) 0 (100.00)  

*Median (IQR) 
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Table 4: Results of multivariate analysis of factors associated with 

nasopharyngeal carriage of S. pneumoniae among DM and non- DM patients at 

MTRH, Eldoret, kenya 

Participant 

Factor 

Unadjusted OR 

(95% CI) 

P 

value 

Adjusted OR 

(95% CI) 

P value 

DM 5.4 (1.53, 11.92) 0.009 6.2 (1.50, 12.57) 0.012 

Female gender 0.49 (0.19, 1.28) 0.146 0.39 (0.13, 1.11) 0.057 

Age 1.02 (0.99, 1.05) 0.785 0.98 (0.94, 1.02) 0.750 

Urban residence 0.87 (0.33, 2.30) 0.164 1.08 (0.37, 3.20) 0.993 

Fuel type 0.77 (0.5, 1.21) 0.395 0.82 (0.51, 1.31) 0.808 

Presence of 

under 5 year old 

1.89 (0.70, 5.13) 0.206 1.72 (0.55, 5.39) 0.395 

Smoking 1.10 (0.24, 5.13) 0.895 0.83 (0.16, 4.22) 0.390 

URTI last 3 

months 

0.99 (0.27, 3.61) 0.994 0.98 (0.12, 7.85) 0.729 

Use of 

antibiotics last 3 

months 

0.73 (0.20, 2.61) 0.625 0.74 (0.18,2.93) 0.660 

Hba1c >7%
*
 1.46 (0.31, 6.99) 0.670 1.32 (0.20, 8.56) 0.713 

Insulin use
*
 3.52 (0.94, 13.17) <0.001 5.19 (1.13, 23.64) <0.001 

Duration of 

DM>10 years
*
 

1.85 (0.62,5.51) 0.269 1.11 ( 0.28,4.32) 0.716 

*Factors assessed among DM participants only 

Having DM was associated with 5.4 higher odds of carriage of S. pneumoniae and this 

association was statistically significant (p=0.009). This association was observed even 

in the multivariate analysis where the odds rose to 6.2 times higher among DM 

participants. In the multivariate analysis, female gender was protective of colonization 

and this had borderline statistical significance (OR=0.36, p=0.057).There were more 

participants using unsafe fuel options who had a positive culture result for S. 

pneumoniae , this difference was however not statistically significant (p=0.378).There 

was no association between nasopharyngeal carriage of S. pneumoniae and presence 
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of under 5 year old child in the household, HIV infection status, age, area of 

residence, or smoking. Among participants with DM, those on an insulin based 

regimen were more likely to have nasopharyngeal colonization by S. pneumoniae 

(P=0.012). Participants on insulin based regimens also had longer duration of DM and 

worse glycemic control. There was, however, no association between nasopharyngeal 

carriage of S. pneumoniae with glycemic control or duration of DM.  

4.5.Objective 3: Determine the antibiotic susceptibility of nasopharyngeal 

isolates of S. pneumoniae to routinely used antibiotics. 

Table 5: Antibiotic susceptibility patterns of nasopharyngeal S. pneumoniae 

isolates in DM and non- DM patients at MTRH, Eldoret, Kenya  

Antibiotic Type Streptococcus 

pneumoniae 

Resistant 

N (%) 

Streptococcus 

pneumoniae 

susceptible 

N (%) 

Amoxicillin 3 (16.67) 15 (83.33) 

Azithromycin 0 18 (100%) 

Erythromycin 0 18 (100%) 

Cotrimoxazole 17 (94.44) 1(5.56) 

Cefuroxime 2 (11.1) 16 (88.89) 

Amoxicillin/Clavunate 1 (5.56) 17 (94.44 

  

Amoxicillin was the most routinely used at 67.31%. Macrolides were used by 9.61% 

with cotrimoxazole only used by 3.85%. cephalosporins were not routinely used. Of 

the S. pneumoniae isolates, 94.44% were resistant to cotrimoxazole and 16.67 % to 

amoxicillin. Despite their limited use oral cephalosporins (Cefuroxime) showed 

resistance in 11.1 % of the isolates while there was no documented resistance to 

macrolides. There was one cases each (5.56%) of resistance to intravenous 

cephalosporins and Carbapenems. 
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CHAPTER FIVE: DISCUSSION 

5.1 Prevalence of nasopharyngeal carriage of S. pneumoniae among all         

participants 

The prevalence of nasopharyngeal carriage of S. pneumoniae was 7.5% among all the 

participants. This is comparable to the 6.4% prevalence found in Kilifi Kenya among 

persons aged between 10 and 85 years (Abdullahi et al., 2008). Studies done in other 

populations have demonstrated different prevalence. In native Australian 

communities, the prevalence was as high as 22.8% (Mackenzie et al., 2010). This 

study differs with our studies in that their participants were exclusively a rural 

population, they used a modified WHO procedure to collect samples where the swab 

was left in the nasopharynx for 10 rather than 5 seconds and rotated through 360
0
 

rather than 180
0
. This would have led to the higher prevalence observed. 

5.2 Factors Associated with nasopharyngeal carriage of S. pneumoniae among all 

participants. 

In this study only DM was associated with nasopharyngeal carriage of S. pneumoniae 

among all participants. Female gender was protective of colonization with borderline 

statistical significance. Other studies have found conflicting association between sex 

and carriage of S. pneumoniae. In some studies female gender was protective 

(Cardozo et al., 2008; Mackenzie et al., 2010; Principi et al., 2015) while in others 

there was no association between carriage and sex (Abdullahi et al., 2008; Garcia-

Rodriguez and Fresnadillo Martinez, 2002; Usuf et al., 2014).  

There was no association of pneumococcal carriage with age. This is similar to 

findings in the Kilifi study (Abdullahi et al., 2008) which was conducted in a 

population comparable with ours. It differs with the Australian and American studies 
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which found reduction in pneumococcal carriage with increasing age. These studies 

had included children and adults while ours included only adults. The mean age of our 

participants 43.69years with only 10 percent being older than 65 years the age at 

which carriage is expected to peak. This could explain the observed lack of 

association with age. 

While indoor air pollution is expected to predispose to colonization by Streptococcus 

pneumoniae, there was no association with fuel type used in cooking in our study. 

This was despite most of the participants with a positive culture result using indoor 

polluting fuel sources. This finding differs from findings in the Australian study 

(Mackenzie et al., 2010) and Brazil study (Cardozo et al., 2008) where exposure to 

indoor smoke was associated with higher risk of colonization. It is however consistent 

with findings in a study conducted in Andean population which compared 

nasopharyngeal colonization among participants enrolled in a trial with improved 

stoves to reduce smoke and participants living in homes with open fires. There was no 

difference in nasopharyngeal colonization by S. pneumoniae among these groups 

(Howard et al., 2017).  

A history of cigarette smoking was not associated with colonization in our study. This 

is contrary to findings by Raman et al who demonstrated higher pneumococcal 

mucosal adherence among smokers than non-smokers (Raman et al., 1983). The 

difference in our study could be due to the small numbers of self-reported cigarette 

users.  

There were very few participants with rhinorrhea at the time of the study and we 

found no association with nasopharyngeal colonization with S. pneumoniae. This is 

contrary to findings in other studies where presence of rhinorrhea was associated with 
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higher S. pneumoniae carriage (Abdullahi et al., 2008; Cardozo et al., 2008; 

Mackenzie et al., 2010).The small number of participants with rhinorrhea in our study 

may explain this observed discrepancy with other studies.  

There were only six participants who reported being positive for the Human 

Immunodeficiency Virus and none was found to have a positive culture for S. 

pneumoniae. These small numbers may also have led to an underestimation of the 

association as most studies have demonstrated higher colonization among persons 

living with HIV (Conklin et al., 2016; Heinsbroek et al., 2015) .  

5.3 Prevalence of nasopharyngeal carriage of S. pneumoniae among participants 

with DM 

The prevalence of nasopharyngeal carriage of S. pneumonia was significantly higher 

among participants with DM at 12.1%. This is lower than the prevalence reported by 

the only other study done in a DM population in Italy which demonstrated a 

prevalence of 49.8% (Principi et al., 2015). This study, however, differs from our 

study as it included children and adolescents with DM and carriage of the 

pneumococcus has been demonstrated to be higher in younger persons and reduces 

with age (Abdullahi et al., 2008; Adegbola et al., 2014; Hill et al., 2006; Mackenzie 

et al., 2010). Although the participants with DM were older than the those with no 

DM in our study, this difference observed cannot purely be attributed to this as the 

mean age of the DM population was 50.5 years which is still below 65 years, the age 

at which susceptibility to colonization is anticipated to increase (Garcia-Rodriguez 

and Fresnadillo Martinez, 2002). The association with DM also remained after 

controlling for age in the multivariate analysis.  
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The higher prevalence of nasopharyngeal carriage of S. pneumoniae among 

participants with DM was observed despite a significantly higher proportion of 

participants with DM having a household member less than 5 years old. Presence of 

children under 5 years of age is expected to confer herd immunity to adults since this 

age group receives the pneumococcal vaccine as part of routine vaccination (Lexau et 

al., 2005; Ministry of Health, 2013). The observation in our study could indicate that 

the predisposition to colonization by S. pneumoniae in DM, as in other comorbid 

conditions for which vaccination indicated, is greater than would be sufficiently 

covered under herd immunity (Lexau et al., 2005). It could also signify an increase in 

colonization by non vaccinatable serovars of S. pneumoniae (Lexau et al., 2005; 

Mbelle et al., 1999). Vaccination status of these children was not confirmed by 

examination of vaccination cards and if a majority had not actually received the 

vaccine, then there was no benefit of herd immunity to be conferred to the adults in 

our study. 

In addition to higher prevalence of pneumococcal carriage, there were more cases of 

recent upper respiratory tract infection (URTI) and antibiotic use among participants 

with DM. This could be attributed to the higher rates of URTI expected in DM due to 

the immune dysfunction. There was however no association between nasopharyngeal 

colonization with S. pneumoniae and glycemic control suggesting some aspects of the 

immune dysfunction observed in DM is independent of glycemic control. This finding 

has been described in a study among women with DM that  demonstrated low levels 

of interleukins independent of glycemic control and attributable to intrinsic defects in 

cells of persons with DM (Geerlings et al., 2000).  

Participants on insulin alone had higher prevalence of carriage than those on other 

modes of treatment. They were also more likely to have DM longer and to have poor 
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glycemic control suggesting long standing dysglycemia may be a contributing factor 

to susceptibility to colonization with the bacteria. Long standing dysglycemia leads to 

suppression of myeloid and T cell function making it harder for patients with DM to 

mount an immune response to the initial colonization by S. pneumonia (Price et al., 

2010)  

5.4 Antibiotic susceptibility patterns of S. pneumoniae isolates 

Among the antibiotics investigated in this study, Amoxicillin was the most frequently 

used, this could be due to its affordability and over the counter availability. The 

pneumococcal resistance to amoxicillin was 16.7% which is comparable to that 

observed in the Gambia (Hill et al., 2006) and china (Wang et al., 1998) studies. It is 

much lower than that the 72% observed in the Uganda study (Blossom et al., 2006) 

.There was high resistance (94.4%) demonstrated to trimethoprim-sulphamethoxazole 

which can be attributed to its overuse and availability in previous years which could 

also explain its current unpopularity among clinicians with preference for use of 

amoxicillin. This finding is consistent with findings from the Uganda study which 

demonstrated a 99.9% rate of resistance. The Gambia and china studies had less 

resistance at 39% and 43.7% respectively. There was no resistance to macrolides in 

our study which is similar to findings in the Gambia and study. The Uganda study had 

only one resistance case with the Chinese study having 74% resistance. This 

difference could be attributed to the less availability and affordability of macrolides in 

developing countries as opposed to more developed nations like China. Our study 

demonstrated resistance to oral and intravenous Cephalosporins. With the increases in 

their use, this could signal rising resistance to these agents with the need to regulate 

their use to when absolutely indicated.  
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusions 

1. Patients with DM have higher rates of nasopharyngeal colonization with S. 

pneumoniae than patients without DM. 

2. There is demonstrated resistance of S. pneumoniae isolates to amoxicillin and 

cotrimoxazole with macrolides being relatively spared. 

6.2 Recommendations 

1. The ministry of health to adapt policy guidelines on pneumococcal vaccination 

aimed at reduction of the nasopharyngeal carriage of S. pneumoniae among 

patients with DM. 

2. Given the S. pneumoniae isolates resistance to cotrimoxazole, it should not be 

used for treating invasive RTIs unless supported by a positive culture and 

sensitivity result. 

3. Future research- longitudinal study to determine progression of colonization to 

invasive disease and outcomes among patients with DM in Kenya. 
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APPENDICES 

Appendix Ia: Consent for Participation (English) 

You are being invited to participate in a research study on the burden and risk factors 

of nasopharyngeal carriage of Streptococcus pneumoniae among DM and non-DM 

patient attending clinics in Moi Teaching and Referral Hospital. This study is being 

conducted by Dr. Wambui Charity who is a resident in Moi University School of 

Medicine Department of internal medicine. 

The study shall involve an initial interview of about 10 minutes. Subsequently you 

shall have your weight, height and blood pressure taken. An HbA1c test shall be done 

or a recent one obtained from the clinic file if you have DM. You will then have a 

sterile swab inserted into nasal cavity to perform the nasopharyngeal swab. If you are 

in the comparison arm, your blood glucose shall also be measured by finger prick.  

The benefit of participating in this study to you as an individual, is to get to know 

your health status as regards carriage of Streptococcus pneumoniae in your 

nasopharynx and your glycemic control by Hba1c. If you are in the control arm you 

will also benefit from knowing your blood sugar level. If any of these is found to be 

abnormal, it shall be communicated to your primary physician to facilitate further 

management. 

This research has minimal risk to you and will cause no harm. You however will 

experience some mild discomfort and pain during finger prick and collection of the 

nasopharyngeal swab and will on average spend an additional 30 minutes in the 

hospital. There are no costs to you for participating in the study.  

The results of the study will be stored in a database that is password protected and 

only accessible by those conducting the study. No one will be able to identify you or 

your results. Should the data be published, no individual information will be 

disclosed.  Your participation in this study is voluntary. If you decide to participate, 

you can change your mind later and quit the study before the end of the study. If you 
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decide not to participate, or if you quit the study, it will not affect the health care 

services you receive at the clinic. By signing this document, you are voluntarily 

agreeing to participate. You are free to decline to answer any particular question you 

do not wish to answer for any reason.  

If you have any questions about the study, please contact Dr. Wambui Charity on cell 

phone number 0721270365. The Institutional Review and Ethics Committee of Moi 

University and Moi teaching & Referral Hospital has reviewed our request to conduct 

this project.  

I have read this informed consent and authorization form. ALL OF MY QUESTIONS 

HAVE BEEN SATISFACTORILY ANSWERED, AND I WANT TO TAKE PART IN 

THIS RESEARCH STUDY. By signing below, I give my permission to participate in this 

research study and for the described uses and releases of information. 

 

Signature of the participant ___________________________________ Date_________ 

Witness (if appropriate)_____________________________________ Date__________ 

Signature of person giving consent______________________________ Date_________ 
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Appendix Ib: Consent for Participation (Swahili) 

IDHINI YA KUHUSISHWA 

Unaalikwa kushiriki kwenye utafiti juu ya ukoloni wa pua na vimea vya ugonjwa wa 

―pneumonia‖kati ya wagonjwa  wa kisukari kwenye  Kliniki ya MTRH Kenya. Utafiti 

huu unafanywa na Wambui Charity daktari mwanafunzi katika Chuo Kikuu Cha Moi. 

Uchunguzi huu utahusisha majadiliano ya awali ya dakika 10. Kisha, utapimwa kilo, 

urefu na shinikizo la damu. Kiwango cha sukari kwa damu na kipimo maalum cha 

miezi tatu(HbA1c). kisha usufi utatiwa kwenye pua kutafuta vimea. Utafiti huu 

hautakugharimu malipo yoyote. 

Matokeo ya utafiti huu yatawekwa siri kwenye orodha iliyo na ulinzi kamilifu na 

ambao unaweza kufikiwa na watafiti peke yao. Hamna yeyote mwingine atakayeweza 

kufikia matokeo ya vipimo yako. Ikiwa matokeo yatachapishwa, habari zozote za 

kibinafsi hazitachapishwa. Uhusishwaji wako kwenye utafiti huuni ni wa hiari. 

Ukipenda kushirikishwa, unaweza kubadili nia baadaye na kujiondoa kabla ya utafiti 

kumalizika. Ikiwa hungependa kushirikishwa ama ukijiondoa, hio haitaadhiri 

matibabu utakayopewa. Kwa kutia sahihi hati hii unatoa idhini ya kushirikishwa kwa 

hiari yako. Pia una uhuru wa kutojibu swali lolote utakalopenda kutojibu kwa sababu 

yoyote ile. 

Kwa maswali yoyote juu ya utafiti huu, tafadhali wasiliana na daktari Wambui 

Charity kwa nambari 0721270365 au Kamati ya Maadiliya Tathmini na Utafitiya 

Chuo Kikuu cha Moi na Hospitali ya Rufaa na Mafunzo ya Moi imetathmini ombi 

letu la kuendeleza utafitihuu. 

Nimesoma nakuelewahatihiiyaidhiniyahiarinakutoaridhaa. MASWALI YANGU YOTE 

YAMEJIBIWA KWA NJIA INAYORIDHISHA. Kwakutiasahihihapa, 

naidhinishakuhusishwakwangukwenyeutafitihuupamojanakuchapishwanakutumiwakwama

tokeoyake. 

Sahihi ya mshiriki ___________________________________ Tarehe_________ 

Shahidi (kama inafaa)_________________________________Tarehe_________ 

Sahihi ya mtu anayepana idhini________________________Tarehe_________ 
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Appendix II: Questionnaire 

Study number …………………………………… 

Age……………………………………………………. 

Gender ……………………………………………. 

Weight…………………………………………….. 

Height………………………………………………. 

BMI………………………………………………….. 

Blood Pressure…SBP……../DBP………. 

Known hypertensive?  

Yes        No            Unknown  

Duration of known hypertension diagnosis……………… 

Random Blood Sugar……………………….. (For non DM only) 

Area of residence ……………………………. 

Location                Rural              urban             unknown   

Known DM 

Yes        No            Unknown  
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Duration of known DM diagnosis……………………………… 

Recent HbA1c --------------% test date…………………………… 

Known CKD 

Yes        No            Unknown  

HIV status 

Positive       Negative            Unknown  

Source of energy for cooking 

Firewood       charcoal            Biogas    kerosene other  

Any under 5 year old in the homestead 

Yes                          No  

Previous pneumococcal vaccination 

Yes                          No  

Current medication use 

Insulin              oral glucose lowering agent’s             lifestyle only             all  

Use of antibiotics in the last 3 months 

Yes           No  

If yes, which one ……………………………………………. 

Does the patient have active rhinorrhoea? 

Yes                          No  

Has the patient had an upper respiratory infection in last 3 months? 

Yes                          No  

NP culture results 

Streptococcus Pneumoniae culture    Positive                          Negative 
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If positive; Antibiotic susceptibility 

Amoxicillin     Susceptible                         Not Susceptible  

Erythromycin    Susceptible                         Not Susceptible  

Azithromycin    Susceptible                         Not Susceptible  

Cotrimoxazole    Susceptible                         Not Susceptible  

Cefuroxime    Susceptible                         Not Susceptible  

Other organisms cultured: 
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Appendix III:  Procedures Performed 

Measurement of Blood Pressure 

Blood pressure was measured using an Omron M2 compact upper arm blood pressure 

(BP) monitor (Omron Healthcare, Inc., 1200 Lakeside Drive, Bannockburn, Illinois 

60015). The patients were allowed at least 15 minutes rest in a relaxed sitting position 

with no tight fitting clothing on the upper arm, or any thick clothing such as a sweater. 

Measurement of blood pressure was done before drawing of any samples. 

Steps followed: 

1. The participant was positioned seated upright with the back straight and right 

arm placed on the table so that the cuff was on the same level as the heart.  

2. The blood pressure machine cuff was wrapped on the arm so that the bottom 

of the cuff was at least 1cm above the elbow. The cuff was then fastened 

snugly.  

3. The start button on the blood pressure machine was then be pressed and the 

cuff allowed to automatically inflate to take the blood pressure reading.  

4. Blood pressure and pulse rate results were the displayed on the on the screen 

of the blood pressure machine.  

5. The results of the blood pressure readings were then recorded on the data 

collection pro-forma.  

6. Where an error occurs during the process, the cuff was deflated and the 

process repeated. 

7. High blood pressure readings (Systolic BP >140mmHg and Diastolic BP 

>90mmHg) were confirmed manually using a mercury sphygmomanometer. 
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Measurement of Height 

The participants’ height was measured using a Mechanical roll-up measuring tape 

(Seca 260) with wall attachment at the nursing station.  

 

Below are the steps that were followed in measuring height: 

1. The participant was asked to remove their footwear (shoes, slippers, sandals, 

etc.) and head gear (hat, cap, hair bows, comb, ribbons, etc.). However, those 

with a scarf or veil were not be asked to remove them as measurement may be 

taken over light fabric. 

2. Participants were asked stand next to the wall facing the research assistant or 

the principal investigator with feet together, heels against the wall and knees 

straight. 

3. Participants were then asked to look straight ahead and not tilt their head up 

and the research assistant or principal investigator made sure eyes were the 

same level as the ears to ensure no tilting. 

4. The measuring arm was then moved gently down onto the head of the 

participant and the participant asked to breathe in and stand tall. 

5. The height was read in centimeters at the exact point and the participant asked 

to step away from the wall. 

6. The height measurements in centimeters were recorded in the participant’s 

data collection pro-forma. 
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 Weight Measurement 

The weight was measured with a 762 Dial Bathroom Floor Scale positioned at the 

nursing station.  

Below are the steps that were followed in measuring weight: 

1. The scale was placed on a firm, flat surface. 

2. Participants were asked to remove their footwear (shoes, slippers, sandals, 

etc.). 

3. The participants were then asked to step onto scale with one foot on each side 

of the scale. 

4. Participants were asked to: stand still, face forward, place arms on the side and 

wait until they were asked to step off after their weight had been measured. 

5. The weight in kilograms was recorded on the participant’s data collection pro-

forma. 

 

BMI calculation: 

BMI was calculated using the measured weight and height using the formula 

Weight (kg) 

Height (m) 
2 

Expressed as Kg/ M
2
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Procedure for Drawing Finger Stick Blood 

Finger stick blood was drawn for HbA1c and RBS measurement. The procedure was 

explained to the participant and verbal consent obtained. Universal safety procedures 

were observed. Finger stick blood was drawn from the second or third finger of the 

less dominant hand.  

Steps followed; 

1. The finger and site were selected. 

2. Finger was cleaned with alcohol/methylated spirit and allowed to air dry to 

decrease hemolysis and not alter glucose results. 

3. Spring activated lancet was applied to the selected finger and a little puncture 

is made. 

4. The first drop of blood wiped away. 

5. Approximately 4 drops of blood (35µL) were collected using a capillary tube. 

6. An adhesive bandage was placed on the puncture site once the procedure was 

done. 

Procedure for Measuring Hba1c 

Finger stick blood was drawn following the procedure outlined above. 

1. Using the capillary tube, the whole blood was transferred to a DCA HbA1c 

immunoassay test cartridge for use with the DCA vantage analyzer. 

2. The DCA vantage analyzer was pre calibrated using a provided calibrator. 

3. The Cartridge containing the sample was then loaded into the analyzer. 

4. The analyzer automatically run the test and results given within 6 minutes. 

5. The results were displayed on the screen as a percentage with ranges from 

2.5% to 14%  

6. The results were recorded in the participants’ data collection pro forma. 
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Procedure for Measuring RBS 

Finger stick blood was drawn as outlined above 

1. Using the capillary tube, the whole blood was transferred onto an 

Optium H test strip which was read on an Abbott Optium Exceed 

Glucometer 

2. Results were displayed on the screen in the range of LO (<1 mmol/L) 

to HI(>30mmol/L) 

3. Results were recorded in the participants’ data collection pro forma. 
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Appendix IV: Approval letters from MTRH and IREC  
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