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ABSTRACT 

Background: Diarrhea is still a major cause of disease burden worldwide. Very 

limited information is available about the burden, etiology and factors associated 

with bacterial diarrhea in individual aged 5 years and above in Tanzania. Therefore 

this study was conducted to fill this gap.  

Methods: Across sectional analytical study was conducted among individuals 5 

years and above presenting with diarrhea at Dodoma Regional Referral Hospital and 

St Gemma’s Hospital from February 2019 to June 2019. Convenient sampling was 

used to obtain eligible participants. Fresh stool specimens were collected for 

analysis. Standard bacteriological procedures were employed to isolate the bacteria 

and assess the drug sensitivity patterns of the isolates, and SPSS version 21 used to 

analyze data. Associations between variables were tested by univariate model. The 

factor(s) with p value less than 0.05 was considered as statistically significant and 

was subjected to multivariate analysis to adjust the effect of other confounders.. 

Results: A total of 362 participants were recruited into the study. The prevalence of 

bacterial diarrhea was 7.2%. The most common isolate was Shigella spp. 18(69.2%), 

followed by Salmonella spp 5 (19.2%), and E.coli 3(11.6%). High levels of 

sensitivity were observed for Ciprofloxacin and Gentamycin (80 - 100%). The 

factors which independently showed significant association with bacterial diarrhea 

were bloody diarrhea, insufficient water supply and no water treatment. 

Conclusion: The prevalence of bacterial diarrhea was 7.2%. Shigella and Salmonella 

spp were the most common isolates. Ciprofloxacin and Gentamycin were most 

effective drugs. Bloody diaarhea, insufficient water supply and no water treatment 

were the factors independently associated with bacterial diarrhea. Implementation of 

water and sanitation interventions is therefore important in prevention and control of 

bacterial diarrhea. 
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OPERATIONAL DEFINITIONS 

 Diarrhea is a passage of a loose or watery stools that occurs three 

times or more in 24 hour period (Shane et al., 2017) 

 Acute diarrhea is defined as a passage of a looser or more frequent 

stools that lasts less than 14 days in duration (Carlson, 2016) 

 Persistent diarrhea – is the passage of loose stool, typically lasts 

for more than 14 but less than 30 days in duration (Dupont, 2016) 

 Chronic diarrhea – is a passage of loose stool that typically lasts > 

30 days in duration (Carlson, 2016) 

 Dysentery, is defined as a passage of loose stool with visible blood or 

mucus (Pfeiffer, Dupont, & Ochoa, 2012).  

 Hand washing at critical times; is a tendency of washing one’s  

hands before serving the child, after toilet use and before and after 

cooking foods (Anteneh, Andargie, & Tarekegn, 2017). 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Diarrhea is defined as a loose or watery stools that occurs at least three times in a day 

(Shane et al., 2017). It is a major cause of disease burden worldwide (Murray et al., 

2014) and among all ages (Boschi-Pinto, 2008).  For individuals 5 years and above 

moderate to severe diarrhea can cause one to restrain from working or a child abstain 

from school and thus may need medical intervention. A severe type of diarrhea can 

lead to hospital admission, serious complications such as electrolyte imbalance, 

vascular collapse and renal failure; and in some cases death (Soleimani, 

Foroozanfard, & Tamadon, 2017). 

Most of the time enteric bacteria are highly associated with severe or bloody diarrhea 

(Hodges & Gill, 2010). For example, in a study that involved both adults and 

children with  acute diarrhea, a bacterial isolates were identified in 29% of cases 

(Sambe-Ba et al., 2013). A study done in Kenya to assess antibiotic susceptibility 

profiles of bacteria isolates obtained from adult patients presenting with diarrhea 

found that  E. coli was the most common identified pathogen followed by Shigellae , 

Salmonella spp, Proteus spp and Klebsiella spp, (Ampaire, Muhindo, Mwanga-

Amumpaire, Bebell, & Boum, 2016) and the isolates were resistant to more than four 

antibiotics erythromycin , cotrimoxazole , co-amoxilav, tetracycline, 

chloramphenical , ciprofloxacin  and , cefotoxim (Juma et al., 2015). 

Several previous studies have identified a number of risk factors that contribute to 

the onset of diarrhea. They include food/drink contaminate, household behaviors, , 
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restaurant sanitation, distance between the septic tank and well water, and 

environmental hygiene (Badowski et al., 2011; Navab-daneshmand et al., 2018).  

A significant association between persistent diarrhea and HIV infection has been 

mostly highlighted in tropical region especially in severely immunosuppressant 

patients (Mengist, Taye, & Tsegaye, 2015). 

Studies of diarrhea in Africa have mostly focused on children under 5 years old 

(Arena et al., 2014; Nitiema et al., 2011) and rural settings (Mandomando et al., 

2007; Mashoto, Malebo, Msisiri, & Peter, 2014). Despite the prevailing cases of 

diarrhea in Dodoma, no published information is available about the burden, 

etiology, sensitivity profile and factors associated with bacterial diarrhea in 

individual aged 5 years and above presenting with diarrhea in Dodoma.  

The aim of this study was therefore, to determine prevalence of bacterial diarrhea, 

etiology and risk factors among individuals aged 5 years and above in Dodoma, 

Tanzania. 

1.2 Problem Statement 

The recent data published by WHO in 2017 showed that deaths in Tanzania due to 

diarrheal illnesses reached 29,645 which is equal to 7.95 percent of total deaths 

(WHO, 2017). The age adjusted Death Rate reached 78.62 per 100,000 of population 

that ranks Tanzania number 18 in the world (WHO, 2017). According to the 

reference made to the inpatient registry at DRRH, there is an average of 50 patients 

per month admitted with diarrhea at the facility (unpublished data) and yet the 

burden of bacterial diarrhea, common bacterial agents and associated factors are not 

clear to the clinicians. 
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Most of the studies on diarrhea have been conducted on children under 5 years old in 

most parts of Africa (Alebel et al., 2018; Moyo et al., 2011), as a consequence only 

limited data about the burden and etiology of bacterial diarrhea in individuals 5 years 

and above in developing countries is available (Okeke, Ojo, Lamikanra, & Kaper, 

2003; Shapiro et al., 2001). 

Studies has found that bacterial diarrheal diseases led to morbidity and mortality in 

Africa, but data on antimicrobial susceptibility profile of enteric bacterial pathogens 

are limited (Juma et al., 2015). Most available cases are treated empirically without 

the knowledge of etiological agents or local antimicrobial susceptibility patterns. 

Therefore this study was conducted in Dodoma to determine prevalence of bacterial 

diarrhea, etiology, and risk factors among individuals aged 5 years and above 

presenting with diarrhea in this area. 

1.3 Objectives 

1.3.1 Broad Objective 

To determine the prevalence, etiology, sensitivity profile and factors associated with 

bacterial diarrhea among individuals aged 5 years and above in Dodoma. 

1.3.2 Specific Objectives 

1. To determine the prevalence of bacterial diarrhea among individuals aged 5 

years and above with diarrhea in Dodoma. 

2. To determine the common bacterial pathogens associated with bacterial 

diarrhea among individuals aged 5 years and above in Dodoma. 

3. To assess the sensitivity patterns of isolated bacteria from the stools of 

individuals aged 5 years and above with bacterial diarrhea in Dodoma. 
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4. To determine the demographic and household characteristics associated with 

bacterial diarrhea among individuals aged 5 years and above in Dodoma. 

1.4 Research questions 

1. What is the prevalence of bacterial diarrhea among individuals aged 5 years 

and above with diarrhea in Dodoma? 

2. What are the common bacterial pathogens among individuals aged 5 years 

and above presenting with bacterial diarrhea in Dodoma? 

3. What are the sensitivity patterns of isolated bacteria in the stools of 

individuals aged 5 years and above with diarrhea in Dodoma? 

4. What are the factors associated with bacterial diarrhea among individuals 

aged 5 years and above with diarrhea in Dodoma? 

1.5 Rationale of the Study 

The prevalence of bacterial diarrhea among children above 5 years and adults in 

Dodoma region has not been established so far as there are no available published 

data, therefore the results of this study revealed the burden of bacterial diarrhea and 

provided evidence based approach in developing of treatment guidelines. 

The findings of this study identified common bacterial pathogens and thereafter give 

the evidence based information which medical personnel will use to provide safer 

and successful empirical therapies, also the results are going to help set effective 

measures to reduce risks that would reduce morbidity and mortality due to bacterial 

diarrhea among patients in this area.  

Lastly, the knowledge gained could also be used in regions synonymous to Dodoma 

such as other regions in Tanzania and Sub-saharan countries which suffer similar 
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disease burden and lack sufficient evidence on the common enteropathogenic 

bacteria and factors associated with bacterial diarrhea among individuals aged 5 

years and above thus enhance appropriate treatment of diarrheal diseases.  
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CHAPTER TWO 

2.0 Literature Review 

2.1 Diarrhea and its burden 

All age groups have been affected by diarrheal diseases throughout the world 

(Troeger et al., 2017). By definition diarrhea is the passage of loose or watery stools, 

typically three times or more in a 24-hour period (Shane et al., 2017). Morbidity 

rates of diarrheal diseases have been revealed by previous studies on diarrheal 

disease among individuals five years and above ranging from 30 episodes to 88 

episodes per 100 person-year among adults in southeast Asia and eastern 

Mediterranean region respectively; rates had substantially been the same over 30 

years (C.L.F Walker & Black, 2010a). Mortality rates have been documented to be 

higher in under-fives than in individuals above five years, still the burden of 

diarrheal diseases among older individuals is higher accounting for nearly 2.8 billion 

diarrhea episodes (C.L.F Walker & Black, 2010a).  

Studies have shown that diarrheal disease rates vary across Africa. For example,  a 

study done in urban settings in Senegal on community-acquired diarrhea among 

children and adults showed that the prevalence of bacterial diarrhea was 29 percent 

(Sambe-Ba et al., 2013). A study done in Kenya by Sang et al., 2012 showed that 

prevalence of bacterial diarrhea among  patients of all ages presenting with diarrhea 

was 37.1 percent (Sang et al., 2012). 

While many studies have been conducted earlier on prevalence of diarrhea among 

under-fives, very limited literature is available targeting all age groups (C.L.F 

Walker, Perin, Aryee, Boschi-pinto, & Black, 2012), and also there is no local data 
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available on the prevalence of bacterial diarrhea among individuals aged 5 years and 

above. 

2.2 Associated factors 

Previous studies have identified a variety of risk factors for diarrheal diseases, 

including socio-demographic, drink contaminate, poor living standards, 

overcrowding, food contaminate, poor sanitation, and poor hand hygiene, distance of 

water source from household and well water, behavioral and environmental 

hygiene (Adane, Mengistie, Kloos, Medhin, & Mulat, 2017; Bbaale, 2011). A 

systematic review on the factors for prevention of diarrhea revealed inadequate 

personal hygiene, poor sanitation, limited access to clean water, and unsafe disposal 

of human feces being key risk factors for contracting pathogens which cause diarrhea 

(Cairncross et al., 2010). Furthermore, studies have shown that poverty to be a 

significant factor in causing diarrhea especially in those countries with highest toll of 

diarrhea (Talbert et al., 2012). 

Utilization of unpasteurized dairy products, raw or undercooked fish or meat may 

suggest certain pathogens, although it is often difficult to identify the potential 

source. The incubation period after a suspected offending food is  important clue to 

reach the diagnosis (Riddle, Dupont, & Connor, 2016).  

Studies have also suggested that the long term use of drugs which reduce gastric acid 

such as proton pump inhibitors [PPIs] may increase the chance of developing 

gastroenteritis by lowering the acidic environment that serves as an initial defense 

mechanism against gastrointestinal infections (Chen et al., 2016).   
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Most of patients with human immunodeficiency virus (HIV) especially those who 

are not on ART experience diarrhea that contributes to poor quality of life 

(Moshabela et al., 2014). Children who are HIV-positive may experience persistent 

diarrhea than among those who are HIV-negative (Moyo et al., 2017).  

A study done in the East African countries of Burundi, Rwanda and Tanzania 

revealed that incidence of diarrhea among children is associated with poor sanitation, 

young mothers, and the level of education of mothers (secondary school or less) 

(Connell, Quinn, & Scheuerman, 2017). More than 30-minute travel time to water 

source, rainy season and low wealth index have been associated with increased risk 

of diarrhea (Connell et al., 2017). According to Kabhele et al., risk factors associated 

with childhood diarrhea are unplanned settlement and behaviour of mother and child 

washing hands during critical time (Kabhele, New-aaron, Kibusi, & Gesase, 2018). 

A study done in Bagamoyo, Tanzania indicated that both water and hands are 

important for bacterial pathogen transmission (Mattioli, Pickering, Gilsdorf, Davis, 

& Boehm, 2013).  

2.3 Clinical presentation 

Clinical presentations of diarrheal diseases do greatly vary depending on the 

causation, duration, and severity of the disease, intestinal region affected, and on the 

general health of the patient. Most of the time watery diarrhea, typically of large 

volume, with abdominal cramping, bloating, and gas suggest small bowel origin. A 

persistent diarrhea can lead to weight loss. Fever is rare accompanying feature and 

occult blood or inflammatory cells are also rare in the stool. In contrast, diarrhea with 

increased frequency, regular, small volume, and often painful bowel movements 

suggest large bowel origin. Fever is a common presentation. Bloody or mucoid stools 
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are common, and red blood cells and inflammatory cells can be routinely seen on 

stool microscopy (Table 1).  

Table 2. 1:Clinical features of bacterial diarrhea.  

 

Source: Acute Diarrhea in Adults and Children: A Global Perspective (Farthing et 

al., 2013) 

In a prospective study done in Senegal to determine etiologies of diarrheal infections 

in indididuals living in urban settings revealed that most common symptoms were 

abdominal pain, body weakness and vomiting (Sambe-Ba et al., 2013). 

Presence of fever, bloody or mucoid stools which are large bowel inflammatory 

signs suggest invasive infection with either enteric bacteria, viruses, or protozoa such 

as Entamoeba histolytica (Riddle et al., 2016). According to a study done in Kenya 

by Njuguna et al., bloody diarrhea cases mostly present with abdominal pain, 

mucous in stool, abdominal discomfort and anorexia (Njuguna et al., 2016). 

javascript:void(0);
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2.4 Etiologies of diarrhea 

There are two main types of diarrhea which are infectious and noninfectious. 

Noninfectious diarrhea is caused by many factors other than infections, including 

inflammatory bowel diseases, appendicitis, and immunosuppression (Enav, 

Mogilner, Jaffe, & Shaoul, 2002).  

Infectious diarrhea is usually caused by a variety of infectious agents such as 

bacteria, viruses, and parasites. According to previous review on the Global Burden 

of Disease (GBD), there are more than ten etiologies for diarrhea in the cause list for 

2010  (Lozano et al., 2012; Ma et al., 2014). Studies have revealed that most cases of 

acute diarrhea are due to viral infections, as it was also evident in most studies that 

bacterial diarrhea is only 1.5 to 5.6 percent of cases (Shane et al., 2017).  

Bacterial causes have been associated with most of severe diarrhea. For example, the 

burden of bacterial diarrhea was found to be 44 percent in a study of 104 patients 

presenting with acute diarrhea of which Campylobacter spp. and Salmonella 

spp. were the most common bacterial pathogens (Jansen et al., 2008). 

The most common bacterial causes of diarrhea are Campylobacter, Shigella, 

Salmonella, enterotoxigenic Escherichia coli, Clostridium difficile, and others 

(Musher & Musher, 2004; Pires et al., 2015). Study done in Cameron showed that 

Escherichia coli was the most common enterobacteria (Ateudjieu et al., 2018). 

Another study done by Viswanathan et al  showed that diarrhea is caused by certain 

strains of Escherichia coli, such as EHEC (enterohemorrhagic Escherichia coli) or 

Yersinia (Viswanathan, Hodges, & Hecht, 2009). A systematic review on the 

etiology of diarrhea in individuals older than 5 years found that Escherichia coli and 
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V. cholerae O1/O139 were the leading causes of hospital admissions. 

Campylobacter species, followed by Salmonella species were most frequent cause of 

bacterial gastroenteritis among HIV-infected (Kebede, Aragie, & Shimelis, 2017). 

Other frequently isolated pathogens included Aeromonas spp., Salmonella spp., and 

Plesiomonas shigelloides (Ahmed, Hoque, Elahi, Endtz, & Hossain, 2012). A study 

done in Ethiopia revealed that Shigella and Salmonella are still challenging 

pathogens in children < 5 years of age (Gebreegziabher, Gebremichael Asrat, Daniel 

W/Amanuel, Yimtubezinash Hagos, 2018). Bloody diarrhea is relatively not 

common and mostly indicates E. coli infection (E. coli O157:H7). Other bacterial 

causes of bloody diarrhea are Shigella, Salmonella species and Campylobacter. The 

frequent occurrence of bacterial gastroenteritis among HIV-infected individuals was 

associated with Campylobacter species, followed by Salmonella species (Kebede et 

al., 2017). The bacterial agents causing diarrhea have been summarized by DuPoint 

in 2014 as the most known causes of bacterial diarrhea in both bloody and nonbloody 

diarrhea (Table 2).  
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Table 2. 2: Possible causes of acute bacterial diarrhea (DuPont, 2014) 

Agent Non bloody diarrhea Bloody diarrhea 

Bacterium  Enterotoxigenic Escherichia 

coli (traveller’s diarrhea) 

 Shigella spp 

 Salmonella spp 

 Vibrio parahaemolyticus 

 Yersinia spp 

 

 

 

 Shigella spp 

 Salmonella spp 

 Campylobacter spp 

 E. coli producing 

Shiga-like toxin 

(e.g., E.coli O157:H

7 and other strains) 

 Aeromonas spp 

 Yersinia spp 

 

Noninfectious etiologies such as inflammatory bowel disease or ischemic colitis can 

also cause bloody diarrhea. A study done in Kenya showed that Shigella was the 

most prevalent bacterial pathogen for bloody diarrhea cases (Njuguna et al., 2016).  

No literature available on local etiologies of bacterial diarrhea among individuals 

aged 5 years and above (Troeger et al., 2017) 

2.5 Antimicrobial Sensitivity Patterns 

Antimicrobial resistance in resource-limited settings is increasingly common 

(Kebede et al., 2017; Leopold, Leth, Tarekegn, & Schultsz, 2014),  and this could be 

due to irrational use of antibiotics in the management of diarrheal diseases. Studies 

has shown that many of the bacteria that cause infectious disease no longer respond 

to widely available and common antibiotics (Huttner et al., 2013). The resistance has 
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emerged even to newer, more potent antimicrobial agents (Samal et al., 2008). 

Microbes that are resistant to at least 3 antimicrobial agents are conventionally 

referred to as “multidrug-resistant” and such organisms challenge existing treatment 

regimens for bacterial infections (Laxminarayan & Heymann, 2012). 

In a study done in Ethiopia by Kebede et al assessing the common enteric bacterial 

pathogens and their antimicrobial susceptibility pattern among HIV-infected 

individuals at the care and treatment clinic found that the majority of isolates was 

sensitive to Ciprofloxacin, norfloxacin, nalidixic acid, gentamicin, and ceftriaxone 

but showed resistance to chloramphenicol and trimethoprim sulfamethoxazole (SXT) 

(Kebede et al., 2017). 

A study done in Kenya to assess antibiotic susceptibility profiles of bacteria isolates 

obtained from patients presenting with diarrhea found that  E. coli was the most 

common isolate followed by Shigellae , Salmonella spp, Proteus spp and Klebsiella 

spp. The isolates were resistant to chloramphenical , cotrimoxazole, co-amoxiclav, 

erythromycin, ciprofloxacin, cefotoxime, and tetracycline (Juma et al., 2015).  

A systematic review on studies done in eastern Africa on enteric bacterial pathogens 

found that most of the researches were conducted in  Ethiopia and Kenya, and 

observed an increase in drug resistance in Uganda and Tanzania, however limited 

publications were identified from these countries (Omulo, Thumbi, Njenga, & Call, 

2015). Data from Tanzanian sources (2004-2014) on prevalence of antibiotic 

resistance revealed that E. coli was 81.6 percent and 77.7 percent resistant to 

ampicillin and cotrimoxazole respectively, than for Salmonella 64.7 percent and 59.3 

percent, respectively.  
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2.6 The management of patients with diarrhea 

Treatment recommendations vary greatly depending on the etiology, duration, and 

pathophysiologic mechanism of diarrhea (Carlson, 2016). Most cases of acute 

diarrhea are of viral etiology, and most cases resolve with symptomatic treatment 

alone. Ideally adequate rehydration with fluid and electrolyte are essential to the 

management of diarrheal illness (Riddle et al., 2016). Fluid management, including 

the type and quantity of fluids to administer, in a patient with diarrhea depends on 

the level of volume depletion (Farthing et al, 2013). 

Adding Zinc to the recommended treatment of diarrhea in children has been found to 

reduce the duration and severity of the diarrhea episode and lower the incidence of 

diarrhea (C.L.F Walker & Black, 2010b).  A study by Yakoob et al shown that Zinc 

supplement reduce mortality from diarrhea (Yakoob et al., 2011). 

Antibiotics are usually not indicated in the management of acute watery diarrhea, but 

they have significant role in the treatment of bloody diarrhea and during severe 

episodes of diarrhea (Farthing et al, 2013). WHO recommends that all episodes of 

diarrhea with blood in the stool must be treated with antibiotics (Traa, Walker, 

Munos, & Black, 2010). Antimotility agents such as loperamide are frequently used 

in combination with antibiotic therapy.  Loperamide alone provides symptomatic 

relief over placebo, but does not cure the disease (Riddle, Arnold, & Tribble, 2008). 

 Different meta-analysis has been done assess the benefit of using loperamide in 

combination with antibiotic therapy and revealed significant outcome over antibiotics 

alone (overall odds ratio: 2.6; 95% confidence interval: 1.8–3.6). Different antibiotic 

regimens were involved, including ciprofloxacin, ofloxacin, trimethoprim-

sulfamethoxale, , rifaximin, and azithromycin (Riddle et al., 2008)  
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However the unavailability of rapid diagnostics for enteric pathogens led most 

decisions on the use of antibiotics to be made empirically at the time of presentation.  

2.7 Conceptual framework 

INDEPENDENT VARIABLE   DEPENDENT VARIABLE 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1: Conceptual framework 
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CHAPTER THREE 

3.0 METHODOLOGY 

3.1 Study Design 

This was a hospital-based analytical cross-sectional study conducted from February 

2019 to June 2019. 

3.2 Study Area 

The study was conducted in two major hospitals in Dodoma Town. The hospitals 

included Dodoma Regional Referral Hospital, (DRRH) and St Gemma Hospital. 

Dodoma Regional Referral Hospital serves as a Referral hospital for a region which 

consists of about 7 districts including Dodoma Municipal, Bahi, Chamwino, 

Kongwa, Mpwapwa, Kondoa and Chemba. It has a bed capacity of 420 in total. The 

hospital serves between 300 and 500 outpatients in a day and about 250 to 280 

admissions (Unpublished hospital data).  

The St. Gemma Hospital is a medical project under the Congregation of St. Gemma 

Galgani Sisters within the Jurisdiction of the Dodoma Catholic Diocese. It is located 

about 10 km from Central Dodoma town serving as a District designated Hospital 

with 106 beds and attending both outpatients and inpatients. 

Dodoma, officially Dodoma City, is the national capital of The United Republic 

of Tanzania and the capital of Dodoma Region, with a population of 2,083,588 

(NBS, 2017) covering an area of 2,669 square kilometers. The region is located in 

the centre of the country with the coordinates 6°10′23″S 35°44′31″E. The climate is 

semi-arid with warm and rainy season from November to March and relatively warm 

temperatures for the rest of the year (Dodoma, 2017). 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Dodoma&params=6_10_23_S_35_44_31_E_region:TZ_type:city(410956)
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The water supply in Dodoma City is done by Dodoma Urban Water and Sanitation 

Autority (DUWASA). Groundwater has been currently a main water source for 

domestic uses. The water sources include Mkalama, Birigi and Hombolo dams 

together with Makutopora well fields, Chamwino borehole system and Mtumba 

boreholes. The anthropogenic activities contribute to the pollution of theses water 

sources, and the climatic change greatly reduce the precipitation therefore tend to 

reduce the quantity of water that seep into the ground (Dodoma, 2017). 

Makutopora artesian basin has been the main source of water for Dodoma City since 

1954 and thus Government declared this source to be a protected zone through 

Government Notice No. 302 published on 21/9/2012 (Dodoma, 2019). 

Wastewater management in Dodoma is by both onsite and off-site sanitation 

systems, whereby on-site sanitation is a predominant method of wastewater 

treatment and disposal (Dodoma, 2019). 
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Figure 3. 2: A map of Dodoma Region 

Source: https://en.wikipedia.org/wiki/Dodoma_District 
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3.3 Study Population 

This study included all individuals aged 5 years and above with history of passing 

three or more loose or watery stools in the 24-h period at the time of presentation at 

the selected hospitals in Dodoma from February 2019 to June 2019. 

3.3.1 Inclusion criteria  

Individuals aged 5 years and above with history of passing three or more loose or 

watery stools in the 24-h period at the time of presentation and voluntarily consented 

for HIV test. 

2.3.2 Exclusion criteria 

i. Patients who had used any antibiotic within the last 72 hours (Sang et al., 

2012) 

ii. Patients with known diseases associated with diarrhea such as inflammatory 

bowel disease (Ulcerative colitis or Crohn's disease) or irritable bowel 

syndrome, chronic pancreatitis, celiac disease, Whipple's disease.  

3.4 Sample Size Estimation 

In this survey the sample size was calculated using the Leslie Kish formula. 

 

N = Minimum sample size 

Z= Standard normal deviate corresponding to two sided specified significant level. 

This is 1.96 (at 95% confidence interval)  
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P= Prevalence of bacterial diarrhea among  patients of all ages presenting with 

diarrhea was 37.1%, According to the study done in Kenya by Sang et al., 2012 

(Sang et al., 2012). 

d = Margin of error which is 5%  

N = 0.371(1 – 0.371) (1.96 * 1.96) = 359 

0.05 * 0.05  

Therefore, estimated sample size is 359.  

The final sample size was supposed to be 359 but in order to increase the power of 

the study a total of 362 patients were enrolled in this study. 

3.5 Sampling Method 

Convenient sampling was employed to obtain the eligible participants to be included 

in the study, whereby subjects were selected due to their convenient accessibility and 

proximity to the researcher. This sampling technique was preferred because it is fast, 

inexpensive, easy and the subjects are readily available. In this study all individuals 5 

years and above with diarrhea attended outpatient clinic and those admitted in the 

medical wards at  DRRH and St. Gemma hospital were accessed and screened and 

those who met the inclusion criteria were asked for the consent to be involved in the 

study. 

3.6 Data collection methods and tools 

The investigator and research assistant provided the consent form or if a child, a 

parent/caretaker, was consented and explained the aim of the study.  
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Face to face interviews was conducted using a structured questionnaire administered 

to a patient or caretaker by a trained interviewer. Information included demographic 

information (e.g. sex, age, residence and season), the clinical symptoms (e.g. fever, 

abdominal pain, nausea, vomiting, hydration status and number of loose stools in 

24 h) household characteristics (e.g hand washing practices, sanitation infrastructure, 

source of drinking water, water storage and availability, water treatment, toilet 

facilities)  

Laboratory measurements were done for HIV status using SD Bioline HIV-1/2 3.0 

Kit and Uni-gold HIV Rapid Test, while stool macroscopy were done for 

consistency, color of the stool, and presence of mucus, blood or foam by direct 

observation. The culture characteristics were assessed by using culture media for 

bacterial growth and antibiotic sensitive profile.  

3.7 Stool sample collection and transport 

Participants were thoroughly instructed to defecate into a clean plastic bag but 

contamination with urine or water was to be avoided. The integral spoon was used in 

the sample container to collect enough feces with the criterion that each stool must 

be greater than 3 ml. The stool sample was put in a sterile screw-cap plastic container 

which coded with numbers. The top of the container was secured as this will prevent 

leakage. If the patient is incontinent, a stool sample was taken by a rectal swab. In 

taking rectal swab, the patient was put in a position that gives easiest access to the 

anus. One buttock was spread to the side by one hand, and with the other hand, the 

swab was gently inserted about 4 cm into the anal canal past the anal verge into the 

rectal vault. The swab was then slowly rotated 2 or 3 times, touching the walls of the 

rectum. The swab was taken out and put in the tube with Carl Blair media. The swab 
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was broken at the score line and the cap was put back on the tube tightly. The tube 

was then put in the plastic bag that contained the coded paper lab form. Eventually 

the sample was transported to the DRRH laboratory within two hour after collection. 

If there was a delay in transportation, plastic containers with specimens were put in 

into a cool box for transportation but they were processed within 12 hours. 

3.8 Laboratory Procedure 

Specimens of fresh stool were processed and tested in the DRRH laboratory. 

Samples were examined macroscopically for the consistency, the color, the presence 

or absence of mucus, blood or foam. All samples were processed as follows. 

2.8.1 Culture for bacterial enteric pathogens 

For detection of bacterial pathogens, stool samples were inoculated on Salmonella-

Shigella agar (SSA), MacConkey agar (MCA) (HiMedia Laboratories, Mumbai, 

India); MacConkey-sorbitol agar (Becton, Dickson and Company, Sparks, USA), 

Xylose lysine Deoxycholate (XLD) (European Pharmacopoeia), and thiosulphate-

citrate-bile salts-sucrose agar (TCBS) (Laboratorios Conda S.A , Madrid, Spain). 

Media were incubated aerobically at 35°C to 37°C for 24 to 48 hours and then sub-

cultured on the nutrient agar. The isolates were stored in Skimmed milk media with 

50% glycerol and stored in − 80 °C till further use.  

Identification of the strains was made using the Biochemical test Triple sugar Iron 

(TSI) agar (Roseto d. Abruzzi, Italy), Sulfide, Indole, Motility (SIM) medium 

(Roseto d. Abruzzi, Italy), Lysine Iron agar (Roseto d. Abruzzi, Italy), Indole test, 

Oxidase test, Citrate utilization test.  
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Antimicrobial susceptibility testing (AST) was performed using the Kirby-Bauer disc 

diffusion method. The Muller- Hinton agar (MHA) (Oxoid ltd, Basingstoke, 

Hampshire, England) was used for antimicrobial susceptibility test. The antibiotics 

(concentration per disc in µg) that were tested during the performance of the 

antibiogram consisted of commonly used antibiotics: β-lactams: Penicillins 

(Amoxycillin(100μg/disk, Amoxycillin + clavulanic acid 

(30 μg/disk);); Cephalosporins: Ceftriaxone  (30 μg/disk); Quinolones and 

fluoroquinolones: ciprofloxacin  (5 μg/disk)); Sulfonamides and combinations: 

trimethroprime-sulfamethoxazole  (1.25/23.75 μg/disk) - phenicolates: 

chloramphenicol (30 μg/disk);  Aminoglycosides: Gentamicin (30 μg/disk);.  

These antibiotics underwent quality control using the Escherichia coli ATCC 25922 

as the control strain. The sensitivity of this reference strain was tested to different 

antibiotic discs selected for this study. The diameters obtained were compared to the 

standard diameters. The technique of inoculums seeding was that of agar swabbing 

as described by Kirby and Bauer (CLSI, 2018). 

3.8.2 HIV Test 

A provider initiated testing and counseling for HIV (PITC)  performed to all 

participants  in accordance to National Comprehensive Guidelines for HIV 

Testing and Counselling (NACP, 2013). The results were confidential and only used 

for this study. The unique identification numbers were used instead of names to 

maintain patient confidentiality.  

3.9 Data Processing and Analysis 

Data were entered into a computer using Excel (Microsoft, Redmond, WA, USA) 

with secure access and cleaned. Data were stored in a personal computer with 
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inbuilt-files for back-up storage. The analysis was done by using Statistical Package 

for the Social Sciences (SPSS) computer program version 21 developed by IBM-

Incorporation in 2012.  

Categorical and continuous variables were presented by frequency or proportions 

(%) and means or median respectively. Associations between variables were tested 

by univariate model. The Fisher Exact test was used in addition to univariate model 

when the table consisted of a cell where the expected number of frequencies was 

fewer than 5. The factor(s) with p value of less than 0.05 was considered as 

statistically significant and was subjected to multivariate analysis to adjust the effect 

of other confounders. Data are presented in tables showing the socio-demographic 

characteristics and associated factors with p-value while chart and graph for 

prevalence 

3.10 Ethical considerations 

Ethical clearance and approval were sought from the University of Dodoma ethical 

committee. Further approval and permissions to conduct the study was sought from 

DRRH and St. Gemma hospital. Informed written consent was obtained from the 

patient or the parent/caretaker if the patient was a child, before inclusion in the study.   

Unique identification numbers were used to maintain patient confidentiality. The 

results of macroscopic examination were immediately communicated to the patients 

and clinicians attending the patient, while those of culture were reported after 24 

hours if there is no bacterial growth and those with bacterial growth on their 

specimens, the results were communicated as soon as possible after doing 

antimicrobial susceptibility testing such that the patients are managed according to 
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the existing protocols. The study protocol was conducted in accordance to the 

Helsinki Declaration Research Ethics Guidelines. 

3.11 Dissemination of research findings 

The study findings will be compiled and disseminated to the University of Dodoma 

and Internal medicine department of DRRH and St Gemma Hospital. The results will 

also be published in one of the medical journals. 

3.12 Source of Funds 

The costs of study were born by personal funds and I declare that there are no 

conflicts of interest. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Study Participants Enrollment 

From February 2019 to June 2019, a total of 420 patients assessed for eligibility for 

the study:  58 patients (13.8%) of these patients were excluded because they reported 

previous intake of antibiotic drugs and others did not consent for the study.  

A remaining total of 362 patients enrolled in the study, 318 (87.8%) from DRRH and 

44 (12.2%) from St Gemma’s Hospital.  

 

 

 

 

 

 

 

 

Figure 4. 1: Enrolment flowchart 
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4.2 Socio-demographic Characteristics 

A total of 362 participants who met inclusion criteria were recruited in this study, 

with about 72% being aged 18 to 59 years. Their mean age was 42.65±9.21 years. 

The youngest participant aged 7 years and the oldest was 99 years old.  More than 

half of participants were female and about forty six percent (46%) were married. 

Sixty three percent of participants had primary school education level and about 58% 

resides from urban. About fifty one percent of the participants were peasants (Table 

4.1). 
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Table 4. 1: Socio-demographic characteristics of the studied population (N=362) 

Character  Categories  Frequency (n) Percentage (%) 

Age categories 

(Years) 

   

 5 to 17 34 9.4 

 18 to 59 259 71.5 

 60 or more  69 19.1 

Gender     

 Male  154 42.5 

 Female  208 57.5 

Marital status     

 Single  105 29 

 Married  166 45.9 

 Widow/Divorced 91 25.1 

Education level     

 Informal  42 11.6 

 Primary school 228 63 

 Secondary school 73 20.2 

 University or college 19 5.2 

Residence     

 Urban  209 57.7 

 Rural  153 42.3 

Occupation     

 Peasant  183 50.6 

 Petty trader  104 28.7 

 Employed  50 13.8 

 Not employed  25 6.9 



29 

4.3 Prevalence of bacterial diarrhea 

Out of 362 participants of the study, 26 (7.2%) had stool culture positive in which 

most of isolates (76.9%) were found in individuals aged 18 to 59 years (Figure 4.2). 

 

Figure 4. 2: Prevalence of bacterial diarrhea among individuals aged 5 years 

and above presenting with diarrhea in Dodoma from February 

2019 to June 2019. 
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4.4 The commonest bacterial etiologies 

Among isolated bacteria, majority 18/26 (69.2%) were Shigella species, 5/26 

(19.2%) were Salmonella species, and 3/26 (11.6%) were Escherichia Coli as shown 

by figure 4.3 below. 

 

Figure 4. 3: The commonest bacterial pathogens associated with diarrhea 

among individuals aged 5 years and above in Dodoma from 

February 2019 to June 2019. 

4.5 The common bacterial etiologies by age group 

Shigella spp was the most common bacterial isolates in the study population, with 

the predominance of 83.3% in the age group of 18 to 59 years. One third of the 

isolated E. coli occurred in individuals less than 18 years and the remaining 2/3 

occurred in individuals aged 18 to 59 years. No Salmonella spp isolated in 

individuals less than 18 years. The only bacterial isolate in the individuals 60 years 

and above were Salmonella spp with the frequency of 40% as summarized by figure 

4.4 below. 
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Figure 4. 4: The commonest bacterial pathogens by age group associated with 

diarrhea among individuals aged 5 years and above in Dodoma 

from February 2019 to June 2019 

4.6 Sensitivity Patterns of isolated bacteria in the stools of individuals aged 5 

years and above with diarrhea in Dodoma from February 2019 to June 

2019 

Of all isolated Shigella species, majority 16/18 (88.9%) were sensitive to 

Gentamycin and 17/18 (94.4%) were sensitive to Ciprofloxacin and only 1/18 (5.6%) 

were sensitive to Ceftriaxone, 2/18 (11.1%) were sensitive to Chloramphenicol. Out 

of Salmonella species isolated, 4/5 (80%) were sensitive to Ciprofloxacin and 

Ceftriaxone and 5/5 (100%) were sensitive to Gentamycin. All isolated E. coli 3 
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(100%) were sensitive to Ciprofloxacin and Gentamicin. None of these isolated 

bacteria were sensitive to Amoxicillin, Amoxiclav and Co-trimoxazole (Table 4.2).  
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Table 4. 2: The sensitivity patterns of isolated bacteria in the stools of individuals aged 5 years and above with diarrhea in Dodoma from 

February 2019 to June 2019.  

Bacteria isolated  DRUG SENSITIVITY 

 AMOX AMOXCLV CIP SXT C CRO CN 

 (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) 

E. Coli spp. 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 0 (0) 3 (100) 

Salmonella spp. 0 (0) 0 (0) 4 (80) 0 (0) 0 (0) 4 (80) 5 (100) 

Shigella spp. 0 (0) 0 (0) 17 (94.4) 0 (0) 2 (11.1) 1 (5.6) 16 (88.9) 

Key: AMOX-Amoxacillin, AMOXCLV – Amoxiclav  CN-Gentamicin, , CRO-Ceftriaxone, SXT-Trimethoprime-Sulphamethoxazole,  

C-Chloramphenicol, CIP-Ciprofloxacin. 
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4.7 Association between demographic and household characteristics with 

bacterial diarrhea among individuals aged 5 years and above with diarrhea 

in Dodoma from February 2019 to June 2019 

In this study we did two models of analysis to get factors associated with bacterial 

diarrhea. Firstly the relationship between independent and dependent variables were 

tested using univariate analysis and the those with significant relationship were 

entered into multivariate model to find associated factors and their strength of 

influence after controlling for other confounders 

4.7.1 Demographic Characteristics 

There was no statistical significance association between demographic characteristics 

of the respondent and bacteria culture findings. Age (P = 0.214), gender (P= 0.980), 

marital status (P= 0.707), education level (P=0.897), residence (P= 0.407), 

occupation (P= 0.376) 

4.7.2 Diarrheal Characteristics 

Bacterial diarrhea was highly associated with bloody diarrhea. More than half 

18(69.2%) of participants with bacterial culture positive had bloody diarrhea 

compared to 8 (30.8%) with watery diarrhea (p-value, 0.025).  

There was no statistical significance association between duration of diarrhea 

diarrhea and bacteria culture findings (p-value, 0.117), household member had 

diarrhea diarrhea and bacteria culture findings (p-value, 0.057).  
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4.7.3 Household Characteristics 

Culture positive had more association with the use of well water compared to piped 

water. More than three-quarter of those with culture positive 21(80.8%) reported to 

use well water compared to 5(19.2%) who use piped water (p-value, 0.007).  

There was statistical significance association between distance of water source of the 

respondent and bacteria culture findings. Most of the participants with culture 

positive 24(92.3%) reported that their main source of drinking water is 100m or more 

compared to 2(7.7%) whose water distance is less than 100m (p-value, <0.001).  

Bacterial culture positive was highly associated with method of water storage. 

Majority of individuals with culture positive 25(96.2%) reported to use small 

containers and jerricans as their main method of water storage compared to only 

1(3.8%) whom they use water tank (p-value, 0.024). 

There was statistical significance association between water treatment and bacteria 

culture findings. More than three-quarter of individuals with culture positive 

23(88.5%) do not treat their drinking water compared to only 3(11.5%) who do treat 

water (p-value, 0.032).   

Bacterial diarrhea was highly associated with the use of pit latrine. Majority of 

individuals with culture positive 23(88.5%) reported to use pit latrine compared to 

only 3(11.5%) who use flush latrine (p-value, 0.028).  



36 

4.7.4 HIV Status 

There was no statistical significance association between HIV status of the 

participants, ART use and bacteria culture findings (p-value, 0.0285 and 0.240 

respectively) (Table 4.3).  

Table 4. 3: Univariate analysis of factors associated with bacterial diarrhea 

among individuals aged 5 years and above with diarrhea in 

Dodoma from February 2019 to June 2019 (N=362).  

Character  BACTERIA CULTURE Total p-value 

 Positive (n, %) Negative (n, %)   

 26 (7.2) 336 (92.8)   

Age categories (Years)     

5 to 17 4 (15.4) 30 (8.9) 34 0.214 

18 to 59 20 (76.9) 239 (71.1) 259  

60 or more 2 (7.7) 67 (10.0) 69  

Gender      

Male 11 (42.3) 143 (42.6) 154 0.980 

Female 15 (57.7) 193 (57.4) 208  

Marital status      

Single 9 (34.6) 96 (28.6) 105 0.707 

Married 12 (46.2) 154 (45.8) 166  

Widow/Divorced 5 (19.2) 86 (25.6) 91  

Education level      

Informal 3 (11.5) 39 (11.6) 42  

Primary school 18 (69.2) 210 (62.5) 228 0.897 

Secondary school 4 (15.4) 69 (20.5) 73  

University or college 1 (3.9) 18 (5.4) 19  



37 

Character  BACTERIA CULTURE Total p-value 

 Positive (n, %) Negative (n, %)   

 26 (7.2) 336 (92.8)   

Residence      

Urban 13 (50.0) 196 (58.3) 209 0.407 

Rural 13 (50.0) 140 (41.7) 153  

Occupation      

Peasant 16 (61.5) 167 (49.7) 183 0.376 

Petty trader 8 (30.9) 96 (28.6) 104  

Employed 1 (3.8) 49 (14.6) 50  

Not employed 1 (3.8) 24 (7.1) 25  

 Duration of diarrhea     

Less than 4 4 (15.4) 96 (28.6) 100 0.117* 

4 or more 22 (84.6) 240 (71.4) 262  

Household member had 

diarrhea  

    

Yes 0 (0) 44 (13.1) 44 0.057* 

No 26 (100) 292 (86.9) 318  

Long use of PPI     

Yes 0 (0) 15 (4.5) 15 0.613* 

No 26 (100) 321 (95.5) 347  

Household members have 

place for hand washing 

    

Yes 3 (11.5) 73 (21.7) 76 0.317* 

No 23 (88.5) 263 (78.3) 286  
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Character  BACTERIA CULTURE Total p-value 

 Positive (n, %) Negative (n, %)   

 26 (7.2) 336 (92.8)   

Household members wash 

hands with soap 

Yes 2 (7.7) 51 (84.8) 53 0.398* 

No 24 (92.3) 285 (15.2) 309  

Appearance of water 

household use in their 

home 

    

Good quality water 20 (77.0) 281 (83.6) 301 0.379 

Poor quality water 6 (23.0) 55 (16.4) 61  

Household blech (add 

chlorine) 

    

Yes 1 (3.8) 46 (13.7) 47 0.226* 

No 25 (96.2) 290 (86.3) 315  

Strain water through cloth     

Yes 1 (3.8) 23 (6.8) 24 0.554* 

No 25 (96.2) 313 (93.2) 338  

HIV status     

Positive 6 (23.1) 117 (34.8) 123 0.285* 

Negative 20 (76.9) 219 (65.2) 239  

ART use     

Yes 2 (33.3) 69 (58.9) 71 0.240* 

No 4 (66.7) 48 (41.1) 52  

*Fisher’s exact test 
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4.8 Multivariate analysis of the factors associated with bacterial diarrhea 

among individuals aged 5 years and above with diarrhea in Dodoma from 

February 2019 to June 2019 

Univariate analysis identified eight [8] factors that were significantly associated with 

bacterial diarrhea. The significant factors were included in the multivariate analysis 

to find their strength of influence after controlling for other variables in which 

bloody diarrhea [AOR 2.05 (CI 1.02 – 5.49) P= 0.012], insufficient water supply 

[AOR 2.17 (CI 1.56 – 4.97) P = 0.035], no water treatment [AOR 8.10 (CI 1.84 – 

22.85) P=0.017 remained independently and significantly associated with bacterial 

diarrhea at 5 % significance level (Table 4.4). 
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Table 4. 4: Regression analysis on factors for bacterial diarrhea among individuals aged 5 years and above with diarrhea in Dodoma 

from February 2019 to June 2019 (N=362).  

Variable  Univariate Multivariate 

 COR (95% CI) p-value AOR (95% CI) p-value 

Type of diarrhea      

Watery Reference    

Bloody 2.67 (1.09 – 6.48) 0.030 2.05 (1.02 – 5.49) 0.012 

Main source of drinking water      

Piped water Reference    

Well water/water bodies 3.73 (1.37 – 10.12) 0.010 2.88 (0.65 – 12.85) 0.166 

Distance of water source from your house (m)     

Less than 100 Reference    

100 or more 7.20 (1.67 – 30.98) 0.008 4.92 (0.65 – 37.03) 0.122 

Methods of water storage household use      

Water tank Reference    

Small container and Jerri-cans 6.94 (0.93 – 52.08) 0.026 0.99 (0.06 – 17.49) 0.997 
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Variable  Univariate Multivariate 

 COR (95% CI) p-value AOR (95% CI) p-value 

Household get sufficient water to use in their home     

Yes Reference    

No 2.49 (1.06 – 5.85) 0.037 2.17 (1.56 – 4.97) 0.035 

Household treat their water      

Yes Reference    

No 5.09 (1.49 – 17.28) 0.009 8.10 (1.84 – 22.85) 0.017 

Household boil water      

Yes Reference    

No 6.23 (0.83 – 46.78) 0.075 1.16 (0.07 – 20.17) 0.920 

Type of toilet household member uses     

Flush latrine Reference    

Pit latrine 3.58 (1.05 – 12.19) 0.041 0.52 (0.08 – 3.42) 0.493 
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CHAPTER FIVE 

5.0 Discussion of the results  

Previous studies in Tanzania have only documented the prevalence of bacterial 

diarrhea among under-fives, and mostly focused on a specific pathogen rather than a 

general burden of bacterial enteropathogens. This is the first study to the best of 

existing published evidence to address the prevalence of bacterial diarrhea in stool 

samples from individuals aged 5 years and above in Tanzania.  

The overall prevalence of bacterial diarrhea obtained from this study was 7.2%. That 

indicates roughly in every fourteen cases of diarrhea one suffers bacterial diarrhea. 

This prevalence is comparable  with most findings from other parts of the world that 

shown the prevalence to be between 1.5 to 5.6 percent in most cases (Shane et al., 

2017). 

 However, the overall prevalence found in this study is significantly lower than the 

one found in a study done in Kenya (37.1%) (Sang et al., 2012). The most probable 

explanation for this difference could be due to the environmental variations, the 

socio-demographic and behavioral differences of households in which most of 

participants in this study were from urban residence (57.7%) that they have better 

knowledge of sanitation and improved hygiene conditions in the homesteads. 

Another explanation could be due to improved water supply in areas with proximal 

vicinity to town comparing to communities studied in Kenya.  

The prevalence found in this study was even lower compared to the one found in 

Senegal (29%) (Sambe-Ba et al., 2013), and this could probably be due to the fact 

that the lower bacterial isolation were during the dry season in Dodoma which seems 

to result in decreased exposure to environmental pathogens and contaminated food 
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comparing to the time when a study in Senegal was done during a rainy season. 

Moreover, our prevalence is generally lower than those reported by most of  studies 

conducted in rural African areas (J. T. Brooks et al., 2006).  The prevalence in our 

study was also lower than that evidenced by Zhou et al in China (24.8%) (Zhou et al., 

2018). This could be due to the differences in geographical and cultural aspects.  

In this study the large proportion of diarrheal cases (92.8%) was found from 

individuals whom no recognized bacterial isolate was identified. This finding could 

be due to the fact that other nonbacterial causes could cause diarrhea, for example a 

study by Musher et al revealed that other organisms such as viruses including 

rotavirus, norovirus, adenoviruses, astrovirus, and others, and protozoa including 

Giardia, Entamoeba, Cryptosporidium, Cyclospora, and others being the  major 

causes of acute infectious diarrhea (Musher & Musher, 2004). It was beyond the 

scope of this study to screen specimens for the entire range of potential 

enteropathogens. Also this finding could be to the presence of some pathogens which 

cannot be detected by conventional microbiological methods, due to insufficient 

excretion. 

In this study the most isolated organisms were Shigella spp 18(69.2%) followed by 

Salmonella spp 5(19.2%), and E. coli 3 (11.6%). No double infections were found in 

the samples. The higher detection of Shigella infections could be explained due to its  

common occurrence in developing countries and in developed areas where sanitation 

is poor (Kotloff et al., 1999), and particularly in our study area due to insufficient 

water supply and most of studied population do not treat their drinking water. 

Our finding was almost consistent with the findings from a study done in Kenya 

which showed Shigella species (83.8 %), E.coli (11.3 %) being the most isolated 
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enteric pathogen (Njuguna et al., 2016). However, the detection rate of Shigella spp 

in this study is higher compared with a study done in Senegal which showed the 

detection rate of Shigella spp and pathogenic E. coli  (32.2%, 28/87) (Sambe-Ba et 

al., 2013). This difference in isolation of bacterial agents could be due to variations 

of the local climate and geography, and on socioeconomic factors.  

The prevalence of Shigella spp (4.97%) in our study was comparable to previous 

studies in Ethiopia 15 (6.9 %) (Beyene et al., 2011; Gebrekidan, Dejene, Kahsay, & 

Wasihun, 2015). It was almost in line with studies from Trinidad (8%) (Orrett, 2008), 

This was lower than studies done in Tehran (14.5%) (Mardaneh, Poor, & Afrugh, 

2013), Kenya:(16%) (John T Brooks et al., 2006), (43.9%) (John T Brooks et al., 

2003) . The low rate of isolation as observed in the present study may be due to 

differences in the method of sample collection, isolation identification. Our 

prevalence was however; lower when compared to studies conducted in other parts 

of Africa for example 16.8% in Gondar, Ethiopia (Huruy, Kassu, Mulu, Gebretsadik, 

& Andargie, 2008). The possible reasons for the variation in the prevalence could be 

due to differences in methodology used (sample size, study participants, study 

design) sanitation and personal hygiene practices, and access to safe drinking water. 

In the current finding the isolation rate (1.38%) of Salmonella spp. was found to be 

consistent with the findings reported in Tanzania (0.8%) (Temu et al., 2007) and 

almost similar to a study in Ethiopia (1.076%) (Demissie, Wubie, Yehuala, Fetene, & 

Gudeta, 2014). However, the findings were found to be lower than studies done in 

Ethiopia at different places: Harar (11.5%) (Reda, Seyoum, Yimam, Andualem, & 

Fiseha, 2011), Jimma : (15.4% ) (A.Mache, 2001). This might be due to the 

increasing awareness of the people in Dodoma about personal and environmental 

hygiene made by the health institutions and other partners. 
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The prevalence of E. coli (0.83%) was lower in this study in contrast to other studies 

(Christa L Fischer Walker, Sack, & Black, 2010). E.coli were shown by other studies 

to be more common (64.1% in pediatric population) (Moyo, Maselle, Matee, 

Langeland, & Mylvaganam, 2007). The possible explanation for this difference could 

be due to seasonality as well as methodology used. 

However, most studies in developed countries have shown Campylobacter spp. the  

prevailing pathogen (Jansen et al., 2008). The use of serology for Campylobacter (i.e. 

seroconversion in CFT) as a diagnostic tool in these studies could explain the high 

proportion of Campylobacter spp. infections found in developed countries. 

The variations in the prevalence of bacterial diarrhea in this study area could not be 

explored due to the limitation of previous studies done in Dodoma. However, studies 

have shown a decreasing pattern of bacterial diarrhea in other parts of Africa though 

not a uniform trend. This could be due to the improved supply of safe drinking water, 

improved health and sanitation awareness of the community from the continuous 

interventions made by the health stakeholders and the government. 

In this study the most commonly used drugs ampicillins and cotrimoxazole show no 

sensitivity to the isolated organisms. Ceftriaxone which is a second commonly used 

drug also shows poor sensitivity to the most isolated organisms Shigella spp (5.6%), 

but sensitive to Salmonella spp (80%). Chloramphenicol showed poor sensitivity to 

Shigella spp (11.1%) and had total resistance to Salmonella and E.coli. Ciprofloxacin 

and Gentamycin were the most sensitive drugs (80-100%) to almost all isolated 

organisms. This finding is consistent with most of other studies done in Sub Saharan 

Africa (Gebrekidan et al., 2015; Omulo et al., 2015).  



46 

In this study (88.9 %) of the Shigella isolates were Gentamicin sensitive; this was 

similar to the results obtained from Addis Ababa (Asrat, 2008). Contrast to our 

finding, however; relatively high gentamicin resistance to isolates were recorded 

from other parts of the sub-saharan Africa (Demissie et al., 2014). These suggest 

occurance of Shigella isolates which are gentamicin resistant over time. This was 

evident in Gonder Ethiopia where a significant increase in gentamicin resistance 

from 7.9 % in 2006 to 41.7 % in 2014. 

High level Shigella sensitivity to ciprofloxacin 94.4 % were observed in this study 

similar to studies done in other parts of the world , 100% in Ghana (Opintan & 

Newman, 2007), 100% in Iran (Qureishi, 2008). However, other studies from Asian 

countries showed high Shigella resistance to ciprofloxacin: Nepal (47.8 %), (Wilson, 

Easow, Mukhopadhyay, & Shivananda, 2006), and China 25.2 % (Opintan & 

Newman, 2007). 

In this study the high resistance (100%) of Shigella to amoxicillin was similar to the 

report from Harar 100 % (Reda et al., 2011), which could be due to the irrational use 

of the antibiotic for the treatment of patients. The marked resistance of strains of 

Salmonella and Shigella to Ampicillin and Chloramphenicol as shown in the present 

study agrees with the findings of Ash et al. 

High resistance (100 %) to co-trimoxazole was also observed and agrees with the 

reports from (A.Mache, 2001) in contrast to low resistance report from Ethiopia 

(56.0%) (Mulatu & Beyene, G, 2014). The increase of resistance by these microbes 

over the years shown by different findings indicated that there is emerging problem 

of drug resistance. This may be due to irrational or inappropriate use of drugs. 
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Antibiogram patterns of this study revealed that none of the isolates were sensitive to 

Amoxiclav, amoxicillin and cotrimoxazole. Morever, none of the isolates showed 

multidrug resistance (resistance for more than two antibiotics). According to stud by 

Demissie et al (Demissie et al., 2014), therefore: ampicillin, tetracycline, amoxicillin 

and SXT are no longer effective for the treatment of shigellosis and salmonellosis in 

the study area in Ethiopia. 

The overuse and misuse of antimicrobial agents in the management of diarrhea could 

account for an increase of antibiotic resistance (Reda et al., 2011). .Thus, at the 

present time ciprofloxacin and Gentamycin are the best drugs of choice for the 

treatment of salmonellosis and shigellosis in our study area. 

In single variate analysis the following factors were much associated with bacterial 

diarrhea among individuals aged five years and above in Dodoma.; bloody diarrhea 

(P=0.030), well water/water bodies (P= <0.010), distance of water source 100m or 

more from home (P=0.008), small containers and jericans as main method of water 

storage  (P=0.026), household get no sufficient water (P=0.037), household which do 

not treat water (P<0.009) and pit latrine (P= 0.041). 

After doing the multivariate analysis bloody diarrhea  [AOR 2.05 (CI 1.02 – 5.49) P= 

0.012], insufficient water supply [AOR 2.17 (CI 1.56 – 4.97) P = 0.035], no water 

treatment [AOR 8.10 (CI 1.84 – 22.85) P=0.017 showed significant association with 

bacterial diarhhea.  

 Our finding has been consistent with studies in other parts of the world (Nikaeen, 

Pejhan, & Jalali, 2009). For example a study done in Kenya revealed that washing 

hands especially after defecation and proper water storage being  protective factors 
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for the disease be while untreated water being a risk factor (OR = 2.56, CI 1.21–5.4, 

p = 0.014) (Njuguna et al., 2016). The use untreated water for drinking and pit latrine 

has also been evidenced to be risk factors for bacterial diarrhea in Kenya (John T 

Brooks et al., 2003) 

The findings from meta-analysis of the effect of  interventions indicated that 

increased water availability and quantity can  reduce the incidence of diarrheal 

diseases by 25 %, whereas point of use (POU) household water treatment reduce by 

35 percent and improved sanitation reduce diarrheal diseases by 32 %.  

Studies show some similar and different associated factors of bacterial diarrhea 

among children 5 years and above and adults. For example, factors which were 

associated with bacterial diarrhea from other studies which were not the case in our 

study are contaminated food and water supplies. However, hand washing, especially 

with the use of soap, has been shown to be effective in reducing significant cases of 

dysentery, diarrhea and secondary transmission (Aiello, Coulborn, Perez, & Larson, 

2008; Curtis & Cairncross, 2003).  The practice of washing hands especially after 

toileting has been previously associated with decreased risk of Shigella infection 

(John T Brooks et al., 2003). This practice of hand washing has been also shown to 

significantly reduce severe intestinal infections by 48 percent and shigellosis by 59 

% (Aiello et al., 2008) 

Other studies has shown association between Infection with Human 

Immunodeficiency Virus (HIV)/ Acquired Immunodeficiency Syndrome (HIVAIDS) 

with bacterial diarrhea (Sanchez et al., 2005), this finding is contrary to our findings.  

Moreover, our finding did not show any statistical significance between the level of 

education and occurrence of bacterial diarrhea as in other previous studies.  Previous 
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studies have shown that having at least primary school education can impact better 

knowledge about personal hygiene , appropriate food handling practices, which have 

sown to significantly lead to the occurrence of bacterial diarrhea. In addition, 

education may increase awareness of an individual on methods of transmission and 

prevention of diarrheal diseases. However, the education status has not been 

significantly associated with the occurrence of bacterial diarrhea in our study.  

Also, the place of residence had been shown in some studies to be statistically 

significant with occurrence of bacterial diarrhea. Individuals from urban residence 

showed less risk of contracting bacterial diarrhea than their counterparts in village.  

The possible explanation for this difference could be due to the fact that most 

population living in urban areas having better access to sanitation facility, have an 

improved water sources, health care facility and better knowledge about the 

prevention and control of diarrheal disease comparing to rural populations. Another 

possible reason could be due to higher wealth status of people living in urban areas 

than their rural counterparts are, a factor shown to have an impact on the level of 

hygienic practice. 
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CHAPTER SIX 

6.0 Conclusion 

The burden of bacterial diarrhea in this study was 7.2 % which is lower comparing to 

other studies in East Africa. Shigella spp and Salmonella were the most common 

isolates in the study population. Individuals above 18 years were highly infected. 

Bloody diarrhea was highly associated with bacterial diarrhea. Most of the Shigella 

and Salmonella isolates were susceptible to gentamicin and ciprofloxacin but none of 

the isolates were sensitive to amoxicillin, amoxiclav and cotrimoxazole, also there 

were no isolates with multidrug resistance to the commonly used antibiotics. Bloody 

diarrhea, insufficient water supply  and no water treatment were independently and 

significantly associated with bacterial diarrhea. 

6.1 Recommendations 

 Ciprofloxacin or Gentamycin should be regarded as the first drugs of choice 

for the treatment of shigellosis and salmonellosis in Dodoma.  

 Antibiotic resistance of Enterobacteriaceae is of great concern. Strict 

monitoring of antibiotic use should be implemented to combat increases in 

antimicrobial resistance. 

 Periodic surveillance studies  are of great importance to control the diseases 

and drug resistance of Shigella spp and Salmonella in Dodoma 

 Society should be emphasized on the importance of treating drinking water to 

prevent bacterial diarrhea. 

 Regional water supply should be improved to increase access to safe water 

for home use. 
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 Molecular epidemiological studies are needed to provide accurate evidence 

for other infectious sources of diarrhea. 

6.2 Limitations 

 The population studied included fewer individuals less than 18 years and thus 

the findings cannot represent this age group. 

 Little number of cultured samples might not be the representative of the 

sensitivity pattern of the organisms. 

 The study could not culture campylobacter at the time of the study. 

Campylobacter was among common isolate found in 7 % of patient’s 

presentation with bloody diarrhea in Kenya (John T Brooks et al., 2003). 
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APPENDICES 

Appendix 1: Informed Consent - Kiswahili version 

CHUO KIKUU CHA DODOMA, NDAKI YA SAYANSI YA AFYA,   

SHULE YA UDAKTARI 

TAARIFA RIDHAA-NA    

 

 

 

Naitwa Mutafungwa, Godfrey J mwanafunzi wa shahada ya uzamili ya udaktari wa 

binadamu katika chuo kikuu cha Dodoma, kitengo cha magonjwa ya ndani. 

Ninafanya utafiti kuhusu maambukizi ya bakteri kwenye mfumo wa chakula. Utafiti 

huu unafanyika kwa wagonjwa wote wenye umri kuanzia miaka mitano na kuendelea 

wanaohudhuria kilniki ya magonjwa ya nje na waliolazwa kutokana na magonjwa ya 

kuhara. 

Watakaokubali kushiriki utafiti huu itawapasa kusaini fomu ya idhini kuonesha 

kukubali kwao. Aidha, tutawahoji maswali kadhaa, kuchukua na kupima choo kubwa 

(kinyesi) na damu kwa ajili ya kipimo cha VVU ambapo vitatumika kwa utafiti huu 

tu. 

Faida utakayopata katika utafiti huu ni kujua kama una maambuki ya bakteria katika 

mfumo wako wa chakula kunakosababisha kuhara na kutambua hali yako ya 

maambukizi ya VVU. Utapatiwa matibabu kulingana na mwongozo wan chi yetu wa 
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tiba ya magonjwa ya kuhara na VVU kama vitabainika. Hakutokua na hatari au 

madhara yeyote kushiri katika utafiti huu. 

Taarifa utakazotoa zitakua siri na zitatumika  kwa ajili ya kuboresha utoaji huduma 

na tiba kwa wagonjwa tu. Kushiriki katika utafiti huu ni hiari kabisa, aidha unayo 

haki ya kujitoa na kutoendelea na utafiti huu wakati wowote ule utakapojisikia 

kufanya hivyo. Uamuzi wako wa kuendelea kushiriki ama kutoshiriki hautaathiri 

hata kidogo haki yako ya msingi kupata huduma na tiba kama mgonjwa mwingine 

yeyote. 

Iwapo utakuwa na swali lolote au utahitaji maelezo zaidi kuhusu utafiti huu 

unaweza kuwasiliana na mtafiti mkuu Dr Mutafungwa, Godfrey J; Chuo kikuu 

cha Dodoma, Ndaki ya afya, Idara ya tiba, S.L.P 395, Dodoma, Simu +255 714 

043701 

Nitafurahi kama utashiriki katika utafiti huu. 

MSHIRIKI 

Mimi 

………………………………………………………………………………………… 

Nathibitisha kuelewa maelezo yalioandikwa hapo juu na kuridhika na maelezo 

niliyopew kwa maswali yangu yote. Nami, kwa hiari yangu mwenyewe, bila 

kushurutishwa na mtu, ninakubali kushiriki kwenye utafiti huu. 

Sahihi ya mteja/mzazi/mlezi/msindikizaji ………………………………..  

Tarehe …………………………. 

Sahihi ya mtafiti ………………………………………………………. 
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Appendix 2: Informed Consent – English version 

THE UNIVERSITY OF DODOMA, COLLEGE OF HEALTH SCIENCES,   

SCHOOL OF MEDICINE AND DENTISTRY 

 

ID-NO   

 

 

My name is Mutafungwa, Godfrey, a Masters student at The University of Dodoma 

in Internal Medicine. 

I am doing research on prevalence, etiology and factors associated with bacterial 

diarrhea among individuals aged 5 years and above in Dodoma, the study is going to 

help us establishing the burden of bacterial diarrhea among adults, determine the 

common bacteria and their sensitivity pattern and therefore help clinicians to start 

proper management as soon as possible. 

If you agree to participate in the study you will have to spend some minutes for 

interview and sample collection for stool culture and HIV test. Information obtained 

and samples will be kept confidential, numbers will be used for identification instead 

of names. 

Taking part in this study is completely voluntary. You are free to choose either to 

participate in this study or not. Refusal to participate or withdrawal from the study 

will not involve penalty, loss of any benefits or treatment to which you are otherwise 

entitled. 
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We do not expect that you will get any physical injury resulting from participating in 

this study. However, if any injury resulting from participating in this study occurs, 

we will provide you with medical treatment according to current standard of care in 

Tanzania. There will be no additional compensations to you. 

A. Agreement for participation 

Yes, I agree to participate-----                 No, I don’t agree to participate---- 

I…………………………………………. have read the contents of this informed 

consent form and my questions have been thoroughly answered.  

Signature of patient/parent/guardian……………………………… 

Signature of witness/care giver………. ………… 

Signature of researcher…………………………... 

B. Who to Contact 

If you ever have questions about this study, your rights/benefits as a participant, you 

should contact; 

Principal investigator:  Dr Mutafungwa, Godfrey J  

Department of Internal Medicine, School Of Medicine and Dentistry, 

College of Health Sciences. 

The University of Dodoma. 

P.O. Box 395. 

Mobiles +255 714 043 701. 

 

Appendix 3: Questionnaire 
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Thank you for your participation in our study. I will loud enough read each question 

and wait for your response. Some questions have answers from which I will also read 

aloud so that you can choose. You may take time as long as you need to remember or 

think about the correct answer. If a question is not clear, please say, I will repeat and 

explain it. Please remember all your answers will be kept confidential and this 

questionnaire does not involve names on it. 

SN CODE QUESTIONS CODING 

CATEGORIES 

COMMENTS 

1  

DATE 

 

Date of 

interview 

 

____ / ____ / ____   

 

2  

IDNO 

 

Enrolment ID 

no. 

 

…………………………

… 

 

3 INTV Person 

interviewed: 

 

self __________________ 

  

other  (please specify) 

__________________ 

 

4  

INT 

 

Pt initial 

………………………  
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Section 1 – Personal details 

5  

SEX 

 

Sex 

1. Male 

2. Female  

 

6  

AGE 

 

Age of the 

participant 

 

…………………………. 

 

7 MART  

Marital status 

 

READ THE 

RESPONSE 

OPTIONS 

1. Single 

2. Married  

3. Widow/Divorced   

 

 

8 RESD Residential 1. Urban 

2. Rural 

 

9 EDLEV Education 

status 

1. Informal 

2. Primary school  

3. Secondary school 

4. College/University 

 

 

10 EMPL Employment 

status? 

1. Peasant 

2. Petty trader 

3. Employed 

4. None 
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Section 2 - Diarrhea information 

11 DIAR How many 

days ago 

did the 

diarrhea 

start? 

 

If same 

day then 

record 00 

 

 

 

 

  

                                        

DAYS 

 

 

 

12 DIAR What does 

the diarrhea 

look like? 

1. Watery? ………………… 

2. Bloody? ………………..… 

 

 

13 DIAR Did you 

have any of 

the 

following 

symptoms? 

1. Nausea (feeling 

sick)?……………… 

2. Vomiting (being 

sick)?……………… 

3. Feeling feverish? … 

4. General aches and 

pains… 

5. Abdominal pain 

 

14 DIAR Does 

anyone in 

your 

1. Yes 

2. No 
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household 

have a 

similar 

illness? 

15 DIAR Are you on 

long use of 

any PPI? 

1. Yes 

2. No 
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Section 3 - General information 

16 HHW Is there a special 

place where 

household 

members wash 

their hands? 

1. Yes 

2. No 

 

17 HHW If yes, does it 

contain soap? 

1. Yes 

2.  No 

 

18 HHW When do you 

usually wash your 

hands with soap? 

 

RECORD ALL 

MENTIONED 

Before eating ........................ 1 

After eating .......................... 2 

After defecation/urination .... 3 

After cleaning a child that has 

defecated or changing a 

child’s nappy.....................4 

Whenever my hands are dirty5 

I do not usually use soap ...  .6 

 

19 WS What is your 

main source of 

drinking water? 

 

CIRCLE ONLY 

ONE 

RESPONSE 

1.Piped water 

2. Well water 

3. Water bodies 

 

20 WS How far is the 1. Less than 100 m  
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water source (that 

you use) from 

your house? 

2. More than 100 m 

 

21 WS What methods of 

water storage do 

your household 

use? 

1. Water tank  

2. Small containers and 

jerricans 

 

 

 

 

22 WS Do you get 

enough 

(sufficient) water 

for your 

household use? 

1. Yes 

2. No 

 

 

 

 

23 WS How would you 

generally rate the 

appearance of 

water you use? 

1. Good quality water (clear 

and colourless) most of 

time 

2. Poor quality 

(muddy/brown) most of 

the time 

 

24 WS Do you treat your 

drinking water in 

any way to make 

it safer? 

1. Yes 

2. No 

 

25 WS How do you Boil............................................................1  
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usually treat your 

drinking water? 

CIRCLE ALL 

RESPONSES 

MENTIONED 

Add bleach / chlorine ................................2 

Strain it through a cloth ............................3 

Let it stand and settle ................................4 

I do not treat anyway 

...............................5 

 

26 WS What is your 

main type of toilet 

facility? 

CIRCLE ONLY 

ONE 

RESPONSE 

1. Flush / pour flush   

2. Pit latrine 

3. No facility, bush, field 

 

27 HIV HIV Test 1. Positive 

2. Negative 

 

28 ART Do you use ART? 1. Yes 

2. No 
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Section 4 – Physical Measurements 

29 RR Respiratory 

rate 

 

………………………………………….breaths/

m 

 

30 WGT Body weight  

………………………… Kg 

 

 

31 TEMP Body 

Temperature 

 

…………………………………………. 

 

32 SBP Systolic Blood 

Pressure 

 

……………………………mmHg 

 

33 DBP Diastolic Blood 

Pressure 

 

…………………………..mmHg 

 

34 HR Heart rate  

…………………………….bpm 

 

35 VOLD Hydration 

status 

1. Dehydrated 

2. Not dehydrated 
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Section 5 – Abdominal examination 

36 INSPEC

TION 

Distension 1. yes 

2. no 

 

37 PALP Possible to 

perform 

1. yes 

2. no 

 

38 PERC Percussion 

note 

1. Tympanic 

2. Dull 

 

39 AUSC Bowel 

sounds 

 

………………………………………………………. 
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Section 6 – Laboratory Measurements            

Effective Date 01/10/2018       End Date: 30/05/2019 

Lab number Patient ID Number  Specimen 

Test Requested Specimen receipt date/Time Set-up date& 

time             

Tech 

 

MACROSCOPIC RESULTS 

1. Consistency ……………... 

2. Color…………………….. 

3. Mucus …………………... 

4. Blood …………………… 

5. Foam ……………………. 

Other / Remarks 

Date reported Tech Initial 

 

CULTURE OBSERVATION AND WORK-UP 

Date  Tech Initial Observation  

   

BACTERIAL IDENTIFICATION 

Date  Tech Initial Observation  

   

FINAL CULTURE REPORT 
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SUSCEPTIBILITY TEST RESULTS  

ORGANISM # 1 ORGANISM # 2 

DRUG ZONE 

SIZE 

(mm) 

INTERP 

(S,  I,  R) 

DRUG ZONE 

SIZE 

(mm) 

INTERP 

(S,  I,  R) 

AMOXICILLIN   AMOXICILLIN   

AMOX/CLAV   AMOX/CLAV   

CIPROFLOXACIN   CIPROFLOXACIN   

CO-TRIMOXAZOLE   CO-

TRIMOXAZOLE 

  

GENTAMICIN   GENTAMICIN   

CEFTRIAXONE   CEFTRIAXONE   

NALIDIX ACID   PENICILLIN   

CHLORAMPHENICOL   CHLORAMPHENI

COL 

  

ERYTHROMYCIN   ERYTHROMYCIN   

      

      

      

 

Final report released by……………………Date/Time ………… Reviewed by…………. 

Date/Time………… 
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Biochemical Identification of Common Gram Negative Bacteria Isolates 

Organism MAC 

Reaction 

TSI Oxidase H2S Gas Motility Indole Urea Citrate Lysine Ornithine Haemolysis 

E. coli LF A/A - - + + + - - +/- +/- +/- 

Enterobacter LF A/A - - + + - + + +/- + - 

Serratia sp. NLF A/A - - + + - - + + + - 

Klebsiella sp. LF A/A - - + - - + + + - - 

Klebsiella 

Oxytoca 

LF A/A - - + - + + + + - - 

Citrobacter sp. LF A/A or 

K/A 

- + + + +/- +/- + - +/- - 

Proteus mirabilis NLF K/A - + + + - + + - + - 

Proteus vulgaris NLF A/A - + + + + + - - - - 



85 

Organism MAC 

Reaction 

TSI Oxidase H2S Gas Motility Indole Urea Citrate Lysine Ornithine Haemolysis 

Salmonella sp. NLF K/A - + + + - - + + + - 

Salmonella typhi NLF K/A - Wk 

+ 

+ + - - - + + - 

Shigella sonnei NLF K/A - - - - - - - - + - 

Other Shigella sp. NLF K/A - - - - +/- - - - - - 

Vibrio cholerae NLF A/A + - + +  - - + + + 

Pseudomonas 

aeruginosa 

NLF K/NC + - - + - + + - - +/- 

Acinetobacter sp. NLF NC - - - - - - - - - - 
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Appendix 4: Introduction Letter 
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Appendix 5: Introduction Letter 
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Appendix  6: Ethical Clearance 
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Appendix  7: Ethical Clearance 

 


