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ABSTRACT 
 

Background: Malaria predisposes children in areas where malaria is endemic to 

concurrent bacteraemia. In the tropics, co-infections of both diseases are prevalent and 

are the leading causes of paediatric hospital admissions, morbidity and mortality. 

Methods: A cross-sectional study was conducted to investigate the prevalence of co-

infection of malaria and bacterial bloodstream infections among 232 children under 13 

years who reported to three healthcare facilities in Accra and Dodowa with conditions 

of febrile illnesses suspected to be malaria. The study was conducted between the 

months of May and December 2014.  

Results: Out of 1187 eligible febrile children, only 232 (19.55%) who tested positive 

for malaria were included in the study. They comprised 121 males and 111 females. 

Blood and stool specimens were taken for haematological analysis and culture for the 

identification of pathogenic bacteria after malaria diagnosis. Descriptive data were 

summarised and chi-square analysis was used in testing for associations. Fever 

(76.72%), anaemia (69.39%) and vomiting (49.56%) were the commonest symptoms of 

clinical visits.  Of the 232 children tested, blood cultures were positive in 5.6% (13/232) 

for bacterial agents and there were no bacteria isolated from stool cultures. Anaemia, 

parasitaemia and white blood cell counts were high but not associated with co-infection 

after chi-square analysis. Co-infection of malaria and bacteraemia was associated with 

children who never patronised food from outside their homes. Other risk factors were in 

high frequencies but were not associated with co-infections.  

Conclusion: These results may suggest co-infection of bacteraemia and malaria, 

however non-typhoidal Salmonella may not be associated with malaria in the present 

study. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

Febrile illnesses remain the leading cause of paediatric mortality and morbidity 

especially in sub-Saharan Africa (Bryce et al., 2005; Crill et al., 2006). According to 

the World Health Organization (WHO), febrile illness is an acute illness characterized 

by a rise in body temperature. Malaria and bacteraemia are among the commonest 

causes of these febrile illnesses and are of major public health importance in developing 

countries (WHO/CDR 1995; Berkley et al., 2005; Bryce et al., 2005; Uneke, 2008). 

Worldwide, an estimated 76% of the under-fives’ deaths occur due to undiagnosed 

invasive bacterial infections (Christopher et al., 2013), and in Africa, bloodstream 

bacterial infections are responsible for 1 out of 6 deaths in children before their fifth 

birthday (Blomberg et al., 2007). Berkley et al. (2005), have documented that, in malaria 

endemic areas, 11% of the children admitted with fever are found to have bacteraemia 

and 12% of these children will die because malaria was over diagnosed at the expense 

of other causes of fever.  

Malaria, a mosquito borne infectious disease infects both humans and primates, and is 

caused by parasites of the genus Plasmodium (Warren, 1993). Globally, it remains the 

most important disease in tropical and sub-tropical countries, posing a huge burden on 

health and economic development. It has also been a major obstacle to sustainable 

development by the world’s poorest regions (Gallup and Sachs, 2001). Approximately 198 

million cases of malaria were reported at the end of 2013 with 584,000 deaths (Bassat 

et al., 2015).   
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Most bacterial infections are widespread but more prevalent in regions where sanitary 

conditions are poor and may invade the bloodstream after a wide variety of focal 

infections. Transient bacteraemia is usually non-alarming but may progress to 

septicaemia which can be life-threatening when immediate medical attention is not 

given (Meremikwu et al., 2005). Septicaemia is a bloodstream infection usually caused 

by pathogenic bacteria and together with bacteraemia may be collectively referred to as 

invasive bacterial infections. Varieties of bacteria found to cause febrile illnesses in 

children include Staphylococcus spp, Streptococcus spp, Enterobacter spp, Escherichia 

coli, Klebsiella pneumoniae, Pseudomonas spp, Enterococcus spp, Neisseria 

meningitides, Salmonella spp, Moraxella catarrhalis, Haemophilus influenzae and 

Campylobacter spp (Bandyopadhyay et al., 2002; Tintinalli et al., 2004; Wald and 

Minkowski, 1980). Among the commonly reported bacterial etiologic agents isolated 

from African children with bacteremia are; Salmonella species, Streptococcus 

pneumonia and other Gram-negative bacteria (Bronzan et al., 2007; Were et al., 2011; 

Shaw, 2008; Graham, 2000; Walsh et al., 2000; Enwere et al., 2006; Roca et al., 2006; 

Sigauque et al., 2009).  

Several studies have associated invasive bacterial infections with high mortality in 

children with severe malaria in sub-Saharan Africa (Bronzan et al., 2007; Berkley et al., 

2009; Were et al., 2011). Both malaria and bacteraemia mainly affect young children in 

the sub region and represent the principal cause of hospital admission, hence a massive 

burden for the under-resourced health facilities. Together, they account for more than 

half of all paediatric cases on admission to hospitals (Berkley et al., 2005).  Comparing 

all co-infections of malaria and bacterial agents, non-typhoidal Salmonella (NTS), a 

species of Salmonella is consistently reported as the main bloodstream bacterial 

infections seen in African children with severe P. falciparum malaria (Gordon et al., 
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2008, Bronzan et al., 2007; Oundo et al., 2002; Mackenzie et al., 2010; Mtove et al., 

2011). Malaria has long been alleged to increase the risk of bacterial infections and may 

contribute especially to the seasonality of NTS disease (Smith, 1982; Kariuki et al., 

2006).  

The clinical presentations of children with bloodstream infection are generally; fever, 

difficult breathing, tachycardia, malaise, inability to feed or lethargy, although those 

with asymptomatic bacteraemia are not likely to show any signs of illness (Meremikwu 

et al., 2005). Since antiquity, clinicians have had difficulty in differentiating invasive 

bacteraemia from malaria based on clinical presentations alone due to these overlapping 

clinical features especially in the early stages (Cox et al., 1996; Nsutebu et al 2002). 

Their differentiation thus requires appropriate laboratory investigations for 

confirmations as fever or changes in body temperature is frequently associated with 

malaria in many endemic areas and therefore treated accordingly. This may have led to 

considerable overestimation of the incidence of malaria whereas bacteraemia remains 

unsuspected and the causative agent unrecognised (Evans et al., 2004). 

 

1.2 PROBLEM STATEMENT  

About 20-50% of all hospital admissions are a consequence of malaria with high case-

fatality rates due to late presentation and inadequate management (WHO/UNICEF, 

2003). Malaria and NTS results in substantial burden of illness and death (Morpeth, 

2009). In malaria endemic regions, the presence of bacterial etiologic agents in addition 

to favourable environmental factors such as improper sewage disposal, poor personal 

hygiene, poverty, and rapidly increasing urbanization may facilitate co-infection of 

these diseases (Morpeth, 2009; Keong and Sulaiman, 2006). 
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Ghana records nearly 25-40% of all outpatient clinic visits for malaria, most of which is 

diagnosed clinically (WHO/UNIFEC, 2005). The presentations of malaria which 

include fever and general weakness are nonspecific and may well be due to other 

bacterial infections (Luxemburger et al., 1998). It is difficult clinically to differentiate 

malaria from bacterial infections such as NTS or typhoid without appropriate laboratory 

investigations. Moreover, many facilities lack the laboratory capacity to undertake 

bacterial culture in routine investigations of these bacterial infections. In Africa, 

including Ghana, most cases of malaria and bacterial co-infections are diagnosed on the 

basis of clinical symptoms and treatment is presumptive without laboratory 

confirmation. 

 

1.3 JUSTIFICATION / RATIONALE 

Predictors of positive blood culture is crucial for clinicians to ensure a timely and 

appropriate management response. The present study will provide an epidemiological 

data on co-infection of malaria with bacterial agents in Accra. Data from this study may 

aid development of preventive strategies including active surveillance systems to control 

and manage co-infections as well as contribute to implementation of the guided 

empirical treatment of common bacteria isolates causing febrile illnesses at the study 

sites.  
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1.4 AIM 

To investigate the prevalence of malaria and bacterial co-infections in children. 

 1.4a Specific Objectives 

 To determine the prevalence of malaria and bacterial bloodstream infections in 

the study population.  

 To determine the haematological indicators of single and co-infections of 

malaria and bacteria bloodstream infections  

 To determine the risk factors associated with malaria and bacterial co-infections. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 MALARIA 

2.1.1 Historical notes 

Malaria derived its name from the Italian word “Mal’aria” which means “bad air”, as 

the disease was associated with marshy areas. Malaria is an ancient disease and was 

previously described in Chinese medical writing (CDC, 2012). Some other earlier 

references to the disease include the accounts of the Hippocrates who described the 

symptoms of Malaria (Boyd, 1949). In 1880 Charles Louis Alphonse Laveran, a French 

Army surgeon in Algeria discovered Malaria parasites in the blood of a patient and 18 

years later, Dr Ronald Ross, a British medical officer in India discovered that the 

causative agent of malaria was transmitted by mosquitoes. Subsequently, Giovanni 

Battista Grassi, an Italian Professor confirmed the vector to be Anopheles mosquitoes 

(CDC, 2012). 

 

2.1.2 Etiology 

Malaria is caused by intraerythrocytic protozoan parasites belonging to Plasmodium 

species (phylum Apicomplexa). Human malaria is caused by five different species of 

Plasmodium: P. falciparum, P. malariae, P. ovale, P. vivax and P. knowlesi (Alam, 

2014). The species differ in their geographical distribution, morphology, immune 

response, relapse patterns and drug response. P. falciparum causes tropical malaria, P. 

vivax and P. ovale cause tertian malaria whilst P. malariae causes quartan malaria 

(Harinasuta et al., 1988). Relapses are characteristic in P. vivax and P. ovale infections.  
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The most widespread species are P. vivax and P. falciparum, the latter is attributable to 

the severest forms of malaria whilst infections of other species are rarely life-threatening 

(Carpenter et al., 1991; Breman, 2004). P. ovale is restricted to West Africa sub-region 

whereas P. malariae is found worldwide at low prevalence (Carter and Mendis, 2002). 

Occasionally, humans become infected with a zoonotic species, P. knowlesi (Daneshvar 

et al., 2009; Chin, et al., 1968; Cox-Singh et al., 2008).  

 

2.1.3 Life cycle 

The malaria parasite has a complex life cycle divided into three stages; the exo-erythr 

ocytic or pre-erythrocytic stage which usually occurs in the liver, the erythrocytic stage 

which occurs in the erythrocytes, and the sexual stage (sporogony) which occurs in the 

mosquito. The exo-erythrocytic and the erythrocytic stages constitute the asexual cycle 

(schizogony) (Figure 2.1). 

 

Figure 2.1 Overview of Plasmodium's life cycle. (CDC, 2006). 
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2.1.3a Schizogony (Asexual stage)  

2.1.3a1 Exo-erythrocytic cycle (Human Liver stages) 

Infective sporozoites from the salivary gland of the female Anopheles mosquito are 

introduced into the human bloodstream during a blood meal. From the bloodstream, the 

sporozoites invade hepatocytes where they remain for one or two weeks (prepatent 

period) and undergo asexual replication known as exo-erythrocytic schizogony to 

develop into schizonts (NIH, 2007; Khan and Lai 1999). The schizonts contain 

thousands of merozoites which are released into the bloodstream. It is estimated that 

each Plasmodium falciparum sporozoite can give rise to up to 40,000 merozoites. In P. 

vivax and P. ovale, some injected sporozoites may differentiate into stages called 

hypnozoites which may remain dormant in the liver cells for some time only to undergo 

schizogony causing relapse of disease when the red cells are invaded. This period of 

maturation is usually not accompanied by any clinical illness (Khan andLai, 1999). 

 

2.1.3a2 Erythrocytic cycle (Human Blood stages) 

Merozoites released from schizonts invade erythrocytes in the bloodstream, within 1-2 

minutes. According to Miller et al. (2002), merozoites enter erythrocytes by a complex 

invasion process divided into four phases: (a) initial recognition and reversible 

attachment of the merozoite to the erythrocyte membrane; (b) reorientation and junction 

formation between the apical end of the merozoite (irreversible attachment) and the 

release of substances from the rhoptry and microneme organelles, leading to formation 

of the parasitophorous vacuole; (c) movement of the junction and invagination of the 

erythrocyte membrane around the merozoite accompanied by removal of the merozoite's 

surface coat; and (d) resealing of the parasitophorous vacuole and erythrocyte 

membranes after completion of merozoite invasion (Miller et al., 2002; Tuteja, 2007).  
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Upon entry, the merozoites use hemoglobin as source of energy and this point are 

transformed into trophozoites. The early trophozoite is often referred to as the ‘ring 

form’, because of its characteristic morphology (Figure 2.1). The trophozoite enlarges 

and is accompanied by highly active metabolism including glycolysis of large amounts 

of imported glucose, the ingestion of host cytoplasm and the proteolysis of hemoglobin 

into constituent amino acids. Malaria parasites cannot degrade the heme by-product and 

free heme is potentially toxic to the parasite. Therefore, during hemoglobin degradation, 

most of the liberated heme is polymerized into hemozoin. It then undergoes multiple 

rounds of nuclear division without cytokinesis resulting in the formation of schizonts 

(Miller et al., 2002).  

Each mature schizont produces up to about 36 merozoites and these are released after 

lysis of the RBC to invade other uninfected RBCs (NIH, 2007). The release of 

erythrocytic merozoites coincides with the sharp increases in body temperature during 

the progression of the disease, and the repetitive intra-erythrocytic cycle of invasion–

multiplication–release–invasion continues, taking about 48h in P. falciparum, P. ovale 

and P. vivax infections and 72h in P. malariae infection (Tuteja, 2007). This occurs 

somewhat synchronously and the merozoites are released at approximately the same 

time of the day and continue until it is brought under control by the immune system or 

by antimalarial drugs. The contents of the infected RBC that are released upon its lysis 

stimulate the production of tumor necrosis factor (TNF) and other cytokines, which are 

responsible for the characteristic clinical manifestations of the disease (Tuteja, 2007). 

Merozoites of some Plasmodium species show a distinct preference for erythrocytes of 

certain age. For instance, merozoites of P. vivax attack young immature RBCs called 

reticulocytes, those of P. malariae attack the older erythrocytes while those of P. 

falciparum indiscriminately enter into any available erythrocyte (Aikawa et al., 1980). 
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A small proportion of the merozoites in the red blood cells eventually differentiate to 

produce micro- and macrogametocytes after a variable number of cycles. The 

gametocytes have no further activity within the human host but are essential for 

transmitting the infection to new hosts through female Anopheles mosquitoes (Figure 

2.1). 

 

2.1.3b Sporogony (sexual stage) - Mosquito stages 

A mosquito taking a blood meal from an infected individual may ingest gametocytes 

into its midgut. These gametes fuse and undergo fertilization which occurs in the 

mosquito’s stomach, producing zygotes.  The zygotes develop into motile, elongated 

ookinetes, which penetrate the mosquito’s mid-gut wall and develop into oocysts.  The 

oocysts grow, divide, and rupture, releasing sporozoites that travel to the mosquito’s 

salivary glands for onward transmission into another host (Figure 2-1).  

The sporzoites are found in the salivary glands after 10–18 days and thereafter the 

mosquito remains infective for 1–2 months. Thus the infectious cycle can repeat once 

the mosquito feeds on another human host (Tuteja, 2007). 

 

2.1.4 Transmission  

Malaria is transmitted through; the injection of sporozoites during mosquito bites, blood 

transfusion and vertical transfer of the parasites from infected mothers to their children 

before or during birth (congenital malaria) (Hoffman, 1996). However, the main mode 

of transmission responsible for majority of the cases seen worldwide is through the bite 

of an infected female Anopheles mosquito. 
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2.1.5 The Vector 

Out of 400 species of Anopheles mosquitoes, about 60 are capable of transmitting 

malaria under natural conditions, 30 of which are of major importance. The major 

vectors are Anopheles gambiae species complex and A. funestus. These species 

generally bite late in the night, are indoor resting, and are most common in the rural and 

peri-urban areas. Transmission is proportional to the density of the vector, number of 

times of bites each day, the survival of the vector after feeding and a human host 

(reservoir).   A. gambiae is the most infective vector, they are tough, long lived, naturally 

occurring in high densities and bite humans frequently.  

 

2.1.6 Clinical manifestation  

Malaria presents with symptoms such as fever, headache, muscle pain, vomiting, rapid 

breathing, coughs and convulsions (Warrell et al., 1990). Symptoms may begin with 

indefinite malaise, a slow rising fever lasting several days, chills, headache, nausea, and 

ends with profuse sweating. After a period free of fever, the cycle of chills, fever and 

sweating is repeated every one to three days (Cheesbrough, 1987). Malaria can cause 

anaemia which may be severe particularly in young children. Severe malaria can cause 

black water fever, cerebral malaria, pulmonary oedema (rare but often fatal), and 

hypoglycaemia which is being increasingly reported in patients with severe malaria, 

especially children and pregnant women (Waller et al., 1995; Murphy and Breman, 

2001). 
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2.1.7 Epidemiology 

2.1.7a Global Distribution of Malaria 

Malaria is the 3rd leading cause of death for children under five years worldwide, 

after pneumonia and diarrheal diseases (WHO, 2013). Malaria affects a wide number 

of countries and has a broad distribution in both the subtropics and the tropics. Sub-

Saharan Africa remains most heavily burdened, other areas of high endemicity 

include; India, Brazil and Sri Lanka as shown in figure 2. In Africa and some part of 

India, the disease occurs both in urban and rural areas and is most prevalent during 

rainy seasons.  

An estimated 3.3 billion people are at risk with nearly 90% of all malaria deaths 

occurring among children in Africa. Out of about 198 million cases of malaria 

recorded worldwide in 2013, 584 000 died (WHO, 2014). 

 

Figure 2.2: Global distribution of Malaria. SOURCE: WHO, 2012. 
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2.1.7b Malaria situation in Ghana  

In Ghana, malaria is perennial in all parts of the country, with seasonal variations that 

are more pronounced in the Northern sector. Ghana’s entire population of 24.2 million 

(2010 Census) is at risk of malaria infection (PMI, 2012), but children under five years 

of age and pregnant women are at higher risk of severe illness due to lowered immunity.  

Between 3.1 and 3.5 million cases of clinical malaria are reported in public health 

facilities each year, of which 900,000 cases are in children under five years (USAID, 

2009). The WHO recently estimated total malaria-attributable child deaths at 14,000 per 

year in Ghana (WHO, 2008). The intensity of malaria transmission ranges from May-

October in the Northern part of the country but may be longer in the forest zones. Peak 

levels of malaria infection in the population may persist for two-three months into the 

dry season (Ahmed, 1989).  

 

2.1.8 Diagnosis 

Malaria is diagnosed clinically based on a patient’s signs and symptoms upon physical 

examination. However, the non-specific nature of symptoms, which overlap with other 

common infections remain a major challenge to clinical diagnosis. This can impair 

diagnostic specificity leading to the promotion of indiscriminate use of antimalarial 

agents (Mwangi et al., 2005; McMorrow et al., 2008; Bhandari et al., 2008b). It is 

therefore necessary to confirm clinical findings with appropriate laboratory tests. 

Patients diagnosed with malaria are generally categorized as having either 

uncomplicated (<250000 parasites/µl) or severe malaria (>250000 parasites/µl). 
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2.1.8a Diagnostic Assays 

Malaria is diagnosed in the laboratory via microscopy, rapid diagnostic tests (RDT) 

(Holland et al., 2005) and quantitative buffy coat (QBC) method (Bhandari et al., 

2008b). 

Conventional microscopic diagnosis requires staining thin and thick peripheral blood 

smears with Giemsa to give the parasites a distinctive appearance. This technique 

remains the gold standard for laboratory confirmation of malaria. Serological methods 

such as indirect immunofluorescence (IFA) or enzyme-linked immunosorbent assay 

(ELISA) do not detect current infection but rather measures past exposure.  

Molecular diagnostic methods such as polymerase chain reaction (PCR) is most useful 

for confirming the species of malarial parasite after the diagnosis but are not used 

routinely due to cost and technicality.  

 

2.1.9 Treatment  

Uncomplicated malaria may be treated with oral antimalarial agents; severe malaria 

requires parenteral therapy. The WHO recommends artemisinin combination therapy 

(ACT) as first line therapy for uncomplicated malaria (USAID, 2009) and parenteral 

artesunate (a derivative of arthemisinin) is the most potent agent for the treatment of 

severe malaria (Dondorp et al., 2005a; Dondorp et al., 2010). Artemisinin is a 

sesquiterpene lactone extracted from the leaves of Artemisia annua (sweet wormwood), 

which has been used for centuries in China for the treatment of fever. It is an effective 

and rapidly acting agent for elimination of blood stage parasites, with a broad spectrum 

of activity against asexual forms from young rings to mature schizonts, as well as 

gametocytes of P. falciparum. The drug seems to inhibit an essential calcium adenosine 
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triphosphatase, PfATP6, outside the food vacuole of the parasite (Eckstein-Ludwig et 

al., 2003).  

2.2 BACTERAEMIA 

Bacteraemia is the invasion and circulation of bacteria through the vascular system. A 

more severe form, septicaemia results when circulating bacteria multiply at a rate that 

exceeds their removal by phagocytes (Berger, 1983). It is characterized by fever, chills, 

malaise and toxicity (Parrillo, 1993). Bacteraemia may progress to other infections such 

as meningitis and endocarditis (Parrillo, 1993) if left untreated. 

Earlier study in Ghana found that, invasive bacterial infections were associated with a 

mortality of about 40%, with NTS and Staphylococcus aureus being among the most 

common organisms isolated (Evans et al., 2004). Streptococcus pneumoniae and 

Haemophilus influenzae are also responsible for deaths in children with bacterial 

bloodstream infections (Berkley et al., 2005). These two organisms have also been 

associated with occult bacteraemia (unsuspected bacteraemia) in apparently healthy 

children younger than 2 years of age with positive blood cultures (Berger, 1983).  

 

2.2.1  Bacteraemia episodes 

Bacteraemia may be described as transient, intermittent or continuous depending on 

their entry into the circulatory system (Mahon et al., 2000). Transient bacteraemia 

occurs when normal flora are displaced from their usual sites into the blood (LeFrock et 

al., 1973). Intermittent bacteraemia involves the periodic passing of bacteria from an 

infected part of the body into the blood. Continuous bacteraemia generally occurs 

through intravascular infections such as endocarditis or through catheterization and 

indwelling cannulas (Musher et al., 2000).  
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2.2.2 Common etiologic agents of bacteraemia 

A wide range of bacteria are responsible for bloodstream infections. These organisms 

however differ from one locality to the other with varying antimicrobial susceptibility 

patterns (Meremikwu et al., 2005). Contrary to some studies that have named Gram 

positive organisms as the commonest isolates in neonates (Phiri et al., 2005), Ayoola et 

al have established that Gram negative organisms are more common than the Gram 

positive organisms (Ayoola et al., 2003).  In Ghana, NTS and S. aureus are the 

predominant aetiological agents of bloodstream infections (Nielsen et al., 2012). Some 

bacteria responsible for bloodstream infections in children are as follows: 

2.2.2a Non typhoidal Salmonellae (NTS) 

Non typhoidal Salmonellae is a common cause of bloodstream infection among African 

children according to several studies conducted in Africa (Graham et al., 2000; 

Ikumapayi et al., 2007). The important strains include Salmonella Enteritidis, 

Salmonella Choleraesuis, and Salmonella Typhimurium (Brooks et al., 2007). NTS is 

one of the three major causes of invasive disease in children below the age of three 

(Ikumapayi et al., 2007) resulting in high morbidity and eventual death (Oundo et al., 

2002; Vaagland et al., 2004). NTS infections occur worldwide and their mode of 

transmission is oro-faecal. NTS causes self-limiting gastroenteritis in healthy 

individuals in developed countries (Kariuki et al., 2006) whilst in sub- Saharan Africa, 

it causes bloodstream infection in children and adults and may lead to death if prompt 

and appropriate antimicrobial therapy is not given (Graham et al., 2000; Gordon et al., 

2002). A study conducted by Feasey et al. (2012) suggests that fatality from NTS 

infections ranged from 20 to 25%. Kariuki et al (2006) found out that NTS was 

responsible for 51.2% of bloodstream infection in Kenya.  In Ghana, Nielson et al (2012) 

and Evans et al., (2004) reported 53.3% and 43% respectively.  
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2.2.2b Salmonella Enterica serova Typhi (Salmonella Typhi) 

Typhoid fever also known as enteric fever is found worldwide and accounts for several 

cases of morbidities and mortalities. They are common in developing countries where 

sanitary conditions are very poor (Evans et al., 2004). Typhoid infections may be mild 

or severe but can sometimes be life threatening if proper attention is not given. 

Transmission of enteric fever is oro-faecal through the ingestion of contaminated food 

or water. In Ghana, typhoid fever is predominant in areas with poor sanitary conditions 

(Nielsen et al., 2012; Acquah et al., 2013). 

 

2.2.2c Other Enterobacteriaceae 

Enterobacteriaceae is the general group of bacteria that colonize the gastrointestinal 

tract. They are the most significant contributors to intestinal infections, which are among 

the most frequent diseases in the developing world. Examples include Escherichia coli, 

Klebsiella spp, Enterobacter spp, Salmonella and Shigella (Kayser et al., 2005).  

Enterobacteriaceae have important pathogenicity factors namely; endotoxins, 

exotoxins, invasins and colonizing factors which aid in their adaptation in the 

gastrointestinal tract.  

When a host is immunosuppressed, Escherichia coli may reach into blood stream and 

cause sepsis (Mahon et al., 2000). E. coli is among the leading causes of meningitis in 

infants (Brooks et al., 2007).  

Klebsiella pneumoniae causes a small proportion (about 1%) of bacterial pneumonias 

but may also occasionally result in urinary tract infections, bacteraemia and other extra-

pulmonary infections. 
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2.2.2d Staphylococcus aureus  

Staphylococcus aureus is a major pathogen causing pyogenic and toxin mediated 

infections in humans. It is a part of the normal microbiota of the nose, skin, mouth, and 

other parts of the body. It is ubiquitous and a common cause of most superficial and 

invasive infections notably, skin and soft-tissue infections, endovascular infections, 

septicaemia, endocarditis and wound infections (Del Rio et al., 2009; Hakeem et al., 

2013).  

Bloodstream infections caused by S. aureus are often difficult to treat, and therefore 

associated with relatively high morbidity and mortality (Shinefield et al., 2002; Naber, 

2009).  Findings from a study conducted in Ghana by Evans et al. (2004) have reported 

S. aureus (29%) as one of the major etiologic agents. This agrees with studies conducted 

by Meremikwu (2005) and Awoniyi et al., (2009) in Nigeria that have also reported S. 

aureus as a major organism isolated representing 48.7% and 28% respectively. In 

Mozambique S. aureus (39%) was found as one of the major pathogens isolated from 

neonates with bloodstream infections followed by group B Streptococcus (20%) 

(Sigaúque et al., 2009). Another study conducted by Tsering et al (2011) in India also 

revealed that 97% cases of septicaemia in children was caused by S. aureus.  

2.2.2e Streptococcus pneumoniae  

Streptococcus pneumoniae is an important pathogen that causes diseases ranging from 

upper respiratory tract infections to severe invasive diseases such as pneumonia, 

septicaemia and meningitis (Bogaert et al., 2004; Donkor et al., 2013). Transmission of 

pneumococcus is usually by direct contact with contaminated respiratory secretions and 

is highest in young children.  
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Streptococcus pneumoniae is the leading cause of death in children less than five years 

(Isaacman et al., 2010) with about 1.2 million new cases of pneumococci infections 

emerging annually (Bogaert et al., 2004; Donkor et al., 2013). Nielsen et al. in 2012 

conducted a study in Ghana and concluded that S. pneumoniae (9.1%) was among the 

frequent isolates in blood amongst Ghanaian children.  

 

2.2.2f Haemophilus influenzae  

H. influenzae belongs to normal bacterial flora of the respiratory tract and a major cause 

of several invasive and non -invasive infections (García-Cobos et al., 2008). Diseases 

caused by H. influenzae include childhood pneumonia, meningitis, septicaemia, acute 

otitis media and epiglottitis (Tristram et al., 2007; Resman et al., 2011). Hib is 

commonly found in the nose and throat of healthy individuals living in areas where 

vaccination is not carried out. Almost all children who are not vaccinated are exposed 

to Hib by the age five.  

 

2.2.2g Neisseria meningitidis  

Neisseria meningitidis, commonly called meningococcus is found in the mucosa of the 

oropharynx of humans and a natural colonizer of the upper respiratory tract (Stephens 

et al., 2007; Caugant and Maiden, 2009). Humans are the only natural reservoir and 

therefore infection is spread from man to man, the nasopharynx is the site from which 

meningococci are transmitted through droplet secretions or via aerosols from an infected 

person to a susceptible individual (Rosenstein et al., 2001). Meningococcal diseases 

have repeatedly caused epidemics (Greenwood, 2007) and are still a global health 

problem affecting all ages, and a leading cause of bacterial meningitis and septicaemia 

(Thompson et al., 2006; Antignac et al., 2003). 
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2.2.3 Diagnosis of bacteremia  

Prompt diagnosis and effective treatment is often required for bloodstream infection to 

prevent complications (Meremikwu et al., 2005; Prabhu et al., 2010). Bacteriological 

examination is therefore very essential for diagnosis of bacteraemia. Although blood 

cultures remain the gold standard for diagnosis, its’ limitation is that most diagnostic 

procedures may take up to a week to complete and may cause some clinicians to depend 

on empirical treatment (Omoregie et al., 2009).  

 

2.2.3a Blood Cultures  

Blood cultures are mainly employed in the diagnosis of bacteraemia (Prabhu et al., 

2010). Physical signs and symptoms may be useful in identifying patients but have 

limited specificity (Kamga et al., 2011). Culture and isolation of specific pathogen in 

bacteriological cultures is definitive diagnosis for suspected cases of bacteraemia 

(Meremikwu et al., 2005). Positive blood cultures, though the gold standard for 

diagnosing bacteraemia, may give false negative results in neonates even when there are 

strong clinical suggestions of infection. This is attributable to the fact that antibiotics 

administered to mothers during pregnancy may suppress the growth of bacteria in 

culture, yet the neonate may have clinical symptoms and laboratory findings may not 

indicate bacteraemia or septicaemia (Kaufman and Fairchild, 2004).  

 

2.2.4  Management of bacteremia   

Antibiotics are used to treat bacterial bloodstream infections worldwide. A wide range 

of antimicrobials including cephalosporins, aminoglycosides, flouroquinolones and 

cabarpenems have been successfully used in treatment. Results of bacteriological 

cultures and antimicrobial susceptibility tests may take about five days, necessitating 
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initial empirical treatment of the infection. This practice however can add up to the 

already existing problems of antimicrobial resistance. Antimicrobial resistance may 

occur when selected antimicrobial agents are over prescribed. In order to develop 

effective guidelines for empirical antimicrobial treatment, knowledge of the type of 

etiologic agents and the pattern of antibiotic resistance are fundamental (Berkley, 2005). 

 

2.3 MALARIA AND BACTERIAL CO-INFECTION 

An association between malaria and susceptibility to invasive bacterial infection has 

been known for almost a century (Dondorp et al., 2005a), and has been repeatedly 

documented in different settings across Sub-Saharan Africa (Cook and Zumla, 2009; 

Medana et al. 2011). This association was first described for malaria and non-Typhoid 

Salmonella (NTS) bacteraemia (Dondorp et al., 2005b), which remains the most 

frequent cause of malaria associated bacteraemia in many studies, but also includes 

susceptibility to other Gram negative bacteria. (Cook et al., 2009; Haldar et al., 2007). 

The linking of NTS to malaria has been documented from studies in Africa (Berkley et 

al., 1999; Oundo et al., 2002). Oundo et al. (2002) realized in their study in Kenya that, 

septicaemia infection caused by some species of Salmonella were mostly common and 

severe at peak season of malaria than any other time. 

It has been observed that malaria infection was often associated with NTS bacteraemia 

even in countries where NTS infection was very rare in healthy individuals (Brown et 

al. 2001). Supporting the concept that the malaria was the cause of the susceptibility to 

NTS infection, observations in British Guyana demonstrated that once malaria was 

cured with quinine, co-infected individuals were often able to spontaneously clear NTS 

infection without additional treatment.  
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Studies of the epidemiology of malaria-NTS co-infection have clearly shown that the 

incidence of malaria and NTS bacteraemia are strongly correlated (Cook et al., 2009; 

Medana et al., 2011; Maneerat et al., 2000) whereas stool carriage of NTS is not as 

closely related to the incidence of NTS bacteraemia. Where malaria transmission has 

declined over time, similar trends have been observed in NTS bacteremia (Cook et al., 

2009; Maneerat et al., 2000). 

In Kenyan children, nearly two-thirds of cases of bacteraemia were attributable to the 

effect of malaria when malaria transmission was at its highest levels (Cook et al., 2009). 

NTS has been reported as one of the most common causes of community acquired 

bacteremia in children presenting to hospital in Kenya, second only to S. pneumoniae. 

However, the association between malaria and bacteremia extends only to NTS and 

some other common Gram negative organisms. Gram positive bacteria (Cook et al., 

2009) have not been implicated. High case fatality rates have been reported for patients 

hospitalised with malaria and bacterial co-infections, suggesting that mortality may be 

increased, (Haldar et al., 2007; Medana et al., 2002; Garcia et al., 1999)  

Clinical observations have prompted speculation that malaria may cause susceptibility 

to bacteraemia through immunoparesis (Haldar et al., 2007) impairment of phagocytic 

cell function (Maude et al., 2009; Essuman et al., 2010) complement consumption 

(Maude et al., 2009) or increased gut permeability (Haldar et al., 2007). Several 

subsequent studies have suggested that increased susceptibility to NTS bacteraemia may 

persist after clearance of microscopically detectable malaria infection (Brown et al., 

2001; Haldar et al., 2007; White et al., 2009) or that susceptibility is greater at moderate 

than high parasite density (White et al., 2009; Maude et al., 2009). Other studies have 

suggested that the association is particularly strong in the case of severe malarial anemia 

(Medana et al. 2011; Dorovini et al., 2011; Garcia et al, 1999; Maude et al., 2009).   
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CHAPTER THREE 

METHODOLOGY 

3.1 STUDY DESIGN 

The study was a cross-sectional investigation conducted between the months of May 

and December 2014 among children who reported to various healthcare facilities in and 

around Accra with conditions of febrile illnesses and were suspected to have malaria. 

Prior to commencement of the study, ethical clearance was sought from the College of 

Health Sciences, University of Ghana and the Ghana Health Service. 

 

3.2 STUDY SITES 

The study was conducted in three hospitals within the Greater Accra region, Ghana. The 

region is divided into 16 districts with a population of 4.01 million.  Two of the study 

sites, the Maamobi and the Princess Marie Louis Children’s (PML) Hospitals are located 

within the Accra metropolitan area whilst the Shai Osu-Doku District Hospital in 

Dodowa is located in the Tema metropolis. The sites combined have a total bed capacity 

of about 300 and a doctor to patient ratio of 1:5,000 (Ministry of Health, Ghana - 

unpublished reports). All the three facilities provide healthcare services to in-patients 

and out-patients under various specialties including medicine and surgery. The Princess 

Marie Louis Children’s (PML) Hospital serves as one of the main paediatric referral 

centres in the country. It sees approximately 200 out-patient cases daily in all specialties. 
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Figure 3.1: Map of Greater Accra Region showing the 16 districts (Source: Dodowa 

Malaria Research Center). 

 

3.3 STUDY POPULATION 

The population investigated were febrile children below 13 years of age seeking medical 

care at both inpatient and outpatient departments. The participants were selected 

according to the following criteria: 

3.3.1 Inclusion Criterion 

Children below 13 years presenting with malaria or symptoms of fever whose parents 

consented.  

3.3.2 Exclusion Criteria 

The study excluded children above 13 years, children on antibiotics and anti-malarial 

therapy, children of parents who did not consent, and those in critical conditions as 

severe anaemia. 
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 3.4 SAMPLE SIZE DETERMINATION 

Sample size was calculated using n = z²p (1-p) / e²            

Where n = the minimum sample size, z = the standard score, p = the known prevalence 

of co-infection in children and e = the allowable error margin. Using the prevalence of 

11% (Berkeley et al, 2005) at 95% Confidence level (z = 1.96, e = 5%), the minimum 

number of study participants that were enrolled for the study was 100.   

 

3.5 SAMPLING METHODOLOGY 

Health personnel at the three study sites assisted in educating parents of all eligible 

participants and addressed questions and concerns. Participating children were then 

stratified into malarial and non-malarial cases after screening with RDT. All participants 

who have sufficient data for inclusion criteria were recruited into the study. 

 

3.6 CONSENT AND QUESTIONNAIRE 

Participation in the study was on a voluntary basis.  Written informed consent was 

obtained from parents and guardians who were willing to include their wards. The 

children with their guardian were assured of confidentiality of the information they 

provided. A structured assessment form was used to obtain the clinical history 

regarding febrile illness, demographic data and risk factors (Appendix A and B). 

 

3.7 SAMPLE COLLECTION AND PROCESSING 

Three (3) mL of venous blood was collected from each patient aseptically with a needle 

and syringe. Out of this, 1mL was transferred into a sterile EDTA tube for 
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haematological analysis, malaria diagnosis and serological analysis (widal test). The 

remaining 2mL of blood was directly inoculated into 18 mL of Thioglycollate broth 

(Oxoid, UK) for blood culture.  

Fresh stool samples were collected from the patients into Selenite F broth (10 mL/tube), 

and the tubes containing samples were transported to the laboratory for bacteriological 

culture.   

 

3.8 LABORATORY ANALYSIS 

3.8.1 Haematology 

The haematological parameters for each patient were measured using automated 

haematology analyzer (sysmex 21N, Germany). These included haemoglobin level, 

total white blood cell (WBC) counts, total red blood cells (RBCs) counts, mean cell 

volume (MVC), platelet counts, neutrophil counts, lymphocyte counts and eosinophil 

counts. 

 

3.8.2 Parasitological processing 

3.8.2a Rapid diagnostic test 

The First Response (Premier Medical Corp., India) rapid diagnostic test (RDT) kit was 

used in screening all blood samples for malaria. In performing this test, 20µL of whole 

blood and 10µL of a buffer were added to the sample well of the test kit. It was incubated 

for 15 minutes and the results were read immediately. Positive tests had a purple band 

on both the test and control regions. The negatives had no bands on the test regions. 
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3.8.2b Thick and thin blood smears 

Thick and thin films of peripheral blood were prepared to examine malaria parasites. 

For the thick film, a small drop (5-8uL) of blood was placed at one end of a microscope 

slide, evenly smeared and dried to identify malaria parasites. Thin blood films were 

prepared similarly, however, the small drop of blood at one end of the microscope slide 

was evenly spread out to cover almost the entire length of the slide using a spreader. 

The blood films were thoroughly air-dried and the thin film was fixed with absolute 

methanol for species identification (Appendix D). 

The blood films were then stained with freshly prepared 20% Giemsa solution (in 

phosphate buffer) left to stain for 20 minutes, followed by rinsing carefully under slow 

running tap water. The slides were air-dried and examined with immersion oil under 

light microscope (X100 objective –Primo-Star Zeiss, Germany) for the presence of 

malaria parasites and species identification. Malaria parasites were counted against 200 

White Blood Cells (WBCs) to obtain the parasite density expressed as parasite per 

microliters (µL) of blood. 

 

3.8.3 Widal test 

The widal agglutination test was performed on all blood samples by the rapid slide 

titration method (Lynch and Raphael, 1983) using commercial antigen suspension 

(Cypress Diagnostic, Belgium) for the somatic (O) and flagella (H) antigens.  To 

perform this test, 50µL of test serum was placed in 2 circles on a glass slide and equal 

volumes each of positive controls and normal saline also added in different circles.  A 

drop each of O or H antigens were added to the test serum in each circle and then to the 

negative and positive controls. The content of each circle was mixed and spread to the 

University of Ghana http://ugspace.ug.edu.gh



28 

 

entire circle after which it was rocked gently for 1 minute and observed for 

agglutination. 

 

3.8.4 Blood culture 

Blood culture was done manually by inoculation into Thioglycollate broth and incubated 

aerobically at 35°C for 7 days and examined visually daily for evidence of bacterial 

growth. Indicators of bacterial growth that were used included; turbidity of blood-broth 

mixture, growth of microcolonies, haemolysis, colour changes and gas production. 

After 24hours of incubation, all cultures showing growth or no growth were sub-

cultured onto solid media plates of MacConkey agar, and Blood agar and incubated at 

37°C aerobically for 24 hours. In the case where Thioglycollate broth showed no growth 

up to day 7, subcultures were repeated from the broth on day 7 before it was discarded. 

All isolates from the subcultures were Gram stained and identified. 

 

3.8.5 Stool culture 

Stool samples were cultured on Salmonella-Shigella (SS) agar after pre-enrichment in 

Selenite F broth as described by Brooks et al. (2006). The cultures were incubated for 

24 hours at 37ºC and observed for the growth of non-lactose fermenters. 

 

3.8.6 Biochemical identification 

Colonies from solid agar plates were subjected to biochemical tests and further 

identification by the API 20E (bio-Mérieux, Inc. France). TSI agar was used to 

determine the ability of bacteria to ferment glucose and/or lactose and their ability to 

produce hydrogen sulphide or other gases. Presumptive colonies have alkaline (red) 

slants and acid (yellow) butts, with or without H2S production (blackened agar). For 
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urease test, the production of ammonia from urea was shown by a change in the phenol 

red indicator from yellow to pink. Salmonella species are typically urease-negative. 

Oxidase test was used to determine the presence of an enzyme cytochrome oxidase, 

which catalyses the oxidation of reduced cytochrome by molecular oxygen. In 

Simmon’s citrate agar, the use of citrate as a sole carbon source was indicated by the 

production of ammonia and a change in the colour of the medium from green to blue. 

Testing for indole production is important in the identification of Enterobacteria. Indole 

production was tested by Kovac’s reagent and a positive test was indicated by red 

coloured compound. Motility was indicated by turbidity extending out from the line of 

stab inoculation. Non-motile organisms grew only in the inoculated area.  

 Gram positive bacteria were identified using the coagulase and catalase test. Catalase 

activities were detected with BD catalase reagent droppers (BD, Maryland, USA), 

according to the manufacturer’s instruction (Appendix D). 

 

3.8.7 Biochemical characterization (API 20E) 

Further confirmation of the isolates was carried out with a commercial bacterial 

identification kit such as the Analytical Profile Index, API 20E strip kit (bio-Mérieux, 

Inc., France). The API is a miniaturized panel version of the conventional procedures 

used for the identification of Enterobacteria and other Gram-negative bacteria.  The 

reagents used included API NaCl 0.85% medium, API 20E reagent kit, Zn reagent, 

oxidase and mineral oil. To prepare the strips, an incubation box (tray and lid) was used 

and 5 ml of distilled water were distributed into microcupules of the tray to create humid 

atmosphere. To prepare the inoculums, single well isolated colony was removed from 

an isolation plate and emulsified in 5 ml of AI 0.85% NaCl in order to achieve a 

homogeneous bacterial suspension. Anaerobiosis in the tests arginine dihydrolase 
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(ADH), lysine decarboxylase (LDC), ornithine decarboxylase (ODC), H2S and 

urea(URE) was maintained by overlaying with mineral oil. The incubation box was 

closed and incubated at 36±2°C for 24 h as described by the manufacturer. The strains 

were identified and the number codes generated were interpreted on the results obtained 

with the API 20E kit using the identification chart supplied by the manufacturer.  

For quality Control, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 

27853 and methicillin resistant Staphylococcus aureus ATCC 9213 were set up together 

with the test organism to control media, biochemical tests, and potency of antibiotic 

discs.  

 

3.8.8  Antimicrobial Susceptibility Testing (AST)  

Susceptibilities to various antimicrobial testing was carried out on Mueller Hinton agar 

as described by the Kirby–Bauer disc diffusion method (Bauer et al., 1966) and 

interpreted by the Clinical Laboratory Standards Institute guidelines (CLSI, 2013). 

3.8.8a    Inoculum preparation for AST  

Plates and antibiotic discs were brought to room temperature before use. Four to five 

colonies were touched with a straight wire loop and emulsified in peptone until the 

turbidity was similar to that of 0.5% McFarland standard.  

3.8.8b    Inoculation and Application of Antibiotic discs  

A sterile cotton swab was dipped into the inoculum and rotated against the wall of the 

tube to remove excess volume of the inoculum. The entire surface of the agar plate was 

swabbed evenly in three directions. The inoculated plates were air-dried, and antibiotic 

discs (Oxoid, UK) were placed on the agar using flamed forceps and were gently pressed 
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down to ensure contact.   Once applied, the discs were not removed. The antibiotic discs 

used are as shown in table 3.1. 

 

3.8.8c    Incubation and Reading  

Plates were incubated aerobically at 37°C and diameters of zones of inhibitions were 

measured with a caliper after the 24-hour incubation period. Measured zones of 

inhibitions were compared with zone diameter interpretative chart (CLSI, 2013). 

Table 3.1   Antibiotic Disc Concentrations Used for the isolated organisms 

 

Gram Positive Bacteria Gram Negative Bacteria 

Antibiotic 
Concentration 

(µg/disc) 
Antibiotic 

Concentration 

(µg/disc) 

Cefoxitin 30 Ampicillin 25 

Penicillin 10 Tetracycline 50 

Erythromycin 15 Cotrimoxazole 25 

Cefuroxime 30 Gentamicin 10 

Gentamicin 10 Cefuroxime 30 

Ciprofloxacin 5 Chloramphenicol 30 

  Ceftriaxone 30 

  Meropenem 10 

 

 

3.9 DATA HANDLING AND STATISTICAL ANALYSIS 

All data were handled confidentially. Clinical and laboratory data sheets were completed 

by the investigator only. Data was stored in bound folders and put under lock until data 

entry. During data entry, database files were protected under password. All data was 

cross-checked for correction of errors that might arise during the course of data entry.   

Data was entered into a database and analysed descriptively using MS excel and MS 

access. Measures of central tendency, frequency tables and bar charts were used in data 

summary.  
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CHAPTER FOUR 

RESULTS 

4.1 ENROLMENT 

In total, 1187 children presenting with fever, convulsion, anaemia, diarrhoea and 

vomiting reported to health centres at the three sites during the span of the study. An 

initial 246 children were recruited but excluding incomplete questionnaires and 

inadequate specimens provided, 232 valid participants were enrolled. All enrolled 

participants were malaria positive cases diagnosed through preliminary RDT screening 

and then confirmed through microscopy. Consenting parents or guardians completed 

questionnaires while participants provided blood and stool for cultures. The 

participation for the study at the three sites ranged from 15.52% (Maamobi) to 58.19% 

(Dodowa) as shown in table 4.1. One hundred and ninety-seven participants (84.91%) 

were from urban communities whilst 35(15.09%) came from peri-urban communities 

few kilometres from the study sites. 

 

Table 4.1: Distribution of participants from the three sites studied. 

 

 

 

 

 

 

 

 

SITE Number consented 

Percentage of study 

participants 

Dodowa 135  58.19% 

P.M.L 61  26.29% 

Maamobi 36 15.52% 
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4.2 STUDY PARTICIPANTS 

Of the participants, 52.2% were males. The most occurring age group for males was 9-

13 years whilst that of females was 0- 2 years. All participants of school going age (3-5 

years for pre-school and 6-13years for basic school) were in school and came from 

various locations within the environs of the three study sites. The demographic 

characteristics of the participating children are shown in table 4.2. 

 

Table 4.2 Demographic characteristics of the participants. 

 

 

 

 

 

 

 

 

 

 

SITE Number Percentage (%) 

Sex   

Male 121 52.16 

Female  111 47.84 

Age group   

0-2 60 25.86 

3-5 53 22.84 

6-8 54 23.28 

9-13 65 28.02 

Education   

Schooling 172 74.14 

Not schooling 60 25.86 
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4.3 CLINICAL CHARACTERISTICS 

The most common malaria associated symptoms leading to hospital visit among the 

study participants were fever, anaemia and vomiting. There were no significant 

differences between the clinical presentation of patients and single or co-infection as 

shown in table 4.3 

 

Table 4.3: Associations between clinical features and co-infection in 

participants.  

 

 

 

 
Co-infections 

x2 P-value 
Yes No 

Severity of parasitemia     

Mild 2 75 *  

Moderate 7 93 1.75 0.30 

Severe 4 51 1.62 0.23 

Fever     

Yes 11 168 0.46 0.73 

No 2 51 *  

Vomiting     

Yes 7 108 0.10 0.78 

No 6 111 *  

Anaemia     

Yes 9 152 0.00 1.00 

No 4 67 *  

Convulsion     

Yes 0 25 1.66 0.37 

No 13 194 *  

Diarrhoea     

Yes 5 60 0.75 0.36 

No 8 159 *  

Sickling     

Yes 0 24 1.42 0.62 

No 13 219 *  

University of Ghana http://ugspace.ug.edu.gh



35 

 

4.4 LABORATORY FINDINGS 

Of the 232 participants who tested positive for P. falciparum after RDT and microscopy, 

the median level of parasiteamia was 88,000/µL (range: 6000/µL-380,000/µL). 

Children aged 9-13 years had higher levels of parasiteamia compared to all other age 

groups. There were no associations between parasiteamia and clinical presentation. The 

haematological features of the participants are shown in table 3. 

 

Table 4.4: Haematological features of single and co-infections among participants 

 

 
Parasitemia 

(<250000parasite/µl) 

Hyperparasitemia 

(>250000 

parasite/µl)) 

Co-infection 

(malaria + 

bacteraemia) 

 n=196 n=36 n=13 

Haemoglobin    

Non-anaemic 35 34 4 

Anaemic 145 2 9 

Severe anaemia 16 0 0 

WBC counts    

Low 0 0 0 

Normal 122 15 5 

High 74 21 8 

Neutrophil %    

Low 15 3 2 

Normal  133 26 10 

High 50 5 1 

Lymphocyte %    

Low  59 22 3 

Normal 126 12 8 

High 11 2 2 
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Shown in table 4.4 are the isolates from positive blood cultures. The proportion of blood 

cultures yielding a clinically significant positive result was 5.6% (13/232) after 

identification using appropriate biochemical tests and API 20E. Enterobacteria were 

isolated in 8 positive while the remaining 5 were Staphylococcus aureus. Blood and 

stool cultures from the participants were negative for salmonella species. 

All the S. aureus isolates showed complete resistance to penicillin (100%) whiles 80% 

resistance was for Co-trimoxazole. The Enterobacteriacae were completely resistant to 

ampicillin. Tetracycline and ceftriaxone also shows high resistance.  The etiologic 

agents of bacteraemia are shown in table 4.4 and their corresponding antimicrobial 

susceptibility patterns are shown in tables 4.5a and 4.5b. 

 

 

Table 4.5: Isolates from positive blood culture 

 

 

 

Organisms Total isolates Age groups 

Gram Negative Bacteria 

Citrobacter freundii  

Providencia stuartii  

Providencia alcalifaciens 

Enterobacter amnigenus 

Proteus mirabilis 

Pseudomonas aucimobilis 

Enterobacter amnigenus 

 

1 

2 

1 

1 

1 

1 

1 

0-2 

0-2, 6-8 

0-2 

3-5 

6-8 

9-13 

9-13 

Gram positive Organisms 

Staphylococcus aureus            5 3-5, 6-8, 9-13 
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Table 4.6a:  Antimicrobial susceptibility profiles of the Staphylococcus aureus isolates. 

 Antibiotics Staphylococcus aureus 

Cefoxitin 100% S 

Penicillin 100% R 

COX 100% S 

Erythromycin 100% S 

Co-trimoxazole 80%R 

Cefuroxime 100%S 

Gentamicin 100%S 

Ciprofloxacin 100%S 

S - Sensitive; R - Resistance. 

Table 4.6b: Antimicrobial susceptibility profiles of the Enterobactereacae isolates. 

 

P 

stuartii 

P 

stuartii 

P 

alcalifaciens 

P 

aucimobilis 

E 

amnigenus 

E 

amnigenus 

P 

mirabilis 

C. 

freundii  

Ampicillin R R R R R R R R 100%R 

Tetracycline S R R R R R R R 88%R 

Cotrimoxazole S R R S S S R S 63%S 

Gentamicin S S S R R R R S 50%S 

Cefuroxime S R S S R R S R 50%S 

Chloramphenicol S S S - S S R S 88%S 

Ceftriaxone S R R - S S R S 57%S 

Cefotaxine S R S R R R R R 85%R 

Ciprofloxacin S S S S S S R R 85%S 

Amoxicillin S S S S R S S S 88%S 

Meropenem R S S S S S S R 85%S 

University of Ghana http://ugspace.ug.edu.gh



38 

 

4.5 RISK FACTORS 

Table 4.6 shows differences in proportions of the risk factors usually associated with invasive 

bacterial infections.  More than half of the children ate outside their homes frequently, and of 

those who had toilet facilities at home, only 24.8% (31 out of 125) had flush toilets (water closet). 

Recent antibiotic use within four weeks prior to the study was also minimal (14.65%). 

 

Table 4.7.   Risk factors for invasive bacterial infections. 

*reference 

 
Co-infections 

x2 P-value 
Yes No 

Recent antibiotic use     

Yes  1 33 *  

No  12 186 0.53 0.70 

Sickling     

Yes  0 24 1.59 0.37 

No  13 195 *  

Toilet facility at home     

Yes 7 6 0.00 1.00 

No 118 101 *  

Type of toilet facility     

Bush/polytene 1 14 0.00 1.00 

KVIP 10 175 0.37 0.69 

WC 2 30 *  

Eating out     

Never 7 42 10.28 <0.05 

Occasionally 3 44 1.90 0.18 

Regularly 3 133 *  

Water source     

Packaged 9 105 0.60 1.00 

Borehole/tap 4 107 0.26 1.00 

Well/Rain 0 7 *  
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CHAPTER FIVE 

DISCUSSIONS 

 

The purpose of this study was to determine the prevalence of co-infection of malaria and 

bacteraemia and also to assess the risk factors for bacterial infections within selected 

communities in the Accra sub-metro. Malaria coupled with bacterial infections are a major public 

health concern as the tendency of misdiagnosis is eminent and therefore tends to increase 

morbidity and mortality.  

More children reported to the clinics with febrile illnesses suspected to be malaria than adults. 

They lived within the environs of the study sites and those who were of school going age were 

enrolled in various schools. The finding of more children especially from Dodowa and Maamobi 

adds to anecdotal reports indicating that children are more at risk of febrile illnesses suspected 

to be malaria compared to adults.  Age is an influential factor in malaria infection and may 

contrast Svenson et al. (1995) who found that the severity of malaria was not age dependent. 

Health survey from the PML Children’s hospital also indicate that the causes of frequent visits 

to clinics was febrile related illnesses all of which was suspected malaria. Their increased risk of 

malaria could be attributable to; immature immunity especially in children under the age of 2 

years (WHO, 1996; Rijkers et al., 1998; Klein Klouwenberg and Blont, 2008) and multiple 

exposures to the vector bites since children may not take necessary precautions about the vector 

when they engage in outdoors activities.  
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Both diseases have similar symptoms characterized by fever, weakness, body weight loss, 

anaemia and in some cases gastrointestinal disturbances (Niikura et al., 2008; Samal and Sahu, 

1991). The similarity in symptoms is one of the causes of difficulties that arises in the preliminary 

diagnosis of the diseases and there is no report from the Ministry of Health, Ghana, on the status 

of co-infections in the country. Bacterial co-infections in malaria positive children was evaluated 

based on culture and identification with API20E. Thirteen (13) out of the 232 participants had 

dual malaria and bloodstream bacterial infections, representing 5.6% co-infection. Surprisingly, 

none of the cultured samples were positive for NTS despite being an important co-infection with 

malaria and where many of the participants did not have potable water and toilet facilities in their 

homes. The finding of no positive cultures for NTS is in huge contrast to other studies in the 

country and elsewhere in Africa that have associated the susceptibility of NTS to malaria 

infection, while others have related the two as most common in the tropics and subject to 

misdiagnosis (Evans et al., 2004; Nielson et al., 2012; Bronzan et al., 2007; Lepage et al., 1987; 

Maitland et al., 2006; Nesbitt et al., 1989). 

Staphylococcus aureus was the only Gram positive organism among the six different organisms 

isolated from blood cultures, all others were Gram negative. S. aureus may not necessarily be 

attributed to malaria, instead, it confirms its implications in community-acquired bacteraemia 

among children in rural sub-Saharan Africa. Recent investigations elsewhere in Africa show that 

S. aureus was the most frequent cause of bacteraemia caused by Gram-positive organisms in 

infants and young children presenting at a hospital in Nigeria (Johnson et al. 2008) and 

Mozambique (Sigauque et al. 2009). These infections were single-infections and not co-infection 

with malaria. It also agrees to findings from other developing countries that suggest S. aureus to 
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be a major aetiological agent of septicaemia (Evans et al., 2004; Meremikwu et al., 2005; Hill et 

al., 2007; Kizito et al., 2007; Komolafe and Adegoke, 2008) which constitute a significant threat 

to child survival in these areas. The reason why S. aureus was predominant cannot be explained 

from this study, however, it’s implications in community-acquired bacteraemia among children 

at a rural sub-Saharan are highlighted. All of the S. aureus were resistant to penicillin (Table 

4.5a). Usage of penicillin is therefore not appropriate for the treatment of Staphylococcal 

systemic infections as it may lead to treatment failure. Cefoxitin, Erythromycin, Co-trimoxazole, 

Gentamicin and Ciprofloxacin are more effective drugs of choice as the organisms showed no 

resistance to these groups of antibiotics. 

Several published reports have also demonstrated that Gram-negative organisms either exceed 

or rival Gram-positive organisms in bloodstream infections in both adults and children from 

African countries (Gordon et al., 2002; Ayoola et al., 2003; Archibald et al., 2003) as observed 

in this study. It is unknown why Gram negative organisms were mostly implicated in 

bloodstream infections but a likely reason that could explain this occurrence is that the Gram 

Negative isolates belong to the group of Enterobacteriacae that usually colonize the gut and 

progress to cause systemic invasion. It is noteworthy that, all the laboratory requisition forms of 

the participants specified for malaria tests and there were no requests for blood associated 

bacterial infections. Nevertheless, the isolation of some bacteria in the blood may indicate missed 

diagnosis which would consequently lead to mistreatment. This may add to growing evidence 

that, much attention is not paid in cases of malaria related co-infections in Ghana as their clinical 

symptoms may present in the same way. Systemic bacteraemia reported herein in children with 
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Plasmodium falciparum malaria makes the identification of concurrent infections a prerequisite 

for adequate treatment given their overlap in clinical signs.  

With the abundance of affordable antimalarial medicines, self-diagnosis of malaria is often the 

main diagnostic approach used by many Ghanaians for febrile illnesses. The second clinical 

diagnosis is often sought after the self-diagnosis and medication has failed (Nyamongo, 2002). 

While prompt and accurate diagnosis of malaria is part of effective disease management, many 

other etiologic agents could be responsible for febrile presentations.  If these presentations are 

accurately diagnosed, it could help to reduce indiscriminate use of antimalarial especially in 

young children and improve differential diagnosis of febrile illness. It is hence important to 

supplement febrile conditions with blood cultures to ensure accurate diagnosis despite their 

confounding clinical symptoms.  

The data presented support accumulating evidence that invasive bacterial infections are 

important concurrent infections in paediatric populations with malaria. Studies from the Gambia 

have found community acquired invasive bacteraemia infections to be higher in children aged 2-

29 months compared to adults (Enwere et al., 2006).  A similar study at a rural hospital in 

Mozambique showed an increased risk of community acquired bacteraemia in children <3 years 

of age compared to adults (Sigauque et al., 2009). These finding of higher bacteraemia in children 

may not be comparable to results from this study as adults were not included and the few isolates 

obtained from blood cultures were not enough to draw definitive conclusions.  The absence of 

NTS isolates in positive blood cultures also imply that, results from this study show no 

significance in associating NTS co-infections with malaria as other authors (Bronzan et al., 2007; 

Evans et al., 2004) have previously demonstrated.  
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On the other hand, the frequent diagnosis of malaria without routine bacterial cultures to diagnose 

infections in most primary and secondary health facilities, some clinicians may be tempted to 

give alternative remedies to other infections that mimic malaria. This may lead to unguided 

empirical treatment especially with antibiotics, which, in turn, may result into antimicrobial 

resistance and can affect a patient’s rate of recovery. There is therefore further emphasizes the 

need for supplementary tests in ensuring accurate diagnosis before commencement of therapy. 

Anaemia has been shown to be prevalent in areas where malaria is endemic (Le Hung et al., 

2005). The association between malaria and anaemia has been well documented (Adam et al., 

2005; Huddle et al., 1999; Kagu et al., 2007; Mayor et al., 2007; Muhangi et al., 2007; Ouma et 

al., 2007; Tarimo, 2007). Malaria is characterized by a drop in the level of haemoglobin, resulting 

from the destruction of erythrocytes and as expected, the results from this study shows that 

anaemia was predominant among the participants. In Sub-Saharan Africa where malaria is 

endemic, the association between anaemia and malaria is so strong that anaemia is often taken 

as a proxy indicator of the malaria control programmes (Le Hung et al., 2005).  

Although no mortality was recorded during the span of the study, the prevalence of anaemia was 

high and may be disadvantageous in malaria positive patients, potentially leading to severe 

anaemia as more RBCs are invaded and lysed when infection progresses without treatment. It is 

worth mentioning that the 6.9% severe anaemia observed in of children from this study is a 

frequent complication of Plasmodium falciparum infections that occurs in young children 

(Breman, 2001) with a case-fatality rate reaching 23% in malaria holoendemic areas (Obonyo et 

al., 2007). This study could not establish any associations between malaria and anaemia despite 

the high proportions of anaemic children. A reason that accounted for this was the lack of a 
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malaria negative control group. However, some studies have reported no association (Le Hung 

et al., 2005; Stoltzfus et al., 2000; Stoltzfus et al., 1997) between malaria and anaemia. A study 

by Mato (1998) among Yanomami Amerindian population from the Southern Venezuelan 

Amazon also found no association between malaria and anaemia. 

WBC counts are essential in predicting the health status or immunocompetence of a person and 

are lower to the normal counts during malaria. While increased counts indicate infections, 

reduced WBC counts, on the other hand, suggest an increased susceptibility to infections. 

Interestingly, this study found high WBC counts in co-infected children compared to children 

with only malaria and showed that, the WBC counts of the children did not fall below the 

standard value as generally anticipated. It contrasts studies that suggest that children who test 

positive for P. falciparum and those with high parasite densities are associated with low WBC 

counts (Omalu et al 2008). The reasons for this disparity cannot be discerned from the study, 

however, a risk factor for NTS infection in malaria is attributable to the reduced WBC counts 

which impair the defense of the body and subsequently, immunity to diseases. Since no lower 

counts of WBCs were recorded, it may be a likely reason why NTS was not isolated after culture 

as it is arguable that the immune system of the children was not impaired to an extent of 

predisposing them to NTS bacteraemia. This conclusion is however based on thin evidence.     

 

Among the risk factors used to access possible transmission of bacterial of NTS among the 

participants were; parasitaemia, source of drinking water, sickle cell disease, younger age, lack 

of in-house toilet facilities, and lack of potable water. Surprisingly, participants who never 

patronized food from outside their homes were associated with bacteraemia (p<0.01).  All the 

other factors showed no association.  
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5.1 LIMITATAIONS 

This study is subject to several limitations. To begin with, the study was conducted in urban areas 

which are known to have lesser prevalence of bacterial infections compared to rural centres. 

Choosing study sites from rural areas would have been preferable for prevalence studies 

involving NTS.  

Secondly, molecular techniques involving PCR are more sensitive and would have been more 

accurate in diagnosis compared to blood cultures since some studies have argued that the 

sensitivity of culture from 1mL of blood is minimal thus giving only 1CFU/mL for organisms 

such as NTS. Furthermore, failure to collect other parameters such as temperature, BMI, blood 

sugar and the comparatively lower sample size are other limitations that prevent the study from 

drawing a definitive conclusion.  

 

2.5 CONCLUSION 

In conclusion, malaria has gained more recognition through research compared to bacterial 

etiologic agents. Similarities in the clinical presentations of both diseases may influence 

clinicians to pay particular attention to the management of malaria in patients while co-infections 

may be missed out on the first diagnosis. This study predominantly found S. aureus and 

Enterobacteria to be responsible for co-infections in malaria patients.  NTS which has been 

previously reported by various authors may not be associated with malaria in the population 

studied.  Although none of the stool cultures was positive for bacteria, there is the need to provide 

safe drinking water, good toilet facilities and practice adequate personal hygiene in order to 
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prevent the transmission of bacterial infections, especially in areas where malaria is endemic 

areas. 

 

5.3 RECOMMENDATIONS 

Knowledge of the prevalence, risk factors of NTS and malaria co-infections in Ghana, 

particularly in high risk areas is critical in misdiagnosis of malaria regionally and globally. There 

is the need for clinicians, public health officials GHS/Policy makers to include invasive bacterial 

infection such as NTS in routine diagnosis of persons presenting with febrile illnesses. 

Malaria still remains a public health concern especially in children. In the environs of the study 

sites where drainage is poor and mosquito breeding habitats have an extensive distribution, 

parents and caregivers should protect their children with long lasting insecticide treated bed nets.  

Furthermore, preventive strategies among the general public should include; promotion of inbuilt 

toilet facilities at home to maximise personal hygiene. Provision of potable water for 

communities without access to running tap water. 

Traditional microbiological culture methods employed to detect systemic bacteraemia are often 

time consuming and have modest sensitivity. Therefore, molecular methods may be useful in 

accurately diagnosing bacteraemia. 
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APPENDIX A:  CONSENT FORM 

 

UNIVERSITY OF GHANA MEDICAL SCHOOLCOLLEGE OF HEALTH SCIENCES 

DEPARTMENT OF MICROBIOLOGY, P.O. BOX 4236 

KORLE-BU, ACCRA, GHANA 

 

Participant’s Name: ___________________________________  

Participant’s ID No: ___________________________________         

 

MALARIA AND BACTERIA CO-INFECTIONS: A STUDY AMONG 

CHILDREN PRESENTING WITH FEBRILE ILLNESSES IN ACCRA. 

 

Background 

Malaria afflicts about 90 countries and territories in the tropical and subtropical regions and 

almost one half of them are in Africa. WHO estimates 300 to 500 million malaria cases 

worldwide annually, with about 90% from Africa. In addition, the estimated annual mortality 

attributed to malaria ranges from 700,000 to 2.7 million globally and 75% of them are African 

children and expectant mothers. 

Non-typhi Salmonella (NTS) is among the three most common pathogens causing bacteremia 

in children and adults in sub-Sahara Africa (Shaw, 2008). NTS bacteremia in Africa is highly 

associated with other diseases (particularly HIV, malaria and sickle cell) and malnutrition. 

Malaria has long been suspected to increase the risk of NTS infection in children. Thus it is 

very common to see patients undergoing both malaria and typhoid treatment even if the 

diagnosis has not been confirmed.   

In malaria endemic region, there exists an association between falciparum malaria and 

salmonella bacteremia and this often confuses diagnosis and delays appropriate management. 

Both malaria and typhoid fever share social circumstances which are imperative to their 

transmission. The clinical presentation of NTS bacteremia is non-specific and in the absence of 

blood culture, may be confused with other febrile illness such as malaria. Co-infection with 

NTS has been associated with increased malaria mortality. 
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Purpose of study 

The purpose of this study is to determine the prevalence of the co-infection of malaria and non- 

typhoidal salmonella infection in children. 

What is required of you 

You will be asked to provide some information on your child such as age, locality, educational 

level, duration of febrile condition, sources of water for domestic usage, etc.  

Peripheral blood from finger prick will be taken then; 3mL of venous blood may also be taken 

from your child if your child meets that criterion. After this your child will be asked to provide 

stool into the container that will be given you.  

All participants are to provide both specimen types assigned to the group except under special 

conditions where either urethral swab or urine specimen may be accepted from male participants. 

 

Risk 

The clinical records of your child for the past six (6) months will be reviewed. However, 

information obtained about you will be confidential and will not be by any means discussed 

publicly against your name. You will be assigned an ID number which will be used in public 

discussion and not your name. Collection of the vaginal and urethral swab specimens is invasive 

which may be painful and uncomfortable. You are assured that these specimens will be taken by 

a specialist and so will not be very much painful or affect you negatively. You may spend some 

more time than normal check-up times but you are fully assured that there will not be any 

unnecessary time wasting. 

 

Benefits 

The possible benefit for you participating will be getting tested for the infection of Malaria and 

non-Typhoidal Salmonella free of charge. This will aid your doctor’s decision and subsequently 

appropriate treatment. Also, the information obtained from the study will reveal the state of co-

infection in the community which will help select appropriate measures to diagnose, prevent and 

control its occurrence. 
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Terms of participation 

 Participation is voluntary and so you are not under any obligation to participate. 

 You may decide to withdraw from the study at any time without having to give any 

explanation/reason. 

 Your refusal to take part in the study will not influence the study or your subsequent 

health care delivery. 

 All information obtained from you will be confidential. 

 You will not receive any financial compensation for participation. 

 

 

Signing  

A: TO BE COMPLETED BY RESEARCHER 

 

 

 

 

 

 

 

B: TO BE COMPLETED BY PARTICIPANT 

 

SOCIOECONOMIC AND RISK ASSESSMENT QUESTIONNAIRE 

 

Participants ID no. ________________________ 

 

 

 

 

 

 

 

 

I have fully explained to _______________________________________________________as 

a participant; the procedure, risk and benefits of the above described study.  I have also addressed 

all his/her questions and concerns. 

____________________________________              ________________         _____________ 

   Name           Sign/thumbprint  Date 

I _______________________________________________________ have been fully informed 

of the above described study in a language that I fully understand.  By signing this form, I give 

my consent to participate in the study. 

____________________                  ____________________________________________ 

   Date          Sign/thumbprint   
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APPENDIX B:  QUESTIONNAIRE 

 

Target Number: ………………. 

A:  Personal data: 

Name of Patient: …………………………………………………………………… 

Location of residence………………………………………………………………. 

Age: [    ] (0- 2) years           [    ] (3- 5) years        [    ] (6- 8) years    [    ] (9- 13) years                       

Sex:   [        ]       1: Male          2: Female    

B:  Clinical data: 

Fever:  [       ]     1: Yes        2: No       Vomittng:  [      ]     1: yes       2: No  

Diarrhoea:  [      ]    1: Yes     2: No       Sickling status:      [      ]   1: Positive        2: Negative 

Anaemia: [      ]     1: Yes    2: No        Convulsion:   [      ]      1: Yes     2: No 

Antibiotic use [     ]      1:Yes      2:No 
 

1. Educational background:  (a) None   (b) Primary    (c) J.S.S.    

Name them ___________________________________________________ 

   Environmental 

1. Number of times you have eaten outside in the  past weeks : …………………… 

2. Number of persons in households ………………………….. 

3. Do you have toilet facility in house…….if yes….state which one………………………. 

4.  What is the sources of household water     [      ]tapwater   [      ]borehole   [      ]river    

              [      ]packaged water  Others……………… 

  

Date _______________________________________________________ 

 

Signature/thumbprint __________________________________________ 
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APPENDIX C: MEDIA AND STANDARD SOLUTIONS 

 

Preparation of agar media and standard solutions for culture, identification and antimicrobial 

susceptibility testing of bacteria isolates 

The following media and standard solutions were aseptically prepared according to 

manufacturer`s instructions using sterile distilled water. Where necessary the media and 

solutions were autoclaved at 121oC and 15 psi pressure for 15 min. 

With the agar plates, dehydrated powders were dissolved in appropriate volumes of distilled 

water according to manufacturer`s instructions. Substances were mixed thoroughly and gently 

heated to completely dissolved and autoclaved. When cooled to about 50-55oC, approximately 

25ml volumes were dispensed into 90 cm sterile Petri dishes, left to set and agar surfaces dried. 

For the agar slopes, dehydrated powders were dissolved in appropriate volumes of distilled water 

according to manufacturer`s instructions. Substances were mixed thoroughly and gently heated 

to completely dissolve. Appropriate volumes were then dispensed into appropriate tubes before 

autoclaving. Autoclaved tubes were slanted at appropriate gradients during setting for the agar 

slopes.  

Quality and sterility of prepared media were ascertained by inoculating randomly selected media 

with Pseudomonas and Escherichia coli positive control strains. 

 

a) Mueller Hinton Agar 

Composition                                                          gm/Ltr 

Beef infusion solids                                               2.0 

Acid Hydrolysed Casein                                        17.5 

Starch                                                                      1.5 

Agar No.1                                                               17.0 

pH   7.3 ± 0.1 

Preparation 

Prepared according to the manufacturer`s (BIOTEC) instructions. When cooled to about 55 oC, 

approximately 25 ml volumes were dispensed into 90 cm sterile Petri dishes, allowed to set and 

agar surfaces dried. 
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b) MacConkey Agar 

Composition                                                         gm/Ltr 

Peptic digest animal tissue                                     20.0 

Lactose                                                                   10.0 

Bile salts                                                                  5.0 

NaCl                                                                        5.0 

Neutral red                                                              0.075 

Agar                                                                      12.0 

pH   7.4 ± 0.2 

 

 Preparation 

Prepared according to the manufacturer`s (OXOID) instructions. When cooled to about 55 oC, 

approximately 25 ml volumes were dispensed into 90 cm sterile Petri dishes, allowed to set and 

agar surfaces dried. 

 

c) Blood Agar 

               Composition                                                                                                  
i) Blood Agar Base                                                                        gm/Ltr 

    Beef Extract                                                                                 10.0 

    Tryptose                                                                                       10.0 

    NaCl                                                                                                 5.0 

    Agar                                                                                              15.5 

ii)            5-10 % Sheep Blood                                                50 ml/Ltr 
       pH 7.3± 0.2 

Preparation 

Prepared according to the manufacturer`s instructions. When cooled to about 55 oC, 

approximately 25 ml volumes were dispensed into 90 cm sterile Petri dishes, allowed to set and 

agar surfaces dried. 

 

d) Nutrient Agar 

Composition                                                                        gm/Ltr 

Peptone                                                                                5.0 

Beef/Yeast Extract                                                               3.0 

NaCl                                                                                     5.0 

Agar                                                                                   15.0 

pH 7.0 ± 0.2                    
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PreparationPrepared according to the manufacturer`s instructions. When cooled to about 55 

oC, approximately 25 ml volumes were dispensed into 90 cm sterile Petri dishes, allowed to set 

and agar surfaces dried. 

 

e) Triple Sugar Iron (TSI)  

Composition                                                                                      gm/Ltr 

Peptone                                                                                               20.0 

Yeast extract                                                                                       3.0 

`Lab-Lemco powder`                                                                          3.0 

NaCl                                                                                                    5.0 

Lactose                                                                                                10.0 

Glucose                                                                                                1.0 

Ferric citrate                                                                                         0.03 

Sodium thiosulphate                                                                            0.3 

Phenol red                                                                                            q.s 

Agar                                                                                                     12.0 

pH 7.4± 0.2      

                                                  

Preparation 

Prepared according to the manufacturer`s (OXOID) instructions. Completely dissolved mixtures 

were dispensed into appropriate tubes before they were autoclaved. The tubes were slanted at 

appropriate gradient before setting. 

 

f) Urea slope 

Composition                                                                               gm/100ml 

Glucose                                                                                        1.0 

Peptone                                                                                        1.0 

NaCl                                                                                            5.0 

Di-sodium phosphate                                                                  1.2 

Potassium dihydrogen phosphate                                               0.8 

Phenol red                                                                                   0.012 

Agar                                                                                            15.0 

pH 6.8 ± 0.2  

 

Preparation   

Prepared according to the manufacturer`s (OXOID) instructions. The completely dissolved 

mixture was autoclaved and allowed to cool. 5ml of filtered sterilized 40% urea solution was 

then added aseptically to the autoclaved mixture before dispensed into sterile tubes and sloped. 
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g) Citrate Agar Slant 

Composition                                                                                         gm/Ltr 

Magnesium sulfate (heptahydrate)                                                        0.2 

Ammonium di-hydrogen phosphate                                                      1.0 

Di-potassium phosphate                                                                        1.0 

Sodium citrate (dehydrate)                                                                    2.0 

NaCl                                                                                                      5.0 

Bromothymol blue                                                                                0.08 

Agar                                                                                                      15.0 

pH 6.9 

Preparation 

 Prepared according to the manufacturer`s (OXOID) instructions. Completely dissolved mixtures 

were dispensed into appropriate tubes before they were autoclaved. The tubes were slanted at 

appropriate gradient before setting. 

 
h) Peptone water 

Composition                                                                                            gm/Ltr 

Peptone                                                                                                    10.0 

NaCl                                                                                                         5.0 

pH 7.1± 0.2   

 

Preparation 

Prepared according to the manufacturer`s (BIOTEC) instructions. Completely dissolved 

mixtures were dispensed into appropriate tubes before they were autoclaved. 

 

i) Kovac`s indole reagent 

Composition 

p-dimethylaminobenzaldehyde                                                                     5.0g 

Amyl alcohol                                                                                                75ml 

Conc. HCl                                                                                                      25ml 

 

Preparation 

The aldehyde was first dissolved in the alcohol by warming the mixture gently in a water bath. 

The mixture was allowed to cool and the acid carefully added and then kept in a brown bottle to 

protect it from sun light. 
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j) McFarland 0.5 Turbidity Standard (per 100ml)  

Composition 

1ml Conc. H2SO4 

0.5g Dihydrate barium chloride (BaCl2.2H2O) 

 

Preparation 

1ml of Conc. H2SO4 was added to 99 ml of distilled water and thoroughly mixed for 1% v/v 

solution of H2SO4 . 0.5g of Dihydrate barium chloride (BaCl2.2H2O) was dissolved in 50ml 

distilled water for 1% v/v solution of barium chloride. 0.6ml of the prepared 1% v/v barium 

chloride solution was then added to 99.4ml of the prepared 1% v/v H2SO4 solution. Solutions 

thoroughly mixed and dispensed into capped tubes.   
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APPENDIX D: STAINING PROCEDURES 

a) Gram stain 

The dried smear was fixed and covered with crystal violet stain for 30 seconds. The stain was 

quickly washed off with clean water and all the water was tipped off. The smear was then covered 

with Lugol’s iodine for 30 seconds, after which it was washed with clean water. It was then 

decolourized rapidly with acetone-alcohol and washed immediately with clean water. The smear 

was then covered with neutral red stain for 2 minutes and then washed. Then the back of the 

slide was wiped clean and placed in a draining rack for the smear to air-dry. The smear was then 

examined microscopically first with 40X objective to check the staining and to see the 

distribution of the material. Then it was examined with the oil immersion objective to look for 

bacteria and cells. 

 

Results 

Gram positive bacteria……………………………………………………Dark purple 

Yeast cells………………………………………………………………...Dark purple 

Gram negative bacteria……………..…………………………………….Pale to dark red 

Nuclei of pus cells………………………………………………………...Red 

Epithelial cells………………………..…………………………………...Pale red 

 

 

b) Giemsa stain 

Giemsa stain is used to differentiate nuclear and/or cytoplasmic morphology of platelets, RBCs, 

WBCs and parasites. It is the most dependable stain for blood parasites particularly in thick films 

is the Giemsa stain containing azure B. The stain must be diluted for use with water buffered to 

PH 7.2. 

Procedure 

Allow the blood film to air dry thoroughly for one hour. Stain with diluted Giemsa stain 1:20 for 

20 minutes .Wash by placing film in buffered water for 2 to 5minnutes. Let air dry in a vertical 

position and examine using x40 then oil immersion. 

Results: 

 Erythrocytes stain pink, platelets show a light pale pink, lymphocyte cytoplasm appear sky blue 

and leucocyte nuclear chromatin stain magenta. 
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APPENDIX E: BIOCHEMICAL TESTS 
 

a) CATALASE TEST 

Three millilitres of hydrogen peroxide solution was poured into a test tube. A sterile glass rod 

was then used to remove a good growth of the test organism and immersed into the hydrogen 

peroxide solution. Immediate bubbling was looked out for. 

 

b) COAGULASE TEST 

The plasma was diluted 1 in 10 in physiological saline. Three small test tubes were taken and 

labeled as follows:  

T = test organism 

Pos = positive control 

Neg = negative control 

Then 0.5 ml of the diluted plasma was pipetted into each tube. Five drops of the test organism 

culture was added to the tube labeled ‘T’, 5 drops of the positive control was added to the tube 

labeled ‘Pos’ and 5 drops of sterile broth was added to the tube labeled ‘Neg’. After mixing 

gently, the 3 tubes were incubated at 35ºC and examined for clotting after an hour. 

 

c) OXIDASE TEST 

 

Principle: 

Cytochrome oxidase is an enzyme found in some bacteria that transfers electrons to oxygen, the 

final electron acceptor in some electron transport chains. Thus, the enzyme oxidizes reduced 

cytochrome c to make this transfer of energy. 

The cytochrome oxidase test uses dyes such as p- phenylenediamine dihydrochloride that 

substitute for oxygen as artificial electron acceptors. In the reduced state the dye is colorless 

however in the presence of cytochrome oxidase and atmospheric oxygen p- phenylenediamine 

is oxidized, forming indophenol blue. 
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Quality Control Used: 

Positive Control: Pseudomonas aeruginosa (ATCC 27853). 

Negative Control: E. coli (ATCC 25922). 

Procedure: 

1.  Two to three drops of the reagent was dropped onto a filter paper strip. 

2.  Using a sterile plastic loop, a pure colony of the test organism was smeared onto the area on 

the filter paper containing the reagent. 

3.  Bacterial  colonies  observed  to  have  developed  a  deep  blue  color  at  the inoculation 

site within 10 seconds were considered to have a cytochrome oxidase activity. The test 

organism was therefore positive for oxidase test. 

 

 

d) INDOLE TEST 

Principle: 

Indole, a benzyl pyrrole, is one of the metabolic degradation products of the amino acid 

tryptophan.   Indole production is an important characteristic in the identification of many 

species of microorganisms being particularly useful in separating Escherichia coli (positive) 

from members of the Klebsiella- enterobacter-Hafnia-Serratia group (mostly negative). The 

indole test is based on the formation of a red complex when indole reacts with the aldehyde 

group of p-dimethylaminobenzaldehyde. 

 

Quality Control Used: 

Positive Control: Escherichia coli (ATCC 25922)  

Negative Control: Klebsiella pneumoniae (ATCC 700603)  

 

Procedure: 

The test organism was inoculated into MIO medium and incubated at 35ºC for 18-24hrs 

Two to three drops of Kovac’s reagent using indole reagent droppers were added to the 

medium after incubation. 
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The development of a bright fuchsia red colour at the interface of the reagent and the MIO 

medium within seconds after adding the reagent is indicative of the presence of indole and was 

interpreted as a positive test 

 

e) CITRATE TEST 

Principle: 

This test is commonly used as part of a group of tests that distinguish between members of the 

Enterobacteriaceae based on their metabolic by-products. The citrate test screens a bacterial 

isolate for the ability to utilize citrate as its carbon and energy source. A positive diagnostic 

test rests on the generation of alkaline by-products of citrate metabolism. A subsequent increase 

in the pH of the medium is demonstrated by the color change of a bromothymol blue pH 

indicator. 

In most common formulation, citrate is the sole source of carbon in the Simmons citrate medium 

while inorganic ammonium salt (NH4H2PO4) is the sole fixed nitrogen source. When an organic 

acid such as citrate is used as a carbon and energy source, alkaline carbonates and bicarbonates 

are produced.  The visible presence of growth on the medium and the change in pH indicator 

color due to the increased pH are the signs that an organism can import citrate and use it as a 

sole carbon and energy source; such organisms are considered to be citrate positive. 

Citrate, a Krebs cycle intermediate, is generated by many bacteria; however, utilization of 

exogenous citrate requires the presence of citrate transport proteins. Upon uptake by the cell, 

citrate is cleaved by citrate lyase to oxaloacetate and acetate. The oxaloacetate is then 

metabolized to pyruvate and CO2. Further metabolic breakdown is dependent upon the pH 

of the medium.   Under alkaline conditions, pyruvate is metabolized to acetate and formate. The 

carbon dioxide that is released will subsequently react with water and the sodium ion in the 

medium to produce sodium carbonate, an alkaline compound that will raise the pH.  In 

addition, ammonium hydroxide is produced when the ammonium salts in the medium are used 

as the sole nitrogen source. 
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Procedure: 

Simmons citrate medium was prepared according to the manufacturer.  Tubes were allowed to 

attain room temperature prior to inoculation. Fresh pure cultures were for inoculation. A single 

isolated colony was stabbed to the bottom of the tube and lightly streaked the surface of the 

slant. The cap was placed loosely on the tube since citrate utilization requires oxygen. 

Inoculated tubes were incubated for 18 to 24hrs at 35°C in an ambient condition. 

 

 

f) TRIPLE SUGAR IRON (TSI) AGAR FERMENTATION 

Principle: 

TSI Agar is used for the determination of carbohydrate fermentation and hydrogen sulfide 

production in the identification of Gram-negative bacilli. TSI Agar contains three sugars 

(dextrose, lactose and sucrose), phenol red for the detection of carbohydrate fermentation and 

ferrous ammonium sulfate for the detection of hydrogen sulfide production (indicated by 

blackening in the butt of the tube).Carbohydrate fermentation is detected by the presence of gas 

and a visible color change (from red to yellow) of the pH indicator, phenol red.  The production 

of hydrogen sulfide is also indicated by the presence of a precipitate that blackens the medium 

in the butt of the tube. 

 

Procedure: 

The medium was prepared based on the manufacturer’s instructions.  Tubes were allowed to 

attain room temperature before inoculation. Fresh pure cultures were used for inoculation. A 

selected single isolated colony was stabbed to the bottom of the tube after which the surface of 

the slant was lightly streaked. The cap of tube was placed loosely and inoculated tubes were 

incubated for 18 to 24hrs at 35°C in an ambient condition 
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G). THE A.P.I.20E SYSTEM 

Principle 

The API20E contains microamounts of prepared media, which when inoculated will give results 

similar to the macromolecular testing. The biochemical tests carried out by this system are as 

follows: 

1. Orthonitrophenolgalactosidase 

2. Arginine dehydrolase 

3. Lysine decarboxylase 

4. Ornithine decarboxylase 

5. Citrate 

6. Hydrogen sulfide 

7. Urease 

8. Tryptophan deaminase 

9. Indole 

10. Voges-Proskauer 

11. Gelatin 

12. Glucose 

13. Mannitol 

14. Inositol 

15. Sorbitol 

16. Rhamnose 

17. Saccharose/sucrose 

18. Melibiose 

19. Amygdaline 

20. Arabinose 

  

Setting up and reading an API strip  

Underneath each strip is an incubation chamber consisting of a series of wells. These were filled 

with distilled water at the start of the test.  

Using aseptic technique, a colony of the unknown isolate was transferred to a small volume of 

sterile distilled water, emulsified and vertex for 3 minutes. 

The suspension was used to inoculate each of the chambers of the API strip.  

Most wells were filled only to the opening of the cup.  

Some reactions occur in the absence of air. A drop of mineral oil was placed over these cups.  

The test was incubated overnight at thirty-seven degrees Celsius.  
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It is important to check the purity of the suspension. This was done by inoculating a loopful onto 

a non-selective medium. If more than one bacterium was present, positive results from each 

member of the mixture will accumulate leading to an incorrect identification. The purity plate 

was streaked for single colonies.  

It was incubated along with the API test strip.  

Following incubation numerous colonies have developed on the plate. They were all of the same 

type, so we may assume the suspension was pure. 

Each reaction on the developed API strip was observed and scored using the API interpretation 

table. This revealed if a test was negative or positive. 

 

Having established which results were negative and which were positive, the reactions were 

placed in groups of three and each group was given a score - called an octal score - from zero to 

seven. The final group included the oxidase test which was performed separately. 

If all three reactions were negative the score is zero. If the first reaction in the group was positive 

the test scored one point. The second test, if positive, scored two points and a positive in the third 

test scored four points. It infers that a single positive in the third test can be differentiated from 

a positive in each of the first two tests, which scored one plus two points. By using this system 

of numbering, every possible combination of results has a unique score from zero to seven. 
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