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ABSTRACT 

Background: Otitis media (OM), also known as middle ear infection, has a high prevalence 

among young children. Young children have horizontally aligned Eustachian tubes (ET), smaller 

and shorter middle ear anatomical features and more frequent upper respiratory tract infections 

than adults. These make them more vulnerable to OM. The complications of OM include hearing 

loss, delayed speech development, impaired intellectual development, and societal challenges in 

later life. Nonetheless, there is a paucity of data regarding the bacterial aetiologies responsible for 

the condition and their associated antimicrobial susceptibility patterns, and little is known about 

the risk factors associated with OM. 

Aim: This study aimed to investigate the bacterial aetiologies and risk factors associated with otitis 

media among children in Accra, Ghana 

Materials and method: The research was a cross-sectional study in which children below 13 years 

old attending the ear, nose and throat clinics (ENT) of the Princess Marie Louise Children’s 

Hospital (PMLH), 37 Military Hospital and Mamprobi Hospital with suppurative otitis media were 

recruited during the study period. Following standard bacteriological methods, sterile ear swabs 

were used to take middle ear discharge from study participants for culture and antimicrobial 

susceptibility testing. A standard questionnaire was also used to collect data on socio-demographic 

characteristics, potential risk factors and clinical information.  

Results: Out of the 100 swabs from the 100 study subjects, 97 swabs gave positive yields, out of 

which 87.3% were pathogens. The most commonly-isolated pathogen was Pseudomonas 

aeruginosa (38.5%), followed by Klebsiella pneumoniae (19.8%) and Proteus mirabilis (11.5%). 

A high level of resistance was recorded for ampicillin, piperacillin-tazobactam, cefuroxime, 

amoxicillin-clavulanate, trimethoprim-sulfamethoxazole, tetracycline and ceftriaxone. Of the 
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potential risk factors of ASOM and CSOM evaluated, only child history of ASOM showed a 

statistically significant association with the development of CSOM.   

Conclusion: Pseudomonas aeruginosa, Klebsiella pneumonia, and Proteus mirabilis were the 

common bacteria aetiologic agents of childhood OM. Poor responses to first-line antibiotics such 

as ampicillin and amoxicillin-clavulanate were reported, hence ciprofloxacin and gentamicin are 

recommended to be used in the management of OM in children. A history of ASOM was the risk 

factor identified to be associated with developing CSOM.
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Otitis media (OM), also known as middle ear inflammation, is a range of diseases of the middle 

ear, commonly affecting young children (Schilder et al., 2016; Bowatte et al., 2018; Tesfa et al., 

2020). The infection comprises acute otitis media (AOM), otitis media with effusion (OME) and 

chronic suppurative otitis media (CSOM) ( DeAntonio et al., 2016;  Schilder et al., 2016; Bowatte 

et al., 2018). OM can either present as suppurative or non-suppurative (Afolabi et al., 2012). 

It easily occurs in young children due to the anatomy of their Eustachian tube (ET). Their 

Eustachian tube is more flexible, horizontal, and shorter, allowing for easier entry of pathogens of 

nasopharyngeal origin into the middle ear (Qureishi et al., 2014; Sakulchit et al., 2017; Tadesse et 

al., 2019). The ET protects the middle ear cavity through ventilation, by clearing middle ear fluid 

(MEF) and stops nasopharyngeal bacteria pathogens from entering the middle ear by being a 

natural barrier (Coticchia et al., 2013; Qureishi et al., 2014; Schilder et al., 2016; Bowatte et al., 

2018). 

Otitis media causes children to frequently visit the paediatrician, and it brings about medical costs 

on parents through its treatment ( Ladomenou et al., 2010; Cai et al., 2017 ). The economic burden 

of the disease is enormous-in 1992, in the USA, an estimated 4.1 billion USD was spent on direct 

treatment of otitis media,  and Canada spent 470 million CAD in 1994 (Cai et al., 2017). In 2008 

in Australia, an amount ranging from 100 to 400 million AUD was spent on otitis media either 

directly or indirectly (Cai et al., 2017). Even though in developed countries, CSOM is no longer 

common (Awuah et al., 2012), chronic OM remains the predominant ear disease and the main 

cause of ill health in poorer countries. Learning and behavioural problems are encountered due to 
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hearing loss from recurrent OM (Awuah et al., 2012). An annual mortality of around 20,000 has 

been attributed to complications with OM, with the highest death toll recorded in children less than 

five years old ( Monasta et al., 2012; DeAntonio et al., 2016) and developing countries being the 

most affected by the burden of the infection (Appiah-Korang et al., 2014). 

Acute otitis media commonly affects children and families worldwide (Ladomenou et al., 2010). 

It may occur as a single or recurrent infection and it is the leading primary cause of antimicrobial 

agent prescription and incorrect use (Ladomenou et al., 2010). The contribution to antibiotics 

resistance is increased due to the wrong diagnosis, leading to avoidable treatment (Harmes et al.,  

2013; Bowatte et al., 2018). 

Otitis media with effusion has to do with the collection of fluid in the middle ear space due to 

Eustachian tube dysfunction and ear infection occurs without signs and symptoms  (Kucur et al., 

2015; Cai et al., 2017). OME is detected by the presence of an effusion, glue-like fluid behind an 

intact ear drum (Qureishi et al., 2014; Schilder et al., 2016). Loss of hearing occurs and is noticed 

through the conduct of children, as well as their speech development and performance at school 

(Kucur et al., 2015; Schilder et al., 2016). 

The problem caused by one type of otitis media, which is CSOM, worldwide consists of 65 to 330 

million individuals with discharging ears with 60% of that number having hearing loss, and as 

such, is the main cause of hearing loss in children in the developing countries (WHO, 2004; 

Schilder et al., 2016). CSOM occurrence broadly differs from one country to another, however, it 

has a peak rise in developing countries (Schilder et al., 2016; Mukara et al., 2017). CSOM is 

usually associated with death as compared to the other types of OM, hence it can be said that OM 

is associated with death aside from morbidity (Qureishi et al., 2014). 
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1.2 Problem Statement 

Otitis media is one of the commonest paediatric infections (Harmes et al., 2013; Cai et al., 2017; 

Mukara et al., 2017; Bowatte et al., 2018).  AOM and OME are the predominant middle ear 

inflammatory ailments affecting children (Cai et al., 2017). Young children have horizontally 

aligned Eustachian tubes, smaller and shorter middle ears, as well as more frequent upper 

respiratory tract infections than adults, and these make them the most vulnerable to OM (Mukara 

et al., 2017; Bowatte et al., 2018). OM is widespread globally, and in emerging economies, it is 

the main cause of hearing loss (WHO, 2004; Monasta et al., 2012; Santoshi Kumari et al., 2016; 

Mukara et al., 2017; Filipe et al., 2020). Apart from hearing loss, CSOM is known to cause 

complications such as intracranial and extracranial problems and death (Qureishi et al., 2014; Orji 

et al., 2015; Filipe et al., 2020). In addition, Orji et al. (2015) identified one humiliating problem 

caused by CSOM to be continuous ear discharge, and this is normally seen to occur in individuals 

in emerging economies for years. A study conducted in Ghana revealed that hearing loss occurred 

in children who had suffered from AOM (Awuah et al., 2012). Hearing loss may lead to a delay 

in language, speech, and intellectual skills development, and this results in societal challenges later 

in life (Schilder et al., 2016; Mukara et al., 2017; Bowatte et al., 2018). OM is also known to be 

the cause of surgery requests in children (WHO, 2004; Qureishi et al., 2014; Kucur et al., 2015; 

Schilder et al., 2016; Walker et al., 2017), and this is a major health concern. One precipitating 

factor of OME occurrence is that its early diagnosis is a challenge in young children, owing to its 

deceptive nature (Kucur et al., 2015). This is because signs and symptoms are not easily noticeable 

in children (Qureishi et al., 2014; Schilder et al., 2016).  According to Filipe et al. (2020) and 

Mukara et al. (2017), people have scanty knowledge about OM and its associated complications, 

hence the need for health education bordering around OM (Mukara et al., 2017; Filipe et al., 2020). 
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In addition, the primary cause of antibiotic use and reduced quality of life in children is due to OM 

( Schilder et al., 2016; Walker et al., 2017; Bowatte et al., 2018;). Hence, treatment of OM could 

potentially select for the emergence of multidrug-resistant organisms. The development of multi-

drug-resistant bacteria increases the risk of using new and more expensive drugs. Conclusively, 

OM results in a major social and economic burden on families and the health care system (Afolabi 

et al., 2012; Bowatte et al., 2018;) and this burden is highly seen in developing countries (Tadesse 

et al., 2019).  

 

1.3 Rationale 

OM presents a significant public health challenge globally, causing children, who are 

disproportionately burdened with the disease, to frequently visit the paediatrician. It is the leading 

cause of inappropriate antimicrobial prescription and drug use among children. In addition, 

diagnosing OM on time is not always likely, since it is seen in young ones who are not able to 

voice out pains ( Kucur et al., 2015; Mukara et al., 2017). In a study carried out by Mukara et al. 

(2017), children affected by OM had their parents unaware until they were examined, thus leading 

to delayed diagnosis.  Prevention of OME and appropriate management schedule for children with 

OME can occur when the risk factors and prevalence are properly laid down (Kucur et al., 2015). 

This same principle of establishing the risk factors can also be applied to prevent the occurrence 

of AOM and CSOM. Currently in Ghana, there is no active surveillance with regard to 

investigating OM, resulting in the paucity of data regarding the bacterial aetiologies responsible 

for the condition and their associated antimicrobial resistance patterns. Management of OM is 

normally empirical, and hence the need to continuously monitor causative organisms and their 

antimicrobial resistance patterns, thereby enhancing treatment options available to clinicians. 
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Additionally, very little is known about the risk factors associated with the disease and as such, 

currently there is no existing data in Ghana for risk factors associated with otitis media. Such 

information is relevant to the formulation and implementation of effective preventive strategies 

against acquisition of the infections, as well as guiding treatment plans to combat the infections 

(Kucur et al., 2015; Ladomenou et al., 2010). Therefore, this study was very important and aimed 

at determining the bacterial etiologies, antimicrobial susceptibility patterns and risk factors 

associated with otitis media among children in Accra.  

 

1.4 Aim 

The study aimed to determine the bacterial aetiologies and risk factors associated with otitis media 

among children in Accra, Ghana. 

 

1.5 Specific Objectives 

The specific objectives of this study were: 

 To determine the bacterial aetiologies of otitis media among children visiting the Ear, Nose, 

and Throat Clinic of Princess Marie Louise Children’s Hospital, 37 Military Hospital and 

Mamprobi Hospital. 

 To determine the antimicrobial susceptibility patterns of the aetiologic agents. 

 To determine risk factors for ASOM and CSOM associated with childhood otitis media at 

the selected hospitals. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 The Anatomy of the human ear 

 The human ear can be divided into three parts: the outer, middle and inner ear (Schilder et al., 

2016). The outer ear is made up of the pinna and the ear canal (Schilder et al., 2016). The eardrum, 

a thin cone-shaped membrane, separates the outer ear from the middle ear (Schilder et al., 2016). 

The middle ear comprises the middle ear cavity and the ossicles (the malleus, incus and stapes), 

which are attached to the eardrum and the middle ear cavity is connected to the nasopharynx by 

the Eustachian tube (Schilder et al., 2016). Figure 1 shows the anatomy of the human ear. 

 

 

 

 

  

Figure 1: The Anatomy of the human ear (https://www.bloggang.com/mainblog). 
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2.2 Overview of Otitis Media 

Otitis media (OM), which is the main cause of visits to the paediatrician, is an inflammatory 

process that affects the middle ear (Schilder et al., 2016; Cai et al., 2017; Chandarakesan et al., 

2018). It is made up of different subtypes which present differently, this includes acute otitis media 

(AOM), otitis media with effusion (OME) and chronic suppurative otitis media (CSOM) 

(DeAntonio et al., 2016;  Schilder et al., 2016; Bowatte et al., 2018; Chandarakesan et al., 2018). 

Young children are prone to OM due to the anatomy of their Eustachian tube (ET), their Eustachian 

tube is more flexible, horizontal, and shorter, allowing for easier entry of pathogens of 

nasopharyngeal origin into the middle ear (Qureishi et al., 2014; Sakulchit et al., 2017; Tadesse et 

al., 2019). The ET protects the middle ear cavity through ventilation, by clearing middle ear fluid 

(MEF) and acts as a natural barrier by preventing nasopharyngeal bacteria pathogens from entering 

the middle ear (Coticchia et al., 2013; Qureishi et al., 2014; Schilder et al., 2016; Bowatte et al., 

2018). 

Due to the frequent visit of children to the paediatrician, there is a burden of medical costs to the 

parents through treatment (Ladomenou et al., 2010; Cai et al., 2017). OM is also known to be the 

primary cause of antibiotic use and reduced quality of life in children (Schilder et al., 2016; Walker 

et al., 2017; Bowatte et al., 2018). Recurrent or chronic forms of OM can lead to complications 

such as hearing loss which eventually leads to language delay and learning problems (DeAntonio 

et al., 2016; Tesfa et al., 2020). It is placed as the second cause of hearing loss and the fifth global 

burden of disease with incidences mostly occurring in low and middle-income countries like South 

Asia and Sub-Saharan Africa (Tesfa et al., 2020).   An annual mortality of around 20,000 has been 

attributed to complications with OM, with the highest death toll recorded in children less than five 

years old (Monasta et al., 2012; DeAntonio et al., 2016). 
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2.2.1 Types of Otitis Media 

The different forms of OM present in diverse modes (Qureishi et al., 2014).  AOM refers to the 

rapid onset of signs and symptoms of active infection of the middle ear  (Schilder et al., 2016; Cai 

et al., 2017). It can occur in the suppurative form as acute suppurative otitis media (ASOM) 

described by an acute eardrum perforation with discharge (Qureishi et al., 2014; Santoshi Kumari 

et al., 2016; Filipe et al., 2020). It is estimated that at least, one episode of acute otitis media will 

occur in nearly 80% of children (Harmes et al.,  2013; Monasta et al., 2012; Coticchia et al., 2013), 

commonly affecting children under two years of age (Coticchia et al., 2013; Qureishi et al., 2014; 

Hounkpatin et al., 2016) with the highest occurring between six and fifteen months (Coticchia et 

al., 2013; Qureishi et al., 2014). Recurring and extended episodes of AOM can lead to hearing 

loss and delayed language development, negatively impacting the performance of the affected 

children (Uhari et al., 2009). The nasopharynx is known to be a reservoir of upper respiratory tract 

pathogens, and these pathogens have been demonstrated to cause AOM by entering the middle ear 

through the Eustachian tube (Marom et al., 2012; Gisselsson-Solén et al., 2014;). The presence of 

these pathogens in the middle ear brings about inflammation and the collection of pus, leading to 

AOM (Qureishi et al., 2014). Colonization and adhesion to cells by bacteria in the middle ear are 

believed to be promoted by viral infections in the nasopharynx which provide an enabling 

environment (Marom et al., 2012; Gisselsson-Solén et al., 2014; Qureishi et al., 2014). AOM 

presents with signs and symptoms such as tugging, holding or rubbing the ear, otalgia, irritability, 

fever, and symptoms of upper respiratory tract infections like runny nose or cough (Schilder et al., 

2016; Sakulchit et al., 2017). 

Otitis media with effusion is defined as the collection of fluid in the middle ear without signs or 

symptoms of ear infection  (Harmes et al.,  2013; Qureishi et al., 2014; Kucur et al., 2015; Buzatto 

et al., 2017; Cai et al., 2017). It is also known as serous or secretory otitis media or glue ear  (Kucur 
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et al., 2015). The frequently reported symptom due to fluid collection in the middle ear is hearing 

loss; this can lead to language delay or learning problems (Qureishi et al., 2014). A factor 

considered to be responsible for the development of OME is the immature immunity of young 

children, irrespective of the function or dysfunction of the Eustachian tube (Kucur et al., 2015), 

and may also serve as a risk factor for AOM (Marom et al., 2012; Qureishi et al., 2014). 

CSOM is described as a persistent discharge from the middle ear through the tympanic membrane 

(TM) or eardrum perforation lasting two weeks or more (WHO, 2004). In developing countries, 

CSOM is a significant cause of preventable hearing loss in children (WHO, 2004). A sound 

understanding of the risk factors for CSOM helps in proper treatment and prevention (Wang et al., 

2016). 

 

2.2.2 Aetiology of Otitis Media in Children 

The aetiological agents of otitis media can be bacteria, viruses, fungi (Argaw-Denboba et al., 2016; 

Ejiofor et al., 2016; Tesfa et al., 2020), Mycoplasma pneumoniae, and Chlamydia trachomatis 

(Ejiofor et al., 2016) with bacteria usually being a major cause (Argaw-Denboba et al., 2016; 

Ejiofor et al., 2016; Tesfa et al., 2020). Fungi as stated are an etiological agent of OM. Focus has 

been placed on bacteria as the causes of chronic suppurative otitis media with less attention placed 

on other mycological agents (Juyal et al., 2014). Ear discharge being chronic plays a key role in 

fungal infection of the middle ear (Ghosh et al., 2015), therefore, patients with prolonged ear 

discharge and without response to antibiotic management, should be quarried for fungal infection 

of the middle ear by an ENT specialist (Juyal et al., 2014). Chronic ear discharge creates humidity 

and alkaline pH in the middle ear and due to this there is prolonged use of topical steroids and 

antibiotics leading to fungal infection of the middle ear (Ghosh et al., 2015). Prolonged use of 

topical steroids or antibiotics can lead to the elimination of bacterial flora and eventually fungal 
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elements occurrence (Juyal et al., 2014). Aside from prolonged usage of antibiotics and steroids, 

be it topical or systemic, certain conditions such as Human immunodeficiency virus (HIV) 

infection, chemotherapy, diabetes, and malignancy makes one prone to fungal infections of the 

middle ear (Juyal et al., 2014). Fungal isolates normally obtained from various studies include 

Aspergillus species (spp), Candida spp, and saprophytic fungi ((Juyal et al., 2014; Ghosh et al., 

2015). A study done in India, by Ghosh et al. (2015) isolated fungal elements in order of 

predominance to be: Aspergillus spp, Candida spp and other saprophytic fungal elements (Ghosh 

et al., 2015). According to another study by Juyal et al. (2014), the predominant fungal isolates 

obtained were Aspergillus spp, Candida species and Penicillium spp (Juyal et al., 2014). Viral 

URTI initiates AOM by causing nasopharyngeal inflammation (Marom et al., 2012; Schilder et 

al., 2016). Common and important respiratory viruses that have been studied in detail in relation 

to AOM pathogenesis include Influenza A virus (IAV), respiratory syncytial virus (RSV), human 

rhinovirus (HRV), and adenovirus (Marom et al., 2012). The virus that is mainly linked to being 

associated with AOM is RSV (Pettigrew et al., 2011). Even with or without positive bacterial 

cultures, 2 to 22% of RSV have been detected in the middle ear fluid of AOM patients (Marom et 

al., 2012). Also, in young hospitalized children with respiratory distress, it has been established 

that RSV has a key influence on the occurrence of AOM (Marom et al., 2012).  

Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis are bacterial 

etiological agents that generally cause AOM (Pettigrew et al., 2011; Marom et al., 2012; 

Gisselsson-Solén et al., 2014; Qureishi et al., 2014; DeAntonio et al., 2016; Ngo et al., 2016). 

AOM can also be caused by Staphylococcus aureus (WHO, 2004; Aduda et al., 2013; Qureishi et 

al., 2014). Streptococcus agalactiae, Gram-negative enteric bacteria, and Chlamydia trachomatis 

are pathogens found in the middle ear of neonates below two weeks of age (Harmes et al.,  2013). 
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These bacteria commonly isolated from the effusions in AOM are often involved in upper 

respiratory tract infection (WHO, 2004; Pettigrew et al., 2011; Marom et al., 2012; Qureishi et al., 

2014; Suzuki et al., 2014). The bacteria implicated in OME are normally similar to those seen in 

recurrent AOM (Qureishi et al., 2014). Bacteria can be isolated from middle ear fluid cultures in 

50 to 90% of cases of AOM and OME (Harmes et al.,  2013). Additionally, Osazuwa et al. (2011), 

also indicated that bacteria cause over 50% of OM infections (Osazuwa et al., 2011). The 

frequently isolated bacteria from CSOM can be aerobic – for example, Pseudomonas aeruginosa, 

Escherichia coli, Staphylococcus aureus, Streptococcus pyogenes, Proteus mirabilis, and 

Klebsiella species – or anaerobic, for example, Bacteroides species, Peptostreptococcus and 

Proprionibacterium (WHO, 2004; Afolabi et al., 2012; Aduda et al., 2013). In a study done in 

Kenya in looking out for the bacteriology of CSOM in children, commonly isolated Proteus 

species, Staphylococcus aureus, Enterococcus species, Pseudomonas species, Escherichia coli 

and Klebsiella species (Aduda et al., 2013). Another study also conducted in Nigeria had 

Pseudomonas aeruginosa, Klebsiella species, Streptococcus species, and Escherichia coli isolated 

from the middle ear discharge of patients with CSOM (Afolabi et al., 2012).  

 

2.2.3 Pathogenesis of The Different Types of OM 

Bacteria are generally known to be the causative agents of AOM (Pettigrew et al., 2011). However, 

AOM pathogenesis involves both viral and bacterial interactions during an upper respiratory tract 

infection (Pettigrew et al., 2011; Marom et al., 2012; Schilder et al., 2016). Studies have shown 

that from one month after the start of viral upper respiratory tract infection (URTI) in children, 

one-third of these children get AOM (Marom et al., 2012). Commonly isolated AOM pathogens, 

namely Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, which 

are also known to frequently cause URTI, are normal flora of the nasopharynx that colonize it from 
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early stages of human life (Pettigrew et al., 2011; Marom et al., 2012; Suzuki et al., 2014). These 

pathogens, in colonizing the nasopharynx, do not cause any disease until the nasopharyngeal 

makeup is altered (Marom et al., 2012; Schilder et al., 2016).  Viral upper respiratory infection 

promotes an inflammatory process in the nasopharynx and ET, which leads to increased bacterial 

adherence and colonization, hence making it easier for bacteria to enter the middle ear cavity 

(Pettigrew et al., 2011; Marom et al., 2012). The ET dysfunction occurs, leading to negative 

middle ear pressure, and as a result of negative middle ear pressure, pathogenic bacteria and viruses 

tend to easily find their way into the middle ear, leading to OM (Marom et al., 2012; Schilder et 

al., 2016). 

OME can occur as a result of AOM or after an URTI, -leading to ET dysfunction (Lieberthal et 

al., 2013; Kucur et al., 2015; Schilder et al., 2016). In stating AOM as a cause of OME, it could 

be due to AOM taking an extended period to resolve (Qureishi et al., 2014). In terms of ET 

dysfunction playing a role in the pathogenesis of OME, it does that through negative middle ear 

pressure, which leads to middle ear fluid accumulation (Qureishi et al., 2014). 

Chronic suppurative otitis media occurs due to an earlier episode of AOM which did not resolve 

entirely due to insufficient treatment or no treatment leaving a persistent eardrum perforation 

(WHO, 2004; Afolabi et al., 2012; Qureishi et al., 2014; Filipe et al., 2020). This complication of 

AOM with perforation is what is frequently seen in developing countries to cause CSOM (Qureishi 

et al., 2014). Ventilation tube insertion also leaves the ear drum perforated, leading to CSOM 

(Qureishi et al., 2014; Schilder et al., 2016), and this is frequently seen in children in developed 

countries (Qureishi et al., 2014). 

Chronic suppurative otitis media initiates through bacteria from the external canal moving to the 

middle ear through a permanent perforation in the eardrum (WHO, 2004; Aduda et al., 2013). It 
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is important to take note that the external canal rarely harbours these bacteria implicated in CSOM, 

but the bacteria may multiply during certain conditions, such as high humidity and inflammation 

(WHO, 2004; Aduda et al., 2013). 

 

2.3 Diagnosis of Otitis Media 

The different forms of OM are distinguished from each other based on the history and examination 

outcomes (Qureishi et al., 2014). In AOM, common symptoms such as otalgia, fever, otorrhea, 

irritability, loss of appetite, lack of energy and vomiting are not enough for diagnosis (Qureishi et 

al., 2014; Schilder et al., 2016), hence diagnosing using an otoscope as well, is what is 

recommended ( Harmes et al.,  2013; Schilder et al., 2016;). AOM is diagnosed in a child based 

on moderate to severe bulging of the tympanic membrane (TM), new onset of otorrhea not initiated 

by otitis externa (OE), mild bulging of the TM with recent onset of ear pain which is less than 48 

hours or extreme erythema of the TM (Lieberthal et al., 2013). Based on oto- instrumental 

examination, children who do not have middle ear effusion are not diagnosed of AOM (Lieberthal 

et al., 2013). 

OME can occur as a result of AOM or after an upper respiratory tract infection -leading to ET 

dysfunction (Lieberthal et al., 2013; Schilder et al., 2016). It is characterized by hearing loss, less 

attention, awkwardness, poor balance, interactive complications and late speech development 

(Qureishi et al., 2014; Schilder et al., 2016). Otoscopy, which has sensitivity and specificity of 

90% and 80%, is useful in diagnosis, whilst pneumatic otoscope gives an enhanced diagnosis 

(Qureishi et al., 2014; Schilder et al., 2016). 

Diagnosis of CSOM is based on a TM perforation with discharge, of which the discharge must 

have been in existence for 2 weeks or more (WHO, 2004; Qureishi et al., 2014). This diagnosis 
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can be achieved by using otoscopy or otomicroscopy (Schilder et al., 2016). In differentiating 

CSOM from AOM and OE, the history is vital in the process (WHO, 2004; Qureishi et al., 2014). 

During diagnosis of CSOM, a history of ear pain is not a usual feature but may suggest AOM or 

OE. An ear discharge persisting for a long time is a vital feature of CSOM, thus the duration of 

ear discharge without pain helps to differentiate between CSOM and AOM (WHO, 2004; Qureishi 

et al., 2014). 

 

2.4 Management of Otitis Media in Children 

The management of AOM involves administering antipyretics, analgesics and antibiotics 

(Qureishi et al., 2014; Sakulchit et al., 2017). Analgesics and antipyretics are administered for the 

relief of pain and fever, with ibuprofen and paracetamol as common ones normally mentioned 

(Harmes et al.,  2013; Lieberthal et al., 2013; Schilder et al., 2016). It is important to take note that 

pain and fever are the main focus in managing AOM (Lieberthal et al., 2013; Schilder et al., 2016). 

However antibiotic treatment is not always required and it is prescribed for some classes of patients 

who are expected to benefit from it (Harmes et al., 2013; Qureishi et al., 2014; Schilder et al., 

2016; Sakulchit et al., 2017). To prevent antibiotic resistance through frequent antibiotic use, an 

initial observation can be optionally done among selected children with mild symptoms or signs 

within three days (Harmes et al., 2013; Lieberthal et al., 2013). These selected children include 

firstly those who are six to twenty-three months of age with unilateral AOM and presenting mild 

signs or symptoms. Secondly twenty-four months or older with unilateral or bilateral AOM and 

presenting mild signs or symptoms (Harmes et al., 2013; Lieberthal et al., 2013). According to 

Lieberthal et al. (2013) and Harmes et al. (2013), the first line of antibiotic therapy for AOM is 

amoxicillin or amoxicillin-clavulanate. The alternative for penicillin-allergic patients is oral 
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cephalosporins (Harmes et al., 2013; Lieberthal et al., 2013; Schilder et al., 2016; Sakulchit et al., 

2017) and clarithromycin (Schilder et al., 2016). In an event of failure of initial antibiotic therapy, 

intravenous or intramuscular ceftriaxone can be administered (Harmes et al., 2013; Lieberthal et 

al., 2013). The efficiency of macrolides is less in treating Streptococcus pneumoniae and 

Haemophilus influenzae implicated in AOM (Lieberthal et al., 2013; Sakulchit et al., 2017), 

however, increased dosage of azithromycin seems to be efficient (Harmes et al.,  2013). 

Clindamycin is effective against penicillin-resistant Streptococcus pneumonia, but not efficient for 

the treatment of Haemophilus influenzae infections, and therefore has limited use (Lieberthal et 

al., 2013; Sakulchit et al., 2017). Streptococcus pneumoniae resistance has been recorded by using 

trimethoprim/sulfamethoxazole for treatment, hence currently not recommended (Harmes et al.,  

2013; Lieberthal et al., 2013).  

Management of OME is focused on one regaining hearing ability as the disease is notably 

characterised by hearing difficulties (Qureishi et al., 2014; Schilder et al., 2016). OME can resolve 

naturally in many children without treatment (Qureishi et al., 2014; Schilder et al., 2016; Cai et 

al., 2017). According to current guidelines, three months of observation is suggested for children 

with OME who are not likely to have interferences in their speech and intellectual development 

(Qureishi et al., 2014; Schilder et al., 2016). Children who are subjected to ventilation tubes (a 

form of surgery) are those who still record hearing difficulties after three months (Harmes et al.,  

2013; Qureishi et al., 2014; Schilder et al., 2016). Hearing aids can also be used in the management 

process (Qureishi et al., 2014; Schilder et al., 2016). Medications such as decongestants, 

antihistamines, antibiotics, and steroids are not effective regimens, and hence not appropriate to 

be used (Harmes et al.,  2013; Qureishi et al., 2014). 

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



16 
 

CSOM management is focused on eliminating infection and fixing eardrum perforation (WHO, 

2004; Qureishi et al., 2014). As part of management, aural toilet is regularly done (WHO, 2004; 

Qureishi et al., 2014). Aural toilet, according to WHO, is defined as decreasing infected material 

from the middle ear by cleaning ear discharge (WHO, 2004). Management of CSOM can be 

successful if aural toilet is jointly done with antibiotics or antiseptics (WHO, 2004; Qureishi et al., 

2014).  Findings of various studies have revealed that topical quinolone, especially ciprofloxacin, 

is efficient in treating CSOM thus resolving otorrhoea (WHO, 2004; Qureishi et al., 2014; Schilder 

et al., 2016). With the perforation of the eardrum, it is occasionally observed for sealing of 

perforation, and in instances where perforation fails to seal without discharge, a surgical procedure 

known as tympanoplasty is done (WHO, 2004). 

 

2.5 Risk Factors associated with Otitis Media 

Avoidance of risk factors is the first step in preventing OM (Mukara et al., 2017). Host risk factors 

for OM include age which is children less than five years old, gender (male sex), race, low birth 

weight less than 2.5 kg, premature birth which is less than 37 weeks gestation, and pacifier use 

(Qureishi et al., 2014; Biagio et al., 2014). Schilder et al. (2016) identified immunodeficiency as 

a host risk factor as well. Environmental factors including season, absence of breastfeeding, 

infection of the upper respiratory tract, attending a daycare facility, number of siblings, low 

socioeconomic status, individual and family history of OM, and passive exposure to cigarette 

smoke are also related risk factors (Biagio et al., 2014; Qureishi et al., 2014; Santoshi Kumari et 

al., 2016). In emerging economies where OM is very predominant, studies have identified risk 

factors to include low socio-economic class, household smoke exposure, decreased breastfeeding 

duration, recurrent upper respiratory infection, snoring, low parental education, malnourishment 
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and overcrowded households (Sophia et al., 2010). Poor sanitation has also been identified as a 

risk factor as well for OM in emerging economies (Afolabi et al., 2012; Schilder et al., 2016; 

Vaghela et al., 2016). Sub-Saharan Africa is known to have the highest effect of CSOM, and this 

is due to risk factors such as low immunity, poverty, insufficient health facilities, and contact with 

a high amount of bacteria pathogens (Filipe et al., 2020). A study carried out among South Indian 

children, reported risk factors for OM to be seasonal rhinitis, frequent runny nose, passive smoking 

and snoring (Sophia et al., 2010). According to Hounkpatin et al. (2016), the risk factors identified 

in a study in Parakou, Benin, for children with AOM aged a few days to five years were prolonged 

cases of rhinitis, wood and charcoal smoke exposure, low socio-economic status, history of AOM 

of the individual or siblings, and poor nutritional status of children. Socio-cultural variations in a 

study population influence the different risk factors identified (Sophia et al., 2010). 

 

2.6 Epidemiology of Otitis Media  

 

2.6.1 Global Epidemiology  

Acute otitis media (AOM) and otitis media with effusion (OME) have a peak prevalence in 

children with respect to the variety of inflammatory ailments that affect the middle ear (Cai et al., 

2017). Almost 90% of children younger than the age of 3 years worldwide are affected by OM ( 

Santoshi Kumari et al., 2016; Mukara et al., 2017; Bowatte et al., 2018). AOM  global incidence 

(new episodes per hundred people per year) is valued as 709 million cases per year, with half of 

the cases occurring in children below the age of five (Monasta et al., 2012; Qureishi et al., 2014; 

Ngo et al., 2016; Schilder et al., 2016; Sakulchit et al., 2017). The global AOM incidence rate for 

Central Europe is 3.64 with 40% of cases occurring in children under five years, for West Sub-

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



18 
 

Saharan Africa is 43.36 with 56% occurring in children under five years and Central Sub-Saharan 

Africa is 43.37 with 58% occurring in children under five years (Monasta et al., 2012). Areas with 

AOM incidence lower than 5 are Asia Pacific High Income (3.75), Asia East (3.93), Europe 

Eastern (3.96) and Latin America Southern (4.25) (Monasta et al., 2012). A global systematic 

review revealed that the annual number of new cases of CSOM is 31million, with 22% representing 

children under five years (Monasta et al., 2012; Qureishi et al., 2014; Schilder et al., 2016). The 

lowest incidence of CSOM occurs in the following countries: Latin America Andean with 1.70 per 

thousand, followed by Asia Pacific High Income (3.02) and North America High Income (3.06). 

Oceania has the highest incidence with 9.37, followed by Central Sub-Saharan Africa (7.56) and 

West Sub-Saharan Africa (7.22) (Monasta et al., 2012). Worldwide, CSOM incidence rate is 

highest in the first year of life (15.40 per thousand) and reaches its lowest value after 65 years of 

age (2.51) (Monasta et al., 2012). The global addition of AOM annual new cases to CSOM annual 

new cases can be valued at 740 million, with its complications leading to more than 20,000 deaths 

( Monasta et al., 2012; Schilder et al., 2016; Bowatte et al., 2018). The recorded death rate is 

known to occur in children less than five years (Monasta et al., 2012; DeAntonio et al., 2016; 

Tesfa et al., 2020). Frequent cases of OME occurs in children below four years of age and by age 

10, about 80% of children would have encountered one or more incidents of OME (Kucur et al., 

2015; Schilder et al., 2016). In a study conducted in the Netherlands, 80% of children suffered at 

least, one episode of OME before the age of four (Cai et al., 2017). In a study from China, 6.3% 

OME prevalence was obtained from 1431 children between the ages of two to six years 

(DeAntonio et al., 2016). According to a study by Sophia et al. (2010), in a cross-sectional study 

of 800 children, the prevalence of OM was found to be 8.6% with OME being the highest 

diagnosed with a 6% prevalence (Sophia et al., 2010). In a study from Russia, a report was made 
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for an overall estimated prevalence for the different OM subtypes between age zero to seven years, 

in which in the year 1991, a prevalence of 5% was reported and increased to 7.8% in 1996 

(DeAntonio et al., 2016). Between 1991 and 1996 for ages zero to seven years, the estimated 

incidence increased from 13.6 per 1000 children to 34.5 per 1000 children with a huge increment 

observed in children less than one year (DeAntonio et al., 2016).  

2.6.2 Epidemiology in Africa 

A study conducted in Nigeria measured the community prevalence of OM in a sample of 600 

children aged less than twelve years, and OM prevalence from the study was found to be 14.7%, 

with the highest in children between the ages of one and four years (9.2%) (DeAntonio et al., 

2016). Therefore, the prevalence of AOM, OME and CSOM in this same study for children less 

than twelve years were 11.8%, 0.4% and 2.5% respectively (DeAntonio et al., 2016). In Egypt, 

infections from across five regions among children less than four years had an OM prevalence 

being about 10% (DeAntonio et al., 2016). Prevalence ranges for children less than two months, 

two to eleven months and one to four years were 8.2%, 10.6% and 10.8% respectively (DeAntonio 

et al., 2016). In a study conducted in the Gasabo District of Kigali City, Rwanda, among 810 

children, the prevalence of OM was reported to be 5.8% (Mukara et al., 2017). 

2.7 Otitis Media in Ghana 

Studies done on otitis media in Ghana are very few. Two studies have been done in Ghana so far, 

the first one dates as far back as 1987 by Brobby and Zadik (1987) and the second work, which 

was a retrospective study was done in 2014 by Appiah-Korang et al. (2014).  

Highlighting the studies of Brobby and Zadik (1987), they focused on identifying bacteria 

etiological agents and the most economically available antibiotic treatment for otitis media. Thirty 

patients (16 females and 14 males) with acute otitis media visiting the Ear, Nose and Throat unit 
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of Komfo Anokye Teaching Hospital from 1st March to 29th June 1984 were understudied (Brobby 

and Zadik, 1987). They identified Streptococcus pyogenes (Lancefield group A) (25.5%), 

Pseudomonas aeruginosa (18.5%), Staphylococcus aureus (14%), Corynebacterium spp (12%), 

Coliforms (11%), Proteus spp (7%), Staphylococcus epidermidis (7%), Streptococcus species (not 

Lancefield group A) (5%) (Brobby and Zadik, 1987). Haemophilus influenzae and Streptococcus 

pneumoniae which were known to be identified with developed countries were not isolated in this 

study (Brobby and Zadik, 1987). Penicillin was the drug of choice unless Gram-negative rods like 

Pseudomonas spp were cultured. Due to the difficulty in buying expensive antibiotics in 

developing countries, a method of a double-blind study of antibiotics active against Gram-negative 

rods was adopted by Brobby and Zadik (1987), with a 6 months follow up. 

With work done by Appiah-Korang et al. (2014), the focus of the study was to establish the 

aetiological agents of ear discharge where most of their participants were diagnosed with otitis 

media (Appiah-Korang et al., 2014). It was a retrospective study, where a review of laboratory 

records of submitted ear swabs for culture for over two years in the Korle Bu Teaching Hospital 

Accra, Ghana was done (Appiah-Korang et al., 2014). Over the two years, three hundred and fifty-

one (351) swabs were received for processing by the laboratory, out of which 277 (78.9%) swabs 

showed positive growth on culture plates (Appiah-Korang et al., 2014). Children under five years 

had their swabs giving a higher number of positive growth of 127 (47%) (Appiah-Korang et al., 

2014). Pseudomonas spp. was the predominant bacterial isolate (46%) followed by Staphylococcus 

aureus (12.5%) and Proteus spp. (12.2%) (Appiah-Korang et al., 2014). Candida species (spp) 

was the commonest isolated fungal element (69.2%) (Appiah-Korang et al., 2014). Pseudomonas 

spp. was susceptible to commonly used antibiotics such as ciprofloxacin and gentamicin (Appiah-

Korang et al., 2014). 
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In conclusion, they indicated that discharging ear was mostly found in children under five years 

old (Appiah-Korang et al., 2014). Pseudomonas spp. was identified as the common bacteria cause 

of discharging ear followed by Staphylococcus aureus and the predominant fungal agent was 

Candida spp (Appiah-Korang et al., 2014). In the empirical treatment of discharging ear with otitis 

media inclusive, the drug of choice was ciprofloxacin and gentamicin (Appiah-Korang et al., 

2014). 

 

2.8 Antimicrobial Resistance  

 One major task confronting the public health sector is the resistance of bacteria to antibiotics 

(Harmes et al.,  2013). Treatment of bacterial infections has become difficult as these antibiotic-

resistant bacteria limit the efficiency of antibiotics used. Prolonged antibiotic exposure leads to the 

proliferation of antibiotic-resistant bacteria (Schilder et al., 2016). The primary cause of antibiotic 

use and reduced quality of life in children is OM (Schilder et al., 2016; Walker et al., 2017; 

Bowatte et al., 2018). It is important that a correct diagnosis of middle ear infection is made in 

children, as the wrong diagnosis could lead to unnecessary treatment with antibiotics, and 

contribute to increased antibiotic resistance (Harmes et al., 2013; Bowatte et al., 2018). Aside from 

that, in emerging economies, policies governing antibiotic prescription is limited, and hence there 

is an inappropriate use of antibiotics due to OM leading to multidrug-resistant organisms (Orji et 

al., 2015). Azithromycin in high doses seems to be more efficient in the treatment of AOM, but 

too much usage comes with high resistance (Harmes et al.,  2013). Streptococcus pneumoniae 

resistance to trimethoprim/sulfamethoxazole has been recorded, hence it is no more suitable for 

AOM management (Harmes et al.,  2013). A study emanating from Nigeria reported high 

resistance levels for all 35 isolates obtained, and this included Streptococcus pneumoniae, 
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Haemophilus influenzae, and Staphylococcus aureus, which were resistant to one or more 

antibiotics (74.2% were resistant to penicillin, 62.8% to streptomycin, 57.0% to gentamicin, 68.0% 

to chloramphenicol, and 77.7% to nalidixic acid) (DeAntonio et al., 2016). Another research study 

showed that the majority of the isolated pathogenic bacteria from a ten-year retrospective analysis 

in an area in Northeastern Ethiopia have become resistant to antibiotics that are easily accessible 

with the highest antibiotic resistance rates being recorded for ampicillin, ceftriaxone, amoxicillin 

and tetracycline (Argaw-Denboba et al., 2016). 

 

2.9 Prevention of Otitis Media 

OM is a multifactorial disease, hence its prevention can be achieved using different approaches, 

where the approaches look at the reduction of modifiable risk factors (Schilder et al., 2016). 

Firstly, one such approach is to decrease or eliminate pathogenic bacterial colonization in the 

nasopharynx achieved through the use of vaccines (Marom et al., 2012; Schilder et al., 2016). In 

2000, the 7-valent pneumococcal conjugate vaccine (PCV7), which was directed against seven 

serotypes of S. pneumoniae, became available (Marom et al., 2012; Schilder et al., 2016). The 

vaccine was part of the early-stage vaccination programme for children at two, four and 

six months, in which a booster dose was given at twelve to fifteen months (Schilder et al., 2016). 

PCV7 has caused a 29% reduction in AOM caused by pneumococcal serotypes (Kingery et al., 

2016; Schilder et al., 2016) and a 20% reduction in the use of ventilation tubes for chronic recurrent 

OM (Schilder et al., 2016). Currently, the 13-valent pneumococcal conjugate vaccines (PCV13) 

which are available for use, have been associated with further reduction in the prevalence of AOM 

(Marom et al., 2012; Schilder et al., 2016) and its associated complications (Schilder et al., 2016). 
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Thus, vaccination can be seen as preventing pneumococcal-associated OM which eventually could 

have led to chronic OM (Schilder et al., 2016). 

Additionally, another way to prevent OM is the prevention of viral URI by the use of Vaccines 

targeting respiratory viruses (Marom et al., 2012; Schilder et al., 2016). Since viral URTI initiate 

AOM, the prevention of viral URTI would help in the reduction of AOM (Marom et al., 2012; 

Schilder et al., 2016). Currently, influenza Virus vaccines, are the only available vaccines against 

viral respiratory infection, known to reduce AOM in relation to influenza (Marom et al., 2012; 

Schilder et al., 2016). 

Another approach is the administration of antivirals (non-vaccine viral approach) in the early 

management of viral URI (Marom et al., 2012; Schilder et al., 2016). According to studies, there 

is a reduction in the development of AOM by 43 to 85% in young children treated with oseltamivir 

between 12 to 48 hours of influenza symptom onset (Schilder et al., 2016). 

Furthermore, environmental risk factors, such as daycare attendance, exposure to tobacco smoke 

and pacifier use should be avoided, particularly for children from six to twenty-four months 

(Kingery et al., 2016;  Schilder et al., 2016). Another main way of preventing OM is breastfeeding, 

which protects against OM, with protection being higher for those breastfed exclusively (Kingery 

et al., 2016;  Schilder et al., 2016). 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

3.1 Study Site 

The study was conducted at the Ear, Nose and Throat (ENT) departments of Princess Marie Louise 

Children’s Hospital, 37 Military Hospital (37 MH) and Mamprobi Hospital (MH). PMLH, also 

known as children’s hospital is one of the few specialist children’s hospitals in Western Africa. It 

is a government hospital located at Derby Avenue Accra. It has a 74-hospital-bed capacity and is 

the second-largest paediatric facility in Ghana. It has an ENT clinic that attends to about 25 cases 

of otitis media on each clinic day. 37 Military Hospital is a specialist hospital located in Accra, on 

the main road between Kotoka International Airport and Central Accra. It is the largest military 

hospital in Ghana with an ENT clinic. Mamprobi Hospital is also a government hospital located 

in the Mamprobi Township in the Greater Accra Region. It has an ENT unit that attends to about 

10 children with otitis media daily. 

 

3.2 Study Design and Sampling 

This was a cross-sectional study involving children below 13 years of age with otitis media at the 

ENT unit of PMLH, 37 MH and MH from September 2020 to March 2021. Written Consent was 

obtained from parents or guardians of younger children and older children. Diagnosis of OM was 

based on medical examinations done by ENT specialists who were nurses. Medical examinations 

were achieved through interviews (with parents, guardians and older children) to obtain a history 

of middle ear infection and using an otoscope. 100 children with suppurative otitis media visiting 

the ENT clinic of PMLH, 37MH and MH were recruited in the study. The inclusion criteria for 

the selection of otitis media participants were children below the age of 13 years who had been 
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diagnosed with otitis media. The exclusion criteria were children with craniofacial abnormalities, 

such as cleft lip, and palate and Down syndrome, and those on antimicrobial therapy. 

The minimum number of study participants was determined based on the prevalence of 5.8% 

(Mukara et al., 2017) using the formula: 

n= (Z2 P (1-P))/E2 

Z= z-score value for 95% percentile (1.96) 

p= proportion of the study (5.8%) 

E= allowable error for the study (0.05) 

 A minimum of 84 participants was calculated to be recruited for the study. However, the sample 

size was increased to 100. 

 

3.3 Specimen and Data Collection 

 In specimen collection, 70% alcohol was used to clean the external canal, and afterwards, sterile 

swab sticks were used by the ENT specialists to collect the middle ear discharge from the study 

participants. Each swab specimen obtained was kept in 1 ml of skim milk-tryptone-glucose-

glycerin (STGG) medium and labelled with a unique bar code. These samples were transported on 

ice packs within three hours to the research laboratory of the Department of Medical Microbiology. 

On arrival at the laboratory, each sample was vortexed for one minute and stored at a -80 ℃ freezer 

for future analysis. Socio-demographic characteristics, potential risk factors and clinical 

information for each child were collected using a standard questionnaire (Appendix II) answered 

by parents or guardians. The following 10 potential risk factors were studied: preschool attendance, 
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parental education, presence of recurrent URTI, child history of OM, family history of OM, 

household income, breastfeeding duration, the average size of the family, passive exposure to 

parental smoke and parental employment. The study instrument used were a standard 

questionnaire, medical examination and laboratory investigation. 

 

3.4 Specimen Processing 

The stored swab specimens at -80 oC were thawed and vortexed briefly. These vortexed specimens 

were inoculated in about 5 ml of tryptic soy broth for enrichment. After overnight incubation at 37 

oC, the samples were cultured on chocolate, blood, and MacConkey agar plates, using a sterile 

wire loop. The blood and chocolate agar plates were incubated at 37oC for 24–48 hours in 5%-

10% CO2 achievable by a candle jar to isolate potential organisms such as Streptococcus 

pneumoniae, Haemophilus influenza, and Moraxella catahallis. The MacConkey agar plates were 

incubated at 37 oC for 24 hours in an aerobic condition to identify Gram-negative rods which were 

implicated in OM (Afolabi et al., 2012; Carroll, et al., 2016; Hailegiyorgis et al., 2018). 

 

3.4.1 Bacterial Identification 

 Isolates were identified to the species level based on colonial morphology on culture plates, Gram 

staining and other standard bacteriological procedures (Afolabi et al., 2012; Hailegiyorgis et al., 

2018). 
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3.4.1.1 Gram Staining 

Gram staining was done on the isolates from the various agar plates to identify their various Gram 

reaction (Gram-positive and Gram-negative) and their morphologies (Afolabi et al., 2012; 

Hailegiyorgis et al., 2018). This aided in the possible standard bacteriological tests to do to arrive 

at the specific bacterial species (Carroll, et al., 2016). 

A loopful of each colony was emulsified in normal saline to make a thin preparation on a slide. 

After the smears were dried, they were stained with crystal violet stain. The stain was washed off 

after one minute with clean water. Afterwards, the smears were covered with Gram’s iodine for a 

minute and then washed off with clean water. Decolourization was done immediately with 

acetone–alcohol, washed off with clean water, and counterstained with safranin for 2 minutes. The 

stain was then washed off the slides and allowed to air dry. The smears were observed 

microscopically using the oil immersion objective (Carroll, et al., 2016). 

3.4.1.2 Standard Bacteriological Identification Methods 

Biochemical tests such as catalase and coagulase were done for Gram-positive cocci. Mannitol 

agar plates also aided in the identification of Staphylococcus aureus from coagulase-negative 

Staphylococcus and bile solubility test for Streptococcus pneumoniae. Indole, oxidase, triple sugar 

iron, citrate, motility and urease tests were also done to identify the Gram-negative rods. Analytical 

profile index (API) 20E was further used to speciate Gram-negative rods for which the 

conventional methods could not provide identification (Carroll, et al., 2016).   

 Disc testing for bacterial identification was done using an optochin disc to differentiate between 

Streptococcus pneumoniae and Streptococcus viridans. Aesculin bile agar, 6.5% sodium chloride 
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(6.5% NaCl) broth, and pyruvate were done to identify Enterococcus species and to differentiate 

between Enterococcus feacalis and Enterococcus feacium (Carroll, et al., 2016). 

3.5 Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility testing was performed by the Kirby Bauer disc diffusion technique 

(Afolabi et al., 2012; Hailegiyorgis et al., 2018). This was carried out by emulsifying pure colonies 

of isolates in sterile normal saline using a sterile inoculating loop and the bacterial suspension was 

adjusted to 0.5 MacFarland standard. A sterile cotton swab was dipped into the suspension and 

pressed against the side of the tube, and then used to inoculate a Mueller Hinton agar plate before 

the application of single antibiotic discs, which were placed not less than 24 mm apart. The 

application of the antibiotic discs was done using sterile forceps. Incubation of the agar plates was 

done aerobically at 37oC for 16-18 hours. Mueller Hinton agar with 5% sheep blood was used for 

Streptococcus pneumoniae sensitivity with incubation done in 5% carbon dioxide at 37oC for 20 - 

24 hours (Carroll, et al., 2016). Antibiotic selection was based on the 2021 Clinical and Laboratory 

Standards Institute (CLSI) guidelines with the following antibiotic classes: aminoglycosides, β-

lactams, carbapenems, lincosamide, fluoroquinolones, macrolides, sulphonamides, glycopeptides 

and tetracyclines. The individual antibiotics tested were ampicillin (10 µg), cefuroxime (30 µg), 

amoxicillin-clavulanic (30 µg), ceftriaxone (30 µg), Penicillin (10 µg), amikacin (30 µg), 

ciprofloxacin (5 µg), gentamicin (10 µg), ceftazidime (30 µg), cefepime (30 µg), piperacillin-

tazobactam (110 µg), trimethoprim-sulfamethoxazole (25 µg), meropenem (10 µg), tetracycline 

(30 µg), clindamycin (2 µg), erythromycin (15 µg) and vancomycin (30 µg). 

The zones of inhibition around each of the antibiotic discs were interpreted according to the 2021 

Clinical and Laboratory Standards Institute (CLSI) guidelines.  
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3.6 Data Processing 

Data obtained were entered into Microsoft Excel 2019 and analysis was done with Statistical 

Package for Social Sciences (SPSS) version 23. Descriptive analyses such as counts, frequencies, 

and percentages were computed on the data obtained. Results were presented in the form of graphs 

and tables. Additionally, logistic regression was used to determine risk factors for ASOM and 

CSOM associated with childhood otitis media. P value less than 0.05 was interpreted as significant, 

and results were presented in the form of a table. 

 

3.7 Ethical Considerations  

Ethical clearance was obtained from the Ethical and Protocol Review Committee of the College 

of Health Sciences, the University of Ghana with Protocol Identification number: CHS-Et/M.7 -

5.3/2020-2021 and the 37 Military Hospital Institutional Review Board with protocol 

identification: 37MH-IRB IPN/MAS/434/2020. Formal permission was also sought from the 

administration of the ENT clinics of PMLH and MP to recruit the children that fall within the 

inclusion criteria. Additionally, the objectives of the study were explained to participants, and 

informed consent (Appendix I) was obtained from them before soliciting information. It was 

communicated to the guardians of the children that participation in the study was not obligatory, 

and they could freely withdraw from the study at any time without any penalty. Codes were used 

to identify each participant, and the data collected was stored on a password-protected computer 

to ensure confidentiality. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Socio-Demographic and Clinical Information of the Study Participants 

A total of 100 children with otitis media were recruited for the study. The age distribution of the 

participants ranged from three weeks to twelve years old. The majority (74%) of the children were 

below five years of age, and a greater proportion of the participants were males (59%). ASOM 

was the most commonly diagnosed infection (68%) and CSOM was recorded among 32% of the 

study participants. Otorrhea was a major symptom, with a frequency of 100%. Over 80% had 

otalgia and a lower frequency of children (3%) had other medical conditions. 

The summary of the demographic data and clinical information of the study participants is found 

in Table 1. 
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Table 1: Demographic characteristics and clinical information of study participants 

VARIABLES FREQUENCY PERCENT 

Gender   

Male 59 59 

Female 41 41 

Age (Years)   

< I 15 15 

1-4 59 59 

5-10 23 23 

11-12 3 3 

Diagnosis   

ASOM 68 68 

CSOM 32 32 

Otorrhea   

ASOM 50 50 

CSOM 50 50 

Otalgia   

ASOM 66 66 

CSOM 18 18 
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4.2 Bacterial Isolates Distribution 

From the study, out of the 100 samples, 97 (97%) gave positive cultures whiles 3 (3%) of samples 

recorded no growth on culture. Out of the 97% positive cultures, 12.4% gave more than one 

organism whilst 87.6% gave only one type of organism. One hundred and twelve (112) isolates 

were obtained from the positive cultures, 98% were bacteria and the rest were fungal agents 

(Candida species). Additionally, out of the 98% bacteria isolated, Gram-negative bacteria (75.5%) 

were the predominant as compared to Gram-positives (24.5%), with Pseudomonas aeruginosa 

(33.6%) being the predominant Gram-negative bacteria and coagulase-negative Staphylococcus 

(10%) representing the highest isolated Gram-positive bacteria (Table 2). Furthermore, 87.3% 

were pathogenic bacteria with the frequently isolated pathogenic bacteria being Pseudomonas 

aeruginosa (38.5%) followed by Klebsiella pneumoniae (19.8%), Proteus mirabilis (11.5%), 

Staphylococcus aureus (10.4%), Escherichia coli (7.3%), Citrobacter species (4.2%), 

Pseudomonas species (3.1%), Enterococcus faecalis (2.1%) with Morganella morganii, Serratia 

marcescens and Streptococcus pneumoniae recording 1% each. Coagulase-negative 

Staphylococcus, Streptococcus viridans and Bacillus species were treated as probable 

contaminants. 

Pseudomonas aeruginosa, Pseudomonas species, Klebsiella pneumoniae, Proteus mirabilis, 

Escherichia coli, Citrobacter species, Morganella morganii, Staphylococcus aureus, 

Enterococcus faecalis, Streptococcus pneumoniae were the commonly isolated pathogenic 

bacteria from ASOM whiles Pseudomonas aeruginosa, Pseudomonas species, Klebsiella 

pneumoniae, Proteus mirabilis, Escherichia coli, Citrobacter species, Serratia marcescens and 

Staphylococcus aureus were the most common pathogenic bacteria recorded from CSOM in this 
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study. Table 2 shows the frequency of isolated bacterial pathogens in ASOM and CSOM. Figure 

2 shows the total percentage of isolated bacterial pathogens from children with ASOM and CSOM. 

 

 

Table 2: Distribution of isolated bacterial pathogens in otitis media 

Bacterial pathogens OTITIS MEDIA  n = 96  PERCENT  

 

Pseudomonas aeruginosa 37 38.5 

Klebsiella pneumoniae 19 19.8 

Proteus mirabilis 11 11.5 

Staphylococcus aureus 10 10.4 

Escherichia coli 7 7.3 

Citrobacter species 4 4.2 

Pseudomonas species 3 3.1 

Enterococcus feacalis  2 2.1 

Morganella morganii 1 1 

Serratia marcescens 1 1 

Streptococcus pneumoniae 1 1 
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Figure 2: Total percentage of isolated bacterial pathogens from children with ASOM and 

CSOM 
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4.3 Antimicrobial Susceptibility Profile 

Antimicrobial susceptibility testing was carried out for all the pathogenic bacterial isolates 

recovered. The sensitivity patterns of Pseudomonas aeruginosa obtained are as follows: 100% 

sensitivity to amikacin, ceftazidime, cefepime, ciprofloxacin, piperacillin-tazobactam, and 

meropenem, and 86.49% sensitivity to gentamicin.  Pseudomonas species likewise recorded 100% 

sensitivity to ceftazidime, cefepime, ciprofloxacin, piperacillin-tazobactam, and meropenem, and 

66.67% each to amikacin and gentamicin. Staphylococcus aureus showed 100% sensitivity to 

ciprofloxacin, ampicillin, penicillin, cefuroxime, augmentin, clindamycin, linezolid and > 70% 

susceptibility to trimethoprim-sulfamethoxazole, tetracycline, and erythromycin. Streptococcus 

pneumoniae showed sensitivity to all antibiotics tested against it, except trimethoprim-

sulfamethoxazole and tetracycline. Enterococcus faecalis was susceptible to all the antibiotics 

tested against it. Proteus mirabilis showed > 80% level of susceptibility to antibiotics tested against 

it, except ampicillin, for which the susceptibility was 45.6%. Morganella morganii and Serratia 

marcescens both recorded 100% sensitivity to amikacin, cefepime, gentamicin, ciprofloxacin, 

meropenem, trimethoprim-sulfamethoxazole, and tetracycline. Most of the bacterial isolates 

showed high to moderate susceptibility to amikacin, cefepime, gentamicin, ciprofloxacin and 

meropenem, except E. coli, which showed 42.86% susceptibility to cefepime and 28.57% to 

ciprofloxacin. 

For resistance rates, Klebsiella pneumoniae, Escherichia coli, Morganella morganii, Serratia 

marcescens and Citrobacter species were observed to be highly resistant to most of the antibiotics 

tested against them. From this study, eight (8) extended-spectrum beta-lactamase (ESBL) 

producers were isolated, and these were distributed equally between Klebsiella pneumoniae (50%) 

and Escherichia coli (50%). Furthermore, six (6) ampicillinase C (Amp C)-producing organisms, 
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which included Citrobacter species, Morganella morganii and Serratia marcescens, were also 

identified, and they showed high antibiotic resistance. It was observed that all the Gram-negatives 

(Enterobacteriaceae) against ampicillin tested were highly resistant. Additionally, observation 

showed high to moderate resistance of bacterial isolates to piperacillin-tazobactam, cefuroxime, 

amoxicillin-clavulanate, trimethoprim-sulfamethoxazole, tetracycline, and ceftriaxone. The 

antimicrobial resistance pattern of the isolated bacterial pathogens is shown in Table 3. 
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Table 3: Antimicrobial susceptibility pattern of bacterial pathogens of otitis media (%) 

Antibiotics The antibiotic-resistant pattern of bacterial isolates 

  A

M

K 

C

A

Z 

C

E

F 

G

E

N 

CI

P 

P

T

Z 

M

E

M 

A

M

P 

P

E

N 

C

X

M 

A

MC 

S

X

T 

T

E

T 

C

C 

E

R

Y 

C

R

O 

V

A

N 

Pseudomonas 

aeruginosa 

0 0 0 13

.5 

0 0 0 - - - - - - - - - - 

Pseudomonas 

spp 

33.

3 

0 0 33

.3 

0 0 0 - - - - - - - - - - 

Staphylococcus 

aureus 

- - - 0 0 - - 0 0 0 0 30 20 0 20 - - 

Klebsiella 

pneumoniae 

5.3 - 21

.1 

10

.5 

5.

3 

26

.3 

0 10

0 

- 36

.8 

26.

3 

21

.1 

42

.1 

- - 21

.1 

- 

Proteus 

mirabilis 

0 - 0 0 0 0 0 54

.4 

- 0 0 18

.2 

0 - - 0 - 

Morganella 

morganii 

0 - 0 0 0 10

0 

0 10

0 

- 10

0 

100 0 0 - - 10

0 

- 

Serratia 

marcescens 

0 - 0 0 0 10

0 

0 10

0 

- 10

0 

100 0 0 - - 10

0 

- 

Escherichia 

coli 

28.

6 

- 57

.1 

0 71

.4 

57

.1 

0 10

0 

- 10

0 

100 85

.7 

85

.7 

- - 57

.1 

- 

Citrobacter 

species 

0 - 0 0 25 10

0 

0 10

0 

- 10

0 

100 75 50 - - 10

0 

- 

Streptococcus 

pneumonia 

- - 0 - - - 0 0 - 0 0 10

0 

10

0 

0 0 0 0 

Enterococcus 

feacalis  

- - - - - - - 0 0 - - - - - - - 0 

 

 Amikacin-AMK, Ceftazidime-CAZ, Cefepime-CEF, Gentamicin-GEN, Ciprofloxacin-CIP, 

Piperacillin-tazobactam- PTZ, Meropenem-MEM, Ampicillin-AMP, Penicillin-PEN, 

Cefuroxime-CXM, Amoxicillin-clavulanate-AMC, Trimethoprim-sulfamethoxazole-SXT, 

Tetracycline-TET, Clindamycin-CC, Erythromycin-ERY, Ceftriaxone-CRO, Vancomycin-VAN, 

“-” – antibiotics not tested, 0 – percentage resistance.
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4.4 Risk Factors for Otitis Media among the Study Participants 

On logistic regression analysis, most of the potential risk factors did not show any association with 

developing ASOM and CSOM in the children. However, children were more likely to develop 

CSOM if they had a history of ASOM (OR= 6.699, 95% CI= 2.13 - 21.09). Therefore, child's 

history of ASOM showed a statistically significant association with the development of CSOM. 

Details can be found in Table 4. 
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Table 4: The potential risk factors associated with ASOM and CSOM in children with otitis 

media 

Risk factor Odds ratio 95% CI p-value 

Passive exposure to parental smoke  15.580 (0.88 - 275.29) 0.063 

Presence of recurrent URTI 2.715 (0.73 - 10.04) 0.135 

Breastfeeding duration  2.470 (0.63 - 9.70) 0.195 

Parental education  1.179 (0.35 - 3.92) 0.789 

Parental employment  0.528 (0.08 - 3.32) 0.496 

Child history of OM 6.699* (2.13 - 21.09) 0.001 

Family history of OM 1.090 (0.30 - 3.91) 0.895 

Average size of the family 1.613 (0.50 - 5.18) 0.422 

Pre-school attendance 1.264 (0.59 - 2.71) 0.547 

Household income  0.498 (0.21 - 1.73) 0.111 

*Significant at 0.05 alpha level 
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CHAPTER FIVE 

5.0 DISCUSSION 

This study evaluated the bacterial aetiologies of OM, the antibiotic susceptibility patterns, and 

associated risk factors for developing the infection among children in Accra, Ghana. 

A high prevalence of OM was observed in children under 5 years (74%), an observation that is 

similar to findings from studies that also reported a higher prevalence of 80.11% in Addis Ababa, 

Ethiopia (Hailegiyorgis et al., 2018), 84.2% in Southern Ethiopia (Tadesse et al., 2019), and 71.7% 

in Zamfara, Nigeria (Bilkisu et al., 2017). In contrast, a lower prevalence (51.5%) has also been 

reported by Appiah-Korang et al. (2014) from Ghana. This could be because children of this 

category have immature immunity, which makes them prone to frequent upper respiratory tract 

infections, and they also have a more flexible, horizontal and short Eustachian tube (ET), allowing 

easier entry of pathogens from the nasopharynx into the middle ear (Osazuwa et al., 2011; Qureishi 

et al., 2014). 

Data from this study indicate that more males suffer from OM than females and this is comparable 

to other studies which reported similar proportions of 51.3% in Southern Ethiopia (Tadesse et al., 

2019), 62.3% in Zamfara, Nigeria (Bilkisu et al., 2017), 53% in Ibadan, Nigeria (Okesola et al., 

2011), and 60% in Abakaliki, Nigeria (Nnebe-Agumadu et al., 2011). This, however, is in contrast 

to what was reported by Hailegiyorgis et al. (2018) from Addis Ababa, Ethiopia and  Al-Marzoqi 

et al. (2013) in Iraq, in whose studies females were in the majority, with 51.5% and 52% 

proportions, respectively.  

Acute suppurative otitis media (ASOM) was the most common diagnosis (68%) as compared to 

chronic suppurative otitis media (CSOM) (32%). This is corroborated with a study made by Cai et 

al. (2017) which reported that AOM occurs more often in children than CSOM. Studies have 
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reported the yearly global diagnosis for acute otitis media (AOM) to be valued at 709 million as 

compared to CSOM, which is 31 million, with half of the cases occurring in children under five 

years (Monasta et al., 2012; Qureishi et al., 2014; Schilder et al., 2016). Also, the findings of this 

study were in line with a study performed in Nigeria (Nnebe-Agumadu et al., 2011), in which 67% 

of cases were recorded for ASOM. Otorrhea was a major symptom among the study participants, 

with a frequency of 100%, and this is indicative of discharging middle ears of the study 

participants.  Eighty-four per cent (84%) of the children had otalgia, and this conforms to the high 

prevalence of ASOM (68%) obtained. Although otalgia is a major symptom that is highly 

associated with ASOM, some of the participants with CSOM in this study also experienced otalgia. 

This observation of fewer study participants recording otalgia in CSOM confirms what is known 

in available literature that otalgia is normally not a primary symptom in CSOM (Qureishi et al., 

2014). 

 Most of the samples from the study participants gave positive cultures (97%) and is comparable 

to other works done in Iraq and Northern Ethiopia, in which 96.4% (Al-marzoqi et al., 2013) and 

98.2% (Wasihun et al., 2015) were obtained respectively. It was observed to be higher than 75.6% 

in Southern Ethiopia (Tadesse et al., 2019), 84.9% in Zamfara, Nigeria (Bilkisu et al., 2017), 75% 

in Awka, Nigeria (Ejiofor et al., 2016) and 87.7% in Abakaliki, Nigeria (Nnebe-Agumadu et al., 

2011). The difference in results could be due to the study population on antibiotics during 

enrolment, category of the study population, sample size and varied methodology. Although the 

main aim of this study was focused on bacterial etiologies, Candida species (2%) were recovered. 

The proportion of Gram-negative bacteria (GNB) and Gram-positive bacteria (GPB) isolates 

indicated that GNB (75.5%) were the most dominant, a finding comparable to previous research 

conducted by Nnebe-Agumadu et al. (2011) (88.53%) and Afolabi et al. (20I2) (75%) from 
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Nigeria. Another study in Nigeria by Okesola et al. (2011) recorded a higher GNB dominance 

(98.6%), but contradictory to other reports from Nigeria (Bilkisu et al., 2017) and Morocco (Es-

Said et al., 2014) in which Gram-positive bacteria were predominant with values of 68.9% and 

64% respectively. The difference in results could be that OM can be caused by different bacteria 

at different geographical locations. 

From this study, it was observed that Pseudomonas aeruginosa (38.5%) was the frequently isolated 

bacteria followed by Klebsiella pneumoniae for ASOM and CSOM. P. aeruginosa being 

predominant in this study is similar to a retrospective study done in Ghana by Appiah-Korang et 

al. (2014) where Pseudomonas aeruginosa was the frequently-isolated pathogen, with children 

below the age of 13 years making up a greater percentage of the study participants and OM being 

the prevalent diagnosis. Our findings, where P. aeruginosa was the commonly isolated bacteria, 

were similar to other studies that were done in Nigeria by Nnebe-Agumadu et al. (2011), Okesola 

et al. (2011), and Osazuwa et al. (2011) which reported 57.4%, 44.3% and 28.3% of P. aeruginosa 

respectively. Additionally, Okesola et al. (2011) reported Klebsiella pneumoniae as the second 

most predominant isolate, similar to the findings of the current study. This, however, differs from 

studies done in Ethiopia (Tadesse et al., 2019), Nigeria (Bilkisu et al., 2017), and Iraq (Al-Marzoqi 

et al., 2013), where Staphylococcus aureus was the most predominant bacterium isolated. This 

could be explained by climatic conditions in the different geographical locations, which impact 

the distribution of microorganisms. It was also observed from this study that some of the 

aetiological agents of ASOM, such as Pseudomonas aeruginosa, Pseudomonas species, Klebsiella 

pneumoniae, Proteus mirabilis, Escherichia coli, Citrobacter species, Morganella morganii, and 

Enterococcus faecalis were in contrast to existing literatures in which Streptococcus pneumoniae, 

Haemophilus influenzae, and Moraxella catahallis, are known as the common cause of AOM ( 
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Pettigrew et al., 2011; Marom et al., 2012; Aduda et al., 2013; Gisselsson-Solén et al., 2014; 

DeAntonio et al., 2016; Ngo et al., 2016) and especially commonly reported in developed 

countries (Osazuwa et al., 2011; Ejiofor et al., 2016). However, this study identified 1% of 

Streptococcus pneumoniae from ASOM samples. Irrespective of these contrasting outcomes, the 

results of the current study were in accordance with other studies conducted in Ghana (Appiah-

Korang et al., 2014) and Nigeria (Nnebe-Agumadu et al., 2011; Ejiofor et al., 2016), where similar 

isolates were obtained from ASOM samples. Variations in climate and geographical location could 

be the reason for the difference in the distribution of bacteria. Furthermore, bacterial isolates such 

as Pseudomonas aeruginosa, Pseudomonas species, Klebsiella pneumoniae, Proteus mirabilis, 

and Escherichia coli obtained for CSOM were in line with other study outcomes (Afolabi et al., 

2012; Aduda et al., 2013; Tiedt et al., 2013; Appiah-Korang et al., 2014). 

Single colonies from culture were observed from 85 (87.6%) samples, which were in agreement 

with studies that demonstrated 94.6%, 93%, and 72.6% by Hailegiyorgis et al. (2018) in Addis 

Ababa, Ethiopia, Tadesse et al. (2019) in Southern Ethiopia and Osazuwa et al. (2011) in Benin 

City, Nigeria respectively. However, in contrast to our study, another finding by Al-Marzoqi et al. 

(2013) in Iraq had mixed growth from cultures being of a higher frequency. This may suggest more 

CSOM cases were recorded than ASOM, with available literature highlighting that > 90% of 

chronic discharging ears yield two or more bacterial isolates (Qureishi et al., 2014).  

In this study, Pseudomonas aeruginosa and Pseudomonas species reported a high level of 

susceptibility (> 60%) to all the antibiotics tested against them; antibiotics inclusive of amikacin, 

ceftazidime, cefepime, ciprofloxacin, piperacillin-tazobactam, meropenem and gentamicin. The 

observed susceptibility rate of Pseudomonas aeruginosa is similar to an earlier study carried out 

by Bilkisu et al. (2017) in Nigeria, with susceptibility profiles for ceftazidime, gentamicin, 
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ciprofloxacin and piperacillin-tazobactam similar to findings reported by Ahmad, (2013) in Saudi 

Arabia. The finding of this study, was, however, contrary to a study by Wasihun et al. (2015) from 

Northern Ethiopia, in which Pseudomonas aeruginosa was the most resistant isolate in the study. 

Staphylococcus aureus showed > 70% level of susceptibility to antibiotics tested against it, 

comparable to the findings of Wasihun et al. (2015) in Northern Ethiopia, in which gentamicin, 

ciprofloxacin, and erythromycin were relatively susceptible. A high level of Streptococcus 

pneumoniae resistance to trimethoprim-sulfamethoxazole, and tetracycline and high susceptibility 

to amoxicillin-clavulanate agrees with the pool analysis study done by Van Dyke et al. (2017). 

Lesser resistance of Proteus mirabilis to antibiotics tested against it is comparable to studies 

conducted by Wasihun et al. (2015) in Northern Ethiopia and Aduda et al. (2013) in Kenya, with 

its high resistance to ampicillin supported by Es-Said et al. (2014) in Morocco. Resistance of 

Klebsiella pneumoniae to many antibiotics has been reported in studies by Tadesse et al. (2019) 

in Southern Ethiopia and Wasihun et al. (2015) in Northern Ethiopia. Additionally, the resistance 

of Klebsiella pneumoniae and Escherichia coli to ampicillin, cefuroxime, amoxicillin-clavulanate 

and ceftriaxone has been reported in an earlier study by Es-Said et al. (2014) in Morocco. The high 

level of resistance recorded by Klebsiella pneumoniae and Escherichia coli could be because some 

of the isolates were phenotypically positive for extended-spectrum beta-lactamases (ESBL) 

production. In this study, low percentages (1%, 4.2% and 1%) were recorded for Morganella 

morganii, Citrobacter species and Serratia marcescens, respectively, but they showed a high level 

of resistance to cephalosporins, penicillin and penicillin inhibitor combinations due to the reason 

that they are ampicillinase C (Amp C) organisms. 

Findings from the antimicrobial susceptibility profile in this study reveal that the aetiological 

agents were mostly susceptible to amikacin, cefepime, gentamicin, ciprofloxacin and meropenem. 
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Sensitivity to ciprofloxacin and gentamicin has been reported in other studies (Nnebe-Agumadu 

et al., 2011; Appiah-Korang et al., 2014; Wasihun et al., 2015; Tadesse et al., 2019; Tesfa et al., 

2020). A high level of resistance was recorded for ampicillin, piperacillin-tazobactam, cefuroxime, 

amoxicillin-clavulanate, trimethoprim-sulfamethoxazole, tetracycline and ceftriaxone. Resistance 

to ampicillin, amoxicillin-clavulanate, tetracycline and trimethoprim-sulfamethoxazole has been 

reported in a previous study by Appiah-Korang et al. (2014) in Ghana. Resistance to ampicillin, 

ceftriaxone and tetracycline has also been reported in Eygpt (Argaw-Denboba et al., 2016) with 

ampicillin and trimethoprim-sulfamethoxazole resistance reported in Southern Ethiopia (Tadesse 

et al., 2019). Recorded resistance to commonly prescribed antibiotics for OM management such 

as ampicillin, amoxicillin-clavulanate and cefuroxime could be due to their frequent usage. This 

is quite alarming and not encouraged to be used as first-line drugs for OM treatment. Ciprofloxacin 

and gentamicin, which are commonly known ototopic drugs, are recommended to be used in the 

management of OM in children.  

This study is the first to investigate factors that predispose children to otitis media (OM) in Accra, 

Ghana. The onset of OM as reported by many studies is influenced by several variables such as 

gender, upper respiratory tract infections (URTI), age and absence of breastfeeding. Knowledge 

and avoidance of these risk factors are the first steps in preventing OM. Risk factors for ASOM 

and CSOM associated with childhood OM were analyzed but there was no statistically significant 

relationship between ASOM and CSOM and most of the potential risk factors. However, child 

history of ASOM showed a statistically significant relationship, with an odds ratio of 6.699 

indicating that children with a history of ASOM are six times more likely to develop CSOM. This 

finding is in line with results from a previous study in Parakou, Benin (Hounkpatin et al., 2016). 

A child history of ASOM which was identified as a risk factor associated with CSOM could mean 
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that a child with an episode of ASOM stands a chance of getting CSOM. Child's history of ASOM 

is an important risk factor for other episodes of ASOM to occur, which eventually could lead to 

CSOM. This is because an individual could be exposed to the same environmental risk factors 

(Hounkpatin et al., 2016). 
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CHAPTER SIX 

6.0 CONCLUSIONS, RECOMMENDATIONS, AND LIMITATIONS 

6.1 Conclusions 

The commonest bacterial aetiological agents of childhood OM were Pseudomonas aeruginosa, 

Klebsiella pneumoniae, and Proteus mirabilis. Most aetiological agents showed a high level of 

resistance to ampicillin, piperacillin-tazobactam, cefuroxime, amoxicillin-clavulanate, 

trimethoprim-sulfamethoxazole, tetracycline, and ceftriaxone while with commonly used 

antibiotics, such as ciprofloxacin and gentamicin, showed a higher level of susceptibility, hence 

recommended for management of OM in children. Child’s history of ASOM was the risk factor 

identified to be associated with developing CSOM. Knowledge of these risk factors will aid to 

formulate effective preventive strategies to curb childhood OM occurrence in Accra, Ghana. 

 

6.2 Recommendations 

Firstly, as the aetiological agents demonstrated high resistance towards ampicillin, cefuroxime, 

and amoxicillin-clavulanate, it is recommended that their use in treating otitis media among 

children in the country be discontinued, and ciprofloxacin and gentamicin used instead. 

Furthermore, a follow-up study to investigate the genetic basis for the phenotypic resistances 

observed in commonly used antimicrobials and the search for virulence factors of the resistant 

organisms should be carried out. 

It is also recommended that further research work should be done on children with otitis media in 

other parts of the country, to provide additional insight into the causative agents and risk factors. 
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6.3 Limitations 

The limitation identified in this study was that anaerobic incubation could not be done, hence 

anaerobes which are normally implicated in chronic suppurative otitis media were not isolated. 
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APPENDIX I: CONSENT FORM 

Research title: Bacterial aetiology and risk factors associated with childhood otitis media in Accra, 

Ghana 

Principal investigator: Vida Bannah 

Address: Department of Medical Microbiology, University of Ghana Medical School, P.O Box 

4236, Korle-Bu. 

Introduction: This research is being conducted to find out the different bacteria that cause otitis 

media in children and the factors that predispose children in Ghana to the disease. Please read this 

consent form carefully. You will also be provided with explanations of the content for clarity. 

Kindly append your signature to this document only after you have understood the purpose of this 

study. A photocopy of the original document will be given to you for your record. 

Why the study? 

Otitis media (OM), also known as middle ear infection, has a high prevalence among young 

children. The complications of OM include hearing loss, delayed speech development, impaired 

intellectual development and societal challenges in later life. OM is widespread globally and in 

developing countries, it is the main cause of hearing loss. It causes major economic and social 

burdens on families and healthcare systems. To prevent OM from occurring and have an 

appropriate treatment plan for children affected, it is necessary to establish the risk factors of OM 

and causal agents for OM. Identifying these factors leads to intervention and effective prevention. 

To lessen the severe complication of otitis media and guide medical practitioners in their antibiotic 

prescription, emphasis needs to be placed on bacterial etiologies and their antibiotic susceptibility 

patterns.  
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There is currently limited data on the bacterial aetiology and risk factors of OM in children in 

Ghana, and the purpose of this study is to fill that gap. 

General information and your part in the study 

Children up to the age of 12 years diagnosed with otitis media with the consent of parents or 

guardians qualify for this study. Patients must not be on antibiotics. Ear, nose and throat specialists 

will take ear swabs from the middle ear of patients. You will be contacted through your phone 

number for any required information. 

Possible risks and discomforts 

This research will cause minimal physical pain or damage during the swabbing of the middle ear. 

Possible benefits of the research study 

Money exchange will not be involved in this research, both on the part of the researcher and the 

participant. This research will aid physicians in the treatment and management of patients with 

OM and curb the occurrence of associated complications, such as hearing loss, delayed speech 

development, and impaired intellectual development in Ghana. 

Confidentiality 

Every information obtained from this study will be concealed (hidden) during and after the study. 

Numbers and codes will be used for the identification of participants. Your clinical conditions and 

all documents with your name will be handled only by members of the research team. 

Voluntary participation and right to leave the research 

Participation in this research is a personal decision, and you can freely choose to allow your ward 

to participate in the study or not without any consequences. Should you choose to allow your ward 
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to participate, you could freely rescind your decision at any time within the conduction of the 

study, without incurring any penalty. 

 

Contacts for additional information 

For questions about the research project, you may contact the researcher, Vida Bannah on the 

phone number 0243258176, or Dr. Nicholas T. K. D. Dayie on 0208449415. You could also seek 

these individuals out at the Department of Medical Microbiology, University of Ghana Medical 

School. 
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CONSENT FOR ENROLLMENT OF WARD 

The above document describing the procedures, purpose, benefits, and risks for the research with 

the title “Bacterial aetiology and risk factors associated with childhood otitis media in Accra, 

Ghana” has been read and explained to me. I have been allowed to have any questions about the 

research answered to my satisfaction. I agree to enrol my ward in this study. 

 

_______________________           ____________________________________  

Date                                                                    Signature/ Thumbprint of volunteer 

 

For parents/guardians who cannot read, or cannot write on the form themselves, a witness 

must sign here on their behalf: 

I was present while the procedures, purpose, benefits, and risks of the research were read to the 

parent/guardian. All questions were answered, and the parent/guardian agreed to enrol his ward 

in this study. 

___________________                                              ____________________________ 

Date                                                                               Name and signature of parent/guardian 

I certify that the nature and purpose, the potential benefits, and possible risks associated with 

participating in this research have been explained to the above individual. 

_______________________                                       __________________________________ 

Date                                                                               Name and signature of parent/guardian 
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ASSENT FORM FOR OLDER CHILDREN 

The above document describing the procedures, purpose, benefits, and risks for the research with 

the title “Bacterial aetiology and risk factors associated with childhood otitis media in Accra, 

Ghana” has been read and explained to me. I have been allowed to have any questions about the 

research answered to my satisfaction. I agree to enrol in this study. 

 

_______________________           ____________________________________  

Date                                                                    Signature/ Thumbprint of volunteer 
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APPENDIX II: STUDY QUESTIONNAIRE 

DIRECTIONS: Please answer each question as accurately as possible by circling the correct 

answer or filling in the space provided.    

Participant’s ID……………………………………………………………………. 

Date…………………………………………………..Folder Number………................. 

Contact Tel. Numbers………………………………………………………………… 

E-mail Address………………………………………………………………………… 

Postal Address………………………………………………………………………… 

SOCIO-DEMOGRAPHIC CHARACTERISTICS 

Age      …….………………. 

Sex:      Male/ Female 

Residence:     Urban/ Rural 

Education:     Not yet/Crèche/Nursery/Kindergarten/Primary 

Average size of the family   ……………………… 

Household income    …..………………….. 

POTENTIAL RISK FACTORS 

Breastfeeding duration:   (Never/<6 months/6-12 months/> 12 months) 

Parental employment:     ………………………... 

Parental education:                                                       Not educated/ Primary/ JHS/ SHS/ Tertiary 

Child history of otitis media:               Yes/ No 

Family history of otitis media:                          Yes/No 

Passive exposure to parental smoke:     Yes/No 
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Presence of recurrent upper respiratory tract infections: Yes/No 

CLINICAL INFORMATION 

Diagnosis:                                                                               ASOM/OME/CSOM 

Fever:        Yes/ No 

Runny nose:       Yes/No 

Cough:        Yes/ No 

Otalgia (ear pain):      Yes/ No 

Tugging (pulling of the ear):     Yes/ No 

Holding of the ear:      Yes/No 

Rubbing of the ear:      Yes/No 

Otorrhea (ear discharge):     Yes/No 

Have you reported to the doctor:    Yes/ No 

Are you on antibiotics:     Yes/ No 

If yes, what type of antibiotics:    ……………………….. 

How often do you visit the clinic:    Weekly/ Monthly/ 3-6months? 

Do you have other medical conditions:   Yes/ No 

If yes, please specify       ………………………………… 

THANK YOU. 
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