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ABSTRACT 

 

Pneumonia in sickle cell disease (SCD) can be particularly severe and has come to be called 

acute chest syndrome (ACS). ACS is a frequent complication of sickle cell disease in patients 

hospitalized with vaso-occlusive crisis (VOC). It is associated with a high risk of sickle cell-

related mortality and morbidity in children, including prolonged hospitalization. The aims of 

this study were to determine the prevalence of pneumonia in sickle cell disease, and also to 

determine cells that are mostly associated with pneumonia in sickle cell disease. Furthermore, 

were to determine outcomes of pneumonia in SCD and pneumonia for under-five children 

referred to University Teaching Hospital. 

 

The study employed a cross-sectional design, using secondary dataset from paediatrics wing 

within University Teaching Hospital. Complete enumeration was applied. 

Continuous data were summarised by means and standard deviation while frequencies and 

percentages were used for categorical data. The data was analysed using STATA version 13.0 

(Stata Corporation, College Station, TX). Logistic regression was applied to assess 

associations of study variables.  

A total of 601 under-five children with pneumonia was studied for their pneumonia in SCD. 

Out of 601 under-five children, 84 had pneumonia in SCD, while 517 had pneumonia only. 

The under-five children comprised of 53% (n=317) males and 47% (n=284) females, their 

ages ranged from 28 days to 59 months years old, with a mean age (±SD) of 2.8 ± 1.4 months 

years old. The prevalence of pneumonia in sickle cell disease was 14%. Mortality for 

pneumonia in SCD was 12.8% (n=15) while in pneumonia only was 87.2% (n=102). 

Furthermore we established haemoglobin, red blood cells, white blood cells, mean cell 

haemoglobin and monocytes as cells that are mostly associated with pneumonia in SCD. 

 

The study achieved its set objectives, by determining pneumonia in SCD prevalence, 

haematological parameters which are mostly associated with pneumonia in SCD, and the 

outcomes of pneumonia in SCD. Therefore, the government through the Ministry of Health 

and other partners need to formulate policies towards the reduction of pneumonia in sickle 

cell disease burden in Zambia. 

 

Key terms: Sickle Cell Disease (SCD), Co-Morbidity, Pneumonia Outcomes 
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CHAPTER 1 

 

INTRODUCTION 

  

1.1 Background  

Pneumonia in patients with sickle cell disease (SCD) can be particularly severe and has come 

to be called acute chest syndrome (ACS). ACS is a frequent complication of sickle cell 

disease in patients hospitalized with vaso-occlusive crisis (VOC). It is associated with a high 

risk of sickle cell-related mortality and morbidity in children, including prolonged 

hospitalization. More than half of all children with homozygous SCD (HbSS) experience at 

least one episode of ACS in the first decade of life (Gill et al., 1995). Recurrent episodes may 

herald the onset of debilitating chronic lung disease (Powars et al., 1988). Although most of 

the evidence for clinical management and prevention is derived from the experience in 

patients with HbSS, ACS should be aggressively managed irrespective of the SCD genotype 

(Shilpa et al., 2017). 

 

Individuals with SCD are reported to be susceptible to infections with encapsulated 

organisms such as Streptococcus pneumoniae. Aside from the fact that the data regarding the 

clinical spectrum of SCD are limited, there was controversy regarding the role and 

significance of pneumococcal disease in causing morbidity and mortality in SCD. However, 

there is emerging evidence to confirm that pneumococcal disease is a significant cause of 

bacteraemia in SCD, with calls to introduce interventions for preventing infections as a 

critical factor in improving survival (Makani et al., 2013). The various factors that are 

associated with increased infections in SCD may be directly related or unrelated to the 

immune system. SCD causes end-organ damage to the lung, liver, kidney, and skin, making 

these sites susceptible to infection by unusual organisms (Makani et al., 2013).  

 

Acute chest syndrome reflects the difficulty in distinguishing pulmonary infection (viral or 

bacterial pneumonia) from other conditions that may occur in SCD, including inflammatory 

changes following pulmonary fat embolism or pulmonary infarction by microvascular 

occlusion or thromboembolism. Bacterial infection is diagnosed by culture of a respiratory 

pathogen from sputum or blood, but such cultures are negative in the majority of ACS cases. 

Consequently, the historical term ACS cannot be discarded until better diagnostic testing 

becomes available (Maitre et al., 2000). 
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Acute chest syndrome clinically and radiologically resembles bacterial pneumonia. However, 

the clinical course of ACS in persons with sickle hemoglobinopathies is considerably 

different from that of pneumonia in hematologically normal individuals. Multiple lobe 

involvement and recurrent infiltrates are more common in SCD, and the duration of clinical 

illness and of radiologic clearing of infiltrates may be prolonged to 10 days or longer. Acute 

pulmonary infiltrates are particularly difficult to classify in sickle cell disorders because of 

the potential for rapid progression from mild hypoxia to pulmonary failure, acute respiratory 

distress syndrome (ARDS), and multiorgan failure as a consequence of disseminated 

microvascular occlusion. Any decline in arterial oxygen saturation increases the fraction of 

polymerized Hb S with a subsequent deleterious effect on blood flow and pulmonary function 

(Vichinsky et al., 1997). ACS is associated with considerable morbidity and both acute and 

delayed mortality. The incidence is highest in children 2 to 4 years of age and, while 

gradually declining with age, remains common in adults (Nansseu et al., 2015).  

1.2 Statement of the Problem 

Children with sickle cell disease (SCD) often have functional asplenia, with dysfunctional 

antibody production and poor opsonophagocytosis, making them susceptible to encapsulated 

bacteria, especially Streptococcus pneumoniae (Beauvais et al., 1982, Battersby et al., 2010). 

Children with SCD have a 600-fold higher risk of pneumococcal disease compared with their 

healthy peers (Overturf et al., 1977). Children with SCD remain at increased risk of 

pneumonia in spite of all the current interventions, including newborn screening, early 

referral for long-term specialist care, recommendations for daily penicillin prophylaxis from 

3 months of age and timely immunisation with high uptake rates (Oligbu et al., 2017). 

Pneumococcal disease approximately affects 10% of children with SCD by age 5 years, 

(Powars et al., 1975) an infection risk that is 300 times greater than that in the general 

population (Barrett-Connor et al., 1971). This susceptibility is primarily attributable to 

functional asplenia (Pearson et al., 1969). 

 

Sickle cell disease is one of the neglected diseases known to be occurring in Africa. More 

than 75% of the global burden of SCD occurs in sub-Saharan Africa where scarce health 

resources and inadequate awareness among health care providers and the general public 

contribute to high rates of early mortality. With few data from neonatal screening programs, 

and virtually no prospective natural history studies, true mortality rates, and pneumonia cases 

are unknown. An estimated 50% to 90% of infants born with SCD in sub-Saharan Africa die -
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before their fifth birthday, due either to complications of sickle cell itself or more commonly 

from pneumococcal disease, malaria, or diarrheal disease (Grosse et al., 2011).  Naturally, 

SCD is associated with other co-morbidities. However, the exact burden associated with 

sickle cell and pneumonia is unknown. Pneumonia in SCD has now become a global health 

problem due to large number of people who are affected by the disease worldwide (Scott at 

el., 2011). Infections are the most common cause of death among Zambian sickle cell disease 

children. A study by Athale et al observed that infections accounted for 29.84% of mortality 

among sickle cell patients (Athale et al., 1994). 

 

In Zambia, according to the Pneumonia Aetiology for Child Health (PERCH) study, there 

were a total of 14 923 inpatient paediatric admissions to the University Teaching Hospital in 

Lusaka in 2008, of these admissions, 3467 (23%) were for acute respiratory illness. Over a 

thousand of the cases (30%) occurred in children, five years of age. The case fatality rate of 

severe pneumonia was 25.8% (Orin et al., 2012). In many parts of sub-Saharan Africa, SCD 

is responsible for up to 6% of all child deaths (Orin et al., 2012). This situation calls for 

concern as it may derail the recent improvements in overall child survival which is at the 

heart of the health care systems. 

                                                                                                                                                                                                                                

Despite infections being a common cause of morbidity and mortality, no studies have been 

done to know the prevalence of pneumonia in SCD and the association of pneumonia and 

SCD. As such sickle cell disease patients presenting with fever are usually treated blindly 

with a combination of benzyl penicillin and chloramphenicol as first line treatment.  

 

This treatment policy may delay appropriate treatment of the patients in cases where the 

prevailing organisms are not targeted since they are unknown, this may increase the cost of 

treatment of these patients. It is, therefore, important to identify the prevalence of the 

pneumonia in SCD and its association. 

 

1.3 Rationale of the study 

Acute chest syndrome (ACS) is a leading cause of hospitalization in sickle cell disease (SCD) 

and is currently the main cause of death in children with SCD in both well-resourced 

countries and not well-resourced countries (Hamideh et al., 2013). Recurrent episodes of 

ACS can negatively impact lung function in the long term (Sylvester et al., 2006). The burden 

of sickle-cell disease in the African Region is increasing with the increase in population. This 
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has major public health and socioeconomic implications. ACS in individuals with sickle-cell 

is uncommon but may occur under certain circumstances. Clinical deterioration and death are 

potential outcomes, and a delay in diagnosis may worsen the rates of morbidity and, most 

likely, of mortality. 

 

The study provides knowledge of prevalence for pneumonia in SCD, which is important in 

determining the morbidity and mortality of the pneumonia in SCD. However, currently little 

is known about the prevalence for pneumonia in SCD. We also determined the 

Haematological profiles which are mostly associated with pneumonia in SCD and further 

compared mortality for pneumonia in SCD and pneumonia. The study determined the 

possible association between pneumonia and sickle cell disease among under-five children 

referred to University Teaching Hospital. However, there is limited documentation in the 

literature on the possible association between pneumonia and SCD. 

 

The study provides important information or results to the scientific, public health and policy 

communities that influence treatment algorithms and diagnostic approaches in order to reduce 

the morbidity and mortality of the pneumonia in SCD. 

 

This study provides further evidence of the fact that public health problems represent global 

issues that need to be addressed collectively by low-income and high-income countries. The 

likelihood of finding co-morbidity and genetic disorders that previously had a restricted 

distribution has increased in recent decades, and this trend is unlikely to change in the near 

future. Countries can adopt national measures, such as screening programmes for pneumonia 

in sickle cell disease in order to reduce the local national and global burden of such disorders 

and co-morbidity, but in the long term, a concerted approach based on multinational 

collaborations and partnerships focusing on countries of high prevalence would probably be 

much more effective; this approach is particularly relevant for co-morbidity. 

 

1.4 Research Question 

 What is the association between sickle cell disease and Pneumonia outcomes among under-

five children referred to the University Teaching Hospital (2011- 2013) in Lusaka Zambia? 
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1.5 General Objective  

To determine the sickle cell disease associated co-morbidity with pneumonia outcomes 

among under five referred to university teaching hospital (2011- 2013) in Lusaka Zambia. 

 

1.6  Specific Objectives 

1.6.1   To determine the prevalence of pneumonia in sickle cell disease for under-five 

children who are referred to University Teaching Hospital. 

 

1.6.2 To determine the haematological parameters which are mostly associated with 

pneumonia in sickle cell disease in under-five children 

 

1.6.3 To establish a possible association between pneumonia and sickle cell disease in 

under-five children 

 

1.6.4 To determine the outcomes of pneumonia in SCD for under-five children referred to 

University Teaching Hospital 
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CHAPTER 2 

 

 LITERATURE REVIEW 

 

2.1 Global Burden of Pneumonia in SCD  

Pneumonia and sickle cell disease are a major public health concern that has great impact on 

both individuals and society. The annual birth rate worldwide is over 200,000, with more 

than 90% of cases being in Africa (Davies et al., 2007). Mortality associated with these 

diseases is high despite knowledge of the pathophysiology (Lane et al., 1996, Bunn et al., 

1997) and treatment of the various forms of crisis. Mortality from these diseases is highest in 

the first 5 years of life, with approximately 50% of deaths occurring in the second 6 months 

of life (Bainbridge et al., 1985, Thomas et al., 1982). Acute infections and severe anaemic 

sequestration are responsible for most of these deaths (Leikin et al., 1989, Rogers et al., 

1978).  

Approximately 30 million people worldwide have sickle cell disease (SCD) alone, making it 

one of the most common autosomal recessive disorders. It is estimated that 0.15% of African 

Americans in the U.S. are homozygous for SCD, and 8% are heterozygous weatherall et al., 

2010. In the USA, it affects close to 100,000 people with 3000 affected newborns each year, 

while in the United Kingdom, it is estimated that 12,500 individuals have sickle cell disease 

with an annual birth rate of 300 affected newborns. Sickle Cell Disease is said to be the 

fastest growing serious genetic disorder in the UK and Western Europe (Subarna et al., 

2014). Though the median survival is less than 50 years of age in the U.S., over 90% of those 

born with SCD live into their 20‟s (Platt et al 1994, Quinn et al., 2010), Although pain is the 

leading cause for health care utilization (Brousseau et al., 2010).  

 

In a study of admission to hospital of 171 children with sickle cell disease, in South London, 

reviewed over a 20 year period, showed that 887 admissions occurred in 797 patients- years, 

the commonest cause of admission was painful vaso-occlusive crises followed by pulmonary 

disease, infection, anaemic episodes. Pneumococcal meningitis and acute splenic 

sequestration resulted in the most severe illness (Mutaza et al., 1981). In a study of SCD by 

Frances et al., Streptococcus pneumoniae was found to be the commonest cause of sepsis in 

young children less than two years of age. Out of a cohort of 600 patients 3.3% died. The 

commonest cause of death was infection. Eight of these deaths were due to infection caused 
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by streptococcus pneumoniae. Eighteen episodes of pneumococcal sepsis occurred before one 

year of life (Frances et al., 1989). 

 

Acute chest syndrome (ACS), was first described by (Charache et al., 1979), is the second 

most common cause for hospitalization and a leading cause of death of those with SCD. It is 

estimated that nearly 50% of patients with SCD will have at least one episode of ACS in their 

lifetime (Castro et al., 1994, Paul., 2011). ACS occurs in 10–20% of those hospitalized with 

SCD, and in adults, usually 1–3 days after hospital admission. Death associated with ACS is 

four times higher in adults than in children (Castro et al., 1994). In addition, clinical 

manifestations of sickle cell disease vary over time, ranging from periods of wellness to the 

need for emergency care, suggesting hierarchical levels of disease complexity which require 

equally complex health care. Unfortunately, studies have shown that many professionals in 

primary health care are unaware of, or even ignore, sickle cell disease (Ludmila et al., 2011).  

 

In a study by Hongeng et al, in a study of sepsis in sickle cell disease noted similarly, that 

streptococcus pneumoniae is the most common invasive infection among patients with sickle 

cell disease. He further observed that the risk of recurrent episodes of sepsis and subsequent 

death in those patients who have had a previous septic event is much higher. And, therefore, 

recommended that patients with sickle cell disease who have had pneumococcal sepsis should 

continue penicillin prophylaxis indefinitely (Hongeng et al., 1997). Further studies on the 

prevalence, molecular and clinical epidemiology of SCD may help predict disease severity 

and risk stratification of patients to determine whether to receive early intensive care or 

continued symptomatic care.Sickle cell disease (SCD) is one of the most important single 

gene disorders of human beings. In the United States, SCD affects about 72 000 people and 2 

million are carriers (Wasil et al., 2011).  

 

In a study to characterise recurrent infections in homozygous sickle cell disease, 214 episodes 

of invasive bacterial infections in 176 Jamaican patients with homozygous sickle cell disease 

were examined. Streptococcus pneumoniae occurred in 81 episodes, Salmonella species in 

70, Haemophilus influenza type b in 30, Escherichia coli in 24 and Klebsiella species in nine. 

The cumulative incidence showed that S pneumoniae and H influenza occurred 

predominantly before five years and was uncommon thereafter (Wierenga et al., 2001).The 

acute painful crisis is the hallmark of the disease and the most common cause of 

hospitalization and treatment in the emergency department for SCD. It is associated with 
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inflammation, often culminating in serious complications and organ damage, such as ACS, 

multi-organ failure, and sudden death. It has been suggested that the physiologic events 

leading to ACS may start sometime during the early sequences of the painful episode, before 

the patient is hospitalized.  

 

2.2 Burden of pneumonia in SCD in Africa 

Acute chest syndrome (ACS) is the second most common cause of hospitalization and 

challenges infection in children (Leikin et al., 1989) as the leading cause of sickle cell-related 

mortality in children (Quinn et al., 2004).It is estimated that more than 300,000 babies with 

SCD are born annually; the majority of these are in sub-Saharan Africa, where access to 

medical care and public health strategies to decrease mortality and morbidity are not 

uniformly available (Diallo et al., 2014). This number is expected to increase to up to 

400,000 individuals by 2050 (Piel et al., 2002). 

 

In a study to describe the pattern of acute chest syndrome in sickle cell disease patients who 

attended the emergency department of a Lagos hospital, infections were found in 82% of all 

patients. The most common infections were pneumonia (35%) and septicaemia (32%) 

(Okuoghae et al., 1993). 

 

The World Health Organization and United Nations have designated SCD as a global public 

health problem. One of the World Federation of Public Health Associations millennium 

development goals was targeted at reducing child mortality by two-thirds between 1990 and 

2015 (Lomazzi et al., 2014). We believe that the high prevalence of undiagnosed non-

communicable diseases, including SCD, contribute to excess mortality in children under five 

years. However, SCD patients are still hospitalized frequently and by the fifth decade of life, 

48% of surviving patients have documented irreversible organ damage. In Africa, where 

comprehensive medical care is less available, death in early childhood is usual (Wasil et al., 

2011). Sickle cell disease is the most important potentially devastating, recessively inherited 

condition. Acute chest syndrome (ACS) is one of the life-threatening vaso-occlusive 

complications seen in children with SCD. ACS is associated with high mortality rate, 

especially in sub-Saharan Africa and other low-income countries. Indeed, it is the second 

most common cause of hospitalization, and the leading cause of death, contributing to almost 

25 % of SCD-related mortality. 
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Earlier studies conducted in the region of Congo and Nigeria also demonstrated the high 

frequency of Pneumococcal septicaemia in African children with sickle cell disease. 

A retrospective study of 69 case reports of children with homozygous sickle cell anaemia 

hospitalized from 1964 through to 1985 at the Kinshasa University Paediatric Hospital 

highlighted this patients‟ high susceptibility to infection. Among causative organisms, the 

most prevalent were salmonellae (20 cases), Pneumococcal (15 cases), and Klebsiella (12 

cases) (Omanga et al., 1989). 

 

In 2006, the World Health Organization issued a report that specifically addressed SCD as a 

prevalent medical condition with clinical severity, contributing to the under-5 deaths on the 

African continent. This document identified an „urgent need to develop models of care 

appropriate to the management of the disease in sub-Saharan Africa,‟ and recommended 

gradual introduction of services where feasible, emphasizing community education and 

partnership. The need for research and surveillance was also highlighted. Subsequently, the 

global burden has been quantified, with SCD accounting for 6.4% of the under-5 mortality 

across all of Africa. However, in certain countries with higher sickle allele frequencies and 

lower childhood mortality rates, such as Uganda, it is likely that SCD contributes to up to 

15% of the under-5 mortality rate. Unfortunately, the vast majority of these cases are 

undiagnosed, and instead the causes of childhood mortality are attributed only to pneumonia 

or malaria, rather than the more accurate underlying SCD. 

 

2.3 Burden of pneumonia in SCD in Zambia  

In Zambia the sickle cell frequency ranges from 6% to 27% (Weatherall et al., 2001). 

Infections are the most common cause of mortality in children with sickle cell disease. 

Characteristically, the infections of sickle cell disease children are fulminant, without focus, 

and often fatal and typically caused by encapsulated streptococcus pneumoniae and to a 

lesser extent Haemophilus influenzae (Platt et al., 1994). 

Children with SCD are at very high risk of invasive pneumococcal disease (300–500 times 

higher than the general population) because of loss of splenic filtrative function due to 

infarction (resulting in functional hyposplenism). Typical forms of pneumococcal disease in 

SCD include bacteraemia, sepsis, meningitis, and pulmonary infection. Hyposplenism is 

detectable by 3 months of age in Hb SS and Hb Sβ0, so it is necessary to begin prophylactic 

penicillin before then to prevent fatal pneumococcal sepsis (Quinn et al., 2014). 
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Infections are the most common cause of death among Zambian sickle cell disease children. 

A study by Athale et al observed that infections accounted for 29.84% of mortality among 

sickle cell patients (Athale et al., 1994).  

In Zambia, infections are the most common cause of death among sickle cell disease patients 

aged between one and five years. Although infections have been noted to be the commonest 

cause of mortality in sickle cell disease patients less than five years of age, no studies in 

Zambia have been done to know the prevalence of pneumonia in SCD and the association of 

pneumonia and SCD (Athale et al., 1994). 
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CHAPTER 3 

 

 METHODOLOGY 

3.1 Study Design 

The study was cross-sectional using an existing dataset. The design was used in providing a 

snapshot of the pneumonia and SCD in Zambia with regard to the prevalence; haematological 

parameters affected most, pneumonia outcomes and association of pneumonia and sickle cell 

disease. This study was nested in the Pneumonia Aetiology Research for Child Health 

(PERCH) project which was a multi-country, standardized, and comprehensive evaluation of 

the aetiologic agents causing severe and very severe pneumonia among children in 

developing countries. The PERCH study has been designed as a case-control study that 

enrolled ~6000 patients hospitalized for severe or very severe pneumonia and ~6000 controls 

selected randomly from the community. The main reasons for this design are as follows: (1) 

the use of hospitalized patients, as opposed to those observed outside of facilities, is 

necessary to assure that we can safely collect a range of specimens from patients and that we 

gain the efficiency of testing only those with severe and very severe pneumonia; and (2) the 

inclusion of controls is important to guide the interpretation of results from the use of highly 

sensitive detection tests on upper respiratory tract specimens and to facilitate the 

identification of risk factors for pneumonia and/or specific etiologies. Although PERCH 

recognizes that pneumonia is an important illness in neonates and that important questions 

remain regarding the etiologies of serious pneumonia in this age group, it was considered 

sufficiently important and unique to require its own study, and thus PERCH focuses on 

children aged 1–59 months old. Using the same dataset that were collected had secondary 

variables such us sickle cell disease apart from pneumonia. My study focuses on prevalence 

of sickle cell disease in pneumonia, haematological parameters mostly associated with 

pneumonia and sickle cell disease, and any possible association between sickle cell disease 

and pneumonia.  

The outcome variable was pneumonia. The exposure variables includes sickle cell disease, 

age, sex, outcomes (survival or death), and haematological parameters. Table 1 gives details 

of the study variables. 
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Table 1: Description of Study Variables 

 

 

Operational Definition Scale of 

Measure 

Indicator/ 

Test 

Variable 

Type 

Dependant 

Variable 

Pneumonia Infection of the Lungs Nominal   Present or 

Absent 

 

Binary 

Independent 

Variables 

Sickle cell disease Autosome recessive disorder Nominal Negative or 

Positive   

Binary 

 Age Length of time that a person has 

existed 

Interval Number of 

year 

 

Continuous 

Sex State of being Male or Female Nominal Male and 

Female 

 

Binary 

Haematological 

parameters 

Red cell indices, white blood cell, 

platelets, and differentials 

Nominal Test  

Continuous 

Outcomes (survival or 

death) 

Exit of hospital by being discharged 

or death 

Nominal Survival or 

death 

Categorical 
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3.2 Study Site 

The study site was the Department of Paediatrics at University Teaching Hospital, which is 

one of the tertiary hospitals located in the capital city, Lusaka, Zambia. The University 

Teaching Hospital receives referrals of pneumonia and sickle cell disease patients for further 

management from all part of Zambia. The University Teaching Hospital serves as the 

secondary and tertiary level of care. It has the bed capacity of more than 1500 beds. It is an 

academic centre and tertiary care facility with 425 paediatric inpatient beds.  

 

3.3 Study Population 

All children who were recruited for Pneumonia Aetiology Research for Child Health Project 

aged between 28 days and 59 months with pneumonia and sickle cell disease referred to the -

University Teaching Hospital. 

 

3.3.1 Inclusion Criteria  

All children meeting the WHO criteria for severe abdominal, very severe pneumonia were 

screened for SCD 2011-2013 periods and aged 28 days to 59 months and were referred to 

paediatrics wing at the University Teaching Hospital. 

 

3.3.2 Exclusion Criteria  

All Children who resided outside the catchment areas and those that did not meet the WHO 

criteria for severe or very severe pneumonia were excluded from the study. 
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Figure 1: illustrates the algorithms of the study population from the point of referred, 

diagnosis up to the time of discharge. 

 

 

 

 

  

   

 

 

 

 

   

 

 

 

Figure 1: Schematic diagram of study population  
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with Pneumonia  
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- Pneumonia 

- Haematological parameters 

- Sickle cell disease 

 Pneumonia in SCD  
 Pneumonia  
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3.4 Sampling and Sample Size 

Complete enumeration was used for this research. All cases that were reported in 2011-2013 

period for the pneumonia who were referred to the University Teaching Hospital were the 

study sample. The survey formulae were employed to get the minimum sample size as 

follows: 

  

 

   

 

 

   

 

 

 

 

 

The sample size was 384. This sample size was used as the minimum, and more cases were 

used than the calculated sample size.   

  

3.5 Data Extraction  

The study used secondary data which were obtained from University Teaching Hospital 

through Zambia Centre for Applied Health Research Development (ZCAHRD). The data 

were collected from children age one month to five years who had pneumonia cases. Sickle 

cell disease was secondary variable that were collected from the children who had pneumonia 

among other variables for the children who were referred to paediatric at the University 

Teaching Hospital. The data on the variables of interest for the period under review (i.e. 

2011-2013) was extracted from the mother dataset using the Excel spread sheet and Epi 

Info
TM 

version
 
6. The data were checked for accuracy and completeness. Participants with 

missing key information were removed from the dataset. 
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3.6 Statistical Analysis 

 

3.6.1 Descriptive statistics  

Statistical analysis was performed using STATA Version 13.0 (Stata Corporation, College 

Station, TX). Normally distributed data were summarised by the mean ± standard deviation 

(SD). The Continuous variables were tested for normality using the histogram or Shapiro-

Wilk W-test to investigate normality graphically. The categorical variables were reported in 

frequencies and percentages.  

 

3.6.2 Inferential statistics  

Logistic regression analysis was performed using odds ratios (OR) with a 95% confidence 

interval (CI). For all tests, a 𝑃-value of <0.05 was considered to be statistically significant. 

Logistic regression was employed because the outcome variable pneumonia was binary. The 

univariate analyses model was fitted to determine the association between the pneumonia, 

and individual explanatory variables. The multivariate logistic regression was fitted to control 

for confounders while examining the association between pneumonia and sickle cell disease. 

The investigator led and backward stepwise regression model approach was used to select the 

best model. The best model was arrived at when the explanatory variables which had a p-

value ˃ 0.05 were removed from the model one by one until the p-value with the significant 

number remained in the model. In the backward stepwise regression the variables with p- 

values ˃ 0.05 were removed automatic living variables of interest.   

 

3.7 Dissemination 

The findings of this study will be disseminated by presenting the summary of the final report 

to all stakeholders, and this are: 

 Zambia centre for applied health research development (ZCAHRD) 

 University Teaching Hospital management(UTH) 

 University of Zambia libraries 

 Public Health department(PHD) 

 It will be published on the net 
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3.8 Ethical Considerations 

Ethical approval with reference number 057-06-17 was obtained from University of Zambia 

Biomedical Research Ethic Committee (UNZABREC).  The permission of use of the dataset 

from the custodian was sought before undertaking the study. The dataset of the sickle cell 

disease was kept confidential. The dataset was de-identified by the use of the codes 

developed by the principal investigator who ensured that all information collected could not 

be linked to the source hence preventing the identification of the participants. The 

information was kept on the excel sheet on a password secured computer and no unauthorized 

persons was able to access the information. However, ethical challenges that were 

encountered were minimal because the dataset that was used is secondary. The challenge that 

was encountered is lack of the complete dataset or missing vital information. The results of 

this study can be used to improve policies and enhance the future research as a manuscript 

will be submitted to a peer review journal for publication. 
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CHAPTER 4 

 

RESULTS 

 

This section provides an overview of the main findings presented in this study. A total 

number of under-five children admitted to University Teaching Hospital paediatric ward 

during the study period were approximately 3000.The overall total analysed in this study was 

601.The findings of this study are presented in a chronological order starting with Schematic 

diagram of results for participants , Demographic and Clinical Characteristics of participants, 

followed by Basic characteristics of haematological parameters of participants and 

Haematological Parameters mostly associated with pneumonia and SCD. 

 

The study recorded 84 cases of pneumonia in SCD during the study period, from a total of 

601 under-five children being hospitalized with Pneumonia, hence an in-patient prevalence of 

14 %. Their ages ranged from 28 days to 59 months years old, with a mean age (±SD) of 2.8 

± 1.4 months years old, the admitted under-five children with SCD and pneumonia during the 

study period, 45 (53.57%) were male, and 39 (46.43%) were female. Males were more 

represented than females with a sex ratio of 1.2/1.  

 

Figure 2 is Schematic diagram of results for participants; Table 2a displays the Demographic 

and Clinical Characteristics of participants while Table 2b displays Basic characteristics of 

haematological parameters of participants. Table 3a and 3b are the univariate and multiple 

analyses of haematological parameters while Table 4 is the association of the sickle cell 

disease and pneumonia in under-five children. Figure 3 is the Receiver operating 

characteristic curve of sickle cell disease and pneumonia while Figure 4 is Mortality of 

under-five children during admission. 
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Figure 2: illustrates the overall findings of the study from the point of referral, diagnosis up to 

discharge. 

  

 

 

  

   

  

 

 

 

 

Figure 2: Schematic diagram of results for participants  

Figure 2 above shows the flow diagram of the results for participants from the total admission 

of the under-five children up to the outcomes of the discharge status which are survival and 

death. 

      Children with 

Pneumonia in SCD 

(n=84) 

             Mortality (n=117)  

Children referred to UTH 

with Pneumonia (n=601) 

  Diagnosed 

- Pneumonia 

- Haematological parameters 

- Sickle cell disease 

Children with 

 Pneumonia only (n=517) 

   Pneumonia in SCD 

(n=15)  

 Pneumonia only      

(n=102)  
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Table 2a: illustrates the demographic and clinical characteristics of all participants with 

pneumonia who met the inclusion criteria.                                                                                                                                                  

 

Table 2a: Demographic and Clinical Characteristics of participants  

 

Table 2a above shows the demographic and clinical characteristics of participants with 

pneumonia who met the inclusion criteria. The participants comprised of 317 males (53%) 

and 284 females (47%), while the mean age was 2.8 months old (S.D ± 1.4) with a range of 

28 days to 59 months years old. The pneumonia cases were categorised as 451 severe 

pneumonia (75%) and 150 very severe pneumonia (25%).The discharge status was either 

survival or death after admission. The total under-five children who survived were 484 which 

are (80.5%) and those who died were 117(19.5%).  

 

 

 

 

 

 

 

 

Characteristic   Number 

 (N = 601)   

Percentage (%) 

Age   

Mean (SD) 2.8 (1.4)  

 

Pneumonia 

  

Severe 451  75 

Very severe 150  25 

 

Pneumonia and Sickle cell 

disease 

  

Positive 84  14 

Negative 517 86 

 

Sex 

  

Male 317  53 

Female 284  47 

 

Discharge status 

  

Survived 484  81 

Died 117  20 
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Table 2b: illustrates the Basic characteristics of haematological parameters of all participants 

with pneumonia in sickle cell disease.                                                                                                                                                  

 

Table 2b:  Basic characteristics of haematological parameters of participants  

Haematological parameter  Normal ranges Mean Standard Deviation 

Haemoglobin  11.0 g/dL 9.67 ± 1.57 

Haematocrit  33 % 31.44 ± 5.72 

Mean cell volume  79.6 fL 77.24 ± 10.69 

Mean cell haemoglobin  26.7 Pg 23.91 ± 4.26 

Mean cell haemoglobin 

concentration  

33.6 g/dL 30.69 ± 2.39 

Platelets  150×10
3
 µL 387.27 ± 182.09 

White blood cells  6×10
3
  µL 16.46 ± 16.48 

Red blood cells  4×10
6  

µL 4.18 ± 0.83 

Neutrophils  38.51 % 46.66 ± 18.95 

Lymphocytes  18.21 % 41.43 ± 17.03 

Monocytes  4.41 % 9.63 ± 5.26 

Eosinophils  0.81 % 1.40 ± 2.39 

Basophils  0.11 % 0.41 ± 0.58 

 

The haematological parameters which were obtained in participants of pneumonia are shown 

in table 2b.The overall haematological parameters which are cardinal in pneumonia and SCD 

were 9.67 ±1.75 g/dL haemoglobin concentrations (Hb), 77.24 ±10.69 fL Mean cell volume 

(MCV), 23.91 ± 4.26 Pg Mean cell haemoglobin (MCH), 30.69 ± 2.39 g/dL Mean cell 

haemoglobin concentration (MCHC) and 4.18 ± 0.83 µL Red blood cells (RBCs).  

 

The total number with pneumonia and sickle cell disease for the under-five in this study was 

84, which gives the prevalence of 14%.  
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Table 3: illustrates the haematological parameters of all participants that are mostly 

associated with pneumonia in sickle cell disease                                                                                                                                                

 

Table 3: Haematological Parameters mostly associated with pneumonia and SCD 

   

 

uOR [unadjusted odds ratio] HB normal is 11 g/dL 

aOR [adjusted odds ratio]                                                  RBCs normal is 4.18×10
6
µL 

95% CI [Confidence interval]                                            WBCs normal is 6×10
3
µL 

P-value were derived from chi square                                 MCH normal is 26.7 Pg 

 MON normal is 4.41% 

 

Table 3 above is the logistic regression model in which univariate and multivariate logistic 

regression analyses of the haematological parameters were performed. The univariate shows 

that all cells were not statistically significant at p-value 0.05. The multiple logistic regression 

was performed by the investigator-led stepwise regression with p-value of 0.1 and 90% 

Confidence interval, the following cells were statistically significant, haemoglobin (Hb), red 

blood cells (RBCs) white blood cells (WBCs), mean cell haemoglobin (MCH) and 

monocytes (MON). 

 

 

 

 

    Univariate    Multivariate  

Pneumonia uOR   (95% CI) P-value aOR  (90% CI) P-value 

Haemoglobin 

Normal 1  1  

Below normal 0.93 (0.85,1.02) 0.130 1.59 (0.98,2.60) 0.060 

Red blood cells 
Normal 1  1  

Below normal 0.95 (0.77,1.18) 0.649 0.30 (0.94,0.96) 0.043 

White blood cells     

Normal   1  

Below normal 1.01(0.99,1.03) 0.201 1.02 (0.99,1.03) 0.079 

Mean cell haemoglobin  
Normal 1  1  

Below normal 0.97 (0.93,1.02) 0.195 0.79(0.65,0.97) 0.022 

Monocytes     

Normal   1  

Below normal 1.02(0.99,1.05) 0.232 1.03(0.99,1.07) 0.051 
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Table 4: illustrates the association of Pneumonia and Sickle cell disease in under-five 

children.                                                                                                                                                  

 

Table 4: The association of Pneumonia and Sickle cell disease in under-five children 

Pneumonia OR [95% CI] p-value 

Sickle cell disease 0.73(0.45,1.29) 0.283 

 

Table 4 shows the association of the pneumonia and sickle cell disease. The pneumonia is not 

associated with the sickle cell disease according to the p-value obtained 0.283. 

 

Figure 3: illustrates the receiver operating characteristic curve of sickle cell disease and 

pneumonia which measures the validity.                                                                    

 

Figure 3: The Receiver operating characteristic curve of sickle cell disease and pneumonia 

 

We also used the receiver operating characteristics (ROC) curve which measures validity. 

The receiver operating curve suggested that classification was due to chance. This is because 

the receiver operating curve value was close to 0.5 than to 1 
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Figure 4: illustrates the outcomes of pneumonia in sickle cell disease and pneumonia which is 

mortality of under-five during admission. 

 

 

Figure 4:  Mortality of under-five children during admission 

 

Figure 4 shows the outcomes of pneumonia in SCD and pneumonia which is mortality of 

under-five during admission. Total deaths either associated with pneumonia in SCD or 

pneumonia was 117 (19.5%). The children who died with factors only associated with 

pneumonia in SCD were 15(12.8%) while 102(87.2%) died with factors associated with 

pneumonia only. 
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CHAPTER 5 

 

DISCUSSION 

 

Thus, this study aimed at determining prevalence, haematological parameters which are 

mostly associated with pneumonia in sickle cell disease, and the outcomes of pneumonia in 

sickle cell disease. Participants‟ mean age was 2.8 months old (S.D ± 1.4) with a range of 28 

days to 59 months old. The study revealed that pneumonia in SCD accounted for 14 % of all 

under-five children admitted during the study period. This proportion is comparable to the 

studies done by (Bertholdt et al., 2012), and higher than the studies done by (Elenga et al., 

2014). However, our prevalence of pneumonia in SCD is within the 10–20 % rate of hospital 

admissions reported by Miller and Gladwin in their review (Miller et al., 2012). On the 

contrary, our findings are higher than what were observed by (Pule et al., 2014) in the USA 

and Europe, who together account for less than 8% of the global disease burden of 

pneumonia in sickle cell disease. This is a high prevalence for under-five children with 

pneumonia in sickle cell disease. The study findings are not consistence with the study 

conducted by (Powars et al., 1975) where they obtained the prevalence of 10%. The findings 

from the study showed that the frequency of pneumonia in SCD among males was high 

compared to that of the females but the study by (Olagunju et al., 2017) revealed more 

females as opposed to males. Basically the prevalence of pneumonia in sickle cell disease in 

Zambia is not known, however, this prevalence obtained in this study will save as the 

baseline for other studies. 

 

The higher burden of pneumonia in sickle cell disease results in the more children being 

hospitalized and some of those who are in school may leave school due to in and out of 

hospitals, most likely because of their illness. (Shapiro et al., 1995) found that, approximately 

half of school absences for children are associated with sickle cell disease-related pain. Other 

causes of school absences include minor infections, clinic visits, and other medical problems 

associated with sickle cell disease. In addition, families may perceive their children as 

vulnerable and keep them out of school for problems that would not interfere with school 

attendance for most children. Sickle cell disease -related pain and illness also have been 

shown to affect the psychosocial function and thus the school attendance of these children. 

Pneumonia in SCD includes the lifelong challenges of managing the chronic illness while 

accessing and navigating the health care system. The burdens of the diseases can affect all 
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aspects of the lives of individuals with SCD to include physiological, psychological, and 

social well-being. (Coretta et al., 2011) 

 

The study also speculated a significant increase in the proportion of under-five children with 

pneumonia in sickle cell disease, suggesting a high prevalence of disease among under-five 

children in the general population who are undiagnosed. 

  

In this study, the haematological parameters of patients with pneumonia in SCD constituted 

of full blood count and differentials. The study revealed that haemoglobin, red blood cells, 

white blood cells, monocytes and mean cell haemoglobin are cells mostly associated with 

pneumonia in SCD. In the study carried out by (Sanjeev et al., 2012), their findings on cells 

that are associated with pneumonia in sickle cell disease were similar to ours, and they 

revealed that haemoglobin (Hb), red blood cells (RBCs) Mean cell haemoglobin (MCH) and 

Mean cell haemoglobin concentration (MCHC) are mostly associated with the diseases. 

These cells are reduced in sickle cell disease due to increase in cells haemolysis in blood 

vessels while MCV is high in sickle cell disease patients because of the increasing need of 

erythropoiesis due to chronic haemolysis leading to macrocytosis. The study revealed that 

under-five children whose haemoglobin were below normal presented with anaemia due to 

low haemoglobin. These children had 59% chance of having anaemia as opposed to the 

children with normal haemoglobin, while the under-five children whose red blood cells and 

its indices mini cell haemoglobin count where below 70% and 21% in respect of the normal 

values. The white blood cells and monocytes increased in these children due to the presence 

of infections. 

 

The red blood cells contain a substance called haemoglobin, which combine with the air 

(oxygen) in the lungs, carry round the body to all the body parts to keep the body tissues and 

organs alive. Haemoglobin gives blood its red colour when it contains oxygen. These 

haemoglobin molecules stay freely flowing in the red blood cell. However, when sickled red 

blood cells, break down prematurely, it leads to anaemia. Anaemia can cause shortness of 

breath, fatigue, and delayed growth and development in children. The rapid breakdown of red 

blood cells may also cause yellowing of the eyes and skin, which are signs of jaundice. 

Painful episodes can occur when sickled red blood cells, which are stiff and inflexible, get 

stuck in small blood vessels. These episodes deprive tissues and organs of oxygen-rich blood 

and can lead to organ damage, especially in the lungs, kidneys, spleen, and brain.  
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Our study revealed no evidence of association between sickle cell disease and pneumonia but 

a lot of studies have been done between pneumonia and malaria and as well as Human 

immunodeficiency virus (HIV). However, no evidence in literature that suggests any 

association apart from both diseases being susceptible to infections such as Streptococcus 

pneumoniae. These diseases occur independently since the sickle cell disease is due to 

autosomal recessive disorder and they are susceptible to infections with encapsulated 

organisms. Pneumonia can be caused by a myriad of microorganisms; clinical suspicion of a 

particular offending agent is derived from clues obtained during the history and physical 

examination. While any microorganism can lead to pneumonia, specific bacterial, viral, 

fungal, and mycobacterial infections are most common in previously healthy children. 

Pneumonia and other lower respiratory infections are the leading cause of death worldwide.  

Further the study revealed that an increase in severe pneumonia, increased the odds of sickle 

cell disease.When the study compared the pneumonia types, the study revealed that children 

who had severe pneumonia were at higher risk of having reduced the haematological profiles 

as compared to very severe pneumonia, which decreased the odds of sickle cell disease in 

under-five children. 

 

The study used the receiver operating characteristics curve which is designed to measure the 

validity. The receiver operating characteristics curve measured the validity. The receiver 

operating curve suggests that classification is due to chance. This is because of the receiver 

operating curve value which is close to 0.5 than to 1. Meaning the chance of association 

between sickle cell disease and pneumonia is reduced. 

 

The study further compared the mortality between the pneumonia in SCD and pneumonia 

during the period of study. The mortality of under-five with pneumonia in SCD was 12.8% 

while pneumonia were 87.2%.More Children are dying from factors that are related to 

pneumonia as opposed to factors associated with pneumonia in sickle cell disease. The lower 

in mortality of pneumonia in SCD when compared to pneumonia could be due to the dataset 

which was mainly collected for pneumonia aetiology study. 

 

The limitation of this study may not be representative of the wider population. The study 

design used in this study has the limitation of not ascertaining the causal inferences. 

However, the information that has been generated is useful to inform policy addressing this 

very important public health matter. In our study the data were limited to a single tertiary care 
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which is the University Teaching Hospital (UTH). This may limit the ability to generalize our 

findings to a larger paediatric population with pneumonia in SCD.  
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CHAPTER 6 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

6.1 Conclusion 

In summary, we have seen a recent increase in the frequency of pneumonia in sickle cell 

disease. Pneumonia continues to be a serious and sometimes fatal complication in SCD. 

These findings should drive continued efforts to influence treatment algorithms and 

diagnostic approaches in order to reduce the morbidity and mortality of the pneumonia in 

SCD. However, this study achieved its set objectives, by determining the high prevalence of 

pneumonia in SCD which causes the high rate of morbidity and mortality. The study also 

revealed haemoglobin, red blood cells, white blood cells, mean cell haemoglobin and 

monocytes as cells that are mostly associated with pneumonia in SCD. The study showed that 

there is no evidence of association between pneumonia and sickle cell disease and 

furthermore, the study compared mortality of pneumonia and pneumonia in SCD in which 

pneumonia only had a higher mortality than pneumonia in SCD. This highlights the need for 

better diagnostic services, wider pneumonia in SCD screening and clinical audits to improve 

outcomes in order to achieve further reductions in under-five children mortality and maintain 

the gains. 

 

6.2 Recommendations  

Prevalence of pneumonia in sickle cell disease in Lusaka is high hence awareness, 

surveillance or screening of the disease in under-five children should be intensified in order 

to reduce the burden of the disease. All patients with pneumonia need to be vaccinated with 

pneumococcal vaccine (PCV). The National wide screening of pneumonia and SCD are 

required in order to reduce the morbidity and mortality in under-five children. The 

government through the Ministry of Health and other partners need to formulate policies 

towards the reduction of pneumonia in sickle cell disease in Zambia. The haematological 

parameters such as haemoglobin, red blood cells, white blood cells, mean cell haemoglobin 

and monocytes should be considered when dealing with pneumonia in SCD patients.  
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