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Anaemia is defined as a state in which there are an insufficient number of red blood cells to 

cater for the body’s physiologic demands.1 Haemoglobin (Hb), the oxygen-carrying protein 

in red blood cells, is generally used to quantify the level of anaemia.  Anaemia results in a 

body oxygen deficit which manifests as a range of clinical symptoms and signs, from easy 

fatigability to heart failure, depending on the severity. Anaemia can be classified into mild, 

moderate and severe based on the Hb level and a combination of clinical signs and 

symptoms1, 2 (Table 1). Anaemia is responsible for a diverse range of effects on growth, 

work capacity, cognitive and behavioral development and contributes significantly to 

maternal and child mortality.3-7 The definition of anaemia varies by age, sex, race, altitude, 

geographic location, smoking and pregnancy status.2, 8-10 The intervention studies reported 

in this thesis examined anaemia in children less than 5 years old; anaemia in this age group 

is defined as a body Hb level of less than 11g/dl2, 11 (Table 1). 

Anaemia affects nearly 2 billion people worldwide and about 50% of all children less than 5 

years old.11-13 In Africa, the prevalence of anaemia in pre-school children (<5 years) is 67% 

and anaemia is classified as a severe public health problem (defined as a prevalence of 

anaemia >40%) in most parts of the African continent, including in Malawi where the 

studies reported in this thesis were performed11 (Figure 1). 

Iron deficiency is believed to be responsible for about half of the cases of anaemia seen in 

women and children and is the most important single causal factor for the development of 

anaemia. 2, 12 Other factors which have been found to contribute to the aetiology of anaemia 

in resource-limited settings include poor dietary intake and intestinal absorption of 

micronutrients (especially vitamins A, B12 and folate), hereditary conditions affecting red 

blood cells (sickle cell anaemia, glucose-6-phosphate dehydrogenase (G6PD) deficiency, 

thallasemia) and infections such as malaria, hookworm, schistosomiasis and HIV13-16 

(Figure 2). Some of these aetiological factors (iron deficiency, malaria and HIV) will be 

discussed in further detail in this thesis. Women of child-bearing age and young children 

are at greatest risk for anaemia and are the target of most public health interventions.2  

This PhD thesis focuses on studies looking at interventions for anaemia in pre-school 

children (less than 5 years old) with different degrees of anaemia, living in a resource-

limited setting with a high pressure of infections, all done with a view towards achieving  
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the WHO millennium development goal number 4 (MDG4) - a reduction in child 

mortality.17  

 

Source: WHO 1, 2  

*High-risk groups for anaemia 

 

Table 1: Haemoglobin levels to diagnose anaemia at sea-level (g/l) 

   Anaemia  

Population Non-

Anaemia 

Mild Moderate Severe 

Children (6-59 months)* >110 100-109 70-99 <70 

Children (5-11 years) >115 110-114 80-109 <80 

Children (12-14 years) >120 110-119 80-109 <80 

Non-pregnant women 

(>15years) 

>120 110-119 80-109 <80 

Pregnant women* >110 100-109 70-99 <70 

Men (>15 years) >130 110-129 80-109 <80 
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Figure 1: Anaemia as a global public health problem in pre-school children (<5 years of age) 

*Areas in red (including Malawi) are countries where the prevalence of anaemia in pre-school children is >40% (source: WHO11)

Malawi 
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Figure 2: Aetiological factors associated with development of anemia in resource-limited settings 

 

Iron deficiency 

Iron deficiency is the most important nutritional deficiency worldwide, and is responsible 

for up to 50% of anaemias seen in young children and pregnant women.2, 11 Iron deficiency 

can be a result of reduced dietary intake, poor bioavailability and intestinal malabsorption, 

acute or chronic infections, increased iron requirements (during pregnancy and growth) 

and blood loss. Iron deficiency has been associated with poor growth, immunological 

impairments, cognitive and behavioural deficits, and reduced work capacity.5, 18-24 

Universal iron supplementation is recommended for the prevention and treatment of 

anaemia in regions where the prevalence of anaemia in pre-school children is greater than 

40%- this includes most of Africa, South America and South East Asia2, 11 (Figure 1). 

However, iron deficiency was significantly less prevalent in severely anaemic Malawian 

children when compared with non-severely anaemic controls.25 In addition, iron deficiency 

has been found to be associated with a reduced risk of malaria in young children and 

pregnant women;26-29 and was protective against bacterial infections.30 Subsequently, iron 

supplementation has been found to be associated with an increased risk of infections, 

malaria-associated morbidity and mortality in malaria-endemic regions.31-33 This has led 

the WHO to advise that iron status be determined prior to the use of iron supplements in 
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young children living in regions with a high prevalence of malaria and other infectious 

diseases.34 However this approach is impractical in resource-limited settings where simple, 

affordable and reliable tests of iron status are not available and ferritin, which is commonly 

used for the determination of iron status is also a mediator of the acute phase response and 

may be difficult to interpret in the presence of inflammation.13, 35, 36 This challenge is even 

greater in settings where iron deficiency, malaria and HIV are all highly prevalent, and the 

benefits or risks of iron supplementation are unknown.37  

 

HIV 

Since it was first discovered in 1984, human immunodeficency virus (HIV) infection has 

become a global epidemic, with an estimated 34 million people living with the disease and 

1.8 million AIDS-related deaths worldwide in 2010.38  HIV (the virus that causes AIDS) 

affects the body’s defenses, especially it’s ability to generate an immune response to 

infection, thereby increases its susceptibility to opportunistic infections. The effect of the 

epidemic has been particularly devastating in Africa where there were 1.9 million new HIV 

infections in 2010 and 1.2 million HIV-related deaths, accounting for 69% of the global 

total. Africa also has the highest regional prevalence of adults living with HIV (4.9%).38 In 

Malawi, the prevalence of HIV-infection in children admitted to hospital is about 19%, and 

HIV-infection accounts for about 40% of pediatric in-patient deaths.39 Anaemia is a major 

complication of HIV-infection, even in the era of increased availability of highly active anti-

retroviral therapy (HAART)- and has been found to be independently associated with HIV 

disease progression and mortality.40-42 In HIV-infected people who develop anaemia, the 

treatment of anaemia has been found to be associated with improved survival when 

compared with not giving any treatment.43 The benefits of treatment of HIV-associated 

anaemia on quality of life and mortality have been well-described in previous studies.44, 45 

Although iron deficiency is an important cause of anaemia, its role in HIV-associated 

anaemia is unclear.46 Defining the role of iron deficiency in HIV is important as most public 

health interventions for anaemia in resource-limited settings are based on iron 

supplementation or fortification programmes, and iron supplementation is seen as a 

relatively cost-effective strategy for preventing and controlling anaemia.2, 13 Most areas 

that are highly endemic for anaemia are also endemic for malaria, HIV-infection and other 

infectious diseases. In vitro studies indicate that HIV-infection alters iron metabolism 
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resulting in increased iron accumulation in tissues.47, 48 These result in anaemia of chronic 

disease (or inflammation), a functional iron deficiency in which iron is withheld in tissues 

and is not made available for red cell production.49-51 This hypothesis is important, as red 

cell production failure is believed to be the most important patho-physiologic mechanism 

associated with anaemia in HIV infection.52, 53 This readily available iron in tissues favours 

replication of not only the HIV, but also other pathogens such as non-typhoid Salmonella.54 

There is evidence from previous observational studies that ‘high’ iron status may adversely 

affect the outcome of HIV infection by increasing the rate of disease progression and hence 

decreasing survival times.55, 56 Thus, iron supplementation in this context may be 

detrimental. 

 

Malaria 

About half of the world’s population are at risk of malaria.57 Malaria was responsible for 

655,000 deaths in 2010, most of which were in African children.58 Malaria is a protozoan 

infection caused by the bite of a female anopheles mosquito infected with the Plasmodium 

parasite. Four of the five known Plasmodium species that commenly cause human 

infections are: P. Falciparum, P. Vivax, P. Ovale and P. Malariae, but of these four, P. 

Falciparum is the most important. Cerebral malaria and severe malaria anaemia from P. 

falciparum infections are the two clinical malaria syndromes associated with the highest 

risk of mortality in children.59, 60  Of these two deadly syndromes, severe malaria anaemia 

was looked at in more detail in this thesis. Severe malaria anaemia is defined by the WHO 

as a haemoglobin of <5 g/dl (or haematocrit of <15%) in the presence of P. Falciparum 

asexual parasitemia.61 Severe malaria anaemia is associated with significant in-hospital and 

post-discharge mortality.62-69 Deaths usually occur within the first 12 hours of hospital 

admission, but a significant amount of mortality has been found to occur within 6 months 

of discharge home, usually following another severe malaria episode.63, 64, 66, 70 Blood 

transfusion as an intervention for symptomatic severe malaria anaemia has been found to 

be associated with improved survival, but presence of malaria parasitemia on follow-up 

after an episode of severe malaria anaemia negates the benefits of blood transfusion.63, 64, 

71-73 Recovery following a severe malaria anaemia episode is slow; even following radical 

clearance of parasitaemia, complete haematological recovery can take up to six weeks and 

may be further delayed by co-morbidities such as multi-micronutrient deficiencies, repeat 
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or recrudescent malaria infections and helminth infections.74-77 In areas with moderate to 

intense malaria transmission, repeated attacks of malaria infection following recent 

hospitalization for severe malaria anaemia result in persistent bone marrow suppression 

and dyserythropoiesis. 78 This results in a significantly increased risk of post-discharge 

mortality and severe morbidity, as the bone marrow has not sufficiently recovered and 

haemoglobin levels are still low. We hypothesized that if we are able to provide radical cure 

for severe malaria and subsequently prevent repeated attacks of malaria by anti-malarial 

chemo-prophylaxis, we could provide a time window that would allow for adequate bone 

marrow recovery following blood transfusion, allowing haemoglobin concentrations to be 

restored to normal levels and thus preventing readmission to hospital for a repeat severe 

anaemia episode (Chapter 7).  

 

Interventions for anaemia in resource-limited settings 

Anaemia can be caused by a variety of aetiological factors, and this should be kept in mind 

when planning for interventions. While iron deficiency is an important cause of anaemia in 

resource-limited settings, it is not the only cause of anaemia and can exist alone 

independently of anaemia. An integrated approach, taking into account the role of other 

aetiological factors such as other micronutrient deficiencies (vitamin B12, folate) and 

concomittant infections (malaria, HIV, schistosomiasis, hookworm); as well as improved 

sanitation, health care and feeding practices needs to be adopted if such interventions are 

to be effective2, 13 (Table 2). Provision of addtitional iron by food fortification and dietary 

diversification has been used to prevent iron deficiency anaemia in populations at risk.2, 11 

In malaria-endemic regions, the provision of malaria chemoprophylaxis and intermittent 

preventive therapy in pregnant women (IPTp), infants (IPTi) and in children (IPTc) along 

with iron and folic acid supplementation has been shown to be beneficial, even in HIV-

infected individuals.79-84 In regions with a high prevalence of hookworm and helminth 

infestation, deworming exercises have been shown to increase haemoglobin 

concentrations thus reducing anaemia prevalence.85-87  

In the course of this thesis, we assessed the management of anaemia at different stages of 

it’s development. Firstly, we examined the effects of oral iron supplementation for the 

treatment of moderate anaemia in HIV-infected children. We then evaluated a new blood 

transfusion protocol (adopted from the WHO transfusion guidelines) by assessing 
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adherence, and observing the clinical and haematologic responses of severely anaemic 

children to a standard, WHO-recommended, blood transfusion. Finally, we investigated a 

novel approach to the management of severe anaemia  following discharge home from the 

hospital, in an effort to reduce post-discharge morbidity and mortality, which has 

previously been found to be high in this setting.66  
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Table 2: Interventions to reduce anaemia prevalence in children: a population-based 
approach * 

1. Prevention of iron deficiency anaemia 
i.     Dietary measures  

- Cattle meat, poultry and fish-based diets; legumes and green leafy vegetables are rich in bio-
available iron 

- Fruits and vegetables rich in vitamins A and C enhance iron absorption 
- Phytates present in cereal bran, cereal grains and nuts; iron-binding tannins found in tea, 

coffee and cocoa; and calcium from milk inhibit iron absorption. 
- Has the potential for long term sustainability if successfully implemented. 

 
ii. Iron fortification of foods 

- Potential for multiple nutritional benefits  
- Potential for long-term sustainability  
- Efforts must be balanced against the prevalence of infections, especially in malaria-endemic 

regions. 
 

iii. Iron supplementation of groups at risk for 3 months (where prevalence of anaemia >40%) 
-  Can be implemented at the community level. 
- At-risk groups include all women of child bearing age, adolescent girls and children younger 

than 5 years old. 
- Dose: 2mg/kg up to 30mg/day in children <2 years old; 2mg/kg up to 30mg/day in children 

2-5 years old; 60mg/day given with 400µg/day of folic acid in women of child bearing age 
and adolescent girls. 
Challenges:  

- Faeces may turn black (not harmful, iron supplements should not be stopped) 
- Epigastric discomfort, nausea, diarrhea or constipation may occur with doses ≥60mg/day 
- Iron inhibits the absorption of certain antibiotics (tetracyclines, sulphonamides, 

trimethoprim) 
 

2. Malaria prophylaxis (in malaria-endemic regions) 
- Insecticide treated bed-nets. 
- In-door residual spraying. 
- Intermittent preventive therapy in children and pregnant women. 

 
3. Micronutrient malnutrition control 

 
4. Control of hookworm and helminth infections 

 
5. Improved environmental sanitation 

 
6. Childhood Immunizations 

 
7. Improved community-based primary health care 

 
*Source: WHO 2 
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Table 3: Interventions for anaemia: a health-facility based approach* 
Type of anaemia Management 
Non-severe1 

Mild 
Moderate 

 
• Treatment dose of iron tablet/syrup (3mg/kg) to be given at home 

for 2 weeks initially, then review. 
 
• Give oral iron for up to 3 months (2-4 weeks to correct anaemia; 

then 1-3 months to build normal iron stores). 
 
• If child has not been treated for hookworm infection in preceding 6 

months, give one dose of mebendazole 500mg. 
 
• Advise mother about good feeding practices. 

 
 
Severe2 

 
• Blood transfusion as soon as possible, preferably with packed cells 

10mls/kg body weight over 3-4 hours.  If packed cells are not 
available, give fresh whole blood 20mls/kg over 3-4 hours. 

 
• Check pulse rate and respiratory rate every 15 minutes. If either 

rises, transfuse more slowly. 
 
• If there is evidence of fluid overload due to blood transfusion, give 

IV furosemide 1-2mg/kg body weight up to a maximum of 20mg. 
 
• If after transfusion Hb remains as before, repeat transfusion. 

1Defined as Hb <11 g/dl in children <6 years old 
2Defined as Hb of <4 g/dl or <6 g/dl with signs of severe anaemia (deep, labored breathing, heart 

failure, shock, clinical dehydration) 
*Source: WHO 88 
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Methodology 

Study setting: Malawi 

Malawi, popularly known as the warm heart of Africa, is a land-locked country located in 

South-east Africa. It is bordered by Mozambique to the south, southwest and east; Zambia 

to the west and north west; and Tanzania to the north and north east. It is 901 km long and 

between 80 to 161 km wide, with a land mass of 118, 484 sq km. Lake Malawi, Africa’s 

third largest lake, makes up about 20% of the country’s land mass and runs along the 

eastern part of the country, bordering Mozambique. The population of Malawi is rapidly 

growing, with 13,077,160 people reported from the 2008 National Population and Housing 

Census, up 32% from the 1998 census.89 Approximately 85% of the population live in the 

rural areas, mostly existing as subsitence farmers. The country is made up of 3 regions 

(Northern, Central and Southern) which are further made up of 28 districts, 13 of which are 

in the Southern region. The official languages are English and Chichewa, and the population 

is made up of several ethnic groups- the major ones are Chewa, Ngoni, Tumbuka, Yao, and 

Lomwe. The climate is generally subtropical, with rainfall from December to April every 

year, then a cool period from May till August and finally hot weather is experienced 

between September and November.  

 

Malawi is one of the world’s least-developed countries, with a gross domestic product 

(GDP) per capita of US $ 870 and an agriculture-based economy, with the export of tobacco, 

tea, sugar and coffee accounting for more than 80% of total export revenue.90  

 

Healthwise, the infant mortality rate is 66 deaths per 1000 live births; the under-5 

mortality rate is 112 deaths per 1000 live births. The life expectancy is 47 years. The 

prevalence of anaemia in children 6 – 59 months old in Malawi is 63%, with the prevalence 

higher in children from rural areas and of lower socio-economic status. The prevalence of 

HIV in adults aged 15-49 years in Malawi is 10.6%.91 

 

The studies discussed in this thesis were conducted in 4 different districts in the Southern 

region of Malawi- Thyolo, Zomba, Blantyre and Chikhwawa (Figure 3). 
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Figure 3: Map of Malawi (Source: MDHS 2010 91) 
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Study sites 

1.  Thyolo 

Thyolo district is located within the Shire Highlands, and is famous for its numerous tea 

plantations.  The district has a total land area of 1,715 sq km which is 2% and 19% of total 

land area for Malawi and the Southern Region respectively. Thyolo district has a population 

of 587,053 persons; it is estimated that 44% of the population derive their livelihood from 

agriculture.89  

The prevalence of anaemia in children aged 6-59 months in Thyolo district is 49%, and the 

under-five mortality rate is 122 deaths per 1000 live births.91 The district has 2 referral 

hospitals, which serve the whole population of Thyolo: 

i. Thyolo district hospital, a government-owned facility run by the Ministry of Health 

ii. Malamulo hospital, owned by Christian Health Association of Malawi (CHAM). 

 

Thyolo district hospital was selected as a study site because it has well established 

pediatric out-patient HIV-clinics organized by doctors without borders (MSF) based at the 

hospital. This provided a good platform for recruiting participants for the iron 

supplementation trial reported in this thesis (chapters 3 and 4). Thyolo district has 

seasonal malaria transmission, with increased hospital visits during the rainy season 

mostly due to malaria infections, also making it a suitable location for recruiting 

participants for the the intermittent preventive therapy post-discharge (IPTpd) trial 

discussed in detail in chapter 7. 

 

2. Zomba 

Zomba, Malawi’s first capital, is located in the South-eastern part of Malawi, on the lower 

slopes of the Zomba mountain 60 km northeast of Blantyre (Figure 3). It covers an area of 

2,580 square kilometres and has a population of 667,953 people. Majority of the 

economically active population in Zomba are subsistence farmers (57.2%).89 

Zomba Central Hospital is the main referral centre in the district. The prevalence of 

anaemia in children aged 6-59 months in Zomba district is 64%, and Zomba has one of the 

highest under-five mortality rates in the country, at 132 deaths per 1,000 live births.91 

Zomba was chosen as a study site because it has well-organised paediatric out-patient HIV 

clinics being run by Digitas organisation within the hospital, which provides free highly 
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active ant-retroviral therapy (HAART) initiation and monitoring services to HIV-infected 

children in the district. This provided an ideal platform for recruiting participants for the 

iron supplementation trial (chapters 3 and 4). The paediatric emergency department at 

Zomba Central Hospital has a heavy patient flow especially during the months with heavy 

rainfall (December to April), mostly due to malaria infections- thus also making it a good 

location for recruiting participants for the IPTpd trial (chapter 7). 

3. Blantyre: 

Blantyre is the commercial capital of Malawi and with a population of just over 1 million 

people, is Malawi’s second most populous district, after Lilongwe. The district lies 800m-

1600m above sea level. Only 13% of its population derive their livelihood from agriculture. 

Blantyre has one of the highest literacy rates in the country, with 89% of men and 85% of 

women able to read a sentence or part of a sentence.91 Blantyre has the lowest prevalence 

of anaemia in children aged 6-59 months in Malawi (44%) and one of the lowest under-five 

mortality rates in the Southern region, at 110 deaths per 1000 live births.91 Queen 

Elizabeth Central Hospital is a government-run, 1000-bed facility which serves as the 

district’s main referral centre and also as the teaching hospital for the country’s only 

College of Medicine, based at the University of Malawi. Blantyre has seasonal malaria 

transmission (usually during the rainy season from December to April every year), with an 

entomological innoculation rate (EIR) estimated at just one infectious bite per person per 

year.25 Blantyre was chosen as a study site because of the high patient flow seen in the 

pediatric emergency department, especially during the rainy season. It is estimated that 

there are 80,000 sick-child visits per year to the pediatric emergency department, and 

23,000 hospital admissions.92 In addition, a research clinic had been established at the 

pediatric accident and emergency centre for a case-control study previously conducted by 

our study group.25 This research clinic was utilized for recruiting participants for IPTpd 

trial reported in this thesis. The paediatric accident and emergency centre was also used to 

recruit participants for the blood transfusion studies reported in chapters 5 and 6. 

 

4. Chikhwawa: 

Chikhwawa is located in the lower Shire Valley, about 50km south-west of Blantyre (Figure 

3). It is bordered by Blantyre to the north, Nsanje to the south, Thyolo to the east and 
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Mwanza to the west. It has a population of 434,648 people, with 56% of the population 

working as subsistence farmers.89, 91 The prevalence of anaemia in children aged 6-59 

months in Chikhwawa district is 75%, the second highest in the country. The under-five 

mortality rate is 139 deaths per 1000 live births.91 Chikhwawa District Hospital serves as 

the main referral centre in the area. Chikhwawa district has year-round malaria 

transmission with an EIR of approximately 170 infectious bites per person per year.25 It 

also has relatively warm weather compared with other parts of the country, with 

temperatures rising as high as 420C during the dry, hot season (September to November). 

Chikhwawa was chosen as a study site for the IPTpd study because of its contrasting 

malaria transmission pattern compared with other study sites. There is also a well-

established research clinic and study team already set-up in the paediatric ward of 

Chikhwawa District Hospital from a previous large case-control study carried out by our 

research group,25 making the task of recruiting patients for a new trial at this site easier.  

 

Studies: 

Three separate studies were conducted during the course of this PhD; one descriptive, 

cross-sectional study and two randomised, double-blinded, controlled trials. Firstly, we 

reviewed the literature on iron deficiency in HIV-infected children to determine the 

prevalence of iron deficiency in HIV-infected children from high and low-income settings 

and compared it with that of HIV-uninfected controls (chapter 2). The research studies are 

then described in detail in chapters’ three to seven. The three main studies described in 

this thesis are:  

 

1. Iron supplementation in HIV-infected Malawian children: Is it safe and beneficial? 

The World Health Organization (WHO) recently advised that iron status be determined 

prior to the use of iron supplements in young children living in regions with a high 

prevalence of malaria and infectious diseases due to an increased risk of mortality.34 

However, this recommendation is impractical in resource-limited settings, as simple, 

affordable and reliable tests for the determination of iron status are not available and 

ferritin, which is also a marker of the acute phase response, is difficult to interpret due to 

inflammation.13, 35, 36 Iron supplementation is still used to treat anaemia in children living in 
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resource-limited settings, including HIV-infected children, but the potential benefits or 

risks of iron supplementation in HIV-infected children are not known.37  We carried out a 

randomised, double-blind, controlled trial of multi-vitamins with iron supplementation 

versus multivitamins alone in anaemic HIV–infected children aged 6-59 months to 

determine the effect of iron on haemoglobin, HIV disease progression and morbidity 

(chapter 3). The objectives of this trial were: 

Primary Objective: 

To determine whether iron supplementation in HIV-infected children is associated with an 

increased risk of morbidity. 

Secondary objectives:  

To investigate in HIV-infected children with anaemia: 

- The erythropoietic responses to iron supplementation 

- The effect of iron supplementation on HIV disease progression 

- The effect of iron supplementation on the prevalence of infections 

Other specific outcomes that were examined include the effect of iron on: 

1. All-cause sick out-patient clinic visits 

2. All-cause hospital admissions 

3. Incidence of malaria and respiratory infections during trial follow-up. 

4. Change in haemoglobin levels during the follow-up period 

5. Prevalence of anaemia and iron deficiency at recruitment, 3 and 6 months follow-up 

6. Immune response (CD4 count and percentage) over the trial follow-up period. 

7. Changes in different serological iron markers observed during follow-up period 

(chapter 4). 

 

2. Development and evaluation of a new paediatic blood transfusion protocol  

i. Development and evaluation of a new paediatric blood transfusion protocol for Africa 

(chapter 5). 

Severe malaria anaemia contributes significantly to child mortality during the rainy season 

in Malawi.65 Previous studies have shown that transfusion protocols when strictly adhered 

to can significantly reduce the number of transfusions without increasing mortality.93, 94 



P a g e  | 24 

The WHO have published a set of guidelines for the management of severe anaemia in 

resource-limited settings,95 however this has not been evaluated in a busy African hospital 

setting. 

Primary Objective 

To develop a new paediatric blood transfusion protocol (adopted from the WHO 

transfusion guidelines) for use in under-resourced environments and to evaluate its 

usability in a busy African hospital setting. 

 

ii. High transfusion failure rates in Malawian children with severe anaemia following the 

standard, WHO-recommended blood transfusion regimen (chapter 6). 

In order to better understand the clinical and haematologic responses of severely anaemic 

children to a standard, WHO-recommended blood transfusion, we carried out a descriptive, 

cross-sectional study as part of a new blood transfusion protocol assessment at Queen 

Elizabeth Central Hospital, Blantyre. We aimed to evaluate the current WHO guidelines for 

blood transfusion in children admitted to hospital for severe anaemia (defined as Hb <6 

g/dl with signs and symptoms of anaemia) due to any cause, focussing on transfusion 

failures (defined as Hb <6 g/dl 24 hours after blood transfusion) and the association 

between the resolution of clinical symptoms and haematological recovery in severely 

anaemic Malawian children.  

Primary objective: 

To evaluate the current WHO transfusion guidelines by observing the clinical and 

haematologic responses of severely anaemic children to blood transfusion.  

Secondary objectives: 

- To determine the effect of blood transfusion on haemoglobin levels. 

- To assess risk factors associated with transfusion failure.  
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3. Intermittent preventive therapy with monthly artemether-lumefantrine for the post-

discharge management of severe anaemia in children aged 4-59 months in Southern 

Malawi (chapter 7). 

Severe malaria anaemia is a significant cause of  in-hospital and post-discharge mortality. 

As much as 17% of children admitted to hospital for severe malaria anaemia will die within 

6 months following in-patient treatment.66 In the design of this study, we hypothesized that 

by giving full treatment doses of an effective anti-malaria drug at monthly intervals 

following discharge home from hospital, we would give the bone marrow adequate time to 

recover and build up haemoglobin levels, and thus reduce the risk of death following a 

subsequent attack of malaria. Thus we carried out a randomised, double-blind controlled 

trial of monthly treatment with artemether-lumefantrine versus placebo in the 

management of young children (aged 4-59 months) with severe malaria anaemia (defined 

as Hb <5g/dl with P.falciparum asexual parasitemia) following discharge from the hospital 

to determine the effect on post-discharge morbidity and mortality.  

Primary Objective: 

To determine in pre-school children the effect of intermittent preventive therapy post-

discharge with monthly artemether-lumefantrine on all-cause mortality and hospital re-

admission for severe anaemia or severe malaria between 1 and 6 months. 

Secondary objectives: 

To determine in pre-school children the effect of intermittent preventive therapy post-

discharge with monthly artemether-lumefantrine on: 

- All-cause mortality 

- Hospital re-admission for all-cause severe anaemia or severe malaria 

- All-cause hospital admissions 

- All-cause sick-child clinic visits 

- Clinic visits because of microscopically confirmed non-severe malaria. 
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