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Anaemia is a severe public health problem in Africa, with its prevalence in children less than 5 

years old greater than 40% in most countries on the continent, including Malawi. Anaemia can 

be defined as a state in which there is an insufficient number of red blood cells to meet the 

body’s physiologic demands.  It can present in different ways, from having no symptoms to 

pesenting with symptoms of difficulty breathing and heart failure. It can be classified as mild, 

moderate or severe depending on the severity. Anaemia can result in  a wide range of 

untoward effects, from poor growth to impaired thinking and work capacity. This PhD thesis 

examines interventions for anaemia at different stages of it’s development.   

 

In chapter 1, the purpose of the chapter was to introduce the problem of anaemia, the scope of 

the problem globally, the different interventions currently being recommended by the WHO in 

resource-poor hospital settings and communities, to describe the study setting (Malawi), and 

to briefly state the objectives of the different studies performed in this thesis. 

 

In chapter 2, we reviewed the literature on iron deficiency in HIV-infected children with 

anaemia. Although the data available was limited, we demostrated from relevant studies that 

the prevalence of iron deficiency in HIV-infected children was 34% and that it was equally 

prevalent in HIV-infected children from high and low-income settings (31% vs 36% 

respectively; p=0.14). Studies that included a HIV-uninfected control population (n=4) were 

only available from low-income settings and showed less iron deficiency in HIV-infected 

children (28%) compared with HIV-uninfected controls (43%); p=0.03.  The findings further 

question the role of iron deficiency in the development of anaemia in HIV-infected children, 

with the results suggesting that it is less common in HIV-infected children than in uninfected 

children. Given the increased risk of infections in this population due to a depressed immune 

system, and the known beneficial effects of the treatment of anaemia on survival and quality of 

life in HIV-infected adults, studies evaluating the safety and benefit of iron supplementation 

are needed to inform evidence-based guidelines for the management of anaemia in HIV-

infected children. 

 

In chapter 3, the objective of the study was to determine whether iron supplementation in 

HIV-infected children is associated with an increased risk of morbidity, with the primary end-
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point being the incidence of all-cause sick child clinic visits over 6 months follow-up. Other 

specific endpoints that were assessed included the effect of iron on haemoglobin, CD4 

percentages, and morbidity such as HIV-disease progression, all-cause hospital admissions, 

respiratory infections and malaria.  

We found that 3-months of iron supplementation was associated with greater increases in 

haemoglobin concentrations and reduced the risk of anaemia at 6 months follow-up. Children 

who received iron had a better CD4 percentage response at 3-months, but an increased 

incidence of clinical malaria by 6 months, especially during the first 3 months. 

This study is the first randomized, controlled trial examining the effects of iron 

supplementation in HIV-infected children living in a malaria-endemic setting, and 

demonstrated that iron supplementation has beneficial effects on haemoglobin levels, iron 

status and immune function but increases the risk of clinical malaria infections. We concluded 

that iron supplementation of HIV-infected children in malaria-endemic settings should only be 

given with adequate protection from malaria.  

 

In chapter 4, the objective of the study was to determine the iron status of HIV-infected 

children and the responses of serological iron markers to iron supplementation.  

We found that the baseline prevalence of iron deficiency in our HIV-infected cohort ranged 

from 8.1-48.3% when different serological iron markers were applied. Iron supplementation 

was associated with significant reductions (improvements) in soluble transferrin receptor 

(sTfR) levels and sTfR-log ferritin (sTfR-F) index at 3 months, and in sTfR-F index at 6 months. 

Children who received iron were less likely to be iron-deficient at 3 months when assessed 

using serum ferritin with C-reactive protein, sTfR and mean corpuscular volume (MCV) but 

these effects were not sustained at 6 months.  

The study demonstrated that iron deficiency is prevalent in HIV-infected children with 

anaemia and that iron supplementation is an effective treatment option for iron deficiency 

anaemia in this population, even in a setting with a high prevalence of infections. However, as 

was highlighted in chapter 3, iron supplementation in this population should only be provided 

with adequate protection from malaria.    
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In chapter 5, the objective of the study was to develop a paediatric transfusion protocol based 

on the WHO transfusion guidelines for use in resource-limited settings, and evaluate its 

usability in a busy African-hospital setting.  

Based on the new protocol, severely anaemic children were classified into 3 groups: 

complicated anaemia, uncomplicated anaemia and anaemia with severe malnutrition using 

simple bedside clinical criteria. We found that all children were correctly assigned to 

transfusion groups and that the correct volume of blood was given in 89.3%; the correct 

duration was used in 86.2% and the correct rate of transfusion in 78.6% of participants. When 

transfusion practices by clinicians using the old hospital transfusion guidelines were compared 

with the new protocol, we found that 29% of all transfusions done could have been avoided. 

The study demonstrated that transfusion protocols can be implemented effectively in busy 

African hospital settings with minimal additional equipment, and can significantly reduce the 

number of blood transfusions given during the peak malaria transmission season. This can 

take a significant strain off existing national blood transfusion services. 

 

In chapter 6, the objective of the study was to evaluate the current WHO guidelines for blood 

transfusion, by looking at the clinical and early haematological responses of severely anaemic 

children to a standard blood transfusion regimen.  

We found that out of 128 children recruited for the study, 30 children (23.4%) had a post-

transfusion haemoglobin of 6 g/dl or less, and thus were classified as transfusion failures. In 

the multivariate analysis it was observed that a high pre-transfusion Hb and a downward 

change in respiratory rate were significantly associated with a reduced risk of transfusion 

failure after adjusting for several baseline factors. In addition, children without malaria 

infection had better haemoglobin responses to blood transfusion (at 24 hours) when 

compared with malaria-infected children.  

The study suggests that performing post-transfusion Hb checks and a malaria test following in-

hospital management of severe anaemia may help in identifying children at greatest risk of a 

repeat severe anaemia episode following a repeat or recrudescent malaria infection, and in this 

way may contribute towards reducing post-discharge mortality in malaria-endemic settings. 

 

In chapter 7, the objective of the study was to determine in pre-school children the effect of 

intermittent preventive therapy post-discharge with monthly artemether-lumefantrine on all-
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cause mortality and hospital re-admission for severe anaemia or severe malaria between 1 and 

6 months. 

We found that by 6 months, 14% of 1,414 study participants had either died or were re-

admitted to hospital with severe malaria or severe anaemia (primary endpoint). By 1–6 months 

after randomization, intermittent preventive therapy post-discharge (IPTpd) with artemether-

lumefantrine was found to be protective against death or re-admission with severe malaria or 

severe anaemia when compared with placebo (adjusted protective efficacy 31%). The 

protective effect was greatest during the IPTpd period (1–3 months; 41%), but was not 

sustained after the third month. When events that occurred in the first month were included 

(before the first dose of IPTpd), the cumulative protective efficacy by 6 months was 26%.  

The study demonstrated that intermittent preventive therapy post-discharge by giving two 

additional treatment courses of artemether-lumefantrine at one-monthly intervals following a 

severe malaria anaemia episode is an effective strategy for reducing post-discharge morbidity 

and mortality in a setting of moderate to intense malaria transmission, and could potentially 

have a huge impact on reduction of under-five child mortality (MDG4) during the peak malaria 

season. However, studies are needed to assess the safety and efficacy of other artemisinin-

combination therapy regimens in the context of IPTpd, and the feasibility of implementation of 

this strategy in the framework of existing national health systems.  

 

In chapter 8, all the studies performed in this thesis were discussed, and general 

recommendations/conclusions were made. 

 

 

 

 

 

 




