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Anemia,, the most common health disorder worldwide, predominantly afflicts young children 

andd women of childbearing age, the former being the focus of this dissertation. While the 

absolutee number of deaths associated with childhood anemia is not well documented, severe 

anemiaa is indisputably associated with increased risk of child morbidity and mortality in sub-

Saharann Africa (Brabin et al. 2001). 

Thee World Health Organization (WHO) recommends the use of hemoglobin below 11 g/dL as 

aa practical definition of anemia in children between 6 and 60 months of age (WHO 1997a). 

Althoughh various definitions for the different grades of anemia have been reported in the 

literature,, in this dissertation severe anemia among children less than 5 years of age is 

predominantlyy defined as a hemoglobin level below 5.0 g/dL, moderate anemia as a hemoglobin 

levell of 5.0-7.9 g/dL, and mild anemia as 8.0-10.9 g/dL (MOH 1994). 

Inn 1980, WHO estimated that about 1300 million people, or 30% of the world's population, 

weree anemic (DeMaeyer and Adiels-Tegman 1985). It is estimated that this number has since 

increasedd to 2 billion people, or 40% of the world's population (ACC/SCN 2000; INACG/WHO/ 

UNICEFF 2000). The burden of anemia is grossly disproportionate, with 42% of pre schoolers in 

non-industrializedd countries being anemic compared to 17% in industrialized countries (ACC/ 

SCNN 2000). In sub-Saharan Africa, one to two-thirds of children less than five years of age are 

estimatedd to be anemic (DeMaeyer and Adiels-Tegman 1985; ACC/SCN 2000) and childhood 

anemiaa accounts for more than half of hospital pediatric mortality in some areas with intense 

malariaa transmission (Lackritz et al. 1992; Schellenberg et al. 1999). 

Determinant ss of childhoo d anemia 
Pediatricc anemia in the tropics has a complex and multifactorial etiology, that includes infectious 

diseasess (e.g. malaria, intestinal helminths, HIV), various nutritional deficiencies (e.g. iron, folic 

acid,, other micronutrients, and protein-calorie malnutrition), and genetic factors (e.g. 

hemoglobinopathies,, thalassemias, and glucose-6-phosphate dehydrogenase (G6PD) 

deficiency)(Flemingg 1994). The relative significance of each varies with geographic location, 

seasonn and age. 

Beloww is a brief review of malaria and iron deficiency as causes of childhood anemia. 

Malaria:Malaria:  In 1992, global estimates of the burden of malaria indicated that between 300-500 

millionn clinical cases occurred annually, of which 90% were in sub-Saharan Africa. In addition, 

1.5-2.77 million deaths are estimated to be caused by malaria each year, with Africa baring the 
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largestt proportion (WHO 1997b; WHO 1997c; WHO 1997d; WHO 2003). In 2001, malaria was 

rankedd the 8th highest contributor to the global Disability Adjusted Life Year (DALY) and 2nd in 

Africaa {WHO 2002). 

Malariaa is a major contributor to severe morbidity (WHO 2000) and may cause death through 

directt and indirect pathways. Direct malaria mortality may result from two major overlapping 

syndromes,, severe anemia and cerebral malaria. The relative contribution of these two syndromes 

iss age dependent (Greenwood 1997; Marsh and Snow 1997; Snow and Marsh 1998); severe 

anemiaa is the main manifestation of severe maiaria in children < 3 years, whereas in oider children 

andd adults the two syndromes can overlap (WHO 2000). Severe metabolic acidosis is also a 

commonn manifestation in both children and adults with severe malaria. 

Indirectt mortality due to malaria may result from the implications of recurrent episodes of low-

gradee malaria parasitemia, that in some remain asymptomatic and therefore undetected and 

untreated,, resulting in chronic and eventually in severe anemia, immuno-suppression, and 

increasedd susceptibility to other infectious diseases (Molineaux 1997). Furthermore, malaria in 

pregnancyy may result in low birth weight (Brabin 1991; Garner and Gulmezoglu 2003), and 

possiblyy infant anemia (Ie Cessie et al. 2002), both of which are associated with early infant 

morbidityy and mortality (Luxemburger et al. 2001; Steketee et al. 2001). The relative contributions 

off direct and particularly indirect mortality are difficult to measure and not well described, but 

likelyy vary with the level of transmission intensity with a greater contribution of indirect mortality 

inn areas with intense malaria transmission (Molineaux 1997). 

Inn areas with high malaria endemicity, clinical immunity is developed early in life and the burden 

off malaria in these areas is in pregnant women and young pre-school children, and predominantly 

associatedd with severe anemia (Greenwood 1997; Ekvall 2003). In areas with less intense and 

moree seasonal malaria transmission, children are less frequently exposed to malaria and protective 

immunityy against severe malaria takes longer to develop. As a consequence the burden of 

diseasee is spread over a wider age range and death due to severe malaria in older children (>2-

33 years) and adults also occurs (Snow and Marsh 1995; Greenwood 1997; Menendez et al. 

2000;; Ekvall 2003). 

Malaria-associatedd anemia can result from a combination of increased red blood cell (RBC) 

destructionn and decreased RBC production (Weatherall and Abdalla 1982; Menendez et al. 

2000;; Ekvalf 2003). The extent to which RBC destruction contributes to anemia compared to 

thee effect of suppression of erythropoietin synthesis or bone marrow dysfunction likely depends 

onn age, immune status, malarial endemicity, and duration of infection, among other factors. 
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Severee anemia could be the result of an acute falciparum malaria infection that often presents 

itselff with a short duration of illness and higher-density parasitemia; or chronic or repeated 

infectionss where patients present with lower parasite densities, a longer history of febrile illness, 

orr no symptoms; or a combination of an acute episode superseding on chronic mild malaria-

associatedd anemia (Abdalla et a!. 1980; Menendez et al. 2000). 

IronIron  deficiency:  In a recent Comparative Risk Assessment project of the WHO, undernutrition 

inn pregnancy and childhood was the largest contributor to the DALY in Africa (Ezzati et al. 

2002).. Specific micronutrient deficiencies and malnutrition cover a broad spectrum of illness, 

includingg deficiencies of iron, vitamin A, zinc, vitamin B12, and folate. These are the result of 

inadequatee dietary intake of animal products, fruits, and vegetables, but can also be the 

consequencee of intestinal parasites causing mal-absorption of iron, retinol, folic acid, and vitamin 

BB , or blood loss due to helminth infections, particularly hookworm (Lindsay and Casterline-Sabel 

2000).. Due to common etiology and underlying mechanisms, many micronutrient deficiencies 

overlapp and interact (Dijkhuizen et al. 2001). Worldwide, approximately 20% of pre-school children 

aree estimated to have multiple micronutrient deficiencies and half of the children with any 

micronutrientt deficiency could have multiple deficiencies (Mason et al. 2001). 

Ironn is the most important hematopoietic nutrient that lacks in either dietary availability or quantity 

(Lindsayy and Casterline-Sabel 2000). WHO estimates indicate that there are four billion iron 

deficientt individuals in the world (ACC/SCN 2000). Young children in less developed countries 

aree particularly vulnerable to iron deficiency anemia (IDA) due to inadequate intake of total iron 

orr otherwise absorbable (bio-available) iron, low stores of iron at birth, high physiological demands 

forr iron related to growth and development, and high losses of iron to parasitic infections (Yip 

andd Dallman 1995; Lindsay and Casterline-Sabel 2000). 

Thee body has three major iron-containing compartments classified as storage iron (e.g. ferritin), 

transportt iron (e.g. transferrin), and functional iron. In healthy individuals, functional iron 

constitutess over two-thirds of total body iron; eighty-five percent of functional iron is in the form 

off hemoglobin, and the remaining 15% is incorporated into myoglobin and iron-containing 

enzymess (Fairbanks and Beutler 2001). In terms of total iron content, the transport compartment 

off plasma is the smallest but the most active of the iron compartments; its iron turns over 

approximatelyy 10 times each day. 

Ironn deficiency comprises several stages. Iron depletion is the earliest stage of iron deficiency in 

whichh ferritin is decreased (or absent) but serum iron concentration and blood hemoglobin 

levelss remain normal. Iron deficiency without anemia, the next stage, is characterized by 



12 2 Chapterr 1 

decreasedd ferritin levels, low serum iron concentration and transferrin saturation, without anemia. 

IDA,, the most advanced stage, comprises of low ferritin, low serum iron, low transferrin saturation, 

andd low hemoglobin or hematocrit (Fairbanks and Beutler 2001). IDA is often diagnosed by 

subnormall hemoglobin concentration in addition to abnormal values of one of the biochemical 

markerss of iron status (e.g. free erythrocyte protoporphyrin, serum ferritin, mean cell volume, 

transferrinn saturation, serum transferrin receptors) or an increase in hemoglobin levels in response 

too iron supplementation. 

Consequence s s 
Decreasedd oxygen delivery to the central nervous system is associated with light-headedness, 

headache,, lethargy, and lack of attention, although a gradual onset of anemia can be 

asymptomaticc due to physiologic adjustment by the body (Tefferi 2001). IDA has been associated 

withh decreased physical activity and work capacity (Haas and Brownlie 2001), decreased appetite, 

decreasedd resistance to infections and increased risk of HIV infection when blood transfusions 

aree needed (UNICEF/UNU/WHO/MI 1999). There is some evidence that iron deficiency may 

impairr brain development and long-term cognitive function in children > 2 years of age, although 

thiss has not been well characterized by randomised placebo-controlled trials involving children < 

22 years old, the age at which brain growth is at a maximum (Grantham-McGregor and Ani 

2001;; Gordon 2003). Furthermore, there appears to be some evidence for the impact of iron 

supplementationn on weight gain, but mixed results have been reported on its effect on linear 

growthh (Allen 1994). Causal evidence linking IDA in young children to mortality is weak (Brabin 

ett al. 2001). 

Measless Immunizatio n 
Mildd viral infections, such as those following immunization with the attenuated measles virus 

havee been associated with transient decrease in hemoglobin concentrations and cellular immunity 

thatt may persist for several weeks and mimic iron deficiency (Olivares et al. 1989). The 

pathophysiologyy is not completely understood but may include a shift in iron distribution from 

functionall towards storage compartments and possibly decreased iron absorption or intake 

duringg the febrile phase, with adequate erythropoietin levels (Scrimshaw and SanGiovanni 1997). 

Whilee these changes are not clinically consequential in healthy children, it is unknown if children 

whoo are already hematologically compromised may experience a greater fall in hemoglobin 

followingg immunization. In rural western Kenya, for example, one third of children 7-12 months 

off age have hemoglobin concentrations less than 8 g/dL, and 50% have hemoglobin 

concentrationss between 8.0 and 10.9 g/dL (mild anemia) (McElroy et al. 1999). Thus a substantial 
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proportionn of older infants are in a precarious hematological state placing them at risk of 

developingg subsequent severe anemia with further insult. Furthermore, cell-mediated immunity 

providess partial protection against malaria in persons living in malaria-endemic areas, which 

raisess the question as to whether measles vaccination may increase the severity of latent infections 

orr increase the susceptibility to new infections with Plasmodium falciparum and further the risk 

off childhood anemia. 

Treatmen tt  and contro l of anemia 
IronIron  supplementation:  For documented IDA, iron supplementation is the treatment of choice; 

forr the prevention of IDA, combined iron supplementation and food based approaches are 

recommendedd in developing countries (Yip and Ramakrishnan 2002). New international 

guideliness recommend the use of iron supplementation in all areas with a high prevalence of 

ironn deficiency anemia (INACG/WHO/UNICEF 2000). Despite the well-recognized public health 

burdenn of anemia, implementation of these guidelines continues to be hindered due to 

inadequatee iron supplies, low coverage, and poor adherence to daily dosing {Schultink 1996; 

Schultinkk and Gross 1999). Dose related gastrointestinal side effects and the lengthy duration 

off required daily intake contribute towards poor adherence (Charoenlarp et al. 1988; Galloway 

andd McGuire 1994; Cook and Reddy 1995). 

IntermittentIntermittent  iron:  In search of strategies to reduce costs and improve compliance and 

effectiveness,, a series of studies was conducted in the early 1990s that opened up new avenues 

towardss the design of iron regimens, which may be more likely to be adhered to. 

Animall models have shown that iron when given intermittently {e.g. weekly or twice-weekly) is 

moree efficiently absorbed resulting in significantly lower iron loss, and avoidance of the temporary 

ironn overload associated with daily iron supplementation. The reduced iron absorption and 

transportt with daily exposure to high doses is explained in part by an apparent inhibitory mucosal 

block,, which can be overcome when iron is given intermittently at intervals of more than 3 days 

(Viterii et al. 1995). Based on these results, a series of studies was conducted in humans of all 

agess that concluded that weekly or twice-weekly iron supplementation is as effective, or almost 

ass effective in the prevention (Angeles-Agdeppa et al. 1997; Thu et al. 1999; Muslimatun et al. 

2001;; Sungthong et al. 2002) or treatment (Gross et al. 1994; Schultink et al. 1995; Liu and Liu 

1996;; Nwanyanwu et al. 1996; Ridwan et al. 1996; Berger et al. 1997; Kruske et al. 1999; 

Kianfarr et al. 2000) of mild and moderate anemia as the conventional daily iron supplementation, 

despitee a 3- to 7-fold reduction in the cumulative dose. Such regimens are potentially better 

tolerated,, with less gastrointestinal side effects, and may therefore improve compliance compared 
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withh daily dosing. 

AA subsequent review of experimental studies in humans using radio-labeled iron, however, failed 

too confirm the existence of such a mucosal block (Cook and Reddy 1995; Hallberg 1998). It was 

suggestedd that the lack of empirical difference between daily and intermittent iron in hemoglobin 

responsee observed in these earlier clinical studies in humans could be explained by the 

experimentall design of some of these trials which evaluated the differential efficacy of high 

dosee regimens after relatively long intervention periods (> 8 weeks) in subjects with predominantly 

mildmild iron deficiency and low grade anemia (Hallberg 1998). This challenged the eariier conclusion 

thatt intermittent iron is as effective as daily iron supplementation (Mumtaz et al. 2000; Sharma 

ett al. 2000; Zavaleta et al. 2000; Ekstrom et al. 2002), and resulted in much debate (Beard 

1998;; Schultink and Gross 1999). 

AA recent meta-analysis of 14 clinical trials involving pregnant women, adolescents, and pre-

schooll children <N= 5,100) demonstrated that both daily and intermittent iron were effective, 

butt the beneficial effect of daily dosing was consistently greater. This was particularly evident in 

pregnantt women. In adolescents and pre-school children, however, there was large inter-study 

variationn and the differences were inconclusive (Beaton and McCabe 1999). Further studies are 

requiredd to provide a definitive answer to whether daily iron is indeed more efficacious than 

intermittentt iron in pre-school children and adolescents. 

Itt is critical to address how 'natural' patterns of compliance with iron regimens affect the efficacy 

underr 'real life' conditions (Solomons 1997). The natural tendency for mothers to 'skip' doses 

whenn iron is prescribed for daily use, or to share the daily dose with siblings may raise the possibility 

thatt mothers unknowingly already enhance the relative efficacy of iron uptake by spacing the 

dose,, or by reducing the daily dose (Solomons 1997). Beaton et al. in their meta-analysis of 

completedd studies also indicated that the degree of supervision was an important predictor of 

post-interventionn anemia prevalence, and more so in the intermittent than in the daily group. As a 

result,, it was suggested that intermittent supplementation should only be recommended when 

adherencee is expected to be high. A more recent study demonstrated that six weeks of twice-

weeklyy iron when given as directly observed therapy for anemia in children is superior to 

unsupervisedd daily iron supplementation in improving hemoglobin concentrations (Kruske et al, 

1999).. Further studies are needed that simultaneously assess the efficacy and effectiveness of 

dailyy versus intermittent iron supplementation in pre-school children. 

MalariaMalaria  and iron:  Successful implementation of iron supplementation programs has also been 

limitedd due to the long standing controversy surrounding the use of iron supplementation in 
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malaria-endemicc areas (INACG/WHO/UNICEF 1999; Oppenheimer 2001). Whereas iron deficiency 

causess a number of biochemical abnormalities and impaired cell mediated immunity with increased 

susceptibilityy to infections (Dallman 1986; Farthing 1989; Hercberg and Galan 1989), concerns 

havee been raised that iron therapy even at the recommended treatment (3 mg/kg/day) or preventive 

(1-22 mg/kg/day) dosage may exacerbate infections, in particular malaria, as many infectious agents 

dependd on iron for growth (Rosenthal and Meshnick 1996; Egan et al. 2002). 

AA recent meta-analysis of 13 clinical trials addressing this concern (INACG/WHO/UNICEF 1999), 

ass well as another review of 28 randomized controlled trials (Gera and Sachdev 2002) suggested 

thatt the hematological benefits from iron supplementation outweigh the clinically non-significant 

increasee in the risk of malaria infection and symptomatic malaria (INACG/WHO/UNICEF 1999). 

Conversely,, another review by Oppenheimer of eight studies suggested up to a 50% increased 

riskk of symptomatic malaria when iron was given in doses greater than 2 mg/kg/day 

(Oppenheimerr 2001). Oppenheimer suggested that iron supplementation should only be 

administeredd in the presence of adequate protection from malaria. The rationale for this 

recommendationn has yet to be confirmed through controlled clinical trials. 

IronIron  and sickle  cell  trait  Oppenheimer also suggested that in populations with a high prevalence 

off hemoglobinopathies, depending on type and zygosity, a potential deleterious effect of iron on 

malariaa might be either masked due to the protective effect in carriers, or aggravated due to 

carrierss losing their pre-existing protective effect, and thus being predisposed to malaria 

(Oppenheimerr et al. 1987). In studying the effect of the sickle cell trait on the response to iron 

supplementation,, a study among pregnant Gambian women reported lower hemoglobin levels 

andd birthweights in response to iron in HbAS than HbAA women. HbAS women assigned to the 

ironn group were also at an increased risk of placental malaria, compared to the HbAA women 

(Menendezz et al. 1995). The need for further evidence to identify subgroups in whom risk of 

adversee effects of iron supplementation are higher or lower compared to the general population 

hass been highlighted in an INACG consensus statement (INACG/WHO/UNICEF 1999). 

MalariaMalaria  control:  The strategy in the control of malaria in endemic regions constitutes three 

importantt components: insecticide treated bednets (ITNs), early detection and prompt treatment, 

andd prophylaxis, including intermittent preventive treatment (IPT) (RBM 2003). 

ITNs:ITNs: Bed nets have been in use since the early 1930s, although ITNs were not introduced until 

thee 1970s. A recent review of 18 randomized trials on ITNs suggests a protective efficacy of 

17%% against all-cause mortality (Lengeler 2000). Ten of these trials were conducted in sub-

Saharann Africa, of which six reported an impact on anemia. The mean hematocrit was 1.4% 
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higherr among children sleeping under ITNs compared to those without ITNs. Despite an extensive 

databasee on the effect of treated bed nets and curtains on malaria infection and morbidity, little 

informationn was available from randomized controlled trials in settings with intense perennial 

malariaa transmission. Since the Cochrane review, however, further data from randomized trials 

ass well as social-marketing studies conducted in areas with intense malaria transmission in western 

Kenyaa and Tanzania have shown ITNs to reduce all-cause morbidity, including anemia 

(D'Alessandroo et at. 1995; Premji et al. 1995; Fraser-Hurt et al. 1999; Abdulla et al. 2001; Holtz 

ett al. 2002; Maxwell et al. 2002; ter Kuile et al. 2003a), In the trial conducted in western Kenya, 

ITNss reduced the incidence of clinical maiaria and severe to moderate anemia {Hb <7 g/dL) by 

60%% (ter Kuile et al. 2003a) and the mean Hb was 0.5 g/dL higher in children living in ITN 

comparedd to those in non-ITN villages (ter Kuile et al. 2003b). These studies also helped to 

definee pregnant women and young preschool children as the main target groups for malaria 

controll in areas with intense malaria transmission. 

EarlyEarly detection and prompt treatment; In sub-Saharan Africa where most malaria is due to 

PlasmodiumPlasmodium falciparum, prompt and effective treatment of malaria is critical to saving lives of 

youngg children. Untreated falciparum infection can result in death, sometimes within hours of the 

onsett of symptoms (Greenwood et al. 1987). Furthermore, diagnosis is complicated by the lack of 

aa specific clinical presentation, simultaneous presence of several other diseases, and - in areas with 

intensee malaria transmission - asymptomatic malaria infections (WHO 2003). In most malaria-

endemicc areas, diagnostic facilities within the peripheral health system are also sub-optimal. 

Thus,, the WHO is implementing new strategies for the integrated management of the sick child 

inn the primary care setting, which includes algorithms based on clinical signs detected by trained 

professionall health care workers (WHO 1995). As part of this algorithm, palmer pallor is used to 

evaluatee the presence of severe anemia in the absence of routine hemoglobin measurement 

(Kalterr et al. 1997; Weber et al. 1997a; Weber et al. 1997b; Zucker et al. 1997). The initial focus 

off the WHO and UNICEF has been on the use of the algorithm by health care workers in health 

facilities.. However, early recognition of moderate to severe anemia by the primary caregiver is 

essentiall to ensure that these children are brought to the formal health care system. Information 

iss limited on the ability of primary caregivers to recognize signs of pallor in their children. 

IntermittentIntermittent preventive treatment (IPT): In the early 1950s, the role of malaria chemoprophylaxis 

wass studied as part of the malaria eradication effort. Chemoprophylaxis was later integrated 

intoo national malaria control programs of many African countries (WHO 2001), but this strategy 

lostt support due to concerns regarding development of drug resistance, sustainability, cost-

effectiveness,, and appropriate delivery systems (WHO 1993). A recent review of several studies 
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conductedd over the last 50 years shows a beneficial role for malaria chemoprophylaxis on 

hematologicall outcomes in children, although rebound effects may occur when such strategies 

aree implemented in infancy (Geerligs et al. 2003). 

Thee term 'chemoprophylaxis' implies that a drug is used to prevent infection of the tissue or 

bloodd and the resulting clinical manifestations at dosages lower than required for treatment 

(Geerligss et al. 2003). In most African settings, however, children are already parasitemic and 

thee frequent therapeutic use of antimalarials is a form of regular intermittent chemotherapy. 

Mostt short acting drugs require frequent administration to achieve treatment or prophylactic 

effects.. On the other hand, drugs that provide long-term suppression due to slow elimination 

(e.g.. sulfadoxine-pyrimethamine [SP]), provide effective treatment of existing infections (i.e. clearance 

off parasitemia) as well as a period of protection against new febrile or asymptomatic infections of 

upp to 3 to 4 weeks. Thus, several intermittent treatments with such drugs will provide a prolonged 

periodd of chemoprophylaxis and prevention against repeated hematological insults. This strategy, 

calledd intermittent preventive treatment (IPT), consists of the provision of several doses of 

antimalarialss given intermittently (e.g. with intervals of at least one month) irrespective of the 

presencee of malaria parasites or symptoms (presumptively) (Schellenberg et al. 2001). 

IPTT may have important implications in the treatment or prevention of malaria-associated anemia 

inn areas with intense malaria transmission. One study from an area with very low malaria 

transmissionn on the Thai-Burmese border indicated that it takes about 42 days for full 

hematologicall recovery to occur in patients after an acute episode of uncomplicated falciparum 

malariaa (Price et al. 2001). Although fever and inflammation can reduce RBC survival, anemia in 

malariaa lasts longer than in most other systemic infections (Karle 1974). The rapidity with which 

anemiaa develops is likely due to hemolysis of both parasitized and non-parasitized RBCs. The 

sloww recovery from malaria-associated anemia, on the other hand, may be attributable to 

continuedd destruction of non-parasitized RBCs after clearance of parasitemia due to reduced 

membranee deformability, as well as dyserythropoiesis (Dondorp et al. 1999; Price et al. 2001). 

Thiss may suggest that new infections that occur within 42 days are likely to have a cumulative 

effectt on the patient's hematological status. This is particularly relevant in areas with intense 

malariaa transmission where children get re-infected with very high frequencies. Furthermore, 

low-densityy infections may also cause anemia, which may not be associated with symptoms and 

therebyy remain undetected and untreated (McElroy et al. 2000). Thus, IPT may have a role in 

treatingg these infections that may otherwise go untreated in the context of policies that rely on 

earlyy detection and prompt treatment of symptomatic malaria (i.e. febrile episodes). 

Inn order to reduce the rate of development of drug resistance, short periods of targeted 
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prophylaxiss with treatment doses are preferable to mass prophylaxis with low drug 

concentrationss (WHO 1993). This approach is particularly justified in areas where a small 

proportionn of the population is at the highest risk of adverse effects from malaria and where 

effectivee antimalarials still exist (Greenwood 1991). 

Recently,, following promising results of IPT with an effective antimalarial in the control of malaria 

inn pregnancy (Garner and Giilmezoglu 1999), interest has been generated in the use of IPT for 

thee prevention of malaria and malaria-associated severe anemia in young children (Schellenberg 

ett ai. 2001; Massaga et ai. 2003). In a study in Tanzanian infants, conducted in the context of 

routinee vaccinations, IPT with SP halved the incidence of severe anemia in an area with intense 

malariaa transmission (Schellenberg et al. 2001). Similar results have recently been reported for IPT 

withh amodiaquine (Massaga et al. 2003). These results have created much excitement and suggest 

thatt IPT can provide an innovative and powerful new tool in the limitedly available arsenal to 

controll malaria and malaria-associated anemia in malaria endemic Africa (WHO 2001; RBM 2003). 

However,, the role of intermittent therapy in the treatment, rather than prevention, of all cause 

anemiaa in young children in malaria endemic areas remains to be established. 

Toward ss integrate d contro l of childhoo d anemia 
Thee relative contributions of malaria and iron deficiency and their interaction in the pathogenesis 

off anemia determine whether the (1) control of malaria alone, (2) iron supplementation alone, 

orr (3) a combination of both strategies, is required for optimal control of anemia in malarious 

areas.. IPT, when given in combination with iron supplementation, has the additional potential 

too control any adverse effects of iron on malaria. While combined iron supplementation and 

malariaa control may be more effective and safer than single interventions, it is also more expensive 

andd it is unclear whether the enhanced efficacy of the combined approach is sufficient to be 

cost-effectivee in areas where a single cause predominates. 

Stud yy sit e in wester n Kenya 
Thee studies in this dissertation were conducted in Asembo, a one-hour drive (50 km) southwest 

off the city of Kisumu, which is situated north east of Lake Victoria in western Kenya. The total 

populationn is approximately 55,000 Luo people, including 8,250 children less than 5 years of 

age.. This was also the site of a large community-based study on the effect of ITNs on childhood 

mortalityy (Phillips-Howard et al. 2003a). Asembo, with an area covering 200 km2, consists of 76 

villagess (Figur e 1). During the above-mentioned ITN trial, 15 of these villages ("cohort area") were 

usedd for longitudinal follow-up of mothers and infants, and morbidity cross-sectional surveys were 
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conductedd in the other 60 villages ("norvcohort area"). There are 15 peripheral health facilities 

(publicc and private) operational in the study site. 

Thiss area is representative of many parts of sub-Saharan Africa with intense perennial malaria 

transmission.. In 1986-87 between 80% and 95% of young children in this area experienced 

recurrentt parasitemia within 84 days of having their parasitemias cleared with effective doses of 

sulfadoxine-pyrimethaminee (Beadle et al. 1995). The median time between birth and first 

detectablee P. falciparum infection is approximately 3 to 4.5 months (McElroy et al. 2000; ter 

Kuilee et al. 2003a). The two randomized trials reported in chapters 5-7 were conducted in the 

contextt of area-wide distribution of ITNs (Phillips-Howard et al. 2003a; Phillips-Howard et al. 2003b), 

withh adherence to net use being approximately 70% (Alaii et al. 2003). ITNs had a protective 

effectt against child mortality, severe to moderate anemia, and high-density parasitemia even on 

childrenn living in nearby compounds (within 300 meters) without an ITN (Hawley et al. 2003) 

suggestingg an area-wide effect of ITNs on mosquito populations (Gimnig et al. 2003a). Thus, 

althoughh malaria transmission in this area was previously reported to be intense and perennial 

(Beierr et al. 1994), distribution of ITNs has caused a substantial reduction in transmission of 

PlasmodiumPlasmodium falciparum; transmission was reported to be 90% lower in ITN intervention villages 

thann in control areas (Gimnig et al. 2003b) and median time to first infection in infants was delayed 

fromm 4.5 to 10.7 months. This reduced the force of infection by 74% thereby delaying time to first 

infectionn to approximately 11 months (ter Kuile et al. 2003a). 

Betweenn 60-90% of the children less than five years of age are anemic at any time (Hb <11 g/ 

dl)) (Bloland et al. 1999; McElroy et al. 2000). Between 1990 and 1992, one-third of all pediatric 

hospitall admissions to Siaya District Hospital had haemoglobin levels of <5 g/dL and this 

accountedd for half of all the pediatric hospital deaths (Lackritz et al. 1992). Furthermore, in the 

treatmentt of anemic children with respiratory distress, blood transfusions administered 2 days 

afterr admission to a hospital had little benefit on survival outcome (Lackritz et al. 1992), which 

suggestss an even higher burden of mortality associated with severe anemia in the community 

thann in-hospital where prompt treatment may be available. Infant and under-five-year mortality 

ratess are estimated to be 176/1000 and 257/1000 live births, respectively (McElroy et al. 2001). 

Malnutritionn is an important health problem, especially in the months before the harvest (March-

June).. The prevalence of stunting, wasting, and being underweight in 6-59 months old children 

aree estimated to be 30%, 4%, and 20%, respectively (Kwena et al. 2003). Between 1992 and 

1996,, the prevalence of HIV among pregnant women in the study area was estimated to be 

18%.. In the context of prolonged breastfeeding and lack of effective antiretroviral treatment, 

7.2%% of newborns were estimated to be infected with the virus during this period (De Cock et 

al.. 2000; Phillips-Howard et al. 2003a). 

Althoughh iron supplementation for pregnant women is routine, at the time that these studies 
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weree conducted there was no clear policy in western Kenya to address iron deficiency, through 

supplementationn or food fortification in young children. Despite the high public health burden 

off anemia in Asembo and the known benefits of iron supplementation, most local clinics lack 

standardizedd guidelines for the use of iron supplementation. Clinic based surveillance in this 

areaa has shown that iron supplementation was not routinely given to children with mild and 

moderatee anemia, and prescribed for only 12% of the children less than five years of age with 

clinicallyy diagnosed severe anemia, while all received presumptive antimalarial treatment (Phillips-

Howardd et al. 2003c). The clinics that prescribe iron for severe anemia in children use short 

coursess of relatively high doses of iron (3-6 mg/kg per day for 14 days). This is combined with 

presumptivee antimalarial treatment to treat the malaria attributable component of anemia, while 

providingg partial protection against potential adverse effects on malaria associated with iron 

(Govee 1997; Oppenheimer 2001). This 2-week regimen combined with antimalarial treatment 

iss also used in other areas with similar intense malaria transmission (Menendez et al. 1997) reflecting 

thee controversy on the safety of longer iron supplementation regimens in these malaria endemic 

areass (Oppenheimer 2001). The efficacy with this 2-week regimen is unknown, but the short 

durationn of supplementation is likely to result in inadequate restoration of hemoglobin levels (which 

requiress a minimum of 4-6 weeks) (Nestel and Alnwick 1996) and particularly iron stores, which 

mayy require iron supplementation for 12 weeks or longer (Stoltzfus 2001). 

Studyy infrastructur e 
Detailedd description of the field, laboratory and data management infrastructure for the study 

sitee have been provided elsewhere (Phillips-Howard et al. 2003a). The two intervention studies 

mentionedd in chapters 5-7 were conducted in the "cohort area" (Figure 1, grey section of 

Asembo),, where approximately 30 village monitors were trained to collect blood samples, perform 

anthropometricc measurements, and administer standardized morbidity questionnaires. About 

500 traditional birth attendants (TBAs) were also trained to administer iron during these studies. 

Thee cross-sectional studies mentioned in chapters 2-4 were conducted at central locations within 

villagess in the "non-cohort area" (Figure 1, black section of Asembo). In both the cohort and 

non-cohortt areas combined, a network of 38 field supervisors were assigned to a group of 

villagess (average of six, range 4-9) that made up a sector. These sector supervisors, who lived in 

theirr respective sectors and were literate in English, were responsible for checking study forms 

completedd by village monitors and TBAs before sending them to a central office. Study vehicles 

transportedd all forms, as well as blood smears, blood samples and stool samples, to the Kenya 

Medicall Research Institute in Kisian, where the main administrative, laboratory, and data entry 

facilitiess were located (about 10 km out of Kisumu and 40 km from Asembo) (Phillips-Howard 

ett al. 2003a). Automated internal consistency checks were executed upon data entry, and all 
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questionablee forms were returned to the field for verification and correction. 

Aimss and outlin e 
Thee overall objectives of the studies presented in this dissertation were to explore the extent of 

thee problem of anemia among young children residing in an area of high malaria transmission, 

too identify the groups at highest risk, to improve the recognition of anemia, and to contribute 

too the development of control strategies to decrease the burden of anemia on child health. 

Specificc objectives include: 

11 .to determine the prevalence and severity of anemia in young children and identify subgroups at 

highh risk of severe anemia within the community (chapter 2) 

2.too examine whether live-attenuated measles vaccine is associated with an increased risk of anemia 

orr malaria (chapter 3) 

3.too identify the signs and symptoms of anemia that can be recognized by caretakers (chapter 4) 

4.too compare the therapeutic efficacy and effectiveness of a short six-week course of twice-weekly 

versusversus daily iron supplementation in children with mild as well as moderate anemia (chapter 5) 

5.too assess if the efficacy of a presumptive single dose of sulfadoxine-pyrimethamine (SP) in 

improvingg hemoglobin status can be enhanced by the addition of iron supplementation and/or 

monthlyy presumptive malaria treatment among mildly anemic children (chapter 6) 

6.too determine if iron supplementation increases the risk of malaria, and if so, whether this can be 

controlledd by the addition of monthly presumptive malaria treatment (chapter 6) 

7.too determine the influence of the sickle-cell hemoglobin phenotype on hematological responses 

andd malaria following iron supplementation in anemic children (chapter 7) 

Thee fieldwork consisted of the following: a set of four cross-sectional surveys that were conducted 

betweenn 1996 and 1999 as part of a larger controlled study of the impact of insecticide treated 

bednetss (ITN) on childhood morbidity and mortality (Phillips-Howard et al. 2003a; Phillips-Howard 

ett al. 2003b), and two independent anemia treatment studies conducted between 1999 and 

2001.. Data from the cross-sectional surveys were used to study objectives 1-3, results of which 

aree described in chapters 2-4. An un-blinded cluster-randomized trial was undertaken to pursue 

objectivee 4, which is presented in chapter 5. Finally, a randomized placebo-controlled trial was 

conductedd to achieve objectives 5-6 (presented in chapter 6) and objective 7 (presented in 

chapterr 7). 

Ethica ll  approva l 
Thesee studies were approved by the ethical review boards of the following institutions: Kenya 
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Medicall Research Institute (KEMRI), Nairobi, Kenya, Centers for Disease Control and Prevention 

(CDC),, Atlanta, USA, and Academic Medical Center at the University of Amsterdam, Amsterdam, 

Thee Netherlands. 

Figur ee 1: Study site in western Kenya 

Asemm bo Sitee of main 
KEMRII laboratory 
att Kisian Equato r r 

Kisum u u 
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Abstrac t t 
Background ::  Approximately three quarters of preschool children in sub-Saharan Africa are 

anemic.. The etiology of anemia in early childhood is complex and multifactorial. 

Objective ss and methods : Data from three community-based cross-sectional surveys were 

usedd to determine the prevalence and severity of anemia, and to determine factors that can 

identifyy children at risk in an area with intense malaria transmission. 

Results ::  In a random sample of 2,774 children <3 years old, the prevalence of anemia (Hb 

<11g/dL)) was 76.1% and 71%, respectively, in villages without and with insecticide treated 

bedd nets (ITNs); severe-moderate anemia (Hb <7g/dL) was observed in 11% (non-ITN) and 

8.3%% (ITN). The prevalence of anemia, high-density malaria parasitemia (21.7%), microcytosis 

(34.9%),, underweight (21.9%), and diarrhea (54.8%) increased rapidly from 3 months onwards 

andd remained high until 35 months. Even very low-density malaria parasitemia was associated 

withh severe-moderate anemia (Odds ratio [95% CI]: 3.11 [1.12, 8.61]). Helminthes infections 

weree present in 8.3% and not associated with Hb levels in this young age group. In multivariate 

analyses,, family size, history of fever, 'pale body', general body weakness, diarrhea, soil eating, 

concurrentt fever, stunting, and malaria parasitemia were associated with mean Hb levels. 

Conclusion ::  A high prevalence of malaria, malnutrition and diarrhea overlap placing children 

betweenn 3-24 months at a particular risk of severe anemia. Prevention of severe anemia should 

startt early in infancy and include a combination of micronutrient supplementation, malaria 

control,, and possibly interventions to prevent diarrheal illness. 
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Introductio n n 
Approximatelyy three quarters of preschool children in sub-Saharan Africa suffer from anemia, 

renderingg it a common direct and indirect cause of pediatric morbidity and mortality in this 

regionn [1].The complex etiology of anemia involves the interaction between multiple factors 

includingg nutritional deficiencies, genetic red blood cell disorders, and infectious diseases, 

particularlyy malaria and hookworm infections. HIV/AIDS is also increasingly being considered 

ass a direct and indirect contributor to anemia in this young age group [2, 3]. 

Thee Roll Back Malaria Initiative of the World Health Organization has recently proposed 

usingg anemia as one of its indicators for monitoring progress and success of interventions, as 

previouss indicators (e.g. malaria-associated mortality) have required large surveys and longer 

intervalss between surveys before estimates have become available. A better understanding of 

thee distal and proximal risk factors and socio-demographic and clinical indicators of anemia 

mayy assist in identifying children at risk for anemia, who could benefit from interventions. 

Thesee can also assist in the design of anemia interventions targeting young children. 

Wee conducted a series of cross-sectional surveys involving a random selection of 2,774 

childrenn aged less than three years as part of a larger controlled study of the impact of 

insecticidee treated bed nets (ITN) on childhood morbidity and mortality [4-6]. These community-

basedd household surveys provided an opportunity to determine the prevalence and severity of 

anemia,, and present descriptive statistics of factors associated with hemoglobin concentrations 

inn mostly 'healthy' pre-school children living in a setting with intense malaria transmission. 

Material ss  and method s 
StudyStudy  Area and Population.  The study area was Asembo, located in Bondo district (until 

1999,, part of Siaya district), lying northeast of Lake Victoria in Nyanza Province in western 

Kenya.. The study site has been described in detail elsewhere [5, 7, 8]. In brief, approximately 

55,0000 people live in Asembo (14% of whom are < 5 years of age), an area covering 200 km2. 

Thee population is culturally homogeneous: over 95% are members of the Luo tribe. Families in 

thiss polygamous society live in compounds constituting a main house surrounded by several 

housess for women and children. The houses are dispersed and surrounded by fields, and 

peoplee earn their living primarily through subsistence farming and fishing. Malaria is holoendemic 

withh year round transmission, and a mean entomological inoculation rate ranging between 60 

andd 300 bites per person a year [9]. Sulfadoxine Pyrimethamine (SP) replaced chloroquine as 

first-linee drug for the treatment of uncomplicated malaria in this area in January 1999 [10]. 

Choleraa and bacillary dysentery are endemic in this area [11, 12]. Malnutrition is also an 

importantt health problem; over 30% of children aged 6-59 months are stunted [13]. This area 

hass high infant and under-five-year mortality rates (176/1000 and 257/1000 live births [14]). 
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BedBed  net  study  design.  Following randomization, permethrin-treated bednets (Siam Dutch, 

Thailand),, pre-impregnated to the target dose of 0.5g permethrin per m2 of netting, were 

distributedd to half of the villages in Asembo by January 1997 (ITN villages). The control villages 

receivedd ITNs in early 1999 after the two-year intervention period [4]. ITNs were re-treated 

biannuallyy by the project personnel. The coverage was 1.46 persons per ITN. 

ParticipantParticipant  recruitment  and study  design.  Between February 1998 and July 1999, three 

independentt cross-sectional surveys (henceforth referred to as survey-1, survey-2 and survey-3) 

weree conducted to determine the impact of ITNs on all-cause morbidity in pre-schooi children, 

ass described in more detail elsewhere [13, 15]. Briefly, each household was randomized to 

cross-sectionall survey 1, 2 or 3, such that one household and their occupants could only 

contributee once. Caregivers were invited to bring all children aged <3 years (survey-1) or <5 

yearss (surveys 2 and 3) living in their household to a central location in the village on a preset 

day.. They were asked to bring fresh stool samples of the children on the day of the survey. 

Procedure s s 
Househol dd characteristics . A structured questionnaire was used to record details of the 

socio-economicc status for each household, the main income generating activities, and the 

educationn and age of the caretaker and head of household. The choice of indicators for the 

assessmentt of the household socio-economic status was based on a previous study conducted 

ass part of the ITN study [16], 

Clinica ll  data . The age of each child was copied from census records (collected on a 6-

monthlyy basis as part of the ITN study) and vaccination cards (if available) after verbal verification 

withh the caregiver. Caretakers were asked open-ended and prompted questions (yes/no/don't 

know)) regarding signs and symptoms of illness observed in their children in the last 2 weeks. 

Thesee included questions on treatment seeking behavior and history of signs or symptoms; 

fever,, general body weakness (del monyosore), body rash, ear pain/pus, eye infection, coughing 

orr difficulty breathing, gastro-intestinal complaints including diarrhea, a specific question on 

soil-eating,, and the presence of del maraton'g, a local term for pale body/skin. Anthropometric 

measurementss were recorded [13], and each child was examined by a village health worker for 

signss and symptoms of anemia. In surveys 2 and 3, palpable spleen and signs of kwashiorkor were 

alsoo determined. A finger-prick blood sample was collected in eppendorf tubes (200-500 ul). 

Finallyy each child was seen by a clinical officer and treated free of charge if indicated. All children 

withh hemoglobin <11 g/dL received a treatment dose of SP or amodiaquine, and iron 

supplementation.. Children with severe illness were referred for further evaluation and treated 
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freee of charge at the local mission hospital. 

Laborator yy methods . Hemoglobin concentrations were measured in the field using a portable 

batteryy powered Hemocue® machine (HemoCue AB, Angelholm, Sweden). A full blood count, 

includingg repeat hemoglobin, was determined the same afternoon using a Coulter-Counter® 

(Coulterr Corporation, Miami, FL). Blood slides were stained using Giemsa and examined for the 

presencee of malaria parasites. Parasites and leukocytes were counted in the same fields until 500 

leukocytess were counted. Parasite densities are expressed per u l of blood using the coulter counter 

leukocytee count or assuming a leukocyte count of 8000/|iL if coulter counter readings were missing. 

Slidess were considered negative if no asexual parasites were found in 200 high-power ocular fields 

off the thick smear. Species diagnosis was made using the thin film. A stool sample was 

microscopicallyy examined for helminth infection using a modification of the formol-ether and ethyl 

acetatee concentration technique and by Kato-Katz methods [17, 18]. 

Ethica ll  clearanc e and informe d consent . The ITN study was approved by the institutional 

revieww boards of the Kenya Medical Research Institute (KEMRI), Nairobi, Kenya and the Centers 

forr Disease Control and Prevention (CDC), Atlanta, USA. Written informed consent was obtained 

fromm caretakers for each individual participant. 

Dataa analyses . Because survey-1 only included children <36 months, all analyses have been 

restrictedd to this age group. Since ITNs were found to have a profound impact on hemoglobin 

levelss [15], and all villages had been given ITNs by the time survey-3 was conducted, data have 

beenn analyzed separately for children from households with an ITN at the time of survey 

(interventionn villages in surveys 1-2, and all villages in survey-3) and without an ITN (control 

villagess of surveys 1-2). 

Variabless of interest have been categorized into socio-demographic indicators, history of 

illnesss and health care seeking indicators, findings from the basic clinical examination, and 

laboratoryy results. The data was initially described and summarized using univariate statistics 

too document their distribution among children. Regression methods were used to compare 

meann Hb across covariate levels, controlling for cross-sectional survey. Continuous variables 

weree categorized using either known cut-off values based on previous analyses (e.g. distance 

too nearest ITN household [19]), or by division into five equal categories based on ranking (e.g. 

wealthh index). In non-ITN households, within each of the predictor variable categories, factors 

thatt were associated with mean hemoglobin in preliminary analyses (at alpha=0.1) were entered 

intoo a multivariate linear regression model and assessed for significance at alpha=0.05 after 

adjustmentt for cross-sectional survey and age (using global mean for non-ITN households). These 

samee factors were then tested for their association with hemoglobin levels in children from 
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householdss with an ITN. In an effort to identify one final model for the non-ITN households, the 

fourr multivariate models were consolidated into a single model. Factors found to be no longer 

significantt were removed. A logistic regression model was also fit to assess the association 

betweenn severe-moderate anemia and malaria parasitemia. Standard errors are adjusted for 

clusteringg at the compound level. 

Definitions Definitions 

Anemia:Anemia: Anemia was defined as hemoglobin (Hb) <11.0 g/dL and categorized as severe (Hb <5 

g/dL),, moderate (Hb 5.1-6.9 g/dL) and mild (Hb 7.0-10.9 g/dL) anemia. 

MicrocyticMicrocytic anemia: Mean corpuscular volume (MCV) value below an age-specific cut-off (measured 

inn femtoliters): 0-5 months: 70fl, 6-11 months: 73fl, and greater than 12 months: 75fl [20]. 

Malaria:Malaria: Malaria infection was defined as any parasitemia (any species) detected in the blood 

smear.. Clinical malaria was defined as a documented axillary temperature > 37.5 C in the 

presencee of malaria parasitemia (any species) above an age dependent fever threshold parasite 

densityy (0-5 months=1,500/mm3; 6-11 months=6,000/mm3; and 12-35 months=7,000/mm3 

[21],, High-density parasitemia was defined as a parasite density above 5000/mm3, irrespective 

off the presence of fever. 

NutritionalNutritional parameters: Height-for-age (HAZ), weight-for-age (WAZ), weight-for-height (WHZ), 

andd mid-upper-arm-circumference-for-age (MAZ) Z-scores were calculated using reference data 

fromm the National Centers for Health Statistics (NCHS) and WHO [22] (Epi Info version 2000, 

Atlanta,, Georgia). Infants were classified as stunted, underweight, or wasted as the HAZ, WAZ, 

andd WHZ -score was below 2 standard deviations of the NCHS reference median, respectively. 

Low-MUACC for age was defined as a MAZ-score below 2 standard deviations of the NCHS/ 

WHOO reference (which was only available for children above 6 months of age). Presence of 

bothh thin and light hair were used as indicators of kwashiorkor. 

UpperUpper gastrointestinal problem: history of a loss of appetite or vomiting in the previous two 

weeks s 

HeavyHeavy hookworm infection: Heavy hookworm infection was defined as > 100 eggs per gram 

off stool. This cut-off was the 80th percentile of the frequency distribution of egg counts in 

childrenn infected with hookworm. 

Vaccination:Vaccination: Children in each age group were considered to have completed their age-specific 
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vaccinationss if they had received immunizations with the following vaccines: 1 day-7.9 weeks 

old,, anti-tuberculosis vaccine (Bacillus Calmette-Guerin [BCG]) and one dose of the oral polio 

vaccinee (OPV); 8-11.9 weeks old, the above plus one additional dose of OPV and the first 

immunizationn with anti-diphtheria, pertussis and tetanus vaccine (DPT); 12-15.9 weeks old, the 

abovee plus one additional dose of OPV, and the second DPT immunization; 16-51.9 weeks old; 

BCG,, and all the OPV and DPT vaccinations. Children 12 months and older were considered 

fullyy immunized if they had received BCG, OPV (4x), DPT (3x), and the anti-measles vaccination. 

Attendancee at either the 1997 or 1998 polio eradication campaigns was considered to be a 

satisfactoryy substitute to fulfill the polio immunization criteria. 

Result s s 
PrevalencePrevalence  of  anemia.  The overall prevalence of anemia was 7 6 . 1 % and 7 1 % in villages 

withoutt ITNs (surveys 1 and 2) and with ITNs (surveys 1, 2, and 3), respectively. The prevalence 

off severe to moderate anemia (Hb <7 g/dL) was 1 1 % in non-ITN villages and 8.3% in villages 

withh ITNs. 

Thee association between age and anemia was similar in non-ITN and ITN villages (figures 1 

andd 2). Data of mean hemoglobin by age show that children born in households without ITNs 

havee considerably lower hemoglobin concentration in the first t w o months of life than a 

normall Caucasian American reference population [20]. Non-ITN children <2 months of age 

weree found to have Hb levels in the normal range, though 41.3% were anemic (Hb <11 g/dL). 

Dataa shows that children in this study area experience the normal physiological fall in the first 
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Figur ee 1 : Mean hemoglobin by age and presence of ITN in the household; reference values use capillary blood 
sampless from a healthy western population [20]. 
Note ::  ITN= Insecticide treated net, LCI= lower 95% confidence limit, UCI= upper 95% confidence limit 
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Figuree 2: Prevalence of anemia by age and ITN status among 2770 children <36 months enrolled in three cross-
sectionall surveys (Feb 1998- July 1999), western Kenya 

2-33 months of age, however they do not exhibit the subsequent rise in hemoglobin concentrations 

ass is seen in healthy reference infants. Instead, the hemoglobin concentrations continued to fall 

untill they reached a nadir at the age of 9-10 months, after which Hb concentration increased 

slightlyy but remained well below two standard deviations from the reference mean (figure 1). 

OtherOther  characteristics.  Table 1 shows characteristics of 2774 children <36 months enrolled 

inn the three cross-sectional surveys stratified by household ITN status. 

Thee mean [95% CI] age of children was 17.4 [17.0, 17.7] months and 48.9% were males. Eight 

hundredd (38%) of children > 12 months were fully immunized (including anti-measles vaccine). 

Theree was a very high cumulative prevalence of morbidity reported by the caretakers. Perceived 

febrilee episodes in the previous two weeks were the most common illness reported by the 

caretakerr (six out of every 7 children). One in two children were reported to have had diarrhea in 

thee previous two weeks, with the prevalence being highest among children aged 3-24 months 

(figuree 3). Among these, 7.3%, 82.4%, and 35.4%, respectively, were reported to have bloody, 

non-bloody,, and watery diarrhea. Healthcare was sought for over three-quarters of children 

(2291/2774);; of them, 47.0% visited a traditional healer, 25.0% visited a formal clinic, 36% 

visitedd a shop that also sells drugs, and 11% visited a market vendor/hawker. The prevalence of 

wasting,, underweight, and stunting was, respectively, 5.8%, 21.9%, 24.8% in all children and 

6.6%,, 25.7% and 29.5% in children 6-35 months of age. Eight percent had a documented fever 

att the time of survey. Palpable spleen was evident in 61.4% and 25.1% of the children in non-ITN 

andd ITN households, respectively. The presence of thin and light hair (indicative of kwashiorkor) 

wass observed in 7% of all children, and only 1% of all children had bipedal edema. 
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Tablee 1 : Characteristics of 2774 children less than 36 months old enrolled in three cross-sectional surveys in 
westernn Kenya 

Characteristic c 

Cross-sectionall survey 

1:Feb-Mar1998;No{%) ) 
2:Nov-Dec1998;No{%) ) 
3:Jun-JuM999;No(%) ) 

Agee (months); mean [95% CI] 
Genderr (male); No {%) 

Receivedd complete set of childhood vacdnations 

Education ,, Housin g and Socioeconomics ' 
Headd of Household's (HH) level of education 

Primaryy school completed 

Primaryy school not completed 
Headd of household's most common income generating activities 

Farmer r 

Salariedd work 
Otherr (fisher, labor, business, etc.) 

Distancee to nearest dink; <500 meters 
Distancee to nearest control/ ITN compound <300 meters 

Numberr of children < 5yo 

1 1 

2-3 3 

>3 3 
Mother'ss age (years)b; No (%) 

<21 1 
21-30 0 

>30 0 

NON-ITN(n=912) ) 

479(52.5) ) 

433(47.5) ) 

0(0) ) 
18.11 [17.5, 

450(49.3) ) 
240(31.5) ) 

443(65.4) ) 
234(34.6) ) 

303(42.6) ) 
119(16.7) ) 

289(40.6) ) 

76(10.0) ) 
171(22.4) ) 

335(47.1) ) 

370(52.0) ) 
6(0.84) ) 

56(13.8) ) 
226(55.7) ) 

124(30.5) ) 

Histor yy of illness , treatmen t or soi l eatin g in previou s 2 weeks 

Fever r 
Gastrointestinall problems 

Bodyy pallor; No (%) 
'Weakk Body'; No (%) 

Respiratoryy tract problems; No (%) 

Diarrhea;; No (%) 
Soill eating; No (%) 

Soughtt healthcare; No {%) 

Clinica ll  Examinatio n 
) ) 

Weightt for Height Z-score Mean [95% CI] 

<-22 Z-score; No (%) 

Weightt for Age Z-score Mean [95% CI ] 
<-22 Z-score; No (%) 

Heightt for Age Z-score Mean [95% CI ] 
<-22 Z-score; No (%) 

MUACC for Age Z-scorec Mean [95% CI] 

<-22 Z-score; No (%) 

802(87.9) ) 

629(69.0) ) 
398(43.8) ) 

237(26.1) ) 
113(12.4) ) 
521(57.4) ) 

247(27.1) ) 

770(84.5) ) 

92(10.1) ) 

18.7] ] 

-0.381-0.46,-0.30] ] 

54(6.1) ) 
-1.022 [-1.11, 

203(22.7) ) 

-1.111 [-1.21, 

213(24.4) ) 

-1.244 [-1.32, 

169(22.3) ) 

-0.92] ] 

-1.01] ] 

-1.15] ] 

mN(n=1862) ) 

5011 (26.9) 
477(25.6) ) 

884(47.5) ) 
17.0[16.5,17.4] ] 
906(48.7) ) 

560(41.7) ) 

874(63.2) ) 

510(36.8) ) 

762(53.0) ) 
258(18.0) ) 

417(29,0) ) 
58(3.9) ) 

582(39.4) ) 

756(52.6) ) 
677(47.1) ) 

4(0.28) ) 

161(18.5) ) 
451(51.7) ) 

260(29.8) ) 

1612(86.6) ) 
1276(68.5) ) 

741(40.1) ) 
436(23.4) ) 

367(19.8) ) 

9%% (53.6) 
409(22.0) ) 
1521(81.7) ) 

138(7.5) ) 
0.311 [-0.36,-0.26] 

1011 (5.6) 

-0.966 [-1.02,-0.89] 
395(21.5) ) 

-1.12[-1.19,-1.05] ] 

445(25.0) ) 

-1.155 [-1.20, -1.09] 
287(19.4) ) 

TOTALL (n=2774) 

980(35.3) ) 
910(32.8) ) 

884(31.9) ) 
17.4[17.0,17.7] ] 

1356(48.9) ) 
800(38.0) ) 

1317(63.9) ) 

744(36.10) ) 

1065(49.6) ) 
377(17.6) ) 

706(32.9) ) 
134(6.0) ) 
753(33.7) ) 

10911 (50.8) 
1047(48.7) ) 

10(0.47) ) 

217(17.0) ) 

677(53.0) ) 
384(30.1) ) 

2414(87.0) ) 
1905(68.7) ) 

1139(41.3) ) 

673(24.3) ) 
480(17.4) ) 

1517(54.8) ) 
656(237) ) 

2291(82.6) ) 

230(8.4) ) 

-0333 [0.38,-0.29] 

155(5.8) ) 
-0.981-1.03,-0.92] ] 

598(21.9) ) 

-1.12[-1.17,-1.06] ] 

658(24.8) ) 

-1.18(-1.23,-1.13] ] 
456(20.4) ) 
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Characteristic c 

Laborator yy Examinatio n 
Malariaa smear positive; No (%) 
Geometricc mean [95% CI] parasitemia/mm3 

High-densityy parasitemia; No (%) 
Gametocytemic;; No (%) 

Clinicall malaria 

Meann Corpuscular Volumeb; mean [95% CI] 

Microcytosisb;No(%) ) 

Hb(g/dL);mean[95%CI] ] 
HbSS pheriötypeb; No (%) 

HbAS S 
HbSS S 

HbAA A 
Anyy helminth in stool"; No (%) 
Hookworm;; No (%) 

Density;; median (range) 

Countt > 100 per gram stool; No (%) 

Ascariss lumbricoides; No (%) 

Trichuristrichiura;; No(%) 
Strongyloidess stercoralis; No (%) 

Schistosomaa mansoni; No (%) 

NON-ITNN (n=912) 

6011 (66.6) 

159.22 [119.9,213.3 

236(25.9) ) 

274(30.5) ) 
53(5.9) ) 

75.22 [74.3,76.1] 
143(33.6) ) 

9.522 ]9.38,9.67] 

90(21.5) ) 
3(0.7) ) 

325(77.8) ) 

151(25.2) ) 
52(8.7) ) 

33(17,1333) ) 

5/52(9.62) ) 
117(19.5) ) 

19(3.2) ) 

0(0) ) 
0(0) ) 

ITN(n=1862) ) 

949(52.1) ) 

51.99 [42.2,63.4] 

365(19.6) ) 

1070(58.8) ) 

56(3.1) ) 

74.7(74.1,75.3] ] 
429(35.4) ) 

9.877 [9.77,9.97] 

284(22.2) ) 

7(0.5) ) 

9911 (77.3) 
299(23.0) ) 

99(7.6) ) 
67(17,800) ) 

21/99(21.2) ) 

250(19.2) ) 
32(2.5) ) 

5(0.4) ) 

1(0.1) ) 

TOTALL (n=2774) 

1550(56.9) ) 
75.2(63.4,89.2] ] 

601(21.7) ) 

1344(49.5) ) 

109(4.0) ) 

74.8(74.3,75.3] ] 
572(34.9) ) 

9.766 [9.67,9.84] 

374(22.0) ) 
10(0.59) ) 
1316(77.4) ) 

450(23.7) ) 

151(8.0) ) 

50(17,1333) ) 
26/151(17.2) ) 

367(19.3) ) 
511 (2.7) 

5(0.26) ) 

11 (0.05) 

adataa based on number of households (2238), not number of children; bonly measured in surveys 2 and 3;c WHO 
referencee used for 6-59mo children dfor all helminthes, n=1299 in ITN villages and n=600 in non-ITN villages 

malariaa  high density parasitemia  microcytosis Ounderweight Odiarrhea Ofever 

12-177 18-23 

Agee (months ) 

24299 30-35 

Figur ee 3: Prevalence of malaria parasitemia (any species and density), high density parasitemia (>5000/mm3), 

microcytosis,, underweight, history of diarrhea and fever by age, among children in non-ITN village s 
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122 18 24 30 36 
Agee (months) 

-anyy worm 
-- hookworm 
-A.. lumbricoides 
-T.. trichiura 

Figuree 4: Prevalence of helminth infection 
byy age. Note: Data are for all children 
<366 mo with a stool examination 
(n=1899).. Schistosomiasis mansoni or 
hematobiumhematobium was absent. 

Thee overall prevalence of malaria parasitemia was 56.9% with the following species distribution: 

PlasmodiumPlasmodium falciparum: 82.8%, P. malariae: 1.03%, P. ovale: 0.13%, mixed species: 15.7%. 

Overalll only 4.0% had concomitant fever (clinical malaria). The frequencies were lowest in ITN 

households.. Microcytemia was detected in 34.9% of the children; exploration of age pattern 

inn non-ITN villages revealed that microcytosis was most common in children aged 6-18 months 

(figuree 3), and overlapped with the high prevalence of malaria parasitemia and reported diarrheal 

illnesss in this age period. Hb-electrophoresis (assessed in survey-2 and survey-3 only) indicated 

thatt 22.0% of the children had the sickle cell trait, and 0.6% had the HbSS phenotype. The 

prevalencee of helminthes infection was low in infants (8.4%), but increased rapidly with age; 

overr 40% of the children who were 30 months and older were infected with one or more 

helminthess (figure 4). Ascaris lumbricoides was the most common geo-helminth identified 

(19.3%)) followed by hookworm (8.0%) and Trichuris trichiura (2.7%). Schistosoma infection 

(Schistosoma(Schistosoma mansoni or 5. hematobium) was virtually absent (0.1%). 

FactorsFactors  associated  with  mean Hb concentrations  (Tables  2 and 3) 

Socio-demographicSocio-demographic indicators: The caretaker's and head of household's level of education 

weree strongly correlated (r = 0.86) and therefore only the results of the head of household's 

levell of education are presented. Three household indicators and 2 geographic variables were 

significantlyy associated (alpha-level of 0.10) with mean hemoglobin levels in the non-ITN 

villages:: level of education of the head of household; wealth; number of children under age 5 

yearss in the household; distance to nearest ITN compound; and distance to nearest clinic. Of 

these,, all but distance to clinic remained significant when entered into a multivariate model 

containingg all the other variables, as well as cross-sectional survey and age. 

Estimatess of adjusted means from the multivariate model indicate significantly lower Hb 

levelss in: children from households where the head of the household did not complete primary 

schooll compared to those with head of households who did complete primary school; in 

childrenn from poorer households (<60,h percentile) as compared to wealthier households; and 
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Tabl ee 2 Factors associated wi th hemoglobin among children less than 36 months old in western Kenya* 

Riskk Factor 

Sododemographic s s 
Gender r 

Male e 

Female e 

Receivedd complete set of childhood vaccinations 
Yes s 
No o 

Headd of Household's (HH) level of education 
Primaryy school completed 

Primaryy school not completed 

HH'ss most common income generating activities 
Farmer r 

Other r 

Salariedd work 

Wealthh below 6 0 % 

Yes s 
No o 

Distancee to nearest dinic <500m 

Yes s 
No o 

Distancee to nearest control/ ITN compound <300m 

Yes s 
No o 

Numberr of children < 5yo 

1 1 
2-3 3 
>3 3 

Mother'ss age (years)3 

<21 1 
21-30 0 

>30 0 

Hemoglobin n 

meann [95% CI] 

9.399 [9.19,9.59] 
9.688 [9.48,9.87] 

9.399 [9.11,9.67] 

9.499 [9.28,9.71] 

9.677 [9.49,9.86] 

9.344 [9.10,9.57] 

9.53(9.32,9.74] ] 

9.466 [9.23,9.70] 

9.744 [9.38,10.1] 

9.42(9.25,9.60] ] 
9.70(9.46,9.94] ] 

10.055 [9.57,10.52] 
9.488 [9.34,9.62] 

9.911 [9.64,10.17] 

9.433 [9.27,9.59] 

9.32(9.10,9.54] ] 
9.733 [9.54,9.92] 

8.44(77 48,9.40] 

9.38(8.68,10.08] ] 

10.144 [9.83,10.45] 
10.07(9.72,10.43] ] 

Histor yy o f illness , t reatmen t o r soi l eatin g in previou s 2 week s 
Fever r 

Yes s 
No o 

Gastrointestinall problems 

Yes s 
No o 

Bodyy pallor 

Yes s 
No o 

'Weakk Body' 

Yes s 
No o 

Respiratoryy tract problems 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eating 

Yes s 
No o 

Soughtt healthcare 

Yes s 
No o 

9.400 [9.25,9.54] 

10.59(10.11,11.06] ] 

9.299 [9.13,9.46] 

10.07(9.83,10.32] ] 

9.000 [8.79,9.21] 

9.955 [9.78,10.12] 

8.74(8.48,9.00] ] 

9.80(9.64,9.95] ] 

9.211 [8.84,9.57] 

9.599 [9.44,9.74] 

9.211 [9.04,9.38] 

10.00(9.79,10.20] ] 

8.83(8.59,9.061 1 

9.800 [9.63,9.96) 

9.411 [9.26,9.55] 

10.244 [9.86,1061] 

NON-ITN<n=908) ) 

Differencee in Hb 

meann [95% CI] 

-0.299 [-0.57,-0.01] 

REFERENCE E 

-0.10(0.47,0.27] ] 

REFERENCE E 

00 34(0.04,0.64] 

REFERENCE E 

-0.211 [-0.62,0 21] 

-0.288 [-0.71,0.16] 
REFERENCE E 

-0.288 [-0.57,0.01] 
REFERENCE E 

0.577 [0.08,1.07] 

REFERENCE E 

0.48(0.17,0.78] ] 
REFERENCE E 

REFERENCE E 

0.411 [0.12,0.70] 
-0.888 [-1.87,0.10] 

-0.700 [-1.48,0.09] 

0.077 [-0.39,0.52] 
REFERENCE E 

-1.19[-1.69,-0.70] ] 

REFERENCE E 

-0.788 [-1.07, -0.49] 
REFERENCE E 

-0.955 [-1.21,-0.70] 
REFERENCE E 

-1.066 [-1.36,-0.75] 
REFERENCE E 

-0.399 [-0.78,0.01 [ 
REFERENCE E 

-0.799 [-1.05,-0.52] 

REFERENCE E 

0.977 [-1.25,-0.69] 
REFERENCE E 

-0.833 [-1.23,0.43] 
REFERENCE E 

P-value e 

0.04 4 

0.59 9 

0.03 3 

0.45 5 
0.32 2 

0.21 1 

0.06 6 

0.02 2 

0.002 2 

0.003 3 

0.007 7 

0.08 8 

13 3 
0.08 8 
0.76 6 

O.0001 1 

O.0001 1 

O.0001 1 

O.0001 1 

0.05 5 

O.0001 1 

O.0001 1 

0.0001 1 
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ITN(n=1862) ) 

Hemcglobin n 
meann [95% CI] 

9.73(9.59,9.88] ] 
10.11 [9.96,10.24] 

9.66(9.49,9.83] ] 
10.02(9.83,10.21] ] 

9.94(9.81,10.08] ] 
9.888 [9.71,10.06] 

9.98(9.83,10.13] ] 
9.86(9.67,10.05] ] 
9.85(9.62,10.09] ] 

9.96(9.82,10.10] ] 
9.86(9.69,10.02) ) 

10.40(9.89,10.92] ] 
9.90(9.80,10.01] ] 

9.866 [9.68,10.04] 
9.95(9.82,10.08] ] 

9.833 [9.68,9.98] 
9.98(9.84,10.13] ] 
10.83(9.65,12.01] ] 

10.07(9.70,10.44] ] 
10.03(9.81,10.24] ] 
10.06(9.81,10,31] ] 

9.76(9.65,9.86] ] 
10.90(10.57,11.23] ] 

9.65(9.52,9.77] ] 
10.47(10.28,10.66] ] 

9.38(9.22,9.54] ] 
10.24(10.11,10.38] ] 

9.11(8.91,9.30] ] 
10.16(10.04,10.28] ] 

9.744 [9.52,9.96] 
9.96(9.84,10.08] ] 

9.61(9.48,9.75] ] 
10.26(10.10,10.42] ] 

9.16(8.97,9.36] ] 
10.14(10.02,10.26] ] 

9.73(9.62,9.84] ] 
10.755 [10.46,11.05] 

Differencee in Hb 
meann [95% CI] 

-0.377 [-0.57,-0.17] 
REFERENCE E 

-0.366 [-0.63,-0.10] 
REFERENCE E 

0.0588 [-0.16,0.28] 
REFERENCE E 

0.13[-0.15,0.40] ] 
0.004(0.29,0.30] ] 
REFERENCE E 

0.10(0.10,0.31] ] 
REFERENCE E 

0.500 [-0.02,1.03] 
REFERENCE E 

-0.09[-0.32,0.14] ] 
REFERENCE E 

REFERENCE E 
0.166 [-0.05,0.36] 
1.000 [-0.19,2.19] 

0.011 [-0.43,0.46] 
-0.033 [-0.36,0.30] 
REFERENCE E 

-1.144 [-1.49,-0.79] 
REFERENCE E 

-0.822 [-1.05,-0.60] 
REFERENCE E 

-0.877 [-1.07,-0.66] 
REFERENCE E 

-1.055 [-1.28,-0.83] 
REFERENCE E 

-0.211 [-0.46,0.03] 
REFERENCE E 

-0.655 [-0.85,-0.44] 
REFERENCE E 

-0.977 [-1.20,-0.75] 
REFERENCE E 

-1.033 [-1.34,-0.71] 
REFERENCE E 

P-value e 

0.0004 4 

0.008 8 

0.60 0 

0.50 0 
0.36 6 
0.98 8 

0.32 2 

0.06 6 

0.43 3 

0.10 0 

0.14 4 
0.10 0 
0.97 7 
0.95 5 
0.86 6 

O.0001 1 

O.0001 1 

O.0001 1 

<0.0001 1 

0.09 9 

O.0001 1 

«.0001 1 

«.0001 1 
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NON-ITN(n=908) ) 

Riskk Factor Hemoglobin n 
meann (95% CI ( 

Differencee in Hb 
meann [95% CI] 

P-value e 

Clinica ll  Examinatio n 
Axillaryy temp C 

Yes s 
No o 

Palpablee spleen3 

Yes s 
No o 

Weightt for Height Z-score <-2 
Yes s 
No o 

Weightt for Age Z-score <-2 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

MUACC for Age Z-score <-2 
Yes s 
No o 

Signss of kwashiorkor (thin and light hair)3 

Yes s 
No o 

Laborator yy Examinatio n 
Malariaa smear 

Positive e 
Negative e 

Gametocytemic c 
Yes s 
No o 

Clinicall malaria 
Yes s 
No o 

MkTocytosisa a 

Yes s 
No o 

HbSS phenotype" 
HbAS S 
HbSS S 
HbAA A 

Anyy helminth in stoolb 

Yes s 
No o 

Hookworm m 
Yes s 
No o 

Heavyy hookworm 
Yes s 
No o 

Ascariss lumbricoides 
Yes s 
No o 

Trichuristrichiura a 
Yes s 
No o 

8.37(7.98,8.76] ] 
9.67(9.53,9.82] ] 

9.38(9.15,9.61] ] 
11.01(10.68,11.35] ] 

8.74(8.18,9.30] ] 
9.599 [9.43,9.74] 

8.71(8.44,8.99] ] 
9.76(9.61,9.92] ] 

8.977 [8.70,9.24] 
9.72(9.56,9.88] ] 

8.666 [8.37,8.96] 
9.588 [9.43,9.74] 

9.37(8.74,10.00] ] 
10.08(9.82,10.33] ] 

9.09(8.93,9.25) ) 
10.422 [10.21,10.64] 

8.88(8.66,9.09] ] 
9.811 [9.65,9.98] 

8.31(7.81,8.81] ] 
9.61(9.46,9.76] ] 

9.677 [9.39,9.95] 
10.18(9.90,10.46] ] 

10.30(9.94,10.67] ] 
9.27(8.39,10.15] ] 
9.88(9.63,10.13] ] 

9.50(9.05,9.95] ] 
9.488 [9.25,9.71] 

9.55(8.66,10.44] ] 
9.49(9.23,9.75] ] 

9.73(8.18,11.27] ] 
9.48(9.02,9.94] ] 

9.46(8.98,9.93] ] 
9.49(9.25,9.74] ] 

9.59(8.22,10.96] ] 
9.48(9.19,9.78] ] 

-1.30[-1.72,-0.89] ] 
REFERENCE E 

-1.633 [-2.03,-1.24] 
REFERENCE E 

-0.855 [-1.43,-0.27] 
REFERENCE E 

-1.05[-1.37,-0.73] ] 
REFERENCE E 

-0.755 [-1.07, -0.44] 
REFERENCE E 

-0.922 [-1.25,-0.60] 
REFERENCE E 

-0.711 [-1.39,-0.03] 
REFERENCE E 

-1.333 [-1.60,-1.07] 
REFERENCE E 

-0.93[-1.20,-0.67] ] 
REFERENCE E 

-1.300 [-1.81,-0.79] 
REFERENCE E 

-0.511 [-0.89,-0.13] 
REFERENCE E 

0.42(0.001,0.84] ] 
-0.611-1.53,0.31] ] 
REFERENCE E 

0.022 [-0.45,0.49] 
REFERENCE E 

0.066 [-0.77,0.89] 
REFERENCE E 

0.244 [-1.30,1.79] 
REFERENCE E 

-0.044 [-0.56,0.49] 
REFERENCE E 

0.100 [-1.28,1.48] 
REFERENCE E 

O.0001 1 

O.0001 1 

0.007 7 

O.0001 1 

O.0001 1 

O.0001 1 

0.04 4 

<0.0CO1 1 

<0.0001 1 

O.0001 1 

0.01 1 

0.04 4 
0.05 5 
0.18 8 

0.95 5 

0.57 7 

0.89 9 

0.85 5 

*alll analyses adjusted for clustering at the compound level, and controlling for cross-sectional survey; aonly 
measuredd in surveys 2 and 3; bAnalyses restricted to surveys 2 and 3 (for ITN) and survey 2 (for non-ITN) and 
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ITN(n=1862) ) 

Hemoglobin n 
meann [95% CI] 

9.25(8.89,9.61] ] 
9.97(9.86,10.08] ] 

8.99(8.77,9.21] ] 
10.40(10.25,10.54] ] 

9.33(8.94,9.72] ] 
9.96(9.85,10.07] ] 

9.10(8.89,9.32] ] 
10.15(10.04,10.27] ] 

9.20(9.02,9.39] ] 
10.18(10.06,10.30] ] 

8.88(8.63,9.14] ] 
9.80(9.69,9.91] ] 

9.18(8.67,9.69] ] 
10.05(9.92,10.18] ] 

9.13(8.99,9.27] ] 
10.73(10.58,10.88] ] 

9.33(9.16,9.50] ] 
10.44(10.26,10.62] ] 

8.29(7.75,8.83] ] 
9.96(9.85,10.07) ) 

9.28(9.11,9.45] ] 
10.32(10.16,10.48] ] 

10.16(9.93,10.39] ] 
7.10(5.93,8.27] ] 
9.98(9.83,10.13] ] 

9.06(8.50,9.63] ] 
9.19(8.69,9.68] ] 

9.21(8.41,10.02] ] 
9.17(8.65,9.68] ] 

8.411 [5.87,10.95] 
9.16(8.06,10.26] ] 

9.05(8.47,9.63] ] 
9.19(8.69,9.68] ] 

8.41(7.30,9.51] ] 
9.18(8.60,9.76] ] 

Differencee in Hb 
meann [95% CI] 

4.733 [-1.10,-0.35] 
REFERENCE E 

-1.411 [-1.67,-1.14] 
REFERENCE E 

-0.633 [-1.03,-0.23] 
REFERENCE E 

-1.055 [-1.28,-0.81] 
REFERENCE E 

-0.98[-1.19,-0.77] ] 
REFERENCE E 

-0.921-1.19,-0.65] ] 
REFERENCE E 

-0.877 [-1.41,-0.34] 
REFERENCE E 

-1.600 [-1.80,-1.40] 
REFERENCE E 

-1.111 [-1.39,-0.82] 
REFERENCE E 

-1.677 [-2.22,-1.11] 
REFERENCE E 

-1.044 [-1.27,-0.81] 
REFERENCE E 

0.188 [-0.09,0.45] 
-2.88[4.06,-1.71j j 
REFERENCE E 

-0.13[-0.42,0.16] ] 
REFERENCE E 

0.055 [-0.50,0.60] 
REFERENCE E 

-0.755 [-2.73,1.22] 
REFERENCE E 

-0.133 [0.43,0.17] 
REFERENCE E 

-0.777 [-1.73,0.19] 
REFERENCE E 

P-value e 

0.0002 2 

O.0001 1 

0.003 3 

O.0001 1 

<0.0001 1 

O.0001 1 

0.002 2 

<O.0001 1 

O.0001 1 

O.0001 1 

<0.0001 1 

<0.0001 1 
0.19 9 
O.0001 1 

0.38 8 

0.85 5 

0.24 4 

0.37 7 

0.10 0 

estimatess also control for hemoglobin S phenotype due to confounding. There were too few cases of Strongyloides 

stercolasiss and Schistosoma mansoni for inclusion in further analyses. 
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inn children who came from households with 4 or more children as compared to those with only 

one.. Children from households with 2 or 3 children had higher mean Hb levels than those with 

onlyy one child. Residing within 300m of an ITN compound resulted in childrenn having significantly 

higherr mean Hb levels as compared to those who lived further away. Of note is that none of 

thesee indicators were associated with hemoglobin levels in the villages with ITNs. 

HealthHealth care seeking behavior and morbidity: Seeking healthcare, including visiting a traditional 

healer,, a health center/dispensary, or a market vendor in the last two weeks was strongly 

associatedd with lower mean hemoglobin levels, regardless of whether treatment was received 

orr not. All of the reported signs and symptoms of illness were significantly associated with 

lowerr mean hemoglobin levels. In multivariate analyses for households without ITNs, history of 

fever,, 'pale body', 'weak body', diarrhea, and soil eating were all associated with lower mean 

hemoglobinn levels, but upper gastro-intestinal symptoms were not (Table 3a). These parameters 

weree also statistically significant in the multivariate model for ITN households (Table 3b). 

Furtherr stratification of diarrheal illness showed that a history of bloody diarrhea was not 

significantlyy associated with hemoglobin concentrations (mean hemoglobin [95% CI]: -0.35 [-

1.00,, 0.30]) but non-bloody diarrhea (-0.73 [-1.00, -0.47]) and watery diarrhea (-0.73 [-1.06, -

0.39])) were. In addition, children who ate soil were more likely to be microcytemic (45.6%) 

thann those who were not reported as eating soil (31.9%). 

ClinicalClinical examination: Univariate models showed that documented fever, palpable spleen, WHZ, 

WAZ,, HAZ, MAZ and signs of kwashiorkor were all associated with mean Hb levels. Of the four 

measuredd indicators of malnutrition, only HAZ and WHZ were considered in the multivariate 

modeling.. Having a palpable spleen and signs of kwashiorkor were only available in surveys 2 

andd 3, thus were also not considered in multivariate modeling. Results from the multivariate 

modelss indicate that children who had a history of fever and/or stunting had significantly 

lowerr mean Hb levels than children who did not exhibit these symptoms, for both non-ITN and 

ITNN households. 

LaboratoryLaboratory results: Children with evidence of asexual malaria parasitemia had considerably 

lowerr mean hemoglobin concentrations in both non-ITN and ITN villages. Similarly children 

withh gametocytemia had lower mean hemoglobin values than children without gametocytemia, 

evenn if there were no asexual parasites seen on thick smear. Microcytosis was also associated 

withh lower mean hemoglobin. 

Furtherr analysis of the relationship between asexual parasite densities and anemia showed 

thatt malaria parasitemia was associated with severe to moderate anemia (Hb <7 g/dL), and 

thatt the odds increased with increasing parasite densities. This relationship was similar in ITN 
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Tabl ee 3 Multivariate analyses by sociodemographics, history of illness 

a)) NON-UN 

Sociodemographics * * 
Headd of Household's (HH) level of education 

Primaryy school completed 

Primaryy school not completed 

Wealthh below 6 0 % 

Yes s 
No o 

Distancee to nearest ITN compound <300m 

Yes s 
No o 

Numberr of children < 5yo 

1 1 
2-3 3 
>3 3 

Histor yy o f illness , t rea tmen t o r soi l eat in g in 

Fever r 

Yes s 
No o 

Bodyy pallor 

Yes s 
No o 

'Weakk Body' 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eating 

Yes s 
No o 

Clinica ll  Examination 3 

Axillaryy temps 37.5 C 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

Laborator yy Examination -1 

Malariaa smear 
Positive e 
Negative e 

Gametocytemic c 
Yes s 
No o 

Clinicall malaria 
Yes s 
No o 

Hemoglobinn mean 
[95%% CI] 

9.455 [9.11,9.79] 
9.122 [8.75,9.48] 

9.133 [8.79,9.47] 
9.433 [9.08,9.79] 

9.522 [9.12,9.91] 
9.05(8.75,9.34] ] 

9.48(9.23,9.73] ] 
9.82(9.62,10.02] ] 
8.55(7.69,9.41] ] 

previou ss 2 weeks * 

9.133 [8.96,9.30] 
9.855 [9.39,10.32] 

9.32(9.01,9.62] ] 
9.677 [9.40,9.94] 

9.18(8.84,9.51] ] 
9.811 [9.55,10.07] 

9.34(9.07,9.60] ] 
9.655 [9.34,9.96] 

9.133 [8.82,9.44] 
9.86(9.59,10.12] ] 

8.18(7.76,8.59] ] 
9.466 [9.29,9.63] 

8.411 [8.09,8.73] 
9.23(9.00,9.45] ] 

8.68(8.43,8.92] ] 
9.89(9.54,10.25] ] 

9.044 [8.71,9.36] 
9.53(9.27,9.80] ] 

8.888 [8.38,9.39] 
9.699 [9.53,9.84] 

clinical,, and laboratory examination 

Differencee in Hb mean 
[95%% CI] 

0.333 [0.04,0.63] 
REFERENCE E 

-0.300 [-0.59,-0.02] 

REFERENCE E 

0.477 [0.16,0.78] 

REFERENCE E 

REFERENCE E 
0.34(0.05,0 .63] ] 

-0.933 [-1.81,-0.05] 

-0.72[-1.20,-0.25] ] 
REFERENCE E 

-0.355 [-0.62, -0.08] 

REFERENCE E 

-0.633 [-0.96,-0.31] 

REFERENCE E 

-0.311 [-0.58,-0.05] 

REFERENCE E 

-0.733 [-1.00,-0.45] 

REFERENCE E 

-1.299 [-1.71,-0.86] 

REFERENCE E 

-0.822 [-1.13.-0.51] 
REFERENCE E 

-1.211 [-1.51,-0.91] 

REFERENCE E 

-0.499 [-0.76, -0.22] 

REFERENCE E 

-0.811 [-1.31,-0.30] 

REFERENCE E 

P-value e 

0.028 8 

0.037 7 

0.003 3 

0.004 4 

0.022 2 

0.038 8 

0.004 4 

0.01 1 

0.0002 2 

0.02 2 

O.0001 1 

O.0001 1 

<0.0001 1 

<0.0001 1 

0.001 1 

0.003 3 

"adjustedd for cross-sectional survey and age (global mean 18.1 months); "since microcytosis and HbS phenotype onlyy measured 
inn surveys 2 and 3, they were not included in the multivariate analyses. Note : factors that were independently associated (p<0.1) 
withh mean hemoglobin in bivariate analyses {table 2) were entered into multivariate models for each of the categories of 
sociodemographics,, history of illness, clinical examination, and iaboratory examination (backward selection) 
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b)) ITN 

Sociodemographics * * 
Headd of Household's (HH) level of education 

Primaryy schoot completed 

Primaryy school not completed 

Wealthh below 60% 
Yes s 

No o 

Distancee to nearest control compound <300m 
Yes s 

No o 

Numberr off children < 5yo 
1 1 

2-3 3 

>3 3 

Histor yy of illness , treatmen t or soi l eatin g in 
Fever r 

Yes s 

No o 

Bodyy pallor 

Yes s 

No o 

'Weakk Body' 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eat ing 

Yes s 
No o 

Clinica ll  Examinat ion 3 

Axillaryy temp > C 

Yes s 
No o 

Heightt for Age Z-score <-2 

Yes s 
No o 

Laborator yy Examinat ion ^ 

Malariaa smear 
Positive e 

Negative e 
Gametocytemic c 

Yes s 

No o 

Clinicall malaria 

Yes s 

No o 

Hemoglobinn mean 

[95%% CI] 

10.211 [9.80, 10.63] 

10.166 [9 .71 , 10.60] 

10.244 [9 .81. 10.67] 

10.133 [9.70, 10.56] 

10.122 [9.69, 10.56] 
10.244 [9.83, 10.66] 

9.799 [9.63,9.95] 

9.944 [9.79,10.10] 

10.822 [9.61,12.03] 

previou ss 2 weeks * 

9.411 [9.27, 9.54] 

10.155 [9 .81, 10.49] 

9.577 [9.35, 9.80] 

9.999 [9.77, 10.20] 

9.500 [9.24, 9.76] 

10.066 [9.88, 10.25] 

9.644 [9.44, 9.85] 

9.922 [9.69, 10.14] 

9.411 [9 .16 ,9 .66 ] 
10.155 [9.96, 10.34] 

9.188 [8 .81 , 9.55] 

9.755 [9.63, 9.87] 

9.000 [8.75, 9.26] 
9.933 [9.73, 10.12] 

8.700 [8.44, 8.97) 

10.266 [9.96, 10.56] 

9.299 [8.99, 9.59] 

9.677 [9.37, 9.97J 

9.011 [8.48, 9.55] 

9.955 [9.84, 10.05] 

Differencee in Hb mean 

[95%% CI] 

0.066 [-0.16, 0.27] 

REFERENCE E 

0.111 [-0.10, 0.33] 
REFERENCE E 

-0.122 [-0.35, 0.12] 

REFERENCE E 

REFERENCE E 

0.155 [-0.06,0.36] 

1.033 [-0.19, 2 24] 

-0.744 [-1.08, -0.40] 

REFERENCE E 

-0.422 [-0.63, -0.20] 
REFERENCE E 

-0.577 [-0.81,-0.32] 

REFERENCE E 

-0.277 [-0.47, -0.07] 

REFERENCE E 

-0.744 [-0.96, -0.52] 
REFERENCE E 

-0.577 [-0.94, -0.20] 

REFERENCE E 

-0.922 [-1.13, -0.71) 
REFERENCE E 

-1.566 [-1.78, -1.34] 

REFERENCE E 

-0.388 [-0.67, -0.09] 

REFERENCE E 

-0.933 [-1.48, -0.39J 

REFERENCE E 

P-value e 

0.60 0 

0.29 9 

0.33 3 

0.11 1 

0.16 6 

0.10 0 

<0.0001 1 

0.0002 2 

O.0001 1 

0.009 9 

O.0001 1 

0.003 3 

O.0001 1 

O.0001 1 

0.01 1 

0.002 2 

33adjustedadjusted for cross-sectional survey and age (global mean 17.0 months); "although microcytosis and HbS 

phenotypee were strongly associated with hemoglobin levels in bivariate analyses, since they were only measured 

inn surveys 2 and 3, they were not included in the multivariate analyses. Note : factors that were independently 

associatedd (p<0.1) with mean hemoglobin in bivariate analyses (table 2) were entered into multivariate models for 

eachh of the categories of sociodemographics, history of illness, clinical examination, and laboratory examination 

(backwardd selection) for children in control villages. Variables that remained in the final model from control 

householdss were then forced into a model using children from ITN households. 
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andd non-ITN households. Of note was, that even low parasite densities (between 10th and 20th 

percentile,, or 64-352 parasites/mm3) were associated with significantly increased odds of 

severee to moderate anemia (figure 5) as compared to those without parasitemia. This relationship 

wass maintained when analysis was restricted to children less than 24 months or 6-24 months 

oldd (data not shown). 

Figur ee 5: Odds Ratios and 95% Confidence Limits (adjusted for cross-sectional survey and age) for the association 
betweenn parasite densities and severe to moderate anemia among children <36 months old in western Kenya. 
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Parasitemiaa (10th percentiles ) 

nn =898 for non-ITN and 1818 for ITN households; using negative parasitemia as reference group 

AA previous study in eastern Kenya found that stunting increased the detrimental effect of 

malariaa on hemoglobin levels [23]. In our study, stunting (but not underweight status or 

wasting)) was associated with 1.87 times the odds of having malaria (95% CI 1.25, 2.79), 

adjustingg for cross-sectional survey and age. However, our data did not confirm findings from 

easternn Kenya and revealed that the malaria-associated decrease in mean hemoglobin was 

slightlyy greater in the non-stunted children (mean [95% CI] -1.39g/dL [-1.70, -1.08]) than the 

stuntedd children (-0.76g/dL [-1.47, -0.05], p-value of interaction = 0.12 in non-ITN villages). The 

malaria-associatedd decrease in mean hemoglobin was also greater in children who were not 

underweightt (-1.45 [-1.75, -1.14]) than in underweight children (-0.60 [-1.27, 0.06], p-value of 

interact ion^.03).. In ITN households, however, the malaria-associated decrease in hemoglobin 

wass very similar between stunted and non-stunted children (p-value of interaction = 0.69) and 

underweightt and non-underweight children (p-value of interaction for WAZ-malaria = 0.90). 

Ass expected, those with HbAS phenotype had higher hemoglobin levels than those with 

HbAA,, and children with the HbSS phenotype had the lowest Hb concentrations. Helminthes 

weree not associated with hemoglobin levels, at any density detected, and in any age group. 

Previouss studies have suggested that helminth infection may modify the severity of malaria-

associatedd anemia [24], Multivariate analysis indicated that the effect of malaria on mean 
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hemoglobinn levels was not influenced by the presence of helminthes infection (p-value of 

interactionn in non-!TN=0.23 and ITNO.24, adjusted for age and HbS phenotype). 

OverallOverall  Model.  The final linear regression model began with all factors that were shown to be 

significantlyy associated with Hb levels in the multivariate models of the sociodemographic, history 

off illness, healthcare seeking, clinical examination, and laboratory classifications in non-ITN 

householdss (from Table 3a). The final model contains those variables that remained significant 

whenn all other variables, including age and cross-sectional survey, were in the model. These 

were:: number of children <5y, history of fever, 'pale body', 'weak body', diarrhea, soil eating, 

axillaryy temperature , stunting, and presence of malaria parasitemia (table 4). 

Tablee 4 Overall multivariate model for non-ITN households* 

Hemoglobinn mean Difference in Hb mean P-value 
[95%% CI] [95% CI] 

Numberr of children < 5y 0.04 
1 1 
2-3 3 
>3 3 

Fever r 
Yes s 
No o 

Bodyy pallor 
Yes s 
No o 

'Weakk Body' 
Yes s 
No o 

Diarrhea a 
Yes s 
No o 

Soill eating 
Yes s 
No o 

Axillaryy temp > 37.5 C 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

Malariaa smear 
Positive e 
Negative e 

9.099 [8.73,9.44] 
9.411 [9.06, 9.76] 
9.044 [8.20,9.87] 

8.866 [8.51,9.21] 
9.500 [8.94,10.05] 

8.999 [8.56,9.43] 
9.366 [8.96,9.76] 

8.966 [8.52,9.40] 
9.399 [8.98,9.81] 

9.02(8.62,9.42] ] 
9.333 [8.90,9.77] 

8.85(8.41,9.28] ] 
9.511 [9.11,9.91] 

8.79(8.25,932] ] 
9.57(9.20,9.95] ] 

8.922 [8.46, 937] 
9.444 [9.05,9.83] 

8.611 [8.23,8.99] 
9.755 [9.30,10.20] 

REFERENCE E 

0.33(0.07,0.58] ] 
-0.055 [-0.86,0.77] 

-0.64[-1.11,-0.17] ] 
REFERENCE E 

-0.37[-0.64,-0.10] ] 

REFERENCE E 

-0.433 [-0.76,-0.10] 

REFERENCE E 

-0.311 [-0.58,-0.05] 

REFERENCE E 

-0.666 [-0.94, -0.39] 

REFERENCE E 

-0.799 [-1.23,-0.34) 

REFERENCE E 

-0.522 [-0.83,-0.21] 

REFERENCE E 

-1.141-1.41,-0.87] ] 
REFERENCE E 

0.01 1 

0.90 0 

0.009 9 

0.009 9 

0.01 1 

0.02 2 

<0.0001 1 

0.001 1 

0.001 1 

O.0001 1 

** controlling for cross-sectional survey and age (global mean 18.1 months) 
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Discussio n n 
Childhoodd anemia is a significant public health problem in this area of intense malaria transmission 

andd high prevalence of malnutrition: 76.1% and 71% of children <36 months were anemic in 

householdss without ITNs and with ITNs, respectively, which is consistent with other published 

reportss from sub-Saharan Africa [1, 25]. 

Infantss 0-2 months old had similar hemoglobin concentrations as healthy reference children 

fromm developed countries [20], but unlike in reference populations, hemoglobin levels continued 

too fall until the age of 9-10 months with little subsequent improvement. Approximately two-

thirdss of the infants aged 3-5 months had become anemic, and 83% were anemic between 6-

188 months. Thus, in this area most anemia is acquired from the age of 2 months onwards. 

Similarr findings have been reported from cohort studies in this and other malaria endemic 

areass [8, 26, 27]. 

Althoughh our cross-sectional design limits the interpretation of our findings, our previous 

studiess implicate malaria and iron deficiency as the main causes of anemia in these young 

childrenn [15, 28-31]. Of note was that, in households without ITNs, almost half of infants aged 

3-55 months were infected with malaria. Infants in the first few months of life are partially protected 

againstt clinical malaria through a combination of reduced exposure to mosquito bites, physiologic 

(fetall hemoglobin) and immunologic factors such as the in-utero transfer of maternal IgG antibodies 

andd sensitization of the fetus [32, 33]. Our results, and that from a concomitant birth cohort 

indicatee that this period of protection is short lived in this area with intense malaria transmission. 

Inn our birth cohort, half of the children unprotected by ITNs had their first malaria episode by the 

agee of 4.5 months, and this was delayed to 10.7 months with ITNs, resulting in a 70% reduction 

inn severe anemia in infants < 3 months and 3-6 months old [29]. Thus, malaria plays an important 

rolee in the etiology of childhood anemia from very early infancy onwards. 

Inn addition, the contribution of iron deficiency is likely to increase from 3 months onwards. 

Inn non-ITN households, the prevalence of microcytosis was 3.2% in 0-2 months old infants and 

increasedd to 21% and 45% among 3-5 and 6-18 month old children, respectively. More recent 

studiess point to evidence that exclusively breastfed children in less developed countries are 

nott protected from developing iron deficiency anemia within 4 to 6 months [34-42], which is 

inn contrast to earlier findings from observational studies that suggested that healthy term 

infantss are usually born with adequate iron stores that will last approximately six months, 

irrespectivee of the iron status of the mother [43]. The maternofetal unit is dependent on 

exogenouss iron, and the level of iron stores is related to maternal iron status during pregnancy. 

Thiss is consistent with observations from our placebo controlled anemia treatment studies in 

childrenn 2-36 months old, which indicate even 2-6 months old infants with anemia benefited 

considerablyy from iron supplementation [30]. 

Ass reported in more detail elsewhere, few children less than 3 months of age in these 
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surveyss were stunted or underweight, but the prevalence increased rapidly between 3-18 months 

off age and was highest among children who are 18-23 months [13]. Stunting and underweight 

childrenn had markedly lower hemoglobin levels than their well-nourished counterparts. In addition, 

ourr data showed that stunted children were at greater risk of having malaria parasitemia than 

non-stuntedd children, similar to findings reported in a recent review [44]. Some studies have 

shownn that anemia associated with malaria [23] or febrile/ diarrheal illness [45] is more severe 

amongg stunted than non-stunted children, suggesting that stunting modifies the association 

betweenn some infectious diseases and hemoglobin concentrations. We, however, were unable 

too confirm this in the current study; the malaria-associated decrease in hemoglobin in our study 

wass slightly higher among non-stunted and non-underweight children than stunted and 

underweightt children, respectively, but only in the control villages and not in the ITN villages. 

Theree was a clear relationship between parasite densities and hemoglobin levels in all age 

groups.. Among children living in households without ITNs, the odds of severe to moderate 

anemiaa were increased 7-fold in the highest parasite density group compared to children 

withoutt parasitemia. However, we also found that even the very low-density infections (10th-

20thh percentile) were significantly associated with severe to moderate anemia among children 

(Oddss ratio [95% CI]: 3.11 [1.12, 8.61]). Low-density infections are very common in these 

areass of intense malaria transmission [21], and either reflect chronic low-grade infections or 

thee tail-end of what may have started as an acute high density infection. Previous studies with 

longitudinall follow-up have also shown a significant impact of 'asymptomatic' chronic low-

densityy parasitemia on anemia [26, 28]. The significance of both low and high-density parasitemia 

couldd imply that malaria control interventions that combine interventions that prevent infections, 

albeitt incompletely, such as ITNs [29, 46, 47], with interventions that treat and clear stealthy 

asymptomaticc infections, such as intermittent preventive treatment, may have a greater impact 

onn anemia than any of these interventions alone. 

Off the long list of symptoms and signs collected in the morbidity questionnaire, a history of 

perceivedd fever was the most common symptom reported, and this was also the most strongly 

associatedd with hemoglobin levels. Similarly, over half the children had a history of diarrheal 

episodess requiring treatment in the 2 weeks before the surveys and this was also independently 

associatedd with lower hemoglobin concentrations. Approximately one-third of children in the 

firstt 3 months of life had a history of diarrhea; the prevalence increased rapidly thereafter and 

remainedd high in 3-24 month old children. Diarrheal illness is associated with loss of iron and 

decreasedd absorption of nutrients needed to maintain normal hematologic status [45] and, if 

severe,, may lead to wasting [48]. While specific pathogens were not determined in the current 

study,, clinic-based surveillance conducted in this area between May 1997 and April 1998 

implicatedd Shigella, Campylobacter, Salmonella, and Vibrio cholera species as predominant 

bacteriall causes of diarrheal episodes [49]. 
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AA recent survey conducted among 1,246 children aged 10-12 years in 32 primary schools in 

thiss area, reported a high prevalence of geohelminths (63%) and 5. mansoni infection (16%)[50]. 

Ourr study found a low prevalence of helminth infections among pre-school children in this 

area:: 8%, 2.7%, and 0.05% of the children had hookworm, T. trichiuria, and S. mansoni, 

respectively.. Infection with A. lumbricoides was more prevalent (19.3%). However, none of 

thesee helminth infections were associated with anemia. Of interest in this respect is the high 

prevalencee of soil-eating among pre-school children in our study sample (24%). Geophagy is 

veryy common among Luo women and children in western Kenya [51-53] and a likely source of 

ascariasiss and possibly tirchuriasis, as well as dietary iron and zinc [51, 54]. Geophageous 

childrenn had considerably lower hemoglobin concentration and were more likely to be 

microcytemicc than non-geophageous children, consistent with previous longitudinal study in 

school-agedd children in this area [51]. In our study, however, we did not find a significant 

associationn between infection with A. lumbricoides and soil eating. 

Ass reported by others, several of the socio-demographic factors were associated with 

hemoglobinn levels, including educational level of the head of household and caretaker, socio-

economicc status, and family size [37, 45, 55-57]. Of note, however, was that the relative 

differencess were small, and not consistent between the surveys conducted in households with 

ITNss and those who did not yet receive ITNs. The variation in socio-economic status is small in 

thiss community, where essentially every one is poor [16]. 

Noo inference about causality can be made from these cross-sectional survey data, and this 

studyy provides at best descriptive statistics of anemia as a public health problem in this area. 

Despitee these limitations this study demonstrates that infants in this area have hemoglobin 

concentrationss similar to that of healthy reference populations in the first 2 months of life, but 

aree at high risk of becoming severely anemic thereafter. The peak prevalence of malaria [21, 58], 

malnutritionn [13] and diarrhea overlap placing children between 3-24 months at a particularly 

highh risk of developing severe anemia. HIV status was not assessed in these surveys, but it is also 

knownn to contribute to anemia in infants in this area [3]. Prevention of severe anemia should 

startt early in infancy and include a combination of micronutrient supplementation, malaria control, 

andd possibly control interventions to reduce diarrheal illness in these young children. 

Aknowledgement s s 
Wee express our gratitude to the women who participated in the study and the many people 

thatt assisted with this project. We thank John Paul Clark, Neen Alrutz, and Mary Ettling from 

U5AIDD for their interest and support. We thank the Director of the Kenya Medical Research 

Institutee (KEMRI) for his permission to publish this work. 



52 2 Chapterr 2 

Reference s s 
1.. DeMaeyer, E. and M. Adiels-Tegman, The prevalence of anaemia in the world. Worid Health Statistics 

Quarterly-- Rapport Trimestriel de Statistiques Sanitaires Mondiales, 1985. 38(3): p. 302-16. 
2.. Bain, B.J., The haematological features of HIV infection. Br J Haematol, 1997.99(1): p. 1-8. 
3.. van Eijk, A. M., et al., Malaria and human immunodeficiency virus infection as risk factors for anemia in infants 

inin Kisumu, western Kenya. Am J Trop Med Hyg, 2002. 67(1): p. 44-53. 
4.. Phillips-Howard, P.A., et al., The efficacy ofpermethrin-treated bed nets on child mortality and morbidity in 

westernwestern Kenya II. Study design and methods. Am J Trop Med Hyg, 2003.68(4): p. 10-5. 
5.. Phillips-Howard, PA, et al., The efficacy of permethrin-treated bed nets on child mortality and morbidity in 

westernwestern Kenya I. Development of infrastructure and description of study site. Am J Trop Med Hyg 2003 
68(4):: p. 3-9. 

6.. Phillips-Howard, P.A., et al., Efficacy of permethrin-treated bed nets in the prevention of mortality in young 
childrenchildren in an area of high perennial malaria transmission in western Kenya. Am J Trop Med Hyg, 2003.68{4): 
p.. 23-9. 

7.. Bloland, P.B., et al.. Longitudinal cohort study of the epidemiology of malaria infections in an area of intense 
malariamalaria transmission I. Description of study site, general methodology, and study population. Am J Trop Med 
Hyg,, 1999. 60(4): p. 63540. 

8.. McElroy, P.D., et al., Analysis of repeated hemoglobin measures in full-term, normal birth weight Kenyan 
childrenchildren between birth and four years of age. III. The Asemobo Bay Cohort Project. Am J Trop Med Hyg, 
1999.. 61(6): p. 93240. 

9.. Beier, J.C, et al., Plasmodium falciparum incidence relative to entomologie inoculation rates at a site proposed 
forfor testing malaria vaccines in western Kenya. Am J Trop Med Hyg, 1994. 50(5): p. 529-36. 

10.. Ministry of Health, National Guidelines for diagnosis, treatment & prevention of malaria for health workers. 
1998:: Nairobi. 

111 Shapiro, R.L., et al., Transmission of epidemic vibrio cholerae 01 in rural western Kenya associated with 
drinkingdrinking water from Lake Victoria: an environmental reservoir for cholera ? Am J Trop Med Hyg, 1999.60: p. 
271-6. . 

12.. Malakooti, M., et al., Epidemic dysentery in western Kenya. Tran Roy SocTrop Med Hyg, 1997.91: p. 541-543. 
13.. Kwena, A.M., et al., Prevalence and severity of malnutrition in preschool children in a rural area in western 

Kenya.Kenya. Am J Trop Med Hyg, 2003. 68(4): p. 94-99. 
14.. McElroy, P. D.,eta\.,Alk:ause mortality among young children in western Kenya. VI: the Asembo Bay Cohort 

Project.Project. Am J Trop Med Hyg, 2001.64(1-2 Suppl): p. 18-27. 
15.. ter Kuile, F.O., et al., Impact of permethrin-treated bednets on malaria and all cause morbidity in young 

childrenchildren in an area of intense perennial malaria transmission in western Kenya: Cross-sectional survey. Am J 
Tropp Med Hyg, 2003.68(4): p. 100-107. 

16.. Meltzer, M.I., et al.. The household-level economics of using permethrin-treated bednets to prevent malaria in 
childrenchildren under 5 years of age. Am J Trop Med Hyg, 2003. 68(4): p. 149-160. 

17.. Knight, W.B., et al., A modification of the formoi-ether concentration technique for increased sensitivity in 
detectingdetecting Schistosoma mansonieggs. Am J Trop Med Hyg, 1976.25(6): p. 818-23. 

18.. Katz, N., A. Chaves, and J. Pellegrino, A simple device for quantitative stool thick-smear technique in 
SchistosomiasisSchistosomiasis mansoni. Rev Inst Med Trop Sao Paulo, 1972.14(6): p. 397-400. 

19.. Hawley, W.A., et al.. Community-wide effects of permethrin-treated bednets on child mortality and malaria 
morbiditymorbidity in western Kenya. Am J Trop Med Hyg, 2003. 68(4): p. 121 -127. 

20.. Dallman, P.R.and M.A. Siimes, Percentile curvesforhemoglobin andred'cell'volume in infancyand'childhood. 
JPediatr,, 1979.94(1): p. 26-31. 

21.. Bloland, P.8., et al.. Longitudinal cohort study of the epidemiology of malaria infections in an area of intense 
malariamalaria transmission II. Descriptive epidemiology of malaria infection and disease among children. Am J Trop 
Medd Hyg, 1999. 60(4): p. 641-8. 

22.. Hamill, P.V., et al.. Physical growth: National Center for Health Statistics percentiles. Am J Clin Nutr, 1979. 
32(3):: p. 607-29. 

23.. Verhoef, H., et al., Stunting may determine the severity of malaria-associated anemia in African children. 
Pediatrics,, 2002.110(4): p. e48. 

24.. Nacfter, M., et al., Association of helminth infection with decreased reticulocyte counts and hemoglobin 
concentrationconcentration in Thai falciparum malaria. Am J Trop Med Hyg, 2001.65(4): p. 335-7. 



Anemiaa among preschool children in western Kenya 53 3 

25.. UN Administra tive Committee on Coordination: Sub-Committee on Nutrition. Fourth report on the world 
nutritionnutrition situation. 2000, ACC/SCN Publication: Geneva. 

26.. Kitua, A.Y., et al., The role of low level Plasmodium falciparum parasitaemia in anaemia among infants 
livingliving in an area of intense and perennial transmission. Trop Med Int Health, 1997. 2(4): p. 325-33. 

27.. Ie Cessie, S., etal., Changes in haemoglobin levels in infants in Malawi: effect of low birth weight and fetal 
anaemia.anaemia. Arch Dis Child Fetal Neonatal Ed, 2002.86(3): p. F182-7. 

28.. McElroy, P.D., et al., Effect of Plasmodium falciparum parasitemia density on hemoglobin concentrations 
amongamong full-term, normal birth weight children in western Kenya, IV. TheAsembo Bay Cohort Project. Am J 
Tropp Med Hyg, 2000.62(4): p. 504-12. 

29.. ter Kuile, F.O., et al., Impact of permethrin-treated bed nets on malaria, anemia, and growth in infants in an 
areaarea of intense perennial malaria transmission in western Kenya. Am J Trop Med Hyg, 2003.68(4): p. 68-77. 

30.. Desai, M.R., et al., Randomized, Controlled Trial of Daily Iron Supplementation and Intermittent Sulfadoxine-
PyrimethaminePyrimethamine for the Treatment of Mild Childhood Anemia in Western Kenya. J Infect Dis, 2003.187(4): p. 
6S&666. . 

31.. Desai, M.R., et al., Efficacy and effectiveness of daily versus twice-weekly iron supplementation for the 
treatmenttreatment of childhood anaemia in western Kenya. Am J Clin Nutr, submitted. 

32.. Riley, E.M., et al., Do maternally acquired antibodies protect infants from malaria infection? Parasite Immunol, 
2001.23(2)::  p. 51-9. 

33.. King, C.L., et al., Acquired immune responses to Plasmodium falciparum merozoite surface protein- 7 in the 
humanhuman fetus. J Immunol, 2002.168(1): p. 356-64. 

34.. Milman, N., etal., Iron status and iron balance during pregnancy. A criticalreappraisalofiron supplementation. 
Actaa Obstet Gynecol Scand, 1999. 78(9): p. 749-57. 

35.. Allen, L.H., Anemia and iron deficiency: effects on pregnancyoutcome. Am J Clin Nutr, 2000.71(5Suppl): p. 
1280S4S. . 

36.. Blot, I., D. Diallo, and G. Tchernia, Iron deficiency in pregnancy: effects on the newborn. Curr Opin Hematol, 
1999.. 6(2): p. 65-70. 

37.. De Pee, S., etal., The high prevalence of low hemoglobin concentration among Indonesian infants aged 3-5 
monthsmonths is related to maternal anemia. J Nutr, 2002.132(8): p. 2215-21. 

38.. Kilbride, J., et al., Anaemia during pregnancy as a risk factor for iron-deficiency anaemia in infancy: a case-
controlcontrol study in Jordan. Int J Epidemiol, 1999. 28(3): p. 461-8. 

39.. Preziosi, P., et al., Effect of iron supplementation on the iron status of pregnant women: consequences for 
newborns.newborns. Am J Clin Nutr, 1997.66(5)::  p. 1178-82. 

40.. Colomer, J., et al., Anaemia during pregnancy as a risk factor for infant iron deficiency: report from the 
ValenciaValencia Infant Anaemia Cohort (VIAC) study. Paediatr Perinat Epidemiol, 1990.4(2); p. 196-204. 

41.. Morton, R.E., A. Nysenbaum, and K. Price, Iron status in the first year of life. J Pediatr Gastroenterol Nutr, 
1988.. 7(5): p. 707-12. 

42.. Ahmad, S.H., et al., Influence of maternal iron deficiency anemia on the fetal total body iron. Indian Pediatr, 
1983.20(9)::  p. 643-6. 

43.. Dallman, P.R., M.A. Siimes, and A. Stekel, Iron deficiency in infancy and childhood. Am J Clin Nutr, 1980. 
33(1)::  p. 86-118. 

44.. Shankar, A.H., Nutritional modulation of malaria morbidity and mortality. J Infect Dis, 2000.182 Supp l 1: p. 
537-53. . 

45.. Hassan, K., etal., Factors associated with anemia in refugee children. J Nutr, 1997.127(11): p. 2194-8. 
46.. Maxwell, C.A., et al., Effect of community-wide use of insecticide-treated nets for 3-4 years on malarial 

morbiditymorbidity in Tanzania. Trop Med Int Health, 2002. 7(12): p. 1003-8. 
47.. Holtz, T.H., et al., Insecticide-treated bednet use, anaemia, and malaria parasitaemia in Blantyre District, 

Malawi.Malawi. Trop Med Int Health, 2002.7(3): p. 220-30. 
48.. Golden, M.H., Specific deficiencies versusgrowth failure: type I and type II nutrients. SCN News, 1995(12): p. 

104. . 
49.. Shapiro, R.L., et al., Antimicrobial-resistant bacterial diarrhea in rural western Kenya. J Infect Dis, 2001. 

183(11)::  p. 1701-4. 
50.. Handzel, T., et al., Geographic distribution of schistosomiasis and soil-transmitted helminthes in western 

Kenya-implicationsKenya-implications for antihelminthic mass treatment. American Journal of Tropical Medicine & Hygiene, in 
press. . 



54 4 Chapterr 2 

51.. Geissler, P.W., et al., Geophagy, iron status and anaemia among primary school children in Western 
Kenya.Kenya. Trop Med Int Health, 1998. 3(7): p. 529-34. 

55 2. Geissler, P., The significance of earth-eating: Social and cultural aspects of geophagy among L uo children. 
Africa,, 2000. 70(4): p. 653-682. 

53.. Prince, R.J., et al., Geophagy is common among Luo women in western Kenya. Trans R Soc Trop Med Hyg, 
1999.93(5):: p. 515-6. 

54.. Singhi, S., et al., Low plasma zinc and iron in pica. Indian J Pediatr, 2003.70(2): p. 13943. 
55.. Kahigwa, E., et al.. Risk factors for presentation to hospital with severe anaemia in Tanzanian children: a case-

controlcontrol study. Trop Med Int Health, 2002. 7(10): p. 823-30. 
56.. Lartey, A., et al., A randomized, community-based trial of the effects of improved, centrally processed 

complementarycomplementary foods on growth and micronutrient status of Ghanaian infants from 6 to 12 mo of age. Am 
JJ Clin Nutr, 1999. 70(3): p. 391404. 

57.. Kuate Defo, B., Effects of infant feeding practices and birth spacing on infant and child survival: a reassessment 
fromfrom retrospective and prospective data. J Biosoc Sci, 1997.29(3): p. 303-26. 

58.. Aidoo, M., etal., Protective effects of the sickle cell gene against malaria morbidity and mortality. Lancet, 
2002.. 359(9314): p. 1311-2. 



Relationshipp of measles vaccination with 
anemiaa and malaria in western Kenya 

Meghnaa R. Desai1<3<4, Timothy H. Holtz1, Rita Helfand2, 
Diannee J. Terlouw3-4, Kathleen A. Wannemuehler1, Simon K Kariuki3, 

Yaa Ping Shi1 u , Bernard Nahlen5, Feiko O. Ter Kuile13-4 

divisionn of Parasitic Diseases, and 2Division of Viral and Rickettsial Diseases, National 
Centerr for Infectious Diseases, Centers for Disease Control and Prevention, 4770 
Bufordd Hwy NE, Atlanta, Georgia. 3Kenya Medical Research Institute, Center for 
Vectorr Biology and Control Research, P.O. Box 1578, Kisumu, Kenya, department of 
Infectiouss Diseases, Tropical Medicine and AIDS, Academic Medical Center, University 
off Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 5Roll Back 
Malaria,, World Health Organization, 20 Avenue Appia, CH-1211, Geneva, Switzerland. 

too be submitted 



56 6 Chapterr 3 

Abstrac t t 
Background ::  Anemia in developing countries is multifactorial in origin. Mild viral illness, 

includingg that following immunization with live attenuated measles virus (LAMV), has been 

associatedd with transient decreases in hemoglobin <Hb) that may persist for several weeks. 

Immunizationn with LAMV is also associated with a temporary decrease in cellular immunity. In 

areass of intense malaria transmission, such as western Kenya, infants experience a progressive 

dropp in Hb until age 9-10 months and one-third may have Hb<8 g/dL These children may be 

att risk of developing severe anemia with further hematological insult. 

Objective ss and methods : Data from previous cross-sectional surveys (n=5,970) and one 

cohort-studyy (n=546) were analysed retrospectively to determine if immunization with LAMV 

wass associated with increased risk of transient anemia and malaria infection. 

Results ::  Measles vaccination coverage between 12-23 months of age ranged from 44.8% to 

62.7%.. Hemoglobin concentrations in children aged 6-24 months with documented measles 

immunizationn within the previous 14 or 30 days (n=103) were similar to those with no history 

off measles immunization in the previous 90 days (n=996); mean differences [95% CI] by 30 

days:: cross-sectional surveys: -0.49 g/dL [-1.12, 0.14]; cohort-study: -0.032 g/dL [-0.52, 0.46]. 

Similarly,, the risk of malaria parasitemia or severe to moderate anemia was not different. 

Conclusion ::  These data do not suggest that the transient decrease in hemoglobin and cellular 

immunee response following immunization with LAMV results in clinically significant changes 

inn the risk of subsequent severe to moderate anemia or malaria in young children. 
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Introductio n n 
Childhoodd anemia in the developing world is multifactorial in origin. It can result from a 

myriadd of causes, including protein-energy malnutrition, micronutrient deficiency, numerous 

infectiouss diseases, and hemoglobinopathies. In areas with intense perennial malaria transmission, 

infectionn with Plasmodium falciparum has been shown to be a major contributor to severe 

anemiaa and mortality in infants [1-3]. In rural western Kenya, for example, most children are 

bornn with hemoglobin concentrations within the normal range but experience a progressive 

falll in hemoglobin until the age of 6-9 months without clear improvement until the age of 12 

months.. One third of children 7-12 months of age have hemoglobin concentrations less than 

88 g/dL, and 50% have hemoglobin concentrations between 8.0 and 10.9 g/dL (mild anemia) 

[4].. Thus a substantial proportion of older infants are in a precarious hematological state 

placingg them at risk of developing subsequent severe anemia with further insult. 

Measless immunization with live attenuated virus has been associated with mild viral illness and 

transientt decreases in hemoglobin that may persist for several weeks, and mimics iron deficiency. 

Thee pathophysiology is not completely understood but may include a shift in iron distribution 

fromm functional towards storage compartments and possibly decreased iron absorption or intake 

duringg the febrile phase, with adequate erythropoietin levels [5]. The changes are small in most 

childrenn and of no clinical consequence to the otherwise healthy child. It is unknown if children 

whoo are already hematologically compromised may experience a greater fall in hemoglobin. 

Measless immunization with the live-attenuated virus is associated with a temporary decrease 

inn cellular immunity through immunologic changes that are consistent with diminished cell-

mediatedd orThl response (reduced production of IL-12, IFN-gamma, and T-cells) and polarization 

towardd humoral or antibody immunity (Th2 activation) [6-10]. Earlier studies have also shown 

reducedd reactivity to tuberculin skin tests following measles vaccination [11-15] which raised 

concernn as to whether such depression of cellular immunity may lead to increased susceptibility 

too tuberculosis and other infections [16-19]. Cell-mediated immunity provides partial protection 

againstt malaria in persons living in malaria-endemic areas. This raises the question as to whether 

measless vaccination may increase the severity of latent infections or increase the susceptibility 

too new infections with Plasmodium falciparum and further the risk of childhood anemia. 

Studiess of the risk of malaria during measles infection have been equivocal. One study reported 

aa transient flare up of malaria due to immunosuppression induced by the viral infection [19], 

whereass another study reported lower malaria parasite densities during the acute stage of 

measless compared to healthy children [20]. The authors of the latter study hypothesized that 

parasitee growth is inhibited during the acute phase of measles by a direct effect of the measles 

viruss creating sub-optimal conditions for parasite multiplication such as fever [21] and nutrient 

deficienciess of zinc or iron associated with acute measles [20]. 

Thesee questions are particularly relevant in measles endemic areas that also have a high 
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malariaa transmission pressure such as in western Kenya, where infants have up to 10 infections 

perr year and anemia is one of the prevailing causes of death in infants [22]. If measles vaccination 

iss associated with increased malaria parasitemia, preventive antimalarial treatment could be 

providedd at the same time as the vaccination. Antimalarials that are slowly eliminated from the 

body,, such as sulfadoxine-pyrimethamine (SP), can provide several weeks of prophylactic 

protectionn from malaria [1 ]. Initial studies suggest that co-administration of SP does not interfere 

withh successful measles sero-conversion [1]. 

Wee retrospectively analyzed data from three different studies conducted in an area with 

intensee perennial malaria transmission in western Kenya to examine whether live-attenuated 

measless vaccine is associated with an increased risk of malaria or anemia. 

Method s s 
StudyStudy  area and population.  The studies were conducted in Asembo, Bondo district, lying 

northeastt of Lake Victoria in Nyanza Province in western Kenya. The study site has been described 

inn detail before [4, 23]. Malaria is holoendemic, and transmission occurs throughout the year. 

Thee prevalence of malaria parasitemia in children aged 6-24 months ranges between 60-90% 

dependingg on the season. The number of infective bites per person per day averages at 0.75, and 

reachess as high as five bites per night [24]; however, recent large scale deployment of insecticide-

treatedd bednets reduced this malaria transmission pressure [25, 26]. Sulfadoxine-pyrimethamine 

(SP)) replaced chloroquine as first-line drug for the treatment of uncomplicated malaria in this area 

inn January 1999 [27]. Studies in this area have demonstrated a high infant mortality rate of 176/ 

10000 and an under five-year child mortality rate of 257/1000 live births [28], 

Thee health system in Kenya is organized around the concept of a pyramid of health facilities. 

Thus,, in rural areas, healthcare is provided by health centers, dispensaries and mobile clinics 

thatt form the base of the pyramid and are primarily responsible for preventive and primary 

care.. There are 15 peripheral health facilities in Asembo, and several of these provide vaccination 

services.. The recommended age for measles vaccination as part of the Expanded Program on 

Immunizationn is 9 months, but because of recent measles epidemics this age was lowered to 

66 months in some areas of Kenya. During the period that these studies were conducted, 

measless vaccine coverage in Kenya ranged from 61% in 1998 to 74% in 2001 [29], but the 

coveragee in the study area in western Kenya was unknown. 

StudyStudy  descriptions.  All three studies have been described in detail elsewhere [30-33]. 

Studyy 1, cross-sectional surveys 1996-1999 [30, 31 ]: Four cross-sectional surveys were conducted 

overr a period of 3 years as part of a large-scale community-based randomized controlled trial of 

thee impact of insecticide treated bednets on morbidity and mortality in children < 5 years of 

age.. These four surveys included 4,922 children <5 years of age in 60 villages. 
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Studyy 2, anemia treatment study, 2000 [32]: This study was designed to assess the efficacy and 

effectivenesss of daily versus twice-weekly iron supplementation in the treatment of moderate 

too mild anemia in 1,049 children between 2 and 59 months of age. Children were seen once 

att baseline and again 6 weeks later. Immunization status was collected at baseline for all 

children. . 

Studyy 3, anemia treatment study, 1999-2000 [33]: This was a randomized placebo-controlled 

interventionn of daily iron supplementation and intermittent sulfadoxine-pyrimethamine for the 

treatmentt of mild anemia in 525 children between 2 and 36 months of age [32]. Children were 

followedd twice-weekly. At each visit, a standard morbidity questionnaire was administered and 

thee axillary temperature recorded. At every other visit (i.e. every 4 weeks), a finger or heel prick 

bloodd sample (250-500 nQ was taken for determination of hemoglobin (Hb) concentrations 

andd the presence of malaria parasites. 

Inn all three studies the information of the child's vaccination status was copied from the 

routinee immunization cards provided by the caretaker. The ages of children were transcribed 

fromm census records and vaccination cards following verbal verification with the caretaker. If a 

writtenn record of the date of birth was not available, the verbal information from the caregiver 

wass used. The year and month of birth could be determined for all children. For those children 

withh an unknown day of birth, the 15th day of the month was used. Hemoglobin measurements 

weree assessed using a hemocue system (HemoCue® AB, Angleholm, Sweden) or an ACT 10 

Coulterr Counter (Coulter Co., Florida, USA, Serial no. AD04108) (studies 2 and 3). 

DataData analysis.  Vaccination coverage rates are reported using the same criteria as used by the 

Kenyaa Expanded Programme on Immunization (KEPI), where the numerator includes all 12-23 

moo children vaccinated anytime prior to the survey, using both documented and verbal history 

off vaccination. In Study 2, only data at baseline have been used for the current analyses. Since 

bothh studies 1 and 2 are cross-sectional surveys conducted on independent children, analyses 

havee also been performed on children pooled from studies 1 and 2 (Study 1/2). Although 

Studyy 3 was a cohort study, for the purpose of the current analyses, the dataset was modified 

suchh that for every child meeting measles vaccination criteria described below, there was one 

agee and treatment group-matched control. For each study, separate analyses were conducted 

(Statisticall Application Software Institute, version 8.0, Cary, NC) to assess the impact of measles 

vaccinationn in the previous 30 days on mean hemoglobin, mean cell volume, and parasite 

densitiess using linear regression models, and hemoglobin < 8 g/dL, presence of malaria 

parasitemia,, clinical malaria, and history of illness using logistic regression. Sub-analyses were 

performedd on impact of measles vaccination on hemoglobin levels at shorter time intervals of 7-
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144 days and 15-30 days. All analyses are controlling for age and clustering of children at the 

householdd level. Analyses of Study 1, as well as combined Study 1/2, also control for cross-

sectionall survey and presence of an insecticide treated bednet (ITN) in the house. 

Forr each study, children in the 'vaccinated' group are those who received measles vaccination 

betweenn 6-24 mo of age and had a hemoglobin measurement available within 30 days of 

vaccination.. The control group for each study consisted of all 6-24 mo children who had 

vaccinationn cards available, and had never received measles vaccination, or received it more 

thann 90 days prior to the interview, or they were interviewed prior to measles vaccination. 

Result s s 
MeaslesMeasles  vaccination  coverage  and recent  immunization:  Table 1 shows measles 

vaccinationn coverage and the flow of criteria used to select children included as having received 

measless vaccination for each study. Measles vaccination coverage between 12 and 23 months 

off age ranged from 44.8% {Study 1) to 62.7% (Study 2). 

Onee hundred and three children had received documented measles vaccination between 6 to 

244 months of age and had hemoglobin values available within 30 days of measles vaccination: 

Tablee 1: Measles vaccination coverage in three studies conducted in western Kenya 

Studyy Year 
Totall No. of children in study 
No.. reported having received childhood 
vaccinations s 
No.. with non-documented measles vacc3 

<60mo o 
12-23mo o 

No.. with documented measles vaccb 

<60mo o 
12-23mo o 

No.. with documented and non-documented 
measless vacc 

<60mo o 
12-23mo o 

No.. with documented measles vaccination 
betweenn 6-23 months 
No.. with documented vaccination within: 

1-77 days of lab measurement 
8-144 days of lab measurement 
15-300 days of lab measurement 
31-900 days of lab measurement' 

non-vaccinated d 

Studyy 1 

1996-1999 9 
4922 2 

2306 6 

178/1069(16.7%) ) 
159/514(30.9%) ) 

433/1166(37.1%) ) 
259/419(61.8%) ) 

611/22355 (27.3%) 
418/933(44.8%) ) 

415 5 

6 6 
3 3 
8 8 

40 0 

656 6 

Studyy 2 

nov-00 0 
1048 8 

988 8 

140/3411 (41.1%) 
21/533 (39.6%) 

359/6477 (55.5%) 
122/175(69.7%) ) 

499/9888 (50.5%) 
143/228(62.7%) ) 

339 9 

2 2 
5 5 
3 3 
18 8 

264 4 

Studyy 3 

Aprill 1999-apr-00 
546 6 

474 4 

15/422 (35.7%) 
11/32(34.4%) ) 

256/4300 (59.5%) 
225/3733 (60.3%) 

271/4722 (57.4%) 
236/4055 (58.3%) 

237 7 

25 5 
22 2 
29 9 
36 6 

76 6 

'thosee without vaccination cards; bthose with vaccination cards;c these were not included in the definition of 
vaccinatedd or non-vaccinated children; 
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Tablee 2: Characteristics of vaccinated and 

Characteristic c 

Studyy 1 
Number r 
Agee (months) 
Genderr (male); No (%) 
Householdd wealth category; No (%) 

0-33rdd percentile 
33rd-67thh percentile 
67th-100thh percentile 

WAZ<-2;No(%) ) 
HAZZ < -2; No (%) 
WHZ<-2;No(%) ) 

Studyy 2 
Number r 
Agee (months) 
Genderr (male); No (%) 
Householdd wealth category; No (%) 

0-33rdd percentile 
33rd-67,hh percentile 
67th-100thh percentile 

WAZ<-2;No(%) ) 
HAZZ < -2; No (%) 
WHZ<-2;No(%) ) 

Studiess 1/2 combined 
Number r 
Agee (months) 
Genderr (male); No (%) 
Householdd wealth category; No (%) 

0-33 3fd percentile 
33rd-67** percentile 
67th-100thh percentile 

WAZZ < -2; No (%) 
HAZZ < -2; No <%) 
WHZZ < -2; No (%) 

Studyy 3 
Number r 
Agee (months) 
Genderr (male); No (%) 
Householdd wealth category; No (%) 

0-33rdd percentile 
33^-67^^ percentile 
67,h-100thh percentile 

WAZZ < -2; No (%) 
HAZ<-2;No(%) ) 
WHZZ < -2; No (%) 

non-vaccinatedd children 

Vaccinated d 

17 7 
10.4(9.69,, 11.1] 
5/17(29.4) ) 

1/12(8.3) ) 
4/122 (33.3) 
7/122 (58.3) 
2/17(11.8) ) 
3/17(17.7) ) 
0/17 7 

10 0 
11.00 [9.41, 12.67] 
5/100 (50.0) 

3/100 (30.0) 
2/10(20.0) ) 
5/10(50.0) ) 
2/99 (22.2) 
1/8(12.5) ) 
0/8 8 

27 7 
10.66 [9.87, 11.38] 
10/277 (37.0) 

4/222 (18.2) 
6/222 (27.3) 
12/222 (54.6) 
4/26(15.4) ) 
4/255 (16.0) 
0/25 5 

76 6 
11.9(11.2,, 12.7] 
40/74(54.1) ) 

26/733 (35.6) 
29/733 (39.7) 
18/733 (24.7) 
7/611 (11.5) 
19/466 (41.3) 
2/455 (4.44) 

Non-vaccinated d 

656 6 
14.11 [13.6, 14.5] 
309/6566 (47.1) 

135/387(34.9) ) 
127/387(32.8) ) 
125/3877 (32.3) 
175/6488 (27.0) 
178/6299 (28.3) 
39/6311 (6.18) 

264 264 
14.5(13.7,, 15.2] 
139/264(52.7) ) 

90/2644 (34.1) 
91/2644 (34.5) 
83/2644 (31.4) 
58/2622 (22.1) 
66/2599 (25.5) 
21/2599 (8.11) 

920 0 
14.2(13.8,, 14.5] 
448/9200 (48.7) 

225/6511 (34.6) 
218/6511 (33.5) 
208/6511 (32.0) 
233/910(25.6) ) 
244/8888 (27.5) 
60/8900 (6.74) 

76 6 
11.8(11.0,, 12.6] 
30/744 (40.5) 

20/733 (27.4) 
28/733 (38.4) 
25/733 (34.3) 
10/611 (16.4) 
8/46(17.4) ) 
3/455 (6.67) 

P-valuea a 

0.22 2 

0.06 6 

0.26 6 
0.42 2 
0.62 2 

0.99 9 

0.44 4 

0.99 9 
0.68 8 
0.99 9 

0.25 5 

0.08 8 

0.36 6 
0.26 6 
0.40 0 

0.14 4 

0.18b b 

0.61 1 
0.01 1 
0.99 9 

aa from Fishers Exact;b McNemar's paired test using exact method 
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Tabl ee 3: Effect of measles vaccination in 

Outcome e 

Studyy 1 
Number r 
Hemoglobinn (g/dL); 
meann [95% CI] 
Hemoglobinn <8g/dL; No (%) 

MCV(fL);mean[95%CI] ] 
Malariaa parasitemia; No (%) 
Clinicall malaria; No(%) 
GMM parasite density/mm3 [95% CI] 
Historyy of illnessc; No (%) 

Studyy 2 
Number r 
Hemoglobinn (g/dL); 
meann [95% CI] 
Hemoglobinn <8g/dL; No (%) 
MCV(fL);mean[95%CI] ] 
Malariaa parasitemia; No (%) 
Clinicall malaria; No (%) 
GMM parasite density/mm3 [95% CI] 
Historyy of illnessc; No (%) 

Studiess 1/2 combined 
Number r 
Hemoglobinn (g/dL); 
meann [95% CI] 
Hemoglobinn <8g/dL; No (%) 
MCV(fL);mean[95%CI] ] 
Malariaa parasitemia; No(%) 
Clinicall malaria; No (%) 
GMM parasite density/mm3 [95% CI] 
Historyy of illnessc; No (%) 

Studyy 3 e 

Number r 
Hemoglobinn (g/dL); 
meann [95% CI] 
Hemoglobinn <8g/dL; No (%) 
MCV(fL);mean[95%CI] ] 
Malariaa parasitemia; No (%) 
Clinicall malaria; No (%) 
GMM parasite density/mm3 [95% CI] 
Historyy of illness0; No (%) 

previouss 30 days on hematological and malaria outcomes 

Vaccinated d 

17 7 

7.744 [6.29, 9.19] 

8/17(47.1) ) 
Nott applicable 
12/17(70.6) ) 
2/17(11.8) ) 
25366 [861, 7470] 
7/17(41.2) ) 

10 0 
9.28(7.46,, 11.11] 

0/10(0) ) 
66.44 [45.0, 87.8] 
2/10(20.0) ) 
1/10(10.0) ) 
18811 [487,7266] 
7/100 (70.0) 

27 7 
8.188 [7.56, 8.79] 

8/277 (29.6) 
Nott applicable 
14/277 (51.9) 
3/27(11.1) ) 
2495[960,, 6485] 
14/277 (51.9) 

76 6 
10.111 [9.77, 10.45] 

5/766 (6.6) 
69.299 [67.30, 71.28] 
7/766 (9.2) 
1/76(1.3) ) 
21533 [269, 17255] 
37/633 (58.7) 

Non-vaccinated d 

656 6 
8.677 [8.34, 8.99] 

248/6566 (37.8) 
Nott applicable 
418/6477 (64.6) 
45/6300 (7.14) 
22255 [1819, 2721] 
356/6477 (55.0) 

264 4 
9.000 [7.99, 10.00] 

60/2644 (22.7) 
67.99 [62.2, 73.5] 
126/264(47.7) ) 
20/2644 (7.58) 
2309(1746,, 3054] 
203/2644 (76.9) 

920 0 
8.677 [8.51, 8.83] 

308/9200 (33.5) 
Nott applicable 
544/9111 (59.7) 
65/8944 (7.27) 
22911 [1935,2714] 
559/9111 (61.4) 

76 6 
10.144 [9.80, 10.47] 

9/76(11.8) ) 
70.655 [68.79, 72.51] 
15/766 (19.7) 
6/766 (7.9) 
24922 [592, 10487] 
48/633 (76.2) 

Differencee in means/ 
Oddss ratio/ P-value 

-0.933 [-2.42,0.57]a 

1.599 [0.56, 4.46]a 

Nott applicable 

1.699 [0.59. 5.55] * 
1.655 [0.25, 6.31 ] * 
1.14(0.38,, 3.41]ab 

0.49(0.17,, 1.32]a 

0.299 [-1.80, 2.38]d 

Nott applicable 
-1.444 [-23.4, 20.5]d 

0.34(0.05,, 1.41]d 

1.344 [0.07, 7.85]d 

0.811 [0.20, 3.27]bd 

0.844 [0.22, 4.01]d 

-0.499 [-1.12, 0.14]a 

0.93(0.37,, 2.17]a 

Nott applicable 
0.95(0.43,, 2.14]a 

1.53(0.35,, 4.62]a 

1.099 [0.41,2.88]»" 
0.59(0.26,, 1.32]' 

-0.0322 [-0.52,0.46]' 

0.42d d 

-0.255 [-3.55, 3.05] ,h 

0.123 3 

0 .13 ' ' 
Nott applicable6' 
0.044 9 

aadjustedd for clustering at household level, and controlling for cross-sectional survey, presence of ITN in house, 
andd age;b geometric mean parasite density, and ratio of geometric means measured among those with positive 
parasitemia;cc cumulative prevalence of reported history of any illness in the two weeks prior to the interview;d 

adjustedd for clustering at household level, and controlling for age;e in study 3, vaccinated and non-vaccinated 
childrenn are matched for age and treatment group;f paired t-test;9 McNemar's paired test using exact method; 
honlyy 32 pairs with non-missing values for MCV are included here; only one pair available where both the 
vaccinatedd and the matched non-vaccinated childd have parasitemia, thus cannot perform a paired t-test 
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Studyy 1 (17), Study 2 (10), Study 3 (76). Another 996 children were available as study matched 

controlss per the criteria outlined in the methods. In Studies 1 and 2, where no age-matching 

wass performed a-priori, children who were vaccinated within the past 30 days were younger 

thann their non-vaccinated counterparts (Table 2). In Study 1, there was some indication that 

vaccinatedd children were more likely to be of higher socioeconomic status than non-vaccinated 

children.. In Study 3, 41.3% of recently vaccinated children were stunted, compared to 17.4% 

amongg the non-vaccinated children (p=0.01). Since Study 3 was a cohort study by design, we 

weree also able to compare pre-vaccination hemoglobin values to the non-vaccinated group to 

assuree comparability between the two groups. The pre-vaccination mean [95% CI] hemoglobin 

concentrationn was 10.0 [9.63, 10.40], and not significantly different from that among the non-

vaccinatedd children (p=0.87). 

ImpactImpact  on hematological  and malaria  outcomes:  The impact of measles vaccination in 

thee previous 30 days on anemia, mean cell volume, malaria parasitemia, and reported illness is 

shownn in table 3. Measles vaccination was not associated with a statistically significant lower 

hemoglobinn concentration in any of the studies. We also assessed the impact of measles 

vaccinationn on hemoglobin levels within 7-14 and 15-30 days post-vaccination. For studies 1 

andd 2 combined, the difference [95% CI] in mean hemoglobin levels among children with 

observationss during these two time periods, compared to non-vaccinated children, were: 7-14 

days:: -0.17 g/dL [-5.82, 5.49], p=0.77; 15-30 days: -0.65 [-1.67, 0.37], p=0.14. For Study 3, 

thesee numbers were: 7-14 days: 0.46 [-0.57, 1.50], p=0.36; 15-30 days: 0.09 [-0.67, 0.84], 

p=0.82.. The odds of having severe to moderate anemia within 14, or 30 days of measles 

vaccinationn were similar to that in children from the non-vaccinated group. Measles vaccination 

wass also not associated with lower mean cell volume or increased risk of malaria parasitemia, 

clinicall malaria, or reported illness within 14 or 30 days of vaccination (table 3). 

Discussio n n 
MildMild viral infections, such as those following immunization with the attenuated measles virus 

aree associated with transient decrease in hemoglobin concentrations and cellular immunity 

[34],, Using data from three of our previous studies which provided immunization status, we 

retrospectivelyy defined if children aged 6-24 months were at increased risk of developing more 

severee anemia or malaria following immunization with the measles vaccine. While these studies 

showedd varying effects of measles vaccination on anemia, there was no indication of a clinically 

andd statistically significant mean decrease in hemoglobin concentration within 14 or 30 days 

off vaccination. Measles vaccination was also not associated with a significant increase in the 

presencee of moderate anemia (Hb<8 g/dL). 
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Wee also found no evidence that measles vaccination was associated with an increase in the 

oddss of clinical malaria, malaria parasitemia, or parasite densities. On the contrary, in two out 

off the three studies evaluated, children who had received the measles vaccine in the last 30 

dayss were slightly less likely to be malaria-smear positive within 30 days of vaccination. Although 

thesee results were surprising, they were consistent with one previous report conducted in an 

areaa of Tanzania with similar high malaria transmission and in the same age range. That study 

indicatedd that both the prevalence of malaria and parasite density was lower during the acute 

stagee of measles than in healthy children [20]. The authors hypothesized that parasite growth 

iss inhibited during the acute phase of measles by a direct effect of the measles virus creating 

sub-optimall conditions for parasite multiplication such as fever [21] and nutrient deficiencies 

off zinc or iron associated with acute measles [20]. 

Betweenn 1996 and 1998, Kenya's Expanded Programme on Immunization (KEPI) achieved a 

fairlyy low coverage of measles vaccination (<62%), which increased to 79% in 1999 [29], 

similarr to coverage rates in many other African countries. Our studies conducted in a specific 

rurall population show measles vaccination coverage rates that range from 44.8% between 

1996-1999,, to 58.3% and 62.7% in the studies conducted in 1999-2000. All these estimates 

aree lower than the national coverage rates reported by KEPI during these respective time 

periods.. In an effort to increase coverage to over 95% and reduce childhood mortality, The 

Measless Initiative, a consortium of five leading global public health organizations, has launched 

ann effort to vaccinate over 200 million children by the year 2005 through both mass and 

follow-upp campaigns in up to 36 sub-Saharan African countries including Kenya [35]. 

Thee analysis in this paper is limited by its retrospective design. None-the-less, history of 

immunization,, clinic visits, and details on antimalarial use were reliably documented in a large 

proportionn of children that took part in these studies. Furthermore, in an effort to impose strict 

criteriaa on documented measles vaccination, a substantial number of children without vaccination 

cards,, though included in reporting vaccination coverage rates, were excluded from further 

analyses. . 

Inn conclusion, our retrospective analyses do not provide observational support to the hypothesis 

thatt the transient decrease in hemoglobin and cellular immune response associated with the 

mildd infection following immunization with live attenuated measles virus enhances the risk of 

subsequentt severe to moderate anemia or malaria in young children. 
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Abstrac t t 
Objective ss  To explore which pallor signs and symptoms of severe anaemia could be recognized 

byy primary caregivers following minimal instructions. 

Method ss  Data from three community-based cross-sectional surveys were used. Test 

characteristicss to predict haemoglobin (Hb) concentrations < 5 and < 7 g/dl were compared 

forr different combinations of pallor signs (eyelid, tongue, palmar and nailbed) and symptoms. 

Result ss  Pallor signs and haemoglobin levels were available for 3782 children under 5 years of 

agee from 2609 households. Comparisons of the sensitivity and specificity at a range of 

haemoglobinn cut-offs showed that Hb < 5 g/dl was associated with the greatest combined 

sensitivityy and specificity for pallor at any anatomical site (sensitivity = 75.6%, specificity = 

63.0%,, Youden index = 38.6). Higher or lower haemoglobin cut-offs resulted in more children 

beingg misclassified. Similar results were obtained for all individual pallor sites. Combining a 

historyy of soil eating with pallor at any site improved the sensitivity (87.8%) to detect Hb < 5 

g/dll with a smaller reduction in specificity (53.3%; Youden index 41.1). Other combinations 

includingg respiratory signs or poor feeding resulted in lower accuracy. 

Conclusio nn  Primary caregivers can recognize severe anaemia (Hb < 5 g/dl) in their children, 

butt only with moderate accuracy. Soil eating should be considered as an additional indicator 

off severe anaemia. The effect of training caretakers to improve recognition of severe anaemia 

andd care-seeking behaviour at the household level should be assessed in prospective community-

basedd studies. 
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Introductio n n 
Childhoodd anaemia is a common public health problem, affecting one half to three quarters of 

preschooll children and accounting for more than half of hospital paediatric mortality in some areas 

withh intense malaria transmission in Africa south of the Sahara (Lackritz et al. 1992; Schellenberg et 

al.. 1999). The World Health Organization (WHO) is implementing new strategies for the integrated 

managementt of the sick child in the primary care setting, which includes algorithms based on 

clinicall signs detected by trained professional health care workers (WHO 1995). As part of this 

algorithm,, palmar pallor is used to evaluate the presence of severe anaemia in the absence of 

routinee haemoglobin (Hb) measurement (Kalter et al. 1997a,b; Simoes et al. 1997; Weber et al. 

1997a,b;; Zucker et al. 1997). The initial focus of the WHO and UNICEF has been on the use of 

thee algorithm by health care workers in health facilities. However, early recognition of moderate 

too severe anaemia by the primary caregiver is essential to ensure that these children are brought 

too the formal health care system. Information is limited on the ability of primary caregivers to 

recognizee signs of pallor in their children. In order to develop standardized criteria to help 

improvee the early recognition and treatment of severe anaemia within the community, we 

exploredd the types of pallor that primary caregivers could recognize. During a randomized 

controlledd trial on the impact of insecticide-treated bednets (ITNs) on under-five year child 

mortalityy in western Kenya (Phillips-Howard et al. in press), a series of cross-sectional surveys 

weree conducted in a random sample of 3790 children to evaluate the effect of ITNs on child 

morbidity.. Data from these surveys were used to explore whether primary caregivers recognize 

pallorr in their children, and, if so, how recognized pallor relates to different levels of haemoglobin. 

Material ss  and method s 
StudyStudy  area and population.  The study area was Asembo, located in Bondo district (until 

1999,, part of Siaya district), lying north-east of Lake Victoria in Nyanza province, western Kenya. 

Thee study site has been described in detail elsewhere (Bloland et al. 1999; McElroy et al. 1999). 

Inn brief, approximately 55 000 people live in Asembo (14% of whom are < 5 years of age), an 

areaa covering 200 km2. The population is ethnically homogeneous: more than 95% are members 

off the Luo tribe. They live in dispersed houses surrounded by fields, and earn their living primarily 

throughh subsistence farming and fishing. Malaria is holoendemic with year-round transmission, 

withh a mean entomological inoculation rate ranging between 60 and 300 bites/person/year 

(Beierr et al. 1994). Anaemia is highly prevalent in the area; approximately 60-90% of children 

havee Hb < 11 g/dl (Bloland et al. 1999; McElroy et al. 1999). Malaria and iron deficiency are 

believedd to be the two main determinants of anaemia in children under 5 years of age. The 

prevalencee of hookworm infection in these children was low (11.8%), and schistosomiasis 

mansonii was virtually absent (0.2%). Ascaris was the most common parasite isolated from 

stooll specimens (25.4%) (unpublished data). 



70 0 Chapterr 4 

Cross-sectiona ll  survey s 
ParticipantParticipant  recruitment  and study  design.  Between February 1998 and July 1999, three 

independentt cross-sectional surveys (henceforth referred to as surveys 1, 2 and 3) were 

conductedd to determine the impact of ITNs on alkause morbidity in preschool children. A 

totall of 3790 children aged < 5 years were enrolled from 60 study villages, using simple 

randomm sampling with households as the sampling unit. Each household was randomized to 

cross-sectionall survey 1, 2 or 3, such that one household and their occupants could only contribute 

once.. Caregivers were invited to bring all children aged < 3 years (survey 1) or < 5 years (surveys 

22 and 3) living in their household to a central location in the village on a pre-set day. Each survey 

tookk 20 working days, and three villages were surveyed per day, by three different teams. Each 

teamm alternated daily between surveying an intervention and a control village. 

Procedures.Procedures.  The age of the children was copied from census records (collected on a twice-yearly 

basiss as part of the ITN study) and vaccination cards (if available) after verbal verification with the 

caregiver.. Caregivers then received open and prompted questioning on symptoms of illness observed 

inn their children in the past 2 weeks, which included prompted questions on soil eating, del 

monyosore,monyosore, which means 'weak body', as well as difficulty breathing or poor-feeding by the child. 

Eachh caregiver was then asked to examine her child at four anatomical sites for signs of palmar, 

nailbed,, conjunctival (eyelid), or tongue pallor, and for del maratong, a local term for 'pale-body/ 

skin'' (henceforth referred to as 'pale-skin'), which is not related to a specific anatomical site. 

Conjunctivall pallor was evaluated after showing the mother how to evert the lower eyelid and to 

examinee the palpebral conjunctiva. Mothers were also shown how to assess palmar pallor over the 

thenarr eminence without extending the fingers. The nailbeds were examined for pallor without 

compression.. The tongue was examined for pallor in natural light. Staff members were instructed 

nott to 'coach' the mother on her examination for the presence or absence of pallor. After this, the 

caregiverr and child were sent to another station (usually another room, or desk if located outdoors) 

wheree a finger-prick blood sample was collected for haemoglobin determination. No changes to 

thee questionnaires were permitted after the blood sample was taken. Finally, each child was seen 

byy a clinical officer, who discussed the results of the haemoglobin test and treated the child as 

indicated.. All children with Hb < 11 g/dl received a treatment dose of sulfadoxine-pyrimethamine 

(SP),, or amodiaquine if SP was contraindicated, as well as iron supplementation (3 mg/kg/day). 

Childrenn with Hb < 5 g/dl, or with any other severe disease requiring hospitalization, were immediately 

referredd to a local hospital for further management free of charge. 

LaboratoryLaboratory  methods.  Haemoglobin concentrations were measured in the field using a portable 

batteryy powered Haemocue® machine (HaemoCue AB, Angelholm, Sweden). The remaining blood 

sampless were stored in cooler boxes (5 ) and transported every afternoon to the Centers for 
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Diseasee Control and Prevention (CDC)/Kenya Medical Research Institute (KEMRI) laboratories by a 

studyy vehicle. A full blood count, including repeat haemoglobin, was determined the same afternoon 

usingg a Coulter-Counter® (Coulter Corporation, Miami, FL, USA). 

EthicalEthical  clearance  and informed  consent.  The ITN study was approved by the institutional 

revieww boards of KEMRI, Nairobi, Kenya and the CDC, Atlanta, GA, USA. Written informed 

consentt was obtained from caregivers for their participation in the cross-sectional surveys. 

DataData management  and analyses.  Data forms collected in the field were checked, coded 

andd entered in Clarion™ with built-in range and error checks, and cleaned using SPSS (SPSS for 

Windowss version 10.0, SPSS Inc.). The data from the three cross sectional surveys were pooled. 

Onlyy children whose pallor was assessed for all four anatomical sites and who had a haemoglobin 

measurementt were included in the analyses. Any-pallor was defined as having palmar, nailbed, 

eyelid,, or tongue pallor. Sensitivity was defined as the proportion of anaemic children found to 

havee clinical pallor [true positives (TP)], and specificity as the proportion of non-anaemic 

childrenn found not to have pallor [true negatives (TN)]. The Youden misclassification index 

wass used to determine the most discriminating level of anaemia that could be detected by 

caregivers.. The Youden index score gives equal weight to specificity and sensitivity and was 

calculatedd as J=100 - (FP + FN), where FP represents the proportion of false positives (pallor 

presentt but not anaemic) and FN represents the proportion of false negatives (no pallor but 

anaemic).. The lower the probability of FP andd FN test results (misclassification), the higher the 

Youdenn index score (maximum is 100), and the higher the combined sensitivity and specificity. 

Sensitivityy and specificity are a function of the haemoglobin cut-off used to define anaemia. 

Thee haemoglobin cut-off with the maximum Youden index score was defined as the 'best', i.e. 

thee most discriminating cut-off. The test characteristics of pale-skin and the four anatomical 

pallorr sites were then compared using an haemoglobin cut-off of < 5 g/dl, as the reference 

standard,, which was the lowest cut-off with sufficient numbers to allow for meaningful analyses. 

Forr comparison with previously published studies, the characteristics of the pallor sites were 

alsoo compared using Hb < 7 g/dl as the reference. This was compared with the characteristics 

off different combinations of two sites (six pairs of two) or three sites (four sets of three), and 

alll four sites (any-pallor; one set). We then determined if the test could be further improved by 

combiningg the results from these pallor signs with information obtained from the history given 

byy the caregiver (i.e. 'weak body', soil eating, poor feeding and difficulty breathing). Clustering 

off children in a house was controlled for by use of Proc Mixed in SAS (for differences in mean 

haemoglobin),, and the chi-square test in SUDAAN v8.0 software was used for analysis of differences 

inn proportions and calculation of prevalence ratios (SAS callable version, Research Triangle Institute). 

Alll other analyses were conducted in SAS (the SAS system for Windows, 8.0, SAS Inc.). 
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Result s s 
AA total of 3790 children from 2613 houses were enrolled in the three cross-sectional surveys. Pallor 

signss and haemoglobin levels were available from 3782 (99.8%) children. The mean age was 25 

monthss (range 0.2-59 months) and male participants accounted for 48.7% of the study sample. 

AssociationAssociation  between  pallor  and haemoglobin.  The overall prevalence of anaemia (Hb < 

111 g/dl) was 66.0% (n=2500); 7.5% <n=283) had an Hb < 7 g/dl and 1.1% (n=41) had an Hb 

<< 5 g/dl. The prevalence of 'pale-skin' was 33.3%, and of any-pallor was 37.4%; 17.5% were 

reportedd to have palmar pallor, 17.1% to have nailbed pallor, and 22.3% and 26.2% to have 

eyelidd and tongue pallor, respectively. The association between haemoglobin level, the different 

pallorr signs, and additional signs obtained from the caregiver's history did not differ by cross-

sectionall survey (data not shown), and the pooled results are shown in Table 1. Children 

judgedd by the caregivers to have del monyosore ('weak body'), to eat soil, to have difficulty 

breathing,, to feed poorly, as well as to have pallor, had significantly lower mean haemoglobin 

valuess than those without these signs and symptoms. 

ComparisonComparison  of  haemoglobin  cut-offs.  Changing the haemoglobin cut-off used had a marked 

impactt on the sensitivity of 'any pallor': the sensitivity of 'any pallor' to detect anaemia increased 

fromm 43.4% for any anaemia (Hb < 11 g/dl) to 59.1% for moderately severe anaemia (Hb < 7 g/ 

dl)) to 75.6% for severe anaemia (Hb < 5 g/dl). There was a smaller concomitant decrease in 

specificity,, particularly between haemoglobin values 7 (64.3%) and 5 (63.0%) g/dl. This is also 

illustratedd by the positive correlation between the severity of anaemia and the Youden index score, 

Tablee 1: Mean hemoglobin levels and prevalence of severe to moderate anemia in children <5y with various signs 
andd symptoms of anemia reported by caregivers 

Meann hemoglobin (g/dL) Prevalence of Hb < 7g/dL 

Signn Sign difference Sign Sign Prevalence 
presentt absent (95% CI)1 present absent Ratio'(95% CI) 

Histor yy of symptom s 
'Weakk body' 
Soill eating 
Feedss poorly 
Difficultyy breathing 
Physica ll  Examinatio n 
'Pale-skin' ' 
Palmm pallor 
Naill pallor 
Eyelidd palfor 
Tonguee pallor 
Any-pallor r 

9.1 1 
9.1 1 
9.8 8 
9.9 9 

9.6 6 
9.1 1 
9.1 1 
9.2 2 
9.4 4 
9.4 4 

10.3 3 
10.3 3 
10.3 3 
10.1 1 

10.2 2 
10.2 2 
10.2 2 
10.3 3 
10.3 3 
10.4 4 

1.17(1.01-1.33) ) 
1.17(1.01-1.33) ) 
0.57(0.44-0.71) ) 
0.200 (0.03-0.37) 

0.600 (0.45-0.74) 
1.12(0.95-1.29) ) 
1.09(0.92-1.27) ) 
1.03(0.88-1.19) ) 
0.833 (0.68-0.98) 
0.96(0.82-1.10) ) 

14.7 7 
13.6 6 
8.8 8 
8.0 0 

10.3 3 
16.0 0 
15.7 7 
13.9 9 
12.4 4 
11.8 8 

5.5 5 
6.0 0 
6.1 1 
7.3 3 

5.9 9 
5.7 7 
5.7 7 
5.6 6 
5.7 7 
4.9 9 

3.00 (2.3-3.8) 
2.5(1.9-3.2) ) 
1.5(1.2-1.9) ) 
1.11 (0.8-1.5) 

1.8(1.4-2.3) ) 
3.22 (2.5-4.1) 
3.11 (2.44.0) 
2.7(2.1-3.5) ) 
2.3(1.8-3.0) ) 
2.66 (2.0-3.3) 

11 Adjustud for clustering at the household level. 
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whichh showed the steepest increase between haemoglobin levels of 7 and 5 g/dl (Figure 1a). 

Cut-offf levels below 5 g/dl did not result in a further increase in the Youden index (not shown). 

Thus,, haemoglobin of 5 g/dl was the cut-off resulting in the highest combined sensitivity and 

specificityy and the most accurate recognition by caregivers of severe anaemia in their children 

(Youdenn index=38.6). Higher or lower cutoffs would result in more children being misclassified 

ass either anaemic when they are not, or as not anaemic when they are anaemic. Similar results 

weree obtained for all of the individual pallor sites, and for 'pale-skin', as well as the symptoms 

'weakk body', and soil eating. 
A A 

Any-pallo r r 

ComparisonComparison  of  symptoms  and anatomical 

sites.sites.  Comparison of the four symptoms 

obtainedd by history showed that 'weak body' 

hadd the highest Youden index score, followed 

byy soil eating. Difficulty feeding and difficulty 

b rea th ingg had a much lower combined 

sensitivityy and specificity (Table 2). Comparison 

off the four anatomical pallor sites and 'pale-

skin'' by Youden index score showed that the 

usee of palmar and nai lbed pallor for the 

diagnosiss of severe anaemia (Hb < 5 g/dl) 

resultedd in similar combined sensitivities and 

specificitiess with Youden index scores of 36.6 

andd 36.9, respectively, compared wi th 34 .1 , 

33.55 and 31.6 for eye pallor, 'pale skin' and 

tonguee pallor, respectively. 'Pale-skin' and 

tonguee pallor had the lowest Youden index 

scoree when compared using Hb < 7 g/dl as the 

referencee standard. Combining one anatomical 

pallorr site with one of the three other anatomical 

pallorr sites with an 'or' statement (children with 

aa positive result on any of the pallor sites are 

consideredd positive) improved sensitivity, with a 

smallerr concomitant fall in specificity, thus 
Figur ee 1: Sensitivity, specificity and Youden index score 

resultingg in increased Youden index scores. The o f ( a ) a n y .p a | |o r i ( b ) any-pallor or 'weak body', (c) any-
bestt combination of sensitivity and specificity for pallor or soil eating in the diagnosis of anaemia as a 

functionn of changing haemoglobin cut-off values 
detectingg Hb < 5.0 g/dl was achieved by palm L e g e n d . d i a m o n d = sensitivity, square=specificity, 
orr t ongue ' pallor (sensi t iv i ty=72.5%, triangle=Youdenindex 

Any-pallo rr  or soi l eatin g 

99 8 7 
Hemoglobinn (g/dl) 
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Tablee 2: Sensitivity, specificity andd Youden index of symptoms and pallor sites recognized by caregivers to detect 
severee anemia and very severe anemia in their children. 

Hbb < 5g/dL(n=41) Hb < 7g/dL(n=283) 

Senss Spec Youden Sens Spec Youden 
scoree score 

Histor yy of symptom s 
'Weakk body' 
Soill eating 
Feedss poorly 
Difficultyy breathing 

Physica ll  Examinatio n Singl e variable s 
'Paleskin' ' 
Palm m 
Eyelid d 
Nail l 
Tongue e 

Tw oo sit e combination s 
Palmm or eyelid 
Palmm or nail 
Palmm or tongue 
Eyelidd or nail 
Eyelidd or tongue 
Naill or tongue 

Thre ee an d fou r sit e combination s 
Palmm or eyelid or nail 
Palmm or nail or tongue 
Tonguee or nail or eyelid 
Palmm or tongue or eyelid 
Any-pallorr (palmar or eyelid or nailbed or tongue) 
Any-pallorr or pale-skin 

Histor yy and sign s combine d 
Any-pallorr or 'weak body' 
Any-pallorr or soil eating 
Any-pallorr or feeds poorly 
Any-pallorr or difficulty breathing 

61.0 0 
51.2 2 
65.9 9 
24.4 4 

66.7 7 
53.7 7 
56.1 1 
53.7 7 
57.5 5 

58.5 5 
56.1 1 
72.5 5 
56.1 1 
72.5 5 
70.0 0 

58.5 5 
73.2 2 
73.2 2 
75.6 6 
75.6 6 
87.2 2 

80.5 5 
87.8 8 
87.8 8 
78.1 1 

78.8 8 
80.3 3 
47.7 7 
80.8 8 

66.8 8 
82.9 9 
78.0 0 
83.2 2 
74.1 1 

72.9 9 
81.2 2 
67.9 9 
73.3 3 
67.4 4 
68.2 2 

72.2 2 
66.7 7 
63.7 7 
63.8 8 
63.0 0 
51.6 6 

58.0 0 
53.3 3 
36.8 8 
55.0 0 

39.8 8 
31.5 5 
13.6 6 
5.2 2 

33.5 5 
36.6 6 
34.1 1 
36.9 9 
31.6 6 

31.4 4 
37.3 3 
40.4 4 
29.4 4 
39.9 9 
38.2 2 

30.7 7 
39.9 9 
36.9 9 
39.4 4 
38.6 6 
38.8 8 

38.5 5 
41.1 1 
24.6 6 
33.1 1 

42.4 4 
36.4 4 
61.5 5 
21.0 0 

46.8 8 
37.6 6 
41.5 5 
36.0 0 
43.6 6 

49.8 8 
39.6 6 
54.8 8 
48.8 8 
53.0 0 
53.8 8 

50.5 5 
56.0 0 
57.9 9 
58.0 0 
59.1 1 
67.8 8 

65.8 8 
71.9 9 
77.6 6 
65.0 0 

80.1 1 
81.3 3 
48.2 2 
80.8 8 

67.5 5 
84.1 1 
79.2 2 
84.0 0 
75.0 0 

74.4 4 
82.4 4 
69.3 3 
74.7 7 
68.6 6 
69.5 5 

73.7 7 
68.1 1 
65.0 0 
65.1 1 
64.3 3 
52.7 7 

59.5 5 
54.8 8 
37.7 7 
56.2 2 

22.5 5 
17.7 7 
9.7 7 
1.8 8 

14.3 3 
21.7 7 
20.7 7 
20.0 0 
18.6 6 

24.2 2 
22.0 0 
24.1 1 
23.5 5 
21.6 6 
23.3 3 

24.2 2 
24.1 1 
22.9 9 
23.1 1 
23.4 4 
20.5 5 

25.3 3 
26.7 7 
15.3 3 
21.2 2 

specificity=67.9%,, Youden index=40.4). None of the other two-site combinations, triple-site 

combinations,, or the combination of all four sites resulted in better combinations of sensitivity 

andd specificity, and the pattern across haemoglobin cut-offs for 'palm or tongue' pallor was 

similarr to that of any-pallor. For Hb < 7 g/dl as a cutoff, the combination of palm or tongue, 

andd palm or eyelid pallor had similar Youden index scores (24.1 and 24.2). 

Ass severe anaemia is a potentially life-threatening condition, we also determined which 

combinationn of signs and symptoms had the best combination of sensitivity and specificity, but 

givingg more weight to sensitivity. A combination of any-pallor with either 'weak body' or soil 

eatingg resulted in the highest sensitivity (80.5% and 87.8%) with a specificity of > 50% and a 

Youdenn index of 38.5 and 41.1 , respectively. The combination of any-pallor with poor feeding 

andd any-pallor with difficulty breathing was also associated with a high sensitivity (87.8 and 78.1) 
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butt with a much lower specificity. The characteristics of the best combinations of signs and history 

acrosss haemoglobin values between 5 and 11 g/dl are also shown in Figures 1b and c. 

Thee positive predictive value (PPV) for the Hb < 5 g/dl cut-off was very low {2.2%), owing to 

thee low prevalence of severe anaemia in this population (1.1%) regardless of age (1.5% in < 

244 m, 0.7% in 24-59 m). Overall, 37% (100-specificity) (n=1379) of the non-severely anaemic 

childrenn (Hb >5 g/dl, n=3727) were classified as having any-pallor (FP). Further analyses revealed 

that,, of these false positives (FP), 9.8% (n=135), 27.9% (n=384), 38.5% (n=531), and 23.9% 

(n=329)) had haemoglobin values of 5-6, 7-8, 9-10, and >11 g/dl, respectively. Of the 2348 

truee negatives (TN) (i.e. those with Hb >5 g/dl who were not classified as having any-pallor), 

4.5%% (n=105), 16.4% (n=384), 38.7% (n=909), and 40.5% (n=950) had haemoglobin values 

off 5-6, 7-8, 9-10, and >11 g/dl, respectively. Thus, 76% of the FP had non-severe anaemia 

(Hb,, 5-11 g/dl), vs. 60% of those who were not classified as having any-pallor (P < 0.001). 

Thesee figures were 74% and 58%, respectively, when Hb < 7 g/dl (n=3487) was used as the 

referencee standard. 

Stratifiedd analyses revealed that the recognition of anaemia by caregivers was not associated 

withh the age of the child (data not shown), with the exception that for Hb < 5 g/dl, tongue 

pallorr had higher sensitivity but lower specificity in the infants (sensitivity=71.4%, 

speciff icity=67.5%) than in the older children (sensitivity=50%, specificity=76.5%). 

Discussio n n 
Thee assessment of the ability of primary caregivers to detect signs of body pallor is important for 

thee development of intervention programmes to assist in the early detection of severe anaemia 

withinn the community. This study shows that caregivers are potentially able to recognize signs 

andd symptoms of severe anaemia in their children, albeit with moderate accuracy. The local 

languagee (Dholuo) contains terms for 'pale-body/skin' (del maratong). The presence of this sign 

alonee was associated with 67% sensitivity and 67% specificity, suggesting that caregivers can 

recognizee at least two of three of the severely anaemic (Hb < 5 g/dl) children without using the 

conventionall anatomical pallor signs. We also found that caregivers in the current study were 

ablee to use anatomical sites of clinical pallor to identify severe anaemia in their children after 

minimall instructions. The anatomical sites for assessing pallor, with the exception of tongue, had 

betterr test characteristics (higher combined sensitivity and specificity) than the more general 

'pale-skin'' sign. In general, caregiver's ability to recognize severe anaemia did not vary across 

agee groups for individual pallor signs, with the exception of tongue pallor, which gave better 

sensitivity,, but lower specificity, in infants than in older children. 

Thiss study confirms that assessment of pallor using multiple anatomical pallor sites improves 

thee accuracy of the diagnosis, and results in a higher sensitivity, at less cost to specificity. Different 
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combinationss of two or three pallor sites gave similar results. The combination of all four anatomical 

sitess was associated with 76% sensitivity and 63% specificity in the detection of Hb < 5 g/dl. This 

wass 59% and 64%, respectively, for moderately severe anaemia (Hb < 7 g/dl). Both the sensitivity 

andd specificity to detect moderately severe anaemia were lower for all pallor sites in this study 

involvingg caregivers, than in most published studies among non-physician health care workers who 

hadd received 1-2 days of training (Luby et a!. 1995; Zucker et al. 1997; Stoltzfus et al. 1999). 

Itt can be argued that with a cut-off of Hb < 5 g/dl, a high sensitivity is more important than 

specificity.. First, because the number of false negatives (FN) should be kept to a minimum as 

haemoglobinn levels below this threshold can be life-threatening. Second, children being falsely 

diagnosedd with 'severe' anaemia (FPs) are likely to be at least moderately or mildly anaemic 

(76%% in the current study), or otherwise iron deficient (but not anaemic) and will therefore 

potentiallyy benefit from contact with health services and treatment. Combining any-pallor with 

soill eating improved the sensitivity further to over 87%, thereby decreasing the number of FN, 

butt at a price of decreased specificity and therewith an increased number of FPs. Soil eating is 

veryy common in this age group: overall, 20% reported this activity in their children in the 2-

weekk period prior to the survey, and among children with Hb < 5 g/dl, reported soil eating 

increasedd to 51%, of whom 13.3 and 33.3% had hookworm and Ascaris infections, respectively. 

Soill eating is a well-known practice in western Kenya, and whether it is a cause or a consequence 

off iron deficiency anaemia is a topic of debate (Geissler 2000). A study conducted among 

primaryy school children in western Kenya reported the prevalence of soil eating to be 73%, 

whichh was associated with both all-cause anaemia and iron depletion. Forty-eight percent of 

thee soil samples were contaminated with Ascaris lumbricoides (Geissler et al. 1998). 

Thiss study included a randomly selected representative sample of mostly asymptomatic (93%) 

preschooll children from the study area. Non-response was very low (2-3%), and only 0.2% had 

missingg haemoglobin or pallor values. We used coulter counter haemoglobin concentrations as 

thee reference standard, which has less variability than haemoglobin levels measured by portable 

haemocuee systems (Prakash et al. 1999). The caregivers were 'blinded' to the haemoglobin 

values,, because they assessed pallor in their children before the haemoglobin values were 

measured,, and changes on the questionnaire were not permitted after the finger prick sample 

hadd been taken. Therefore, we believe that the conclusions are valid for the study population. 

Onee of the limitations of the study is a potential over-reporting by caregivers of paleness in their 

childrenn with the desire to receive treatment free of charge as part of the cross-sectional surveys. 

Over-reportingg would increase the number of FP, decrease specificity and increase sensitivity. 

Thee desire for medication was obvious in these cross-sectional surveys, similar to that reported in 

anotherr community based survey in eastern Kenya (Verhoef et al. 1999). However, this was 

typicallyy associated with reporting by caregivers of recent acute illness in their children, potentially 

resultingg in over-estimates of histories of recent fever. In addition, the fact that caregivers received 
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somee training in identifying pallor might have influenced the test characteristics, making the 

resultss less representative of what might happen in real life conditions. Lastly, wee also recognize 

thatt the individual pallor signs observed by caregivers are highly correlated with each other, and 

cannott be considered independent observations. The combined variable any-pallor therefore 

providedd more valid information than assessment of the individual pallor signs. 

Onee study from coastal Kenya reported that only 22% of caregivers recognized anaemia as a 

complicationn of malaria (Mwenesi et al. 1995). Nevertheless, of all the children who were reported 

too have malaria, 91% of caregivers also reported doing something about it. These results are 

similarr to our findings from the current study in western Kenya where more than 89% of caregivers 

off children with confirmed Hb < 7 g/dl reported seeking some form of health care in the previous 

22 weeks, more than half of which was from traditional healers. However, among all children with 

Hbb < 7 g/dl, 93% also had a fever or a history of fever. This indicates that seeking health care was 

oftenn associated with an acute illness (fever) and not primarily with severe anaemia. Anaemia is 

rarelyy recognized as a stand-alone problem in this community (J. Alaii, personal communications), 

andd may therefore go unnoticed and remain untreated in children who appear otherwise 'well'. 

Fromm experience in this study, we noted that the caregivers generally enjoyed and were motivated 

too examine their children for sites of clinical pallor. This may suggest that, in this area, training of 

caregiverss to adequately recognize signs of pallor in their children has the potential to markedly 

increasee the proportion of children with severe anaemia who are brought to the attention of the 

healthh care system. It is important to combine this with education on the potentially serious 

consequencess of severe anaemia. Such education could be incorporated into current IMG 

guideliness (WHO 1995) that recommend health workers to counsel caregivers on good feeding 

practicess for themselves and their children. 

Thee PPV is the prevalence of severe anaemia among children who tested positive for the 

pallorr sign. As expected, in this study sample, thePPVfor anHb < 5 g/dl was very low (2.2%), 

ass PPV is a function of the overall prevalence of severe anaemia, which was only 1.1% in the 

currentt sample. It is important to note that, even in the presence of an excellent sign or test 

(e.g.. 95% sensitivity and specificity), a disease with a prevalence of 1% would have a PPV of 

onlyy 16% (Sackett et al. 1991). However, the PPV would increase to 68% if the prevalence of 

diseasee was 10%, and to 83% if the prevalence was 20%. Therefore, further training of caregivers 

too improve their skills to recognize moderately severe anaemia (e.g. Hb < 7 or < 8 g/dl) (typical 

prevalencee of 7.5-25%), as opposed to only severe anaemia (Hb < 5 g/dl), may not only 

improvee the combined sensitivity and specificity for the detection of moderate anaemia, but 

also,, in particular, the PPV of the pallor signs. 

Recentt analyses have indicated that current diagnostic skills to detect anaemia within peripheral 

healthh facilities in our study area are poor. Less than 2% of sick children seeking health care at 

peripherall health facilities were diagnosed with anaemia, despite a prevalence of moderate to 
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severee anaemia (Hb < 8 g/dl) of more than 15% detected during community-based cross-sectional 

surveyss (P.A. Phillips-Howard, unpublished data). This suggests that improved training of peripheral 

healthh care workers to detect anaemia clinically is also required. However, even with improved 

trainingg for recognition of anaemia by both the caregiver and health worker, a significant proportion 

off severely anaemic children might still remain unrecognized without improvement of the diagnostic 

facilitiess to determine haemoglobin concentrations in the peripheral health clinics in our study 

area.. Such improvement could potentially include use of the recently developed WHO Haemoglobin 

Colourr Scale, pending further validation in very young children (Stott & Lewis 1995; Lewis et al. 

1998;; Ingram & Lewis 2000; Montresor et al. 2000). 

Inn conclusion, our data suggest that caregivers, following minimal instructions, can recognize 

severee anaemia (Hb < 5 g/dl) in their children, albeit wi th moderate accuracy. They perform 

lesss wel l in recognizing moderately severe anaemia (Hb < 7 g/dl) . We also identified a 

combinationn of signs and symptoms that can be used in training of caretakers to improve the 

recognitionn of severe anaemia in their children and health care seeking behaviour. 

Consistentt with previous studies in non-physician health care workers (Stoltzfus et al. 1999), 

thee sensitivity to detect severe anaemia can be improved at less cost to specificity by combining 

multiplee anatomical sites and associated signs to assess clinical pallor. In areas where soil 

eatingg is common, and in western Kenya where there is a local term for 'weak body', these 

shouldd also be considered as potential indicators for severe anaemia. 
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Abstrac t t 
Background ::  A recent meta-analysis of 14 clinical trials indicated that daily, compared with 

intermittentt iron supplementation resulted in significantly greater hematological improvement 

inn pregnant women. No such definitive beneficial effect was demonstrated in preschool children. 

Objective ::  Compare the efficacy and effectiveness of daily and twice-weekly iron 

supplementationn in the treatment of mild and moderate anemia (hemoglobin 50-109 g/L) in 

childrenn aged 2-59 months living in a malaria-endemic area of western Kenya. 

Design ::  Un-blinded cluster-randomized trial with factorial design. All children (N=1,049) received 

aa single dose of sulfadoxine-pyrimethamine on enrollment followed by 6 weeks of either: daily 

supervisedd iron (3-6 mg/kg/day), twice-weekly supervised iron (6-12 mg/kg/week), daily 

unsupervisedd iron, or twice-weekly unsupervised iron. 

Results ::  In the supervised groups hemoglobin concentrations at 6 weeks and 12 weeks (6 

weekss post-supplementation) were significantly higher with daily than twice-weekly iron (mean 

[95%% CI] difference at 6-weeks: 4.0 g/L [2.0, 6.0]; 12-weeks: 5.3 g/L [3.1, 7.6]). Among the 

unsupervisedd groups, hemoglobin concentrations were not different at 6 weeks (mean [95% 

CI]] difference: 1.1 g/L [-0.9, 3.2]), but higher at 12 weeks for those assigned daily iron (mean 

[95%% CI] difference: 2.5 g/L [0.2, 4.7]), however this difference was not statistically significant 

afterr adjustment for multiple testing (P = 0.06), 

Conclusions ::  In this malarious area and following initial antimalarial treatment, six weeks of 

dailyy iron results in better hematological responses than twice-weekly iron in the treatment of 

anemiaa in preschool children. 
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Introductio n n 
Fiftyy to 75% of preschool children in eastern Africa suffer from anemia (1). Iron deficiency is one 

off the predominant causes (2-5) and may lead to impaired mental development, decreased 

appetite,, decreased resistance to infections and increased risk of HIV infection when blood 

transfusionss are needed (6). For documented iron deficiency anemia, iron supplementation is the 

treatmentt of choice; for the prevention of iron deficiency anemia, combined iron supplementation 

andd food based approaches are recommended in developing countries (7). Successful 

implementationn of these programs is limited due to inadequate iron supplies, low coverage, and 

poorr tolerance and adherence to the lengthy duration of required daily dosing (8-12). 

Inn the search for strategies to reduce costs and improve compliance and effectiveness, a 

seriess of studies were conducted that demonstrated weekly or twice-weekly iron supplementation 

wass as effective in the prevention (13-16) or treatment (17-24) of mild and moderate anemia 

ass conventional daily iron supplementation, despite a 3- to 7-fold reduction in the cumulative 

dose.. These studies were based on observations of reduced iron absorption and transport with 

dailyy exposure to high doses in animal models, explained in part by an apparent inhibitory 

mucosall block, which can be overcome by giving iron intermittently at intervals of more than 

33 days (25). However, studies in humans failed to confirm the existence of such a mucosal 

blockk (11, 26). This challenged the earlier conclusion that intermittent iron is as effective as 

dailyy iron supplementation (27-30), which resulted in much debate (9, 31). It was suggested 

thatt a true difference was missed because efficacy was evaluated only after relatively long 

interventionn periods (> 8 weeks) of high dose iron in subjects with predominantly mild iron 

deficiencyy and low grade anemia (26). 

AA recent meta-analysis of 14 clinical trials demonstrated that while the beneficial effect of 

dailyy dosing over intermittent iron was indisputable in pregnant women, large inter-study 

variationss make such evidence inconclusive in adolescents and pre-school children (32). It also 

indicatedd that the degree of supervision was an important predictor of post-intervention anemia 

prevalence.. A more recent study demonstrated that six weeks of supervised twice-weekly iron 

forr treatment of anemia in children is superior to unsupervised daily iron supplementation in 

improvingg hemoglobin concentrations (19). 

Wee compared the therapeutic efficacy of a short six-week course of twice-weekly versus 

dailyy iron supplementation in children with mild to moderate anemia in western Kenya. We 

alsoo compared the impact of supervised versus unsupervised iron supplementation to evaluate 

thee role of adherence and to determine the potential benefits of directly observed therapy. The 

currentt study is part of a series of studies conducted to optimize the treatment guidelines for 

anemiaa in this area of intense malaria transmission and to address the concern that long 

coursess of iron may increase the risk of malaria (33). 
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Subject ss and method s 
AreaArea  and population.  This study was conducted in 14 villages in Asembo, Bondo district, 

Nyanzaa Province, western Kenya. The study site has been described in detail elsewhere (34, 

35).. Over 95% of the people are Luo and predominantly subsistence farmers with limited 

animall husbandry made up of a few heads of cattle, goats, or chicken. The people mainly 

cultivatee maize, sorghum, cassava and millet, and a few other vegetables. Activities off the 

farmm include fishing in Lake Victoria and management of retail and hotel outlets and vegetable 

andd grain stalls. Families in this polygamous society live in compounds constituting a main 

housee surrounded by several houses for women and children. There are two rainy seasons: the 

'longg rains' from March to May and the 'short rains' from October to December. Planting 

seasonn is in February-March, before the long rains, and the main harvest season is in July-

August.. Malaria transmission is intense and occurs throughout the year (36) with peaks in 

June-Augustt and November-December. Recent area-wide deployment of insecticide-treated 

bednetss (ITNs) however has substantially reduced the transmission pressure (37). Prior cross-

sectionall surveys have shown the prevalence of infection with hookworm, Schistosoma mansoni 

andd Ascaris lumbricoides to be 11.8%, 0.2% and 25.4% respectively in children <5 years of age 

(38).. Weaning occurs in 70% of children by 18 months and in all children by 3 years of age. 

Infantt and under-five year mortality rates are high (176/1000 and 257/1000 live births, respectively) 

(39).. A quarter of all children admitted to the hospital have severe anemia (hemoglobin 

concentrationn of <50 g/L) and account for over half of pediatric hospital deaths (40). 

Despitee its high public health burden, most local clinics lack standardized guidelines for the 

usee of iron supplementation in the treatment or prevention of anemia. Clinic based surveillance 

inn this area has shown that iron supplementation was not routinely given to children with mild 

andd moderate anemia, and prescribed for only 12% of the children less than five years of age 

withh clinically diagnosed severe anemia, while all received presumptive antimalarial treatment 

(41).. The clinics that prescribe iron for severe anemia in children use short courses of relatively 

highh doses of iron (3-6 mg/kg per day for 14 days). This is combined with presumptive 

antimalariall treatment to treat the malaria attributable component of anemia, while providing 

partiall protection against potential adverse effects on malaria associated with iron (33, 42). 

Thiss 2-week regimen combined with antimalarial treatment is also used in other areas with 

similarr intense malaria transmission (2) reflecting the controversy on the safety of longer iron 

supplementationn regimens in these malaria endemic areas (33). The efficacy with this 2-week 

regimenn is unknown, but the short duration of supplementation is likely to result in inadequate 

restorationn of hemoglobin levels (which requires a minimum of 4-6 weeks) (43) and particularly 

ironn stores, which may require iron supplementation for 12 weeks or longer (44). 
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Interventions.Interventions.  All study children were given a single treatment dose of sulfadoxine-

pyrimethaminee (SP, Fansidar® Hoffman La Roche, Basel, Switzerland) on enrollment dosed for 

bodyweightt as crushed tablets mixed with water (42). In addition, children received 6 weeks 

off daily or twice-weekly iron. This was the shortest regimen recommended in the treatment of 

anemiaa (43) that, combined with SP, was expected to result in clinically significant improvement 

inn hemoglobin concentrations in the majority of patients (19). It also ensured that children in 

thee twice-weekly group received a similar cumulative dose of iron as with the conventional 2-

weeklyy regimen. Folic acid was not considered because of the known interaction between SP 

(ann antifolate antimalarial) and folic acid supplementation (45). 

Childrenn received their first dose of six-weeks of iron supplementation on the day of enrollment. 

Treatmentt groups included: (1) daily-supervised iron (DS), (2) daily-unsupervised iron (DU), (3) 

twice-weekly-supervisedd iron (TS), and, (4) twice-weekly-unsupervised iron (TU). The target 

orall dose of iron (Ferrous Sulfate syrup 40 mg/ml, 27.5% elemental iron, Laboratory and Allied 

Ltd,, Nairobi, Kenya) was 3-6 mg/kg per day in the daily iron groups and 6-12 mg/kg per week 

inn the intermittent iron groups (divided into two doses of 3-6 mg/kg each, separated by 3-4 

days).. Iron was dosed according to body weight (<5kg: 1.25ml/day, 5-10kg: 2.5ml/day, >10kg: 

5.0ml/day).. Caretakers were given the complete six-week supply of iron supplementation for 

theirr child, and participants in both the unsupervised and supervised arms received identical 

instructionss in the local language with regard to the method of administration, expected side 

effects,, safety and correct dose of iron supplementation. Plastic screw-cap bottles were used, 

labeledd with personal identifiers and dosing instructions. 

Childrenn in the two supervised arms of the study were visited daily (DS) or twice-weekly (TS) 

forr a period of six weeks by a trained study staff member who administered the iron. Unsupervised 

participantss took the iron syrup home and were not visited except for health concerns upon 

thee caretaker's request. 

StudyStudy  design.  The study was an un-blinded randomized trial using a 2x2 factorial design. 

Compoundss were randomized so that all children in one compound were assigned to either a 

dailyy or twice-weekly regimen that was either supervised or unsupervised. A total sample size 

off 1,040 children was estimated to yield at least 80% power at 5% significance in order to 

detectt a 5 g/L difference in mean hemoglobin at the end of intervention period between any 

off the treatment groups, accounting for 20% loss to follow-up, and assuming an average of 2 

childrenn per compound, and a design effect of two. Secondary endpoints included hematological 

recovery,, microcytosis, all cause morbidity, clinical malaria and malaria parasitemia. 

RecruitmentRecruitment  and randomization.  Following a census survey in October 2000, caretakers 

fromm all compounds containing households with children <5 years of age were invited for 
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screeningg to a central location in their respective villages. A brief questionnaire was completed, 

andd axillary body temperature and anthropometric indices were measured. Capillary blood 

sampless (0.5 mL) were collected by finger or heel prick into EDTA microtainer tubes (Becton-

Dickinson,, UK). During screening, hemoglobin concentrations were measured using a portable 

Hemocuee system (HemoCue, AB, Angleholm, Sweden). Thick and thin malaria blood smears 

weree collected. All children were examined by a clinical officer prior to enrollment. Acutely ill 

children,, children with hemoglobin <50 g/L, or children with higher hemoglobin values who 

weree clinically unstable, were referred to the hospital. 

Followingg laboratory assessment, children meeting all of the following criteria were eligible 

forr randomization: (1) Age 2-59 mo, (2) Coulter Counter Hemoglobin 50 to 109 g/L, (3) 

asexuall parasite count <20,000 per mm3, (4) no history of intake of iron, sulfadoxine-

pyrimethamine,, or amodiaquine use, or blood transfusion within the last 2 weeks, (5) no 

knownn sickle cell disease. Children 2-6 months of age were included in accordance with the 

guideliness for the integrated management of childhood illness (IMCI) (42). A computer-generated 

randomm number listing was used to sequentially assign eligible children to one of four treatment 

groups,, using the housing compound as the randomization unit. Balanced block randomization 

(122 compounds per block) ensured equal distribution in time and space among the four 

treatmentt groups. The allocation sequence was computer generated by FTK before the start of 

thee study. Assignment to the study groups was independently conducted by MD. 

Childrenn fulfilling the entry criteria were approached the following day for clinical examination 

andd a structured questionnaire was completed to record details of socio-economic and 

educationall status of the caretaker. Health passports were issued allowing free health care at 

locall clinics and the hospital. 

Follow-up.Follow-up.  Follow-up samples, smears and clinical information were collected at the end of 

thee 6-week intervention period (+/- 1 day). To determine differences in the duration of any 

treatmentt effect on hemoglobin levels children were seen again at 12-weeks (+/- 1day) at which 

timee the same information was collected. At the 6-week follow-up, caretakers of participants 

enrolledd to the two unsupervised groups were asked open-ended and prompted questions (yes/ 

no/don'tt know) regarding adherence, whereas all caretakers were also elicited for prompted 

questionss regarding perceived side effects in their children during the intervention period. 

Duringg the 12-week study period, a passive morbidity surveillance system was used to monitor 

thee frequency of clinic and hospital attendance. Study staff members were assigned to each of 3 

locall clinics and the hospital. Caretakers were asked to report to the clinic with their child when 

suspectingg illness where a morbidity questionnaire was filled and a medical examination performed. 

Childrenn with symptomatic malaria (axillary temperature C with any malaria parasitemia) 

detectedd at follow-up visits or through passive case detection, and those without fever but with 
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high-densityy parasitemia (> 5,000 /mm3) were treated according to national guidelines. Children 

whoo developed severe anemia (hemoglobin <50 g/L) or presented with any other severe disease 

w e r ee referred to the hospital for further management. Their study drugs were discontinued as 

theyy all received daily iron from the hospital. They were, however, included in the analyses on an 

intentionn to treat basis. Children who were treated for other non-severe illnesses during the 

interventionn period continued to receive study treatments. Children who were anemic at 12 

weekss were given another dose of SP and 6 weeks of daily iron supplementation. 

LaboratoryLaboratory  methods.  An ACT 10 Coulter Counter (Coulter Co., Florida, USA, Serial no. 

AD04108)) was used to obtain hemoglobin and mean corpuscular volume (MCV). Thick blood 

smearss were Giemsa stained and Plasmodium parasites were counted against 300 leukocytes/ 

uLL and densities presented per microliter assuming a leukocyte count of 8000/nL Malaria 

parasitemiaa refers to the presence of any asexual Plasmodium species detected by microscopy. 

Serumm samples were stored within 6 hours at . Hemoglobin genotype was determined by 

hemoglobinn electrophoresis. 

InformedInformed  consent.  The study was approved by the institutional ethical review boards of the 

Kenyaa Medical Research Institute (KEMRI), Nairobi, Kenya by the Centers for Disease Control 

andd Prevention (CDC), Atlanta, USA, and the Academic Medical Center, University of Amsterdam. 

Writtenn informed consent was obtained from caretakers for each individual participant. 

StatisticalStatistical  analyses.  Z-scores for height-for-age (HAZ), weight-forage (WAZ) and weight-for-

heightt (WHZ) were calculated using Epi Info (v6, Atlanta, GA, USA). All analyses were conducted 

onn an intention-to-treat basis. SUDAAN v8.0 was used for analysis of differences in proportions 

andd medians (Research Triangle Institute), and all other analyses were conducted in SAS v8.0 

(Cary,, NC). The intra-class correlation coefficient (ICC) and related design effect were calculated 

fromm an unconditional means model. 

Differencess in mean hemoglobin (using the values obtained from the Coulter Counter®) 

afterr 6 and 12-weeks from enrollment were assessed by use of a linear regression model with 

repeatedd measures, adjusting the standard errors for clustering at the compound level. After 

assessmentt of the three-way interaction between supervision, iron regimen and time (P = 

0.35),, the final model had supervision, iron regimen, time and their two-way interaction terms 

ass main effects, and continuous baseline hemoglobin and age as covariates. The analytical 

approachh takes into account testing of two independent hypotheses: effect of supervision and 

dosingg regimen. In studies using a factorial design, adjustment for testing two hypotheses is 

nott recommended (46). However, because we made two comparisons for each treatment at 

twoo different time points (6 and 12 weeks) within each hypothesis, p-values have been adjusted 
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forr multiple (four) testing, using a sequential Bonferroni method (47). 

Forr the purpose of this study severe anemia is defined as a hemoglobin <50 g/L, moderate 

ass a hemoglobin of 50-79 g/L and mild anemia as 80-109 g/L (40, 48-51). Microcytemia was 

definedd as a MCV value below the age-specific cut-off: 0-5 months: 70fl, 6-11 months: 73fl, 

andd greater than 12 months: 75fl (52). Hematological recovery (Hb >110 g/L for those with 

mildd anemia at enrollment, and Hb >80 g/L for those with moderate anemia at enrollment), 

absencee of microcytemia, and presence of malaria parasitemia at 6 and 12 weeks were compared 

usingg the chi-square test adjusting for clustering at the compound level. The incidences of all 

visitss to the clinic, first or only episode of non-malaria morbidity (fever and negative malaria 

smear),, or clinical malaria (fever and malaria parasitemia), respectively, were calculated based 

onn time up to the episode, the end of the main intervention period (6-weeks), or loss to follow-

up.. Logistic regression was used to assess the impact of treatments on side effects with the 

presencee or absence of the symptom on admission as a covariate. 

RoleRole  of  the funding  source.  The sponsors of the study had no role in study design, data 

collection,, data analysis, data interpretation, or writing of the report. 

Result s s 
Basedd on census data from October 2000, 2,315 children aged 2-59 months were identified in 

1,0699 compounds. Consent to participate was obtained from 87% (2,052). Eighty five percent 

(1,7488 of 2,052) were available for screening between 29th of November 2000 and 23rd of 

Januaryy 2001. Among those screened, the overall prevalence of severe, moderate and mild 

anemiaa was 0.69%, 14.7% and 58.9%, respectively, and children between 12 to 18 months of 

agee had the lowest mean hemoglobin concentration (Figure 1). Of those screened, 1,065 

childrenn were initially determined to satisfy the enrollment criteria and were randomized to 

onee of the four treatment groups; 16 of these were dropped before they received the first dose 

off iron because subsequent information revealed that they did not fulfill the entry criteria. The 

triall profile for the 1,049 study children (681 compounds) fulfilling entry criteria is shown in 

Figuree 2 and their baseline characteristics in Table 1. The study groups were not different for 

anyy of the clinical, laboratory and socio-economic variables. The prevalence of stunting, wasting 

andd underweight on enrollment was 31.0%, 7.1% and 23.2%, respectively. The mean weight 

att enrollment was 10.9 kg (range 3.2-20.0 kg) and the mean dose of elemental iron received 

wass 4.04 (range of 2.75-5.47) mg/kg/day. 

Losss to follow-up by 6 weeks was 8.9% (n=93) and equally divided among the four study 

groupss (P = 0.51). This included three deaths: two due to severe malaria (hospital diagnosis, 

onee DS and one TU), and one with unknown cause (TS). No other children were admitted to 
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Figur ee 1 . Prevalence of anemia and mean hemoglobin concentrations by age category among 1748 children 2-

599 months of age screened for enrollment into the anemia treatment study, n = 161 (2-5m), 198 (6-11 m), 162 

(12-17m),, 192(18-23m), 192(24-29m), 166(30-35m), 143(36-41m), 187(42-47m), 174 (48-53m), 173(54-

59m). . 

Tablee 1: Baseline characteristics of treatment groups1 

Characteristics s 

Demographic Demographic 
Agee (month); mean (SE) 
Boys;; No (%) 
Caretaker'ss education status4; 
mediann years (interquartile range) 
Wealthh above median4; No (%) 

Clinical Clinical 
Weightt for Age Z-score; mean (SE) 
Heightt for Age Z-score; mean (SE) 
Weightt for Height Z-score; mean (SE) 

Laboratory Laboratory 
Hemoglobinn (g/L); mean (SE) 
HbASS genotype; No (%) 

DS S 
(n=261) ) 

27.8(1.03) ) 
128(49) ) 

6.71(5.66,7.70) ) 
96/199(48.2) ) 

-1.20(0.08) ) 
-1.41(0.09) ) 
-0.433 (0.07) 

91.3(0.79) ) 
74(28) ) 

Prevalencee of malaria parasitemia; No (%) 157 (60) 
Parasitee density (mm3)6; 
geometricc mean [95% CI] 
MCVV < cut-off for age7; No (%) 

1948.0 0 
[1508.7,2515.4] ] 

142(57) ) 

DU U 
(n-251) ) 

28.7(1.05) ) 
1355 (54) 

6.88(6.08,7.70) ) 
90/2011 (44.8) 

-1.02(0.08) ) 
-1.35(0.09) ) 

11 (0.07) 

92.5(0.80) ) 
74(30) ) 
143(57) ) 
2006.3 3 

[1537.4,2618.8] ] 
142(61) ) 

TS S 
(n=266) ) 

28.2(1.02) ) 
135(51) ) 

6.86(5.89,7.78) ) 
104/204(51.0) ) 

-1.10(0.08) ) 
-1.50(0.09) ) 
-0.211 (0.07) 

92.5(0.78) ) 
57(22) ) 
158(59) ) 
1504.2 2 

[1166.5,1940.0] ] 
162(63) ) 

TU U F-test t 
(n=271)) p-value2 

26.9(1.01) ) 
132(49) ) 

6.76(5.63,7.85) ) 
102/203(50.3) ) 

-1.06(0.08) ) 
-1.33(0.09) ) 
-0.32(0.07) ) 

92.6(0.77) ) 
611 (22) 
169(62) ) 
2160.7 7 

[1687.3,2766.3] ] 
159(61) ) 

0.66 6 
0.643 3 

0.815 5 

0.623 3 

0.48 8 
0.57 7 
0.09 9 

0.62 2 
0.233 3 

0.743 3 

0.21 1 

0.633 3 

11 DS= Daily Supervised; TS= Twice-a-week Supervised; DU= Daily Unsupervised; TU= Twice-a-week Unsupervised. 

Adjustedd for cluster design; 3chi square test; " data based on number of households enrolled (n=808), not 

numberr of children; 5 Wilcoxon rank sum; 6 geometric mean parasite density in parasites per mm3 for 627 

parasitemicc children;7 data not available for <5% of children in each treatment group. 
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DS S 

compounds=172 2 

children=261 1 

died=1,, other*=1 

movedd away=18 

refused=1 1 

studyy form missing* 1 
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compounds=163 3 
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compounds«159 9 
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compounds=156 6 

children=227 7 
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children-271 1 
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refused»» 1 

studyy form missing=2 

66 week follow-up 
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children=249 9 
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children=234 4 

Figur ee 2. Trial profile of the study population in western Kenya 
DS== Daily Supervised; DU= Daily Unsupervised; TS= Twice-weekly Supervised; TU= Twice-weekly Unsupervised; 
*hadd the wrong address on enrollment, resulting in two siblings being randomized to two different treatments 
whilee living in one compound; some children seen at the 12 week follow-up may not have been seen at the 6 week 
follow-up p 

thee hospital. Children lost to follow-up had significantly (P = 0.01) lower hemoglobin 

concentrationss at enrollment than those who were successfully followed for 6 weeks, but 

weree not different for any other characteristics. None of the characteristics between treatment 

groupss were significantly different after excluding children lost to follow-up (data not shown). 

Sixx children (4 compounds) were excluded from the analyses at the 6-week follow-up due to 

missingg hemoglobin values. The average cluster size was 1.5 children per compound, and the 

designn effect was small (1.035) indicating that the cluster design was 3.5% less efficient than 

aa simple random sample. 
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HematologicalHematological  response  The interaction term between supervision (supervised versus 

unsupervised)) and iron regimen (daily versus twice-weekly) was statistically significant (P - 0.04) 

andd therefore all subsequent results are presented by the four treatment groups only. The interaction 

off time was not significant with either supervision (P = 0.87) or iron regimen (P =0.12) but these 

termss were retained in the final model to allow determination of the duration of the treatment 

effect. . 

DSS was associated with a significantly greater increase in hemoglobin at 6-weeks than TS 

andd DU (Figure 3, and Table 2) indicating that both the frequency of iron dosing as well as 

supervisionn of the daily dose were significant determinants of treatment efficacy. In the 

unsupervisedd groups, the hemoglobin concentrations at 6-weeks were not different wi th daily 

andd twice-weekly iron, but were maintained for longer in the daily group resulting in marginally 

higherr hemoglobin concentrations at 12-weeks compared to the twice-weekly group. However 

thiss difference was not statistically significant (P = 0.06) after adjustment for multiple testing. 

Post-hocc assessment of the interaction between treatment effect and hemoglobin or age at 

enrollmentt indicated that the four-way interaction terms between supervision, iron regimen, 

timee and hemoglobin at enrollment (< or >80 g/L) (P = 0.48), or age at enrollment (< or >18 

months)) (32) (P = 0.20), were not significant. 

***  il ii 

ii I I 

00 6 12 0 6 12 0 6 12 

Time,, weeks 

DUU TS TU 

Figur ee 3. Mean [95% CI] hemoglobin at enrollment (Day 0), 6 and 12 weeks from enrollment among preschool 
childrenn receiving different iron supplementation regimens, western Kenya. Values at 6 and 12 weeks are 
modeledd using linear regression adjusting for clustering at the compound level, continuous age and hemoglobin 
att enrollment; Comparisons between treatment groups at 6 and 12 weeks (shown in Table 2) were based on 
Waldd chi-square statistic and are adjusted for multiple testing (47);DS= Daily Supervised; DU= Daily Unsupervised; 
TS== Twice-a-week Supervised; TU= Twice-a-week Unsupervised; n at 6 and 12 weeks, respectively: DS (238, 223), 
DUU (226,213), TS (250, 232), TU (237, 231); The P-values of the interaction terms in this model were: supervision 
byy dose (0.04), supervision by time (0.87), dose by time (0.12). The initial model showed the 3-way interaction 
nott to be significant (time by dose by supervision, P=0.35). 
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Tablee 2: Difference in mean 

Treatmentt Group 

DSS versus DU 
DSS versus TS 
DUU versus TU 
TUU versus TS 

hemoglobinn (g/L) at 6 an 

Att 6-weeks 

Differencee [95% CI] 
inn mean Hb (g/L) 

3.00 [0.92, 5.1] 
4.00 [2.0, 6.0] 
1.11 [-0.95,3.2] 
-0.188 [-2.2, 1.8] 

dd 12-weeks between treatment groups1 

P-value e 

0.017 7 
0.0003 3 
0.29 9 
0.86 6 

Att 12-weeks 

Differencee [95% CI] 
inn mean Hb (g/L) 

3.22 [0.92, 5.4] 
5.33 [3.1, 7.6] 

2.55 [0.24, 4.7] 
-0.322 [-2.6, 1.9] 

P-value e 

0.017 7 
0.0003 3 
0.06 6 
0.86 6 

11 DS= Daily Supervised; DU= Daily Unsupervised; TS= Twice-a-week Supervised; TU= Twice-a-week Unsupervised; n at 
66 and 12 weeks, respectively: DS (238, 223), DU (226, 213), TS (250, 232), TU (237, 231); In each comparison, the 
firstt treatment group is compared in reference to the second treatment group. Difference in mean Hb (g/L) and 
correspondingg 95% confidence intervals were obtained from linear regression models using repeated measures 
(n=1850),, adjusting for clustering at the compound level, continuous age and hemoglobin at enrollment; P-values 
weree obtained based on a Wald chi-square statistic and are adjusted for multiple testing (47); The P-values of the 
interactionn terms in this model were: supervision by dose (0.04), supervision by time (0.87), dose by time (0.12). The 
initiall model showed the 3-way interaction not to be significant (time by dose by supervision, P=0.35) 

Overall,, anemia had resolved (Hb >110 g/L) in 29.2% and 34.5% of the study children by 6 

andd 12 weeks respectively. Almost all children with moderate anemia (50-79 g/L) on enrollment 

hadd hemoglobin levels above 80 g/L by 6 weeks and 12 weeks (6 weeks: 98%, 86%, 79%, 

90%% and 12 weeks: 92%, 9 1 % , 86%, 8 1 % for DS, DU, TS, TU respectively). In those with mild 

anemiaa on enrollment, however, anemia had resolved in only a small proportion of children (6 

weeks:: 43%, 34%, 28%, 28% and 12 weeks: 46%, 4 1 % , 34%, 29% for DS, DU, TS, TU 

respectively).. The proportion of children experiencing hematological recovery was 54%, 42%, 

Tablee 3: Hematological recovery and Mean Cell Volume > cut-off for age at 6 and 12-weeks by treatment group 

Att 6-weeks 

Treatmentt Group RRR [95% CI] P-value e 

Hematologicall recovery* 
DSS versus DU 
DSS versus TS 
DUU versuss TU 
TUU versus TS 

1.255 [1.04, 1.51] P=0.04 
1.366 [1.13, 1.64] P = 0.0004 
1.111 [0.90, 1.38] P-0.19 
0.988 [0.79, 1.21] P=0.97 

Meann cell volume > cut-off for age 
DSS versus DU 1.29(1.05,1.58] P = 0.058 
DSS versus TS 1.28 [1.04, 1.58] P = 0.049 
DUU versus TU 1.03 [0.82, 1.30] P = 0.81 
TUU versus TS 0.97 [0.77, 1.22] P = 0.78 

Att 12-weeks 

RR(95%CI] ] P-value e 

1.099 [0.91, 1.30] P=0.48 
1.26(1.04,1.53]] P= 0.016 
1.26(1.02,1.56]] P= 0.016 
0.92(0.74,1.15]] P = 0.48 

1.199 [0.94, 1.50] P = 0.43 
1.366 [1.05, 1.75] P= 0.049 
1.055 [0.79, 1.40] P-0.81 
1.08(0.80,, 1.47] P-0.78 

nn at 6 and 12 weeks, respectively: DS (238, 223), DU (226, 213), TS (250, 232), TU (237,231); In each comparison, 
thee first treatment group is compared in reference to the second treatment group. 
RRR [95% CI]: Relative Risk and 95% confidence intervals; P-values obtained from chi-square test were adjusted for 
clusteringg at the compound level and multiple testing (47); * defined as Hb >80 g/L for those with Hb 50-79 g/L 
att enrolment, and Hb > 110 for those with Hb 80-109 g/L at enrollment. 
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Tabl ee 4: Malaria and alkause morbidity from passive 

0-0- 6-weeks 

Alkausee sick child visits1 

Non-malariaa morbidity2 

Clinicall malaria2 

Malariaa parasitemia3 

6-- 12-weeks 

All-causee sick child visits' 
Non-malariaa morbidity2 

Clinicall malaria2 

Malariaa parasitemia3 

DS S 

170(6.46) ) 
118(4.48) ) 
14(0.53) ) 

88/2399 (36.8) 

DS S 

136(5.21) ) 
85(3.21) ) 
17(0.66) ) 

82/2199 (37.4) 

>> and active surve 

DU U 

128(5.02) ) 
1011 (3.96) 
222 (0.86) 

94/2288 (41.2) 

DU U 

128(5.20) ) 
79(3.16) ) 
16(0.65) ) 

82/2077 (39.6) 

Haa nee 

TS S 

157(5.91) ) 
1211 (4.55) 
19(0.72) ) 

89/2499 (35.7) 

TS S 

132(4.94) ) 
85(3.01) ) 
211 (0.76) 

86/2211 (38.9) 

TU U 

135(5.07) ) 
977 (3.64) 

27(1.01) ) 
109/240(45.4) ) 

TU U 

149(5.53) ) 
911 (3.28) 

200 (0.73) 
86/2155 (40.0) 

'Numberr of visits (incidence reported as visits per child year); 2Number of first time episodes (incidence reported 
ass episodes per child year);3 n/N (%) at 6 and 12 weeks; None of the differences between treatment groups were 
statisticallyy significant (P > 0.05) after adjustment for multiple comparisons. 

36%,, and 36% at 6 weeks, and 55%, 49%, 42%, and 36% at 12 weeks for DS, DU, TS, TU 

respectively.. Hematological recovery in the DS regimen was significantly higher than in the TS 

groupp (Table 3). Similarly, the probability of recovery was significantly higher in the DU compared 

too the TU group at 12-weeks, but not at 6-weeks (Table 3). Children in the DS group were less 

likelyy to be microcytemic at 6 and 12-weeks than the TS group. 

MorbidityMorbidity  and adverse  effects  The incidence of all-cause sick child visits, clinical malaria, 

andd non-malaria morbidity reported to the three clinics and the local hospital were not different 

betweenn the daily and twice weekly treatment groups by 6 and 12 weeks (Table 4). Similarly 

thee prevalence of malaria parasitemia was not different between daily and twice-weekly iron 

groupss at 6 and 12-weeks. 

Nonee of the children were reported to have been overdosed (e.g. drunk the bottle). There 

weree no statistically significant differences between any of the treatment groups in reported 

signss or symptoms at 6-weeks, when controlling for signs or symptoms at enrollment. Reports 

off dark stool increased in all four treatment groups, with the greatest increase in the DS and 

DUU groups. Reports of body rash and vomiting decreased in all four groups, whereas that of 

respiratoryy tract infections, difficulty breathing, coughing, and diarrhea increased in all four 

groups.. Reports of poor appetite decreased in the daily groups, but increased in the twice-

weeklyy groups. The prevalence of constipation was not assessed on enrollment, but was 

commonlyy reported at 6 weeks (range DS=27% to TU=31%) although it was not significantly 

differentt between the treatment groups. Teeth staining, assessed by open-ended questions 

only,, was reported once (DU regimen). In the unsupervised groups, 69 (15.1%) respondents 

admittedd skipping doses or prematurely stopping supplementation of iron to their child (56.5% 

inn the DU regimen, and 43.5% in the TU regimen). In the DU regimen, the most common 
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reasonss were: vomiting (n=22), dark stool (n=6) and confusion with other drugs (n=2). In the 

TUU group, vomiting (n=19), dark stool <n=5) and loss of appetite (n=3) were cited. None of the 

differencess were statistically significant. 

Discussio n n 
Amongg children 2-59 months of age with mild to moderate anemia who received an initial 

antimalariall treatment (sulfadoxine-pyrimethamine), those receiving daily iron supplementation 

forr 6 weeks experienced significantly greater hematological improvement over 12 weeks of 

follow-upp than those receiving twice-weekly iron. A smaller difference was observed when 

ironn was not given as directly observed therapy. 

Onee of the main reasons that intermittent iron is considered in the control of anemia is the 

proposedd advantage that less frequent dosing results in fewer side effects and may improve 

compliance.. Of note is that Beaton et al. indicate that 'supervision' as judged by the reviewers 

onn the subjective impression of "control" in each of the clinical trials was an important predictor 

off post-intervention anemia prevalence, and more so in the intermittent than in the daily group 

(32).. It is likely that skipping of twice-weekly or weekly dosing will have a greater relative 

impactt than skipping one of the daily doses. Our data indeed confirm that difference in 

adherencee between the daily and twice-weekly regimens was an important determinant of 

treatmentt efficacy, as evidenced by the significant effect modification (P = 0.04) observed 

betweenn the effects of dose regimens and the degree of supervision. It was in the daily iron 

regimen,, however, and not in the twice-weekly group, that a substantial beneficial effect was 

achievedd by administering the dose as directly observed therapy. This could not be explained 

byy a difference in side effects as the prevalence of gastro-intestinal complaints as perceived by 

thee care-taker did not differ between the four groups. 

Thee lack of difference in hematological response between the twice-weekly supervised and 

unsupervisedd groups suggests that low-compliance was not a major obstacle to intermittent 

dosingg in this study. The relative short duration of the intervention may have contributed to 

thee high compliance. A less likely explanation, which can not be excluded in the absence of a 

placeboo control group, is that neither group benefited from twice-weekly iron supplementation 

andd that all improvements in hemoglobin were due to the effects of antimalarial therapy 

receivedd on enrollment, seasonal trends, or resulted from regression towards the mean. However, 

theree is ample evidence suggesting that intermittent iron supplementation is efficacious under 

favorablee conditions (15, 16, 19, 20, 28, 29, 32, 53). 

Thee majority of the previous studies failed to show a substantial benefit from daily over 

intermittentt iron in young children (32). The reason for this lack of empirical difference between 

regimenss has been unclear. It may reflect a reduction in iron absorption in response to relatively 
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highh intake of daily iron (54), but, the existence of a 'mucosal block' in humans has been 

stronglyy disputed (26). It has been suggested that the previous studies were unlikely to detect 

aa difference since they evaluated treatment responses at the end of long intervention periods 

(>> 8 weeks) in subjects with predominantly mild iron deficiency and low grade anemia, eventually 

resultingg in the same optimal hemoglobin levels regardless of the dose schedule used (26). Our 

studyy provides further support for the lack of a functional mucosal block in humans. We may 

havee had a greater chance of detecting a difference between daily and twice-weekly iron due 

too the inclusion of mild as well as moderately anemic children and by addressing malaria as the 

mainn other cause of anemia. We also evaluated a shorter course of iron than previous studies. 

Beatonn ef al, however, suggest that the relative difference between efficacy of weekly and 

dailyy iron appears to increase, rather than decrease, with duration of intervention (32). 

Despitee the relatively short duration of iron supplementation we observed marked increases 

inn hemoglobin by six weeks in all four groups (Figure 3). Almost all children (88%) with 

moderatee anemia (50-79 g/L) on enrollment had hemoglobin levels above 80 g/L by six weeks, 

includingg those randomized to the twice-weekly groups (84%). The majority of all children 

enrolledd in the study, however, had failed to resolve their anemia (Hb <110 g/L; 62% in the 

supervisedd daily group), suggesting that longer supplementation is required to increase the 

overalll efficacy. The short course of iron was chosen due to the uncertainty regarding the 

safetyy of long-term regimens in this area with intense malaria transmission (33). We found no 

differencee between the four treatment groups in the risk of clinical malaria or malaria parasitemia 

duringg the intervention period, or the six weeks thereafter. In a recent randomized controlled 

companionn study we also found no indication that a longer regimen (3-6 mg/kg/day for 12 

weeks)) was associated with a clinically relevant increase in the risk of malaria compared with 

iron-placeboo (55). This, together with the limited efficacy of the 6-week regimen, suggests that 

thee benefits of 12 weeks of iron supplementation in children with anemia are likely to outweigh 

anyy potential associated adverse effects caused by increased risk of malaria in this area. This is 

consistentt with current recommendations from the International Nutritional Anemia Consultative 

groupp (INACG) (56, 57). Other causes of anemia should also be considered in order to maximize 

hematologicall recovery, including micronutrient deficiencies other than iron, and chronic 

inflammationn unrelated to malaria, (51, 58-60). In addition, the high prevalence of HIV in this 

areaa of Kenya likely contributes to childhood anemia (61). 

Thiss study suggests that daily iron regimens when given as directly observed therapy, and 

possiblyy under unsupervised conditions, are superior to twice-weekly dosing in the treatment 

off anemia in children <5 years of age. It also suggests that unlike with daily iron, little additional 

hematologicall benefit can be expected from giving six weeks of twice-weekly iron as directly 

observedd therapy. We conclude that similar to earlier recommendations for pregnant women 

(32),, daily dosing should be the regimen of choice in the treatment of mild and moderate 
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anemiaa in pre-school children regardless of the level of compliance that can be ensured. 
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Abstrac t t 
AA randomized, placebo-controlled treatment trial was conducted among 546 anemic 

(hemoglobinn concentration, 7-11 g/dL) children aged 2-36 months in an area with intense 

malariaa transmission in western Kenya. All children used bednets and received a single dose of 

sulfadoxine-pyrimethaminee (SP) on enrollment, followed by either intermittent preventive 

treatmentt (IPT) with SP at 4 and 8 weeks and daily iron for 12 weeks, daily iron and IPT with 

SPP placebo, IPT and daily iron placebo, or daily iron placebo and IPT with SP placebo (double 

placebo).. The mean hemoglobin concentration at 12 weeks, compared with that for the double-

placeboo group, was 1.14 g/dL (95% confidence interval [CI], 0.82-1.47 g/dL) greater for the 

IPTT + iron group, 0.79 g/dL (95% CI, 0.46-1.10 g/dL) greater for the iron group, and 0.17 g/ 

dLL (95% CI, -0.15-0.49 g/dL) greater for the IPT group. IPT reduced the incidence of malaria 

parasitemiaa and clinic visits, but iron did not. The combination of IPT and iron supplementation 

wass most effective in the treatment of mild anemia. Although IPT prevented malaria, the 

hematologicall benefit it added to that of a single dose of SP and bednet use was modest. 
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Introductio n n 
Itt is estimated that one-third to two-thirds of children <5 years of age in sub-Saharan Africa are 

anemicc [1, 2], and severe anemia contributes substantially to child mortality in this region [3]. 

Althoughh the etiology of childhood anemia is multifactorial, iron deficiency and malaria are 

predominantt causes in most of sub-Saharan Africa [3]. 

Neww international guidelines recommend the use of iron supplementation in all areas with a 

highh prevalence of iron-deficiency anemia [4]. Despite the well-recognized public health burden 

off anemia, implementation of these guidelines continues to be hindered, partly as a result of 

controversyy surrounding the use of iron supplementation in areas in which malaria is endemic 

[5,, 6]. A recent meta-analysis of 13 clinical trials addressing this concern suggested that the 

hematologicall benefits of iron supplementation outweigh the clinically nonsignificant increase 

inn the risk of malaria infection and symptomatic malaria that is associated with iron supplementation 

[5].. Conversely, another review of 8 studies suggested that the risk of symptomatic malaria 

increasedd as much as 50% when iron was given in doses >2 mg/kg/day [6], 

Promisingg results with intermittent preventive treatment (IPT) in the control of malaria in 

pregnancyy [7] have generated interest in the use of IPT for the prevention of malaria and 

malaria-associatedd severe anemia in young children [8]. In a recent study involving Tanzanian 

infants,, conducted in the context of routine vaccinations, IPT with sulphadoxine-pyrimethamine 

(SP)) halved the incidence of severe anemia in an area with intense malaria transmission [8]. 

However,, the role of IPT in the treatment, rather than prevention, of all-cause anemia in young 

childrenn in areas in which malaria is endemic remains to be established. 

Wee assessed the efficacy of single and combined therapy with iron supplementation and IPT 

withh SP in improving hemoglobin concentrations among anemic preschool children. We also 

assessedd the effect of such therapy on the risk of malaria and hypothesized that any possible 

riskk of malaria associated with iron supplementation could be reduced or prevented with 

combinedd therapy, while maximizing the hematological benefits. 

Method s s 
StudyStudy  area and population.  This study was conducted in 15 villages in Asembo, Bondo 

district,, in western Kenya. The study site is described in detail elsewhere [9, 10]. This area has 

highh mortality rates for infants and children <5 years of age (176/1000 and 257/1000 live 

births,, respectively [11]). Malaria transmission is intense and perennial [12]; however, recent 

areawidee deployment of insecticide-treated bednets (ITNs) has substantially reduced the 

transmissionn pressure [13-15]. SP replaced chloroquine as first-line drug for the treatment of 

uncomplicatedd malaria in this area in January 1999 [16]. There were no standardized guidelines 

forr the treatment or prevention of anemia in children in this area at the time of the study. 
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Clinic-basedd surveillance indicated that iron supplementation was prescribed for only 12% of 

childrenn <5 years of age who had clinically diagnosed anemia [17]. 

StudyStudy  design  and randomization.  The study was a double-blind, randomized, placebo-

controlledd trial with a 2 X 2 factorial design. All resident children aged 2-36 months for whom 

consentt was obtained were screened. Children were eligible for enrollment if they had mild 

anemiaa (hemoglobin concentration, 7.0-10.9 g/dL), were aparasitemic or had parasite counts 

<20,0000 parasites/mm3, had no reported iron supplementation, SP treatment, or blood 

transfusionss within the last 2 weeks, and did not have the HbSS phenotype. Children were 

assignedd sequentially (by M.R.D.) to 1 of 4 treatment groups, using balanced block randomization 

(88 children/block) and a random number listing generated independently before the study (by 

F.O.t.K.).. All study drugs and identical placebos were manufactured by Laboratory and Allied 

Limited.. The code to the true drug and placebo assignment was revealed only after closure of 

thee data set and completion of preliminary analyses. It was estimated that a sample size of 600 

wouldd yield 90% power (a=0.05 ) to detect a 0.5-g/dL difference between the mean hemoglobin 

concentrationss of the treatment groups at week 12, assuming a within-group SD of 1.8 g/dL 

andd that 10% of the subject group would be lost to follow-up. Similarly, this would yield 80% 

powerr to detect a difference of -33% in the incidence of malaria, assuming an event rate of 

0.55 events/12 weeks in the group that received only placebo. 

Interventions.Interventions.  All enrolled children were given a single presumptive treatment dose of SP 

[18]] (Malodar [Laboratory and Allied Limited], which contains 500 mg of sulfadoxine and 25 mg 

off pyrimethamine per tablet; study dose was 25/1.25 mg/kg [subjects weighing <10 kg received 

one-halff tablet, and subjects weighing >10 kg received 1 tablet]). Subsequent treatment regimens 

weree IPT with SP at 4 and 8 weeks, combined with daily iron for 12 weeks (IPT + iron); daily iron 

andd IPT with SP placebo; IPT and daily iron placebo; and daily iron placebo and IPT with SP 

placeboo (double placebo). The target oral dose for iron supplementation was 3-6 mg/kg/day 

(ferrouss sulphate in a 40-mg/mL suspension, 27.5% elemental) [19]. SP and SP placebo were 

givenn as crushed tablets mixed with water. The dose was repeated when spitting or vomiting 

occurredd within 30 min. The quality of the SP and SP placebo was confirmed by high-performance 

liquidd chromatography (Centers for Disease Control and Prevention, Atlanta). 

Follow-up.Follow-up.  In addition to daily home visits by staff to administer the iron or iron placebo, 

childrenn were visited at home every 2 weeks for completion of a morbidity questionnaire and 

assessmentt of cutaneous reactions and axillary temperature. Fingerprick or heel-prick blood samples 

(250-5000 mi) were obtained every 4 weeks (just before the next dose of SP or SP placebo) for 

determinationn of hemoglobin concentrations and the presence of malaria parasites. The frequency 



Ironn and SP for treatment of anemia 103 3 

off local clinic and hospital attendance was monitored using a passive surveillance system. 

Childrenn with uncomplicated symptomatic malaria {axillary temperature C with any 

malariaa parasitemia or parasitemia >5000 parasites/mm3 [20]) received oral quinine (supervised; 

100 mg/kg 3 times/day for 7 days). Children who developed severe malaria [21], severe anemia 

(hemoglobinn concentration <5.0 g/dL), or other severe disease requiring hospitalization were 

referredd for further treatment. 

LaboratoryLaboratory  methods.  An AcT 10 Coulter Counter was used to obtain full blood counts. 

Malariaa smears were Giemsa stained, and Plasmodium parasite densities were counted against 

3000 leukocytes and expressed per microliter, using the Coulter Counter leukocyte count. Before 

aa slide was declared to be negative, 200 microscopic fields were read. Hemoglobin phenotype 

wass determined by hemoglobin electrophoresis. In a subsample of the first 155 children enrolled, 

serumm transferrin receptor (sTfR) concentrations were determined (EIA; Ramco Laboratories) at 

enrollmentt and at 12 weeks. 

StatisticalStatistical  analysis.  Statistical analyses were conducted in SAS (version 8.0; SAS Institute) on 

ann intent-to-treat basis. Characteristics at enrollment were compared by analysis of variance or 

byy the %l or Fisher's exact test (table 1). Hemoglobin concentration measurements from scheduled 

follow-upp visits were modeled as a polynomial function of time, using repeated-measures 

analysiss [22]. Reported confidence intervals are adjusted for within-subject correlation. Factors 

att enrollment were introduced into the initial model individually to assess possible confounding 

and/orr effect modification. The effect of each intervention was first compared with data from 

thee double-placebo group (table 2). The interaction between daily iron and IPT was tested in a 

fulll model using the -2 log likelihood ratio test. Because this result was not significant, the 

overalll effect of iron was assessed with adjustment for the effect of IPT (table 3). Similarly, the 

overalll effect of IPT was assessed with adjustment for the effect of iron (table 3). Least square 

meanss are reported for a child with a global mean hemoglobin concentration of 9.48 g/dL on 

enrollment.. After we had verified that the proportionality of hazards assumption was met, Cox 

regressionn models were used to determine hazard ratios for adequate recovery from anemia 

duringg the intervention period, while controlling for the same covariates as in the model used 

too assess the effect on hemoglobin concentration as a continuous outcome. 

Similarr Cox regression models were used to compare the effects on time to first or only 

episodee of malaria parasitemia, clinical malaria, clinic visit, or nonmalaria morbidity, respectively. 

Thee assumption was made that all parasitemic episodes occurring 4 weeks after the dose of SP 

onn enrollment were new infections. Rate ratios for incidence of malaria and clinic visit outcomes 

inn the postintervention period were obtained using a Poisson regression model. A repeated-

measuress model was fit to the log-transformed mean parasite densities. Because all children 
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Tablee 1 . Demographic characteristics and enrollment laboratory values, by treatment group, for 546 subjects 
enrolledd in a trial of treatment of anemia with iron and sulfadoxine-pyrimethamine 

Covariatess IPT + Iron Iron IPT Double placebo P 
(n=135)) (n-139) (n-136) (n-136) 

Demographicc characteristic 
Age,, mean months (SD) 
Malee sex 
Householdd wealth category1 

0-33rdd percentile 
33rd-67thh percentile 
67th-100thh percentile 

Hemoglobinn concentration, mean g/dL (5D) 
MCV,, meanfL(SD) 
Microcytemiad d 

sTff R concentration^ 
Geometricc mean, ug/mL 
Abovee threshold 

Parasitemia a 

11.2(7.2) ) 
63/135(46.7) ) 

35/128(27.3) ) 
46/128(35.9) ) 
47/128(36.7) ) 

9.48(1.1) ) 
71.1(9.3) ) 

60/98(61.2) ) 

4.90 0 
15/40(37.5) ) 

38/133(28.6) ) 
Parasitee density/ geometric mean parasites/mm3 1814 
Hemoglobinn phenotype9 

AA A 
AS S 

105/130(80.8) ) 
25/130(19.2) ) 

11.7(7.5) ) 
66/139(47.5) ) 

37/130(28.5) ) 
37/130(28.5) ) 
56/130(43.1) ) 

9.58(1.0) ) 
71.0(8.3) ) 

68/103(66.0) ) 

2.95 5 
11/39(28.2) ) 

30/133(22.6) ) 
2087 7 

98/133(73.7) ) 
35/133(26.3) ) 

12.5(8.0) ) 
68/136(50.0) ) 

44/125(35.2) ) 
46/125(36.8) ) 
35/125(28.0) ) 

9.34(1.2) ) 
70.9(8.3) ) 

59/96(61.5) ) 

4.56 6 
12/38(31.6) ) 

35/128(27.3) ) 
2020 0 

102/130(78.5) ) 
28/130(21.5) ) 

11.22 (7.6) 
66/136(48.5) ) 

41/127(32,3) ) 
48/127(37.8) ) 
38/127(29.9) ) 

9.59(1.1) ) 
72.2(7.8) ) 

53/96(55.2) ) 

3.31 1 
9/38(23.7) ) 

34/131(26.0) ) 
3442 2 

103/130(79.2) ) 
27/130(20.8) ) 

0.45" " 
0.89b b 

0.18b b 

0.2V V 
0.65* * 
0.49b b 

0.52* * 
0.60b b 

0.71b b 

0.59* * 
0.54b b 

NOTE.. Data are no. of subjects w i t h characteristic/no. of subjects for w h o m data were available (%), unless 
otherwisee indicated. IPT, in termi t tent preventive t rea tment w i th sulfadoxine-pyrimethamine; MCV, mean cell 
vo lume;; sTfR, serum transferr in receptor.d By analysis of variance (F test) .b By x2 r Fisher's exact test. 
cc Data are for 510 households (546 children) and are based on type of house and ownership of livestock, radios, 
bicycles,, and sofas. Data are no. of households in weal th category/ total no. of households (%).d "Microcytemia" 
wass def ined as an MCV <70 fL (for subjects aged 2 - 5 months), <73 fl_ (for subjects aged 6 - 1 1 months), or 
<755 fl_ (for subjects aged >12 months) [ 2 4 ] . e Data are for the first 155 enrolled children. The sTfR concentrat ion 
thresholdd associated w i th iron deficiency in children aged >12 months was >11.2 ug /mL [ 2 5 ] . ' Data are for the 
1377 chi ldren w i th parasi temia.9 HbSS phenotype was a criterion for exclusion. 

receivedd a single dose of SP on enrollment but only one-half received additional doses at 4 and 

88 weeks, the differential effect of IPT with SP in all models was assessed at 4-12 weeks after 

enrollmentt [23]. sTfR concentrations and mean cell volumes (MCVs) at 12 weeks after enrollment 

weree compared with those for the double-placebo group (table 2), using multivariate analysis-

of-variancee models. 

Result s s 
AA total of 753 children were screened between April and November 1999; it was initially 

determinedd that 554 fulfilled the enrollment criteria, and these were randomly assigned to 

treatmentt groups. Eight of these children were excluded from the study before they received 

thee first dose, because further investigation revealed that they had the HbSS phenotype (figure 

1).. The enrollment characteristics of the 546 enrolled children were similar across treatment 

groupss (table 1). The mean amount of elemental iron received was 3.83 mg/kg/day (range, 
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Tablee 2. Effect of anemia treatment or placebo on hematological, malaria and nonmalaria outcomes by week 12 
amongg 491 children aged 2-35 months with mild anemia. 

Hemoglobinn concentrations, g/dL 
Mean3 3 

Differencee in means (95% CI) 
Hematologicall recovery11 

n/N(%) n/N(%) 
Hazardd ratio (95% Cl)c 

Severee anemiad 

n/N{%) n/N{%) 
Hazardd ratio (95% Cl)c 

MCV,, fl_e 

Mean n 
Differencee in means (95% CI) 
Microcytemiaa / n/N {%) 
Prevalencee PR for MCV below threshold (95% CI) 

sTfRconcentration" " 
Geometricc mean, ug/mL 
Ratioo of geometric means (95% CI) 
Abovee threshold, n/N(%) 
Prevalencee PR for sTf R above threshold (95% CI) 

Parasitee density,h parasites/mm3 

Geometricc mean 
Ratioo of geometric means (95% CI) 

Malariaa parasitemia 
n/N(%) n/N(%) 
Prevalencee PR (95% CI)1 

Incidence,, no. of episodes (ID) 
Hazardd ratio (95% Cl> 

Clinicall malariak 

Incidence,, no. of episodes (ID) 
Hazardd ratio (95% CI) 

Clinicc visits 
Incidence,, no. of episodes (ID) 
Hazardd ratio (95% CI)1 

IPTT + Iron 
(n-129) ) 

11.05 5 
1.14(0.82-1.47) ) 

81/108(75.0) ) 
1.83(1.30-2.59) ) 

2/108(1.9) ) 
0.25(0.05-1.18) ) 

73.89 9 
3.49(1.25-5.74) ) 

45/922 (48.9) 
0.677 (0.50O.84) 

1.19 9 
0.31(0.12-0.81) ) 

2/34(5.9) ) 
0.28(0.04-1.13) ) 

1705 5 
0.45(0.25-0.82) ) 

11/104(10.6) ) 
0.72(045-1.11) ) 

86(2.86) ) 
0.799 (0.49-1.26) 

16(0.53) ) 
0.45(0.19-1.05) ) 

113(3.69) ) 
0.89(0.63-1.25) ) 

Iron n 
(n-127) ) 

10.70 0 
0.79(0.46-1.10) ) 

83// 111 (74.8) 
1.65(1.18-2.32) ) 

5/111(4.5) ) 
0.66(0.22-2.03) ) 

74.96 6 
4.56(2.35-6.77) ) 

46/911 (50.6) 
0.60(0.460.76) ) 

1.73 3 
0.45(0.17-1.23) ) 

2/30(6.7) ) 
0.32(0.05-1.32) ) 

2569 9 
0.68(0.38-1.23) ) 

22/111(19.8) ) 
1.04(0.72-1.51) ) 

89(2.92) ) 
1.066 (0.68-1.66) 

20(0.66) ) 
0.68(0.32-1.43) ) 

123(402) ) 
1.04(0.74144) ) 

IPT T 
(n-127) ) 

10.08 8 
00 17 (-0.15-0.49) 

45/101(44.6) ) 
0.90(0.60-1.33) ) 

9/1011 (8.9) 
1.04(0.40-2.72) ) 

69.06 6 
-1.344 (-3.590.91) 

68/89(76.4) ) 
1.01(0.89-1.15) ) 

2.31 1 
0.60(0.23-1.59) ) 

5/32(15.6) ) 
0.822 (0.27-2.52) 

2485 5 
0.66(0.36-1.19) ) 

17/114(14.9) ) 
0.59(0.38-0.91) ) 

80(2.72) ) 
0.63(0.39-1.01) ) 

26(0.88) ) 
0.63(0.30-1.30) ) 

95(3.23) ) 
0.611 (0.43-0.88) 

Doublee placebo 
(n-108) ) 

9.91 1 
Reference e 

55/108(50.9) ) 
Reference e 

8/108(74) ) 
Reference e 

70.40 0 
Reference e 

64/86(744) ) 
Reference e 

3.83 3 
Reference e 

5/27(18.5) ) 
Reference e 

3778 8 
Reference e 

20/95(21.1) ) 
Reference e 
95(3.19) ) 
Reference e 

30(1.01) ) 
Reference e 

132(4.38) ) 
Reference e 

NOTE.. CI, confidence interval; ID, crude incidence density (no. of episodes/person-year); IPT, intermittent 
preventivee treatment with sulfadoxine-pyrimethamine; MCV, mean cell volume; n/N, no. of subjects/no. for 
whomm data were available; PR, proportion ratio.a Least square mean at week 12, obtained from repeated 
measuress analysis, using a polynomial function of time and adjusted for enrollment hemoglobin concentration 
andd enrollment parasitemia.b "Hematological recovery" was defined as a hemoglobin concentration >11 g/dL 
beforee or at week 12.c Cox proportional hazards analysis, adjusted for enrollment hemoglobin concentration 
andd enrollment parasitemia.d "Severe anemia" was defined as a hemoglobin concentration <7 g/dL before or at 
weekk 12.e At week 12; least square means are adjusted for enrollment MCV and compared using analysis of 
variancee and log-binomial regression.f "Microcytemia" was defined as an MCV <70 fL (for subjects aged 0-5 
months),, <73 fL (for subjects aged 6-11 months), or <75 fL (for subjects aged >12 months) [24]. 9 Data are 
forr the first 155 enrolled children. Differences in geometric means at week 12 from the double-placebo group 
aree reported as ratios. Estimates are adjusted for enrollment sTfR concentration and compared using analysis of 
variancee and log-binomial regression. The sTfR concentration threshold associated with iron deficiency in children 
agedd >12 months was >11.2 u.g/mL [25]. h Repeated measures analysis over the course of the 12-week 
interventionn period. Differences in geometric means from the double-placebo group are reported as ratios. 
11 PR at week 12, adjusted for enrollment hemoglobin concentration, age, and enrollment parasitemia. 
'' Cox proportional hazards analysis, adjusted for enrollment hemoglobin concentration, age, and parasitemia. 
kk "Clinical malaria" was defined as an axillary temperature C with coexisting malaria parasitemia. 
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2.75-5.55 mg/kg/day). All households had been issued ITNs. 

Losss to follow-up by week 12 was 10% (n-55) and did not differ significantly among the 

treatmentt groups (figure 1). The characteristics of the children who were lost to follow-up were 

similarr to those of children who completed follow-up. Seven and 6 children died during the 

interventionn (weeks 1-12) and post-initervention (weeks 12-24) periods, respectively (figure 1); 

thesee deaths were equally distributed among the treatment groups. 

Thee mean hemoglobin concentration at 12 weeks was highest in the IPT+iron group, followed 

byy the group of children who received iron alone, those who received IPT alone, and the double-

placeboo group (table 2). IPT+iron was more effective than iron alone (mean difference in 

hemoglobinn concentration, 0.35 g/dL; 95% confidence interval [CI], 0.03-0.68 g/dL; P=0.03), 

whereass IPT alone was not significantly more effective than double placebo (mean difference 

inn hemoglobin concentration, 0.17 g/dL; 95% CI, -0.15-0.49 g/dL; P=0.30) (figure 2). Iron 

supplementationn (with adjustment for the effect of IPT) was associated with a mean hemoglobin 

Randomized d 
n=554 4 

T T 

Excluded d 
HbSS S 

_T T 
135 5 
IPT T 

Dailyy iron 

Migrated=3 3 
Died=3 3 
Withdreww consent=0 

Seenn at12 weeks 
n=129 9 

Migrated=15 5 
Died=3 3 
Withdreww consent=0 

Seenn at 24 weeks 
n=112 2 

Enrolled d 
Hemoglobinn concentration 

7-111 g/dL 
n=546 6 

I I I I 
139 9 

IPTT placebo 
Dailyy iron 

I I 
136 6 
IPT T 

Dailyy iron placebo 

Migrated=10 0 
Died=2 2 
Withdreww consent=0 

Migrated=5 5 
Missingg data=4 
Withdreww consent=0 

Seenn at 12 weeks 
n=127 7 

Seenn at 12 weeks 
n=127 7 

Migrated=0 0 
Died=0 0 
Withdreww consent=1 

Migrated=11 1 
Died=1 1 
Withdreww consent=0 

Seenn at 24 weeks 
n=129 9 

Seenn at 24 weeks 
n=118 8 

136 6 
IPTT placebo 

Dailyy iron placebo 

Migrated=24 4 
Died=2,, missing data=1 
Withdreww consent=1 

Seenn at 12 weeks 
n=108 8 

Migrated=1 1 
Died=2 2 
Withdreww consent=0 

Seenn at 24 weeks 
n=109 9 

Figur ee 1. Subject distribution for a trial comparing the use of iron supplementation and intermittent preventive 
treatmentt (IPT) with sulfadoxine-pyrimethamine for treatment of mild anemia in children in Western Kenya. 
Somee children seen at week 24 may not have been seen at week 12. Hb, hemoglobin. 
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Figuree 2. Multivariate repeated-measures analysis for mean hemoglobin (Hb) concentration, using a polynomial 
functionn of time and adjusted for enrollment hemoglobin concentration (global mean, 9.48 g/dL) and enrollment 
parasitemia.. Error bars represent the 95% confidence intervals of the means. All children received a single dose 
off sulfadoxine-pyrimethamine (SP) on enrollment. In addition, groups received one of the following: intermittent 
preventivee treatment (IPT) with SP, combined with daily iron; daily iron and IPT with SP placebo; IPT and daily iron 
placebo;; or daily iron placebo and IPT with SP placebo (double placebo). 'Significantly different from double 
placeboo (P<.05). "Significantly different from iron (P=.03) 

concentrationn at week 12 that was 0.88 g/dL higher than that of iron placebo. IPT (with 

adjustmentt for the effect of iron) was associated with a more modest effect (0.27 g/dL higher 

thann IPT with SP placebo) (table 3). The effect of iron supplementation was evident from week 

44 onward (figure 2) and for up to 24 weeks (mean difference in hemoglobin concentration at 

weekk 24, compared with iron placebo, 0.61 g/dL; 95% CI, 0.30-0.92 g/dL), whereas the 

effectt of IPT was not evident beyond week 12 (mean difference in hemoglobin concentration 

att week 16, compared with IPT with SP placebo, 0.15 g/dL; 95% CI, -0.07-0.37 g/dL). Separate 

modelss with interaction terms showed that the effects were independent of season, age group, 

orr enrollment hemoglobin concentration (data not shown). Children who received iron 

supplementationn were nearly twice as likely as those who received iron placebo to have an 

adequatee hematological recovery (hemoglobin concentration >11 g/dL; table 3). The difference 

wass still apparent at week 24 (hazard ratio, 1.63; 95% CI, 1.31-2.03). In contrast, IPT did not 

increasee the likelihood of recovery at either 12 or 24 weeks. 

sTfRR concentrations were high in 30.3% of subjects at enrollment, and 61.0% of subjects 

weree microcytemic. No significant differences were observed among treatment groups at 

enrollmentt (table 1). Iron supplementation, but not IPT, was associated wi th significant 

improvementss in sTfR concentration and MCV (table 3). 

Theree was no significant interaction between the effect of iron supplementation and that of 
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Tablee 3. Effect of intermittent preventive treatment (IPT) with sulfadoxine-pyrimethamine (with adjustment for 
ironn supplementation) and iron supplementation (with adjustment for IPT) on hematological, malaria and 
nonmalariaa outcomes by week 12 among subjects receiving anemia treatment. 

Variable e 

Hemoglobinn concentration, g/dL 
Differencee in means (95% Cl)a 

P P 
Hematologicall recovery" 

Hazardd ratio (95% Cl)c 

P P 
Severee a nemiad 

Hazardd ratio (95% C\f 
P P 

Meann cell volume, fl_ 
Differencee in means (95% Cl)e 

P P 
STfRR concentration, ug/mL 

Ratioo of geometric means (95% CI)1 

P P 
Malariaa parasitemia 

Hazardd ratio (95% CI)? 
P P 

Clinicall malariah 

Hazardd ratio (95% CI)9 

P P 
Clinicc visits 

Hazardd ratio (95% CI)" 
P P 

Nonmalariaa morbidity1 

Hazardd ratio (95% CI)" 
P P 

IPT T 

0.27(00 03-0.51) 
0,03 3 

1.07(0.78-1.47) ) 
0.67 7 

0.78(0.35-1.76) ) 
0.55 5 

-1.200 (-2.76-0.36) 
0.13 3 

0.64(0.33-1.27) ) 
020 0 

0.55(0.35-0.89) ) 
0.01 1 

0.47(0.20-1.06) ) 
0.07 7 

0.38(0.22-0.66) ) 
0.001 1 

0.77(0.56-1.05) ) 
0.10 0 

Iron n 

00 88(0.65-1.10) 
0.0001 1 

1.83(1.43-2.35) ) 
<0.0001 1 

0.44(0.18-1.07) ) 
0.07 7 

4.70(3.13-6.26) ) 
O.0001 1 

0.49(0.25-0.96) ) 
0.04 4 

1.14(0.82-1.59) ) 
0.44 4 

0.69(0.39-1.22) ) 
0.21 1 

1,04(0.74-1.44) ) 
0,84 4 

1.16(0.90-1.48) ) 
0.25 5 

NOTE.. Differences and hazard ratios compare subjects who received the intervention with those who did not. 
Separatee full models containing the interaction term between iron and IPT showed that the effects of iron on 
hematologicc responses or morbidity were independent of IPT and vice versa. P> .40 for all interaction terms, 
exceptt severe anemia {P=30 ) and clinic visits (P=. 19). CI, confidence interval; sTfR, serum transferrin receptor. 
aa Multivariate repeated measures analysis for mean hemoglobin concentration at week 12, using a polynomial 
functionn of time and adjusted for enrollment hemoglobin concentration, enrollment parasitemia, and either 
ironn (for the effect of IPT) or IPT (for the effect of iron). b "Hematological recovery" was defined as a 
hemoglobinn concentration >11 g/dL before or at week 12. c Cox proportional hazards analysis during the 
12-weekk intervention, adjusted for enrollment hemoglobin concentration, parasitemia, and either iron (for 
thee effect of IPT) or IPT (for the effect of iron).d "Severe anemia" was defined as a hemoglobin concentration 
<77 g/dL before or at week 12. e Difference in means at week 12, calculated using analysis of variance and 
adjustedd for mean cell volume at enrollment. f Ratio of geometric means at week 12, calculated using 
analysiss of variance and adjusted for sTfR concentration at enrollment. <> Cox proportional hazards analysis, 
adjustedd for enrollment hemoglobin concentration, age, parasitemia, and either iron (for the effect of IPT) or 
IPTT (for the effect of iron).h "Clinical malaria" was defined as an axillary temperature C with coexisting 
malariaa parasitemia. ' "Nonmalaria morbidity" was defined as an axillary temperature C without 
coexistingg malaria parasitemia. 

IPTT on the risk of malaria or nonmalaria morbidity during the intervention period. Between 4 

andd 12 weeks after enrollment, IPT was associated wi th significant reductions in malaria 

parasitemiaa and clinic visits and a nonsignificant reduction in clinical malaria <P=0.07; table 3). 

Ironn supplementation was not associated with malaria parasitemia or morbidity (table 3). There 
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wass no evidence that the risk of malaria in the postintervention period (12-24 weeks) was 

greaterr among those who received IPT {rebound effect) than among those who did not, when 

thee analysis was adjusted for the effect of iron (data not shown). The sample size in our study 

wass too limited to exclude with certainty the possibility that rare serious adverse effects associated 

withh SP might occur, but none of the children included developed severe cutaneous reactions. 

Discussio n n 
Inn the context of area-wide ITN use and administration of a single presumptive dose of SP on 

enrollment,, 12 weeks of supervised daily iron supplementation in anemic children 2-36 months 

oldd was associated with an increase in hemoglobin concentration that was 0.88 g/dL greater, 

comparedd with iron placebo, and a 1.8-fold greater probability of full hematological recovery. 

Thee beneficial effects were sustained for several months after the intervention ceased. The 

combinationn of iron and IPT resulted in the best treatment response, but the additional increase 

inn hemoglobin concentration associated with IPT, although statistically significant, was modest. 

Thesee results were similar in all age groups and were not affected by the degree of anemia at 

enrollmentt in this relatively homogeneous sample (more severely anemic children [hemoglobin 

concentrationn <7 g/dL] were excluded from the study). 

Thiss clear beneficial effect of iron supplementation on hemoglobin concentration in the 

treatmentt of all-cause anemia is consistent with the results of a similar treatment study in 

easternn Kenya in an area of seasonal malaria transmission [26] and with the findings reported 

inn a meta-analysis involving 13 randomized, controlled iron supplementation trials [5], Similarly, 

wee found no indication that iron supplementation was associated with a clinically relevant 

increasee in the risk of malaria [5, 26]. These findings were independent of age and, by 

proxy,, the level of acquired immunity to malaria. However, malaria transmission and infection 

ratess were low in all age groups, which reflects the area-wide impact of use of ITNs: >9B% of 

householdss in this area had been issued ITNs [13], and ITNs were used in 70% of these 

householdss on a regular basis [27]. 

IPTT further reduced the incidence of malaria parasitemia and clinical episodes by -50%, but 

thiss resulted in only a modest hematological benefit. There are several likely reasons for this. 

First,, although the children included in our study represent the age group at highest risk of 

malaria-associatedd anemia, the low incidence of malaria is likely to have reduced the relative 

causall contribution of malaria to anemia [20]. Second, all children received a single dose of SP 

onn enrollment, in accordance with guidelines for integrated management of the sick child 

[18].. A marked increase in hemoglobin concentrations by week 4 was observed in all treatment 

groups,, including the double-placebo group. This partly reflects regression toward the mean in 

thiss selected sample of anemic children but presumably also results from clearance of the 
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initiall nonresistant malaria parasitemia and subsequent resolution of the malaria-attributable 

componentt of the anemia. Thus, additional doses of SP at weeks 4 and 8 would only have 

treatedd and prevented further hematological insults associated with new malaria episodes. 

Third,, parasitological resistance to SP is increasing rapidly in this study area, further reducing 

hematologicall efficacy, because of persistence of the initial infection and reduced prophylactic 

efficacyy [28]. 

Thus,, although our findings are representative for areas with similar transmission and 

widespreadwidespread ITN use, they raise the question of whether IPT is more effective in treating anemia 

inn children who do not use bednets and who live in areas with less SP resistance or in treating 

moree severe anemia (e.g., hemoglobin concentration <7.0 g/dL). The similarly limited 

hematologicall effect of IPT, however, found in 2 other randomized, controlled treatment studies 

involvingg young anemic children in eastern Kenya [26] and Tanzania [23] does not support a 

markedd effect of IPT. These studies were conducted in areas with low bednet coverage and 

loww levels of SP resistance and included children who had more severe anemia (hemoglobin 

concentration,, 5-7 g/dL) than did the children in our study. All children in the Tanzanian 

study,, which was conducted in an area with intense malaria transmission, also received 

presumptivee treatment with SP on enrollment [23]. 

Inn most areas in which malaria is endemic, children <3 years of age represent ~9%-10% of 

thee population, and mild anemia is the rule rather than the exception in this age group [10, 29, 

30].. Routine use of IPT with SP in the treatment of mild anemia among these children is thus 

likelyy to increase drug pressure that could potentially affect the rate of development of SP 

resistancee by Plasmodium falciparum in the population [31, 32]. Furthermore, although the 

short-- and long-term consequences of iron-deficiency anemia are well documented [33-35], 

thee public health benefits of preventing or treating asymptomatic nonsevere malaria or mild 

malaria-associatedd anemia are less clear. Available evidence from the present study and 2 other 

studiess conducted to date [23, 26] suggests that the hematological benefit of 2 monthly doses 

off SP is limited, especially when these doses are in addition to a single presumptive dose of SP, 

andd may not outweigh the potential risk of increased drug pressure if IPT were applied routinely 

inn the treatment of mild all-cause anemia. 

Thus,, in contrast to the promising results obtained with use of IPT in the prevention of severe 

anemiaa in infants in areas with intense malaria transmission [8], the available evidence suggests 

thatt IPT with SP has only modest beneficial effects on hemoglobin concentrations when used for 

thee treatment of moderate or mild all-cause anemia in addition to a single presumptive dose of 

SP.. However, our study and that in eastern Kenya [26] clearly indicate that iron supplementation 

iss efficacious in increasing hemoglobin concentrations in young children with mild anemia, and 

thiss is likely to outweigh any potential associated adverse effects caused by increased risk of 

malaria. . 
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Abstrac t t 
Background ::  A single study showed that iron supplementation in Gambian pregnant women 

withh sickle-cell trait {HbAS) is associated with increased susceptibility to malaria and decreased 

hematologicall responses compared to pregnant women with the normal (HbAA) phenotype. It is 

unknownn if a similar interaction exists in children. 

Objective ::  To determine the influence of the sickle-cell hemoglobin phenotype on hematological 

responsess and malaria following iron supplementation in anemic children aged 2-35 months (Hb 

70-109g/L). . 

Design ::  Children (115 HbAS, 408 HbAA) were enrolled in a double-blind randomized placebo-

controlledd trial of intermittent preventive treatment with 4-weekly sulfadoxine-pyrimethamine (IPT) 

andd daily-supervised iron for 12 weeks. 

Results ::  The mean difference in hemoglobin concentrations at 12 weeks between children assigned 

ironn and placebo-iron, adjusting for the effect of IPT, was 9.1g/L (95% confidence intervals [Cl]:6.4-

11.8)) and 8.2g/L (95%CI:4.0-12.4) in HbAA and HbAS children respectively (P-value interaction 

term=0.68).. Although the incidence of malaria parasitemia and clinical malaria was greater in HbAS 

childrenn in the iron than placebo-iron group, this difference was not statistically significant; incidence-

ratee ratios (95%CI) adjusted for the effect of IPT: 1.23(0.64-2.34) and 1.41(0.39-5.00), respectively. 

Thee corresponding incidence-rate ratios in HbAA children were: 1.07(0.77-1.48) and 0.59(0.35-

1.01).. The interactions between the effects of iron and hemoglobin phenotype on malaria 

parasitemiaa (P=0.70) or clinical malaria (P=0.20) were not significant. 

Conclusions ::  There was no evidence for clinically relevant modification by hemoglobin-S phenotype 

off the effects of iron supplementation in the treatment of mild anemia. The benefits of iron 

supplementationn are likely to outweigh possible risks associated with malaria in children with either 

HbAAA or HbAS. 
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Introductio n n 
Anemiaa (Hb <110g/L) has a prevalence of 50-75% among pre-school children in sub-Saharan 

Africaa (1, 2) and is predominantly caused by iron deficiency and malaria (3, 4). Despite the well 

recognizedd public health burden of anemia and the beneficial impact of iron supplementation 

onn hematological status (5-7), the use of iron supplementation for treatment of anemia in sub-

Saharann Africa remains a topic of debate (5, 6, 8, 9). Whereas iron deficiency causes a number 

off biochemical abnormalities and impaired cell mediated immunity with increased susceptibility 

too infections (10-12), concerns have also been raised that iron therapy exacerbates infections, in 

particularr malaria (5, 6, 9). A meta-analysis of 13 clinical trials showed that the hematological 

benefitss of iron supplementation outweigh the statistically significant increase in malaria 

parasitemiaa and non-significant increase in the risk of clinical malaria (8). The International 

Nutritionall Anemia Consultative Group (INACG) re-affirmed in 1999 that iron supplementation 

shouldd be pursued in the context of an integrated strategy for prevention and treatment of 

anemiaa in malaria endemic areas (6). 

AA remaining concern is whether the sickle cell trait phenotype, as well as other 

hemoglobinopathiess that offer protection against malaria, modify the effect of iron 

supplementationn (5, 6, 9). It has been suggested that in populations with a high prevalence of 

hemoglobinopathies,, depending on type and zygosity, a potential deleterious effect of iron on 

malariaa might be either masked due to the protective effect in carriers, or aggravated due to 

carrierss losing their pre-existing protective effect, and thus being predisposed to malaria (13). 

Thee effect of sickle cell trait on the response to iron supplementation was addressed as part of a 

placebo-controlledd trial of daily oral iron supplementation in multigravid women in The Gambia. 

Inn contrast to the observed beneficial effect of iron on hemoglobin levels and birthweight in 

HbAAA women, iron supplementation in women with the sickle cell trait resulted in lower 

hemoglobinn levels and birthweights. HbAS women assigned to the iron group were also at an 

increasedd risk of placental malaria, whereas HbAA women were not (14). To our knowledge, no 

otherr studies have addressed this potential interaction between iron supplementation and HbS 

phenotype. . 

Inn Asembo Bay, an area of intense perennial malaria transmission on the shores of lake Victoria 

inn western Kenya, the sickle cell trait offers significant protection from severe malaria morbidity 

andd mortality in children aged 2-16 months (15). We previously conducted a randomized placebo-

controlledd treatment study among anemic pre-school children in this area to compare the efficacy 

off single and combined therapy with 12 weeks of daily-supervised iron supplementation and/or 4-

weeklyy intermittent preventive treatment with sulfadoxine-pyrimethamine (IPT) in improving 

hemoglobinn concentrations. Their effect on the risk of malaria was also assessed. The methods 

andd results of this study were reported in detail elsewhere (16). Iron supplementation alone was 

associatedd with marked hemoglobin improvements, without increased risk of malaria. IPT 
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approximatelyy halved the incidence of malaria parasitemia and the combination of IPT and iron 

supplementationn was most effective in the treatment of mild anemia. A secondary objective of this 

triall was to determine whether the risks and benefits of iron supplementation depend on the sickle 

celll phenotype. The results of this sub-analysis are presented here. 

Subject ss And Method s 
StudyStudy  population.  This study was conducted between April 1999 and November 2000 in 15 

villagess in Asembo, Bondo district, northeast of Lake Victoria in Nyanza Province in western 

Kenya.. The study site has been described in detail before (17, 18). Briefly, the population is 

ethnicallyy homogeneous; more than 95% are members of the Luo tribe. Malaria transmission is 

intensee and perennial (19), however, recent area-wide deployment of insecticide-treated bednets 

(ITN)) has substantially reduced the transmission pressure (20-22). All study participants in this 

anemiaa treatment study were living in households using ITNs that were routinely retreated with 

insecticidee every six-months. Despite the high prevalence of anemia, most local clinics in this area 

lackk standardized guidelines for the use of iron supplementation in the treatment or prevention 

off anemia (16). Clinic based surveillance showed that iron supplementation was not routinely 

givenn to children with mild and moderate anemia and prescribed for only 12% of the children 

lesss than five years of age with clinically diagnosed severe anemia, while all received presumptive 

antimalariall treatment (23). 

StudyStudy  design.  The study design and recruitment are described in detail elsewhere (16). In brief, 

thee study was a double-blinded, randomized placebo-controlled anemia treatment trial with a 

2x22 factorial design. All resident children from the 15 villages aged 2-36months for whom consent 

wass obtained were screened. Children were eligible for enrolment if they had mild anemia 

(hemoglobinn concentration 70-109 g/L), were aparasitemic or had parasite counts<20,000 

parasites/mm3,, had no reported iron supplementation, SP treatment, or blood transfusions within 

thee last 2 weeks, and did not have the HbSS phenotype. Children with the HbSS phenotype were 

referredd to a local pediatrician free of charge for further counselling and management. Children 

weree assigned sequentially (by M.R.D.) to 1 of 4 treatment groups, using balanced block 

randomizationn (8 children per block) and a random number listing generated independently 

beforee the study (by F.O.t.K). On enrollment all children were given a single presumptive treatment 

dosee of sulfadoxine-pyrimethamine (SP). The subsequent four study treatment regimens included: 

intermittentt preventive treatment with SP at 4 and 8 weeks plus daily oral iron for 12 weeks, 4-

weeklyy placebo-SP plus daily iron, 4-weekly SP plus daily placebo-iron, and, 4-weekly placebo-SP 

pluss daily placebo-iron. The target dose of iron (Ferrous Sulphate 40 mg/ml, 27.5% elemental, 

syrup)) was 3 mg/kg and was dosed according to body weight (24). All children were visited 
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dailyy at their homes by our study staff, who supervised the administration of all iron doses. 

Participantss received instructions in the local language with regard to expected side effects, 

safetyy issues, and correct dose of iron supplementation to be delivered. All iron bottles were 

labeledd with personal identifiers and dosing instructions. 

Follow-up.Follow-up.  In addition to daily home visits by staff to administer the iron or iron placebo, each 

childd was visited at home every two weeks, at which time a standardized morbidity questionnaire 

wass completed and the axillary temperature recorded. At every other visit (i.e. 4-weekly), a finger 

orr heel prick blood sample (250-500 ul) was taken to determine Hb concentration and the 

presencee of malaria parasites. Participants had access to free out- and in-patient care in the local 

hospita!! and three dedicated health facilities. Details of all clinic visits were monitored using 

continuouss passive malaria case detection. Children with uncomplicated symptomatic malaria 

(axillaryy temperature C with any malaria parasitemia), as well as those without fever but 

withh high-density parasitemia (> 5,000 /mm3), detected at follow-up visits or through passive 

surveillance,, were treated with supervised oral quinine (10 mg/kg three times daily for 7 days). 

Childrenn diagnosed during active or passive follow-up visits with severe malaria, severe anemia 

(hemoglobinn concentrations below 50 g/L), or other severe disease requiring hospitalization, 

weree referred to the local hospital for further management. 

LaboratoryLaboratory  methods.  An ACT 10 Coulter Counter (Coulter Co., Florida, USA) was used to 

determinee the Hb and mean corpuscular volume (MCV). Assays were performed once on a 

singlee sample. The coefficient of variation (CV) for Hb was >2.0% (12.0-18.0g/dL range). The 

CVV for the MCV analyses was <3.0% (80-100 fl). Slides were Giemsa stained, and Plasmodium 

parasitess were counted against 300 leukocytes. Slides were considered negative if no asexual 

parasitess were found in 200 high-power ocular fields of the thick smear. Parasite densities are 

expressedd per microliter, using individual white blood cell (WBC) counts, determined by coulter 

counter,, for those who had them available, or the average of all WBC counts during the 

interventionn period (10.9x103) for those with missing WBC counts. Hemoglobin phenotype was 

assessedd on fresh samples using hemoglobin electrophoresis of a red blood cell hemolysate on 

cellulosee acetate plates (Helena laboratories, TX, USA). Serum samples were stored at C and 

subsequentlyy transported on dry ice to the CDC laboratories in Atlanta, GA, and kept in liquid 

nitrogenn until further assays of serum transferrin receptor (sTfR) concentrations. STfR 

concentrationss on enrollment and at 12 weeks were determined 10-15 months after sample 

collectionn in the first 154 children enrolled in the study (16) using a commercially available enzyme 

immunoassayy (Ramco Laboratories Inc., Stafford, Texas, U.S.A.). The CV for the normal control 

(rangee 4,29-7.42) was 14%. All sTfR assays were determined in duplicate and all assays with CVs 

>15%% were repeated. 
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Definitions.Definitions.  Malaria parasitemia was defined as asexual blood stage malaria parasites of any 

Plasmodiumm species and density detectable by microscopy on a thick btood smear. Clinical malaria 

wass defined as an axillary temperature C in the presence of any malaria parasitemia (25). 

AdequateAdequate hematological recovery was defined as the absence of anemia {i.e. Hb concentration 

>1100 g/L) by 12 weeks from enrolment. Microcytemia was defined as a MCV level below an age 

specificc cut-off: 0-5 month: <70fL, 6-11 month: <73fL, >12 month: <75fL (26). 

StatisticalStatistical  methods.  All analyses were conducted in SAS {Statistical Application Software 

Institute,, version 8.0, Cary, NC) on an intention to treat basis. 

Thee impact on mean Hb concentrations, mean MCV levels and geometric mean parasite 

densitiess was analyzed using a linear model with repeated measures. Reported p-values and 

confidencee limits are adjusted for within subject correlation. Missing data was assumed to be 

missingg at random. Poisson regression models were used to estimate the incidence rate ratio of 

malariaa parasitemia and clinical malaria between iron and placebo-iron groups. Adjusted hazard 

ratioss obtained from Cox proportional hazards models were used to compare the rate of 

adequatee hematological recovery between groups. Geometric mean sTfR levels were analyzed 

usingg analysis of variance. 

Thee presence of a significant interaction between HbS phenotype and iron (or any other 2-

andd 3-way interactions tested) was assessed in each model using the -2 log likelihood ratio test. 

Covariatess that were determined to be significantly associated with the outcome but did not 

causee confounding, effect modification, and/or did not have a marked impact on the precision 

off the point estimates associated with treatment group, were omitted from the final model. 

Modelss were controlled for IPT, age, baseline Hb (centered at the overall mean of 94.7g/L), and 

baselinee presence of parasitemia. Age was categorized as being below and above 12 months. 

InformedInformed  consent  The study was approved by the institutional ethical review boards of the 

Kenyaa Medical Research Institute (KEMRI), Nairobi, Kenya, by the Centers for Disease Control 

andd Prevention (CDC), Atlanta, USA, and by the Academic Medical Center at the University of 

Amsterdam,, Amsterdam, The Netherlands. Written informed consent was obtained from the 

caretakerss of each individual participant. 

Result s s 
AA total of 753 children were screened between April and November 1999; it was initially 

determinedd that 554 fulfilled the enrollment criteria, and these were randomly assigned to 

treatmentt groups (16). The hemoglobin phenotype was successfully determined in 531. Eight 

childrenn were excluded from enrollment because Hb-electrophoresis revealed that they had the 
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HbSSS phenotype. In total 523 children with known HbS phenotype were enrolled (Figure 1). 

Thiss involved 505 households with 18 households contributing 2 siblings. 

Off these 523 children, 22% carried the sickle cell trait, and 55.6% and 89.7% of the children 

weree below 1 and 2 years of age, respectively. Hb and sTfR were not statistically different among 

thee 4 exposure groups, but mean MCV levels were lower in both HbAS groups (Table 1). Parasitemia 

prevalencee was not different, but HbAS children had lower geometric mean parasite densities than 

HbAAA children (P=0.009). Nearly all of the 133 malaria infections at baseline were caused by P. 

falciparumfalciparum (95.5%), with the remaining due to mixed infections of P. falciparum with either P. 

malariaemalariae or P. ovale (3.8%), or due to mono-infection with P. ovale (0.8%). The average daily dose 
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Figur ee 1. Profile of a study of sickle cell hemoglobin phenotype and the response to iron supplementation 
inn young children in western Kenya. 
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Tablee 1 Baseline characteristics of 523 enrolled children by HbS phenotype and iron supplementation group. 

HbAA A 

Sex;; No. Male (%) 
Agee in months, mean (SD) 
SESS ranked; median (IQR) 
Weight-for-age;; mean (SD) 
Height-for-age;; mean (SD) 
Weight-for-height;; mean (SD) 
MUAC-for-age;; mean (SD) 
Hbb in g/L; mean (SD) 
-- Hb < 80 g/L; No. (%) 
Anyy parasitemia; No. {%) 
GMPD,, mean (95% CI)2 

MCVV in fL; mean (SD) 
-- Microcytemia; No. (%) 
STfRR in ng/ml; median (IQR) 
-- sTfR <11.2 ug/ml; No. (%) 

iron/plac iron/plac 

203/205 5 
203/205 5 
193/195 5 
198/194 4 
172/173 3 
167/170 0 
119/122 2 
203/205 5 
203/205 5 
200/199 9 
46/55 5 
152/147 7 
152/147 7 
64/56 6 
64/56 6 

Iron n 

933 (45.8) 
11.22 (7.22) 

57.00 (27.0-76.0) 
-0.377 (1.37) 
-1.100 (1.36) 
0.488 (1.42) 
-0.788 (1.08) 
95.22 (10.2) 

200 (9.9) 
466 (23.0) 

2962(1628-5389) ) 
71.55 (8.92) 
944 (61.8) 

7.7(2.4-12.7) ) 
222 (34.4) 

Placebo o 

1022 (49.8) 
11.99 (7.87) 

45.00 (22.0-75.0) 
-0.422 (1.53) 
-1.388 (1.29) 
0.600 (1.66) 
-0.988 (1.01) 
94.11 (11.1) 
288 (13.7) 
555 (27.6) 

2991(1751-5109) ) 
72.33 (7.99) 
788 (53.1) 

6.6(2.9-11.8) 6.6(2.9-11.8) 
155 (26.8) 

PAA PAA 

0.43 3 
0.34 4 
0.23 3 
0.75 5 
0.05 5 
0.47 7 
0.14 4 
0.29 9 
0.23 3 
0.29 9 
0.95 5 
0.41 1 
0.12 2 
0.73 3 
0.37 7 

Abbreviations:: GMPD= geometric mean parasite densities, Hb = hemoglobin, IQR = inter quartile range, MCV= 
meann corpuscular volume, MUAC = Mid-upper arm circumference, SD = standard deviation, sTfR = serum 

off iron received based on the enrollment weight of the child was 3.8 mg/kg (range 2.8-5.0 mg/kg). 

Fortyy children (8%) did not complete their 12 week follow-up period; 7 had died, the caretaker 

off 1 child withdrew consent, and 32 moved or left for an indefinite period of time. These children 

weree equally divided among the study groups (Figure 1). Children lost to follow-up were similar 

acrosss all baseline characteristics to the 483 children who were successfully followed for 12-weeks. 

HematologicalHematological  effects  of  iron  supplementation.  There was no evidence of interaction among 

Hbb phenotype, iron supplementation, and IPT on the effect on hemoglobin levels at 12 weeks 

(3-wayy interaction P=0.16). There was also no evidence for 2-way interactions between iron 

andd IPT (P=0.74), Hb phenotype and IPT (P=0.48), or Hb phenotype and age on hemoglobin 

levelss (P=0.97). The effect of iron on mean hemoglobin levels and adequate hematological 

recoveryy by 12 weeks were not statistically different between HbAA and HbAS children, in both 

IPTT groups (data not shown) and also in models which assessed the effect of iron exclusively 

whilee adjusting for the effect of IPT (Table 2). Neither the effects of iron on MCV or on sTfR levels 

weree statistically significantly different between HbAA and HbAS children (Table 2). 

EffectsEffects  of  iron  supplementation  on malaria.  Of the 473 children from whom malaria smear 

resultss were available on a monthly basis, 214 positive smears were found in 143 children. Of the 

childrenn who were parasitemic at baseline, 41.4% were parasitemic at their first 4-weekly follow-

up,, despite the treatment dose of SP received by all children at baseline. Among aparasitemic 
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Hon/plac Hon/plac 

60/55 5 
60/55 5 
58/52 2 
59/53 3 
51/48 8 
50/48 8 
40/38 8 
60/55 5 
60/55 5 
59/55 5 
19/13 3 
47/43 3 
47/43 3 
15/19 9 
15/19 9 

HbAS S 

Iron n 

311 (51.7) 
12.66 (7.76) 

56.00 (31.0-79.0) 
-0.822 (1.44) 
-1.399 (1.20) 
0.188 (1.77) 
-1.077 (1.01) 
94.66 (10.2) 

7(11.7) ) 
199 (32.2) 

756(310-1846) ) 
69.66 (8.43) 
322 (68.1) 

4.7(1.9-11.3) ) 
44 (26.7) 

Placebo o 

277 (49.1) 
12.44 (7.79) 

38.55 (21.5-56.5) 
-0.499 (1.34) 
-1.211 (1.26) 
0.299 (1.50) 
-1.022 (1.16) 
95.00 (10.6) 

66 (10.9) 
133 (23.6) 

1485(503-4385) ) 
69.11 (8.14) 
333 (76.7) 

4.8(2.1-11.7) ) 
55 (26.3) 

pp
A5 A5 

0.78 8 
0.90 0 
0.02 2 
0.21 1 
0.46 6 
0.73 3 
0.85 5 
0.75 5 
0.90 0 
0.31 1 
0.41 1 
0.76 6 
0.36 6 
0.79 9 
0.993 3 

P P 

i i 
AS-AA A 

0.74 4 
0.24 4 
0.89 9 
0.08 8 
0.66 6 
0.09 9 
0.25 5 
0.82 2 
0.89 9 
0.55 5 
0.009 9 
0.01 1 
0.01 1 
0.31 1 
0.62 2 

Transferrinn receptor, 1 P-value comparing the difference between the pooled HbAS group and the pooled 
HbAAA groups, 2 Geometric Mean Parasite Densities, only includes positive smears 3 Fisher's exact test. 

childrenn 8.7% had become parasitemic at their first 4-weekly follow-up. These prevalences were 

similarr in all groups. Similar to what was observed for hematological outcomes, none of the 

three-- and two- way interaction terms examined above were found to be significant. Over the 

wholee 12-week treatment period, the incidence rate of malaria parasitemia in the iron group 

wass slightly higher (not significant) than in the children randomized to the iron placebo group, in 

bothh the HbAA (RR 1.07, 95% CI 0.77-1.48) and HbAS children (RR 1.23, 95% CI 0.64-2.34) 

(Tablee 3). These incidence-rate ratios were not statistically significantly different between HbAA 

andd HbAS children, as indicated by the interaction term P-value of 0.70, in the overall model, or 

inn each IPT group (IPT-placebo: P=048; IPT: P=0.76) (Table 3). 

Duringg this 12-week treatment period, 73 clinical malaria episodes were observed in 64 children. 

Thee incidence of clinical malaria in the HbAA group was lower among children randomized to 

thee iron groups compared to the iron-placebo groups (RR=0.59, 0.35-1.01) while in the HbAS 

groupp the incidence was higher (RR=1.41,0.39-5.00). The difference between the HbAA and 

HbASS groups was not significant (P=0.20), though the number of observed events was small 

(Tablee 3). Geometric mean parasite densities were higher in HbAS children receiving iron than 

thosee receiving placebo-iron, though this difference was not statistically significant (F-0.57). In 

HbAAA children, the densities were significantly lower in the iron group (P=0.03). This difference 

betweenn the effects of iron on parasite densities in HbAS versus HbAA children was not statistically 

significantt (P-value interaction term=0.14) (Table 3). 
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Tablee 2. Hematological response by 12 weeks to iron or placebo-iron supplementation 

HbAA A 

NN M 
iron/ptöc iron/ptöc 

187/185 5 
187/185 5 
168/167 7 
52/42 2 

Iron n 

67.4 4 
110 0 
75.5 5 
1.42 2 

Plac. . 

42.2 2 
101 1 
70.6 6 
2.89 9 

HRR (95%CI) or diff. 
inn mean (95%CI) 

2.000 (1.50-2.66)* 
9.11 (6.4-11.8)3 

4.99 (3.3-6.5)4 

0.499 (0.23-1.06)5 

P P 

<0.0001 1 
<0.0001 1 
<0.0001 1 

0.07 7 

Hbb >110 g/L; No. (%? 
Hbb in g/L; mean3 

MCVV in fl_; mean4 

sTfRR in ug/ml; geo. mean5 

Plac.. = Placebo-iron; geo. mean = geometric mean. 'P-value for the interaction term assessing whether the 
effectt of iron supplementation on hemoglobin, MCV, or sTfR is dependent on Hb phenotype. 2Cox proportional 
hazardss analysis of adequate hematological recovery during the 12-week intervention, adjusted for age, 
enrollmentt hemoglobin concentration, IPT, and presence of parasitemia. Column 5 represents the hazard 
ratioo (HR) with the 95% Confidence intervals. 3 Least square means at week 12 obtained from a linear 
modell with repeated measures, adjusted for age, enrollment hemoglobin (centered at the overall mean of 
94.7g/L),, IPT, and presence of parasitemia. Column 5 represents the difference in means with the 95% 

Tablee 3. Crude incidence per 1000 child months of malaria parasitemia and clinical malaria, and geometric 
meann parasite densities (GMPDs) during 12 weeks of iron or placebo supplementation. 

Anyy parasitemia 3 

-- No IPT 

-IPT T 

Anyy clinical malaria 3 

-- No IPT 

-IPT T 

GMPD4 4 

-- No IPT 

-IPT T 

tron/plac tron/plac 

Inc.. rate1 

184/182 2 
(68/434) ) 

87 /93 3 
(36/208) ) 

97 /89 9 
(32/226) ) 

186/186 6 
(21/426) ) 

88 /95 5 
(11/203) ) 

98 /91 1 
(10/223) ) 

% , , 

8 0 / 9 4 4 

4 1 / 5 6 6 

39 /38 8 

HbAA A 

Iron n 
Inc.. rate1 

157 7 
(75/447) ) 

173 3 
(47/224) ) 

142 2 
(28/223) ) 

49 9 
(42/446) ) 

54 4 
(25/225) ) 

45 5 
(17/221) ) 

GMPD D 
(95%CI) ) 

1664 4 
(1035-2673) ) 

2492 2 
(1329-4675) ) 

1067 7 
(508-2241) ) 

Placebo o 
(95%CI) ) 

168 8 
(0.77-1.48) ) 

210 0 
(0.60-1.44) ) 

126 6 
(0.75-2.09) ) 

94 4 
(0.35-1.01) ) 

111 1 
(0.26-1.08) ) 

77 7 
(0.31-1.50) ) 

GMPD D 
(95%CI) ) 

3374 4 

(2136-5328) ) 
4106 6 

(2338-7211) ) 
2605 5 

(1231-5513) ) 

RR R 

1.07 7 

0.93 3 

1.25 5 

0.59 9 

0.53 3 

0.68 8 

P P 

0.03 3 

0.24 4 

0.09 9 

Abbreviations:: IPT = Intermittent preventive treatment, GMPD = geometric mean parasite densities. ' incidence 
ratee expressed as number events per 1000 child months (1 person month = 28 days).2 P-value for the interaction 
termm assessing whether the effect of iron supplementation on malaria indices is dependent on Hb phenotype. 
33 Estimated rate ratios (RR) were obtained from Poisson regression models, adjusted for age, presence of 
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N N 
iron/plx iron/plx 

56/51 1 
56/51 1 
46/44 4 
11/17 7 

Iron n 

66.1 1 
108 8 
73.4 4 
1.56 6 

HbAS S 

Plac. . 

39.2 2 
100 0 
67.1 1 
2.87 7 

HRR <95%CI) or diff. 
inn mean (95%CI) 

1.644 (0.95-2.83)2 

8.22 (4.0-12.4)3 

6.33 (3.8-8.9)4 

0.555 (0.13-2.28)5 

P P 

0.0780 0 
0.0002 2 
<0.0001 1 

0.40 0 

P,, ' 
inter r 

0.53 3 
0.68 8 
0.30 0 
0.90 0 

confidencee intervals.4 Least square means at 12 weeks obtained from a linear model with repeated measures 
adjustedd for age, enrollment MCV, IPT, and presence of parasitemia. Column 5 represents the difference in 
meanss with the 95% confidence intervals. 5 sTfR levels were determined in subgroup of the first 154 
childrenn enrolled. Least square geometric means at 12-weeks were obtained from a linear model, IPT and 
baselinee sTfR. The difference in geometric means is expressed in column 5 as their ratio with the corresponding 
95%% confidence intervals. 

iron/ptac iron/ptac 

N N 
korypix korypix 

50/51 1 
(22/123) ) 

29/25 5 
(15/75) ) 
21/26 6 
(7/48) ) 

50/51 1 
(6/120) ) 
29/25 5 
(6/73) ) 
21/26 6 
(0/47) ) 

Iron n 
Inc.. rate' 

179 9 
(16/121) ) 

200 0 
(8/55) ) 

146 6 
(8/66) ) 

50 0 
(4/122) ) 

82 2 
(1/54) ) 

0 0 
(3/68) ) 

HbAS S 

Placebo o 
Inc.. rate1 

132 2 
(0.64-2.34) ) 

145 5 
(0.55-3.08) ) 

121 1 
(0.38-2.92) ) 

33 3 
(0.39-5.00) ) 

19 9 
(0.50-34.6) ) 

44 4 

RR R 
(95%CI) ) 

1.23 3 

1.30 0 

1.04 4 

1.41 1 

4.16 6 

--

GMPD D 
(95%CI) ) 

GMPD D 
(95%CI) ) 

23/24 4 

16/12 2 

7/12 2 

2842 2 
(1157-6985) ) 

2176 6 
(771-6141) ) 

6203 3 
(1209-31828) ) 

1986 6 
(827-4769) ) 

2040 0 
(626-6649) ) 

1853 3 
(489-7018) ) 

0.57 7 

0.93 3 

0.25 5 

0.70 0 

0.48 8 

0.76 6 

0.20 0 

0.07 7 

0.14 4 

0.53 3 

0.08 8 

parasitemiaa at enrollment and IPT. " Represents the geometric mean parasite densities (GMDP) of all positive 
smearss recorded during the 12-week intervention (one child could contribute several positive smears). Least 
squaree geometric means were obtained from a linear model with repeated measures, adjusted for age, IPT, 
andd presence of parasitemia at enrollment. 
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Discussio n n 
Thee primary objective of this randomized placebo-controlled trial was to determine the risks and 

benefitss of 12 weeks of daily iron supplementation and 4-weekly SP in the treatment of mild to 

moderatee anemia in children aged 2-35 months in an area of perennial malaria transmission 

withh wide spread bednet use (16). It also provided an opportunity to look at the potential 

interactionn between the effect of hemoglobin phenotype and iron supplementation on 

hematologicall responses and malaria as a secondary objective. In contrast to previous observations 

inn multigravid pregnant women in The Gambia (14), we found no indication that the effect of 

ironn supplementation on hemoglobin, mean corpuscular volume (MCV) or serum transferrin 

receptorr was dependent on the hemoglobin phenotype. Children with HbAS benefited as much 

fromm iron supplementation as did HbAA children. 

Thee previous study in The Gambia, which was conducted in an area with low to intermediate 

andd highly seasonal malaria transmission, indicated a possible increased risk of placental malaria 

inn HbAS women supplemented with iron (P=0.06) (14). While the current study was done in an 

areaa of perennial and previously intense transmission, it should be noted that with the high 

coveragee of insecticide-treated bednets (>70% of households regularly deployed bednets), area 

widee malaria transmission was estimated to be reduced by approximately 90%, resulting in a 

levell of annual transmission not much higher than that observed in The Gambia. We did not find 

thatt HbAS children assigned to the iron supplementation group had a significantly increased risk 

off malaria parasitemia at the 4-weekly follow-up visits compared with children receiving placebo 

ironn (RR 1.23, 95% CI 0.64-2.34). However, the risk estimate was similar to the small but statistically 

significantt increased risk reported in the meta-analysis of 13 previous iron supplementation trials 

(RRR 1.17, 95% CI 1.08-1.25) (8). There was also no significant effect of iron supplementation 

onn malaria parasitemia in HbAA children in the current study (RR 1.07, 95% CI 0.77-1.48). The 

differencee between the effects of iron on malaria parasitemia in HbAS versus HbAA children was 

nott statistically significant. 

Wee found some indication that HbAS children receiving iron supplementation experience higher 

parasitee densities and incidence of clinical malaria compared with HbAS children not receiving 

iron.. The number of clinical malaria attacks in the HbAS children, however, was very small and 

furtherr studies would clearly be needed to verify our observation. Nevertheless, even if the four-

foldd increased risk of clinical malaria associated with iron that was observed in HbAS children 

whoo were not protected by intermittent SP would hold in larger studies, the incidence in these 

childrenn would still be similar or lower to that observed among HbAA children without iron 

supplementation,, regardless of IPT status. Similarly, parasite densities in HbAS children 

supplementedd with iron never exceeded that of HbAA children assigned to the iron placebo 

group.. Thus this possible interaction between the effects of iron and HbS phenotype on malaria 

iss unlikely to outweigh the substantial health benefits associated with improved hemoglobin 
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concentrationss achieved with iron supplementation. 

Thee studied sample is representative of mildly and moderately anemic young children from 

thiss area. Most children were between 2 and 18 months of age (78.4%), the age group likely to 

bee at high risk of iron deficiency and most vulnerable to the potential adverse effects of malaria 

inn this area (15, 27). This is also the period when sickle cell trait carriers are at a significantly lower 

riskk of all-cause mortality, clinical malaria, and severe malarial anemia compared to children without 

thee trait (15). The hemoglobin phenotype was determined for 95.8% of the enrolled children, 

andd loss to follow-up by 3 months was <10%. Potential confounders of the association between 

ironn supplementation and malaria were equally distributed between groups and parasite 

prevalencee at baseline was controlled for, making it less likely that residual bias explains our 

findings.. Iron intake was ensured through observation of daily doses administered by study 

staff.. The dose of daily iron was relatively high (mean 3.8 mg/kg/day) and exceeded the 2.2 

mg/kg/dayy above which iron supplementation has been associated with a small increase in the 

riskk of malaria (5, 8). Thus, these results are likely to be representative of the effect of iron 

supplementationn for the treatment of mild to moderate anemia in this age group in areas with 

similarr moderate malaria transmission (due to the widespread use of insecticide-treated bednets). 

Menendezz et al hypothesized that iron may interfere with the genotype specific non-

immunologicall mechanisms that protect against malaria causing pregnant women with sickle-

celll trait to be more susceptible to malaria and thus anemia (14). Our study does not provide 

conclusivee evidence to support or refute this hypothesis, but differs in that HbAS children clearly 

benefitedd from iron supplementation, whereas Gambian pregnant women with HbAS did not. 

Moree studies may be required to exclude or confirm whether the risk of malaria associated with 

ironn supplementation is indeed modified by the HbS phenotype in pregnant women or in children, 

alsoo in those not protected by insecticide-treated bednets. This may not necessarily require 

prospectivee studies, as retrospective analysis of available data from randomized controlled trials 

off iron supplementation may provide further insight. 

Youngg children are an important target group for the control of iron deficiency anemia in sub-

Saharann Africa where 10-30% of the population carries the sickle cell trait (28). This study, 

conductedd in an area with widespread insecticide-treated bednet use, showed that iron 

supplementationn in the treatment of children with mild anemia was efficacious in increasing 

hemoglobinn concentrations regardless of the HbS phenotype. Available evidence suggests that 

thee benefits of iron supplementation in the treatment of anemia is likely to outweigh any adverse 

effectss caused by an increased risk of malaria in children with either normal hemoglobin or the 

sicklee cell trait. 
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Onee to two-thirds of children < 5 years of age in sub-Saharan Africa are estimated to be anemic 

andd severe anemia contributes substantially to child morbidity and mortality. The etiology of 

childhoodd anemia is multifactorial, with iron deficiency and malaria being the predominant 

causess in most of sub-Saharan Africa. Anemia in early childhood has profound short term 

(reducedd physical activity, suppressed immune system) as well as long term implications (impaired 

physicall growth and mental development). 

Thee studies presented in this thesis aimed to: define the prevalence of severe anemia in an area 

withh intense malaria transmission; identify subgroups at high risk of severe anemia within the 

communityy which could benefit from interventions; assess the ability of caretakers to recognize 

severee anemia in their children; and contribute to the development of strategies to decrease 

thee burden of anemia on child health. 

Chapte rr  1 presents an overview of the problem of childhood anemia, with an emphasis on its 

globall prevalence as well as impact in sub-Saharan Africa. The epidemiology and consequences 

off malaria and iron deficiency are discussed, followed by a review of strategies in the treatment 

andd control of anemia with a focus on use of iron supplementation and intermittent preventive 

treatmentt (IPT) with an effective antimalarial. Specific issues that are discussed include: rationale 

forr intermittent iron supplementation; increased risk of malaria following iron supplementation; 

thee concept of IPT; and integrated control of anemia using a combination of iron supplementation 

andd IPT. 

AA series of cross-sectional surveys conducted between 1996 and 1999 as part of a large insecticide 

treatedd bednet (ITN) study provided an opportunity to determine the prevalence and severity of 

anemiaa in children less than 3 years of age (Chapte r 2). It also provided the opportunity to 

examinee the factors that are associated with hemoglobin levels, as well as socio-demographic 

andd clinical indicators of anemia that may assist in identifying children at risk for anemia and 

whoo could benefit from interventions. The prevalence of anemia (Hb <11 g/dL) was 76.1% and 

71%,, respectively, in villages without and with insecticide treated bednets (ITNs); severe-

moderatee anemia (Hb <7 g/dL) was observed in 11% (non-ITN) and 8.3% (ITN). The prevalence 

off anemia, high-density malaria parasitemia (21.7%), microcytosis (34.9%), underweight (21.9%), 

andd diarrhea (54.8%) increased rapidly from 3 months onwards and remained high until 35 

months.. Even very low-density malaria parasitemia was associated with severe-moderate anemia 

(Oddss ratio [95% CI]: 3.11 [1.12, 8.61]). Helminth infections were present in only 8.3% of the 

childrenn and not associated with Hb levels in this young age group. In multivariate analyses, 

familyy size, history of fever, 'pale body', general body weakness, diarrhea, soil eating, concurrent 

fever,, stunting, and malaria parasitemia were associated with Hb. It was inferred from these data 
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thatt a high prevalence of malaria, malnutrition and diarrhea overlap placing children between 3-24 

monthss at a particular risk of severe anemia. Prevention of severe anemia should start early in 

infancyy and include a combination of micronutrient supplementation, malaria control, and possibly 

interventionss to prevent diarrheal illness. 

Mildd viral illness, including that following immunization with live attenuated measles virus 

(LAMV),(LAMV), has been associated with transient decreases in hemoglobin (Hb) that may persist for 

severall weeks. Immunization with LAMV is also associated with a temporary decrease in cellular 

immunity.. In areas of intense malaria transmission infants are known to experience a progressive 

dropp in Hb until age 9-10 months and one-third may have Hb <8 g/dL These children may thus 

bee at a higher risk of developing severe anemia with further hematological insult. Therefore, 

dataa from four cross-sectional surveys, and the two intervention studies described in chapters 

55 and 7 were analysed retrospectively to determine if immunization with LAMV was associated 

withh increased risk of transient anemia and malaria infection (Chapte r 3). Measles vaccination 

coveragee between 12-23 months of age ranged from 44.8% to 62.7%, and was lower than the 

nationall coverage rate for Kenya in 1999 (79%). Hemoglobin concentrations in children aged 

6-244 months with documented measles immunization within the previous 14 or 30 days 

(n=103)) were similar to those with no history of measles immunization in the previous 90 days 

(n=996).. The risk of malaria parasitemia or severe to moderate anemia was also not different. 

Thesee findings do not suggest that the transient decrease in hemoglobin and cellular immune 

responsee following immunization with LAMV results in clinically significant changes in the risk 

off subsequent severe to moderate anemia or malaria in young children. 

Inn Chapte r 4, the same set of cross-sectional surveys was used to explore physical signs of 

anemiaa that can be recognized by primary caregivers to help improve care-seeking practices. 

Comparisonss of the sensitivity and specificity at a range of hemoglobin cut-offs showed that 

Hbb concentrations <5 g/dL was associated with the greatest combined sensitivity (75.6%) and 

specificityy (63.0%) for pallor at any anatomical site. Corresponding figures for the detection of 

Hbb <7 g/dL were 59.1% and 64.3%, respectively. Furthermore, as indicated in chapter 2, soil 

eatingg is a common phenomenon in the study area; one in four children were reported to be 

geophageous.. Combining a history of soil eating with anatomical pallor improved the sensitivity 

too detect severe anemia (87.8%) with only a small reduction in specificity (53.3%). It was 

concludedd that primary caregivers can recognize severe anemia (Hb <5 g/dL) in their children 

withh reasonable accuracy, but not moderately severe anemia (Hb <7 g/dL). The effect of 

trainingg caretakers to improve the recognition of severe anemia and care-seeking behavior at 

thee community and household-level should be assessed in prospective studies. 
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Withh respect to control of anemia, successful implementation of daily iron supplementation has 

beenn hindered by inadequate iron supplies, low coverage, and poor tolerance and adherence 

too the lengthy duration of required daily dosing. In search of strategies to reduce costs and 

improvee compliance and effectiveness, a series of studies was conducted in the early 1990s to 

determinee if intermittent iron supplementation {weekly or twice-weekly) is as effective in the 

preventionn or treatment of anemia as the conventional daily iron supplementation. Such 

intermittentt regimens are potentially better tolerated and may therefore improve compliance 

comparedd with daily dosing. These studies were based on findings from earlier animal models 

thatt showed reduced iron absorption and transport with daily exposure to high doses, explained 

inn part by an apparent inhibitory mucosal block, which can be overcome by giving iron 

intermittently.. A recent meta-analysis of 14 clinical trials indicated that daily, compared with 

intermittentt iron supplementation resulted in significantly greater hematological improvement 

inn pregnant women. In pre-school children, however, there was large inter-study variation and 

thee differences were inconclusive. Further studies are required to provide a definitive answer 

too whether daily iron is indeed more efficacious than intermittent iron in pre-school children 

andd adolescents. In Chapte r 5. we present the results of an un-blinded cluster-randomized 

interventionn study assessing the efficacy and effectiveness of daily versus twice-weekly iron 

supplementationn in the treatment of anemia among children between 2 and 59 months of age. 

Resultss showed that in the supervised groups hemoglobin concentrations at 6 weeks and 12 

weekss (6 weeks post-supplementation) were significantly higher with daily than twice-weekly 

ironn (mean [95% CI] difference at 6-weeks: 4.0 g/L [2.0, 6.0]; 12-weeks: 5.3 g/L [3.1, 7.6]). 

Amongg the unsupervised groups, hemoglobin concentrations were not different at 6 weeks 

(meann [95% CI] difference: 1.1 g/L [-0.9, 3.2]), but higher at 12 weeks for those assigned daily 

ironn (mean [95% CI] difference: 2.5 g/L [0.2, 4.7]), though this difference was not statistically 

significantt after adjustment for multiple testing (P = 0.06). These findings indicated that, similar 

too earlier recommendations for pregnant women, daily dosing should be the regimen of choice 

inn the treatment of mild and moderate anemia in pre-school children regardless of the level of 

compliancee that can be ensured. 

Successfull implementation of iron supplementation programs has also been limited due to the 

long-standingg controversy surrounding the use of iron supplementation in malaria-endemic 

areas.. Several studies have shown that iron supplementation is associated with an increase in 

thee risk of falciparum malaria. Iron supplementation combined with malaria control may be 

moree effective and address concerns of the increased risk of malaria associated with iron 

supplementation.. Chapte r 6 presents the results of a randomised placebo-controlled treatment 

triall that was conducted among 546 anemic (hemoglobin 7-11 g/dL) children between 2-36 

monthss of age. All children used ITNs and received a single-dose of sulfadoxine-pyrimethamine 
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(SP)) at baseline followed by either: intermittent preventive treatment with SP (IPT) at 4 and 8 

weekss combined with daily iron (Iron) for 12 weeks; Iron + placebo-IPT; IPT + placebo-Iron; or 

double-placebo.. The difference [95% CI] in mean hemoglobin at 12 weeks from the double-

placeboo group was 1.14 [0.82-1.47], 0.78 [0.46-1.10], and 0.17 [-0.15-0.49] g/dL, respectively. 

IPTT halved the incidence of malaria parasitemia. However, in contrast to the promising results 

withh IPT in the prevention of severe anemia in infants in areas with intense malaria transmission, 

ourr data suggests only a modest beneficial effect of IPT with SP on hemoglobin concentrations 

whenn given for the treatment of moderate or mild all-cause anemia in addition to a single dose 

off SP and in the context of wide-spread use of insecticide-treated bednets. Iron supplementation 

iss clearly efficacious in increasing hemoglobin concentrations in young children with mild anemia, 

andd this is likely to outweigh any potential adverse effects caused by increased risk of malaria. 

AA remaining concern has been whether the sickle cell trait phenotype, as well as other 

hemoglobinopathiess that offer protection against malaria, modify the effect of iron 

supplementation.. A study among pregnant Gambian women showed that iron supplementation 

iss associated with increased susceptibility to malaria and decreased hematological responses 

amongg those with sickle cell trait (HbAS) compared to those with normal (HbAA) phenotype. 

Therefore,, a sub-analysis of the trial described in chapter 5 was conducted to determine the 

influencee of the sickle-cell hemoglobin phenotype on hematological parameters and malaria 

followingg iron supplementation (Chapte r 7). The mean difference in hemoglobin concentrations 

att 12 weeks between children assigned iron and placebo-iron, adjusting for the effect of IPT, 

wass 9.1 g/L (95% confidence intervals [CI]: 6.4-11.8) and 8.2 g/L (95%CI: 4.0-12.4) in HbAA 

andd HbAS children respectively (P-value interaction term=0.68). The interactions between the 

effectss of iron and hemoglobin phenotype on malaria parasitemia (P=0.70) or clinical malaria 

(P=0.20)) were also not significant. Thus, our findings indicated no evidence for a clinically 

relevantt modification by HbS phenotype of the response associated with iron supplementation 

inn the treatment of mild anemia. 

Conclusio n n 
Inn light of the studies presented in this dissertation and other published literature, it is evident 

thatt even after decades of attempts to curb the problem of childhood anemia in sub-Saharan 

Africa,, its prevalence remains unacceptably high even in this area with widespread use of ITNs. 

Ourr data suggest that caregivers, following minimal instructions, can recognize severe anemia 

inn their children with reasonable accuracy. Prospective studies aimed at caretakers to improve 

diagnosiss and treatment of severe anemia at the household level therefore seem justified. 
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Resultss from our treatment studies presented in this thesis are consistent with recent findings by 

otherss in Tanzania and eastern Kenya, and highlight the importance of iron deficiency as a cause 

off childhood anemia in this area and that control programs that aim to treat or prevent severe 

anemiaa in young children in malaria endemic areas should include iron supplementation. Although 

thee prospect of intermittent iron supplementation appeared a promising alternative to daily iron 

inn the early 1990s, our study, consistent with studies in pregnant women by others, suggest that 

dailyy iron should remain the treatment schedule of choice. Efforts should instead focus on 

improvingg compliance to long-term daily iron supplementation. 

Inn this area of intense malaria transmission, iron supplementation is combined with a single 

presumptivee treatment dose of SP. Our studies show that adding two additional doses of SP at 

monthlyy intervals approximately halves the incidence of malaria infections, but in the context 

off widespread use of ITNs, is restricted in rendering further hematological improvement over 

thatt of iron supplementation and a single dose of SP. In addition, our observations indicate 

thatt children with HbAS are equally likely to benefit from iron supplementation as children 

withh HbAA phenotype. 
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Inn Afrika ten zuiden van de Sahara lijdt 30 tot 60% van de kinderen jonger dan 5 jaar aan 

bloedarmoedee en draagt ernstige bloedarmoede aanzienlijk bij aan ziekte en sterfte van kinderen. 

Veell factoren kunnen bijdragen aan bloedarmoede maar ijzergebrek en malaria zijn de belangrijkste 

oorzakenn in het grootste deel van Afrika. Bloedarmoede op jonge leeftijd heeft op de korte 

termijnn belangrijke negatieve invloed op lichamelijke activiteit en het afweersysteem en op de 

langeree termijn op de lichaamsgroei en de geestelijke ontwikkeling. 

Hett onderzoek gepresenteerd in dit proefschrift beoogde: 

-- de prevalentie van ernstige bloedarmoede vast te stellen in een gebied met intense malaria-

transmissie; ; 

-- subgroepen te identificeren die een groot risico liepen ernstige bloedarmoede te krijgen en die 

mogelijkerwijss baat zouden kunnen hebben bij interventies; 

-- na te gaan of degenen die voor kinderen zorgen, ernstige bloedarmoede bij kinderen konden 

vaststellen; ; 

-- bij te dragen aan de ontwikkeling van strategieën ter vermindering van de invloed van 

bloedarmoedee op de gezondheid van kinderen. 

Eenn overzicht van het probleem van bloedarmoede bij kinderen wordt gegeven in hoofdstu k 1. 

Hett wereldwijd voorkomen en de invloed in Afrika worden belicht. De epidemiologie en 

consequentiess van malaria en ijzergebrek worden bediscussieerd terwijl een overzicht van 

strategieënn voor de behandeling en bestrijding van bloedarmoede wordt gepresenteerd waarbij 

specialee aandacht wordt besteed aan ijzersuppletie en intermitterende preventieve behandeling 

vann malaria (IPT). Speciale aandachtspunten zijn: de argumenten voor intermitterende ijzertoediening; 

toegenomenn risico op malaria na ijzersuppletie; het concept van IPT en geïntegreerde controle 

vann bloedarmoede door gebruik van een combinatie van ijzersuppletie en IPT. 

Eenn serie dwarsdoorsnede-onderzoeken tussen 1996 en 1999 verricht in het kader van een groot 

onderzoekk naar de effectiviteit van met insecticide bewerkte bednetten (insecticide treated bed 

net,, ITN), bood de gelegenheid de prevalentie en de ernst van bloedarmoede bij kinderen jonger 

dann 3 jaar te bepalen. (Hoofdstu k 2). Bovendien bestond de mogelijkheid te onderzoeken 

welkee factoren in verband stonden met bloedarmoede en te kijken naar socio-demografische en 

klinischee indicatoren van bloedarmoede die zouden kunnen bijdragen aan de identificatie van 

kinderenn die risico liepen op anemie en die zouden kunnen profiteren van interventies. De 

prevalentiee van anemie (Hb < 11 g/dl) in de dorpen zonder en met ITNs was respectievelijk 

76.1%% en 71%; de prevalentie van ernstige anemie (Hb < 7 g/dl) was 11% (geen bednetten) en 

8.3%% (bednetten). De prevalentie van bloedarmoede, van voorkomen van een hoog aantal 

parasietenn in het bloed (21.7%), van microcytose (34.9%), te laag lichaamsgewicht (21.9%) en 
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diarreee (54.8%) nam snel toe na de derde levensmaand en bleef hoog tot de 35-ste maand. Zelfs 

eenn klein aantal malaria- parasieten in het bloed was geassocieerd met matige tot ernstige 

bloedarmoedee (Odds Ratio [95% Betrouwbaarheidsinterval, 95%BI]: 3.11 [1.11 , 8.61]) 

Worminfectiess werden gevonden bij 8.3% van de kinderen en hielden geen verband met het Hb-

gehaltee in deze jonge leeftijdsgroep. Multivariate analyse toonde dat grootte van de familie, een 

anamnesee van koorts, bleekheid, algemene zwakte, diarree, eten van grond, gelijktijdige koorts, 

"stunting"" (achterblijven van lengtegroei ten opzichte van de leeftijd) en malaria allemaal 

onafhankelijkk van elkaar geassocieerd waren met het Hb. Uit deze gegevens werd geconcludeerd 

datt door het overlappen van hoge prevalenties van malaria, van ondervoeding en diarree een 

bijzonderr risico op ernstige anemie bestaat voor kinderen van 3 tot 24 maanden. Voorkoming 

vann ernstige bloedarmoede moet al vroeg in het eerste levensjaar beginnen en moet een combinatie 

omvattenn van een supplement aan micronutriënten, beheersing van malaria en mogelijk, interventies 

terr voorkoming van diarree. 

Mildee virusziekten, inclusief de aandoening die ontstaat na vaccinatie met het verzwakte 

mazelenviruss (LAMV), zijn geassocieerd met een tijdelijke vermindering van het Hb gehalte die 

gedurendee enkele weken kan blijven bestaan. Vaccinatie met LAMV is ook in verband gebracht 

mett een tijdelijke vermindering van de cellulaire immuniteit. In gebieden met intensieve 

malariatransmissiee is bekend dat het Hb gehalte van kinderen daalt tot de leeftijd van 9-10 

maandenn en dat dan 30% van de kinderen een Hb < 8 g/dl kan hebben. Deze kinderen zouden 

duss een hoger risico kunnen lopen ernstige anemie te ontwikkelen bij een extra aanslag op hun 

bloedvormendd vermogen. 

Daaromm werden de gegevens van 4 dwarsdoorsnede-onderzoeken en van de 2 interventiestudies 

diee worden beschreven in hoofdstukke n 5 en 7 , retrospectief geanalyseerd om na te gaan of 

vaccinatiee met LAMV was geassocieerd met toegenomen risico op voorbijgaande anemie en 

vóórkomenn van malaria (hoofdstu k 3). De dekkingsgraad van mazelenvaccinatie voor kinderen 

vann 12 - 23 maanden varieerde van 44.8% tot 62.7% en was lager dan de nationale dekkingsgraad 

inn 1999 die 79% bedroeg. De hemoglobinegehalten van kinderen van 6-24 maanden met 

gedocumenteerdee mazelenvaccinatie in de voorafgaande 14 tot 30 dagen (n=103) waren gelijk 

aann die van kinderen die in de voorafgaande 90 dagen niet waren gevaccineerd (n=996). Ook 

wass er geen verschil in risico op malaria parasitemie en op ernstige tot matig ernstige anemie. Deze 

bevindingenn wekken niet de indruk dat de tijdelijke vermindering van het Hb en van de cellulaire 

immuunreactiee na vaccinatie met LAMV aanleiding geven tot klinisch belangrijke veranderingen in 

hett risico op ernstige of matig ernstige bloedarmoede of malaria bij jonge kinderen. 

Inn genoemde dwarsdoorsnede-onderzoeken werd onderzocht of degenen die voor de kinderen 

zorgden,, aan de hand van een aantal lichamelijke kenmerken bloedarmoede zouden kunnen 
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vaststellenn ten einde het gedragspatroon om hulp te zoeken te verbeteren. Vergelijking van 

sensitiviteitt en specificiteit bij verschillende Hb-waarden toonde dat Hb-concentraties< 5 g/dl 

geassocieerdd waren met de beste combinatie van sensitiviteit (75.6%) en specificiteit (63.0%) 

voorr bleekheid op enige plaats van het lichaam. Overeenkomstige getallen voor het bepalen van 

eenn Hb < 7g/dl waren respectievelijk 59.1% en 64.3%. Zoals reeds opgemerkt in hoofdstuk 2, is 

etenn van grond een normaal verschijnsel in het onderzoeksgebied; één op de vier kinderen at 

grond.. Een combinatie van geophagie (grond eten) met bleekheid verbeterde de sensitiviteit van 

hett ontdekken van ernstige anemie (87.8%) waarbij slechts een beperkte vermindering van de 

specificiteitt optrad: 53.3%. De conclusie luidde dat degenen die voor kinderen zorgden ernstige 

bloedarmoedee (Hb < 5 g/dl) met een redelijke mate van nauwkeurigheid konden vaststellen 

maarr dat dit niet gold voor matig ernstige bloedarmoede (Hb < 7 g/dl). Prospectieve studies zijn 

nodigg ter beoordeling van het effect van training ter verbetering van het vaststellen van 

bloedarmoedee en van het gebruik van de gezondheidszorg op huishoud- en dorpsniveau. 

Succesvollee toepassing van dagelijkse ijzer suppletie werd altijd gestoord door inadequate aanvoer 

vann ijzertabletten, door lage dekkingsgraad, door slechte verdraagbaarheid en de moeilijkheid 

trouww gedurende lange tijd dagelijks tabletten in te nemen. Om kosten te reduceren en compliance 

enn effectiviteit te verbeteren werden in het begin van de negentiger jaren onderzoeken verricht 

naarr effectiviteit van intermitterende ijzertoediening (wekelijks of twee maal wekelijks) bij de 

preventiee of therapie van bloedarmoede in vergelijking met dagelijkse ijzertoediening. Onderzoek 

bijj dieren had getoond dat ijzeropname en -transport waren verminderd wanneer dagelijks hoge 

dosess werden gegeven. Een blokkade van de ijzeropname door het darmslijmvlies leek een 

verklaringg te kunnen vormen en het geven van ijzer met tussenpozen leek hiervoor een oplossing. 

Eenn recent gepubliceerde meta-analyse van 14 klinische trials toonde dat dagelijkse ijzertoediening 

eenn significant grotere hematologische verbetering gaf bij zwangere vrouwen dan intermitterende 

ijzertoediening.. Bij jonge kinderen, nog niet schoolgaand ,waren er grote verschillen in de resultaten 

inn de verschillende studies en was er geen eenduidige conclusie. Verder onderzoek was nodig 

omm een antwoord te geven op de vraag of dagelijks ijzertoediening inderdaad beter is dan 

intermitterendee toediening bij kinderen en adolescenten. 

Hoofdstu kk 5 toont de resultaten van een niet-geblindeerde, cluster-gerandomiseerde 

interventiestudiee waarin de doeltreffendheid en werkzaamheid van dagelijkse versus twee-

wekelijksee ijzersuppletie werd bestudeerd bij de behandeling van anemische kinderen van 2 tot 

599 maanden oud. In de gesuperviseerde groepen was het hemoglobinegehalte na 6 weken 

suppletiee en 6 weken later (12 weken na aanvang van de studie) significant hoger bij dagelijkse 

dann bij 2-wekelijkse toediening (gemiddelde, 95%BI, verschil na 6 weken: 4.0 g/l [2.0, 6.0]; verschil 

naa 12 weken: 5.3 g/l [3.1, 7.6], Bij de niet gesuperviseerde groepen waren de hemoglobine 

concentratiess na 6 weken niet verschillend (gemiddeld [95%BI] verschil: 1.1 g/l [-0.9, 3.2], maar 
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hogerr na 12 weken bij hen die waren toegewezen aan de groep die dagelijks ijzer kreeg: 2.5 g/l 

[0.2,, 4.7], hoewel dit verschil niet statistisch significant was na bijstelling vanwege diverse malen 

testenn (p=0.06).Deze gegevens wijzen erop dat, zoals bij zwangere vrouwen, dagelijks dosering 

dee eerste keuze is bij de behandeling van milde en matig ernstige bloedarmoede bij jonge kinderen, 

onafhankelijkk van de mate van compliance die kan worden gegarandeerd. 

Succesvollee toepassing van ijzersuppletie programma's is ook gehinderd door de sinds lang 

bestaandee controverse over het gebruik van ijzersuppletie in gebieden endemisch voor malaria. 

Verschillendee studies hebben getoond dat ijzersuppletie gepaard ging met een toename van het 

risicoo op malaria door Plasmodium falciparum. Uzersuppletie samen met malaria preventie zou 

effectieverr kunnen zijn en het risico op malaria kunnen verminderen. Hoofdstu k 6 toont de 

resultatenn van een gerandomiseerde, placebo-gecontroleerde behandelingsstudie van 546 

anemischee kinderen (Hb 7-11 g/dl) van 2 tot 36 maanden oud. Alle kinderen sliepen onder 

bednettenn (ITNs) en kregen een curatieve dosis sulfadoxine-pyrimethamine (SP) ter behandeling 

vann malaria waarna zij ofwel kregen: intermitterende preventieve behandeling met SP (IPT) na 4 

enn 8 weken, samen met dagelijks ijzer gedurende 12 weken; ijzer + placebo IPT; IPT + placebo-

ijzer;; of dubbel-placebo. Het verschil [95%BI] in gemiddeld Hb na 12 weken ten opzichte van de 

dubbel-placeboo groep was respectievelijk 1.14 [0.82, 1.47], 0.78 [0.46, 1.10] en 0.17 [-0.15, 

0.49]] g/dl. IPT halveerde de incidentie van parasitemie. Maar, in tegenstelling tot de veelbelovende 

resultatenn met IPT bij de preventie van ernstige anemie bij kinderen in gebieden met intense 

malariaa transmissie, suggereren onze resultaten slechts een beperkt gunstig effect van IPT met SP 

opp de Hb concentraties indien gegeven voor de behandeling van milde of matig ernstige 

bloedarmoedee nadat eerst een eenmalige dosis SP is gegeven, in een gebied waar ITNs op grote 

schaall worden gebruikt. Uzersuppletie verhoogt Hb concentraties bij jonge kinderen met milde 

anemiee en dit weegt waarschijnlijk op tegen elk mogelijk negatief effect veroorzaakt door 

toegenomenn risico van malaria. 

Eenn ander punt van zorg was of sikkekeldragerschap, en andere hemoglobinopathieën die een 

zekeree mate van bescherming tegen malaria bieden, het effect van ijzersuppletie zouden kunnen 

beïnvloeden.. Onderzoek bij zwangere vrouwen in Gambia toonde dat ijzersuppletie was 

geassocieerdd met toegenomen gevoeligheid voor malaria en verminderde hematologische reactie 

bijj vrouwen met sikkelceltrait (HbAS) vergeleken met vrouwen met het normale phenotype (HbAA). 

Daaromm verrichtten wij een sub-analyse van de gegevens uit het onderzoek beschreven in hoofdstuk 

55 (hoofdstu k 7). Het gemiddelde verschil in Hb-concentratie na 12 weken tussen kinderen die 

ijzerr en placebo-ijzer kregen, rekening houdend met het effect van IPT, was respectievelijk 9.1 g/ 

II [95%BI] [ 6.4, 11.8] en 8.2 g/l [4.0, 12.4] bij kinderen met HbAA en HbAS {P-value interaction 

term=0.68).. De interacties tussen de effecten van ijzer en hemoglobine phenotype op malaria 
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parasitemiee (p=0.70) of klinische malaria (p=0.20) waren ook niet significant. Onze bevindingen 

tonenn geen klinisch relevante andere reactie op ijzersuppletie ter behandeling van milde 

bloedarmoedee bij kinderen met sikkelceltrait. 

Conclusi e e 
Gezienn de in dit proefschrift gepresenteerde onderzoeken en de gepubliceerde literatuur, is het 

duidelijkk dat de prevalentie van bloedarmoede bij kinderen in Afrika ten zuiden van de Sahara 

onacceptabell hoog blijft, zelfs na tientallen jaren van pogingen hieraan iets te doen en zelfs in 

eenn gebied waar op grote schaal geïmpregneerde bednetten worden gebruikt. Onze gegevens 

gevenn aan dat degenen die voor kinderen zorgen na minimale instructie met redelijke zekerheid 

ernstigee anemie bij kinderen kunnen vaststellen. Prospectieve studies om dit proces verder te 

verbeterenn en de behandeling van bloedarmoede op het niveau van het huishouden te verbeteren 

zijnn dan ook gerechtvaardigd. 

Dee resultaten van onze behandelingsstudies komen overeen met die van recente studies door 

anderenn verricht in Tanzania en oost Kenia. Zij onderstrepen het belang van ijzerdeficiëntie als 

eenn oorzaak van bloedarmoede bij kinderen in dit gebied. Programma's gericht op preventie en 

behandelingg van ernstige anemie bij jonge kinderen moeten ijzersuppletie bevatten. Intermitterende 

ijzersuppletiee leek een veelbelovend alternatief voor dagelijkse ijzertoediening in de vroege jaren 

900 maar ons onderzoek, samen met onderzoek bij zwangere vrouwen verricht door anderen, 

toontt dat dagelijkse ijzertoediening de behandeling van keuze blijft. Gepoogd moet worden de 

compliancee met langdurige dagelijkse toediening te verbeteren. 

Inn dit gebied met intense malaria transmissie wordt ijzersuppletie gecombineerd met een enkele 

dosiss SP, ter behandeling van malaria. Ons onderzoek toont dat toevoeging van 2 extra doses SP 

mett een interval van een maand, de incidentje van malaria ongeveer halveert maar dat in de 

contextt van wijdverbreid gebruik van ITNs verdere verbetering van Hb beperkt is ten opzichte 

vann ijzersuppletie met een enkele dosis SP. 

Tenslottee toonden wij dat kinderen met HbAS evenveel baat hebben bij ijzersuppletie als kinderen 

mett HbAA. 
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