
Nutritional status of parasitemic children from malaria 
endemic rural communities in eastern Nigeria 

Author(s): Ogbodo S.O.; Okeke A. C; Obu H. A#, Shu E. N, Chukwurah E. F 

Vol. 14, No. 2 (2010-07 - 2010-12) 

Ogbodo S.O
٭1

; Okeke A. C
2
; Obu H. A

3#
, Shu E. N

4
, Chukwurah E. F

5
 

(1) Department of Medical Laboratory Sciences, College of Health Sciences, Ebonyi State University, PMB 
053 Abakaliki, Nigeria 
(2) Dept. of Medical Laboratory Sciences, Faculty of Health Sciences and Technology, Nnamdi Azikiwe University, 
Nnewi Campus, Nigeria 
(3) Dept. of Pediatrics, University of Nigeria Teaching Hospital PMB 01129 Enugu, Nigeria 
(4) Dept. of Pharmacology and Therapeutics, College of Medicine, University of Nigeria Teaching Hospital, PMB. 
01129 Enugu Nigeria 
(5) Dept. of Haematology/Immunology, College of Health Sciences, Ebonyi State University, PMB 053 Abakaliki, 
Nigeria 
(#) Dr Obu was a Consultant Pediatrician with Ebonyi State University Teaching Hospital, Abakaliki when this 
research was done. 

Abstract 

The impact of malaria infection on the health of the sufferers especially infants and young children is enormous, 
causing wide range of biochemical and haematological changes. We investigated the effect of malaria infection on 
the nutritional status of these children, from two rural communities of Ebonyi State, Nigeria, by measuring their serum 
proteins and iron levels as well as the haemoglobin and packed cell volumes, using standard methods. Our results 
showed that there was initial significant increase in the total protein and albumin levels in low and moderate malaria 
densities (p=0.0026 and 0.0277 for total protein, and P< 0.0001 and = 0.0006 for albumin). These decreased as the 
malaria density increased. There was positive correlation between serum iron and malaria density (f=20.93; P< 
0.0001), while other parameters showed negative correlation at p≤0.0025. From the results we are of the opinion that 
iron supplementation should be avoided during malaria treatment, not minding the degree or severity of 
anaemia/parasitemia unless in the presence of other complicating condition(s) that may cause iron deficiency. Our 
results also support the use of albumin infusion in place of other colloidal solutions as a good intervention in severe 
malaria. 
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Introduction 

In Africa, about 90% of deaths are mainly due to malaria. This is more prevalent in children below 5 years of age [1]. 
Those who survive the attack usually suffer one disability or the other especially brain damage and learning 
impairment [2], while recurrent episodes are known to lead to cerebral malaria. About 10 – 20% of children who 
develop cerebral malaria do not survive for long while 7% of them will develop neurological complica-tions even when 
treated adequately [3]. The major cause of some of these disabilities may be aggravation of accumulated effects from 
infancy, especially those who were infected in utero, or severity of the prevailing infection or both. Infant malaria, 
which is mainly due to utero-placental infection, is common among infants of primigravidae and secundigravidae. This 
is because immmune suppression associated with pregnancy seems to be more in these classes of pregnant women 
than in the multigravidae [4,5]. 

Malaria infections result in 75,200 – 200,000 low birth weight babies each year, probably due to combination of 
preterm delivery and fetal restriction [6, 7] from high placental parasitaemia as seen in high malaria transmission 
areas [8]. It is possible that the infants who survive this utero-placental transmission may have reduced immunity to 
face subsequent infections early in life, making them more susceptible to frequent infections. Although rare 



symptomatic infections have been reported in some endemic areas with high utero-placental transmission, this was 
thought to be due to many reasons including innate mechanisms (Fetal Hb and PABA-deficient breast milk), cultural 
practices (swaddling of newborns), transplacental transfer of protective antibodies and priming of neonatal responses 
by transplacental transfer of parasites or their products [7, 9, 10, 11]. Whichever is the reason, gives way as the infant 
grows, thus making it less protected with increase in age. Moreover, it has been established that absence of malaria 
symptoms, particularly fever, does not exclude malaria infection [12]. Hence, asymptomatic but infected infants may 
later develop serious complications with subsequent infection because of accumulation of effects. 

Malaria causes alterations in some biochemical and haematological parameters in both adults and children, including 
hypoglycaemia, lactic acidosis, dislipidaemia, raised serum transaminases, anaemia etc [2, 13]. Interestingly, poor 
nutrition and micronutrient deficiencies play important roles in the pathogenesis of malaria and malarial anaemia [14], 
thus in rural areas of poor socio-economic burden, with inevitable nutritional deficiencies, the parasitization of these 
vulnerable children is of alarming rate. This will go further to cause more biochemical charges. We had earlier 
reported changes in lipids and lipoproteins in these parasitized children [2]. We now present further investigation of 
the nutritional indices of these children including serum proteins and serum iron concentrations, haemoglobin levels 
and packed cell volumes. Ethical clearance was obtained from the Ethical and Research Committee of Ebonyi State 
University Teaching Hospital, Abakaliki, Nigeria, while additional written consents were sought and obtained from the 
parents/guardians and Headmasters/Headmistresses of the children. 

Materials and Methods 

A total of 60 children aged between 5 and 12 years were recruited for the study. They comprised of 33 males and 27 
females. Another 28 age-matched apparently healthy and afebrile children, whose blood samples were negative for 
malaria parasites at the time of the study, were used as controls. They comprised of 16 males and 12 females. 

Our study areas were the rural Izzi in Ohaukwu Local Government Area and Onueke in Ezza East Local Government 
Area, all of Ebonyi State, Nigeria. These areas are known to be endemic for malaria, giving as high as 59.9% among 
pregnant women [15]. The patients were from the Health Centres of these areas while the controls were from the 
Primary Schools. Few asymptomatic primary school children whose blood samples were found to be positive for 
malaria parasites were excluded from the control groups. Febrile patients whose blood samples were negative for 
malaria parasites were also excluded from the study. The later were found to have been treated in the house but 
could not get better due to other prevailing conditions, particularly, typhoid/enteric fever. 

A total of 5.0ml of venous blood was collected from each subject. About 2.0ml of this was dispensed into EDTA-
anticoagulated haemogram container while the remaining was put into a chemically clean plain test tube. The last 
drop that remained in the syringe was used to make a thick film on the grease free microscope slide for malaria 
parasite identification. The anticoagulated sample was used for the estimation of haemoglobin level (Hb) and packed 
cell volume (PCV), while the sample in the plain test tube was allowed to clot and retract and then centrifuged at 
3000rpm for 5 minutes. The serum obtained was used for the estimation of serum proteins and iron concentrations. 

The films were stained with diluted Giemsa stain, air dried and examined microscopically using x100 objective lens 
(oil immersion lens). The malaria parasite densities were graded as earlier reported [15]). The asexual forms of the 
parasites were counted in 200 leucocytes. The number of parasites per microlitre of blood was calculated using the 
total leukocyte count, thus; 

Parasites/μL = No of asexual parasites x Total WBC count/200 

The degree of parasitemia or malaria density was therefore graded according to the number of parasites per 
microlitre thus, 1 – 999 as low (or +), 1000 – 9999 as moderate (or ++) and >100,000 as high (or ≥ +++). Hb levels 
were estimated using cyamethaemoglobin method while PCVs were determined using haematocrit centrifuge [16]. 
Total serum protein was estimated using Buiret method [17], albumin was estimated by dye-binding method using 
Bromocresol green – BCG [18], while globulin was calculated as the difference between the two. Serum iron was 
estimated us-ing bathophenantrolline method [19]. 

Results 

Table 1 shows the means (±) SEM of all the parameters in the different malaria densities and the control. There were 
decreasing values of Hb, PCVand serum proteins as the malaria densities increased while the serum iron 



concentration showed steady increase as the densities increased. When the parameters in each malaria density were 
compared with the control group (table 2), there was significant difference in each except three; there was no 
significant difference (p=0.7366) between albumin level in high malaria density and control group, and there were no 
significant differences (p=0.3726 and p=0.1837 respectively) between globulin levels in low and moderate malaria 
densities and control group. Correlation studies using one way ANOVA showed positive correlation between serum 
iron and malaria density (f=20.93, p=0.0001) while other parameters showed negative correlations (Table 3). 

Table 1: Mean (±) SEM of all parameters in different malaria densities and control. 

Density Low Moderate High Control 

Iron (mg/L) 9.55(0.54) 16.68 (1.79) 27.82 (3.30) 6.34 (0.42) 

Tot Protein (g/L) 78.95(1.10) 75.63 (0.73) 66.29 (0.67) 72.45 (1.22) 

Albumin (g/L) 50.41(0,50) 50.08 (0.78) 44.64 (2.12) 45.3 6(1.04) 

Globulin (g/L) 28.36(0.90) 25.63 (0.68) 21.86 (1.88) 27.18 (0.95) 

Hb (g/100ml) 9.33(0.26) 9.53 (0.23) 8.27 (0.20) 11.27 (0.16) 

PCV (%) 27.00(0.75) 27.42 (0.71) 23.43 (0.72) 33.36 (0.54) 

Table 2. Comparison between the parameters in different density groups and control. 

Parameter Iron 
Total 

Protein 
Albumin Globulin Hb PCV 

Control 
6.34 
(0.72) 

72.45 
(1.22) 

45.36 
(1.04) 

27.18 
(0.95) 

11.27 
(0.16) 

33.36 
(0.56) 

Low Density 
9.55 
(0.54) 

78.55 
(1.10) 

50.41 
(0.50) 

28.36 
(0.90) 

9.32 
(0.27) 

27.00 
(0.75) 

P – Value <0.0001 0.0026 <0.0001 0.3726 <0.0001 <0.0001 

Moderate 
Density 

16.68 
(1.79) 

75.63 
(0.73) 

50.08 
(0.78) 

25.63 
(0.68) 

9.53 
(0.23) 

27.42 
(0.17) 

P – Value <0.0001 0.0277 0.0006 0.1837 <0.0001 <0.0001 

High Density 
27.82 
(3.30) 

66.29 
(0.67) 

44.64 
(2.12) 

21.86 
(1.88) 

8.27 
(0.20) 

23.43 
(0.72) 

P – Value <0.0001 0.0006 0.7366 0.0086 <0.0001 <0.0001 

Table 3. Correlation of the effect of the malaria densities on the parameters. 

  Low Moderate High F P-Value Significance 

Iron 9.55 (9.54) 16.68 (1.79) 27.82 (3.30) 20.93 <0.0001 Sig. 



Total Protein 78.56 (1.10) 75.63 (0.73) 66.29 (0.57) 40.57 <0.0001 Sig. 

Albumin 50.41 (0.50) 50.08 (0.78) 44.64 (2.12) 7.62 0.0012 Sig. 

Globulin 28.36 (0.90) 25.63 (0.68) 21.86 (1.88) 8.13 0.0008 Sig. 

Hb 9.33 (0.26) 9.53 (0.23) 8.27 (0.20) 6.73 0.0025 Sig. 

PCV 27.00 (0.75) 27.42 (0.71) 23.43 (0.72) 6.57 0.0024 Sig. 

Discussion 

Our results showed significant differences between the serum total proteins in the control group and those of low and 
high malaria densities (p=0.0026 and 0.0006 respectively). The differences are in line with changes in one of the 
protein fractions – albumin. Serum albumin in control group was significantly lower than that in low and moder-ate 
malaria densities (p=0.0001 and 0.0006 respectively), while there was no significant difference between the values in 
control and high malaria density (p=0.7366). It is expected that malaria infection with its attendant pathologies will 
decrease the serum albumin at the onset. Therefore, the mechanism involved in this initial increase as observed in 
this study is not well understood. However, it is known that albumin is synthesized in the liver; hence it is possible that 
the initial inflammation of the liver many have increased its production, probably, in the same way the production of 
C-reactive proteins is influenced. Again, in children particularly, one of the initial symptoms of malaria is vomiting, 
which was noticed in over 70% of our subjects. This could have increased haemo-concentration (resulting from 
hypovolemia), leading to initial increase in serum proteins. Thus, as the condition progressed, there was reduced 
functioning of the liver, and increased adaptation to the condition (including reduction in vomiting). At the same time, 
there was continuous breakdown of the already produced albumin due to high fever. All these will lead to progressive 
reduction in serum protein level, especially albumin. 

Albumin has a range of physiological effects. For instance, it exerts direct effects on vascular endothelium by binding 
to the endothelial glycocalyx to maintain normal permeability [20] and also exerts complex influences on erythrocytes 
[21]. Based on these properties, it is recognized that albumin may be of particular importance in the patho-physiology 
of malaria especially cerebral malaria where adherence of parasitized red cells to endothelium, aggregation of red 
cells and impairment of red cell deformity can be influenced by the highly negative charge of the albumin molecule 
[22, 23]. Therefore, we are of the opinion that the increase in albumin at low parasitemia may have accounted for the 
nonseverity of the fever and other symptoms of malaria at that level. Thus, the decrease in albumin level 
subsequently gave way to high fever and other complications of malaria as observed clinically. The effects of albumin 
on these complications may be one of the mechanisms by which albumin infusion achieves faster recovery from 
hypovolemia due to malaria than synthetic colloidal infusions [24]. On the other hand, globulin fraction did not show 
any significant difference between the control group and low and moderate malaria densities (p=0.3726 and 0.1837 
respectively). However, high density parasitemia had significantly lower globulin level than the control group 
(p=0.0086). This decrease in globulin level may give rise to lower immune status in this group of subjects. 

Unlike the serum proteins, serum iron showed steady in-crease in concentration as the malaria density increased. 
The serum iron concentration in control group was signifi-cantly lower than those of the three density groups 
(P<0.0001 in all), showing positive correlation between serum iron and malaria density (f=20.93; P<0.0001). Iron is 
one of the commonest elements in the earth’s crust, yet iron deficiency is probably the most common nutritional 
disorders in the world, particularly in developing countries [25]. It is involved in the constitution of enzymatic systems 
like catalase, peroxidases and cytochrome that play essential roles in cellular respiratory mechanisms in mito-
chondrial respiratory channel [26]. 

Hence its deficiency has serious nutritional adverse effects. On the other hand, iron overload has its own burden. It is 
known to cause oxidative stress – one of the complications of malaria parasitemia [27]. The tolerable upper intake 
level of iron in children between the ages of 0 to 8 years (about 22kg) is 40ug/day [28]. Even though this may not be 
exceeded as a supplement during the treatment of malaria in our study group (5 – 12 years), the finding that more 
iron is produced in parasitemia is a danger to these patients. This expected overload may be one of the causes of 
untoward reactions noticed in some patients before and during therapy. This supports the earlier caution on the use 
of iron supplements in malaria endemic areas as this may increase the likelihood of the subject developing potent 
malaria [29]. 



Some classical clinical symptoms of malaria in many patients, particularly children, include nausea, vomiting, 
abdominal pain, diarrhea hematemesis and melena. These may be as a result of initial toxic effect of iron on GIT. 
This toxic effect is due to direct corrosive action of iron on the mucosa causing, among other things, mucosal edema, 
infarction, ulceration and haemorrhage [30]. Apart from the initial action of iron on the mucosa, some antimalaria 
drugs may also interact with iron, producing some untoward effects. Hence, some patients who were relatively stable 
before commencement of treatment (baring fever and headache), suddenly developed severe reaction including 
vomiting, abdominal cramps and dizziness, as soon as treatment was initiated. This may possibly be as a result of 
oxidative stress caused by iron overload or interaction between iron and the drug or both. Therefore, there is need for 
further evaluation of iron supplementation during malaria treatment. 

In all the density groups, Hb and PCV showed significant decrease (P<0.0001 in all) when compared to the control 
group. This result is consistent with our earlier finding in pregnant women [15]. The significant decrease can be 
attributed to increasing breakdown of red cells, thus making malaria anaemia one of the anaemic states associated 
with iron overload. Iron overload in the presence of anaemia in some conditions like hypoplastic anaemia and 
anaemia due to chronic renal failure is, usually, due to multiple blood transfusions, which causes iron to accumulate 
in the RES [31], while in parasitemic anaemia iron overload is due to liberation from the red cells. To avoid oxidative 
stress in parasitemic individuals, we advocate that only multivitamins should be used in correcting the anaemic states 
(especially in children), since this study has ruled out iron deficiency in these patients. It is also necessary that iron 
status of pregnant women in particular and adults in general be re-evaluated to establish the place of iron 
supplementation in these groups. This is particularly to avoid the systemic actions of excess unbound iron that 
evidently affect the cardiovascular system, general metabolic functions, the liver and central nervous system [30]. 

Acknowledgement 

We want to thank the Nurses and the Community Health Officers of the Health Centres of Izzi and Onueke for their 
immense co-operation during this study. We are also grateful to members of staff of Department of Chemical 
Pathology, Ebonyi State University Teaching Hospital, Abakailiki, Nigeria for their co-operation and technical 
assistance. 

References 

1. WHO. Reducing risk, promoting healthy life. WHO Bulletin 2002; 101-105. Nutritional status of parasitemic 
children from malaria……... Curr Pediatr Res Volume 14 Issue 2 133 

2. Ogbodo SO; Ogah O; Obu HA; Shu EN; Afiukwa C. Lipid and lipoprotein levels in children with malaria 
parasitaemia. Curr Pediatr Res 2008; 12 (1&2): 13-17. 

3. Faucher JF; Ngonmilama E; Minon MA; Ngomo R; Kombila M; Kremsuer PH. The impact of malaria on 
common lipid parameters. Parasitol Res 2000; 88-98. 

4. Riley EM; Schueider G; Sambor I; Greenwood BM. Suppression of cee-mediated immune response to ma-
laria in pregnant Gambian women. Am J Trop Med Hyg 1989; 40: 141-144. 

5. Rasheed FN; Bulmer JN; Dunn DT; Menendez C; Jawla MBF; Jepson A et al. Suppressed peripheral blood 
and placental blood proliferative responses in the first preg-nancy: Relevance of malaria. Am J Trop Med 
Hyg 1993; 48: 154 -160. 

6. Menendez C; Quinto LL; Kahigwa E; Alvarez L; Fer-nandez R; Gimenez N et al. Effect of malaria on soluble 
transferring receptor levels in Tanzanian infants. Am J Trop Med Hyg 2001; 65 (2): 138-142. 

7. Guyatt HL; Snow RW. Impact of malaria during preg-nancy on low birth weight in sub-saharan Africa. Clin 
Microbiol Rev 2004; 17: 760-769. 

8. Rogerson SJ; Mwapasa V; Meshnick SR. Malaria in pregnancy. Linking immunity and pathogenesis. Am J 
Trop Med Hyg 2007; 77(6 Suppl): 14 -22. 

9. Branch O; Udhayakumar V; Hightower A; Oloo A; Halwey W; Nahlen B et al. A longitudinal investigation of 
IgG and IgM antibody reponses to the merozoite, sur-face protein – 119 kilo Dalton domain of plasmodium 
falciparum in pregnant women and infants: association with febrile illness, parasitemia and anaemia. Am J 
Trop Med Hyg 1998; 58: 211-219. 

10. Hviid L; Staalsoe T. Malaria immunity in infants: a spe-cial case of a general phenomenon. Trends Parasitol 
2004; 20: 66-72. 

11. King CL; Malhotra I; Wamachi A; Kioko J; Mungai P; Wahab SA et al.. Acquired immune responses to plas-
modium falciparum merozoite surface protein-1 in the human fetus. J Immunol 2002; 168: 156-364. 

12. Steketee RW; Wirima JJ; Campbell CC. Developing effective strategies for malaria prevention programs for 
pregnant women. Am J Trop Med Hyg 1996; 55 (1): 95 -100. 

13. Adeosun OL; Oduola T; Akanji BO; Sunday AM; Udo ST; Bello IS. Biochemical alterations in Nigeria 
children with acute falciparum malaria. African Biochem J 2007; 6 (7): 881-885. 



14. Crawly J. Reducing the burden of malaria in infants and young children in malaria endemic countries of 
Africa: from evidence to action. Am J Trop Med Hyg 2004; 71 (2 Suppl): 25 -34. 

15. Ogbodo SO; Nwagha UI; Okaka ANC; Ogenyi SC; Okoko RO; Nwagha TU. Malaria parasitemia among 
pregnant women in a rural community of eastern Nige-ria: Need for combined measures. Nig J Physiol Sci 
2009; 24 (2). 95-100. 

16. Chessbrough M. Haematological tests. In: District Labo-ratory Practice in Tropical Countries Part 2. 
Cambridge University Press, UK 2000; pp267- 347. 

17. Reinhold JG. Colorimetric measurement of serum pro-teins. In: Reiner M ed, Standard Methods in Clinical 
Chemistry, vol 1. Academic Press,NY 1953; pp88. 

18. Doumas BT; Watson WA; Biggs HG. Albumin standard and measurement of serum albumin with 
bromocresol green. Clin Chim Acta 1971; 31: 87-96. 

19. Nuttal KL; Klee GG. Analyses of haemoglobin metabo-lism – porphyrins, iron and bilirubin. In: Burtis CA, 
Ashwood ER ed, Tietz Fundamentals of Clinical Chem-istry, 5th ed. Saunders, Pennsylvania 2006; pp584-
606. 

20. He P; Curry FE. Albumin modulation of capillary per-meability: Role of endothelial cell [Ca2+]. Am J Physiol 
1993; 265: H74-H82. 

21. Reinheart WH; Naggy C. Albumin affects erythrocyte aggregation and sedimentation. Eur J Clin Invest 1995; 
25: 523-528. 

22. Emmerson T. Unique features of albumin. A brief re-view. Crit Care Med 1989; 17: 690-694. 
23. Mackintosh CL; Beeson JG; Marsh K. Clinical features and pathogenesis of severe malaria. Trends 

Parasitol 2004; 20: 597-603. 
24. Akech S; Gwer S; Idro R; Fegan G; Eziefula AC; Charles RJ et al. Volume expansion with albumin com-

pared to Gelofusine in children with severe malaria: Re-sults of a controlled trial. PloS Clin Trials 2006; 1 (5): 
e21. 

25. Hoffbrand AV; Pettit JE; Moss PAH. Essential Haema-tology, 4th ed. Blackwell Science 2001; pp28-38. 
26. Gouado I; Djuidje NM; Panleoui MJB; Fotso KH. Iron status of malaria patients in Douala – Cameroun. Paki-

stan J Nutr 2008; 7(5): 620 -624. 
27. Eze MO; Hunting DJ; Ogan AU. Reactive oxygen pro-duction against malaria – a potential cancer risk factor. 

Med Hypothesis 1990; 32: 121-123. 
28. Heird WC. Nutritional requirements. In: Berhman RE, Khegman RM, Jenson HBN ed, Texbook of Pediatrics, 

17th ed. Saunders 2004; pp156. 
29. Oppenheimer SJ. Iron and malaria. Parasitol Today 1989; 5(3): 77-79. 
30. Porter WH; Meyer TP. Clinical Toxicology. In: Burtis CA, Ashwood ER ed, Tietz Fundamentals of Clinical 

Chemistry, 5th ed. Saunders, Pennsylvania 2006; pp636 – 679. 
31. Mayne PD. Haem metabolism: iron and the porphyries. In: Clinical Chemistry in Diagnosis and Treatment, 

6th ed. Power Book, Great Britain 2005; pp373 -392, 

Correspondence: 
Ogbodo SO 

P.O.Box 17660 
Enugu, Nigeria 
E-mail: osylver1(at)yahoo.com 

Phone: +234 803 6680166 

Curr Pediatr Res Volume 14 Issue 2 131 
Curr Pediatr Res 2010; 14 (2): 131-135 

 


