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Abstract 
Background: Malaria is a disease of global importance and afflicts more than ninety countries and 

territories in the tropical and subtropical region. Metals such as iron and zinc are essential for different 

biological functions in human beings and are co-factors in most of the enzymes. However, data about 

significant variation of these micronutrients during infections in developing countries where we 

encounter malnutrition and infection problem together are limited. 

Objectives: This study was undertaken to quantify the serum levels of iron and zinc in malaria infected 

children and to compare it with that of controls and to correlate the levels with type of malaria, and 

outcome of illness. 

Methods: Thirty cases of proven malaria and 30 age and sex matched controls were recruited during 

the study period. Blood samples were obtained from each patients and controls, centrifuged and serum 

was analyzed for estimation of iron and zinc using spectrophotometer. 

Results: Mean serum iron among 30 cases was found to be 88.47 µg/dl, when compared to controls 

(97.47µg/dl), it was low. The mean serum zinc levels among 30 cases was 42.67µg/dl, which is 

statistically lower than among controls 57.43µg/dl. There was no difference between the types of 

malaria. 

Conclusion: The present study showed that there is significant reduction in the serum levels of iron 

and zinc in children admitted with malaria. It may suggest that the decreased levels of iron and zinc can 

be rectified by supplementing these metals in therapy. Further detailed studies are needed in this aspect. 
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Introduction 

Malaria is an important public health problem in developing countries like India. 

Plasmodium (Pl) falciparum (53%), Pl. vivax (47%) are the pathogenic agents of malaria and 

are the major causes of morbidity and mortality of children under five years of age in India [1].  

It was relatively free from malaria until early 1990 with only sporadic case reports. But since 

1990, with a sudden spurt in industrialisation and construction activities, malaria has made a 

dramatic entry here. Most of these cases in have occurred in the city of Hyderabadits head 

quarters. It has been observed that the incidence of malaria increases with the onset of the 

monsoon (June to October), when the water logging helps mosquito breeding and thus 

transmission of the disease [2]. 

Recently, there has been increase in the resistance to the commonly used anti malarial drugs 

and insecticides [3]. The increase in morbidity and mortality prompts us to study the factors 

that could lead to malaria infection. 

Metals such as zinc and iron are essential for different biological functions in human beings 

and are co-factors in most of the enzymes. Sufficient zinc supply is important for 

maintaining immune system function. Individuals exhibiting a zinc deficiency are more 

prone to various infectious diseases, such as pneumonia, diarrhea, and (in children) malaria. 

Some authors have associated malaria acquisition and its severity to the concentrations of 

micronutrients in children, the protection against acute infection through a moderate 

deficiency in iron [4], the reduction of risk of fever and clinical malaria episodes through a 

zinc supplementation [5, 6]. There are a few possible reasons by which iron status influences 

succeptibility to malaria like, iron supplementation might enhance susceptibility by 

stimulating erythropoiesis because there is evidence that parasites have a preference for 

reticulocytes (plasmodium vivax) [7]. Also zinc protoporphyrin, a product of iron deficient 

erythropoiesis has anti malarial action [8]. 
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However, data about significant variation of these 

micronutrients during infections in developing countries 

where we encounter malnutrition and infection problems 

together are limited. Hence this study was taken to quantify 

the levels of iron and zinc, two important nutrients in 

children affected with malaria. 

 

Objectives of the present study 

1. To quantify the serum levels of iron and zinc in malaria 

infected children and to compare it with that of controls. 

2. To correlate the levels with type of malaria. 

3. To correlate the levels with the severity of malaria and 

outcome of illness. 

 

Materials and Methods 

Study group: 

Thirty children aged 1 to 15 years, admitted in Shadan 

Institute of Medical Sciences with history of fever and 

malarial parasite flourescent test (MPFT) positive and smear 

positive were included in the study 

 

Type of study: case control study 

 

Sample size: 30 study group and 30 controls 

 

Method of Collection of Data 

Thirty cases of proven malaria and 30 age and sex matched 

controls were recruited during the study period. Parents 

were explained about the objective of the study, and after 

obtaining written consent from one of the parents, the 

children were included in the study. A detailed history and 

examination findings were entered in a predesigned 

proforma. Severity of malaria was assessed as per WHO 

classification. Child was followed up daily till discharge and 

upto one month after that and the outcome was recorded. 

Controls were selected from (a) children who came to out 

patient department for immunization, (b) clinically normal 

siblings of sick children and from (c) clinically normal 

children from school camps where blood samples were 

routinely taken for blood grouping, after explaining about 

the objective of the study in their local language and 

obtaining consent from parent/ guardian. Local anaesthetic 

cream was applied over the site of collection of sample to 

relieve pain. Children if found deficient of these 

micronutrients were corrected with appropriate 

supplementation. 

 

Inclusion Criteria 

Group 1(Study group): Children aged 1-15 years, admitted 

with fever and malaria test positive. 

 

Group 2(Control group): Children aged 1-15 years 

(apparently normal- controls) 

 

Exclusion Criteria 

1. Children <1 years and > 15 years 

2. Children with debilitating illnesses 

3. Children with coexisting other illnesses like diarrhea, 

pneumonia. 

4. Children who have received zinc, multivitamin 

preparations containing zinc or iron supplementation in 

the past one month. 

 

 

Collection of Samples 

Blood samples were collected with aseptic precautions as 

per requirement and processed accordingly. All relevant 

investigations were done as per need. 

 

Methodology 

1. MPFT was done by using Quantitative Buffy Coat 

(QBC) flourescent test and was reconfirmed with thick 

and thin smear. 

2. Serum iron estimation was done in COBAS 6000 by 

using spectrophotometric method using ferrozine 

reagent. 

3. Serum zinc was estimated by calorimetric method in an 

absorption spectrophotometer using nitro PAPS 

reagent. 

 

Statistical Analysis 

The collected data were analysed by mean, standard 

deviation, t-test, chi- square and by Karl Pearson’s 

correlation coefficient. P value ≤ 0.05 was considered 

significant. 

 

Results 

Thirty children admitted with malaria infection were taken 

as study group and 30 normal healthy children were taken as 

controls. 

 

Age Distribution 

Out of the 30 cases, 36.7% were within the age group of 1 to 

5 years, 16.7% were within 6 to 10 years and 46.7% were 

between 11-15 years. Out of the 30 controls, 23.3% were 

within 1 to 5 years, 40% were within 6-10 years, 36.7% 

were within 11-15 years. (Table 1). 

 
Table 1: Age Distribution 

 

 
Group  

Total Cases Controls 

Age 

1-5 years 
11 

36.7% 

7 

23.3% 

18 

30.0% 

6-10 years 
5 

16.7% 

12 

40.0% 

17 

28.3% 

11-15 years 
14 

46.7% 

11 

36.7% 

25 

41.7% 

Total 
30 

100.0% 

30 

100.0% 

60 

100.0% 

 

Sex distribution: 

Out of the 30 cases, 66.7% (n-=20) were males and 33.3% 

(n=10) were females, whereas in the control group 60% 

(n=18) were male and 40% were females (Table2) 

 
Table 2: Sex Distribution 

 

 
Group  

Total Cases Controls 

Sex 

Male 
20 

66.7% 

18 

60.0% 

38 

63.3% 

Female 
10 

33.3% 

12 

40.0% 

22 

36.7% 

Total 
30 

100.0% 

30 

100.0% 

60 

100.0% 

 

Socio economic status 

Among 30 malaria cases, majority (50%) were from class 3 

socioeconomic status, 36.7% were from class 2 and the rest 
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from class 4. Among controls, majority were from class 

3(63.3%), 30% were from class 2 and rest from class 4. 

(Table 3) 

 
Table 3: Socioeconomic status 

 

 
Group  

Total Cases Controls 

Socio economic 

status 

Class 2 
11 

36.7% 

9 

30.0% 

20 

33.3% 

Class 3 
15 

50.0% 

19 

63.3% 

34 

56.7% 

Class 4 
4 

13.3% 

2 

6.7% 

6 

10.0% 

Total 
30 

100.0% 

30 

100.0% 

60 

100.0% 

 

Clinical symptoms 

The presenting symptoms in 30 children have been 

summarised in the below diagram. All patients were febrile 

at the time of presentation. Vomiting was one of the 

frequent symptoms after fever. It was seen in 53.3% of the 

total cases. Headache was the third common presenting 

symptom along with fever. It was noted in 46.7% of 

patients.  

 

Clinical signs 

Pallor was noted in 33% of the total cases. Icterus was noted 

in 2 (6.7%) patients. Out of thirty cases, twenty one had 

only splenomegaly, 2 cases had both hepatomegaly and 

splenomegaly.  
 

 

Hemoglobin 

Out of 30 patients 6 patients had Hb less than 10gm/dl. Out 

of which 3 cases had Hb between 7– 10 gm/dl and three 

patients had Hb < 7gm/dl. Mean Hb in our study was 

11.07±2.15g/dl. Hb <7gm% was seen only with falciparum 

and mixed infection. 

 

Thrombocytopenia 

In our study thrombocytopenia was observed in 80% (24 out 

of 30) of the patients. Out of these 30 patients, 2 patients 

had severe thrombocytopenia (<50,000/comm.), 15 patients 

had moderate thrombocytopenia (platelet count between 

50000 and 100000) and 7 patients had mild 

thrombocytopenia (platelet count between 100000 and 

150000). Severe thrombocytopenia was documented in one 

case of vivax and in one case of mixed infection. (Table: 4 

& Figures: 12-15) 

 
Table 4: Platelet Count 

 

Platelet Count (per cubic mm) Vivax Falciparum Mixed 

>1.5 Lakh 5 1 0 

1-1.5 Lakh 5 2 0 

50,000- 1 Lakh 11 0 4 

<50,000 1 0 1 

 

Iron 

The mean serum iron levels among 30 cases was 88.47 

(µg/dl), and among controls were found to be 97.47(µg/dl). 

The difference between them is statistically significant. 

(Table: 5) 

Table 5: Mean iron levels 
 

 N Mean 
Std. 

Deviation 
Median(IQR) 

95% Confidence Interval for Mean Mann whitney test 

Z value 
p 

Lower Bound Upper Bound 

Cases 30 88.47 77.439 62(33-112) 59.55 117.38 
2.181 0.029* 

Contr ols 30 97.47 22.928 92(82.25-104.25) 88.91 106.03 

 

Zinc 

The mean serum zinc levels among 30 cases was 

42.67(µg/dl), and among controls were found to be 

57.43(µg/dl). The difference between them is statistically 

significant. (Table: 6) 

 
Table 6: Mean zinc 

 

 N Mean(µg/dl) 
Std. 

Deviation 

95% Confidence Interval for Mean 
t value p 

Lower Bound Upper Bound 

Cases 30 42.67 6.065 40.40 44.93 
11.216 p<0.001* 

Controls 30 57.43 3.901 55.98 58.89 

Total 60 50.05 9.000 47.73 52.37  

 

Duration of hospital stay 

Out of 30 patients, majority (25 cases) had a hospital stay of 

3-5 days, only 2 had a stay of 6 days and 3 children were 

admitted for 2 days. The two cases who stayed for 6 days 

had mixed malaria. (Table: 7) 

 
Table 7: Duration of hospital stay 

 

 Vivax Falciparum Mixed 

<3 days 3 0 0 

3-5 days 19 3 3 

>5 days 0 0 2 

 

Comparision of zinc and iron with type of malaria 

The mean serum zinc levels among 30 cases was 

42.67(µg/dl), and doesn’t vary with the type of malaria 

which is evident from the table below (Table: 8), whereas 

there is significant variation in the mean iron levels in 

different types of malaria, but not statistically significant. 

 
Table 8: Comparision of zinc and iron with type of Malaria 

 

 Type n Mean Std deviation P value 

Zinc 

vivax 22 42.82 5.80 

0.864 falciparum 3 42.67 9.87 

mixed 5 42.00 6.36 

Iron 

vivax 22 65.41 45.13 

0.147 falciparum 3 131.67 121.71 

mixed 5 164 117.99 

 

Correlation of iron and zinc with hospital stay 

In relation to the duration of hospital stay with the mean 

serum levels of zinc and iron, there were no statistically 

significant difference except for higher levels of serum iron 
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in patients who stayed for more than 5 days, but there were 

only 2 patients in that group. (Table: 9) 

 
Table 9: Correlation of iron and zinc with hospital stay 

 

Duration of hospital stay Mean iron(µg/dl) Mean zinc(µg/dl) 

<3 days 64.5 45 

3-5 days 78.8 42.4 

>5 days 237 43.5 

 

Severity of malaria 

There were no cases of severe malaria in the study 

population. 

 

Outcome of illness 

All cases admitted with malaria improved with treatment 

without any residual complications. 

 

Discussion 

Malaria is a public health problem in several parts of the 

country. About 95% population in the country resides in 

malaria endemic areas and 80% of malaria reported in the 

country is confined to areas consisting 20% of population 

residing in tribal, hilly, difficult and inaccessible areas. 

According to world malaria report 2014, 53% of malaria 

cases were caused by P.falciparum and 47% by P.vivax [1]. 

There were 440 reported deaths in 2014 due to malaria. 

India contributes 77% of the total malaria in Southeast Asia 

and about 95% of the population of moderate to high risk of 

malaria in SEA Region is living in India. Though we are 

familiar with various presentations and complications of 

malaria, the effect of trace elements like iron and zinc are 

not understood. There are only few studies of this kind, 

which were also done in abroad. Our study is a hospital 

based comparative study of serum iron and zinc levels in 

children with malaria and matched controls. 

 

Sex distribution 

In our study the male to female ratio was 2:1 compared to 

Yadav D et al. [9] where male to female ratio was 2.88:1. In 

their study high male predominance was attributed to higher 

health seeking behavior for male children. 

 

Age group 

Children between 11-15 years of age constituted higher 

number in our study. This may be due to increased exposure 

to mosquito bites outdoors compared to younger children. 

Jasani JH et al. [10] observed similar results in their study.  

 

Clinical features 

Presenting symptoms of our study showed similarity to the 

presenting symptoms of the study group of Sowunmi et al. 
[11] Percentage of children having vomiting, headache and 

pain abdomen in our study was comparable with studies 

done by Sowunmi A and Rasheed A et al. [12] but their 

studies included only P.falciparum. 

 

Clinical signs 

Commonest clinical findings in our study were 

splenomegaly and pallor. Incidence of pallor was 34% in 

our study in comparison to 75% in study carried out by 

Malhotra OP et al. [13] Splenomegaly was seen in 70% of the 

patients in our study. Similar rate was observed in study by 

Rasheed A et al. [12] in a study from Pakistan. Hepatomegaly 

was noted in 7% of the patients in the present study. Study 

by Rasheed A et al. [12] had shown a similar incidence of 

hepatomegaly (6.3%) in their work. Sowunmi A has 

reported that hepatomegaly was more common than 

splenomegaly in acute falciparum infection in children. This 

observation is contrary to our findings wherein 

splenomegaly was more common. The clinical findings in 

vivax, falciparum and mixed infections were more or less 

similar. There was no statistically significant difference in 

clinical presentation of various types of malaria. 

 

Types of Malaria 

In the present study vivax malaria constituted was 73%, 

falciparum was 10% and mixed infection constituted 17%. 

In a study by Shetty G et al. [14] had similar results compare 

to our study. Jadav UM et al. [15] had similar incidence of 

vivax malaria in their studies. Rasheed A et al. [12] had 

higher incidence of falciparum infection, which was 

attributed to higher incidence of falciparum infection in the 

area in which study was conducted. Study by Faseela TS [16] 

et al. observed higher incidence of mixed infection like our 

study, which was attributed to endemicity for malaria in that 

area. From these observations we can conclude that the 

incidence of particular species varies with geographical 

area. This area is endemic for vivax infection and hence the 

higher incidence of vivax infection in our study. 

 

Anemia 

Mean hemoglobin in our study was 11.07±2.15gm%, which 

is less compare to Rasheed A et al. [12] study, where mean 

Hb was 12.87±1.88gm%. Marsh K et al. [17] had reported an 

incidence of 17% of severe anemia in his study group, 

which is higher than what we observed (10%). Twenty 

percent of the study population had Hb less than 10gm%, 

only 10% had Hb less than 7gm%. The causes for anemia in 

malaria are multifactorial. Following are possible causes for 

anemia in malaria. 

• Extravascular clearance and/or intravascular destruction 

of infected and uninfected RBCs 

• Activation of the monocyte / macrophage system 

• Suppression of erythropoiesis along with 

dyserythropoiesis [25] 

 

Thrombocytopenia 

In our study thrombocytopenia was observed in 80% of the 

patients. 23% had mild thrombocytopenia, 50% had 

moderate and 7% had severe degree thrombocytopenia. 

Shetty G et al. [14] and Jamal et al. [18] had similar results in 

their work, but few studies [19] have reported slightly lower 

incidence of thrombocytopenia like 40% and 58.97% 

respectively. The causes of thrombocytopenia in acute 

malaria are poorly understood. Experimental data and 

clinical studies have successively emphasized the role of 

immune factors and the destruction or sequestration of 

platelets [14]. It is a general consensus that thrombocytopenia 

is very common in malaria and it is usually believed to be 

more common in falciparum malaria. Contrary to the 

popular belief, vivax infection can give rise to 

thrombocytopenia as was seen in our study, which was 

noticed by earlier few studies also [14]. 

 

Iron status 

In our study, the mean serum iron level was 88.47µg/dl for 

malaria cases, which was low compared to 97.47 µg/dl for 
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controls, and is statistically significant. In a study done by 

Baloch S et al. [20], the mean iron in study group were 

significantly reduced compared to that of controls. Similar 

results were obtained by M’boh et al. [21] There is variation 

noted in mean serum iron levels in different types of 

malaria, but it is not statistically significant because of very 

small sample size in falciparum and mixed malaria group. 

Similar results obtained for its correlation with duration of 

hospital stay. Whether lower iron made them susceptible to 

malaria or iron level is decreased due to malaria is not clear. 

Probably a prospective study involving large population can 

answer this. 

 

Zinc status 

In our study, the mean serum zinc obtained was 42.67 µg/dl 

for cases, which was low compared to 57.43µg/dl for 

controls, which is statistically significant. In a study done by 

M’boh et al. [21], the mean zinc was 21 for cases and 60 for 

controls, which was comparable with our study. Baloch S et 

al. [20] also showed the same results. There is no significant 

variation in the levels of zinc with the type of malaria or 

with the duration of hospital stay. Since there were no cases 

of severe malaria in the study population, zinc status in 

severe malaria could not be studied. However literature says 

that with severe malaria there is marked decrease in zinc 

levels. 

 

Limitations of the study 

Smaller sample size and lack of severe malaria cases were 

the major limitations of this study. 

 

Conclusion 

The present study showed there is significant reduction in 

the serum levels of iron and zinc in children admitted with 

malaria, which shows there is a damageable effect on trace 

elements by malaria. It may suggest that the decreased 

levels of iron and zinc can be restored by supplementing 

these metals in therapy. In order to establish true picture of 

the incidence, prevalence and causes of zinc, iron 

deficiency, correlation with severity requires further 

extensive clinical studies and research. 
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