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Abstract 
Background: Malaria remains a significant public health in India and a major cause of under 5 

mortality. Clinical manifestations of malaria in children may differ significantly from adults and there 

is wide variation in manifestation depending on endemicity. We conducted this study to find the 

clinical presentation and features which would predict mortality in children with severe malaria.  

Methods: a prospective observational study was conducted at Pediatric units of SCB Medical College, 

Cuttack. Children below 14 years of age with confirmed diagnosis of malaria and satisfying the WHO 

criteria for severe malaria were included in the study. Baseline demographic data collected and clinical 

features during the course of illness were documented. Logistic regression analysis was used to find the 

predicting factors for mortality. 

Result: out of 557 cases with malaria over a period of 20 months, 130 patients (23.3%) satisfied the 

WHO criteria for severe malaria. Case fatality rate was 8.5%. Apart from fever, anemia and prostration 

were most commonly associated complications. Presence of respiratory distress, CNS involvement, 

shock and renal failure were found to be the major predictor of death. Risk of mortality increased 

significantly with the presence of multiple organ dysfunction. About 12.3% of the patients were G6PD 

deficient. A higher incidence of hemoglobinuria and a lower incidence of cerebral malaria was 

observed in G6PD deficient patients.  

Conclusion: Complications associated with severe malaria in pediatric populations in India differ from 

African countries. Multiple organ dysfunction is not uncommon in the pediatric population and it 

significantly increases the chances of adverse outcome. 
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Introduction 
Malaria continues to be a major global health problem [1, 2]. More than 40% of the world’s 

population are at risk for malaria to varying degrees in countries with on-going transmission 

[1]. In African countries, it accounts for about 20% of mortality in children under five of age 

[3]. Severe malaria generally has a poor prognosis with a 10–30% case fatality rate [4, 5, 6]. 

African countries account for the majority of malaria related childhood deaths worldwide. 

Malaria is a public health problem in several parts of India. 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 the population residing on tribal, hilly, difficult and 

inaccessible areas [7, 8]. The number of cases of malaria and death due to malaria in India has 

decreased substantially in last 25 years after implementation of national programs to control 

malaria [8]. A wide spectrum of clinical manifestations has been described in literature. Most 

of the clinical descriptions of malaria are from data obtained from sub Sharan Africa. There 

are very few studies which have described the spectrum of presentation of malaria in 

pediatric population from the Indian subcontinent. Malaria contributes significantly to under 

5 mortality and there are only few studies from the region have described the predictors of 

mortality in severe cases of malaria. The current study was conducted at a tertiary level 

hospital from eastern India, a high endemic area for malaria transmission, to find out the 

clinical features which significantly predict mortality in this group of pediatric patients.  
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Materials and Methods 

The present study was a prospective cohort study conducted 

in the departments of pediatrics at SCB Medical College, 

Cuttack, which serves as the largest referral center for sick 

children in Orissa. The period of the study was from January 

2011 to August 2012. 

 

Study Population 

Febrile children below 14 years of age admitted to the 

Pediatric unit with the laboratory diagnosis of malaria were 

included in the study. Children with fever who were found 

to have a negative laboratory test for malaria were excluded 

from the study. 

 

Recruitment  

All children with fever as a clinical presentation at time of 

admission were assessed for eligibility. Patients who were 

found positive for malaria by microscopic examination of 

thick blood smear or indirect methods like 

immunochromatography or quantitative Buffy coat 

examination were included and Patients with alternate 

explanations for fever were excluded from the study. 

Written informed consent was obtained from the parents 

prior to enrollment. Demographic and clinical data were 

obtained in a prechecked, validated pro forma. Clinical 

features including various complications, laboratory 

investigations were documented. For confirmation of cases, 

microscopic examination of blood or other rapid diagnostic 

tests (immunochromatography, Quantitative Buffy coat 

examination) was done.  

Both thick and thin smear were prepared and examined 

under light microscope. To prepare blood smear, 3rd or 4th 

finger of the left hand was wiped with alcohol, allowed to 

dry and subsequently pricked at the distal part of the Palmar 

aspect under all aseptic conditions. For preparing a thick 

smear, a large drop of blood is taken in the center of the 

slide. With the help of a needle or the corner of a slide the 

drop is spread over ½ x ½ inch area. When dry the thickness 

should be such that the printed matter can just be read 

through it. For thin smear, one drop of blood not larger than 

a pin head was taken on grease free clear slide at a distance 

of about half an inch from right end. The smooth edge of 

another glass slide held at an angle of 45° in contact with 

drop of blood, then lowered to angle of 30° and then gently 

pushed to the left, till the blood is exhausted. The smear is 

subsequently allowed to dry. The smear was stained with 

giemsa stain and examined under light microscope. 

Glucose 6 phosphate dehydrogenase enzyme activity was 

estimated in all cases of malaria. Quantitative estimation of 

enzyme activity was done from peripheral blood. 

Quantitative measurement of G6PD enzyme was done by 

using commercially available kit which involved 

measurement of the rate of increase in reduction of NADP 

to NADPH and its spectrophotometric absorbance at 340 

nm. G6PD enzyme activity less than 4.6 U/gm was 

considered as deficiency. The end point of the study was 

death or discharge from the hospital. The outcomes of the 

study were to find the complications associated with malaria 

and compare complications and clinical outcomes between 

groups with normal and reduced G6PD activities.  

 

Statistical analysis 

Collected data were entered into an electronic database 

created in the Microsoft® office excel® 2007 (Microsoft, 

Redmond, CA, USA) Microsoft, Redmond, CA, USA. 

Baseline variables were documented using descriptive 

statistics. Mean and standard deviation was calculated for 

continuous data. Incidence of associated complications was 

calculated as percentage of total cases. To find the strength 

of association between a particular complication with 

mortality, odds ratio with 95% Confidence interval was 

calculated. Student t test was used to compare the mean 

between the groups. Chi square test was used to find the 

difference in proportion of incidence of particular 

complications between the two groups. A p value less than 

0.05 was considered as significant. All statistical analysis 

was performed by using SPSS software version 10.0. 

 

Result 

A total of 557 patients was diagnosed to have malaria 

during the study period, out of which 130 (23.3%) patients 

satisfied the World Health Organization (WHO) criteria for 

severe malaria (2000). The Mean and median age of 

presentation was 7.52 years (± 3.42 years) and 7 years 

respectively with male: female ratio of 2.1. The majority 

(44.6%) of the children belonged to age group of 5 to 10 

years. Only 2 cases were documented in infancy and both 

survived. Eleven deaths were recorded over the study period 

with an overall mortality rate of 8.64%. Sixteen children 

(12.3%) were found to be G6PD deficient and no mortality 

was documented in this group (Table 1).  

 

Table 1: Age, sex and distribution of G6PD deficiency of the study cohort 
 

Age group (in years) No. of case (%) Male Female G6PD deficient Death 

Age < 1 year 2 (1.54%) 1 (0.77%) 1 (0.77%) 2 (1.54%) 0 (0%) 

1-5 year 29 (22.3%) 20 (15.4%) 9 (6.9%) 2 (1.54%) 3 (2.3%) 

5-10 year 58 (44.6%) 39 (30%) 19 (14.6%) 5 (3.85%) 4 (3.07%) 

>10 year 41 (31.53%) 28 (21.5%) 13 (10%) 6 (4.61%) 4 (3.07%) 

Total 130 88 (67.7%) 42 (32.3%) 16 (12.3%) 11 (8.46%) 

 

Fever was the most common clinical feature in the cohort. 
Apart from fever, anemia was the most common associated 
clinical feature, which was found in nearly 80% of patients. 
Severe anemia was observed in 16.1% of cases. The next 
common complications included prostration (50.7%), 
presence of encephalopathy (33.1%), clinical jaundice 
(23%) and oliguria (16%). Nearly 16.1% of the cohort had 
features of shock during the course of illness. Other clinical 
features like respiratory distress and clinical bleeding were 
documented in 9.3% and 6.9% of children respectively 

(Table 2). Anemia (hemoglobin < 10 g/dl) was also the most 
common laboratory parameter found to be altered. 
Leucocytosis (Total leukocyte count>15000/cmm) was 
found in 28% of cases out of which a bacterial pathogen 
could be isolated from blood culture in 13% of cases. Nearly 
one third of the cohort were found to have 
thrombocytopenia (Platelet count < 1.5 lakh/cmm), but 
severe thrombocytopenia (Platelet count < 50000/cm) was 
found only in 2.3% of cases (Table 3).  
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Table 2: Distribution of clinical features among the study cohort 
 

Clinical features Number Percentage 

Fever 130 100 

Prostration 66 50.7 

Anemia 104 80 

Jaundice 30 23.07 

Encephalopathy 43 33.07 

Seizure 37 28.46 

Respiratory distress 12 9.23 

Oliguria 22 16.92 

Hemoglobinuria 21 16.15 

Bleeding 9 6.92 

Edema 26 20 

Hepatomegaly 90 69.23 

Splenomegaly 110 84.61 

Shock 21 16.15 

 
Table 3: Laboratory parameters among the study cohort 

 

Laboratory parameter Number Percentage 

Anemia (Hb < 10 g/dl) 104 80 

Severe anemia (Hb < 5 g/dl) 21 16.15 

Leucocytosis (TLC > 15000) 37 28.46 

Leucopenia (TLC < 4000) 2 1.53 

Thrombocytopenia (<150000) 41 31.53 

Severe thrombocytopenia(Platelet < 50000) 3 2.3 

Serum creatinine > 3 mg/dl 24 18.64 

Serum bilirubin > 3 mg/dl 32 24.61 

Serum bilirubin > 10 mg/dl 2 1.53 

Hypoglycaemia (plasma sugar < 45 mg/dl) 12 9.23 

Positive blood culture 17 13.07 

 

Although nearly two third of the patients were male, male 

sex alone was not significantly associated with risk of 

mortality. Only one fourth of patients among the cohort 

were under 5 years of age. Younger age of patient did not 

increase the risk of mortality. Severe anemia, although a 

common presentation, did not predict the risk of mortality. 

About one in every sixth patient with features of 

encephalopathy died. The risk of mortality was 50%, 37.5%, 

and 31.6% with respiratory distress, renal failure and shock 

as clinical presentation. On univariate analysis, presence of 

respiratory distress, encephalopathy, renal failure and shock 

were found to be strong predictors of mortality in patients 

with severe malaria (Table 4). 

 
Table 4: Prevalence of Major Clinical Criteria of Malaria and 

Associated Mortality 
 

Clinical criteria 
Prevalence 

(n=130) 
Death OR 95% CI 

P 

value 

Male sex 88 8(9.09%) 1.27 0.32-5.04 0.73 

Age < 5 year 31 3(9.67%) 1.19 0.29-4.79 0.79 

Severe anemia 26 1(3.84%) 0.40 0.04-3.26 0.39 

Respiratory distress 12 6(50%) 11.8 3.13-44.48 0.003 

Encephalopathy 48 8(16.7%) 4.55 1.15-17.99 0.03 

Hepatopathy 32 5(15.6%) 2.55 0.73-8.92 0.14 

Shock 19 6(31.6%) 7.01 1.94-25.28 0.003 

Renal failure 24 9(37.5%) 19.8 4.03-97.94 0.002 

 

There were 33 patients who developed features of 

multiorgan dysfunction with 8 patients developing clinical 

features involving 3 organs and 4 patients had involvement 

of 4 organs. About 40 % (n=52) of patients had a single 

organ involvement. Rest 45 (34.6%) patients did not qualify 

for any organ involvement as per WHO criteria. The 

incidence of mortality was 27.3% in the MODS group as 

compared to 3.8% with single organ involvement. Presence 

of multiorgan dysfunction significantly increased the risk of 

mortality among the cohort (Table 5).  

 
Table 5: Organ involvement and associated mortality 

 

Organ 

involvement 

Prevalence 

(n=130) 
Death OR 95% CI 

P 

value 

Single organ 

involvement 
52 2 4.33 0.20-92.62 0.34 

Multiple organ 

involvement 
33 9 25.80 1.45-459.09 0.02 

 
Table 6: Comparison of various outcomes between normal and 

G6PD deficient patients 
 

Clinical 

manifestation 

Normal G6PD 

(n=114) 

G6PD Deficient 

(n=16) 
P value 

Severe anemia 22(19.2%) 4(25%) 0.56 

Thrombocytopenia 16(14.03%) 1(6.25%) 0.39 

Encephalopathy 47(41.23%) 1(6.25%) 0.006 

Hepatopathy 27(23.68%) 5(31.25%) 0.51 

Renal failure 22(19.3%) 2(12.5%) 0.51 

Respiratory distress 12(10.5%) 0(0%) 0.17 

hemoglobinuria 9(7.9%) 7(43.75%) < 0.001 

Death 11(9.64%) 0(0%) 0.19 

 

The prevalence of G6PD deficiency was 12.3% (and=16) in 

the cohort. All patients with G6PD deficiency survived. A 

significant number of patients (43.75%) with G6PD 

deficiency developed hemoglobinuria during the clinical 

course. Nearly one fourth of the children had severe anemia 

and nearly one third of patients developed features of 

hepatic failure. The incidence of central nervous system and 

renal involvement was 6.25% and 12.5% respectively. As 

compared to patients with normal G6PD status, patients 

with G6PD deficiency were found to have a significantly 

higher risk of developing hemoglobinuria and a statistically 

significant lower risk of CNS involvement (Table 6).  

 

Discussion 

The mean age of presentation of the was 7.5 years in the 

present study. Various studies have reported the typical age 

of presentation of severe malaria to be inversely 

proportional to endemicity [10, 11]. An earlier age of 

presentation is observed in many countries of Africa with 

high transmission rates as compared to areas with low 

transmission rates. In contrast to the mean age of 26 months, 

with 86% of the population being under 4 years of age in 

high-transmission areas in Africa [4]. In lower-transmission 

areas of Africa, such as Senegal, the mean age of 

presentation was around 6.2 years [6]. The mortality rate in 

the current study was around 8.5%. The mortality rate 

among all age groups were comparable. There were only 2 

infants in the group who presented with severe malaria and 

both survived. There was no difference in mortality between 

males and females. This difference can be explained by the 

degree of endemicity, age at first infection, reinfection and 

immune response of the population. The prevalence of 

G6PD deficiency was 12.3% in the present study. Although 

the exact prevalence of G6PD deficiency in India is not 

known, various studies have reported its prevalence ranging 

from 2% to 27.9% in different communities [12, 13]. A recent 

meta analysis of 72 studies has reported the prevalence of 

G6PD deficiency to be around 8.5% in India [14].  

A variety of clinical presentation has been described in 
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patients with severe malaria and the relative proportion of 

various complications varies across different geographic 

regions. More than 50% of the patients in the current study 

had prostration. The incidence of 

coma/convulsion/encephalopathy was around 33%. Similar 

incidences of various complications have been described by 

a recent study from Africa [15]. Seidlein et al. have reported 

the incidences of convulsion (31%), Prostration (54.8%), 

jaundice (2.1%), Respiratory distress (16%) in their study 

[15]. About 16% of the patients had severe anemia in the 

present study. Another study from the same centre have 

reported the incidence of anemia to be around 28% [16], but 

the incidence of severe anemia has not been described 

separately. Marsh et al. reported 27.5% of the African 

population to have severe anemia [17]. Other smaller studies 

from Orissa have described a similar, albeit slightly lower, 

the prevalence of anemia in pediatric patients [18, 19, 20].  

Presence of G6PD deficiency may protect from severe form 

of malaria. The proective role of G6PD deficiency has been 

described by few studies from Africa and South East Asia 

[21, 22, 23]. This might provide a survival advantage in malaria 

endemic area. Malaria parasite commonly thrives in mature 

red cells. As hemolysis affects mature red cells more 

readily, there are fewer of them to host malaria parasites. 

Hemolysis of mature red cells in G6PD deficient individuals 

might explain the degree of protection against severe forms 

of malaria in such individuals [25]. Luzzatto et al. studied the 

infection rate of parasites in normal and deficient red cells 

in vitro and found that the malarial parasite selectively 

infects the cells that are normal for G6PD [26, 27]. In another 

study it has been shown that the malarial parasite has its 

own G6PD gene, which is turned on selectively [28]. 

However, in the case of heterozygotes the parasite 

encounters both normal and deficient cells and is therefore 

not able to turn on its own gene and is thus at a survival 

disadvantage [28]. In contrary, patients with G6PD deficiency 

experience intravascular hemolysis following exposure to 

antimalarial agents. Primaquine, a drug used in combination 

therapy with artemisinin derivatives is well known to cause 

intravascular hemolysis in such individuals [29]. Besides 

primaquine, quinine and artemisinin compounds has also 

been shown to cause hemolysis in G6PD deficient 

individuals [30, 34]. In the present study, we compared the rate 

of complications among individuals with normal and 

deficient G6PD level. The rate of various complications was 

comparable between the two groups except a significantly 

high incidence of hemoglobinuria and a relatively lower 

incidence of cerebral malaria in individuals with G6PD 

deficiency.  

The mortality rate in the present study was 8.5%. The 

presence of various complications, multiple organ 

involvement increases the risk of mortality. We found that 

presence of respiratory distress, Central nervous system 

involvement, shock and renal failure in the course of disease 

significantly predict the risk of mortality. Again the 

presence of multiple organ dysfunction (MODS) also 

significantly increases the probability of death. There was 

no significant effect of age in predicting death as an 

independent variable. Mortality was not significantly 

different in under 5 years of age. Though severe anemia was 

a common complication in the course of disease, it also did 

not predict death as an independent variable. In African 

children from a high-endemicity area, impaired 

consciousness, jaundice, RD, and hypoglycemia are 

important predictors of death [17]. In a study from Ghana, 

severe anemia was present in 55% of the total cases but it 

did not predict the risk of mortality [35]. Tripathy et al. 

described 4 major predictors of mortality; RD, cerebral 

malaria, MODs, and hyperparasitemia, in their study [16]. 

Diagnosis of malaria was based on rapid diagnostic tests in 

the majority of cases (63%) in the present study. As only in 

37% (n=48) cases, diagnosis was confirmed by microscopic 

test, we could not evaluate hyperprasitemia as a predictor. 

Only 6 (4.6%) patients have documented hypoglycemia 

during the course. Almost two third (66.7%) of patients with 

respiratory distress had metabolic acidosis. The WHO- 

South East-Asia Regional Office regional guidelines 

continue to list severe anemia, convulsions, hypoglycemia, 

and metabolic acidosis to be the most common 

manifestations in the pediatric population and cerebral 

malaria to be common in older children [36]. Multisystem 

involvement is described only in adults [36]. The 2006 

treatment guidelines of the WHO list cerebral malaria, 

metabolic acidosis, severe anemia, and hypoglycemia to be 

the key common features and renal failure and acute 

pulmonary edema in adults [29]. 

There are few limitations in the present study. We could 

include only 130 cases with severe malaria in the study. 

Diagnosis was confirmed by rapid diagnostic tests in the 

majority of cases. As the number patients with G6PD 

deficiency was less, the result cannot be generalized.  

 

Conclusion 

The study demonstrates the wide spectrum of clinical 

presentation of malaria in the pediatric population. There 

may be geographic variation in clinical presentation and few 

complications, MODS, which are thought to be common in 

the adult population are not uncommon in the pediatric 

population. Presence of respiratory distress, CNS 

involvement, renal failure, shock are independent predictors 

of mortality in pediatric patients with severe malaria. 

Multiorgan dysfunction is not rare in the pediatric 

population, and is an independent predictor of mortality. 

 

References  

1. Management of severe and complicated malaria. 

Geneva: World Health Organization, 2012. 

2. World Health Organization. The World Health Report: 

Reducing Risks, Promoting Healthy Life. Geneva, 

Switzerland: World Health Organization, 2002. 

3. Bryce J, Boschi-Pinto C, Shibuya K, Black RE. The 

WHO Child Health Epidemiology Reference Group: 

WHO estimates of the causes of death in children 

Lancet. 2005; 365:1147-1152. 

4. Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley 

M, Marsh V et al. Indicators of life-threatening malaria 

in African children. N Eng. J Med. 1995; 332(21):1399-

404. 

5. World Health Organization, Division of Control of 

Tropical Diseases: Severe falciparum malaria. Trans R 

Soc Trop Med Hyg. 2000; 94(Suppl 1):1-90. 

6. Imbert P, Sartelet I, Rogier C, Ka AS, Baujat G, 

Candito D. Severe malaria among children in a low 

seasonal transmission area, Dakar, Senegal: influence 

of age on clinical presentation. Trans R Soc. Trop Med 

Hyg. 1997; 91:22-24. 

7. World Health Organization, South East-Asia Regional 

Office, New Delhi. Guidelines on the management of 

http://www.paediatricjournal.com/


International Journal of Paediatrics and Geriatrics http://www.paediatricjournal.com 

~ 86 ~ 

severe falciparum malaria in level II hospitals, 2004. 

8. Government of India. Malaria and Its Control in India-

Country Scenario: National Anti-Malaria Programme. 

New Delhi, India: Directorate General of Health 

Services and Family Welfare, Government of India, 

1999. 

9. National Vector Borne Disease Control Programme | 

National Health Portal of India [Internet]. Nhp.gov.in., 

2019. 

10. Maitland K, Marsh K. Pathophysiology of severe 

malaria in children. Acta Trop. 2004; 90:131-140. 

11. Mackintosh CL, Beeson JG, Marsh K. Clinical features 

and pathogenesis of severe malaria. Trends Parasitol. 

2004; 20:597-603. 

12. Mohanty D, Mukherjee M, Colah R. Glucose–6–

phosphate dehydrogenase deficiency in India. The 

Indian Journal of Pediatrics. 2004; 71(6):525-529. 

13. Mohanty D, Sukumar S, Mukherjee MB, Colah RB. 

G6PD deficiency and malaria in India. Am J hematol. 

2003; 72:150-151. 

14. Pradeep Kumar, Upendra Yadav, Vandana Rai. 

Prevalence of glucose-6-phosphate dehydrogenase 

deficiency in India: An updated meta-analysis, 

Egyptian Journal of Medical Human Genetics. 2016; 

17(3):295-302. 

15. Lorenz von Seidlein, Rasaq Olaosebikan, Ilse 

Hendriksen CE, Sue Lee J, Olanrewaju Timothy 

Adedoyin, Tsiri Agbenyega et al. Predicting the 

Clinical Outcome of Severe Falciparum Malaria in 

African Children: Findings From a Large Randomized 

Trial, Clinical Infectious Diseases. 2012; 54(8):1080-

1090. 

16. Tripathy R, Parida S, Das L, Mishra DP, Tripathy D, 

Das MC et al. Clinical manifestations and predictors of 

severe malaria in Indian children. Pediatrics. 2007; 

120(3):454-60. 

17. Marsh K, Forster D, Waruiru C et al. Indicators of life-

threatening malaria in African children. N Engl J Med. 

1995; 332:1399-1404. 

18. Satpathy SK, Mohanty N, Nanda P, Samal G. Severe 

falciparum malaria. Indian J Pediatr. 2004; 71:133-135. 

19. Bag S, Samal GC, Deep N, Patra UC, Nayak M, Meher 

LK. Complicated falciparum malaria. Indian Pediatr. 

1994; 31:821-825. 

20. Prusty SK, Das BS. Low incidence of the severe 

complications of malaria and absence of malaria-

specific mortality, in Tensa, Sundergarh district, Orissa 

state, India, an area hyper-endemic for malaria. Ann 

Trop Med Parasitol. 2001; 95:133-140. 

21. Luzzatto L, Usanga EA, Reddy S. Glucose-6-phosphate 

dehydrogenase deficient red cells: Resistance to 

infection by malarial parasites. Science. 1969; 164:839. 

22. Bienzle U, Lucas A, Ayeni O, Luzzatto L. Glucose-6-

phosphate dehydrogenase and malaria: greater 

resistance of females heterozygous for enzyme 

deficiency and of males with non-deficient variant. The 

Lancet. 1972; 299(7742):107-10. 

23. Kar S, Seth S, Seth PK. Prevalence of malaria in Ao 

Nagas and its association with G6PD and HbE. Hum 

Biol. 1992; 64:187. 

24. Uyoga S, Ndila C, Macharia A et al. Glucose-6-

phosphate dehydrogenase deficiency and the risk of 

malaria and other diseases in children in Kenya: a case-

control and a cohort study. The Lancet Haematology. 

2015; 2(10):437-444. 

25. Cappadoro M, Giribaldi G, O'Brien E, Turrini F, 

Mannu F, Ulliers D et al. Early phagocytosis of 

glucose-6-phosphate dehydrogenase (G6PD)-deficient 

erythrocytes parasitized by Plasmodium falciparum 

may explain malaria protection in G6PD deficiency. 

Blood. 1998; 92(7):2527-34. 

26. Luzzatto L, Usanga EA, Reddy RS. G6PD deficiency in 

red cells: resistance to infection by malarial parasites. 

Science. 1969; 164:839-842. 

27. Ruwende C, Hill A. Glucose-6-phosphate 

dehydrogenase deficiency and malaria. Journal of 

Molecular Medicine. 1998; 76(8):581-588. 

28. Roth EF, Suarez CR, Rinaldi A, Nagel RL. Glucose-6-

phosphate dehydrogenase deficiency inhibits in vitro 

growth of Plasmodium falciparum. Proc Natl Acad Sci. 

USA. 1988; 80:298-299. 

29. World Health Organization. Guidelines for the 

treatment of malaria, 2006. 

30. Rehman K, Lötsch F, Kremsner PG, Ramharter M. 

Haemolysis associated with the treatment of malaria 

with artemisinin derivatives: a systematic review of 

current evidence. Int. J Infect Dis. 2014; 29:268-73. 

31. Rolling T, Schmiedel S, Wichmann D, Wittkopf D, 

Burchard GD, Cramer JP. Post-treatment haemolysis in 

severe imported malaria after intravenous artesunate: 

case report of three patients with hyperparasitaemia, 

Malaria J. 2012; 11:169. 

32. Caramello P, Balbiano R, De Blasi T, Chiriotto M, 

Deagostini M, Calleri G. Severe malaria, artesunate and 

haemolysis, J Antimicrob Chemother. 2012; 67:2053-

2054. 

33. De Nardo P, Oliva A, Giancola ML, Ghirga P, 

Mencarini P, Bibas M et al. Haemolytic anaemia after 

oral artemether–lumefantrine treatment in a patient 

affected by severe imported falciparum malaria, 

Infection. 2013; 41:863-865. 

34. Talukdar A, Karak A, Samanta B, Maheshwari R. 

Artesunate-induced hemoglobinuria in falciparum 

malaria. Annals of Tropical Medicine and Public 

Health. 2016; 9(5):340. 

35. Mockenhaupt FP, Ehrhardt S, Burkhardt J et al. 

Manifestation and outcome of severe malaria in 

children in northern Ghana. Am J Trop Med Hyg. 2004; 

71:167-172. 

36. World Health Organization, South East-Asia Regional 

Office, New Delhi. Guidelines on the management of 

severe falciparum malaria in level II hospitals, 2004. 

http://www.paediatricjournal.com/

