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     INTRODUCTION 

 Malaria is endemic in the tropics and subtropics causing 
247 million infections worldwide and 3.3 billion world’s popu-
lation were at risk in 2006 causing nearly a million deaths of 
which 88% occurred in sub-Saharan African children < 5 years 
of age. 1  The burden of malaria in Southeast Asia has been 
underappreciated, despite recent evidence suggesting that 
the continent contributes almost 40% of the world’s malaria. 2  
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. 1,  3,  4  In sub-Saha-
ran Africa the overwhelming majority of malaria-associated 
morbidity and mortality occurs with  Plasmodium falciparum  
infections. However,  Plasmodium vivax  accounts for 50% of 
the malaria prevalence in Asia, and yet the morbidity associ-
ated with this infection and its spectrum of disease is largely 
ignored. Most of the research and published literature on 
malaria focus on  P. falciparum  and much less on  P. vivax , 5,  6  
which is caused by the very high burden of mortality attrib-
uted to the falciparum species in Africa. 7  

 Although  P. vivax  is widely regarded as benign, its propen-
sity to recur is increasingly recognized by clinicians in endemic 
areas to result in appreciable disease, particularly in young 
children. 8,  9  Moreover, most of the published literature consists 
of case reports or small descriptive clinical series on severe 
 P. vivax  lacking denominators. 9–  11  The relative contribution 
of  P. vivax  versus  P. falciparum  to severe morbidity has not 
been properly assessed, except for one study from Thailand, 
which found very little severe disease and no death caused 

by  P. vivax . 12  It is only recently that severe disease caused by 
 P. vivax  has received more attention after the recent publica-
tions from India, 13–  16  Indonesia, 17,  18  and Papua New Guinea. 19  

 The previous reports on severe  P. vivax  malaria in children 
from Indonesia and Papua New Guinea did not attempt to 
classify the whole spectrum of severe manifestations of malaria 
but restricted to anemia, coma, and respiratory distress only 
and also did not rule out other associated comorbid condi-
tions. 18,  19  However, in this prospective, hospital-based clinical 
observational study, we tried to investigate the patients for a 
whole spectrum of severe illness and attempt was also made 
to be reasonably sure to rule out possibilities of other comor-
bid conditions in a scientific manner. We also performed poly-
merase chain reaction (PCR) confirmation of all the patients 
of severe  P. vivax  malaria. 

   MATERIAL AND METHODS 

  Study site.   This prospective study was carried out at the 
Department of Pediatrics, Sardar Patel Medical College and 
Associated Group of Hospitals, Bikaner, Rajasthan, India from 
August 2007 to November 2008. The prevalence of admitted 
febrile patients in the post rainy season is almost 32% of the 
total admission, whereas the rest of the year it remains about 
3–4%. Hospital guideline requires blood film examination for 
all the patients presenting with history of fever. 

   Study procedures.   This study was conducted on admitted 
children of malaria in which the diagnosis was made by 
peripheral blood smear (PBF) and rapid diagnostic test 
(RDT). Categorization of severe malaria and treatment 
was done according to World Health Organization (WHO) 
guidelines (2000). 20  The confirmation of severe  P. vivax  
malaria was done by PCR. The study plan was approved by the 
hospital research committee and a written consent by parents 
was mandatory. There was a study team of researchers, which 
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included faculty members of departments of Pediatrics and 
Medicine along with full-time research workers working on 
different projects of malaria. All informations were collected 
on a standard proforma, which was common for adult and 
pediatric patients. 

   Selection criteria.   Pediatric malaria patients with severe 
manifestations and evidence of asexual phase of malaria 
parasite in PBF or positive RDT were included in the study. 

   Exclusion criteria.   Children whose parents refused to give 
the written consent or had other concurrent illness were not 
included in the study. 

   Laboratory procedures.   Diagnostic methods used to detect 
malaria parasites were conventional thick and thin PBFs, 
stained with Giemsa stain and examined under oil immersion. 
The slide was considered negative when there were no parasites 
in the 100 high-power field. The RDTs were based on detec-
tion of specific  Plasmodium  antigen, Lactate dehydrogenase 
(OptiMal test; Diamed AG, Cressier sur Morat, Switzerland) 
and histidine-rich protein-2 (Falcivax test; Zephyr Biomedical 
System, Goa, India). Apart from PBF and RDT, other labora-
tory investigations, which were done in all the patients of severe 
malaria, included complete blood count, platelet count, bleeding 
time, clotting time, blood glucose, blood urea, serum creatinine, 
serum bilirubin (total and direct), serum aspartate aminotran-
ferase (AST), serum alanine aminotransferase (ALT), serum 
alkaline phosphatase, complete urine analysis, electrocardio-
gram, and appropriate blood test to rule out typhoid fever 
(widal test), leptospirosis (enzyme immunoassay for the dif-
ferential detection of immunoglobulin G [IgG] and IgM anti-
bodies), infectious mononucleosis (monospot test), and dengue 
infection (differential detection of IgG and IgM antibodies). 

 Depending upon the clinical manifestations, other specific 
tests included like reticulocyte count and peripheral blood 
smear examination for type of anemia; prothrombin time for 
bleeding diathesis; skigram chest, serum electrolytes, and arte-
rial blood gas analysis for ARDS; fundus examination, cere-
brospinal fluid (CSF) examination, computerized tomography 
(CT) of the head and electroencephalography (EEG) for cere-
bral malaria (CM); ultrasonography of whole abdomen and 
specific test for hepatitis B and C in hepatic dysfunction and 
jaundice; and glucose-6-phosphate dehydrogenase (G6PD) 
enzyme level (kinetic method: G-SIX Kit, Crest Biosystems, 
Goa) for hemolysis. Blood culture was taken on brain–heart 
infusion broth in every child who was having continuous high 
grade fever > 101°F for more than 24 hours after admission. 

 The PCR confirmation was done in all the children having 
severe manifestations with evidence of  P. vivax  monoinfection 
on PBF and/or RDT. The PCR studies were targeted against 
the 18S ribosomal RNA gene of the parasite and used 1 genus-
specific 5¢ primer and 2 species-specific 3¢ primers in the same 
reaction mixture. Some of the primer sequences were modi-
fied for this study:      

   1.   5¢–ATCAGCTTTTGATGTTAGGGT ATT–3¢, genus spe-
cific;  

   2.   5¢–TAACAAGGACTTCCAAGC–3¢,  P. vivax  specific; and  
   3.   5¢–GCTCAAAGATACAAATATAAGC–3¢,  P. falciparum  

specific.    

 Each sample was subjected to a minimum of four rounds of 
PCR with various template amounts to eliminate overlooking 
 P. falciparum  co-infection. 

 All of the clinical syndromes were classified according to 
WHO (2000) criteria 20  for severe malaria except for multior-
gan dysfunctions (MODs), which has not been described prop-
erly by WHO for pediatric malaria. Most of the studies had 
considered the involvement of two or more than two organs 
to take it as MODs. 16  

 Pre-admission drugs included antibiotics and antipyretics. 
Antimalarial treatment was given in the hospital according to 
WHO guideline (artisunate). 

    RESULTS 

 During the study period (August 2007–November 2008) 800 
children with fever were admitted into the hospital. Out of 
which peripheral blood film examination and/or rapid diag-
nostic test were positive for malaria in 331 (41.4%) children. 
Twenty-eight children were not included in the study because 
of evidence of concomitant illness in 8 patients (measles 2, 
chickenpox 2, dengue 1, aplastic anemia 1, leukemia 1, and 
infectious mononucleosis 1) and unable to get written consent 
in 16 children and problems related to confirmation of species 
in 4 children. Thus, the subsequent analysis was done in 303 
children. The age-stratified composition of different species of 
malaria was  P. vivax  monoinfection 33.9% (103/303) (children 
aged 0–5 years 42.3% [41/97]; in 5–10 years 30.1% [44/146]; 
> 10 years 30% [18/60]) compared with  P. falciparum  monoin-
fection 61.01% (185/303) (children aged 0–5 years 51.5% 
[50/97]; in 5–10 years 65.1% [95/146]; > 10 years 66.7% [40/60]) 
and mixed ( Pf + Pv ) infection 4.95% (15/303) (children aged 
0–5 years 6.2% [6/97]; in 5–10 years 4.8% [7/146]; > 10 years 
3.3% [2/60]) ( Figure 1 ). The male/female child ratio was 70.6% 
versus 29.4%. However, the proportion of female children was 
higher in  P. vivax  infections (33% [34/103]) compared with 
 P. falciparum  infections (27.1% [50/185]; odds ratio [OR] = 1.3 
[95% confidence interval (CI) = 0.79–2.24],  P  = 0.352). 

   Severe malaria.   Out of the 303 children with malaria, 150 
(49.5%) were having severe disease according to WHO 
criteria (2000). Although 52.7% (79/150) of severe malaria was 
caused by  P. falciparum , the risk was greater among children 
with  P. vivax  infection (63.1% [65/103]) than in those with 
 P. falciparum  infection alone (42.7% [79/185], OR = 2.3 [95% 
CI = 1.40–3.76],  P  = 0.001) ( Figure 1 ,  Table 1 ). The number 
of  P. vivax  malaria children were significantly greater in 0–
5 year age group (75.7% [31/41], OR = 2.55 [95% CI = 1.08–
6.02],  P  = 0.038) compared with  P. falciparum  infection, which 
had more numbers of severe cases in 5–10 year age group 
(54.7% [52/95]; OR = 2.82 [95% CI = 1.54–5.16],  P  = 0.001). 
The proportion of children with severe disease varied with 
age, and this relationship differed among different species. 
The proportion of female children having severe malaria 
was significantly higher in  P. vivax  infections (41.5% [27/65]) 
compared with  P. falciparum  infections (25.3% [20/79]; OR = 
2.1 [95% CI = 1.0–4.2],  P  = 0.05). This predominance of female 
children with severe  P. vivax  infection was more apparent from 
0–5 year age group (57.1% [4/7]) and reaching 80% (12/15) 
in 5–10 year age group and 100% (11/11) in > 10 year age 
group. The peripheral blood film of patients of severe vivax 
malaria showed predominantly trophozoites and the density 
of parasites was 7,600–60,000/mm 3  (mean ± SD = 29855.38 ± 
12846.77/mm 3 ). The details of individual severe manifestations 
in different age groups according to  Pv  and  Pf  monoinfection 
and mixed infections are depicted in  Table 2  and  Figure 2 . 
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            Severe anemia (hemoglobin < 5 g/dL) was present in 81% 
(64/79), 75.4% (49/65), and 33.3% (2/6) children having  P. fal-
ciparum ,  P. vivax , and mixed infections, respectively. Among 
children in 0–5 year age group this proportion was 26% 
(13/50), 75.6% (31/41), and 16.7% (1/6), whereas in 5–10 year 
age group it was 44.2% (42/95), 22.7% (10/44), and 14.3% (1/7) 
and in > 10 year age group it was 22.5% (9/40), 44.4% (8/18), 
and 0%, respectively. Thus, children in 0–5 year age group had 
more predilection for severe  P. vivax  monoinfection (OR = 
9.3 [95% CI = 3.68–23.46],  P  < 0.0001), whereas children in 
5–10 year age group were more predilicted to  P. falciparum  
monoinfection (OR = 2.88 [95% CI = 1.33–6.22],  P  = 0.007). In 
children of severe anemia caused by  P. vivax  malaria, mean ± 
SD hemoglobin level was 4.142 ± 0.662 mg % and mean retic-
ulocyte count was 1.1 ± 0.422% (normal range 0.5–1.5%). 
Type of anemia was normocytic normochromic in 35 (71.43%) 
and microcytic hypochromic in 14 (28.57%) children (OR = 
6.3 [95% CI = 3.39–11.52],  P  < 0.0001). In children of severe 
 P. vivax  malaria, mean ± SD level of total leukocyte count was 
9743.1372 ± 4710.839 cells/mm 3 . 

 Thrombocytopenia (platelet count < 1,00,000/μL) was pres-
ent in 60.8% (48/79), 61.5% (40/65), and 83.3% (5/6) children 
having  P. falciparum ,  P. vivax , and mixed infections, respec-
tively. Among children in 0–5 year age group this proportion 

was 18% (9/50), 61% (25/41), and 50% (3/6), whereas in 5–
10 year age group it was 34.7% (33/95), 18.2% (8/44), and 
14.3% (1/7) and in > 10 year age group it was 15% (6/40), 38.9% 
(7/18), and 50% (1/2), respectively. Thus, children in 0–5 year 
age group had more predilection for severe  P. vivax  monoin-
fection (OR = 5.73 [95% CI = 2.36–13.91],  P  < 0.0001), whereas 
children in 5–10 year age group were more predilicted to 
 P. falciparum  monoinfection (OR = 2.48 [95% CI = 1.09–5.63], 
 P  = 0.035). In children of severe  P. vivax  malaria, thrombocy-
topenia was found in 40 (61.54%) children with mean ± SD 
platelet count 54175 ± 21256.537/μL and minimum platelet 
count of 13,000/μL. Platelet count < 20,000/μL were present in 
3 (7.5%); between 20,000/μL and 50,000/μL in 12 (30%) and 
between 50,000/μL and 1,000,000/μL in 25 (62.5%) children. 
Out of these 40 children, bleeding manifestations were pres-
ent only in 7 children (10.77%) in the form of epistaxis (57.1% 
[4/7]) and hematemesis (42.9% [3/7]). All of these 7 children 
required platelet transfusion. 

 Cerebral malaria was present in 21.5% (17/79) and 13.9% 
(9/65) children having  P. falciparum  and  P. vivax  infections, 
respectively. Among children in 0–5 year age group this pro-
portion was 20% (10/50) and 12.2% (5/41), whereas in 5–
10 year age group it was 4.2% (4/95) and 6.8% (3/44) and 

  Figure  1.    For each age group the number on the top of the bar represents the total number of children with the species of infection. *Confirmed 
by polymerase chain reaction (PCR) examination.    

  Table  1 
  The distribution of children according to species and age groups  

Category

Age group in years

Total0–5 5–10 > 10

 N %  N % n % n %

Total malaria patients 97 146 60 303
 Plasmodium falciparum  

monoinfection 50 95 40 185
 Plasmodium vivax  

monoinfection 41 44 18 103
Mixed ( Pf + Pv ) infection 6 7 2 15
Total severe malaria 

patients 46 47.4 79 54.2 25 41.7 150 49.5
Severe  P. falciparum  

monoinfection 14 28 52 54.7 13 32.5 79 42.7
Severe  P. vivax  

monoinfection * 31 75.6 23 52.3 11 61.1 65 63.1
Severe mixed ( Pf + Pv ) 

infection 1 16.7 4 57.1 1 50 6 40
  *   Confirmed by polymerase chain reaction (PCR) examination.  

  Table  2 
  The distribution of organ dysfunction in different species    

Markers of severity

 P. falciparum  
monoinfection

 P. vivax  
monoinfection

Mixed ( Pf + 
Pv ) infection Total

 N %  N %  N % n %

All patients 185 103 15 303
Severe illness 79 42.7 65 † 63.1 6 40
Anemia alone 16 8.6 18 17.5 1 6.6 37 12.2
Thrombocytopenia 

alone 5 2.7 9 8.7 4 26.7 19 6.3
Cerebral malaria 

alone 3 1.6 2 1.9 0 0 8 2.6
ARDS *  alone 2 1.1 1 0.9 0 0 7 2.3
Hepatic dysfunction 

alone 3 1.6 2 1.9 0 0 7 2.3
Renal dysfunction 

alone 1 0.5 1 0.9 0 0 4 1.3
Abnormal bleeding 

alone 1 0.5 1 0.9 0 0 3 0.9
Multiorgan 

dysfunction 48 25.9 31 30.1 1 6.6 65 21.4
  *   ARDS = acute respiratory distress syndrome.  
  †   Confirmed by polymerase chain reaction (PCR) examination.  
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in > 10 year age group it was 7.5% (3/40) and 5.6% (1/18), 
respectively. Thus, risk of CM was not different in different 
species and in different age groups. There were a total 9 chil-
dren (13.85%) of cerebral malaria caused by  P. vivax  infec-
tion with Blantyre coma scale ≤ 2. Multiple convulsions were 
present in 77.8% (7/9) children and bilateral upper motor 
neuron (UMN) lesion signs in 66.7% (6/9  ). Four (44.4%) chil-
dren presented with semidilated pupil reacting to light and 
3 (33.3%) children had pallor optic disc in fundus examination. 
No children had evidence of hemorrhage and papilledema in 
fundus examination. The CSF examination, CT scan of head, 
and EEG were unremarkable in all the children. Out of these 
9 children, 4 (44.4%) had multiorgan derangement. Comparing 
the rate of each neurological sign between  P. vivax  and  P. falci-
parum  severe malaria, multiple convulsions were as frequent 
in both species (22% for both, c 2  = 0,  P  = 0.96); and coma (4% 
versus 2%, respectively, c 2  = 1.25,  P  = 0.26). 

 Respiratory distress was present in 17.7% (14/79) and 
10.8% (7/65) children having  P. falciparum  and  P. vivax  infec-
tions, respectively. Among children in 0–5 year age group this 
proportion was 2% (1/50) and 14.6% (6/41), whereas in 5–
10 year age group it was 12.6% (12/95) and 2.3% (1/44) and in 
> 10 year age group it was 2.5% (1/40) and 0% (0/18), respec-
tively. Thus, children in 0–5 year age group had more predilec-
tion for severe  P. vivax  monoinfection (OR = 9.43 [95% CI = 
1.4–61.59],  P  = 0.039), whereas children in 5–10 year age group 
were more predilicted to  P. falciparum  monoinfection (OR = 
7.23 [95% CI = 1.16–44.31],  P  = 0.034). In arterial blood gas 
analysis of severe  P. vivax  children, PaO 2  (mean value 91.1 mm/
Hg) and O 2  saturation (mean value 93.4%) was low in 28.6% 
cases showing hypoxemia. All the patients had a lower level of 
PaCO 2  with mean level of 25.6 mm/Hg caused by hyperventi-
lation and CO 2  washout showing respiratory compensation for 
metabolic acidosis. The mean arterial pH was 7.14 with mean 
bicarbonate level 12.1 mmol/L and mean base excess level 
17.9 mmol/L. The metabolic acidosis was presented clinically 
as vomiting (7/7 [100%]), diarrhea (3/7 [42.9%]), and dehydra-
tion (7/7 [100%]). None of the children showed hypoglycemia, 
and urinary sugar and ketone bodies were also not present in 
any case. 

 Hepatic dysfunction was present in 44.3% (35/79), 26.2% 
(17/65), and 16.7% (1/6) children having  P. falciparum ,  P. vivax , 
and mixed infections, respectively. Among children in 0–5 year 
age group this proportion was 16% (8/50), 36.6% (15/41), and 
16.7% (1/6), whereas in 5–10 year age group it was 25.3% 
(24/95), 2.3% (1/44), and 0% and in > 10 year age group it was 
7.5% (3/40), 5.6% (1/18), and 0% (0/2), respectively. Thus, chil-
dren in 0–5 year age group had more predilection for severe 
 P. vivax  monoinfection (OR = 3.01 [95% CI = 1.18–7.70],  P  = 
0.031), whereas children in 5–10 year age group were more 
predilicted to  P. falciparum  monoinfection (OR = 16.9 [95% 
CI = 2.79–100.90],  P  < 0.0001). Out of the 17 children of hepatic 
dysfunction in severe  P. vivax  monoinfection mean ± SD level 
of serum bilirubin was 4.829 ± 2.229 mg/dL. Mild jaundice (3–
5 mg/dL) was present in 12 children (70.6%), whereas mod-
erate jaundice (5–10 mg/dL) in 4 (23.5%) and severe jaun-
dice (> 10 mg/dL) was present in only 1 (5.9%) child. Jaundice 
was predominantly the conjugated type (82.4% [14/17]) with 
mean level of conjugated bilirubin of 2.953 ± 2.243 mg/dL. The 
mean level of AST (537.471 ± 776.373 IU/L) was higher than 
that of ALT (484.059 ± 699.020 IU/L). Total protein and serum 
albumin level was also decreased with mean level 4.512 ± 
0.507 gm/dL and 2.364 ± 0.609 gm/dL, respectively. The mean 
level of serum alkaline phosphatase (SAP) in children hav-
ing severe  P. vivax  monoinfection and hepatic dysfunction was 
602.706 ± 237.263 IU/L. On clinical examination it was associ-
ated with hepatosplenomegaly (47%), splenomegaly (17.6%), 
and hepatomegaly (5.9%), which was also confirmed by ultra-
sonography of abdomen without any evidence of parenchy-
mal lesion. Six (35.3%) children were having signs of hepatic 
encephalopathy, four in grade II and two in grade I. 

 Renal dysfunction was present in 30.4% (24/79) and 15.4% 
(10/65) children having  P. falciparum  and  P. vivax  infections, 
respectively. Among children in 0–5 year age group this 
proportion was 6% (3/50) and 19.5% (8/41), whereas in 5–
10 year age group it was 14.7% (14/95) and 2.3% (1/44) and in 
> 10 year age group it was 15% (6/40) and 5.6% (1/18), respec-
tively. Thus, children in 0–5 year age group had more predi-
lection for severe  P. vivax  monoinfection (OR = 4.28 [95% 
CI = 1.14–15.92],  P  = 0.049), whereas children in 5–10 year 

  Figure  2.    For each age group the upper number above each column represents the total number of children with severe disease (numerator), 
and the lower number is the total number of children with the species of infection (denominator).    
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age group were more predilicted to  P. falciparum  monoinfec-
tion (OR = 8.64 [95% CI = 1.40–52.57],  P  = 0.020). Out of the 
10 children of renal dysfunction in severe  P. vivax  monoinfec-
tion the mean level of blood urea and serum creatinine was 
193.9 ± 47.153 mg/dL and 3.680 ± 0.653 mg/dL, respectively. 
The mean serum potassium level was 5.13 ± 0.967 meq/L. Seven 
(70%) children were having oliguric renal failure, whereas 3 
(30%) were of nonoliguric renal failure. Urine examination 
showed granular cast (50%), pus cell (50%), microscopic 
hematuria (20%), albuminurea (20%), and hemoglobinuria 
(10%). Ultrasonography of abdomen showed normal kidneys 
without any parenchymal lesion. 

 Abnormal bleeding was present in 17.7% (14/79), 10.8% 
(7/65), and 16.7% (1/6) children having  P. falciparum ,  P. vivax , 
and mixed infections, respectively. Among children in 0–
5 year age group this proportion was 2% (1/50), 14.6% (6/41), 
and 0%, whereas in 5–10 year age group it was 12.6% (12/95), 
2.3% (1/44), and 0% and in > 10 year age group it was 2.5% 
(1/40), 0% (0/18), and 50% (1/2), respectively. Thus, children in 
0–5 year age group had more predilection for severe  P. vivax  
monoinfection (OR = 9.43 [95% CI = 1.4–61.59],  P  = 0.039), 
whereas children in 5–10 year age group were more predil-
icted to  P. falciparum  monoinfection (OR = 7.23 [95% CI = 
1.16–44.31],  P  = 0.034). Out of the 7 children of bleeding man-
ifestation in severe  P. vivax  monoinfection 57.1% (4/7) had 
epistaxis and 42.9% (3/7) had hematemesis. Prothrombin time 
was increased in only 42.9% (3/7) children with mean value 
of 31 seconds (control time 16 seconds). Bleeding time and 
clotting time were normal in all the children. All the children 
having abnormal bleeding in this study had thrombocytopenia 
(mean platelet count 58142.85 cells/c.mm). 

 Hemoglobinuria was present in 4 (5.1% [4/79]) children 
of severe  P. falciparum  infection (all were in 5–10 year age 
group) and 2 (3.1% [2/65]) children of severe  P. vivax  infec-
tion (both were in 0–5 year age group; 1 child expired in 4 days 
with hepatic and renal dysfunction and another recovered in 
5 days). Glucose-6-phosphate dehydrogenase enzyme level was 
normal in all the children. Shock was present in 2.5% (2/79) 
children of severe  P. falciparum  infection (both were in 5–
10 year age group) and 3.1% (2/65) children of severe  P. vivax  
infection (both were in 0–5 year age group). One (1.5% [1/65]) 
case had pulmonary edema with  P. vivax  malaria presenting 
with multiorgan dysfunction as anemia (Hb 3.6 gm %), throm-
bocytopenia (platelet 54,000/μL), metabolic acidosis (pH 7.1; 
HCO 3  –  11.2 mmol/L), respiratory distress and renal failure 
(S. Creatinine 4.8 mg/dL). The child was managed accord-
ing to WHO guidelines but expired after 3 days of admission. 

Dyselectrolytemia was present in 15.2% children of severe 
 P. falciparum  infection, 9.2% children of severe  P. vivax  infec-
tion, and 16.7% children of severe mixed infection. In children 
of severe  P. vivax  malaria, mean ± SD level of Na +  was 125.28 ± 
6.185 mmol/L, K +  was 4.8 ± 0.482 mmol/L, iCa ++  was 0.99 ± 
0.239 mmol/L, and HCO 3  

−  was 12.1 ± 0.844 mmol/L. 
 Multiorgan dysfunction (involvement of two or more than 

two organs) was present in 60.8% (48/79), 47.7% (31/65), 
and 16.7% (1/6) children having  P. falciparum ,  P. vivax , and 
mixed infections, respectively. Among children in 0–5 year 
age group this proportion was 10% (1/50), 41.5% (17/41), and 
0%, whereas in 5–10 year age group it was 36.8% (35/95), 
20.5% (9/44), and 14.3% (1/7) and in > 10 year age group 
it was 20% (8/40), 27.8% (5/18), and 0% (0/2), respectively. 
Thus, children in 0–5 year age group had more predilection 
for severe  P. vivax  monoinfection (OR = 7.23 [95% CI = 2.45–
21.11],  P  < 0.0001), whereas children in 5–10 year age group 
were more predilicted to  P. falciparum  monoinfection (OR = 
2.39 [95% CI = 1.08–5.29],  P  = 0.039). 

 Malnutrition was associated in 62% (49/79), 69.2% (45/65), 
and 50% (3/6) children having  P. falciparum ,  P. vivax , and 
mixed infection, respectively, whereas diarrhea and/or vomit-
ing were present in 25.3% (20/79), 32.3% (21/65), and 33.3% 
(2/6) children having  P. falciparum ,  P. vivax , and mixed infec-
tion, respectively. 

   Mortality.   A total of 10 (3.3%) children with malaria died 
in which 60% of deaths occurred within 72 hours and 40% 
of deaths thereafter. The case-fatality rate in children with 
 P. vivax  monoinfection was 3.9% (4/103) and that in children 
with  P. falciparum  was (3.2% [6/185]), overall  P  = 0.749. Severe 
malaria in children had a risk of death of 6.7% (10/150) in 
which  P. vivax  and  P. falciparum  both species attributed for 
6.2% (4/65) and 7.6% (6/79), respectively, overall  P  = 0.749. 
Overall mortality was significantly higher in 0–5 year age group 
(7.2% [7/97]) compared with > 5 year age group (1.5% [3/206]) 
(OR = 5.26 [95% CI = 1.45–19.09],  P  = 0.014) but there was no 
significant difference in mortality in respect of sex (male 3.3% 
[7/214]; female 3.4% [3/89],  P  = 1.0) ( Table 3 ). 

        Major predictors of death in the children population.   Major 
predictors of death in this study emerged as cerebral malaria 
alone (60% [3/5]) and multiorgan dysfunction (8.8% [7/80]). 
Shock and spontaneous bleeding were excluded from this 
analysis because of the very small number of children in each 
group. In addition, we observed a clear overlap among these two 
major predictors of death. In children of severe  P. falciparum  
infection, 34 had MODs without CM, 14 had MODs with CM, 
and 3 had CM only. The major predictor of death in these 

 Table 3 
  Factors associated with mortality in different species *   

Category Risk factor Percent mortality rate (n/total n) OR [95% CI];  P  value

Species of infection  Plasmodium falciparum  monoinfection 3.2 (6/185) 0.83 (0.25–0.80);  P  = 0.749
 Plasmodium vivax  monoinfection † 3.9 (4/103)
Mixed ( Pf + Pv ) infection 0 (0/15)

Age Overall 3.3 (10/303) 5.26 (1.45–19.09);  P  = 0.014
0–5 years 7.2 (7/97)
5–10 years 1.5 (3/146)
> 10 years 0 (0/60)

Markers of severity Cerebral malaria alone 60 (3/5) 17.79 (2.98–105.53);  P  = 0.008
Multiorgan dysfunction 8.8 (7/80)

Sex Females 3.4 (3/89) 1.03 (0.28–3.76);  P  = 1.0
Males 3.3 (7/214)

  *   OR = odds ratio; CI = confidence interval.  
  †   Confirmed by polymerase chain reaction (PCR) examination.  
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children was cerebral malaria (66.7% [2/3]). Although MODs 
without CM had mortality of 5.9% (2/34), it increased to 14.3% 
(2/14) when concomitant CM was present. Similarly in children 
of severe  P. vivax  malaria, 24 had MODs without CM, 7 had 
MODs with CM, and 2 had CM only. Mortality was highest in 
CM only subgroup (50% [1/2]), whereas MODs without CM 
subgroup had mortality of 4.2% (1/24), which increased to 
28.6% (2/7) when concomitant CM was present ( Figure 3 ). 

  Malnutrition, diarrhea and/or vomiting, and dyselectro-
lytemia were associated in 66.7%, 33.3%, and 83.3% mortality 
in severe  P. falciparum  malaria, respectively, whereas in severe 
 P. vivax  malaria these factors were associated in 75%, 25%, 
and 100% mortality, respectively. 

    DISCUSSION 

 Although  P. vivax  malaria is considered to be benign malaria 
with a very low case-fatality ratio, it may still cause a severe and 
debilitating febrile illness as in  P. falciparum  malaria, especially 
in children. 1,  20  Studies from Asia and the Pacific region have 
shown that  P. vivax  malaria accounts for a substantial propor-
tion of hospitalized patients. 12,  21–  24  The dominant paradigm of 
 P. vivax  being a benign infection has been challenged recently 
by studies from India, 16  Indonesia, 17,  18  Papua New Guinea, 19  
and Pakistan, 25  which documented hospitalization and severe 
disease including deaths in patients of  P. vivax  monoinfec-
tion. Population-based studies in Venezuela have also showed 
a rising trend in deaths associated with  P. vivax  malaria, par-
ticularly in children. 26  There are many case reports on various 
clinical manifestations of severe  P. vivax  malaria in children 
from different parts of the world including India, 27–  37  but in 
most of these studies the diagnosis was made by PBF and/or 
RDT without molecular diagnostic confirmation (PCR). Thus, 
there are always chances of species misidentification and miss-
ing the mixed infection thereby lacking authenticity. 

 The aim of the present clinic-epidemiological study from 
Bikaner (north western part of India) is to describe the evi-
dence of severe  P. vivax  monoinfection in children in which 
the diagnosis was confirmed by PCR to overcome the prob-
lem of results obtained by PBF and/or RDT along with the 
description of clinical spectrum of severe malaria in children 
with  P. vivax  ( Pv ),  P. falciparum  ( Pf  ) monoinfection, and 
mixed  Plasmodia  ( Pf + Pv ) infection. This prospective study 
on severe malaria included 303 patients of malaria in which 
severe disease was present in 150 (49.5%) patients, with a 
greater risk among patients infected with  P. vivax  (63.1%) than 

in those with  P. falciparum  (42.7%) (OR = 2.3). However, the 
case fatality rates of 3.9% of patients with  P. vivax  monoinfec-
tion did not differ significantly from the 3.2% mortality among 
patients with  P. falciparum  monoinfection. 

 In the 0–5 year age group children, we observed more 
patients of severe manifestations in  P. vivax  monoinfection 
as compared with  P. falciparum  monoinfection. These data 
on severe  P. vivax  malaria are in line with observations of a 
prospective cohort study from Indonesia and Papua New 
Guinea. 18,  19  These observations were also consistent with data 
from a passive morbidity surveillance system in another com-
munity in Papua New Guinea. 38,  39  Another longitudinal study 
from Papua New Guinean children reported that by 9 years of 
age, children have acquired almost complete clinical immunity 
to  P. vivax , whereas the acquisition of immunity to symptomatic 
 P. falciparum  malaria remained incomplete. 40  Similar differ-
ences in rates of immune acquisition have also been described 
in Vanuatu where both species coexisted. 41  These observations 
suggest the role of different mechanisms of immunity in these 
malaria species and the potential reasons may include key bio-
logic differences between the two species, particularly in rela-
tion to red blood cell invasion, adhesion or sequestration in 
vascular beds, and the nature of variant surface antigens. 40  

 Although the ratio of males to females was approximately 
equal in children with all species, there was a consistent pre-
ponderance of females children with severe malaria (57.3% 
[51/89]), which was sequentially greater with increasing age 
of children (0–5 year age group 44.4% [8/18]; 5–10 year age 
group 53.2% [25/47]; and > 10 year age group 70.8% [17/24]). 
The severity of malaria in female children was greater in 
 P. vivax  monoinfection (79.4% [27/34]) compared with  P. falci-
parum  monoinfection (40% [20/50]; OR = 5.79 [95% CI = 2.15–
15.50],  P  < 0.0001). The reason for this observation is not clear. 
Because the symptoms of uncomplicated  P. vivax  and  P. falci-
parum  malaria are similar, the chances of treatment seeking 
behavior or referral biases are unlikely. 42  The effect was maxi-
mal after adolescence and may reflect the lower starting hemo-
globin in women compared with men, and therefore a greater 
propensity to severe anemia in response to  P. vivax . Although 
sex hormones including dehydroepiandrosterone (DHEAS) 
have been linked to reduce post-pubertal risk in  P. falciparum  
infection, it is possible that female sex hormones confer less 
protection against  P. vivax  malaria. 43  However, neither of these 
explanations would adequately account for these observations. 

 Severe anemia was the major manifestation of severe malaria 
in this study. The percentage of children with severe anemia 

  Figure  3.    Major predictors of death in severe malaria in difference species. (Total numbers are given with mortality in percentage in parenthesis. 
The sizes of the circles are not to scale.)    
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caused by  P. vivax  malaria was highest in the 0–5 year age group 
(75.6%), whereas the same in  P. falciparum  infection occurred 
in the 5–10 year age group (44.2%). This observation of 0–5 year 
age group’s susceptibility of severe anemia by  P. vivax  malaria 
is consistent with the observations of studies from Indonesia 18  
and Venezuela. 44  The type of anemia in severe  P. vivax  
monoinfection was predominantly normocytic normochromic 
type and this observation was similar to the earlier reports. 45,  46  

 Although variable degrees of reduction in circulating plate-
let count are consistently reported in the different types of 
malaria, the earlier observations found that thrombocytopenia 
is quite rare in  P. vivax  malaria, but recently it has been reported 
in  P. vivax  monoinfection in children from many parts of the 
world including India. 27–  34  In this study thrombocytopenia was 
found in 61.54% children of severe  P. vivax  malaria, which are 
comparable to earlier studies. 44,  47  The bleeding manifestations 
were present only in 10.77% patients and these findings are 
also consistent with earlier studies. 48,  49  Recently, severe throm-
bocytopenia with bleeding from skin and mucosal surfaces 
have been reported in children with  P. vivax  malaria. 30,  34  In 
acute malaria infection, platelets are found to be hypersensi-
tive and there is increased concentrations of platelet-specific 
proteins such as beta thromboglobulin (βTG), platelet factor 
4 (PF4), thromboxane A2, and prostacyclin. It has also been 
postulated that these hypersensitive (hyperactive) platelets 
will enhance hemostatic responses, and that may be the rea-
son of bleeding episodes in acute malarial infections. 50  

 Cerebral malaria is the most lethal entity of severe malaria 
and children are more prone than other susceptible groups. 20  
Although  P. falciparum  is the usual pathogen, but recently 
 P. vivax  is also reported as an emerging pathogen to cause this 
severe disease in children. 16–  19,  33,  35–  37,  51  There were 9 (13.85%) 
children of cerebral malaria caused by  P. vivax  monoinfection in 
this study out of which 4 (44.4%) had multiorgan derangement. 
One child of multiorgan dysfunction presented with shock, met-
abolic acidosis, and anemia and expired after 24 hours of admis-
sion, whereas the remaining 8 children recovered in a mean 
duration of 5.5 days with no residual neurological sequelae. 

 The appreciable burden of respiratory distress associated 
with  P. vivax  malaria suggests that it is more frequent than sug-
gested by the isolated case reports in the literature. Such reports 
have previously described mostly nonfatal syndromes in pauci-
immune adults caused by acute lung injury. 52  In African chil-
dren with  P. falciparum , respiratory distress is associated with 
metabolic acidosis and/or concurrent pneumonia. 53,  54  However, 
the etiology of  P. vivax- associated respiratory distress in Asia is 
unknown and will require detailed clinical studies to determine 
the relative contributions of acute lung injury, possible pulmo-
nary parasite sequestration, acidosis, and coinfections. 55  In an 
earlier study in children, metabolic acidosis caused by  P. vivax  
malaria was associated with 9% morbidity and 6% mortality. 56  
Another study from India recently reported 7.2% cases of met-
abolic acidosis caused by  P. vivax  in Indian children but blood 
gas analysis was not done. 16  There were a total 7 (10.76%) 
children of metabolic acidosis caused by  P. vivax  infection in 
this study, which was commonly associated with hypoglyce-
mia, severe anemia, acute renal failure, and refractory circula-
tory failure. All the children had multiorgan dysfunction and 
2 (28.6%) children expired while the rest recovered in mean 
duration of 6 days.  Plasmodium vivax  monoinfection has also 
been associated with acute respiratory distress syndrome 
(ARDS)/noncardiogenic pulmonary edema, a disease process 

previously thought to occur only in malaria caused by  P. falci-
parum . 55  Our study included 1 (1.5%) case of pulmonary edema 
with  P. vivax  malaria presenting with multiorgan dysfunction. 

 Liver abnormalities are a relatively common finding in severe 
 P. falciparum  malaria. 20  Although transient derangement of liver 
function is a common feature of childhood malaria, but can also 
progress to significant deterioration in  P. vivax  monoinfection. 57  
The occurrence of predominantly conjugated hyperbilirubine-
mia and raised liver enzymes indicative of “malarial hepatitis” 
(82.4%) in this study is similar to observations in adults report-
ing 85.7% patients having conjugated hyperbilirubinemia. 57  
These findings suggested that besides hemolysis, cholesta-
sis and hepatocellular injury is an important factor for caus-
ing jaundice. The mean duration of recovery of jaundice in this 
study was 7.3 days as reported earlier in adults. 58  The increase 
in ALT, AST, and SAP in this study has also been reported by 
other workers. 57,  59  The total protein and serum albumin level in 
children with severe  P. vivax  malaria observed in this study also 
correlates with the observation of other workers. 60  In an earlier 
clinical study on  P. vivax  malaria in children, it was reported 
to be associated with hepatosplenomegaly (40.3%), splenom-
egaly (11.3%), and hepatomegaly (4.8%). 61  In this study we 
also observed the same in 47%, 17.6%, and 5.9% of patients, 
respectively. According to WHO, apart from jaundice, signs of 
hepatic dysfunction are unusual and clinical signs of liver fail-
ure such as asterexis or liver flaps are never seen unless there 
is concomitant viral hepatitis. 20  However, in recent years many 
reports with definite evidence of hepatic encephalopathy with 
malaria have been reported in adults from different parts of 
the world, including India. 62,  63  In this study out of 17 children 
of hepatic dysfunction, 6 (35.3%) had hepatic encephalopathy, 
four of them in grade II and rest two in grade I. Out of these 
17 children of hepatic dysfunction, 15 (88.2%) had multiorgan 
involvement. One child with hepatic encephalopathy grade II 
and multiorgan dysfunction including renal failure, anemia, and 
hemoglobinurea expired after 4 days of admission. 

 Renal manifestations of malaria were present in 10 (15.4%) 
children of severe  P. vivax  malaria in this study. Although renal 
involvement is more common in  P. falciparum  malaria, there 
have been reports of acute renal failure, electrolyte abnormal-
ity, abnormal urinary sediment, and increased urinary protein 
excretion in  P. vivax  malaria in children recently. 27,  28,  32,  64,  65  An 
earlier study from India reported that  P. vivax  accounted for 
30% cases of renal impairment with decreased endogenous 
creatinine clearance with acute malaria. 65  Our results are also 
comparable with these studies. Out of these 10 children of 
renal dysfunction, 3 (30%) expired because of multiorgan dys-
function. Our observation of ARF in 15.4% children may not 
show the true prevalence but definitely provides evidence of 
this entity in  P. vivax  monoinfection. 

 Activation of coagulation cascade occurs even in mild 
malaria but the degree of its activation is proportional to the 
disease severity. Consumption coagulopathy is usually of low 
grade but in a small proportion of cases it may become clini-
cally significant. 66,  67  There were a total 7 (10.8%) children of 
abnormal bleeding caused by  P. vivax  in this study. Six (85.7%) 
children had multiorgan dysfunction. Six children recovered in 
mean duration of 7 days and 1 (14.3%) expired in 2 days with 
multiorgan dysfunction. 

 Two (3.1%) children of  P. vivax  malaria were having hemo-
globinuria in this study. Glucose-6-phosphate dehydrogenase 
enzyme level was normal in both. One child expired in 4 days 
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with hepatic and renal dysfunction and the other recovered at 
the end of 5 days. In literature there are very few case reports of 
hemoglobinuria in  P. vivax  infection. Two patients with  P. vivax  
malaria were reported from the United Kingdom having marked 
intravascular hemolysis and hemoglobinuria despite normal lev-
els of glucose-6-phosphate dehydrogenase activity in blood. 68  

 Although multiorgan dysfunction with circulatory shock 
has also been reported with  P. vivax  monoinfection, they are 
rare in children. 20  In this study 2 (3.1%) children of  P. vivax  
presented with shock. One child, 9 years of age, had cerebral 
malaria; anemia, and metabolic acidosis with shock and expired 
within 24 hours of admission. Another patient, 12 years of age, 
presented with anemia, bleeding, jaundice, metabolic acidosis, 
and diarrhea/vomiting with shock. The patient recovered in 10 
days after successful treatment. Two cases of  P. vivax  malaria 
with toxic shock were reported from the Republic of Korea. 69  
Both showed disseminated intravascular coagulation with 
marked thrombocytopenia, oliguric renal failure, and pulmo-
nary edema. Another case of shock with ARDS was reported 
from the United Kingdom recently. 70  In our study, 31 (47.7%) 
children of severe  P. vivax  malaria had multiorgan dysfunc-
tion, whereas 48 (60.8%) of  P. falciparum  had MODs. 

 The mortality in severe  P. vivax  malaria was recorded in 
6.15% (4/65) children, whereas the same in severe  P. falciparum  
was observed in 7.59% (6/79) children. Thus,  P. vivax  infection 
was found to be almost equally serious to cause significant 
mortality in comparison to  P. falciparum . Most of the ear-
lier published literature consists of few death reports or small 
descriptive clinical series lacking denominators. Recent study 
from Papua, Indonesia reported 1.6% and 2.2% case fatality 
rate caused by  P. vivax  and  P. falciparum , respectively. 18  

 All these observations of this study definitely indicate that a 
significant proportion of severe malaria morbidity is caused by 
 P. vivax  monoinfection in this region where both these species 
coexist. With calls for increased efforts to eliminate malaria 
internationally, it will be important to ensure that  P. vivax  
receives appropriate attention. The burden and severity of 
 P. vivax  in different regions requires further study and with the 
availability of the  P. vivax  genome, it will be possible to com-
pare isolates associated with severe/uncomplicated disease 
from different geographical regions. 71  This study reaffirms the 
evidence of severe malaria associated with  P. vivax  monoin-
fection in children in Bikaner having almost similar spectrum 
to  P. falciparum  monoinfection. These observations provide an 
impetus to study the different issues related to severe  P. vivax  
malaria including underlying pathogenesis of severe disease. 
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