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Abstract: Malaria remains a major cause of morbidity and mortality worldwide. The classic 

presentation of malaria with paroxysms of fever is seen only in 50%–70% of patients. Devel-

opment of immunity, increasing resistance to antimalarial drugs, and indiscriminate use of 

antimalarial drugs have led to malaria presenting with unusual features. This review compiles 

a description of the various atypical manifestations of malaria.
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Introduction
Despite intensive efforts over the last century to understand and control malaria, 

it remains a leading cause of morbidity and mortality in humans. An estimated 

300–500  million people contract malaria each year, resulting in 1.5–2.7  million 

deaths annually.1,2 Malaria is caused by intraerythrocytic protozoa of the genus 

Plasmodium, with humans being infected by one or more of the following species: 

Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium 

malariae, and Plasmodium knowlesi. Plasmodia are primarily transmitted by the 

bite of an infected female Anopheles mosquito. Infections can also occur through 

exposure to infected blood products and by congenital transmission.2 P. falciparum 

is responsible for the majority of severe and fatal malaria.3 As the term ‘benign 

tertian malaria’ implies, vivax malaria is usually an uncomplicated disease that 

runs a benign course and is rarely fatal.4 This clinical paradigm has been challenged 

recently by numerous reports of symptoms and signs of severe disease, and even 

deaths due to P. vivax monoinfections.4–10

The classic presentation of malaria consists of paroxysms of fever alternating with 

periods of fatigue but otherwise relative wellness. Symptoms associated with febrile 

paroxysms include high fever, rigors, sweats, and headache, as well as myalgia, back 

pain, abdominal pain, nausea, vomiting, diarrhea, pallor, and jaundice.2 However, 

classical presentation is seen in only 50%–70% of the cases with the rest having 

atypical manifestations. In endemic regions, malaria can present with unusual features 

due to development of immunity, increasing resistance to antimalarial drugs, and the 

indiscriminate use of antimalarial drugs.11 As a result of lack of awareness of atypical 

manifestations, it is not uncommon for malaria to get diagnosed late or even remain 

unrecognized, resulting in severe illness or death. We briefly review the atypical 

manifestations of malaria.
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Review methods  
and literature search
We systematically conducted a bibliographic search using 

the National Library of Medicine via PubMed and Medline 

search engines of relevant published English literature from 

1960 to 2002. Key phrases used included malaria and the 

following terms: pathophysiology, atypical manifestations, 

hepatic, splenic, hepatobiliary, gastrointestinal, metabolic, 

renal, neurological, psychiatry, cerebellum, and neurological 

sequelae; skin, ocular, musculoskeletal, hematological, 

respiratory, cardiovascular, endocrine, pregnancy, and 

malnutrition. Abstracts were reviewed for relevance, and 

pertinent articles were reviewed in full. We searched article 

bibliographies to identify further relevant work. We also 

reviewed the chapters on malaria in the standard textbooks 

of pediatrics, medicine, and infectious diseases.

Brief overview of the 
pathophysiology in malaria
The development of severe malaria probably results from 

a combination of parasite-specific factors, such as adhe-

sion and sequestration in the vasculature and the release 

of bio-active molecules, together with host inflammatory 

responses. The sequestration of red cells containing mature 

forms of the parasite (trophozoites and meronts) in the 

microvasculature is believed to cause the major complica-

tions of falciparum malaria, particularly cerebral malaria.12 

The sequestration of parasitized red blood cells (PRBCs) in 

the relatively hypoxic venous beds allows optimal parasite 

growth and prevents the PRBCs from being destroyed by the 

spleen. Sequestration is believed to be a specific interaction 

between PRBCs and the vascular endothelium. The adhesion 

of the PRBCs to the vascular endothelium (cytoadherence) 

reduces the microvascular blood flow, which may explain 

organ and tissue dysfunction such as coma. The adherence 

of nonparasitized RBCs (NPRBCs) to PRBCs (rosetting) and 

PRBCs to PRBCs (agglutination) have also been implicated 

in the pathogenesis of cerebral malaria. As the parasite grows 

within the RBCs, the erythrocyte becomes less deformable 

and may contribute to the RBC destruction and impair the 

microcirculatory flow. The reduction in red cell deform-

ability occurs not only in PRBCs, but also in the NPRBCs. 

The NPRBCs have to undergo considerable deformation 

as they squeeze through the sequestered microcirculation. 

Microvascular perfusion in severe falciparum malaria is, 

therefore, limited by mechanical obstruction, adherence 

of other RBCs, and the stiffness of the nonadherent RBCs. 

Blood concentrations of proinflammatory cytokines are 

raised in cerebral malaria, as in many severe infections in 

which inflammasome is involved. Tumor necrosis factor 

α (TNF-α) upregulates endothelial cytoadherence recep-

tors and can cause hypoglycemia and dyserythropoiesis, 

which are features of severe disease.12–17 Compared to the 

pathophysiology of falciparum malaria, there are large gaps 

in knowledge for vivax malaria. Because P. vivax preferen-

tially infects young RBCs, parasitemias rarely exceed 2% of 

circulating RBCs, and high parasite burdens are not a feature 

of severe disease. Because all stages of P. vivax are visible in 

peripheral blood, P. vivax is not believed to sequester or cause 

end-organ dysfunction. However, cytokine production during 

P. vivax infections is higher than P. falciparum infections of 

similar parasite biomass.14

Atypical neurological  
manifestations of malaria
Cerebral malaria
Cerebral malaria is one of the most common and potentially 

life-threatening complications of P. falciparum malaria and 

is characterized by unarousable coma.18 However, coma 

associated with P. vivax is rare, and its etiology is the least 

characterized of the syndromes associated with P. vivax. 

Cytoadherence phenomena are believed to be central to the 

etiology in falciparum malaria, but their role in P. vivax 

malaria remains unclear. Potential factors suggested are 

the presence of concurrent infections, mixed plasmodium 

infections, reversible local changes in the microvasculature, 

endothelial activation, and injury and microvascular throm-

boinflammatory responses.14 Convulsions are common, espe-

cially in children.18–21 Most seizures seem to be generalized, 

but electroencephalogram identifies a focal origin in many 

patients.18,21 Malarial encephalopathy is usually symmetric 

with localizing signs being noted infrequently. Neurologi-

cal signs include depressed sensorium, convulsions, passive 

resistance to neck flexion with divergent gaze, sixth nerve 

palsy, absence of abdominal reflexes, extensor plantars with 

variable tone, and deep tendon reflexes.18,20,21 Generalized 

hypertonia and opisthotonus may be observed in severe 

cases, suggesting brain stem dysfunction. Some signs (used 

in prognostic calculation) in children predict poor outcome. 

These include deep coma, decerebration, absence of corneal 

reflexes, convulsions on admission, and age ,3 years.20

A variety of neuro-ophthalmological signs may be noted. 

Dysconjugate gaze is a common finding.21 Corneal and con-

junctival reflexes are usually intact with symmetric pupils 

reacting normally to light. Papilledema, although rare, is a 

poor prognostic sign.18 Retinal hemorrhages and unusual 
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retinal ‘whitening’ may be observed.18,20,21 The prognosis of 

cerebral malaria worsens considerably with coexistent renal 

failure, severe jaundice, or metabolic acidosis.18

Subarachnoid hemorrhages have been described in 

patients with cerebral malaria. They usually occur due to the 

rupture of small vessels which get plugged by red cells in 

combination with severe thrombocytopenia and associated 

disseminated intravascular coagulation.22,23

Other reported atypical neurological manifestations 

associated with cerebral malaria include central pontine 

myelinosis (CPM) and spontaneous subdural empyema.24,25 

CPM occurs in cerebral malaria as a result of ischemia and 

the toxic effects of the PRBCs in the cerebral microvascula-

ture leading to capillary occlusion and damage.25

Psychiatric manifestations
Psychiatric manifestations have been described as part 

of cerebral malaria or after recovery from coma.16,18,21 

Confusional states, delirium with hallucinations and 

transient amnesia, dementia, personality disturbances, and 

schizophrenia have been described. Agitation and confu-

sion may develop after patient has recovered from coma. 

Psychiatric manifestations may be a presenting feature in 

patients with uncomplicated malaria in association with 

hyperpyrexia.16,18,21,26–28 Neuropsychiatric manifestations may 

also be caused by antimalarial drugs.29,30

Cerebellar ataxia
Cerebellar ataxia occurs in malaria due to extensive damage 

to the Purkinje cells of the cerebellum associated with hem-

orrhages, small infarction, and microglial infiltration. The 

prognosis is generally good without neurological deficit on 

follow-up.31–33

Postmalaria neurological syndrome
Postmalaria neurological syndrome (PMNS) is defined as 

the acute onset of confusion, epileptic seizures, or any other 

neurological or psychiatric sign occurring with a latency 

of several days to weeks (generally within 2 months) after 

an episode of successfully treated P. falciparum malaria.34 

Schnorf and others have divided PMNS into three subtypes: 

a mild and localized encephalopathy affecting the cerebel-

lum and causing delayed cerebellar ataxia, a diffuse but not 

severe encephalopathy causing confusion with or without 

epileptic seizures, and a severe generalized encephalopa-

thy resembling an acute disseminated encephalomyelitis, 

with usually a good response to steroid therapy.35,36 The 

pathogenesis of PMNS is unknown. It could be mediated 

immunologically as steroids are effective in some patients. 

In mild cases, symptomatic treatment can result in spontaneous 

and favorable evolution, but in severe cases, corticosteroids 

are required to limit brain inflammation.35–37

Guillain–Barré syndrome
Guillain–Barré syndrome (GBS) associated with malarial 

infection has been reported.38,39 The exact pathogenesis of 

GBS following malaria infection is not known, but it is likely 

to be immunological. Another mechanism suggested for the 

development of polyneuropathy includes parasitic emboli 

obstructing vasa nervosum and causing anoxemic stagnation, 

leading to temporary demyelination. Complete recovery after 

disappearance of parasitemia and establishment of normal 

blood flow in vasa nervosum have been reported. Release 

of neurotoxins, associated metabolic and nutritional distur-

bance, immune-mediated capillary damage, and release of 

free radicals and TNF may also be responsible for the patho-

genesis of GBS after P. falciparum infection.16,38–40

Isolated hemiparesis
Kochar et al have described a case of isolated hemiparesis 

in a 15-year-old female patient with falciparum malaria.41 

The patient was conscious; hence, the hemiparesis was not 

associated with cerebral malaria. Computed tomography 

(CT) scan of the brain was suggestive of nonenhancing 

hypodense area in left frontoparietal region suggestive of 

infarction or vasogenic edema. The patient improved within 

2 months with no neurological sequelae.

Neurological sequelae
Despite adequate treatment, 3%–29% of survivors of cere-

bral malaria develop neurological sequelae in the form of 

psychosis, ataxia, hemiplegia, cortical blindness aphasia, 

pseudobulbar palsy, hearing defects, and extrapyramidal 

syndrome.18,21 These sequelae are more common in children. 

Some are transient, whereas others often improve over 

months, although they may not completely resolve.21 Van 

Hensbroek et al observed sequelae in 23.3% of children at 

discharge, which decreased to 4.4% at follow-up 6 months 

later. Cognitive and behavioral abnormalities were observed 

in 2% of survivors when assessed at 1 month. Depth and 

duration of coma and multiple convulsions were independent 

risk factors for these sequelae.42 Kochar et al in their study 

of 441 patients with cerebral malaria noted the following 

neurological sequelae in survivors: psychosis (5.06%), cer-

ebellar ataxia (4.72%), hemiplegia (1.68%), extrapyramidal 

rigidity (EPR) (1.35%), peripheral neuropathy (1.01%), 
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EPR with trismus (0.33%), and isolated sixth nerve palsy 

(0.33%). All patients showed complete recovery on follow-

up.43 Epilepsy can occur as a late complication of cerebral 

malaria.18,21,44,45 Generalized tonic-clonic seizures as well as 

partial motor seizures have been reported. Several patho-

genic mechanisms have been proposed: vascular/ischemic 

mechanism, neurotoxic effects, ‘malaric granulomas of 

Durck’, genetic mechanisms, and antibodies against volt-

age-gated channels.44,45

Atypical ocular manifestations  
of malaria
Ophthalmic manifestations described in P. falciparum 

malaria include retinal hemorrhages and edema, subcon-

junctival hemorrhage, retinal whitening, keratits, uveitis, 

papilledema, disc pallor, and vitreous hemorrhage. Patients 

can present with sudden onset of visual loss caused by 

vitreous hemorrhages, cortical blindness, or retrobulbar 

neuritis.46,47 Kale et al described a patient with P. falciparum 

malaria who developed retrobulbar neuritis and sudden 

blindness.48 Although the precise mechanism is not known, 

retrobulbar neuritis possibly results from damage to optic 

nerve fibers as a result of tissue hypoxia. The hypoxia results 

from sequestration of RBCs, cytoadhesion, and rosette 

formation, leading to decreased blood flow. Antimalarials 

and steroids are recommended for the treatment of this 

complication.

Atypical musculoskeletal 
manifestations of malaria
Musculoskeletal manifestations reported with malaria 

include rhabdomyolysis ,  myosit is ,  and periodic 

paralysis.49–51 Miller et al postulated that TNF-α (myotoxin), 

red-cell sequestration in skeletal muscle, toxins derived 

from the parasite, and lactic acidosis may cause myositis, 

myonecrosis, and rhabdomyolysis. Early recognition of 

this complication is important as it can lead to acute renal 

failure (ARF) and electrolyte disturbances.50 Senanayake 

and Wimalawansa have reported three patients who, 

during febrile episodes of malaria, developed transient 

generalized muscular paralysis very similar to that seen in 

periodic paralysis. According to the authors, the transient 

hyperkalemia due to lysis of RBCs and the rigors caus-

ing intense muscular contraction occurring during febrile 

episodes of malaria precipitated the muscular paralysis in 

these patients.51

Atypical hematological 
manifestations of malaria
Anemia
Severe anemia is a common feature of P. falciparum malaria; 

however, in vivax-endemic areas, P. vivax is a major risk 

factor for severe anemia, particularly in young children.52 

The low parasite biomass of P. vivax indicates that severe 

anemia is not due to destruction of infected RBCs alone. 

Malariotherapy studies have shown that for every infected 

RBC destroyed during vivax infection, 32 noninfected 

RBCs are removed from the circulation compared to the 

loss of 8 RBCs for every infected erythrocyte in falciparum 

malaria. Cytokine-related dyserythropoiesis also probably 

contributes to anemia.14

Hemophagocytic syndrome
Aouba et al described a 41-year-old woman admitted with 

fever, splenomegaly, and pancytopenia.53 Trophozoites and 

gametocytes of P. vivax were identified on blood smear. 

High serum ferritin, hypertriglyceridemia, and bone mar-

row hemophagocytosis were consistent with a diagnosis 

of hemophagocytic syndrome (HPS). Inappropriate and/

or excessive production of cytokines, such as TNF-α, 

interferon γ, and macrophage colony-stimulating factor, 

resulting in monocyte activation have been observed in 

patients with malaria and could trigger HPS initiation. HPS 

usually resolves soon after treatment of malaria. However, 

prolonged HPS after falciparum malaria has been reported 

by Ohnishi et  al in a 30-year-old man. The serum levels 

of interleukin-18 (IL-18) and TNF-α remained high for 

a long time even after eradicating the malarial parasite in 

the patient. The authors have hypothesized that HPS may 

continue independently in the presence of malaria parasites 

once the cytokine cascade is triggered.53,54

White blood cell count and malaria
Leucocytosis, leucopenia, and leukemoid reaction have 

been reported as atypical manifestations of malaria.55–58 In a 

study done by Sharma et al, out of 30 cases of P. falciparum 

malaria, leucocytosis and leucopenia were observed in 13.3% 

and 6.6% of the cases, respectively.57 Modiano et al found that 

among severe malaria patients, leucocytosis was associated 

with severe anemia, hypoglycemia, and a 3.5-fold increase in 

mortality. The authors concluded that leucocytosis occurs as 

a result of concomitant bacterial infection in severe malaria.58 

Hence, from a practical point of view, in case of leukocytosis, 

coverage for Gram-negative bacteria should be added.
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Thrombocytopenia
Severe thrombocytopenia has been reported most commonly 

with P. falciparum.59 In recent years, many cases of vivax-

associated thrombocytopenia have also been described. 

A few postulated mechanisms for thrombocytopenia in 

malaria include macrophage activation, increased levels 

of cytokines and antiplatelet immunoglobulin which cause 

platelet destruction. Other mechanisms include oxidative 

stress, sequestration in non-splenic areas and pseudo-

thrombocytopenia due to clumping of platelets.60 A rare case 

of idiopathic thrombocytopenic purpura triggered by P. vivax 

infection has also been described by Lacerda et al.61

Cerebral venous thrombosis
Cerebral venous sinus thrombosis has been reported in 

those with severe P. falciparum malaria. The mechanism 

of thrombosis is still unclear and may be multifactorial. 

Altered phospholipid in malaria-infected red cells causes 

increased von Willebrand factor and other coagulation 

factors. In addition, endothelial damage by malaria-infected 

red cells releases tissue factor and other cytokines, resulting 

in a hypercoagulable state.62,63

Sternal tenderness
Mohapatra and Khan have described two patients with 

P. falciparum malaria presenting with sternal tenderness.64 

Bone marrow examination and other tests ruled out malig-

nancy. The authors have hypothesized that during the life 

cycle, trophozoites of P. falciparum usually disappear from 

the peripheral circulation and get sequestered in capillaries of 

internal organs where formation of schizonts occurs. In this 

process, liver, spleen, and bone marrow are affected. Bone 

marrow is affected by plugging of its capillaries, resulting 

in ischemia and sternal tenderness.

Atypical renal manifestations  
of malaria
Acute renal failure
Renal involvement has been reported commonly with 

P. falciparum and occasionally with P. malariae and 

P. vivax infections. It can occur as an isolated complication 

or as a component of multiorgan involvement.65 The precise 

mechanism of ARF in malaria is not clearly known. Several 

hypotheses including mechanical obstruction caused by 

cytoadherence and sequestration of infected erythrocytes, 

immune-mediated glomerular pathology, alterations in the 

renal and systemic hemodynamics, release of cytokines, 

reactive oxygen intermediates, and nitric oxide have been 

proposed. In addition to above, restricted blood flow to the 

kidneys due to low intake of fluids, loss of fluids because 

of vomiting, and pyrexial sweating can cause dehydration 

and renal ischemia.65–67 Depending on the degree of renal 

hypoperfusion, the spectrum of manifestations varies from 

milder forms like prerenal azotemia to more severe forms of 

ischemic ARF. The hemolysis, disseminated intravascular 

coagulation, and rhabdomyolysis in malaria also contribute 

to the pathogenesis of ischemic tubular necrosis and ARF.68 

Various histological pictures including acute tubular necrosis 

(the commonest), interstitial nephritis, and proliferative 

glomerulonephritis have been described in malarial ARF 

either alone or in combination.65–67

Glomerular involvement
Glomerular injury associated with malaria is commonly seen 

in the pediatric population. Autopsies have detected glomerular 

lesions in about 18% of patients with falciparum malaria. Mild 

proteinuria, microhematuria, and casts are reported in 20%–50% 

of cases.69 Both nephrotic and acute nephritic syndromes have 

been described with falciparum and vivax malaria.66,67,70,71 The 

falciparum and vivax glomerulopathy are completely reversible 

within 2–6 weeks upon eradication of the disease. P. malariae 

is the established cause of chronic malarial nephropathy (quar-

tan malarial nephropathy), although a few cases have been 

associated with P. vivax in children. This complication affects 

children and shows the characteristic histopathological lesion 

of mesangiocapillary glomerulonephritis with subendothelial 

immune complex deposits containing IgG, C3, and malarial 

antigens. The disease presents as steroid-resistant nephrotic 

syndrome and progresses to renal failure even after successful 

eradication of the infection.66,67

Hemolytic uremic syndrome
Renal failure because of hemolytic uremic syndrome (HUS) 

secondary to malaria has been described.72 The patient was 

treated with peritoneal dialysis, diuretics, and antibiotics. 

Malarial toxin (like Shiga toxin) can alter endothelial cell 

integrity and provoke the sequence of events, leading to 

extensive microvasculature damage resulting in HUS. 

Long-term renal complications due to HUS are less likely 

when associated with malaria, thereby assuring a good 

prognosis with prompt effective treatment with antimalarial 

drugs. However, in case of recurrences, alternative pathway 

complement deficiency should be ruled, as it accounts for 

nearly 50% of atypical HUS cases.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Research and Reports in Tropical Medicine 2011:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

14

Zaki and Shanbag

Priapism
Priapism was described by Dogra et al in a 9-year-old boy 

with P. falciparum malaria and Sinha et al in a 14-year-old 

boy with P. vivax malaria.73,74 This was explained as prob-

ably secondary to sludging of blood in the venules and 

cavernous spaces.

Urinary frequency
De Silva et  al have described a 70-year-old woman with 

P. falciparum malaria presenting with urinary frequency.75 

Her urine culture was negative, and she responded to antima-

larial treatment alone. According to the authors, the urinary 

frequency may have been due to the sequestration of the 

parasite in the detrusor muscle of the urinary bladder leading 

to bladder irritability.

Atypical respiratory  
manifestations of malaria
Acute respiratory distress syndrome
Alterations in pulmonary physiology in malaria include 

airflow obstruction, impaired ventilation, reduced gas trans-

fer, and increased pulmonary phagocytic activity.76 Acute 

respiratory distress syndrome (ARDS) in malaria is likely to 

be a continuous spectrum from subclinical lung involvement 

in uncomplicated malaria to frank ARDS in severe malaria.77 

ARDS is considered to be the most severe form of acute lung 

injury in malaria and has been reported most commonly 

with P. falciparum malaria. Reports of ARDS with P. vivax 

malaria are also being described. The prevalence of ARDS in 

patients with malaria as documented in various studies ranges 

from 2.1% to 29.1%.78 Observations from these studies and 

other published reports suggest that about 5% of patients 

with uncomplicated P. falciparum malaria and 20%–30% of 

patients with severe and complicated malaria requiring ICU 

admission may develop ARDS. The incidence of ARDS as 

a complication of malaria is lower in children than in adults. 

As in acute lung injury in other diseases, ARDS in malaria 

probably results from cytokine-related increases in alveolar 

permeability and altered alveolar fluid clearance.78

Pulmonary edema
Pulmonary edema has been reported by several investigators to 

be one of the fatal complications of P. falciparum malaria often 

in association with disseminated intravascular coagulation, 

renal failure, cerebral malaria, and shock. Fein et al emphasized 

that pulmonary edema in patients with P. falciparum malaria 

is noncardiogenic resulting from increased permeability of the 

alveolar–capillary membrane.79

Interstitial pneumonia
Munteis et al have described a case of interstitial pneumonia 

due to P. vivax malaria.80 With supportive treatment and 

antimalarials, the patient improved within 48  hours of 

admission. According to the authors, interstitial pulmonary 

involvement should be considered in patients with malaria 

and acute respiratory symptoms.

Bronchiolitis obliterans  
organizing pneumonia
Yale et  al have reported a case of bronchiolitis obliterans 

organizing pneumonia as a pulmonary complication of 

P. vivax malaria.81 CT scan of chest and transbronchial lung 

biopsy confirmed the diagnosis. The patient was started on 

steroids which were gradually tapered over 9 months with 

full clinical recovery.

Other respiratory manifestations of malaria include pleu-

ral effusion and lobar consolidation.82–84 Elevated pulmonary 

venous pressure secondary to venous and lymphatic obstruc-

tion by sequestration of infected RBCs, increased capillary 

permeability, and associated hypoalbuminemia are some of 

the mechanisms that have been proposed as the cause for 

pleural effusions.

Atypical cardiovascular 
manifestations of malaria
Conduction abnormalities, left ventricular 
hypokinesia, and pericardial effusion
In a study carried out by Franzen et al, 22 patients without 

any previous history of cardiac disease were prospectively 

evaluated for cardiac involvement during acute malaria and 

9 ± 5  months after recovery using noninvasive methods 

including resting electrocardiogram (ECG) and echocar-

diography.84 During the acute phase, ECG abnormalities 

were common (5/22); pericardial effusion was found in 

two patients and global left ventricular hypokinesia in 

one patient infected with P. falciparum. On follow-up, 

the resting ECG and echocardiography had normalized 

in all patients, suggesting that persistent cardiac damage 

following malarial infection is rare. Kohli et  al described 

a case of pericardial tamponade following P. falciparum 

infection.85 Urgent pericardiocentesis yielded 800  mL of 

hemorrhagic fluid which was positive for P. falciparum 

antigen. According to the authors, regional sequestration 

of parasites in the pericardium resulting in locally elevated 

cytokine levels lead to the isolated pericardial effusion. The 

patient recovered with supportive and antimalarial treatment. 
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Echocardiography on follow-up was normal. Günther et al 

found ECG abnormalities in 23 of 161 patients with falci-

parum malaria. Nonspecific T-segment or T-wave alterations 

were found in 15 patients and conduction abnormalities in 

eight patients (one first-degree atrioventricular block, one 

left bundle branch block, one right bundle branch block, and 

five incomplete right bundle branch block).86

Myocardial injury and malaria
Diffuse myocardial injury can occur in severe malaria, 

resulting in an adverse outcome.

Myocarditis has been reported following malarial infec-

tion. Autopsy findings of the heart showed mechanical 

blockage of myocardial capillaries by malarial parasites 

and PRBCs probably leading to ischemic cardiomyopathy. 

Sharma et  al described a 24-year-old male with chronic 

falciparum cardiomyopathy.87 The patient presented clinically 

with ischemic heart disease with congestive cardiac failure. 

His ECG revealed inferior wall infarction and ischemic ST-T 

changes. Despite receiving antimalarials, the patient deterio-

rated and finally died of pulmonary edema. Autopsy revealed 

a grossly dilated heart, and microscopic examination showed 

diffuse myocardial fibrosis, interstitial hemorrhages, and 

capillaries blocked with PRBCs. Repeated occlusion of 

coronary capillaries may have caused the anginal pain with 

ischemic changes resulting in congestive restrictive cardio-

myopathy. In a study carried out by Mohapatra et al, of 110 

patients with cerebral malaria, 13 (11.8%) had myocardial 

injury as evidenced by raised cardiac troponin T levels.88 

Of these 13 patients, 7 died within 72 h and 3 on 9th day of 

hospitalization. Autopsy revealed diffuse myocardial injury 

in three cases.

Hypovolemia and cardiac dysfunction
Children with severe malaria and metabolic acidosis 

have evidence of hypovolemia and evidence of cardiac 

dysfunction. Yacoub et  al examined 30 children admitted 

with severe malaria by using portable echocardiography to 

assess their cardiac function and hemodynamic status on 

admission (day 0), day 1, and discharge.89 The authors noted 

several markers of hemodynamic compromise on admission, 

including severe tachycardia, low stroke volume index, and 

high inferior vena cava collapsibility index, which improved 

with subsequent readings. Overall, cardiac function assessed 

by ejection fraction and left myocardial performance index 

was mildly abnormal on admission compared with discharge. 

Acidotic patients had worse hemodynamic indicators, with 

a significantly higher inferior vena cava collapsibility index 

on day 0, than nonacidotic patients plus lower stroke volume 

index and worse cardiac function with higher left myocardial 

performance index. Stroke volume index increased after first 

fluid bolus in 80% of children.

In addition to above, symmetrical peripheral gangrene, 

purpura fulminans, disseminated intravascular coagula-

tion, toxic shock, and endomyocardial fibrosis have been 

described with malaria.90–94 Most of the cases of peripheral 

gangrene also had evidence of disseminated intravascular 

coagulation. In some of the cases, resolution of gangrene 

took place with conservative treatment, whereas in others, 

amputation was required. Song et al described two unusual 

cases of P. vivax malaria who presented with a clinical 

picture of toxic shock.90 They were treated with antimalarial 

drugs alone. The authors emphasize the importance of con-

sidering the possibility of malarial infection in patients with 

a clinical picture resembling toxic shock if they have a travel 

history to malaria-endemic areas.

Atypical gastrointestinal  
and hepatobiliary manifestations  
of malaria
Hepatic involvement
Hepatic dysfunction in malaria is common, but hepatic 

encephalopathy is unusual, and most of the patients described 

have had either isolated infection with P. falciparum or a 

mixed infection with P. vivax.95 Severe impairment of the 

sensorium is not unusual in severe malaria with cerebral 

malaria, hypoglycemia, hypoxia, and/or uremia due to renal 

involvement contributing to the altered mental status. Jaun-

dice (serum bilirubin .3 mg%), hypersomnia, and inversion 

of the sleep rhythm and delirium were the initial hepatic 

manifestations in a study of 86 adult patients with malaria. 

Overt evidence of hepatic encephalopathy was seen in only 

15 patients. Blood ammonia levels were raised in all the 

patients, but asterixis was observed in only nine patients. 

Triphasic waves, which are considered characteristic of 

hepatic encephalopathy, were seen in 3 out of 15 patients.96 

In endemic areas, severe malaria should feature in the dif-

ferential diagnosis of fulminant hepatic failure (FHF). It 

is important to differentiate the two since the prognosis in 

patients with severe hepatic injury due to malarial infection 

is better than FHF due to other causes. Devarbhavi et al in 

their study compared 25 patients with FHF with 25 patients 

with severe malarial hepatopathy simulating as FHF.97 The 

authors have suggested that in endemic areas, the presence 

of hepatomegaly and normal prothrombin time in the setting 

of FHF should be considered as suggestive of malaria and 
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a peripheral blood smear should be obtained for diagnostic 

confirmation. Davenport reported a case of transplacental 

malaria in an infant having obstructive jaundice.98 Operative 

cholangiogram carried out at 6 weeks ruled out extrahepatic 

biliary atresia (EHBA). The differentiation between neonatal 

hepatitis and EHBA is important because surgical relief to 

be successful must be performed early.

Splenic involvement
Splenic rupture is a rare complication of malaria with life-

threatening complications being reported in up to 2% of 

cases.99 Most cases of splenic rupture occur during acute 

infection and during the primary attack. Chronically enlarged 

spleens are less vulnerable to rupture. The exact mechanism 

of spleen rupture in malaria is not known. This complication 

may occur despite appropriate antimalarial prophylaxis and 

treatment. Spontaneous splenic rupture is more common with 

P. vivax than P. falciparum malaria.100 Histopathological 

findings include hemozoin, parasitized and uninfected RBCs, 

and a massive proliferation of macrophages throughout the 

capillaries, venous spaces, and pulp spaces. There is conges-

tion and dilatation of sinuses and scattered thrombosis, with 

focal necrosis in capillaries and splenic pulp.100 Agarwal 

et al described two children with falciparum malaria who 

had splenic infarcts.101 Other splenic complications reported 

in malaria include hypersplenism, ectopic spleen, torsion, 

cyst or abscess or hematoma formation, and hyperreactive 

malarial syndrome.99 Contini and Lewis have described 

a case of splenic abscess in a 21-year-old woman after 

repeated attacks of P. falciparum malaria.102 Hematoma and 

infarction of the spleen due to repeated malarial attacks may 

predispose to superimposed abscess formation. The overall 

prognosis of splenic abscesses remains discouraging, with a 

mortality of 13%–16% mainly due to delayed diagnosis and 

admission to a hospital.

Other involvements
Acute pancreatitis is a rare complication of malaria. There 

are isolated case reports highlighting pancreatic involvement 

in malaria. Autopsy studies have demonstrated that the small 

blood vessels of the pancreas are packed with PRBCs and 

rosettes, causing obstruction to capillary blood flow.103

Acalculous cholecystitis (ACC) is equally rare in 

malaria with very few cases reported in literature. The 

exact pathogenesis of ACC is not clearly understood. 

Gallbladder wall ischemia and reperfusion injury or the 

effects of eicosanoid proinflammatory mediators appear to 

be important. Moreover, the microcirculatory obstruction 

in the gallbladder due to the phenomenon of rosetting and 

cytoadherence of infected RBCs further contribute to the 

ischemia of gallbladder resulting in ACC. The course of 

the disease is usually self-limiting and cholecystectomy is 

not advised in uncomplicated cases.104 Cholecystectomy or 

cholecystostomy may be required in complicated (gangrene 

and perforation) and nonresolving cases.

Dass et  al have described an 18-month-old female 

with P. vivax malaria presenting as subacute intestinal 

obstruction.105 The patient presented with vomiting, fever, 

and abdominal pain. X-ray, ultrasonography of the abdomen, 

and serum electrolytes were normal. Vomiting and abdomi-

nal pain are also known to be associated with malaria. 

Abdominal pain occurs due to ischemic changes in the intes-

tine secondary to microvascular changes due to sequestered 

RBCs. Cases of frank perforation have also been reported.105 

In endemic areas, malaria should be suspected in any febrile 

child presenting with an acute surgical abdomen.

Sood and Midha described a 16-year-old boy with 

P. vivax malaria in whom retroperitoneal lymphadenopathy 

was discovered on the initial ultrasonography of the abdo-

men, which disappeared while the patient was undergoing 

treatment.106

Acute gastroenteritis is present in roughly 15% of patients 

with malaria, and this presentation should be kept in mind 

when dealing with patients in areas endemic for malaria. 

Mahmood et al found nine of 108 patients with P. falciparum 

malaria had presented with acute gastroenteritis.107 Hussain 

et al described a 46-year-old male with malaria presenting 

with gastroenteritis and bloody diarrhea.108

Metabolic and endocrine 
manifestations of malaria
‘Acidosis’ in severe malaria has been attributed to a num-

ber of factors, including hypovolemia, lactic acidosis, 

impaired renal function, and reduced hepatic metabolism. 

At a pH , 7.2, basic enzyme processes and physiological 

mechanisms falter and, if left uncorrected, have profound 

effects upon myocardial contractility and arterial and venous 

tone, which further aggravates the impaired perfusion. In a 

study carried out by Maitland et al, severe acidemia (blood 

pH , 7.2) was present in 96/436 (22%) of cases, of whom 

35/96 (36%) died.109 In the absence of overt signs of dehy-

dration, children with severe malaria have traditionally been 

relatively volume restricted for fear of causing pulmonary 

edema and aggravating raised intracranial pressure, a com-

plication of severe malaria. However, Maitland et al found 

that hypovolemia is a feature of severe childhood malaria 
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and a major factor in the etiology of acidosis.109 Another 

study carried out by the same author found that volume 

depletion is present at admission in the majority of children 

with severe malaria complicated by acidosis.110 Volume 

expansion in these patients corrects the hemodynamic abnor-

malities and is associated with improved organ function and 

reduction in acidosis.

Small changes in the concentration of extracellular potas-

sium can have substantial effects on the activity of nerves 

and muscles. Both hypokalemia and hyperkalemia have 

been reported in patients with severe malaria. Hypokalemia 

is a common complication of severe malaria and is known 

to lead to cardiac arrhythmias, hypotonia, lethargy, and 

death. However, it is often not apparent on admission. In a 

study carried out by Maitland et al, out of 38 children with 

severe malaria and acidosis, serum potassium was normal in 

31 (81.6%) and low in 4 (11%) children on admission. How-

ever, plasma potassium decreased rapidly within 4–8 hours 

of admission with 15 (40%) patients having hypokalemia. 

The authors concluded that in patients with severe malaria 

and acidosis, correction of acidosis results in decrease in 

plasma potassium due to gradual intracellular shift of potas-

sium.111 The authors also found that fractional excretion of 

potassium and the transtubular gradient of potassium were 

above normal range, indicating renal potassium loss as a 

cause of hypokalemia. Hyperkalemia has also been reported 

in patients with malaria. According to the study of Sowunmi, 

7 of 51 patients with severe malaria had hyperkalemia.112 

Hyperkalemia can occur in malaria due to hemolysis of 

red blood cells, rigors causing intense muscular contrac-

tion during febrile episodes of malaria, rhabdomyolysis, 

and renal failure. In severe malaria with acidosis, it is also 

likely that presence of acidosis contributes to the increased 

serum potassium through compensatory cellular exchange 

of hydrogen and potassium ions and through reduced renal 

excretion.

Hyponatremia is observed in a majority of adult and 

pediatric patients with severe malaria. It has been shown 

that mortality from hyponatremia is high, particularly when 

not managed promptly. A number of underlying mecha-

nisms have been proposed, including the administration 

of hypotonic fluids, the syndrome of inappropriate antidi-

uretic hormone secretion (SIADH), cerebral salt wasting, 

losses through sweat and the gastrointestinal tract, renal 

losses, and the sick cell syndrome.113 In a study carried out 

by Sowunmi et al, out of 30 children with severe malaria, 

hyponatremia was present in 16 (53%).114 Inappropriate 

secretion of arginine vasopressin (AVP) was seen in 67% 

of the cases. The authors concluded that high levels of AVP 

may contribute to the pathogenesis of hyponatremia and 

that in some children, fluid therapy should be cautious. In 

contrast to this, Hanson et al and English et al in their studies 

found that hypovolemia, and not SIADH, is the likely major 

pathophysiological mechanism, and simple rehydration with 

normal saline restores the plasma sodium to the normal range 

in the majority of the cases.113,115 Thus, a general policy of 

fluid restriction in children with severe malaria and hypona-

tremia may contribute to renal impairment. The use of 

hypotonic solutions when restricting fluids may exacerbate 

hyponatremia in those who have an appropriate antidiuretic 

hormone response. This may contribute to raised intracranial 

pressure and predispose to seizures.

‘Diabetes insipidus’ has been reported in association 

with malaria in various studies. In a study carried out by 

Grimwade et al, of 411 adults with malaria, 175 had severe 

malaria and 37  had polyuria (21% of severe cases). Ten 

of 15 (66%) patients investigated had urine and plasma 

osmolalities consistent with diabetes insipidus. The authors 

have emphasized that physicians should be aware of this 

complication. However, further studies are required to delin-

eate the mechanism of polyuria in malaria.116 Schubert et al 

described a 39-year-old man with malaria who developed 

disseminated intravascular coagulation, polyuria, and a pitu-

itary lesion. Empiric treatment with vasopressin improved 

the polyuria.117

The maintenance of plasma concentration of calcium, 

phosphate, and magnesium within a narrow physiological 

range is vital to the integrity of a variety of cellular metabolic 

processes. Mild asymptomatic hypocalcemia is commonly 

seen in approximately one-third cases of malaria regardless 

of the severity of infection, and a much larger proportion will 

experience hypocalcemia during the first few days of treat-

ment.118 However, in some cases, hypocalcemia can be severe 

and symptomatic.119 Zaki et al have described a 12-year-old 

boy with P. falciparum malaria who presented with tetany.120 

The serum calcium levels returned to normal with clinical 

recovery and parasite clearance from the blood. In a study  

carried out by Prabha et al, hypocalcemia was found to cor-

relate with heavy parasitemia, complications, and Q-Tc pro-

longation.119 Various hypotheses have been put forward for 

the explanation of hypocalcemia in malaria. The main reason 

cited is the ‘sick euparathyroid syndrome’ which describes 

a state in which the parathyroid response to hypocalcemia 

is depressed during active infection, with recovery of the 

glandular function as the parasitemia gets cleared.120 Another 

hypothesis for malaria-associated hypocalcemia relates to  
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the changes in phosphate metabolism.121 A lowered renal 

threshold for phosphate appears to be a major contributing 

factor for hypophosphatemia in malaria. Hypophosphatemia 

is associated with hypercalciuria. Hypophosphatemia can 

cause encephalopathy, depressed leucocyte function, increased 

susceptibility to Gram-negative infections, platelet dysfunc-

tion, coagulation abnormalities, and hemolytic anemia. These 

abnormalities are also seen in severe and complicated malaria. 

Reduced erythrocyte concentration of 2,3-diphosphoglycerate 

in hypophosphatemia can further impair the tissue oxygen 

delivery and vital organ function in severe malaria.120 Thus, 

hypophosphatemia contributes to and, in some cases, may 

even aggravate a variety of clinical and laboratory abnor-

malities associated with severe malaria. Mild asymptomatic 

hypomagnesemia is also known to occur in malaria. It can 

cause secondary hypocalcemia by impairing the release of 

parathormone by the parathyroid gland and through blunting 

the tissue response to parathormone.122 Although most stud-

ies have reported hypocalcemia as a complication of malaria, 

Maitland et al found hypercalcemia in 31% of the patients in 

their study.123 Hypocalcemia was infrequent (,5%) at any point 

in their study. Intraerythrocytic calcium levels are substantially 

increased in PRBCs, and the authors have suggested that 

increase in calcium levels resulted from the release of intracel-

lular calcium secondary to the erythrocyte lysis in malaria. This 

is supported by the association between hypercalcemia and 

severe malarial anemia, the inverse linear relationship between 

plasma calcium and hemoglobin levels. In addition, the pres-

ence of acidosis in severe malaria can increase the ionized 

calcium levels by displacing calcium from albumin.

Both hypoglycemia and hyperglycemia have been 

described in association with severe malaria. Decreased 

feeding, endotoxemia, hepatic dysfunction with impaired 

gluconeogenesis, and increased metabolic demand due to 

fever and infection can cause hypoglycemia in malaria. 

In their study on children with severe malaria, White 

et  al have suggested that hypoglycemia is an important 

and frequent complication of severe malaria and should 

be suspected in any child with malaria who is comatose 

or convulsing.124 Dass et al have described two cases of 

malaria with hyperglycemia who responded well to insulin 

therapy.105 According to the authors, the hyperglycemia 

was probably due to associated sepsis or a stress response 

with increased counter-regulatory hormones. Both primary 

and secondary thyroid insufficiencies are known to occur 

in patients with severe malaria. Wartofsky et al studied thy-

roid function by a method allowing simultaneous analysis 

of both endogenous thyroidal release and peripheral T
4
 

disposal in normal volunteers after induction of acute 

falciparum malaria.125 They found that with malarial infec-

tion, there appears to be an initial depression followed by 

a rebound in rates of thyroidal iodine release. In contra-

diction to other infections, fractional turnover and daily 

disposal of hormone are decreased in malaria, perhaps due 

to hepatic dysfunction and the consequent impairment in 

cellular deiodinative processes. In another study carried 

out by Davis et al, the pituitary–thyroid axis was assessed 

serially in 18 Thai adults with severe falciparum malaria 

and in 18 matched controls.126 They found that thyrotroph 

and thyroid gland function are depressed during acute, 

severe malaria and these changes may be an adaptation to 

accelerated catabolism. In addition, a raised serum cortisol 

could contribute to the sick euthyroid syndrome seen in 

malaria and other infections.

Wilson et al in their study found a raised set point for cor-

tisol inhibition of corticotropin (ACTH) secretion, but normal 

ACTH responsiveness to dexamethasone in ‘uncomplicated’ 

malaria.127 A raised serum cortisol after dexamethasone in 

the patients might reflect the combination of a prolonged cor-

tisol half-life and the stimulatory effects of cytokines on the 

adrenal cortex, with a consequent protective effect against 

complications such as hypoglycemia. However, in patients 

with ‘complicated’ malaria, both primary and secondary 

adrenal insufficiency can occur which may be attenuated by 

increased circulating IL-6 concentrations and impaired cor-

tisol metabolism by the liver. Davis et al in their study found 

that most of the patients with severe malaria had a normal or 

blunted ACTH response to corticotropin-releasing hormone 

(CRH) in absolute and relative terms.128 According to them, 

this might reflect an altered set point for cortisol inhibition 

of ACTH secretion analogous to that found in depres-

sion or of more globally impaired corticotroph function 

caused by parasitized erythrocyte sequestration within the 

hypothalamic-pituitary portal system or parasite production 

of a somatostatin-like peptide. A previous study carried out 

also supports this hypothesis, wherein the authors found an 

attenuated thyrotropin response to thyrotropin-releasing hor-

mone in Thai patients with severe malaria.126 Thus, both the 

above studies suggest that there is a pituitary contribution to 

relative adrenal and thyroid insufficiency in severe malaria. 

The significance of hypothalamic–pituitary–adrenal dysfunc-

tion in malaria is illustrated by considering the patient with 

the lowest basal serum cortisol and a minimal response to 

CRH. This patient would have a seriously impaired ability to 

maintain fluid and electrolyte balance and to mount a counter 

regulatory response to hypoglycemia.
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To assess the human reproductive endocrine response to 

malaria, serial serum samples were collected from 8 male 

and 9 female residents of Honduras infected with P. vivax 

(plus 19 male and 23 female healthy age-matched controls) 

and were analyzed for associations between testosterone, 

parasitemia, and cytokine levels.129 The study had the fol-

lowing results: 1) P. vivax infection in Honduran residents is 

characterized by a proinflammatory cytokine response; and 

2) males infected with P. vivax exhibit significantly lower 

testosterone levels on the day of admission and significantly 

higher cortisol levels than age-matched healthy controls. 

According to the authors, whether lowered testosterone 

levels are the result of physiologic alterations at the level 

of the testis or hypothalamus is not known and will require 

further studies.

Pregnancy and malaria
Both P. vivax and P. falciparum are associated with severe 

malaria in pregnant women. In endemic areas, congenital 

malaria is an important cause of abortions, miscarriages, 

stillbirths, premature births, low birth weight, intrauterine 

growth retardation, and neonatal deaths.2 Low birth weight 

in falciparum malaria results from compromised materno–

fetal circulation, arising from placental sequestration of 

P. falciparum. In contrast, P. vivax does not seem to seques-

ter in the placenta, although published data are limited. 

Placental deposition of hemozoin is notable, but inflamma-

tory and pathological changes are otherwise modest. Sys-

temic and local inflammatory responses and microvascular 

dysfunction from P. vivax malaria might have additional 

deleterious uteroplacental hemodynamic effects.14

Skin manifestations in malaria
Dermatological manifestations of malaria have been linked 

to both P. falciparum and P. vivax malaria. Maheshwari 

and Gupta have reported nine cases of malaria presenting 

with urticaria as the initial feature. The urticaria subsided 

in all these patients within 12–48 h of starting antimalarial 

treatment. Urticaria was attributed to direct effect of 

parasite on mast cells releasing histamine, involvement of 

complement system, and intense elevation of IgG and IgM 

antibodies.130

Malnutrition and malaria
Malnutrition plays a major role in child mortality and is 

associated with lasting effects on growth and cognitive 

development. The relationship between malnutrition and 

P. falciparum malaria is complex. According to some 

studies, falciparum malaria results in malnutrition, and on 

the other hand, some mention that malnutrition may protect 

against P. falciparum malaria. In a study carried out by Wil-

liams et al, malnutrition was significantly associated with 

P. vivax malaria. P. vivax being a potent stimulus for TNF 

secretion (which induces both anorexia and cachexia) can 

cause malnutrition.131 In addition, the deleterious catabolic 

responses associated with chronic relapsing–remitting 

inflammation probably contribute to malnutrition.14 Thus, 

malaria can result in chronic relapsing–remitting debilitat-

ing fever, hypoproteinemia, edema, and kwashiorkor-like 

weight loss.

Conclusion
Malaria is a multisystem disorder which can mimic many 

diseases. Physicians, especially those in endemic areas, 

should be aware of the varied manifestations and maintain 

a high index of suspicion for the disease so that the diag-

nosis and treatment are timely and morbidity and mortality 

minimized.
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