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EDUCATIONAL REVIEW

Malaria and acute kidney injury
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Abstract

Malaria is a parasitic infection transmitted by mosquitos, resulting in significant morbidity and mortality. It affects 212 million
worldwide, causing death in up to 303,000 children annually. In the USA, up to 1700 people are affected yearly. Although the
prevalence in developed countries is less than in developing countries, travelers from low transmission areas, and those from
endemic areas who later return, are very susceptible to malaria and its complications. Severe malaria can cause significant
multiorgan dysfunction including acute kidney injury (AKI). The pathogenesis is not clearly understood but proposed mecha-
nisms include acute tubular necrosis (ATN) due to impediments in renal microcirculation, infection-triggered proinflammatory
reactions within the kidney, and metabolic disturbances. Providers must consider malarial infection in cases of AKI in someone
with a travel history, as early recognition and treatment are crucial to improving outcomes. This article will review malaria-
induced AKI in order to provide a better understanding of this infection’s effect on the kidneys.
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Background of malarial AKI

Although endemic to certain regions, malaria carries signifi-
cant morbidity and mortality worldwide. The United States
(US), by virtue of travelers to these endemic areas, is not
unaffected. In surveillance reports from 2014, the US had a
confirmed 1724 cases of malaria, including one of congenital
transmission [1]. Infants and children have been identified as
being at particular risk for poor outcomes from the complica-
tions of severe malarial infection [2—5].

Acute kidney injury (AKI) is a relatively frequent compli-
cation of severe malaria. The reported incidence of malaria-
induced AKI in the pediatric population has been variable
(depending on factors such as the definition of AKI and the
cohort studied), with some estimates as high as 46% [2, 6-9].
Adult literature, along with some pediatric studies, describe
that when impaired renal function develops in the setting of
malarial infection, it is associated with increased mortality [2,
5, 8, 10, 11]. Travelers from low transmission areas are very
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susceptible to malaria and its complications because of their
lack of immunity. Additionally, travelers who emigrate from
endemic areas who then return later, having lost their immu-
nity, are also atrisk [11]. The disease may not cause symptoms
until after return from high transmission areas. Due to the
significant clinical morbidity associated with this disease, it
is of integral importance that providers understand its
multiorgan impact. This article will review malaria-induced
AKI in order to provide a better understanding of this infec-
tion’s effect on the renal organ system.

Pathogenesis of malarial AKI

While the pathogenesis of malarial AKI is not fully under-
stood, there are a number of proposed mechanisms. Three
prevailing hypotheses include hemodynamic (mechanical)
perturbations, immune-mediated glomerular injury, and met-
abolic disturbances [12—14] (see Fig. 1).

The first hypothesis posits that the disease is primarily
caused by hemodynamic derangement from parasitized red
blood cells adhering to adjacent healthy erythrocytes, plate-
lets, and the capillary endothelium (cytoadherence) [15]. This
results in the formation of intravascular clusters and rosettes.
The infected RBCs can sequester in the deep vascular beds of
the kidney disrupting microcirculation as well as peripherally
pool, leading to anemia, thrombocytopenia, impaired blood
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Fig. 1 Pathogenesis of malarial acute kidney injury (AKI)

Rhabdomyolysis

flow to the kidneys and other vital organs causing tissue hyp-
oxia [16—18]. The adhesive ligands on parasitized RBC mem-
branes have been termed “knobs” and are composed of ab-
normal proteins encoded by the parasite’s genome [19]. The
protein that appears to be the most significant determinant of
erythrocyte adhesiveness and malarial morbidity is called
Plasmodium falciparum erythrocyte membrane protein
(pfEMP) [19]. Other adhesive protein families have also been
identified in the erythrocyte knobs: rifins, rosettins, and
histidine-rich proteins [20-22]. In addition to RBC sequestra-
tion, the hypovolemia that develops from insensible fluid
losses (i.e. fever, respiratory distress), poor oral intake, or
vomiting contribute further to the hemodynamic derange-
ments. Ultimately, this hemodynamic compromise results in
acute tubular necrosis (ATN), the most common cause of ma-
larial AKI. Direct tubular injury can result from hemoglobin-
uria due to RBC hemolysis [13]. “Blackwater fever” is a con-
dition that describes hemolysis releasing hemoglobin directly
into the blood vessels and into the urine resulting in kidney
injury and potentially, failure [23]. This may be the result of
RBC destruction from infection or a consequence of anti-
malarial drug-induced hemolysis; patients with G6PD defi-
ciency are most at risk for developing this [13]. Less common-
ly, myoglobinuria from associated rhabdomyolysis can impair
tubular function [13]. On histology, edema, cellular necrosis,
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and hemosiderin deposits can be visualized within the tubules
of patients who develop ATN [24]. Hemoglobin casts within
the tubular lumens, venules that contain infected red cells, and
monocellular infiltration of the interstitium have also been
documented [13].

Cytoadherence inciting microvascular disruption is also
theorized to play a role in patients with malarial AKI and
thrombotic microangiopathy (TMA) [25]. While there is no
established direct causal relationship between the two, there
are multiple case reports that document the occurrence of
TMA in patients with malaria; P. vivax infection, in particular
[25-28]. Alternatively, there have also been documented cases
of renal impairment due to TMA caused by treatment with
antimalarial agents such as mefloquine and quinine agents
[25, 29]. Tt has been suggested that quinine dependent anti-
bodies reacting with platelets and other cells contribute to
quinine induced TMA [29].

The second proposed mechanism for malarial AKI sug-
gests that the renal damage is caused by immune dysregula-
tion and subsequent inflammation [30, 31]. Surface antigens
on both host red cells, as well as the parasite’s own cells,
activate peripheral blood mononuclear cells. This monocyte
activation causes the release of proinflammatory cytokines
such as TNF-« and interleukins (ILs) 1, 6, 8, and y [32].
The release of ILs, results in proliferation of helper T cells
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(Th; and Th,). Th; proliferation induces an acute interstitial
nephritis (AIN) and glomerulonephritis; Th; activation drives
activation of complement with subsequent immune complex
deposition induced glomerulonephritis and interstitial nephri-
tis [14, 33]. Histologically, when the glomerulus is affected
there is mesangial expansion and proliferation which causes
the glomerulus to become swollen [34]. Additionally, its cap-
illaries may contain parasitized RBCs and host monocytes
[13, 34]. Immunofluorescence can demonstrate immune com-
plexes of malarial antigen and IgG, IgM, and C3 deposited in
the mesangium and capillary wall [13, 14]. Autoantibody for-
mation such as anticardiolipin and antiphospholipid antibod-
ies have also been implicated in the immune-mediated vascu-
lar pathology associated with malarial infections [13, 33, 35].

The third proposed mechanism by which malaria causes
acute kidney injury is metabolic disruption [13]. Due to
changes of the host red cell membrane by parasitic infection,
as discussed earlier, there is a resultant change in erythrocyte
magnesium-activated ATPase [36]. This in turn leads to a
decrease in sodium concentration inside the cell triggering
calcium influx into the cell, altering red cell deformability
[13]. The end result is a change in red cell structure that not
only shortens its lifespan but contributes to the peripheral
pooling and organ sequestration that causes kidney injury
[13, 36]. Discussion of potential metabolic causes of AKI in
malarial infection must also include renal damage from oxi-
dative stress caused by cell-free hemoglobin (CFH) [37].
CFH, from significant hemolysis of both healthy and infected
RBCs, mediates red cell membrane phospholipid peroxida-
tion. Changes in RBC membrane phospholipids not only
changes its deformability (leading to aforementioned
consequences- shortened lifespan and peripheral pooling)
but it also initiates production of prostaglandin isomers (F,-
IsoP and IsoFs) [37]. These prostaglandins act as potent renal
vasoconstrictors reducing renal blood flow and renal function.

Hepatic dysfunction has also been described as causing
AKI in patients with malaria [14, 38, 39]. Evidence exists
for bile cast nephropathy due to cholestatic
hyperbilirubinemia from RBC hemolysis as another risk fac-
tor for malarial AKI [38]. Renal impairment may also be a
consequence of hepato-renal syndrome [14].

Presentation of malarial AKI

Renal insufficiency in the setting of severe malarial infection
commonly develops 3—7 days after the onset of fever; serum
creatine typically improves in 17 & 6 days [24, 40]. As high as
80% of patients with malaria can develop non-oliguric AKI
[23]. In those with oliguric AKI, the oliguria can persist for
weeks [24].

On laboratory evaluation, acidosis, hyponatremia, and
hyperkalemia are the most common electrolyte abnormalities

seen in these patients [24]. The acidosis is primarily lactic
acidosis from tissue hypoxia [41]. Studies suggest that
hyponatremia is secondary to the initial internal dilution and
then sodium wasting before the onset of oliguria [13].
Hyperkalemia, on the other hand, is secondary to hemolysis,
acidosis, and rarely, thabdomyolysis. As mentioned, the ane-
mia and thrombocytopenia are due primarily to malarial infec-
tion. However, if the patient develops TMA, there may be a
continued worsening of their anemia and thrombocytopenia.
Patients with malarial AKI may develop proteinuria due to
glomerulonephritis [13]. Of note, while complement activa-
tion has been implicated in the pathogenesis of malarial AKI,
complement levels are usually normal [14].

Treatment of malarial AKI
Supportive treatment

Initial treatment of malarial AKI is similar to AKI treatment in
non-malarial infection, which primarily involves supportive
care. One important difference is the use of intravenous (IV)
fluid boluses. Previously, the World Health Organization
(WHO) recommendations for significant malarial illness (i.e.,
those who presented with shock) included IV fluid bolus resus-
citation with albumin or normal saline [24]. However, data from
the Fluid Expansion as Supportive Therapy (FEAST) trial of
fluid resuscitation in children with severe infection showed an
increase in 48 h mortality in patients who were given fluid
boluses vs those who were not [42]. On further subgroup anal-
ysis of children with vs without malaria, there was no evidence
to suggest a difference in mortality between the groups signify-
ing that fluid boluses were of no benefit to either group [42]. As
such, fluid boluses should be avoided in the treatment of ma-
larial AKI unless the patient has significant hypotension.
Continuous IV fluids can be used judiciously with close patient
monitoring for signs of fluid overload.

In the setting of oliguria, loop diuretics have shown no
reduction in mortality, increase in recovery of function, or
modification of need for renal replacement therapy [13, 43].

Specific therapies

If the patient demonstrates signs of fluid overload (i.e., pul-
monary edema, congestive heart failure), develops refractory
electrolyte abnormalities (i.e., hyperkalemia or metabolic aci-
dosis), or symptomatic uremia, they may require specific ther-
apies such as dialysis. Malarial infection also places these
patients in a hypercatabolic state, increasing their risk for
needing dialysis [24]. As malaria-associated AKI may be rap-
idly progressive, it is recommended that renal replacement
therapy be started as early as possible once indicated [23].
Studies of adult patients have demonstrated that, if available,
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intermittent hemodialysis and continuous veno-venous
hemodiafiltration (CVVHDF) are preferred modalities com-
pared to peritoneal dialysis (PD) [23, 24, 43]. If CVVHDF is
used, a dose of 35 ml/kg is postulated to lower the risk of death
when compared to 20 ml/kg [43, 44]. In children, there is
evidence that PD is effective in treating renal insufficiency
due to severe malaria. This is important to note as PD may
be the only modality available in some endemic, or resource-
limited areas [13, 24]. Interestingly, a randomized control
study in Bangladesh patients demonstrated that IV prostacy-
clin reduced the development of AKI [13, 23]. Another ran-
domized control trial found that acetaminophen greatly re-
duced serum creatine and lowered risk of AKI in patients with
moderate to severe malaria [45]. As acetaminophen can be
hepatotoxic, it must be used with caution as patients with
malaria can experience liver dysfunction [46].

It is important to maintain a high index of suspicion for
TMA, particularly when hemolytic anemia and thrombocyto-
penia persist post adequate malaria treatment, especially if
medications such as quinine were given for treatment [25].
Page et al. [29] compared patients with quinine-induced
TMA to patients diagnosed with TTP—94% (19 patients)
required dialysis, many concurrently requiring plasma ex-
change; 78% of these patient went on to develop CKD [29,
40].

Managing malarial AKI can also include use of urinary
biomarkers of kidney injury. Neutrophil gelatinase-
associated lipocalin (NGAL) and kidney injury molecule-1
(KIM-1) have been studied in patients with P, falciparum ma-
laria with one study identifying 31% with malarial AKI using
urinary markers whose creatinine values were normal on pre-
sentation [14]. Given potential significant sequelae of malarial
infection, current treatment efforts continue to focus on pre-
vention. Research in vaccine development has led to the dis-
covery that numerous time points in the life cycle of the
Plasmodium are susceptible to antibodies [47]. This is the
driving premise behind current protein vaccines, many of
which are now in phase I/II clinical testing [47, 48].

Outcomes of malarial AKI

Across multiple cohorts and studies, severe malaria was consis-
tently among the top etiologies of AKI in pediatric patients admit-
ted to hospitals in developing countries [2, 9, 49-51]. Mortality
rates, in hospital deaths in particular, vary from 20%—51% [5, 6, 9,
50, 52]. Not surprisingly, the dearth of access to renal replacement
modalities plays a crucial role in the outcomes of these patients.
Other poor prognostic factors include delayed referral, high para-
site load, multi-system involvement, younger age, severe jaundice,
hypotension, severe anemia, and oliguria [13, 53]. Assounga et al.
(2000) found that up to 12% of patients developed chronic impair-
ment in kidney function after malarial AKI [51]. However, more
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systematic, dedicated, and long-term assessments are needed to
fully understand the impact of AKI caused by malaria.

In summary, malaria continues to be a global threat, with
the pediatric population being especially vulnerable. AKI is a
common occurrence in pediatric patients with severe malarial
infection. The pathogenesis of malarial AKI is thought to in-
clude hemodynamic derangements, immune-mediated glo-
merular injury, and metabolic disturbances. Patients with se-
vere malaria should be monitored closely for evidence of renal
involvement, including refractory electrolyte abnormalities,
and fluid overload. It is also important to maintain a high
index of suspicion for TMA. If patients develop oliguric
AKI, treatment should start with supportive therapies,
avoiding fluid boluses unless the patient has severe hypoten-
sion. Renal replacement therapy should be considered early
on and initiated when supportive therapy is insufficient. There
is no consensus on preferred dialysis modality so available
resources should dictate the modality used. In order to modify
risk of mortality, early identification and treatment of malarial
AKI is of paramount importance in patients who develop se-
vere malarial infection.

Questions (Answers are provided after the reference list)
1. Renal compromise is most often seen with what plasmo-
dium species?

Plasmodium malariae
Plasmodium vivax
Plasmodium ovale
Plasmodium falciparum

Sawp>

2. What is the most common cause of acute kidney injury
(AKI) in patients with malaria?

A. Acute tubular necrosis

B. Acute glomerulonephritis
C. Renal cystic disease

D. Urinary obstruction

3. What are the most frequently encountered electrolyte ab-
normalities seen in patients with malarial AKI?

Hyponatremia and hyperkalemia
Hyponatremia and metabolic alkalosis
Hypokalemia and metabolic acidosis
Hypernatremia and hypokalemia

Sawp>

4. Which is true regarding IV bolus fluid resuscitation in
patients with severe infection according to results from
the FEAST trial?

A. A 20 mL/kg bolus of normal saline improved 48-h
mortality in patients with severe infection
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B. A 20 mL/kg bolus of albumin improved 48-h mortal-
ity in patients with severe infection

C. A 20 mL/kg IV bolus of albumin increased mortality
in patients with severe infection but normal saline did
not

D. Both normal saline and albumin IV fluid boluses in-
creased 48-h mortality in patients with severe infec-
tion

5. What disease has been associated with malarial infection
itself or certain drugs used for treatment of malaria?

A. ANCA vasculitis

B. FSGS

C. Thrombotic microangiopathy
D. Lupus nephritis
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