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Abstract: Acute kidney injury (AKI) is emerging as a complication of increasing clinical 
importance associated with substantial morbidity and mortality in African children with 
severe malaria. Using the Kidney Disease: Improving Global Outcomes (KDIGO) criteria 
to define AKI, an estimated 24–59% of African children with severe malaria have AKI with 
most AKI community-acquired. AKI is a risk factor for mortality in pediatric severe malaria 
with a stepwise increase in mortality across AKI stages. AKI is also a risk factor for post- 
discharge mortality and is associated with increased long-term risk of neurocognitive impair-
ment and behavioral problems in survivors. Following injury, the kidney undergoes a process 
of recovery and repair. AKI is an established risk factor for chronic kidney disease and 
hypertension in survivors and is associated with an increased risk of chronic kidney disease 
in severe malaria survivors. The magnitude of the risk and contribution of malaria-associated 
AKI to chronic kidney disease in malaria-endemic areas remains undetermined. Pathways 
associated with AKI pathogenesis in the context of pediatric severe malaria are not well 
understood, but there is emerging evidence that immune activation, endothelial dysfunction, 
and hemolysis-mediated oxidative stress all directly contribute to kidney injury. In this 
review, we outline the KDIGO bundle of care and highlight how this could be applied in 
the context of severe malaria to improve kidney perfusion, reduce AKI progression, and 
improve survival. With increased recognition that AKI in severe malaria is associated with 
substantial post-discharge morbidity and long-term risk of chronic kidney disease, there is 
a need to increase AKI recognition through enhanced access to creatinine-based and next- 
generation biomarker diagnostics. Long-term studies to assess severe malaria-associated 
AKI’s impact on long-term health in malaria-endemic areas are urgently needed. 
Keywords: acute kidney injury, malaria, sub-Saharan Africa, children, mortality, 
pathophysiology, prevalence, chronic kidney disease, proteinuria, hypertension, creatinine, 
endothelial activation, hypovolemia, treatment

Background
Despite considerable gains in reducing the global burden of malaria and several 
countries moving towards elimination, the burden of malaria in sub-Saharan Africa 
remains disproportionately high.1 In 2018, an estimated 213 million malaria cases 
occurred in sub-Saharan Africa, representing 93% of global malaria cases.1 Children 
under five years of age represent the most vulnerable group affected by malaria and 
account for approximately two-thirds of global malaria deaths annually.1 Although five 
Plasmodium spp. cause human malaria infection in sub-Saharan Africa (P. falciparum, 
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P. malariae, P. ovale curtisi, P. ovale wallikeri, and P. vivax), 
P. falciparum is the most prevalent species in Africa, 
accounting for an estimated 99.7% of infections.1 Severe 
malaria is a multi-system disease driven by both host and 
parasite factors and is defined by the presence of clinical 
complications, including coma (Blantyre Coma Score <3), 
deep breathing, multiple convulsions, prostration, shock, 
abnormal bleeding, and jaundice) as well as the following 
laboratory measures of disease severity: severe anemia, 
hypoglycemia, hyperlactatemia, renal impairment, 
hyperparasitemia.2

Recently, there has been an increase in acute kidney 
injury (AKI) awareness as a clinical complication of 
importance in pediatric severe malaria. While malaria is 
well-recognized as a potential cause of AKI or kidney 
failure in African children and associated with increased 
mortality,3–10 kidney failure was previously considered 
a rare complication in pediatric populations with severe 
malaria.2 However, several studies over the past decade 
have transformed our understanding of AKI in malaria in 
children from a rare complication in severe malaria to 
a common complication associated with significant mor-
bidity and mortality. The Artesunate versus quinine in the 
treatment of severe falciparum malaria in African children 
(AQUAMAT) study identified uremia as a strong predictor 
of mortality in over 5000 children in sub-Saharan Africa.11 

While uremia is associated with AKI, it is not specific to 
kidney injury as blood urea nitrogen is also affected by 
fluid and nutritional status. More convincing evidence for 
the importance of acute kidney injury (AKI) emerged in 
a 2017 meta-analysis evaluating clinical and laboratory 
predictors of mortality in African children with severe 
malaria where kidney failure was identified as the stron-
gest predictor of mortality alongside coma.12 Although the 
relationship was strong, it was assessed using various AKI 
definitions between studies, and data were unavailable in 
several settings, highlighting the need for additional 
research to evaluate kidney injury using consensus defini-
tions across different malaria transmission settings and 
populations.

There are emerging data using consensus definitions to 
define AKI in severe malaria, reporting AKI in 24–59% of 
children hospitalized with severe malaria.13–17 When 
defining AKI, numerous methodologic considerations 
impact prevalence estimates. This review focuses on AKI 
in pediatric populations with P. falciparum malaria in sub- 
Saharan Africa. We discuss methods of assessing kidney 
function, the limitations of those methods—including 

evidence on validation of definitions in low-and-middle- 
income (LMIC) settings—and describe the etiology and 
pathophysiology of malaria-associated AKI in African 
children. Finally, we describe management challenges of 
severe malaria in the context of AKI and highlight prio-
rities for future research.

Consensus Guidelines to Assess 
Acute Kidney Injury
Following the recognition that small increases in creati-
nine in hospitalized patients were associated with 
increased risk of mortality independent of disease severity 
and confounders, efforts were made to standardize the 
evaluation of kidney injury (Table 1). The term AKI was 
proposed to reflect the disease spectrum associated with 
kidney failure. The first set of clinical guidelines released 
were RIFLE (Risk, Injury, Failure, Loss, and End-stage 
renal disease) released in 2004.18 A pediatric RIFLE 
(pRIFLE) adaptation was published in 2007,19 followed 
by the Acute Kidney Injury Network (AKIN) guidelines in 
200720 that moved away from glomerular filtration rate 
(GFR) as a measure of kidney function as it cannot be 
reliably estimated during AKI. AKIN included a threshold 
to include an abrupt decrease in kidney function (a 0.3 mg/ 
dL increase in creatinine within 48 hours). In 2012 the 
Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines unified the RIFLE and AKIN guidelines,21 

with the KDIGO guidelines the preferred criteria to define 
AKI.21

The current KDIGO guidelines provide both a general 
definition of AKI and criteria to stage kidney injury sever-
ity (Table 1). The general definition and AKI stage defini-
tions are based on one of three criteria: a patient’s increase 
in creatinine from baseline, the magnitude of increase in 
creatinine, or a decrease in urine output. Baseline creati-
nine should ideally be measured within three months of 
hospital admission.

Sensitivity of the World Health 
Organization (WHO) Criteria for 
Renal Impairment to Detect AKI
The current WHO severe malaria criteria define renal 
impairment or AKI as creatinine >3 mg/dL for both adults 
and children.2 Normal ranges for creatinine in adults range 
from 0.5–1.0 mg/dL in women and 0.7–1.2 mg/dL in men. 
Thus, the cut-off of 3 mg/dL on average would correspond 
to stage 3 AKI, which is associated with a substantial 
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increase in mortality and would fail to recognize 
a substantial proportion of AKI cases. This is compounded 
in pediatric patients, where normal creatinine levels are 
substantially lower and even more so in LMIC pediatric 
patients where undernutrition — which can cause lower 
baseline creatinine levels22 — is common. In a study of 
Ugandan children, only 2/178 children (1.1%) had a peak 
creatinine >3 mg/dL, while 46% met a KDIGO-definition 
for AKI.13 Based on data from our cohorts of Ugandan 
children with severe malaria, only 4/480 children (0.8%) 
had a creatinine > 3mg/dL on admission in a population 
with an AKI prevalence of 35%.14 In 170 Nigerian chil-
dren, 7.6% of children met the WHO criteria for AKI, 
while 32% of children met KDIGO-criteria for AKI using 
creatinine.16 The incidence of AKI in African children 
with severe malaria using KDIGO-consensus guidelines 
versus non-standard AKI definitions, including the WHO 
criteria, are presented in Figure 1. Using KDIGO- 
compatible guidelines with appropriate estimates of base-
line creatinine, the incidence of AKI in severe malaria 
ranges between 24–59%13–17 while using non-standard 
approaches it ranges from 0–33%.23–32 Thus, the WHO 

criteria for AKI in severe malaria vastly underestimates 
AKI in pediatric populations and does not align with 
current global standards. Revisions should be considered 
to reflect current evidence and to harmonize definitions 
and terminology with consensus classifications.

Methodological Considerations 
When Defining AKI in Children with 
Severe Malaria
In the past few years, there have been efforts to validate 
GFR estimating equations within adult populations in sub- 
Saharan Africa,33–35 but data from pediatric populations 
are lacking.36 Additional studies to evaluate and standar-
dize approaches to estimate baseline AKI across the pedia-
tric age-spectrum for low-and-middle-income countries 
are needed to facilitate comparisons across populations 
and age groups in LMIC and high-income countries (HIC).

Adaptations to the KDIGO guidelines have been pro-
posed in situations where it is challenging to define normal 
creatinine levels because of rapidly changing levels or 
in situations where estimates of normal creatinine are 

Table 1 Definitions of Acute Kidney Injury

RIFLE, 2004 Pediatric RIFLE, 2007 AKIN, 2007 KDIGO, 2012 Urine Output

Criteria Creatinine 
Definition

Criteria Creatinine 
Definition

Criteria Creatinine 
Definition

Criteria Creatinine 
Definition

Risk ≥1.5x increase in 

SCr from baseline or 

decrease in GFR 

≥25%

Risk Decrease in 

GFR ≥25%

Stage 1 ≥0.3 mg/dL 

increase in SCr 

within 48hrs or 

≥1.5x increase in 

SCr from baseline

Stage 1 ≥0.3 mg/dL increase 

in SCr within 48 hrs 

or ≥1.5x increase in 

SCr from baseline

<0.5 mL/kg/h 

for >6hrs

Injury ≥2x increase in SCr 

from baseline or 

decrease in GFR 

≥50%

Injury Decrease in 

GFR ≥50%

Stage 2 ≥2x increase in 

SCr from baseline

Stage 2 ≥2x increase in SCr 

from baseline within 7 

days

<0.5 mL/kg/h 

for ≥12 hrs

Failure ≥3x increase in SCr 

from baseline or 

decrease in GFR 

≥75%, SCr ≥4.0 mg/ 

dL with an acute 

increase of 

>0.5 mg/dL

Failure Decrease in 

GFR ≥75% or 

an 

eGFR<35 mL/ 

min per 

1.73m2

Stage 3 ≥3x increase in 

SCr from baseline, 

SCr ≥4.0 mg/dL 

with an acute 

increase of 

>0.5mg/dL or 

initiation of KRT

Stage 3 ≥3x increase in SCr 

from baseline within 7 

days, SCr ≥4.0 mg/dL 

with an acute increase 

of >0.5 mg/dL or 

initiation of KRT

<0.3 mL/kg/h 

for ≥24hrs or 

anuria for 

≥12hrs

Loss Failure for >4 weeks Loss Failure for >4 

weeks

ESRD Failure for >3 

months

ESRD Failure for >3 

months

Abbreviations: RIFLE, risk, injury, failure, loss, end-stage renal disease; AKIN, acute kidney injury network; KDIGO, kidney disease: improving global outcomes; SCr, serum 
creatinine; GFR, glomerular filtration rate; KRT, kidney replacement therapy.
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lacking. For example, creatinine trajectories in neonates are 
affected by maternal creatinine levels, gestational age, and 
innate kidney function.37 Thus, within the first week of life, 
a ≥0.3mg/dL rise in creatinine outperforms a percent creati-
nine change in predicting mortality in neonates (the 
Assessment of Worldwide Acute Kidney Epidemiology in 
Neonates, AWAKEN study).37 While there have been 
attempts to evaluate normal baseline creatinine in popula-
tions of Ugandan children 6 months to 12 years of age,38 

additional research is needed to evaluate methods to estimate 
baseline creatinine across pediatric populations in LMIC, 
particularly infants <6 months of age.

Choice of Baseline Serum Creatinine 
Measure
Pre-illness baseline creatinine levels are not available in most 
—if not all— children. If baseline creatinine is not known in 
children, it must be estimated. The approach to estimate base-
line serum creatinine can lead to substantial differences in AKI 
incidence and outcome associations.38,39 There are two main 
approaches to estimate baseline creatinine: i) use a known 
measure from the child; or ii) use population-based estimates 
(discussed here40). Patient-specific approaches are best suited 
in situations where underlying kidney disease is suspected or 

Figure 1 Incidence of AKI in African children with severe malaria. A literature review was conducted to identify studies that assessed AKI in children with severe malaria, 
and a total of 15 studies were included. Studies were separated based on whether definitions were consistent with the Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria to define AKI with an estimate of baseline creatinine (blue) or used non-conventional criteria to define AKI (red) consisting of various creatinine 
thresholds and/or urine output. One country had studies in both categories (purple). When multiple studies were conducted in the same country, the range of incidence 
estimates is presented. Studies using standard criteria identified AKI in 24–59% of children with severe malaria with various approaches to estimate baseline creatinine.13–17 

Studies using alternative AKI definitions showed a wide range of estimates from 0 to 33%.23–32
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during a period of rapid changes in creatinine. Examples 
where patient-specific trajectories in creatinine are most 
appropriate to estimate baseline include: i) neonates where 
creatinine levels initially reflect maternal levels, are affected 
by gestational age, and there are rapid changes in postnatal 
creatinine levels; ii) children with severe malnutrition where 
creatinine levels are expected to deviate from population- 
normal levels; or iii) children with known or suspected chronic 
kidney disease (CKD).

As most AKI in LMIC is community-acquired and 
present at hospital admission, using the admission creati-
nine will lead to vast underestimation of AKI. A recent 
study in Ghana using the admission creatinine as baseline 
noted an AKI frequency of 2%27 compared to 32–59% 
using population approaches.13–16 A study in Ugandan 
children with serial creatinine measurements over the 
first four days of hospitalization estimated 79% of AKI 
cases were present on admission.41 Another approach to 
estimate baseline would be to use the discharge or nadir 
creatinine measure over hospitalization. However, an esti-
mated 7–25% of children do not recover within 10–50% of 
baseline creatinine.9,42 Using the discharge creatinine may: 
i) underestimate AKI, and ii) fail to identify children with 
persistent kidney injury in need of clinical follow-up.

Importance of Urine Output
AKI can also be defined using urine output. A large, retro-
spective study supported the importance of urine output, 
finding that 67% of patients diagnosed with AKI by urine 
output criteria would not have been diagnosed if only 
plasma creatinine criteria was used.43 Furthermore, the 
adverse outcomes associated with oliguria but not a rise 
in serum creatinine were comparable to those found in 
patients who had a rise in serum creatinine alone.43 

Notably, in a retrospective study of adults, patients with 
both oliguria and a rise in serum creatinine had worse 
outcomes than patients who only met one KDIGO 
criteria.44 In practice in many LMICs, urine output is 
often not assessed in hospitalized children and is difficult 
to quantify in patients without an indwelling catheter. 
However, given the importance of urine output in defining 
AKI, efforts should be made to quantify urine output in 
hospitalized children, particularly as it does not rely on 
laboratory testing and is a bedside measure. Whenever 
feasible, urine output should be quantified at the bedside 
from toilet trained children or by using pre-weighed, 
absorbent diapers. When using diapers, efforts should be 

made to avoid stool contamination by frequently changing 
diapers or using urine bags with adhesive edges to collect 
urine. The effect of humidity should also be considered. In 
high humidity environments, urine output may be over-
estimated, while in low humidity environments, the impact 
of evaporative loss can lead to underestimation of urine 
output.45,46 In low-resource settings where limitations in 
nursing care make assessment of urine output challenging, 
it may be possible to train caregivers to provide support.

Challenges in AKI Diagnosis and 
Assessment of AKI Etiology
There are several challenges when defining AKI in severe 
malaria and LMIC in general. There is a shortage of 
nephrologists in sub-Saharan Africa: 9/10 countries with 
the lowest number of nephrologists are located in sub- 
Saharan Africa, and the number of nephrologists per 
1 million people ranges from 0.06 to 0.25.47 A survey 
assessing global strategies for improving AKI identifica-
tion noted that 60% of African countries had no national 
strategies for AKI identification.47 Challenges in identify-
ing AKI extend beyond limitations in human resource 
capacity and include shortages in laboratory capacity. 
Only 12% of African countries reported that they usually 
have the services to measure creatinine with eGFR report-
ing at the primary care level, while 39% reported they 
never have the services available.47 Even in settings where 
creatinine measures are available, supply chain issues lead 
to frequent stock-outs of consumables and a lack of sys-
tematic preventive maintenance programs leads to a lack 
of test availability and delayed results reporting.

Diagnosis of AKI Relies on Accurate 
Creatinine Measurement
Throughout the years, there have been several attempts to 
improve the standardization of laboratory testing of crea-
tinine. The Jaffe method for measuring serum creatinine 
was discovered in 1886 and is still used today due to its 
relative simplicity and low-cost.48 In this assay, creatinine 
reacts with picrate in an alkaline environment to produce 
a color change that can be quantified.49 While modern 
advances have been made to automate this technique, 
there remain a number of substances, known as pseudo- 
chromogens, including bilirubin, which inherently inter-
fere with the reaction. These interfering substances can 
result in an overestimation of creatinine by as much as 
15–25%.50 The compensated Jaffe method includes 
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a mathematical correction that attempts to correct these 
interferences, though imprecisions still remain.51

Generally considered more sensitive and specific than 
the Jaffe method, enzymatic assays were introduced in the 
1970s and are widely used today in clinical laboratories in 
HIC to measure creatinine.52 Also a colorimetric assay, the 
enzymatic method is more precise with less interference 
and relies on consecutive enzymatic reactions. At 
$2.00 per test, the enzymatic assay is more expensive 
than the Jaffe assay, which costs approximately $0.30 per 
test.53 In 2016, the Laboratory Working Group of the 
National Kidney Disease Education Program outlined 
standardized isotope dilution mass spectrometry (IDMS) 
traceability as the preferred method of calibration for 
creatinine assays to reduce systematic bias.54 A recent 
review of studies evaluating kidney function in Sub- 
Saharan Africa after 2016 found that 81.7% of 252 studies 
did not state whether creatinine measurements were con-
ducted using IDMS traceable assays. Only 6 used the more 
accurate enzymatic method, while 80 used the Jaffe 
method.34 In countries like Uganda, enzymatic assessment 
of creatinine is often not available through clinical bio-
chemistry facilities.

At low serum creatinine levels, the mathematical rela-
tionship between creatinine and eGFR is exponential, 
where a small change in a low creatinine level has 
a substantial impact on the eGFR. However, the same 
small change in a patient with high creatinine level will 
have a minimal impact on the calculated eGFR.52 This is 
particularly important in populations with increased filtra-
tion and in pediatric populations where creatinine levels 
are generally low. Imprecisions in the methods used to 
measure creatinine in these populations will be amplified 
by the resulting eGFR calculation, which in turn impacts 
the assessment of kidney disease over recovery.

Defining AKI Etiology
In addition to creatinine measurements, urine microscopy is 
a relatively affordable and straightforward diagnostic proce-
dure that laboratories can perform to monitor kidney disease. 
As microscopy was the foundation of malaria and tubercu-
losis diagnosis before the advent of rapid diagnostic tests and 
GeneXpert® systems, there has been considerable investment 
in expanding microscopic diagnostic capacity across health 
centers. This capacity could be harnessed with increased 
training to improve urine microscopy evaluation in health 
centers. Identifying red blood cells, casts, and kidney tubular 
epithelial cells in the urinary sediment can provide valuable 

information in the differential diagnosis of hospitalized 
patients.55 In settings where microscopes or trained techni-
cians are unavailable or in settings where there is unreliable 
power infrastructure, point-of-care urine dipsticks represent 
an affordable and accessible alternative. When reporting AKI 
results, it is recommended that AKI be defined by both AKI 
stage and cause, rather than stage alone.21 For example, 
reporting AKI stage 3 due to acute tubular necrosis, 
decreased kidney perfusion/hypovolemia, or post-infectious 
glomerulonephritis/ rapidly progressive glomerulonephritis. 
This same etiological approach should also be applied to AKI 
in children with severe malaria. Etiological investigations 
facilitate the identification of reversible causes of AKI for 
which interventions can be initiated early. Additional 
research is needed to further understand the etiology of 
AKI in children with severe malaria. In a clinical context, 
children with AKI should have etiology assessed with ade-
quate clinical evaluation and laboratory investigations.

What is Known About the Etiology 
and Pathophysiology of Severe 
Malaria-Associated AKI?
Hypovolemia and Hypoperfusion
Although large-scale studies have not been done to assess 
the etiology of severe malaria-associated AKI across differ-
ent settings, most AKI in children with severe malaria is 
thought to be prerenal and associated with reduced blood 
flow to the kidney.56 Prerenal AKI is associated with 
a change in kidney function (eg, a rise in creatinine or 
drop in urine output) without structural damage. 
Intravascular volume depletion in severe malaria is often 
the result of inadequate oral fluid intake, increased insensible 
losses from fever, sometimes complicated by gastrointestinal 
losses in children with vomiting and/or diarrhea. Shock is an 
important prognostic factor in children with severe 
malaria,12 occurring in an estimated 57% of chidren, and 
hypotension occurring in 13% of children with severe 
malaria.57 In the context of critical illness, prerenal AKI 
may be exacerbated by vasoconstriction of afferent arterioles 
due to medications (eg, non-steroidal anti-inflammatory 
drugs58), reduced nitric oxide bioavailability,59 or increases 
in endogenous vasoconstrictors.60

Nephrotoxins, Parasite Sequestration, 
and Hemolysis
Proximal tubular cells have a high metabolic rate and are 
susceptible to injury from ischemia or endogenous or 
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exogenous toxins.61 Endogenous nephrotoxins are 
a frequent etiological factor of AKI in children in sub- 
Saharan Africa.62 Ultrastructural examination of kidney 
tissue of adults with fatal severe malaria reveals parasite 
sequestration in glomerular and tubulointerstitial vessels 
and monocyte accumulation in glomerular capillaries.63 

Although sequestration of parasitized erythrocytes appears 
to be less frequent in children, malaria pigment occurs in 
60% of distal convoluted tubules, and parasite antigen has 
been detected in post-mortem kidney tissue.64,65 Renal 
biopsies have also demonstrated malaria pigment and 
parasite DNA in the kidney tissue of patients with severe 
malaria-associated AKI.66

These findings are supported by studies in adults and 
children with severe malaria with elevated levels of cell- 
free hemoglobin and free heme in severe malaria patients 
with AKI.67–70 Hemolysis-mediated kidney injury occurs 
due to increased oxidative stress, inflammation, endothe-
lial dysfunction, and reduced nitric oxide bioavailability 
(reviewed in71), all of which are implicated in severe 
malaria pathogenesis.

Endothelial Activation and 
Microcirculatory Dysfunction
The kidney is a highly vascularized organ with diverse 
populations of endothelial cells and diverse functions, 
including regulating blood flow, glomerular filtration, tub-
ular secretion and reabsorption, hemostasis, and leukocyte 
trafficking.72 Further, the kidney’s unique vascularization 
leads to regional heterogeneity of oxygen supply and dif-
ferential susceptibility to hypoxia.61 Renal biopsies have 
demonstrated vascular changes, including cortical necro-
sis, tubular necrosis, and thrombotic microangiopathy in 
kidney tissue of patients with AKI, supporting a central 
role for vascular involvement in AKI.66 An accumulation 
of uremic toxins is associated with endothelial damage and 
microvascular injury in AKI.73

Endothelial activation is a central feature of severe 
malaria pathogenesis and is strongly associated with AKI 
in severe malaria.67,74,75 Endothelial activation contributes 
to severe malaria pathogenesis by upregulating cellular 
adhesion molecules like intercellular adhesion molecule-1 
(ICAM-1) that mediate cytoadherence of parasitized ery-
throcytes in the microvasculature,76–78 contributing to tis-
sue hypoperfusion, ischemia, metabolic acidosis, and the 
infiltration of inflammatory leukocytes.76,79–84 

Endothelial-cell protein C receptor (EPCR) represents an 

additional host receptor on the endothelium important for 
mediating parasite sequestration.77,78,85–89 Both EPCR and 
ICAM-1 are expressed on glomerular and tubular 
endothelium90,91 and could facilitate the sequestration of 
parasitized erythrocytes in the kidney vasculature. In addi-
tion, rosetting, or the adherence of parasitized red blood 
cells to uninfected red blood cells can lead to vascular 
congestion and ischemia-reperfusion injury.92,93 Sustained 
hypoperfusion to the kidney can result in structural 
damage and acute tubular necrosis.

Inflammation and Immune Activation
Other pathways implicated in severe malaria-associated AKI 
pathogenesis include immune activation41,69 and autoim-
mune antibodies such as anti-DNA antibodies.94 AKI can 
occur in the absence of hypoperfusion, where inflammatory 
responses and tubular injury are associated with AKI risk 
and death.95 Endothelial activation in severe malaria con-
tributes to parasite sequestration in the microvasculature, but 
increased expression of cellular adhesion molecules in the 
kidney can also contribute to leukocyte recruitment and 
kidney injury.96,97 Briefly, infiltration of immune effector 
cells in the kidney results in the release of inflammatory 
cytokines and chemokines that can mediate tissue damage 
leading to oxidative injury and cell necrosis. These events 
can be modified by pathogen and host-related proteins that 
engage pattern-recognition receptors resulting in dysregu-
lated inflammatory responses and tissue injury. The timing 
and balance of pro- and anti-inflammatory events are critical 
to minimize excessive cellular damage in the kidney and 
lead to an appropriate cellular repair process and the return 
of homeostasis.98 In the context of severe malaria, innate 
immune activation is described with elevated levels of solu-
ble urokinase-type plasminogen activator receptor69 and 
chitinase-3-like-141 in AKI. Further, mononuclear cell infil-
trates are described in kidney tissue.64 To understand the 
host immune response and tubular injury in severe malaria- 
associated AKI, prospective studies to assess the kinetics of 
markers in response to AKI are needed. Cohort studies 
should collect and store urine, which can yield more specific 
insights into kidney injury than serum or plasma.

Age-Related Susceptibility to AKI: More 
Evidence is Needed
Although previous studies have suggested that increased age 
is associated with a higher risk of AKI in severe malaria, 
more recent studies in pediatric populations using KDIGO 
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consensus guidelines do not support that association. In 
Ugandan and Nigerian children with severe malaria, younger 
children and children <2 years of age were shown to have 
a higher risk of AKI.15,38 While it is possible that in lower 
transmission areas the risk of AKI is higher in older children, 
the perception of AKI being more common in older children 
and adults may reflect the serum creatinine threshold used to 
define AKI in prior studies. An adult with a baseline creati-
nine of 1.0 mg/dL requires a three-fold increase in serum 
creatinine to reach a threshold of 3 mg/dL, while a child with 
a baseline creatinine of 0.3 mg/dL requires a 10-fold increase 
in creatinine from baseline to meet the threshold for AKI.

Challenges in the Management of 
AKI in Severe Malaria
Children with severe malaria have multiple exposures to 
AKI risk factors that put them at heightened risk of AKI, 
and therefore clinicians should have a high index of suspi-
cion of AKI in children admitted with severe malaria. 
Failure to measure kidney function in patients with an 
increased risk for AKI results in missed opportunities to 

intervene and mitigate worsening kidney function and lead 
to disease progression that requires more aggressive therapy 
and heightened mortality.99,100 In addition to effective anti-
malarial therapy, the provision of appropriate supportive 
treatment is critical for survival, including correction of 
hypoglycemia, transfusion for children with severe anemia, 
oxygen for children with hypoxemia, and fluid administra-
tion for children with dehydration or hypovolemia. The 
KDIGO guidelines provided a framework for managing 
pediatric patients who are at risk or have developed AKI 
(Figure 2).21 Given the limitations in resources and expertise 
in LMIC facilities and the heterogeneity between healthcare 
centers in these settings, providers face significant chal-
lenges in achieving these recommendations.

Nephrotoxic Agents and Drug Dosing
In sub-Saharan Africa, nephrotoxic medications are com-
monly administered in hospitalized children with the wide-
spread use of aminoglycoside antibiotics and non-steroidal 
anti-inflammatory medications. Unregulated antibiotic use 
in the private sector,101 widespread self-medication, and 
use of traditional medicines may lead to nephrotoxic 

Figure 2 The KDIGO-bundle of treatment measures in patients at risk of AKI and across AKI stages with interventions ranked in importance from top to bottom. The 
KDIGO-bundle centers on avoiding nephrotoxic substances, optimizing volume status, maintaining normoglycemia, and regular monitoring of serum creatinine and urine 
output. In malaria endemic areas, there is widespread heterogeneity in access to services across health facilities. Although the KDIGO-bundle of treatment measures will 
vary based on whether the setting is a specialized hospital or a resource-constrained lower level healthcare facility, components can be adapted across all resource settings. 
Notes:Reprinted from: Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO Clinical Practice Guideline for Acute Kidney 
Injury. Kidney International Supplements. 2012;2(1):1–138.21 Copyright © 2012 KDIGO, with permission from Elsevier. 
Abbreviations: KRT, kidney replacement therapy; ICU, intensive care unit.
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exposure in the community that may exacerbate under-
lying delays in seeking care. A systematic review of AKI 
in African children identified nephrotoxins in 16% of 
pediatric AKI.62 Traditional herbal remedies or toxins 
can also contribute to AKI.9,62 In children with severe 
malaria, non-essential nephrotoxic medications should be 
discontinued in children at risk of AKI. Challenges occur 
when each health center’s formulary may be limited in 
scope and may vary with medication shortages, making it 
challenging for providers to switch to less nephrotoxic 
agents when a patient is identified to be at risk or to 
have developed AKI. Further, clinical pharmacists are 
not widely available to assist with drug dosing to reduce 
the nephrotoxic burden. Nevertheless, increased awareness 
regarding AKI frequency and the importance of avoiding 
nephrotoxic medications may lead to substantial reduc-
tions in worsening or hospital-acquired AKI.

Severe malaria is characterized by high levels of endo-
genous nephrotoxins resulting from hemolysis leading to 
the release of cell-free hemoglobin and free heme that are 
nephrotoxic and induce AKI through increased oxidative 
stress.68,71 The primary contributors to hemolysis in 
malaria-endemic areas include P. falciparum infection, 
G6PD deficiency, sickle cell anemia, and other hemolytic 
anemias. Paracetamol represents a potential treatment to 
prevent AKI through its action as a potent inhibitor of 
hemoprotein-catalyzed lipid peroxidation (eg, cell-free 
hemoglobin, myoglobin).102–104 A study is planned to 
evaluate the effect of paracetamol on kidney function in 
460 children with severe malaria in Kinshasa, Democratic 
Republic of the Congo (PROTECtS, ClinicalTrials.gov 
Identifier, NCT04251351).

Fluid Management
AKI is one of the strongest predictors of mortality in 
children with severe malaria.12 As it is most often com-
munity-acquired and associated with prerenal injury, 
appropriate fluid resuscitation is essential. However, cur-
rent literature has demonstrated that aggressive fluid 
administration is associated with poor outcomes in severe 
malaria. In African children with severe malaria and 
shock, fluid bolus was associated with increased 
mortality.105 Liberal fluid resuscitation in adults with 
severe malaria was associated with pulmonary edema 
and increased mortality.106

As tissue hypoxia in severe malaria is associated with 
parasite sequestration in the microvasculature and not 
exclusively hypovolemia, liberal administration of fluids 

may not address the underlying cause of hypoxia and may 
contribute to fluid overload. Rapid fluid boluses are not 
recommended in severe malaria resuscitation. A recent 
prospective study of restricted fluid resuscitation in adults 
with severe malaria found restrictive fluid management did 
not worsen kidney function and tissue perfusion in adult 
patients with severe falciparum malaria and recommended 
crystalloid administration of 2–3 mL/kg per hour during 
the first 24 hours without bolus therapy unless the patient 
is hypotensive.107 This is lower than the WHO recommen-
dations for fluid resuscitation in pediatric severe malaria108 

(Box 1).
The majority of pediatric deaths from severe malaria 

occur during the first 24 hours of hospitalization;2,25,109–111 

thus, developing evidence-based guidelines focusing on 
appropriate early fluid management strategies in children 
with severe malaria at risk of AKI should be prioritized. 
Children with AKI are at increased risk of fluid overload. 
Mechanical ventilation and kidney replacement therapy 
are often unavailable in malaria-endemic settings in sub- 
Saharan Africa; thus, preventing fluid overload is critical. 
Additional studies evaluating optimal approaches of fluid 
management in pediatric severe malaria are required.

Hemodynamic Monitoring
Hemodynamic monitoring can be done non-invasively or 
invasively. A recent survey of African providers found that 
almost 94% had access to non-invasive blood pressure 
monitoring equipment, but less than a quarter had access 
to invasive monitoring capabilities.112 In addition, 
although a high percentage of providers had access to non- 
invasive monitoring equipment, this does not necessarily 
reflect the reality since the absolute number of automated 
blood pressure machines in any facility is often far less 

Box 1 WHO Recommendations for Fluid Resuscitation in 
Pediatric Severe Malaria

1. Immediate correction of hypoglycemia
2. Children unable to retain oral fluids should be managed with 

5% dextrose and/isotonic saline (0.9%) maintenance fluids (3– 

4 mL/kg/hour)
3. Children with severe dehydration receive intravenous Ringer’s 

lactate or 0.9% isotonic saline. Given as 100 mL/kg; in children 

<12 months old give 30 mL/kg in 1h, then 70 mL/kg given over the 
next 5 h. While in children ≥12 months old, give 30 mL/kg over 30 

minutes, then 70 mL/kg over the 2 h. Repeat the first dose of 

30 mL/kg if the radial pulse is still very weak or not detectable
4. A careful record of fluid input and output. If not possible, measure 

weight daily to assess fluid balance
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than the number of patients who meet an indication for 
serial monitoring. There must be adequate nursing avail-
able to see, document, and communicate vital signs to 
clinicians with any serial vital sign monitoring. The 
nurse to patient ratio at some facilities may not make 
this feasible even when the equipment is present.

Creatinine and Urine Output Monitoring
For serum creatinine to have utility in AKI management, 
the test must be accessible, and results must be available in 
a clinically relevant timeframe. Inconsistencies between 
facilities’ capacity for testing, collection, and turn-around 
time to results, coupled with underdeveloped hospital 
record systems, make serial monitoring of serum creati-
nine difficult.

As was previously mentioned, monitoring urine output 
is also challenging. It is rare to have pediatric patients with 
indwelling urinary catheters to assess urine output accu-
rately. In younger patients, diapers are not routinely 
weighed, and older patients are not routinely provided 
urinary catch receptacles, allowing for easy measurement 
of urine with each void. In instances where it is not 
possible to assess fluid input and output, daily weights 
can be taken to monitor fluid balance, but this does not 
help diagnose AKI.

Avoiding Hyperglycemia
When considering the clinical management of severe 
malaria, it is important to consider glucose monitoring. 
Children with severe malaria are susceptible to hypogly-
cemia with malnutrition, younger age, an inability to eat or 
drink, and altered consciousness as risk factors.2 In set-
tings where glucose monitoring is unavailable and children 
present with coma, it is clinically important to rule out 
hypoglycemia as a cause. As such, glucose bolus is 
a critical component in managing severe malaria and is 
often administered without glucose monitoring. Glucose 
monitoring and maintenance of normoglycemia are impor-
tant as stress hyperglycemia is common among critically 
ill children and associated with increased mortality. In 
children with severe malaria in Mozambique, continuous 
glucose monitoring identified hypoglycemia in 15.4% of 
children and hyperglycemia (glucose ≥ 11.0 mmol/L) in 
15.9% of children, although rare on admission.113 In 
Ugandan children with severe malaria, 35% had 
a glucose measurement >6.8 mmol/L.114 In ICU popula-
tions in high-resource settings, there is some evidence that 
maintaining normoglycemia may reduce AKI.21 In the 

context of severe malaria, where routine glucose monitor-
ing is not always available, the risks of hypoglycemia 
likely outweigh the potential benefits of maintaining nor-
moglycemia. In settings where continuous glucose mon-
itoring is possible, attempts to avoid hyperglycemia are 
warranted. Additional studies are needed to elucidate 
whether hyperglycemia is a risk factor for AKI in the 
context of severe malaria or a reflection of multi-organ 
dysfunction and metabolic dysfunction.

Kidney Replacement Therapy
To substantially reduce mortality associated with severe 
malaria in children, increased access to kidney replacement 
therapy is critical. Baelani et al112 found that only 36% of 
African providers always had access to peritoneal dialysis, 
with slightly more (43.2%) always having access to hemo-
dialysis/hemofiltration. There have been efforts by the 
Saving Young Lives program of the International Society 
of Nephrology to expand access to pediatric peritoneal dia-
lysis in Africa. Among 32 dialyzed children with AKI in the 
Democratic Republic of Congo, 75% recovered normal kid-
ney function within 3 months of discharge,115 and although 
mortality was still high at 18.7%, it was substantially lower 
than the estimated 73% in children in whom dialysis is 
indicated but not available.62 In Cameroon, efforts to 
increase peritoneal dialysis through locally produced solu-
tions compared to commercial solutions resulted in compar-
able mortality and peritonitis rates,116 emphasizing how 
initial investments in training and capacity can be sustained 
through locally-driven solutions. To reduce mortality asso-
ciated with malaria— and improve long-term outcomes— 
there must be efforts to provide dialysis to sustain life and 
give the kidney enough time to recover.

Impact of AKI on Short-Term and 
Long-Term Outcomes
Survival, Length of Hospital Stay, and Risk 
of Readmission or Death
Many retrospective studies show that AKI is associated with 
increased mortality, length of hospitalization, need for kid-
ney replacement therapy, and mechanical ventilation in high- 
income countries.117–119 These data are supported by a large, 
prospective, international study,43 which demonstrated 
a stepwise increase in the risk of mortality across KDIGO- 
defined AKI stages. AKI is a well-established risk factor for 
mortality in children with severe malaria12–15,120 and is 
associated with prolonged duration of hospitalization.13 
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AKI is associated with increased post-discharge mortality in 
severe malaria14 and increased readmission or mortality in 
both pediatric and adult AKI survivors in high-income 
settings.121–126 Children with severe malaria are at increased 
risk of readmission following discharge,127–130 but the rela-
tionship between AKI and readmission in children with 
severe malaria has not been investigated. A recent study 
has implicated hemoglobinuria or blackwater fever with 
post-discharge morbidity and mortality.131 Blackwater fever 
is well described in children with severe malaria-associated 
AKI and likely related to hemolysis and the release of 
endogenous nephrotoxins.7,14,17,132,133 Additional research 
is needed to understand the relationship between blackwater 
fever and AKI.

Disability on Discharge and Long-Term 
Brain Injury
There is increasing evidence that AKI is associated with 
neurologic deficits in severe malaria survivors13,14 and 
is a risk factor for long-term neurocognitive deficits and 
behavioral problems in survivors.14,134 In Ugandan chil-
dren, the relationship between AKI and brain injury 
remained significant following adjustment for disease 
severity and was associated with endothelial 
activation,74 blood-brain-barrier dysfunction,14 and 

increased tau— a marker of axonal injury— in the 
cerebrospinal fluid.135 Thus, the epidemiological asso-
ciations are consistent with laboratory findings support-
ing a biological link between brain injury and AKI. 
There are also emerging data from pediatric sepsis 
cohorts identifying AKI as a risk factor for disability 
in survivors.136,137

Kidney Recovery Following Injury
There is a growing body of evidence that kidney dysfunc-
tion may persist following an AKI episode, which may 
culminate into chronic kidney disease. Kidney disease is 
classified as acute (acute kidney disease, AKD) if ≤3 
months and chronic (chronic kidney disease, CKD) when 
disease persists for more than three months21,138,139 

(Figure 3). AKI represents a subset of AKD in which 
there is an abrupt decrease in kidney function within one 
week. AKI and AKD may appear to resolve in the short- 
term but can lead to an increased long-term risk of 
CKD.140 CKD also represents a risk factor for AKI, and 
AKI, in turn, can accelerate CKD progression leading to 
worsening glomerular filtration rate or albuminuria.21

AKI can lead to nephron loss and reduced kidney 
functional reserve which may not be evident based on 
creatinine levels. The ability to detect a decline in kidney 
function is affected by age. Even when an AKI episode 

Figure 3 An overview of AKI, AKD, and CKD. Overlapping boxes depict the interrelationships among AKI, AKD, and CKD. AKI is a subset of AKD, and both AKI and AKD 
can be superimposed on CKD. Acute kidney diseases (AKD) are ≤3 months in duration, and CKD is kidney disease present >3 months. Note: Definitions and concepts data 
from Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group.21
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leads to significant kidney damage, the functional impair-
ment manifested by an increase in serum creatinine may 
not manifest until a child enters adolescence and experi-
ences a growth spurt with an increase in metabolic load.141

The kidney is susceptible to injury and has a limited 
capacity for repair that involves cellular differentiation and 
proliferation. Proximal tubular cells have a high metabolic 
rate and are susceptible to injury from ischemia or endo-
genous or exogenous toxins.61 Following the loss of tub-
ular cells from injury, epithelial cells can re-differentiate 
and replace lost or damaged cells as part of the natural 
repair process.142 However, perturbations in the repair 
process can lead to fibrosis, or the development of CKD, 
placing survivors at risk for reduced lifespan and comor-
bidities, including cardiovascular disease, or kidney 
failure.142

As the burden of non-communicable diseases increases in 
LMIC and there is an increase in CKD, it is important to 
identify potentially modifiable risk factors.139 An underap-
preciated risk factor for CKD may be severe or repeated AKI 
or AKD episodes that accumulate over a lifetime leading to 
nephron loss and CKD. The relationship between AKI-AKD 
-CKD has been evaluated in several adult and pediatric 
populations. A review of kidney sequelae following AKI in 
pediatric populations was recently carried out by 
Sigurjonsdottir et al.143 Following AKI defined using con-
sensus criteria, the prevalence of proteinuria ranges from 42– 
69%, hypertension from 3–38%, and 13–15% of children 
have a GFR <90 mL/min/1.73m2.144–149 The relationship 
between AKI and CKD has not been systematically investi-
gated in children in LMIC.

Previously, we reported a 2.81 fold (95% CI 1.02, 7.73) 
increased odds of CKD (eGFR<90 mL/min per 1.73m2) at 
one-year follow-up in Ugandan children following AKI in 
severe malaria.14 Studies are ongoing to evaluate the pre-
valence of CKD between 4–20 years following severe 
malaria and to assess the relationship between AKI 
and CKD.

Moving Forward: How Do We 
Diagnose AKI in Settings with 
Limited Testing Infrastructure?
Limitations in laboratory infrastructure in sub-Saharan 
Africa impact the ability to assess AKI in clinical set-
tings. Access to specialized diagnostic tests often relies 
on out-of-pocket payment by patients highlighting the 
need for affordable diagnostics that are amenable to 

widespread use in public facilities. Affordable and 
accessible diagnostics are critical to improving diagnosis 
and clinical management of AKI and should reflect 
functional or structural measures of kidney disease 
(Box 2).

Several point-of-care creatinine tests can be used in 
healthcare settings without a centralized laboratory and 
creatinine test capacity. Diagnostics for identification of 
AKI in LMIC have been recently reviewed, including 
seven point-of-care platforms for creatinine testing with 
approximate costs ranging from $4000 to 20,000 USD for 
the devices and the cost per test from $4–20.150 In addition 
to relatively high prices for tests, logistical and practical 
challenges remain with strips or cartridges requiring 
refrigeration and having a relatively short shelf-life.150 

Alternative biomarkers of AKI that may have potential 
for use in malaria-endemic areas for increased AKI recog-
nition are discussed below.

Blood urea nitrogen (BUN) accumulates in the blood 
when kidney function decreases. In Ugandan children 
with severe malaria, BUN is strongly correlated with 
AKI and outperforms serum creatinine in predicting 
mortality.13 The prognostic utility of BUN has been 
demonstrated in over 5000 African children with severe 
malaria across 11 sites in 9 African countries.11 BUN is 
water-soluble and can be monitored non-invasively in 
saliva (saliva urea nitrogen, SUN) at $1–2 using a semi- 
quantitative lateral flow dipstick. Studies assessing the 
discriminative ability of dipstick SUN to detect elevated 
BUN have reported sensitivities ranging from 77–85% 
and specificities of 85–88%.150 SUN has been tested in 
several adult populations, including populations in low- 
resource settings, where SUN had good performance of 
identifying AKI with areas under the ROC curve 
>0.80.151–155 There is now evidence that SUN can 

Box 2 What Tests are Needed When AKI is Suspected?

● Point-of-care tests in LMIC settings in situations where advanced 

biochemistry testing is unavailable

○ Creatinine
● Blood urea nitrogen (BUN) or saliva urea nitrogen (SUN)
● Urine neutrophil-gelatinase associated lipocalin-1 (NGAL)
● Albuminuria or proteinuria (urine dipsticks)
● Estimate urine output
● Urine microscopy and urine biochemistry to elucidate etiology and 

assess severity
● Renal imaging or biopsy as indicated (and available)
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identify children with AKI in sub-Saharan Africa156 

with additional studies ongoing.
Neutrophil gelatinase-associated lipocalin (NGAL) 

is a 25 kDa glycoprotein expressed and secreted by 
kidney tubular cells and is considered an early biomar-
ker of kidney injury.157 Recently, a lateral-flow test 
strip was developed by BioPorto that can facilitate 
rapid quantitation of urinary NGAL (uNGAL) in 

resource-limited settings.158 The uNGAL lateral-flow 
test is easy to perform, and results can be quantified 
using a digital strip reader. Several other putative AKI 
biomarkers have been identified related to glomerular 
function,159,160 tubulointerstitial injury,161,162 cell cycle 
arrest inhibitors,163 endothelial activation,164,165 and 
inflammation.165,166 At present, there are limited data 
on performance of AKI biomarkers in populations of 

Figure 4 Research priorities for improved detection, diagnosis, and clinical management of AKI in children with severe malaria. In the context of pediatric severe malaria, we 
highlight four research priorities: 1) increased access to affordable and quality diagnostics, 2) use of standardized guidelines for accurate diagnosis that include unified 
approaches of estimating baseline serum creatinine in defining kidney disease and harmonizing nomenclature across studies, 3) establishing evidence-based clinical guidelines 
for acute management of severe malaria in the context of a high burden of AKI, and developing guidelines on appropriate monitoring and follow-up of recovery following 
kidney injury, 4) to evaluate outcomes associated with AKI in severe malaria focusing on mortality, long-term chronic kidney disease (CKD) and child neurodevelopment.
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children with severe malaria. There is a critical need 
for investment to evaluate the utility of existing AKI 
biomarkers and evaluate the diagnostic performance of 
novel biomarkers in the early diagnosis of severe 
malaria-associated AKI.

Although there remain barriers to the routine assess-
ment of AKI in populations at high risk of disease, a high 
index of suspicion and appropriate implementation of 
available tools can improve the identification and clinical 
management of AKI. A summary of recommended tests is 
provided in Box 2, and the KDIGO-clinical management 
guidelines in Figure 2 are outlined with the capacity to 
improve the care of children with severe malaria.

Future Directions: Priorities for 
Research
In summary, AKI is a frequent clinical complication in 
children with severe malaria and is associated with con-
siderable morbidity and mortality. We outline a series of 
research priorities in Figure 4 to improve the detection, 
diagnosis, and clinical management of AKI in children 
with severe malaria. The long-term consequences of AKI 
in children with severe malaria remain understudied, but 
AKI likely contributes to long-term CKD in malaria- 
endemic areas. To understand the long-term impact of 
AKI across the lifespan, additional research is needed to 
improve access to affordable and quality diagnostics to 
facilitate the early identification of AKI and AKD. To 
evaluate outcomes across settings, standardized guidelines 
must be applied using comparable approaches to estimate 
baseline serum creatinine in populations. Clear and con-
text-specific clinical guidelines are urgently needed that 
can be adapted and applied in resource-constrained rural 
clinics and well-resourced intensive care units at public 
and private health facilities. Finally, long-term cohorts are 
needed to evaluate the relationship between AKI, AKD, 
and both short-term and long-term health-related quality of 
life following severe malaria in children.
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