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Abstract 

Background:  Recent research has established that acute kidney injury (AKI) is a common problem in severe paedi-
atric malaria. Limited access to kidney diagnostic studies in the low resources settings where malaria is common has 
constrained research on this important problem.

Methods:  Enrolment data from an ongoing clinical trial of antipyretics in children with central nervous system (CNS) 
malaria, CNS malaria being malaria with seizures or coma, was used to identify risk factors for AKI at presentation. 
Children 2–11 years old with CNS malaria underwent screening and enrollment assessments which included demo-
graphic and anthropomorphic data, clinical details regarding the acute illness, and laboratory studies including cre-
atinine (Cr), quantitative parasite count (qPC), quantitative histidine rich protein 2 (HRP2), lactate, and bilirubin levels. 
Children with a screening Cr > 106 µmol/l were excluded from the study due to the potential nephrotoxic effects of 
the study drug. To identify risk factors for AKI at the time of admission, children who were enrolled in the study were 
categorized as having AKI using estimates of their baseline (i.e. before this acute illness) kidney function and creatinine 
at enrollment applying the Kidney Disease: Improving Global Outcome (KDIGO) 2012 guidelines. Logistic regressions 
and a multivariate model were used to identify clinical and demographic risk factors for AKI at presentation among 
those children enrolled in the study.

Results:  465 children were screened, 377 were age-appropriate with CNS malaria, 22 (5.8%) were excluded due to 
Cr > 106 µmol/l, and 209 were enrolled. Among the 209, AKI using KDIGO criteria was observed in 134 (64.1%). One 
child required dialysis during recovery. Risk factors for AKI in both the logistic regression and multivariate models 
included: hyperpyrexia (OR 3.36; 95% CI 1.39–8.12) and age with older children being less likely to have AKI (OR 0.72; 
95% CI 0.62–0.84).

Conclusion:  AKI is extremely common among children presenting with CNS malaria. Hyperpyrexia with associated 
dehydration may contribute to the AKI or may simply be a marker for a more inflammatory systemic response that is 
also affecting the kidney. Appropriate fluid management in children with CNS malaria and AKI may be challenging 
since generous hydration to support kidney recovery could worsen malaria-induced cerebral oedema in this critically 
ill population.

Trial registration https://​clini​caltr​ials.​gov/​ct2/​show/​NCT03​399318
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Background
Over the past decade, there has been increased apprecia-
tion that acute kidney injury (AKI) is a common compli-
cation of severe malaria in children [1, 2]. Available data 
estimate that about 24–59% of African children with 
severe malaria experience AKI [3]. The follow up of these 
survivors is challenging as very few of them will have kid-
ney function assessed after discharge and the long-term 
effects of severe malaria on the kidney are just beginning 
to be explored. AKI is associated with increased mortal-
ity in critically ill patients. Recent research from Uganda 
has shown that 7.6% of children with severe malaria 
developed chronic kidney disease (CKD) at 1 year with 
AKI during the acute infection being a major risk fac-
tor for CKD [4]. AKI is associated with nephron damage 
and reduced functional kidney reserve over time and it is 
suggested that the risk of CKD may be influenced by the 
severity, number of episodes and the duration of AKI [3, 
5].

The AKI guidelines from the Kidney Disease: Improv-
ing Global Outcome (KDIGO) consortium uses change 
in creatinine and urine output to define AKI [6]. Base-
line (prior to acute illness) Cr is generally unknown in 
healthy children, especially in resource limited settings. 
Studies of paediatric kidney function in Africa are lack-
ing even though the population is at high risk of AKI due 
to limited access to affordable and quality diagnostics. 
The diagnosis of malaria-associated AKI remains a chal-
lenge in sub-Saharan Africa due to lack of information on 
pre-malaria kidney function, limited access to laboratory 
facilities for Cr levels during the acute malaria infection 
and suboptimal resources and staffing for precise meas-
urement of urine output. Researchers in Uganda have 
recently validated formulas to facilitate estimation of a 
child’s baseline normal creatinine value based upon age 
[7]. The purpose of this study was to identify the preva-
lence of and risk factors for AKI at presentation among 
children with central nervous system (CNS) malaria 
within the context of an ongoing neuroprotective clinical 
trial.

Methods
A retrospective observational study was conducted using 
screening and admission data from an ongoing clinical 
trial of antipyretics in CNS malaria being conducted in 
Zambia at Chipata Central Hospital (CCH) and Malawi 
at Queen Elizabeth Central Hospital (QECH). (https://​
clini​caltr​ials.​gov/​ct2/​show/​NCT03​399318).

Inclusion criteria for the clinical trial includes age 
2–11  years old, having malaria based upon a posi-
tive rapid diagnostic test or Plasmodium falciparum on 
peripheral blood smear, and the presence of CNS mani-
festations of malaria including coma (Blantyre Coma 
Score (BCS) ≤ 2) or seizures. Because part of the clini-
cal trial intervention includes ibuprofen, children were 
excluded if they presented with a Cr > 106 µmol/l. Other 
exclusion criteria were vomiting, circulatory collapse, 
jaundice or a total serum bilirubin > 265 µmol/l, having an 
allergy to paracetamol or nonsteroidal anti-inflammatory 
drugs, a contraindication to nasogastric tube insertion, or 
a history of liver disease, gastric ulcers, thrombocytope-
nia or haematological disorders.

Among eligible children, written informed consent 
from the parent/guardian was required. At the time of 
admission to the study site, enrolled children had exten-
sive data collected including demographic characteris-
tics, anthropomorphic data, clinical data regarding the 
acute infection including seizures prior to enrollment 
and administration of antipyretics, if applicable. Time 
of coma onset relative to presentation for care was cap-
tured only in Malawi. Laboratory data collected during 
the admission on enrolled children included quantita-
tive parasite count (qPC), quantitative histidine rich pro-
tein 2 (HRP2), lactate, bilirubin, and packed cell volume 
(PCV). Admission data and blood samples were collected 
concurrent with treatment initiation and resuscitation, if 
needed. Fundoscopy to determine whether the malaria 
retinopathy was present was completed on admission at 
the Malawi site only [8, 9]. Discharge status was assessed 
by the clinician who evaluated the child on the day of dis-
charge. A neurologic examination to identify neurologic 
sequelae, including visual impairments, severe hypoto-
nia, or hemiparesis, was conducted the day of discharge. 
Outcomes included alive and well at discharge, alive with 
neurologic sequalae at discharge, or died.

Cr was determined based upon analysis of whole blood 
captured via finger prick using a STAT Sensor Creatinine 
Meter [10]. Quantitative parasite count (qPC) was deter-
mined by counting parasitized red cells on a thick smear 
stained with Field stain and comparing count to either 
PCV as an estimate of total red blood cell count or an 
estimated white blood cell count of 8,000 per/ul. Lactate 
and bilirubin were measured using point of care tests on 
whole blood (Lactate Pro, Arkay. Minneapolis, Minne-
sota and Reichert Technologies, Depew, New York) [11, 
12]. Quantitative HRP2 was measured on stored plasma 
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samples following the manufacturer’s protocol (Cellabs, 
Brookvale, Australia) with the modification of incuba-
tions being performed at 37 °C. The plates were analysed 
using an ELx800 reader at 450 nm (BioTek Instruments, 
Winooski, Vermont, USA). Plasma HRP-2 concentrations 
were calculated by comparing the results from patient 
samples with a standard curve generated from analy-
sis of the recombinant stock. All results that fell out-
side the linear range were re-analysed after adjustment 
of dilution factors. Glucose was measured using whole 
blood obtained via finger prick and a handheld point-of 
care device [11]. HIV status was ascertained based upon 
any documented HIV antibody test result certified by a 
known authority or by antibody testing on the ward. For 
critically ill children, questions regarding developmental 
history and requests for HIV testing (if status not already 
known and documented in the child’s health passport), 
were often deferred until the child was stabilized.

Among admission characteristics, temperature was 
measured using a TempTraq® device placed in the axilla 
for measuring temperature every 2–4  min. Tempera-
ture was categorized as hypothermic < 36° Celsius (C), 
normothermic (36.0–37.0  °C), febrile (> 37, < 38.5  °C) or 
hyperpyrexic (≥ 38.5  °C). These categories were utilized 
rather than temperature as a continuous variable since 
hypothermia is uncommon but a risk factor for death 
[13] and hyperpyrexia is associated with more severe 
disease and poorer neurological outcomes [14, 15]. The 
association between high fevers and poorer neurologi-
cal outcome may be due to the temperature-dependent 
nature of malaria parasite sequestration which may 
also have implications for malaria associated AKI [16]. 
Admission diagnosis was categorized as CNS malaria or 
cerebral malaria (CM) with CM representing the most 
severe manifestation of CNS malaria [17]. Any history of 
seizures before admission was categorized as none, single 
brief, or multiple or prolonged since duration of clinical 
seizure might be expected to contribute to dehydration 
and myoglobinuria—two potential contributors to AKI in 
malaria. When antipyretics were reported to have been 
given before admission, attempts were made to clarify 
the medication used. Anthropomorphic data were used 
to calculate weight for age, height for age and weight for 
length using World Health Organization Child Growth 
Standards [18].

Children enrolled in the clinical trial were categorized 
as having AKI using the KDIGO 2012 consortium guide-
lines which defines AKI based upon a change in Cr from 
baseline. For this analysis, the change in creatinine was 
determined by the difference between the admission cre-
atinine and an estimated baseline creatinine, which was 
back-calculated using the Pottel age-based equation, 

where estimated glomerular filtration rate (GFR) = 107.3/
(SCr/Q), (Q = 0.0270 * age + 0.2329) assuming a normal 
GFR of 120  mL/min per 1.73m2 as validated by recent 
studies in Ugandan children [7]. Using estimated base-
line Cr, AKI at presentation was defined as a 1.5 fold 
‘increase’ of creatinine on admission from estimated 
baseline. Although subsequent creatinine levels were 
obtained during the clinical trial, unblinding has not 
occurred and only data available at the time of admission 
before the study intervention was initiated were included 
in this report.

Statistical analysis
For continuous variables, normally distributed variables 
were compared using an independent t-test and non-
normal data were compared using the Mann–Whitney U 
tests. Chi-square, or Fisher’s exact tests were used when 
a cell count was less than 5, to identify differences in cat-
egorical variables. Bivariate logistic regressions were run 
to identify potential risk factors for AKI. Variables were 
included in a multivariate logistic regression if the infor-
mation was captured at all study sites and the p-values 
from the bivariate logistic regression was less than or 
equal to 0.10. All statistical analyses were conducted 
using STATA Version 16.

Results
From January 7, 2019 to November 18, 2021, 465 chil-
dren were screened, 377 were age-appropriate with CNS 
malaria or CM, 254 met eligibility criteria for clinical trial 
enrolment, and 210 were enrolled. Records for one child 
were lost during an infection control intervention on the 
research ward in Malawi so data from 209 children were 
available for analysis. See Fig.  1 for the screening and 
enrolment details.

Among age-appropriate children with CNS malaria 
screened for the clinical trial, 22 (5.8%) were excluded 
due to Cr > 106  µmol/l. All children excluded from the 
clinical trial for Cr > 106 µmol/l would have had AKI by 
the KDIGO criteria. See Table  1 for demographic and 
clinical details for the 209 children enrolled in the clini-
cal trial and included in the AKI risk factor analyses. The 
mean age was 4.1  years old, 56.0% (n = 117) were male 
and 59.3% (n = 124) had CM (CNS malaria with coma). 
The prevalence of AKI among those enrolled using base-
line estimates, the admission Cr and the KDIGO criteria 
was 134/209 (64.1%) with 63 (30.0%) having stage 1, 56 
(26.8%), stage 2 and 15 (7.2%) stage 3, per KDIGO.

Table 1 also details AKI risk factors analyses. Risk fac-
tors for AKI identified in the bivariate analyses included 
age (OR 0.76; 95% CI 0.66–0.88, p = 0.000) and being 
hyperpyrexic on admission (OR 3.28; 95% CI 1.44–7.46, 
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p = 0.005). In a multivariate model including age, pres-
ence of hyperpyrexia, and seizures prior to admission, 
age (OR 0.72; 95% CI 0.62–0.84; p-0.000) and hyperpy-
rexia (OR 3.36; 95% CI 1.39–8.12, p = 0.007) remained 
risk factors.

Discussion
Among 377 children aged 2–11 years with CNS malaria 
or CM who were screened for enrollment in the clini-
cal trial, 156 (41.4%) had evidence of AKI at presenta-
tion based upon screening Cr > 106 µmol/l OR applying 

Fig. 1  Enrollment flow
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Table 1  Patient characteristics and risk factor analyses (n = 209)

No AKI
N = 75

Any AKI
N = 134

All
N = 209

Overall P-value Bivariate OR (95% CI)
p-value

Multivariate Model

Demographics

Age, mean years (standard deviation 
(SD))

5.3 (2.3) 4.2 (1.8) 4.1 (2.1) 0.010 0.76 (0.66–0.88)
p = 0.000

0.72 (0.62–0.84)
p = 0.000

 Gender, n (%)
Male

40 (53.3) 77 (57.5) 117 (56.0) 0.56 1.18 (0.67–2.09)
p = 0.56

History and clinical features at admission

Admission temperature, °C, n (%) 0.002

Hypothermic, < 36.0 6 (8.0) 2 (1.5) 8 (3.8) 0.35 (0.06–2.02)
p = 0.24

0.23 (0.04–1.39)
p = 0.11

 Normal, 36.0–37.0 17 (22.7) 16 (11.9) 33 (15.8) – –
 Febrile, > 37.0, < 38.5 28 (37.3) 42 (31.3) 70 (33.4) 1.59 (0.69–3.67)

p = 0.27
1.83 (0.75–4.50)
p = 0.18

 Hyperpyrexia, ≥ 38.5  24 (32.0)  74 (55.2)  98 (46.9) 3.28 (1.44–7.46)
p = 0.005

3.36 (1.39–8.12)
p = 0.007

Admission diagnosis, n (%) 0.31

 CNS malaria 34 (45.3) 51 (38.1) 85 (40.7) –

 Cerebral malaria 41 (54.7) 83 (61.9) 124 (59.3) 1.35 (0.76–2.39)
p = 0.31

Developmental delay before illness, 
n (%)

4 (5.3) 7 (5.2) 11 (5.3) 0.97 0.97 (0.28–3.46)
p = 0.97

Coma duration prior to admission, hrs1, 
mean (SD)

N = 24
24.2 (18.5)

N = 73
22.1 (17.3)

N = 97
22.6 (17.6)

0.61 0.99 (0.97–1.02)
p = 0.61

History of seizures with this illness prior 
to enrolment, n (%)

0.21

 None 8 (10.7) 27 (20.2) 35 (16.8) –

 Single and brief 9 (12.0) 15 (11.2) 24 (11.5) 0.49 (0.16–1.55)
p = 0.23

0.35 (0.10–1.24)
p = 0.10

 Multiple or prolonged 58 (77.3) 92 (68.7) 150 (71.8) 0.47 (0.20–1.10)
p = 0.083

0.43 (0.17–1.12)
p = 0.084

Clinical retinopathy1, n (%) N = 24
10 (41.6)

N = 73
43 (58.9)

N = 97
53 (54.6)

0.14 1.97 (0.95–4.09)
p = 0.07

Antipyretics prior to enrolment, n (%) 66 (88.0) 118 (88.1) 184 (88.0) 0.99 1.01 (0.42–2.40)
p = 0.99

 Paracetamol as antipyretic, n (%) N = 66
62 (93.9)

N = 118
112 (94.9)

N = 184
174 (94.5)

0.78 1.20 (0.33–4.43)
p = 0.78

Anticonvulsants prior to enrolment, 
n (%)

37 (49.3) 74 (55.2) 111 (53.1) 0.41 1.27 (0.72–2.23)
p = 0.41

Outcome, n (%) N = 75 N = 134 N = 209 0.12

 Alive and well 70 (93.3) 112 (83.6) 182 (87.1)

 Alive with neurologic sequelae 2 (2.7) 13 (9.7) 15 (7.2)

 Died 3 (4.0) 9 (6.7) 12 (5.7)

Weight for Age, n (%) N = 71 N = 133 N = 204 0.44

 Normal 51 (71.8) 99 (74.4) 150 (73.5) –

 Underweight 17 (23.9) 24 (18.1) 41 (20.1) 0.73 (0.36–1.47)
p = 0.38

 Severely underweight 3 (4.2) 10 (7.5) 13 (6.4) 1.72 (0.45–6.52)
p = 0.43

Height for Age, n (%) N = 54 N = 118 N = 172 0.65

 Normal 44 (81.5) 90 (76.3) 134 (77.9) –

 Stunted 7 (13.0) 22 (18.6) 29 (16.9) 1.54 (0.61–3.87)
p = 0.36

 Severely stunted 3 (5.6) 6 (5.1) 9 (5.2) 0.98 (0.23–4.09)
p = 0.98

Weight for length, n (%) N = 26 N = 90 N = 116 0.13
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the KDIGO criteria for AKI using estimates of baseline 
kidney function compared to admission kidney function 
among those enrolled in the clinical trial. This is similar 
to other recent reports on AKI in African children with 
severe malaria [3]. Reasons for the growing body of lit-
erature indicating that malaria-related kidney injury is a 
major problem in malarial regions could be due to uptake 
of the standardization of the definition of AKI by the 
KDIGO 2012 consortium [19] and/or the changing epi-
demiology of malaria. As malaria control programmes 
are implemented, many areas have changed from hyper-
transmission zones to endemic regions meaning that a 
lower proportion of the population will be immune and 
so are at higher risk of severe forms of malaria. Such an 
association between transmission intensity and clinical 
manifestations of severe falciparum have been previously 
noted for cerebral malaria [15].

The primary limitation of this study is that the inclu-
sion criteria for the clinical trial and thus the analytic 
sample for AKI risk factor analyses excluded children 

with Cr > 106 µmol/l, elevated bilirubin and/or vomiting. 
As such, the population included in the risk factor anal-
yses is not fully representative of all children with CNS 
malaria. Nevertheless, the risk factor analysis provides 
some insights. Potential pathophysiologic mechanisms 
for AKI in malaria include haemoglobinuria, parasite 
sequestration, volume depletion, endothelial activation, 
microcirculatory dysfunction, inflammation and immune 
activation [3, 20, 21]. In the present study, haemoglobin 
and bilirubin levels, possible proxies for the quantifica-
tion of the severity of haemolysis [22], were not identified 
as risk factors of AKI, but children with visible jaundice 
or bilirubin > 265  µmol/l were actively excluded from 
clinical trial enrolment. Malaria parasite biomass, as 
assessed by quantifying HRP-2 at admission, was also not 
associated with AKI in contrast to some recent studies 
which have showed an association [21, 23]. In this study, 
being older was found to be a protective factor (OR 0.76; 
95% CI 0.66–0.88, p = 0.01). It is known that in endemic 
regions, malaria is more likely to affect children < 5 years 

Table 1  (continued)

No AKI
N = 75

Any AKI
N = 134

All
N = 209

Overall P-value Bivariate OR (95% CI)
p-value

Multivariate Model

 Normal 25 (96.2) 72 (80.0) 97 (83.6) –

 Wasting 1 (3.9) 11 (12.2) 12 (10.3) 2.70 (0.46–15.68)
p = 0.27

 Severe wasting 0 (0.0) 7 (7.8) 7 (6.0) 5.26 (0.29–95.70)
p = 0.26

Laboratory findings at admission

qPC N = 74
620

N = 125
440

N = 199
480
Range 
0–2,806,000

p = 0.49 0.97 (0.89–1.06)
p = 0.49

HRP2 N = 54
97

N = 88
183

N = 199
165
Range 
0.22–3305

p = 0.30 1.11 (0.91–1.36)
p = 0.29

Bilirubin on admission, mg/dL, mean 
(SD)

0.77 (0.74) 0.77 (0.70) 0.77 (0.72) 0.96 0.99 (0.67–1.47)
p = 0.96

Lactate on admission, mmol/l, mean 
(SD)

5.1 (4.1) 4.7 (4.9) 4.8 (4.8) 0.45 0.98 (0.92–1.03)
p = 0.48

PCV on admission, mean (SD) 28.4 (6.0) N = 133
27.7 (7.4)

N = 208
27.97 (6.9)

0.48 0.99 (0.94–1.03)
p = 0.48

HIV status, n (%) N = 71 N = 132 N = 203 0.66

 Positive 3 (4.2) 4 (3.0) 7 (3.5) 0.71 (0.15–3.26)
p = 0.66

Admission glucose, n (%) 0.50

 Hypoglycaemia 4 (5.3) 4 (3.0) 8 (3.8) 0.51 (0.12–2.11)
p = 0.35

 Normal 48 (64.0) 95 (70.9) 143 (68.4) –

 Hyperglycaemia 23 (30.7) 35 (26.1) 58 (27.8) 0.77 (0.41–1.44)
p = 0.41

Available only in participants at QECH

Since malaria rapid diagnostic test positive, HRP2 = 0 imputed to be lowest detectable limit of 0.2
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who have not yet developed established specific acquired 
immunity [24, 25]. Whether partial immunity might 
impact kidney vulnerabilities to malaria among children 
is unknown. Recruitment criteria excluded children with 
vomiting and/or circulatory collapse, thus dehydration as 
a risk factor could not be reasonably evaluated. A Ugan-
dan study found that vomiting was associated to AKI 
[23]. Retinopathy in CM represents direct evidence of 
microcirculatory obstruction which is linked to red cell 
sequestration [26] and some autopsy studies have shown 
evidence of red cell sequestration in kidney microvascu-
lature [27]. In this study, retinopathy was not a signifi-
cant risk for AKI. (OR 1.97; 95% CI 0.95–4.05, p = 0.07). 
Having hyperpyrexia with a temperature of  > / = 38.5 °C 
on admission was an AKI risk factors. Fever is a clini-
cal manifestation of malaria attributed to the activation 
of the inflammatory system [28]. Several cytokines have 
been associated with disease syndromes such as CM 
[29–31], but studies specifically showing a correlation 
between fever or pyrogen levels and the risk of malaria-
associated kidney injury are scanty [32].

Conclusion
In resource limited malaria endemic areas, children with 
CNS malaria at highest risk of AKI need to be identified 
for opportune supportive care as kidney replacement 
therapy is not easily accessible [33, 34]. Unfortunately, 
supportive care with generous hydration may worsen 
neurologic morbidity since it might increase cerebral 
oedema and thus mortality [35]. Raising awareness of 
AKI and its risk factors in complicated pediatric malaria 
among primary health care providers to facilitate referral 
to higher centres of care is feasible and warranted [33]. 
Studies are also needed to determine optimal fluid man-
agement of comorbid AKI and CNS malaria.

Acknowledgements
Our sincere gratitude to the children and their parents/guardians for taking 
part in this study and the study staff for the hard work shown.

Author contributions
GLB and KBS obtained funding. DT, SM, GLB and KBS collected data. SM, ID, 
SS, KBS and GLB supported logistics. CM advised re renal issues identified. GLB 
and ID completed analysis. GLB and DT wrote first draft. All authors reviewed, 
edited and approved the final version. All authors read and approved the final 
manuscript.

Funding
Research reported in this publication was supported by the National Institute 
of Neurological Disorders and Stroke of the National Institutes of Health under 
Award Numbers R01NS102176, R01NS111057, and R35NS122265. The funders 
had no role in study design, conduct or the decision to publish. The content is 
solely the responsibility of the authors and does not necessarily represent the 
official views of the National Institutes of Health.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
Written study consent was obtained from parents/guardian of the study 
participant. The study has been approved by the following institutional review 
boards: The University of Zambia Biomedical Research Ethics Committee 
FWA00000338 (UNZA BREC), the University of Malawi’s College of Medicine 
Research Ethics Committee FWA00011868 (COMREC) and the University of 
Rochester’s Research Subjects review Board FWA00009386 (RSRB).

Consent for publication
Not applicable.

Competing interests
No competing interest to declare.

Author details
1 Department of Paediatrics and Child Health, Chipata Central Hospital, 
Chipata, Zambia. 2 Dept. of Paediatric & Child Health, University of Zambia 
School of Medicine, Lusaka, Zambia. 3 Department of Neurology, University 
of Rochester, Rochester, NY 14642, USA. 4 University Teaching Hospitals, 
Neurology Research Office, Lusaka, Zambia. 5 Blantyre Malaria Project, Kamuzu 
University of Health Sciences, Blantyre, Malawi. 6 Dept. of Osteopathic Medical 
Specialties, College of Osteopathic Medicine, Michigan State University, East 
Lansing, MI, USA. 7 University Teaching Hospitals Children’s Hospital, Lusaka, 
Zambia. 

Received: 3 May 2022   Accepted: 18 October 2022

References
	1.	 Conroy AL, Hawkes M, Elphinstone RE, Morgan C, Hermann L, Barker 

KR, et al. Acute kidney injury is common in pediatric severe malaria 
and is associated with increased mortality. Open Forum Infect Dis. 
2016;3:ofw046.

	2.	 Kapoor K, Gupta S. Malarial acute kidney injury in a paediatric intensive 
care unit. Trop Doct. 2012;42:203–5.

	3.	 Batte A, Berrens Z, Murphy K, Mufumba I, Sarangam ML, Hawkes MT, et al. 
Malaria-associated acute kidney injury in African children: prevalence, 
pathophysiology, impact, and management challenges. Int J Nephrol 
Renovasc Dis. 2021;14:235–53.

	4.	 Conroy AL, Opoka RO, Bangirana P, Idro R, Ssenkusu JM, Datta D, et al. 
Acute kidney injury is associated with impaired cognition and chronic 
kidney disease in a prospective cohort of children with severe malaria. 
BMC Med. 2019;17:98.

	5.	 Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney injury and 
chronic kidney disease as interconnected syndromes. N Engl J Med. 
2014;371:58–66.

	6.	 Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. 
Nephron Clin Pract. 2012;120:c179-184.

	7.	 Batte A, Starr MC, Schwaderer AL, Opoka RO, Namazzi R, Phelps Nishigu-
chi ES, et al. Methods to estimate baseline creatinine and define acute 
kidney injury in lean Ugandan children with severe malaria: a prospective 
cohort study. BMC Nephrol. 2020;21:417.

	8.	 Birbeck GL, Beare N, Lewallen S, Glover SJ, Molyneux ME, Kaplan PW, 
et al. Identification of malaria retinopathy improves the specificity of the 
clinical diagnosis of cerebral malaria findings from a prospective cohort 
study. Am J Trop Med Hyg. 2010;82:231–4.

	9.	 Seydel KB, Fox LL, Glover SJ, Reeves MJ, Pensulo P, Muiruri A, et al. Plasma 
concentrations of parasite histidine-rich protein 2 distinguish between 



Page 8 of 8Tembo et al. Malaria Journal          (2022) 21:310 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

retinopathy-positive and retinopathy-negative cerebral malaria in 
Malawian children. J Infect Dis. 2012;206:309–18.

	10.	 Schnabl KL, Bagherpoor S, Diker P, Cursio C, Dubois J, Yip PM. Evaluation 
of the analytical performance of the Nova StatSensor creatinine meter 
and reagent strip technology for whole blood testing. Clin Biochem. 
2010;43:1026–9.

	11.	 Gaieski DF, Drumheller BC, Goyal M, Fuchs BD, Shofer FS, Zogby K. 
Accuracy of handheld point-of-care fingertip lactate measurement in the 
emergency department. West J Emerg Med. 2013;14:58–62.

	12.	 McCudden CR, Fleming K, Warr M. Robustness of the Reichert Unistat 
Bilirubinometer for analysis of hemolyzed samples from neonates. Clin 
Biochem. 2017;50:238–40.

	13.	 Stauffer W, Fischer PR. Diagnosis and treatment of malaria in children. Clin 
Infect Dis. 2003;37:1340–8.

	14.	 Birbeck GL, Molyneux ME, Kaplan PW, Seydel KB, Chimalizeni YF, Kawaza 
K, et al. Blantyre Malaria Project Epilepsy Study (BMPES) of neurological 
outcomes in retinopathy-positive paediatric cerebral malaria survivors: a 
prospective cohort study. Lancet Neurol. 2010;9:1173–81.

	15.	 Das LK, Padhi B, Sahu SS. Prediction of outcome of severe falciparum 
malaria in Koraput, Odisha, India: a hospital-based study. Trop Parasitol. 
2014;4:105–10.

	16.	 Udomsangpetch R, Pipitaporn B, Silamut K, Pinches R, Kyes S, Looareesu-
wan S, et al. Febrile temperatures induce cytoadherence of ring-stage 
Plasmodium falciparum-infected erythrocytes. Proc Natl Acad Sci USA. 
2002;99:118259.

	17.	 Molyneux ME, Taylor TE, Wirima JJ, Borgstein A. Clinical features and prog-
nostic indicators in paediatric cerebral malaria: a study of 131 comatose 
Malawian children. Q J Med. 1989;71:441–59.

	18.	 WHO. Child Growth Standards. Geneva: World Health Organization; 2003.
	19.	 Kidney disease: improving global outcomes (KDIGO) acute kidney injury 

work group. KDIGO clinical practice guideline for acute kidney injury. 
Kidney Int. 2012;2:19–36.

	20.	 Karnad DR, Nor MBM, Richards GA, Baker T, Amin P. Intensive care in 
severe malaria: report from the task force on tropical diseases by the 
World Federation of Societies of Intensive and Critical Care Medicine. J 
Crit Care. 2018;43:356–60.

	21.	 Plewes K, Royakkers AA, Hanson J, Hasan MM, Alam S, Ghose A, et al. Cor-
relation of biomarkers for parasite burden and immune activation with 
acute kidney injury in severe falciparum malaria. Malar J. 2014;13:91.

	22.	 Plewes K, Kingston HWF, Ghose A, Maude RJ, Herdman MT, Leopold SJ, 
et al. Cell-free hemoglobin mediated oxidative stress is associated with 
acute kidney injury and renal replacement therapy in severe falciparum 
malaria: an observational study. BMC Infect Dis. 2017;17:313.

	23.	 Namazzi R, Batte A, Opoka RO, Bangirana P, Schwaderer AL, Berrens Z, 
et al. Acute kidney injury, persistent kidney disease, and post-discharge 
morbidity and mortality in severe malaria in children: a prospective 
cohort study. EClinicalMedicine. 2022;44: 101292.

	24.	 Severe malaria. Trop Med Int Health. 2014;19(Suppl 1):7–131.
	25.	 Reyburn H, Mbatia R, Drakeley C, Bruce J, Carneiro I, Olomi R, et al. 

Association of transmission intensity and age with clinical manifesta-
tions and case fatality of severe Plasmodium falciparum malaria. JAMA. 
2005;293:1461–70.

	26.	 Maude RJ, Beare NA, Abu Sayeed A, Chang CC, Charunwatthana P, Faiz 
MA, et al. The spectrum of retinopathy in adults with Plasmodium falcipa-
rum malaria. Trans R Soc Trop Med Hyg. 2009;103:665–71.

	27.	 Nguansangiam S, Day NP, Hien TT, Mai NT, Chaisri U, Riganti M, et al. A 
quantitative ultrastructural study of renal pathology in fatal Plasmodium 
falciparum malaria. Trop Med Int Health. 2007;12:1037–50.

	28.	 Clark IA, Budd AC, Alleva LM, Cowden WB. Human malarial disease: a 
consequence of inflammatory cytokine release. Malar J. 2006;5:85.

	29.	 Dunst J, Kamena F, Matuschewski K. Cytokines and chemokines in cer-
ebral malaria pathogenesis. Front Cell Infect Microbiol. 2017;7:324.

	30.	 Katsoulis O, Georgiadou A, Cunnington AJ. Immunopathology of acute 
kidney injury in severe malaria. Front Immunol. 2021;12: 651739.

	31.	 Lyke KE, Burges R, Cissoko Y, Sangare L, Dao M, Diarra I, et al. Serum levels 
of the proinflammatory cytokines interleukin-1 beta (IL-1beta), IL-6, IL-8, 
IL-10, tumor necrosis factor alpha, and IL-12(p70) in Malian children with 
severe Plasmodium falciparum malaria and matched uncomplicated 
malaria or healthy controls. Infect Immun. 2004;72:5630–7.

	32.	 Plewes K, Turner GDH, Dondorp AM. Pathophysiology, clinical presen-
tation, and treatment of coma and acute kidney injury complicating 
falciparum malaria. Curr Opin Infect Dis. 2018;31:69–77.

	33.	 Igiraneza G, Dusabejambo V, Finklestein FO, Rastegar A. Challenges in 
the recognition and management of acute kidney injury by hospitals in 
resource-limited settings. Kidney Int Rep. 2020;5:991–9.

	34.	 Macedo E, Cerda J, Hingorani S, Hou J, Bagga A, Burdmann EA, et al. 
Recognition and management of acute kidney injury in children: the ISN 
0by25 Global Snapshot study. PLoS ONE. 2018;13: e0196586.

	35.	 Seydel KB, Kampondeni SD, Valim C, Potchen MJ, Milner DA, Muwalo FW, 
et al. Brain swelling and death in children with cerebral malaria. N Engl J 
Med. 2015;372:1126–37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Risk factors for acute kidney injury at presentation among children with CNS malaria: a case control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




