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Abstract

Acute kidney injury (AKI) secondary to severe falciparum malaria possesses a high mortality rate; however, a prognostic
marker of renal dysfunction has not yet been identified. Thus, we reported a case of a patient with AKI secondary to falcipa-
rum malaria who underwent hemodialysis and a renal biopsy due to prolonged renal dysfunction. The male patient, in his 50 s,
presented to our hospital with vomiting, diarrhea, fever, and decreased level of consciousness. The Giemsa-stained peripheral
blood film revealed approximately 5% parasitemia, and a rapid diagnostic test was positive for Plasmodium falciparum. He
was diagnosed with severe falciparum malaria and was started on quinine hydrochloride. Hemodialysis was initiated due to
the decreased urine output and fluid retention. Subsequently, he was weaned off hemodialysis. The histopathological analy-
sis of a renal biopsy revealed interstitial fibrosis, tubular atrophy, and chronic inflammatory cell infiltration; thus, malarial
nephropathy was diagnosed. Thereafter, his renal function stabilized, and he was discharged from the hospital. The urinary
liver-type fatty acid-binding protein (L-FABP) level decreased before renal function improved. Our report highlighted that
long-term follow-up is essential for severe AKI secondary to malaria. The urinary L-FABP level may be a useful prognostic
indicator of AKI secondary to severe falciparum malaria.
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Introduction

Malaria is endemic in > 100 countries, and the World Health
Organization (WHO) estimates that > 240 million cases
and > 600,000 mortalities occur annually [1]. Most tropical
and subtropical regions of the world are malaria-endemic
areas; and the disease is transmitted through the bite of an
infective female Anopheles mosquito, which carries these
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malarial protozoan parasites. In Japan, before the COVID-
19 pandemic, approximately 50-100 cases were reported
annually [1] as imported infections.

Falciparum malaria is a serious public health problem
responsible for approximately 200,000 mortalities world-
wide [2]. Prophylactic medications, including mefloquine
hydrochloride or atovaquone-proguanil, are recommended
for travel to malaria-endemic areas. If not treated within 24 h
of onset, the outcomes of this disease are severe, causing
acute kidney injury (AKI) with secondary hyperkalemia and
hyponatremia, metabolic acidosis, encephalopathy, pulmo-
nary edema, acute respiratory distress syndrome, dissemi-
nated intravascular coagulation, anemia, thrombocytopenia,
and hypoglycemia. AKI is a known complication, particu-
larly of severe falciparum malaria, in which 58% of patients
develop AKI [3]. AKI secondary to malaria is associated
with a high mortality rate; however, a prognostic marker
of renal dysfunction has not yet been identified. Moreover,
few reports exist regarding dialysis and renal biopsies for
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patients with severe malaria. Consequently, in this study,
we report a case of severe AKI, secondary to falciparum
malaria who underwent hemodialysis and a renal biopsy due
to prolonged renal dysfunction.

Case report

A male patient in his 50 s presented to the initial hospi-
tal with vomiting and diarrhea. He had been working as a
resident representative in Africa for a year. There was no
remarkable history until he boarded the plane to return
home, during which he vomited three times. The vomiting
continued after his return to Japan. At dawn on the day after
his return, he had repeated episodes of diarrhea and incon-
tinence and was unable to move; hence, an ambulance was
called. He presented with a fever of 40.4 °C, a decreased
level of consciousness, and a reduced peripheral blood
oxygen saturation of 93% on room air. A Giemsa-stained
peripheral blood film revealed approximately 5% of ring-
form trophozoites and a rapid diagnostic test was positive
for Plasmodium falciparum (P. falciparum); therefore, a
working diagnosis of severe falciparum malaria was made.

The patient was subsequently transferred to our hospital
for treatment. On admission, the body temperature; pulse;
blood pressure; and respiratory rate were E3V5M6, 40.4 °C,
140 beats/min and regular, 136/80 mmHg, and 24 breaths/
min, respectively. The patient was responsive with coherent
speech; however, he showed a delayed response, was drowsy,
and closed his eyes when not being spoken to. The palpebral
conjunctivae were yellowish-in-color and nonanemic. Xeros-
tomia of the oral cavity was noted; however, hemorrhage and
a lichenoid reaction were absent. Bilateral submandibular
and subclavian lymphadenopathy were palpated. Ausculta-
tion of the respiratory system revealed normal pulmonary
and cardiac sounds. Furthermore, on palpation, the abdomen
was soft and tender, with the absence of hepatosplenomeg-
aly. Edema, skin rashes, and purpura of the lower extremities
were not observed. Yellow skin discoloration was absent.

The results of the urinary and blood tests are presented
in Table 1. Proteinuria and occult hematuria were observed.
Granular casts were present, however, erythrocyte casts
were not. Thrombocytopenia as well as hepatic and renal
dysfunction with secondary hyponatremia were observed.
An arterial blood gas test revealed the presence of acido-
sis. Severe malaria is defined as a parasitemia of 10% or
more[4]. Although this case had a parasitemia of 5%, it was
considered severe because it was complicated by hyperbili-
rubinemia and renal impairment. Culture test results were
negative. Simple computed tomography revealed enlarge-
ment of the spleen and bilateral kidneys.

The patient was diagnosed with AKI secondary to
severe malaria evidenced by a high parasitemia of P.

falciparum. On the first day of admission, treatment was

initiated with intravenous quinine hydrochloride after
obtaining informed consent to participate in the study
“Efficacy and safety of injectable quinine in malaria
patients (injectable quinine for malaria)” by the Develop-
ment of Optimal Medical Care Network for the Diagnosis
and Treatment of Tropical and Parasitic Diseases in Japan.
The first dose was 1000 mg intravenously, followed by
500 mg, every 8 h. On the third day, the parasitemia rate
decreased to 0.2%. The patient’s nausea had improved
considerably, and he could tolerate oral artemisinin-com-
bination therapy; thus, quinine hydrochloride was discon-
tinued, as it was theorized that it had resulted in renal
dysfunction. The patient was treated with an artemisinin-
based combination therapy comprising a 160 mg twice
daily oral dosage of artemisinin—lumefantrine combination
tablets for 3 days as per the WHQO’s guidelines [4].

Antimalarial therapy was terminated when the infected
erythrocytes were confirmed to be negative on the fifth day
of treatment. The anorexia and hyponatremia gradually
improved. From the time of admission to the fourth day,
the patient’s serum creatinine worsened from 1.74 mg/dL
to 6.43 mg/dL, his urine output decreased, and he became
fluid-retentive (Fig. 1). Urinary liver-type fatty acid-binding
protein (L-FABP) measured 645 pg/gCr. A temporary vas-
cular catheter was inserted through the right internal jugular
vein. From day four onwards, weekly hemodialysis (HD)
was started as well as continuous infusion management. A
total of ten sessions were conducted. The patient’s urine
output gradually recovered, and the urine toxins began to
decrease spontaneously; on the 22nd day of hospitalization,
he was weaned off HD. At this point, the urinary L-FABP
level measured 67.1 pg/gCr.

The patient’s baseline serum creatinine was 1.08 mg/dL;
however, post-weaning subsequent to HD, this level did not
steadily decline. Therefore, on the 51st day, a renal biopsy
was performed for histopathological analysis (Fig. 2). Light
microscopy revealed that three of the 36 glomeruli were dif-
fusely sclerotic. The glomeruli appeared unremarkable; how-
ever, interstitial fibrosis, tubular atrophy, and mild, chronic,
inflammatory cell infiltration were observed in 70% of the
biopsied renal tissue. In addition, focal tubulointerstitial
inflammation was observed. Intense tubulitis with neutrophilia
and lymphocytosis was observed in some of the non-atrophic
tubular areas. Immunofluorescence stainings for immuno-
globulin (Ig) A, IgM, and IgG; complement components
C3 and C4; and the kappa and lambda chains were negative.
Electron microscopy revealed mild swelling of the glomerular
endothelial cells; nevertheless, foot-process effacement of the
podocytes was preserved. Electron-dense deposits were not
observed in the glomeruli. Histopathological findings revealed
a focal acute tubulointerstitial nephritis, which was confirmed
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Table 1 Laboratory test results
from the day of admission

On admission

Normal range

White blood cell (/uL) 11200 3300-8600
Erythrocyte (x 10%pL) 49 43-55
Hemoglobin (g/dL) 14.6 13.7-16.8
Platelet (x 10*/uL) 14 155-350
Total protein (g/dL) 52 6.9-8.4
Albumin (g/dL) 2.9 4.1-5.1
Urea (mg/dL) 29 8-20
Creatinine (mg/dL) 1.74 0.6-1.0
C-reactive protein (mg/dL) 14.4 <03
Aspartate aminotransferase (IU/L) 228 11-38
Alanine aminotransferase (IU/L) 145 10-42
Sodium (mEgq/L) 122 138-145
Potassium (mEq/L) 34 3.6-4.8
Chloride (mEq/L) 87 101-108
Calcium (mg/dL) 6.6 8.8-10.1
Inorganic phosphorus (mg/dL) 4.1 2.7-4.6
Lactate dehydrogenase (IU/L) 1078 103-190
Alkaline phosphatase (U/L) 83 38-113
Total bilirubin (mg/dL) 4.5 0.4-1.5
Prothrombin time (%) 74 >75
Activated partial thromboplastin time (s) 47 25-35

D dimers (pg/mL) 119.5 <0.99
Hematuria 3+ Negative
Proteinuria 2+ Negative
Urinary leukocytes (/HPF) 14 <10
Urinary erythrocytes (/HPF) 1-4 <5
Urinary protein (g/gCr) 1.05 <0.15
Arterial blood gas: pH 7.43 7.35-7.45
Arterial blood gas: PaCO2 (mm Hg) 28.5 35-45
Arterial blood gas: PaO2 (mm Hg) 64.3 80-100
Arterial blood gas: HCO3 (mmol/L) 19 22.5-26.9
Arterial blood gas: lactate dehydrogenase (mmol/L) 4.1 0.4-1.8
Anion gap (mmol/L) 10.3 8-16

HCO3 bicarbonate, HPF high power field, PaCO?2 partial pressure of carbon dioxide, PaO2 partial pres-

sure of oxygen

to be part of the healing process of malarial nephropathy. On
the 56th day, the patient was discharged from the hospital.

He continued to attend the outpatient clinic, and his uri-
nary L-FABP level improved from 24.8 pg/gCr to 1.9 pg/gCr.
His serum creatinine level recovered to 1.39 mg/dL with an
estimated glomerular filtration rate of 43.5 ml/min/1.73 m?
(Fig. 1). He has currently returned to work and is leading a
healthy life.

@ Springer

Discussion

We reported a case in which HD and renal biopsy were
performed subsequent to the diagnosis of AKI second-
ary to severe falciparum malaria. A renal biopsy was per-
formed to investigate the prolonged renal dysfunction sec-
ondary to malaria. A progressive form of nephropathy with
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Fig. 1 Clinical course of AKI secondary to malaria is depicted. Qui-
nine hydrochloride has been administered on the day of admission.
The parasitemia rate has decreased to 0.2%, on the third day. Serum
creatinine has worsened from 1.74 mg/dL to 6.88 mg/dL, and urine
output has decreased. Hemodialysis has been initiated, on the fourth

day. The patient’s renal function has slowly improved, and he has
been weaned off hemodialysis, on the 22nd day. The urinary L-FABP
levels have decreased from day 5, which has preceded the recovery of
renal function. AKI acute kidney injury, L-FABP liver-type fatty acid-
binding protein

Fig.2 Renal biopsy findings are depicted. A Light microscopy
revealing interstitial fibrosis and tubular atrophy, using the Mas-
son trichrome staining, (magnification x200; scale bar=50 pm). B
Intense tubulitis with neutrophilia and lymphocytosis is observed in
a few non-atrophic tubular areas, using the periodic acid—Schiff stain-

persistent tubulointerstitial inflammation was revealed,
resulting in interstitial fibrosis and tubular atrophy, par-
ticularly after the resolution of the malarial infection was
confirmed by smear.

The initial treatment of severe falciparum malaria is rec-
ommended to be parenteral artesunate or quinine. Parenteral
artesunate is preferred as the first-line treatment because
it is more effective and safer than parenteral quinine [5].

ing (as indicated by the yellow arrowheads; magnification x400;
scale bar=100 um). C Electron microscopy revealing mild swelling
of the glomerular endothelial cells (as indicated by the yellow arrow;
scale bar=2 pm)

However, parenteral artesunate is difficult to obtain in Japan;
therefore, parenteral quinine, the second-choice medication,
is used instead. Since injectable quinine is not approved for
malaria treatment in Japan, it was administered on the first
day of admission after obtaining informed consent from
the patient to participate in the study “Efficacy and safety
of injectable quinine in malaria patients (injectable qui-
nine for malaria)” (jJRCTs071180063) by the Development
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of Optimal Medical Care Network for the Diagnosis and
Treatment of Tropical and Parasitic Diseases in Japan. Fol-
lowing AKI practice guidelines [6], the decision to initiate
RRT was based not only on blood urea nitrogen and serum
creatinine thresholds but also on broad clinical presentation
and trends in disease status and laboratory changes that RRT
improves. Likewise, RRT was discontinued when renal func-
tion improved to a satisfactory level.

Several mechanisms underlie renal involvement in
malaria [7]. The mechanisms of renal dysfunction in this
case were as follows: 1) acute tubular necrosis and throm-
botic microangiopathy (TMA), due to microvascular seques-
tration, induced by infected erythrocyte rosetting; 2) acute
interstitial nephritis, due to the activation of mononuclear
cells, by the malaria antigen; 3) tubular damage due to free
iron produced by hemolysis; and 4) quinine-induced TMA
and tubulointerstitial nephritis.

In this case, regarding acute tubular necrosis, due to
microvascular occlusion, induced by infected erythrocyte
rosetting, the infected erythrocytes were not identified in
the renal biopsy specimens. Nguansangiam et al. revealed a
greater number of infected erythrocytes and monocytes in
the glomerular basement membranes (GBMs) and peritubu-
lar capillaries (PTCs) in the AKI-infected cohort than that in
the AKI-uninfected cohort of patients infected with malaria
[8]. This suggests that monocytosis in the GBMs and PTCs
may contribute to malarial renal damage, which is consist-
ent with the histopathological findings of the present study.

Iron staining was not performed in this case, and no
hemoglobin casts were observed in the biopsied renal spec-
imens to indicate that tubular damage had been caused by
free iron. However, the long interval between malaria infec-
tion and renal biopsy and the presence of tubulointerstitial
damage suggests that free iron may have caused tubular
damage. The importance of hemozoin in the growth cycle
of P. falciparum malaria has been noted [9]. It is undeni-
able that such iron-induced tubular cell damage may also
contribute to elevated urinary L-FABP expression after
malaria infection[10]. There are no reports of quinine or
artemisinin—lumefantrine directly affecting L-FABP levels.
Contrarily, a known mechanism of quinine-induced renal
injury is TMA, which can occur even after a single dose and
sometimes several hours later [11]. However, in the present
case, the patient had AKI with decreased urine output at
the time of admission, i.e., before quinine administration,
and the subsequent course of the disease made this unlikely.

In vivo, mice infected with malaria developed intersti-
tial nephritis and were subsequently cured of the infection.
Moreover, murine renal dysfunction persisted for at least
14 days, possibly due to monocyte activation and the pro-
duction of inflammatory cytokines [12]. In the present case,
renal dysfunction persisted particularly after the malaria was
cured, and renal histopathology revealed tubulointerstitial
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damage. Therefore, the most likely etiology of renal dys-
function was acute interstitial nephritis, caused by the acti-
vation of mononuclear cells, due to the malaria antigen.
The presence of endothelial cell swelling, elevated lactate
dehydrogenase, anemia, and thrombocytopenia suggests that
TMA may have occurred and free iron may have caused
tubular cell damage.

Cystatin C, kidney injury molecule-1, neutrophil gelati-
nase-associated lipocalin, and nuclear factor kappa B have
been studied as prognostic indicators of malaria; nonethe-
less, no consistent conclusions regarding the reliability
thereof have been deduced [13]. The urinary L-FABP, found
in the proximal renal tubules and detected early in urine, is
characterized as an ischemic and oxidative stress marker,
reflecting renal microcirculatory impairment, rather than
an inflammatory marker. In 2012, in the Kidney Disease
Improving Global Outcomes (KDIGO) Clinical Practice
Guidelines for Acute Kidney Injury [6], the urinary L-FABP
was introduced as one of the biomarkers for AKI. In patients
with AKI after cardiovascular surgery, the urinary L-FABP
levels can predict the onset of AKI earlier than seen with the
serum creatinine levels [14, 15]. In principle, urine L-FABP
is calculated by insurance only once every 3 months; how-
ever, if the benefit is high, it can be calculated more than
once every 3 months. In falciparum malaria, infected eryth-
rocytes form a rosette and adhere to the vascular endothe-
lium, causing microvascular sequestration and resulting in
circulatory disturbances. In our in vivo experiments investi-
gating the relationship between malaria infection and urinary
human L-FABP (hL-FABP) in transgenic mice carrying the
hL-FABP gene, we found a parallel increase or decrease in
the peripheral blood-infected erythrocyte rate and urinary
hL-FABP levels, coinciding with a peak on day 10 of Plas-
modium inoculation [16]. In the present case, the urinary
L-FABP and serum creatinine levels were elevated, which
was theorized to reflect a microcirculatory disturbance;
however, the urinary L-FABP level improved prior to the
serum creatinine level. These findings suggest that the uri-
nary L-FABP level may be a useful prognostic indicator of
malarial nephropathy and malaria infection.

Prompt diagnosis and treatment of severe malaria are nec-
essary because, without early and appropriate intervention,
mortality rates are reportedly high. In this case, the severity
of the malaria infection and the course of the disease after
treatment could be assessed not only by measuring the rate
of infected erythrocytes in the peripheral blood and clinical
symptoms but also by measuring the urinary L-FABP and
performing a renal biopsy. The urinary L-FABP was meas-
ured twice a week and a marked improvement was observed
at the time of the second measurement, suggesting that fre-
quent measurements early in the course of the disease may
be an early marker for determining treatment efficacy. In this
case, the renal function had been stabilizing; nonetheless,
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the patient transitioned from AKI to chronic kidney disease.
This study had some limitations. First, this paper is a case
report. There are inherent limitations in describing the effi-
cacy of L-FABP for renal impairment due to severe fatigue
from a single case. The possibility of confounding factors
for the observed results cannot be ruled out. Second, sev-
eral mechanisms of AKI in malarial nephropathy have been
reported; however, in this case, renal biopsy could not pro-
vide a clear diagnosis because of the time that had elapsed
since malaria infection. If systemic conditions permit, a
renal biopsy should be performed as early as possible to
predict renal prognosis and provide appropriate treatment.
In conclusion, this study highlighted that long-term, con-
tinuous follow-up may be necessary for AKI secondary to
malaria. Regarding the high incidence and mortality rates
of AKI secondary to severe falciparum malaria, urinary
L-FABP level may be a useful prognostic indicator.
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