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 Background: Plasmodium knowlesi is frequently reported in Southeast Asian countries and is now widely regarded as the 
fifth malarial parasite. Mucormycosis is a rare fungal infection that can occur in patients with a weakened im-
mune system.

 Case Report: We report a case of acute kidney injury secondary to Plasmodium knowlesi malaria infection and mucormyco-
sis fungal infection. In addition, the patient also had lower gastrointestinal bleeding from invasive gastrointes-
tinal mucormycosis. P. knowlesi infection was diagnosed by blood film and mucormycosis was diagnosed by 
histopathological examination of biopsy specimen of the colon. The patient recovered with antimalarial treat-
ment (Quinine), antifungal treatment (Lipophilic Amphotericin), and supportive hemodialysis treatment.

 Conclusions: We hypothesize that P. knowlesi malarial infection can lower the immunologic threshold and predisposes vul-
nerable individuals to rare disseminated fungal infections. To the best of our knowledge, this is the first P. 
Knowlesi malaria-associated invasive fungal infection reported in the literature.
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Background

Plasmodium knowlesi (P. Knowlesi) is a malarial parasite of 
monkeys, transmitted by mosquitoes of the Anopheles leu-
cosphyrus group [1]. Previously, P. knowlesi infections were 
thought to be rare in humans, but following a number of re-
ports from Southeast Asian countries, it is now widely regarded 
as the fifth malaria parasite [2]. Naturally occurring P. knowlesi 
infections, misdiagnosed microscopically as Plasmodium ma-
lariae (P. malariae), accounted for over half of all malaria cas-
es in a study conducted in Sarawak [3]. However, P. knowle-
si infections usually have greater parasitemia and therefore 
have a more severe clinical presentation and course than P. 
malariae infections [2]. Patients with uncomplicated disease 
can be treated by chloroquine, quinine or artemether-lume-
fantrine, and those with severe disease can be treated with 
intravenous quinine or artesunate. [4].

Gastrointestinal mucormycosis is rare and accounts for only 
7% of all mucormycosis [5]. In a study [6] of 87 patients with 
gastrointestinal mucormycosis, the most commonly affect-
ed sites were the stomach 57.5%, colon 32.2%, small bowel 
10.4%, and oesophagus 7%. The hallmark of mucormycosis is 
vascular invasion leading to endarteritis thrombosis, result-
ing in tissue ischemia and infarction. Therefore, an ischemic 
colitis-like presentation is a common in colonic mucormyco-
sis. However, the clinical presentation of colonic mucormyco-
sis can be nonspecific, ranging from nonspecific abdominal 
pain to diarrhea and perforation [6].

Case Report

A 59-year-old Malay man was admitted to a medical inten-
sive care unit with a 1-week history of fever and reduced urine 
output. Apart from being hepatitis B-positive and a previous 
history of cholecystitis, he had no other significant medical 
problems. Due to an acute hemodynamic compromise from 
septicemia, he was put on ventilatory support 1 day after ad-
mission. He was also started on broad spectrum empirical an-
tibiotics (Ceftazidime and Co-amoxiclav). Renal replacement 
support was initiated due to acute kidney injury (urea 51.3 
mmol/L, creatinine 558 micromol/L, potassium 4.9 mmol/L) and 
acidosis. Ultrasound of kidneys was normal and there was no 
proteinuria. His liver function test was normal. Blood film in-
vestigations showed red blood cells heavily infected with tro-
phozoites and schizont-form Plasmodium knowlesi (Figure 1) 
and he was started on Quinine. Twelve days into his admis-
sion, he developed melena, with a significant drop in hemo-
globin level. Esophago-gastro-duodenoscopy did not reveal 
a source of bleeding, but colonoscopy a day later showed a 
circumferential ulcer with irregular edges at 40 cms in the 
sigmoid colon and another superficial ulcer at the proximal 

ascending colon. Biopsies of the ulcers showed broad fungal 
hyphae aseptate with right angled branching in the lamina 
propria and vessels consistent with mucormycosis infection 
(Figure 2). The patient was treated with liposomal ampho-
tericin for 6 weeks at a dose of 1mg/kg/day and he made an 
uneventful recovery. He was able to cease renal replacement 
therapy 20 days after commencement and was successfully 
discharged 57 days after admission. His serum creatinine upon 
discharge was 116 micromol/L.

Discussion

Literature reports of P. knowlesi-associated kidney injuries are 
rare. A recent case series from Sabah, Malaysia [4] revealed 
that 12 out of the 22 patients with WHO classified ‘severe’ P. 
knowlesi malaria developed acute kidney injury; 11 of the 12 
patients required dialytic support, with median duration of 

Figure 1. Peripheral blood film.

Figure 2.  Colonic Biopsy: Broad aseptate fungal hyphae in 
lamina propria. Inset shows black fungal hyphae 
stained by Gomori Methemamine Silver Stain (GMS 
Stain).
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dialysis 3 days (range 1–6 days). Cyrus Daneshvar et al. [7] re-
ported 3 cases of acute kidney injuries (serum creatinine >265 
micromol/l, despite fluid resuscitation) from a case series of 
8 severe P. knowlesi infections. Cox-Singh et al., [8] reported 
a case of acute kidney injury in a patient with P. knowlesi in-
fection, with post-mortem evidence of acute tubular necrosis. 
Studies in monkeys have shown that the infections reduce glo-
merular filtration rate and increased glomerular permeability 
to albumin [9]. Another study showed that P. knowlesi signifi-
cantly reduced renal blood flow in monkeys [10].

There are also very few reported cases of lower gastrointes-
tinal bleeding due to mucormycosis. One was caused by a 
mixed infection of mucormycosis with cytomegalovirus in a re-
nal transplant patient [11]. Anand et al., [6] reported a similar 
case of bleeding from colonic mucormycosis from our institu-
tion. Diagnoses of both cases were only made after histopath-
ological examination. Invasive gastrointestinal mucormycosis 
carries a high mortality of over 90%. Mucormycosis can also 
frequently occur in patients with renal disease [12]. This is 
probably related to the innate immunosuppressive state of 
most renal patients and there appear to be no direct caus-
ative link between mucormycosis infections and intrinsic renal 
disease. Most kidney injuries are related to tubular damage 
from septicemia rather than direct toxic damage to glomeru-
li, vessels, or interstitium.

Our patient had simultaneous P. knowlesi and mucormyco-
sis infections and made a complete recovery from both acute 

infections with aggressive medical and supportive treatment. 
Judging by the chronology of events, it is likely that the acute 
malarial infection may had dampened his natural immune state 
and predisposed him to invasive mucormycosis gastrointes-
tinal infection leading to acute lower gastrointestinal bleed-
ing. This hypothesis is supported by a case report from Wilson 
et al. [13] who reported disseminated opportunistic fungal in-
fections (Aspergillus flavus and Absidia corymbifera) secondary 
to presumed immune suppression from co-existing falciparum 
malaria. Severe falciparum malaria infections had also been 
linked to disseminated hyalohyphomycosis [14] and invasive 
pulmonary aspergillosis [15] in previously immune-compe-
tent patients. It is also possible that he may already have had 
chronic mucormycosis colonization in his gastrointestinal tract 
and this septic malarial episode may have lowered his coagu-
lopathic threshold, leading to the bleeding incident. His renal 
presentation was in keeping with acute tubular necrosis, which 
is often seen in septicemic patients with multi-organ failure.

Conclusions

We conclude that P. knowlesi and mucormycosis infections can 
occur simultaneously, especially in a patient population with 
endemic P. knowlesi and when patients are immunocompro-
mised. To the best of our knowledge, this is the first case of P. 
knowlesi malaria-associated invasive fungal infection report-
ed in the literature. Prompt aggressive treatment with antibi-
otics and supportive therapy can lead to a favorable outcome.
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