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The tropical zone, geographically limited by the 
Tropics of Cancer and Capricorn, is an area 
with extreme heterogeneity in terms of ethnic 

composition, as well as socioeconomic and developmen-
tal status. Acute kidney injury (AKI), characterized by a 
reversible decline in the glomerular filtration rate, leading 
to retention of nitrogenous waste products and an inabil-
ity to maintain fluid and electrolyte homeostasis, remains 
one of the most enigmatic problems, with reported inci-
dence rates between 25% and 80%.1 Well-written clini-
cal review articles, randomized controlled trials (RCTs), 
meta-analyses and editorials were searched using 
MEDLINE/Index Medicus and IndMed search engines 
for the preparation of this review. 

What Makes Tropical AKI Unique?
There is a stark contrast between AKI in the tropics 
and that in temperate zones; however, the basic patho-
physiological changes and principles of management 
remain the same. In contrast to trauma, industrial ac-
cidents, drugs, cardiogenic shock and renal transplanta-
tion rejection being the common causes of AKI in the 
developed world, acute tubular necrosis (ATN) due to 
community-acquired infections remains the common-
est cause in the tropics.2 Natural medicines, used by 
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nephrotoxicity due to antiretroviral therapy, is on the rise. Acute tubular necrosis and thrombotic micro-
angiopathy are the most common mechanisms of AKI. A notable problem in the tropics is the scarcity of 
resources in health centers to support patients who require critical care due to AKI. This article reviews 
the unique and contrasting nature of AKI in the tropics and describes its management in each situation. 

traditional healers, add to the burden of AKI in some 
tropical areas.3 Two studies from India on patients with 
AKI over the past three decades have shown the per-
centage of medical, surgical and obstetrical conditions 
resulting in acute renal failure (ARF) as 60%, 25% and 
15%; and 88%, 3.4% and 9%; respectively.4,5 The sec-
ond difference between the two zones is the relatively 
younger age of patients in the tropics. In contrast to the 
mean age of around 72 years in patients with AKI in 
the temperate zone,6 in India it was 37.1 years.5 Yet an-
other difference is the gross inadequacy of treatment fa-
cilities in the tropics, which accounts for the increasing 
mortality. Intermittent peritoneal dialysis remains the 
mainstay of treatment in several areas.7 Other unique 
features of tropical AKI include endemic malnutrition, 
a relative state of hypovolemia due to increased sweat-
ing and peripheral vasodilatation due to the hot climate 
and the triggering of hemolytic crisis in some glucose 
6-phosphate dehydrogenase–deficient ethnic groups 
when exposed to certain drugs and toxins.8 This rich 
and diverse nature of the illness makes tropical AKI 
unparalleled and poses a major medical challenge. 

Epidemiology: The Changing Trend
The lack of a uniform definition, the paucity of multi-
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centric, large studies, and under-reporting in the tropics 
due to local conditions have created a void in the proper 
understanding of the epidemiology of AKI.9 The vari-
ous incidence rates reported in the literature from ar-
eas in the tropics are: Kuwait (4.1 per year per million 
population),10 South Africa (20 per year per million 
population),11 Brazil (7.9 per 1000 admissions)12 and 
India (6.4 per 1000 admissions).13 The inability of a 
majority of the patients to make it to tertiary report-
ing centers remains one of the major reasons for the 
very low incidence rates when compared to those in 
temperate regions.14 Among the tropical countries, the 
developed areas, of late, have shown a paradigm shift 
in the epidemiology, with a predominance of medical 
conditions like human immunodeficiency virus (HIV) 
infection accounting for AKI, and obstetric causes al-
most becoming extinct. Common causes of AKI in the 
tropics are shown in Table 1. A variety of prospective 
studies, using the new definition and staging system of 
AKI are needed to understand epidemiological trends 
for this disease in the tropics.15 

Causes of AKI in the Tropics
Sepsis due to bacterial invasion, parasitic and viral in-
fections, toxins and acute diarrheal diseases still top the 
list in the etiology of AKI in the tropics. A drastic im-
provement in maternal and child health care in many of 
the tropical areas has resulted in a steep decline in the 
incidence of AKI due to obstetric causes and acute diar-
rheal diseases. The common conditions causing AKI in 
the tropics and their management in different situations 
are discussed in detail. 

Falciparum malaria
Malaria remains one of the major public health hazards 
in the tropics. Malarial AKI (MAKI) occurs in less than 
1% to 5% of all cases of AKI in endemic areas, whereas 
the prevalence in nonimmune individuals is around 25% 
to 30%.16 In a central Indian population of 419 con-
firmed patients with AKI, MAKI was detected in 22% 
of the patients.17 MAKI may present either as AKI alone 
or as part of a multi-organ dysfunction. Jaundice is the 
most common association of MAKI, occurring in more 
than 75% of cases.18 Electrolyte abnormalities like hyper-
kalemia, hypokalemia, hyponatremia, hypocalcemia and 
hypophosphatemia have been reported.19 Volume deple-
tion, gastrointestinal bleeding, sepsis, nephrotoxic drugs 
and hyperbilirubinemia act as predisposing factors.20 The 
pathogenesis of MAKI is not clearly known. Different 
hypotheses proposed include hypovolemia, cytokine- 
and nitric oxide–mediated arterial vasodilatation, resis-
tance to vasoactive hormones, cytopathic hypoxia leading 
to decreased ATP synthesis and mechanical obstruction 
by infected erythrocytes (cytoadherence).16 Renal histol-
ogy consistently shows ATN, with a varied spectrum 
of cell necrosis, swelling and deposits of hemosiderin 
granules, predominantly affecting the distal tubules. 
Interstitial nephritis and glomerulonephritis may also 
be seen.16 Mortality from MAKI varies between 15% 
and 50% in different series.16 Expeditious assessment 
of hypovolemia, blood glucose level and acid-base status 
is essential. All patients with severe falciparum malaria 
should be presumed to be resistant to chloroquine, and 
intravenous quinine should be initiated as the first-line 
drug. The dose of quinine may be reduced owing to re-
nal failure, but only after the first 48 hours. Artemisinin 
compounds like artesunate and artemether are valuable 
in areas with quinine resistance.21 Gametocidal therapy 
with doxycycline is recommended. Electrolyte distur-
bances should be watched for and promptly treated. 
Dopamine infusion and diuretics have not been shown 
to improve outcome.22,23 Dialysis when initiated early 
in the course of treatment has had a very good outcome 
in patients with MAKI. Different series have reported 
a requirement for dialysis in 50% to 80% of patients.24 
Intermittent hemodialysis (IHD), continuous venove-
nous hemofiltration (CVVH) or continuous arterio-
venous hemofiltration (CAVH) may be used, although 
there is no consensus on the best replacement therapy 
in MAKI. The efficacy of peritoneal dialysis (PD) is re-
duced by the clogging of peritoneal microcirculation with 
infected erythrocytes. However, in centers where facili-
ties for hemodialysis are not available, initiating PD early 
in the course of treatment may be life-saving. A single 
study of 70 patients with infectious AKI, mostly malari-

Table 1. Causes of acute kidney injury in the tropics.

Infections (sepsis) Plant toxins Poisons Miscellaneous

Falciparum malaria
Leptospirosis 
Typhoid
Hemorrhagic    
fevers
Infective diarrhea
HIV
Zygomycosis
Melioidosis
Scrub typhus
Chlamydia
Legionnaires 
disease
Epidemic Rift 
Valley fever

Mushroom
Herbal medicine 
Djenkol beans 
Propolis
Cleistanthus 
collinus 
Triperygium
wilfordii

Animal poisons
G6PD deficiency
Heatstroke
Natural disasters
Hemolytic uremic 
syndrome
Acute 
glomerulonephritis
Surgical ARF
Obstetric ARF
Acute cortical 
necrosis
Trauma

Snakebites
Wasp, hornet, bee 
sting
Scorpion sting
Spider bite
Jellyfish sting
Carp gallbladder 
or bile

Chemical

Copper sulfate
Ethylene glycol
Ethylene dibromide
Chromic acid
Paraquat
Formic acid
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al, compared outcomes between CVVH and PD, with a 
mortality rate of 15% in patients randomized to CVVH 
and 47% in patients treated with PD (P=.005).25 A ran-
domized controlled trial to compare the effect of high-
volume PD with that of daily HD on 120 patients with 
ATN showed a similar metabolic control, mortality rate 
(58% and 53%, respectively) and renal function recovery 
(28% and 26%, respectively) in both groups.26 Exchange 
blood transfusion, plasma exchange and plasmapheresis 
(erythrocytapheresis) may be tried in well-equipped cen-
ters, although there are no sufficiently powered RCTs.27 
Albumin infusion for volume expansion has shown to 
reduce mortality rates.28

Leptospirosis
Leptospirosis, a zoonotic disease caused by spiro-
chetes of the genus Leptospira, has increasingly been 
recognized to affect travelers and residents in the trop-
ics. The incidence of AKI in severe leptospirosis varies 
from 40% to 60%.29 Clinical manifestations are classi-
cally biphasic, with an initial septicemic phase lasting 
for 3 to 7 days followed by an immune phase, during 
which nephropathy occurs. The pathogenetic mecha-
nisms suggested include bacterial invasion, inflam-
matory processes, hemodynamic alterations, and the 
direct toxicity of bacterial products.30 AKI in leptospi-
rosis is primarily non-oliguric, and hypokalemia oc-
curs frequently due to kaliuresis. Interstitial nephritis 
is the basic lesion of leptospirosis. Renal biopsy reveals 
interstitial edema and infiltration with mononuclear 
cells and few eosinophils. ATN, primarily affecting the 
proximal tubules, may also be present. Glomeruli are 
usually spared. AKI leads to a rapid elevation of blood 
urea nitrogen and serum creatinine levels. Diagnosis 
is usually by serological tests in the second phase. 
Detection of antigens by polymerase chain reaction 
offers early diagnosis. The macroscopic agglutination 
test may be used as a screening test. Leptospirae may be 
detected in the urine between 1 and 4 weeks of infec-
tion, using dark-field illumination.30 Crystalline peni-
cillin or doxycycline shorten the duration of fever and 
hospital stay and may hasten amelioration of leptospi-
ruria. Intravenous ceftriaxone (1 g once daily) or cefo-
taxime (1 g every 6 hours) has shown efficacy equal to 
that of penicillin.31 There are controversial reports on 
the use of dopamine and diuretics. However, a combi-
nation of furosemide and dopamine has been reported 
to be useful in mild AKI in leptospirosis.32 Poor prog-
nostic factors include oliguric renal failure, increasing 
age, jaundice, pulmonary complications and hypoten-
sion, accompanied by hyperkalemia and serum creati-
nine more than 3 mg/dL, requiring dialysis.33 Other 

modalities, including CVVH, IHD, plasmapheresis 
and exchange transfusions, are beneficial in decreas-
ing blood levels of cytokines and mediators. Andrade 
et al compared the efficacy of ‘delayed alternate-day’ 
HD (15 patients) with that of ‘prompt and daily’ HD 
(18 patients) and reported the futility of alternate-day 
HD.34 Complete recovery from renal failure is typical. 
AKI in the presence of failure of two or more organ-
systems carries an unfavorable prognosis.35

Human immunodeficiency virus infection
AKI is common in HIV-infected patients, with an odds 
ratio of 2.8 for acquiring the disease in those treated 
with highly active antiretroviral therapy (HAART) 
and a 6-fold higher risk of in-hospital mortality in 
HAART-naive hospitalized HIV patients.36 The prev-
alence rates reported from sub-Saharan Africa are 6% 
in South Africa, 38% in Nigeria, 28% in Tanzania and 
20% to 48.5% in Uganda.37 The known causes of AKI 
are ATN secondary to sepsis, hypotension, dehydra-
tion and nephrotoxins. The post-HAART era has seen 
a rise in HIV-related AKI secondary to the nephro-
toxicity of tenofovir and other antibiotics. Other rare 
causes include intra-renal (medication-induced crystal-
luria) obstruction, extra-renal (retroperitoneal fibrosis, 
bladder dysfunction, nephrolithiasis) obstruction and 
acute interstitial nephritis secondary to immune resto-
ration inflammatory syndrome.38 Potential risk factors 
for developing AKI include increased HIV viral loads, 
reduced CD4 cell counts, hepatitis C virus co-infection, 
a history of diabetes, black race and male gender.39 
Successful prevention depends on optimizing immune 
status and aggressively treating other comorbidities. 

Viral hemorrhagic fevers
These are diseases caused by RNA viruses belong-
ing to Flaviridiae, Arenaviridiae, Bunyaviridiae and 
Filoviridiae. Renal failure is nonoliguric in about 60% 
of cases. Dengue fever rarely causes AKI, which is usu-
ally associated with hypotension, rhabdomyolysis or 
hemolysis. Lee et al have reported a 4.9% incidence rate 
of AKI in Chinese patients suffering from severe den-
gue.40 Yellow fever is endemic in tropical Africa. Anuria 
and ATN are seen in severe forms. Viral antigens can be 
demonstrated in the renal epithelium.41

Other infections
Renal mucormycosis, with vascular invasion and 
thrombosis resulting in infarction and necrosis, is a rare 
cause of AKI. Hematuria and lumbar pain in a patient 
with high fever are usual pointers for this condition. 
Ultrasonography and computed tomography (CT) re-
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veal enlarged kidneys with evidence of peri-renal collec-
tion or intra-renal abscesses. A contrast CT scan shows 
an absence of renal perfusion.42 Treatment is extensive 
debridement and systemic amphotericin B.

AKI associated with scrub typhus is not rare in 
the tropics and should be suspected in patients with 
environmental exposure who develop high-grade fever 
and varying degrees of ARF along with the presence 
of an eschar.43 Diagnosis can be made by immuno-
fluorescence techniques, along with renal biopsy. The 
mechanisms include ATN caused by direct invasion 
of Orientia tsutsugamushi and intravascular hemolysis 
due to rhabdomyolysis.44,45 Patients respond well to 
doxycycline. 

AKI was observed in up to 61% of patients with 
acute septic melioidosis.46 Renal histology has shown 
ATN, interstitial nephritis and rarely micro-abscess-
es. Treatment is by long-term parenteral ceftazidime. 
Typhoid can rarely cause AKI due to intravascular he-
molysis or myoglobinuria. 

Snakebite
Poisonous snakebites pose a crucial health problem 
in the tropics, constituting 1.2% of the total cases of 
AKI in Thailand, 3% in India, and 70% in Myanmar.47 
Snakes belonging to the families Elapidae, Viperidae, 
Colubridae and Hydrophidae cause AKI. The common 
clinical presentations include proteinuria, hematuria, 
pigmenturia, rhabdomyolysis and myoglobinuria.48 
Kidney injury occurs within a few hours to as late as 
96 hours after the bite and is oligo-anuric in up to 94% 
of patients.49 ATN, with varying degrees of interstitial 
edema and inflammatory cell infiltration, is the com-
monest histology feature. AIN, necrotizing arteritis of 
interlobular arteries and occasionally crescentic glo-
merulonephritis are also described.50 Direct nephro-
toxicity, hypovolemia, hemolysis, myoglobinuria and 
disseminated intravascular coagulation are the usual 
pathogenic mechanisms. Early administration of specif-
ic monovalent antivenom, before AKI sets in, is pivotal. 
In most of the tropical countries, only polyvalent anti-
venom is available. Plasmapheresis and blood exchange 
can be used if antivenom is unavailable. Dialysis should 
be performed early and frequently.51 

Plant Toxins
Tropical nephrotoxins are derived from local fauna 
and flora or plant and chemical sources. A good pro-
portion of the population in the tropics depends on 
traditional medicine, which constitutes a mix of herbs 
and unknown chemicals. Direct injury to tubular cells, 
renal ischemia, pigmenturia and allergic AIN are the 

different mechanisms of AKI.52 Common hisotological 
lesions include ATN, acute cortical necrosis and AIN. 
Poisoning by traditional medicines—Callilepis laureola 
(Impila) and Cape aloe—is one of the commonest 
causes of AKI in South Africa. A mixture of henna and 
paraphenylenediamine induces severe rhabdomyolysis. 
AKI also occurs due to interactions of herbal medicines 
with conventional drugs. Djenkol bean, considered to 
be a delicacy in South East Asia, and ingestion of cer-
tain genera of mushrooms are common causes of AKI. 
Direct toxicity, along with volume depletion and hepat-
ic failure, is an important mechanism. 

Chemical Poisons
Oliguric AKI after ingestion of copper sulfate, used in 
leather industry; and formic acid used in rubber planta-
tions has been reported in 25% and 38.7% of total cases 
of AKI, respectively.53,54 Renal histology usually shows 
ATN. Hyperkalemia is severe due to ongoing hemolysis. 
Early and frequent dialysis can change the outcomes.

Glucose-6-Phosphate Dehydrogenase (G6PD) 
Deficiency
This is exclusively found in some ethnic tropical popu-
lations. Acute intravascular hemolysis due to precipi-
tation of hemoglobin when red blood cells are sub-
jected to oxidative stress is the cause of AKI in these 
individuals. Its incidence varies from 2.2% to 15% in 
various regions of India, 13% in Saudi Arabia, 15% in 
East Africa, 20% in Nigeria, 20% in oriental Jews, and 
2% in the Chinese.50 Hemolytic crisis develops within 
hours of exposure to stress, most commonly by drugs, 
toxins or infections. Common infections include viral 
hepatitis, rickettsial infections, typhoid and urinary 
tract infection. Passage of dark-colored urine followed 
by oliguria is common. Renal histology shows ATN. 
Treatment includes high fluid intake to increase urine 
output, rendering the urine alkaline early in the course 
of the illness. Dialysis may be required in cases of se-
vere, life-threatening hyperkalemia. 

Miscellaneous Medical Causes
Post-infectious glomerulonephritis, different forms of 
rapidly progressive glomerulonephritis; rhabdomyoly-
sis, compounded by dehydration and metabolic acido-
sis; natural disasters like earthquakes, tsunamis and 
floods are the various other rare causes of AKI in the 
tropics. Early evaluation and intervention can reduce 
the incidence of renal complications. 

Surgical AKI
The incidence of surgical AKI has considerably in-
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creased in the tropics over the past decade. Obstructive 
uropathy causing AKI continues to top the list of 
causes. Trauma and operative complications are con-
tributory in 2% to 5% and postoperative causes are con-
tributory in 24% of cases of AKI in the tropics.50

Obstetric AKI
Better education, higher standards of living and im-
provements in obstetric care have drastically brought 
down the incidence of pregnancy-related AKI in the 
tropics caused by unsafe home deliveries and illegal 
abortions using sticks, chemicals and toxins. Renal isch-
emia caused by hemorrhagic shock or hypotension due 
to sepsis is the dominant factor leading to AKI, which is 
usually oligo-anuric. ATN is the usual pathology. 

Acute Cortical Necrosis
Described occurring commonly as an obstetric com-
plication or due to snakebite, acute cortical necrosis 
(ACN) is the most calamitous form of AKI. A large se-
ries from India reported obstetric causes to be respon-
sible for 56% of all cases of ACN.55 Prolonged oliguria 
and anuria are pathognomonic. The main hypotheses in 
the pathogenesis are vasospasm of small vessels, toxic 
capillary endothelial damage, the role of endothelium-
derived vasoactive substances and a hypercoagulable 
state.50 The gold standard of diagnosis is renal biopsy. 
A CT scan can be used as a noninvasive diagnostic tool 
for early diagnosis. Renal recovery is usually slow and 
may be incomplete. 

Tropical AKI In Children
The spectrum and outcomes of AKI in children in 
thetropics different from those in non-tropical coun-
tries. Commonly, AKI occurs secondary to diarrheal 
diseases. The most striking feature is dehydration. 
Renal failure is usually oliguric. Patients have hypo-
tension and metabolic acidosis out of proportion to 
the degree of failure. ATN is the commonest histolog-
ical lesion. Early and adequate rehydration with oral 
rehydration solution or intravenous Ringer lactate in 
severe cases is the cornerstone of treatment. Children 
with established AKI are treated by peritoneal dialy-
sis. Hemolytic uremic syndrome, seen mainly in pre-
school children, is responsible for 25% to 55% of all 
cases of AKI in Asia.56 Urinalysis shows proteinuria 
with microscopic hematuria. Treatment is mainly sup-
portive and includes volume replacement, control of 
hypertension and dialysis. 

Figure 1. Treatment approach for a patient with acute kidney injury in the tropics.

Conclusion
AKI is a challenging problem in the tropics in view of 
the changing burden of the disease (inreasing HIV-
related AKI), the late presentation of patients to health 
care facilities and the lack of resources to support pa-
tients with established AKI in many regions. The mor-
tality of patients with AKI in the tropics is unaccept-
ably high. A balanced clinical approach to the problem 
is very crucial in the tropics. The treating physician in 
rural centers should be competent to treat trivial causes 
of AKI and refer those individuals who require criti-
cal care at the right moment. Moving the patient to an 
advanced center for renal replacement therapy is fun-
damental to treatment of AKI in rural areas. Figure 1 
shows an algorithm on the treatment approach for a pa-
tient with AKI in the tropics. Patient education, basic 
research facilities to get the true picture of the epidemi-
ology, utilization of new clinical biomarkers and more 
resources are required to catalyze the development of 
health care in these regions. 
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