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Abstract | Community‑acquired acute kidney injury (AKI) in developing tropical countries is markedly different 
from AKI in developed countries with a temperate climate, which exemplifies the influence that environment 
can have on the epidemiology of human diseases. The aetiology and presentation of AKI reflect the ethnicity, 
socioeconomic factors, climatic and ecological characteristics in tropical countries. Tropical zones are 
characterized by high year‑round temperatures and the absence of frost, which supports the propagation 
of infections that can cause AKI, including malaria, leptospirosis, HIV and diarrhoeal diseases. Other major 
causes of AKI in tropical countries are envenomation; ingestion of toxic herbs or chemicals; poisoning; and 
obstetric complications. These factors are associated with low levels of income, poor access to treatment,  
and social or cultural practices (such as the use of traditional herbal medicines and treatments) that 
contribute to poor outcomes of patients with AKI. Most causes of AKI in developing tropical countries are 
preventable, but strategies to improve the outcomes and reduce the burden of tropical AKI require both 
improvements in basic public health, achieved through effective interventions, and increased access to 
effective medical care (especially for patients with established AKI).
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Introduction
The tropics can be defined in two ways: either geo
graphically or ecologically. Geographically, the latitudes 
on either side of the equator where the sun is directly 
overhead at least once during the solar year (approxi
mately 23° north–23° south) is defined as the tropi
cal zone. In ecological or climatic terms, the tropics 
are character ized by the presence of high yearround 
tempera tures and the absence of frost. Precipitation rates 
range from high rainfall throughout the year in tropi
cal rainforests to very low rainfall in the arid deserts of 
Africa and the Middle East. Approximately 40% of the 
world population lives in the tropics; by 2060, the high 
birth rate in these regions is expected to increase this 
proportion to 60%.1

Countries in the tropics also differ from those in tem
perate climates in economic terms. Countries in temper
ate climates comprise approximately 8% of the world’s 
inhabited land mass and 22% of the world’s population, 
yet account for 52% of the world’s gross national product 
(Figure 1).2 Moreover, of the 30 economies classified as 
high income by the World Bank, only two small regions 
(Singapore and Hong Kong) are in the tropical region.2 
To a large extent, climate and ecology are thought to 
explain this economic difference.3,4

The disease burden in developing tropical countries 
is heavily influenced by local climatic and economic 
conditions. Thus, the spectrum of acute kidney injury 
(AKI) in developing tropical countries is fundamentally 

different to that described in affluent countries with 
temperate climates: in developed, temperate countries, 
where the disease burden is dominated by lifestyle
related chronic diseases and degenerative disorders in 
the elderly, AKI usually occurs as part of multiple organ 
involvement in an already hospitalized, elderly patient or 
after surgical or diagnostic interventions, and iatrogenic 
factors have an important role.5 Hospitalacquired AKI 
is a serious medical problem in this population, as even 
apparently minor acute worsening of renal function 
contributes to increased mortality and morbidity.6 By 
contrast, previ ously healthy, relatively young indivi duals 
(typically aged 37–47 years) who have developed AKI 
as a result of factors encountered in their environment 
dominate the tropical AKI population.7,8 These patients 
usually present to hospitals with already reduced urine 
output and/or glomeru lar filtration rate (GFR).9,10 Such 
patients are said to have community acquired AKI.11 
Moreover, in contrast to the multi factorial origin of 
hospitalacquired AKI in temperate, developed coun
tries, the aetiology of tropical, communityacquired 
AKI can usually be traced to a single cause, typically 
an infection, exposure to an environ mental toxin, 
envenomation by snakes or insects, or c omplications of 
outofhospital childbirth.9,10

In this Review, we discuss the aetiology and patho
genesis of communityacquired AKI in tropical coun
tries. We also describe factors that influence the 
availability and efficacy of treatment, and discuss how 
the burden of AKI in developing tropical countries might 
be decreased.
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Tropical ecology—a driver of disease
Environmental factors 
Patients in the tropics continue to confront diseases that 
are secondary to publichealth problems, such as poor 
sanitation, unsafe drinking water, a lack of infection 
control and outofhospital childbirth.12

Water quality has a major role in the ecosystem of 
disease in the tropics. Tropical soil is fragile; high tem
peratures and heavy precipitation leach minerals and 
organic compounds, which enter flowing water,13 leading 
to waterlogging and contamination of grain fields. The 
end result is a high prevalence of waterborne diseases, 
many of which are associated with AKI. In most patients 
who develop infectionassociated AKI in the tropics, the 
source of disease is closely linked to contact with contami
nated water. The spread of diseases by direct transmis
sion, such as in aerosols is also more likely in the tropics 
because of overcrowding and poor living conditions.

Tropical ecosystems also favour the proliferation of 
vermin and parasites. High temperatures, wet weather and 
high salinity favour the persistence of infection in animal 
reservoirs, intermediate hosts and vectors of parasitic dis
eases, as well as promote the survival of pathogenic micro
organisms outside the human host, thereby increasing the 
population of vectors and transmission of waterborne 
disease.14–16 The tropical climate also affects the incidence 
of snake bites. Flooding of snake burrows in the rainy 
(monsoon) season forces their inhabitants to come to the 
surface at times when large numbers of workers are in  
the fields for planting or harvesting crops, leading to a 
spike in the number of bite victims. Seasonal variation in 
snake envenomation is seen throughout the tropics.17,18

Socioeconomic factors 
Individuals living in poverty are exposed to greater per
sonal and environmental health risks, are less well nour
ished, have less information and are less able to access 
healthcare than are affluent individuals. Populations in 
the tropics are characterized by greater heterogeneity 
than in temperate climates in terms of socioeconomic 
status, lifestyle, level of education and access to goods, 
services and medical care. People living in affluent areas 
in these countries are less exposed to the environmental 
risks than those in poor rural areas, but are not com
pletely protected. Moreover, almost all cities in tropical 
countries contain large slum areas and shanty towns 
where basic amenities are as limited as those in rural 
areas, making their disease patterns almost indistin
guishable. Poverty and the lack of appropriate regulations 
also increase the risk of an encounter with industrial 
toxins that can cause AKI.8

The combined effect of a high disease burden and 
poor economic performance is reflected in the lower 
life expectancy, higher infant mortality and maternal 
mortality rates throughout the tropics compared with 
developed countries. Even after correction for the level 
of income, the infant mortality rate in the tropical zone 
is 52% higher and the life expectancy 8% lower than in 
temperate zones.2 Tropical regions are often character
ized by high fertility and high mortality,2 which result in 

a high proportion of children in the population, but at 
the cost of fewer resources per child, limited opportu
nities for primary and higher education, and a lack 
of access to primary health care. Conversely, illness 
reduces productivity and household savings, decreases 
learning ability, and leads to a diminished quality of life, 
thereby perpetuating or even increasing poverty.19 The 
developing tropical countries consequently lag behind 
those of the temperate zone in terms of scientific and 
t echnological innovation.20

Healthcare systems in parts of the tropics are not 
well developed and specialized care is scarce or distribu
ted unevenly. For cultural reasons, access to health care 
can be disproportionately restricted in certain sectors of 
society, for example women and children. Limited access 
to health care, suspicion of modern medical systems, high 
healthcare costs, and spiritual and cultural beliefs result 
in continued reliance on traditional medical systems. 

Key points

 ■ Pests, animals and insects thrive in tropical countries owing to poor sanitation 
and climatic conditions, which result in unique forms of community‑acquired 
acute kidney injury (AKI)

 ■ Accurate data on the epidemiology of AKI in developing tropical countries are 
lacking; however, tropical AKI typically affects individuals aged 37–47 years  
and has a single aetiology

 ■ AKI resulting from infectious diseases, obstetric complications and ingestion  
of chemical and plant toxins is more prevalent in developing countries than  
in developed countries

 ■ Other challenges, such as the HIV epidemic, contribute to the burden of AKI  
in developing countries

 ■ Limited access to medical care and a lack of infrastructure contribute to poor 
outcomes of community‑acquired tropical AKI; addressing these factors could 
substantially improve or alleviate the burden of disease
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Figure 1 | Global GDP per capita by latitude. National GDP per capita is consistently 
lower in countries in tropical latitudes than in those in higher latitudes, in both the 
northern and southern hemispheres. Tropical countries with low GDP show 
consistently high prevalence of community‑acquired acute kidney injury. 
*GDP values are given in 1990 US dollars adjusted by 1995 purchasing power parity. 
Abbreviation: GDP, gross domestic product. From "Tropical Underdevelopment" © 
2001 by Jeffrey D. Sachs, used by permission of The Wiley Agency LLC.2
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The use of potentially harmful indigenous tropical reme
dies contributes to the development or exacerbation of 
AKI.21,22 The reliance on nontraditional medical care also 
contributes to delayed presentation of these individuals to 
a hospital or treatment centre, which often results in life
threatening complications in those with already estab
lished AKI. Economic considerations can also prevent the 
implementation of technological solutions that might be 
feasible in more affluent countries; for example, techno
logically advanced and expensive treatments, such as 
continuous renal replacement therapy, are eschewed in 
favour of cheaper and less complex peritoneal dialysis,  
in developing tropical countries.23

Epidemiology of AKI in the tropics
Few studies have been published on the epidemiology 
of AKI in tropical countries.24 Most published data are 
from singlecentre studies conducted in urban areas and 
might not reflect the true prevalence of AKI, especially 
in rural areas;25 many rural patients who develop AKI 
do not reach urban hospitals. Furthermore, the available 
studies have used different denominators to calculate the 
incidence of AKI, making comparisons difficult.5,26–30 
Thus, the reported incidence of AKI in tropical coun
tries ranges from 0.31 cases per thousand hospital dis
charges30 to 7.9 cases per thousand hospital admissions.31 
Approximately 0.10–0.25% of all admissions to Thai and 
Indian hospitals are for the management of severe AKI 
that requires dialysis. In one study, 0.6% of all patients at 
admission in a US hospital had AKI, but only 5% of them 
needed renal replacement therapy.32 AKI is recognized as 
the most commonly encountered communityacquired 
renal emergency in tropical countries.33,34 Areas with a 
high prevalence of communityacquired AKI as a result 
of infection or ingestion of toxins in different parts of the 
tropics (Figure 2).

The population of patients with AKI in developing 
tropical countries is younger (mean age 37–47 years) than 
that reported in developed temperate countries (mean age 
68 years).32,34–36 Most patients with AKI in developing 
tropical countries do not have preexisting comorbidities, 
such as hypertension, diabetes or chronic kidney disease 
(CKD), which are characteristically found in patients with 
AKI in the hospitals of temperate countries.

Aetiology of AKI in the tropics
The causes of AKI in tropical countries can be broadly 
divided into those caused by infections, animal and plant 
toxins, chemicals or obstetric complications (Table 1, 
Box 1). Some of these causes have been well charac
terized and studied, whereas for others, the numbers 
of affected patients are small and a causeandeffect 
r elationship is suggested only by a temporal association.

Reliable estimates of the importance of the different 
causes of AKI are difficult to make, as these vary from 
region to region. For example, diarrhoeal and infectious 
diseases (including Plasmodium falciparum malaria) are 
a major public health concern in most tropical countries; 
leptospirosis, typhus, and envenomation are the main 
causes of AKI in South Asia;8 malaria and indigenous 
herbal remedies are the most common causes of AKI in 
Africa;28 and leptospirosis, dengue fever, envenomation 
and obstetric complications are the main causes of AKI 
in Latin American countries.37

Pathophysiology of tropical AKI
The pathogenesis of tropical communityacquired AKI 
varies according to its cause.

Direct kidney damage
Direct invasion of the kidney by a pathogen, as 
occurs in leptospirosis, induces injury through a local 

Malarial AKI high
Malarial AKI intermediate
Malarial AKI or leptospirosis
Malarial AKI or herbal remedy
Other

Figure 2 | Prevalence estimates of community‑acquired AKI. Malaria‑associated AKI has a high‑to‑intermediate prevalence 
in the tropical zones of Southeast Asia and Central America. AKI caused by malaria or leptospirosis has a similar 
prevalence in South America and India. Countries of Sub‑Saharan Africa have a high prevalence of malarial and herbal‑
remedy‑induced AKI. AKI as a result of other causes, such as diarrhoea, toxins or obstetric complications has a low 
prevalence in North Africa. Abbreviation: AKI, acute kidney injury.
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inflammatory reaction, cellular proliferation and infiltra
tion. Membrane components of Leptospira spirochaetes 
are directly nephrotoxic to the renal tubule, as are inges
tion of raw bile of the grass carp, poisonous mushrooms 
and cottonseed oil.38 Specific plant chemicals filtered 
by the kidneys are precipitated in the concentrated and 
acidic urine in the distal tubule. For example, AKI can be 
caused by djenkolic acid crystals formed after ingestion 
of djenkol beans, as well as by oxalate crystals formed 
after the ingestion of star fruit juice and Averrhoa bilimbi 
(irumban puli) juice.38,39 Daboia russelii (Russell viper) 
venom and pit viper venom are also toxic to the vascu
lar and glomerular endothelium and renal tubules.40–42 
Direct injury to the glomerular endothelium as a result 
of the interaction between erythrocytes parasitized 
by P. falciparum and the microvascular endothelium 
(c ytoadherence) is well recognized.43

Indirect kidney damage 
AKI can also be caused indirectly—through the break
down of myoglobin (rhabdomyolysis), haemoglobin 
(haemo lysis), increased concentration of bile acids, release 
of oxygen free radicals, enzymes (phospholipases and 
proteases) and generation of complement products—for  
example, as a result of a snake bite or insect sting.44–46

Haemodynamic alterations after tropical infections 
and toxin exposure are similar to those observed in 
sepsis.47 Generalized arterial vasodilatation with a reduc
tion in systemic vascular resistance, the haemodynamic 
hallmark of sepsis, occurs in patients with malaria, lepto
spirosis, scrub typhus and hantavirosis. This vasodilation 
leads to activation of the neurohumoral axis, sympathetic 
nervous system and renin–angiotensin–aldosterone 
system, which is associated with the nonosmotic release 
of vasopressin. The result is intrarenal vaso constriction 
with systemic vasodilatation, which contribute to 
AKI.48,49 Hypovolaemia in patients with severe infections 
(such as diarrhoeal diseases and dengue haemorrhagic 
fever, two common causes of severe hypovolaemia in 
the tropics7,37) is caused by increased vascular perme
ability and fluid loss from the intravascular compart
ment, which c ontribute to ischaemic AKI in patients 
with tropical diseases.

Acute cortical necrosis 
Acute cortical necrosis (ACN) is a rare form of AKI 
that develops after obstetric complications, snake bite 
and haemolytic uraemic syndrome,50,51 conditions 
encountered almost exclusively in tropical countries. 
ACN is rarely, if ever, encountered in temperate zone 
countries.52 The necrosis of renal cortical tissue can 
be patchy or diffuse, and the patient’s clinical course is 
determined by the extent of renal involvement.50,51 In the 
1960s and 1970s, ACN was diagnosed in 7.4% of patients 
with AKI in India.51 Obstetric complications were the 
cause of ACN in 37–71% of these individuals. Other 
common causes of ACN were snake bite, pancreatitis 
and h aemolytic uraemic syndrome.50,51

ACN should be suspected in patient with AKI 
(especi ally after snake bite or obstetric complication) 

who exhibit prolonged oligouria. Renal histology is 
the gold standard for diagnosis of ACN, and shows 
ischaemic necrosis of the cortical tissue, sometimes 
with thrombotic microangiopathy. However, contrast
enhanced CT has emerged as a reliable noninvasive 
diagnostic technique in this setting (Figure 3).53 When 
the cortical involvement is diffuse, kidney function will 
fail to recover and the patient requires lifelong renal 
r eplacement therapy.

Tropical AKI in children
In addition to the causes described above, post infectious 
glomerulonephritis contributes to paediatric AKI in 
many tropical countries. Haemolytic uraemic syn
drome is the underlying cause of AKI in 25–55% of all 
cases of this disease in preschool children in tropical 
countries.54–57 In contrast to countries of temperate cli
mates, where Escherichia coli is the primary causative 
agent, Shigella infection is the primary cause of post
diarrhoeal haemolytic uraemic syndrome in paedi atric 
patients with AKI in the Indian sub continent.58 Renal 
histology in these patients indicates a disproportionately 
high involvement of arterioles and small arteries, with 
severe intimal proliferation and luminal stenosis. Up to 
40% of paediatric patients with haemolytic uraemic syn
drome develop ACN.56 Various forms of post inf ection 
glomerulo nephritis constitute approximately 10% of 

Table 1 | Comparative frequency of causes of AKI in tropical countries* 

Reference(s) Country Number 
of 
patients

Medical 
(% 
patients) 

Surgical 
(% 
patients)

Obstetric 
(% 
patients)

Firmat & Pas (1975)140 Argentina 1,000 58 28 14

Sitprija & Benyajati (1975)141 Thailand 162 61 15 24

Adu et al. (1976)142 Ghana 50 62 24 4

Chugh et al. (1978)143 India 325 67 22 11

Shah et al. (1985)144 India 816 56 32 21

Chugh et al. (1987)81 India 1,862 60 25 15

Muthusethupathi & 
Shivakumar (1987)145

India 187 85 9 6

Bamgboye et al. (1993)146 Nigeria 175 52 23 26

Seedat & Nathoo (1993)28 South 
Africa

226 77 9 14

Firmat et al. (1994)119 Argentina 500 52 16 32

Ramachandran (1994)147 Sri Lanka 317 79 15 6

Olowu & Adelusola (2004)148 Nigeria 123 91 8 0

Vukusich et al. (2004)30 Chile 114 70 30 0

Jayakumar et al. (2006)34 India 1,112 88 9 3

Al Rohani et al. (2011)149 Yemen 203 91 6 3

Daher et al. (2012)9 Brazil 491 85 13 2

Kaul et al. (2012)10 India 240 78 8 14

Guru & Jha  
(unpublished work)

India 1,114 79 15 6

*In many studies of AKI from tropical countries, aetiology is categorized as medical, surgical or obstetric. 
These data suggest that the epidemiology of tropical AKI is changing; in general, obstetric and diarrhoeal 
AKI seems to be declining in prevalence. Abbreviation: AKI, acute kidney injury. Reproduced by permission 
of Oxford University Press © Chugh, K. S. et al. The Oxford Textbook of Clinical Nephrology, 3rd edn  
1614–1630 (2005).7 
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all cases of paediatric AKI in the tropics,59 although 
the incidence of postinfection glomerulo nephritis is 
declining in several tropical countries because of early 
detection and treatment of respiratory infections and 
improvement in hygienic conditions that limits the 
spread of infection.38

Important causes of tropical AKI 
The following sections describe some of the most 
common causes of communityacquired AKI.

Infections 
AKI has been described in association with a large 
number of tropical infections. The usual presentation is 

an acute febrile illness with severe headache, myalgia and 
involvement of other organ systems to a variable extent; 
jaundice, intravascular haemolysis and thrombocyto
penia often accompany these early symptoms. Associated 
metabolic disturbances include lactic acidosis, hypo
glycaemia, hyponatraemia and hyperkalaemia. However, 
the similarity of the clinical presentations of the various 
forms of infectionassociated AKI makes identifying the 
different underlying tropical infections on the basis of 
clinical features alone difficult. Timely diagnosis, there
fore, requires a good knowledge of the local epidemio
logy of communityacquired AKI and the availability of 
sensitive and diagnostic tests for specific pathogens.

For some infectious aetiologies of AKI, the number 
of affected patients is too few to draw any meaningful 
conclusions about the natural history or pathogenesis, 
but a few common infections, highlighted below, are 
a ssociated with a substantial burden of AKI.

Malaria 
Severe malaria is a medical emergency. Malaria is esti
mated to account for 60% of outpatient visits, 30–50% of 
hospital admissions and 40% of public health expendi
ture in countries with a high burden of malarial disease.60 
In 2010, 216 million people had malaria and an estimated 
655,000 deaths were caused by this disease worldwide.61 
98% of deaths due to malaria occur in 35 countries, 
of which 30 are in subSaharan Africa and the rest are 
in Asia.

Most cases of malariaassociated AKI occur in the 
context of P.  falciparum infection, although a few 
reports describe AKI in association with P. vivax infec
tion.62,63 Approximately 1–4% of patients with P. falci
parum malaria develop AKI, and the incidence of AKI 
increases to 60% in those with severe malarial disease.62,64 
Patients with severe parasitaemia and children under the 
age of 5 years, pregnant women, and individuals with 
HIV or AIDS are at an increased risk of AKI if they get 
malaria.43,65 Approximately 45% of people with malaria
induced AKI die.43 The mortality rate is particularly 
high in children in Africa, where a child dies every 
minute from malaria and 22% of all childhood deaths 
are due to malaria.60 A diagnosis of malaria is made by 
the demon stration of the asexual forms of the parasite 
in a thick peripheral blood smear. Simple card tests 
using anti bodies against specific P. falciparum antigens 
are now available and can be used for quick diagnosis 
when microscopy facilities or trained personnel are not 
available. The sensitivity and specificity of these tests are 
variable and light microscopy remains the gold standard 
for malaria diagnosis. Artemisininbased combination 
therapies are the recommended treatment for P. falci
parum malaria.66 Early antimalarial treatment and dialy
sis is associated with improved survival and recovery of 
renal function in patients with malariainduced AKI.67,68

Leptospirosis 
Leptospirosis, the most prevalent zoonosis in the world, 
is found in the tropical countries of Southeast Asia, 
South America and Africa.69 The annual incidence is 

Box 1 | Causes of acute kidney injury in the tropics

Vector-borne infections
Malaria (Plasmodium falciparum, transmitted by 
Anopheles mosquito)
Dengue fever (Dengue virus, transmitted by Aedes mosquito)
Scrub typhus (Orientia tsutsugamushi, transmitted  
by trombiculid mites)
Haemorrhagic Rift valley fever (RVF virus, transmitted  
by Aedes or Culex mosquitoes)
Direct infections
Leptospirosis (Leptospira interrogans)
Hantavirosis, also known as haemorrhagic fever with renal 
syndrome (puumala and hantaan hantaviruses)
Zygomycosis
Diarrhoeal diseases for example, Escherichia coli, amoebic 
(Entamoeba histolytica) and bacillary (Shigella) dysentery, 
cholera and viral gastroenteritis
Melioidosis (Burkholderia pseudomallei)
Typhoid (Salmonella typhi)
Chlamydia (Chlamydia trachomatis)
Legionellosis (Legionella pneumophila)

Plant and fungal toxins
Herbal medicines
Impila food plants
Djenkol beans
Marking nut
Mushroom
Plant‑derived toxins used as insecticides and to kill fish
Animal poisons
Snake bites
Wasp, hornet and bee stings
Spider bite
Jellyfish sting
Scorpion sting
Carp gallbladder or bile

Chemical nephrotoxins
Ethylene glycol
N,N'‑dimethyl‑4,4'‑bipyridinium dichloride
Ethylene dibromide
Copper sulphate
Chromic acid

Environmental factors
Heat stroke
Natural disasters

Other causes
Intravascular haemolysis resulting from glucose‑6‑
phosphate 1‑dehydrogenase deficiency
Obstetric complications
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estimated to be 10–100 cases per 100,000 of the popula
tion in tropical countries. Seasonal outbreaks occur after 
heavy rainfall and flooding.70,71 The major reservoirs of 
infection are rodents and dogs in urban areas, and cattle, 
wild rodents and opossums in rural areas and villages. 
Leptospira are excreted in the urine of infected animals. 
Human infection occurs accidentally from exposure to 
water contaminated with infected urine and may occur 
in farm or abattoir workers as a result of occupational 
exposure or in other groups from exposure during 
l eisuretime activities.

Classic leptospirosis is biphasic: the initial lepto
spiremic phase lasts 4–7  days and can be either 
asympto matic or associated with transient flulike 
symptoms that resolve completely. The leptospiremic 
phase is followed by the immune phase, characterized 
by an increase in IgM antibodies, cytokinaemia and 
the development of disease manifestations in various 
organ systems. Approximately 20–85% of patients with 
secondphase leptospirosis develop AKI,72–75 as well as 
jaundice, meningitis, upper gastrointestinal bleeding 
and pulmonary haemorrhage. Some patients might not 
have obvious symptoms in the first phase and present 
in the second phase depending on the intensity of the 
immune response.

Serology is the most common method for confirm
ing the diagnosis of leptospirosis. The antibodybased 
microagglutination test is the gold standard for this 
purpose, but requires maintenance of cultures of live 
spirochaetes from representative serogroups, which are 
available only in reference laboratories. The organism 
can be cultured from patients’ blood during the first 
phase and from their urine during the second phase. 
Darkfield microscopy has been used to detect spiro
chaetes in serum and cerebrospinal fluid; however, this 
test is insensitive and not useful for clinical application.76 
Nucleic acid tests (such as PCR) are highly sensitive 
and highly specific, and can detect Leptospira infection 
several days before antibodybased tests,77 but are only 
available in research laboratories.

Leptospirosis is usually selflimiting, and requires only 
supportive measures such as correction of dyselectro
lytemias and adequate fluid replacement. Penicillin or 
doxycycline shorten the duration of fever and hospital 
stay, and might hasten the resolution of lepto spiruria.72 
Sequencing of the L. interrogans genome has been 
completed and substantial research efforts are directed 
toward vaccine development.78

Diarrhoeal diseases 
AKI secondary to diarrhoeal diseases continues to be 
a major problem in tropical countries, particularly in 
the paediatric population. However, adult patients are 
also seen, especially when rehydration is suboptimal.79 
Diarrhoearelated AKI is most frequent in rural areas 
and urban slums where sanitation is poor and safe drink
ing water is not available. The incidence of diarrhoea
related AKI increases during summer and rainy seasons. 
During the 1980s, studies in India showed that 35–50% 
of all children who required dialysis treatment for AKI 

had diarrhoearelated AKI,80,81 but almost a decade later 
the incidence of diarrhoearelated AKI requiring dialysis 
had declined to 17% as a result of the widespread use of 
oral rehydration solutions.56

The patient’s clinical symptoms might provide clues 
as to the identity of the causative pathogen in diarrhoea
related AKI. Early vomiting is a feature of rotavirus 
infection. Loose, watery stools indicate infection with 
enterotoxigenic E. coli or Vibrio cholerae. Fever, cramps 
and tenesmus accompanied by blood and mucus in the 
stool, suggest infection with Shigella, Salmonella, or 
entero invasive E. coli species. A diagnosis of cholera can 
be confirmed by the demonstration of motile vibrios in a 
hangingdrop stool preparation; for other organisms, cell 
culture is necessary to confirm the diagnosis.

Early and adequate fluid replacement is the corner
stone of management for all diarrhoeal diseases. The 
WHO recom mends the use of oral rehydration as soon 
as symptoms appear. Intravenous rehydration might be 
required in patients with severe dehydration, persistent 
vomiting, or paralytic ileus. Hypokalaemia, second
ary to the metabolic acidosis worsens as dehydration is 
corrected by fluid replacement therapy and should also 
be monitored and treated with potassium supplemen
tation. However, the mortality rate associated with 
diarrhoearelated AKI remains high. In a study from 
Malaysia, the mortality rate was 2.1 in 1,000 admissions; 
women, infants and patients with severe dehydration at 
a dmission were at increased risk.82

HIV infection 
HIV infection is one of the leading causes of infectious 
diseaserelated mortality, and has accounted for 
approximately 25 million deaths in the past 30 years. 
The number of AIDSrelated deaths has been declining 
steadily, 1.7 million people died of AIDSrelated causes 
in 2011, a reduction of 25% from the peak in 2005.83 
In 2010, approxi mately 34 million people worldwide 
were living with HIV infection; subSaharan Africa is 
home to over 60% of them. Associated infections, especi
ally tuberculosis, volume depletion, the use of nephro
toxic anti retroviral drugs and contrast agents for medical 

a b

Figure 3 | Imaging findings in patients with community‑acquired acute kidney injury. 
a | Contrast‑enhanced axial CT scan at the level of the kidneys in a 26‑year‑old 
patient with acute cortical necrosis. The subcapsular region shows a rim of 
contrast enhancement (white). Enhancement is completely absent in the renal 
cortex of both kidneys, and normal in the medulla. No excreted contrast agent can 
be observed in the collecting system. b | Photomicrograph of kidney tissue showing 
complete necrosis indicated by loss of cellular details and nuclei of all structures 
in the renal cortex. Haematoxylin and eosin stain.
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imaging all increase the risk of AKI in these patients. 
Thrombotic microangiopathy caused by HIV infec
tion can present with AKI. AKI is, therefore, common 
in hospitalized patients with HIV infection.84 AKI in 
patients with HIV has consequences that extend beyond 
the acute episode, including an increased risk of cardio
vascular events, endstage renal disease (ESRD) and 
increased mortality.85 Antiretroviral drugs used in highly 
active anti retroviral therapy (HAART), such as teno fovir 
disoproxil and indina vir, can also cause AKI.86 AKI in 
HIVinfected patients (in the HAART era) is associ
ated with a sixfold increase in mortality.84 Prevention 
of AKI requires attention to common risk factors, for 
example volume depletion and avoidance of nephrotoxic 
drugs, especially in indivi duals with preexisting CKD. 
Therapeutic management entails the use of a high index 
of suspicion, correction of volume deficit and attention 
to the list of medications.

Plant, animal and fungal nephrotoxin exposure 
AKI resulting from intentional ingestion of animal, 
plant and fungal nephrotoxins is common throughout 
subSaharan Africa and in parts of Asia.87 A number of 
renal lesions, including acute tubular necrosis, ACN and 
interstitial nephritis, have been described in individuals 
with these forms of AKI (Table 1).88,89

Some commonly ingested tropical plant foods can 
have toxic effects if consumed without proper prepara
tion. One example is the consumption of beans from 
the djenkol plant, which are considered a delicacy in 
several Southeast Asian countries.90 Ingestion of a large 
amount of uncooked beans, especially in individuals 
with a low fluid intake, can cause dysuria, lumbar pain, 
hyper tension, haematuria and oliguria secondary to the 
intratubular formation of djenkolic acid crystals.90,91 The 
breath and urine of these patients have a characteristic, 
sulphurous odour, and the needlelike crystals can be 
seen in urine under light microscopy. Increased fluid 
intake and urinary alkalinization with sodium bicarbo
nate help to dissolve the crystals.91 With appropriate 
management, most victims recover within 2 weeks.92

More than 75% of all deaths from acute poisoning, and 
25–60% of all cases of AKI related to medical (that is, not 
surgical or obstetric) causes in South African hospitals 
are, however, associated with the use of traditional medi
cines (Table 1).88,89 Indigenous medical systems based on 
remedies derived from local plants and animals flourish 
in tropical countries (Table 2). Medicines are prepared 
by herbalists under nonstandard conditions and are not 
tested for efficacy and safety.87 The ingredients are vari
able and the dosage and route of administration are not 
standardized. Many of these remedies contain potentially 
nephrotoxic molecules. Furthermore, potentially toxic 
substances, such as paint thinners, turpentine, chloroxy
lenol, ginger, pepper, soap, vinegar, copper sulphate and 
potassium permanganate, are often added to the plant 
extracts to increase their effect.89 The most common 
cause of AKI related to the use of traditional herbal 
medicines in Africa is the use of extracts of the tubers 
of Callilepis laureola (impila), which are taken either 

orally or as an enema for their purgative and vermifugal 
effects by black Africans.93 Symptoms appear 1–4 days 
after consumption and include abdominal pain, vomit
ing, seizures, oliguria and jaundice. The active agent is 
thought to be atractyloside, an alkaloid that inhibits ATP 
synthesis. The mortality rate for impilarelated AKI is 
over 50%.94

The raw gallbladder or bile of sheep, freshwater carp 
and grass carp are used for medicinal purposes in rural 
areas of the Middle East and Southeast Asia, respec
tively.95,96 A syndrome of acute hepatic failure and renal 
failure has been reported after consumption of these 
items. AKI with oliguria develops within 48 h and lasts 
2–3 weeks. Susceptibility to AKI is probably related to 
differences in the species of fish used, the amount of 
bile ingested and patientspecific factors; for example, 
an association has been found between the size of the 
fish and the severity of the toxic effect. The prognosis of 
patients with AKI resulting from bile ingestion is usually 
good, and death usually occurs only in those who present 
late and already have multiorgan failure.96

A temporal relationship between the use of traditional 
medicines and the onset of clinical symptoms can help to 
establish a causeandeffect relationship. Information on 
the use of traditional medicines is often not volunteered 
by the patient, and might be missed if not specifically 
sought when obtaining the patient’s history.

Envenomation
Snake bite
Of the ~2,000 species of snake found worldwide, ~450 
are venomous. At least 421,000 instances of envenoma
tion are attributed to snake bite every year, the majority 
of which occur in tropical countries in Asia, Africa and 
Latin America.97 The highest number of snakebite
related deaths— approximately 45, 900 every year—is 
reported in India.98

AKI develops in about 12–30% of patients who have 
been bitten by a venomous snake. Most of these patients 
have received a bite with venom that is haemotoxic or 
myotoxic. The clinical manifestations depend upon 
the species and the dose of venom injected. Common 
features after viper bites are local pain and swelling, 
blistering, tender regional lymphadenopathy, local or 
systemic bleeding and hypotension. Individuals bitten 
by sea snakes develop severe myalgia and muscle weak
ness secon dary to rhabdomyolysis. Onset of AKI can 
occur within 4–6 h after the bite, or may be delayed for 
3–4 days.18 Grossly, the kidney is swollen and shows pete
chial haemorrhages. Light microscopy of renal biopsy 
samples shows acute tubular necrosis with intratubular 
pigment casts in 70–80% of patients with snakebite
related AKI. Other changes include thrombotic micro
angiopathy, mesangio lysis, interstitial inflammation, 
glomerulonephritis, vascu litis and renal infarction. 
ACN is seen in approximately 20–25% of patients after a 
D. russelii (Russell viper) or Echis carinatus (sawscaled 
viper) bite.99

Management of patients with snakebiterelated 
AKI consists of local wound care, administration of 
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antivenom and supportive treatment. Early administra
tion of antivenom prevents or attenuates the development 
of haematological abnormalities or rhabdomyolysis and 
AKI. Antivenom therapy is continued until the systemic 
effects of envenomation subside; the usual method of  
monitoring haemotoxic bites is serial measure ments 
of the wholeblood clotting time. Supportive meas
ures include administration of fresh frozen plasma to 
correct coagulopathy, blood transfusion (in patients 
with substantial haemorrhage) and inoculation with 
antitetanus immunoglobulin. Patients bitten by myo
toxic snakes need aggressive fluid therapy and urinary 
alkalinization to prevent intratubular precipitation of 
myoglobin.100 Mortality from snake bite envenomation 
is estimated to be up to 35%.17,99,101 The prognosis of 
snakebiterelated AKI is, however, favourable in patients 
who receive early medical attention and adequate doses  
of antivenom.

Insect stings
Stinging insects, such as honeybees, wasps, yellow 
jackets and hornets are common throughout the tropi
cal zone. AKI, proteinuria, and nephritic and nephrotic 
syndromes have been reported in some individuals 
after insect stings.102–105 AKI usually develops in indivi
duals who have received a large dose of venom, typi
cally after multiple stings by a swarm of insects, but can 
also develop after only a single sting in patients who 
experi ence an anaphylactic reaction.104 The diagnosis is 
obvious, and the management entails prompt reversal of 
symptoms with short course of steroids, antihistamines 
and fluid replacement.

Chemical poisons 
Accidental, intentional (suicidal and nonsuicidal) or 
occupational exposure to chemicals that induce AKI is 
well documented in the tropics. AKI occurs after the 

Table 2 | Plant and fungal nephrotoxins reported to cause AKI in tropical countries

Plant (common or local name) Country Active molecule Renal manifestations Other manifestations

Averrhoa bilimbi (irumban puli) South India Oxalic acid Intratubular obstruction None

Callilepis laureola (impila) Sub‑Saharan Africa Atractyloside Acute tubular necrosis Abdominal pain, diarrhoea, vomiting, 
jaundice, seizures and coma

Catha edulis (khat leaf) East Africa and 
Arabian peninsula

S‑cathinone  
and ephedrine

Acute tubular necrosis Hepatotoxic effects

Cleistanthus collinus (oduvan) India Cleistanthin A and B, 
and dyphylline 

AKI Hypotension, hypokalaemia 
and arrhythmia

Colchicum autumnale 
(autumn crocus)

Turkey Colchicine Acute tubular necrosis Haemorrhagic gastroenteritis, muscle 
paralysis and respiratory failure

Crotalaria laburnifolia (bird flower) Zimbabwe  
and Sri Lanka

Pyrrolizidine alkaloids Acute tubular necrosis 
and hepatorenal syndrome

Hepatic veno‑occlusive disease, 
pulmonary injury and thrombocytopenia

Dioscorea quartiniana (yam) Africa and Asia Dioscorine and dioscin Acute tubular necrosis Convulsions

Pithecellobium lobatum and 
Pithecellobium jiringa (djenkol beans)

Southeast Asia Djenkolic acid Intratubular obstruction 
and acute tubular necrosis

Lumbar and lower abdominal pain, 
hypertension

Dodonaea angustifolia (sand olive) South Africa Unknown Acute interstitial nephritis Pulmonary embolism

Euphorbia metabelensis (spurge) Zimbabwe Irritant chemicals 
in plant latex

Acute tubular necrosis Thrombocytopenia

Larrea tridentate (chaparral) Chile and 
South Africa

Nordihydroguaiaretic 
acid and S‑quinone

Renal cysts,  
renal cell carcinoma

Hepatic failure

Propolis (resin) Brazil Unknown Acute interstitial nephritis Contact dermatitis

Rhizoma rhei (rhubarb) Hong Kong Anthraquinones 
(emodin, aloe‑emodin)

Acute interstitial nephritis None

Securidaca longepedunculata 
(violet tree, or wild wisteria)

Congo, Zambia 
and Zimbabwe

Methyl salicylate, 
securinine, saponins

Acute tubular necrosis Vomiting and diarrhoea

Sutherlandia frufescens (cancer brush) South Africa Unknown Acute interstitial nephritis Pulmonary embolism

Takaout roumia Morocco and Sudan Paraphenylenediamine Acute tubular necrosis Rhabdomyolysis

Semecarpus anacardium 
(marking nut)

India Unknown Acute tubular necrosis and 
acute cortical necrosis

Corrosive blisters in pharynx, 
gastrointestinal irritation, shock and coma

Taxus celebica (Chinese yew) Asia Flavonoid Acute tubular necrosis and 
acute interstitial nephritis

Hepatitis, haemolysis and disseminated 
intravascular coagulation 

Thevetia peruviana (yellow oleander) India and Sri Lanka Cardiac glycosides Acute tubular necrosis Liver failure and cardiac arrhythmias

Tripterygium wilfordii Hook. f. 
(thunder‑god vine)

Taiwan Triptolide Acute tubular necrosis Diarrhoea and shock

Uncara tomentosa (cat’s claw) Peru Alkaloids and flavonols Acute tubular necrosis Diarrhoea, hypotension, bruising 
and bleeding gums

Abbreviation: AKI, acute kidney injury. Reproduced by permission of Oxford University Press © Jha, V. The Oxford Textbook of Medicine, 5th edn, 4084–4092 (2011) and modified from 
Comprehensive Clinical Nephrology, 4th edn, Burdmann, E. et al. Acute kidney injury in the tropics. 813–820 © (2011) with permission from Elsevier.150
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ingestion of chemicals, such as N,N'dimethyl4,4'
bipyridinium dichloridecontaining pesticides, copper 
sulphate or ethylene dibromide for suicidal purposes.7 
Chemical intoxication is, therefore, often regarded as a 
suicide attempt but may also be the result of occupa
tional exposure, given the inadequacy of environmen
tal protection measures in factories in many tropical 
regions. AKI can also be caused by consumption of 
chemicals such as ethylene glycol, for example when 
car antifreeze solution is consumed as a substitute 
for alcoholic drinks, or when it is used as a vehicle 
in cough syrups in the place of the more expensive 
propylene glycol.106,107

Genetic factors 
Environmental factors have favoured some unique 
genetic traits in tropical populations. One example is 
the wellknown protection that heterozygous carriers  
of the sicklecell trait have against P. falciparum malaria 
in West Africa. However, homozygous carriers of this 
trait develop sicklecell disease, which can cause AKI 
through sicklecell crises.

Glucose6phosphate 1dehydrogenase (G6PD) is a 
key enzyme in the hexose monophosphate pathway that 
protects erythrocytes from oxidative stress. Mutations 
in the G6PD gene can reduce or abolish the activity of 
this enzyme, rendering erythrocytes susceptible to oxi
dative stress, which causes haemolysis.108 A deficiency 
in this enzyme is encountered with high frequency in 
black South Africans and Brazilians, and in parts of 
India. A haemolytic crisis, manifested by the passage  
of dark coloured urine, develops within a couple of 
hours of exposure to oxidative stress, and is most com
monly induced by drugs, toxins or infections. AKI 
occurs in 5–10% of patients with haemolytic crisis.109–111 
Assays that estimate G6PD activity in erythrocytes can 
confirm the presence of a deficiency in this enzyme, 
but these tests are misleading (often falsely suggesting 
enzyme levels are normal) during a haemolytic episode 
because the surviving newly produced erythrocytes 
show normal enzyme activity, which rapidly declines as 
the red blood cells age. Consequently, the test should be 
repeated after the patient has recovered from the acute 
haemolytic episode. All individuals known to have the 
deficiency should be given a list of drugs that are likely 
to precipitate haemolysis so that they can be avoided. 
Also, patients who need to be started on a drug known to 
precipitate haemolysis, such as dapsone or p rimaquine 
should be tested for G6PD deficiency.

Obstetric complications 
Advances in health care and socioeconomic develop
ment have eliminated pregnancyrelated AKI in devel
oped countries52. However, obstetric AKI continues to 
be encountered in the tropics, mostly as a consequence 
of suboptimal antenatal care, outofhospital childbirth 
and unsafe abortion practices.112,113 The incidence of 
obstetric AKI shows a bimodal distribution; the first 
peak is accounted for by hyperemesis gravidarum or 
septic abortion in women late in their first trimester of 

pregnancy, whereas preeclampsia, eclampsia, placen
tal abruption, postpartum haemorrhage and puerperal 
sepsis in women in their third trimester account for the 
second peak.

Legalization of abortion and improvements in ante
natal care reduced the incidence of obstetric AKI in 
India from 22% of all cases of AKI in the 1960s and 
1970s to approximately 8% of all cases of AKI in the 
1990s.33 Obstetric AKI, however, continues to be preva
lent and has a poor prognosis in many parts of the 
tropics even today.112–117 Septic abortion is the cause of 
AKI in 52% of patients in Ethiopia,118 and in Argentina 
and Nigeria, gynaecological and obstetric complica
tions still account for about onethird of patients with 
AKI.112,113,119 In one hospital in Pakistan, of 100 patients 
with obstetric AKI seen over a 3year period, over 90% 
needed dialysis, 7% died in h ospital, and only 44% were 
off dialysis at discharge.114

Long-term consequences of tropical AKI 
In addition to the high mortality rate, patients who 
survive an episode of AKI might not enjoy a com
plete return to health.120 Among patients who survi
ved an episode of AKI, 10% had developed ESRD at 
3.0–3.5 years.121 In a cohort of children with AKI dis
charged from a publicsector hospital in India, protein
uria, hypertension, haematuria or reduced GFR were 
present in 32% of patients after 6 months and in 38% 
of patients after 10 years.122 Snakebiteinduced AKI, 
need for dialysis, and prolonged oliguria are associated 
with adverse outcomes. The risk of the future develop
ment of CKD is exacerbated by the late presentation of 
AKI.123 Moreover, as tropical communityacquired AKI 
predominantly affects young people, who are often the 
primary breadwinner of the family, this disease extracts 
a high economic cost from families and societies as 
well as the individual concerned. Communityacquired 
AKI leads to catastrophic or impoverishing health 
expenditure (defined as expenditure that endangers a 
household’s ability to maintain its customary standard 
of living, set at 5–20% of total household income).124 
Thus, patients with tropical communityacquired AKI, 
though believed to have lower mortality rates than their 
counterparts with hospitalacquired AKI in devel
oped, temperate countries, contribute not only to poor 
produc tivity, but also to an increased healthcare burden 
in the long term.

Prevention and treatment of AKI
Prevention
As discussed above, communityacquired tropical AKI 
is largely preventable, but doing so requires an inte
grated approach to reduce the disease burden. Such an 
approach requires a radical change in public policy and  
a change in focus away from hospitalbased care  
and towards improvement of basic health needs, such 
as the provision of safe drinking water and improved 
sanitation, as well as improvements in the conditions 
of farm workers and the provision of obstetric care. 
Indeed, the epidemiology of AKI seems to be changing 
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over time as these factors are addressed. For countries in 
which multiple studies have been conducted, a decline 
in obstetric and diarrhoeal causes of AKI is generally 
evident, which is attributed to improved maternal care 
and the widespread use of oral rehydration solution 
(Table 1).125,126 However, global warming and climate 
change are expected to reduce the availability of clean 
air, safe drinking water and sufficient food and secure 
shelter in the future.127,128 The prevalence of diarrhoeal 
diseases, malnutrition and vectorborne infections, 
which are major preventable causes of AKI and death 
in the tropics, is highly sensitive to climate change 
and is, therefore, expected to increase in response to 
climate change.15,128 Areas with a weak public health 
i nfrastructure are expected to be the worst affected.

Vector control is the most effective way to prevent 
transmission of vectorbornediseases. In the tropics, 
however, vectorborne diseases are notoriously difficult 
to control.129 In the 1950s and 1960s, vector eradication 
relied on the use of chemical insecticides.130 However, 
concerns about the effects of these pesticides on tropical 
ecosystems (for example, reduced biodiversity), acute as 
well as longterm adverse effects of pesticide exposure 
on human health, and the prospect that vectors could 
develop resistance to these pesticides resulted in the 
abandonment of this strategy131 and its replacement by 
an integrated management approach. This approach 
uses a range of interventions, including the rational use 
of pesticides and mosquito nets on the basis of local 
knowledge about the vectors, diseases and disease deter
minants, and engagement with local communities and 
other stakeholders within a public health regulatory 
and legislative framework.132 Integrated vector manage
ment requires additional organizational and economic 
resources for implementation. Not all countries that fol
lowed WHO recommendations have reported uniform 
success.133 The distribution of mosquito nets impreg
nated with longlasting insecticide and indoor spray
ing of residual insecticides led to ≥50% reduction in the 
number of patients with malaria in 43 of the 99 countries 
with ongoing transmission of vectorborne diseases, and 
a 25–50% reduction was observed in another eight of 
these countries between 2000 and 2010.61 Since 2000, 
the estimated global incidence of malaria and malaria 
specific mortality has decreased by 17% and 26%, 
respectively.61 However, modern technological tools, 
such as remote sensing using satellitederived imagery134 
and novel biological methods such as the use of larvi
vorous fish135 are now being utilized for eradication of 
tropical diseasecausing organisms and vectors.

Public awareness of the need for use of safe water, safe 
handling and use of pesticides and other nephrotoxins 
should be increased by including these issues in school 
curricula, and by sustained campaigns in mass media.

Treatment
The preventive measures described above need to be 
coupled with improvements in the training of health
care workers, to enable prompt identification of 
patients with suspected AKI who might be candidates 

for referral to centres that have facilities for specialized 
care. With the exception of a few subSaharan African 
nations, dialy sis is available in most tropical countries. 
However, haemodialysis facilities are concentrated in 
urban centres and are often unable to cope with the huge 
demand for their services. Peritoneal dialysis is, there
fore, often the only form of dialysis available, especially 
in remote areas136 and for small children.137 Peritoneal 
dialysis has equivalent efficacy to more expensive conti
nuous renal replacement therapy modalities, especi ally 
when high fluid volumes are used, administered to 
patients through a soft catheter.138,139 Advances in dialy
sis technology that permit use of haemodialysis in 
remote areas using simple machines and resin systems 
to regenerate water, and development of mobile dialysis 
platforms will be likely to improve outcomes.

Conclusions 
Communityacquired AKI is a major problem in devel
oping tropical countries. The prevalence and epidemio
logy of this form of AKI is closely linked to other public 
health problems, such as infections, unclean water, a 
predominantly rural population, suboptimal antenatal 
care, poor regulation of indigenous medical practices, 
and unsafe births and abortions. Many patients in tropi
cal countries who have infectionassociated AKI present 
with similar features and patterns of organ involvement, 
which makes identification of the underlying cause diffi
cult on the basis of clinical findings alone. Additionally, 
the lack of easy access to hospitals can delay diagnosis 
and management of AKI, which culminates in the high 
mortality rates for this condition reported in develop
ing countries. The longterm renal prognosis is poor 
in a large number of AKI survivors, especially those 
with unfavourable histological lesions, such as ACN. 
Communityacquired AKI in tropical countries is, 
however, potentially preventable. Prevention requires 
adopting a public health approach, including provision 
of safe water, infection control, vector management, 
better obstetric care and campaigns to raise awareness 
about safe use of herbs, pesticides and chemicals. Timely 
referral of patients with established AKI to centres with 
dialysis facilities will improve outcomes.

Review criteria

The PubMed database was searched using the terms 
“acute renal failure”, “acute kidney injury”, “acute renal 
insufficiency”, “kidney injury”, “acute”, and “acute kidney 
failure”. This search was refined using the terms “kidney 
failure”, “acute/economics”, “acute/epidemiology”, 
“kidney failure” and “acute/aetiology”. Full‑text 
articles were obtained for all relevant publications 
relating to humans. In addition, textbooks, conference 
presentations and position statement papers were 
reviewed. Online resources were searched for material 
relevant to the impact of climate on health care and 
further information was obtained by checking cross‑
references. Data on economic development and general 
health indicators were obtained from the World Bank  
and WHO websites.
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