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C H  A P T E R

As its name implies, the tropical zone is the region 
of earth lying between the tropics of Cancer and 
Capricorn (23.5 degrees north and south) (Fig. 63.1). 

This zone has unique characteristics that signi  cantly modify 
the pro  le of kidney disease with regard to etiology, clinical 
features, and management. Three major factors interact in 
this respect, namely the population genetics, environment, 
and prevailing socioeconomic conditions (Fig. 63.2). 

Of the great human races,   rst described in the 1839 
Meyers Konversations-Lexikon German encyclopedia, two 
are well expressed in the tropics. These are the “Negroid,” 
hallmarked by grades of dark skin, and the “Mongoloid,” 
mainly identi  ed by typical facial features. It is obvious that 
neither skin color nor facial con  guration is a modi  er of any 
disease process; it is the associated genetic polymorphism 
that is truly incriminated, such as the ACE, MYH9, and a 
few Nephrin genes in blacks 1–3 and the gene polymorphisms 
associated with increased susceptibility to immunoglobulin 
(Ig)A nephropathy in the Chinese. 4 Genetic factors are ampli-
  ed by the tendency of tropical populations to live in closed 
communities, sharing the same lifestyle and exposure to the 
same environment, for many decades. These are called “in-
digenous populations” of which over 5,000 groups are recog-
nized in 72 countries, according to recent World Bank data. 

The tropical environment is quite variable. Although 
commonly perceived as warm and rainy with a rich bio-
ecology, which, indeed, is true for many areas as  sub-Saharan
Africa, Southeast Asia, and Central America, it may be hot, 
dry, and void of any signi  cant natural cultivation as in the 
Arab Gulf countries and the great African Sahara, or icy-cold 
as in the great glaciers of Argentina. Each of these and other 
environmental conditions re  ect on the animal and plant life 
in these regions, which re  ects on the etiology of kidney as 
well as other diseases. 

Despite considerable improvement over the past few de-
cades, the average socioeconomic standards are suboptimal in 
the majority of tropical countries. The deadly vicious circle of 
poverty, illiteracy, and chronic disease remains escalating in 
many populations. Nearly 70% of the world’s population live 
in the tropics, almost coinciding with the World Bank’s map of 

“low” (  US$ 995/year) and “ lower-middle” (US$ 996–3,945/
year) income categories. Expenditure on health is even more 
limited, with single digit annual expenditure per capita in 
many tropical countries in Africa and Asia. The highest rates 
of illiteracy are reported from the tropics, with numbers as 
high as 82.4% in Niger, compared to the world weighted aver-
age of 20.1%. All this translates into a distressingly high prev-
alence of malnutrition, chronic infection, and malignancy. 

Kidney disease shares in this scenario in many ways. 
Acute kidney injury (AKI) is often caused by viral (e.g., HIV), 
bacterial (e.g., leptospirosis), or parasitic (e.g., malaria) in-
fections; snake bites; or herbal medications. Chronic kidney 
disease (CKD) is caused by a parallel list of infectious and 
chemical agents, in addition to the increasing burden of dia-
betes and hypertension. The typical fast progression of CKD 
seems to be related to late medical attention, poor blood 
pressure control, obesity, smoking, lower nephron number 
attributed to low birth weights associated with malnutrition, 
and other factors. End-stage kidney disease (ESKD) treat-
ment is quite modestly available. Survival on dialysis and the 
success of transplantation are strikingly low in most tropical 
countries, expectedly inversely related to national income. 5

In this chapter, an overview is given on the  epidemiology
of common renal diseases in the tropics that are also  present 
in the West but with different prevalence and nephropa-
thy due to tropical infection and toxin poisoning, which is 
uniquely tropical. This is followed by descriptions of speci  c 
diseases including diseases related to chemical toxins and 
the environment. Finally, the issue of ESKD and its manage-
ment in different tropical regions is reviewed. 

 OVERVIEW 
 Epidemiology of Common Kidney Diseases in 
the Tropics 
 Acute Kidney Injury 
The incidence of AKI in the tropics is unknown, owing to the 
lack of reliable registries and uni  ed de  nitions. It was only 
during the past decade that the RIFLE or AKIN de  nitions 
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 Much of the recent literature distinguishes hospital- 
acquired from community-acquired AKI. The former consti-
tutes the majority of cases in the north, which are related to 
surgical complications, administration of radiocontrast ma-
terial, and sepsis. A similar pro  le is noticed in urban tropi-
cal communities, although constituting a small fraction of 
the overall burden of AKI. 6  On the other hand, at least 80% 
of AKI in the tropics is community-acquired, and occurs in 
the rural areas. Infection, intoxication with animal and plant 
poisons, and obstetric complications are the main causes. 
Breakdown of the different etiologies yields a remarkable 
geographical variation, depending on the predominant pri-
mary health problems and medical care. Falciparum malaria, 
scrub typhus, leptospirosis, snake bites, and toxic plants are 
the leading causes of AKI in different tropical communities. 

 The risk factors for developing AKI in the tropics are 
similar to those in the north. Those who are older,  diabetic, 
or having CKD, etc. are more vulnerable. Yet there are 
 additional risk factors in the tropics such as the nature of 
the causative agent (Fig. 63.3); severity of host response; 
 multiple systemic effects involving the liver, lung, or heart; 
preexisting undernutrition or chronic illness; and drug 
nephrotoxicity. 8  Many such risk factors may coexist in the 
same patient, hence the high frequency of AKI. 

 End-Stage Kidney Disease 
 The incidence of ESKD in the tropics is commonly reported 
in between 150 and 200 patients per million population 
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FIGURE 63.1 The tropical zone.
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FIGURE 63.2 Major factors in the pathogenesis of tropical diseases.

were adopted in the northern hemisphere, and less than a 
handful of studies reported from the tropics. 6,7  However, 
considering the reported incidence of AKI in the prevailing 
spectrum of primary causes, and referring it to the known 
prevalence of these conditions in the tropical environment, 
suggests extremely high   gures, at least 10-fold higher than 
those reported in the north. 
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 therapies. Prevalence rates typically exhibit the correlation 
with national income, 5  as observed in other countries with 
gross domestic products (GDPs) less than US$10,000 per 
capita. 11  

 Chronic Kidney Disease 
 Only a few screening studies for the prevalence of CKD 
have been conducted in the tropics. The pioneering study 
of  Remuzzi’s group 12  in Bolivia shows evidence of CKD in 
20% of 14,082 screened individuals. Other contemporary 
studies in other tropical countries have come up with differ-
ent   gures, ranging from 1.39% in the east of India 13  to 50% 
in north Australian Aboriginals. 14  Much of these differences 
are attributed to inconsistent de  nitions and methodology, 

(pmp), which seems to be an underestimate when compared 
with recent data from the United States (averaging 350 pmp). 
It may be argued, though, that a relatively low incidence in 
the tropics is expected owing to the currently low rate of dia-
betes, which accounts for the majority of cases in the United 
States. This privilege alone seems to “overcorrect” for the ad-
ditional burden of ESKD due to unique etiologies in the trop-
ics, such as chronic infection and exogenous intoxication. 9  
If this is true, the incidence of ESKD should progressively 
increase in the coming three decades, in parallel with the 
anticipated increase in diabetes. 10  

 Prevalence, on the other hand, is far lower than in 
 Japan, Europe, and the United States, owing to the low ac-
ceptance rates and the poor outcomes of renal replacement 

FIGURE 63.3 A: Incidence of acute kidney injury (AKI) in a study on tropical infections in India.7 B: Outcome of AKI (percent) in tropical 
infections.7 (See Color Plate.)
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although true variation due to genetic, environmental, and 
socioeconomic factors undoubtedly exist. 

Although the nature of CKD varies in different regions, 
there are gross similarities that distinguish the tropics from 
other parts of the world. 

 Glomerulonephritis. The prevalence of glomerulonephri-
tis (GN) in the tropics has been estimated to be 1 in 10,000, 
which is 2.5 times the rate in Western countries. In most 
reports from the tropics, GN remains as the leading cause of 
ESKD to date. 15–19

It is remarkable that secondary forms of GN are far 
more common in the tropics as compared with the rest of 
the world, reaching up to 34% in a report from Brazil.20

This includes both genders and all age groups, being no-
ticed as steroid-resistant nephrotic syndrome in children, 

aggressive lupus nephritis in young black women,23 or 
focal segmental glomerulosclerosis (FSGS) in elderly men 
(Fig. 63.4).24

FSGS (15%–45% of all GNs) and various forms of pro-
liferative GN (25%–35%) are notoriously common in the 
tropical zone. 15,19,25 It is likely that the former lesion is the 
result of genetic predisposition as explained earlier. Pro-
liferative GNs are the typical lesions associated with most 
“nephritogenic” infections as described later. The distinction 
between primary and secondary forms of these lesions is 
sometimes dif  cult, when a primary cause is not identi  ed. 

IgA nephropathy has a high prevalence in the Far 
East and Southeast Asia (35%–45%) although it is rare 
in Africa (3%–4%). 19 Membranous nephropathy is less 
common in these regions as well as in South America and 
the Caribbean,27 yet is notoriously common in others such 

FIGURE 63.4 Glomerulonephritis pro  les in different African countries.26 NS, nephrotic syndrome; GN, glomerulonephritis; MCGN,
mesangiocapillary GN; FSGS, focal/segmental glomerulosclerosis; MPGN, mesangioproliferative GN; MCNS, minimal change nephrotic 
syndrome; HIV GN, human immunode  ciency virus-associated GN; QMN, quartan malarial nephropathy; Prolif. GN, proliferative GN; 
SLE, systemic lupus erythematosus; M-GN, membranous nephropathy.
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as South Africa, where it is associated with hepatitis B viral 
infection in children. 22

Mixed pathology is common in tropical GN, re  ecting 
the multiplicity of causes and complexity of pathogenesis. 
The persistent antigenic load of chronic infection may lead 
to amyloid deposits, which may confound the glomerular 
lesions as in schistosomiasis, leprosy, and leishmaniasis (see 
later).

 Interstitial Nephritis. The prevalence of interstitial nephri-
tis in the tropics is generally higher than in the northern 
hemisphere, amounting to one quarter of incident dialysis 
patients in Pakistan. 19 Its etiology differs across individual 
tropical countries, depending on local ecology. It includes 
speci  c infection as tuberculosis, leprosy and leishmaniasis, 
“nonspeci  c” infection in association with stones or schisto-
somal urinary obstruction, and exposure to environmental 
or occupational nephrotoxins. 

 Diabetes. The contribution of diabetes to CKD varies from 
9.1% to 29.9% in different reports. 19 More than 80% of cases 
are type 2 insulin-resistant. End-stage diabetic nephropathy 
exhibits a constantly rising trend, attributed to increasing 
incident cases as well as improved survival on renal replace-
ment therapy (RRT). In a single center experience in Egypt, 
diabetic patients constituted 8% of patients on chronic dia-
lysis in 1980, a   gure that multiplied fourfold over 30 years 
(Barsoum, unpublished data). 

 Vascular Disorders. The lack of general agreement on the 
role of primary hypertension in causing ESKD is evident in 
the statistical reports from most tropical countries. Upon 
standardization of the de  nition of this disease entity, the 
prevalence of hypertensive nephrosclerosis among ESKD 
patients in the tropics was reported between 13% and 21%. 19

Even more uncertain is the prevalence of renovascular 
hypertension, which requires a level of diagnostic sophistica-
tion that is often beyond availability in many tropical coun-
tries. In the many reports on this condition from India 28 and 
also from Southeast Asia, China, and South Africa, Takayasu’s 
arteritis was a major underlying cause. 

 Nephrolithiasis. The overall prevalence of urolithiasis 
(3%–5%) does not seem to be different in the tropics when 
compared to the rest of the world. 29 A notable exception is 
in South Asia, where nephrolithiasis was reported to  account
for 40% of renal disorders in what is known as the “stone 
belt” in India, Pakistan, the Arabian Peninsula, and adja-
cent countries. 30 Most of these stones are formed of  calcium
oxalate, without signi  cant changes in respective urinary 
concentration. It is presumable that dehydration may be a 
causative factor in most of these countries, whereas a high 
protein intake may contribute in the richer population  strata,
such as those in the northern hemisphere. In a small fraction 
of patients, as shown in South Africa and Thailand, 31 low 
urinary citrate may be the underlying defect. 

Nephrolithiasis in the tropics is often secondary to uri-
nary bacterial or parasitic infection (see later). Subsequent 
obstruction and ascending infection are responsible for renal 
damage, constituting up to 10% of ESKD in a country where 
schistosomiasis is endemic, such as Egypt. 32

 Other Conditions. Other “traditional” causes of CKD such 
as cystic disease and dysproteinemias seem to occur in the 
same frequency as in the rest of the world, yet they have a 
relatively limited impact on the overall prevalence. 

 Clinicopathologic Pro  le of Tropical 
Nephropathies 
 Etiology 
Exposure to infection or toxins is responsible for the vast 
majority of kidney disease in the tropics. While these agents 
are frequent causes of AKI, their incrimination in CKD is 
often transient and spontaneously reversible. Exceptions 
to this rule are the chronic nephropathies associated with 
schistosomiasis, onchocercosis, possibly quartan malaria, 
and exposure to certain mycotoxins. 

 Infection. Of the principal bacterial infections, tubercu-
losis ranks quite high in India and the Arabian Peninsula, 
and is associated with ureteric strictures, back pressure, and 
chronic interstitial nephritis. Streptococcal infections of the 
throat and skin (complicating scabies) are responsible for 
chronic glomerular disease in a large number of  African chil-
dren. Of the viral infections, hepatitis C is currently the most 
important cause of progressive mesangiocapillary (mem-
branoproliferative) glomerulonephritis in many countries, 
particularly Egypt, whereas HIV is responsible for a large 
spectrum of renal disorders, particularly in sub- Saharan
Africa. Several parasitic infections cause ESKD through ure-
teric obstruction (e.g., schistosomiasis in most of Africa), in-
terstitial nephritis (e.g., Kala-azar in many African and Asian 
countries), and glomerulonephritis (e.g., malaria in West 
Africa, schistosomiasis in Africa and Latin America,   lariasis 
in Nigeria) (see Table 63.1). 

 Toxins. Several studies in North Africa have documented 
a fairly high prevalence of serum antibodies to ochratoxins 
in patients with “idiopathic” interstitial nephritis. How-
ever, a cause-and-effect relationship could not be estab-
lished. The disease burden due to occupational exposure 
to lead, mercury, or cadmium; environmental  exposure 
to various pollutants (see later); or the inadvertent use of 
nephrotoxic drugs or traditional medicines remains to be 
elucidated. 

 Pathophysiology 
Being a highly vascularized organ, the kidney is vulnerable 
to a variety of tropical infections and toxins (Fig. 63.5). 
Nephropathy is attributed to either hemodynamic changes, 
immune responses, or direct nephrotoxicity. 
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 Hemodynamic Alterations. Hemodynamic alterations in 
tropical infection are similar to those observed in sepsis. 
In mild and moderate infection, systemic vascular resistance 
is decreased, accompanied by increased cardiac output and 
increased renal vascular resistance. The renal blood   ow and 
the glomerular   ltration rate (GFR) are decreased. In severe 
infection systemic vascular resistance is either normal or 
slightly increased whereas the cardiac output is  either normal 
or decreased. Renal vascular resistance is further increased 
with marked diminution of renal blood   ow and GFR. In 
toxin envenoming the cardiac output is initially decreased, 
followed by the same hemodynamic pattern as in infection. 

In uncomplicated febrile illnesses transient hypervo-
lemia is associated with pyrexia. 33 The rise in blood volume 
may be attributed to vasodilatation due to vasodilatory me-
diators such as nitric oxide, prostaglandins, and kinins, as 
well as to the   uid-retaining hormones antidiuretic hormone 
(ADH) and aldosterone. Hypovolemia is observed in severe 
infection due to increased vascular permeability with   uid 
leakage from the intravascular compartment. This is further 
confounded by the increased insensible loss and sweating 
due to pyrexia. Among the most common causes of severe 
hypovolemia in the tropics are diarrheal diseases, dengue 
hemorrhagic fever, and intestinal anthrax. 

Hemorheologic changes may be induced by increased 
plasma viscosity, increased erythrocyte viscosity in  malaria
and babesiosis, and erythrocyte swelling due to snake ven-
oms and pore-forming toxins. 34 Cyto-adherence in  between
the vascular endothelium and the leukocytes in many 

infections, or parasitized erythrocytes in falciparum ma-
laria, is a common phenomenon. Hemoglobinuria, myoglo-
binuria, intravascular coagulation, free radical release, bile 
acids, complement, and protease activation are among the 
nonspeci  c effects of infection and toxins. 35 These factors, 
in addition to hypovolemia, hemorheologic changes, and 
cyto-adherence, further contribute to decreased renal blood 
  ow. Ischemic renal failure is therefore common in severe 
infection. The effect of toxin on ion channels on the vascular 
endothelium and smooth muscle cells can also alter hemo-
dynamics in toxin envenomation. 

 Immunologic Perturbation. Both innate and acquired 
immunity are involved in the pathogenesis of renal injury 
in tropical infection. The major players in this context are 
the toll-like receptors (TLRs), which are expressed in all 
glomerular cells, the proximal tubule cells, and the inter-
stitial monocytes and dendritic cells. 36 The ligands for these 
receptors include bacterial and viral peptides, lipopolysac-
charides, necrotic cells, and other mediators associated with 
infection. Activation of TLRs utilizes the same signaling 
molecules as for interleukin (IL)-1 receptors (IL-1Rs) which 
include MyD88, IL-1R-associated protein kinase, and tumor 
necrosis factor (TNF) receptor-activated factor. 37

Adaptive immune response takes further steps in anti-
body production. Both Th 1 and Th 2 subsets of T cells are in 
operation (Fig. 63.6). Th 1 cytokines, consisting of IL 2, inter-
feron (IFN)-  , and TNF  , are effective against bacteria and 
viruses. Th 2 cytokines, comprising IL 4, IL 5, and IL 10, defend 

FIGURE 63.5 Pathogenetic mecha-
nisms in infection/toxin related 
 kidney injury.
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against parasitic or mucosal infection. Glomerulonephri-
tis, usually immune complex mediated, is the classic   nd-
ing in most infectious diseases. Because IgM antibodies are 
produced early in infection and   x complement ef  ciently, 
granular immune complex deposition in the glomeruli 
with IgM and C 3 is commonly observed. Through the re-
lease of cytokines and chemokines, leukocytes are recruited 
and interstitial cells proliferate. In certain infections such 
as leptospirosis and schistosomiasis, tubulointerstitial le-
sions and granulomata may be observed. Persistent antigen 
load may result in secondary amyloidosis as seen in leprosy, 
leishmaniasis, schistosomiasis, and opisthorchiasis. 

 Direct Invasion and Nephrotoxicity. Direct cytotoxi city
may be a signi  cant pathogenetic mechanism in tropical ne-
phropathies. Viruses such as HIV, parvovirus, and possibly 
hepatitis C virus (HCV) 38 may directly invade the podocytes. 
Bacterial toxins such as the Shiga toxin, the outer membrane 
proteins of leptospires, and the exotoxins of cyanobacteria 
have a selective af  nity to membrane receptors of different 
renal cells. 

Microbial invasion of the kidney, urinary tract, and lym-
phatics can provoke injury through a local in  ammatory re-
action in the form of cellular proliferation, in  ltration, cystic, 
and granulomatous changes. 39 Renal lesions in leptospirosis, 
echinococcosis,   lariasis, schistosomiasis, and tuberculosis 
represent injury by this mechanism. 

Raw bile, impila (Callilepis laureola), toxic mushroom, 
and cotton seed oil are toxic to renal tubules. 40 Djenkolic 
acid, the main composition of djenkol bean, obstructs re-
nal tubules in the presence of acid and concentrated urine. 40

Drinking star fruit juice causes renal failure through tubular 
obstruction by oxalate crystals. 41 Russell’s viper venom and 
green pit viper venom have direct toxicity to the vascular 
and glomerular endothelial and renal tubular cells. 42 It has 
been postulated that venoms and toxins exert direct toxicity 
through phospholipase A 2 and metalloproteases. 

 Clinical Manifestations 
Nonspeci  c urinary sediment changes consisting of few 
erythrocytes, leukocytes, and granular casts are often ob-
served in febrile infectious diseases. Signi  cant microscopic 

FIGURE 63.6 Broad immunologic pathways involved in infection: the schistosomiasis scenario. The cercaria (infective stage) provokes 
the innate immune pathways including the macrophages, neutrophils, natural killer cells, and complement. Adult worm and oval an-
tigens are presented by the same cells, now serving as antigen-presenting cells (APCs), to the helper T cells (TH1) and B lymphocytes. 
The former activate CD8 cells, which are crucial for the formation of granulomata, aggregates of which form bladder pseudotubercles. 
B lymphocytes form antigen-speci  c IgM and IgG2,3 which are responsible for proliferative glomerular lesions. Under the in  uence 
of adult worm proteins (smPEPCK) the APCs transform into plasmoid cells which activate TH2 cells that secrete modulating and pro  -
brotic cytokines which favor bladder   brosis and “sandy patches.” The B lymphocytes are “switched” under these cytokines to produce 
IgA, IgG1, and IgG4, which are associated with mesangiocapillary glomerulonephritis. Persistent commitment of the plasmoid cells in 
the immune process impairs their ability to remove the chemoattractant amyloid-A protein, leading to amyloidosis. Most infections
utilize these pathways to a greater or lesser extent with variable emphasis on individual components.
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hematuria may be seen in a hematotoxic snake bite. These 
  ndings resolve when the disease is under control. 

Proteinuria is transient and often mild with a protein-
to-creatinine ratio of less than one. Signi  cant proteinuria, 
even at the nephrotic range, may be seen, but disappears 
when the disease resolves. Persistent proteinuria with abnor-
mal urinary sediment has been observed in certain infectious 
diseases that run a progressive clinical course, such as schis-
tosomiasis, or are associated with superimposed infection or 
autoimmune reaction. 

Hemoglobinuria is one of the common   ndings in 
venom or toxin poisoning. 43 Bites by vipers and hornet or 
wasp stings can cause signi  cant intravascular hemolysis. 44

Glucose-6-phosphate dehydrogenase (G6PD) de  ciency is 
common in tropical countries because de  cient cells resist 
malarial parasitization, and it may account for intravascu-
lar hemolysis in the patient with infection or with use of 
certain drugs. 45 Myoglobinuria is observed in several infec-
tious diseases with rhabdomyolysis such as leptospirosis, 
trichinosis, malaria, typhoid fever, viral infection, and sep-
ticemia.46 Sea-snake bite and insect stings also cause rhab-
domyolysis and myoglobi nuria by direct effect on respective 
cell membranes.

Hyponatremia is common in the patients with febrile 
diseases. The causes are multiple including increased ADH, 
low sodium intake, sodium loss, sodium in  ux into the cells, 
and osmoreceptor resetting. 47 Response to water load may 
be delayed. Hypokalemia attributed to respiratory alkalosis 
due to high fever is noted in 38% of the patients with febrile 
illness. Potassium loss due to diarrhea is a common cause 
of hypokalemia. Interestingly, cotton seed oil ingestion 48

and leptospirosis 47 can cause kaliuresis and hypokalemia. 
Intravascular hemolysis and rhabdomyolysis are important 
causes of hyperkalemia. Hypocalcemia and hypophosphate-
mia are seen in severe infection. 

AKI, often caused by tubular necrosis, either ischemic 
or toxic, is observed in 0.5% to 4% of patients with infection 
and toxin poisoning. Renal failure is hypercatabolic in 68% 
of the patients, characterized by rapid rises of blood urea 
nitrogen (BUN) and serum creatinine (SCr). AKI may be ac-
companied by jaundice, myoglobinuria, or hemoglobinuria.
Cholestatic jaundice is a common complication, noted 
in 60% of the cases. Prognosis of AKI is usually good un-
less complicated by multiorgan failure, cortical necrosis, or 
papillary necrosis. The clinical course may be prolonged in 
severe acute diffuse interstitial nephritis. 

 TROPICAL INFECTIONS 
 Bacterial Infections 
Several bacterial infections are known to cause AKI. Based 
on the evidence that most clinical features of severe infec-
tion re  ect response to a large quantity of microorganism 
load, it is not surprising that in severe infection renal injury 
can occur. 

 Typhoid Fever and  Salmonella  Infections 
Typhoid fever is a common disease in tropical countries. 
Clinically, renal disease due to typhoid fever is uncommon. 
However, with careful and repeated urinalysis, more than 
50% of the patients are found to have de  nite   ndings of re-
nal involvement. 49 The spectrum of renal disease in typhoid 
fever includes mild to severe glomerular involvement, inter-
stitial nephritis (Fig. 63.7), and acute tubular necrosis. 49,50

Hematuria and proteinuria are quite frequent dur-
ing the febrile phase. The urinary protein loss is less than 
1 g per 24 hours in the majority of patients, but can exceed 
this in occasional patients. The glomerular disease usually 
has a benign course, with complete recovery occurring in 
a 1- to 2-week period. 49 Less commonly, fever, generalized 
edema, and hypertension mimicking acute poststreptococcal 
glomerulonephritis have been reported. Recovery was usu-
ally complete with appropriate antimicrobial treatment. Re-
nal histology, reported in several series, shows large glomeruli 
with mild to moderate mesangial proliferation. Immuno  uo-
rescence staining has shown variable amounts of C3, IgG, 
and IgM deposits. IgA deposition in the mesangial area has 
been described. 50 The pathogenesis of typhoid glomerulone-
phritis is of an immunologic nature.  Salmonella Vi antigen has 
been demonstrated in the glomerular capillary wall. 51 The 
complement level is usually low during the acute phase in 
patients with renal involvement and normal in those without 
renal involvement. 51 However, this has not been a consistent 
  nding, especially in experimental typhoid. AKI has occurred 
with typhoid fever associated with intravascular hemolysis 
due to G6PD de  ciency, disseminated intravascular coagula-
tion, severe jaundice, 49 and rhabdomyolysis. 52 An interesting 
syndrome reported from Egypt is the nephrotic syndrome, 
which occurs in patients with chronic salmonellosis associ-
ated with schistosomiasis (see later text). 53 A  similar com-
bination of Salmonella and schistosomal infection has been 
reported in Brazil without nephrotic syndrome. 54

 Leptospirosis 
Leptospirosis, an infectious disease caused by several sero-
types of pathogenic leptospires, is worldwide in distribution. 
The disease is transmitted through contact of abraded skin 

Figure 63.7 Typhoid interstitial nephritis with abscess  formation.
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or mucous membrane with blood, tissue, or urine of infected 
animals or through exposure to contaminated  environments. 
It is an unusual cause of AKI in Western countries;  however, 
it plays an important role in certain tropical regions. In 
Southeast Asia and Sri Lanka, leptospirosis is one of the im-
portant causes of AKI, accounting for 24% and 32% of all re-
ported cases, respectively. The kidney is invariably involved 
in leptospirosis, and AKI of variable severity occurs in the 
majority of the patients (Fig. 63.8). 

Clinically, patients present with sudden onset of chills, 
fever, generalized muscle pain, and variable degrees of jaun-
dice. Urinary abnormality consists of mild proteinuria, a 
variable number of erythrocytes, occasional hemoglo binuria,
granular casts, and bile-pigmented casts. Leptospiruria is 
demonstrated by dark-  eld illumination. Renal failure, oc-
curring in 60% of the patients, may be mild and nonoli-
guric. Oliguric renal failure with hyperbilirubinemia occurs 
in  severe cases. In severe leptospirosis hypotension is fre-
quently observed and can lead to AKI and pulmonary com-
plications if not promptly treated. 55 Hypokalemia secondary 
to kaliuresis has been observed. Kaliuresis in leptospirosis 
is due to inhibition of potassium reabsorption in the med-
ullary thick ascending limb of Henle loops and increased 
sodium delivery to the principal cells of the collecting ducts, 
due to decreased sodium reabsorption in the proximal tu-
bules resulting in potassium excretion. 56 Renal bicarbonate 
wasting similar to proximal renal tubular  acidosis may be 
observed. Hypocalcemia and hypomagnesemia are com-
mon. In severe cases (Weil syndrome), marked renal failure 
with a rapid rise in SCr and uric acid occurs in association 
with jaundice. Jaundice is usually cholestatic. Hepatocellu-
lar jaundice may be observed when associated with shock. 
In rare cases, hemolytic-uremic syndrome may be seen. 

Thrombocytopenia is common and renal failure may be as-
sociated with signi  cant thrombocytopenia. Full-blown dis-
seminated intravascular coagulopathy is rare. Infection with 
different leptospiral serotypes does not seem to explain the 
marked variability in renal involvement. 47

Although leptospirosis involves every structure of the 
kidney, the primary lesion is interstitial in nature, with local 
or diffuse mononuclear cell in  ltration. Renal function can 
be normal. In AKI, cellular degeneration of both proximal 
and distal tubules is seen. Glomerular changes are quite mild 
and limited to mild mesangial hypercellularity. On immuno-
  uorescent staining, nonspeci  c C3 and IgM uptake is seen 
in the mesangial area and occasionally in the afferent arteri-
oles. On electron microscopy, occasional dense  deposits are 
seen in mesangial, paramesangial, and intramembranous lo-
cations. The organism itself is rarely seen in human  biopsy
studies. However, in hamster models, leptospires can be 
seen initially in the glomeruli and then in the interstitium 
and renal tubules a few hours following inoculation. 57

The pathogenesis of renal changes in leptospirosis is 
multifactorial. Through monocyte activation and TLRs, the 
outer membrane proteins of leptospires can cause a release of 
nitric oxide, TNF-  , and monocyte chemoattractant protein 
from the medullary thick ascending limb of Henle loops. Pep-
tidoglycans and lipopolysaccharide also induce monocytes to 
release proin  ammatory cytokines and  vasoactive mediators 
causing hemodynamic changes. The renal blood   ow is de-
creased through the effects of cytokines, mediators, and non-
speci  c in  ammatory factors. Decreased cardiac function, 
attributed either to myocarditis or myocardial depressant fac-
tor or jaundice, further contributes to decreased renal blood 
  ow leading to AKI. Intercalation of leptospire glycolipid in 
the host cell membrane and inhibition of membrane Na-K 
ATPase can cause cellular injury. Interaction between lepto-
spire outer membrane proteins and extracellular receptors on 
the host cell membrane activates innate immune response 
with leukocyte in  ltration resulting in interstitial nephritis. 58

The humoral immune mechanism plays a major role in lepto-
spire elimination. However, it plays a minor role in leptospire 
nephropathy. An increased number of B lymphocytes have 
been observed in a patient with leptospirosis, along with a 
decrease in the number of CD3   and CD4   cells. 59

Management of renal failure in patients with leptospiro-
sis should focus on treatment of the underlying  abnormality. 
Penicillin, including its derivatives, is the drug of choice. 
Hypotension should be promptly treated with vasopressor 
agents. Intravenous   uid should be given cautiously because 
of decreased response to   uid load. A small dose of dopa-
mine increases blood pressure and urine   ow 60 although 
its impact on survival or need for dialysis is questionable. 61

Hemodialysis and peritoneal dialysis have been used success-
fully in patients with renal failure. Plasma exchange coupled 
with hemodialysis is advocated for patients with marked hy-
perbilirubinemia. In most patients who recover from acute 
illness, renal function returns to normal. Prognosis is general-
ly good. Bad prognostic indices include  hyperbilirubinemia,

FIGURE 63.8 Leptospirosis. Acute tubular necrosis, with blood 
and pigment intratubular deposits and interstitial edema.
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hyperkalemia, and pulmonary  complications of either pul-
monary edema, adult respiratory distress syndrome (ARDS), 
or hemorrhage. Continuous hemo  ltration, either arterio-
venous or venovenous form, plasmaphe resis, and blood ex-
change are useful in these  clinical settings. 

 Leprosy 
Leprosy is a common infectious disease in tropical regions 
including Africa, Asia, and South America. It has been esti-
mated that of 12 million cases of leprosy in the world, 
3 million are in India. Renal involvement is frequent among 
patients with lepromatous leprosy, although it can also be 
seen in those with tuberculoid or borderline types. The 
prevalence of glomerulonephritis in leprosy varies from 6% 
to 50% in biopsy studies. 62

The clinical spectrum covers asymptomatic proteinuria 
and hematuria, nephrotic syndrome, nephritic syndrome, 
and renal failure. 63 Circulating immune complexes and 
cryoglobulinemia are detectable in the majority of patients. 
Serum complement levels may be low. The cell-mediated 
immune response is depressed in the lepromatous type. 
Nephrotic syndrome is common in patients with amyloido-
sis, but may be observed in patients with membranous and 
diffuse proliferative glomerulonephritis. Urinary concentra-
tion and acidi  cation defects have been described. 64 Chronic 
renal failure often results from complicated amyloidosis. AKI 
is mostly observed in lepromatous leprosy with a prevalence 
of 63%, whereas only 2% of nonlepromatous patients have 
impaired renal function. 65 AKI may also be a complication 
of the multidrug treatment of leprosy. Treatment should con-
centrate on the leprosy; management of the renal involve-
ment is only supportive. 

Pathologically, diffuse proliferative  glomerulonephritis
and mesangial proliferative glomerulonephritis are common. 
Focal proliferative glomerulonephritis, membranous ne-
phropathy, mesangiocapillary glomerulonephritis, crescentic 
glomerulonephritis, focal glomerulosclerosis, and interstitial 
nephritis have been reported. 65 Immuno  uorescence study 
shows granular deposition of IgM, IgG, IgA, and C3 in the 
mesangial areas and along the glomerular capillary walls. 
Deposition of IgA alone has been occasionally demonstrated.
There is electron-dense deposition in the mesangial, suben-
dothelial, intramembranous, and subepithelial areas. 66 The 
  ndings are compatible with immune complex glomerulo-
nephritis. The nature of the antigen has not been identi  ed. 
Glomerulonephritis may be only a nonspeci  c reaction. The 
possibilities exist among mycobacterial antigens, other mi-
crobial antigens, and autoantigen. Secondary amyloidosis 
is noted in 2.4% to 8.4% of patients, predominantly with 
lepromatous and borderline lepromatous leprosy, although it 
may be observed occasionally in tuberculoid leprosy. 62

 Melioidosis 
Melioidosis is an infectious disease caused by a gram- negative
bacillus, Burkholderia pseudomallei. The disease is preva-
lent in the tropics, especially in India, Thailand,  Myanmar, 

Cambodia, Laos, Vietnam, Malaysia, the  Philippines, and 
Papua New Guinea. Melioidosis was an important health 
problem during the Vietnam War when many soldiers  became
the victims of this deadly disease. Antibodies to B. pseudom-
allei were detected in 39.5% of the people in northeastern 
Thailand. There are a few reports on melioidosis of the uri-
nary tract. The data on renal involvement are scanty, and ac-
cording to a few reports the rate varies from 2.4% to 35%. 67

Renal abscess diagnosed by ultrasonography is noted in 12% 
of the patients. 68 AKI can occur in the septicemic form of the 
disease. In a series of 220 patients with melioidosis in north-
eastern Thailand, renal failure was noted in 35%. 69 There 
were associated morbidities in 56% of the  patients including 
diabetes mellitus, renal stone, cirrhosis, and glomerulone-
phritis. Hypoproteinemia was  present in 60% of the patients. 
Hyponatremia was observed in 90% of the patients. The du-
ration of renal failure varied from 1 week to 6 weeks, averag-
ing 3 weeks. The mortality rate was close to 90%. 

Renal pathologic changes include multiple renal ab-
scesses, tubular necrosis, and interstitial nephritis. The bac-
teria are seen in the suppurative lesions. In an animal model, 
thrombi have been demonstrated in blood vessels and corti-
cal necrosis has been observed. These have not been shown 
in human melioidosis. Renal changes are attributed to severe 
sepsis, which causes renal ischemia and in  ammatory reac-
tions to bacterial invasion. Recently, nephritic syndrome has 
been observed in a patient with melioidosis, and spontane-
ously resolved following antimicrobial treatment. 70

 Tetanus 
Tetanus is capable of causing AKI through stimulation of the 
sympathetic nervous system 71 and rhabdomyolysis. 72 In a 
report from Brazil where the condition is not uncommon, 73

proteinuria was noted in 50% of the patients and impaired 
renal function was observed in 39% of patients in whom se-
rum myoglobin levels were found to be elevated. There is no 
correlation between the serum level of myoglobin or  creatine 
phosphokinase (CPK) and renal failure. AKI is  usually nono-
liguric and mild. 

 Scrub Typhus 
Scrub typhus, caused by Orientia tsutsugamushi, is widely 
distributed in the tropics and can involve the kidney. As with 
the other infectious diseases, mild proteinuria with abnor-
mal urine sediment is not uncommon. In the majority of 
patients, renal function is normal. AKI can be observed with 
severe infection associated with either jaundice, intravascu-
lar coagulation, or hemolysis. 7 According to recent reports, 
AKI occurred in 7.7% of the patients in Taiwan and in 25% 
of the patients with hypotension in Thailand. ARDS has been 
described. The usual renal changes are those of mild mesan-
gial proliferative glomerulonephritis. Deposition of IgM and 
C3 is seen in the mesangial area. In severe cases, platelet 
thrombi may be seen in the glomeruli, with focal thickening 
of the basement membrane. Tubular necrosis is observed in 
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the presence of AKI. Interstitial nephritis may be present. 7
The in  ltrate often occurs in the corticomedullary region 
and consists of mononuclear cells. Perivascular in  ltration 
and thrombophlebitis may be seen in the interlobular veins. 

 Diphtheria 
Diphtheria can occasionally cause AKI in children. In a re-
view of 155 patients, 74 renal failure was observed in only two 
patients. This could be attributed to decreased cardiac output 
due to myocarditis. Yet, diphtheria toxin may be  nephrotoxic 
because it inhibits protein synthesis when it is added to the 
basolateral side of the renal tubular cells. 75 Diphtheria toxin 
enters the cell by endocytosis through  receptors. The pro-
cess is inhibited by methylamine. Renal histologic changes 
in those with AKI are consistent with tubular necrosis. The 
patients on renal replacement therapy are at high risk of de-
veloping diphtheria if they have not been vaccinated.

 Cholera 
Cholera remains a global threat. The number of cases in 
Africa greatly exceeds the number reported from other 
countries. Cholera is still endemic in Asian countries. The A 
subunit of cholera toxin enters the intestinal epithelial cells 
and activates adenylate cyclase with generation of cAMP 
and opening of chloride channels. 75 This results in diarrhea 
due to chloride and water hypersecretion. Renal failure is 
attributed to   uid and electrolyte loss. Isolated renal perfu-
sion by cholera toxin resulted in reduction of GFR and urine 
  ow, as mediated by platelet-activating factor. 76 Acidosis in 
cholera is associated with an increased anion gap due to hy-
perproteinemia, hyperphosphatemia, and increased serum 
lactate levels. Hypokalemia can be striking. Interestingly, 
the ratio between BUN and SCr may be lower than normal 
because of the larger loss of urea than creatinine through 
diarrhea and perhaps rhabdomyolysis due to hypokalemia. 
In addition to tubular necrosis, vacuolation of the proximal 
convoluted tubules due to hypokalemia may be present. 
Cortical necrosis has been described. 

 Shigellosis 
Shigellosis can be caused by any of the four species of 
Shigella: Shigella dysenteriae, S.   exneri, S. boydii, and  S.
 sonnei. Among these species S. dysenteriae is most virulent. 
Bacterial AB exotoxin known as Shiga toxin is composed 
of subunit A and subunit B. Subunit B binds to glycolipids
Gb3 on the host vascular endothelium, renal epithelium, 
and neurons, thereby stimulating internalization of subunit 
A which binds to ribosomes and inhibits protein synthe-
sis.77 Therefore, in addition to diarrhea caused by colonic 
in  ammation due to bacteria, renal injury and vascular in-
jury can occur. Shigellosis can cause renal failure through 
volume depletion induced by diarrhea and direct renal in-
jury. In a series of 2,018 patients, 78 renal failure occurred in 
26%. By multivariate analysis, younger age, decreased serum 
protein, altered consciousness, and thrombocytopenia were 

indices of a poor prognosis. Because shigella toxin causes 
endothelial injury, hemolytic-uremic syndrome may occur. 79

In this setting there may be cortical necrosis and diffuse   -
brin deposition in the glomeruli. Srivastava et al. 80 reported 
an incidence of hemolytic-uremic syndrome of 34% in pa-
tients with AKI mostly related to shigellosis. Renal histology 
showed cortical necrosis in 40% of the patients. 80 The mor-
tality rate was 60%. 

Vibrio vulni  cus  Infection 
Vibrio vulni  cus is a gram-negative bacillus found in coastal 
and brackish waters. Infection by V. vulni  cus usually occurs 
in immunocompromised or chronic alcoholic hosts follow-
ing consumption of contaminated seafood or injury to the 
skin in a marine environment.  V. vulni  cus infection in man 
can be expressed as primary sepsis, wound infection, or gas-
trointestinal manifestation. The presenting symptoms consist 
of fever with chills, abdominal pain, vomiting, diarrhea, and 
lower extremity pain. Disseminated intravascular coagulation 
can occur. AKI is common with tubular necrosis as a signi  -
cant pathologic change. 81 Renal failure is  ischemic in origin. 
Yet, cellular injury can be induced by bacterial cytolysin, col-
lagenase, protease, metalloprotease, and  phospholipases.82

The disease may be confused with leptospirosis, scrub ty-
phus, malaria, and other forms of sepsis. V. vulni  cus requires 
iron for growth. Therefore, the patients on long-term hemo-
dialysis who receive intravenous iron infusion may be at risk 
of V. vulni  cus infection if exposed to the bacteria. 83

 Viral Infections 
Many viral diseases can cause mild glomerular involvement. 
Rhabdomyolysis may be seen with viral infection and can be 
responsible for AKI. It is, however, interesting that several 
viruses harbored in the kidney produce viruria without renal 
function changes. 

 Dengue 
The disease is caused by any of four serotypes of dengue 
virus and is characterized by   ulike symptoms with head-
ache, muscular pains, arthralgia,   ushing of the face, con-
junctival injection, and skin rashes. The disease, presented 
either as dengue fever, dengue hemorrhagic fever, or den-
gue shock syndrome, is common in Southeast Asia and is 
transmitted by the mosquito Aedes aegypti. Aedes albopictus,
A. scutellaris, and A. polynesiensis may be important vec-
tors in certain areas. Dengue hemorrhagic fever often oc-
curs in a dengue-immune person reinfected by the virus of 
different serotype. The preexisting nonneutralizing antibod-
ies, through antibody-dependent enhancement, increase the 
virus uptake and replication in the macrophage resulting in 
high viral loads, T cell activation, and apoptosis. Hypoten-
sion may occur during the second phase of the disease, a 
few days after the onset when fever declines. Complement 
activation, increased vascular permeability, thrombocytope-
nia, and prolonged bleeding time and prothrombin time are 
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the main pathophysiologic changes of the disease that lead 
to hypovolemia and bleeding. 84 Immune complexes play an 
important part in complement activation. Anaphylatoxins 
C3a and C5a, cytokines, and mediators are elevated and re-
sult in plasma leakage from the intravascular space. Usual 
renal manifestations in dengue hemorrhagic fever include 
mild urinary sediment changes, mild proteinuria, and hypo-
natremia. Renal failure in children is often mild and usually 
prerenal due to hypotension. In adults, renal failure can be 
severe and associated with cerebral symptoms, liver dysfunc-
tion, intravascular hemolysis due to G6PD de  ciency, rhab-
domyolysis, or superimposed infection. 85 Hypotension may 
or may not be present. As in sepsis, hemodynamic alteration 
plays a key role in the pathogenesis. It is not clear why the 
disease is more severe in adults. It could be related to virus 
virulence, associated infection, drugs used, and late hospi-
talization. Also, the disease may not be recognized earlier in 
adults. Jaundice is hepatocellular, with marked elevation of 
liver enzyme levels. Renal failure is oliguric with a prolonged 
clinical course. Mortality of adult AKI can be as high as 60%. 

Renal histologic changes include mesangial prolifera-
tion with IgM and C3 deposition, endothelial cell swelling, 
and perivascular in  ltration by mononuclear cells. 86 Tubules 
show degeneration along with interstitial edema. The dis-
eases can be confused with Hantavirus infection, which can 
produce almost similar pathophysiology and symptoms. 

 Hantavirus Infection 
Hantavirus is an RNA virus in the family Bunyaviridae. The 
disease is seen worldwide throughout Asia, Europe, North 
and South America, Australia, and Africa. It is considered a 
rare disease in tropical Asian countries. In Korea,  Hantaan
and Seoul serotypes are common. Hantaan virus causes 
severe disease with a renal syndrome. Seoul virus causes a 
disease of moderate severity, and Puumala virus produces 
the least severe disease. The epidemiologic signi  cance of 
Prospect Hill serotype is not well understood. Belgrade virus 
is associated with severe disease in the Balkans. Sin nombre 
serotype causes the most severe disease with a pulmonary 
syndrome in the United States. Thottapalayam virus is found 
in India without clinical signi  cance. Rodents, especially 
rats, mice, and voles, are the important reservoirs. Infection 
is acquired mostly by inhalation of rodent excreta, although 
direct inoculation by abrasion or cuts of the skin is also pos-
sible. The virus replicates in macrophages and endothelial 
cells of small blood vessels of several organs, especially the 
kidney and the lung. Increased vascular permeability is the 
main pathophysiology of the disease, owing to the effects 
of various mediators, cytokines, complement activation, and 
vascular endothelial injury which   nally result in hypovole-
mia, decreased renal perfusion, and AKI. 87

The symptoms of Hantavirus infection with different se-
rotypes vary greatly. Even in the same serotype, the symptoms 
can vary from mild to severe. The description of  Hantaan 
virus infection with renal syndrome is classic. Clinically, after 

the incubation period of 2 to 5 weeks, the disease is mani-
fested by   ulike symptoms with fever, headache,   ushed face, 
myalgia, abdominal pain, nausea, and vomiting. Periorbital 
edema, conjunctival hemorrhage, and palatal and axillary pe-
techiae may be present. The clinical course can be divided 
into   ve phases: febrile, hypotensive, oliguric, diuretic, and 
convalescent. The febrile phase lasts for 3 to 7 days and is fol-
lowed by the hypotensive phase due to hypovolemia, which 
develops with lysis of fever. The hypotensive phase lasts from 
3 hours to 3 days and is followed by the oliguric phase, which 
may be prerenal or renal in origin. The duration of the oligu-
ric phase, therefore,  varies from a few days to longer. The di-
uretic and convalescent phases follow. In infection with other 
serotypes or in mild cases these   ve phases may not be appar-
ent. Hypotension and oliguria may not be present. 

Renal involvement is common in Hantaan virus in-
fection. Proteinuria, hematuria, and pyuria are usually 
observed. Renal failure is more common in Hantaan virus 
infection than in infections with the other serotypes, and 
may be associated with pulmonary edema. Thrombocyto-
penia may occur in severe cases. Disseminated intravascular 
coagulation has been shown. 

Renal pathologic changes are consistent with tubu-
lar necrosis. Medullary vessels are dilated and congested. 
Marked interstitial changes with edema and hemorrhage, 
with later in  ltration by mononuclear cells, can be seen. The 
interstitial changes are pronounced in Puumala infection. 
Glomerular changes are not remarkable. Mild glomerular 
hypercellularity may be found. IgM, IgG, and C3 deposition 
in the glomeruli and interstitium may be observed. Residual 
renal dysfunction including proteinuria, impaired urinary 
concentration, hypertension, and CKD have been reported. 88

 Hepatitis B 
Hepatitis B virus (HBV) infection is worldwide in distri-
bution, with a low carrier rate in Western countries. The 
prevalence of the hepatitis B surface antigen (HBsAg) carrier 
varies from 0.3% to 1.0% in North America to 1% in  western 
Europe; 5% in South America, eastern Europe,  Japan, and 
western Asia; 7% in Africa; and 10% to 20% in China, 
Taiwan, and Southeast Asia. The observations of a high inci-
dence of HBsAg carriers among patients with various forms 
of glomerulonephritis when compared with the general pop-
ulation tend to support the role of HBV in the pathogenesis 
of glomerulonephritis. In Hong Kong, 22% of patients with 
glomerulonephritis are HBsAg positive, which is higher than 
the carrier rate in the general population. In South Africa 
20% of the patients with glomerulonephritis are HBsAg posi-
tive. In Zimbabwe, Japan, and Taiwan, HBV antigenemia has 
been found in 80% to 100% of children with membranous 
glomerulonephritis. Focal segmental glomerulosclerosis as-
sociated with chronic HBV infection has been observed. 
However, in Thailand and South Korea, the renal patho-
logic spectrum of HBV does not differ from that of the gen-
eral population. In the Thai population, the most common 
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glomerulopathy in chronic HBV infection is IgA nephropathy 
followed by membranous nephropathy, focal segmental glo-
merulosclerosis, and membranoproliferative glomerulone-
phritis.89 The   ndings are not different from the pathologic 
spectrum of glomerulopathy in general Thai population. 

Clinical presentations vary from asymptomatic protein-
uria and hematuria to nephrotic syndrome and impaired 
renal function with hypertension. Nephrotic syndrome is 
common in membranous and mesangiocapillary glomerulo-
nephritis, whereas hematuria and asymptomatic proteinuria 
are present in mesangial proliferative glomerulonephritis. In 
about 33% of patients the serum complement level is de-
creased. Patients with HBV may present with the clinical pic-
ture of essential cryoglobulinemia with purpura,  arthralgia,
and splenomegaly. 90 AKI may occur with fulminant hepatitis, 
but may occasionally develop with uncomplicated HBV. 91

The natural history of HBV-associated glomerulone-
phropathy is not well understood. Spontaneous remission has 
been reported to occur in 50% of membranous  nephropathy 
patients. Seroconversion to positive antihepatitis B e antibody 
(anti-HBeAb) is associated with remission of proteinuria. In 
children the disease may run a benign course and the pathol-
ogy is mainly membranous. Among patients with IgA deposi-
tion, 19% had deterioration of renal function in 40 months. 
Clearance of HbsAg from blood has been  associated with re-
mission of polyarteritis. The use of steroids as treatment for 
glomerulonephritis should be discouraged. Corticosteroid 
therapy has been associated with active virus replication and 
hepatic dysfunction with an appearance of virus-like particles 
in the glomeruli. 92 IFN-   administration has been shown to 
suppress HBV expression with clearing of HbeAg, and de-
crease proteinuria in HBV associated glomerulonephritis with 
short duration of infection. The use of adenine arabinoside 
and thymic extract reduced  proteinuria in 87% of membra-
nous nephropathy patients, with a reduction of HBV DNA in 
T cells, B cells, and macrophages along with seroconversion 
from HBeAg positive to anti-HBe positive. The use of antiviral 
agents such as lamivudine can be bene  cial. Lamivudine may 
resolve HBV-associated membranous nephropathy. 93

Renal pathologic changes include membranous glo-
merulonephritis, mesangial proliferative glomerulonephri-
tis, mesangiocapillary glomerulonephritis, and polyarteritis 
nodosa. Among these, membranous nephropathy is usually 
associated with deposition of HBeAg in the immune com-
plexes whereas mesangial proliferative glomerulonephritis is 
associated with HBsAg complexes. 94 Hepatitis B core anti-
gen (HBcAg) has been found in membranous nephropathy 
patients when polyclonal anti-HBcAg antiserum was used. 
Glomerular deposition of HBeAg and HBsAg is demonstra-
ble in mesangiocapillary glomerulonephritis. The pathoge-
netic association between IgA nephropathy and HBV has 
attracted attention, as the geographic area with the highest 
endemicity of HBV infection has also the highest incidence 
of IgA nephropathy. Glomerular HBsAg deposition similar 
in distribution to that of IgA immune staining is detected 
in 21% to 40% of patients. 95 There is no HBeAg deposition. 

 Hepatitis C 
The incidence of hepatitis C virus (HCV) carrier in the 
tropics is less than 5%. HCV is classi  ed into six genotypes. 
The preponderance of distribution of HCV genotype varies 
globally. In North America, genotype 1a predominates fol-
lowed by 1b, 2a, and 2b. In Europe, genotype 1b is pre-
dominant followed by 2a, 2b, and 2c. Genotypes 4 and 5 
are found almost exclusively in Africa whereas genotype 3 is 
endemic in Southeast Asia. The genotype is clinically impor-
tant in determining potential response to IFN-based therapy 
and the required duration of such therapy. Genotypes 1 and 
4 are less responsive to IFN-based treatment than are the 
other genotypes. Chronic HCV infection can be associated 
with mesangiocapillary or diffuse proliferative glomerulone-
phritis, membranous or IgA nephropathy, and, rarely, cres-
centic,   brillary, or immunotactoid glomerulonephritis. 38

Mesangiocapillary GN with mixed cryoglobulinemia is 
the most common pattern. Glomerular immune complex 
deposits consist of HCV, anti-HCV IgG, and IgM  rheumatoid 
factor. The cryoprecipitate containing HCV RNA and HCV 
antibody can be seen in the subendothelial glomerular de-
posits. Core antigen was demonstrated in the glomeruli of 
patients with HCV, even in the absence of circulating cryo-
globulins. Electron microscopy shows cryoglobulin-like 
structures, virus-like particles, and viral RNA in the renal 
tissue.96 The patients have proteinuria, hematuria, decreased 
renal function and hypocomplementemia, rheumatoid fac-
tor, and circulating cryoglobulin. Nephrotic syndrome is a 
common presentation. 

Treatment with IFN-   improves liver function and 
decreases urinary protein excretion with disappearance of 
HCV RNA. Exacerbation of glomerulonephritis with pro-
teinuria and hematuria during IFN administration has been 
reported. It was suggested that renal damage was either a 
direct or indirect effect of IFN on the glomerular endothelial 
and epithelial cells. The result of treatment by IFN therefore 
varies. The viral genotype and titer may be important de-
terminants in response. Antiviral therapy with IFN-   and 
ribavirin may be bene  cial. 96 However, ribavirin is contra-
indicated in the presence of renal failure, and only IFN is 
recommended in dialysis patients. In comparing with the 
other causes of secondary glomerulonephritis in the  tropics, 
HCV is a rather uncommon cause. However, it is an im-
portant cause of morbidity and mortality among recipients 
of renal transplantation and chronic dialysis patients. Pre-
transplant IFN may reduce the occurrence of posttransplant 
HCV- related de novo glomerulonephritis. 97

 Hepatitis A 
Fulminant hepatitis A can produce renal failure in a simi-
lar fashion to hepatorenal syndrome. Viral hepatitis as-
sociated with G6PD de  ciency may present with massive 
intravascular hemolysis and AKI. Recently, there have been 
several reports of AKI developing in patients with hepati-
tis A in the nonfulminant form. 98 The mechanism of renal 

1813



1814  SECTION VIII  SYSTEMIC DISEASES OF THE KIDNEY

failure is not well  understood. In some patients, there are no 
apparent renal histologic changes whereas in the others tu-
bular necrosis is seen. Perhaps various nonspeci  c factors in 
in  ammation that lead to renal ischemia superimposing on 
hepatic dysfunction produce the renal failure. IgA-dominant 
immune complex glomerulonephritis with nephrotic syn-
drome has been reported. 99

 Severe Acute Respiratory Syndrome Virus 
The SARS virus is a coronavirus that causes severe acute 
respiratory syndrome (SARS). The outbreak of SARS  started
in Asia in 2003 and then expanded elsewhere in the world. 
SARS manifests by systemic symptoms of muscle pain, 
headache, lymphopenia, and fever, followed in 2 to 10 
days by the onset of respiratory tract symptoms, namely 
cough, dyspnea, and pneumonia. The overall mortality rate 
was 9%. In patients over 50 years old, the mortality rate 
approaches 50%. Apart from respiratory syndrome, AKI 
has been observed in some patients, especially those with 
rhabdomyolysis and  associated diseases. A study in Hong 
Kong in 2003 showed that 6.7% of cases developed acute 
renal impairment occurring at a median duration of 20 days 
(range 5 to 48 days) after the onset of disease. The mortality 
rate was higher among SARS patients with renal impairment 
(91.7% vs. 8.8%). Kidney tissue by postmortem examina-
tion revealed predominantly acute tubular necrosis with no 
evidence of glomerular pathology. 100

 H1N1 Virus Infection 
H1N1 virus, a subtype of in  uenza A virus, is the cause 
of swine   u declared by the World Health Organization in 
2009. This novel virus infection spread worldwide and had 
caused about 17,000 deaths by 2010. Symptoms of zoo-
notic swine   u in humans are similar to those of in  uenza 
and of in  uenza-like illness in general, namely chills, fever, 
sore throat, muscle pains, severe headache, coughing, and 
weakness. The virus infected lung cells with overstimula-
tion of the immune system through cytokine release. There 
is extensive leukocyte migration toward the lungs, causing 
destruction of lung tissue and secretion of   uid into the or-
gan. The pandemic killed mostly young adults, possibly due 
to their healthy immune systems and damaging response 
with cytokine storm. In recent studies, 53% of H1N1 infected 
patients developed AKI and one third of cases required he-
modialysis.101 Factors associated with AKI in H1N1-infected 
patients were vasopressor use, mechanical ventilation, high 
Acute Physiology and Chronic Health Evaluation II (APACHE 
II) scores, severe acidosis, high C-reactive protein, and lac-
tic dehydrogenase level. The mortality rate of AKI-associated 
H1N1 infection was 19%. The renal histopathologic   ndings 
were typical of acute tubular necrosis. There was no evidence 
of viral in  ltration on  kidney biopsy. Although the antibody 
response in postkidney transplant recipients is reduced, 
inactivated in  uenza vaccine is strongly  recommended for 
kidney transplantation recipients. H1N1-infected kidney 

transplant recipients who received prompt oseltamivir have 
a good prognosis with scarce  complications.102

 HIV Infection 
HIV-associated nephropathy (HIVAN) refers to kidney  disease
developing in association with HIV infection. The most com-
mon, or classical, type of HIV-associated  nephropathy is a 
collapsing FSGS, although other forms of kidney disease may 
also occur with HIV. 103 Typical   ndings are that of  collapsing
FSGS and microcystic tubular dilatation. HIVAN may be 
caused by direct infection of the renal cells with the HIV-
1 virus, with resulting renal damage through the viral gene 
products. It could also be caused by changes in the release 
of cytokines during HIV infection. Approximately 80% of 
patients with HIVAN have a CD4 count of less than 200. HI-
VAN presents with nephrotic syndrome and  progressive renal 
failure. The kidney size is usually normal or large.  HIVAN is 
much more common in African patients with HIV. In a se-
ries of 99 consecutive kidney biopsies in HIV-infected black 
South Africans, 27% were diagnostic of HIVAN. 104 Among 
black adults in the United States, HIVAN is the third most 
common cause of ESKD. Although the large number of 
HIV-infected cases overwhelm the Asian countries, HIVAN 
in Asians is uncommon. A kidney biopsy study 105 in Thai 
HIV-infected patients with proteinuria greater than 1.5 g per 
day showed that mesangial proliferative glomerulonephritis 
was the most common renal histopathology. No HIVAN cases 
were identi  ed. None of the patients were treated with anti-
retroviral drugs at the time of renal biopsy. Racial differences, 
and familial clustering of kidney disease, strongly suggest the 
existence of HIVAN-speci  c genetic susceptibility factors that 
are unmasked in the setting of HIV infection. 106

HIV infection is risk factor for development of CKD espe-
cially in black patients with CD4 count  200 cells per mm 3,
HIV RNA levels  4,000 copies per mL, family history of CKD 
and presence of diabetes mellitus, hypertension, or hepati-
tis C coinfection. The prevalence of CKD with HIV infection 
was 3.5% to 4.7% in European countries, 27% in India, and 
12.3% in Iran. 107 Reported prevalence of CKD in HIV-infected 
patients in sub-Saharan Africa ranges from 6% to 48.5%. In 
HIV-infected Asians, prevalence and predictors of CKD have 
not been well de  ned. A cohort study in Asia revealed a high 
prevalence of advanced CKD among Thai HIV-infected pa-
tients, particularly those with older age, prior indinavir expo-
sure, diabetes mellitus, and tenofovir nephrotoxicity. In a large 
cohort, increasing exposure to tenofovir was associated with 
a higher incidence of CKD. 108 Despite the ef  cacy of highly 
active antiretroviral therapy (HAART) in reducing the risk of 
HIV-related renal disease, the incidence of ESKD continues to 
increase among patients with HIV infection. 

 Mycotic Infections 
Mycotic infections constitute an important part of tropical 
nephrology. Kidney involvement may be a part of the disease 
or a complication of treatment using drugs with nephrotoxic 
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potential. Because no particular features distinguish such in-
fections in the tropics from those in other parts of the world, 
this chapter does not include detailed accounts, which can 
be found elsewhere. For easy reference, however, the im-
portant mycotic infections of clinical signi  cance in tropical 
countries are highlighted. 

 Mycotic Nephropathies in the 
Immunocompetent Individual 
 Coccidioidomycosis. The disease is widely distributed over 
the globe, but endemic foci are identi  ed in the tropical zone 
of the American continent, particularly Central America and 
Argentina. Infection is acquired through inhalation of dust 
containing the fungal hyphae, leading to predominantly pul-
monary disease. The kidneys are involved in the rare dissemi-
nated form of the disease, particularly in black patients. 109

The lesions are interstitial, either granulomatous or suppura-
tive, usually multiple, and often associated with lung cavities. 

 Paracoccidioidomycosis. This is a chronic granulomatous 
disease, also endemic in Central and South America. It is 
characterized by mucocutaneous manifestations, in addition 
to foci of granulomatous in  ammation in different viscera 
including the kidneys. 110

 Fungal Toxins 
 Ochratoxin. These fungal products may contaminate stored 
cereals. They are documented to induce a form of interstitial 
nephritis in pigs that resembles and has been incriminat-
ed in the pathogenesis of Balkan nephropathy in humans. 
However, this theory has been recently challenged as evi-
dence accumulated in favor of exposure to aristolochic acid. 
Ochratoxins are also potent carcinogens that induce renal 
adenocarcinoma in small laboratory animals, but the rele-
vance of this observation to humans is unknown. 

Chronic interstitial nephritis associated with  serum 
antibodies against ochratoxin-A has been reported from the 
tropical zone, including Egypt 111 and northwest  Africa.112 The 
pathogenetic link in this observation remains  questionable. 

 A  atoxin. A  atoxins B 1 and B 2—produced by  Aspergillus   a-
vus, which contaminates many foods, particularly cereals—
have been associated with hepatomas in humans and in ex-
perimental animals. They can also induce changes in GFR 
and the development of adenocarcinoma and pelvic neo-
plasms in experimental models. 113

Although a  atoxins are present worldwide, they have re-
cently attracted a lot of interest in the tropics. They have been 
incriminated in the remarkable increase in the  incidence of 
hepatomas in most of Africa, particularly in association with 
persistent HBV-antigenemia. It is unknown whether  a  atoxins 
are also responsible for a higher incidence of renal malignan-
cy in the same continent. Although high contamination levels 
have been documented in mothers and infants in an Egyptian 
cohort there was no evidence of kidney  damage.114

 Opportunistic Mycotic Infections in the 
Immunocompromised 
Fungi are well-known opportunistic organisms worldwide. 
Fungal infections are even more prevalent in tropical coun-
tries because of the uncontrolled use of antibiotics and im-
munosuppressive agents, poor general hygienic standards, 
and the high prevalence of AIDS in certain areas. 

The principal opportunistic fungi 115 encountered in the 
tropics are described in the following text. 

 Candidiasis. Candidiasis is, by far, the most common. Ure-
thritis, cystitis, and pyelonephritis are usually ascending in-
fections. Oropharyngeal candidiasis is less common. It may 
spread to involve the upper gastrointestinal tract or respi-
ratory passages. Local colonic candidiasis may spread from 
perianal or vaginal infection. Disseminated candidiasis may 
follow any of these localized forms, often being a terminal 
event in patients with AIDS and over- immunosuppressed 
transplant recipients. 

 Invasive Aspergillosis. This is a serious infection in renal 
transplant recipients, particularly after bacterial infection in 
neutropenic patients and those with active cytomegaloviral 
(CMV) infection. The disease is characterized by interstitial 
pneumonia or consolidation with or without cavitation, 
often accompanied by intracranial, gastrointestinal, hepatic, 
cardiac, and osseous lesions. Interstitial renal disease may 
also occur, presenting as proteinuria, pyuria, and hematu-
ria, with rapid loss of function. Fungal “balls” have been 
observed in the urine of such patients. 

 Cryptococcosis. Infection is acquired by inhalation of bird 
droppings. Current data suggest that 20% to 60% of the 
cases of cryptococcosis in HIV-negative patients occur in 
organ transplant recipients, usually encountered 6 months 
after grafting. However, of the solid organs, renal transplant 
recipients have the lowest incidence. The usual manifesta-
tions are meningoencephalitic, pulmonary, and cutaneous. 
Infection of the graft is rare unless involved in disseminated 
infection. The renal lesion is interstitial with persistent graft 
pyelonephritis in most cases.116

Pneumocystis jiroveci Pneumonia. This infection causes 
serious pneumonia and occasional extrapulmonary manifesta-
tions in patients with AIDS, and less often in those receiving im-
munosuppressive therapy including renal transplant  recipients. 

 Disseminated Histoplasmosis. This is an important risk 
to renal transplant recipients in Central and South America. 
Both primary infection and reactivation of dormant infection 
seem to occur. The disease is characterized by focal necrotic 
lesions in different viscera, bones, joints, meninges, endocar-
dium, skin, and oral mucosa. 

 Mucormycosis. The rhinocerebral, pulmonary, and renal 
forms of this infection are rare. Renal involvement may be 
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have antiparasitic properties (e.g.,  cyclosporine and stron-
gyloidiasis, malaria, or leishmaniasis 122; and tacrolimus or 
rapamycin and malaria 123).

 Impact on the Clinical Patterns and 
Management of Renal Disease 
The clinical patterns of renal diseases in the tropics may be 
modi  ed in different ways by associated parasitic infesta-
tions. Many infestations cause, or are associated with, malnu-
trition, which, in addition to re  ecting on the severity of the 
infestation per se (malaria, schistosomiasis, strongyloi diasis),
augments nephrotic edema, increases anemia and bone dis-
ease in CKD, superimposes skin and peripheral nerve com-
plications, and increases the risk of bacterial infection. 

The associated chronic activation of the immune sys-
tem is often blamed for increasing the incidence of second-
ary amyloidosis as in schistosomiasis. 124 The same was also 
attributed to impairment of macrophage function in leish-
maniasis.125 Immune activation may be expressed by hyper-
globulinemia, which often poses diagnostic dif  culties in the 
interpretation of false-positive results on serologic tests. 

Most parasitic diseases are characterized by multisys-
tem involvement, which confounds the clinical picture, 
prognosis, and management of the associated renal disor-
der. Common examples are the extensive microcirculatory 
disturbance in malarial AKI, the chronic hepatic and lower 
urinary tract pathology in schistosomiasis, and the chyluria 
of   lariasis. Such elements in the scenario may have a con-
siderable impact on treatment strategies, use of medications, 
and choice of acute and chronic dialysis modalities as well 
as on the safety and ef  cacy of dialysis. They often in  uence 
the donor selection, the recipient’s immunosuppression, and 
the eventual outcome of renal transplantation. 

 Individual Parasitic Diseases and the Kidney 
 Malaria. Malaria is a parasitic disease of great epidemiologic 
importance in the tropics, largely because of the warmth 
and humidity that favor the multiplication of mosquitoes, 
of which the anopheline species is the principal vector for 
malarial transmission. The incidence of malaria in the world 
is of the order of 300 to 500 million clinical cases each year, 
with mortality averaging 2 million per year. The disease 
is caused by a protozoan,  Plasmodium, of which   ve spe-
cies are pathogenic to humans, namely,  Plasmodium vivax,
P.  malariae, P. ovale, P. falciparum, and P. knowlesi. The clinical 
pattern of the disease, incidence of acute and chronic com-
plications, and, consequently, the outcome are  in  uenced 
by certain differences among the infective species. These 
include inherent features in their own life cycles as well as 
their selective adhesion to speci  c red blood cell and he-
patocyte receptors. The age of infected erythrocytes is an 
important factor. Thus, whereas  P. vivax and  P. ovale infect 
only young red blood cells, and  P. malariae infects only aging 
cells, P. falciparum and  P. knowlesi infect erythrocytes at any 
age, explaining the heavy parasitemia associated with them. 

silent, or associated with local pain and urinary symptoms. 
AKI is increasingly recognized in these patients due to fungal 
interstitial nephritis. 117

Disseminated disease may be encountered in patients 
with uncontrolled diabetes, particularly with ketoacidosis or 
CKD. It often complicates desferrioxamine therapy in patients 
on dialysis and is occasionally seen in renal transplant recipi-
ents, being strongly associated with the use of purine inhibi-
tors. The kidney is involved in about 50% of these patients, 
affected by vascular thrombosis, suppuration, and granuloma 
formation with renal failure supervening in the majority. 

 Parasitic Infections 
Parasitic infestations in  uence the practice of clinical nephrol-
ogy in the tropics in three ways: (1) they are the causative 
agents of certain renal diseases, usually referred to as para-
sitic nephropathies (Table 63.1); (2) they are among the im-
portant agents that may infect immunocompromised patients 
(Table 63.2); and (3) they often modify the typical clinical pic-
ture, prognosis, and management of renal disorders at large. 

 Parasitic Nephropathies 
Renal lesions have been described with many parasitic in-
fections. However, the incidence seems to be relatively low 
relative to the global prevalence of parasitic diseases. Only 
two of those have been associated with epidemiologically 
signi  cant kidney disease, namely malaria and schistoso-
miasis. Other parasitic nephropathies are either too mild 
to achieve clinical signi  cance (e.g., trichinosis) or geo-
graphically too restricted to be of epidemiologic importance 
(e.g., onchocercosis). 

 Parasitic Infections in the Immunocompromised 
The list of agents known to affect the immunocompromised 
host in the tropics involves some 20 parasitic species. 118

These may be (1) acquired de novo, due to impairment 
of immunity to primary infection (e.g., cryptosporidiosis); 
(2) reactivated, having been dormant due to a balanced 
host–parasite concomitant immunity (e.g., leishmaniasis); 
or (3) transmitted with a transplanted organ (e.g., trypano-
somiasis). Unfortunately, the mode of acquisition of clini-
cal disease remains uncertain in most posttransplantation 
parasitic infections. Such knowledge is important because 
it will settle the debate about the need for prophylaxis in 
transplanted travelers, pretransplantation chemotherapy, 
and speci  c screening of potentially infective donors. 

Although some of these infections produce insigni  cant 
morbidity, others may be associated with severe disease that 
may be fatal (e.g., strongyloides hyperinfection). 

There are several interesting considerations regarding 
therapy because several antiparasitic drugs may interact with 
immunosuppressive agents (e.g., quinine or  chloroquine with 
cyclosporine),119,120 or they may acquire a speci  c  toxicity
pro  le in transplant recipients (e.g.,  antimony-induced pan-
creatitis). 121 Conversely, immunosuppressive agents may 
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The type and severity of clinical disease depends on the 
parasite’s ability to modify the physical properties of para-
sitized red blood cells such as deformability, fragility, and 
adhesiveness, as well as on the host’s immune response to 
the parasite’s antigens. 

 Clinical Features. The disease is characterized by recurrent 
pyrexia with chills, the frequency of which varies accord-
ing to the infective species. Constitutional features such as 
headache, malaise, and muscle and joint aches are usually 
encountered, more often with the   rst infection episode and 
in expatriates. Diarrhea, pulmonary edema, jaundice, coma, 
and circulatory failure may complicate falciparum infection, 
hence the term malignant malaria. The spleen is usually en-
larged, particularly with relapsing disease. Anemia and neu-
trophil leukocytosis are prominent laboratory   ndings. The 
diagnosis is con  rmed by direct visualization of the para-
site in Giemsa-stained peripheral blood smears. Fluorescent 
staining with acridine orange enhances the diagnostic ac-
curacy of peripheral blood examination. Routine serology 
was once of limited diagnostic value, particularly in endemic 
areas where old infection is highly prevalent. However, the 
recent introduction of synthetic peptides for the detection of 
epitopes on infected red blood cell membranes has opened 
a new diagnostic dimension. The use of polymerase chain 
reaction (PCR) technology can detect very low parasite levels 
as well as mixed infections; however, its use is still limited. 

 Renal Involvement in Malaria. Clinically signi  cant renal 
disease may typically complicate infection with three  malarial

species, namely,  P. malariae, P. falciparum, and  P. vivax. The 
former is believed to be associated with progressive CKD, 
whereas infection with either of the latter two species may 
lead to an acute kidney disease that is more often than not 
reversible by adequate management. 

Chronic Malarial Nephropathy. The causative link  between
P. malariae infection and glomerulonephritis is based on 
epidemiologic, experimental, and some immunologic evi-
dence.126–129 Epidemiologic evidence is based on the over-
lap of geographical distribution of quartan malaria with that 
of steroid-resistant nephritic syndrome, 130 and regression 
of the latter’s incidence with the successful implementa-
tion of malaria control campaigns. 131 Glomerular disease 
was experimentally induced by the closely related species 
Plasmodium berghei132 and  Plasmodium brazilianum,133 yield-
ing ultrastructural changes similar to those seen clinically. 
Parasite-speci  c circulating immune complexes 129 and 
glomerular deposits were detected both in the mentioned 
experimental models and patients, thereby providing an im-
munologic basis for the syndrome. 

Extrapolation of these observations into a distinct 
clinical entity is controversial, 26 mainly because of three 
issues. Firstly, there is no consistent histopathologic pat-
tern of what is called quartan malarial nephropathy. For 
example, the typical glomerular lesion described in West 
Africa is  pseudomembranous,128 with the formation of 
intramembranous “lacunae” (Fig. 63.9) and frequently as-
sociated with FSGS, whereas that in East Africa was mesan-
gioproliferative. 26 It is noteworthy, though, that variation in 

FIGURE 63.9 Glomerular lesion associated with 
quartan malaria (left). Peritubular malaria anti-
gen deposits by immuno  uorescence (right).
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the  glomerular  response to the same  infection may vary ac-
cording to  differences in the agent’s strains or host’s genetic 
factors and concomitant diseases. 19  The second controversy 
concerns the inconsistency and paucity of malarial antigen 
deposits in different cohorts. 134,135  It is unclear if some of 
this discrepancy is attributable to technical factors, differ-
ences in the timing of  biopsy, or the presence of associated 
endemic diseases, known to confound the immune response 
as seen in marmosets. 133   Finally, although the incidence of 
secondary glomerulonephritis in endemic areas has truly 
regressed with the control of malaria, the question remains 
whether this would be alternatively attributed to overall im-
provement of primary healthcare and control of other pri-
mary causes of kidney disease. 

 As described in the original reports, 126–129  the clinical re-
nal syndrome ascribed to quartan malaria is nonspeci  c, apart 
from its association with the features of the parasitic infection. 
Most patients are children, with a mean age of 5 years. Pro-
teinuria is encountered in a variable proportion of patients, 
up to 46% in the   rst published series. Microhematuria is oc-
casionally noticed, particularly in the older age groups. Overt 
nephrotic syndrome develops in a yet- unde  ned fraction, 
and hypertension is a late encounter. Serum complement 
levels are normal, and blood cholesterol values are usually 
not elevated, owing to the associated nutritional de  ciency. 
Renal biopsy shows one or another of the patterns described 
here. Mesangial deposits of malarial antigens are occasion-
ally demonstrated by  immunohistochemistry. The disease 
progressively leads to chronic renal failure over 3 to 5 years 
regardless of any  treatment. 126  

 Acute Malarial Nephropathy. Acute kidney disease (AKD) 
may occur in patients with  P. falciparum  136–138  or, less 

 frequently,  P. vivax  139–142  infection. This includes AKI, glo-
merulonephritis, and a number of superimposed character-
istic metabolic disturbances. 

 Acute Kidney Injury. This is, by far, the most important ma-
larial complication in the kidneys, being relatively frequent 
and potentially fatal. 136–142  The reported incidence is 1% to 
4%, but it may reach up to 60% in high-risk  individuals. AKI 
usually occurs in patients with heavy parasitemia ( infected 
erythrocytes, more than 5%), particularly in pregnant 
 women, HIV-infected individuals, children with cerebral ma-
laria, and foreigners visiting endemic areas. It also occurs in 
almost all cases of blackwater fever secondary to  hemolysis. 

 Patients developing malarial AKI (MARF) have the typi-
cal  clinical features  of severe systemic illness with profound 
disturbances of the microcirculation, multiorgan involve-
ment (particularly the liver with falciparum malaria 138  and 
the lungs with vivax infection 140 ), and prominent metabolic 
disturbances including hypoglycemia, lactic acidosis, and 
hyponatremia (see later). 

 MARF is usually oliguric and hypercatabolic. Hyperkale-
mia can be profound in patients with intravascular  hemolysis. 
Hyperuricemia, disproportionate to the nonprotein nitrogen 
retention, is frequently seen. The oliguric phase usually lasts 
for a few days to several weeks. Mortality is  usually within 
the range of 30%, but it may vary from 10% to 50%, depend-
ing on the severity of infection, 137  pregnancy, 143   response to 
antiparasitic treatment, 140  availability of dialysis, and the pre-
dominant pathogenetic factors  involved. 144  

 Therapy usually poses challenging problems because of 
the complexity of the syndrome. Quinine remains the drug 
of choice, particularly in Africa and other economically com-
promised regions. Intravenous artemisinin derivatives are 

FIGURE 63.10 Pathogenetic mecha-
nisms in acute malarial  nephropathy.
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recommended as   rst choice when affordable, and may be 
the only choice in quinine-resistant patients. Early dialysis 
is often needed to treat the hypercatabolic state. Although 
peritoneal dialysis is less effective because of the  supervening 
circulatory disturbances, it becomes more effective as the   ow 
in microcirculation is improved by treatment. It is often the 
only available dialysis modality available in underdeveloped 
communities. In some cases, continuous peritoneal dialysis 
may be indicated. Exchange transfusion is helpful in patients 
with heavy parasitemia and those with severe jaundice. 

MARF is basically an ischemic acute tubular necro-
sis (ATN), attributed to shock, endothelial activation, and 
capillary congestion with red blood cell and platelet sludg-
ing. Yet, in contrast to cerebral malaria, the blood vessels are 
not occluded by the parasitized cells. The pathogenesis is 
multifactorial, involving a complex interaction of rheologic 
and immunologic components (Fig. 63.10). 

The parasitized red blood cell is the cornerstone of all 
events.136–138 Characteristic of  P. falciparum infection are 
particular red blood cell membrane abnormalities leading to 
the formation of adhesive knobs (Fig. 63.11), composed of 
abnormal proteins encoded by the parasite’s genome. The 
major family of adhesive proteins is called  Plasmodium fal-
ciparum erythrocyte membrane proteins (PfEMPs), which 
includes several members identi  ed by sequential num-
bers. The PfEMP-1 appears to be the major determinant of 
erythrocyte adhesiveness and subsequent malarial  morbidity. 
A striking feature of this protein is variability, being structur-
ally and antigenically different in consecutive generations of 
parasitized red blood cells. This is attributed to  switching

in-between alleles in the “Major Var Gene” in successive 
merozoite generations. Switching is largely a  spontaneous
process but is also in  uenced by host factors, as shown 
by the effect of splenectomy in experimental  models. This 
“cross-talk” between the parasite and the host keeps the 
balance that permits both to survive. 

Other adhesive protein families have been identi  ed in 
the erythrocyte knobs including the histidine-rich proteins, 
ri  ns, rosettins, and others. Most of these are also variable 
proteins of importance in the host–parasite relationship, 
but their relative pathogenetic signi  cance seems to be less 
prominent than that of the PfEMP-1. 

The main red blood cell receptors for PfEMP-1 are the 
erythrocyte complement receptor (CR1) and glycosamino-
glycans (GAGs). There are many platelet and endothelial 
receptors. Although some are constitutively expressed, as 
CD36, PECAM-1/CD31, thrombomodulin, and chondroitin-
4-sulfate, many are induced by the host’s immune response 
as a part of widespread endothelial activation including 
E-selectin, P-selectin, ICAM-1, and VCAM-1. 

The physiologic deformability of parasitized red blood 
cells is impaired and their mechanical fragility increased, 
which leads to hemolysis. Although this is usually extravas-
cular, intravascular hemolysis may also occur, particularly 
in patients with G6PD de  ciency who are receiving quini-
dine or pyrimethamine therapy. In extreme forms, massive 
intravascular hemolysis leads to the frank hemoglobinuria 
characteristic of blackwater fever. Red cell debris and their 
free products exert their hemodynamic and toxic ill effects, 
which include vasoconstriction, renal tubular toxicity, and 
activation of intravascular coagulation. Activation of co-
agulation factors, thrombocytopenia, and increased plasma 
  brin degradation products have been well documented. 
However, glomerular capillary thrombosis is uncommon, 
and   brin deposits have not been consistently seen by im-
muno  uorescence. 

Antigenic proteins are expressed on the cell membranes 
of the parasite as well as the parasitized host cells. However, 
owing to the intracellular residence of the sporozoan during 
most of its life cycle in humans, it is the antigen expression on 
the parasitized red blood cells that constitutes the major part 
of the antigen load. In addition to the adhesive proteins de-
scribed earlier, other antigenic proteins have been identi  ed 
on parasitized red blood cells, monocytes, and hepatocytes. 
These include “var” gene products other than the PfEMP-1, 
the ring-infected erythrocyte surface antigen (RESA), Pf332, 
70-kDa and 78-kDa heat shock proteins, and others. 137

There is evidence that different antigens may pro-
voke different immune responses. For example, glycosyl- 
phosphatidylinositol moieties covalently linked to the 
surface antigens of falciparum malarial parasites appear to 
act like endotoxin that interacts with upregulated monocyte 
CD14 receptors, thereby provoking a Th 1 pro- in  ammatory 
response. Conversely, the Pf332 antigen appears to interact 
with a different monocyte receptor that favors Th2 prolifera-
tion, which is associated with immunity to reinfection. 145–147

FIGURE 63.11 Parasitized red cell showing the sticky knobs 
(arrows).
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The hallmark of pro-in  ammatory monocyte activa-
tion is the release of TNF-  , which plays a pivotal role in 
the pathogenesis of acute malarial morbidity. Of equal signi  -
cance is the release of IL-6, which is the main proliferative sig-
nal for Th 1 cells. The latter secrete IFN-   which ampli  es the 
monocyte response by a positive feedback mechanism. The 
observed increase in neopterin serum levels in malignant ma-
laria is the consequence of this augmented release of IFG-1. 

Th1 activation also leads to B lymphocyte proliferation, 
with IL-2–induced switching to IgG2 synthesis. This often 
leads to autoantibody formation that is usually associated with 
P. falciparum and  P. vivax infections. Anticardiolipin, antiphos-
pholipid, and antineutrophil cytoplasmic antibody (ANCA) 
have been suggested to have a role in the pathogenesis of 
microvascular complications.  Antibodies to triosephosphate
isomerase have been associated with prolonged complement-
dependent hemolytic anemia following acute malaria. 137

Th2 activation has an immune modulatory function and 
is associated with immunity to reinfection. The release of 
IL-4 induces B lymphocyte proliferation, favoring IgE and 
IgG4 synthesis. Together with IL-10, IL-4 downregulates the 
monocytes and inhibits the release of IL-8. However, Th 2
lymphocytes have been recently shown to behave as pro-
in  ammatory cells. This is particularly manifest in cerebral 
malaria, where IgE antibody levels are considerably  elevated.
Malarial antigen–IgE antibody complexes are identi  ed by 
CD23 monocyte receptors, leading to increased TNF-  
generation through an NO-transduction mechanism. The 
interaction of TNF-   and IL-5 leads to eosinophil activation, 
which seems to be crucial in cerebral malaria. 

Peripheral gamma-delta T lymphocytes are strongly up-
regulated in malaria. They seem to have a mandatory role in 
the regulation of the early immune response and the elimi-
nation of chronic infection. However, their exact role in this 
respect is not yet understood. 

As a consequence of early increase in pro-in  ammatory 
cytokines, the peripheral blood capillaries, mainly in the 
skeletal muscles, are dilated, leading to decreased peripheral 
resistance. Blood volume is consequently increased, being 
associated with increased cardiac output. In severe infection, 
blood tends to pool in the peripheral capillaries, with   uid 
transudation into the interstitial tissues, owing to increased 
permeability. The slow circulation is further impeded by the 
previously mentioned rheologic abnormalities, leading to 
impaired cardiac   lling. Together with the frequently asso-
ciated drug-induced left ventricular dysfunction, or, rarely, 
parasite-induced pericardial tamponade, this leads to a criti-
cally low cardiac output and impaired renal perfusion. The 
latter is augmented by the supervening nonspeci  c humoral 
imbalance, endothelial cell activation, and sludging of red 
blood cells and platelets. Free hemoglobin and myoglobin 
add their independent ill effects to the renal hemodynamics 
and tubular cell integrity, leading to ATN. 

 Glomerulonephritis. Glomerular lesions have been described 
with P. falciparum infection since the early 1970s. 146 Similar 

lesions were observed later in experimental models  infected
with the closely related  P. brasilianum.133 Subsequent re-
ports, mainly from Africa, have substantiated this clinical 
entity with both P. falciparum and  P. vivax. These included all 
ages, although children were the main target of vivax infec-
tion. It is impossible to estimate the true incidence because 
the disease is essentially mild, transient, and overshadowed 
by other complications. Mild proteinuria, microhematuria, 
and red blood cell casts were found in 20% to 50% of pa-
tients. Nephrotic and acute nephritic syndromes were oc-
casionally seen, but hypertension was unusual. Serum C3 
and C4 levels were occasionally reduced during the acute 
phase. The disease was very rarely progressive. Falciparum 
glomerulopathy was reversible within 1 to 6 weeks after 
eradication of the infection. 

The typical falciparum glomerular lesion is character-
ized by prominent mesangial proliferation with many transit 
cells. Mesangial matrix expansion is modest, and basement 
membrane changes are unusual. Deposition of an eosino-
philic granular material has been noticed along the capil-
lary walls, within the mesangium, and in Bowman’s capsule. 
The glomerular capillaries are often empty, but they may 
contain a few parasitized red cells or giant nuclear masses 
in patients with intravascular coagulation. Immuno  uores-
cence shows   nely granular IgM and C3 deposits along the 
capillary walls and in the mesangium. Malarial antigens are 
occasionally seen, analogous with an animal model, 134 along 
the glomerular endothelium and the medullary capillaries. 
ICAM-1 is expressed in the glomerular mesangium, vascular 
endothelium, and proximal tubular cells. The tubules and 
the vascular endothelium show expression of TNF   IL-1, 
IL-6, and granulocyte–macrophage colony-stimulating fac-
tor. 147,148 Electron microscopy shows subendothelial and 
mesangial electron-dense deposits along with granular, 
  brillar, and amorphous material. 

There is general agreement that the glomerular lesion 
in falciparum malaria, like that associated with quartan 
malaria, is immune-complex mediated. Yet, there is an ill-
de  ned proportion of cases in which the glomerular lesions 
are attributed to direct activation of the alternative comple-
ment pathway, thereby explaining the paucity of immune-
complex deposits. 137

 Metabolic Abnormalities. The metabolic abnormalities asso-
ciated with, and often contributing to acute malarial 
nephropathies are the consequence of: (1) perturbation of 
the host’s red and other cell membranes, (2) the parasite’s 
consumption of nutrients and cofactors, (3) repercussions of 
the described hemodynamic and immunologic disturbances, 
and (4) side effects of treatment. 

In addition to the de novo synthesis of antigenic and 
adhesive polypeptides encoded by the parasite’s DNA, 
changes in the parasitized cell membrane structure may 
lead to  important functional abnormalities. Most notori-
ous in falciparum malaria is the inhibition of the erythro-
cyte magnesium-activated ATPase. This impairs the sodium 
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pump in a “sick-cell syndrome” fashion, leading to internal 
dilutional hyponatremia. Secondary calcium in  ux alters 
the calmodulin-dependent erythrocyte kinetics, 149 reduces 
hemoglobin–cell wall interaction, and curtails red blood 
cell deformability. This further augments the peripheral 
hemodynamic derangement and increases the erythrocyte 
mechanical fragility. Shortened red blood cell survival is, 
therefore, almost invariable in malaria. 

Even nonparasitized red blood cells undergo mem-
brane changes that lead to rosette formation. Many fac-
tors have been implicated in this phenomenon including 
parasite-derived rosettins, immunoglobulins, and other 
plasma protein abnormalities. As mentioned previously, ro-
sette formation is an important contributor to the disturbed 
peripheral blood rheology in malaria. 

It is not clear whether the same or other factors, or 
the abnormal cytokine pro  le supervening in malaria, are 
responsible for the hepatocyte membrane abnormality that 
leads to cholestatic jaundice in the majority of cases. 150 The 
same question applies to leaky muscle membranes associated
with malarial rhabdomyolysis. 151

Plasmodia consume large quantities of glucose for their 
metabolism. This seems to overwhelm the host’s compensa-
tory mechanisms, often leading to clinically overt hypoglyce-
mia. A recent study has also shown an increase of the serum 
transketolase activity in patients with falciparum  malaria.
This indicates thiamine depletion, which is attributed to the 
increased demand for the parasite’s glycolytic pathway. Be-
cause thiamine is an essential cofactor for coenzyme A, its 
depletion may be an additional factor in depressing the host’s 
aerobic glycolysis, causing increased anaerobic glyco lysis
(Pasteur effect) and lactic acid accumulation. However, none 
of the clinical manifestations of severe malaria, particularly 
the neurologic aspects, could be statistically correlated to 
measurable biochemical parameters of thiamine de  ciency. 137

Other factors contributing to hypoglycemia in ma-
laria include hyperinsulinemia associated with quinine or 
sulfadoxine-pyrimethamine152 therapy and possibly the 
impaired glucogenesis in patients with signi  cant hepatic 
complications.

The disturbed peripheral blood rheology, the release of 
local cytokines, and the immune-mediated systemic in  am-
matory response integrate in the pathogenesis of peripheral 
pooling leading to impaired tissue oxygenation. 

The metabolic sequelae of tissue hypoxia and potential 
impairment of glucose availability include increased lactic acid 
production with increased lactate-to-pyruvate ratio, 153 de-
pressed mitochondrial respiration, and increased  generation 
of reactive oxygen molecules. 154 Inducible NO generation and 
abnormal lipid peroxidation are documented  consequences 
of the increased oxidative stress in falciparum  malaria.155

A lot of secondary humoral changes are seen in falci-
parum malaria. 136 These include hypercatecholaminemia; 
increased levels of circulating plasma renin activity, kinins, 
and prostaglandins; ADH secretion; and hyperinsulinemia in 
quinine-treated patients. Most of these effects are  nonspeci  c, 

being attributed to the severe acute infection. However, they 
seem to have a signi  cant impact on the   nal target of all 
pathogenetic factors in malignant malaria, namely, the mi-
crocirculation. 

Fluid and electrolyte changes in malaria are of clinical and 
physiologic interest. 47 Hyponatremia, usually  asymptomatic,
is observed in 67% of patients. Hyponatremic patients have 
a higher parasitemia than those with normal serum so-
dium levels. There are multiple causes including  increased 
nonosmotic ADH release, low sodium intake,  sodium loss, 
cellular sodium in  ux, and resetting of osmoreceptors. 
Hypernatremia, usually associated with hypothalamic injury, 
is rare. Hypokalemia, attributed to augmented tubular loss, 
is common. Hyperkalemia is seen in patients with intravas-
cular hemolysis, rhabdomyolysis, or renal failure. As in sep-
sis, hypocalcemia and hypophosphatemia are seen in severe 
malaria. Hypocalcemia without renal failure may be caused 
by unexplained hypoparathyroidism. Phosphate shift into 
the cells induced by respiratory alkalosis accounts for hy-
pophosphatemia. Both hypocalcemia and hypophosphate-
mia are transient and resolve with clinical improvement. Of 
clinical importance is the decreased response to water load, 
which can be observed in moderate and severe malaria. In 
this clinical setting, hemodynamic changes include hyper-
volemia, decreased peripheral vascular resistance, increased 
cardiac output, elevated plasma renin activity, and increased 
plasma norepinephrine levels, ADH, and renal vascular re-
sistance. Hyponatremia is an important clinical marker in 
these patients. A decreased response to water load occurs in 
20% of hyponatremic patients. Fluid administration to the 
patient with moderate or severe malaria should be cautiously 
done to avoid   uid overload. Furosemide should be given 
when there is decreased response to   uid load. 

 Babesiosis. This rare febrile disease is closely related to fal-
ciparum malaria. 156 It is not strictly tropical, as most  cases
have been described in Eastern Europe and the United 
States. However, it is often confused with falciparum malaria 
in patients returning from the tropics. Either  Babesia microti
or Babesia divergens is responsible for infection. The disease 
manifests with fever, chills, and malaise associated with 
nausea and arthralgias. It is particularly severe in asplenic 
patients, who are more likely to develop AKI as a result of 
hypotension, intravascular hemolysis, and disseminated in-
travascular coagulation. Mesangial proliferative glomerulo-
nephritis with deposition of IgG and C3 is observed. 157,158

Babesiosis has been reported in a renal transplant recipient 
due to transfusion with contaminated blood. 159 Diagnosis 
is made by   nding the intraerythrocytic parasite in a blood 
smear or by a serologic test. Therapy with quinine sulfate 
and clindamycin is usually effective in eradicating the para-
site. Pentamidine is effective in resistant cases. 

 Visceral Leishmaniasis. This disease, also known as Kala 
azar (or black sickness), is one of three forms of human 
leishmaniasis with worldwide distribution, being highly 
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prevalent in east and north Africa, northeastern China, Iran, 
the Mediterranean region, and Brazil. It is caused  by Leish-
mania donovani or  L. infantum, protozoa that infect humans 
through a sand  y bite. The parasite lives and multiplies in 
the monocytes (Fig. 63.12), being protected by a peculiar 
host–parasite interaction that involves depression of cell-
mediated immunity. 

Most patients remain asymptomatic, often with sponta-
neous cure. Leishmaniasis can occur in the immunocompro-
mised individual, including an increasing frequency in HIV 
infected subjects. 160 Overt disease ushers in with pyrexia, 
chills, sweating, asthenia, weight loss, and hepatospleno-
megaly. Lymphadenopathy is often noticed but is seldom 
striking. Skin nodules containing the parasite may be seen, 
particularly at the inoculation site. If untreated, the  disease
may end fatally, usually due to intercurrent infections. 
Liposomal amphotericin B is the current treatment of choice 
because the response to the commonly used pentavalent 
antimony is slow, often incomplete, and may be challenged 
with primary resistance in about 10% of cases. 161

The main renal lesions in Kala azar are interstitial. 
In the immunocompetent patient, the parasite induces a 
chronic in  ammatory lesion 162 (Fig. 63.13) that is usually 
asymptomatic and rarely progresses to   brosis. On the other 
hand, infection in immunocompromised kidney transplant 
recipients may lead to a more severe acute interstitial graft 
in  ammation with pyrexia and impaired graft function. 118

This has often been confused with a cellular rejection, but the 
proper diagnosis was made upon spotting the  characteristic
macrophage-laden amastigotes (Fig. 63.12). 

Glomerular lesions have rarely been described in Kala 
azar, mesangioproliferative glomerulonephritis being the 
most common pattern (Fig. 63.13). IgM and C3 deposits 
were detected in the capillary walls and mesangium. Leish-
manial antigens have been detected in experimental models 
with similar lesions, 163 which have been attributed to activa-
tion of humoral as well as cellular pathways. 164 Glomerular 
amyloid deposits have been described in patients with con-
comitant HIV infection, 125 presumably attributed to critical 
impairment of monocyte AA protein scavenger functions. 

FIGURE 63.13 Leishmaniasis. Interstitial nephritis (left); focal mesangial proliferation (right).

FIGURE 63.12 Leishmania donovani. Amastigotes in a  monocyte.
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 Trypanosomiasis. African trypanosomiasis, caused by  Try-
panosoma brucei and transmitted by the tsetse   y, is the cause 
of sleeping sickness. The Rhodesian version is an acute febrile 
illness with neurologic and cardiac manifestations, anemia, 
and disseminated intravascular coagulation that often ends 
fatally within a few weeks. AKI may be encountered during 
the terminal phases as a component of multiorgan failure. 

The Gambian type is more chronic, initially present-
ing with pyrexia, lymphadenopathy, and a skin eruption, 
followed several months or even years later by progressive 
meningoencephalitic manifestations. 

Experimental infection in monkeys by T. brucei leads 
to proliferative glomerulonephritis, 165 with IgM and C3 
deposits in the mesangium and along the capillary walls. 
Serologic studies in this model showed high levels of cir-
culating immune complexes and a reduction of serum C3 
levels with normal C4 levels, suggestive of direct alternative 
complement activation by the parasitic antigens. Similar ob-
servations were made in a seminal murine model, in which 
electron-dense deposits were also found in the mesangium 
and subendothelial space. 166 Whether similar lesions also 
occur in humans is unknown. Clinically relevant renal com-
plications have not been reported. 

South American trypanosomiasis, known as Chagas dis-
ease, has attracted considerable recent attention in view of its 
potential role in organ transplantation (see later text). 

 Toxoplasmosis. Toxoplasma gondii infection is common 
worldwide, with a current estimate of 500 million infected 
humans. It is acquired through contact with cats and cer-
tain birds, by ingestion of cysts or oocysts. It can also occur 
through transplacental transmission (congenital toxoplas-
mosis). In most instances, the infection is dormant, with a 
few cysts lying in the lymph nodes, muscle, heart, or brain 
and little or no in  ammatory response. 

Overt clinical disease is rare in the immunocompetent 
individual. It usually manifests by cervical lymphadenopa-
thy associated with pyrexia and malaise. The disease is self-
limiting in most patients. Progressive chorioretinitis is the 
notorious expression of congenital toxoplasmosis in the im-
munocompetent individual. 

In the immunocompromised, the disease is much more 
disseminated, presenting with pyrexia, hepatosplenomegaly, 
pneumonitis, maculopapular rash, myositis, myocarditis, 
meningoencephalitis, or central nervous system mass le-
sions. The course is rapidly fatal. 

Renal involvement in the immunocompetent or the 
immunocompromised host has been rarely described. The 
lesion was mainly glomerular, with a mesangioproliferative 
pattern. Mesangial IgM and toxoplasma antigen  deposits
have been detected by immuno  uorescent study. Renal 
disease was subclinical, although the nephrotic syndrome 
has been described in association with chorioretinitis in con-
genital toxoplasmosis. 167 In more recent reports, however, 
the potential etiology of glomerular injury was mixed and 
the precise role of toxoplasmosis remained questionable. 

 Cryptosporidiosis. The causative protozoan,  Cryptospo-
ridium, belongs to the same family as T. gondii. The disease 
is also acquired through contact with infected domestic ani-
mals. It has recently emerged as an important opportunistic 
infection in immunocompromised patients in the tropics 
and in the West, causing severe watery diarrhea, abdominal 
cramps, and occasional infection of the biliary system, lead-
ing to ascending cholangitis and rarely gangrene of the gall-
bladder. It is not surprising that renal involvement can occur 
through nonspeci  c in  ammatory factors resulting in pro-
teinuria and urinary sediment changes. There is currently no 
effective therapy for cryptosporidiosis. 168

 Echinococcosis. Humans act as an intermediate host for 
Echinococcus granulosus, a parasite of worldwide distribu-
tion, mainly encountered among sheep-herding populations 
and those in close contact with dogs. Infection is acquired 
by ingestion of eggs contaminating the environment through 
the feces of infected dogs. The ova hatch in the gut, and 
larvae migrate into the liver, lungs, brain, kidneys, muscles, 
and other tissues where they eventually yield cysts. The cysts 
contain and reproduce protoscoleces, which have the poten-
tial of completing the life cycle if ingested by a dog. 

Echinococcosis (hydatid disease) in humans is charac-
terized by multiorgan infection. Involvement of the kidneys 
may be silent, being discovered only during routine  imaging.
Hilar cysts have been described to cause calyceal back pres-
sure and to stretch the arteries, leading to renovascular 
hypertension.169

Immune-mediated glomerular injury has also been 
described in several case reports. The disease was usually 
mild or subclinical. It affected young adults and presented 
with mild-to-moderate proteinuria and an increase in the 
urinary cellular elements. Renal biopsy revealed minimal 
change, membranous or mesangioproliferative glomeru-
lonephritis with IgM and C3 deposits. 170 IgA nephropa-
thy has been reported in Europe, in patients with hepatic 
cysts.171 Parasitic antigens have not pursued in the glom-
eruli, but they are readily detected in circulating immune 
complexes, particularly after mebendazole treatment or sur-
gical intervention. 169

 Schistosomiasis. Schistosomiasis is among the most 
widely spread of parasitic diseases, with an estimated 500 
to 600 million people at risk, 200 million actually infested, 
20 million with serious morbidity, and 20,000 annual deaths 
attributed directly to the disease. There are many strains of 
schistosomes, of which only   ve infect humans:  Schistosoma
haematobium, mainly in Africa; Schistosoma mansoni in Africa 
and South America; Schistosoma japonicum in China, South-
east Asia, and Japan; Schistosoma intercalatum, related to  S.
mansoni and found mainly in central Africa; and Schistosoma
mekongi, related to  S. japonicum and found in a few foci in 
Southeast Asia. 

Infection is acquired through contact with fresh water 
harboring the speci  c snails, which act as the intermediate 
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hosts and de  ne the prevalence and density of infestation 
in different geographic areas. The infective agent is the cer-
caria, a   shlike organism with a bi  d tail, 400 to 600   m in 
length; the organism penetrates the skin or mucous mem-
branes, loses its tail, and becomes a schistosomula. The 
latter gains access to the bloodstream through lymphatics 
and circulates in different capillary beds until it randomly 
reaches the portal or perivesical venous plexus. These sites 
contain trophic factors that promote the rapid growth of the 
schistosomula, which soon matures into an adult worm in 
the downstream veins. The adult worm is bisexual, the male 
being stronger and larger. The female stays in almost con-
tinuous copulation with the male in a special groove called 
the gynecophoral canal. It only leaves to travel against the 
bloodstream to lay eggs in the submucosa of the urinary 
bladder ( S.  haematobium), colon, or rectum ( S. mansoni and 
S. japonicum). During its active sexual life, the female S. hae-
matobium or  S. mansoni lays about 300 ova per day, whereas 
S. japonicum may lay up to 3,000 ova per day. Most ova   nd 
their way to the exterior by virtue of spines in their shells, 
aided by the muscle contractions of their habitat. Contact 
with fresh water leads to swelling and rupture of the shells, 
and release of miracidia, the infective stage to the snail, 
which completes the cycle. 

Ova that fail to be exteriorized are the principal cause 
of pathogenicity. They cause a delayed hypersensitive reac-
tion and granuloma formation that heals with   brosis. The 
resulting functional consequences depend on the strategic 
anatomic sites of such   brosis. Ova may be driven back 
along the bloodstream to deposit in different organs, where 
they also form granulomas. Most notorious are the hepatic 
granulomas, leading to periportal   brosis and portal hy-
pertension, and the pulmonary granulomas, which result 
in arteriolar occlusion and pulmonary hypertension. Other 
metastatic lesions include cerebral granulomas, often seen 
with S. japonicum infestations, subcutaneous nodules, and 
ocular granulomas, which are occasionally mistaken for 
other clinically similar conditions. 172

 Renal Disorders Associated with Schistosomiasis 
Schistosomiasis Haematobium. The deposited ova form 
small tubercles that super  cially resemble those of tubercu-
losis, hence, the name pseudotubercles. These coalesce to 
form nodules, which often get secondarily infected. With 
the evolution of the lesions, the underlying bladder wall be-
comes   brotic and the trapped ova become calci  ed. A thin 
mucosal layer may cover these lesions, which appear as pale 
granular areas called sandy patches. Other late lesions in-
clude mucosal cysts and   brotic nodules, cystitis cystica, 
and cystitis glandularis. Bladder malignancy often super-
venes—a slowly growing squamous cell carcinoma being the 
predominant histopathologic pattern. 

Functional consequences often complicate urinary 
schistosomiasis, depending on the site and extent of   bro-
sis. At the lower ends of the ureters, this leads to partial 
obstruction; at the bladder neck, it results in chronic  out  ow 

obstruction; and in the detrusor, it impairs contractility, re-
sulting in an atonic viscus, which is often associated with 
vesicoureteric re  ux. Upstream repercussions are attributed 
to ureteric obstruction, re  ux, and chronic infection. 

The clinical features of  Schistosomiasis haematobium are 
encountered soon after the establishment of infection. Painful 
terminal hematuria is the time-honored presentation. It often 
affects children, more frequently men, re  ecting the variance 
in exposure imposed by social constraints. The  diagnosis is 
con  rmed by   nding the characteristic ova, with terminal 
spines, seen with routine urine microscopy. Pyuria and bacil-
luria are also detected in the presence of  secondary infection. 
If untreated, hematuria persists for many years, although its 
intensity declines as the process of bladder   brosis progresses. 
Eventually the patient is left with the symptoms of chronic 
cystitis, and upstream complications may develop. 

Renal morbidity (Fig. 63.14) is reported in different en-
demic areas to vary from 2% to 52% of patients with lower 
urinary tract  S. haematobium, depending on the infective 

FIGURE 63.14 Advanced urinary schistosomiasis.  Postmortem 
specimen showing chronic cystitis, a bladder carcinoma, 
 bilateral ureteric dilatation with in  ammatory cystic lesions 
(cystic ureteritis), and bilateral hydronephrosis with cortical 
 scarring.
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strain, intensity of infestation, availability of therapy, and 
probably genetic predisposition. 172

Because the disease is usually localized in the submu-
cosa of the lower ureteric sites, the proximal healthy part 
often undergoes signi  cant hypertrophy, which allows ade-
quate urodynamic compensation without any back- pressure 
sequelae. However, hydronephrosis develops in 9.7% to 
48% of patients who fail to maintain this compensatory 
mechanism. Ascending infection is common, usually after 
instrumentation performed for various reasons. It is particu-
larly common in patients with vesicoureteric re  ux, again 
frequently induced by surgical or instrumental interven-
tions. In addition to the regular features of acute and  chronic 
pyelonephritis, infection often leads to the formation of 
stones. The proportion of patients with  S. haematobium
who ultimately progress to end-stage is unknown; a broad 
estimate in Egypt is 1 per 1,000. 32 With the high prevalence 
of infestation, even this small proportion amounts to 40 pa-
tients per million of the total population. 

Early haematobium infestation is easy to cure. Several 
drugs have been used through the years, starting with the 
old-fashioned antimony preparations and ending up with 
the more modern, highly effective, and safe compounds 
niridazole and praziquantel. Surgical treatment is needed 

occasionally for the relief of obstruction or repair of re-
  ux. ESKD management is classic, although often modi-
  ed because of the problems imposed by active chronic 
pyelonephritis and bladder   brosis. 

S. Mansoni. This organism is principally an inhabitant of 
the portal venous tributaries, with colorectal disease and 
periportal hepatic   brosis being the major consequences 
of infestation. During the 1970s, experimental and clinical 
studies from Brazil and Egypt established that an immune-
mediated glomerular injury may complicate this disease. Of 
the more than 100 antigens identi  ed in the parasite, those 
of the adult worm’s gut were incriminated in the pathogene-
sis of renal lesions. Particularly interesting are a proteoglycan 
and a glycoprotein, often referred to as cathodal and anodal 
antigens, respectively, found by immuno  uorescence in the 
early glomerular lesions associated with schistosomiasis. 173

The initial glomerular response in humans and in large 
and small experimental animals is essentially mesangial, with 
focal or diffuse axial cellular proliferation and no matrix ex-
pansion (Fig. 63.15). IgM and C3 deposits are detected by 
immuno  uorescence, often along with parasitic antigens. 124

This lesion is not speci  c for  S. mansoni, being also observed 
in humans with S. haematobium infection and in experimental 

FIGURE 63.15 Schistosoma-associated glomerular lesions. A: Class I (axial mesangioproliferative glomerular nephritis [GN]); (B) class II 
(exudative GN); (C) class III (mesangiocapillary) GN; (D) class IV (focal segmental glomerulosclerosis); (E) class V (amyloidosis); and 
(F) class VI (mixed amyloidosis and cryoglobulinemic GN).
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animals infected with S. japonicum. Apart from the nature of 
the antigen deposits, this condition is morphologically similar 
to that seen with many other parasitic glomerulopathies. 174

Only mild clinical manifestations, usually limited to 
subnephrotic proteinuria and increased cellular excretion 
in urine, are associated with this lesion (class I). There are 
considerable doubts whether the lesion progresses in the 
absence of other factors. However, the reported response to 
treatment with antiparasitic agents, steroids, and immuno-
suppressive agents has not been con  rmed. 175

The initial glomerular lesions may subsequently prog-
ress into three distinct clinicopathologic syndromes. 

Exudative glomerulonephritis (class II) often complicates 
concomitant Salmonella infection, a frequent association in 
endemic areas, which leads to an acute, reversible nephrotic 
syndrome. 124

Progression into either  type III mesangiocapillary (membra-
noproliferative) glomerulonephritis (class III) or  focal segmental 
sclerosis (class IV) seems to occur mainly in the presence of sig-
ni  cant hepatic disease. The crucial role of the liver has been 
documented in experimental models, postmortem, and clini-
cal studies. 124 When associated with signi  cant impairment 
of macrophage function, liver disease seems to permit a high 
worm antigen load to escape from the portal into the systemic 
circulation, thereby contributing to the formation of pathogenic 
immune complexes. Hepatic   brosis has also been blamed for 
the defective clearance of IgA, originating in the gut in response 
to the parasite’s antigenic products. 176 On the other hand, data 
suggest switching of B lymphocytes in favor of IgA synthesis 
under the effect of IL-10 which supervenes in late stages of par-
asitic infection. 53 Superimposed on the initial glomerular injury, 
IgA may be crucial in the progression of glomerular lesions into 
an overt nephropathy, and further on into ESKD. Autoimmu-
nity may also have a potential role in disease progression. 53

The classic clinical presentation is the development of 
nephrotic edema and hypertension (50%) in a patient with 
typical hepatosplenic schistosomiasis. The diagnosis is sup-
ported by   nding living schistosomal ova in the stools or 
rectal snips or by acquiring serologic evidence of active infes-
tation. Liver biopsy results reveal the characteristic periportal 
  brosis mostly sparing the hepatocytes, and may also reveal 
deposited ova or worm pigments. This histopathologic pat-
tern is re  ected on conventional liver function tests, which 
are usually nearly normal unless HBV or HCV infection is 
associated, which is fairly common. Endoscopic examination
usually shows lower esophageal or fundal varices.

Examination of renal biopsy specimens usually reveals 
either of the two described patterns of glomerular injury, 
probably depending on genetic factors. 124 Immuno  uores-
cence shows IgG and IgA deposits, and occasionally IgM 
and C3 deposits. Worm antigens are seldom seen at this 
stage. Variable degrees of nonspeci  c tubulointerstitial le-
sions have been observed, particularly with concomitant 
S.  haematobium infection. 

Both glomerular lesions are progressive. They do not re-
spond to treatment. ESKD ultimately develops in those who 

survive the risks of ruptured esophageal varices or hepatocel-
lular failure when the disease is compounded by viral hepatitis. 

The epidemiologic importance of classes III and IV 
schistosomal glomerulopathy as a cause of ESKD is not 
accurately quantitated; certain estimates suggest the   gures 
of 10 per million of the general population 32 and 15% of 
those with schistosomal hepatic   brosis. 124

Renal amyloidosis (class V) is the third potential outcome 
of schistosomal glomerulopathy, based on experimental 
  ndings in small laboratory animals 177 and epidemiologic 
evidence in endemic areas. 124

It is suggested that the chronic parasitic antigen load of 
either S. mansoni or  S. haematobium may lead to increased 
synthesis and/or impaired uptake of amyloid-A (AA pro-
tein) by the monocytes, and that local glomerular changes 
enhance deposition of this protein in the characteristic   -
brillar structure. 124 The clinical presentation of  Schistosoma-
associated amyloidosis resembles that of mesangiocapillary 
glomerulonephritis and focal segmental sclerosis, yet hepa-
tosplenic disease may be less prominent and hypertension is 
less frequent. However, the disease progresses more rapidly 
to ESKD. 

With the increasing encounter of HCV-associated  Schis-
tosoma mansoni hepatic   brosis, a peculiar renal syndrome 
(class VI) was recently identi  ed. 178 This consists of a mix-
ture of glomerular amyloidosis, IgM mesangial deposits, and 
macroglobulinemic vasculitis and tubular casts. It is attribut-
ed to the ambiguous activation of the classical and the alter-
native activation of the antigen presenting cells by the virus 
and the parasite respectively. In addition, the T lymphocyte 
response may be modi  ed by the direct invasion of HCV via 
the CD80 ligands. 

S. japonicum. This infestation is similar to that with  S.
mansoni in causing hepatic   brosis, portal hypertension, 
and splenomegaly. Metastatic lesions, particularly those in 
the central nervous system, are more common and more 
serious. Although most of the experimental background 
on schistosomal glomerulopathy is based on S. japonicum
models, the impact of this infection is extremely limited in 
clinical practice. Early mesangioproliferative lesions have 
been described, but overt disease is seldom reported and 
even denied. 179 The reasons for this discrepancy are unclear; 
the nature of parasitic antigens, host genetic factors, limited 
hepatic involvement, and other factors may be involved. The 
high prevalence of IgA nephropathy in areas where  S. japoni-
cum infection is endemic may mask the identity of S. japoni-
cum glomerulopathy as a distinct disease. 

 Filariasis. Filariasis is highly prevalent in Africa, Asia, and 
South America. Of the eight   larial strains that infect hu-
mans, Wuchereria bancrofti, Brugia malayi, Onchocerca volvu-
lus, and Loa loa are most frequently encountered in clinical 
practice. All species are transmitted by insect bites. The in-
fective larvae migrate into the lymphatic vessels and slowly 
mature into adult worms over 3 to 18 months. 
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Adult W. bancrofti and  B. malayi reside in the lymph 
nodes or afferent lymphatic vessels for decades. They mate 
and deliver the micro  lariae, which either circulate in the 
bloodstream or migrate by way of the lymphatic channels to 
the dermis, awaiting their vector to complete the life cycle. 
W. bancrofti and  B. malayi infections may be entirely dormant 
(asymptomatic micro  laremia) and are usually identi  ed by 
the accidental discovery of eosinophilia. Infected subjects 
with a pronounced immunologic response may present with 
hypereosinophilia and pulmonary involvement. The classic 
presentation, however, is recurrent pyrexia with chills and 
lymphangitis caused by the local immune- mediated granulo-
matous response against the adult worms. In  B. malayi infec-
tion, this reaction often leads to the formation of local  abscesses 
that rupture and subsequently heal with  characteristic scars. 
With  W. bancrofti, the local reaction  usually leads to lymphatic 
obstruction, gross upstream dilation, and distortion. Elephan-
tiasis of the extremities and genitalia is the usual consequence 
(Fig. 63.16). Rupture of the dilated lymphatic vessels may 
lead to chylous effusions, usually in the form of hydrocele or 
ascites. Rupture of the dilated retroperitoneal lymphatics into 
the renal pelvis leads to chyluria. 

Adult O. volvulus coil into spherical bundles in sub-
cutaneous tissues and deep fascia, leading to characteristic 
nodules called onchocercomas. Regional lymph nodes may 
be enlarged. The worms deliver millions of micro  lariae, 
which migrate into the skin and ocular tissues. In the lat-
ter tissues, micro  lariae may cause keratitis, anterior uve-
itis, and less often chorioretinitis. Blindness (river blindness) 
supervenes in 1% to 4% of patients. 

Adult L. loa worms live wandering in the  subcutaneous
and subconjunctival tissues. They may induce a peculiar 
hypersensitivity skin reaction, the Calabar swellings, which 
are localized erythematous and angioedematous lesions. 
Generalized angioedema may be encountered in expatriates 
and undernourished native individuals. 

 Renal Involvement in Filariasis. The best-documented re-
nal lesion in   lariasis is that associated with  O. volvulus. In 
a large epidemiologic study in Cameroon, where this strain 
is hyperendemic, proteinuria was signi  cantly more  frequent 

among infected subjects. 180 Minimal change, mesangioprolif-
erative, mesangiocapillary, and chronic sclerosing glomeru-
lonephritis lesions are most often encountered (Fig. 63.17). 
Subendothelial and mesangial immune complexes containing 
IgM, IgG, C3, and onchocercal antigens 181 were detected by 
immuno  uorescence and mesangial electron-dense depos-
its,182 by electron microscopy. Onchocercal  glomerulonephritis 
is known to recur in transplanted kidneys. 

Similar lesions have also been described in bancrof-
tiasis183 and loiasis. 184 Bancrofti speci  c immune  complexes
were detected in urine of 34% of infected subjects in one 
series.185 In addition, an exudative eosinophilic glomerulo-
nephritis has been documented in patients with W. bancrofti
infection,186 and collapsing FSGS in those with  L. loa187 infec-
tions. Micro  lariae may be seen in the glomerular  capillaries.

The clinical spectrum of   larial glomerulonephritis 
ranges from asymptomatic proteinuria to ESKD.  Nephrotic 
syndrome is often ascribed to such infections in en-
demic  areas. Acute nephritic syndrome in patients with 
bancroftiasis has been reported. Treatment with diethylcar-
bamazine (DEC) or ivermectin (IVM), alone or in combina-
tion with albendazole, may help to resolve early glomerular 
lesions, but it usually fails when the nephrotic syndrome is 
manifested.188 Renal disease may be aggravated by treatment 
with either DEC or IVM in heavily infested patients, which is 
attributed to further release of   larial antigens. 

 Trichinosis. Trichinosis is a nematodal infection of worldwide 
distribution, being particularly prevalent in  communities

FIGURE 63.16 Filariasis: hanging scrotum with massive  inguinal 
lymphadenopathy.

FIGURE 63.17 Filaria-associated mesangioproliferative 
 glomerulonephritis.
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where raw, smoked, or undercooked meat, especially pork, 
is eaten. It is fairly common in Southeast Asia and Latin 
America but, for obvious reasons, is rare in countries with 
large Muslim and Jewish populations. 

Infection is acquired by ingestion of infective larvae en-
cysted in striated muscles. Excystation occurs by acid- pepsin
digestion in the stomach; parasites mature in the  upper small 
intestine. The adult female produces larvae, which penetrate 
the blood and lymphatic vessels and migrate into different 
host organs. Those reaching the muscles become encysted 
and remain viable for many years. 

Although trichinosis is often associated with nonspeci  c 
gastrointestinal symptoms, its main clinical impact is  related 
to the eosinophilic granulomatous reaction that the encysted 
larvae provoke in different organs, including  skeletal and 
cardiac muscles, lungs, and the central nervous system. 
Proptosis and periorbital edema associated with pyrexia and 
myalgia are the usual clinical clues to the diagnosis. 

Renal involvement in trichinosis was vaguely reported 
as early as 1916. 189 It became more   rmly established in 
recent years as more elaborate diagnostic criteria became 
established. The lesions are mainly glomerular, in the form 
of mesangial proliferation associated with immunoglobulin, 
C3, and occasionally   brin deposits. 190 Trichinella-speci  c 
immune complexes were detected in the glomeruli of in-
fected rats. 191

Renal involvement is usually subclinical, with mild pro-
teinuria and microhematuria. Blood pressure is not  elevated,
and renal function is usually preserved or only mildly im-
paired. Hypoalbuminemia is occasionally noted, leading to 
contraction of the blood volume with a mild reduction of 
p-aminohippurate and creatinine clearances. Circulating 
immune complexes associated with a decrease in serum C3 
level have been described. All clinical abnormalities are re-
versible by thiabendazole treatment (50 mg per kg of body 
weight per day for 2 days). 190

 Opisthorchiasis. The disease is caused by  Opisthorchis 
 felineus and  Opisthorchis viverrini through the ingestion 
of raw or undercooked   sh.  O. felineus is common in the 
Philippines, Vietnam, and India, whereas  O. viverrini is 
prevalent in Thailand, Laos, and Kampuchea. The liver is 
the target organ where the parasites lodge in the  biliary 
tract. The incidence of cholangiocarcinoma is high in opis-
thorchiasis. Renal failure can occur in the patients with 
opisthorchiasis. 192 AKI is seen in 49% of the patients with 
cholangiocarcinoma and severe jaundice. Hyponatremia and 
hypokalemia secondary to natriuresis and kaliuresis are fre-
quently observed. 193 The causes of renal failure are multiple 
and include hypovolemia, endotoxemia, cardiac dysfunc-
tion, effects of vasoactive mediators, hypotension, hyperbili-
rubinemia, and hyperuricosuria. 

Renal pathologic changes 194 include tubular degenera-
tion with bile staining and vacuolation of proximal tubules 
in the potassium-depleted patients. IgA deposition in the 
mesangium may be observed. In Syrian golden hamsters 

infected with O. viverrini, immune complex glomerulone-
phritis with deposition of IgG antibody speci  c to the in-
tegumental membrane of the adult worm has been shown. 
Renal amyloidosis with AA protein deposition was observed 
in the glomeruli and interstitium. 195

 Strongyloidiasis. Infestation by  Strongyloides stercoralis is 
endemic worldwide, particularly in the warm climates of 
the tropics. Infection is acquired by skin contact with soil 
containing the free   lariform larvae. The larvae migrate into 
the pulmonary capillaries where they break into the alveo-
lar spaces, ascend through the airways to the pharynx, are 
then swallowed, and eventually mature in the duodenum 
into adult worms. In most infested subjects, only female 
worms are found in the small intestine. They reproduce by 
parthenogenesis, forming eggs that hatch in the gut and re-
lease rhabditiform larvae, which eventually transform into 
the infective   lariform larvae in the soil. This transformation 
can also occur in the gut of an immunocompromised host. 

Strongyloidiasis is a mild disease in the immunocompe-
tent individual, being either asymptomatic or associated with 
vague abdominal symptoms. In the immunocompromised, 
however, reinfection with   lariform larvae can  occur through 
the intestinal walls or the perianal skin. As this process is 
repeated, hyperinfection occurs, leading to a potentially fatal 
disseminated disease. As the infective larvae migrate through 
the lungs, they can induce pulmonary hemorrhage and acute 
respiratory complications that mimic the adult respiratory 
distress syndrome. The larvae can also disseminate into vari-
ous organs including the brain, eyes, pancreas, peritoneum, 
kidneys, and skin where they form creeping eruptions. 118

Minimal change disease 196 and mesangial proliferative glo-
merulonephritis with nephrotic syndrome have been ob-
served in association with strongyloidiasis. The nephrotic 
syndrome resolved after treatment of the disease. 197 The re-
sponse to thiabendazole treatment is remarkable, with para-
sitologic cure in more than 90% of patients. 

 Other Parasitic Diseases. Renal lesions rarely occur in vis-
ceral larva migrans caused by the migration of larval stages 
of Toxocara canis or  Toxocara cati.198 Granulomatous changes 
consisting of eosinophils and histiocytes with giant cells may 
be observed. Hematuria and eosinophiluria may be noted. 

Immune complex–mediated glomerulonephritis has 
been reported in amebiasis. 199 However, ameba antigen was 
not demonstrated in the immune deposits. 

 TOXIC NEPHROPATHIES IN THE 
TROPICS 
 Animal Toxins 
The kidney, as a highly vascularized and excretory organ, is 
vulnerable to toxin poisoning. Release of proin  ammatory 
cytokines and vasoactive mediators leading to  decreased 
renal blood   ow is fundamental in the development of 
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renal failure. Renal injury can also be induced by toxin 
enzymes, especially phospholipases and metalloproteases. 
Other associated factors including hemorrhage, hypovole-
mia, intravascular coagulation, intravascular hemolysis, and 
rhabdomyolysis are additional insults. 46

 Snake Bites 
Snake bites are a worldwide problem. The vast majority 
occur in the tropical countries of Africa, south and Southeast 
Asia, and Latin America. 

Renal involvement in snake bites has been observed fol-
lowing bites by snakes from the families Elapidae, Viperidae, 
and Colubridae. Renal failure complicates in 1.2% to 70% of 
all snake envenomations. 43,200,201 Most cases are due to the 
snake venoms with hemotoxicity or myotoxicity, 46 whereas 
direct nephrotoxicity has also been shown in experimental 
models.202 Commonly reported are patients with AKI due to 
bites of rattlesnake, Russell’s viper, saw scale viper,  Bothrops 
jararaca, puff adder, brown snakes, and sea snakes. 46,201

Clinically, the victim shows either local symptoms with 
pain, swelling, local bleeding at the site of bite, or systemic 
symptoms with generalized bleeding, hypotension, or oli-
guria. Oliguria usually occurs 24 to 72 hours following the 
bite. Patients can be hypotensive at presentation, but often 
are normotensive. With viper bites, renal failure is usually 
associated with intravascular hemolysis and disseminated 
intravascular coagulation. Those patients with renal failure 
have higher urinary   brin degradation product than those 
with normal renal function, suggesting the role of intra-
vascular coagulation in the pathogenesis of renal failure. 203

In sea snake bites, renal failure is associated with rhabdo-
myolysis. Sepsis can be a complicating factor at presentation. 
Nephrotic syndrome has been reported in a rare patient fol-
lowing snake bite. 204 However, transient heavy proteinuria 
can occur in patients bitten by Russell’s viper. 

In the majority of the patients, histologic   ndings are 
compatible with acute tubular necrosis. 46,201 Acute cortical 
necrosis is seen in a signi  cant minority of the patients. Elec-
tron microscopic study in Russell’s viper envenoming compli-
cated by AKI has shown glomerular mesangial hypercellular-
ity, vascular endothelial swelling, tubular epithelial necrosis, 
and interstitial in  ltrates. Interstitial nephritis, proliferative 
glomerulonephritis, and arteritis of interlobular vessels have 
been reported. Granular deposition of IgM and C3 in the 
mesangium has been observed. There is evidence of deposi-
tion of immune complex in situ. 43 In sea snake envenoming, 
rhabdomyolysis is the primary event leading to myoglobin-
uric renal failure. 205 Renal histology shows tubular necrosis 
while muscle shows diffuse hyaline lesions of its   bers. 

 Pathogenesis. Snake venom contains many proteolytic 
enzymes and phospholipases capable of triggering hemo-
lysis, disseminated intravascular coagulopathy,   brinolysis, 
complement activation, rhabdomyolysis, and tissue necro-
sis. Hypotension can result from blood loss, anaphylaxis, 
myocardial depression, and generalized vasodilatation due to 

nitric oxide, bradykinin, and prostaglandins. Systemic and 
renal hemodynamics in snake envenomation bear resem-
blance to those observed in infection and in fact share the 
same cytokines and mediators triggered by phospholipase A2 
and metalloproteases. 206,207 Given the protein nature of snake 
venom, AKI is rarely due to one factor but rather multiple 
factors. In an isolated perfused kidney, Russell’s viper venom 
decreased the renal blood   ow and GFR and increased the 
fractional excretion of sodium in dose-dependent fashion. 208

Russell’s viper venom decreases renal cortical mitochondrial 
oxygen consumption and increases P/O ratio. 42 Toxicity to 
glomeruli and tubular epithelial cells has been shown. 202

Immune mechanism plays a minor role in the pathogenesis of 
glomerulonephritis in some patients. Therefore, there is evi-
dence of hemodynamic changes, direct nephrotoxicity, and 
immunologic mechanism in snake bite nephropathy. 

 Treatment and Prognosis. Treatment of renal failure 
caused by snake envenoming is complicated by other sys-
temic complications of the venom. Standard treatment con-
sists of local care, use of antivenom, generalized support, 
and early dialysis. Dialysis in patients with a sea snake bite 
can improve muscular symptoms. Early administration of 
sodium bicarbonate to alkalinize urine in the patient who 
has intravascular hemolysis or rhabdomyolysis prevents 
the development of AKI. 219 With early dialysis, prognosis 
for patients with renal failure in general is favorable except 
for those with cortical necrosis. Residual renal damage can 
occur in those with severe pathologic changes and old age. 

 Insect Stings 
Proteinuria, nephrotic syndrome, and AKI have been re-
ported in association with bee, wasp, and hornet stings. In a 
study of 20 healthy subjects stung by bees or wasps, patho-
logic albuminuria was found in three patients. The urine 
albumin excretion normalized in 2 months in two of those 
patients.209

 Nephrotic Syndrome. An association between bee stings 
and nephrotic syndrome has long been described. 210 A re-
lapse of nephrotic syndrome following a bee sting has been 
reported. 211 The onset of nephrotic syndrome varies from 2 to 
14 days after the sting. Serum immunoglobulin and comple-
ment levels and renal function are usually normal. The re-
sponse to steroid treatment is favorable in 50% of the patients. 

Renal pathologic changes vary. Minimal change le-
sions, mesangial proliferative glomerulonephritis, membra-
nous glomerulonephritis, and glomerulosclerosis are among 
the changes described. Deposition of C3, IgM, and IgG is 
demonstrable. However, no report has demonstrated the 
presence of bee venom antigens in the glomeruli.  Although
such a   nding would indicate a role for an immunologic 
mechanism in the pathogenesis of glomerulonephritis, the 
cause-and-effect relationship between the bee venom and glo-
merulonephritis has not been substantiated. The association
between the bee sting and nephrotic syndrome with minimal 
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lesions, erythema of the skin, and eosinophilia described in 
one report could be related to basophil  sensitization.212

The mechanism responsible for the development of glo-
merulonephritis is therefore not understood. The role of the 
bee venom ( Apis mellifera) in inducing the alteration of T 
cell function in mice might link with the development of 
glomerulonephritis.213

 Acute Kidney Injury. Renal failure has occurred in patients 
stung by wasps and bees. 46,214 Stings are usually multiple. A 
single sting does not cause renal failure, but can cause anaphy-
lactic shock in the previously sensitized patient. Bee venoms 
decrease the renal blood   ow and GFR. Glomerular   ltration 
remains low despite the return of renal blood   ow to nor-
mal.215 Renal failure in insect stings is often associated with 
rhabdomyolysis or intravascular hemolysis which develops 
within 24 hours. Thrombocytopenia may be present with or 
without disseminated intravascular coagulation. Hepatocellu-
lar jaundice may be observed. Pancreatitis has been reported. 
Laboratory   ndings include hyperkalemia, hyperuricemia, 
hyperphosphatemia, hypocalcemia, hemoglobinuria, myoglo-
binuria, and elevation of muscle enzyme levels. Nonoliguric 
renal failure is not uncommon. Oligoanuria is often observed 
in the elderly. The mechanisms of renal injury are believed to 
be decreased renal blood   ow, myoglobinuria, hemoglobin-
uria, and direct tubular toxicity. The duration of renal failure 
varies from one week to several weeks. The course of renal 
failure is prolonged in the elderly. Recovery of renal function is 
usual; however, residual renal damage can occur. The elderly 
and children are at high risk for a fatal outcome. 

Renal pathologic changes include tubular necrosis and 
interstitial lesions with edema and mononuclear in  ltration. 
The proximal, distal, and collecting tubules are affected. 
Acute interstitial nephritis with renal failure presumably due 
to hypersensitivity has been reported. 216 Increased calcium 
uptake in the proximal tubule cells by melittin may enhance 
renal tubular injury. 217

 Raw Carp Bile 
Ingestion of raw carp bile—traditionally believed to improve 
visual acuity, stop coughing, decrease body temperature, and 
lower blood pressure—can result in renal failure. The problem 
is well known in Southeast Asia, Taiwan, China, and Korea. 
The raw bile of carp, belonging to the order of Cypriniformes, 
including Ctenopharyngodon idellus, Cyprinus carpio, Hypoph-
thalmichthys molitrix, Mylopharyngodon piceus, and Aristichthys 
nobilis, is nephrotoxic. 218 Clinical manifestations, which start 
from gastrointestinal symptoms, consist of abdominal pain, 
nausea, vomiting, and diarrhea occurring 10 minutes to 
12 hours after the ingestion of raw bile. 218 Seizure and brady-
cardia may be observed. 219 The amount of bile ingested varies 
from 15 to 30 mL. The gastrointestinal symptoms are followed 
by hepatitis and AKI. The onset of oliguria varies from 2 to 
48 hours after ingestion. Oliguria renal failure is noted in 54% 
of patients. Hematuria occurs in 77% and jaundice in 62%. 
The duration of renal failure varies from 2 to 3 weeks. 

Renal pathologic changes are those of tubular necrosis. 
Glomeruli show no remarkable changes. The pathogenesis 
of renal failure is not well understood and perhaps is due to 
multiple factors. Nonspeci  c factors including diarrhea and 
jaundice leading to renal ischemia cannot be excluded. In rats, 
nephrotoxicity developed after the ingestion of carp raw bile 
but not hog raw bile. Cyprinol, a bile alcohol, has been sug-
gested to be nephrotoxic. 220,221 Lin and associates 221 showed 
that the toxic compound exists in the ethanol- soluble fraction 
of bile, which has bile acids. Of interest is  hepatic and renal 
injury following ingestion of raw sheep bile as a traditional 
medicine for diabetes mellitus in Saudi Arabia. 

 Jelly  sh Stings 
Box jelly  sh ( Chironex and Chiropsalmus), the Portuguese Man 
of War ( Physalia physalis), the Irukandi jelly  sh ( Carukia barne-
si), and Nomura’s jelly  sh ( Nemopilema nomurai) are poison-
ous. Jelly  sh venom has myotoxin, hemolysin, and peptides 
that activate sodium channels and voltage dependent calcium 
channels and form pores on the cell membrane. 46 Cellular so-
dium and calcium in  ux leads to the release of catecholamines, 
5-hydroxytryptamine, tetramine, prostaglandins, and kinins 
resulting in hemodynamic changes. Severe poisoning can 
cause nausea, diarrhea, blood pressure changes, intravascular 
hemolysis, rhabdomyolysis, convulsion, and renal failure. 

 Scorpion Stings 
Odontobuthus, Mesobuthus, Hemiscorpius, Androctonus, Bu-
thotus, Buthus, Tityus, Leiurus, and Centruroides are medically 
important scorpions. Scorpion venom consists of muco-
polysaccharides, lipids, amino acids, hyaluronidase, phos-
pholipase, 5-hydroxytryptamine, and neurotoxic peptides. 
Through activation of sodium and calcium channels and pore 
formation, the venom can cause the release of acetylcholine, 
catecholamines, and various mediators, with toxic effects 
to the neuromuscular system. Scorpion  charybdotoxin and 
iberiotoxin close calcium-activated potassium channels in 
the distal nephron. 222 Among the clinical features following 
severe reaction to a scorpion sting are symptoms of auto-
nomic nervous system stimulation, disseminated intravas-
cular coagulation, myocarditis, cardiac failure, pancreatitis, 
pulmonary edema, convulsions, and hypotension. 223 Renal 
involvement including proteinuria, hematuria, hemoglo-
binuria, and impaired renal function is observed in 70% of 
the patients with severe complications. 224 Renal failure has 
been described in association with disseminated intravascu-
lar coagulation and massive hemorrhage in various organs. 
Hemolytic-uremic syndrome has been reported. 225

 Spider Bites 
Atrax, Harpactirella, Loxosceles, Latrodectus, Lycosa, and  Pho-
neutria are among venomous spiders. Spider venom contains 
histamine, 5-hydroxytryptamine, hyaluronidase, phospholi-
pase D, collagenase, proteases, and polypeptides. In most 
cases the symptoms of spider bite are mild. Yet, severe 
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reaction can occur from the bite of certain spiders. Venom 
polypeptides slow sodium channel inactivation, suppress 
activation of P type calcium channels, and inhibit glutamate 
uptake by synaptosomes. Interestingly,  Latrodectus venom 
activates calcium channels causing massive neurotransmitter 
release.  Latrodectus venom can cause severe pain at the site 
of the bite, nausea, vomiting, salivation, sweating, headache, 
muscular twitching, hypertension, respiratory  paralysis,
myocardial damage, rhabdomyolysis, compartment syn-
drome, and renal dysfunction. 226 Brown spider ( Loxoceles)
bites can cause local dermonecrosis and hemorrhage at the 
site of bite. Systemic manifestations including intravascular 
hemolysis, disseminated intravascular coagulation, throm-
bocytopenia, and renal failure have been reported. 227 The 
venom has metalloproteases that cause degradation of ex-
tracellular matrix such as   bronectin,   brinogen, entactin, 
heparan sulfate proteoglycan, and basement membrane. 227

 Centipede Bites 
A centipede bite usually causes local reactions. Severe sys-
temic symptoms including proteinuria can occur. 228 The 
venom contains histamine, hyaluronidase, proteases, phos-
pholipase A 2, serotonin, and cardiotoxic protein. Nausea, 
vomiting, headache, rhabdomyolysis, and AKI have been 
reported following the bite of the giant desert centipede, 
Scolopendra heros, which is found in the southern part of the 
United States and Mexico. 229

Lonomia  Caterpillar Contact 
The hemolymph and hair extract of caterpillar of moths in 
the genus Lonomia have phospholipase A 2, procoagulant ser-
ine and cysteine proteases which activate factor X, factor XIII, 
prothrombin, and   brinolysis. Contact with  Lonomia obliqua
can cause both   brinolysis and disseminated intravascular 
coagulation.230 Severe AKI with a hemorrhagic syndrome 
resembling disseminated intravascular coagulation follow-
ing contact with Lonomia caterpillars has been described. 231

Contact with several caterpillars, delayed treatment, throm-
bocytopenia, and old age are risk factors for development of 
chronic kidney disease. 232

 Beetles 
Beetles can cause vesicular lesions when crushed against 
the skin. Spanish   y ( Lytta vesicatoria) produces canthari-
din, a protein-phosphatase inhibitor, which is nephrotoxic. 
Consumption of cantharidin in aphrodisiac preparations or 
Spanish   y contamination in the fried cricket food (popular 
for Southeast Asians) causes hematuria and AKI with tubular 
necrosis. 233 Mesangial proliferative glomerulonephritis with 
IgA deposition has been observed. 

 Plant Toxins 
Several kinds of plants exert pharmacologic effects on the body. 
Certain effects are harmful and may directly or  indirectly cause 
nephropathy. The subject has recently been  reviewed. 40,200

 Djenkol Bean 
Djenkol beans ( Pithecolobium lobatum, Pithecolobium  jiringa)
are consumed by people in Indonesia, Malaysia, and  southern 
Thailand.40,234 The beans are eaten as food, either raw, fried, 
or roasted. Toxicity, due to djenkolic acid, follows  ingestion
of the raw bean in large amounts (more than   ve beans) al-
though there are different susceptibilities among individuals. 
Poisoning may be caused by a single bean in some individu-
als, whereas it may take 20 beans to cause toxicity in  others.234

Ingestion of the boiled beans does not cause toxicity because 
the toxic substance, djenkolic acid, is removed from the bean. 
The amount of djenkolic acid may vary among beans from 
various sources. Poisoning is characterized by  abdominal dis-
comfort, loin pains, severe colic, nausea, vomiting, dysuria, 
gross hematuria, and oliguria occurring 2 to 6 hours after the 
beans were ingested. The patient may be anuric. Hyperten-
sion may be present. In a report of 22 patients with djenkol 
bean poisoning, dysuria was noted in 17 (77%), hematuria in 
15 (68%), proteinuria in 10 (45%), hypertension in 8 (36%), 
and renal failure in 12 (55%) patients. 235

Urine analysis reveals erythrocytes, epithelial cells, 
protein, and the needle-like crystals of djenkolic acid. The 
symptoms are due to mechanical irritation of the  renal 
tubules and urinary tract by the djenkolic acid crystals. 
Precipitation of djenkolic acid causing tubular obstruction 
occurs in acid and concentrated urine. Urolithiasis has been 
reported, with djenkolic acid as the nucleus. The majority of 
patients recover within a few days. 

Diagnosis can easily be made by the history of bean 
ingestion and occasional sulfurous fetor in the breath. Treat-
ment requires hydration to increase urine   ow and alkalini-
zation of urine by sodium bicarbonate. When the urine pH 
is increased from 5.0 to 7.4, the solubility of djenkolic acid is 
increased by 43%, and at a pH of 8.1 the solubility increases 
to 92%. 40

Callilepis Laureola 
Callilepis laureola (Impila) is a perennial herb with a tuber-
ous rootstock found widely in South Africa, Zambia, Zaire, 
Zimbabwe, and the neighboring countries. The plant is used 
in the form of infusion for coughs, constipation, intestinal 
worms, and many other illnesses. An alkaloid, atractyloside,
found in the tuber of the plant is believed to have nephro-
toxic and hypoglycemic effects. It has an inhibitory  effect 
on oxidative phosphorylation. After medication, toxic 
symptoms usually occur in less than 24 hours in 40% of 
the patients and within a few days in 72%. 236 Clinically, the 
patient has abdominal pain, vomiting, and diarrhea. Hypo-
glycemia is observed in 81% of patients. Convulsions and 
coma are common. Hepatocellular jaundice is present. Re-
nal failure ensues in the majority of patients. Treatment is 
supportive. The mortality rate is more than 50%. 

The kidney shows tubular necrosis involving the proxi-
mal tubules and the ascending loops of Henle. Interstitial 
edema and cellular in  ltration are present. 
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  Semecarpus Anacardium  
Semecarpus anacardium is the name for the marking nut tree 
in India and tropical forests. The bark and the pericarp of 
the fruit have a black caustic juice that is irritating to the 
skin, causing eruptions and blisters. Prolonged exposure to 
the sap can cause abdominal pain, vomiting, fever, and renal 
failure. 237 Cortical necrosis has been reported. Nephrotoxic-
ity is attributed to the phenolic substance in the sap. 

 Star Fruit 
Star fruit ( Averrhoa carambola) is a popular fruit among Asians. 
The fruit has high oxalate content. Ingestion of large quanti-
ties of pure fresh juice can cause within hours  nausea, vomit-
ing, abdominal pain, and back ache, followed by acute oligu-
ric renal failure, due to acute oxalate  nephropathy. Pure fresh 
star fruit juice should not be consumed in large amounts, 
especially on an empty stomach or in a state of dehydration. 
Apoptosis is the mode of renal tubular cell death. 238

 Mangosteen 
Mangosteen ( Garcinia mangostana) is among the tasty fruits in 
Southeast Asia. The fruit has several xanthone compounds. 
Alpha mangostin, one of these compounds, causes depolar-
ization of mitochondrial membrane, disrupting the electron 
transport chain. 239 Cytochrome c is released into the cytosol. 
Production of adenosine triphosphate is decreased and there 
is apoptosis. 240 Consumption of large quantities of mango-
steen juice for a long period of time has been reported to 
cause severe lactic acidosis. 241

 Mushrooms 
Toxic mushroom poisoning leads to a variety of clinical 
presentations ranging from gastrointestinal symptoms to 
fulminant liver failure and renal failure. The  Amanita, Corti-
narius, and  Galerina species of mushrooms are nephrotoxic. 
Amatoxin, phallotoxin, and orellanine are toxic ingredi-
ents.242 Amatoxin inhibits DNA-dependent RNA polymerase 
II. Phallotoxin binds with F actin and polymerizes G actin. 
Orellanine is toxic to proximal tubular cells. Toxic symptoms 
occur within 10 to 14 hours after ingestion and consist of 
abdominal pain, nausea, vomiting, and diarrhea,  followed by 
jaundice, renal failure, convulsions, and coma. 243 Renal fail-
ure is severe, with a mortality rate of more than 50%. In an 
animal model of Cortinarius orellanus mushroom  poisoning,
renal dysfunction occurred within 48 hours. 244 The pattern 
of renal impairment included decreased GFR, proteinuria, 
glycosuria, and decreased tubular reabsorption of sodium, 
potassium, and water. Renal pathologic changes are those of 
tubular necrosis, with prominent necrosis of the proximal tu-
bules and interstitial edema. There are no glomerular chang-
es. Given early in the course of disease penicillin G, silymarin, 
silibinin, or N-acetylcysteine can be useful. Mushroom poi-
soning with liver and renal failure has high mortality despite 
optimal medical therapy including plasmapheresis, charcoal 

hemoperfusion, and hemodia  ltration. Molecular absorbent 
regenerating system (MARS), which removes albumin-bound 
toxins, has been reported to favor recovery. 245

 Cotton Seed Oil 
The principal ingredient of cotton seed oil is gossypol. Gos-
sypol can cause kaliuresis and hypokalemia. The mecha-
nism is not well understood. In central and southern 
China, where the dietary potassium is low, the incidence of 
gossypol-induced hypokalemia is between 4% and 5%. 48 It 
has also been reported to cause distal renal tubular acidosis 
in Chinese people who consume cotton seed oil. 

 Herbal Medicines 
Traditional herbs as alternative medicinal drugs are com-
monly used in the tropics. A number of Chinese herbs are 
nephrotoxic. The use of  Taxus celebica for diabetes melli-
tus can cause hemolysis and renal failure due to   avonoid 
sciadopitysin.246 Consumption of rhubarb leaves can cause 
oxalate renal stones due to high oxalic acid content. 

Several plants including Securidaca longipedunculata,
Euphorbia matabelensis, and Crotalaria laburnifolia have 
been listed as being nephrotoxic. 247 Yet, there is no sup-
porting scienti  c evidence. These plants are usually used 
as traditional medicine for the treatment of many illnesses, 
and may cause renal failure through their side effects. For 
example, infusion of the leaves, bark, and root of  S. lon-
gipedunculata can cause severe gastroenteritis with diarrhea 
and vomiting, which can result in AKI through volume 
depletion without evidence of direct nephrotoxicity.  Thiloa 
glaucocarpa is  tubulotoxic due to toxic tannins. Solanum 
malacoxylon248 and  Cestrum diurnum249 can cause hypercal-
cemia due to 1,25 dihydroxycholecalciferol in the plant. 
Ingestion of the essential oil of wormwood ( Artemisia 
absinthium) has been reported to cause seizures, rhabdo-
myolysis, and AKI. 250 The toxic ingredient is thujone, an 
aromatic hydrocarbon. 

An association between the use of Chinese herbal 
medicine containing aristolochic acid and chronic renal dis-
ease has been described. Renal pathologic changes include 
tubular atrophy, interstitial   brosis,  glomerulosclerosis, 
and thickening of the wall of the interlobular artery and 
glomerular afferent arteriole. Tubular dysfunction, including 
Fanconi-like syndrome, is commonly manifested. Uroepi-
thelial malignancy has been observed. Multifocal atypia of 
the medullary collecting ducts, the pelvis, and ureter with 
overexpression of p53 has been shown. On the positive side, 
traditional Chinese herbal medicine (Sairei-to) with the ac-
tive principle saikosaponin-d has been shown to prevent 
glomerulosclerosis in uninephrectomized rats with anti-
thy-1 antibody injection. 251

 Chemical Toxins 
Accidental exposure to certain chemical toxins is well 
documented as a cause of AKI in the tropics, as it is in the 
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West. Chemical intoxication may also be associated with 
certain occupational hazards, involving exposure to indus-
trial poisons such as lead, mercury, cadmium, uranium, 
and asbestos. This is highly prevalent in tropical countries, 
owing to the inadequacy of environmental protection mea-
sures in  industrial plants. 

Certain chemical hazards of particular importance in 
the tropics deserve mentioning, namely, paraquat, copper 
sulfate, and diethylene glycol. 

 Paraquat Poisoning 
This is mainly reported in Southeast Asia. Paraquat is an 
herbicide, widely used in agriculture, to which humans are 
exposed by ingestion (including suicidal intake), inhala-
tion of sprays, or contact with skin abrasions. Pulmonary, 
hepatic, and renal manifestations attributed to the massive 
generation of reactive oxygen radicals commonly occur. 253

Nephrotoxicity expressed as acute tubular necrosis 254 fur-
ther leads to accumulation of the poison and increases its 
systemic toxicity. Fanconi syndrome has been described in 
paraquat poisoning. 255 Plasma paraquat levels higher than 
2 mg per L at 24 hours and 1 mg per L at 48 hours are of 
grave prognostic signi  cance. 

Like many other chemical intoxications, the   rst line 
of treatment is to reduce absorption by gastric lavage and 
the administration of adsorbing substances such as fuller’s 
earth. If renal function permits, forced diuresis should be 
attempted. Hemodialysis and charcoal hemoperfusion are 
effective, whereas peritoneal dialysis is too inef  cient. Re-
duction of oxygen radical load by suppressing leukocytic 
function with corticosteroids and cyclophosphamide has 
been used. 256

 Copper Sulfate Poisoning 
Until recently, this hazard used to be of considerable epide-
miologic signi  cance in India. Copper sulfate is used in the 
leather industry. Exposure occurs through accidental or in-
tentional ingestion. Acute toxicity ushers in with prominent 
gastrointestinal manifestations, intravascular hemolysis, 
rhabdomyolysis, hepatic injury, and renal failure. 257

Renal injury is the result of massive intravascular 
hemolysis, induced by the action of the poison on intracellu-
lar enzyme systems including G6PD, glutathione reductase, 
and catalase. 257 The associated hypovolemia, due to gastro-
intestinal   uid losses, further aggravates the renal insult. 
Acute tubular necrosis with rupture of the tubular basement 
membrane, copper deposits in the tubule cells, and hemo-
globin casts in the tubule lumens are characteristic histo-
pathologic features. 

In addition to the conventional methods for reduc-
ing the absorption of the poison,   uid replacement and 
induction of diuresis, dimercaprol and  D-penicillamine are 
effectively used for chelation in copper sulfate poisoning. 258

Dialysis is often necessary during the critical hypercatabolic 
phase, and also to assist in eliminating the toxin. 

 Diethylene Glycol Poisoning 
Diethylene glycol is a known nephrotoxic agent. Poisoning 
with diethylene glycol in the tropics has frequently been 
associated with contamination of ingestible pharmaceuti-
cal products. Outbreaks of AKI by diethylene glycol con-
taminated acetaminophen have been reported in Nigeria 259

and Bangladesh. 260 Recently there was a large outbreak of 
AKI with deaths in children consuming diethylene glycol 
contaminated acetaminophen syrup in Haiti. 261 Renal fail-
ure was severe and associated with hepatitis, pancreatitis, 
and central nervous system involvement with high mortal-
ity. It has been postulated that acetaminophen could provide 
additive or potentiating effects for diethylene glycol toxicity. 
Hypovolemia due to vomiting could be another contributing 
factor. 

 TROPICAL ENVIRONMENTAL 
POLLUTION 
A wide spectrum of CKD is attributed to environmental 
pollution, 262 which has been implicated in the pathogenesis 
of glomerulonephritis (e.g., heavy metals, hydrocarbons), 
tubulointerstitial disease (e.g., lead), and renal and urothelial 
malignancies (cigarette smoking, cadmium, and a  atoxins). 

Much of the available information is based on animal 
models. Extrapolation to humans is often hypothetical, and 
may indeed be inappropriate owing to differences in body 
size, relevant metabolic pathways, and duration of exposure. 
Apart from occupational exposure, it is dif  cult to ascertain 
the duration and exposure, pollutant dose, and confounding 
factors that may alter its toxicity. 

The epidemiologic signi  cance of environmental pollu-
tion in the tropics is unknown, yet it is often blamed for 
the high prevalence of CKD at large, and particularly for the 
progressive increase in the incidence of tubulointerstitial dis-
ease in the recently industrialized tropical countries that lack 
effective safety control measures. 

 Smoke, Dust, and Fumes 
Tobacco smoking is well recognized as a major risk factor 
in cardiovascular morbidity and mortality in patients with 
CKD, progression of renal damage particularly among dia-
betic patients, and in the pathogenesis of bladder cancer. 
This problem is particularly relevant in tropical countries 
where more than 80% of the world’s 1 billion smokers live. 

Compared with the rest of the world, the major cities 
in tropical countries have the highest levels of pollution 
from car, motorcycle, and other engine exhausts. There is 
unequivocal evidence that the combustion products of diesel 
fuel and unleaded gasoline are nephrotoxic to adult male 
rats.263 This effect is mediated by proximal tubular accumu-
lation of  2 -globulin, which is de  cient in man, hence the 
uncertainty of human pathogenicity. Other hydrocarbons 
such as paint, mineral spirits, and aromatic solvents have a 
similar nephrotoxic potential. 
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Most of the gasoline used in the tropics is leaded. 
Although lead nephrotoxicity has been recognized for de-
cades, most information is not evidence-based, 264 and it is 
unclear if the level of environmental contamination gener-
ated by fuel combustion is enough to induce kidney disease 
in humans. 

Chronic exposure to cadmium 265 and asbestos, 266 which 
in addition to industrial intoxication are often ingested with 
contaminated water or inhaled with dust, also carries a 
potential risk for the development of renal cell carcinoma. 

 Food Additives 
Many arti  cial   avors, colors, thickening substances, solvents, 
and even wrapping material to which tropical inhabitants are 
extensively exposed, owing to the lack of effective safety regu-
lations, have documented nephrotoxic effects in experimental 
animals. These include limonene, carotenes,   -cyclodextrin, 
1,2-dichloroethane, dichloromethane,   -methyl-benzyl al-
cohol, and diethylene glycol monoethyl ether. Although no 
clinical nephrotoxicity has been attributed to most of these 
agents, AKI was reported to complicate the accidental inges-
tion of large quantities of 1,2-dichloroethane or diethylene 
glycol monoethyl ether, or inhalation of dichloromethane. 267

Renal adenomas and adenocarcinomas have been in-
duced in rats and hamsters by long-term ingestion of po-
tassium bromide, which is often used as a   our-treatment 
agent. Accidental or suicidal administration in humans may 
be associated with AKI, tubulointerstitial nephritis, intersti-
tial   brosis, and glomerulosclerosis. 268

 Food Contaminants 
Exogenous food contaminants may induce human neph-
rotoxicity in the tropics where agriculture remains the pre-
dominant occupation. These include mycotoxins, pesticides, 
and veterinary drug residues. 

Mycotoxins are discussed elsewhere in this and in other 
chapters, where reference is made to ochratoxin- associated
interstitial renal disease and a  atoxin-associated neoplasias. 

Pesticides are ingested with drinking water, plants,   sh, 
poultry, and meat. Adequate control is beyond the capacity 
of most tropical countries because of problems with analyti-
cal methodology, standardization, and so on. Large amounts, 
therefore, may be inevitably ingested by tropical inhabitants 
for lifelong periods. 

Most pesticides are organophosphates; their main tox-
icity is on the red blood cells, thyroid gland, and nervous 
system. Weight loss, anemia, hepatic adenomas, esophageal 
and other gastrointestinal tract tumors, skin allergy, and 
teratogenicity are the principal toxic manifestations. There 
is some experimental evidence of toxicity to the liver and 
kidney, but no clinically signi  cant renal disease has been 
ascribed to pesticides in the developed world. It is unknown 
if this also applies to the tropics. 

Veterinary drug residues constitute an important source 
of pollution in an agricultural environment where close 

contact between humans and animals is inevitable. These 
residues are ingested with vegetables, fruits, and meat. Some 
residues, including certain anthelmintics, antimicrobial 
agents, and production aids, are nephrotoxic to experimen-
tal animals. 

Of particular concern is tetracycline, which is  excreted 
largely unmetabolized in animal manure leading to  increasing 
environmental contamination. 269 This has been  associated
with direct toxicity to plants and farm animals as well as to 
unwanted effects on soil bioecology. The impact on humans 
is currently under investigation in the tropical  environment. 

 The Environment and Electrolyte 
and Acid–Base Disorders 
Hypokalemia in northeastern Thailand is endemic and re-
  ects the effects of the environment. Northeastern Thailand 
is a plateau in the arid area of the country, where the weather 
is dry and hot. The soil, therefore, has low levels of potas-
sium and is infertile. The people in the villages are of low 
socioeconomic status and consume the products of the land. 
Therefore, 38% of them have hypokalemia and are potas-
sium depleted. The erythrocyte membranes of the villagers 
are found to have decreased Na-K-ATPase activity. The urine 
has a low citrate concentration. Both potassium depletion 
and decreased Na-K-ATPase activity lead to low urine citrate 
through intracellular acidosis, which enhances citrate reab-
sorption. Intracellular sodium concentration is increased, 
whereas intracellular potassium concentration is decreased. 
The basic abnormalities of these northeastern Thai villagers 
are, therefore, potassium depletion, decreased Na-K-ATPase 
activity, and low urinary citrate levels. 249 These abnormalities 
resolved when they migrated to the capital city. Besides renal 
stones, sudden unexplained death and distal renal tubular 
acidosis are also important health problems of the region. 

Sudden unexplained nocturnal death has received much 
attention within recent years. The incidence is 38 per 100,000 
men between 20 and 49 years old. 270 The victims are usually 
muscular young men of low socioeconomic class who die in 
their sleep without apparent organic lesion. Ventricular   bril-
lation has been observed and hypokalemia has been reported 
in some patients. They have decreased Na-K-ATPase activ-
ity of the erythrocyte membrane. 271 It has been postulated 
that hypokalemia, the possible decrease in myocardial Na-K-
ATPase, and sympathetic stimulation due to stress could lead 
to cardiac arrhythmias and death. The causes are likely mul-
tiple and could involve genetic variations. Recent evidence 
indicates mutation of the sodium channel (SCN5A) in the 
cardiac muscle resembling Brugada syndrome. 272

The prevalence of distal renal tubular acidosis in north-
eastern Thailand is approximately 3.6%, with a female 
preponderance. 273 The patients are usually admitted in 
the hospital during the midsummer because of muscular 
weakness or paralysis; nephrocalcinosis or renal stones, or 
both, are noted in 27% of the patients. Interestingly, the pa-
tients have low urinary potassium levels, a   nding different 
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from  Western reports. In addition, gastric acidity is low, 274  
 suggestive of decreased H-K-ATPase (HK   1) activity or de-
creased chloride bicarbonate exchange (AE2). Whether this 
is on a genetic or environmental basis remains unknown. 
Because of hypokalemia, aldosterone secretion is likely sup-
pressed, and this would in turn decrease H-ATPase activ-
ity. In Southeast Asian ovalocytosis with distal renal tubular 
acidosis AE1 gene mutation has been reported. 275  Two novel 
compound heterozygous SLC4A1 mutations have been 
identi  ed in Thai patients with autosomal recessive distal re-
nal tubular acidosis. 276  Despite the genetic evidence the role 
of the environment is still a missing link required to explain 
the whole problem. 

 END-STAGE RENAL DISEASE IN 
TROPICAL COUNTRIES 
 Epidemiology 
 Prevalence 
 With the progressive improvement of renal replacement 
therapy (RRT) worldwide, prevalence curves continue to 
rise in most countries. The reported prevalence is currently 
highest in Japan, exceeding 2,000 patients per million popu-
lation (pmp), which is attributed to the strikingly high sur-
vival on dialysis. The respective   gure in the tropics ranges 
from less than 100 to about 600 pmp, being proportion-
ate to the national economy (Fig. 63.18). 5  Because there are 
no  signi  cant differences in incidence between individual 
countries, the major determinants of prevalence are the ca-
pacity and competence of RRT programs, both of which are 
   nancially demanding. 

 Incidence 
 The incidence of new cases of ESKD in the tropics is gen-
erally within the range of 100 to 150 pmp. 28  There is no 
point in focusing on minor differences between individual 
countries or regions because the available information is 

only approximate, being based on questionnaires to lead-
ers, small samples, of  cial governmental reports, and, very 
 occasionally, registries with doubtful credibility. These num-
bers are lower than those reported in the West, with   gures 
up to threefold as much. Although underreporting may be 
responsible for this discrepancy, it has been estimated that 
the  lower incidence of diabetes 9,10  in the tropics can account 
for the difference. This is quite alarming given that the inci-
dence of diabetes is expected to boom in tropical countries 
during the coming two decades, which will undoubtedly 
 re  ect on the incidence of ESKD. 

 Clinical Patterns 
 The usual clinical syndrome of ESKD is modi  ed in the 
 tropics by three factors: (1) associated manifestations of the 
primary disease, (2) manifestations of concomitant disor-
ders, and (3) late diagnosis and poor management. 

 Manifestations of the Primary Disease. As described 
previously in this chapter, renal disease in the tropics is 
often secondary to an endemic infection, is attributed to 
 environmental pollution, or is caused by a drug or tradi-
tional medication. The associated features of the primary 
etiology frequently modify the clinical picture of ESKD. 
Examples include the concomitant hepatic disease in schis-
tosomal glomerulopathy; severe hypertension, arthropathy, 
and polyneuropathy with chronic exposure to lead; and per-
sistent hyperkalemia with certain herbal intoxications. 

 Concomitant Disorders. Many patients have a concomi-
tant illness, the features of which may overlap with or mod-
ify those of conventional ESKD. Such disorders re  ect the 
 general health status of the community, often dominated 
by endemic infections and infestations, malnutrition, and 
 certain malignancies. 

 Endemic Infections and Infestations. Acute and  chronic 
bacterial infections often complicate renal disease in the 
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tropics. In addition to those causing renal disease (see 
preceding text) and those acquired during dialysis (see 
subsequent text), certain infectious agents may have an 
independent impact. One of the most outstanding infections 
is tuberculosis, which is encountered in 4.1% to 11.5% 
of the Saudi Arabian population on hemodialysis, 277 Gulf 
countries,  India,  Bangladesh, and Indonesia. Tuberculous 
peritonitis has been reported in patients on chronic ambula-
tory peritoneal dialysis, wherein it poses notorious diagnos-
tic dif  culties. 278 Evidence of previous  Salmonella infection 
was detected in 42% of patients on regular hemodialysis in 
Egypt. Salmonella infection–associated acute graft  rejections 
has been observed in renal transplant recipients (unpub-
lished data). The list includes many other infections, the 
most common being scabies, HBV, HCV, HIV infection (see 
the following), and intestinal parasitic infections. In addition 
to imposing their speci  c symptomatology, these infections 
generally tend to induce a catabolic state that augments such 
uremic manifestations as asthenia, anemia, and bone disease. 

 Malnutrition. Protein-energy malnutrition is often a major 
problem in dealing with renal disease in the tropics. This 
may be attributed to starvation, catabolic disorders, or phy-
sicians’ instructions. It is unfortunate that general practitio-
ners are still advising their patients to restrict protein intake 
to exceedingly low levels. Even nephrologists maintain this 
trend in patients on dialysis, as shown in a meta-analysis of 
European Dialysis and Transplant Association (EDTA) data, 
where 73.5% of uremic patients in developing countries 
were instructed to receive a daily protein intake of less than 
0.6 g per kg, compared with 31.3% in Western Europe. 

Speci  c nutritional de  ciencies of iron, calcium, vita-
min D, other vitamins, and trace elements are also frequently 
encountered. The effects of these on anemia, bone, and pe-
ripheral nerve disease are obvious. 

 Malignancies. Infection-related malignancies are notoriously 
common in the tropics. Examples include Burkitt  lymphoma 
and Kaposi sarcoma. 279 These often become a signi  cant epi-
demiologic risk in immunocompromised  patients. 

 Late Diagnosis and Inadequate Management. Owing to 
the prevailing standards of medical care, renal disease may 
not be suspected, may be neglected, or may be poorly man-
aged for a long time before adequate nephrologic care is pro-
vided. Advanced uremic manifestations, of almost historic 
interest according to present-day Western standards, remain 
fairly common in the tropical glossary. It is not unusual to 
see a patient with extensive uremic frost on his or her cheeks 
or   nger creases, or with multiple soft tissue swellings of 
metastatic calci  cation, or another crippled with bone 
deformities or motor polyneuropathy. Many patients are   rst 
seen in coma, in convulsions, or with a hematocrit level of 
8% to 10%. The clinical picture is often further complicated 
by the use of medications without any dose adjustment in 
consideration of residual renal function. 

 Dialysis in the Tropics 
 Acute Dialysis 
Hemodialysis is available for the management of AKI in most 
of the major hospitals in the tropics, even in those countries 
with the lowest gross national products (GNPs). 28 The ef  -
ciency of such units is widely variable, ultimately depending 
on socioeconomic development. For obvious reasons, acute 
peritoneal dialysis is more widely used. It is often imple-
mented where limited or no specialized nephrologic care is 
available, at least as a   rst-line therapy. Unfortunately, the 
prevailing hygienic conditions in many tropical hospitals 
yield a high incidence of peritonitis. 

 Chronic Dialysis 
The number of patients treated by chronic dialysis in the 
tropics cannot be precisely de  ned because of the scarcity of 
reliable registries. Data generated from sporadic publications 
(which are, unfortunately, mostly found in the nonindexed 
local literature), national registries (by personal communica-
tion with colleagues in charge), and supranational (African, 
Arabian, Latin American, and Asian Paci  c registries) and in-
ternational (ERA, USRDS) registries suggest that the chronic 
dialysis activity in the tropics is fairly extensive. Prevalent 
chronic dialysis varies from less than 5 pmp in most sub-
Saharan African countries (e.g., Sudan, Tanzania, Ethiopia, 
Uganda, Nigeria, Ghana); 100 to 200 pmp in Paraguay, the 
Philippines, Bangladesh, and Pakistan; 200 to 500 pmp in 
India, Southern and Northern Africa, Thailand, and most 
South American countries; and close to 1000 pmp in Singa-
pore, Saudi Arabia, and Chile. 28,280–284

 The Dialysis Environment 
 The Patient. Young adults in their 20s or early 30s constitute 
70% to 80% of the dialysis population in the tropics, which 
is attributed to the nature of the prevailing primary diseases. 
Children constitute less than 10%. There is a male prepon-
derance, which is partly explained by cultural factors and 
possibly the increased exposure to noxious environmental 
factors (see later text). Most patients are poor, uneducated, 
and suffering from chronic endemic diseases, malnutrition, 
and advanced uremic state, which has a signi  cantly negative 
impact on the outcome of dialysis treatment (see later text). 
They do not adequately comply with the regularity of dialy-
sis, diet, intake of medications, or rehabilitation.  Although
this is partly attributed to improper patient  information, the 
lack of motivation and   nancial shortcomings certainly have 
a considerable in  uence. 

 Human Resources. Shortage of adequately trained medi-
cal and paramedical local staff is the rule in most tropical 
countries. Dramatic examples are vast countries like Kenya, 
Sudan, and Nigeria, where the proportion of nephrologists 
to the general population is around 0.5 pmp. 285 Despite
such shortage, many quali  ed nephrologists emigrate from 
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adopted a policy of “PD First” leading to progressive increase 
of patients on CAPD. 

Most other countries refrain from using CAPD because 
of the high cost (see later text), high incidence of infection, 
and poor patient compliance. Accordingly, CAPD is offered 
only as a second choice to selected patients of the higher 
social classes. 

IPD is still used for high-risk patients such as those 
with severe ischemic heart disease or complicated diabetes. 
On the whole, it accounts for at least 60% of all chronic 
peritoneal dialysis treatment in the tropics. Because adequate 
urea kinetics can only be achieved by an impossible num-
ber of dialysis hours, IPD is associated with an  extremely 
poor median survival time, 1 year, and modest quality of 
life. Although IPD is usually carried out in hospitals, the in-
cidence of infection remains high, up to one episode per 4.3 
patient years in a recent series. 290

 The Cost of Regular Dialysis. Calculating dialysis costs is a 
dif  cult and complex procedure. Besides the direct costs in-
cluding the prices of consumable items, overhead expenses, 
salaries, and fees, one must include the costs of interdialytic 
therapy, transfusions, hospital admissions, transportation, 
and so on. In even broader terms, one should also consider 
the days missed from work and the reduced productivity of 
some patients. 

The items of typical annual direct dialysis cost per capita 
in a tropical country are essentially the same, with the differ-
ences being mainly in  uenced by the proportion of  imported
versus locally manufactured materials,  prevailing dialyzer 
reuse policy, and the standards of salaries and professional 
fees, which vary from 10% to 35% of the total cost. 28

Peritoneal dialysis is generally the most expensive mo-
dality of ESKD therapy in most tropical countries, even 
when locally manufactured solutions are used. This is attrib-
uted to the high overhead expenses entailed in small-scale 
production lines. When the scale of PD is expanded enough 
to reduce such cost, substantial health and socioeconomic 
bene  ts are achieved, as in a recent study in Thailand. 291

 Results and Limitations of Chronic Dialysis Treatment.
The reported annual mortality rate after the   rst year for all 
dialysis modalities, for all ages, and regardless of the primary 
renal disease in different tropical countries varies from 15% 
to 35%. The   rst-year mortality is about 25% to 45% higher. 
When considered separately, the mortality for IPD is much 
higher, whereas CAPD has yielded impressive results in sev-
eral series. There is a remarkable “center effect,” in favor of 
economically privileged units that can afford recruiting bet-
ter equipment and staff and that tend to attract those in the 
higher socioeconomic category of patients. 

Attention to the quality of life is proportionate to an 
individual nation’s GNPs. In the poorer countries, which 
constitute the majority in the tropical zone, this issue is not 
even raised. Patients are often content just to be alive, even 
though they are disabled. The incidence of complications 

such deprived areas to the West. For example, it has been 
estimated that 20% of Indian nephrologists have been 
permanently installed in the United States and even more 
Nigerian and  Ghanaian nephrologists practice in foreign 
countries.286

The majority of countries do not have a structured  program 
for training physicians, nurses, and technicians. Yet recent years 
have witnessed an increasing regional and international col-
laboration for such training. Training guidelines have been de-
veloped by the International Society of Nephrology and several 
supranational societies of nephrology; and many have launched 
mechanisms for bilateral collaboration between well-developed 
dialysis units in the West and developing units in the tropics. 

 Dialysis Centers. The reported number of dialysis centers 
varies, in different tropical countries, from less than 1 to 
12 units pmp. 28 When detailed   gures are compared with 
the respective numbers of patients actually receiving regular 
dialysis, it can be appreciated that the units are not kept suf-
  ciently busy. The reasons for nonfunctional equipment are 
many and include lack of personnel, shortage of funds, poor 
maintenance, and inef  cient organization. 285

Most units are located in hospitals, with a few satellite 
units in the better-developed countries. State-sponsored, 
insurance-sponsored, and private units are available in most 
countries, in proportions that differ according to the political 
systems and GNPs. Excellent state-sponsored units comprise 
most dialysis units in the economically better-off countries. 
However, the standard of service in state-sponsored units 
in most tropical countries with low GNPs is modest, which 
invites active participation of the private sector. Political sys-
tem permitting—as in India, Egypt, Latin America, and most 
of Southeast Asia—private units tend to take the technical 
lead. Governments generally provide partial reimbursement 
for private dialysis in these countries. Insurance-sponsored 
units are also growing where health insurance systems 
are strong enough to support the cost. Unique models of 
charity-sponsored programs have emerged in recent years, 
notably in Singapore and Pakistan. 

Standard equipment is the rule, including nonvolumetric 
hemodialysis machines, acetate-based dialysate, cuprophane 
membrane hollow   bers, and so on. Peritoneal  dialysis   uid 
is often locally manufactured, although at a very high cost (see 
later text). A few units accept children and older adults, but 
almost none is specialized in pediatric or geriatric dialysis. 

 Chronic Dialysis Modalities. With a few exceptions, hemo-
dialysis is the predominant dialysis modality in most  tropical 
countries, constituting 80% to 90% of the population on 
dialysis. In countries with the lowest GNPs, however, inter-
mittent peritoneal dialysis (IPD) is the inevitable alternative. 
The implementation of continuous ambulatory peritoneal 
dialysis (CAPD) is widely variable, from sporadic experi-
ences287 to a national policy (Mexico, about 60% 284; Hong 
Kong, 70% 288; South Africa, 40% 28). Certain countries, as 
Sudan since the 1970s 289 and Thailand since 2002, 281 have 
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harvesting and transporting donor kidneys, most of these pro-
grams are prosperous, expanding, and progressively  limiting 
the growth of the dialysis pools. Recipients are generally se-
lected according to standard rules and put on waiting lists 
with waiting times varying between 1 and 6 months. 

 Living Donor Transplantations. Living related donors 
constitute 15% to 85% of the overall transplant activity in 
different tropical countries, depending on the availability of 
a national deceased donor program, and the popularity of 
unrelated donor transplantation. 294 The latter is particularly 
  ourishing in Pakistan, Egypt, India, and Mexico, account-
ing for 50% to 80% of all transplants. It is dif  cult for non-
nationals to understand the moral aspects of this practice in 
countries where patients with ESKD have no alternatives, and 
donors are left in extreme need without any kind of social 
support. Nevertheless, this rationale has opened the door to 
foreigners to seek transplantation in these countries, leading 
to a highly unethical international trade. This issue has been 
addressed by a consortium of several  physician associations
and the World Health Organization, who issued a set of regu-
lations to limit organ traf  cking and  commercialism through 
what is known as the “Declaration of Istanbul.”295 Following 
this   rm stand, most countries no longer permit free unre-
lated donor transplantation; some require a formal permit of 
an independent ethics committee, and one country, Iran, has 
legalized and organized the procedure of unrelated donor 
transplantation through a central agency. 294

 Transplantation Centers. Most transplantations are per-
formed in general hospitals. There are very few indepen-
dently standing specialized transplantation centers. As with 
the dialysis activity and according to the same rules (see later 
text), private transplantation teams share in providing the 
service in living donor programs. 

The hygienic standards are variable. In some areas, they 
are far below average and are responsible for high  postoperative 
morbidity and mortality rates, as well as for the transmission 
of infections such as HIV, hepatitis, malaria, and others. 

 Results and Limitations of Renal Transplantation 
Data obtained from national registries suggest that the out-
come of renal transplantation in tropical countries is in 
accordance with international standards. However, it is pre-
sumable that most transplantations are not registered at all, 
because, for example, some countries do not have registries. 
It is therefore impossible to know the precise outcomes of 
those thousands of grafts transplanted in patients in tropical 
countries.

However, the published sporadic data suggest that the re-
cipient morbidity and mortality rates are relatively high, mainly 
due to postoperative wound and systemic infections. The latter 
include activation of dormant disease as well as de novo infec-
tions. Notorious for the tropics are such infections as tubercu-
losis, salmonellosis, certain parasitic infections (see later text), 

is quite high, mainly because of inadequate dialysis, poor 
water quality, undernutrition, dialysis-acquired infections, 
and de  cient interdialytic care. 

Dialysis-acquired infections are extremely common, 
mainly including the hepatitis viruses, HIV, and CMV. 
HBV infection, with a prevalence approaching 90% among 
dialysis patients in certain countries a couple of decades 
ago, has now considerably regressed to a rate of less than 
20% in most tropical countries and even to less than 6% in 
wealthier countries. This decline is at least partly attributed 
to vaccination of the populations at risk. Unfortunately, HBV 
infection has been largely replaced by infection with HCV, 
antibodies to which have been reported in 35% to 65% of 
populations from different tropical countries. The outcome 
of HCV- positive patients on dialysis is poor, with a 5-year 
survival of less than 20% in several series. 292

With the recognition of methicillin-resistant staphylococ-
cal infection as an important threat in dialysis units, an increas-
ing number of reports have con  rmed the major negative im-
pact of this infection in the tropics. The precise incidence of this 
infection is unknown, but it has been certainly responsible for 
major outbreaks such as that reported from China in 2004. 293

As a rule, interdialytic medical care is extremely mod-
est in tropical countries. Even such basic goals as blood 
pressure control, correction of anemia, and maintenance 
of the calcium and acid–base balance are often overlooked. 
Access to active vitamin D and erythropoietin (EPO) is 
a matter of affordability. In the majority of tropical coun-
tries, 10% to 20% of dialysis patients receive regular EPO 
therapy.  Exceptions to this are reported from Saudi Arabia 
and Argentina (60% and 64%, respectively). 28 The subse-
quent need for multiple transfusions obviously facilitates the 
spread of dialysis- associated viral infections. 

 Renal Transplantation in the Tropics 
 Availability 
Renal transplantation is widely available in many tropi-
cal countries. The precise data about different countries 
obtained from local, supranational, or different interna-
tional registries are controversial. The number of transplan-
tations per million population ranges from less than 1 (in 
sub-Saharan Africa) to more than 100 patients (in South 
America).18 Besides the availability of human and   nancial 
resources, the major factor that determines this variation 
is cultural, and depends on whether prevailing religions 
and heritage accept the concepts of brain death, removal of 
organs from the dead, and transplanting them into strangers. 

 The Transplantation Environment 
Donors for renal transplantation are either deceased, living 
related, or living unrelated. 

 Deceased Donor Transplantation. The most active tro pical 
countries in this respect are South Africa (82.5%),  Venezuela 
(63%), and Thailand (46%). Despite earlier dif  culties in 
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and others. As outlined previously, the high incidence of certain 
malignancies such as Kaposi sarcoma and Burkitt lymphoma 
also accounts for the increased  recipient mortality rate. 

 The Cost of Transplantation 
The ultimate burden of renal transplantation on a national 
economy is less than that of dialysis. Despite the high ini-
tial expenses and the cost of expensive medications such as 
cyclosporine and monoclonal antibodies, the ultimate analy-
sis shows that transplantation is both less expensive and more 
cost effective. A local study in which cumulative survival 
rates were taken into consideration estimated that the annual 
steady-state budget for accepting 100 new patients for dialysis 
would be approximately $7.5 million U.S. dollars, compared 
with $6.2 million U.S. dollars for transplantation. The median 
survival times would be 2.0 and 7.1 years, respectively. 

 Socioeconomic Impact of ESKD in the Tropics 
ESKD is imposing a distinct socioeconomic strain on the 
economy, social integrity, and even morals of tropical com-
munities at large. The   nancial burden in certain countries 
seems impossible to meet, whether by individuals or by the 
state. It is important to know that the cost of keeping one pa-
tient alive but partially rehabilitated on dialysis may literally 
exceed the average GNP per capita generated by 10 citizens. 
Yet, it is also important to realize the facts about the expendi-
tures made by the same countries on such issues as political 
security, cigarette imports, and the purchase of weapons. 

A few tropical countries have established independent 
national kidney foundations that take care of the organiza-
tion and funding of ESKD therapy, promote research and 
development, and support staff training. This positive trend 
has gained success in some tropical countries. 
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