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Introduction

alkan (or endemic) nephropathy is a chronic tu-

bulo-interstitial disease of unknown, presumably
exotoxic etiology. It has been shown to exist only in
some parts of the southeastern Europe.

There were about 30 scientific meetings on Balkan
nephropathy. Over 500 papers on the disease were
published by the year 1970 [1]. By late 1980's, this num-
ber rose to 3000 [2]. Sociopolitical turmoil, including
wars, and economical hardship prevented any serious
research on the problem during the 1990's. In spite of
numerous proceedings and a large number of publica-
tions on the subject, many features of Balkan nephr-
opathy, its etiology and natural history in particular,
remained nearly as mysterious as when described in
the mid-fifties.

Meetings organized by international organizations
[3-7] had a key role in informing the international sci-
entific community on the disease. An updated source
of information is a bilingual (in English and Serbian)
monograph published in 2000 [8].

Epidemiological features
Distribution and frequency

Though exclusive geographical restriction of the
agent(s) of Balkan nephropathy is not very likely, the
disease has been diagnosed only among people living
(or those who used to live) in more or less well defined
areas of the Balkans. Along with Bulgaria and Roma-
nia, three republics of the former Yugoslavia have been
affected: Bosnia, Croatia and Serbia (Figure 1).

As recently summarized [9], the affected territory
has a shape of a rhomboid. Its longer diameter spreads
over 500 km (from the Vratza municipality in Bulgaria
to villages west of Slavonski Brod in Croatia), while its
transversal diameter has about 300 km (from endemic
foci in eastern Romania to Vitina municipality in
Kosovo). The disease affects individuals who live (or
used to live) in rural environment. There are some
spared households even in the most affected areas,
leading to frequently cited remarks on mosaic distri-
bution of the disease.
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Medical geography of Balkan nephropathy.
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Topography of the terrain differs between endemic
regions. All 14 endemic villages in Croatia are located
in a single lowland municipality, at an altitude of about
100 m, while Bosnian foci are found up to 130 m. About
90% of all endemic settlements in Serbia are also situ-
ated at a low altitude, below 200 m [10], either in large
plains, river valleys or, much more seldom, in hilly re-
gions. There have been no studies of medical geogra-
phy of Balkan nephropathy in Romania for the last 30-
35 years and endemic localities are yet to be determined
[11], but the original findings pointed to hilly areas,
with endemic villages laying at the bottom of valleys
eroded by flooding, at an altitude of 200-300 m. The
endemic regions in Bulgaria are described as moun-
tainous or semi-mountainous, without any relationship
between endemicity and altitude. Hydrogeological fea-
tures [12] and lack of floods differ (at least some) Bul-
garian foci from other typical endemic regions.

Controversial data on the frequency of Balkan neph-
ropathy are mainly the result of methodological short-
comings [9]. A main obstacle is the operational defini-
tion of the disease, leading to huge differences in esti-
mated prevalence rates. The highest reported average
annual incidence rate is 16.6 per 1000 in Cakonica, Bul-
garia. The average cause-specific mortality rate over
15 years in one of the most affected Serbian foci was
3.3 per 1000 [13].

Demographic data

During initial Balkan nephropathy research, pa-
tients were frequently in their thirties [14], and it was
widely accepted that azotemia usually affects the age
group 30-50 [3]. Later an apparent shift towards the
older ages occurred, with most identified patients be-
ing above the age of 60 [9]. The diagnosis of clinical
forms before the age of 20 was rare and never inde-
pendently confirmed. Despite occasional statements on
laboratory and bioptic abnormalities in the first decade
of life among clinically healthy children from endemic
areas, no follow up study ever confirmed that these
children developed subsequent kidney disorder.

Both genders are similarly affected, especially con-
sidering mortality. As explained in details elsewhere
[9], higher prevalence rates among women reported
by some authors appears to be a consequence of unre-
liable diagnostic criteria.

A vast majority of experts believe that a link exist

between agricultural activity and exposure to the
agent(s) of Balkan nephropathy. There is also near con-
sensus on the absence of ethnic and/or religious dif-
ferences as a risk factor for developing the disease. The
most convincing data come from Croatia, where the
large group of Ukrainians who settled a century ago
had the same odds of being affected as the indigenous
population. In addition, the first generation immigrants
also develop Balkan nephropathy, usually a couple of
decades after moving into an endemic region.

Initial studies of affected households show a low
standard of living, poor hygienic level, and insufficient
nutrition. However, socio-economic factors, including
living conditions and well water quality, did not dif-
fer between contiguous affected and non-affected
households, or between endemic and neighboring non-
endemic villages.

Chronological characteristics

The initial description of Balkan nephropathy emi-
nated from Bulgaria [15, 16] and Serbia [17-19]. By 1957,
the disease was recognized in Bosnia and Croatia, and
by 1958 in Romania [20].

On retrospect, it was not a newly emerging condi-
tion but rather recognition of an already existing en-
demic process, a previous epidemic wave having oc-
curred in the early forties. Unfortunately, attempts to
trace the disease prior to World War 2 are speculative,
due to the absence of reliable data and a high frequency
of the competing causes of morbidity, notably tuber-
culosis and malaria.

Data on the secular trend of the disease are contra-
dictory. The earliest affected Romanian endemic vil-
lage, Ergevitza, now appears disease-free; however, the
village was almost deserted and later repopulated by
relatively young people (C. Tatu - personal communi-
cation). The duration of exposure is too short to make
any judgement. The other extreme is the population of
two best-known Serbian foci, Sopic and Petka, where
the intensity of endemic process is unchanged (D.
Bukvic - personal communication). In spite of such con-
troversies, two facts, common to all endemic areas, are
crucial in assessing any future trends. These are, an
apparent shift of the age distribution of the incidence
towards the older age groups, and a much longer natu-
ral history of the condition compared to previous data

[9].
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Other epidemiological characteristics

Clustering of cases within a household is one of the
most conspicuous features of the disease. It is gener-
ally agreed that the disease affects both blood related
and non-blood related family members. The “phenom-
enon of simultaneous deaths” (dying of parents and
their children within a short interval) has also been ob-
served.

Between 1/3 and 1/2 of patients with Balkan neph-
ropathy develop urothelial tumors [21]. An exception-
ally high frequency of these tumors was also observed
in the general population of endemic regions [22]. The
attributive risk of developing upper urothelial tumors
in inhabitants of endemic foci amounts to several dozen
[23] or even to as much as 100-200.

There is no evidence that domestic and/ or wild ani-
mals in endemic regions develop a similar condition.

Overview of the descriptive epidemiological
research

There is general agreement on the following de-
scriptive-epidemiological characteristics of Balkan
nephropathy [9]: The disease is known to exist only in
some parts of the southeastern Europe, with Central
Serbia as the most affected region. Balkan nephropa-
thy has not spread beyond its already defined foci; the
disease is distributed mosaically: non-endemic villages
exist in the most affected regions, and there are spared
families and households in the most affected settle-
ments. There are clustering of cases in families and
households. Children and adolescents are spared the
clinical disease. Incidence is proportional to age, ex-
cept for the oldest age groups. There are no clear dif-
ferences in the cause-specific mortality rates. The ex-
cess risk of developing transitional cell urothelial tu-
mors is expressed by two- or even three-digit numbers.

The large majority of researchers support the fol-
lowing statements [9]: autochthonous urban popula-
tion is spared; rural way of life, i.e., agricultural activ-
ity is needed for exposure to the agent(s). Separation
from an endemic focus early may prevent the disease,
while immigration to an endemic area provides risk of
disease development, providing that the exposure was
sufficient. Prevalence of the disease has been stable over
many years, but now appears to decline in most af-
fected settlements. Incidence rates are shifting towards

590

the older age groups, and the clinical course is much
more protracted, suggesting a less intensive contact
with the agent(s) and, consequently, possible future
spontaneous disappearance of Balkan nephropathy
(providing, of course, that standard of living does not
deteriorate too much).

Etiology
Genetic factors

The most elaborate and, seemingly consistent, hy-
potheses regarding etiology come from proponents of
heredity as an explanation of the disease occurrence.
These authors assume that the risk of developing the
disease is restricted only to specific, ethnically distinct,
population groups, irrespectively of their place of birth
and residence history. Wider acceptance of these hy-
potheses has been hampered by the different percep-
tion of descriptive epidemiology of Balkan nephropa-
thy by a majority of researchers on the topic.

Currently one research group argues in favor of a
crucial role of genetic factors. They identified a spe-
cific chromosome marker (3q25) in Balkan nephropa-
thy patients [24-26]. Another research team saw some
aberrations of the X chromosome, but they resembled
changes occurring after exposure to ocharatoxin A [27].

Some authors described major anomalies of urinary
organs in a high percentage of otherwise healthy chil-
dren from affected households. "Foetal" and abnormal
glomeruli were also observed among these children.
Unfortunately no explanation exists for how severe
anomalies, notably renal agenesis or double ureters,
might disappear in adult life.

Genetic epidemiological approach suggest two pos-
sibilities, either polygenic type of inheritance with an
insufficient expression of the main gene [28], or mono-
factorial model with a crucial role of a single gene of
incomplete penetrance [29]. In both cases, a contribut-
ing environmental factor is needed.

There is no evidence supporting an immunologi-
cal mechanism in Balkan nephropathy.

Biological agents and their products
Unspecified viral particles [30], an unidentified cy-

topathogenic agent, serially propagated slow viruses
[31], and an unknown virus associated with foci of
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natural infection [32] have been mentioned in the con-
text of Balkan nephropathy etiology. Several specific
viruses, notably West Nile [33], coronavirus [34], and
papova virus [35], were also suggested as a causative
agent. A common feature of all these hypotheses was
the unimpressive supporting evidence and ignorance
of basic epidemiological features of the disease, in par-
ticular its absence of spreading [36].

Bacteria received particular attention in initial
stages of the Balkan nephropathy research but, for the
last 20 years, their possible etiological importance has
been unanimously ruled out [2]. Protozoa have never
attracted any attention.

Toxic fungal products are the principle and prime
potential culprits. Most efforts have concentrated on
ochratoxin A, a mycotoxin responsible for porcine
(swine) nephropathy [37]. The substance is found in
endemic foci but is also present in neighboring non-
endemic areas, and the differences are not statistically
significant [38, 39]. Still, the consistent isolating of och-
ratoxin A in greater frequency and higher concentra-
tions from food and sera samples obtained from en-
demic, compared to control villages, provides strong
support for this hypothesis.

Association of ochratoxin A with chronic intersti-
tial nephropathy in Tunisia [40] and its relation to re-
nal tumors [41] provides additional support for the idea
of the etiological role of this mycotoxin. Other fungal
toxins such as zerealenone, citrinin [42] and aflatoxin
were also isolated in endemic foci. Experimental mod-
els suggested that a combination of mycotoxins, rather
than a single one, might be involved in the etiology of
Balkan nephropathy [43].

Aristolochic acid and its salts, originated from a
weed, Aristolochia clematitis, have toxic and carcinogenic
effect to the kidneys and urothelium [44], respectively.
Ivic [45] postulated that this plant may be a cause of
Balkan nephropathy, but failed to provide convincing
evidence from field surveys. Considerable evidence
that A. clematitis plays a central role in the etiology of
Chinese herb nephropathy [46-48], a condition similar
to Balkan nephropathy, requires a second look at this
previously abandoned hypothesis.

No local practice, in terms of the use of teas or folk
medicine, could be implicated. No one has ever stud-
ied flora of the local wells.

Agents from the inanimate environment

Chronologically, lead poisoning was first offered
as an explanation for the occurrence of Balkan nephr-
opathy [17-19]. The idea on lead-contaminated flour
led to abandonment of water mills in a part of Central
Serbia. This energetic public health action had no im-
pact on the disease frequency.

Effects of non-occupational exposure to cadmium
[49], itai-itai disease in particular [50, 51], were occa-
sionally compared with kidney damage seen in Balkan
nephropathy patients. In spite of some resembling fea-
tures, the idea of a common etiology between cadmium
nephropathy (including itai-itai disease) and Balkan
nephropathy was refuted [50, 52].

Many other metals, including radioactive ones such
as uranium [53], were also suggested as possible caus-
ative agents of the disease. Results were both non-con-
vincing and non-reproducible.

Inability to identify a single toxic effect of any metal
or metalloid as a cause of Balkan nephropathy led re-
searchers to two alternative approaches. First, defi-
ciency, rather than abundance of such a chemical ele-
ment was proposed [54], with selenium as the most
likely candidate [55]. Second, attention was paid to a
combined adverse effect of several elements. Synergism
of uranium and some other elements, none of which
exceeding maximal allowed levels, was proposed [56].
It was also noted that criteria used in occupational
medicine (exposure only during working hours) have
been applied to an ecological problem (constant expo-
sure) and that concentrations of lead or cadmium
within formally acceptable levels, combined with other
factors, such as selenium deficiency, might lead to the
disease [56]. All these suggestions remained specula-
tive.

As for non-metals, there were attempts to relate
Balkan nephropathy to silicon [57-60]. However, when
affected and non-affected households were compared,
there was even an inverse relationship between the
silica content and endemicity. On one occasion, small
differences in silica content happened to reach the level
of statistical significance but the association was ex-
plained as a result of confounding variables [61].

A common hydrogeological characteristic of en-
demic foci [12] and an inverse relationship to altitude
of wells and disease frequency in a longitudinal (co-
hort) study [61], point to potable water as a vehicle of
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the agent(s). However, none of the previously men-
tioned or several dozen other non-organic substances
were associated with the disease [62].

Organics in water have been investigated and pro-
vided some interesting data [63]. Except for nitrites [64],
chemically unstable substances have not been studied.
Wells associated with the disease are situated on al-
kali soil [65], but the finding was restricted to a single
endemic area and has not been reproduced.

Based on chronological data, it is clear that no pes-
ticides, fertilizers or chemicals introduced during the
last few decades can be blamed for the occurrence of
Balkan nephropathy. Except for exposure to agricul-
tural activities, no occupation, habit (e.g., smoking, al-
cohol consumption), or hobby (e.g., hunting, fishing)
has been shown to precede the disease onset.

Overview of the etiological research

Genetic factors may play a role, given the same ex-
posure, in developing Balkan nephropathy, upper
urothelial tumors, both diseases, or none of them [66].
However, epidemiological data indicate that one or
more external, environmental factors are crucial for the
occurrence of both Balkan nephropathy and excessive
frequency of these tumors in endemic areas.

Among biological agents and their products, prob-
able candidates for etiological agents are mycotoxins
and possibly viruses. Toxic role of a plant, notably Aris-
tolochia clematitis, is less likely, but cannot be excluded.

As for inanimate environment, there is no chemi-
cal element that could be singled out but two facts ap-
pear likely. First, insufficient rather than abundant con-
centrations should be looked at, and second, a combi-
nation of factors rather than a single one should be
searched for. Organics in water and/or soil are an in-
teresting track to be followed. The same applies to
chemically unstable substances.

Pathomorphological changes

Balkan nephropathy is non-destructive and non-in-
flammatory tubulointerstitial renal disease [67]. The
changes are non-specific and in the chronic, sclerotic
phase they are similar to changes observed in other
chronic interstitial diseases such as analgesic nephr-
opathy [68], vascular nephrosclerosis [67] cyclosporine-
induced nephropathy [69], radiation nephritis [70, 71]
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and aging [70], intoxication with silicate, cadmium,
lead, uranium [72], Aristolochia clematitis [45], myc-
otoxin ochratoxin A [73], and Chinese herbs [46, 48].

Macroscopic features

Before introduction of hemodialysis in the treat-
ment of chronic renal patients, the kidneys of patients
who died of Balkan nephropathy used to be the small-
est seen at post mortem examinations, weighing 14.8-
80 g each (Figure 2A), the differences between the left
and right kidneys being small (5-20 g) [72, 74-76]. Sur-
face of the kidneys is smooth, occasionally wavy, but
never granulated or roughly nodular. The section
shows markedly narrowed cortex, pyramid and
Bertin’s columns are fairly well preserved, and corti-
comedullary border is well differentiated. Papillary
necrosis of the pyramids has not been found.

Small, papillary, usually multiple tumors of the re-
nal pelvis and ureters are also one of the characteristic
findings (Figure 2B). In post-mortem studies tumors
were reported in 8-50% of cases [72, 77].

Figure 2. A. Macroscopic appearance of the right kidney
weighing 35 g in a case of BN, surface is smooth,
occasionally mildly wrinkled (autopsy, a man aged 48).

B. Multifocal papillary tumor of the right ureter (autopsy).
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Morphological studies of renal changes in post
mortem material

Diffuse fibrosis of cortical interstitium and tubular
atrophy may be observed in the absence of significant
cellular interstitial infiltration. In contrast to the cor-
tex, Bertin’s columns are less markedly affected. Even
in severe tubulointerstitial cortical changes, glomeruli
are well preserved, partially collapsed, and subse-
quently subjected to focal or generalized sclerosis caus-
ing collapse. Glomeruli in Bertin’s column are occa-
sionally compensatorily enlarged. Pyramids are pre-
served or less markedly affected [72, 74, 77]

Blood vessels, arcuate or interlobular arteries, and
arterioles are affected in the form of intimal sclerosis
and thickening of lamina elastica interna. In addition,
the blood vessels are compressed and torsioned [77].

In cases of tumors of the renal pelvis and ureters,
morphological signs of pyelonephritis are recognized
[72].

Optic microscopic, immunofluorescent and
electron microscopic studies of renal biopsies

In oligosymptomatic clinical cases, rare dissemi-
nated foci of interstitial fibrosis and tubular atrophy
with preserved glomeruli are seen. These changes have
no special predilection of distribution and are not in-
flammatory. They tend to be triangular, with the base
oriented toward the renal surface [67, 77]. In cases with
initial renal failure, the fields of acellular interstitial fi-
brosis are larger and diffuse.

The striking atrophic process observed in Balkan
nephropathy suggests that apoptosis may play a role
in this disease. In this context it is of interest that Savin
et al. observed an increased apoptosis to proliferation
ratio at the level of the tubuli [78].

The glomeruli are usually affected by generalized
[80%] or segmental sclerosis [10%] and only in 8% is
hyalinosis recorded. Double contour glomerular base-
ment membrane occurs in 22% of the cases. In 2.7-6%
of cases fetal-like glomeruli can be seen in the kidneys,
while glomerular hypercellularity was recorded in 4%
[70, 77, 79].

The most interesting changes are present in pre- and
postglomerular blood vessels. In about 50% of cases
PAS positive proteins are deposited in vasa afferens
walls in a focal segmental or circumferential manner

in the form of droplets, bands or granules [70, 77, 79].
No tissue reaction is seen around these arterioles.

Interlobular capillaries are filled with thick, pro-
teinaceous substances that are also deposited below the
capillary endothelium and may even be found free in
the interstitium. These changes are described as capil-
lary sclerosis [68]. Although renal vascular changes in
Balkan nephropathy have been pointed out as very
important, they are not specific and can be encountered
in other renal diseases. Ferluga et al. [70] and Sindjic
[77] point out to similarities in early changes encoun-
tered in Balkan nephropathy with cyclosporine-in-
duced nephrotoxic changes.

Immunofluorescence revealed irregular and scarce
deposits of C3, fibrin and IgM, and occasionally IgA,
Clq and C4, mainly on the vascular walls, Bowman’s
capsule and some sclerotic glomeruli [67, 80, 81].

Electron microscopic findings are either normal or
correspond to degenerative and sclerotic changes.
While some authors describe virus-like particles [34,
82, 83], others point out that such particles were not
found [70, 71].

Despite these findings, some authors described
Balkan nephropathy as a form of glomerulonephritis
[79, 84]. However, the lack of reliable evidence sup-
porting glomerulonephritis has lead to it being dis-
carded [71, 75] and abandoned even by its advocates
[85].

Optic microscopic, immunofluorescent and electron
microscopic studies of renal biopsies in children aged
5-15 from affected families in endemic regions failed
to detect any Balkan nephropathy related changes [77].

Overview of morphological studies

It is generally agreed that the morphologic changes
of Balkan nephropathy are not specific and correspond
to non-destructive, non-inflammatory kidney disease
accompanied by marked changes on the blood vessels
in both early and late stages of the disease, interstitial,
multifocal fibrous expansion and severe tubular atro-
phy mainly in the upper cortex [67, 70, 71, 77, 79].

Changes on kidney arterioles have been described
suggesting that the changes in early stage of the dis-
ease may be responsible for the development of multi-
focal, ischemic, vascular nephrosclerosis encountered
in chronic stages of the disease [67, 70]. On the other
hand, close similarity of Balkan nephropathy with an-
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algesic and cyclosporine-induced nephropathy has
been recognized [69, 70, 77]. All this leads to a sugges-
tion that Balkan nephropathy develops following a
model of toxic nephropathy, targeting primarily the
vascular endothelium where the tubular epithelium is
affected either directly or indirectly due to accompa-
nying ischemia.

Clinical features, diagnostics and
treatment

Clinical picture and course

Balkan nephropathy is a chronic tubulointerstitial
disease with occult, insidious onset, usually progress-
ing slowly without apparent signs and symptoms. Af-
ter a long asymptomatic period, the disease is mani-
fested as chronic renal failure. Less commonly blunt
lumbar pain or renal colic may develop or, occasion-
ally, dysuric symptoms induced by urinary tract in-
fection. If hematuria exists, urothelial tumor should be
suspected. In an advanced case polyuria and nocturia
are present due to impaired concentrating ability of
the kidneys. The disease is tolerated well and the pa-
tients preserve their working ability until advanced
stages of renal failure [18, 74, 86, 87].

Objective examination reveals a characteristic skin
tan of Balkan nephropathy patients: a pale yellow with
copperish glow on the cheeks has been recognized since
the augural reports on the disease [18, 86]. Besides, xan-
tochromia of the palms and soles is also frequently ob-
served.

Patients with Balkan nephropathy do not suffer
from edema, and their blood pressure is usually nor-
mal [18, 86-88]. In the advanced phase of the disease
physical examination detects signs of dysfunction of
other organs or systems as a consequence of chronic
renal failure [19].

As Balkan nephropathy is characterized by a slow
asymptomatic course, most authors identify two main
stages of the disease: the first, asymptomatic (latent,
subclinical) and second, manifest (symptomatic). The
latter is usually subdivided into the stage without re-
nal failure (early, compensated Balkan nephropathy,
with no azotemia) and chronic renal failure (decom-
pensated Balkan nephropathy, uremia) [19, 86, 87].

An important feature of Balkan nephropathy is its
association with a high incidence of tumors of the re-
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nal pelvis and ureters [22, 89]. Controversially, urinary
bladder tumors are not more frequent in the regions of
Balkan nephropathy compared to non-endemic ones
[90]. Upper urothelial tumors of patients originating
from the region with Balkan nephropathy differ from
the same tumors identified in patients from other re-
gions because of their similar incidence in both sexes,
bilateral occurrence, slower evolution and more com-
mon association with chronic renal failure [90].

Laboratory findings

Appearance and urine color are unchanged in most
patients with Balkan nephropathy. Urine sediment is
usually scarce; when microhematuria or leukocyturia
are encountered they are usually associated with the
occurrence of tumors or urinary tract infection [86, 87].

Bacteriological studies usually reveal sterile urine,
but in 8.3-31.8% significant bacteriuria was confirmed
and considered due to superimposed urinary tract in-
fection [86, 87].

Proteinuria is a common finding in patients with
Balkan nephropathy [18, 86]. It is usually intermittent,
less than 1 g per day but becomes permanent in ad-
vanced renal failure [91]. Although proteinuria is one
of the criteria for diagnosis of Balkan nephropathy, it
has been reported in healthy members of endemic fami-
lies [29, 91, 92]. Tubular proteinuria is most common
and increased excretion of low-molecular weight pro-
teins such as beta2 -microglobulins, lysozyme, ribonu-
clease, light chains of immunoglobulin, retinol-bind-
ing protein has been reported [93-98]. Beside tubular
proteinuria, smaller numbers of patients manifest
mixed proteinuria, while in patients with renal failure,
glomerular proteinuria may be encountered [96, 98].

Anemia has been noted in patients with Balkan
nephropathy in early studies [18] and described as nor-
mocytic and normochromic or mildly hypochromic
[86]. It has been suggested that anemia occurs earlier
in the course of the disease progression than is the case
in other renal diseases and that it precedes azotemia
[86, 99], however, recent studies have failed to substan-
tiate this claim [91, 100]. Also, there is no evidence that
the anemia in Balkan nephropathy differs from ane-
mia accompanying other renal diseases in either fea-
tures [100] or rate of deterioration in the progression
of renal failure [101]. Nevertheless, anemia in Balkan
nephropathy patients treated with hemodialysis is
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more severe than in patients with other renal diseases
[101].

The leukocyte count in the peripheral blood of pa-
tients with Balkan nephropathy is normal and with-
out pathological changes in the differential count and
bone marrow [19, 86].

Investigation of renal function in patients with en-
demic nephropathy has revealed tubular dysfunction
in the earliest stage of the disease: renal glycosuria, in-
creased uric acid and amino acid excretion [94], as well
as increased excretion of low molecular weight pro-
teins [97]. Significantly higher activity of cellular en-
zymes in the urine and increased urinary excretion of
Tamm-Horsfall protein have been described in patients
with Balkan nephropathy, as well as in healthy mem-
bers of endemic families [102]. Findings of a distal tu-
bular disorder (impaired urinary acidification, im-
paired urine concentrating ability) were described in
earlier studies [86, 87] but could not be confirmed in
studies conducted in larger groups of patients with
normal or mildly impaired glomerular filtration rate
[91, 103]. The occurrence of certain disorders of the
tubular function recorded in the course of chronic re-
nal failure (increased natriuria, phosphaturia) can be
considered as the result of kidney adaptation to the
lost nephron mass, instead of Balkan nephropathy
properties [103].

The immunological studies have failed to indicate
that immune disorders participate in the pathogenesis
of Balkan nephropathy, with some of the detected
changes having been attributed to advanced renal fail-
ure [104].

Imaging methods

Different methods of kidney imaging have shown
that Balkan nephropathy patients with chronic renal
failure have symmetrically shrunken kidneys with
smooth surface and no calcifications [88]. The time at
which the shrinking occurs remains to be determined.
While some authors suggest that the size of the kid-
neys remains normal in patients in the latent phase of
the disease and with normal renal function, others re-
port cases of shrunken kidneys in patients in an early
phase with normal glomerular filtration rate, and it was
even proposed that the disease was characterized with
primarily small kidneys [91, 103, 105].

Excretory urography does not reveal changes in the

596

pyelocaliceal system, except in cases with secondary
infection or urothelial tumors.

Radionuclide methods have shown that renal
plasma flow impairment is the first sign of the early
phase of renal failure. Glomerular and tubular func-
tions correspond to the severity of the disease.

Diagnosis

The most commonly used criteria for the diagnosis
of Balkan nephropathy are those proposed by
Danilovic et al [99]. They include: (1) farmers in the
endemic villages, (2) familial history positive for en-
demic nephropathy, (3) mild proteinuria, (3) low spe-
cific gravity of the urine, (4) anemia, early occurrence,
normochromic or hypochromic, (5) retention of nitrous
compounds in the blood (urea > 50 mg/dl, creatinine
> 1.5 mg/dl), (6) symmetrically shrunken kidneys.
Using these criteria, Danilovic classified patients into
the following groups:

1. potential, a group with intermittent proteinuria
and positive familial history, including those that
fulfill at least the first three criteria;

2. suspected, a group that in addition to the first
three fulfill at least one of the remaining three
criteria;

3. affected, a group that fulfill at least 5 out of 6
criteria;

4. decompensated patients that fulfill at least 5 out of
6 criteria and have urea values > 150 mg% and
manifested signs of uremia.

Analysis of these criteria leads to the conclusion that
they enable detection only of patients with overt dis-
ease, and the criteria are not sufficiently specific to en-
able a reliable diagnosis. Therefore, numerous studies
have focused on developing sufficiently sensitive and
specific criteria to allow diagnosis in the early phase.
Although indications of tubular disorders, particularly
tubular proteinuria, may be used as sufficiently spe-
cific diagnostic criteria, so far no single clinical or labo-
ratory finding is considered pathognomonic for Balkan
nephropathy when differentiate it from other tubulo-
interstitial diseases.

The diagnosis of Balkan nephropathy is now estab-
lished according to epidemiological criteria suggested
by Danilovic (criteria 1-3) [99], presence of tubular pro-
teinuria and ruling out other renal diseases.

Histopathological analysis makes the diagnosis of
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Balkan nephropathy much easier [70, 77], and it is con-

sidered indispensable in classifying the following

groups of patients with urinary abnormalities sugges-
tive of endemic nephropathy:

1. Patients from families that were not previously
been affected with endemic nephropathy, but live
in an endemic village;

2. In cases of nephropathy of unknown etiology in
villages close to endemic foci;

3. Inimmigrants to endemic regions and in emi-
grants from these regions [104].

Differential diagnosis of Balkan nephropathy
should include all chronic, slowly progressive renal
diseases, primarily chronic tubulointerstitial diseases.
Although no specific indicators of Balkan nephropa-
thy have been recognized, epidemiological data, famil-
ial history as well as clinical characteristics of the dis-
ease enable differential diagnosis. Thus, shrunken kid-
neys with smooth surface are characteristic of Balkan
nephropathy and they differentiate it from analgesic
nephropathy, pyelonephritis or reflux nephropathy
that are characterized by shrunken kidneys with un-
even surface. Pyelocaliceal system of the kidneys re-
mains unaffected in patients with Balkan nephropa-
thy, unlike the characteristic changes observed in
pyelonephritis or obstructive nephropathy. Absence of
papillary calcifications also enables differentiation of
Balkan nephropathy from analgesic, obstructive, reflux
nephropathy [103, 106].

Recently similarity of Balkan nephropathy and
nephropathy induced by Chinese herbs used in slim-
ming diets have been suggested [47]. Nevertheless,
Chinese herb nephropathy is a rapid progressive tu-
bulointerstitial disease with pronounced fibrosis and
progression towards end-stage renal disease within few
years, clearly different from the protracted clinical
course of Balkan nephropathy.

Prevention and treatment

Balkan nephropathy is a disease of unknown etio-
pathogenesis, so that recommendations regarding ef-
fective prevention are not possible. Efforts have been
made to improve the living conditions, bring high qual-
ity drinking water to endemic villages and undertake
other hygienic measures. Treatment is planned accord-
ing to the stage of renal impairment. In principle, the
treatment involves treating any reversible factors,

which deteriorate the renal function and measures ap-
plied in chronic renal failure [107].

End-stage renal disease is treated with dialysis and
kidney transplantation. Hypertension and cardiovas-
cular diseases affect the Balkan nephropathy patients
less frequently, so they tolerate hemodialysis rather
well compared to patients with other renal diseases.
The Balkan nephropathy patients on long-term hemo-
dialysis frequently develop upper urothelial or urinary
bladder carcinoma.

Although the number of reported cases with kid-
ney transplant is small, neither specific post-transplan-
tation problems nor disease recurrence on the trans-
planted kidney have been described.

Overview of clinical and laboratory studies

Balkan nephropathy is a chronic tubulointerstitial
disease with insidious occult onset which progresses
without symptoms. Agreement as to how to define the
early asymptomatic phase of the disease is lacking,
since no specific indicators for the diagnosis have been
recognized. The diagnosis is established according to
epidemiological criteria (farmers in endemic villages,
familial history positive for endemic nephropathy),
presence of tubular proteinuria, findings of symmetri-
cally shrunk kidneys with smooth surface, without cal-
cifications and ruling out of other renal disease. Renal
biopsy may make the diagnosis easier, although the
changes are non-specific. One important feature of
Balkan nephropathy is the associated high incidence
of tumors of the renal pelvic and ureters.

So far, laboratory studies have failed to detect any
disorder as a specific marker for early detection of the
disease or a reliable indicator for differential diagno-
sis. Laboratory studies have confirmed that Balkan
nephropathy is a tubulointerstitial disease so that tu-
bular disorders precede impairment of glomerular fil-
tration. Although anemia is one of the criteria for the
diagnosis of the disease, it has not been evidenced that
pathogenesis and features of this anemia differ from
that observed in other chronic renal diseases. It is only
more severe in end-stage Balkan nephropathy patients
than in patients with other kidney diseases.

Acknowledgement
Photos of all tissue specimens were provided by
Dr. Jovan Dimitrijevic.

597



DJUKANOVIC & RADOVANOVIC

References

1. Astrug A. (editor). Endemic Nephropathy — Bibliography 1956-1970, Sofia: Ministry of Public Health; 1971.

2. Radovanovic Z. Aetiology of Balkan nephropathy: a reappraisal after 30 years. Eur J Epidemiol 1989; 5: 372-377.

3. World Health Organization. The “Endemic Nephropathy” of South-Eastern Europe. Bull Wid HIth Org 1965; 32(3): 431-448.
4.  Wolstenholme GEW, Knight J (editors). The Balkan Nephropathy. Ciba Foundation Study Group No. 30. London: Churchill;

10.
11.
12.
13.

14.
15.

16.
17.

18.
19.
20.
21.
22.

23.

24.
25.

26.
27.
28.
29.
30.
31.

32.

33.

598

1967.

World Health Organization. WHO Meeting of Investigators on Endemic Nephropathy, Belgrade and Lazarevac, November
1974, NCD/WP/74.

Castegnaro M, Plestina R, Dirheimer G, Chernozemsky IN, Bartsch H (editors). Mycotoxins, Endemic Nephropathy and Urinary
Tract Tumours. IARC Scientific Publications No. 115. Lyon: International Agency for Research on Cancer; 1991.

Hall P, Batuman V (guest editors). Kidney Int 1991; 40: Suppl 34 (Proc IUPAB meetings, Belgrade, 1989 and 1990).
Radovanovic Z, Sindjic M, Polenakovic M, Djukanovic Lj, Petronic V. Endemic Nephropathy. Belgrade: Office for Textbooks and
Teaching Aids, 2000.

Radovanovic Z. Epidemiology and aetiology of endemic nephropathy. In: Radovanovic Z, Sindjic M, Polenakovic M, Djukanovic
Lj, Petronic V. Endemic Nephropathy. Belgrade: Office for Textbooks and Teaching Aids, 2000.

Radovanovic Z. Topographical distribution of the Balkan endemic nephropathy in Serbia (Yugoslavia). Trop geogr Med 1979;
31: 185-189.

Gluhovschi G, Stefanovic V, Dimitrov Tz, et al. Endemic Balkan Nephropathy. Helicon, Timisoara, 1994.

Radovanovic Z, Peric J. Hydrogeological characteristics of endemic nephropathy foci. Public Health 1979; 93: 76-81.
Radovanovic Z, Danilovic V, Velimirovic D et al. Beta,-microglobulinuria as a predictor of death in a population exposed to
Balkan endemic nephropathy. Kidney Int 1991; 40(S34): 32-34.

Danilovic V. Effet des recherches des néphrites endemiques en Yougoslavie. Arch. Union Méd Balkan 1964; 2(1): 31-40.
Tancev |, Evstatijev P, Dorosiev D, Penceva Z, Cvetkov G. Proucvanija na nefritite v'v Vracanska okolija. S'vr Med 1956; 7(9): 14-
29.

Ivanov L. Proucvanija v'rhu etiologijata na b’brecnite zaboljavanija v'v Vracanska okolija. S'vr Med 1956; 7(9): 30-34.
Danilovic V, Djurisic M, Mokranjac M, Stojimirovic B, Zivojinovic J, Stojakovic P. Porodicna oboljenja bubrega u selu Sopic
izazvana hronicnom intoksikacijom olovom. Srp arh celok lek 1957; 85(10): 1115-1125.

Danilovic V, Djurisic M, Mokranjac M, Stojimirovic B, Zivojinovic J, Stojakovic P. Néphrites chroniques provoquées par l'intoxication
au plomb par voie digestive (farine). Presse Méd 1957; 65(90): 2039-2040.

Danilovic V. Chronic nephritis due to ingestion of lead-contaminated flour. Brit Med J 1958; 1: 27-28.

Milojcic B. Epidemic of chronic nephritis of unknown aetiology. Brit Med J 1960; i: 244-245.

Radovanovic Z, Jankovic S, Jevremovic |. Incidence of tumors of urinary organs in a focus of Balkan endemic nephropathy.
Kidney Int 1991; 40(S34): 75-76.

Petkovic S, Mutavdzic M, Petronic V, Markovic V. Les tumeurs du bassinet et de I'uretere. Recherches cliniques et étiologique.
J Urol Néphrol 1971; 77(6): 429-439.

Radovanovic Z, Krajinovic S, Petkovic S, Hall PW. Papillary transitional cell tumours, Balkan nephropathy, and B2-microglobu-
lin. Lancet 1981; 2: 689.

Toncheva D, Dimitrov Ts, Tzoneva M. Cytogenetic studies in Balkan endemic nephropathy. Nephron 1988; 48: 18-21.
Toncheva D, Gergov T, Tzoneva M, Bouchakliev Z. Spontaneous and induced chromosome aberrations in Balkan endemic
nephropathy. Kidney Int 1991; 40 (Suppl 34): 97-101.

Toncheva D, Dimitrov T. Genetic predisposition to Balkan endemic nephropathy. Nephron 1996; 72(4): 564-569.

Manolova Y, Manolov G, Parvanova L, Petkova-Bocharova T, Castegnaro M, Chernozemsky IN. Induction of characteristic
chromosomal aberrations, particularly X-trisomy, in cultured human lymphocytes treated by ochratoxin A, a mycotoxin impli-
cated in Balkan endemic nephropathy. Mutat Res 1990; 231(2): 143-149.

Tucic N, Marinkovic D. The inheritance of liability of Balkan nephropathy. Genetika 1979; 11(3): 213-220.

Banjevic D, Tucic N. The monofactorial model for inheritance of liability to disease and its implications for relatives at risk.
Genetika 1979; 11(3): 221-230.

Georgescu L, Litvac B, Manescu N, Petrovici A, Schwartzkopf A, Zosin C. Particules virales dans le rein de la nephropathie
endemique Balcanique. Sem Hop Paris 1970; 46: 3526.

Draganescu N, Antipa C, Girjabu E, Melencu M. Endemic Balkan nephropathy, a slow virus disease? Rev Roum Med Virol.
1983; 34(1): 3-6.

Birtasevic B, Vukovic B, Drndarevic D, Seguljev Z, Obradovic M, Pokorni D, Cobeljic M, Stojic P, Stefanovic S, Stankovic A, et al.
Endemska (Balkanska) nefropatija kao prirodno-zarisna infekcija? Vojno-sanitetski pregled 1983; 40: 319-324.

Kraus N. Studien tber die endemische Nephrozirrhose der Balkanhalbinsel. Zeitschrift fir arztliche Fortbildung 1966; 60: 829-
834.



34.
35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49,

50.

51.

52.

53.
54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

30. Balkan endemic nephropathy

Apostolov K, Spasic P, Bojanic N. Evidence of a viral etiology in endemic (Balkan) nephropathy. Lancet 1975; 2: 1271-1273.
Nastac E, Stoian M, Hozoc M, losipenco M, Melencu M. Further data on the prevalence of serum antibodies to papova viruses
(BK and SV40) in subjects from the Romanian area with Balkan endemic nephropathy. Rev Roum Med-Virol 1984; 35(1): 65-
67.

Radovanovic Z. Epidemiological evidence on Balkan nephropathy as a viral disease. Medical Hypotheses 1987; 22: 171-175.
Krogh P. Causal association of mycotoxic nephropathy. Acta Path Microbiol Scand Sect A (Suppl) 1978; 269: 1-28.
Petkova-Bocharova T, Castegnaro M. Ochratoxin A contamination of cereals in an area of high incidence of Balkan endemic
nephropathy in Bulgaria. Food Addit Contam 1985; 2: 267-270.

Cvetnic Z, Pepeljnjak S. Ochratoxinogenicity of Aspergillus ochraceus strains from nephropathic and non-nephropathic areas
in Yugoslavia. Mycopathologia 1990; 110(2): 93-99.

Maaroufi K, Achour A, Betbeder AM, Hammami M, Ellouz F, Creppy EE, Bacha H. Foodstuffs and human blood contamination
by the mycotoxin ochratoxin A: correlation with chronic interstitial nephropathy in Tunisia. Arch Toxicol 1995; 69: 552-558.
Maaroufi K, Pfohl-Leszkowicz A, Achour A, el May M, Grosse Y, Hammami M, Ellouz F, Creppy EE, Bacha H. Ochratoxin A
genotoxicity, relation to renal tumors. Arch. Inst. Pasteur Tunis 1994; 71(1-2): 21-31.

Yeulet SE, Mantle PG, Rudge MS, Greig JB. Nephrotoxicity of Penicillium aurantiogriseum, a possible factor in the aetiology of
Balkan endemic nephropathy. Mycopathologia 1988; 102: 21-30.

Bach PH, Gregg NJ, Delacruz L. Relevance of a rat model of papillary necrosis and upper urothelial carcinoma in understand-
ing the role of ochratoxin A in Balkan endemic nephropathy and its associated carcinoma. Food Chem. Toxicol 1992; 30(3):
205-211.

Mengs U, Lang W, Poch JA. The carcinogenic action of aristolochic acid in rats. Arch Toxicol 1982; 51: 107-119.

Ivic M. Problem etiologije endemske nefropatije. Acta Fac Med Naiss 1970; 1: 29-38.

Vanherweghem JL, Depierreux M, Tielemans C, Abramowicz D, Dratwa M, Jadoul M, Richard C, Vandervelde D, Verbeelen D,
Vanhaelen-Fastre R, et al. Rapidly progressive interstitial renal fibrosis in young women: association with slimming regimen
including Chinese herbs. Lancet 1993; 341:387-391.

Cosyns JP, Jadoul M, Squifflet JP, De Plaen JF, Ferluga D, van Ypersele de Strihou C. Chinese herbs nephropathy: a clue to
Balkan endemic nephropathy ? Kidney Int 1994; 45(6): 1680-1688.

Cosyns JP, Dehoux JP, Guiot Y, Goebbels RM, Robert A, Bernard AM, van Ypersele de Strihou C. Chronic aristolochic acid
toxicity in rabbits: a model of Chinese herbs nephropathy ? Kidney Int. 2001; 59(6): 2164-2173

Nogawa K, Kobayashi E, Honda R, Ishizaki A, Kawano S, Matsuda H. Renal dysfunctions of inhabitants in a cadmium-polluted
area. Environ Res 1980; 23(1): 13-23.

Danilovic V (editor). Bulletin, T. LXIX, Classe des sciences medicales No. 12. Beograd: Academie Serbe des Sciences et des Arts,
1980.

Frieberg L, Elinder C-G, Kjellstrom T, Nordberg GF (editors). Cadmium and health: a toxicological and epidemiological ap-
praisal. CRC Press, Boca Raton 1986.

Piscator M, Kostial K, Plestina R. Urinary excretion of cadmium and zink among women with Balkan endemic nephropathy.
Trace Elements Med 1984; 1: 134-138.

Ignjatovic B. Prilog proucavanju etiologije hronicnog nefrita. Narodno zdravlje 1962; 18: 329-334.

Maksimovic Z, Radovanovic Z. Balkan endemic nephropathy in Yugoslavia and geochemical studies. In: Trace Substances in
Environmental Health (18). Hemphill DD (editor). Univ Missouri 1984; p 230-236.

Maksimovic Z. Selenium deficiency and Balkan endemic nephropathy. Kidney Int 1991; 40 (suppl 34): S12-S14.

Wedeen RP. Environmental renal disease. Lead, cadmium and Balkan endemic nephropathy. Kidney Int 1991; 40 (suppl 34):
S4-58.

Duancic V. Essai d’explication de la manifestation de I'affection rénale de masse 3 Slavonski Kobas. Biol glasnik 1960; 3: 43-
50.

Markovic B, Lebedev S. Role étiopathogénique des silicates érosifs dans la néphrite endémique. Presse méd. 1965; 73(8): 401-
404.

Markovic B, Arambasic M. Experimental chronic interstitial nephritis compared with endemic human nephropathy. J Pathol
1971; 103: 35-40.

Goldsmith JR, Goldsmith DF. Fiberglass or silica exposure and increased nephritis or ESRD (end-stage renal disease). Am J Ind
Med 1993; 23: 873-881.

Radovanovic Z, Markovic-Denic Lj, Marinkovic J, Jevremovic |, Jankovic S. Well water characteristics and the Balkan nephropa-
thy. Nephron 1991; 57: 52-54.

Radovanovic Z, Edmunds WM. Groundwater chemistry and the incidence of Balkan endemic nephropathy. Environ Geochem
Health 1991; 13(2): 43-49.

Finkelman RB, Feder GL, Orem WH, Radovanovic Z. Relationship between low-rank coal deposits and Balkan endemic neph-
ropathy. AGID News 1991; 65: 23.

599



64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.
90.

91.

600

DJUKANOVIC & RADOVANOVIC

Radovanovic Z, Stevanovic D. Different forms of mineral nitrogen in drinking water and the Balkan nephropathy. Arch Environm
Contam Toxicol 1988; 17: 813-815.

Filipovic A, Abinun A, Nijemcevic S, Lekovic G, Popovic N. Ispitivanje ovisnosti pojave endemske nefropatije i sastava zemljista
iz kojeg stanovnistvo uzima vodu za pice u opstini Modrica. Medicniski arhiv 1977; 31(5): 277-284.

Radovanovic Z, Velimirovic D, Naumovic T. Upper urothelial tumours and the Balkan nephropathy - Inference from the study
of a family pedigree. Eur J Cancer 1990; 26: 391-392.

Sindjic M. Pathomorphology of the kidneys in endemic nephropathy. Academie Serbe des Scientes et des Arts Bulletin 1980;
69: 127-140.

Zollinger HU, Mihatsch MJ, Torhost J. Nephropathy due to analgesics. Morphological aspects. Xlll Inter. Congr Inter Acad
Pathology, Paris, 1980; 17 (Abstract).

Mihatsch MJ, Thuel G, Ryffel N. Morphology of cyclosporin nephropathy. Prog Allergy 1986; 38: 447-465.

Ferluga D, Hvala A, Vizjak A, Trnavcevic S, Halibasic A. Renal function, protein excretion and pathology of Balkan endemic
nephropathy. Ill Light and electron micorscopy studies. Kidney Int 1991; 40 (Suppl 34): S54-S67.

Hall PW Ill, Dammin GJ Balkan nephropathy. In: Renal pathology with clinical and functional correlations. Fisher G, Brenner
BM (editors). JB Lippincott Co, Philadelphia, 1989; p. 913-924.

Sindjic M. Resultats des recheches patho-anatomiques, faites jusqu’a present, concernant la nephropathie endemique. In: |
Symposium sur la nephropathie endemique. 1973 Beograd. Danilovic V (redacteur). Academie Serbe des Scientces et des
Arts, Beograd 1973; 187-202.

Krogh P, Hald B, Plestina R, Ceovic S. Balkan (endemic) nephropathy: evidence for support of a causal relationship. In: En-
demic (Balkan) Nephropathy. Proceedings of the 4th Symposium on Endemic (Balkan) Nephropathy. Strahinjic S, Stefanovic
V (editors). University Press, Nis, 1979; 35-43.

Radonic M, Radosevic Z, *upanic V. Endemic nephropathy in Yugoslavia. In: The Kidney. Mostby S, David E (editors). Wiliams
& Wilkins Co, Baltimore 1966; p. 503-522.

Zosin L et al. Aspects anatomo-cliniques de la néphropathie endémique balkanique. Sém Hop, 1966; 42(3/1): 194-201.

Hall PW et al. Investigation of chronic endemic nephropathy in Yugoslavia. Il Renal Pathology. Am J Med 1965; 39(2): 210-
217.

Sindjic M. Morphological changes in kidneys affected by endemic nephropathy. In: Radovanovic Z, Sindjic M, Polenakovic M,
Djukanovic U, Petronic V. Endemic nephropathy. Belgrade: Office for Textbooks and Teaching Aids, 2000.

Savin M, Bumbasirevic V, Djukanovic U, Petronic V. The significance of apoptosis for early diagnosis of Balkan nephropathy.
Nephrol Dial Transplant 2001; 16 (Suppl 6): 30-32.

Doichinov D, Todorov D, Dinev |, Milev B. Biopsy specimen examination during early stage of endemic nephropathy. In: Il
Simposium sur la nephropathie endemique. 1977 Beograd-Lazarevac. Danilovic V (redacteur). Academie Serbe des Sciences
et des Arts, Beograd 1979; p. 189-194

Polenakovic M, Hrizoho D. Endemska nefropatija —imunofluorescentna mikroskopska ispitivanja. In: Il Simpozijum o endemskoj
nefropatiji, Beograd-Lazarevac 1977; Danilovic V (editor) SANU, Beograd 1979; p. 137-150.

Vizjak A, Trnacevic S, Ferluga D, Halilbasic A. Renal function, protein excretion and pathology of Balkan endemic nephropa-
thy. IV-Immunohistology. Kidney Int 1991; 40(34): 68-74.

Georgescu L, Litvac B, Diosi P, Plavosin L, Herzog G. Viruses in endemic (Balkan) nephropathy. Lancet 1976; i: 1086.
Uzelac-Keserovic B, Vasic D, lkonomovski J, Bojanic N, Apostolov K. Isolation of a coronavirus from urinary tract tumours of
endemic Balkan nephropathy patients. Nephron 2000; 86: 93-94

Pantic VR, Susa S. Ultrastructure of nephrons in kidney of endemic nephropathy patients. In: Endemic (Balkan) Nephropathy.
Proc 4th Symp, Nis 1979. Strahinjic S, Stefanovic V (editors). Inst Nephr Haemod, Nis 1981; p. 123-132.

Doitchinov D. Immunohistochemical studies in Balkan endemic nephropathy. In: Endemic (Balkan) Nephropathy. Proc 4th
Symp, Nis 1979. Strahinjic S, Stefanovic V (editors). Inst Nephr Haemod, Nis 1981; p. 265.

Puchlev A, Popov N, Astrug A, Dotchev D. Clinical studies on endemic nephropathy in Bulgaria. In: Int Symp on End Nephr,
Sofia, 1963, Bulg Acad Sc Press, Sofia 1965; p. 17-24.

Bruckner |, Zosin C, Lazarescu R, et al. A clinical study of nephropathy of an endemic character in the People’s Republic of
Rumania. In: Int Symp on Endemic Nephropathy, Sofia 1963. Bulg Sofia: Acad Sc Press; 1965; p. 25-35.

Djukanovic U, Velimirovic D, Sindjic M. Balkan Nephropathy. In: Clinical nephrotoxins - renal injury from drugs and chemicals.
De Broe ME, Porter GA, Bennett WM, Verpooten GA (editors). Kluwer Academic Publishers, Dordrecht 1988; p. 426-436.
Petkovic S. Epidemiology and treatment of renal pelvic and ureteral tumours. J Urol 1971; 114: 858.

Petronic V. Tumors of the upper urothelium and endemic nephropathy. In: Endemic nephropathy. Radovanovic Z, Sindjic M,
Polenakovic M, Djukanovic U, Petronic V (editors). Office for Textbooks and Teaching Aids, Beograd, 2000.

Trnacevic S, Halilbasic A, Ferluga D, Plavljanic D, Vizjak A, Durakovic H, Habul V, Mesic E, Imamovic G, Hranisavljevic J, et al.
Renal function, protein excretion and pathology of Balkan endemic nephropathy. I. Renal function. Kidney Int (Suppl) 1991;
34: S49-S51.



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

30. Balkan endemic nephropathy

Cvoriscec D, Radonic M, Ceovic S, Aleraj B. Characteristics of proteinuria in endemic nephropathy. J Clin Chem Clin Biochem
1983; 21: 569-571.

Bruckner |, Stoica G, Serban M. Studies on urinary proteins. In: The Balkan Nephropathy. Wolstenholme GEW and Knight J
(editors). Ciba Foundation Study Group No. 30. Churchill, London 1967; p. 15-20.

Hall P W, IlI, Piscator M, Vasiljevic M, Popovic N. Renal function studies in individuals with the tubular proteinuria of endemic
Balkan nephropathy. Q J Med 1972; 41: 385-393.

Radosevic Z, Traeger J, Radonic M, Manuel Y, Revillard J P. Etude elctrophoretique de la proteinurie de 31 sujet crates vivant en
pays de nephropathie endemique. J Urol Nephrol 1968; 74: 703-710.

Bruckner I, Stoica Gh. Urinary proteins in renal diseases. Il. Alpha,-microglobulins in tubular protienuria with special refer-
ence to endemic nephropathy. Rev Roum Med Med Int 1978; 16: 2-8.

Hall PW, Vasiljevic M. Beta2-microglobulin excretion as an index of renal tubular disorders with special reference to endemic
Balkan nephropathy. J Lab Clin Med 1973; 81: 897-904.

Raicevic S, Trnacevic S, Hranisavljevic J, Vucelic D. Renal function, protein excretion, and pathology of Balkan endemic neph-
ropathy. Il. Protein excretion. Kidney Int 1991; 40 (Suppl 34): S52-S56.

Danilovic V. Endemic nephropathy in Yugoslavia. In: Endemic (Balkan) Nephropathy. Proc 4th Symp, Nis 1979. Strahinjic S,
Stefanovic V (editors). Inst Nephr Haemod, Nis 1981; p. 1-5.

Pavlovic-Kentera V, Djukanovic LJ, Clemons GK, Trbojevic S, Dimkovic N, Slavkovic A. Anaemia in Balkan endemic nephropa-
thy. Kidney Int 1991; 40 (Suppl 34): S46-548.

Pavlovic-Kentera V, Clemons GK, Trbojevic S, Dimkovic N, Djukanovic U. Erythropoietin and anemia in the progression of
Balkan endemic nephropathy and other renal diseases. Nephron 1990; 54: 139-143.

Cvoriscec D, Stavljenic A, Radonic M. Relationship between tubular and Tamm-Horsfall proteinuria in Balkan endemic neph-
ropathy. Nephron 1998; 42: 152-155.

Djukanovic U. Laboratory studies. In: Endemic nephropathy. Radovanovic Z, Sindjic M, Polenakovic M, Djukanovic U, Petronic
V (editors). Office for Textbooks and Teaching Aids, Beograd 2000.

Polenakovic M, Stefanovic V. Balkan Nephropathy. In: Oxford textbook of clinical nephrology, Oxford medical Publications,
Sec. Davison A, Cameron JS, Grunfeld JP, Kerr DNS, Ritz E, Winearls Ch (editors). Oxford University Press, Oxford 1998; p.
1202-1210.

Hrisoho D T. Balkan Endemic Nephropathy. Study of pathogenesis based on genetic factors. In: Endemic (Balkan) Nephropa-
thy. Proc 4th Symp, Ni§ 1979. Strahinjic S, Stefanovic V (editors). Inst Nephr Haemod, Ni$ 1979; 1981; p. 147-154.

Elseviers MM, De Schepper A, Corthouts R, Bosmans JL, Cosyn L, Lins RL, Lornoy W, Matthys E, Roose R, Van Caesbroeck D, et
al. High diagnostic performance of CT scan for analgesic nephropathy in patients with incipient to severe renal failure. Kidney
Int 1995; 48(4): 1316-1323

Polenakovic M, Djukanovic U. Clinical picture, diagnostics and treatment of endemic nephropathy. In: Endemic nephropathy.
Radovanovic Z, Sindjic M, Polenakovic M, Djukanovic U, Petronic V (editors). Belgrade: Office for Textbooks and Teaching
Aids, 2000.

601



