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Abstract 
Balkan Endemic Nephropathy occurs with a high rate of prevalence in Serbia, Bulgaria, Romania, 

Bosnia and Herzegovina, and Croatia. The first cases described in Bulgaria, Serbia and Romania date to the 
late 1950s and early 1960s. BEN has been characterized to date as a chronic, slowly progressive familial 
tubular interstitial renal disease of unknown aetiology. The disease is characterized by its endemic nature, 
long incubation period, the familial clustering of the disease, and a exceptionally high incidence of upper 
urothelial tumour associated with BEN. To date several hypotheses have presented some findings that could 
be relevant to the etiology of BEN, but only one of them, chronic poisoning with Aristolochic acids, has 
provided convincing evidence related to BEN etiology and its clinical characteristics. 
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Introduction 
Balkan Endemic Nephropathy (BEN) 

occurs with a high rate of prevalence in Serbia, 
Bulgaria, Romania, Bosnia and Herzegovina, 
and Croatia [1, 2]. The first cases described in 
Bulgaria, Serbia and Romania date to the late 
1950s and early 1960s. In 1956 firstly Tanchev 
et al. [3, 4] published the first detailed clinical 
description of the new disease entity in the 
Vratza region in Bulgaria. A renal disease with 
almost identical clinical and epidemiological 
characteristics was reported a year later, in Yu-
goslavia (Serbia), in the Lazarevac area [5]. It 
was found in 1961 that the similar nephropathy 
was also prevalent in Romania [6]. BEN has 
been characterized to date as a chronic, slowly 
progressive familial tubular interstitial renal 
disease of unknown aetiology [7]. The most 
prominent features of the disease are its ende-
mic nature, long incubation period, the familial 
clustering of the disease and, remarkably, an 
unusually high incidence of upper urothelial tu-
mour (UUT) associated with BEN or in the po-
pulation [8, 9]. Following description of the 

first cases, the search to illuminate the etiology 
of BEN has been the topic of many studies pro-
ducing the publication of several hypotheses. 
Although data published in relation to these 
hypotheses has presented some findings that 
could be relevant to the etiology of BEN, only 
one of them, chronic poisoning with Aristolo-
chic acids (AA), has provided convincing evi-
dence related to BEN’s etiology and its clinical 
characteristics [10, 11]. 

 
Review of characteristics  
of Balkan Endemic Nephropathy 

 
Diagnostic Criteria 
The diagnosis of Balkan endemic nephro-

pathy (BEN) used to be made using Danilovic's 
criteria [12]. However, later studies aimed at 
assessing their value in determining the preva-
lence, sensitivity, specificity, and predictive va-
lue found that Danilovic's criteria enabled the 
diagnosis of BEN in chronic renal failure only, 
and differential diagnosis between BEN and he-
althy persons but not between BEN and other 
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kidney diseases [13]. Proteinuria, urine alpha1-
MG, kidney length and volume, were selected 
as significant predictors of BEN. Variables rela-
ted to kidney failure, as well as several tubular 
disorders (urine specific gravity, Fractional so-
dium excretion (FENa) and Tubular phosphate 
reabsorption (TRP)), had an insignificant predi-
ctive value and could not be used for differen-
tial diagnosis of BEN [14]. The present diver-
sity in applying diagnostic criteria for BEN sti-
mulated the search for more universal criteria 
that would be acceptable for all research gro-
ups, and thus enable a comparison of the results 
gathered in different endemic areas. In order to 
achieve these goals the two meetings, the "In-
ternational workshop on diagnostic criteria on 
BEN", held on Brač, Croatia in 2008, and at a 
meeting organized in 2012 (Skopje, R. Macedo-
nia) were aimed at providing recommendations 
for the screening, diagnosing and therapy of 
patients with BEN. 

 
Epidemiology 
The researchers conducted several studies 

during the past decade aimed at determining the 
main epidemiological features of BEN in va-
rious endemic regions (Fig. 1), particularly in 
the most affected regions in Bulgaria, Romania 
and Serbia, in order to elucidate the contro-
versial issue of whether BEN is tapering off or 
not [15, 16]. Although some studies published data 

 

 
Figure 1 – Geographical distribution of BEN foci 

 
indicating that BEN appears to be decreasing in 
incidence in the Bulgarian endemic regions [17, 
18], the majority agree that in spite of 
occasional variations, the incidence of new 
cases remains stable over time [19, 20]. 

Pathology 
Although data from systematic biopsy 

follow-up studies on the histology of BEN are 
still missing, rather sporadic biopsies done in 
different stages of BEN have provided some 
evidence about its pathology and enabled com-
parison with other well-established kidney di-
sease entities and discussion of the etiology. 
Tubulo-interstitial changes are the most preva-
lent histological features obtained in pre-ura-
emic BEN patients (Fig. 2). Interstitial mostly 
scattered hypo cellular fibrosis accompanied by 
multifocal tubular atrophy, multifocal global 
glomerulosclerosis, arteriolosclerohyalinosis as 
well as arterial intimal fibroelastosis were the 
most frequent and more extensive in BEN pa-
tients than in age-matched control groups 
[21−23]. 
 

 
Figure 2 – Advanced glomerular sclerosis (initial 

obsolescence), with interstitial sclerosis and tubular 
atrophy in BEN patient (PAS, ×250). (Čukuranović  
R. Genetic and morphophysiologic study of Balkan 

endemic nephropathy. Doctoral Thesis. Medical Faculty: 
University of Niš: 1992: 1–169. [In Serbian]) 

 
Clinical Features 
The first clinical classification of Balkan 

endemic nephropathy was elaborated by A. 
Puhlev et al. in 1960, according to the stages of 
the disease [24]. During the past more than fifty 
years, the clinical course of BEN has extended 
and has moved towards the older age in all en-
demic foci [25]. The clinical symptoms and 
signs of BEN are characterized by the initial 
long-lasting asymptomatic period. There is no 
fever, severe dysuria or other diseases prece-
ding the onset of symptoms. In the advanced 
stages pallor of the skin and xanthochromia of 
palms and soles are noticeable. Blood pressure 
is normal, but in the advanced phases may be 
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elevated. Tubular type proteinuria may be found 
in early phases. Normo- or hypo-chromic nor-
mocytic hyporegenerative anaemia is a frequent 
finding. Urinary sediment presents with scarce 
white and red blood cells [26, 27]. In the end 
stage of renal failure, there is shrinkage of both 
kidneys to 3–4 cm in length [28]. One of the 
most peculiar characteristics of BEN is a strong 
association with upper urothelial tumours 
(UUT) [29]. 

 
Overview of the hypotheses 

 
Lead Intoxication 
In the first original paper on BEN publi-

shed almost 50 years ago by Danilovic et al., 
lead was incriminated as causative agent of 
BEN, being found in flour used for making 
bread in affected villages [30]. However, this hy-
pothesis was not substantiated by later studies. 

 
Metals and Metalloids 
In certain endemic areas, levels of Se de-

ficiency approach those encountered in the 
Keshan province in China, where a severe car-
diomyopathy linked to Se deficiency was ende-
mic [31]. Some publications suggested the pos-
sibility that a deficiency of some essential trace 
elements, i.e. selenium, might be involved in 
the etiology of BEN [32]. However, no associ-
ation of selenium deficiency with high incidence 
of BEN and UUC in endemic foci was confir-
med. The similarity of lead and cadmium neph-
ropathy to BEN indicated the need for valuation 
of the possibility that these nephrotoxic metals 
contribute to the production of the endemic 
renal disease [33]. 
 

Chronic Intoxication with Aristolochia 
Clematitis 
In 1969, Ivić proposed that the etiology of 

BEN could be related to chronic Aristolochia 
clematitis poisoning (Fig. 3) in which seeds 
from these plants, which is encountered abun-
dantly in local wheat fields, intermingle with 
wheat grain during the harvesting process [34]. 
He speculated that human exposure to a toxic 
component of Aristolochia might occur through 
ingestion of bread prepared from flour derived 
from contaminated grain. Ivic’s well-documen-
ted experimental results and proposed hypo-
thesis attracted more interest from the scientific 

community many years later. It followed the 
reports of a chronic renal disease that developed 
in a group of otherwise healthy Belgian women. 
It happened that in 1990, a clinic in Brussels 
began prescribing pills as part of a slimming 
regimen [35] consisting of Chinese herbal re-
medies intended to contain, in part, Stephania 
tetrandra (for its expected diuretic effects). 
Unintentionally, S.tetrandra (Han Fang-ji) was 
replaced by A.fangchi (Guang Fang-ji) since 
both plants are used in Chinese traditional me-
dicine carrying similar names, Fangji [36]. The 
outbreak of a new disease entity, then called 
Chinese herbs nephropathy (CHN) in Belgium 
in 1993 affected more than 100 patients, mostly 
women, half of whom required renal replace-
ment therapy [37]. 

 

 
Figure 3 – Aristolochia Clematitis. A − Aristolochia 

Clematitis in the wheat field, B − Aristolochia Clematitis 
seeds in the soil, C − Aristolochia Clematitis ripe seeds  

 
The CHN reported in Belgium in 1993 

presented histologically as a rapidly progressive 
renal interstitial fibrosis leading to end-stage 
renal disease associated with a high risk of uro-
thelial cancer [38, 39]. It was found that obser-
ved nephropathy, originally linked to the inges-
tion of Chinese herbal remedies that have acci-
dentally included the Aristolochia species, is 
essentially caused by Aristolochic acid (AA) 
[40, 41] and is now called aristolochic acid 
nephropathy (AAN) [42]. 

Herbal remedies containing species of the 
genus Aristolochia were positively classified as 
carcinogenic to humans (Group 1) by the Inter-
national Agency for Research on Cancer 
(IARC) [43]. Aristolochic acids I (AA-I), and II 
(AA-II) are the most abundant of the aristolo-
chic acids and are found in almost all Aristo-
lochia species [44]. 
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 In 1994 Cosyns first pointed out that the 
unique renal histopathology lesions of so-called 
CHN are strikingly similar to those described in 
BEN. The clinical presentation of the patients 
was also similar to that observed in BEN: nor-
mal blood pressure, aseptic leukocyturia, low 
grade low molecular weight proteinuria, early 
and severe anaemia. On morphological and cli-
nical grounds, CHN appeared similar to BEN, 
and a common etiologic agent, aristolochic acid, 
was suspected for the first time [45]. 

Similarities of CHN to BEN that have led 
to the hypothesis of a common etiological agent 
for both diseases prompted some researchers to 
produce an important projection; namely, that 
BEN, CHN, and AAN are the same disease 
[46−49], and on the other hand, dietary inge-
stion of AA [50, 51], in conjunction with indi-
vidual genetic susceptibility, accounts for all 
the epidemiological, clinical and pathophysio-
logical features of BEN and attendant UUC 
(Fig. 4). 

 

 
Figure 4 – Kidney international, cover page. (Reprinted 

by permission of Macmillan Publishers Ltd: Kidney 
International, 81, copyright 2012) 

 
A recent publication by Grollman et al. 

presented the results showing that the accumu-
lation of AL-DNA adducts was present in the 
renal cortex and upper urinary tract of patients 
with BEN from an endemic region in Croatia, 
but not in patients with other forms of chronic 
renal disease or patients with upper urinary tract 
transitional cell cancer living in a nonendemic 

area of Croatia [52]. The finding that AA-deri-
ved DNA adducts in renal cortical and urothe-
lial tumor tissue of patients with documented 
BEN, associated with the dominance of the A:T 
→ T:A transversions in the p53 tumour sup-
pressor gene mutational spectrum, was essential 
in the identification of AA as an etiological 
agent of the upper tract malignancy observed in 
BEN [53]. 

Importantly, a molecular epidemiologic 
study undertaken to explore the proposition that 
AA contributes significantly to the high inci-
dence of UUT in Taiwan strongly supported the 
hypothesis that all components of the AA sig-
nature TP53 mutational spectrum, established 
in the context of UUT associated with BEN, are 
present in Taiwanese patients with UUT [54]. 

 
Ochratoxin A 
Finding that porcine nephropathy has 

many characteristics in common with BEN led 
some researchers to propose that ochratoxin A 
induced renal disease and urothelial tumours in 
humans is very likely. It was one of the first 
well elaborated hypotheses regarding the etio-
logy and pathogenesis of BEN that appeared in 
the literature in the early 1970s [55]. Ochratoxin 
A is reasonably anticipated to be a human carci-
nogen based on sufficient evidence of carcino-
genicity in experimental animals. However, no 
adequate human studies of the relationship bet-
ween exposure to ochratoxin A and human re-
nal disease and cancer have been reported. 

 
Pliocene Lignite 
This hypothesis was proposed in 1991 

[56] based on the geographical overlapping bet-
ween the location of Pliocene lignite deposits in 
the Balkans and the location of endemic areas, 
as well as analyses of well water from endemic 
villages in former Yugoslavia, which showed 
the presence of organic compounds in higher 
concentrations than in well water from nonen-
demic villages [57]. 

The lignite hypothesis is based on the 
assumption that toxic organic compounds in 
lignite, or in weathered lignite, may be leached 
by groundwater and thus contaminate drinking 
water wells supplied by this groundwater. Alt-
hough the concentrations of these organic mole-
cules in the well water may be low, long expo-
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sure and/or accumulation in body tissues over 
time may lead to kidney lesions. The develop-
ment of urothelial carcinomas in some indivi-
duals can also be explained by this hypothesis 
because most of these toxic organics are well-
known carcinogenic factors [58−60]. 

 
Genetic Predisposition 
The familial clustering of the disease was 

right from the beginning indicative of the role 
of genetic predisposition in the etiology of BEN 
and prompted many genetic investigations [61].  

The hypothesis implicating the multifac-
tor nature of BEN etiology assumes that genetic 
factors create a predisposition to BEN [62]. 

 
Changes in Enzyme Activity 
Norum and Gjone described familial de-

ficiency of lecithin-cholesterol acyltransferase 
(LCAT) in 1967 as a primary disorder. They 
showed that familial renal disease can develop 
secondary to LCAT deficiency and associated 
lipid abnormalities [63]. It was found by Pavlo-
vic in 1991 that a certain proportion of healthy 
subjects from BEN families have a peculiar 
form of lipid abnormalities associated with an 
abnormally low LCAT activity, and a possible 
association between these abnormalities and the 
etiology of BEN was raised for the first time 
[64]. 

 
Genetic Polymorphism 
Numerous studies conducted in experi-

mental settings and BEN patients investigated 
the role of several genetic polymorphisms in 
many enzymes (CYP2D6, CYP3A4, CYP3A5, 
NQO1, GSTT1, GSTM1, GSTP1, NAT1 and 
NAT2) from a detoxification system [65−67]. It 
has been shown that genetic variants of these 
enzymes involved in the uptake, conversion and 
excretion of xenobiotics determine individual 
levels of detoxification and are modifiers of an 
increased/decreased risk of chronic diseases 
and/or cancer [68, 69]. 

 
Chromosomal Aberrations 
A hypothesis was put forward that the 

occurrence and frequent association of BEN 
and cancer can be explained by the chromoso-
mal hypothesis of oncogenesis. The first cyto-
genetic investigation of healthy relatives of pa-

tients with BEN who were born in nonendemic 
areas was done in 1985 [70]. 

Finding of a specific chromosome marker 
3q in BEN was reported, characterized by a dis-
cordance in the banding patterns of the long 
arms, shortening the band 3q25, faster fusion of 
sub-bands q26.1 and q26.3 and lack of differen-
tiation of q24 [71]. 

 
Viral Disease 
Although some promising evidence of 

viral involvement in the etiology in BEN was 
published in 1975, suggesting that a slow co-
rona virus infection causes endemic nephro-
pathy in man [72], data substantiating this hy-
pothesis remained unconvincing [73, 74]. 

 
Immunological Changes 
The authors performed this study to 

evaluate the possible correlation of BEN with 
the polymorphism of the Ig heavy chain 3’ 
Regulatory Region enhancer hsl. 2 that is re-
lated to changes of consensus for trans acti-
vators binding within the DNA sequence and 
probably consequently autoimmune and in-
flammatory diseases. The allelic frequencies 
of hsl. 2 of BEN patients and family mem-
bers had a similar decrease frequency of al-
lele *1 and increase of allele *2 with respect 
to the controls. This trend suggests the asso-
ciation of allele *1 as a protective and allele 
*2 as a risk component for the disease. The 
presence of a consensus sequence for NF-Kb 
in the allele *2 may link the polymorphism to 
the inflammatory activity of BEN. This study 
supports the presence of an inflammatory path-
way in BEN through the involvement of poly-
morphic enhancer hsl. 2 influencing differen-
tly binding complexes and consequently the 
3D structure of 3’ Regulatory Region of IgH. 
This work is the first study that clearly links 
BEN to a gene involved in the regulation of 
immune response [75]. 

 
Miscellaneous-Multifactorial  
Etiologies 
In this study, the authors proposed new 

hypotheses on the possible relationship between 
the Pliocene lignite and decreased LCAT acti-
vity in the etiology of BEN. They examined the 
influence of soluble organic compounds in drin-
king water on plasma LCAT activity. 
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The possible simultaneous role of coal-
derived toxic organic compounds and decreesed 
enzyme LCAT activity in the etiology of BEN 
using water concentrates from both endemic 
and non-endemic areas was tested by Pavlovic 
et al. [76]. It has been shown that well water 
from BEN villages contains higher numbers 
and concentrations of both extractable and high 
molecular weight organic compounds compared 
to controls. The study presented the results that 
support the new multifactor hypothesis of BEN 
etiology. Namely, water samples from BEN vil-
lages from Serbia and Romania showed higher 
LCAT inhibiting activity compared to deioni-
sed water. 

 
Conclusions 
On the grounds of all these previously 

published hypotheses we can conclude: 
1.  The idea that the multifactorrial etio-

logy of BEN is the hallmark of the disease and 
genetic predisposition is an unavoidable factor 
for the development of BEN. 

2. Genetic predisposition is presumably 
responsible for providing the key circumstances 
for imposing the action of environmental 
endogenous etiological factors. 

3. The presence of the worldwide distri-
bution of Aristolochia spp. Along with wides-
pread use of herbal remedies in traditional 
Chinese medicine, and recently published data 
that some crops can take up AA from the soil 
(77), there is the possibility that diseases similar 
to BEN and UUC exist elsewhere as unrecog-
nized disease entities. This could be the case 
with a group of unknown renal diseases in 
ERA-EDTA Registry (Fig. 5). 

 

 
Figure 5 – Incident rates per million population, 

unadjusted at day 1, by cause of renal failure, 
ERA-EDTA, Annual report 2008 

 
4. Although over the past more than 50 

years we have witnessed the publication of va-
rious hypotheses, only one of them, chronic 

poisoning with AA, has provided convincing 
evidence relating to BEN etiology and its cli-
nical and epidemiological characteristics. 

5. Many scientists in the world dealing 
with projects aimed at investigating nephro-
toxic and cancerogenic effects of AA use, with 
the utmost confidence, the equation CHN= 
AAN=BEN. 

6. It seems reasonable to accept with the 
highest certainty that the etiology of BEN and 
attendant UUT have been eventually solved, 
and that BEN and UUT are not only confined to 
the Balkans but could be found anywhere in the 
world [78]. Thus, AAN and BEN become a 
worldwide problem [79]. 
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ИСТОРИСКИ ПРЕГЛЕД НА БАЛКАНСКАТА 
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Клиника за нефрологија, Клинички центар,  
Ниш, Србија 

 
 
Балканската ендемска нефропатија се ја-

вува со висока стапка на превалентност во 
Србија, Бугарија, Романија, Босна и Херцего-
вина и во Хрватска. Првите случаи беа опишани 
во Бугарија, Србија и во Романија кон крајот на 
1950-тите и почетокот на 1960-тите години. До 
денес БЕН се карактеризира како хронична, бавно 
прогресивна фамилијарна тубуларна интерсти-
цијална бубрежна болест со непозната етио-
логија. Болеста се карактеризира со свој ендем-
ски карактер, долг период на инкубација, фами-
лијарно гру-пирање на болеста, како и исклу-
чително висока инциденца на горниот уроте-
лијален тумор поврзан со БЕН. До денес неколку 
хипотези презентирале одредени наоди кои би 
можеле да бидат релевантни за етиологијата на 
БЕН, но само една од нив, хронично труење со 
аристолохична киселина, има обезбедено убед-
ливи докази поврзани со етиологијата на БЕН и 
нејзините клинички карактеристики. 

 
Клучни зборови: балканска ендемска нефропатија, 
аристолохична киселина, генетската предиспозиција, 
хипотези. 


