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Abstract

Endemic Balkan nephropathy (EBN) is a kidney disease
of unknown etiology limited to Bulgaria, Rumania and
former Yugoslavia. Primary kidney tissue cultures were
established as explants from tissue obtained at opera-
tions from 5 EBN patients with urinary tract tumors. Four
out of the five biopsy specimens on extended culture
incubation at 33°C yielded a coronavirus virus (EBNV)
which was cytopathogenic for human fibroblast and
Vero cells. In cells inoculated with EBNV, cytoplasmic
immunofluorescence was found using antisera for hu-
man coronaviruses OC43 and 229E as well as the porcine
transmissible gastroenteric virus and avian (chicken)
bronchitis virus. In neutralization tests, EBNV failed to
react with antisera to these viruses. Using hyperimmune
serum raised with EBNV, positive cytoplasmic immuno-
fluorescence was seen with cells infected with OC43,
229E, TGV and significantly with the kidney tissue of the
biopsy specimens from the EBN patients. A screen for
neutralizing antibody using the EBN virus revealed that

87.2% of EBN patients on dialysis were positive, also
74% of people from an endemic area were also positive,
while only 13.5% from outside were positive. It is sug-
gested that a coronavirus is involved in the etiology of
the disease and that humans are an incidental host of a
coronavirus zoonosis.

Introduction

Endemic (Balkan) nephropathy (EBN) is a distinct kid-
ney disease of unknown etiology affecting people in recog-
nized endemic areas of three countries: former Yugosla-
via, Rumania and Bulgaria. The endemic localities are
found along valleys of the Danube, Sava rivers and their
tributaries. The patients are mainly rural people aged 40
and over. The main symptoms of the disease are progres-
sive loss of kidney function without raised blood pressure
leading to end-stage kidney failure. In up to 50% of EBN
patients, tumors of the urinary tract appear. There are no
reliable specific tests and the diagnosis of EBN is based on
clinical and epidemiological grounds. It has been various-
ly estimated that there have been more then 15,000 cases
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of EBN in the three countries, with most of the cases com-
ing from former Yugoslavia [1]. At present there are over
700 EBN patients on dialysis in Serbia alone. In the
endemic area of Doboj in Bosnia, the origin of the 5
patients from which the kidney biopsies were taken, there
have been more than 500 EBN cases. In the period since
1989 there are about 100 recorded cases from the same
locality.

Ever since its original description, the cause of EBN
has remained a mystery [2]. Various toxins from the envi-
ronment have been proposed as the cause, including
heavy metals and mycotoxins [2-4], but none of these
have been shown to be exclusive for the endemic areas.
There appears to be some evidence that genetic factors
may contribute to susceptibility to EBN [5]. Evidence for
the involvement of viruses based on histological, ultra-
structural and epidemiological data has been published
[6-8]. It was suggested that EBN is a slow virus disease
caused by a coronavirus [6]. Efforts to isolate viruses from
urine of patients have failed.

In this paper, we present the results of isolations of a
coronavirus from tissue cultures of kidneys obtained from
EBN patients operated for tumors of the urinary tract. We
have adopted the acronym EBNYV for the agent isolated.

Patients and Methods

Patients

Fresh renal biopsy specimens from 5 clinically confirmed cases of
EBN were collected from the Department of Urology, District Hospi-
tal, Doboj, Bosnia. The patients were not on immunosuppressive
therapy and were not transfusion-dependent. As control materials we
used kidneys of 8 patients with other kidney diseases collected from
the Institute of Nephrology and Institute of Pathology and Forensic
Medicine, Military Medical Academy, Belgrade. The freshly col-
lected tissues were transported in growth medium to the tissue cul-
ture laboratory.

Cell Cultures

The kidney tissue was processed for histology and immunofluo-
rescence by standard methods. For tissue culture the biopsy speci-
mens were set up by the technique of explants avoiding trypsiniza-
tion. The primary cultures which appeared as outgrowths were ini-
tially incubated at 37°C, and then maintained at 33°C for up to
2 months. For virus isolation, virus propagation and serology, we
used Wi-38, Vero cells (commercially obtained), and TP cells (fetal
pigskin initiated in our laboratory). Other cell cultures also tested for
virus growth were: HeLa, Hep-2, Wish, human fibroblasts, primary
kidney cell cultures of Cercopithecus monkeys and primary human
kidney. All cultures were grown in Eagle’s MEM, with 5% inacti-
vated fetal bovine serum.
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Viruses

The following viruses were used in this study: the reference OC43
and 229E prototype human coronaviruses obtained commercially
from the American Type Culture Collection (ATCC), the avian bron-
chitis virus (IBV) Massachusetts strain obtained from the Veterinary
Institute, Zemun, Yugoslavia, and the porcine transmissible gas-
troenteric virus (TGEV), Miller strain, from the Veterinary Institute
Belgrade.

Sera

Antiserum to the EBNV virus was prepared in rabbits using par-
tially purified virus. Briefly, incomplete Freund’s adjuvant was used
to mix the pellets of the virus preparation. The rabbits were inocu-
lated for over 8 weeks according to a standard scheme. After harvest-
ing, the serum was absorbed with a pool of disrupted cells Wi-38,
Vero, HeLa and Hep-2 cells and stored at —20°C. The human sera
were collected from: (a) 53 EBN patients on dialysis; (b) 153 sera
from healthy persons from five endemic regions, and (c) 96 sera as
healthy controls from outside the endemic areas. For the cross-reac-
tivity tests we used the reference sera for human coronaviruses OC43
and 229E kindly supplied by Dr. D. Erdmann, from CDC Atlanta,
Ga., USA. We also tested 15 sera from pigs infected with TGEV,
obtained from the Veterinary Institute Belgrade. All sera were inacti-
vated at 56°C.

Serology

The presence of neutralizing antibodies for the isolated coronavi-
rus was determined by titration of the cytopathic effect (CPE) in
microplates of Wi-38 and Vero cells [9]. For indirect immunofluores-
cence a standard method was used with EBNV virus-infected Wi-38
and Vero cells as substrate [10]. For TGEV, TP virus-infected cells
were used. The capacity for hemagglutination of the isolate was
tested with 0.5% suspension of monkey, guinea pig, mouse, chicken
and human ‘O’ group erythrocytes at 37, 22 and 4 °C. The renal biop-
sy specimens were prepared for histology and for detection of specific
antigen for indirect immunofluorescence in situ by standard meth-
ods [10].

Electron Microscopy

The morphology of the virus was determined using the negative
staining procedure with pellets of concentrated virus obtained after
ultracentrifugation of the supernatant medium of the infected kidney
cells and Wi-38 [11]. Ultrathin sections of Vero and Wi-38 EBNV-
infected cells were prepared and examined using standard methods

[6].

Results

Tissue Culture

Primary kidney cell monolayer cultures were success-
fully established from the five kidney biopsies as well as
from the control specimens. In four of the EBN cultures,
the cell outgrowth consisted of typical epithelial cells
while in the fifth sample the outgrowth consisted mostly
of fibroblasts. The virus was isolated from the four speci-
mens with outgrowth of epithelial cells on four separate
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Table 1. Serological cross-reactivity of EBNV in immunofluorescence (I) and virus neutralization (N) tests

Antisera Cells infected with

EBNV EBNbps 0C43 229E TGEV IBV

1 N I N I N 1 N I N 1 N
0C43 + -) + Na + + = ) () =
229E + -) + Na =* * + + (=) =)
EBNV + + + Na + -) + -) + -) = O

Reference coronavirus OC43, 229E antisera and our own hyperimmune EBNV antiserum were tested with coro-
naviruses and coronavirus-infected cells including the biopsy specimens from which the virus was isolated

(EBNbps).
*  From references 13 and 14.

occasions. The virus could not be isolated from the fifth
sample with fibroblasts in the culture. All the cultures
were incubated at 33°C for up to 2 months in growth
medium.

The agent was first isolated in Wi-38 cell inoculated
with the growth medium harvested from the primary cul-
tures. A CPE typical for coronavirus appeared after 15
days’ incubation at 33°C. Subsequently, after a few sub-
cultures, the agent was adapted to grow in Vero cells.
After further subcultures, the EBNV adapted induced a
CPE at 3-6 days’ incubation in both Wi-38 and Vero
cells. The CPE was in the form of cell rounding with dis-
cernible cytoplasmic vacuoles. Cell fusion was not seen.
The four separate isolates obtained on four separate occa-
sions produced similar TCDsy titers: in Vero cells 6.3, 6.6,
6.7, 7.0 and in Wi-38 cells 5.3, 5.7, 5.7 and 6.0 [9]. The
primary kidney cultures from which the virus was regular-
ly isolated did not show any obvious changes in morphol-
ogy. Attempts to induce CPE in the cultures from which
the virus was recovered using the virus grown in Wi-38
cells, also failed. The properties of the four isolates were
identical in all the investigations. The tissue cultures
of the eight control kidney biopsies failed to yield any
agents.

Virus Identification

The serological cross-reactivity of EBNV and the biop-
sy specimens with prototype coronaviruses are presented
in table 1. There was a strong positive cytoplasmic immu-
nofluorescence in both EBNV-infected cells and the biop-
sy specimens with the reference OC43 and 229E and
TGEV coronavirus antisera. Conversely, the antiserum
raised against EBNV reacted similarly with OC43-, 229E-
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and TGEV-infected cells as well as with EBVN-infected
cells and the biopsy specimens. These results indicate the
presence of a common shared cytoplasmic antigen of
EBNYV with these three viruses. However, in neutraliza-
tion tests, EBNV was positive only with the homologue
antiserum. IBV did not show any cross-reactivity with
EBNYV. EBNV was also tested for growth in embryonated
chicken eggs and for hemagglutination using erythrocytes
of several species with negative results.

The histology and electron microscopy of the biopsy
samples from which the virus was isolated was similar to
the findings already described [6-8]. Using negative stain-
ing, typical coronavirus particles were found in the pellets
of the supernatants of the infected Wi-38 cells and the
long-term kidney cell cultures [10, 12]. The ultrathin sec-
tions of the inoculated Wi-38 cells showed numerous
cytoplasmic vesicles containing free and budding virus
particles, a characteristic of coronavirus-infected cells
[6, 71.

Seroepidemiology

The newly isolated EBN virus was used for preliminary
serological investigations on its prevalence. The results
are presented in table 2. There is correlation between
immunofluorescence and neutralization and tests; sera
positive for immunofluorescence were also positive for
neutralization. The neutralizing antibody which is more
specific, was found in 34/39 of EBN patients on dialysis,
in 113/153 in randomly collected sera from people within
the three endemic regions, and in only 13/96 and in low
titers in sera randomly collected in Serbia, outside the
endemic regions.
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Table 2. Neutralizing and immunofluorescent antibody EBNV titers of human sera

Sera N Serum dilutions
1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1,024  Total positive
N 1 N 1 N I N I N 1 N 1 N 1 N 1 N 1
BN patients 39 7 2 6 5 8 3 12 20 4 9 0 4 0 o0 0 0 34/39 37/39

on dialysis

87.2%  94.9%

Controls from 153 31 7 21 22 17 11 10 53
endemic areas

22 0 15 3 3 3 3 2 113/153 122/153

73.8%  79.7%

Controls from 96 5 2 7 24 1 2 0 32
outside areas

0 0 0 0 0 0 0 0 13/96 60/96
13.5%  60.5%

The EBN patients on dialysis are from five endemic localities in the same region. The control sera from endemic areas were collected from
three endemic regions including Doboj. The outside controls are randomly collected sera from different parts of Serbia.

Discussion

The present results could indicate that the causative
agent of EBN is a coronavirus. Coronaviruses in humans
are mainly respiratory pathogens and it is estimated that
they cause up to one third of upper respiratory tract infec-
tions. They have also been implicated as a cause of diar-
rhea [12, 13]. Recently, two coronaviruses have been iso-
lated from cases of multiple sclerosis. However, their
implication in the pathogenesis of the disease remains
controversial [14, 15]. Coronaviruses are also important
pathogens in domestic animals. These viruses cause gas-
troenteritis in pigs (TGEV), hepatitis in mice (MHYV),
acute bronchitis in chicken with nephritis (IBV) and also
other diseases [12, 13, 16].

It is likely that this newly isolated agent is a previously
unrecognized or new coronavirus. In immunofluorescent
tests it shares a common antigen with the human corona-
viruses OC43 and 229E and the pig TGEV which repre-
sent coronavirus I and II antigenic groups [12]. However,
there was no cross-reactivity with IBV, a kidney pathogen
for chicken. In the specific neutralization tests with refer-
ence sera and prototype viruses of the three antigenic
groups of coronaviruses, there was no cross-reactivity.
These findings indicate that the virus surface projections,
which carry the receptors of the new virus, are antigenical-
ly distinct and specific for EBNV (table 1). The virus is
similar to the human coronavirus OC43 and 229E be-
cause it failed to grow in embryonated eggs and failed to
agglutinate the red cells of several species. Further work is
needed to confirm the identity of this isolate as a new
virus infecting humans.
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The finding that a small number of EBN patients on
dialysis are negative for neutralizing antibodies to the new
virus needs further investigation. The diagnosis of the dis-
ease 1s based on clinical and epidemiological criteria and
there are no specific tests for the disease. It is also worth
noting that patients on dialysis frequently have an aber-
rant response to antigenic stimuli.

The high prevalence of antibodies to the new virus in
people from the endemic regions is interesting. It suggests
that exposure to the virus has been or is widespread. It is
possible that only a segment of the population infected
with the virus could develop fully blown nephropathy.
The results from the control group of people from Serbia
outside the endemic region, provides a reasonable nega-
tive control for the prevalence of EBNV. Only 13% of the
control group have the specific neutralizing antibodies in
low titers compared to 60% with immunofluorescent
cross-reacting antibodies. The people positive for specific
neutralizing antibodies to EBNV could possibly be ac-
counted for by migration. These are preliminary results.
Further studies, some in progress, are needed in order to
explore and verify these statements (table 2).

In up to 50% of patients with EBN, tumors of the pyel-
on and the ureters have been found [17, 19]. The tumors
are frequently multiple and bilateral and are generally
found at more advanced patient age compared to EBN
[18, 19]. It has been suggested that the cause of EBN and
tumors is the same [19]. There is no published evidence of
coronavirus involvement in the genesis of tumors. How-
ever, coronavirus are known to have very high recombina-
tion rates [12]. Further investigations are in progress
regarding the possibility that the virus might be a recom-
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binant or hybrid strain, which might also infect the uro-
thelium.

We propose that the reservoir of the EBNV is a domes-
tic or wild animal and that humans are the accidental host
of virus causing a zoonosis. In the literature there have
been no reports of human-to-human transmission of
EBN. The patients are mainly from rural areas and in
close contact with the excreta of domestic and wild ani-
mals. In support of this thesis is the interesting finding
that in one endemic locality of five villages with a mixed
half Christian and half Moslem population, only 2 out of
53 documented cases of EBN were Moslems [20]. As the
Moslems in this region do not keep pigs, this finding may
focus further investigations on pigs or boars as the possi-
ble animal host. Another epidemiological study also indi-
cated that a particular breed of pigs could be the host
[21].

In conclusion, we have isolated a coronavirus from the
renal biopsy specimens of 4 EBN patients from the
endemic locality of Doboj, Bosnia. It is very likely that the
cause of EBN is a coronavirus and that it is a slow persis-
tent virus infection. Further investigation should prove
whether the biological properties of the isolated coronavi-
rus could explain the etiology of this kidney disease.
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