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ABSTRACT

Introduction: The serovar Mozdok related leptospirosis in hu-
mans were not yet feasibly diagnosed using merely the standard
micro-agglutination test (MAT) what was perhaps due to the
impossibility to distinguish them from ilinesses that are caused by
Leptospira strains belonging to other serovars of the serogroup
Pomona. On the contrary, leptospires of the Mozdok serovar were
cultured from rodents and domestic animals world-wide including
Central Europe where only Leptospira strains of the serovars
Pomona and Mozdok are known to be present till now.

Study objective: The aim of the study was to discover if lepto-
spires of Mozdok serovar may cause human leptospirosis that
remained hidden till now among infections diagnosed merely by
MAT as Pomona illnesses.

Material and Methods: The reference Leptospira strains of
Pomona and Mozdok serovars (Pomona and 5621), as well as
three endemic, and in some tests only two strains of human and
pig origin (Simon, S-23, Postényi), and two strains of rodent pro-
venance - Apodemus agrarius (M-210/98 and M-71/01) were used
for this purpose. First, the endemic strains were assigned to one of
the afore-mentioned two serovars by agglutinin cross-absorption
tests performed using rabbit immune sera, monoclonal antibodies
and random amplified polymorphic DNA methods. Afterwards,
twenty-one sera of patients with a Pomona leptospirosis confir-
med by MAT were examined by agglutinin absorption test (AAT).
Results: Based on the results of the mentioned laboratory method
used, the endemic Leptospira strains of human and pig origin could
be affiliated to the serovar Pomona, while those of rodent origin
were classified as serovar Mozdok strains.

SUHRN

Bakoss P., Awad-Masalmeh M., Resch G., Jarekova J.,
Stanko, M., Perzelova J.: Leptospir6za Mozdok u ludi
diagnostikovana po prvy raz v Slovenskej republike
absorpénymi testami sérovych aglutininov

Uvod: Leptospirdza ludi spdsobend sérovarom Mozdok nebola
doposial jednoznacne diagnostikovana, ¢o bolo mozno spo6-
sobené tym, Ze mikroaglutinacnym testom (MAT) ju nemozno
odlisit od ochoreni spésobenych kmenmi inych sérovarov
leptospir patriacich do sérologickej skupiny Pomona. Naopak,
leptospiry sérovaru Mozdok sa izolovali z hlodavcov a doma-
cich zvierat na celom svete, vratane strednej Eurdpy, kde sa
vyskytuju iba kmene sérovarov Pomona a Mozdok.

Ciel prace: Cielom bolo zistit, ¢i leptospiry sérovaru Mozdok
mobzu sposobit ochorenia ludi, ktoré mohli byt doposial skryté
medzi leptospirdzami zapri¢inenymi leptospirami sérovaru
Pomona a diagnostikovanymi iba pouzitim MAT.
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Out of the 21 patients sera, an illness caused by the serovar
Mozdok strains was found out in 13 cases and a disease caused
by serovar Pomona strains in 8 cases. Their differentiation was
made on the strength of the following results of AATs: All strains
from the serovar Mozdok have completely absorbed antibodies
(anti-Pomona and anti-Mozdok) from the tested sera, however
following the absorption of these sera with the Pomona strains,
high levels of residual antibodies reacting in MAT with the Mozdok
strains have still persisted. In this way, it was possible to prove the
Mozdok infection in thirteen patients.

On the contrary, following the absorption of the sera with the
strains of the serovar Pomona, a complete absorption of all an-
tibodies (anti-Pomona and anti-Mozdok) was achieved in seven
cases using the strain Simon, and in one case with the strain S-23,
whereas after absorption using the Pomona strain, the residual
antibodies were still present in all sera, and also in the majority
of them when they were absorbed using the strains S-23 and
Postényi. In this context, the Pomona infection was determined
in the case of eight patients. Hence it follows that not all strains
of the Pomona serovar were suitable for the AATs.

Conclusion: The presence of the human Mozdok leptospirosis
was confirmed for the first time by the use of the agglutinin ab-
sorption test. A clear correlation between the habitat areas of the
A. agrarius and the patients who were infected with the strains of
the Mozdok serovar was determined.
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Materidl a metédy: Pouzili sa referencné leptospirové kmene
sérovarov Pomona a Mozdok (Pomona a 5621) a tri, v nie-
ktorych testoch iba dva endemické kmene izolované od ludi
a osipanych (Simon, S-23 a Postényi), a dva doméace kmene od
hlodavcov - Apodemus agrarius (M-210/98 a M-71/01). Prvym
nevyhnutnym krokom bolo zatriedenie endemickych kmerov
do jedného z dvoch uvedenych sérovarov pomocou krizovych
absorpénych testov aglutininov krali¢ich imunnych sér (ACAT),
monoklénovych protildtok a metdédou ndhodnej amplifikacie
polymorfnej DNA. Nasledne sa vysetrilo absorpcnymi testami
aglutininov (AAT) dvadsatjeden sér pacientov diagnostikova-
nych iba pomocou MAT ako leptospirosis Pomona.
Vysledky: Na zaklade vysledkov pouzitych metdd sa da-
li zatriedit endemické leptospirové kmene izolované z [udi
a osipanych do sérovaru Pomona a izoldty z hlodavcov do
sérovaru Mozdok.

Z 21 pacientskych sér zistila infekcia leptospirami sérovaru
Mozdok 13 krat a ochorenie vyvolané kmenmi sérovaru



Pomona 8 krdt, a to podla tychto vysledkov AAT: VSetky kmene
sérovaru Mozdok absorbovali z testovanych sér vSetky proti-
latky (anti-Pomona aj anti-Mozdok), kym po absorpcii tychto
sér kmenmi Pomona perzistovali esSte protildtky reagujlce
v MAT s kmenmi Mozdok. Tak sa dokdzalo ochorenie Mozdok
u trindstich pacientov.

Na druhej strane po vysyteni tychto sér kmenmi sérovaru
Pomona sa absorpcia vsetkych protildtok (anti-Pomona a anti-
-Mozdok) dosiahla iba kmenmi Simon - 7 krat a S-23 - 1 krét,
zatial ¢o po ich vysyteni kmenom Pomona ostavali rezidudine
protilatky vo vSetkych sérach a vo vacsine z nich aj po absorpcii
kmenmi S-23 a Postényi. Takto sa dokdzalo ochorenia Pomona

INTRODUCTION

In Central Europe, within the serogroup Pomona be-
sides leptospires of Pomona serovar (strain Pomona,
genospecies interrogans) the occurrence of leptospires of
Mozdok serovar (strain 5621, genospecies kirschneri) was
recorded till now. Both strains have been approved as
reference strains by the Subcommittee on the Taxonomy
of Leptospira [1]. The latter strain was isolated in 1961 [2].
The strains of the two serovars have been reliably dis-
tinguished by the use of monoclonal antibodies [3, 4, 5]
while the classical polyclonal antibody cross-absorption
tests performed using rabbit antisera yielded equivocal
results obtained by different authors [quoted 6].
Regarding the strains of serovar Pomona, their mainte-
nance reservoirs are mainly cattle and swine, for those of
the serovar Mozdok, they are particularly wild mammals
i.e. in mainland Europe above all the black-striped field
mouse - Apodemus agrarius while in England the short-
-tailed vole - Microtus agrestis presents the maintenance
hosts [7, 8]. Domestic animals can be also afflicted with
this infection [7, 9].

The presence of serovar Mozdok related infections in
feral and domestic animals, mostly pigs, have been
proved worldwide. In Central Europe, it was recorded
in Poland [10], probably in the Czech Republic [11] and
among the distant European countries in Germany [9],
Portugal [12], and England [13]. In spite of this, Mozdok
infections in humans were not yet feasibly diagnosed,
which is probably due to the impossibility to distingu-
ish them using merely micro-agglutination test (MAT)
from illnesses related to Pomona strains. Therefore the
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u 6smich pacientov. Ukazalo sa, Ze nie vSetky kmene sérovaru
Pomona boli vhodné na AAT.

Zaver: Po prvy raz sa potvrdila leptospiréza Mozdok u [u-
di absorpénymi testami sérovych aglutininov. Zistila sa tiez
jasna koreldcia medzi aredlmi prirodnych ohnisk A. agrarius
a pacientmi infikovanymi leptospirovymi kmenmi sérovaru
Mozdok.

KLUCOVE SLOVA
leptospira - sérovar Mozdok - ochorenia ludi - prirodné
ohniska
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patients whose sera reacted in MAT with the generally
used strain Pomona had simply been qualified as having
Pomona disease (swineherd’s disease). Nevertheless, in
arecent study the presence of possible Mozdok infection
in humans was assumed but not proved; this was based
only on the assumption that the infected person, as well
as the reservoirs such as wild small rodents and pigs
(from which the Mozdok strains were isolated), were all
present in the same region of the country [14].

In the Slovak Republic, cases of human Pomona related
illnesses have been recognized by serological examina-
tion (MAT) since 1949. In the following years, endemic
strains of animal and human origin from the Pomona
serogroup were isolated.

On the basis of our preliminary experience [15] leptospires
belonging to Pomona and Mozdok serovars both occur-
ring in Slovakia (the latter originate mainly in black-
-striped field mice) the present study was aimed toward
the determination of whether the serovar Mozdok strains
may also play a role in human pathology in the country.

MATERIAL AND METHODS

Serum samples of 21 patients were identified by MAT
to be positive with serogroup Pomona strains. They
all were examined using a battery of Leptospira strains
that occur in Slovakia and present the serogroups
Icterohaemorrhagiae, Grippotyphosa, Sejroe, Javanica,
Pomona, Canicola, Australis, Tarassovi, Bataviae,
Ballum, Autumnalis and Pyrogenes. Sera having a titre
not less than 1:3200 to the strains of both Pomona and

Table 1. Number of patients relative to their regional distribution and causal serovar of leptospires

Geographic regions of Slovakia

Profession or

social group West
Mozdok Pomona Mozdok Pomona Mozdok Pomona
Butchers,
pig breeders ! ¢ E ! J
Pensioners 4 1 1
Others * 4 0 0

*milk made, locomotive driver, unemployed, unknown profession
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Figure 1. Chart of the Slovak republic illustrating the regional distribution

Concerning the sera of our 21 patients, with
the aim of distinguishing etiology of the
diseases on serovar level, the 10% criterion
of the Subcommittee on the Taxonomy of
Leptospira [1] was applied reversely, as was
described earlier [17, 18] as well as in this
study: for the causal Leptospira strain of
the illness was considered that strain af-
ter absorption by which less than 10% of
antibody titre of the unabsorbed patient’s
serum remained in repeated tests. Later
to the Leptospira strains used for absorption
of rabbit immune sera, absorbing strains
Po6stényi (serovar Pomona) and M-71/01 (se-
rovar Mozdok) in case of human sera were
also added.

Ukraine

of patients with Pomona and Mozdok diseases, sites of isolation of Mozdok strains

from Apodemus agrarius and areas of this feral rodent

Mozdok serovars were chosen as suitable candidates for
further examination.

Nine of the patients were originally from the East
Slovakia, 9 from the West Slovakia and 3 from the Middle
Slovakia (Table 1). Sixteen were males and five were
females. Ten were butchers, seven pensioners (one of
them came into contact with pigs), and a milk maid on
a farm, a locomotive driver, an unemployed while the
profession of the last one was not recorded.

Leptospira strains used in this study were the referen-
ce strains Pomona (serovar Pomona) and 5621 (serovar
Mozdok), the endemic strains Simon (human origin,
isolated in East Slovakia, 1954), S-23 (pig, West Slovakia,
1955) and Péstényi (human, from West Slovakia, 1961) as
well as M-210/98 and M-71/01 (both isolated from A. agra-
rius (East Slovakia, 1998 and 2001 respectively) - Table 2.
Microscopic agglutination tests were performed in
the regular way using double dilution technique (geo-
metrical progression), starting with a serum dilution of
1:100 [16].

Agglutinin cross-absorption tests (ACATs) realized
with rabbit immune sera were used in order to class
the endemic strains of leptospires into one of the two
afore-mentioned serovars Pomona and Mozdok. The
technique was repeatedly described in the professional
literature [e.g. 16, 6].

Rabbit immune sera against Leptospira strains were
prepared conventionally [16]. The titres of non-absorbed
sera were 1:6400 or 1:12800. Endemic Leptospira strains
Postényi and M-71/01 were only used in MATs performed
with absorbed rabbit sera, as “twin” strains of those
belonging to serovars Pomona and Mozdok respectively.
The majority of ACATs was repeated more than twice.
Monoclonal antibodies (MADbs) F48C3, F58C1-2 and
F61C7-1[3] kindly provided by the Royal Tropical Institute,
Amsterdam were used for MAT (starting dilution 1:20)
with the Leptospira strains under study.

The random amplified polymorphic DNA (RAPD) was
realized with each examined Leptospira strain and a phy-
logenetic tree was constructed according as described
recently [15].

The agglutinin-absorption test (AAT) with patient’s
sera was performed in a reversed arrangement, i.e.
reversely to the classic agglutinin cross-absorption test.
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RESULTS AND DISCUSSION

Serovar affiliation of the endemic Leptospira strains
to the serovars Pomona or Mozdok by different labo-
ratory methods was the first inevitable step of the study.
The results of ACAT are on Table 2. They demonstrate
that the endemic strains Simon and S-23 belong to se-
rovar Pomona (lines 2, 3, 7, 8, 12, 13) even though the
antigenic composition of the latter strain revealed to be
alittle more complex compared with the strains Pomona
and Simon (lines 12, 13). The strain Péstényi reacted
analogously to the strain S-23. On the other hand, the
endemic strain M-210/98 could be affiliated to the sero-
var Mozdok but seems to be slightly richer in antigenic
components in comparison with the reference strain
5621 (lines 20, 25).

The immune sera prepared against those three strains
of the serovar Pomona after absorption with the serovar
Mozdok strains still agglutinated agglutinated in MATs
the homologous Pomona strains over the 10% antibody
level (lines 4, 5, 9, 10, 14, 15). Vice versa, in both immune
sera of serovar Mozdok after their absorption with serovar
Pomona strains, there were still residual antibodies suffi-
cient to agglutinate mainly the endemic Mozdok strains
but to a lesser extent the reference 5621 strain over the
10% level (lines 17-19, 22-24). The outcome obtained with
the last-named strain corresponds with the discrepancy
related to its separate serovar status observed by different
authors performed with ACATs method [6]. Nevertheless,
the results of MATs with MAbs and those of RAPD used in
this study confirmed that all three Mozdok strains form
a homogenous group distinct from the Pomona strains
on serovar level.

The results of MAT with MADs confirmed the results
obtained by ACATs and showed that all strains of the
Pomona and Mozdok serovars could be distinguished
unambiguously. The strains of both groups reacted
with MADbs F48C3 proving their affiliation to serogroup
Pomona. In contrast, the strains of Mozdok serovar re-
acted with the MAbs F58C1-2 to the titres 1 : 640 (strain
5621) and to 1 : 1240 (strains M-210/98 and M-71/01) and
with the MAD F61C7-1 to the titre 1 : 2560, while all the
three strains of the serovar Pomona gave negative reac-
tions at serum dilution 1 : 20. The outcome corresponds
to that obtained by other authors with the MAbs used
in our tests [3, 4, 5].
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Table 2. Results of agglutinin cross-absorption tests with reference and endemic Leptospira strains

Microagglutination test with antigens

Absorbing

strain Pomona Simon S-23 Po3tényi 5621 M-210/98  M-71/01
1 unabsorbed 100.0 100.0 50.0 50.0 100.0 100.0 50.0
2 Simon -a - - - - - -
3 Pomona S-23 - - - - - - -
4 5621 12.5-25.0° 12.5 12.5 12.5 - - -
5 M-210/98 1.6-12.5 1.6-12.5 1.6-12.5 <1.6-12.5 - - -
6 unabsorbed 100.0 100.0 50.0 100.0 50.0 100.0 50.0
7 Pomona - - - - - - -
8 Simon S-23 - - - - - - -
9 5621 50.0 100.0 50.0 . - - -
10 M-210/98 12.5-50.0 | 12.5-50.0 | 6.3-50.0 6.3-50.0 - - -
1 unabsorbed 50.0 50.0 100.0 100.0 25.0 25.0 50.0
12 Pomona - 6.3-12.5 6.3-12.5 6.3-25.0 - - -
13 S-23 Simon - - 6.3-12.5 6.3-12.5 - - -
14 5621 12.5 50.0 25.0 . - - -
15 M-210/98 12.5 50.0 25.0 . - - -
16 unabsorbed 100.0 100.0 50.0 100.0 100.0 100.0 100.0
17 Pomona - - - - - 25.0 12.5-50.0
18 5621 Simon - - - . 12.5 25.0 25.0
19 S-23 - - - . 12.5 25.0 25.0
20 M-210/98 - - - - - - -
21 unabsorbed 50.0 50.0 25.0 50.0 50.0 100.0 100.0
22 Pomona = = = = = 25.0 50.0
23 M-210/98 Simon - - - - - 12.5-50.0 | 12.5-50.0
24 S-23 - - - - 3.1-12.5 25.0 12.5-25.0
25 5621 - - - - - 6.3-12.5 6.3-12.5

Note: Antibody titres expressed by the reciprocal of serum dilution
Titres of unabsorbed sera were 1:6400 - 112800

2 <10 % of reciprocal antibody titre of unabsorbed immune serum
bresult of repeated test

.not realized

By the used RAPD, an apparent differentiation be-
tween the strains belonging to Pomona serovar and
those assigned to Mozdok serovar was made possible,
their affiliation to one of the two serovars was therefore
feasible. Even though some differences among the sero-
var Pomona strains were found they all form a cluster of
closely related strains yet with a slightly different DNA
patterns (Figure 2). This method with the used primer(s)
allowed not only to differentiate between the two geno-
species of the genus Leptospira (interrogans from kirschneri)
but also showed a good correlation between these ge-
nospecies and the phenotypes of serovars Pomona and
Mozdok. Such a correlation was also proved with Leptospira
strains belonging to different serovars from other sero-
groups [15]. Using each of the three methods, the isolates
M-210/98 and M-71/01 of Apodemus agrarius origin could be
affiliated to serovar Mozdok while the strain S-23 of pig
origin, and Simon and Péstényi of human origin could be
assigned to serovar Pomona. In this way the suitability

of endemic besides reference strains for examination of
patient's sera by absorption tests was revealed.
Patients’ sera. Based on our earlier experiences regar-
ding the proof of the usefulness of the serum AATs in
the serovar diagnosis of human Australis and Sejroe lep-
tospirosis [17, 18], the sera of patients diagnosed merely
by MAT and classified simply as Pomona disease were
examined using AATSs. It was ascertained that both the
Pomona and Mozdok human infections may be also sero-
logically well discriminated using this method. Thirteen
of 21 examined patients were affected by Mozdok illness
and eight by Pomona illness.

Without going through the details, it is necessary to
stress that the serum antibodies of the patients who
were affected by Mozdok after absorption by using all
the strains of the Mozdok serovar (e. g. 5621, M-210/98
and M71/01) gave virtually the same, unequivocal results
using MAT: All three strains of the Mozdok serovar did
not only absorb the corresponding Mozdok antibodies but
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; ; Serovar Strain
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PoSiEny

Simon
POMona PoOmona

5-23

M- 210058

M- T1/01
Mozdok 5621

Figure 2. DNA fingerprints and relatedness between reference and endemic Leptospira strains of serovars Mozdok and Pomona (serogroup

Pomona)

also those reacting in MAT with all strains of the serovar
Pomona (e.g. Pomona, Simon, S-23, P6stényi). On the
other hand after absorption of these sera with the four
strains of the Pomona serovar, very high levels of residual
Mozdok antibodies still persisted. In this way, it was
possible to confirm Mozdok infection in these patients,
as well as the identity or at least a very close antigenic
relation of these absorbing strains (Table 3).

Itis also inevitable to point out that in Mozdok sera absor-
bed by the serovar Pomona strains, differences in residu-
al antibodies among the Pomona strains were registered
in MAT, considering only this group of leptospires and
not the Mozdok group. While in all Mozdok sera except
for one of them, absorbed with the strain Simon, no resi-
dual antibodies were found to be present, a considerable
number of these sera still reacted after absorption with
the strains S-23 and Postényi but rarely after absorption
with the strain Pomona (see Table 3).

On the contrary, MAT results of the absorbed eight
human Pomona sera with the strains of the serovar
Pomona indicated some differences of these strains:
All antibodies (anti-Pomona and anti-Mozdok) of all
sera except one were regularly absorbed with the strain
Simon, nevertheless they were irregularly absorbed by
the strains Pomona, S-23 and Postényi (Table 4, patient
A). However, according to the results of the reference
method ACAT realized using the rabbit’s sera which is
the reference method for serovar typing of leptospires,

all the Pomona strains may be affiliated to the serovar
Pomona (see Table 2).

It should be noticed that the strains S-23 and Postényi
bore virtually the same results with the absorbed sera in
MAT. On the other hand, the strains Simon and Pomona
proved to be a little distinct from one another, and that
they also differ from the strains S-23 and Postényi. The
differences among the various Pomona group strains can
also be seen in the results of AATSs realized with these
sera with the Mozdok group strains.

Antibodies from the last (eighth) patient’s serum were
entirely absorbed only with the strain S-23 (see Table 4,
patient B). Based on this observation it can be derived
that not each Leptospira strain belonging to the serovar
Pomona group may be convenient for discrimination
between the two serovars.

The fact that the strains of the serovar Mozdok are able to
also absorb antibodies in some sera produced against the
Pomona strains and vice versa gives the evidence for the
presence of common antigenic determinants between
both groups of these Leptospira strains. It is noteworthy
that the revealed results that were obtained using the en-
demic strains of leptospires were more convincing than
those that were achieved using the reference strains.
The results of AATs realized with human sera do noten-
tirely correspond with those results that were obtained
by the ACATSs using the rabbit immune sera. The major
determined discrepancy was that in ACATSs the Leptospira

Table 3. Results of agglutinin absorption tests of patient’s serum with Mozdok leptospirosis

Microagglutination tests with antigens

Patient’s absorbed
serum withstrain = pomona Simon s-23 Postényi 5621 M-210/98 M-71/01
5 100.0 100.0 50.0 50.0 50.0 100.0 100.0
Pomona <3] 6.3 <31 <31 50.0 50.0 100.0
Simon <31 31 <31 <31 25.0 50.0 100.0
Patient 5-23 25.0 100.0 <31 <31 25.0 25.0 50.0
pensioner
East Slovakia | Postényi 50.0 100.0 <31 <31 25.0 100.0 100.0
5621 <31 31 <31 <31 31 31 31
M-210/98 <3] 31 <31 <31 <31 <31 <31
M-71/01 31 31 <31 <3] 6.3 6.3 31

Note: Antibody levels expressed in percent of reciprocal values of the serum titre prior to absorption
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Table 4. Results of agglutinin absorption tests of patients' sera with Pomona leptospirosis

Microagglutination tests with antigens

Patient’s Absorbed
serum with strain Pomona Simon s-23 P&stényi 5621 M-210/98 M-71/01

= 50.0 100.0 100.0 100.0 50.0 50.0 50.0
Pomona <16 25.0 25.0 50.0 1.6 31 6.3
Simon <16 <16 <16 <16 <16 <16

potient A ['s23 <16 6.3 <16 3 1255 25.0 125

West Postenyi 1.6 1.6 <1.6 <1.6 6.3 12.5 25.0

Slovakia
5621 6.3 50.0 100.0 50.0 31 <1.6 1.6
M-210/98 31 50.0 12.5 12.5 <1.6 <1.6 16
M-71/01 12,5 100.0 25.0 25.0 6.3 <1.6 31
- 6.3 25.0 100.0 . 6.3 12.5
Pomona 0.8 25.0 100.0 . <0.8 16

Patient B Simon 0.8 1.6 100.0 . <08 <0.8

butcher East

Slovakia S-23 0.8 1.6 0.8 <08 1.6
5621 6.3 12.5 100.0 . <08 0.8
M-210/98 3] 12.5 50.0 . <0.8 <0.8

Note: Antibody levels expressed in percent of reciprocal values of the serum titre prior to absorption

.not realized

strains Pomona and Simon were found to be identical,
which was not the case in the human sera (see Tables 2,
3, 4). This might be explained by inter-species (human
- rabbit) differences in the antibody formation that was
also found in our former study [quoted 16] or by intra-
-species differences in the serological response to the
antigenic stimulus known in men and animals.

It was found that nine patients from the East Slovakia
(out of all 13 patients from the whole Slovak Republic)
were afflicted with Mozdok leptospirosis what corre-
sponds well with the existence of multiple known na-
tural foci of A. agrarius as the maintenance host of the
serovar Mozdok leptospires in this part of the country.
Indeed, in the east part of Slovakia nearly 90 Leptospira
strains belonging to serovar Mozdok were isolated from
this animal species within the period between 1997 and
2010 (not published).

Four of the nine Mozdok patients from the East Slovakia
were pensioners, the professions of the remaining five
were a pig-breeder, a milk made, a locomotive driver,
an unemployed and one with an unknown profession.
All patients were villagers and therefore they could
have been indirectly or directly exposed to rodents’
excrements. It is noteworthy that the majority (> %)
of all 13 Mozdok cases from the whole Slovak Republic
occurred in the warm months of the year, while on the
other hand, Pomona infections were recorded through
all seasons. This epidemiological feature was noted in
East Slovakia in 1961 [19] even prior to the publication
of the first isolation of the serovar Mozdok strain in
1965 [2].

In the West Slovakia, habitats of A. agrarius are geogra-
phically not extended till now, yet the species is sprea-
ding continuously from the south part of the region
toward the north [20]. Even though members of A. agrarius

species were not yet examined for the presence of lep-
tospires in this region, the fact that two cases of human
Mozdok illness detected in the southern part of the
West Slovakia within the area of its habitat, as well
as one case in the western part of the same region of
the country and not far away from a known habitat of
A. agrarius, indicate the possible existence of natural foci
of this leptospirosis and could explain the related recor-
ded human Mozdok diseases.

The origin of one case of the Mozdok illness in the nor-
thern part of the Middle Slovakia might be explained by
the fact that this patient resided in the close vicinity to
an assumed natural focus of this leptospirosis. Indeed, in
this area, eight Leptospira strains belonging to the Pomona
serogroup were isolated from A. agrarius in 1958 [21]. It can
be presumed that these isolates might have belonged to
the serovar Mozdok. However, the antigenic structure
of these strains was not thoroughly examined at that
time. Occurrence of Pomona (slaughter-house) disease
above allin butchers in the West Slovakia and the Middle
Slovakia was not a surprising finding.

Revising the results of the study, it is possible to conclude
that leptospires belonging to the Mozdok serovar may
represent a possible causative agent of human illness.
However, a definitive proof needs to be issued and that is
based on isolation of a Mozdok strain from patients afflic-
ted with this leptospirosis. Nevertheless, the presented
results prove that AAT is a useful tool to differentiate
between human Mozdok and Pomona illnesses.

It should be noted that even though the occurrence of
human Mozdok infections seems to well correspond with
the presence of habitats of the black-striped field mouse,
the number of examined patients do not allow us to draw
a final conclusion about the geographical distribution of
the illness. Nevertheless, it is noteworthy to mention
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that such a correlation was recently noted in a region
in Portugal (14).

CONCLUSION

On the basis of the obtained results it can be stated
that leptospires of the Mozdok serovar can be safely
considered as a causative agent of human illness and
can be diagnosed by serologic methods. The possibility
of acquiring this infection should be taken into account
by physicians examining patients who stayed at places
around the natural foci i.e. habitats of infected small
mammals, due to either professional or leisure acti-
vities. The obtained results can be useful for extended
surveillance of leptospirosis and for the determination
of appropriate epidemiological measures.

REFERENCES

1. World Health Organization. Current problems in leptospirosis re-
search. Techn Rep Series No 380 Geneva: 1967.

2. Semenova LP. New serological subtype of the Pomona Leptospira
group: L. Pomona Mozdok.. J Hyg Epidemiool Microbiol Immunol
(Prague), 1965;9:233-239.

3. Terpstra WJ, Korver H, Schoone GJ et al. Comparative classifi-
cation of Leptospira serovars of the Pomona group by monoclonal
antibodies and restriction-endonuclease analysis, Zbl Bakt Hyg A,
1987,266:412-421.

4. Ciceroni L, Ciarrocchi S, Ciervo A et al. Differentiation of leptospires
of the serogroup Pomona by monoclonal antibodies, pulsed-field gel
electrophoresis and arbitrary primed polymerase chain reaction. Res
Microbiol, 2002;153:37-44.

5. Obregon AM, Fernandez C, Rodriguez | et al. The application of
monoclonal antibody methodology as a tool for serotyping leptospira
isolates in Cuba. Rev Cubana Med Trop, 2007;59:68-70.

6. Kmety E, Dikken H. Classification of the species Leptospira inter-
rogans and history of its serovars. Groningen: University Press 1993.

7. Cernuha JuG, Kokovin IL. The relationship between the antigenic
structure of the Pomona serogroup of leptospiral serotypes and their
circulation in particular species of animals in the USSR. Bull WId Hlth
Org, 1967;7:335-340.

8. Hathaway SC, Marshall RB, Little TWA, et al.. Identification by
crossagglutination absorption and restriction endonuclease ana-
lysis of leptospire of the Pomona serogroup isolated in the United
Kingdom. Res Vet Sci,1985;39:151-156.

9. Zieris H, Wilhelm A. Infektion mit Leptospira interrogans serovar
mozdok beim Rind. Tierarztl Prax 1992;20:33-37.

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE  2018,67,¢. 3

10. Kocik T. Isolation of L. interrogans serovar mozdok from a na-
tural focus of swine leptospirosis (in Polish). Med Wet (Poland);
1989;45:409-41

11. Sebek Z, Trem! F, Valova M. Experimental infection with the virulent
Central-European murine Leptospira Pomona strain in the pig. Folia
Parasitol (Prague), 1983;30:269-275.

12. Rocha T. A review of leptospirosis in farm animals in Portugal. Rev
Sci Tech Off Int Epiz, 1998;17:699-712

13. Barlow AM. Reproductive failure in sows associated with Leptospira
mozdok from a wildlife source. Pig J, 2004;54:123-131.

14. Vieira ML, Gama-Simoes MJ, Collares-Pereira M. Human leptospiro-
sis in Portugal: a retrospective study of eighteen years. Int J Infect Dis,
2006;10:378-386.

15. Resch G., Awad-Masalmeh M, Bakoss P, Jarekova J. Utility of phy-
logenetic studies in the identification of leptospira strain. Epidemiol
Infect, 2007;115:1266-1273.

16. Kmety E. Faktorenanalyse von Leptospiren der Icterohaemorrhagiae
und einiger verwandter Serogruppen. Bratislava: Vyd Slov Akad Vied;
1967.

17. Bakoss P, Kmety E. To the importance of absorption tests in the se-
rotype diagnosis of leptospirosis in humans (in Slovak). Cs Epidemiol
(Prague), 1980;29:165-170.

18. Kmety E, Bakoss P. Zur Serotypendiagnostik der Leptospirosen. In:
Nauman G, Kéhler B. Symposium auslaBlich des 100. Geburtstages von
Johannes Kathe. Rostock: Wilhelm-Pieck- Universitat, 1982; p.39-47.
19. Mittermayer T, Rojkovi¢ D, Kmety E. Leptospiroses in Eastern
Slovakia (in Slovak). In: Sedldk I. Niektoré prirodno-ohniskové nakazy
na vychodnom Slovensku. KoSice: Krajské nakladatelstvo vseobecnej
literatury; 1961; s. 131-163.

20. Stanko M. Mammals of Slovakia, distribution, biology and protecti-
on (in Slovak). In: Kristofik J, Danko § Apodemus agrarius. Bratislava:
Veda SAV; 2012; s.147-154.

21. Kmety E, Plesko I. Investigation of a natural focus of leptospiroses
in the region Orava (in Slovak). Biologia (Bratislava), 1959;14:618-662.

Conflict of interest
The authors declare that there is no conflict of interest.
Do redakce doslo dne 8. 3. 2018.

Adresa pro korespondenci:

Prof. MUDr. Pavol Bakoss, DrSc.

Lekarska fakulta Univerzity Komenského

Spitalska 24

813 72 Bratislava

Slovenska republika

e-mail: pavol.bakoss@fmed.uniba.sk

Inzerce A171003756 ¥




