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Natural foci of Q fever and of spotted fever group rickettsiae in the Kosice district of
east Slovakia are described and discussed. It was established that the natural focus of
Q fever was a secondary one. Cattle were observed to be the main source ofhuman infection
and a high proportion of synanthropic rodents was found to be infested with Coxiella
burnetii. The naturalfocus of spottedfever group rickettsiae was shown to be of a primary
character, such rickettsiae circulating among ticks and small mammals. It is suggested
that natural foci of spottedfever group rickettsiae in east Slovakia may be connected with
the natural distribution of Dermacentor ticks.

In east Slovakia, Q fever has been found in
domestic animals since 1953 (8) and in man since
1962 (4-6, 19). During two epidemics in the village
of Budulov (district of Kosice) in 1969-70 (7),
strain BUD of Coxiella burnetii was isolated from
the blood of a patient suffering from Q fever
(R. Brezina, unpublished data, 1970). In the 1970s
an outbreak of Q fever occurred in the village of
Buzica, in the neighbourhood of Budulov (1971-72)
and sporadic human cases were recorded in the
villages of Vysny Lanec and Nizny Lanec (1972-74).
Further spread of Q fever epidemics was reported
in Perin in 1972-73, and in the villages of Resica
and takanovce in 1974.

Serological examination of small rodents col-
lected in east Slovakia revealed the presence of
antibodies to spotted fever group rickettsiae,
indicating the possibility of their circulation in
this area (11, 12).

This paper presents the results of a survey of the
prevalence of C. burnetii and rickettsiae of the
spotted fever group in ticks, wild mammals, and
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domestic animals, and of C. burnetii in the human
population. An attempt has been made to charac-
terize the foci of rickettsioses caused by those
rickettsiae.

COLLECTION OF MATERIALS

The investigation was carried out mainly in two
areas of the Kosice district. The first area (the
villages of Janik, Buzica, Perin, Chym, Vygny
Lanec, Niiny' Lanec, and Resica) is located 30 km
south-west of the town of Kosice, close to the
Hungarian border; the second (the village of
eakanovce) is located 20 km east of Kosice in the
valley of the Olsava river under the slopes of the
Slanske hills. Both areas are situated in the low-
lands, at an altitude of 200-250 m.

Ticks were collected by dragging a white woollen
blanket over the low vegetation. Fleas and mites
were collected from small mammals captured in
traps (2). The animals were bled by puncturing the
orbital sinus. Some were dissected and their organs
(brain, liver, spleen, and kidneys) were aseptically
removed. The serum of larger wild animals was
obtained from blood samples taken by cardiac
puncture. The sera of domestic animals and human
beings were supplied by the regional hygiene and
epidemiology centre in Kosice.

LABORATORY STUDIES

Detection of rickettsiae in ticks
Infection of unfed ticks with rickettsiae was

determined by the haemocyte test with Gimenez
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staining and by the indirect immunofluorescence
technique with rabbit immune sera (10). The ticks
were sorted into groups of 3-5 specimens according
to the locality, species, sex, and presence of rickett-
siae. Tick suspensions in phosphate-buffered saline
(PBS), pH 7.2, with antibiotics (100 IU of peni-
cillin and 100 ,ug of streptomycin) were prepared
after thorough washing of the ticks in 70% ethanol
and repeated rinsing in sterile distilled water.
Suspensions of ticks containing rickettsiae were
inoculated into the yolk sacs of 7-day-old chick
embryos. No blind passages were performed. Ticks
that were negative in the haemocyte test were tested
by inoculation of the suspensions into white mice.

Isolation of rickettsiae from small rodents

Dissected organs (brain, liver, spleen, and kid-
neys) of small rodents were kept at -50°C. Sus-
pensions made from these organs in PBS were
inoculated into the yolk sacs of chick embryos
and/or by the intraperitoneal route into male
guinea-pigs and hamsters in volumes of 2 ml and
1 ml, respectively. The guinea-pigs were observed
up to the 14th day after inoculation to see if they
developed febrile and scrotal reactions. Both guinea-

pigs and hamsters were bled on the 14th, 21st,
and 30th days after inoculation to determine
whether antibodies were present. When further
passages in laboratory animals were performed,
the blood was taken immediately before the animals
were killed.

Isolation experiments on chick embryos

Chick embryos inoculated with suspensions made
from ticks or from the organs of small rodents
were incubated at 34°C until death and for an

additional 24 h at room temperature following
death. Yolk sac suspensions of the negative embryos
were passaged further (once, twice, or occasionally
three times).

Serological examination

All human and animal sera were examined by
complement fixation with phase-II corpuscular
C. burnetii antigen and soluble antigen of the spotted
fever group rickettsiae. The microagglutination
test (3) was performed only with stained corpuscular
antigen of C. burnetii. All antigens were prepared
in the Department of Rickettsiae, Institute of
Virology, Slovak Academy of Sciences, Bratislava.

Table 1. Infection of ticks collected in the Kogice district in 1974 and
1975 with spotted fever group rickettsiae and rickettsia-like organisms

Rickettsiae Number of
detected rickettsial

Locality of cDateon Tick species by haemocyte trains isolated

females males females males

Buzica 2.4.1974 D. marginatus 0/1 0/3 0 0

I. ricinus 0/9 0/1 0 0

Re§ica 2.4.1974 D. marginatus 5/53 5/44 1 0

/. ricinus 1/1 0/2 0 0

Janik 3.4.1974 D. marginatus 12/121 4/91 3 1

I. ricinus 0/3 0 0

Perln 2.4.1974 D. marginatus 15/18 2/15 1 1

I. ricinus 2/44 3/55 0 0

H. punctata 0/1 0 0

V. Lhnec 3.4.1974 D. marginatus 40/178 38/158 10 7

/. ricinus 1/20 0/11 0 0

takanovce 3.4.1975 1. ricinus 9/50 15/73 0 0

Total 85/499 67/453 15 9

a Number of positive ticks/number of ticks examined.
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RESULTS

Detection ofrickettsiae in ticks andother ectoparasites
Out of 952 ticks examined by the haemocyte test

with Gim6nez staining, 152 (16%) contained rickett-
siae or rickettsia-like organisms, most of them
belonging to the spotted fever group, as confirmed
by the immunofluorescence technique. No substan-
tial difference in the infection of male and female
ticks was observed. In all, 24 strains of the spotted
fever group rickettsiae were isolated from Derma-
centor marginatus in the yolk sacs of chick embryos
(Table 1). Among 12 pools of ticks that were negative
in the haemocyte test, 5 pools collected in 3 different
localities induced antibody response in white mice
to rickettsiae of the spotted fever group (Table 2).
As shown in Tables 1 and 2, C. burnetii was not

detected in ticks by the haemocyte test or by anti-
body response in white mice inoculated with tick
suspensions.

In total, 347 fleas and 50 mites collected from
small wild mammals in 6 localities of the Kosice
district were examined for the presence of rickett-
siae. All results of isolation experiments on the

Table 2. Infection of ticks collected in the Kogice
district in 1974 and 1975 with C. burnetii and spotted
fever group rickettsiae, as tested by antibody response
in albino mice inoculated with tick suspensions

Presence in mice
of antibodies to:

Locality Tick species Sex of ticks spotted
C. fever

burnetli grouprickett-
siae

Buzica D. marginatus females & males - -

/. ricinus females & males - -

ReMica D. marginatus females - +

males - +

Janik I. ricinus females -

D. marginatus females - +

males - -

Perin I.ricinus females - -

males - -

D. marginatus females & males - -

V. L6nec I. ricinus females & males - -

D. marginatus females - +

males - +

yolk sacs of chick embryos and attempts to detect
antibodies in mice inoculated with suspensions of
ectoparasites were negative.

Detection of rickettsiae in small mammals
Serological examination revealed the presence of

antibodies to C. burnetii in 28 (2.2%) and to spotted
fever group rickettsiae in 66 (5.3%.) of 1249 small
mammals. The highest incidence of antibodies to
C. burnetii was noted in Mus musculus (5.9%.) and in
Microtus arvalis (1.4%). Among the other small
mammals, antibodies to C. burnetii were found only
in one animal of each species or were not found
at all. Antibodies to spotted fever group rickett-
siae occurred in almost all animals examined
(Table 3).

In all, 20 isolation experiments (13 on guinea-
pigs, hamsters, and chick embryos; 7 on chick
embryos only) were performed with the organs of
171 small rodents (85 Apodemus agrarius, 27
A. flavicollis, 48 M. arvalis, 2 M. musculus, and
9 Clethrionomys glareolus). Antibodies to C. burnetii
were found only in one guinea-pig inoculated
with a suspension of the organs of A. flavicollis
trapped near Perin and in one hamster inoculated
with a suspension prepared from the organs of
M. arvalis captured in the vicinity of Chym. Anti-
bodies to spotted fever group rickettsiae were
found in guinea-pigs inoculated with suspensions
of the organs of A. flavicollis and A. agrarius
trapped near Perin, and of M. musculus captured
in Buzica. One guinea-pig showed a positive sero-
logical reaction to C. burnetii (titre 1:40) as well
as to spotted fever group rickettsiae (titre 1:10)
on day 6 (the 5th day of febrile reaction) after
inoculation with suspensions prepared from the
organs of A. flavicollis. The organs of the positive
guinea-pig were not passaged further. Those of the
remaining two guinea-pigs (with antibody titres
of 10 to spotted fever group rickettsiae) were
passaged further, but attempts to isolate rickettsiae
were unsuccessful. In hamsters, no antibodies to
rickettsiae of the spotted fever group were detected
(Table 4).

Detection of rickettsiae in chick embryos
Rickettsiae were found in two cases: in chick

embryos inoculated with suspensions of the organs
of A. agrarius trapped near Chyrm and of M. arvalis
captured near the village of Vignf Lanec. The
former case involved a rickettsia-like organism that
did not react with antigens of commonly known
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Table 3. Detection of antibodies to C. burnetli and spotted fever group rickettsiae in small mammals collected in
the Kogice district in 1973 and 1974 a

Date of Apodemus Apodemus Clethrionomys Microtus Sorex Mus RattusLocality collection agrarius f/avicollis glareolus arvalis araneus musculus norvegicus

Buzica 1973 17/0/0 b 1/0/0 11/0/0 10/0/0 3/0/0

1974 3/0/0 3/0/0 3/1/1 2/0/1 31/4 C/0

Janik 1973 29/0/0 9/0/0 8/0/0 9/0/0

1974 40/0/n.d.

Ch5rm 1973 42/0/1 22/0/0 5/0/0 7/0/2 4/0/0

1974 44/0/3 14/0/1 3/0/1 11/1/0 85/8/3 22/1/4

Cakanovce 1974 58/0/2 58/0/1 111/0/5 64/0/0

Perin 1973 27/0/0 1/0/0 3/0/2 63/0/1 4/0/0
1974 27/1/0 3/0/0 38/3/2 22/1 /n.d.

Re§ica 1973 52/0/0 12/0/0 5/0/1 2/0/0 3/0/0

1974 9/0/0

V. Lhnec 1973 26/0/0 33/0/1 5/0/0 14/0/2 2/0/0
1974 10/0/0 8/0/1 d 5/0/0 22/0/10 103/8 e/1 9

V. Kamenica 1974 9/0/0 3/0/1 1/0/0

Bidovce 1974 2/0/0 2/0/0 3/0/0 1/0/1

Total 1249/28/66 346/1/6 169/0/5 48/1/5 293/4/23 17/0/1 354/21/22 22/1/4

a Unless otherwise stated, sera contained antibodies with titres of 4-32.
b Number of sera tested/number of sera positive to C. burneti//number of sera positive to spotted fever group rickettsiae.
c Titre of 256.
d Titre of 64.
e Titre of 320 in 2 sera, of 40 in 2 sera, and of 20 in 4 sera.

rickettsiae; the latter, a rickettsial strain of the
spotted fever group.

Serological examination of larger wild animals
In the vicinity of Buzica, Perfn, and Chym and of

the town of Moldava nad Bodvou, 50 hares, 1 red
deer, 1 fox, and 11 pheasants were examined
serologically during the hunting season in 1974.
Only the sera of 2 hares shot near Chfm contained
antibodies to the spotted fever group rickettsiae,
and no antibodies to C. burnetii were found.

Serological examination ofdomestic animals
Serological examination of cattle from collective

farms and of cattle and other domestic animals
(ducks, hens, geese, pigs, cats) privately owned by
persons with antibodies to C. burnetii revealed a
high incidence of Q fever, mainly in the cattle from
collective farms (Table 5). Near Moldava nad
Bodvou, the sera of 10 (0.9%°) of 114 cows from

collective farms showed a positive reaction (titres
of 1:8-1:16) with antigen of spotted fever group
rickettsiae.

Serological examination of the human population
The results of this survey, showing the prevalence

of Q fever in the Kosice district in 1969-74, are
given in Table 6. Most of the human cases diagnosed
clinically and serologically in 1969-72 occurred in
Budulov and Buzica. In 1973-74, most of such
cases were found in Perin, &akanovce, and Resica.
The additional serological examinations performed
in 1972-74 revealed a high proportion of sera
positive to Q fever (with titres between 4 and 128)
among workers on the collective farms in Budulov,
Buzica, and Resica, who did not, however, develop
overt Q fever infection (Table 6).
To determine whether persons other than agri-

cultural workers are exposed to Q fever after contact
with cattle and their products, the sera of workers

34



RICKEITSIOSES STUDIES. 2

Table 4. Evidence of C. burnetii and spotted fever
trapped in the Kolice district in 1974

group rickettsiae (SF group) in the viscera of small rodents

Complement fixation
No. of Viscera Yolk sacs of with sera of:

Locality Rodent species tested tested embryonated
rodents hen's eggs guinea-pigs hamsters

C. burnetil SF group C. burnetii SF group

ChSm A. agrarius 43 a mixed b +7?

A flavicollis 15 brain -

C. glareolus 3 mixed - n.d. n.d. n.d. n.d.

M. arvalis 11 C mixed - - - 1:20
V. Lhnec A. agrarius 12 brain - -

A. flavicollis 6 brain -

C. glareolus 3 mixed - n.d. n.d. n.d. n.d.
M. arvalis 23 mixed + -

Perin A. agrarius 27 a brain - - 1:10

A. flavicollis 3 mixed n.d. 1 :40 1 :10

M. arvalis 12 brain - - - - -

Buzica A. agrarius 3 mixed - - n.d. n.d. n.d.

A. flavicollis 3 mixed - - - - -

C. glareolus 3 mixed - n.d. n.d. n.d. n.d.

M. arvalis 2 mixed - - - - -

M. musculus 2 mixed - - 1:10

Total 171 2 1 3 1

a Only 18 specimens examined in egg yolk sacs.
b Brain, kidneys, liver, and spleen.
c Only 7 specimens examined in egg yolk sacs.

in abattoirs and meat processing plants in the
towns of Kosice, Presov, Humenn6, and Svit
(all in east Slovakia), and of the personnel of the
microbiological department at the hospital in
Kosice as a control group, were examined for the
presence of antibodies to C. burnetii. As shown in
Table 7, a high prevalence of Q fever antibodies
was found in the sera of workers in the abattoirs,
indicating that persistently infected cattle delivered
for slaughter may be a source of Q fever infection
for these occupationally exposed groups.

DISCUSSION

Since 1954, Q fever has been found almost all
over Slovakia, and repeated epidemics in domestic
animals and man have been observed in various
parts of the country (A. Palanova, unpublished

observations, 1973). It is supposed that the epidemics
in Budulov in 1969 resulted from the transfer of
infected farm animals from central Slovakia (village
of Maskova, district of Lucenec), where Q fever
occurred in nature as well as in domestic animals
and man (13). Our findings of a high prevalence
ofQ fever in cattle and of the occupational character
of human cases indicate that cattle are the main
source of human infection also in the Kosice district.
We suggest that the infection is transferred to man
via the respiratory tract. Besides the cases diagnosed
clinically and serologically, a large proportion of
human cases probably went unnoticed. The number
of such cases is no doubt underestimated, since the
possibility of contracting infection from occupational
exposure to persistently infected dairy cows is
very high and many cases may be escaping diagnosis.

In this study of the focus of Q fever in the Kosice
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Table 5. Antibodies to C. burnetii in sera of domestic animals collected in the Kogice
district in 1974

Animal No. of Proportion of
Locality Epidemiological connexions species sera testied sera positive

Buzica animals of farmers with antibodies to ducks 13 3.6
C. burnetii

hens 28

pigs 10

cattle I

geese 2

animals from collective farms cattle 80 25.0

Perin animals of farmers with antibodies ducks 7
to C. burnetii

hens 52 1.9

pigs 5

cattle 6

cats 1

animals from collective farms cattle 420 25.0

Moldava n/B. animals from collective farms cattle 114 1.8

Cakanovce animals from collective farms cattle 180 35.5

Novadany animals from collective farms cattle 114 34.0

Seiia animals from collective farms sheep 40 12.5

cattle 61 1.5

Trstena p.H. animals from collective farms cattle 50 20.0

Kotice animals from collective farms geese 100 17.0

Table 6. Prevalence of Q fever in the human population of the Kosice district in 1969-74

Number of clinically and serologically diagnosed human cases in: Additional seropositive personsin 1972-74
Locality

1969 1970 1971 1972 1973 1974 No. positive Percentage

8udulov 28 26 79 51 64.6

Buzica 11 9 1 88 30 34.1

N. Lanec 1 1

V. Lanec 1 1

Perin 5 19

Chym 1

ReMica 7 140 42 30.0

takanovce 18

Moldava n/B. 366 36 9.8
& vicinity
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Table 7. Survey of Q fever antibodies in employees of abattoirs and meat production
plants in east Slovakia in 1972-73

Percentage of sera
No. of sera No. of positive positive in

Locality Personnel of: examined sera complement fixation
test (titres of
1: 8-1 :32)

Humenn6 abattoir 141 3 2.1

Kotice abattoir 104 35 33.7

Ko§ice hospital (control group) 128 4 3.1

Pretov abattoir 164 23 14.0

Pre§ov meat processing plant 99 2 2.0

Pretov meat refrigeration depot 46 11 23.9

Svit abattoir 117 24 20.5

district, ticks were not found to be infested with
C. burnetii, as was confirmed by the haemocyte test
and by the negative results of isolation experiments,
and a very low prevalence of C. burnetii in small
animals was noted. Suspensions of fleas and mites
collected in great numbers from small rodents
did not induce antibody response to C. burnetii
in white mice and did not yield C. burnetii in isolation
experiments on the yolk sacs of chick embryos,
contrary to the results obtained with ectoparasites
collected from mole nests in central Slovakia (14).
The presence of C. burnetii was clearly demonstrated
only in synanthropic rodents, which indicates that
it circulates only in and around farms. Therefore,
the focus of Q fever in the Kosice district must be
of a secondary character, possibly with the natural
dissemination of the infection among small wild
mammals and their ectoparasites, as occurred in
central Slovakia (9, 11, 12, 14).

Preliminary studies on species characterization
revealed that the sera of white mice and guinea-
pigs inoculated with the rickettsial strains isolated
in the Kogice district reacted with antigens of
Rickettsia siberica and of four strains of spotted
fever group rickettsiae isolated in central Slo-
vakia (11), but did not react with antigens of R. pro-

wazekii and R. canada. Spotted fever group rickett-
siae were commonly detected by the haemocyte
test in ticks of the Dermacentor and Ixodes genera,

and 24 strains of these rickettsiae were isolated
from D. marginatus. These results, supplemented
by the isolation of spotted fever group rickettsiae
from M. arvalis and the incidence of antibodies to
these rickettsiae in a variety of tick hosts, indicate

that the area under study is a primary endemic
focus of spotted fever group rickettsiae.
The detection of such rickettsiae in east Slovakia

has been a logical continuation of the investigations
carried out in other parts of Europe and Asia,
e.g., in central Slovakia (1, 11), in Pakistan (15, 16),
in Armenia (20), and in Austria (17, 18). The cir-
culation of these rickettsiae in ixodid ticks of the
Dermacentor, Haemaphysalis, and Ixodes genera
has been established, the most heavily infected of
them being D. marginatus. On this basis we assume
that the existence of natural foci of spotted fever
group rickettsioses in Europe and Asia is connected
with the natural distribution of D. marginatus,
and, to a lesser extent, that of other ixodid ticks.
The small mammals that are the natural hosts of
ixodid ticks and contain, in a high proportion,
antibodies to the spotted fever group rickettsiae
may be the reservoirs of these rickettsiae in nature.
Our investigation has also furthered species

differentiation of the spotted fever group rickett-
siae and helped to determine their geographical
distribution in Europe and Asia. Thus R. conorii
occurs in south-eastern Europe (Bulgaria and
Romania), and in eastern Asia R. siberica (21),
R. conorii, and a new rickettsial species (16) are
found. The most typical biotopes of R. conorli
are in the wet-climate areas around the Black
Sea, the Caspian Sea, and the Mediterranean.
R. siberica is typically found in a dry forest-steppe
biotope. The biotopes of the spotted fever group
rickettsiae occurring in east Slovakia-namely,
cultivated and meadow steppes with sparse
forests-share some of the characteristics of the
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biotopes of R. siberica. Thus, besides the new species
of spotted fever group rickettsiae, the circulation
of R. siberica and perhaps of R. conorii in east
Slovakia is not excluded.
The biotopes of both Q fever and spotted fever

group rickettsiosis are located very close to the

Hungarian border. Though we are not aware of
the presence of rickettsioses in Hungary, it is quite
possible that C. burnetii and spotted fever group
rickettsiae may be circulating also in that country,
since similar biotopes exist on the Slovak side
of the border.

RItSUME

ETUDES SUR LES RICKETTSIOSES. 2. FOYERS NATURELS DE RICKETTSIOSES EN SLOVAQUIE ORIENTALE

Les auteurs ont etudie le caractere des foyers naturels
de fievre Q et de rickettsioses, dues aux rickettsies du
groupe de la fievre pourpree, dans le district de Kosice,
en Slovaquie orientale. Ils ont releve la pr6sence d'anti-
corps anti-Coxiella burnetii chez 28 (2,2%) des 1249
petits mammiferes etudies, principalement des rongeurs
synanthropes; chez 21 (5,9%Y.) des 354 souris domestiques
(Mus musculus); et chez 4 (1,4%) des 293 Microtus arvalis
synanthropes, captures occasionnellement dans la zone
d'etude. II semble que la source d'infection ait ete le
betail car il presentait une incidence eleve, d'anticorps
anti-C. burnetii (1,5-35,5 %). On a egalement trouve ces
anticorps chez des habitants des villages oii avaient sevi
des epidemies de fievre Q (9,8-64,6%) ainsi que chez des
ouvriers de l'industrie de la viande en Slovaquie orientale
(2-33,7 %). Ces observations et des donnees epidemio-
logiques anterieures montrent que le foyer naturel de
fievre Q etudie etait un foyer secondaire.

En revanche, le foyer naturel de rickettsioses du groupe
de la fievre pourpree etait un foyer primaire, les rickettsies
de ce groupe circulant chez les tiques Dermacentor
marginatus et les petits mammiferes. Ces rickettsies ont
ete decelees au moyen du test des hemocytes chez 152
(16%) des 952 tiques etudies, dont on a isole ensuite
24 souches rickettsiennes. Les examens serologiques pra-
tiques sur 1249 petits mammiferes ont r6vele la presence
d'anticorps contre les rickettsies du groupe de la fievre
pourpree chez 66 d'entre eux (5,3 Y.). Sur les 171 petits
mammiferes dont les organes ont ete soumis 'a des tests
d'isolement, on a isole une souche rickettsienne de ce
groupe i partir du cerveau de M. arvalis. I1 semble que
1'existence de foyers naturels de rickettsioses du groupe
de la fievre pourpree en Europe et en Asie soit liMe a la
distribution naturelle des tiques Dermacentor.
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