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Rickettsioses studies.
3. Natural foci of rickettsioses in south Bohemia
J. I EHACEK, J. VO§TA,2 I. V. TARASEVIC,3 R. BREZINA,1 V. A. JABLONSKAJA,3
L. F. PLOTNIKOVA,3 N. F. FETISOVA,3 & P. HANAK 2

Antibodies against Coxiella burnetii and against rickettsiae of the spotted fever group
were found in human sera and in sera from domestic and wild animals collected in south
Bohemia. Spotted fever group rickettsiae were also discovered in the tick Ixodes ricinus.
These results indicate the presence of both types of rickettsiae in this part of Czechoslova-
kia. As no epizootics or epidemics ofQ fever have as yet been reported in the area, it can be
assumed that C. burnetii occurs in the latent state. The occurrence of spotted fever group
rickettsiae is probably endemic among I. ricinus ticks and among small and larger wild
mammals.

Several sporadic cases and epidemics of Q fever
occurred in central and west Bohemia in 1952-54
(5, 7, 9, 10) and later in north and north-east
Bohemia (4, 8). The presence of Coxiella burnetii was
further confirmed in east Bohemia by detecting this
rickettsia in Sorex araneus and the tick Ixodes
ricinus (15), and by the existence of rickettsial anti-
bodies in the pheasant and the roebuck (16). Since
that time no data have been published on the
occurrence of Q fever in Bohemia or Moravia.
When the role of small mammals as reservoirs of

anthropozoonoses was studied in south Bohemia,
antibodies against C. burnetii were found in one
Clethrionomys glareolus in 1968, in one C. glareolus,
and in four small rodents (Apodemus spp.) in 1969.
To obtain more information, animals collected in
three districts of Bohemia and two districts of
Moravia were screened for the presence of anti-
bodies against C. burnetii and against spotted fever
(SF) group rickettsiae. For comparison, the same
tests were conducted in one known focus of rickett-
sioses in Slovakia. This investigation revealed the
presence of both rickettsiae in all three territories of
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Czechoslovakia, the proportions of positive sera
being very similar, as shown in Table 1. These
findings, together with reports on rickettsioses in
some countries adjacent to Bohemia, e.g., in Aus-
tria (17) and the Federal Republic of Germany (6),
led us to investigate the ecology of rickettsioses in
Bohemia more closely. Since 1972, we have made a
thorough search for rickettsioses in south Bohemia
by serological examination of wild mammals,
domestic animals, and human subjects for the pres-
ence of rickettsial antibodies, and by testing for the
existence of rickettsiae in ticks.

COLLECTION OF MATERIALS

Although serological examination of man, cattle,
and hares was in some cases extended to adjacent
areas, most of the localities studied were situated in
tle Ceskobudejovicka depression. These areas are
low-lying, with many ponds, and are characterized
by lower average temperatures and substantially
higher rainfall than other parts of Bohemia and
Slovakia. They also share peculiarities of flora and
fauna, including those species that are either possible
reservoirs or vectors of rickettsiae. For example,
there is an absence of the species of Haemaphysalis
and Dermacentor that occur in south Moravia
(H. concinna and D. reticulatus) and in Slovakia
(H. punctata, H. inermis, and D. marginatus). Among
small mammals, Apodemus agrarius does not occur
in south Bohemia but it is abundant in east Slovakia,
and members of the genus Crocidura are also very
rare.
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Table 1. Evidence of antibodies to C. burnetii and SF group rickettsiae in small mammals collected in Czechoslovakia
in 1971

Date of No. of No. of sera with antibodies to
Territory District Locality collection Species animals

tested C. burnetii SF group

Bohemia Turnov Sedmihorky 7 July A. flavicollis 2 1
C. glareolus 9 - 2
S. araneus 1 1

Beroun Srbsko 15 July M. arvalis 5 - 2
A. flavicollis 6 -

C. glareolus 2

C. Budejovice Borek 16 July M. arvalis 2 - 1
A. flavicollis 4 -

C. glareolus 19 - 11
S. araneus 6 -

Total 56 2 (3.6%) 16 (28.6%)

Moravia Blansko D. Lhota 13 July A. flavicollis 9 -

C. glareolus 27 1 5
S. araneus 1 1

Znojmo Znojmo 17 July A. flavicollis 3 -

C. glareolus 5 - 3

Total 45 2 (4.4%) 8 (17.8 %)

Slovakia V. Krtit Senn6, gula, 8-10 July M. arvalis 4 - 1
Milotince A. flavicollis 16 - 4

C. glareolus 6 - 2
Crocidura spp. 2 -

S. araneus 3 1 2
S. minutus 3 - -

Total 34 1 (2.9 %) 9 (26.5 %)

Ticks were collected by trailing a white woollen
blanket over the low vegetation. Small mammals
were captured in special traps (2) and blood samples
for serological examination were taken from the
orbital sinus. Some animals were dissected and their
organs (brain, liver, spleen, and kidneys) were asepti-
cally removed and stored at -35°C for isolation
experiments. The sera of larger wild mammals (hares
and foxes), which were hunted and shot, were ob-
tained from blood samples taken by cardiac punc-
ture. The sera of domestic animals were supplied by
the Central State Veterinary Institute in Ceske Bude-
jovice, and human sera by the regional hygiene and
epidemiology centre in Ceske Budejovice.

LABORATORY STUDIES

Detection of rickettsiae in ticks, and isolation ex-
periments

Unfed ticks were examined for infection with
rickettsiae, using the haemocyte test (11) with Gime&
nez staining (3), and the indirect immunofluores-

cence technique with rabbit immune sera. The isola-
tion experiments were carried out only on ticks that
were positive for rickettsiae in the haemocyte test.
Suspensions of ticks containing rickettsiae were in-
oculated into the yolk sacs of 7-day-old chick em-
bryos. The presence of rickettsiae in ticks was fur-
ther confirmed by antibody responses in white mice
inoculated with tick suspensions.
The experiments on isolation from organs of small

mammals were carried out with groups of 5 animals
of each species, each group collected in the same
locality. The method was that used in the study of
natural foci of rickettsioses in east Slovakia (14).

Serological examination
All human and animal sera were examined using

the complement fixation test with soluble antigen of
Rickettsia slovaca, strain B (1), and the microaggluti-
nation test with stained phase-II corpuscular C. bur-
netii antigen. Both antigens were prepared in the
Department of Rickettsiae, Institute of Virology,
Slovak Academy of Sciences, Bratislava. Sera with
antibody titres > 1: 8 were considered positive.
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Table 2. Infection of I. ricinus ticks collected in April 1975 in south Bohemia with SF group rickettsiae

No. of ticks No. of ticks containing rickettsiae as detected by
District Locality investigated Gim6nez staining immunofluorescence technique

females males females males females males

C. Bud6jovice Chlumec 86 87 3 1 2 not done

HlubokS 118 145 2 3 1 not done

CeMzovice 120 139 1 2 1 2

tejkovice 185 131 1 4 1 4

NWmrice 97 90 1 4 1 3

Prachatice 2itnb 127 112 1 3 1 1

Total sexes separately 733 704 9 (1.29 %) 17 (2.4 %) 7 (1.0 %) 10 (1.4 %)

both sexes 1437 26 (1.8 %) 17 (1.2 %)

RESULTS

Detection of rickettsiae in ticks
Examination of I. ricinus ticks caught in south

Bohemia in 1975 for infestation with rickettsiae gave

positive results as evidenced by both tests. Table 2
shows that out of 1437 ticks examined, 26 (1.8%)
contained rickettsiae according to Gimenez staining,
among them 9 females (1.29 %.) and 17 males (2.4 %);
by the immunofluorescence technique, 17 (1.2%)
were found to be positive, of which 7 were females
(1.0%) and 10 males (1.4%): all these rickettsiae
belonged to the SF group. However, rickettsiae
could not be isolated in the yolk sacs of chick

embryos, nor could specific rickettsial antibodies be
found in white mice inoculated with tick suspen-
sions.

Detection of rickettsiae in small wild mammals
As shown in Table 3, serological examination of

342 small wild mammals collected in 1974-76
revealed the presence of antibodies against C. burne-
tii in 1 Mus musculus (0.03%) and against SF group
rickettsiae in 28 animals (8.2%) belonging to all the
species tested. Most frequently found in the area

were rodents of the species Apodemus; of 202 sera

collected from these animals, 14 (6.9%) had anti-
bodies against SF group rickettsiae. However, the

Table 3. Antibodies to C. burnetii and SF group rickettsiae in sera of small mammals collected in south Bohemia
in 1974-76

Date of No. of No. of sera with antibodies to
District Locality collection Species animals

tested C. burnetli SF group

C. Bud6jovice N6mdice, 28-31 Aug. 1974 M. arvalis 2 - -
Cejkovice, M. agrestis 5 -

M. Chra§t'any Apodemus sp. 97 - 7
C. glareolus 18 - 5
Mus muscu/us 72 1 1

N6mdice, 29 Sept.- M. agrestis 3 -

Cejkovice, Bfehov, 2 Oct. 1975 Apodemus sp. 54 - 4
CeMnovice Mus musculus 6 -

Prachatice Zitn6 30 Aug. 1974 M. arvalis 9 - 3
Apodemus sp. 34 - 1
C. glareolus 5 - 2

C. Krumlov Kfem2e 30 June- M. arvalis 9 - 2
(15 km radius) 9 July 1976 M. agrestis 3 -

Apodemus sp. 17 - 2
C. glareolus 4 - 1
S. araneus 4 -

Total 342 1 (0.3 %) 28 (8.2 %)
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Table 4. Antibodies to C. burnetii and SF group rickettsiae in sera of hares collected in south Bohemia in 1975

Sera with antibodies to:

C. burnetii SF group
No. of

District Locality animals No. and Titres No. and Titres
tested (%) of (%) of

sira1v : 8 1 :16 1: 32 1: 64 sera 1: 8 1 :16 1: 32 1: 64

t. Bud6jovice Btehov 37 3 (8.1) 1 2 - - 1 (2.7) - 1 -

Hola§ovice 31 2 (6.5) 1 - - 1 4 (12.9) 3 - 1

Zabovfesky 47 3 (6.4) 2 - 1 - - - -

Zliv 109 2 (1.8) - 1 1 - 3 (2.8) 2 - - 1

TAbor MN.ice 39 4 (10.3) - - 3 1 - - - -

Total 263 14 (5.3) 4 3 5 2 10 (3.8) 5 1 1 1

highest prevalence of antibodies against rickettsiae
of the SF group was noted in Clethrionomys glareo-
lus and Microtus arvalis, namely in 8 (29.6 %) out of
27 and in 5 (25%) out of 20 animals, respectively.
Though antibody titres of 1: 32 and 1: 64 were
found in two individual Apodemus sp., suggesting
their recent infection with SF group rickettsiae, no
rickettsiae could be isolated from the organs of small
mammals. Apart from these two animals, all the
antibody titres were 1: 8 or 1: 16.

Serological examination of larger wild mammals
Interesting results were obtained by examination

of sera from 263 hares collected in 6 different
localities in the winter of 1974-75: antibodies against
C. burnetii were found in 14 (5.3 %) and against SF
group rickettsiae in 10 (3.8%) (Table 4).

Antibodies against C. burnetii with a titre of 1: 64
were also found in 1 fox trapped in December 1974.

Serological examnination of domestic animals
Sera from cattle, sheep, and horses were exam-

ined. Of 1329 cattle sera, 17 (1.3 %) contained
antibodies against C. burnetii and 87 (6.5 %) against
SF group rickettsiae. In the sera from 139 horses,
antibodies against C. burnetii were found in 2 (1.4 %)
and against SF group rickettsiae in 4 (2.8 %). Sheep
sera also contained antibodies against both types of
rickettsiae; of 52 sera tested only 1 (1.9%) had
antibodies against C. burnetii, but 19 (36.5%) had
antibodies against SF group rickettsiae (Table 5).

Serological examination of the human population
Of a total of 1086 human sera collected in 1975

and 1976 (see Table 6), antibodies against C. burnetii

were found in 19 (1.7 %) and
rickettsiae in 15 (1.4%).

against SF group

DISCUSSION

Our investigation shows that the prevalence of
antibodies against C. burnetii was similar in human
and animal sera collected in south Bohemia. Even
though a limited sample was examined, it was
sufficient to conclude that C. burnetii was most
probably transmitted by direct contact among ani-
mals and by human contact with infected animals or
their excrement.
The 1086 human cases tested comprised 312 men

and 774 women, the proportions of positive sera
being 3.5%0 and 1.00%, respectively. Of those whose
sera were found positive, none remembered having
received a tick bite. Anamnestic data could be taken
into account in only 4 patients who were suffering
from an influenza-like disease, with chronic bronchi-
tis. The antibodies against C. burnetii found in the
remaining persons could hardly be connected with Q
fever, because they were either hospitalized (in uro-
logical, dermatological, or dental wards) in the
regional hospital, or had undergone general medical
examinations that had revealed nothing unusual. No
connexion could be discovered between the presence
of antibodies against C. burnetii and possible expo-
sure to Q fever in nature or at the workplace,
because persons with Q fever antibodies had such
different occupations as driver, engine-driver, crane-
driver, general labourer, and government official.
Four of them were pensioners, but none of them was
a farmer, as might have been expected.
Of considerable interest is the comparatively high
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Table 5. Antibodies to C. burnetii and SF group rickettsiae in sera of domestic animals collected in south Bohemia
in 1973-76

Sera with antibodies to:

No. of of Animal No. of C. burnetii SF group
District locali- Daeo Aia sera

ties collection species tested No. and Titres No. and Titres
tested (%) of sera (%) of sera

positive 1:8 1:16 1:32 positive 1:8 1:16 1:32 1:641:128

C. Budejovice 7 1973-76 cattle 573 11 (1.9) 9 2 - 69 (12.0) 40 19 8 1 1

1 1973-76 horses 139 2 (1.4) 1 1 - 4 (2.8) 4 - - - -

1 1976 sheep 52 1 (1.9) 1 - - 19(36.5) 11 6 2 - -

Prachatice 1 1976 cattle 133 3 (2.3) 1 - - 10 (7.5) 5 1 2 2 -

Sobeslav 2 1976 cattle 67 - - - - - - - - -

Milevsko 4 1976 cattle 469 - - - - 4 (0.9) 1 2 1 - -

Pacov 2 1975-76 cattle 65 3 (4.6) 1 1 1 4 (6.2) 4 - - - -

Tachov 1 1976 cattle 22 - - - - - - - - -

Total 1520 20 (1.3) 110 (7.2)

Table 6. Antibodies to C. burnetii and SF group rickettsiae in human sera in south Bohemia in 1975-76

Sera with antibodies to:

C. burnetii SF group
Sex No.ofsted a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ex tested MNo. and (%) Titres No. and (%) Titres

of sera of sera
positive 1:8 1:16 1:32 1:64 1:128 positive 1:8 1:16 1:32

Male 312 11 (3.5) 6 1 2 - 2 2 (0.6) - 2 -

Female 774 8 (1.0) 6 1 1 - - 13 (1.7) 10 2 1

Total 1086 19 (1.7) 12 2 3 - 2 15 (1.4) 10 4 1

prevalence of antibodies against C. burnetii in hares,
in contrast with a low prevalence of antibodies
against SF group rickettsiae. Previous research
revealed no antibodies against C. burnetii in hares
shot throughout Slovakia, and often directly in
natural foci of rickettsioses, whereas sera of those
shot in central Slovakia contained a high proportion
of antibodies against SF group rickettsiae (12).
The transmission of C. burnetli in south Bohemia

remains problematical. The possibility of mutual
transmission between cattle and hares on the pas-
tures cannot be taken into account at present,
because cattle are not pastured in this area. The
examination of ticks for infestation with C. burnetii
also showed negative results. In view of this, it will be
necessary to make further studies of the role of other
ectoparasites in transmission of C. burnetii.

The finding of antibodies against C. burnetii in a
fox is not surprising, because foxes are often infected
with C. burnetii (12). They may serve as a good
indicator of the circulation of C. burnetii in nature.
The prevalence of rickettsiae in wild carnivora has
always been high, owing to the many possibilities for
infection. This could occur from a bite by an
ectoparasite, from vegetation, or from eating infect-
ed prey, as well as through direct contact with
C. burnetil in pastures, nests of reservoir animals,
and in farm buildings.
At first sight the comparatively low prevalence of

antibodies against C. burnetii and rickettsiae of the
SF group in human beings and domestic animals is
surprising. This can be related to the low infestation
of the ticks with rickettsiae. Indeed, SF group
rickettsiae were detected in L ricinus ticks, collected
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in south Bohemia, in a far lower proportion than in
D. marginatus ticks collected in Slovakia (12) or in
L ricinus ticks, collected in the surroundings of the
town of Bratislava (1ehacek, unpublished data). On
the other hand, wild rodents in south Bohemia
contained antibodies against SF group rickettsiae in
proportions similar to those of wild rodents trapped
in Slovakia. It is quite possible that ectoparasites

other than L ricinus ticks (e.g., fleas and mites) may
serve as vectors of SF group rickettsiae in south
Bohemia, as postulated for central Slovakia (13).
Although the results indicate only a sporadic

occurrence of Q fever and SF group rickettsiae in
south Bohemia, without any concomitant epizootics
and epidemics, they deserve the attention of public
health and veterinary institutions.
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RESUME

ETUDES SUR LES RICKETTSIOSES. 3. FOYERS NATURELS DE RICKETTSIOSES DANS LE SUD DE LA BOH'EME

Des foyers naturels de fievre Q et de rickettsioses du
groupe de la fievre pourpree sont decrits et etudies. En
1975, dans le sud de la Boheme, on a recherche la pre-
sence de rickettsies chez 1437 tiques Ixodes ricinus. Des
rickettsies du groupe de la fievre pourpree ont 6te
trouvees chez 1,2% des arthropodes examin6s, & 1'exclu-
sion de toute autre souche de rickettsies. Parmi 342 petits
mammiferes captures en 1974-1976, on a trouve des
anticorps contre Coxiella burnetii chez un seul Mus
musculus, et des anticorps contre les rickettsies du groupe
de la fievre pourpree chez 28 animaux appartenant a
toutes les especes representees dans ce groupe de petits
mammiferes. Parmi les 263 lievres captures en 1974-
1975, 14 possedaient des anticorps contre C. burnetii et
10 contre des rickettsies du groupe de la fievre pourpr6e.
On a examine 1329 s6rums de bovins, dont 17 conte-
naient des anticorps contre C. burnetii et 87 contre les
rickettsies du groupe de la fievre pourpree. Parmi
139 chevaux dont les serums ont ete eprouves, il y avait
des anticorps contre C. burneiii chez 2 d'entre eux, et des
anticorps contre les rickettsies du groupe de la fievre
pourpr6e chez 4. Parmi les serums de 52 moutons,
1 seulement contenait des anticorps contre C. burnetti,
mais 19 en contenaient contre les rickettsies du groupe
de la fievre pourpree. En 1975 et 1976, 1086 serums

humains ont et6 recueillis et on a trouve des anticorps
contre C. burnetii dans 19 d'entre eux, et contre les
rickettsies du groupe de la fievre pourpree dans 15.

La frequence relativement faible des anticorps contre
C. burnetii et contre les rickettsies du groupe de la fievre
pourpree chez les hommes et les animaux domestiques
peut 8tre rapportee A la faible infestation des tiques par
les rickettsies. Un fait de grand interet est la frequence
relativement elevee des anticorps anti-C. burnetii chez
les lievres. I1 apparait que le probleme de la circulation
de C. burnetii dans le sud de la Boheme est assez com-
pliqu6. I1 ne peut s'agir d'une transmission reciproque
de C. burnetii entre les bovins et les lievres sur les patu-
rages, car il n'y a pour ainsi dire pas de bovins paissant
dans cette region. Les resultats negatifs donnes par la
recherche de C. burnetii chez les tiques montrent que
d'autres ectoparasites interviennent probablement dans
la transmission de cet agent.

D'apres les resultats ci-dessus, la presence de C. bur-
netii et des rickettsies du groupe de la fievre pourpree
dans le sud de la Boheme est demontree; les rickettsies
de la fievre Q et du groupe de la fievre pourpree n'appa-
raissent que sporadiquement, sans qu'il y ait aucune
epizootie ou epidemie concomitante.
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