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FRAGMENT LENGTH POLYMORPHISM OF sca4 GENE
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For many years, occurence of rickettsiae belonging to
the spotted fever group (SFG) infesting Ixodes ricinus,
Haemaphysalis inermis, H. punctata, Dermacentor
marginatus, D. reticulatus (the order Acari, the family
Ixodidae) ticks has been continuously monitored in different
localities of Slovakia (1, 2, 3). It was believed that
Dermacentor ticks were infested with Rickettsia slovaca in
a high percentage. This hypothesis was not confirmed or
proved false, because the methods used for the assessment
of rickettsia presence were a hemocyte test and PCR with
primers targeting 16S rDNA, gltA, ompA, ompB genes. These
methods were not able to distinguish R. slovaca from other
rickettsiae. The correct identification of the rickettsiae
species could be done only by sequence analysis.

Therefore, we tried to devise a new test suitable for an
easy differentiation of R. slovaca from other rickettsiae. This
study reports a development of a quick, cheap, and easy
differentiation method based on the restriction fragment
length polymorphism (RFLP) of the sca4 gene.

R. slovaca belonging to the family Rickettsiaceae, the
genus Rickettsia is a rod shaped obligate intracellular
parasite isolated from D. marginatus ticks collected in central
Slovakia in 1968. Initially, the isolated rickettsial strains
indicated as “B” or “D” were classified as the members of

SFG rickettsiae closely related to R. sibirica (4). Using
complement fixation and microagglutination tests, the strains
were definitively identified as the new rickettsial species
and shortly the designation R. slovaca was proposed (5). In
1998, Sekeyová et al. suggested that R. slovaca should be
considered as a separate taxonomic species on the basis of
the distinctive clinical, epidemiological, phenotypic, and
genotypic features (6).

R. slovaca is transmitted to the hosts largely by salivary
glands and faeces of D. marginatus ticks. Other rickettsiae
are found in all organs of the infested ticks and can be
transmitted transovarially and transstadially (7). Occurrence
of D. marginatus is generally common throughout the
Central Asia and Europe except for northern Europe. The
ticks are active during early spring, autumn, and winter. Adult
ticks inhabit forests and pastures and frequently bite people
entering these biotopes. Since its discovery, R. slovaca has
been detected in many European countries, e.g. in Portugal,
France, Croatia, Spain (8, 9, 10, 11). The role of wild animals
in circulation of R. slovaca is not well-defined. However,
study on wild boars in northern Spain suggests that wild
boars are exposed to R. slovaca infection and in this way the
pathogen is well established also in the wild cycle of
D. marginatus (11).

R. slovaca had been considered as a non-pathogenic
microorganism for many years. However, the first case of
human infection caused by R. slovaca was reported in France
in 1997 (9). Following the bite of D. marginatus, the afflicted
woman developed fever, arthralgia, fatigue, eschar of the
scalp, and enlarged cervical lymph nodes. This case was
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well-documented by seroconversion, molecular detection of
R. slovaca, and by the isolation of the etiologic agent from
biting ticks. Clinically similar cases were detected also in
Hungary and Spain (12, 13).

For differentiation of R. slovaca from other rickettsiae we
decided to use the enzymatic digestion of the sca4 gene. The
restriction enzymes HaeIII and PhoI were selected as optimal
using software NEB Cutter and Enzyme Finder of the New

Fig. 1 

RFLP analysis of HaeIII digested PCR products of sca 4 gene for various rickettsiae
(a) 100 bp molecular marker (lane 1), PCR products of sca 4 gene for R. heilongjiangensis (lane 2), Rickettsia sp. IRS4 (lane 3), R. helvetica (lane 4),
R. raoulti (lane 5), R. slovaca (lane 6), R. typhi (lanes 7, 8). Negative control (lane 9). (b) 100 bp molecular marker (lane 1), restriction profiles of R.
typhi (lane 2), and R. slovaca (lane 3). (c) 100 bp molecular marker (lane 1), restriction profiles of R. heilongjiangensis (lane 2), Rickettsia sp. IRS4
(lane 3), and R. helvetica (lane 4).
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England BioLabs Inc. (http://www.neb.com). The PCR
products of sca4 gene of R. slovaca and R. typhi using
primers D767Forward and D1390Reverse identified from
sequence data of R. conorii (14) can be digested with
these enzymes. We took advantage of the fact that the
PCR products of sca4 gene of other Rickettsiae spp.
available in GeneBank are not digested by HaeIII and
PhoI enzymes.

The sca4 genes of various rickettsiae, as R. helvetica,
Rickettsia sp. IRS4, R. heilongjiangensis, R. raoultii
obtained from ticks, R. slovaca from L929 cells, and R.
typhi obtained from an antigen purified from chicken yolk
sacks by gradient centrifugation were PCR amplified using
a primer pair D767Forward and D1390Reverse. PCR
products of 623, 590, 605, 623, 653, and 653 bp in size
were obtained for R. slovaca, Rickettsia sp. IRS4,
R. heilongjiangensis, R. raoultii, R. typhi, and R. helvetica,
respectively (Fig. 1a). Negative control (nuclease-free
water) was included in the assay. DNA amplifications were
performed in PTC-200 Peltier thermal cycler (MJ-
Research). Enzymatic digestion for identification of
R. slovaca was performed by incubation of 17 µl of the
PCR amplified products with 2 µl of enzyme buffer and
1 µl (10 units) of HaeIII restriction endonuclease (Takara
Bio) for 3 hrs at 37°C. PCR products and digested products
were separated by 1.5% agarose gel electrophoresis and
visualized by ethidium bromide staining. Their size was
determined by 100 bp DNA Ladder (SBS Genetech). The
PCR products of R. slovaca and R. typhi were digested to
the expected profiles, R. slovaca to 2 fragments 477 and
146 bp long and R. typhi to 2 fragments 575 and 78 bp
long (Fig. 1b). Other rickettsiae as Rickettsia sp. IRS4,
R. heilongjiangensis, R. raoultii, and R. helvetica were not
digested under these conditions (Fig. 1c).

In the present study, a specific profile was found after
the enzymatic digestion of sca4 gene with HaeIII enzyme
to distinguish R. slovaca from other rickettsiae. R. slovaca
could be differentiated from other rickettsiae by comparison
of the DNA patterns of amplified parts from the ompA,
ompB, and sca4 genes (15, 16). However, the digestion
profiles of sca4 gene allow the easiest and prompt approach
for differentiation of R. slovaca from other rickettsiae that

could be useful for evaluation of infections with R. slovaca
in vectors and hosts.
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