






strain and other SFG rickettsiae have been previously reported
(3, 6).
SDS-PAGE and Western blot immunoassay. The electro-

phoretic migration patterns of the new strains were very similar
to each other and to those of the Mtu5 strain (data not shown)

(3). The high-molecular-mass bands of Bar29 were localized at
116, 135, 140, and 150 kDa and differed from those of all other
European and Mediterranean SFG rickettsiae. The major
high-molecular mass bands of R. conorii had approximate sizes
of 120 and 135 kDa. The bands were 110, 116, 130, 150, and
160 kDa for R. massiliae; 116, 120, 140, and 145 kDa for R.
rhipicephali; 120, 138, and 155 kDa for the Israeli spotted fever
rickettsia; 120, 125, 135, and 140 kDa for R. slovaca; 120, 130,
and 155 kDa for R. sibirica; and 90, 120, and 140 kDa for R.
helvetica (Fig. 5). By Western immunoblotting, antibodies of
the anti-Bar29 sera cross-reacted with low-molecular-mass an-
tigenic bands (,50 kDa) of all of the other SFG rickettsiae;
however, they did cross-react only with the high-molecular-
mass specific proteins of R. rhipicephali and R. massiliae (Fig.
6). The second Western blot showed that the antibodies of the
anti-Bar29 sera reacted similarly with Bar29, Bar31, Tar1,
Tar2, Tar3, and Mtu5, whereas their reactions with R. massiliae
were located on bands with slightly different molecular
weights. Although the concentration of the Mtu5 antigen was
lower than that of the other strains, it was evident that its
profile was identical to those of the Catalan strains (Fig. 7).
PFGE. Three strains were tested by PFGE: Bar29, Bar31,

and Tar1. After digestion of their genome with different re-
striction enzymes, the profiles of these isolates were clearly
distinct from those of all previously described SFG rickettsiae
(39). With EagI, the three Catalan isolates showed identical
migration patterns; with SmaI, the profile of Tar1, however,
was characterized by an additional band, which would suggest
that there are slight genomic differences among these strains
(Fig. 8). With BssHII, the approximate genome size of these
isolates was 1,365 kb, which is slightly higher than that of the
other SFG rickettsiae but consistent with that of R. massiliae
(38, 39).
In vitro activity of rifampin. Living Bar29 rickettsiae were

found in all of the wells from the 3rd to the 12th day after
infection, despite the presence of rifampin at increasing con-
centrations. The cells in all wells were heavily infected, and
their infection rate did not differ from that observed in the
control plaque. Therefore, rifampin did not seem to be effec-
tive against Bar29 in vitro.

DISCUSSION

Reports dealing with the resurgence of MSF in Spain in the
early 1980s (31, 33, 45) have been behind the origin of several
clinical studies of the disease and serosurveys in humans and
dogs (16, 20, 22, 25, 31, 42–46). So far, the two strains isolated
in Spain have been identified as R. conorii in Catalonia and R.
rhipicephali in the region of Madrid (17, 23, 39). For a better
knowledge of the epidemiology of SFG rickettsioses in Spain,
more rickettsial isolates are needed in order to identify them
and compare them with reference strains. Therefore, we
started to analyze Catalan R. sanguineus ticks, the tick species
which is more likely to bite humans in that region. The five
isolates obtained from ticks collected in different Catalan areas
are consistently identical according to MIF, SDS-PAGE, West-
ern blots, and PCR-RFLP. Only PFGE could detect a minor
difference in the restriction profiles of one of these isolates.
Compared with PCR-RFLP results recorded in our database,
these isolates seem to be identical to the Mtu5 strain (3).
SDS-PAGE, Western blotting, and MIF confirmed this result.
The Mtu5 strain was isolated from R. turanicus in the South of
France (3) and had been lost thereafter. Previously published
16S rRNA gene sequencing data (40) as well as other geno-
typic and phenotypic analyses confirm that this rickettsia is
closely related to R. massiliae and R. rhipicephali, which are

FIG. 3. Ethidium bromide-stained profiles of DNA fragments of R. massiliae
(lane 1), Bar29 (lane 2), R. rhipicephali (lane 3), and R. conorii (lane 4) amplified
with the 190-kDa protein primers and digested with RsaI. Standard molecular
sizes are marked on the left in base pairs.

FIG. 4. Ethidium bromide-stained profiles of DNA fragments of R. massiliae
(lane 1), Bar29 (lane 2), R. rhipicephali (lane 3), and R. conorii (lane 4) amplified
with the 190-kDa protein primers and digested with PstI. Standard molecular
sizes are marked on the left in base pairs.
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both related to ticks of the R. sanguineus complex. Similarity
rates between SFG rickettsiae are very high, usually .97%.
For Bar29, they vary from 99.9% with R. massiliae, the more
closely related strain, to 98.3% with R. akari, the more distant
strain. It has been shown, however, that (40) phylogenetic
reconstructions of the SFG group, on the basis of 16S rRNA
gene analysis, are not statistically supported. Reconstructions
based on the divergence of the citrate synthase gene have
thereafter proven to be more reliable. Bootstrap values .95%
confirm that Bar29 rickettsiae belong to a cluster containing R.
massiliae and R. rhipicephali. With the citrate synthase gene,
similarity rates between Bar29 vary from 99.8% with R. mas-
siliae to 94.2% with R. akari (41).
From an epidemiological point of view, it is important to

emphasize that, so far, we have not isolated R. conorii from
Catalan R. sanguineus, although MSF is considered to be en-
demic in Catalonia.
According to the literature, in Spain serological prevalences

of antibodies reacting with R. conorii antigens in humans and
dogs seem to differ from one region to another. By the indirect
immunofluorescence test at a cutoff titer of $1:40, the preva-
lence of antibodies reacting with R. conorii antigens in human
sera varied from 11.6% in Catalonia (16) up to 73.5% in the
region of Salamanca (26). Indirect immunofluorescence de-
tected antibodies to R. conorii in 37% of the sera collected
from dogs in the area of Barcelona (Catalonia) (16) and in
58.6% of those collected in the central provinces of Spain (22)
(titer of $1:40). A variability in the prevalence of antibodies

reactive with R. conorii was, however, observed in a dog pop-
ulation of Catalonia, the prevalence of antibodies reactive with
R. conorii was, however, observed in a dog population of Cata-
lonia, the prevalence being significantly higher in summer
(37%) than in winter (,1%) (15, 16). Similarly, it seems that
there are more severe and fatal forms of MSF in the region of
Salamanca (42) than in Catalonia (46).
Three main observations would support the hypothesis that

different pathogenic SFG rickettsiae, more or less virulent for
humans, coexist in the Catalan region (24). First of all, these
geographical discrepancies are similar to those observed in
Zimbabwe, where the statement of significant differences in
the seroprevalence of SFG rickettsioses in the human popula-
tion led to the identification of a previously unknown patho-
genic rickettsia, R. africae, whose geographical distribution
overlaps that of R. conorii, the MSF agent in Africa (27).
Furthermore, studies performed with dogs in the United States
showed that depending on the infecting strain (Rickettsia rick-
ettsii, Rickettsia montana, or R. rhipicephali), the serological
reactions may be long lasting, transient, or totally absent (9). In
Portugal, where R. conorii is endemic, long-lasting serological
reactions have been observed in dogs (1a). Transient antibody

FIG. 5. SDS-PAGE of the antigens of R. massiliae (lane 1), R. rhipicephali
(lane 2), Bar29 (lane 3), R. conorii (lane 4), R. sibirica (lane 5), R. slovaca (lane
6), and R. helvetica (lane 7). Standard molecular masses are marked on the left
in kilodaltons.

FIG. 6. Western immunoblot assay. Reactions to antibodies of anti-Bar29
sera reactive with R. rhipicephali (lane 1), Bar29 (lane 2), R. massiliae (lane 3), R.
helvetica (lane 4), R. sibirica (lane 5), Israeli spotted fever rickettsia (lane 6), R.
conorii (lane 7) and R. slovaca (lane 8) are shown. Standard molecular masses are
marked on the left in kilodaltons.

TABLE 2. MIF serotyping of the Catalan isolates used in this study

Antigen
Reciprocal value of end point titer of:

R. conorii R. rhipicephali R. massiliae Mtu5 Bar29 Bar31 Gir4 Tar1 Tar2 Tar3

R. conorii 1,024 256 32 64 1,024 2,048 256 128 128 64
R. rhipicephali 64 4,096 512 128 4,096 4,096 512 1,024 512 512
R. massiliae 64 512 2,048 64 2,048 4,096 512 128 128 256
Mtu5 32 512 512 512 8,192 8,192 2,048 2,048 1,024 8,192
Bar29 32 256 256 256 16,384 16,384 2,048 2,048 1,024 4,096
Bar31 32 128 256 512 16,384 16,384 2,048 2,048 2,048 8,192
Gir4 32 128 512 256 8,192 8,192 2,048 2,048 2,048 8,192
Tar1 32 128 256 256 8,192 8,192 2,048 2,048 1,024 8,192
Tar2 32 128 256 512 16,384 8,192 1,024 2,048 1,024 4,096
Tar3 32 128 256 512 8,192 16,384 2,048 2,048 2,048 8,192
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production in Catalan dogs would suggest that the infecting
agent is different from R. conorii. A third possibility is that
different rickettsial strains could be involved in the epidemiol-
ogy of MSF in Catalonia. In vitro assays showed R. conorii and
other SFG rickettsiae to be highly susceptible to rifampin
(MIC, 0.25 mg/ml) (36). Although these data have not been
confirmed by scientific evaluation, practitioners in southern
France have often successfully used rifampin in treating chil-
dren with MSF (35a). In a prospective study, rifampin has,
however, been shown to be inefficient in treating children with
MSF in Catalonia (8). Our microplaque assays showed that
Bar29 is not susceptible to high doses of rifampin (2 mg/ml) in
vitro.
These considerations suggest that the possible pathogenicity

of Bar29 should be investigated. The pathogenicity of a tick
isolate cannot be predicted, as long as the same strain is not
either isolated from or inoculated into human beings. SFG
rickettsiae have been traditionally classified into two groups:

pathogenic, when isolated from humans, and nonpathogenic,
when isolated from ticks. The term “rickettsiae of unknown
pathogenicity” would, however, be more appropriate when re-
ferring to tick isolates. This is supported, for example, by the
fact that R. africae (27) has been considered to be a nonpatho-
genic rickettsia for about 20 years, as were, previously, Legio-
nella pneumophila (47) and Coxiella burnetii (11).
Our results show that SFG rickettsiae, other than R. conorii,

can be found in Catalan R. sanguineus ticks. Further investi-
gations with larger tick samples are needed in order to confirm
the presence of R. conorii in this area. Phenotypic as well as
genotypic analysis of human isolates would be of great interest
in order to compare them with the tick isolates. Adsorption of
sera from patients with MSF to both the R. conorii and the
Bar29 antigens might be helpful in determining the possible
pathogenic role of Bar29 for humans.
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