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cross-testing of the different SFG rickettsiae with specially prepared mouse
antisera can distinguish 12 or 13 serological patterns (serotypes) (Philip et al.,
1978). A new SFG isolate must be tested with the complete panel of antisera,
representing all serotypes, in order to be definitively identified. Likewise, sera
of naive, experimentally infected animals must be tested with the complete
panel of antigens, and weak or double seroconversion can occur (Cacciapuoti et
al., 1985) leading to ambiguous results. Few monoclonal antibodies are
currently available, most of which are not species-specific, and a combination
of several monoclonal antibodies must be used in order to identify a new
isolate (Anacker et al., 1987, McDade et al., 1988). The SDS~polyacrylamide gel
electrophoresis of the rickettsial proteins has been used to compare different
species and to identify new isolates (Péter et al., 1985). The analysis of antigenic
proteins is commonly achieved by western immunoblotting of protein profiles
with a panel of polyclonal or monoclonal antisera. These techniques, however,
require large quantities of protein, and purification steps may result in deletion
or modification of some epitopes.

In order to facilitate the isolation and identification of SFG rickettsiae, we
isolated SFG rickettsiae by the centrifugation shell vial and traditional techni-
ques and used genotypic identification using the restriction fragment length
polymorphism analysis of polymerase chain reaction amplified genomic frag-
ments (Regnery et al.,, 1991).

Materials and Methods

Isolation procedure. The centrifugation shell vial isolation procedure has been previously
reported (Péter er al., 1990). Briefly, ticks were disinfected by immersion in iodated alcohol and
washed twice in sterile distilled water, before haemolymph testing (Burgdorfer, 1970). Isolation
from positive ticks was attempted one or two days later with the ticks being maintained in a sterile
tube. A drop of haemolymph was placed in 300 1 of brain heart infusion broth which was divided
into two shell vials containing human embryonic lung fibroblasts grown on 12-mm round cover
slips. The shell vials were centrifuged at 700 x g for 1 hr at 37 °C and the supernatant discarded.
Fresh medium (minimum essential medium supplemented with 5 % foetal calf serum) was added
and the shell vials were incubated in a 5 % CQO, incubator at 37 °C. After 7 days the cover slip from
one vial was stained with an indirect fluorescent-antibody test (IFA) inside the shell vial with
hyperimmune rabbit serum to Rickettsia conorii. Final establishment of the strains was made
through serial subcultures in human embryonic lung fibroblasts, and finally the strains were
adapted to Vero cells. Isolates A and C from Zimbabwe were obtained from Rhipicephalus simus
and Haemaphysalis leachi respectively by previously described methods (Kelly and Mason, 1990).

DNA preparation. Culture medium was removed from the flasks, infected Vero cell monolayers
were washed three times with PBS and harvested using sterile glass beads, and resuspended in
sterile distilled water. An aliquot of this preparation was boiled for 10 min, and used for further
DNA amplification.

PCR assay. Ten microliters of boiled samples were PCR-amplified according to the protocols
supplied with the GeneAmp DNA amplification reagent kit (Perkin Elmer Cetus, Norwalk,
U.5.A) using 35 cycles of denaturation, annealing and extension as previously described
(Regnery er al, 1991). PCR amplifications always included negative control containing no
template DNA, control material from non-infected Vero cells, and Rickettsia conorii Moroccan
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(Péter et al., 1990). The overall contamination rate was of 6 %, and SFG rickett-
siae have been isolated from about 88 % of Rhipicephalus sanguineus ticks posi-
tive by the haemolymph test with immunofluorescence staining (Péter et al.,
1990).

Eight of the 52 SFG rickettsiae isolated from Rhipicephalus sanguineus in
France, and 2 Zimbabwean isolates grew on Vero cells, stained with Gimenez
staining (Gimenez, 1964) and fluoresced when tested by immunofluorescence
assay with sera from Mediterranean spotted fever patients. They were all
amplified by the two sets of primers. Qualitative and quantitative comparisons
between these 10 isolates DNA profiles and those of SFG prototypes identified
them as Rickettsia conorii, the aetiologic agent of Mediterranean spotted fever
(Raoult and Walker, 1989) (Fig. 1).

Discussion

The isolation and subsequent precise identification of spotted fever group
rickettsiae recovered from their tick vectors has been hampered by several
factors. Isolation procedures using inoculation into laboratory animals or
embryonated eggs are somewhat time and material consuming, and some of
the SFG rickettsiae were not easily isolated in animals (Burgdorfer et al., 1979).
Contamination can be troublesome when tissue culture is used for isolation.
Disinfection of tick with iodated alcohol has proven to be effective in preven-
ting contamination, without having any side effects on rickettsial viability.

The use of the centrifugation shell vial technique clearly enhances the isola-
tion rate because of the increased infectivity of centrifuged samples (Weiss and
Dressler, 1960) and the small number of cells relative to inoculum size. The
technique has proved to be faster than other isolation methods, and has been
successfully applied to blood samples from patients suffering from Mediterra-
nean spotted fever (Espejo-Arenas and Raoult, 1989; Marrero and Raoult,
1989).

The PCR/RFLP analysis technique, recently developed by Regnery et al.
(1991) was successfully used for identification of the new isolates. However, in
this report DNA was not extracted and purified, but released from infected
cells by boiling. The technique is simple, rapid, and circumvents the theoretical
and technical difficulties associated with serological methods, with protein
analysis methods, or with previously described nucleic acid methods. For DNA
amplification, two sets of primers were used. The first one encodes a region of
the citrate synthetase gene of R. prowazekii and has been proved to prime with
both typhus group and with SFG rickettsiae. The second encodes a region of
the 190 kD antigen gene of R. rickettsii, and has been shown to prime with SFG
but not with typhus group rickettsiae. Restriction enzyme digestion of this
region of the gene enables the production of DNA profiles characteristic of
- SFG species (Regnery er al., 1991). The advantages of this technique include
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the absence of animal manipulation, the absence of rickettsial purification
from their cellular hosts, the absence of DNA purification, and the nonambi-
guous nature of the results.

The preliminary results reported here show that a combination of the centri-
fugation shell vial technique for isolation and of PCR/RFLP analysis for identi-
fication is a suitable procedure for the rapid isolation and accurate identifica-
tion of SFG rickettsiae. Further studies using these techniques are in progress
to extend present data and to obtain an accurate knowledge of the distribution
of SFG species in the different tick species encountered in South-East France
and other parts of the world.

References

Anacker, R. L., Mann, R. E., and Gonzales, C. (1987): Reactivity of monoclonal antibodies to
Rickertsia rickettsii with spotted fever and typhus group rickettsiae. J. clin. Microbiol. 25,
167-171.

Anderson, B. E., McDonald, G. A., Jones, D. C., and Regnery, R. L. (1990): Protective protein
antigen of Rickettsia rickettsii has tandemly repeated, near-identical sequences. Infect.
Immun.58, 2760-2769.

Burgdorfer, W. (1971): Hemolymph test. A technique for detection of rickettsiae in ticks. 4m.
J. Trop. Med. Hyg. 19, 1010-1014.

Burgdorfer, W. A., Aeschlimann, A., Péter, O., Hayes, S. F., and Philip, R. N. (1979): Ixodes
ricinus: vector of a hitherto undescribed spotted fever group agent in Switzerland. Acta trop. 36,
357-366.

Cacciapuoti, B., Rivosecchi, L., Stella, E. Ciceroni, L., and Khoury, C. (1985): Preliminary obser-
vations on the prevalence of rickettsiae of the spotted fever group in Rhipicephalus sanguineus
capturated in suburban areas, pp. 373-384. In J. Kazar (Ed.): Rickettsiae and Rickettsial Diseases.
Proceedings of the Third International Symposium. Publishing House of the Slovak Academy
of Sciences, Bratislava.

Cox, H. R. (1942): Cultivation of rickettsiae of the Rocky Mountain spotted fever, typhus and
Q fever groups in the embryonic tissues of developing chicks. Science 94, 399-493.

Espejo-Arenas, E., and Raoult, D. (1989): First isolates of Rickettsia conorii in Spain using
a centrifugation shell vial assay. J. infect. Dis. 159, 1158-1159.

Gimenez, D. F. (1964): Staining rickettsiae in yolk sac tissues. Stain Technol. 39, 135-140.

Kelly, P., and Mason, P. R. (1990): Serological typing of spotted fever group rickettsia isolates
from Zimbabwe. J. clin. Microbiol. 28, 2302-2304.

Marrero, M., and Raoult, D. (1989): Centrifugation-shell vial technique for rapid detection of
Mediterranean spotted fever rickettsia in blood culture. Am. J. Trop. Med. Hyg. 40, 197-199.

McDade, J. E., Black, C. M., Roumillat, L. F., Redus, M. A., and Spruill, C. L. (1988): Addition of
monoclonal antibodies specific for Rickettsia akari to the rickettsial diagnostic panel. J. clin.
Microbiol. 26, 2221-2223,

Péter, O., Williams, J. C., and Burgdorfer, W. (1985): Rickettsia helvetica, a new spotted fever
group rickettsiae: immunochemical analysis of the antigens of 5 spotted fever group rickettsiae,
pp. 99-108. In J. Kazar (Ed.): Rickettsiae and Rickettsial Diseases. Proceedings of the Third
International Symposium, Publishing House of the Slovak Academy of Sciences, Bratislava.

Péter, O., Raoult, D., and Gilot, B. (1990): Isolation by a sensitive centrifugation cell culture
systemn of 52 strains of spotted fever group rickettsiae from ticks collected in France. J. clin.
Microbiol. 28, 1597-1599.






