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Abstract. Spotted fever rickettsiosis have been identified on the African continent since
their historical description in 1909. However, only Rickettsia conorii and R. africae have
been described in Africa, and the current techniques for the detection of rickettsiae in ticks
are difficult to apply in large field studies. We report here a preliminary study using
genomic amplification by the polymerase chain reaction followed by restriction fragment
length polymorphism (PCR-RFLP) analysis directly on 3 10 crushed ticks (Rhipicephalus,
Amblyomma, and Haemaphysalis species) collected in 1985 in the Central African Republic. Among 310 specimen tested, 21.6% were positive. The rate of infection ranged from
0% to 64.3%, depending on the tick species. Based on PCR-RFLP, five different rickettsiae
profiles were found: R. conorii and R. africae, previously known in Africa, R. rhipicephali,
which has never been described in Africa, and two isolates identical to R. mnssiliae and
Mtu5, previously obtained from Rh. turanicus in southern France. This work shows that
PCR-RFLP is a powerful tool to study tick collections, and that it is applicable to samples
from developing countries. Further work is needed to confirm the identification of the
rickettsiae found in this work, using traditional identification procedures.
Mediterranean spotted fever, a tick-borne
MATERIALS AND METHODS
rickettsial disease of humans, was first described
by Conor and Bruch in Tunisia in 1910.' Since Tick collection and processing
then, similar diseases, first related to Rickettsia
Three hundred ten ticks were collected in
conorii, have been described in Africa as tick 1985 in the abattoir of Bangui, Central African
bite fever, South African spotted fever, or Kenya Republic. They were collected from cattle (spetick typhus.
cies N'Dama and Baoule) from the areas of
The epidemiology of rickettsiae and rickettsial Bouar (5"58'N, 15"38'E), Bangassou (4"45'N,
diseases in Africa is still poorly known. A few 22"50'E), and Bambari (5"46'N, 2O"LcO'E).After
recent seroepidemiologic studies have shown identification by an entomologist (J-PC),they
their presence throughout the ~ o n t i n e n t . ' ~
Al~ were triturated in culture medium (Hanks' methough these studies provided important infor- dium containing 0.75% bovine albumin and anmation about the prevalence of known patho- tibiotics) and frozen at -80°C. 'The samples
genic rickettsiae, they should be expanded as have been subsequently thawed and frozen at
part of larger epidemiologic studies that include least three times for previous studies and sorting.
the identification and ideally, the isolation of the The species distribution was as follows: Amrickettsiae. Large-scale tick studies are difficult blyomma variegatum: 22, Rhipicephalus seneto carry out because classic techniques are time- galensis: 28, Rh. mushamae: 144, Rh. lunulatus:
and material-consuming and they require viable 46, Rh. sulcatus: 32, Rh. gr. compositus: 14,
ticks for hemolymph testing or freezing at Haemaphysalis paraleachi: 2 1, H. punctaleachi:
-80°C for shell-vial centrifugation.2, and H.gr. leachi: 1.
Recently, polymerase chain reaction (PCR)
Each sample was thawed, resuspended, and
technology has been applied to the detection of separated in two aliquots. One was used for the
rickettsial DNA in isolates' and in various other present work, and the other one was frozen at
~ p e c i m e n s . ' ~We
' ~ have applied this technique 2 -80°C for further studies. The aliquots used in
to a collection of triturated ticks from the Cen- this study were washed in sterile distilled water
tra1 African Republic that have been frozen for five times by centrifugation (3,500 x g for 5
six years.
min), resuspended in 100 p1 of sterile distilled
_-___
_--.-.-.
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amplification product, and Rsa I for the BG 1-2
amplification product. All endonucleases tvere
obtained from New England Biolabs (Beverly,
MX). Electrophoresis was conducted in S%
polyacrylamide vertical gels at SO V for 5 hr.
The DNA molecular weight marker V (BoehrinOligonucleotide primers. Two sets of prim- ger, Rlannheim, Germany) was used as a source
ers were systematically used for all samples. of DNA fragment size standards. The patterns
The first, Rp CS.S77p (5'-GGG-GGC-CTG- obtained were compared with those previously
CTC-AGC-GCG-C-3') and Rp CS. 135Sn ( 5 ' - obtained with the 16 reference strains of SFG
rickettsiae that have been tested in our laboraATT-GCA-AAA-AGT-AC,A-GTG-AXC-X-3'),
primed the citrate synthase gene of typhus- and tory: R. afpicae, R. nkari, R. australis, R. belliì,
spotted fever group (SFGFrickettsiae and R. conorii, R. hehvtica, R. japonica, R. rnassiproduced a 351-basepair [bp) fragment.". The line, R. nrorztamz, R. parkeri, ii. riiipicepiiuii, Â.
rickettsii, R. sibirica, R. slovncn, the Itt rickettsecond. Rr 190.70~(5'-ATG-GCG-AAT-A=TCT-CC.JI-AAA-3') and Rr 190.6031 tS'-AGT- sia. and the Thai tick typhus rickettsia (EremeeGCA-GCX-TTC-GCT-CCC-CCT-3')
primed va hI and others, unpublished data).
the 190-kD antigen gene of SFG rickettsiae only
Ciiltiire
and produced a 533-bp fragment.". I'
A third set of primers, BG 1-31 (5'-GGCTo confirm the PCR-RFLP identification of
AXT-TAA-TAT-CGC-TGA-CGG-3') and BG the different rickettsial species. we attempted to
2-20 (5 '-GCA-TCT-GCA-CTX-GCX-CTT-TCisolate the strains using the modified shell-vial
3'), which primed the 120-kD antigen gene of centrifugation technique, as previously deSFG rickettsiae only and produced a 6.50-bp scribed.$ Five different samples were used for
fragment. was used for the samples in which the
each species identified. The second aliquot of
pattern of the Israelian tick typhus (Itt) rickettsia each sample w3s thawed and inoculated into
was detected to differentiate R. africae." How- triplicate shell vials (3.7 ml; Sterilin, Feltham,
ever, R. africae could not be distinguished from
U K ) containing a monolayer of human embryR. parkeri using these primers.1sThe three sets
onic lung fibroblasts grown on a coverslip 1 cm
of primers were synthesized by Bioprobe Sys- in diameter. After inoculation, the shell vials
teme (Paris. France).
were centrifuged for 1 hr at 700 X 3 at 37°C.
Amplification by PCR. The PCR amplifica- The inoculum was removed and replaced with
tion was camed out in 100-pI volumes using 10
culture medium (Eagle's minimal essential mepl of boiled sample and 2.5 units of Tnq polydium [MEM] containing 10% fetal bovine semerase (Promega, Madison, WIj in a Prem III rum, 2 mbl L-glutamine, 150 pg/mI of sulfathermal cycler [LEP Scientific. Milton Keynes,
methoxazole, 200 pg/ml of gentamicin, and
UK) with 30 cycles of denaturation (20 sec at O. 1% amphotericin B). After incubation for five
95°C). annealing (30 sec at 1S"C), and extension days at 37°C a coverslip from one shell vial for
(2 min at 60°C). The reaction was boosted by each tick isolate was used for analysis by miadding another 2.5 units of Tczq polymerase after croimmunofluorescence using the method of
15 cycles. Three controls, two negative (distilled
Manero and Raoult." If dense rickettsial infecwater and uninfected Vero cells) and one posi- ' tions were present, the isolation procedure was
tive (R. corzorii hloroccan strain). were included
regarded as successful. In such a case, the cells
in each test.
in the duplicate vial were passaged following
Digestion and electrophoresis of DNA. The
trypsinization into a 25-cm' flask and incubated
PCR amplification of DNA was verified by rapid
at 37°C in antibiotic-free MEM. Rickettsial inagarose gel electrophoresis of 10 p1 of PCR
fection was monitored by Gimenez staining Of
product and staining with ethidium bromide. Re- cells scraped from the bottom of the flasks.'"
striction endonuclease digestion was done with
50 p1 of the PCR mixture using standard techRESULTS
niques.'" The restriction enzymes chosen were
Among the 3 10 tested specimens. 67 ( 2 1.6%)
Alu I for the Rp CS.877~-1258n amplification
product. Rsn I and Pst I for the Rr 190.70~-602x1 were amplified by the two first sets of primerswater. and heated at 1C)O"C for 10 min. Ten microliters of the heated suspension was used in
the PCR mixture.
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variegatum
63.7%
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FIGURE
1. Tick infection by spotted fever group rickettsiae in the Central African Republic. Circled values
are the number of ticks tested.

Among the three positive Rh. gr. compositus
Fourteen of 22 A. variegatum (63.7%) were positive. Since all their restriction endonuclease pat- (21.6%), one was consistent with SFG rickettsia
terns were identical to those of the Itt rickettsia, using the Rp CS.877~-125811set of primers,
we further identified these specimens using Rp whereas the Rr 190.70~-60211amplification was
CS.877p-1258n and Rr 190.70~-602x1.Using the too weak for enzymatic restriction. The second
BG 1-2 set of primers, the patterns obtained showed a profile consistent with R. rhipicephali,
whereas the third showed a profile consistent
were in fact those of R. africae or R. parkeri.
Among the Rhipicephalus genus, the percent with either Itt rickettsia or R. africae using Rr
infected varied from 3.1% to 64.3%. Eighteen 190.70~-60211.The BG 1-2 amplification conRh. senegalensis (64.3%) were positive. All of firmed the identification of R. africae or R. parthem showed the same pattern that was identical keri. Seventeen Rh. mushamae (1 1.8%) were
to that of the Mtu 5 isolate found in Rh. turan- amplified using Rp CS.877~-125811. The Rr
icus in southern France?’ Among the 13 positive 190.70~-60211amplification showed six profiles
Rh. lunulatus, eight (28.3%) showed a pattern consistent with R. conorii strain 7, five consisidentical with that of R. rhipicephali, and three tent with R. massiliae, five consistent with Mtu5,
were consistent with SFG rickettsia using the Rp and one required BG 1-2 amplification to show
CS.877p-1258n set of primers, whereas the Rr the presence of R. africae or R. parkeri. Six oth190.70~-602n amplification was too weak for er samples of Rh. mushamae were weakly amenzymatic restriction. Two specimens showed a plified only by Rp CS.877~-125811and were not
profile identical to that of R. massiliae found in -considered positive. The single positive Rh. sulRh. turanicus in southern. France.” One sample catus (3.1 %) presented a profile consistent with
showed only weak amplification using :Rp R. massiliae.
Among the Haemaphysalis genus, a single H.
CS.877p-1258n and was not considered posilive.
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paraleachi (4.8%) was positive and shoLved a
profile consistent with MtuS. These results are
summarized in Figure 1.
For each species identified, we attempted to
isolate and cultivate the strain using the shellvial centrifugation technique.s Although this
technique has allowed us to cultivate rickettsiae
from hundreds of various samples. we have not
been able to isolate a single strain from our tick
samples: most of them were contaminated despite the use of antibiotics and the other remained uninfected. This situation can be explained by the poor preservation conditions of
our samples that had been collected six years
before the study, kept ait -80°C but thawed at
least three times.
DISCUSSION

The epidemiology of SFG rickettsioses in Africa is largely unknown. This is due to the fact
that few teams work on rickettsiosis epidemiology, and field methods are generally not available. A few articles, not recent, report the presence of R. conorii in A. variegntrtnz in Senegal,"
and in Antblyornmn. H~alomma,Boophilrts, and
Rhipicephalus in Africa." Burgdorfer and others
have also reported in 1973 the presence of a
rickettsia closely related to R. cortorii in Ainblyomma ticks in Ethiopia." It is identical to a
rickettsia isolated from humans in Zimbabwe
that we propose to call R. Lzfricae, the agent of
African tick bite fever.I7
These studies were conducted by staining
crushed ticks with MachiaveIlo red or by inoculation into guinea pigs and mice. The reference
technique used to show the presence of rickettsiae in ticks is the hemolymph test. Isolation and
identification were performed following inoculation into animals and clinical and serologic
follow-up.
With the development of the shell-vial
centrifugation te~hnique,'~
we have a useful and
reliable tool for isolation and identification of
rickettsiae from ticks. Although this technique is
useful for large-scale tick studies, it needs ticks
to be alive for hemolymph inoculation or to be
frozen at -80°C for crushed tick inoculation.'
However, the main problem with these techniques in their application to African studies is
the preservation and transportation of the samples.
For poorly preserved frozen samples such as

ours, or when the ticks are fixed in alcoho, or
formaldehyde (tick collections). culture is impossible. In such cases, PCR-RFLP is a useful
tool for the identification of the rickettsiae. This
technique was first applied to DNA extracted
from purified rickettsiae,' then to nonpurified
rickettsiae in cell cultures." Azad and others had
applied the PCR-RFLP technique to the detection of rickettsiae in arthropod vectors (R. typhi
in Xenops?dla cheopis fleas and R. rickettsii in
Dermacentor variabilis t i c k ~ ) . 'More
~
recently,
the same group has detected SFG rickettsiae in
ticks from northern Sinai (Egypt) using concurreiidy PCR-RF-? and the hemolymph test. l 3
Their study also confirms the validity of the
technique. Another group has recently used the
PCR to detect R. rickettsii in saliva. hemolymph,
and triturated tissues of D. andersoni, as well as
on fresh ticks and ethyl alcohol-preserved
ones." They were not able to detect rickettsiae
in formaldehyde-preserved samples. However,
we think this could be possible since Stein and
Raoult have amplified Coxiella bitmetii preserved in formaldehyde using Chelex 100" (BioRad, Richmond. CA)."
In our experience, PCR-RFLP was easy to use
and was reproducible after a few trials. As for
time consumption, we were able to test our 310
samples within two months, i.e., approximately
40 samples per week. The cost of reagents was
acceptable (between $3 and $4 U.S. dollars per
sample). Besides the thennocycler, all the required equipment is standard in most laboratories. Moreover, although samples had been
stored a long time (six years) and in uncertain
conditions, we were able to detect rickettsiae in
more than 20% of them, which is higher than
commonly described. Materials contained in undigested blood meals (hemoglobin and hematin)
are thought to be inhibitory in the PCR.29 Although a large proportion of our ticks were engorged, we had no inhibition problems. Thus,
the PCR-RFLP seems to be a useful tool for
screening ticks to focus studies in areas where
the prevalence of infection is high enough, and
to select the tick species that will have to be
harvested. These large screenings would be interesting to conduct on old tick collections, generally preserved in alcohol, which does not inhibit amplification."
As for previous tick studies, Canicas published in 1975 a review of Ixodidae species in
which R. conorii had been isolated in the EthiJ
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opian and Mediterranean-European zoogeographic regions.3oHe mentioned the species we
studied. In recent work, Lange and others studied Rh. sanguineus and three Hyalomma species
that were different from those we studied.’j
Our mean infection rate of ticks was 21.6%
and ranged from 0% to 64.3% depending on
tick species. These results are consistent with
those reported in Egypt ( 6 5 6 8 % of R. conoriiinfected ticks)?’ Burgdorfer and othersz4 had
found a lower percentage of infection (2.2%) of
Amblyomma ticks by the rickettsia, which was
recently named R. africae.”.“ The only other
African tick study was performed in Zimbabwe
by Kelly and Mason.j2 They have shown the
presence of different serovars of R. conorii by
the hemolymph test and immunofluorescence.
The infection rates were lower, ranging from 0%
for Rh. sanguineus to 4% for H. leachi and 12%
for Rh. simus.
All other studies conducted in other parts of
the world also showed lower infection rates. In
Europe in 1990, Peter and others used for the
first time the shell-vial centrifugation technique
on more than 500 Rh. sanguineus ticks from
southern France.” The hemolymph test result
was positive for 13.5% of the ticks and cell culture demonstrated the presence of R. conorii in
11.9%. In Sicily, Tringali and others have demonstrated the presence of R. conorii in 19.7% of
Rh. sanguineus, ranging from 7.1% to 34.8%,
depending on the sites.33In the United States,
Philip and Casper demonstrated in California in
1981 the presence of R. rickettsii in Dermncentor and Ixodes
The infection rate was
19.4% (range 043%) using the hemolymph test
and 9.7% using culture. Magnarelli and others
conducted a similar study in Connecticut in
1981.35 Using direct immunofluorescence, they
showed that the infection rates were 1.8% for D.
variabilis larvae, 7.8% for nymphs, and 40% for
I. cookei nymphs. The hemolymph test showed
that 8.8% of D. variabilis adults and 8.6% of I.
texanus adults were positive. The same group
conducted another study in 1985 that showed
that 5.9% of the D. variabilis ticks were infected
with R. rickettsii or R. montana.36
All the restriction endonuclease digestion profiles we produced were species-specific except
for R. ufricae, which could not be distinguished
from R. parkeri. Following the algorithm proposed by Beati and others,” R. conorii and R.
africae (if the latter is really R. africae and not
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R. parkeri) showed known restriction profiles
and were the expected strcins in this area. In
such conditions, we conclude that they are correctly identified. As for the other suspected species (R. rhipicephali, R. massiliae, and MtuS),
their restriction profiles are known and specific,
but they have never been described in Africa. In
such cases, the strains should be isolated, cultivated, and identified by serotyping with reference pool sera. Unfortunately, we have not been
able to isolate these strains due to the age and
the preservation conditions of the samples. Although we could not confirm the presence of
these strains, we can conclude that five different
SFG rickettsiae are prevalent in Central Africa.
The present study reveals a wide heterogeneity in tick infection by rickettsiae: the same
tick species was parasitized by different rickettsiae, and the same rickettsiae species could be
found in different tick species. This situation has
been previously described. In the former USSR,
R. sibirica has been isolated from four different
Dermacentor species (D. nuttalli, D. marginatus, D. silvarum, and D. r e t i c u l a t u ~ )but
~ ~R.
~~~
slovnca was also isolated from D.margina tu^.^^
In the United States, R. rickettsii, R. montana,
R. parkeri, and R. bellii have been found in various ticks (D. andersoni, D. variabilis, and D.
paruiizapert~s).~~“*
‘’ Rhipicephalus sanguineris
can be infected by R. rhipicephali,” R. rickettsii,43R. missiliae,* and R. conorii. Moreover,
isolating a rickettsia from a tick does not mean
that this tick is capable of being a reservoir. To
demonstrate the specificity of a tick-rickettsia relationship, it is necessary to show transovarial
and a trans-stadial transmission of the rickettsia.
In a recent review, Brouqui and others reported the presence of rickettsiae throughout the
African continent.4’ As for the intertropical area,
numerous studies have shown the presence of
rickettsiae in Cameroon,’ the Congo,* Kenya:’
Burkina
Rwanda and Burundi,”6 Ethiopia,3°*so
and Tanzania?’ In Zimbabwe,
Kelly and others found a human seroprevalence
of 52% for R. conorii (Kenya strain) and 55%
for the Zimbabwean SFG rickettsia.” Kelly and
Mason also found antibodies to R. conorii
among 82% of the dogs and 69% of the humans
in another
In the same study, they reported, a prevalence of tick infection by rickettsiae of 12% among Rh. simus and 4% among H.
leachi. As for the Central African Republic, a
serosurvey was conducted in 1985 in the village
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of Bozo and the town of BQUX using indirect
immunofluorescence.2 Antibodies reactive with
SFG rickettsiae were found in 59% of the inhabitants of Bouar and in 71% of the inhabitants
of Bozo. This high human seroprevalence in
Central Africa correlates well with the high rickettsial infection prevalence in ticks. Moreover,
in the area studied, 95-97% of human tick bites
are due to A. variegatum (Morel P, unpublished
data). This correlates with our results showing
63.7% of these ticks infected by R. africae, the
agent of tick bite fever.
In conclusion, we have used the PCR technique to conduct a preliminary study showing
the presence of SFG rickettsiae in the Central
African Republic. The association of high seroprevalence rates with a high level of tick infection by rickettsiae indicates that further studies
are needed. These should be focused on the tick
species that have shown the highest rates of infection with the rickettsiae that have never been
described in Africa: Rh. lunularus for R. rhipicephali, Rh. senegalensis for MtuS, Rhipicephalus sp. for R. massiliae, and A. variegatum
for R. africae. These ticks should be transported
live to our laboratory so that rickettsiae can be
isolated and identified by traditional procedures.
Acknowledgment: We thank Dr. Patrick Kelly for reviewing the manuscript.
Authors’ addresses: Herve Tissot Dupont, Unite des
Rickettsies, et Laboratoire de Sante Publique, Faculte
de Medecine, 27 Boulevard Jean Moulin. 13385 Marseille. France. Didier Raoult, Unite des Rickettsies, Faculte de Medecine, 27 Boulevard Jean Moulin, 13385
Marseille, France. Jean-Paul Comet, ORSTOM, BP
1386, Dakar, Senegal.
REFERENCES

1. Conor A, Bruch A, 1910. Une fievre eruptive observee en Tunisie. Bull Soc Pathol Evot Filial
5: 139-142.
2. Gonzalez JP, Fiset P, Georges AJ, Saluzzo JF,
Wisseman CL, 1985. Approche serologique sur
l’incidence des Rickettsioses en Republique
Centrafricaine. Bull Soc Pathol Exot Filial 75:
153- 156.
3. Le Noc P, Rickenbach A, Ravisse P, Le Noc D,
1977. Enquete serologique sur les rickettsioses
animales au Cameroun. II, Resultats de l’enquete. Bull Soc Pathol Exot Filiul 70: 410421.
4. Redus MA, Parker RA, hlcDade JE, 1986. Prevalence and distribution of spotted fever and typhus infections in Siena Leone and Ivory Coast.
Int J Zoonoses 13: 104-1 11.
5. Botros BALM,Soliman A, Danvish M,El Said S,

Mori11 JC, Ksiazek TG, 1989. Seroprevalence
of murine typhus and Fievre Boutonneuse in
certain human populations in Egypt. J Trop
Med Hyg 93: 373-378.
6. Burgdorfer W, 1970. Hemolymph test. A technique for detection of rickettsiae in ticks. A m J
Trop .bled Hyg 19: 1010-1014.
7. Wike DA, Burgdorfer W, 1972. Plaque formation
in tissue cultures by Rickettsiu rickettsi isolated
directly from whole blood and tick hemolymph.
Infect Immun 6: 736-738.
8. Kelly PJ. Raoult D, Mason PR. 1991. Isolation of
spotted fever group rickettsias from triturated
ticks using a modification of the centrifugationshell vial technique. Trans R Soc Trop ,Wed Hyg
55: 397-398.
9. Regnery RL, Spruill CL, Plikaytis BD, 1991. Genotypic identification of rickettsiae and estimation of intraspecies sequence divergence for portions of two rickettsial genes. J Bmteriol 27:
1576-1589.
10. Tzianabos T, Anderson BE, McDade JE, 1989.
Detectinn of Rickettsia rickertsii DNA in clinical specimens by using polymerase chain reaction technology. J Clin Microbio1 27: 7,5662865.
11. Webb L, Gar1 hl, Mallov DC, Dasch GA, Azad
AF, 1990. Detection of murine typhus infection
in fleas by using the polymerase chain reaction.
J Clin Microbiol 25: 530-534.
12. Carl M, Tibbs CW, Dobson ME, Paparello S,
Dasch GA, 1990. Diagnosis of acute typhus infection using the polymerase chain reaction. J
I r f k t Dis 161: 791-793.
13. Lange JV, EI Dessouky AG, Manor E. Merdan AI.
Azad AF, 1992. Spotted fever rickettsiae in
ticks from the Northern Sinai governate, Egypt.
Am J Trop Med Hyg 46: 546-55 1.
14. Gage KL, Gilmore RD, Karstens RH, Schwan TG.
1992. Detection of Rickettsia rickettsii in saliva,
hemolymph and triturated tissues of infected
Dennacentor andersoni ticks by polymerase
chain reaction. Mol Cell Prohes 6: 333-341.
15. Wood DO, Atkinson WH. Sikorski RS, WinkJer
HH, 1983. Expression of the Rickettsia prorvazekii citrate synthase gene in Escherichia coli.
J Bacteriol 255: 412-416.
16. Anderson BE, Regnery RL, Carlone GM, Tzianabos T , McDade JE, Fu ZY,Bellini WJ, 1987.
Sequence analysis of the 17-kilodalton-antigen
gene from Rickettsia rickettsii. J Bucteriol269:
2385-2390.
17. Kelly PJ, Beati L, Mason P, Makombe R, Matthewman L, Raoult D, Dreary M, 1992. African
tick-bite fever - a new spotted fever group rickettsiosis under an old name. Lancer 340: 982983.
18. Sambrook J. Fritsch EF, Maniatis T, 1989. Molecular Cloning. A Laboratory ,Wunual. Second
edition. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press.
19. Marrer0 M ,Raoult D, 1989. Centrifugation-shell
vial technique for rapid detection of Mediterra-

i.

I

IDENTIRCATION OF RICKETTSIAE IN AFRICAN TICKS

20.
21.

22.

23.

24.

25.

26.

nean spotted fever rickettsia in blood culture.
Am J Trop Med H-vg JO: 197-199.
Gimenez DF, 1964. Staining rickettsiae in yolksac cultures. Stain Techno1 39: 135-140.
Beati L, Finidori JP, Gilot B, Raoult D, 1992.
Comparison of serologic typing, sodium dodecy1 sulfate-polyacrylamide gel electrophoresis
protein analysis, and genetic restriction fragment length polymorphism analysis for identification of rickettsiae: characterization of two
new rickettsial strains. J Clin Microbiol 30:
1922- 1930.
Capponi M, Hoch H, Chambon L, Camicas JL,
Carteron B, Giroud P, 1969. Amblyomma variegatum d'origine Africaine ou Antillaise et
Rickettsies du genre Dermacentroxenris. Bull
Soc Pathol Exot Filial 62: 101 1-1017.
Giroud P, Colas-Belcour J, Pfister R, Morel PC,
1957. Amblyomma. Hyalomma, Boophilus,
Rhipicephalus d'Afrique sont porteurs d'elements rickettsiens et neorickettsiens et quelquefois des deux types d'agents. Bull Soc Pathol
Exot Filial 50: 529-532.
Burgdorfer W, Ormsbee RA, Schmidt ML, Hoogstraal H, 1973. A search for the epidemic typhus
agent in Ethiopian ticks. Bull World Health Organ 45: 563-569.
Peter O, Raoult D, Gilot B, 1990. Isolation by a
sensitive centrifugation cell culture system of 52
strains of spotted fever group rickettsiae from
ticks collected in France. J Clin Microbiol 25:
1597-1599.
Drancourt M, Kelly P, Regnery R, Raoult D, 1992.
Identification of tick isolates by centrifugation
shell-vial assay followed by polymerase chain
reaction and restriction endonuclease length
polymorphism analysis. Acta Virol (Praha) 36:
1-6.

27. Azad AF, Webb L, Carl M, Dasch GA, 1990. Detection of rickettsiae in arthropod vectors by
DNA amplification using the polymerase chain
reaction. -Ann NY Acad Sci 590: 557-563.
28. Stein A, Raoult D, 1992. A simple method for
amplification of DNA from paraffin-embedded
tissues. Nucleic Acids Res 20: 5237-5238.
29. Higuchi R, 1989. Simple and rapid preparation of
samples for PCR. Erlich HA, ed. PCR Technology - Principles and Applications f o r DNA
Amplification. New York: Stockton Press, 3 138.
30. Camicas JL, 1975. Conceptions actuelles sur
I'epidemiologie de la Fievre Boutonneuse dans
la region Ethiopienne et la sous-region Europeenne Mediterraneenne. Cah ORSTOM Ser
Entomol Med Parasirol 13: 229-232.
31. El Dessouky A, Manor EA, Lange JV, Azad F,
1991. Detection of spotted fever group rickettsiae in ticks from the North Sinai, Egypt. Kaz=
J, Raoult D, eds. Rickettsiae and-Rickettsial
Diseases. Bratislava: Veda Publishing House of
the Slovak Academy of Sciences, 383-388.
32. Kelly P, Mason PR, 1991. Survey of antibodies
to Rickettsia conorii in man and dogs, and of

379

rickettsia-like organisms in dog ticks. S Afr Med

J 50: 233-236.
33. Tringali G, Intonazzo V, Perna AM, Mansueto S,
Vitale G, Walker DH, 1986. Epidemioiogy of
boutonneuse fever in western Sicily. Distribution and prevalence of spotted fever group rickettsial infection in dog ticks (Rhipicephalussanguineus). Am J Epidemiol 223: 721-727.
34. Philip PN, Casper EA, 1981. Serotypes of spotted
fever group rickettsiae isolated from Dennacentor andersoni (Stiles) ticks in western Montana.
Am J Trop Med Hyg 30: 230-238.
35. Magnarelli LA, Anderson JF, Philip RN, Burgdorfer W, Casper EA, 1981. Endemicity of
spotted fever group rickettsiae in Connecticut.
Am J Trop Med Hyg 30: 715-721.
36. Magnarelli LA, Anderson JF, Burgdorfer W, Philip RN, Chappe11 WA, 1985. Spotted fever
group rickettsiae in immature and adult ticks
(Acari:Ixodidae) from a focus of Rocky Mountain spotted fever in Connecticut. Can J Microbio1 31: 1131-1 135.
37. Rehacek J, Tarasevich IV, 1988. Acari-bome
Rickettsiae and Rickettsioses in Eurasia. Bratislava: Veda Publishing House of the Slovak
Academy of Sciences.
38. Tarasevich IV, 1978. Ecology of rickettsiae and
epidemiology of rickettsial diseases. Kazar J,
Ormsbee RA, Tarasevich IV, eds. Rickettsiae
and Rickettsial Diseases. Bratislava: Veda Publishing House of the Slovak Academy of Sciences, 330-349.
39. Brezina R, Rehacek J, Ac P, Majerska M, 1968.
Two strains of rickettsiae of rocky mountain
spotted fever group recovered from Dennacentor marginatus ticks in Czechoslovakia. Results
of preliminary serological identification. Acta
Virol (Praha) 13: 142-145.
40. Rehacek J, 1989. Ecological relationships between ticks and rickettsiae. Eur J Epidemiol5:
407-4 13.
4 1. Walker DH, Fishbein DB, 1991. Epidemiology of
rickettsial diseases. Eur J Epidemiol 7: 237245.
42. Drancourt M, Regnery RL, Raoult D, 1991. Identification of tick-isolates by centrifugation-shell
vial assay followed by polymerase chain reaction and restriction endonuclease length polymorphism analysis. Kazar J, Raoult D, eds.
Rickettsiae and Rickettsial Diseases. Bratislava:
Veda Publishing House of the Slovak Academy
of Sciences, 232-238.
43. Ormsbee RP, 1965. Q fever rickettsia. Horsfall F,
Tamm I, eds. Viral and Rickettsial Infections of
Man. Fourth edition. Philadelphia: J.B. Lippincott, 1144-1 160.
4.4. Beati L, Raoult D, 1993. Rickettsia massiliae (sp.
nov.). Ilzt J Sysr Bacreriol: (in press).
45. Brouqui P, Delmont J, Raoult D, Bourgeade A,
1992. Etat actuel des connaissances sur l'epi:
demiologie des rickettsioses en Afrique. Bull
Soc Parli01 Exot Filiul 85: 359-364.
46.' Jadin J, 1963. Les rickettsioses en Afrique centrale. Bull Soc Pathol Exot Filial 56: 571-586.

c

I I
ir

%-'

3 SO

I'

i

TISSOT DUPONT AND OTHERS

i

1 -

I

G.Heisch RB,Grainger WE. H w e y AE, Lister G,
1963. Feral aspects of rickettsial infections in
Kenya. Trans R Soc Trop Med Hyg 56: 272286.
48. Retel-Laurentin A, Capponi M, Gide1 R. 1971.
Enquete sur les rickettsioses dans la region
Bobo (rive droite de la Volta-Noire). Bull Soc
,Wed Afr Noire Lung Fr 19: 41 1 4 2 0 .
49. Retel-Laurentin A. 1975. Du nouveau sur les rickettsioses d'apres deux enquetes en Afrique
Noire. Med Trop (Mars)35: 370-376.

50. Philip CB, Hoogstraal H, Reiss-Gutfreund R, Clifford Ch€. 1966. Evidence of rickettsial disease
agents in ticks fron Ethiopian cattle. Bull
World Health Organ 35: 137-131.
51. Kaplan MM, Bertagna P, 1955. The geographical
distribution of Q fever. Bull World Health Organ 13: 539-560.
52. Kelly P. hilason PR, Matthewman LA, Raoult D,
199 1. Seroepidemiology of spotted fever group
rickettsial infections in human in Zimbabwe. J
Trop Med Hyg 93: 304309.

l

,

i

I

