
age, immunocompromised situations, chronic alcoholism, glu-
cose-6-phosphate-dehydrogenase deficiency, prior prescription
of an inappropriate antibiotic, and delay of treatment (276). In
1997 in Beja, a southern Portuguese district, the case fatality
rate in hospitalized patients with MSF was 32.3%, the highest
ever obtained there since 1994. Interestingly, when risk factors

for fatal outcome were studied in 105 patients hospitalized
between 1994 and 1998, the risk of dying was significantly
associated with diabetes, vomiting, dehydration, and uremia
(85). Some differences in the severity of MSF in different areas,
even in the same country, such as Catalonia in northern Spain,
have been noted. There, the disease seems to be milder than
elsewhere in the country (102). However, cases in this area
could be caused by rickettsiae different than R. conorii. For
example, a new spotted fever group rickettsial strain (R. mas-
siliae Bar 29) of unknown pathogenicity for humans was iso-
lated there in 1996 from Rhipicephalus sanguineus ticks. We
know now that this rickettsia is pathogenic for humans (349).

We proposed in the last several years a diagnostic score to
help clinicians for the diagnosis of MSF (276). It was recently
presented as an helpful tool even using clinical and epidemi-
ological criteria only, when 62 consecutive charts of patients
with suspected MSF were retrospectively reviewed in Tunisia
(176).

“Rickettsia conorii subsp. israelensis” (Israeli spotted fever).
The first cases of rickettsial spotted fever in Israel were re-
ported in the late 1940s (345), and the number of cases in-
creased following the development of new settlements in the
rural areas of this country (276). Clinically, the disease ap-
peared milder and with a shorter duration than classical MSF,
and the typical inoculation eschar was usually lacking. These
preliminary clinical data led some investigators to suspect than
the cause of this rickettsiosis was different from the agent of
MSF. In 1971, the agent of Israeli spotted fever was isolated
from a patient (R. A. Goldwasser, M. A. Klingberg, W. Kling-
berg, Y. Steiman, and T. A. Swartz, Front. Intern. Med., 12th
Int. Congr. Intern. Med., p. 270–275, 1974). Two other anti-
genically identical agents were isolated from Rhipicephalus
sanguineus ticks collected on the dogs of two patients with
serologically documented Israeli spotted fever. These three
isolates were characterized as rickettsiae closely related to but
slightly different from R. conorii isolates obtained from pa-
tients with MSF (R. A. Goldwasser, M. A. Klingberg, W.
Klingberg, Y. Steiman, and T. A. Swartz, Front. Intern. Med.,
12th Int. Congr. Intern. Med., p. 270–275, 1974). This obser-
vation has been confirmed by recent molecular studies (111,
294, 295, 310), and it has been recently proposed that the agent
of Israeli spotted fever constitutes a subspecies of R. conorii
identified as Rickettsia conorii subsp. israelensis subsp. nov.
(374).

Israeli spotted fever appears as a typical spotted fever, but
the eschar at the inoculation site is absent in �90% of cases
and resembles a small pinkish papule rather than a real eschar
(130). Splenomegaly and hepatomegaly are seen in 30 to 35%
of patients. The disease may be acquired even without direct
contact with animals, through exposure to ticks in places fre-
quented by dogs, as demonstrated in three grouped cases in
children (319). Several fatal cases and severe forms have been
described, especially in children and in people with glucose-6-
phosphate dehydrogenase deficiency, and the prevalence of
the disease seems to be increasing (130, 278, 369). Although
asymptomatic infections have been described by seroconver-
sion, the test used was not specific enough to ensure that the
Israeli isolate was definitely the agent provoking the serologic
response (306).

FIG. 3. Inoculation eschar (top panel) and maculopapular rash
(bottom panel) on a patient with Mediterranean spotted fever.
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In 1999, R. conorii subsp. israelensis was isolated from three
patients living in semirural areas along the River Tejo in Por-
tugal (12). Of interest was the fact that none of the patients
had traveled away from Portugal during the previous year, and
none reported an eschar. All patients had severe disease, and
two patients died with septic shock and multiorgan failure.
More recently, Sousa et al. reported the clinical data of 44
patients infected with R. conorii subsp. israelensis in Portugal
between 1994 and 2004. Cases were confirmed by isolation of
the rickettsia from blood or by PCR on skin biopsy specimens.
The absence of an eschar was noted for 54% of the patients.
All but two patients presented with a rash. A total of 10
patients died. These clinical characteristics were not statisti-
cally different from those of 44 patients infected with R. conorii
subsp. conorii at the same period (R. Sousa et al., Abstr. 4th
Int. Conf. Rickettsiae Rickettsial Dis., abstr. O-22).

The occurrence of R. conorii subsp. israelensis in Portugal
indicates that the geographic distribution of Israeli spotted
fever is wider than previously appreciated. This was confirmed
more recently when R. conorii subsp. israelensis was detected in
Sicilian Rhipicephalus sanguineus ticks (120).

“Rickettsia sibirica subsp. sibirica” (Siberian tick typhus or
North Asian tick typhus). R. sibirica is the agent of Siberian
tick typhus, a spotted fever group rickettsiosis that was first
described in Primorye in the spring-summer season of 1934 to
1935 by Shmatikov (280). Human isolates obtained in 1946
were used as reference strains for molecular studies many
years later (17). Siberian tick typhus is well documented in the
former USSR, but relatively few descriptions are available in
the English medical literature (280). Active foci of the disease
are widely spread in Asiatic Russia, with more than 80% of the
cases being observed in Altai (Western Siberia) and Krasno-
yarsk regions. The disease is frequently reported during spring
and summer months. Since 1979, a constant increase of the
number of cases has been observed. Between 1979 and 1997,
23,891 cases were recorded (297).

R. sibirica has been found in several species of ticks, and
some of them have been presented as the principal vectors
Siberian tick typhus (297). These include Dermacentor nuttalli
in the mountainous steppe of western and eastern Siberia, D.
marginatus in the steppe and meadow regions of western Si-
beria and northern Kazakhstan, Dermacentor silvarum in forest
shrubs, and Haemaphysalis concinna in swampy tussocks of
some southern and far eastern territories of Siberia (17, 297).
Isolates obtained from these species of ticks, respectively, in
1949, 1959, 1983, and 1986 are available at the Gamaleya
Research Institute of Epidemiology and Microbiology in Mos-
cow (17). These ticks may act as vectors but also reservoirs of
R. sibirica which is maintained in ticks through transstadial and
transovarial transmission, as demonstrated at least for D. nut-
talli. More recently, a rickettsial strain that had been isolated
from Ixodes persulcatus and maintained at the Omsk Research
Institute of Natural Foci Infections was identified as R. sibirica
(S. Shpynov, P. E. Fournier, N. Rudakov, I. Samoilenko, T.
Reshetnikova, V. Yastrebov, M. Schaiman, I. Tarasevich, and
D. Raoult, Abst. 4th Int. Conf. Rickettsiae Rickettsial Dis.,
abstr. P-179).

The incubation period is usually 4 to 7 days following a tick
bite. Clinical features include a high fever associated with an
inoculation eschar that is often accompanied by regional

lymphadenopathy. Severe headache, myalgia, and digestive
disturbances are concomitant symptoms and can last for 6 to 10
days without treatment. The rash, which may be purpuric,
usually occurs 2 to 4 days after the onset of symptoms. Al-
though central neurological involvement may occur, this dis-
ease is usually mild and is seldom associated with severe com-
plications (297).

Infection due to R. sibirica is also prevalent in northern
China, where it is known as North Asian tick typhus (98, 371).
There an isolate was obtained from D. nuttalli in 1974, and
from patients in 1984 when five patients with characteristic
symptoms of spotted fever were seen in Xinjiang, China. D.
nuttalli specimens were attached to four patients, and the last
patient recalled a tick bite (99). About 20 strains of SFG
rickettsiae in China have been identified as R. sibirica from
patients, various species of ticks, rodents (Microtus fortis), and
hedgehogs (99, 372). Recently, a distinct strain of R. sibirica,
currently considered a subspecies (see “Rickettsia sibirica
subsp. mongolotimonae” below), emerged as a pathogen for
humans in Europe and Africa.

Rickettsial strains antigenically identical to R. sibirica have
also been isolated from several species of ticks in Pakistan
(289). However, because only serological methods have been
used to characterize these strains, to our knowledge, there is
no definitive evidence of the prevalence of R. sibirica in Paki-
stan.

Rickettsia australis (Queensland tick typhus). Queensland
tick typhus has been clinically recognized since 1946. The first
cases were observed among Australian troops training in the
bush of northern Queensland State in eastern Australia. Rick-
ettsiae were isolated from 2 of 12 infected soldiers (4). Using
serological methods, this agent was found to be a new spotted
fever group rickettsia (256) and was named R. australis in 1950
(249). Thereafter, Queensland tick typhus has been recognized
along the entire eastern coast of Australia east of the Great
Dividing Range (127, 314, 316). In regions south of Queens-
land, cases were recorded in the 1990s in the eastern coastal
region of New South Wales, including its capital, Sydney (93).
Spotted fevers with slight clinical and epidemiological differ-
ences were subsequently reported in Victoria and on Flinders
Island (328). Although these cases were primarily assumed to
be due to R. australis (316), it is now known that a different
pathogenic rickettsia, R. honei, occurs at least in Flinders Is-
land, where it was shown to be responsible for the cases (see
below). To date, R. australis has been definitely isolated only
from patients in Queensland (4, 257).

R. australis has been identified in Ixodes holocyclus, a com-
mon, human-biting tick in Queensland (60). This tick also
feeds on a broad range of vertebrate hosts. It is distributed
primarily in coastal regions but is also prevalent in the rain
forests of Queensland (287). R. australis has also been isolated
from Ixodes tasmani, a species that exists along the coast as well
as in the interior regions of south and western Australia (287).
This tick rarely bites humans but may play a role in the enzo-
otic maintenance of R. australis in small animals (60, 127). An
uncharacterized SFG rickettsia was recently identified in the
hemolymph of an Ixodes cornuatus tick removed from a human
in Victoria (129). This tick is prevalent in south costal New
South Wales, eastern Victoria, and Tasmania (288). A number
of vertebrates, including bush rats, bandicoots, and domestic
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dogs, are common hosts for all these ticks. In one study, anti-
bodies reactive with R. australis were detected in 54 of 307
bandicoots and rodents trapped in northern Queensland; how-
ever, the precise role of vertebrates as reservoirs of R. australis
is not known (74).

Although Queensland tick typhus is a notifiable disease in
Australia, it is seldom reported. A review on 62 cases of spot-
ted fever recorded in Australia between 1946 and 1989 (16)
indicated that 37 of these cases that originated from Queens-
land and New South Wales could be considered infections due
to R. australis. A total of 78% of the cases occurred between
June and November, and cases from both urban and suburban
areas were reported. Approximately 76% of patients recall an
antecedent tick bite. The disease is characterized by a sudden
onset characterized by fever, headache, and myalgia, followed
within 10 days by maculopapular or vesicular rash. An inocu-
lation eschar is identified in approximately 65% of cases, and
lymphadenopathy is identified in 71% of cases. The disease
ranges from mild to severe, but only two patients with fatal
disease have been described (127, 315).

Emerging Pathogens (1984 to 2004)

Rickettsia japonica (Japanese or Oriental spotted fever). Be-
tween May and July 1984, the Japanese physician Fumihiko
Mahara identified three patients with high fever and rash. All
lived in the same rural area and had collected shoots from
bamboo plantations on the same mountain. For two patients,
an eschar was observed. Scrub typhus, caused by the mite-
borne pathogen Orientia tsutsugamushi, was initially suspected
because of the clinical similarity to the illnesses and because it
is a well-known zoonotic disease in Japan (358). However, the
results of the Weil-Felix test showed positive OX2 serum ag-
glutinins, indicating a possible spotted fever group rickettsiosis,
whereas OXK serum agglutinins (used for the diagnosis of
scrub typhus) were negative (183). Patient sera were then
shown to have antibodies reactive with spotted fever group
rickettsial antigens when tested by immunofluorescence (186,
339). The disease was called Japanese spotted fever. The caus-
ative agent was first isolated from patients in Shikoku in 1985
(340, 341) and was subsequently characterized as a new rick-
ettsia of the spotted fever group and named Rickettsia japonica
(342, 343).

Since 1984, approximately 30 to 40 cases have been reported
annually, mainly along the coast of southwestern and central
Japan (184, 185). The disease occurs from April to October.
High-risk areas for acquiring the infection include bamboo
plantations, crop fields, and coastal hills and forests. Japanese
spotted fever has an abrupt onset with headache, high fever (39
to 40°C), and chills. A macular rash appears after two or three
days, all over the body, including the palms and soles. It be-
comes petechial after 3 or four days and disappears in two
weeks. An inoculation eschar was observed in 91% of 34 pa-
tients diagnosed at Mahara Hospital in 1984-1997, and 38% of
the patients recalled a tick bite (184, 185). Severe cases, in-
cluding those of patients with encephalitis, disseminated intra-
vascular coagulopathy, multiorgan failure, and acute respira-
tory distress syndrome, have been reported (9, 158, 159, 161).
In a series of 28 patients hospitalized during 1993-2002, 6
(21%) were classified as severe, including 1 fatality (160, 161).

R. japonica has been detected in or isolated from six species
of ticks in Japan. Of these, Haemaphysalis flava, Haemaphysalis
longicornis, Dermacentor taiwanensis, and Ixodes ovatus com-
monly feed on humans and are considered as the most likely
vectors of the disease (106, 148, 185).

“Rickettsia conorii subsp. caspia” (Astrakhan fever). Since
the 1970s, in Astrakhan, a region of Russia located by the
Caspian Sea, cases of a febrile exanthema have been observed
in patients of rural areas. Prospective surveillance during 1983
through 1988 identified 321 cases of Astrakhan fever. Most
patients were adults (94%), specifically males (61%), and the
cases occurred during summer months (85%, including 43% in
August). The disease was similar to MSF, including fever as-
sociated with a maculopapular rash in 94% of the cases. How-
ever, the presence of a tache noire was reported in only 23% of
the patients. Conjunctivitis was seen in 32% of the cases. No
fatal cases were reported in this series (333). Most of the
patients had dogs and reported having contact with Rhipiceph-
alus sanguineus dog ticks. The Gamaleya Institute for Epide-
miology and Microbiology in Moscow tested sera from patients
with Astrakhan fever using the complement fixation test and
observed the presence of antibodies reactive with R. conorii in
72% of patients (334). These results were also confirmed by
MIF when tested at the Unité des Rickettsies in Marseille (96).

A rickettsial isolate was obtained from a patient with Astra-
khan fever in 1991 (95). In 1992, it was shown that restriction
endonuclease patterns of DNA fragments of rickettsia ampli-
fied from the blood of a patient were identical to those of
rickettsial DNA amplified Rhipicephalus sanguineus ticks col-
lected in Astrakhan and related to those of R. conorii strains
from Israel (88). In 1994, Rhipicephalus pumilio ticks were also
shown to harbor rickettsiae with identical genomic patterns.
This species usually feeds on domesticated and wild mammals,
including rabbits and large rodents, but may occasionally bite
people (97).

During the summer of 2001, French United Nations troops
in Kosovo collected ticks on asymptomatic soldiers and dogs in
the Morina region. By molecular methods, Rickettsia conorii
subsp. caspia was detected in four Rhipicephalus sanguineus
organisms, including three collected on dogs and one taken
from an asymptomatic soldier. The man with the positive tick
remained asymptomatic (105).

A rickettsial isolate was obtained recently from a patient
from Chad, Africa. The patient presented with fever, dyspnea,
a maculopapular rash, an inoculation eschar on the leg, and
conjunctivitis of the right eye. Five days before the onset of the
symptoms, she had traveled to Lake Chad, where she had
walked into the bush but recalled no tick bite. The 16S rRNA
gene, gltA, and ompA sequences of the isolate, obtained by
inoculating the eschar biopsy specimen in cell culture, were
found to be 99.7%, 99.6%, and 99.5% identical to those of
Rickettsia conorii subsp. caspia, respectively. Based on these
molecular characteristics, the Chad isolate is considered a vari-
ant strain of Rickettsia conorii subsp. caspia (113). Thus, As-
trakhan fever might be a cause of spotted fever in Kosovo and
Chad, and the area of distribution of this rickettsia could be
wider than initially suspected in Astrakhan.

It has been proposed recently that the Astrakhan fever rick-
ettsia actually constitutes several subspecies of R. conorii. R.
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conorii subsp. caspia subsp. nov. has been proposed as the
name of the agent of Astrakhan spotted fever (374).

Rickettsia africae (African tick bite fever). The etiologic
agent of African tick bite fever was discovered twice. In 1911,
an influenza-like disease named tick bite fever was described in
Mozambique and South Africa (204, 305). Thereafter, there
was debate as to whether these cases were cases of MSF,
described 1 year earlier in Tunisia (see “R. conorii subsp. cono-
rii” above). In the 1930s in South Africa, Pijper described tick
bite fever as a rural disease occurring in people having contact
with cattle ticks, whereas MSF was typically acquired in urban
areas with dog ticks (254, 255). Tick bite fever was a far milder
disease than MSF and was not associated with skin rash. Thus,
Pijper considered tick bite fever to be a distinct disease. He
isolated a rickettsia from a patient and demonstrated that it
was different from R. conorii in cross-protection studies (254,
255). Unfortunately, this isolate was lost and subsequent work-
ers were unable to confirm these findings (119). Erroneously,
MSF and tick bite fever were considered synonyms, and R.
conorii remained the only recognized agent of tick bite fever in
Africa until the 1990s.

In 1990, Kelly et al. isolated rickettsial strains from Ambly-
omma hebraeum ticks in Zimbabwe and demonstrated these
strains to be distinct from R. conorii by MIF typing (155). In
1992, a rickettsia was isolated by shell vial cell culture from a
patient suffering from tick bite fever in Zimbabwe (150). The
rickettsial isolate was found to be distinct from other SFG
rickettsia but indistinguishable from the rickettsial isolates pre-
viously obtained from A. hebraeum and from a strain isolated
from an Amblyomma variegatum specimen collected in Ethio-
pia 20 years earlier (54, 152). Kelly et al. proposed the name
African tick bite fever for the disease and the name Rickettsia
africae for the newly recognized rickettsia causing the disease.
These names were officially adopted when the rickettsia was
definitively characterized (151). This finding confirmed Pijper’s
earlier work and validated the presence of a second tick-trans-
mitted rickettsiosis in Africa approximately 60 years after the
initial description.

In southern Africa, A. hebraeum, a tick of large ruminants
and wildlife species is a recognized vector and reservoir of R.
africae. Transstadial and transovarial transmission of R. africae
in this tick have been demonstrated (154). Frequent human
cases may be attributed to efficient transovarial transmission of
the agent when larvae, which are small and difficult to notice
when attached to the skin, are involved as vectors. R. africae
has also been detected in A. variegatum throughout west, cen-
tral, and eastern sub-Saharan Africa (181, 242) and in A. lepi-
dum from the Sudan (242). Three uncultivated rickettsiae,
named Rav1, Rav3, and Rav9, detected by PCR from A. var-
iegatum ticks in Niger and Mali, appear to be closely related,
probably variants of R. africae, based on molecular analyses of
the ompA and gltA genes (242).

Infection rates are remarkably high, and as many as 100% of
Amblyomma spp. may be infected with R. africae. Because A.
hebraeum ticks readily bite humans, cases of African tick bite
fever often occur in clusters and patients often present with
multiple inoculation eschars (273). Further, high prevalences
(30 to 80%) of antibodies to spotted fever group rickettsiae
have been shown in persons throughout the continent, includ-
ing children parallel to the distribution of Amblyomma ticks

(145). During the Zimbabwean war of independence in the late
1970s, army medical authorities reported that several thousand
cases of tick typhus occurred in European and African soldiers,
particularly those of urban origin who were deployed to rural
areas and presumptively nonimmune to the infection. Despite
high seroprevalence to R. africae among native Africans, nearly
all acute cases of ATBF described in the literature have oc-
curred in European or American travelers (145, 205, 273).
Recently however, Ndip et al. reported cases of ATBF docu-
mented by serology (26 patients) and molecular techniques
(7 patients) among indigenous patients in Cameroon (212,
213).

Game hunting, traveling to southern Africa, and traveling
during November through April have recently been identified
as independent risk factors of ATBF in travelers (146). Sero-
logical evidence of recent spotted fever group rickettsial infec-
tion was detected in 11% of patients returned to Germany
from southern Africa (144). Further, specific antibodies to R.
africae were detected in 9% of first-time Norwegian travelers
to rural subequatorial Africa (147). Finally, in a prospective
cohort study of 940 Norwegian travelers (mostly short-term) to
rural subequatorial Africa, the incidence rates of African tick
bite fever ranged from 4 to 5% (146).

Between 1983 and 2003, 171 published cases have been
microbiologically confirmed as ATBF. Another 78 cases could,
based on positive (but not species-specific) tests in combina-
tion with typical clinical and epidemiological features, retro-
spectively be classified as probable ATBF (145, 273). The
mean age of these 249 cases was 40 years; most patients (72%)
were male, and most (64%) originated from Europe. Although
cases have been reported from western, central and eastern
Africa, more than 80% of the patients acquired ATBF in South
Africa. Risk areas include wildlife attractions in natural parks,
where the tick vectors are highly prevalent and attack readily
any person who enters their biotope. Up to 74% of travel-
associated cases of African tick bite fever occur in clusters (62,
110). The incubation period ranges from 5 to 7 days, up to 10
(145). In the largest published series, known tick bites or tick
contact were reported in 44% of the patients. Fever occurred
in 88% and clinical signs were generally mild. High prevalence
of multiple inoculation eschars was seen in patients (55%) and
characterizes ATBF from other spotted fever rickettsioses. Es-
chars were predominantly on the lower limbs (62%) presum-
ably because Amblyomma spp. attack from the ground to the
legs and generally bite as soon as possible (Fig. 4). Enlarge-
ment of lymph nodes draining area of the eschar (s) is common
(43%). A rash is seen in 49% of the patient and may be
vesicular (50%). To date no deaths or severe manifestations
have been reported in patients with ATBF. However, differ-
ences in clinical presentation appear between retrospectively
collected cases (including many which were hospitalized and
whose samples were referred to reference labs) (273) and 38
consecutive Norwegian cases (including only 2 hospitalized
cases) (146). When examining consecutive cases, many patients
had mild disease, whereas cases submitted to reference labs
and later presented in a retrospective fashion had more pro-
nounced symptoms.

Recently, ATBF has been identified from locations away
from the African mainland. In 1998, the first case of naturally
acquired R. africae infection in the Western Hemisphere was
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described for a tick-bitten patient returning from Guadeloupe
Island in the French West Indies (243). R. africae was subse-
quently isolated from A. variegatum ticks collected on cattle,
sheep and goats on Guadeloupe (246). A second human case
was documented in 2001 (273). R. africae may have been in-
troduced into the West Indies from Africa during the 18th or
19th centuries with A. variegatum ticks on cattle shipped from
Senegal to Guadeloupe (19). Over the past 50 years, A. varie-
gatum have propagated and invaded more than 15 islands in
the Caribbean, by livestock movements and migration of birds.
More recently, R. africae was detected from A. variegatum
collected on others islands in the Caribbean including Martin-
ique (237), St. Kitts and Nevis (153) and Antigua (S. A. Thorn-
ton, P. E. Olson, M. Medina, J. Robinson, M. Eremeeva, J. W.
Sumner, T. Parakh, M. L. Lim, and G. A. Dasch, Abstr. 41st
Annu. Meet. Infect. Dis. Soc. Am., p. 40, 2003). Without ef-
fective control measure, great potential exists for A. variegatum
and R. africae to become established on the American main-
land. R. africae has also been recently identified in A. variega-
tum ticks collected on Reunion Island, a French Island in the
Indian Ocean, where ticks where introduced with animals by
humans in the 17th century (238).

Rickettsia honei (Flinders Island spotted fever). Flinders Is-
land spotted fever was described in 1991 by R.S. Stewart, the
only medical doctor among approximately 1,000 inhabitants on
Flinders Island, a small island off the south-east coast of Aus-
tralia near Tasmania. He described 26 cases observed over 12
years of a seasonal, febrile rash illness. The rash was erythem-
atous in the majority of patients and purpuric in two patients
with severe cases associated with thrombocytopenia (328).
Other findings included an inoculation eschar and enlarged
local nodes in 25% and 55% of cases, respectively. Cases oc-
curred in spring and summer, predominantly during December
and January. Incidence was approximately 150 per 100,000
persons. The patients’ sera were initially evaluated by the Weil-
Felix test and subsequently by microimmunofluorescence,
which confirmed that the disease was caused by a SFG rick-

ettsia. At the time of Stewart’s observations, these were con-
sidered to be cases of Queensland tick typhus, although clinical
and epidemiological differences were noted when compared to
cases originating from Queensland. The usual features in
Flinders Island spotted fever were a sudden onset of fever,
headache, arthromyalgias with joint swelling and slight cough.
However, the rash which appeared few days later, was macu-
lopapular and there was no vesiculation, unlike Queensland
tick typhus caused by R. australis. Although most of the re-
ported cases of R. australis occurred during June through No-
vember, and were reported from both urban and suburban
areas, cases in Flinders Island spotted fever occurred predom-
inantly during December through January (328).

In 1992, isolates were obtained from 2 patients with Flinders
Island spotted fever (15). The rickettsia was characterized by
molecular methods and proposed as a new species, R. honei
(16, 327). One patient from whom a rickettsial isolate was
obtained from blood had been bitten by a tick 9 days prior
becoming ill. The tick was identified as Aponomma hydrosauri
(129) a tick that usually bites reptiles. During the same summer
season of 1990, eight people collected the ticks that had bitten
them. Six were I. tasmanii (the main tick that bites humans on
Flinders Island) and 2 were A. hydrosauri. Further, 29/46
(63%) of A. hydrosauri removed from 12 Australian blue-
tongued lizard on Flinders Island were shown to harbor R.
honei by molecular techniques (128, 362). DNA of R. honei has
been detected by PCR in eggs obtained from engorged female
ticks of this species, suggesting transovarial transmission of R.
honei in the acarine host (128).

In addition to Flinders Island, A. hydrosauri is widespread in
south Australia including Victoria area on the Mainland and
Tasmania. It has also been noted in New South Wales (288). In
1995, a similar rickettsiosis emerged in Tasmania, where pa-
tients were found by PCR to be infected with R. honei (70). A.
hydrosauri ticks removed from a Tasmanian were also positive
by PCR, and recent work suggested again that transovarial
transmission may occur in ticks (362). However, the definitive
implication of A. hydrosauri as a vector and possibly reservoir
of R. honei, requires further study.

Interestingly, in 1962 a rickettsia was isolated in Thailand
from pooled larval Ixodes sp. and Rhipicephalus sp. ticks col-
lected on a Rattus rattus specimen, designated Thai tick typhus
rickettsia TT-118 (289); however, this rickettsia has been
shown recently to be a strain of R. honei (327). More recently,
DNA of R. honei has been recently detected in Thai Ixodes
granulatus ticks collected from R. rattus in Thailand in 1974
(162).

Finally, a rickettsia closely related to R. honei was detected
by molecular tools in 2 Amblyomma cajennense adult ticks
collected on cattle in south Texas (35). Sequence analysis of
segments of the 17-kDa gene, gltA gene, and the gene encoding
OmpA amplified from these ticks showed the highest degree of
similarity to the Thai tick typhus rickettsia (homologies of 99.5,
99.5, and 100%, respectively). To date, no case of spotted fever
group rickettsioses has been linked to R. honei infection in
Thailand or the United States.

“Rickettsia sibirica subsp. mongolitimonae.” In 1991, a rick-
ettsia was isolated from Hyalomma asiaticum ticks collected in
Inner Mongolia in China. It was antigenically and genotypically
unique among SFG rickettsiae and was named isolate HA-91

FIG. 4. Multiple tick bites on a patient with African tick bite fever
caused by R. africae.
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(371). In 1996, a genetically indistinguishable isolate was ob-
tained from the blood and the skin of a 63-year-old patient in
southern France. The patient was hospitalized in March (an
atypical month for MSF) with a mild disease characterized by
only a discrete rash and an inoculation eschar involving the
groin. This patient was a resident of Marseille and had no
travel history; however, the patient had collected compost from
a garden where migratory birds were resting (271). The name
“Rickettsia mongolotimonae” was first proposed for the rickett-
sia to refer to the disparate sources of the isolates (i.e., Mon-
golia and La Timone Hospital in Marseille). Using gene se-
quence-based criteria to define Rickettsia species (104), “R.
mongolotimonae” was identified as a member of the R. sibirica
species complex. However, in phylogenetic studies, all strains
of “R. mongolotimonae” group together in clusters separated
from other strains of R. sibirica. In addition, “R. mongolotimo-
nae” exhibits serotypic and ecological differences from other
members of this complex. For these reasons, and in accordance
with Latin nomenclature, this agent is now called “R. sibirica
subsp. mongolitimonae,” and the agent of North Asian tick
typhus called R. sibirica sensu stricto (107) (P. E. Fournier, et
al., Abstr. 4th Int. Conf. Rickettsiae Rickettsial Dis., abstr.
P-180, 2005).

A second human case of infection with R. sibirica subsp.
mongolitimonae was diagnosed in 1998 in an HIV-positive pa-
tient who had gardened in a rural area of Marseille. The
patient presented with fever, headache, an eschar, lymphangi-
tis and painful satellite lymphadenopathy (112). From January
2000 to June 2004, R. sibirica subsp. mongolitimonae infection
has been diagnosed in 7 additional patients. In 3, the bacterium
was cultivated from the inoculation eschar. The other 4 pa-
tients were diagnosed using PCR from the eschar (2 patients)
or blood (2 patients), plus specific Western blot before (2
patients) and after (2 patients) cross-adsorption (CA).

Based on evaluation of these nine cases, R. sibirica subsp.
mongolitimonae infection differs from other tick-borne rickett-
sioses in the Mediterranean area. Specific characteristics in-
clude an incidence from March to early July, the occasional
findings, alone or in combination, of multiple eschars (Fig. 5),
and draining lymph nodes, and a lymphangitis that extends
from the inoculation eschar to the draining node. The unique
clinical features of this new rickettsiosis have led to the mon-
iker lymphangitis-associated rickettsiosis (107).

R. sibirica subsp. mongolitimonae was reported in sub-Sa-
haran Africa in 2001, when it was detected in Hyalomma trun-
catum (242). The first proven human infection with R. sibirica
subsp. mongolitimonae in Africa was reported in a construction
worker, working in South Africa’s Northern Province. The
patient presented with an eschar on his toe, lymphangitis, se-
vere headache, and fever. An eschar biopsy specimen was used
for PCR amplification of the rickettsial OmpA gene which
showed �99% similarity with the corresponding OmpA gene
fragment of R. sibirica subsp. mongolitimonae (258). More re-
cently, a second African case was documented in a patient
returning to France after a trip in Algeria. She presented with
fever and 2 inoculation eschars. She had been in contact with
camels which are highly parasitized by ticks (107). Thus, lym-
phangitis-associated rickettsiosis should be considered in the
differential diagnosis of tick-borne rickettsioses in Europe, Af-
rica and Asia.

Specific vectors of R. sibirica subsp. mongolitimonae have yet
to be described, particularly in southern France. It has been
hypothesized that French patients may have been bitten by
ticks from migratory birds. The detection of R. sibirica subsp.
mongolitimonae in Hyalomma spp. in Mongolia and Niger sug-
gests a possible association of this rickettsia with ticks of this
genus that are also prevalent in southern France (209). More
arguments for this hypothesis have been provided recently
when two cases of R. sibirica subsp. mongolitimonae have been
documented in Crete, Greece. Indeed, in one patient, this
rickettsia was simultaneously detected on a H. anatolicum ex-
cavatum tick parasitized on him (A. Psaroulaki, A. Ger-
manakis, E. Scoulica, B. Papadopoulos, A. Gikas, and Y.
Tselentis, Abstr. 4th Int. Conf. Rickettsiae Rickettsial Dis.,
abstr. P-207, 2005).

Rickettsia slovaca. R. slovaca was first isolated in 1968 from
Dermacentor marginatus ticks in Czechoslovakia (279). Subse-
quently, it has been detected or isolated from ticks in all Eu-
ropean countries where D. marginatus and D. reticulatus have
been evaluated for rickettsiae, including France, Switzerland,
Slovakia, Ukraine, Yugoslavia, Armenia, and Portugal. Infec-
tion prevalence in ticks varies from 1 to 17% (311). These ticks
are generally common throughout Europe and central Asia,
except for D. marginatus, which has not been identified in
northern Europe. They are active during early spring, autumn,

FIG. 5. Multiples eschars on a patient infected with R. sibirica
subsp. mongolitimonae.
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and winter in southern Europe. Adult ticks inhabit forests and
pastures and frequently bite people entering these biotopes,
particularly on the scalp. These ticks may act as vectors but also
reservoirs of R. slovaca, which is maintained in ticks through
transstadial and transovarial transmission (279).

For more than 20 years following its discovery, R. slovaca
was considered a nonpathogenic rickettsia; however, in 1997,
the first documented case of human infection with R. slovaca
was reported, found in a woman who presented with a single
eschar of the scalp and enlarged cervical lymph nodes follow-
ing the bite of a Dermacentor sp. tick in France. This case was
documented by seroconversion and molecular detection of R.
slovaca in the eschar’s biopsy specimen and by isolation of the
bacterium from the tick which had been kept (270). Clinically
similar but undocumented cases had been seen previously in
France, Slovakia, and Hungary, where this clinical syndrome
had been named “TIBOLA” (for tick-borne lymphadenopa-
thy) (Fig. 6).

From January 1996 through April 2000, the role of R. slo-
vaca infection in this syndrome was evaluated in 67 patients
from France and Hungary presenting with tick-borne lymph-
adenopathy (275). A total of 17 cases of R. slovaca infection
were confirmed in this cohort by molecular methods. Infec-
tions were most likely to occur in children and in patients who
were bitten during the colder months of the year. Fever and
rash were uncommon, and sequelae included localized alope-
cia at the bite site and chronic fatigue. During the study period,
R. slovaca infection was shown to represent 19% of the Euro-
pean tick-transmitted rickettsioses documented in the Unité
des Rickettsies in Marseille. Cases have also recently been
reported in Bulgaria (163) and Spain (226). Finally, the isola-
tion of R. slovaca from a patient has been recently reported,
providing definitive evidence that R. slovaca is a human patho-
gen (65).

Recently, 22 cases of a similar disease have been reported in
Spain, where the clinical syndrome was called “DEBONEL”
(for Dermacentor-borne necrosis-erythema-lymphadenopathy)
(225). In half of the cases, patients were bitten by ticks iden-
tified as D. marginatus. Cases occurred between October and
April, with a peak in November. The incubation period was
approximately 4 days (range, 1 to 8 days). All patients had an
eschar at the tick bite site (86% of the eschars were on the
scalp) associated with regional painful lymphadenopathy, and
all but one reported a headache. Low-grade fever was present
in 45% of patients. After antibiotic treatment (doxycycline,
except for a child who received josamycin) all patients recov-
ered, but the eschar resulted in alopecia lasting for several
months for several patients. In this series, the infection was not
definitely confirmed to be due to R. slovaca. A weak and late
serological response against this rickettsia was observed in
25% of the cases analyzed. This serological profile had been
previously reported within French and Hungarian patients
(275). R. slovaca was, however, detected by PCR in an en-
gorged D. marginatus female removed from the scalp of one of
the patient. It is also interesting that, in addition to R. slovaca,
another rickettsia of unknown pathogenicity and belonging to
R. massiliae genogroup has been detected from D. marginatus
ticks in Spain (190, 225), as previously in other European
countries. As R. slovaca seems to be involved in most but not
all cases of Dermacentor-borne necrosis-erythema-lymphade-

nopathy or tick-borne lymphadenopathy, one should pay at-
tention to other rickettsiae associated with Dermacentor ticks.

Rickettsia heilongjiangensis. In 1982, a rickettsial isolate
(HLJ-054) was obtained from Dermacentor silvarum ticks col-
lected in Suifenhe in the Heilongjiang Province of China (99).
Between May and July 1992, 12 patients presenting with fever,
headache, rash, eschar, regional lymphadenopathy, and con-
junctivitis following a tick bite in the same area were reported

FIG. 6. Inoculation eschar of the scalp (top panel) and enlarged
cervical lymph nodes (bottom panel) of a patient with tick-borne
lymphadenopathy (R. slovaca infection).
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to have antibodies against this rickettsial strain. Between May
and June 1996, rickettsial isolates were obtained from seven
patients with clinical manifestations of SFG rickettsiosis in
Suifenhe (99). Serological typing and PCR-RFLP analysis
showed that these isolates were identical to identical to HLJ-
054 (also called “Rickettsia heilongjiangii”), providing the first
direct evidence of the pathogenic role of this rickettsia (368).
Recent genomic analysis allowed a definitive characterization
of this rickettsia (373), which is now called Rickettsia hei-
longjiangensis (104). The most closely related rickettsia is R.
japonica. Until recently, infections caused by R. heilongjangh-
ensis were attributed to R. sibirica (99).

More recently, 13 patients from the Russian Far East were
shown to have been infected by R. heilongjiangensis (206).
Rickettsial DNA (four fragments of three genes) was amplified
from the patients’ skin biopsy specimens and blood samples.
Further, the presence of specific antibodies against R. hei-
longjiangensis was shown when the serum samples of 11 pa-
tients were tested with a panel of rickettsial antigens. All the
patients had a history of tick bite or tick exposure or a stay in
an epidemiologically suspected location. In 12 cases, a macular
or maculopapular rash appeared but was faint in most cases.
Also, 12 patients had eschars. Two patients were shown to have
lymphangitis and regional lymphadenopathy. R. sibirica infec-
tion (Siberian tick typhus) that is endemic in Russia peaks at
the end of April, and the seasonal peak of the newly described
rickettsiosis was at the end of June and July. Further, the
infection due to R. heilongjiangensis seemed to affect younger
people (only one under 45 years) and to be relatively mild and
without any reported deaths (206). The epidemiology of infec-
tions caused by the variant of R. heilongjiangensis remains to be
studied. Recently, the DNA of the same rickettsia was ampli-
fied from Haemaphysalis concinna ticks from Siberia (321) and
from H. concinna and Haemaphysalis japonica douglasi ticks
from Russian Far East (O. Mediannikov, Y. Sildelnikov, L.
Ivanov, E. Mokretsova, P. E. Fournier, I. Tarasevich, and D.
Raoult, Abstr. 4th Int. Conf. Rickettsiae Rickettsial Dis., abstr.
O-52, 2005). The name Far Eastern spotted fever has been
proposed for this emerging infectious disease.

Rickettsia aeschlimannii. R. aeschlimannii was first character-
ized as a new spotted fever group rickettsia following its iso-
lation from Hyalomma marginatum marginatum ticks in Mo-
rocco in 1997 (23). However, genotypically similar organisms
had previously been detected in Hyalomma marginatum rufipes
in Zimbabwe and in H. m. marginatum in Portugal (22). R.
aeschlimannii was also later detected in H. m. rufipes in Niger
and Mali (242). In Europe, R. aeschlimannii has been recently
identified in H. m. marginatum ticks in Croatia (264), from six
tick species in Spain, including H. m. marginatum (101), and
from H. m. marginatum ticks in Cephalonia, the largest Ionian
islands of Greece (A. Psaroulaki, D. Ragiadakou, G. Kouris, B.
Papadopoulos, B. Chaniotis, and Y. Tselentis, Abstr. 4th Int.
Conf. Rickettsiae Rickettsial Dis., abstr. P-208, 2005). This
rickettsia was recently isolated from H. m. marginatum ticks
collected on various mammals and from H. m. rufipes ticks
collected on migratory birds coming from Africa, collected in
Corsica (197). In this work, R. aeschlimannii was shown to be
transstadially and transovarially transmitted in ticks indicating
that Hyalomma ticks may be not only vectors but also reser-
voirs of R. aeschlimannii. As a consequence, the geographic

distribution of R. aeschlimannii in Europe would be at least
that of H. m. marginatum ticks throughout southern Europe
(197).

In 2002, the first human infection caused by R. aeschliman-
nii, in a patient returning from Morocco to France, was re-
ported. This patient presented with an inoculation eschar on
his ankle, fever, and a generalized maculopapular rash. MIF
and Western blot assays showed that the patient’s serum re-
acted more intensively with R. aeschlimannii proteins than with
proteins of the other tested SFG rickettsiae. The definitive
diagnosis was obtained using PCR amplification of rickettsial
DNA in the patients’ early serum and sequencing of a frag-
ment of the ompA gene of R. aeschlimannii (272). A second
case, in a patient returning from a hunting and fishing trip in
South Africa, was reported. A Rhipicephalus appendiculatus
tick was attached to his thigh, and an eschar around the at-
tachment site was noted (259). He removed the tick and self-
prescribed doxycycline. No further symptoms developed. A
skin biopsy specimen was, however, taken from the eschar.
Molecular studies of both the biopsy specimen and the tick
allowed the amplification of ompA fragments sharing �99%
similarity with the ompA of R. aeschlimannii.

Interestingly, for 11 of 144 cases of spotted fever rickettsio-
ses recently reported in Spain, patients presented with multiple
eschars (7). Although all cases were diagnosed as MSF caused
by R. conorii, this diagnosis is doubtful. Rhipicephalus san-
guineus, the vector of R. conorii, has a low affinity to bite
people, and the infection rate by SFG rickettsiae is generally
less than 10%. Thus, the probability of being bitten simulta-
neously by several infected Rhipicephalus sanguineus ticks is
likely to be low (245). Conversely, H. marginatum ticks readily
bite humans, and persons may receive multiple simultaneous
tick bites. For example, from 2001 to 2005, a total of 496 ticks
were removed from people at the Hospital de La Rioja, Spain.
A total of 170 were identified as H. m. marginatum, and 3 of
them (1.8%) were shown to harbor R. aeschlimannii (J. A.
Oteo, A. Portillo, S. Santibáñez, L. Pérez-Martı́nez, J. R.
Blanco, S. Jiménez, V. Ibarra, A. Pérez-Palacios, and M. Sanz,
Abstr. 4th Int. Conf. Rickettsiae Rickettsial Dis., abstr. P-92,
2005). Furthermore, infection rates of H. marginatum may be
high, such as that reported in Croatia (64.7%) (264).

Therapeutic failures with rifampin administration to chil-
dren with MSF have been reported in Catalonia, Spain, al-
though R. conorii, the agent of MSF, is susceptible to rifampin
(28, 290); however, R. aeschlimannii has been shown to be
resistant to rifampin (290). In this context, it is possible that
some cases of tick bite spotted fever acquired in southern
Europe and presenting with several eschars are caused by R.
aeschlimannii.

Rickettsia parkeri. In 1939, R. R. Parker isolated a rickettsia
from Gulf Coast ticks (Amblyomma maculatum) collected
from cows in south Texas (233). Subsequent studies character-
ized this bacterium as a distinct SFG rickettsia, and it was
named Rickettsia parkeri (170). R. parkeri was generally char-
acterized as a nonpathogenic species and received relatively
little attention for the remainder of the 20th century. In 2004,
Paddock et al. reported the first recognized case of infection
with R. parkeri in a human 65 years after the initial isolation of
the rickettsia from ticks (230). It occurred in a 40-year-old man
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living in suburban area in southeast Virginia who presented
with fever, headache, diffuse myalgias and arthralgias, and
multiple eschars on his lower extremities. There was no travel
history, and no arthropod bite was recalled, although the pa-
tient was frequently exposed to ticks and fleas. An erythema-
tous maculopapular rash developed on his trunk and spread to
his extremities, including his palms and soles. The patient was
initially diagnosed with infected arthropod bite and treated
unsuccessfully with a penicillin-class antibiotic. He was subse-
quently diagnosed with rickettsialpox and successfully treated
with doxycycline. R. parkeri was isolated in cell culture from an
eschar biopsy specimen and definitively identified by use of
molecular methods (230).

A remarkable clinical feature was the occurrence of multiple
inoculation eschars. The occurrence of multiple eschars has
been also described for a several other tick-borne rickettsioses,
including African tick bite fever and the rickettsiosis caused by
R. sibirica subsp. mongolotimonae (245), but is generally an
unusual clinical feature of most SFG rickettsial infections. In-
deed, eschars are seldom described for patients with RMSF,
and it has been suggested that rare observations of eschars in
patients with supposed RMSF (76, 354) could be caused by
infection with R. parkeri rather than R. rickettsii (230). A 1994
report describing PCR-restriction fragment length polymor-
phism profiles of several SFG rickettsial stains isolated from
patients presumably infected with R. rickettsii noted close sim-
ilarity of one profile with that of R. parkeri (266). More re-
cently, an analysis of several Western blot profiles of serum
samples from patients presumed to be infected with R. rickettsii
revealed reactivity with a 120-kDa protein of R. parkeri in a
pattern compatible with the profile observed from the index
patient with R. parkeri infection (268). Collectively, these find-
ings suggest that other cases of R. parkeri rickettsiosis were
previously diagnosed as RMSF (230).

The distribution and significance of R. parkeri rickettsiosis
in the Americas await further investigation. In the United
States, A. maculatum ticks are distributed throughout sev-
eral southeastern states that border the Gulf and southern
Atlantic coasts. R. parkeri has been identified in Gulf Coast
ticks collected throughout its range in the United States.
Some clinical, epidemiologic, and serologic evidence suggest-
ing that human infections with R. parkeri have also occurred in
Florida, Mississippi, and South Carolina exists (76, 230). R.
parkeri has also been detected rarely in the lone star tick
(Amblyomma americanum), and a study suggests that this rick-
ettsia may be transovarially and transstadially transmitted in
this widely distributed tick (124). Preliminary studies also sug-
gest that A. cajennense will support the growth and survival of
R. parkeri (303), and a recent investigation has demonstrated
DNA of R. parkeri in Amblyomma triste (formerly A. macula-
tum) ticks collected from humans and animals in Uruguay
(347). These findings, coupled with other reports of eschar-
associated spotted fever rickettsioses in patients following bites
of A. triste in Uruguay (73, 87), suggests that R. parkeri rick-
ettsiosis also occurs in areas of South America. In Uruguay, it
is likely that rickettsiosis caused by R. parkeri has been diag-
nosed as infection with R. conorii based on nonspecific sero-
logic tests (87).

Rickettsia massiliae

In 1992, a rickettsial agent was isolated from Rhipicephalus
sanguineus ticks collected near Marseille. It was characterized
as a distinct species within the SFG group of rickettsiae and
named R. massiliae (21). In Europe, this rickettsia has been
detected by molecular methods in Rhipicephalus sanguineus in
Greece (11) and Rhipicephalus turanicus in Portugal (13). It
has been also detected in Africa in Rhipicephalus muhsamae,
Rhipicephalus lunulatus, and Rhipicephalus sulcatus in the Cen-
tral African Republic (92) and in Rhipicephalus muhsamae
collected on cattle in Mali (242). In 1996, a variant strain of R.
massiliae (Bar 29) was isolated in Rhipicephalus sanguineus tick
from Catalonia, Spain (26). It was thereafter detected in Swit-
zerland (33). We recently demonstrated transstadial and
transovarial transmission of R. massiliae Bar 29 in ticks of
the R. sanguineus group molecularly identified as Rhipiceph-
alus turanicus, which may also be considered to be reservoirs
(196).

R. massiliae exhibits a natural resistance to rifampin in cell
cultures (290). Interestingly, therapeutic failures with rifampin
for the treatment of MSF in children have been reported in
Catalonia, although R. conorii is susceptible to rifampin (28,
290). R. massiliae Bar 29 has been detected in tick saliva,
suggesting that the bacteria could be transmitted through the
tick bite (196). In 2003, among 15 patients of MSF in Catalo-
nia, Spain, eight sera reacted at high titers with only R. conorii
and R. massiliae Bar 29 antigens, and the titers against R.
massiliae Bar 29 were clearly higher than those against R.
conorii, which implied the possible pathogenic role of R. mas-
siliae Bar 29 for humans (61).

The first recognition of infection with R. massiliae in a hu-
man occurred in 2005, 20 years after the isolate was initially
obtained from the patient. A spotted fever rickettsia, pre-
sumed to be R. conorii, was isolated in 1985 from the blood of
a 45-year-old man hospitalized in Palermo, Italy, with fever, a
necrotic eschar, a maculopapular rash involving palms and
soles, and mild hepatomegaly. Treatment with a cephalosporin
antibiotic failed, but he recovered completely after receiving a
tetracycline antibiotic. His antibody titer to R. conorii antigens
rose from 0 to 80 by MIF, and the patient was considered to
have Mediterranean spotted fever caused by R. conorii. The
rickettsial isolate was stored for 2 decades before being iden-
tified as R. massiliae by sequencing of portions of the ompA
and gltA rickettsial genes at the Unité des Rickettsies (349).

“Rickettsia marmionii.” During 2003-2005, six patients from
the states of Queensland, Tasmania, and South Australia, Aus-
tralia, were diagnosed with a SFG rickettsiosis characterized by
fever (all patients), headache (83%), arthralgia (50%), cough
(50%), maculopapular rash (33%), and pharyngitis (33%). An
eschar was observed for only one patient. Genetic analyses of
an isolate obtained from one of the patients showed close
similarity to but distinction from R. honei, with 99.0%, 99.7%,
and 99.6% homology to the 17-kDa antigen, gltA, and 16S
rRNA genes, respectively. Investigators have proposed the
name “R. marmionii” to describe this rickettsia and the term
“Australian spotted fever” to describe the rickettsiosis it
causes. The definitive status of “R. marmionii” as a distinct
species or as a subspecies of R. honei remains to be deter-
mined. Potential vectors include Haemaphysalis novaeguineae
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(N. Unsworth, J. Stenos, and J. Graves, Abstr. 4th Int. Conf.
Rickettsiae Rickettsial Dis., abstr. O-53, 2005).

TICK-BORNE SFG RICKETTSIAE PRESUMPTIVELY
ASSOCIATED WITH HUMAN ILLNESSES

“Rickettsia conorii subsp. indica”
(Indian Tick Typhus)

Indian tick typhus (ITT) is a tick-borne rickettsiosis preva-
lent in India. Although the disease has been clinically recog-
nized at the beginning of the century, the etiologic agent has
never been isolated in patients. However, a SFG rickettsia was
isolated in 1950 from a Rhipicephalus sanguineus tick collected
in India (C. B. Philip, L. E. Hughes, K. N. A. Rao, S. L. Kalra,
Arq. 5th Congr. Int. Microbiol., p. 1–571, 1958). This bacte-
rium, classified as R. conorii, was considered to be the cause of
ITT. However, subsequent serologic studies including cross-
adsorption and MIF serotyping demonstrated significant dif-
ferences in antibody responses of patients of ITT with the ITT
rickettsia and type strains of R. conorii (21, 252). Using mo-
lecular methods, it was recently demonstrated that these rick-
ettsiae are closely related, although their diversity is reflected
in antigenic variation (111, 294, 295). As discussed above, we
have recently proposed that the agent of ITT constitutes a
subspecies of R. conorii different from the agent of MSF des-
ignated Rickettsia conorii subsp. indica subsp. nov.

Indian tick typhus differs from MSF in that the rash is fre-
quently purpuric and an inoculation eschar at the bite site
is rarely identified (143, 211). Cases are documented infre-
quently and generally by using nonspecific serological meth-
ods, such as the Weil-Felix test, which provides indirect evi-
dence of possible rickettsial infection but does not allow a
definitive diagnosis (195, 211). In 2001, MIF, Western blotting,
and cross-absorption assays were used to document the first
serologically confirmed case of severe infection in a returning
traveler caused by “Rickettsia conorii subsp. indica” (241).
More recently, in Kerala, a state at the southernmost tip of
India, seven cases were documented for the first time by MIF.
Patients were laborers working in tea estates and presented
with fever and a generalized maculopapular rash occurring,
involving palms and soles in three patients (330). Recent stud-
ies also suggest that two patients with SFG rickettsioses, in-
cluding one presenting with a rash and an eschar, may have
been infected with “Rickettsia conorii subsp. indica” in Thai-
land (244).

Rickettsia canadensis

R. canadensis was first isolated from Haemaphysalis leporis-
palustris ticks removed from rabbits in Ontario, Canada (202).
It was initially considered a member of the typhus group rick-
ettsiae on the basis of antigenic similarities (140). However,
recent molecular studies (104, 293, 295, 310) showed that it
should be representative of a distinct group within the genus
rickettsia, such as R. bellii. The role of R. canadensis as a
human pathogen has not been definitively established. Sero-
logical evidence of human infection has been reported in four
patients presenting with an RMSF-like disease in California
and Texas (39). A role for R. canadensis in acute cerebral

vasculitis was also suspected in a patient from southwestern
Ohio, based on serological studies that included immunoblot
analysis (179).

“Rickettsia amblyommii”

“R. amblyommii” (proposed name), also referred to as
strains 85-1034, WB-8-2, and MOAa, was first isolated from
lone star ticks (A. americanum) collected in Tennessee in 1974
and subsequently identified throughout the range of the lone
star tick (C. Pretzman, D. R. Stothard, D. Ralph, and A.
Fuerst, Proc. 11th Sesquiannu. Meet. Am. Soc. Rickettsiol.
Rickettsial Dis., p. 24, 1994) (49, 52, 361). R. amblyommii has
also been recently detected in A. cajennense and Amblyomma
coelebs ticks collected from the western Amazon forest of Bra-
zil (169). The role of R. amblyommii as an agent of human
disease has been suggested by a study that examined Western
blot profiles of 12 members of a military unit that developed
mild illnesses and antibodies reactive with spotted fever group
rickettsiae following field maneuvers in tick-infested habitats
in Arkansas and Virginia. Investigators determined that five of
these patients exhibited specific profiles of reactivity to major
surface proteins antigens of strain 85-1034, suggesting infec-
tion with this agent [G. A. Dasch, D. J. Kelly, A. L. Richards,
J. L. Sanchez, and C. C. Rives, abstract from Program and
Abstracts of the Joint Annual Meeting of the American Society
of Tropical Medicine and Hygiene and the American Society
of Parasitologists, Am. J. Trop. Med. Hyg. 49(Suppl):220,
1993]. Some investigators have speculated that this rickettsia
may be the agent described as “Rickettsia texiana” (proposed
name) (see below). In some areas of the United States, 40% or
more of A. americanum may be infected with this rickettsia
(125). Because lone star ticks are especially abundant in the
southern and midwestern United States, and because A. ameri-
canum of all three stages readily bite humans, infections with
R. amblyommii could prove to be relatively frequent if this
agent is definitively identified as a human pathogen. Recent
investigations have also identified a spotted fever group rick-
ettsia (strain Aranha) in Amblyomma longirostre ticks collected
from Brazil that shows a very close phylogenetic relationship
with R. amblyommii (167). To our knowledge, no isolate of R.
amblyommii is currently available to the scientific community.

“Rickettsia texiana”

In 1975, Anigstein and Anigstein presented work completed
approximately 30 years earlier that proposed a rickettsial eti-
ology for Bullis fever, a forgotten epidemic which involved
more than 1,000 soldiers participating in field training exercises
at Camp Bullis, Tex., during the spring and summer months of
1942 and 1943 (5). Considerable epidemiologic and entomo-
logic evidence collected during the outbreak implicated an
infectious agent transmitted by the bite of lone star ticks (41).
Because all patients reported a history of tick bites, most no-
tably bites from A. americanum, the disease was also initially
referred to as “Texas tick fever” and “lone star fever.” Clinical
features included fever, chills, orbital and postoccipital head-
ache, weakness, weight loss, and leukopenia. All patients dem-
onstrated enlargement of at least some lymph nodes, and many
had a generalized lymphadenopathy. A maculopapular rash
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involving the trunk was noted in 10% of cases. The illnesses
varied from a mild febrile syndrome of short duration to severe
disease and included one death (367).

Impression smears made from biopsied lymph nodes stained
by the Machiavello technique showed small intracellular fuch-
sinophilic granule and rods morphologically similar to rickett-
siae (180). Rickettsia-like organisms were also isolated from
blood and lymph nodes of patients and from A. americanum
ticks collected in the area (6). Isolates from humans and ticks,
passaged in chicken embryo culture and in animals, subse-
quently produced clinical features compatible with Bullis fever
when inoculated in human volunteers. The name Rickettsia
texiana was proposed for this agent (5). Because A. america-
num ticks frequently harbor spotted fever group rickettsiae
(125), most notably R. amblyommii, it has been suggested that
R. texiana may have been represented by a strain of this rick-
ettsia; however, no isolate of R. texiana is known to exist today,
precluding analyses by contemporary molecular tools.

Bullis fever vanished in 1947, and the cause of this outbreak
remains enigmatic and controversial. At the time of the out-
break, R. R. Parker and E. A. Steinhaus of the Rocky Moun-
tain Laboratory concluded that no association between the
isolated rickettsia and Bullis fever could be firmly established
based on serological responses in patients and experimentally
infected animals. These investigators suggested that “there
might be pathogens in the local tick population that we have
failed to demonstrate, either because of absence in the partic-
ular ticks tested or that they may not be demonstrable by the
techniques employed” (5). Other tick-borne agents have been
suggested as the etiology of Bullis fever, including Coxiella
burnetii (171) and Ehrlichia chaffeensis (123); however, the
clinical presentation of Bullis fever does not match entirely
with either of these diseases, and its cause remains a mystery.

Rickettsia helvetica

R. helvetica was first isolated in Ixodes ricinus ticks (the
vector of Lyme borreliosis) in Switzerland in 1979 (24, 46).
Because transstadial and transovarial transmission of this rick-
ettsia has been demonstrated in I. ricinus, this tick represents
both a potential vector and natural reservoir of R. helvetica. R.
helvetica has been identified in I. ricinus ticks in many Euro-
pean countries, including France, Sweden, Slovenia, Portugal,
Italy, and Bulgaria (32, 71, 216, 239, 304). Recently, it has been
shown that the distribution of R. helvetica is not limited to
Europe but extends to Asia. Rickettsiae identical with or
closely related to R. helvetica have been isolated from I. ovatus,
I. persulcatus, and Ixodes monospinosus ticks collected in Japan
(106).

For approximately 20 years after its discovery, R. helvetica
was considered a nonpathogenic rickettsia; however, in 1999,
R. helvetica was implicated in fatal perimyocarditis in several
patients in Sweden. Infection was documented by electron
microscopy, PCR, and serology (217). These researchers sub-
sequently reported a controversial association between R. hel-
vetica and sarcoidosis in Sweden (218). However, the validity of
these associations has been questioned by prominent rickett-
siologists (357). As noted by D. H. Walker et al., none of the
sarcoidosis cases had supporting serologic evidence of a SFG
rickettsiosis and results of immunohistochemistry and trans-

mission electron photomicrographs appeared dubious at best
(357). In addition, although histochemical stains were inter-
preted as showing structures consistent with bacteria, the tech-
niques used are known for staining unidentified particles in any
damaged tissues (357).

In 2000, seroconversion to R. helvetica was described for a
French patient with a nonspecific febrile illness (108). In 2003,
serological findings in tick bite patients from Switzerland were
suggestive of acute or past R. helvetica infection (20). More
recently, one patient from France and three from Italy were
also diagnosed using serological criteria that included MIF,
Western blotting, and cross-absorption methods. All four re-
ported tick bites and one developed an eschar (103). Recently,
five cases of SFG rickettsiosis, possibly caused by R. helvetica,
were reported in patients living along the central Thai-Myan-
mar border. Two patients reported a tick bite, one presented
with an eschar, and another patient presented with rash. In-
fection were documented by MIF and Western blot assays
(244). Three more cases, in patients from eastern Thailand
with undifferentiated febrile illnesses, were serologically doc-
umented. Although no vector of R. helvetica has been identi-
fied in Thailand, it is known that I. ovatus, which has been
shown to carry R. helvetica, at least in Japan, is also prevalent
in Thailand (331). Further evidence of R. helvetica infections in
the far East is supported by a recent report of a Japanese
traveler returning from Australia with tick-induced paralysis,
due to I. holocyclus, who subsequently seroconverted to R.
helvetica (141).

These data suggest that R. helvetica occurs across a much
larger geographical area than previously known and is associ-
ated with Ixodes species ticks. The few patients for whom
serology-based diagnosis exists had relatively mild, self-limited
illnesses associated with headache and myalgias and, less fre-
quently, with a rash and/or an eschar (103). Additional evalu-
ation and isolation of the bacterium from clinical samples are,
however, needed to confirm the pathogenicity of R. helvetica.

RICKETTSIAE ISOLATED FROM OR DETECTED
IN TICKS ONLY

In addition to SFG rickettsiae that are currently recognized
as human pathogens, many other rickettsiae have been de-
tected in or isolated from ticks from several continents (Fig.
7–10). Some of these agents were isolated in culture many
years ago, and others have been detected only recently by using
molecular tools. Other rickettsial genomic fragments detected
from ticks have been deposited in GenBank but have not been
published yet. Rickettsia spp. identified in the literature or by
these searches (by using keywords searches in GenBank (using
“tick” and “rickettsia,” and also “tick” and the tick genera list)
are listed in Table 1.

NEW APPROACHES TO DIAGNOSIS

Generally, the clinical symptoms of tick-borne spotted fever
group rickettsioses begin 4 to 10 days after the bite and typi-
cally include fever, headache, muscle pain, rash, local lymph-
adenopathy, and for most of these diseases, a characteristic
inoculation eschar (tache noire) at the bite site. However,
these signs vary depending on the rickettsial species involved
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(Table 2) (276, 358). Common nonspecific laboratory abnor-
malities in rickettsioses include mild leukopenia, anemia, and
thrombocytopenia. Hyponatremia, hypoalbuminemia, and he-
patic and renal abnormalities may also occur (276). The spe-
cific methods for the diagnosis of rickettsioses have been re-
cently reviewed (174).

Serology

Serological tests are the most frequently used and widely
available methods for diagnosis. The Weil-Felix test, the oldest
assay, is based on the detection of antibodies to various Proteus
antigens that cross-react with rickettsiae. Although it lacks
specificity and sensitivity, it continues to be used in many
developing countries and in countries with higher level of tech-
nical development (142). For example, the results of Weil-
Felix tests led F. Mahara to suspect a SFG rickettsiosis in
Japan (183). This was the first diagnostic step in the recogni-
tion of R. japonica as a case of disease in this country (183).
MIF is currently being considered as the reference method.
For RMSF, 84.6% to 100% sensitivity and 99.8 to 100% spec-
ificity have been reported, depending on the cutoff chosen (42).
For MSF, MIF sensitivity ranges from 46% (when sampling
day 5 to 9) to 100% (when sampling after day 29) (42). One of
the major limitations of serology is the cross-reactivity that
often exists among antigens of pathogens within the same
genus and occasionally in different genera (245). For example,
it was noted recently that cases of a particular rickettsial in-
fection reported among paleontologists following an expedi-
tion to Mongolia could only be considered as presumptive, as
the diagnosis was supported by an MIF assay using a single
antigen. Indeed, other SFG rickettsiae (pathogenic and of un-
known pathogenicity) are known to occur in that region (177).

To illustrate, when 16 patients with culture-positive or PCR-
documented R. conorii infection and 5 patients with SFG rick-
ettsioses contracted in Mongolia or Siberia were evaluated
solely by MIF, this assay was unable to discriminate between
several antigens tested, including R. conorii, R. rickettsii, R.
africae, R. slovaca, R. sibirica, and R. felis (a flea-borne SFG
rickettsia) (291). MIF remains the reference standard for se-
rological diagnosis of SFG rickettsioses. However, most com-
mercially available MIF assays offer a very limited selection of
antigens (e.g., R. rickettsii in the United States or R. conorii and
R. rickettsii in France). Even national reference centers may
routinely test for only a few other SFG rickettsiae (e.g., R. akari
or R. africae). In this context, it is important to remind the
practicing physician that MIF may be adequate to diagnose the
class of infection (e.g., a spotted fever rickettsiosis) but is likely
to be insufficient to definitively identify the etiologic agent
unless other, more-sophisticated serologic assays are per-
formed or blood or tissue samples can be evaluated by culture-
or PCR-based methods (see below). It is also important to
remind clinicians that collection of acute and convalescent-
phase serum specimens, separated by several weeks, in neces-
sary to confirm disease.

Cross-absorption (CA) techniques and Western blotting
(WB) can be used in reference centers to help to differentiate
rickettsial infections by antibody evaluation (Fig. 11) (174).
For African tick bite fever, the sensitivity of IFA, CA, WB, and
IFA with CA and WB have been estimated at 26%, 83%, 53%,
and 56%, respectively, when 414 patients were tested, includ-
ing 39 cases confirmed by PCR or culture, and 81 considered
positive on the basis of IFA with CA and WB (273). Both
specificity and positive predictive value were 100% for all tech-

FIG. 7. Tick-borne rickettsiae in Africa. Colored symbols indicate
pathogenic rickettsiae. White symbols indicate rickettsiae of possible
pathogenicity and rickettsiae of unknown pathogenicity.

FIG. 8. Tick-borne rickettsiae in the Americas. Colored symbols
indicate pathogenic rickettsiae. White symbols indicate rickettsiae of
possible pathogenicity and rickettsiae of unknown pathogenicity.
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niques. Currently in our laboratory, when cross-reactions are
noted between several rickettsial antigens, the standard pro-
cedure comprises several steps. A rickettsial antigen is consid-
ered to represent the agent of infection when titers of IgG or
IgM antibody against this antigen are at least two serial dilu-
tions higher than titers of IgG or IgM antibody against other
rickettsial antigens. When differences in titers between several
antigens are lower than 2 dilutions, Western blot assays and, if
needed, cross-absorption studies are performed (244).

In this context, serology should be considered as an initial
but not sole method to recognize and diagnose rickettsial dis-
eases, particularly if no rickettsiae have been previously iso-
lated or detected in the considered area. Cautious interpreta-
tion of serologic assays is necessary to avoid misinterpretation
and assignment of a specific etiologic agent, particularly when
novel or “emerging” tick-borne rickettsioses are described
(245). For example, a SFG rickettsioses initially described in
Uruguay in 1990 was observed in three patients who presented
with fever, a small initial maculopapulous lesion on the scalp at
a tick bite site followed by regional lymphadenopathy. MIF
serology using R. conorii as the sole antigen was positive for all

patients, and these infections were presumptively identified as
spotted fever caused by R. conorii (73). During 1993-1994, 23
patients with a previous history of tick bite, including some
with exanthems and inoculation eschars were identified from
rural areas of Canelones County, Uruguay. These patients
were also found to have titers reactive with R. conorii when
tested by MIF; however, R. conorii was again the only antigen
used in the assay (87). Amblyomma triste, a tick commonly
found on dogs with a larval cycle on wild rodents, has been
involved in these cases, and recently, R. parkeri has been iso-
lated from this tick (347). In this context, it is possible that
some or all of these patients were infected with SFG rickettsiae
other than R. conorii, particularly as R. conorii has never been
found in the Western Hemisphere or in Amblyomma species
ticks.

The need for an effective and versatile serologic assay to
identify a particular rickettsia responsible for infection cannot
be overemphasized. Although other classical and contempo-
rary methods (described below) provide a conclusive etiologic
diagnosis, these techniques may require a clinical specimen
that is not readily available when the patient is initially evalu-
ated for care (e.g., tissue or acute-phase whole blood). A serum
specimen, often collected from the patient days to weeks after
his or her recovery, is the most frequently evaluated and often
the only analyte available to laboratories that perform diag-
nostic tests for tick-borne rickettsioses. Whatever the tech-
nique used, it is important to emphasize that acute- and con-

FIG. 9. Tick-borne rickettsiae in Asia and Australia. Colored sym-
bols indicate pathogenic rickettsiae. White symbols indicate rickettsiae
of possible pathogenicity and rickettsiae of unknown pathogenicity.

FIG. 10. Tick-borne rickettsiae in Europe. Colored symbols indi-
cate pathogenic rickettsiae. White symbols indicate rickettsiae of pos-
sible pathogenicity and rickettsiae of unknown pathogenicity.
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TABLE 1. SFG rickettsiae of unknown pathogenicity isolated or detected in ticks

Rickettsia sp. or
strain(s)

Confirmed or potential
tick vectors(s) Locations Comments

Reference(s)
or GenBank
accession no.

Available strains
R. peacockii Dermacentor andersoni United States Transstadially and transovarially transmitted;

the presence of R. peacockii within ovaries
interferes with the ability of R. rickettsii to
infect the ovarian tissues and to be
transovarially transmitted to progeny

18, 51, 215, 236,
324

R. montanensis
(formerly R.
montana)

Dermacentor variabilis,
Dermacentor andersoni

United States Transovarially transmitted in D. variabilis 2, 3, 27, 100,
182, 260

R. bellii Dermacentor,
Haemaphysalis,
Amblyomma,
Ornithodoros. Argas

United States,
Brazil

Represents a distinct ancestral group within
rickettsiae and seems to be one of the most
abundant and broadly distributed rickettsiae
infecting ticks in the United States

10, 116, 251, 353

R. rhipicephali Rhipicephalis sanguineus,
Dermacentor occidentalis

United States,
Europe,
Africa

Invades both salivary glands and ovaries of the
tick

13, 48, 89, 91,
92, 132, 262

R. monacensis Ixodes ricinus Europe Closely related to rickettsiae previously
detected but not isolated in I. ricinus,
including “the Cadiz agent,” IRS3 and IRS4

71, 191, 309, 323

“R. tamurae” Amblyomma testudinarium Western Japan Previously called strain ATI 106
“R. asiatica” Ixodes ovatus Central Japan Previously called “I-OI” 106
Strain S Rhipicephalus sanguineus Armenia 94

Nonclassified, incom-
pletely character-
ized, or unculti-
vated rickettsiae
awaiting further
characterization

Strain Cooleyi Ixodes scapularis United States 34
Strain 364-D Dermacentor occidentalis United States 75, 173
Strain Paruma-

pertus
Dermacentor parumapertus 329

Strain Tillamook Ixodes pacificus United States 139, 253
Unnamed Ixodes cookei 45
Unnamed Amblyomma longirostre Brazil Could be “R. amblyommii” 167
Strain COOPERI Amblyomma cooperi Brazil 138, 166
“Candidatus

Rickettsia
andeanae”

Amblyomma maculatum,
Ixodes boliviensis

Peru 36, 37

Strain RDla420 Dermacentor auratus Thailand 240
Strain RDla440 Dermacentor spp. Thailand 240
Strain ATT Amblyomma testudinarium Thailand 136
Strains HOT1 and

HOT2
Haemaphysalis ornithophila Thailand 136

Strain RpA4 Rhipicephalus pumilio,
Dermacentor reticulatus,
Dermacentor niveus

Europe 301

Strains DnS14 and
DnS28

Dermacentor nutallii,
Dermacentor silvarum,
Dermacentor niveus

Siberia,
Kazakhstan

Closely related to members of the R. massiliae
group together with R. rhipicephali, R.
aeschlimannii, and R. montanensis

301, 322

“Candidatus
Rickettsia
tarasevichiae”

Ixodes persulcatus Russia Closely related to R. canadensis 320

Strain R300 Haemaphysalis juxtakochi Brazil AY472038
Rickettsia midichlorii Ixodes scapularis United States AY348295
Strain

AaR/SoCarolina
A. americanum United States Closely related to R. amblyommii AF45340

“R. morelii” Ixodes ricinus Spain Y08784, Y08785
“Candidatus

Rickettsia
principis”

Haemaphysalis japonica
douglasi

Far Eastern
Russia

AY578114,
AY578115

Rickettsia sp. Amblyomma triguttatum Barrow Island,
northwest
coast of
western
Australia

Ticks were collected off people working on the
island

—a

a H. Owen, N. Unswarth, J. Stenos, P. Clark, S. Graves, and S. Fenwick, Abstr., 4th Int. Conf. Rickettsiae Rickettsial Dis., abstr. P-200, 2005.

742 PAROLA ET AL. CLIN. MICROBIOL. REV.

 on January 23, 2021 by guest
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://cmr.asm.org/


TABLE 2. Characteristics of known and potential tick-borne rickettsiae, 2005

Rickettsia sp. Recognized or
potential tick vector(s)

Yr of first
identification

in ticks

Disease
(yr of first clinical

description)

Yr of first
microbiological

documentation of
human cases

Selected clinical
and epidemiological

characteristics

Confirmed
pathogens

Rickettsia
rickettsii

Dermacentor andersoni,
Dermacentor variabilis,
Rhipicepahlus sanguineus,
Amblyomma cajennense,
Amblyomma aureolatum

1906 Rocky Mountain spotted
fever (1899)

1906a The prototypical and most severe
tick-borne spotted fever rick-
ettsiosis. Case fatality ratio is
20 to 25% in untreated pa-
tients. Peak occurrence during
spring and summer. Eschars
rarely reported. Broadly dis-
tributed in the Western Hemi-
sphere and associated with
several species of tick vectors.

Rickettsia conorii
subsp. conorii

Rhipicephalus sanguineus 1932 Mediterranean spotted fever
(1910)

1932a Disease occurs in urban (66%)
and rural (33%) settings. Rash
occurs in 97%. Cases generally
sporadic. Single eschar. Case
fatality ratio, approximately
2.5%.

Rickettsia conorii
subsp.
israelensis

Rhipicephalus sanguineus 1974 Israeli spotted fever (1940) 1971a Compared to Mediterranean
spotted fever, eschars are less
frequent. Mild to severe
illness.

Rickettsia sibirica
subsp. sibirica

Dermacentor nuttalli,
Dermacentor marginatus,
Dermacentor silvarum,
Haemaphysalis concinna

Unknown Siberian tick typhus (1934) 1946a Disease occurs in predominantly
rural settings. Cases occur
during spring and summer.
Increasing reports of cases.
Cases generally associated with
rash (100%), eschar (77%),
and lymphadenopathy.

Dermacentor sinicus 1974 North Asian Tick typhus
(1977)

1984a

Rickettsia
australis

Ixodes holocyclus, Ixodes
tasmani

1974 Queensland tick typhus
(1946)

1946a Disease occurs in predominantly
rural settings. Cases occur
from June to November.
Vesicular rash (100%), eschar
(65%), and lymphadenopathy
(71%). Two fatal cases
described.

Rickettsia
japonica

Ixodes ovatus, Dermacentor
taiwanensis, Haema-
physalis longicornis,
Haemaphysalis flava

1996 Oriental or Japanese spotted
fever (1984)

1985a Disease occurs in predominantly
rural settings. Agricultural ac-
tivities, bamboo cutting. April
to October. Eschar (91%) and
rash (100%). May be severe.
One fatal case reported.

Rickettsia conorii
subsp. caspia

Rhipicephalus sanguineus,
Rhipicephalus pumilio

1992 Astrakhan fever (1970s) 1991a Disease occurs in predominantly
rural settings. Associated with
eschar (23%), maculopapular
rash (94%), and conjunctivitis
(34%).

Rickettsia africae Amblyomma hebraeum,
Amblyomma variegatum

1990 African tick bite fever (1934) 1992a Disease occurs in predominantly
rural settings and is associated
in international travellers
returning from safari, hunting,
camping, or adventure races.
Outbreaks and clustered cases
common (74%). Symptoms
include fever (88%), eschars
(95%) which are often
multiple (54%), maculopapular
(49%) or vesicular (50%) rash,
and lymphadenopathy (43%).
No fatal cases reported.

Continued on following page
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TABLE 2—Continued

Rickettsia sp. Recognized or
potential tick vector(s)

Yr of first
identification

in ticks

Disease
(yr of first clinical

description)

Yr of first
microbiological

documentation of
human cases

Selected clinical
and epidemiological

characteristics

Rickettsia honei Aponomma hydrosauri,
Amblyomma cajennense,
Ixodes granulatus

1993 Flinders Island spotted fever
(1991)

1992a Disease occurs in predominantly
rural settings. Peak in Decem-
ber and January. Symptoms
include rash (85%), eschar
(25%), and lymphadenopathy
(55%).

Rickettsia
Sibirica subsp.
mongolitimo-
nae

Hyalomma asiaticum,
Hyalomma truncatum

1991 Lymphangitis associated
rickettsiosis (1996)

1996a Few cases described in southern
France between March and
July and South Africa.
Symptoms include eschar
(75%), rash (63%), and
lymphangitis (25%).

Rickettsia
slovaca

Dermacentor marginatus,
Dermacentor reticulatus

1968 Tick-borne lymphadenopathy
(1997), Dermacentor-borne
necrosis and lymphade-
nopathy (1997)

1997b, 2003a Fever and rash rare. Typical
eschar on the scalp with
cervical lymphadenopathy.
Illness mild.

Rickettsia
heilongjiangensis

Dermacentor silvarum 1982 Far Eastern spotted fever
(1992)

1992, 1996a Rash, eschar, and lymphadenopa-
thy. No fatal cases reported.

Rickettsia
aeschlimannii

Hyalomma marginatum
marginatum, Hyalomma
marginatum rufipes,
Rhipicephalus
appendiculatus

1997 Unnamed (2002) 2002b,d Few cases described in patients
from Morocco and South
Africa. Symptoms include
eschar and maculopapular
rash.

Rickettsia parkeri Amblyomma maculatum,
Amblyomma ameri-
canum, Amblyomma
triste

1939 Unnamed (2004) 2004a One case reported in a patient in
the United States. Symptoms
include fever, multiple eschars,
and rash.

Rickettsia
massiliae

Rhipicephalus sanguineus,
Rhipicephalus turanicus,
Rhipicephalus muhsamae
Rhipicephalus lunulatus,
Rhipicephalus sulcatus

1992 Unnamed (2005) 2005a The strain was obtained from a
blood of a patient from Sicily
in 1985, stored, and defini-
tively identified in 2005.

“Rickettsia
marmionii”

Haemaphysalis
novaeguineae

2003–2005 Australian spotted fever
(2005)

2003–2005 Between February and June, six
confirmed cases, including one
with escar and two with a
maculopapular rash.

Potential pathogens
Rickettsia conorii

subsp. indica
Rhipicephalus sanguineus 1950 Indian tick typhus 2001b Compared to Mediterranean

spotted fever, rash usually
purpuric. Eschar rarely found.
Mild to severe.

Rickettsia
canadensis

Haemaphysalis leporis-
palustris

1967 Possible Rocky Mountain spotted
fever-like disease descibed in
California and Texas.
Suspected cause of acute
cerebral vasculitis in Ohio.

Rickettsia
amblyommii

Amblyomma americanum,
Amblyomma cajennense,
Amblyomma coelebs

1974 Unnamed (1993) 1993d Possible cause of mild spotted
fever rickettsiosis in the United
States. Rickettsiae also recently
identified in Brazilian ticks.

Continued on facing page
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valescent-phase sera be collected in any case in which
rickettsiosis is suspected.

Culture

Although rickettsial isolation in culture remains the most
definitive diagnostic method, this technique is typically per-

formed only in reference laboratories with a P3 safety level and
requires staff capable of maintaining living host cells (animal
mouse models or embryonated eggs) or cell cultures (Vero,
L929, HEL, XTC-2, or MRC5 cells). The centrifugation shell-
vial technique using HEL fibroblasts is an effective application
of this method (348). Isolation of rickettsiae can be performed
routinely in this type of laboratory by using buffy coat prepa-
rations of heparinized or EDTA-anticoagulated whole blood,
skin biopsy specimens, or arthropods. Although this technique
is versatile, approximately one-third of rickettsial isolates may
be lost when passaged to new cells.

Histochemical and Immunohistochemical Methods

Rickettsiae can been detected occasionally in tissue speci-
mens by various histochemical stains, including Giemsa or
Gimenez stains (174); however, immunohistochemical meth-
ods provide superior visualization of SFG rickettsiae when
applied to formalin-fixed, paraffin-embedded tissue specimens
obtained at autopsy or cutaneous biopsy samples (particularly
eschars) (Fig. 12) (82, 228, 230, 300). Similar caution must be
used when interpreting immunohistochemical stains, as most
available assays are SFG specific but not species specific.

Molecular Tools

PCR and sequencing methods are now used as sensitive and
rapid tools to detect and identify rickettsiae in blood and skin
biopsy specimens throughout the world where these facilities
are available. Primers amplifying sequences of several genes,
including ompA, ompB, gltA, and gene D, have been used
(Table 3) (42, 104, 111, 295, 310). Ticks may also be used as
epidemiological tools to detect the presence of a pathogen in a
specific area, providing insights to and discoveries of rickett-
siae of unknown pathogenicity (245). Recently, we proposed a
PCR assay with increased sensitivity, named “suicide PCR,”
that had been first developed to detect ancient DNA (269).
Thereafter, we have been starting to use it in the diagnosis of

FIG. 11. Western blot assay of an acute MIF-positive serum show-
ing reactivity with the 135- and 115-kDa specific protein antigens of
Rickettsia conorii and Rickettsia africae, respectively. Columns 1, 3, and
5, R. conorii antigens. Columns 2, 4, and 6, R. africae antigens. Columns
1 and 2, untreated sera. Columns 3 and 4, sera absorbed with R. conorii
antigens. Columns 5 and 6, sera absorbed with R. africae antigens.
MW, molecular weight marker. The interpretation is that when ab-
sorption is performed with R. africae, it results in the disappearance of
homologous and heterologous antibodies, but when it is performed
with R. conorii, only homologous antibodies disappeared. This indi-
cates that antibodies are specific for R. africae. Molecular masses are
indicated on the left.

TABLE 2—Continued

Rickettsia sp. Recognized or
potential tick vector(s)

Yr of first
identification

in ticks

Disease
(yr of first clinical

description)

Yr of first
microbiological

documentation of
human cases

Selected clinical
and epidemiological

characteristics

Rickettsia texiana A. americanum 1943 Bullis fever (1942) 1943c Possible agent of an epidemic
which occurred among army
personnel at Camp Bullis,
Texas during 1942–1943.

Rickettsia
helvetica

Ixodes ricinus, Ixodes
ovatus, Ixodes
persulcatus, Ixodes
monospinus

1979 Unnamed (1999) 1999b Although implicated in
perimyocarditis and
sarcoidosis, the validity of
these associations has been
debated or not accepted by
rickettsiologists. Few cases
documented by serology only
in France and in Thailand.
Rash and eschar seldom occur.

a Documentation by culture.
b Documentation by molecular tools.
c Documentation by animal or human inoculation.
d Documentation by serology.
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SFG rickettsioses to detect DNA from blood samples, as con-
ventional PCR generally has poor sensitivity for detecting SFG
rickettsiae when applied to blood specimens. Suicide PCR is a
nested PCR using single-use primers targeting a gene never
amplified previously in the laboratory (90, 269). This proce-
dure avoids vertical contamination by amplicons from previous
assays, one of the limitations of extensive use of PCR. There is
no positive control. Because the essential role of positive con-
trols is to validate negative results, the absence of these con-
trols does not impair the interpretation of positive results,
which are validated by appropriate negative controls. All pos-
itive PCR products are sequenced to identify the causative
agent. This technique has been successful with EDTA-blood,
serum, and lymph node specimens in the diagnosis of African
tick bite fever due to R. africae and infection due to R. slovaca
(273, 275). This technique was also applied in our laboratory to
DNA from 103 skin biopsy specimens from patients with con-
firmed rickettsiosis, 109 skin biopsies from patients who pos-
sibly had a rickettsiosis, and from 50 skin biopsy specimens
with patients with no rickettsial diseases. Specificity was 100%.
Sensitivity (68%) was 2.2 times higher than culture and 1.5
times higher than regular PCR (109). This technique requires
validation studies and carefully conducted controls, regardless
of sequencing results, that are usually made in reference lab-
oratories. Other teams have successfully applied nested PCR
to serum and tissue specimens from patients suffering from
severe MSF (175); however, standard nested PCR assays may
be highly subject to contamination and false-positive results.

TREATMENT

Early empirical antibiotic therapy should be prescribed in
any suspected tick-transmitted rickettsiosis, before confirma-
tion of the diagnosis (Table 4). More than 50 years after the
introduction of tetracyclines, doxycycline (200 mg per day)

remains the treatment of choice for tick-transmitted rickettsi-
oses (276). Although tetracyclines are contraindicated for gen-
eral use in children less than 9 years of age, doxycycline re-
mains the treatment of choice for all patients, including young
children, with RMSF (137, 194, 265). This recommendation
should be expanded to include other SFG tick-borne rickett-
sioses, several of which may be potentially life-threatening. In
general, the risk of dental staining by doxycycline is negligible
when a single, relatively short (e.g., 5- to 10-day) course of
therapy is administered.

In patients with severe hypersensitivity to tetracyclines, 50 to
75 mg/kg of body weight/day of chloramphenicol can be con-
sidered as an alternate therapy, but its use is limited by side
effects. In general, use of this drug as therapy for rickettsioses
should be considered as empirical treatment of severe cases
only if it is the sole available drug, such as in developing
countries. Josamycin (50 mg/kg/day) has also been used to
treat some patients with certain SFG rickettsioses (276). In
pregnant women with MSF, josamycin can be used at a dose of
3 g per day for 7 days (276). Newer macrolides, such as azithro-
mycin and clarithromycin (63, 308), are also of interest. In a
recent open-label controlled trial, these two drugs were com-
pared in the treatment of children with MSF in Italy. They
were equally tolerated, and no major side effects were ob-
served. All patients recovered, as fever disappeared in less than
7 days in each case. No statistical difference between the times
to defervescence of the drugs was found (63). Azithromycin
seems to be of particular interest, as it is administered once a
day and presents a shorter duration of therapy (3 days, com-
pared to 7 days with clarithromycin). Some fluoroquinolones
may have efficacy against spotted fever rickettsiae, although
these data are largely anecdotal and require careful clinical
evaluation (227, 290, 298, 299).

Many classes of broad-spectrum antibiotics, including peni-
cillins, cephalosporins, and aminoglycosides, are ineffective as
therapies for rickettsial diseases. In vivo animal studies, anec-
dotal clinical experience, and limited evidence from a small
clinical trials suggest that sulfa-containing antimicrobials not
only are ineffective but may actually exacerbate spotted fever
rickettsioses, including RMSF and MSF (131, 133, 299a, 336).

The exact duration of appropriate antibiotic therapy for
SFG rickettsioses is generally related more to clinical response
than a precise number of days; however, for most of these
infections, recommended therapy should continue for at least
3 days after the patient’s fever has abated. A single dose of 200
mg of doxycycline has been shown to be sufficient for MSF
(276), although for patients with severe forms, such as malig-
nant MSF, doxycycline should be administered intravenously
up to 24 h after apyrexia. The use of corticosteroids in severe
forms is controversial (160).

CONCLUSION

In 1940, R. R. Parker, commenting on the disease-causing
potential of an Amblyomma-associated rickettsia he had iden-
tified a year earlier, wrote, “Final decision as to whether macu-
latum infection is or is not a new disease entity must await
further research” (R. R. Parker, Proc. 3rd Int. Congr. Micro-
biol., p. 390–391, 1940). In the case of R. parkeri, the wait was
65 years. In fact, many of the rickettsiae we now identify as

FIG. 12. Immunohistochemical detection of Rickettsia sibirica
subsp. mongolotimonae (arrows, rickettsiae staining red) in a skin bi-
opsy specimen of an eschar of the patient presented in Fig. 5. Note the
abundant inflammatory infiltrate with necrotic features and vascular
injury in the dermis (polyclonal rabbit anti-R. sibirica subsp. mongoli-
timonae antibody used at a dilution of 1/2,000 with hemalin counter-
stain; original magnification, �400).
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human pathogens were first identified in ticks several years or
even decades before a conclusive association with human dis-
ease was demonstrated, including 7 of the 11 species or sub-
species of tick-borne SFG rickettsiae confirmed as pathogens
since 1984.

Various circumstances have contributed to the expansion of
distinct tick-borne rickettsioses recognized during the last de-
cades of the 20th century. Heightened awareness of rickettsial
illnesses, the careful obtaining of histories, and thorough phys-
ical and laboratory examinations by primary physicians have
been crucial factors leading to the discovery of several recently
described tick-borne rickettsial diseases, including Flinders Is-
land spotted fever, Japanese spotted fever, and Astrakhan fe-
ver. Contemporary techniques in molecular biology have
greatly facilitated the description of novel rickettsial agents
and provided new insights into the epidemiology of emerging
rickettsioses on several continents. These include infections
caused by R. sibirica subsp. mongolitimonae, R. slovaca, R.

aeschlimannii, and R. heilongjiangensis. Classical and improved
methods in cell culture methods, coupled with molecular as-
says, have provided critical confirmatory information to in-
criminate various species of Rickettsia, including R. parkeri, as
pathogens of humans. Finally, an increase in the number of
people traveling to foreign countries to participate in recre-
ational activities, including hiking, camping, and hunting, in
nondeveloped or rural areas can result in increased contact
with ticks and tick-borne pathogens endemic to that region.
Increasing reports of imported African tick bite fever among
travelers returning to Europe and the United States from
southern Africa is illustrative of this process.

The recent history of rickettsial diseases is similar in many
ways to that of arboviral diseases, particularly those caused by
flaviviruses. Many newly recognized flaviviral diseases have
been identified only during the last several decades, and vari-
ous other flaviviruses have been isolated or detected from
arthropod hosts and await linkage to human disease. Advances

TABLE 3. Selected DNA primers used for the detection of tick-borne rickettsiae in clinical patient samples or ticks

Gene target
(rickettsial species) Primer, sequence Method Sample Reference(s)

Citrate synthase gene (gltA
all rickettsiae)

RpCS.877p (forward), GGGGACCTGCTCACGGCGG Standard PCR Skin 295

RpCS.1258n (reverse), ATTGCAAAAAGTACAGTGAACA Ticks

Outer membrane protein
A gene ompA (all
species except R.
helvetica, R. australis, R.
bellii, and R. canadensis)

Rr190.70p (forward), ATGGCGAATATTTCTCCAAAA Standard PCR Skin 111

Rr190.602n (reverse), AGTGCAGCATTCGCTCCCCCT Ticks
Rr190.70p (forward), ATGGCGAATATTTCTCCAAAA Standard PCR
Rr190.70ln (reverse), GTTCCGTTAATGGCAGCATCT

AF1F (forward), CACTCGGTGTTGCTGCA Suicide PCRa Serum 109
AF1R (reverse), ATTAGTGCAGCATTCGCTC
AF3F (forward), GGTGGTGGTAACGTAATC
AF3R (reverse), CGTCAGTTATTGTAACGGC
AF2F (forward), GCTGCAGGAGCATTTAGTG
AF2R (reverse), TATCGGCAGGAGCATCAA
AF4F (forward), GGAACAGTTGCAGAAATCAA
AF4R (reverse), CTGCTACATTACTCCCAATA

Outer membrane protein
B gene ompB (all
species except R.
helvetica, R. bellii, and
R. massiliae)

BG1-21 (forward), GGCAATTAATATCGCTGACGG Standard PCR Skin 294

BG2-20 (reverse), GCATCTGCACTAGCACTTTC Ticks

Gene D (most rickettsiae) D1F (forward), ATGAGTAAAGACGGTAACCT Standard PCR Skin 104, 310
D928R (reverse), AAGCTATTGCGTCATCTCCG

17-kDa protein-encoding
gene (all spotted fever
group rickettsiae)

R17122 (forward), CAGAGTGCTATGGAACAAACAAGG Nested PCR Skin 193, 338

R17500 (reverse), CTTGCCATTGCCCATCAGGTTG Serum
TZ15 (forward), TTCTCAATTCGGTAAGGGC Blood
TZ16 (reverse), ATATTGACCAGTGCTATTTC Ticks

a Note that primers used for this nested PCR are used only once in the same lab, with no positive control. Other pairs of primers may be designed each time a new
screening is done. They can be selected for other rickettsial genes. These primers are given as examples.
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in viral molecular genetics, phylogenetic studies, genome se-
quencing, computational techniques have recently provided
new tools starting to give some answers on pathogenicity, in-
teractions with vectors, and host and/or vector association
specificity and to resolve taxonomy problems (360).

Efforts to characterize distinct tick-borne rickettsioses are in
progress on many continents for which a single pathogenic
rickettsial species has been previously described, including
Central and South America and Asia. Renewed interest and
collaborative endeavors with new and established investigators
in the tropics, combined with powerful diagnostic methods, will
likely herald the identification of several newly recognized
rickettsial pathogens in these regions and contribute to an
exciting period of discovery in the science of rickettsiology (37,
138, 164, 167, 170, 240, 286, 347). In some Asian countries,

although no SFG rickettsiae have been to date detected from
ticks or people, serosurveys or serology testing of patients with
nonspecified fevers indicates the prevalence of spotted fever
group rickettsioses. For example, in the Central Province of Sri
Lanka, 10 out of 118 clinically investigated patients were re-
cently shown to have IgM antibodies against SFG rickettsiae,
suggestive of an acute SF rickettsiosis (164).

In 2002, rickettsiologist D. H. Walker noted that “old, un-
resolved problems do not receive the attention that new, in-
teresting issues do. For instance, compare the efforts placed on
researching West Nile virus or hantavirus pulmonary syndrome
with the application of medical science to RMSF. . . There is
room for more scientists in rickettsiology, and tools of molec-
ular biology and cell biology allow more to be accomplished”
(350). Myriad applied and basic research questions remain in

TABLE 4. Antibiotic treatments for MSF and RMSF

Rickettsiosis Patient cohort Selected antibiotic regimensg
Strength of

recommendation and
quality of evidenceh

Reference(s)

Mediterranean
spotted fever

Adults Doxycycline, two oral 200-mg doses separated by a 12-h
interval

A I 30

Doxycycline, 200 mg single dose or 100 mg twice a day for 2 to
5 daysa,b

A III 81, 298

Josamycin, 2 oral doses of 1 g every 8 h for 5 daysc A II 29
Ciprofloxacin, 750 mg every 12 h for 7 days A II 298, 299

Children Doxycycline, 2.2 mg/kg every 12 h for children weighing <99 lb
(45 kg) or adult dosage if >100 lb, for 5 to 10 daysa,b

A III 137, 265

Clarythromycin, 15/mg/kg/day in two divided doses for 7 days A I 63, 64
Azythromicin, 10 mg/kg/day in one dose for 3 days A III 208
Josamycin, 50 mg/kg every 12 h for 5 days A III 29

Pregnant women Josamycin, 50 mg/kg every 12 h for 5 daysb,c A III 29

Rocky Mountain
spotted fever

Adults Doxycycline, 100 mg every 12 h for 5 to 10 daysa A III 137

Children Doxycycline, 2.2 mg/kg every 12 h for children weighing <99 lb
(45 kg) or adult dosage if >100 lb, for 5 to 10 daysa,d

A III 137, 265

Chloramphenicol, 12.5 to 25 mg/kg every 6 h for 5 to 10 dayse A III 356

Pregnant women Doxycycline, 100 mg every 12 h for 5 to 10 daysf A III 356

a Oral or intravenous. Intravenous formulation was generally used for patients with vomiting or severe disease. Longer courses of doxycycline treatment may be
warranted for patients with severe disease.

b Chloramphenicol could be an alternative if it is the sole available drug for empirical treatment of severe cases, as may be the situation in developing countries (B
III).

c Josamycin is not available in the United States. Based on the results in children and in vitro studies, azythromycin or clarythromycin could represent alternatives
(CIV).

d Tetracycline antibiotics are generally contraindicated in children under 8 years because of the dose-dependent risk of staining of permanent teeth; however, these
antibiotics are superior therapy for RMSF, and doxycycline is the drug of choice for therapy of this life-threatening disease in patients of all ages. Shorter treatment
courses may be warranted in some pediatric settings; however, therapy should be continued for at least 48 hours following lysis of fever and evidence of clinical
improvement.

e Alternate therapy reserved for those patients for whom there is an absolute contraindication for receiving doxycycline. Oral formulation (palmitate) is not available
in the United States. Optimal intravenous dosage is determined by measurement of serum concentrations to achieve peak level particularly in newborns, children �2
years of age, pregnant women, patients with hepatic disease, or patients receiving therapy for �5 days. Gray baby syndrome (abdominal distention, pallor, cyanosis,
and vasomotor collapse) has been reported when chloramphenicol is given to neonates. Although it has not been reported in neonates after maternal administration
of chloramphenicol, it is theoretically possible since drug levels reach 30 to 80% of the maternal serum level. Thus, some authorities advise against using
chloramphenicol in women at or near term. New macrolide drugs have not been adequately evaluated as alternate therapies for RMSF.

f Tetracycline antibiotics are generally contraindicated during pregnancy because of the risks associated with interference in the development of teeth and long bones
in the fetus. However, because RMSF is a life-threatening illness, and because of the demonstrated superiority of doxycycline as therapy for this infection, this drug
represents the antibiotic of choice.

g Current recommended therapies are in bold.
h Strength of recommendation and quality of evidence is used as reported in (reference 157). The author used the letter A to stand for good evidence, B for moderate

evidence, and C for limited evidence to support a recommendation for use. Also by this author, I stood for evidence from �1 properly randomized controlled trial;
II for evidence from �1 well-designed clinical trial without randomization or from cohort or case-controlled analytic studies; III for evidence from opinions of respected
authorities, based on clinical experience, descriptive studies, or report of expert committees; and IV for evidence based on in vitro studies or anecdotal case reports
of treatment success in patients with confirmed disease.
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the study of spotted fever rickettsiae and the diseases that
these agents cause. A sampling of unresolved issues include the
need for reliable, early diagnostic tests; development of sero-
logical assays that discriminate among various SFG rickettsial
infections and provide an agent-specific diagnosis; better char-
acterization of the natural histories of newly recognized SFG
rickettsial pathogens; elucidating the pathogenic mechanisms
(including rickettsial reactivation in the tick, the role and effect
of tick saliva on the early infection, and the identification of
rickettsial virulence genes); and prospective active surveillance
studies that better the magnitude and distribution of various
spotted fever rickettsioses.

There exist many unique tick-associated rickettsiae for
which a role in human disease has yet to be determined. Sev-
eral of these rickettsiae satisfy the first component necessary
for a potential tick-borne pathogen, i.e., they reside in a tick
species with a natural proclivity to bite humans. The combined
efforts of investigators around the world have reduced the
concept of “one continent, one pathogenic tick-borne rickett-
sia” to an anachronism, and subsequent investigations will un-
doubtedly lead to the discovery of new tick-borne rickettsial
diseases in the future.
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144. Jelinek, T., and T. Löscher. 2001. Clinical features and epidemiology of tick
typhus in travelers. J. Travel Med. 8:57–59.

145. Jensenius, M., P. E. Fournier, P. Kelly, B. Myrvang, and D. Raoult. 2003.
African tick bite fever. Lancet Infect. Dis. 3:557–564.

146. Jensenius, M., P. E. Fournier, S. Vene, T. Hoel, G. Hasle, A. Z. Henriksen,
K. B. Hellum, D. Raoult, and B. Myrvang. 2003. African tick bite fever in
travelers to rural sub-Equatorial Africa. Clin. Infect. Dis. 36:1411–1417.

147. Jensenius, M., T. Hoel, D. Raoult, P. E. Fournier, H. Kjelshus, A. L. Bruu,
and B. Myrvang. 2002. Seroepidemiology of Rickettsia africae infection in
Norwegian travellers to rural Africa. Scand. J. Infect. Dis. 34:93–96.

148. Katayama, T., Y. Yoshida, and I. Kaiho. 1996. Spotted fever group rickett-
siosis and vectors in Kanagawa prefecture. Kansenshogaku Zasshi 70:561–
568. (In Japanese.)

149. Kelly, D. J., A. L. Richards, J. Temenak, D. Strickman, and G. A. Dasch.
2002. The past and present threat of rickettsial diseases to military medicine
and international public health. Clin. Infect. Dis. 34:S145–S169.

150. Kelly, P., L. Matthewman, L. Beati, D. Raoult, P. Mason, M. Dreary, and
R. Makombe. 1992. African tick-bite fever: a new spotted fever group
rickettsiosis under an old name. Lancet 340:982–983.

151. Kelly, P. J., L. Beati, P. R. Mason, L. A. Matthewman, V. Roux, and D.
Raoult. 1996. Rickettsia africae sp. nov., the etiological agent of African tick
bite fever. Int. J. Syst. Bacteriol. 46:611–614.

152. Kelly, P. J., L. Beati, L. A. Matthewman, P. R. Mason, G. A. Dasch, and D.
Raoult. 1994. A new pathogenic spotted fever group rickettsia from Africa.
J. Trop. Med. Hyg. 97:129–137.

153. Kelly, P. J., P. E. Fournier, P. Parola, and D. Raoult. 2003. A survey for
spotted fever group rickettsiae and ehrlichiae in Amblyomma variegatum
from St. Kitts and Nevis. Am. J. Trop. Med. Hyg. 69:58–59.

154. Kelly, P. J., and P. Mason. 1991. Transmission of a spotted fever group
rickettsia by Amblyomma hebraeum (Acari: Ixodidae). J. Med. Entomol.
28:596–600.

155. Kelly, P. J., D. Raoult, and P. R. Mason. 1991. Isolation of spotted fever
group rickettsias from triturated ticks using a modification of the centrifu-
gation-shell vial technique. Trans. R. Soc. Trop. Med. Hyg. 85:397–398.

156. King, W. W. 1906. Experimental transmission of Rocky Mountain spotted
fever by means of the tick. Public Health Rep. 21:863–864.

157. Kish, M. A. 2001. Guide to development of practice guidelines. Clin. Infect.
Dis. 32:851–854.

158. Kodama, K., T. Senba, H. Yamauchi, Y. Chikahira, and H. Fujita. 2001. A
patient with Japanese spotted fever complicated by meningoencephalitis.
Kansenshogaku Zasshi 75:812–814.

159. Kodama, K., T. Senba, H. Yamauchi, Y. Chikahira, and H. Fujita. 2001.
Japanese spotted fever associated with multiorgan failure. J. Infect. Che-
mother. 7:247–250.

160. Kodama, K., T. Senba, H. Yamauchi, Y. Chikahira, T. Katayama, Y. Fu-
ruya, H. Fujita, and S. Yamamoto. 2002. Fulminant Japanese spotted fever
definitively diagnosed by the polymerase chain reaction method. J. Infect.
Chemother. 8:266–268.

161. Kodama, K., T. Senba, H. Yamauchi, T. Nomura, and Y. Chikahira. 2003.
Clinical study of Japanese spotted fever and its aggravating factors. J. In-
fect. Chemother. 9:83–87.

162. Kollars, T. M., Jr., B. Tippayachai, and D. Bodhidatta. 2001. Short report:
Thai tick typhus, Rickettsia honei, and a unique rickettsia detected in Ixodes
granulatus (Ixodidae: Acari) from Thailand. Am. J. Trop. Med. Hyg. 65:
535–537.

163. Komitova, R., A. Lakos, A. Aleksandrov, I. Christova, and M. Murdjeva.
2003. A case of tick-transmitted lymphadenopathy in Bulgaria associated
with Rickettsia slovaca. Scand. J. Infect. Dis. 35:213.

164. Kularatne, S. A., J. S. Edirisingha, I. B. Gawarammana, H. Urakami, M.
Chenchittikul, and I. Kaiho. 2003. Emerging rickettsial infections in Sri
Lanka: the pattern in the hilly Central Province. Trop. Med. Int. Health
8:803–811.

165. Kuloglu, F., J. M. Rolain, P. E. Fournier, F. Akata, M. Tugrul, and D.
Raoult. 2004. First isolation of Rickettsia conorii from human in the Trakya
region (European part) of Turkey. Eur. J. Clin. Microbiol. Infect. Dis.
23:609–614.

166. Labruna, M. B., T. Whitworth, M. C. Horta, D. H. Bouyer, J. W. McBride,
A. Pinter, V. Popov, S. M. Gennari, and D. H. Walker. 2004. Rickettsia
species infecting Amblyomma cooperi ticks from an area in the state of Sao
Paulo, Brazil, where Brazilian spotted fever is endemic. J. Clin. Microbiol.
42:90–98.

167. Labruna, M. B., D. H. Bouyer, J. W. McBride, L. M. A. Camargo, E. P.
Camargo, and D. H. Walker. 2004. Molecular evidence for a spotted fever
group Rickettsia species in the tick Amblyomma longirostre in Brazil. J. Med.
Entomol. 41:533–537.

168. Labruna, M. B., C. D. Paula, T. F. Lima, and D. A. Sana. 2002. Ticks
(Acari: Ixodidae) on wild animals from the Porto-Primavera hydroelectric
power station area, Brazil. Mem. Inst. Oswaldo Cruz 97:1133–1136.

169. Labruna, M. B., T. Whitworth, D. H. Bouyer, J. W. McBride, L. M. A.

Camargo, E. P. Camargo, V. Popov, and D. H. Walker. 2004. Rickettsia bellii
and Rickettsia amblyommii in Amblyomma ticks from the state of Rondonia,
Western Amazon, Brazil. J. Med. Entomol. 41:1073–1081.

170. Lackman, D. B., E. J. Bell, H. G. Stoenner, and E. G. Pickens. 1965. The
Rocky Mountain spotted fever group rickettsias. Health Lab. Sci. 2:135–
141.

171. Lackman, D. B., R. N. Philip, E. A. Casper, J. F. Bell, J. B. Enright, and
E. G. Pickens. 1967. Q fever immunity in man. Health Lab. Sci. 4:236–244.

172. Lambert, M., T. Dugernier, G. Bigaignon, J. Rahier, and P. Piot. 1984.
Mediterranean spotted-fever in Belgium. Lancet ii:1038.

173. Lane, R. S., R. N. Philip, and E. A. Casper. 1981. Ecology of tick-borne
agents in California. III. Further observations on rickettsiae, p. 575–584. In
W. Burgdorfer and R. L. Anacker (ed.), Rickettsiae and rickettsial diseases.
Academic Press, New York, N.Y.

174. La Scola, B., and D. Raoult. 1997. Laboratory diagnosis of rickettsioses:
current approaches to diagnosis of old and new rickettsial diseases. J. Clin.
Microbiol. 35:2715–2727.

175. Leitner, M., S. Yitzhaki, S. Rzotkiewicz, and A. Keysary. 2002. Polymerase
chain reaction-based diagnosis of Mediterranean spotted fever in serum
and tissue samples. Am. J. Trop. Med. Hyg. 67:166–169.

176. Letaief, A., J. Souissi, H. Trabelsi, H. Ghannem, and L. Jemni. 2003.
Evaluation of clinical diagnosis scores for Boutonneuse fever. Ann. N. Y.
Acad. Sci. 990:327–330.

177. Lewin, M. R., D. H. Bouyer, D. H. Walker, and D. M. Musher. 2003.
Rickettsia sibirica infection in members of scientific expeditions to northern
Asia. Lancet 362:1201–1202.

178. Li, H., and D. H. Walker. 1998. rOmpA is a critical protein for the adhesion
of Rickettsia rickettsii to host cells. Microb. Pathog. 24:289–298.

179. Linnemann, C. C., Jr., C. I. Pretzman, and E. D. Peterson. 1989. Acute
febrile cerebrovasculitis. A non-spotted fever group rickettsial disease.
Arch. Intern. Med. 149:1682–1684.

180. Livesay, H. R., and M. Pollard. 1943. Laboratory report on a clinical
syndrome referred to as “Bullis fever.” Am. J. Trop. Med. 23:475–479.

181. Macaluso, K. R., J. Davis, U. Alam, A. Korman, J. S. Rutherford, R.
Rosenberg, and A. F. Azad. 2003. Spotted fever group rickettsiae in ticks
from the Masai Mara region of Kenya. Am. J. Trop. Med. Hyg. 68:551–553.

182. Macaluso, K. R., D. E. Sonenshine, S. M. Ceraul, and A. F. Azad. 2002.
Rickettsial infection in Dermacentor variabilis (Acari: Ixodidae) inhibits
transovarial transmission of a second Rickettsia. J. Med. Entomol. 39:809–
813.

183. Mahara, F. 1984. Three Weil-Felix reaction OX2 positive cases with skin
eruptions and high fever. J. Anan Med. Assoc. 68:4–7.

184. Mahara, F. 1997. Japanese spotted fever: report of 31 cases and review of
the literature. Emerg. Infect. Dis. 3:105–111.

185. Mahara, F. 1999. Rickettsioses in Japan, p. 233–239. In D. Raoult and P.
Brouqui (ed.), Rickettsiae and rickettsial diseases at the turn of the third
millenium. Elsevier, Paris, France.

186. Mahara, F., K. Koga, S. Sawada, T. Taniguchi, F. Shigemi, T. Suto, Y.
Tsuboi, A. Ooya, H. Koyama, T. Uchiyama, and T. Uchida. 1985. The first
report of the rickettsial infections of spotted fever group in Japan; three
clinical cases. Jpn. J. Assoc. Infect. Dis. 59:1165–1172.

187. Malek, J. A., J. M. Wierzbowski, W. Tao, S. A. Bosak, D. J. Saranga, L.
Doucette-Stamm, D. R. Smith, P. J. Mcewan, and K. J. McKernan. 2004.
Protein interaction mapping on a functional shotgun sequence of Rickettsia
sibirica. Nucleic Acids Res. 32:1059–1064.

188. Mansueto, S., G. Tringali, and D. H. Walker. 1986. Widespread, simulta-
neous increase in the incidence of spotted fever group rickettsioses. J. In-
fect. Dis. 154:539–540.

189. Mariotte, C. O., M. E. Bustamente, and G. Varela. 1944. Hallazago del
Rhipicephalus sanguineus Latreille infectado naturalmente con fiebre man-
chada de las Montanas Rocosas, en Sonora (Mexico) 1944. Rev. Inst. Salub.
Enferm. Trop. 5:297–300.

190. Marquez, F. J., V. Ibarra, J. A. Oteo, and M. A. Muniain. 2003. Which
spotted fever group Rickettsia are present in Dermacentor marginatus ticks
in Spain? Ann. N. Y. Acad. Sci. 990:141–142.

191. Marquez, F. J., M. A. Muniain, R. C. Soriguer, G. Izquierdo, J. Rodriguez-
Bano, and M. V. Borobio. 1998. Genotypic identification of an undescribed
spotted fever group rickettsia in Ixodes ricinus from southwestern Spain.
Am. J. Trop. Med. Hyg. 58:570–577.

192. Marshall, G. S., G. G. Stout, R. F. Jacobs, G. E. Schutze, H. Paxton, S. C.
Buckingham, J. P. DeVincenzo, M. A. Jackson, V. H. San Joaquin, S. M.
Standaert, C. R. Woods, and and the Tick-Borne Infections in Children
Study Group. 2003. Antibodies reactive to Rickettsia rickettsii among chil-
dren living in the southeast and south central regions of the United States.
Arch. Pediatr. Adolesc. Med. 157:443–448.

193. Massung, R. F., L. E. Davis, K. Slater, D. B. McKechnie, and M. Puerzer.
2001. Epidemic typhus meningitis in the southwestern United States. Clin.
Infect. Dis. 32:979–982.

194. Masters, E. J., G. S. Olson, S. J. Weiner, and C. D. Paddock. 2003. Rocky
mountain spotted fever—a clinician’s dilemma. Arch. Intern. Med. 163:
769–774.

195. Mathai, E., G. Lloyd, T. Cherian, O. C. Abraham, and A. M. Cherian. 2001.

752 PAROLA ET AL. CLIN. MICROBIOL. REV.

 on January 23, 2021 by guest
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://cmr.asm.org/


Serological evidence for the continued presence of human rickettsioses in
southern India. Ann. Trop. Med. Parasitol. 95:395–398.

196. Matsumoto, K., P. Brouqui, D. Raoult, and P. Parola. 2005. Transmission
of Rickettsia massiliae in the tick, Rhipicephalus turanicus. Med. Vet. Ento-
mol. 19:263–270.

197. Matsumoto, K., P. Parola, P. Brouqui, and D. Raoult. 2004. Rickettsia
aeschlimannii in Hyalomma ticks from Corsica. Eur. J. Clin. Microbiol.
Infect. Dis. 23:732–734.

198. Maxey, E. E. 1899. Some observations of the so-called spotted fever of
Idaho. Med. Sentinel 10:433–438.

199. McCall, C. L., A. T. Curns, L. D. Rotz, J. A. Singleton, Jr., T. Treadwell,
J. A. Comer, W. L. Nicholson, J. G. Olson, and J. E. Childs. 2001. Fort
Chaffee revisited: the epidemiology of tick-borne rickettsial and ehrlichial
diseases at a natural focus. Vector Borne Zoonotic Dis. 1:119–127.

200. McDade, J. E., and V. F. Newhouse. 1986. Natural history of Rickettsia
rickettsii. Annu. Rev. Microbiol. 40:287–309.

201. McKiel, J. A. 1950. The rodent and avian-borne diseases in Canada. Can. J.
Public Health 51:220–225.

202. McKiel, Y. A., E. J. Bell, and D. B. Lackman. 1967. Rickettsia canada: a new
member of the typhus group of rickettsiae isolated from Haemaphysalis
leporispalustris ticks in Canada. Can. J. Microbiol. 13:503–510.

203. Mcleod, M. P., X. Qin, S. E. Karpathy, J. Gioia, S. K. Highlander, G. E.
Fox, T. Z. McNeill, H. Y. Jiang, D. Muzny, L. S. Jacob, A. C. Hawes, E.
Sodergren, R. Gill, J. Hume, M. Morgan, G. W. Fan, A. G. Amin, R. A.
Gibbs, C. Hong, X. J. Yu, D. H. Walker, and G. M. Weinstock. 2004.
Complete genome sequence of Rickettsia typhi and comparison with se-
quences of other rickettsiae. J. Bacteriol. 186:5842–5855.

204. McNaught, J. G. 1911. A tick-borne fever in the Union of South Africa.
J. R. Army Med. Corps 16:505.

205. McQuiston, J. H., C. D. Paddock, J. Singleton, J. T. Wheeling, S. R. Zaki,
and J. E. Childs. 2004. Imported spotted fever rickettsioses in United States
travelers returning form Africa: a summary of cases confirmed by labora-
tory testing at the Centers for Disease Control and Prevention, 1999–2002.
Am. J. Trop. Med. Hyg. 70:98–101.

206. Mediannikov, O., T. Sidelnikov, L. Ivanov, E. Mokretsova, P. E. Fournier,
I. Tarasevich, and D. Raoult. 2004. Acute tick-borne rickettsiosis, caused by
Rickettsia heilongjiangensis in the Russian Far East. Emerg. Infect. Dis.
10:810–817.

207. Melles, H. H., S. Colombo, and M. V. da Silva. 1992. Spotted fever: isolation
of Rickettsia from a skin biopsy sample. Rev. Inst. Med. Trop. Sao Paulo
34:37–41. (In Portuguese.)

208. Meloni, G., and T. Meloni. 1996. Azithromycin vs. doxycycline for Medi-
terranean spotted fever. Pediatr. Infect. Dis. J. 15:1042–1044.

209. Morel, P. C. 1959. Les Hyalomma (Acariens, Ixodidae) de France. Ann.
Parasitol. 34:552–555.

210. Mulenga, A., K. R. Macaluso, J. A. Simser, and A. F. Azad. 2003. Dynamics
of Rickettsia-tick interactions: identification and characterization of differ-
entially expressed mRNAs in uninfected and infected Dermacentor varia-
bilis. Insect Mol. Biol. 12:185–193.

211. Murali, N., S. Pillai, T. Cherian, P. Raghupathy, V. Padmini, and E.
Mathai. 2001. Rickettsial infections in South India—how to spot the spot-
ted fever. Indian Pediatr. 38:1393–1396.

212. Ndip, L. M., D. H. Bouyer, A. P. A. T. Da Rosa, V. P. K. Titanji, R. B. Tesh,
and D. H. Walker. 2004. Acute spotted fever rickettsiosis among febrile
patients, Cameroon. Emerg. Infect. Dis. 10:432–437.

213. Ndip, L. M., E. B. Fokam, D. H. Bouyer, R. N. Ndip, V. P. Titanji, D. H.
Walker, and J. W. McBride. 2004. Detection of Rickettsia africae in patients
and ticks along the coastal region of Cameroon. Am. J. Trop. Med. Hyg.
71:363–366.

214. Niebylski, M. L., M. G. Peacock, and T. G. Schwan. 1999. Lethal effect of
Rickettsia rickettsii on its tick vector (Dermacentor andersoni). Appl. Envi-
ron. Microbiol. 65:773–778.

215. Niebylski, M. L., M. E. Schrumpf, W. Burgdorfer, E. R. Fischer, K. L. Gage,
and T. G. Schwan. 1997. Rickettsia peacockii sp. nov., a new species infecting
wood ticks, Dermacentor andersoni, in Western Montana. Int. J. Syst. Bac-
teriol. 47:446–452.

216. Nilsson, K., O. Lindquist, A. J. Liu, T. G. Jaenson, G. Friman, and C.
Pahlson. 1999. Rickettsia helvetica in Ixodes ricinus ticks in Sweden. J. Clin.
Microbiol. 37:400–403.

217. Nilsson, K., O. Lindquist, and C. Pahlson. 1999. Association of Rickettsia
helvetica with chronic perimyocarditis in sudden cardiac death. Lancet 354:
1169–1173.

218. Nilsson, K., C. Pahlson, A. Lukinius, L. Eriksson, L. Nilsson, and O.
Lindquist. 2002. Presence of Rickettsia helvetica in granulomatous tissue
from patients with sarcoidosis. J. Infect. Dis. 185:1128–1138.

219. Norment, B. R., and W. Burgdorfer. 1984. Susceptibility and reservoir
potential of the dog to spotted fever-group rickettsiae. Am. J. Vet. Res.
45:1710.

220. Ogata, H., S. Audic, P. Renesto-Audiffren, P. E. Fournier, V. Barbe, D.
Samson, V. Roux, P. Cossart, J. Weissenbach, J. M. Claverie, and D.
Raoult. 2001. Mechanisms of evolution in Rickettsia conorii and R.
prowazekii. Science 293:2093–2098.

221. Ogata, H., S. Audic, C. Abergel, P. E. Fournier, and J. M. Claverie. 2002.
Protein coding palindromes are a unique but recurrent feature in Rickett-
sia. Genome Res. 12:808–816.

222. Ogata, H., S. Audic, V. Barbe, F. Artiguenave, P. E. Fournier, D. Raoult,
and J. M. Claverie. 2000. Selfish DNA in protein-coding genes of Rickettsia.
Science 290:347–350.

223. Olmer, D. 1925. Sur une infection épidémique, avec exanthème de nature
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