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SUMMARY
Tick-borne rickettsioses are caused by obligate intracellular bac-
teria belonging to the spotted fever group of the genus Rickettsia.
These zoonoses are among the oldest known vector-borne dis-

eases. However, in the past 25 years, the scope and importance of
the recognized tick-associated rickettsial pathogens have in-
creased dramatically, making this complex of diseases an ideal
paradigm for the understanding of emerging and reemerging in-
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fections. Several species of tick-borne rickettsiae that were consid-
ered nonpathogenic for decades are now associated with human
infections, and novel Rickettsia species of undetermined pathoge-
nicity continue to be detected in or isolated from ticks around the
world. This remarkable expansion of information has been driven
largely by the use of molecular techniques that have facilitated the
identification of novel and previously recognized rickettsiae in
ticks. New approaches, such as swabbing of eschars to obtain ma-
terial to be tested by PCR, have emerged in recent years and have
played a role in describing emerging tick-borne rickettsioses.
Here, we present the current knowledge on tick-borne rickettsiae
and rickettsioses using a geographic approach toward the epide-
miology of these diseases.

INTRODUCTION

Members of the genus Rickettsia (family Rickettsiaceae; order
Rickettsiales) may be classified into spotted fever group

(SFG) rickettsiae, typhus group rickettsiae, the Rickettsia bellii
group, and the Rickettsia canadensis group (1). Tick-borne rick-
ettsioses are caused by obligate intracellular bacteria belonging to
the SFG of the genus Rickettsia (2). These zoonoses are among the
oldest-known vector-borne diseases (2). However, the scope and
importance of the recognized tick-associated rickettsial pathogens
have increased dramatically in the past 25 years, making this com-
plex of diseases an ideal paradigm to help understand emerging
and reemerging infections. The last major review of tick-borne
rickettsioses was published in 2005 (2). Since then, rickettsiology
has undergone a significant transformation. Several species of
tick-borne rickettsiae that were considered nonpathogenic for de-
cades are now associated with human infections (Table 1), and
novel Rickettsia species of undetermined pathogenicity (Table 2)
continue to be detected in or isolated from ticks around the world.

This remarkable expansion of information has been driven
largely by the use of molecular techniques that have facilitated the
identification of novel and previously recognized rickettsiae in
ticks. Until relatively recently, the diagnosis of tick-borne SFG
rickettsioses was confirmed almost exclusively by serologic meth-
ods. Even when using a microimmunofluorescence (MIF) assay,
the current reference method, a positive serologic reaction does
not necessarily imply that the patient’s illness was caused by the
rickettsial species used as the antigen in the assay due to antigenic
cross-reactivity among SFG rickettsiae (2). The recognition of
multiple distinct tick-borne SFG rickettsioses during recent years
has been greatly facilitated by the broad use of cell culture systems
and molecular methods for identifying rickettsiae from human
samples, including the use of quantitative PCR (qPCR) (2). New
approaches, such as the use of swabs to obtain material from
eschars to be tested by PCR, have recently emerged (2). Finally,
many well-characterized SFG Rickettsia species and recently or
incompletely described rickettsiae that were previously consid-
ered to be restricted to a specific tick host or geographical location
have recently been detected on different continents and in various
tick hosts.

In recent years, rickettsiologists, including clinicians, scien-
tists, veterinarians, field investigators, and laboratory profession-
als, have contributed to the accumulation of knowledge in this
rapidly progressing field. The 4th, 5th, and 6th International
Meetings on Rickettsiae and Rickettsial Diseases, organized in
Spain (2005), France (2008), and Greece (2011), gathered approx-
imately 300 experts who traveled from 5 continents to present the

results of their multifaceted work. Many original articles were
published after these meetings.

The time has come to summarize current knowledge on tick-
borne rickettsioses in a comprehensive review, using a geographic
approach and the 2005 review as a background for historical, ep-
idemiological, and diagnostic information. Data for the present
review were obtained from publications identified by PubMed
searches from 2005 to 2012. Search terms were combinations of
the words “ticks,” “rickettsia,” “rickettsioses,” “spotted fever,”
and “typhus.” A secondary manual search of the references cited
in these articles was also performed to find relevant articles that
had been reviewed. Additionally, the same terms were searched in
the GenBank database to identify additional rickettsiae or rickett-
sial DNA samples that have been detected in ticks.

TAXONOMIC AND GENOMIC BACTERIOLOGY: THE
REVOLUTION

Currently, 26 Rickettsia species with validated and published
names have been reported (http://www.bacterio.cict.fr/qr
/rickettsia.html), including Rickettsia asiatica (3), Rickettsia hei-
longjiangensis (4), Rickettsia hoogstraalii (5), Rickettsia raoultii (6),
and Rickettsia tamurae (7), which were reported since 2005 (2). In
addition to these 26 species, subspecies have been proposed within
the Rickettsia conorii (8) and Rickettsia sibirica (9) species. The
taxonomic criteria used to describe new Rickettsia species have not
changed over the past 10 years (10). However, the sizes of the
Rickettsia genomes are small, and their sequences are available for
most validated species. After proposals to include genomic data
among taxonomic criteria (11), it could be suggested that genome
sequences should be mandatory for the description of new Rick-
ettsia species. Currently, genomes from 23 of the 26 validated
Rickettsia species are available, and for 11 of these species, the
genomes from 2 to 8 isolates are available (Table 3). Compared to
the genomes of free-living bacteria, rickettsial genomes exhibit
several unusual properties. These genomes are small, ranging
from 1.11 Mb for Rickettsia typhi, the agent of the flea-borne mu-
rine typhus, to 2.1 Mb for the “Rickettsia endosymbiont of Ixodes
scapularis.” Their G�C content is low, ranging from 29% (R.
typhi) to 33% (Rickettsia endosymbiont of Ixodes scapularis). By
studying the genome size and gene content of bacteria in relation
to their lifestyle, Merhej et al. demonstrated that genome degra-
dation, especially gene loss, has been a driving force in the adap-
tation of rickettsiae and other intracellular bacteria to live within
eukaryotic cells (12). By comparing the genome of Rickettsia afri-
cae, a mildly pathogenic organism in humans, to those of the more
pathogenic species R. conorii, Rickettsia rickettsii, and Rickettsia
prowazekii, Fournier et al. hypothesized that genome degradation
in rickettsiae was associated with increasing virulence (13). This
reductive evolution is marked by a notably large proportion of
noncoding sequences resulting in degraded genes with functions
in biosynthetic pathways. However, rickettsial genomes also con-
tain a variety of duplicated or repeated genes or DNA fragments.
In addition, some noncoding sequences are highly conserved, sug-
gesting a potential function for these sequences (1). Among du-
plicated or repeated genomic elements, rickettsial genomes con-
tain palindromic repeats, modules encoding type IV secretion
systems, tetratricopeptide and ankyrin repeat motifs that possibly
play a role in pathogenicity by mediating interactions with eukary-
otic cells, toxin-antitoxin (TA) modules, and paralogous gene
families (sca, spoT, tlc, proP, and ampG) (1). In addition, several
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TABLE 1 Tick-borne spotted fever group rickettsial agents of human diseases

Rickettsia species or strain Recognized or potential tick vector(s) Comment(s) (including related disease[s])
Geographical
distributiona

Rickettsia aeschlimannii Amblyomma variegatum, Rhipicephalus
annulatus, Rhipicephalus evertsi evertsi,
Rhipicephalus appendiculatus, Hyalomma
marginatum rufipes, Hyalomma truncatum

Spotted fever Sub-Saharan Africa

Hyalomma marginatum marginatum,
Hyalomma anatolicum excavatum, Ixodes
ricinus, Rhipicephalus sanguineus,
Rhipicephalus turanicus, Rhipicephalus bursa

Spotted fever Europe

Haemaphysalis punctata, Hyalomma
marginatum, Hyalomma detritum

No human cases; identified in ticks in
Kazakhstan and Israel

Asia

Hyalomma detritum detritum, Hyalomma
marginatum marginatum, Hyalomma
aegyptium, Hyalomma marginatum rufipes,
Hyalomma dromedari, Hyalomma truncatum

Detected in humans in Tunisia and Algeria
and in ticks in Algeria, Morocco,
Tunisia, and Egypt

North Africa

Rickettsia africae Amblyomma variegatum, Amblyomma
hebraeum, Amblyomma compressum, A.
lepidum, Rhipicephalus annulatus,
Rhipicephalus evertsi, Rhipicephalus
decoloratus, Rhipicephalus sanguineus,
Rhipicephalus geigyi, Hyalomma impeltatum

African tick bite fever Sub-Saharan Africa

Amblyomma variegatum Imported from Africa to the West Indies
during the early 1800s; currently
established in Guadeloupe, St. Kitts,
Nevis, Dominica, U.S. Virgin Islands,
Montserrat, St. Lucia, Martinique, and
Antigua; causes eschar-associated
illness, with clinical cases reported from
Guadeloupe

North and Central
America

Amblyomma loculosum African tick bite fever Pacific Islands
Hyalomma aegyptium No human cases reported from Asia;

identified in ticks in Turkey
Asia

Hyalomma dromedarii No human cases; detected in dromedary
ticks in sub-Saharan Algeria and Egypt

North Africa

Rickettsia australis Ixodes holocyclus, Ixodes tasmani, Ixodes
cornuatus

Queensland tick typhus Australia

Rickettsia sp. strain Atlantic
rainforest or Bahia

Amblyomma ovale, Amblyomma aureolatum,
Rhipicephalus sanguineus

Genetically related to R. parkeri, R. africae,
and R. sibirica; 2 nonfatal cases reported
in Brazil; symptoms include rash,
eschar, and lymphadenopathy

South America

Rickettsia conorii subsp. caspia Rhipicephalus pumilio, Rhipicephalus sanguineus Astrakhan fever Europe
Rhipicephalus sanguineus, Rhipicephalus pumilio Astrakhan fever Sub-Saharan Africa

Rickettsia conorii subsp. conorii Rhipicephalus sanguineus Mediterranean spotted fever Europe
Rhipicephalus sanguineus Mediterranean spotted fever human cases

reported and detected in brown ticks in
all North Africa areas

North Africa

Rhipicephalus sanguineus, Rhipicephalus evertsi
evertsi, Rhipicephalus simus, Rhipicephalus
mushamae, Haemaphysalis punctaleachi,
Haemaphysalis leachi

Mediterranean spotted fever Sub-Saharan Africa

Rhipicephalus sanguineus, Rhipicephalus bursa Asiatic part of Turkey Asia

Rickettsia conorii subsp. indica Rhipicephalus sanguineus Indian tick typhus Europe, Asia

R. conorii subsp. israelensis Rhipicephalus sanguineus Israeli tick typhus Europe, Asia
Rhipicephalus sanguineus Israeli tick bite fever; 2 cases of ISF from

Sfax confirmed by detection of rickettsia
in skin biopsy specimens

North Africa

(Continued on following page)
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TABLE 1 (Continued)

Rickettsia species or strain Recognized or potential tick vector(s) Comment(s) (including related disease[s])
Geographical
distributiona

Rickettsia heilongjiangensis Haemaphysalis concinna, Haemaphysalis
japonica douglasi, Haemaphysalis flava,
Dermacentor silvarum

Far-Eastern spotted fever in Russia, China,
South Korea, Japan

Asia

Rickettsia helvetica Ixodes persulcatus Serologically confirmed cases only in Laos
and Thailand; in Ixodes ticks in Japan
and Turkey

Asia

Ixodes ricinus Europe
Ixodes ricinus No human cases; detected in Ixodes spp. in

Algeria and Morocco
North Africa

Rickettsia honei Bothriocroton hydrosauri Flinders Island spotted fever Asia, Australia, and
Pacific

Ixodes sp. Spotted fever identical to Flinders Island
spotted fever in Australia

Asia

Rickettsia honei strain
marmionii

Haemaphysalis novaeguineae Australian spotted fever Australia

Rickettsia japonica Haemaphysalis flava, Haemaphysalis hystricis,
Haemaphysalis longicornis, Haemaphysalis
cornigera, Haemaphysalis formosensis, I.
ovatus, D. taiwanensis

Japanese spotted fever in Japan and South
Korea

Asia

“Candidatus Rickettsia kellyi” Unknown A single case reported from India; several
amplicons from patients are referenced
in GenBank

Asia

Rickettsia massiliae Rhipicephalus sanguineus Recognized pathogen in other countries
and detected in brown dog ticks in
Arizona and California; no confirmed
human cases in the U.S.

North and Central
America

Rhipicephalus sanguineus 1 case reported in a patient in Spain,
recently arrived from Argentina; also
reported to infect R. sanguineus in
Argentina

South America

Rhipicephalus turanicus, Rhipicephalus
sanguineus, Rhipicephalus bursa,
Rhipicephalus pusillus, Ixodes ricinus

Spotted fever Europe

Rhipicephalus evertsi, Haemaphysalis paraleachi,
Rhipicephalus senegalensis, Rhipicephalus
guilhoni, Rhipicephalus lunulatus,
Rhipicephalus sulcatus, Rhipicephalus
muhsamae

Spotted fever Sub-Saharan Africa

Rhipicephalus turanicus, Rhipicephalus
sanguineus

Identified in ticks in Israel Asia

Rhipicephalus sanguineus, Rhipicephalus
turanicus

No human cases; detected in Rhipicephalus
spp. in Morocco, Algeria, and Tunisia

North Africa

R. monacensis Ixodes ricinus Spotted fever (first clinical description
2007)

Europe

Ixodes persulcatus Found only in ticks in Turkey
Ixodes ricinus No human cases; identified in Ixodes spp.

in Tunisia, Algeria, and Morocco
North Africa

Rickettsia parkeri Amblyomma maculatum, Amblyomma
americanum, Dermacentor variabilis

Southeastern U.S.; causes mild, eschar-
associated rickettsiosis; despite the
occurrence of A. maculatum in Central
America, no confirmed cases have been
reported from that region

North and Central
America

(Continued on following page)
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mobile genetic elements have been identified. These elements in-
clude plasmids in at least 10 species, although it was previously
thought that rickettsiae lacked plasmids. One notable aspect of
Rickettsia plasmids is that there are multiple plasmids in several

species (14). In addition, plasmids in rickettsiae can be polymor-
phic, as observed for Rickettsia felis, where a plasmid exists in both
a 62-kb and a 39-kb form (15). The discovery of plasmids and
evidence for conjugation in these organisms suggest that lateral

TABLE 1 (Continued)

Rickettsia species or strain Recognized or potential tick vector(s) Comment(s) (including related disease[s])
Geographical
distributiona

Amblyomma triste, Amblyomma tigrinum Causes spotted fever in Uruguay and
Argentina; symptoms include rash,
eschar, and lymphadenopathy; no fatal
cases reported; also reported to infect
ticks in Brazil and Bolivia

South America

Rickettsia philipii (364D) Dermacentor occidentalis California; causes a relatively mild, eschar-
associated illness; only a few recognized
cases

North and Central
America

Rickettsia raoultii Dermacentor marginatus, Dermacentor
reticulatus, Ixodes ricinus

SENLAT (old TIBOLA/DEBONEL) Europe

Dermacentor silvarum, Dermacentor reticulatus,
Dermacentor marginatus, Dermacentor
nuttalli, Dermacentor niveus, Haemaphysalis
ornithophila, Haemaphysalis shimoga,
Haemaphysalis lagrangei, Amblyomma
testudinarium

No human cases; identified in
Dermacentor species ticks in North Asia
and in Haemaphysalis and Amblyomma
ticks in South Asia

Asia

Dermacentor marginatus No human cases; identified in
Dermacentor spp. in Morocco

North Africa

Rickettsia rickettsii Dermacentor andersoni, Dermacentor variabilis,
Dermacentor occidentalis, Dermacentor nitens,
Rhipicephalus sanguineus, Amblyomma
cajennense, Amblyomma americanum
Amblyomma imitator, Haemaphysalis
leporispalustris

Causes Rocky Mountain spotted fever, the
most severe rickettsiosis in the world;
occurs sporadically and infrequently in
ticks throughout Canada, the U.S.,
Mexico, Costa Rica, and Panama

North and Central
America

Amblyomma cajennense, Amblyomma
aureolatum, Rhipicephalus sanguineus

Causes the most severe spotted fever,
namely, Rocky Mountain spotted fever
or Brazilian spotted fever; reported in
Argentina, Brazil, and Colombia;
current case fatality rate of 20–40%

South America

Rickettsia sibirica subsp.
mongolitimonae

Hyalomma anatolicum excavatum,
Rhipicephalus pusillus

LAR Europe

Hyalomma truncatum LAR Sub-Saharan Africa
Hyalomma asiaticum Type strain isolated in China; no cases

from Asia have been reported; identified
in Israel

Asia

Hyalomma sp. 1 human case North Africa

Rickettsia sibirica subsp.
sibirica

Dermacentor nuttalli, Dermacentor marginatus,
Dermacentor reticulatus, Dermacentor
silvarum, Dermacentor sinicus, Haemaphysalis
yeni, Haemaphysalis concinna, Ixodes
persulcatus

Siberian tick typhus in Russia, China, and
Mongolia

Asia

Rickettsia slovaca Dermacentor marginatus, Dermacentor
reticulatus

SENLAT (TIBOLA/DEBONEL) Europe

Dermacentor ticks No human cases in Asia; identified in
Russia and China

Asia

Dermacentor marginatus SENELAT (TIBOLA DEBONEL); no
human cases; detected in Dermacentor
ticks from Algeria and Morocco

North Africa

Rickettsia tamurae Amblyomma testudinarium Case was reported from Japan and Laos Asia
a See figures.
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TABLE 2 Tick-borne spotted fever group rickettsiae of unknown pathogenicity and nonvalidated, incompletely described, or uncultivated species
isolated or detected in ticks

Rickettsia species or strain Associated tick(s) Comment(s) Geographical distributiona

Rickettsia aeschlimannii-like Amblyomma tigrinum Reported in Bolivia; very similar to Old Word
R. aeschlimannii

South America

Strain AL Amblyomma longirostre Reported in bird ticks in Brazil; could be R.
amblyommii

South America

“Candidatus Rickettsia amblyommii” Amblyomma americanum, Amblyomma
cajennense, Amblyomma
oblongoguttatum, Amblyomma ovale,
Rhipicephalus microplus, Rhipicephalus
sanguineus, Dermacentor nitens,
Amblyomma maculatum

U.S., Costa Rica, and Panama; very common
and widely distributed in A. americanum
ticks in the U.S., with avg infection
frequencies of40-70%; pathogenic potential
unknown

North and Central
America

Amblyomma cajennense, Amblyomma
coelebs, Amblyomma neumanni,
Amblyomma longirostre, Amblyomma
geayi, Amblyomma auricularium

Possibly associated with animal infection in
Brazil; also reported in Argentina and
French Guyana

South America

“Candidatus Rickettsia andeanae” Amblyomma maculatum Occurs in A. maculatum ticks in the
southeastern U.S.; recently isolated in cell
culture, but pathogenic potential is
unknown

North and Central
America

Amblyomma maculatum, Amblyomma
parvum, Amblyomma pseudoconcolor,
Amblyomma triste, Ixodes boliviensis

Reported in ticks from Peru and Chile; in
Argentinean ticks, reported as Rickettsia sp.
strain Argentina

South America

Strain ApPR Amblyomma parkeri Reported in bird ticks in Brazil; genetically
related to R. parkeri, R. africae, and R.
sibirica

South America

Rickettsia antechini Ixodes antechini Australia Australia

Strain Aranha Amblyomma longirostre Reported in bird ticks in Brazil; could be R.
amblyommii

South America

Rickettsia argasii Argas dewae Australia Australia

Rickettsia asiatica Ixodes ovatus, Ixodes pomerantzevi Found in the blood of sika deer in Japan Asia

Rickettsia sp. AvBat Argas vespertilionis Europe

“Candidatus Rickettsia barbariae” Rhipicephalus turanicus Europe

Rickettsia bellii Amblyomma sabanerae, Dermacentor
occidentalis, Dermacentor variabilis,
Dermacentor parumapertus,
Dermacentor albipictus, H.
leporispalustris, Argas cooleyi,
Ornithodoros concanensis

Sporadically distributed throughout the U.S.
and described recently in El Salvador;
rabbits and guinea pigs develop eschars
following subcutaneous inoculation; no
known cases of illness in humans

North and Central
America

Various species of Amblyomma,
Haemaphysalis juxtakochi, Ixodes
loricatus

Represents a distinct basal group within the
rickettsiae; it is the rickettsia with the greatest
variety of tick hosts in South America;
reported in Argentina, Brazil, and Peru

South America

Rickettsia canadensis Haemaphysalis leporispalustris Canada and U.S.; elicits a febrile response in
guinea pigs and rickettsemias of several-days’
duration in meadow mice and baby chicks;
suspected to cause illness in humans, but
there have been no confirmed cases

North and Central
America

Strain Colombianensi Amblyomma dissimile, Rhipicephalus
microplus

Reported in Colombia; genetically related to
R. tamurae and R. monacensis

South America

(Continued on following page)
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TABLE 2 (Continued)

Rickettsia species or strain Associated tick(s) Comment(s) Geographical distributiona

“Candidatus Rickettsia cooleyi” I. scapularis Occurs at very high frequencies and broadly
distributed in I. scapularis ticks across the
eastern, upper Midwestern, and southern
U.S.; may represent an endosymbiont

North and Central
America

Strain COOPERI Amblyomma dubitatum (reported as
Amblyomma cooperi)

Reported in capybara ticks in Brazil;
genetically related to R. parkeri, R. africae,
and R. sibirica

South America

Rickettsia sp. strain Davousti Ixodes ricinus, Ixodes lividus Ticks from migratory birds Europe

Rickettsia sp. strain Davousti Amblyomma tholloni Closely related to R. heilongjiangensis Sub-Saharan Africa

Rickettsia derrickii Bothriocroton hydrosauri Australia

Rickettsia sp. strain DmS1 Dermacentor Europe

Rickettsia gravesii sp. nov. Amblyomma triguttatum Australia

Rickettsia sp. strains G021 and G022 Ixodes pacificus Northern California; possibly identical to
Grants Pass or Tillamook strain isolated in
Oregon and California in the late 1970s
and early 1980s; pathogenic potential is
unknown

North and Central
America

“Candidatus Rickettsia goldwasserii” Haemaphysalis adleri, Haemaphysalis
parva

Israel Asia

Rickettsia guntherii Haemaphysalis humerosa Australia Australia

Rickettsia hoogstraalii Carios capensis Japan Asia
Haemaphysalis punctata, Haemaphysalis

sulcata
Europe

Argas persicus, Ornithodoros moubata Sub-Saharan Africa

Rickettsia sp. strain IG-1 Ixodes granulatus Taiwan, Japan Asia

Rickettsia sp. strain IXLI1 Ixodes lividus Closely related to R. japonica Europe

Koala rickettsia Bothriocroton concolor Australia Australia

“Candidatus Rickettsia kotlanii” Ixodid ticks Europe

“Candidatus Rickettsia kulagini” Rhipicephalus sanguineus Europe

Rickettsia sp. clone KVH-02-3H7 Ixodes ricinus Europe

“Candidatus Rickettsia liberiensis” Ixodes muniensis Closely related to R. raoultii Sub-Saharan Africa

Rickettsia montanensis Dermacentor andersoni U.S. and Canada; no known cases of illness in
humans

North and Central
AmericaDermacentor variabilis

Amblyomma americanum

Rickettsia monteiroi Amblyomma incisum Recently described in Brazil; joined to R. bellii
and R. canadensis in the most basal group
of tick-associated rickettsiae

South America

“Candidatus Rickettsia moreli” Ixodes ricinus Europe

Strain NOD Amblyomma nodosum, Amblyomma
calcaratum, Amblyomma longirostre

Reported in bird ticks in Brazil; genetically
related to R. parkeri, R. africae, and R.
sibirica

South America
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TABLE 2 (Continued)

Rickettsia species or strain Associated tick(s) Comment(s) Geographical distributiona

Strain Pampulha Amblyomma dubitatum Reported in Brazil; genetically related to R.
tamurae and R. monacensis

South America

Rickettsia sp. strain Parumapertus Dermacentor parumapertus Western U.S.; causes mild to moderately
severe disease in guinea pigs

North and Central
America

Rickettsia peacockii Dermacentor andersoni Western U.S. and Canada; closely related to
R. rickettsii but considered a
nonpathogenic endosymbiont

North and Central
America

“Candidatus Rickettsia principis” Haemaphysalis japonica douglasi,
Haemaphysalis danieli

Russian Far East, northeastern China Asia

Rickettsia sp. RDla440 Dermacentor auratus Thailand Asia

Rickettsia sp. RDla420 Dermacentor spp. Thailand Asia

Rickettsia rhipicephali Rhipicephalus haemaphysaloides Taiwan Asia
Rhipicephalus sanguineus
Rhipicephalus lunulatus, Rhipicephalus

composites group
Sub-Saharan Africa

Rhipicephalus sanguineus, Dermacentor
occidentalis, Dermacentor variabilis,
Dermacentor andersoni

U.S.; causes moderately severe illness when
inoculated into meadow voles; no known
cases of illness in humans

North and Central
America

Haemaphysalis juxtakochi Infects ticks from the Brazilian Amazon and
Atlantic rainforests

South America

“Candidatus Rickettsia rioja” Dermacentor marginatus Europe

Rickettsia sauri Amblyomma hydrosauri Australia Australia

“Candidatus Rickettsia siciliensis” Rhipicephalus turanicus Europe

“Candidatus Rickettsia tarasevichiae” Ixodes persulcatus Russia and Japan Asia

Rickettsia tasmanensis Ixodes tasmani Australia Australia and Pacific

Rickettsia sp. strain Uilenbergi Amblyomma tholloni Closely related to the R. massiliae group Sub-Saharan Africa

“Candidatus Rickettsia vini” Ixodes arboricola, Ixodes ricinus Europe

Rickettsia sp. Rhipicephalus (Boophilus) spp. Laos Asia

Rickettsia sp. Ixodes persulcatus Northern China Asia

Rickettsia sp. Rhipicephalus turanicus Closely related to but distinct from the R.
rhipicephali-R. massiliae lineage

Europe

Rickettsia sp. Ixodes ricinus Sister taxon of R. bellii Europe

Rickettsia sp. Ixodes ricinus High homology with R. limoniae Europe

Rickettsia sp. Ixodes ricinus Sister taxon of R. bellii Europe

Rickettsia sp. Rhipicephalus evertsi Closely related to the R. rickettsii group Sub-Saharan Africa

Rickettsia sp. Rhipicephalus sanguineus, Haemaphysalis
erinacei

North Africa

Rickettsia sp. from A. tuberculatum
(148)

Amblyomma tuberculatum Southern U.S.; genetically similar to R.
parkeri, R. africae, and R. sibirica;
pathogenic potential unknown

North and Central
America

a See figures.
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TABLE 3 Main characteristics of currently available tick-borne Rickettsia genomesa

Species Strain Rickettsiosis
Chromosome
size (kb)

No. of
ORFs

G�C
content (%)

Noncoding
DNA (%)

No. of plasmids
(size [kb])

GenBank accession
no.

R. africae ESF-5 African tick bite fever 1,278,540 1,260 32.4 28 1 (12.4) CP001612

R. australis Phillips Queensland tick typhus 1,297,390 1,110 31.7 26 2 (26.6 and
30.1)

AKVZ00000000

Cutlack Queensland tick typhus 1,296,670 1,297 32.3 NA 1 (26.6) CP003338

R. bellii OSU 85-389 Unknown pathogenesis 1,528,980 1,470 32 20 0 CP000849
RML369-C 1,522,076 1,429 31.7 14.8 0 CP000087

R. canadensis McKiel Unknown pathogenesis 1,159,722 1,129 31.1 26 0 CP000409
CA410 Unknown pathogenesis 1,150,228 1,052 31 NA 0 CP003304

R. conorii subsp. conorii Malish Seven Mediterranean spotted fever 1,268,755 1,374 32.4 19 0 AE006914

R. conorii subsp. indica ITTR Indian tick typhus 1,249,482 1,157 32.5 19.1 0 AJHC00000000

R. conorii subsp. caspia A-167 Astrakhan fever 1,260,331 1,210 33 18.8 0 AJUR00000000

R. conorii subsp.
israelensis

ISTTCDC1 Israeli spotted fever 1,252,815 1,164 32 20.0 0 AJVP00000000

R. heilongjiangensis 054 Far-Eastern tick-borne
rickettsiosis

1,278,471 1,297 32.3 17 0 CP002912

R. helvetica C9P9 Unnamed rickettsiosis 1,369,827 1,135 32.2 15.9 1 (47.1) CM001467

R. honei RB Flinders Island spotted fever 1,268,758 1,284 32.4 19 0 AJTT00000000

R. japonica YH Oriental spotted fever 1,331,743 1,239 32.7 28 1 (19.8) AMRT00000000
YH Oriental spotted fever 1,283,087 1,010 32.4 NA 0 AP011533

R. massiliae Mtu5 Unnamed rickettsiosis 1,360,898 1,436 32.5 31 1 (15.2) CP000683
AZT80 Unknown pathogenesis 1,263,719 1,243 32.6 NA 1 (15.0) CP003319

R. montanensis OSU 85-930 Unknown pathogenesis 1,279,798 1,254 32.6 NA 0 CP003340

R. parkeri Portsmouth R. parkeri rickettsiosis 1,300,386 1,354 32.4 NA 0 CP003341

R. peacockii Rustic Unknown pathogenesis 1,288,492 984 33 NA 1 (26.4) CP001227

R. philipii 364D Unnamed rickettsiosis 1,287,740 1,380 32.5 NA 0 CP003308

R. raoultii RpA4 SENLAT 1,275,089 1,355 32.5 15.4 3 (20.8, 34.5,
and 83.2)

CP002428

R. rhipicephali 3-7-female6-CWPP Unknown pathogenesis 1,290,368 1,302 32.4 NA 1 (15.0) CP003342

R. rickettsii Sheila Smith Rocky Mountain spotted fever 1,257,710 1,382 32.4 24 0 NC_009882
Iowa Avirulent 1,268,175 1,421 32.4 NA 0 NC_010263
Arizona Rocky Mountain spotted fever 1,267,197 1,380 32.4 NA 0 CP003307
Brazil Rocky Mountain spotted fever 1,255,681 1,369 32.5 NA 0 CP003305
Colombia Rocky Mountain spotted fever 1,270,083 1,387 32.5 NA 0 CP003306
Hlp#2 Unknown pathogenicity 1,270,751 1,345 32.5 NA 0 CP003311

R. sibirica subsp. sibirica BJ-90 Siberian tick typhus 1,254,013 1,182 32.5 17.5 0 AHIZ00000000
246 1,250,021 1,151 32.5 17.3 0 AABW00000000

R. sibirica subsp.
mongolitimonae

HA-91 Lymphangitis-associated
rickettsiosis

1,252,337 1,138 32.4 18.5 0 AHZB00000000

R. slovaca 13-B Tick-borne lymphadenitis 1,275,089 1,323 32.5 18.7 0 CP002428
D-CWPP Tick-borne lymphadenitis 1,275,720 1,386 32.5 NA 0 CP003375

Rickettsia endosymbiont
of Ixodes scapularis

Unknown pathogenesis 1,821,709 2,059 31 22 4 (33.9, 49.8,
55.1, and
66.8)

NZ_ACLC00000000

a ORFs, open reading frames; NA, not applicable.
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gene transfer (LGT) could occur among rickettsiae (16, 17). In
fact, several LGT candidates were identified among Rickettsia ge-
nomes, including tra and pat2, genes encoding type IV secretion
system proteins and ATP/ADP translocases, respectively (1). Re-
cently, Merhej et al. identified 165 rickettsial genes that may have
been acquired by R. felis from R. bellii; R. typhi; other bacteria,
including Legionella sp. and Francisella sp.; or even eukaryotes
(18) (Fig. 1). Some of these genes appear to have been transferred
in blocks containing several genes. Finally, investigators have
identified 13 chimeric genes in R. felis that were the result of re-
combinations with R. typhi genes (18), thus offering a consider-
ably more diversified genetic picture of rickettsiae than previously
expected.

RELATIONSHIP BETWEEN SPOTTED FEVER GROUP
RICKETTSIAE, IXODID TICKS, AND VERTEBRATE HOSTS

Ixodid ticks are the main vectors of SFG rickettsiae (Fig. 2). The
tick-rickettsia relationship has been a point of interest for many
researchers, and most studies concentrate on the role of ticks as
vectors. Unfortunately, less attention has been directed toward the
relationship among rickettsia and tick cells, tissues, and organs.
Rickettsiae have developed many strategies to adapt to different
environmental conditions, including those within their arthropod
vectors and vertebrate hosts (19). Many species of the genus Rick-
ettsia are considered to be vertically transmitted symbionts of in-
vertebrates, suggesting that the arthropod vectors act as reservoirs

or amplifiers of rickettsiae in nature. In the last decade, the rela-
tionship between Rickettsia conorii subsp. conorii and its tick host
was called into question based on the lethal effect of this species of
Rickettsia on Rhipicephalus sanguineus, the brown dog tick, in ex-
perimental models of infection (20, 21). The reasons for this re-
duction in fitness were shown to be unrelated to the geographical
origin of the ticks (22) and to the inoculation methods (20, 23).
However, when naturally infected Rhipicephalus sanguineus indi-
viduals were used (24), larvae, nymphs, and adults were main-
tained under laboratory conditions over several generations with a
transovarial transmission (TOT) rate (the percentage of infected
females that pass microorganisms to their progeny) that reached
100% and a filial infection rate (FIR) (the percentage of infected
progeny derived from an infected female) of nearly 99% (25).
Similarly, two studies in Brazil obtained a �50% FIR of R. rickett-
sii in Rhipicephalus sanguineus and Amblyomma cajennense tick
colonies experimentally infected with an in vitro-cultured strain of
R. rickettsii (26, 27), while another Brazilian study reported a
100% FIR of R. rickettsii in naturally infected Rhipicephalus san-
guineus ticks (28). Interestingly, 100% TOT and 100% FIR of R.
rickettsii were described for experimentally infected Amblyomma
aureolatum ticks through 4 laboratory generations (29). However,
lower reproductive performance and survival of infected female
ticks were attributed to R. rickettsii infection. The authors hypoth-
esized that these results may explain the low infection rates (�1%)
usually reported among field populations of A. aureolatum ticks in

FIG 1 Genome sequence-based phylogenetic tree of Rickettsia species. This tree was constructed by aligning the 597 orthologous genes of all studied genomes.
Phylogenetic relationships were inferred by using the parsimony method.
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areas of Brazil where Rocky Mountain spotted fever (RMSF) is en-
demic. The same hypothesis was previously discussed to account for
the prevalence of infected R. conorii subsp. conorii ticks in the Medi-
terranean (20); later, these same authors demonstrated that temper-
ature variation could directly affect infected tick vectors and that in-
fected, quiescent ticks may not survive the winter (25).

Regarding other Rickettsia species, it is interesting to note that
studies using naturally infected, engorged females demonstrated
100% TOT and 98.5% FIR of Rickettsia massiliae in Rhipicephalus
turanicus ticks (22), 100% TOT and 93.4% FIR of Rickettsia africae
in Amblyomma variegatum ticks (30), 100% TOT and FIR of Rick-
ettsia bellii in Ixodes loricatus (31), and 100% TOT and FIR of
“Candidatus Rickettsia amblyommii” in Amblyomma auricu-
larium ticks (32). Interestingly, there is some evidence to indicate
that some typhus group rickettsiae, particularly Rickettsia prowazekii,
the louse-borne agent of epidemic typhus, may, under certain cir-
cumstances, be associated with ticks (33). Additionally, R. felis, the
agent of the so-called flea-borne spotted fever, has also been detected
in a various nonhematophagous and hematophagous arthropod spe-
cies, including soft and hard ticks (34). The role of ticks in the life cycle
of these two Rickettsia species remains to be examined.

Recently, an analysis of all of the sequences in the toxin-anti-
toxin (TA) database of 33 published Rickettsiales genomes showed
a significant link between vertical transmission and the presence
of genomic copies of TA genes and modules (35). This significant
statistical relationship suggests that TAs play a role in the mainte-
nance of Rickettsia in their arthropod hosts via a mechanism that is
currently unknown. The persistence of mobile TA genes in the
genomes of some Rickettsia might reflect an obligate connection of
the bacteria and their host cell (35).

Vertical transmission of rickettsiae in arthropods helps to
maintain the infection in nature, but for some rickettsial agents, a
life cycle including infected arthropods and one or more rickett-
sial host animals is required to guarantee survival of the bacteria in
nature (36). To date, very few data are available regarding the animal
reservoirs of these bacterial species, with the exception of R. rickettsii
and Rickettsia sibirica subsp. sibirica, which were isolated from vari-
ous wild mammals (2, 36). In 2012, it was shown that dogs are capable
of acquiring R. conorii subsp. israelensis from infected Rhipicephalus
sanguineus ticks and transmitting bacterial infection to cohorts of
uninfected ticks, thus confirming for the first time that dogs can act as
competent reservoirs for these bacteria (37). However, dogs with dif-
ferent genetic backgrounds appear to differ in their susceptibility to
Rickettsia conorii subsp. israelensis infection (38). Recent studies of
experimental infections of capybaras (Hydrochoerus hydrochaeris),
opossums (Didelphis aurita), and domestic dogs with a highly viru-
lent strain of R. rickettsii showed that these animals developed rick-
ettsemia of sufficient magnitude to infect A. cajennense or Rhipiceph-
alus sanguineus ticks during feeding (26, 28, 39, 40). These authors
suggested that these vertebrate hosts could play an important role as
amplifier hosts of R. rickettsii for ticks in nature. With regard to other
Rickettsia species, molecular and serological studies have suggested
some potential animal reservoirs; however, further studies need to be
performed to confirm these hypothesized reservoirs, such as cattle for
R. africae (41), wild boars and domestic ruminants for Rickettsia slo-
vaca (42, 43), and sika deer for Rickettsia helvetica (44).

Humans are only occasional hosts for ticks and should be viewed
as a ‘‘dead-end’’ host, which plays no role in maintaining these bac-
teria in nature (19). In humans, the site of bacterial entry sometimes
develops into a localized inflammatory and necrotic skin lesion with
a black crust, termed an inoculation eschar (“tache noire”). It repre-
sents the first site of challenge between the human host and the bac-
terium. The presence of a tache noire is associated with Rickettsia
species that contain a large number of TA genes in their genomes. The
toxic effect of TAs may increase the local reaction, thus inhibiting the
spread of rickettsia organisms, which is associated with a fatal out-
come of this infection. The presence of TAs is significantly inversely
correlated with human host mortality (35). Also, it has been specu-
lated that skin eschar is the reflection of a local control avoiding ex-
treme virulence (45).

TICK-BORNE RICKETTSIAE IN THE AMERICAS

North and Central America

Species identified as pathogens. (i) Rickettsia rickettsii. R. rick-
ettsii, the etiologic agent of Rocky Mountain spotted fever
(RMSF), is distributed broadly, albeit at a low frequency, in hard
ticks throughout the Western Hemisphere (2). In North and Cen-
tral America, confirmed cases of RMSF have been documented in
Canada, the United States, Mexico, Panama, and Costa Rica (46–
51) (Fig. 3 and 4). Fatal human infections caused by a SFG Rick-

FIG 2 Three tick vectors of spotted fever group rickettsioses. From top to bottom
are Rhipicephalus sanguineus, the primary vector of R. conorii subsp. conorii, the
agent of Mediterranean spotted fever; Dermacentor marginatus, vector of R. slovaca
and R. raoultii; and Amblyomma variegatum, vector of R. africae, the agent of
ATBF. Males are on the left side, and females are on the right. Bar scale, 1 mm.
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ettsia species, presumably R. rickettsii, have also recently been de-
scribed in Guatemala (52). Surprisingly, no confirmed cases of
RMSF have been reported from the Caribbean, despite the pres-
ence of recognized tick vectors in this region. In the United States,
RMSF still occurs predominantly in the Midwestern and south-
eastern states, including Oklahoma, Missouri, Arkansas, Tennes-
see, and North Carolina. Approximately two-thirds of the 11,531
cases of RMSF reported during 2000 to 2007 originated from these
five states (53).

In Mexico, RMSF has been reported in the states of Baja Cali-
fornia, Sonora, Sinaloa, Durango, Coahuila, and Yucatán. Hyper-
endemic foci have been described repeatedly in communities in
the American Southwest and northern Mexico, linked directly to
large numbers of R. rickettsii-infected Rhipicephalus sanguineus
ticks that result from unchecked populations of stray and free-
ranging dogs (54–61). During 1999 to 2007, the overall U.S. inci-
dence of RMSF and the case-fatality rate were approximately 4
times higher among American Indians than among members of

other racial groups (62, 63), related at least in part to the ecological
dynamics created by large numbers of Rhipicephalus sanguineus
and free-roaming dogs in peridomestic environments (64).

The annual incidence of RMSF has undergone 3 dominant
shifts in the United States since national surveillance of this disease
was initiated in 1920 (53). The reasons for these shifts are largely
speculative; however, the emergence and flux of RMSF and other
tick-borne diseases described below can most often be traced to
specific human activities and behaviors that disrupt ecosystems
and place greater numbers of susceptible hosts into the environ-
ment (65). Because some cases reported as RMSF might actually
be diseases caused by other SFG rickettsiae, the surveillance case
definition for RMSF in the United States was modified in 2010 to
encompass the broader category of spotted fever rickettsiosis. The
number of reported cases of spotted fever rickettsiosis in the
United States, including cases of RMSF, rose 9% during 2009 to
2010, from 1,815 to 1,985 (66–70).

Epidemiologically important vectors of R. rickettsii in North

FIG 3 Tick-borne rickettsiae in North America (except Mexico). Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible
pathogenicity and rickettsiae of unknown pathogenicity. (Adapted from reference 2.)

FIG 4 Tick-borne rickettsiae in Mexico and Central America. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible
pathogenicity and rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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and Central America include the Rocky Mountain wood tick
(Dermacentor andersoni), the American dog tick (Dermacentor
variabilis), the Cayenne tick (Amblyomma cajennense), and the
brown dog tick (Rhipicephalus sanguineus) (49, 71); however, R.
rickettsii is found occasionally in other ticks, including the lone
star tick (Amblyomma americanum) in the United States, Ambly-
omma imitator in Mexico, Dermacentor nitens in Panama, and
Haemaphysalis leporispalustris in Costa Rica, all of which may oc-
casionally be involved in the transmission of this pathogen to hu-
mans and animals (51, 72–75). Contemporary molecular surveys
for R. rickettsii in North American Dermacentor ticks reveal ex-
tremely low frequencies of occurrence of these bacteria in ticks,
characteristically �0.5% (76–80). However, unusually large num-
bers of R. rickettsii-infected Rhipicephalus sanguineus ticks are a
hallmark of several hyperendemic foci of RMSF in the United
States and Mexico (54, 56, 81–83), suggesting that Rhipicephalus
sanguineus may be a more important vector of RMSF in North and
Central America than previously recognized. To date, Rhipiceph-
alus sanguineus has been shown to be an important vector of
RMSF only in the southwestern United States and northern Mex-
ico, possibly due to environmental conditions, the presence of a
large feral dog population, and/or other animal reservoirs there,
and not necessarily an important vector throughout North Amer-
ica. Recent data also indicate that many tick species may be in-
fected simultaneously with multiple SFG rickettsiae, including R.
rickettsii (74, 84).

Patients with RMSF experience an abrupt onset of high fever
that is often accompanied by headache, nausea, vomiting, an-
orexia, and generalized myalgia. Only rarely is an eschar identified
at the infection site (85). A rash begins on the second to fourth day
following the appearance of fever. This rash appears as small pink
macules, typically on the wrists, ankles, and forearms, and evolves
to maculopapules. These lesions evolve into petechiae or purpura
in 50% to 60% of patients (Fig. 5). Severe manifestations might
include pulmonary edema and hemorrhage, cerebral edema,
myocarditis, renal failure, disseminated intravascular coagulopa-

thy, and gangrene (46, 86, 87). Despite the current availability of
an effective treatment and advances in medical care, an estimated
5% to 10% of U.S. patients die when infected with R. rickettsii (48,
61, 87). For unknown reasons, case-fatality rates in Central Amer-
ica are considerably higher: estimates from recent outbreaks in
Mexico are as high as 38% (88–91), and the case-fatality rate of 6
documented RMSF cases in Panama during 2004 to 2007 was
100% (50, 92).

Molecular analysis of 35 historical and contemporary isolates
of R. rickettsii identified 5 phylogenetic clades based on sequence
polymorphisms in several intergenic regions (93). Specific geo-
graphical and vector tick associations were identified among these
groups, including clades with associated Amblyomma ticks from
Central and South America and clades characterized by D. ander-
soni ticks in the northwestern United States. These data also sug-
gest that certain isolates, particularly of serotypes Hlp and 364D,
are sufficiently different to warrant unique species or subspecies
status (94).

(ii) Rickettsia parkeri. The first confirmed human infection
with R. parkeri was reported in 2004, and approximately 15 cases
of R. parkeri rickettsiosis have been described in the literature
since that initial report (66–70). In the United States, Amblyomma
maculatum (the Gulf Coast tick) is the principal vector for these
bacteria, and R. parkeri is detected in 8% to 43% of questing adult
A. maculatum ticks collected in states along the Gulf Coast and the
southern Atlantic region (95–101). R. parkeri is distributed
throughout multiple tissues of infected A. maculatum ticks, in-
cluding the salivary glands, the midgut, the Malpighian tubules,
and the ovaries (102). R. parkeri is detected infrequently in A.
americanum (103) and D. variabilis (79, 104). Infections of dogs
and cows caused by R. parkeri have been reported in the south-
eastern United States (105, 106).

In most cases of R. parkeri infection, a necrotic inoculation
eschar forms several days following the bite of an infected tick,
preceding a low to moderate fever in several days. R. parkeri rick-
ettsiosis is milder than RMSF, and no severe systemic manifesta-
tions or deaths have been described (67–69). It is likely that some
U.S. cases that were previously categorized as RMSF should have
been classified as R. parkeri rickettsiosis (66, 71, 107, 108). No
cases of R. parkeri rickettsiosis have been reported in Central
America; however, A. maculatum occurs throughout this region,
and a mild, eschar-associated rickettsiosis that is compatible with
R. parkeri rickettsiosis was reported recently for a traveler return-
ing from Honduras (109).

(iii) Rickettsia massiliae. The first description of R. massiliae in
North America was reported in 2006, when this SFG rickettsia was
detected in adult Rhipicephalus sanguineus ticks collected from a
hyperendemic focus of RMSF in the southwestern United States
(110). This agent was subsequently identified in questing and at-
tached specimens of Rhipicephalus sanguineus recovered from
dogs in California and North Carolina (99, 111). The distribution
and frequency of this bacterial species in brown dog ticks in North
and Central America are poorly described; however, preliminary
studies suggest that its New World occurrence is somewhat spo-
radic and focal (82, 111, 112). No confirmed human infections
have been documented in the United States or Central America,
although R. massiliae has been putatively linked to mild to mod-
erately severe illnesses in dogs in California (111).

(iv) Rickettsia africae. African tick bite fever (ATBF) caused by
R. africae is distributed broadly across most of the African conti-

FIG 5 Petechial rash on a patient with Rocky Mountain spotted fever caused
by Rickettsia rickettsii.
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nent (see below). It was first described in the Western Hemisphere
in 1998 in a patient from Guadeloupe in the West Indies (113).
Since that report, the pathogen has been detected in Amblyomma
variegatum ticks collected from 8 additional territories and coun-
tries in the Caribbean, including Martinique, Dominica, Montser-
rat, Nevis, St. Kitts, St. Lucia, Antigua, and the U.S. Virgin Islands
(113). Tick surveys on these islands revealed R. africae infection
rates that range from 7% to 62% (114, 115). An important aspect
for the epidemiology of ATBF is the acquisition of the disease by
North American tourists, hunters, or deployed military members
returning from areas where R. africae is endemic (116–118). The
disease begins approximately 5 to 7 days following a tick bite, with
an abrupt onset of fever, fatigue, headache, and myalgia. Inocula-
tion eschars are reported inconsistently and are identified in ap-
proximately 50% to 100% of cases; however, the occurrence of
multiple eschars is relatively frequent. Other common features
include regional lymphadenopathy, a generalized maculopapular
or papulovesicular rash, and, occasionally, aphthous stomatitis.
No cases of fatal disease resulting from these bacteria have been
reported, although more severe manifestations, including myo-
carditis and neuropathy, are sometimes described.

(v) Rickettsia philipii (Rickettsia 364D). In 2008, the first hu-
man infection with “Rickettsia 364D” was confirmed in a patient
from northern California. Rickettsia 364D, an as-yet-unclassified
SFG rickettsia initially described in 1975 from an isolate obtained
from Dermacentor occidentalis ticks collected in southern Califor-
nia, has been detected in approximately 8% of the questing D.
occidentalis ticks throughout California (76–80). Because R. rick-
ettsii is rarely identified in human-biting ticks in this state, it has
been suggested that Rickettsia 364D, provisionally named “Rick-
ettsia philipii” (94), is responsible for many of the illnesses in this
region that resemble and are misdiagnosed as RMSF. In addition
to the index patient, three suspected cases have been described,
each with an eschar and mild constitutional complaints that vari-
ably include fever, headache, myalgia, and fatigue (119).

Species of unknown pathogenicity. (i) Rickettsia bellii. R. bel-
lii was first isolated in 1966 from D. variabilis ticks collected in
Arkansas, and many other tick host species for this bacterium were
subsequently detected, including D. andersoni, D. occidentalis,
Dermacentor albipictus, Dermacentor parumapertus, Haemaphys-
alis leporispalustris, and the soft ticks Ornithodoros concanensis and
Argas cooleyi (120). This Rickettsia species appears to be distrib-
uted sporadically: it has been detected in as many as 80% of the
isolates obtained from D. variabilis ticks in Ohio and North Car-
olina but occurs in fewer than 1% of the California Dermacentor
ticks recently evaluated for SFG rickettsiae by molecular assays. R.
bellii also occasionally appears in mixed infections of ticks with R.
rickettsii, Rickettsia rhipicephali, or Rickettsia montanensis (76, 84).
For decades, R. bellii was characterized as a nonpathogenic organ-
ism; however, subcutaneous inoculation of this rickettsia pro-
duces eschars in rabbits and guinea pigs (16), suggesting that its
role as a potential pathogen of humans deserves further consider-
ation.

(ii) Rickettsia canadensis. R. canadensis was initially isolated
from a pool of Haemaphysalis leporispalustris ticks collected from
Ontario, Canada, in 1962 and subsequently from specimens of
Haemaphysalis leporispalustris collected from California in 1980.
Recent phylogenetic analyses suggest that R. canadensis, similarly
to R. bellii, shares some characteristics with both the typhus group
and the SFG rickettsiae and may closely resemble ancestral forms

of the genus Rickettsia (121). R. canadensis elicits a febrile response
in guinea pigs and produces rickettsemias of several days’ duration
in meadow mice and baby chicks. Human infections are suggested
from several serologic studies of ill patients; however, no con-
firmed cases of the disease have been identified.

(iii) Rickettsia montanensis. R. montanensis, first described in
1961 in Dermacentor ticks collected in eastern Montana, is identi-
fied with various frequencies in D. variabilis and D. andersoni ticks
throughout North America. Its occurrence in populations of D.
variabilis ticks collected from 15 locations in 4 different provinces
of Canada ranged from 0 to 33% (77). In many parts of the eastern
United States, R. montanensis is the predominant rickettsial spe-
cies detected in D. variabilis ticks (80). Approximately 10% to 17%
of questing and attached specimens of D. variabilis collected from
Florida, Georgia, and Tennessee contain this SFG rickettsia (78,
122). R. montanensis has also been reported occasionally in A.
americanum ticks (78). There are no reports of confirmed disease
in humans caused by R. montanensis; however, a recent descrip-
tion of a child with an afebrile, rash-associated illness and sero-
conversion to R. montanensis antigens following the bite of an R.
montanensis-infected D. variabilis tick suggests that this SFG Rick-
ettsia may cause a mild, spotted-fever-like illness in some patients
(123).

(iv) Rickettsia peacockii. R. peacockii, an endosymbiont of D.
andersoni ticks in the western United States and Canada, was likely
recognized as early as 1925 but was not formally characterized
until 1997. The infection frequency of R. peacockii in D. andersoni
is often high: this SFG rickettsia was detected in 76% of 508 ticks
collected from 9 localities in Canada (77) and in as many as 80% of
D. andersoni ticks collected from the eastern side of the Bitterroot
Valley of Montana. Also referred to as the East Side agent, R.
peacockii occurs almost exclusively within the oocytes and inter-
stitial cells of D. andersoni ticks, interfering with the ability of R.
rickettsii to infect these tissues (124). It has been proposed that R.
rickettsii or another closely related pathogenic SFG rickettsia un-
derwent various changes in its genome to become R. peacockii.
Potential virulence genes deleted or mutated in R. peacockii in-
clude those coding for an ankyrin repeat-containing protein,
DsbA, RickA, protease II, OmpA, and a putative phosphoeno-
lamine transferase (125, 126).

(v) Rickettsia rhipicephali. R. rhipicephali was first described in
1975 following its isolation from Rhipicephalus sanguineus ticks
collected in Mississippi. It has been identified sporadically in D.
occidentalis, D. andersoni, and D. variabilis ticks across the United
States (76). The pathogenic potential of R. rhipicephali in humans
is unknown but is suggested by the moderately severe disease elic-
ited in experimentally inoculated meadow voles (66).

Nonvalidated, incompletely described, or uncultivated spe-
cies. “Candidatus Rickettsia amblyommii” was first documented
in 1981 and has since been identified as a commonly occurring
and widely distributed SFG rickettsia in A. americanum ticks
(127–129). “Candidatus Rickettsia amblyommii” produces a gen-
eralized infection in A. americanum that is distributed throughout
multiple tissues, including the salivary glands, midgut, and ovaries
(130). Contemporary surveys of questing adult A. americanum
ticks collected from several states in the eastern United States re-
ported average infection frequencies of 45% in Georgia, 66% in
Maryland, 13% in New Jersey, 42% in New York, and 60% in
North Carolina (131–134). Infections have also been detected
commonly in larval-stage ticks (78, 127, 135, 136). “Candidatus
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Rickettsia amblyommii” occurs in several other North American
ticks, including D. variabilis, A. maculatum, and A. cajennense (78,
80, 97, 99, 104, 122, 137). In Central America, “Candidatus Rick-
ettsia amblyommii” has been identified in A. cajennense ticks from
Costa Rica and Panama (138, 139) and in D. nitens, Amblyomma
oblongoguttatum, Amblyomma ovale, Rhipicephalus (Boophilus)
microplus, and Rhipicephalus sanguineus ticks in Panama (72, 139,
140). “Candidatus Rickettsia amblyommii” has been implicated as
a possible cause of mild or subclinical infection in humans in the
United States (137, 141); however, neither guinea pigs, meadow
voles, nor rabbits exhibit any evidence of disease when inoculated
with this SFG rickettsia (130), and there is no evidence of direct
detection of “Candidatus Rickettsia amblyommii” in human clin-
ical specimens (142).

“Candidatus Rickettsia andeanae” was first documented in
North America in 2010 in A. maculatum ticks collected in Florida
and Mississippi (96). Since then, this SFG rickettsia has been iden-
tified throughout the U.S. range of A. maculatum ticks, occurring
sympatrically with but typically at frequencies considerably lower
than those of R. parkeri (98–101, 143). Coinfections of A. macu-
latum ticks with R. parkeri and “Candidatus Rickettsia andeanae”
have been reported (100, 101). The pathogenic potential of “Ca.
Rickettsia andeanae” is unknown; however, the recent isolation of
this bacterium in cell culture should allow for a more detailed
analysis including species characterization and a better under-
standing of its capacity to elicit disease in vertebrate hosts (144).

“Candidatus Rickettsia cooleyi” is commonly encountered in
populations of Ixodes scapularis ticks across the United States (78,
104, 122). In some areas, it is detected in 90% to 100% of I. scapu-
laris ticks (104, 145, 146), suggesting that this species is an endo-
symbiont. Other incompletely described SFG rickettsiae that have
been detected in I. scapularis include Rickettsia sp. strain Is-1
(GenBank accession number DQ34462) and Rickettsia sp. strain
TR-39 (accession number DQ480762) (122).

Two unique SFG phylotypes, designated G021 and G022, have
been identified in Ixodes pacificus ticks collected in California
(147). Rickettsia sp. G021 forms part of a clade that includes Rick-
ettsia akari, Rickettsia australis, and the I. scapularis endosymbiont
TX125 (GenBank accession number EF68975.1). Rickettsia sp.
G022 appears to be closely related to several pathogenic SFG rick-
ettsiae, including R. sibirica subsp. sibirica, R. conorii, and R.
parkeri. It is possible that these phylotypes represent the previ-
ously described Rickettsia strains Tillamook and Grants Pass,
which were isolated from I. pacificus ticks collected in Oregon and
California during the late 1970s and early 1980s, respectively (2,
66). The Tillamook strain causes fever and scrotal swelling in
guinea pigs and may be lethal to mice, suggesting that it may play
a role as a human pathogen (108).

Rickettsia sp. strain Parumapertus is a SFG rickettsia that is
similar to, but distinct from, R. rickettsii. It was initially detected in
D. parumapertus ticks removed from jackrabbits in the Great Ba-
sin of the United States in the 1950s. Isolates of this strain no
longer exist for genotypic analyses; however, earlier studies docu-
mented mild fever and scrotal swelling in guinea pigs inoculated
with the agent, suggesting that it holds pathogenic potential for
humans (66, 120). ‘“Candidatus Rickettsia” species from A. tuber-
culatum ’ was described in 2012 in adult and larval-stage gopher
tortoise ticks (Amblyomma tuberculatum) collected in Georgia,
Florida, and Mississippi. The prevalence of infection among these
specimens ranged from 50% to 100%. The pathogenic potential of

the “Candidatus Rickettsia” species from A. tuberculatum in ver-
tebrate hosts is unknown (148).

There are no confirmed reports of natural transmission of a
pathogenic Rickettsia species to humans by an argasid tick. How-
ever, specimens of Ornithodoros parkeri and Ornithodoros rostra-
tus, when infected experimentally with R. rickettsii, are capable of
later transmitting the infection to susceptible animals, suggesting
a possible role for soft ticks as vectors of one or more SFG rickett-
siae. An uncharacterized SFG rickettsia (GenBank accession num-
bers AY763101 and AY63102), closely related to Rickettsia pea-
cockii and R. rickettsii, has been detected recently in specimens of
the argasid tick Carios kelleyi collected in Iowa (149). This SFG
agent has not been isolated in culture, and its pathogenic potential
is unknown.

South America

Species identified as pathogens. (i) Rickettsia rickettsii. R. rick-
ettsii is the most important tick-borne zoonotic agent in South
America (Fig. 6), where it was first reported in Brazil during the
1920s. Although RMSF is the typical name of the disease caused by
R. rickettsii, in Brazil, it has been referred to as Brazilian spotted
fever since the first half of the past century (150, 151). Human
cases of RMSF have also been reported in Argentina and Colombia
(152, 153). In Colombia, the disease was first reported as a large
outbreak during the 1930s, when 62 (95%) out of 65 affected
people succumbed to the infection. Thereafter, it remained unre-
ported for more than 65 years, followed by recent outbreaks dur-
ing the last 6 years in different parts of Colombia (154). Therefore,
it is possible that RMSF remains unreported in other South Amer-
ican countries where diagnostic tools are absent and where the
disease is clinically misdiagnosed as several other acute hemor-
rhagic diseases. Similarly, the clinical illness caused by R. rickettsii
in domestic dogs may often remain unreported in many parts of
South America. Although North American studies have shown for
decades that R. rickettsii is also pathogenic in dogs, the occurrence
of RMSF in dogs was only recently reported in Brazil (155).

General symptoms caused by R. rickettsii in South America are
similar to those in the United States. Severe clinical manifestations
seem to be more frequently reported, usually associated with a
higher case-fatality rate, and include jaundice, central nervous
system impairment, respiratory distress, and acute renal insuffi-
ciency (150, 151). While the general case-fatality rate is currently
approximately 20 to 40% (150, 156), the rate may reach 80% in a
few areas where diagnostic suspicion and specific antibiotic ther-
apy are delayed (157). Indeed, the higher incidences of other hem-
orrhagic manifestations endemic to South American countries,
such as dengue, leptospirosis, and meningitis, are associated with
the lack of diagnostic tools for spotted fever rickettsiosis. This may
result in late diagnostic suspicion of rickettsiosis and, conse-
quently, in more severe advanced cases that rapidly cause fatalities
(150).

The main vector of R. rickettsii in Argentina, Brazil, and Co-
lombia is A. cajennense, which is generally the tick that bites hu-
mans most frequently in South America (158). Frequently, hu-
mans are infested by dozens to hundreds of A. cajennense
specimens in areas where RMSF is endemic; however, the disease
has always had a low incidence, which is related to the low R.
rickettsii infection rates among ticks under natural conditions,
usually �1% (159). These low rates may be related to the low
ability of A. cajennense to sustain R. rickettsii infection through
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successive generations. One study in Brazil demonstrated that
both transstadial and transovarial transmissions of R. rickettsii oc-
curred in �50% of infected ticks, in addition to the observed
lower reproductive performance of infected female ticks than of
uninfected ticks (27). Therefore, it is believed that such areas
where RMSF is endemic are highly dependent on the availability
of amplifier vertebrate hosts, which are animals that maintain the
bacterium in their circulating blood for some days or weeks at
levels sufficient to infect new tick cohorts, amplifying rickettsial
infection among the tick population. The systematic presence of
amplifier hosts would guarantee the establishment of this bacte-
rium in the tick population for successive generations (159). In
Brazil, at least two wild vertebrate species, capybaras (Hydrocho-
erus hydrochaeris) and opossums (Didelphis aurita), were recently
shown to behave as competent amplifier hosts for A. cajennense
(39, 40).

In a few areas of southeastern Brazil, the tick Amblyomma au-
reolatum replaces A. cajennense as the primary vector of R. rickett-
sii (160–162). Interestingly, the transstadial and transovarial
transmission rates of R. rickettsii in A. aureolatum ticks reach
100%. However, because R. rickettsii is partially pathogenic for
engorged females of this species, tick infection rates under natural
conditions are low, approximately 1% (29, 160). In addition, be-
cause A. aureolatum rarely attacks humans, the incidence of RMSF
is also low in these specific areas of endemicity in southeastern
Brazil (163). Finally, a number of recent studies from Brazil re-
ported R. rickettsii infecting Rhipicephalus sanguineus ticks col-
lected from dogs in areas where RMSF is endemic, where dogs are
frequently infested by A. aureolatum or A. cajennense ticks (28,

162, 164–166), and reports have also come from an area where
RMSF is not endemic (167). As it has been shown that R. rickettsii
is maintained by transstadial and transovarial transmission in
Brazilian Rhipicephalus sanguineus ticks (26, 28) and that the do-
mestic dog is an efficient amplifier host of R. rickettsii in Rhipi-
cephalus sanguineus ticks (26), studies are needed to elucidate the
participation of this tick species in the epidemiology of RMSF in
South America. Fortunately, Rhipicephalus sanguineus is not con-
sidered to be an important human-biting tick in South America
(158), which may minimize its role as a primary vector of RMSF in
humans.

(ii) Rickettsia parkeri. In 2004, R. parkeri was reported to infect
Amblyomma triste ticks in Uruguay (168), at the time when this
rickettsia was first confirmed to be a human pathogen in the
United States (see above). Several years later, R. parkeri was found
to infect A. triste ticks in Brazil (169) and Argentina (170). Finally,
in 2011, Romer et al. reported the first human cases of spotted
fever caused by R. parkeri in Argentina, which were characterized
by fever, rash, inoculation eschar, lymphadenopathy, and no
deaths, similar to the clinical illness caused by R. parkeri in the
United States (68, 171). Similar clinical manifestations, also asso-
ciated with A. triste, have been reported since the 1990s in Uru-
guay, where at least two of these cases were attributed to R. parkeri
through cross-absorption (CA) serologic tests (172).

(iii) Rickettsia massiliae. In 2004, R. massiliae was reported to
infect Rhipicephalus sanguineus ticks in Buenos Aires, Argentina
(173). Several years later, a patient in Spain was diagnosed with an
acute spotted fever illness characterized by fever, a palpable pur-
puric rash on the upper and lower extremities, and an eschar on

FIG 6 Tick-borne rickettsiae in South America. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathogenicity
and rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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the right leg. Molecular analyses confirmed that the spotted fever
illness was caused by R. massiliae (174). Because this patient had
just arrived from Buenos Aires, it was concluded that she had
become infected in Argentina, confirming the first case of rickett-
siosis caused by R. massiliae in South America. Recent studies have
shown that the Rhipicephalus sanguineus populations from the
southern portion of South America are genetically derived from
the Mediterranean area (175, 176), where R. massiliae has been
reported to infect ticks and humans (177). Therefore, it is possible
that the distribution of R. massiliae in the southern portion of
South America is much broader than is currently appreciated.

(iv) Rickettsia sp. strain Atlantic rainforest or strain Bahia.
Recently, two cases of spotted fever clinically similar to the disease
caused by R. parkeri were reported in Brazil. However, both cases
were confirmed to be caused by a newly recognized SFG rickettsia,
strain Atlantic rainforest or strain Bahia, very closely related to R.
parkeri, R. africae, and R. sibirica (178, 179). At the same time, the
Atlantic rainforest strain was shown to be associated primarily
with Amblyomma ovale ticks, the presumed vector of transmission
to humans (180). In addition, A. aureolatum and Rhipicephalus
sanguineus ticks were also found to be infected by this novel bac-
terial strain in the same areas as Rickettsia-infected A. ovale ticks
(180, 181). It is possible that the occurrence of spotted fever
caused by the Atlantic rainforest strain is much broader than is
currently known, as the symptoms of this disease are compatible
with the descriptions of clinical illnesses that have been confirmed
following seroconversion to spotted fever rickettsial antigens that
have been reported in other areas of Brazil, where the agent was
found to infect human-biting ticks, namely, A. ovale and A. aureo-
latum (151, 181).

Species of unknown pathogenicity. (i) Rickettsia rhipicephali.
R. rhipicephali has been reported to infect the tick Haemaphysalis
juxtakochi in southeastern and northern Brazil (182, 183). There is
serological evidence of canine infection by R. rhipicephali in
northern Brazil, but the pathogenic role of this infection remains
unknown (184).

(ii) Rickettsia bellii. Despite having been reported in the
United States for more than 50 years, R. bellii was first reported in
South America in 2004, followed by a number of reports on dif-
ferent tick species. In Brazil, R. bellii has been reported to infect 11
tick species, namely, A. ovale, A. oblongoguttatum, A. scalptura-
tum, A. humerale, A. rotundatum, A. aureolatum, A. dubitatum,
Amblyomma incisum, A. nodosum, Ixodes loricatus, and Haemaph-
ysalis juxtakochi. It was also reported to infect A. neumanni and A.
tigrinum in Argentina and A. varium in Peru, totaling 14 tick spe-
cies for the continent (185, 186). While R. bellii has never been
associated with human disease, there is serological evidence of
animal infection in Brazil (187).

(iii) Rickettsia monteiroi. R. monteiroi was recently described
as having infected the tick A. incisum in an Atlantic rainforest
reserve in southeastern Brazil (188). R. monteiroi is genetically
related to the North American species R. canadensis, and because
A. incisum is an important human-biting tick in the Atlantic rain-
forest biome of southeastern Brazil, the pathogenic role of this
rickettsia deserves further investigation.

Nonvalidated, incompletely described, or uncultivated spe-
cies. “Candidatus Rickettsia amblyommii” was reported to infect
the tick species A. cajennense, Amblyomma coelebs, Amblyomma
longirostre, Amblyomma geayi, and Amblyomma auricularium in
Brazil (32, 189, 190); Amblyomma neumanni in Argentina (185);

and A. coelebs in French Guyana (191). In addition, strains Aranha
and AL, which are genetically closely related to “Candidatus Rick-
ettsia amblyommii,” have been reported to infect A. longirostre
ticks in Brazil (189, 190, 192). “Candidatus Rickettsia amblyom-
mii” was shown to be successfully maintained by transstadial and
transovarial transmissions through successive generations in A.
auricularium ticks, which were able to transmit the bacterium to
laboratory rabbits through larval, nymphal, and adult feeding;
however, these infections were always asymptomatic (32). Under
natural conditions, there is serological evidence of canine infec-
tion by “Candidatus Rickettsia amblyommii” in Brazil (184, 193);
however, there is no evidence that “Candidatus Rickettsia amblyo-
mmii” is pathogenic for humans or animals.

“Candidatus Rickettsia andeanae” was first documented in
South America in 2004 in A. maculatum and Ixodes boliviensis ticks
in Peru (194). Several years later, this rickettsia was reported as
Rickettsia sp. strain Argentina, from Amblyomma parvum and
Amblyomma pseudoconcolor ticks in Argentina (195, 196). More
recently, “Candidatus Rickettsia andeanae” was reported from an
A. triste specimen in northern Chile (197). The pathogenic poten-
tial of “Candidatus Rickettsia andeanae” is unknown.

Three distinct rickettsial strains (COOPERI, NOD, and ApPR)
have been reported from different Amblyomma ticks in Brazil
(162, 198–200). Indeed, these strains are regarded as potential
pathogens because they are phylogenetically related to the patho-
gens R. parkeri, R. africae, R. sibirica, and the Atlantic rainforest
strain (200). Further studies are necessary to elucidate their taxo-
nomic status because their genetic relatedness to R. parkeri, R.
africae, and R. sibirica could justify a subspecies designation.

The Pampulha strain, recently reported in A. dubitatum ticks
in Brazil (201–203), and the Colombianensi strain, reported in
Amblyomma dissimile and Rhipicephalus (Boophilus) microplus
ticks in Colombia (204), are two distinct strains that are closely
related to the Old World species Rickettsia tamurae and Rickettsia
monacensis. In Brazil, only a few populations of A. dubitatum have
been found to be infected by the Pampulha strain; however, infec-
tion rates are usually very high among the infected populations
(203). The pathogenic role of these two South American strains is
unknown. Finally, an R. aeschlimannii-like strain was reported in
the tick A. tigrinum in Bolivia (205). Because R. aeschlimannii has
been reported only in the Old World, further studies are needed to
elucidate the taxonomic status of this R. aeschlimannii-like strain
from Bolivia.

TICK-BORNE RICKETTSIAE IN EUROPE

Species Identified as Pathogens

Rickettsia conorii subsp. conorii. Rickettsia conorii subsp. conorii
is the agent responsible for Mediterranean spotted fever (MSF),
one of the oldest-recognized vector-borne infectious diseases (2).
MSF is endemic in southern Europe, but sporadic cases have been
reported in northern and central Europe, sometimes followed by
the installation of a local focus of the disease (2). Rhipicephalus
sanguineus is the vector and a potential reservoir of R. conorii
subsp. conorii in the Mediterranean area (Fig. 2 and 7) (206).
However, the excellent fitness of an R. conorii-infected tick labo-
ratory colony contrasts with the low prevalence of infected Rhipi-
cephalus sanguineus ticks collected in the wild (�1%), even in
regions of endemicity such as Southern Europe, with the excep-
tion of small foci (25, 177, 207, 208). The influence of extrinsic
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factors on infections in diapaused Rhipicephalus sanguineus ticks
has been suggested, and infected quiescent ticks may not survive
the winter (25). Vertebrate reservoirs may play a more dominant
role in the ecology of R. conorii subsp. conorii than was previously
appreciated (206). The presence of R. conorii subsp. conorii DNA
was reported in blood samples from ill dogs (209, 210). A high
seroprevalence rate (15 to 72%) in dogs has been reported in a
region where MSF is endemic (211). The proximity to seroreactive
dogs has been reported as a risk factor for MSF in humans (210).
In addition, hedgehogs were suggested to be a potential reservoir
for R. conorii subsp. conorii (212). However, the animal reservoir
of R. conorii subsp. conorii was never conclusively demonstrated
(37, 206), and further studies need to be performed.

In Europe, most MSF cases occur in the summer (2, 213–215).
The MSF incidence may increase with higher temperatures, lower
rainfall, and a decrease in the number of days of frost during the
preceding year (177, 216, 217). Particularly, this higher incidence
during warmer months seems to be related to a warming-medi-
ated increase in the aggressiveness of R. sanguineus ticks to bite
humans (177).

Since 2005, in addition to 14 European countries (2), R. conorii
was detected in Serbia (218), Romania (219), Slovakia (220), and
Malta (221) by serological methods. The seroprevalences of R.
conorii infection were 3.9% in Italy (222), 4.4% in the Canary
Islands (Spain) (223), 8.7 to 11.2% in Spain (224, 225), and up to
23% in the Serbian mountain areas (218). Urban populations are
as affected as rural populations, regardless of gender (213).

After an incubation period of approximately 6 days, the onset
of MSF is abrupt. Recent studies (213, 226, 227) have confirmed
that this disease is characterized by fever (94 to 100%), flu-like
symptoms (78%), prostration (64%), an eschar at the tick bite site
(53 to 77%), and a rash spreading to the palms and soles (87 to
96%) that is either maculopapular (94%) or petechial (6%) (Fig.
8). In an Italian study of 415 children with MSF, fever, rash, and
eschar were present in 93%, 94.5%, and 63.4% of cases, respec-
tively, and 4.6% of the children presented atypical exanthema
(petechial, purpuric, papulovesicular, and vesicular) (228). Mul-
tiple eschars (177, 213, 228–230) and clusters of MSF cases (177)
have been reported, which are novel findings for MSF because the
probability of being bitten simultaneously by several infected Rh-
ipicephalus sanguineus ticks is considered rare (177). These emerg-
ing findings have been linked to the increased aggressiveness and
propensity of Rhipicephalus sanguineus to bite hosts under
warmer conditions, as was shown in animal and human models
(177).

In recent years, atypical and serious life-threatening presen-
tations of MSF in Mediterranean countries were reported, with
cardiac symptoms (ectasia of the coronary arteries, myocardi-
tis, and atrial fibrillation) (231–233), ocular symptoms (uveitis,
retinopathy, and retinal vasculitis) (177, 234–236), neurological
symptoms (cerebral infarct, meningoencephalitis, sensorineural
hearing loss, acute quadriplegia secondary to an axonal polyneu-
ropathy, and motor and sensory polyneuritis) (228, 236–241),
pancreatic involvements (242, 243), splenic rupture (244), acute

FIG 7 Tick-borne rickettsiae in Europe. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathogenicity and
rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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renal failure (245), and the presence of hemophagocytic syn-
drome (246). In addition to the classical risk factors for malignant
MSF (advanced age, immunocompromised situations, chronic al-
coholism, glucose-6-phosphate dehydrogenase [G6PD] defi-
ciency, prior prescription of an inappropriate antibiotic, and delay
of treatment) (209), alcoholism was definitively confirmed as a
risk factor (218), and fluoroquinolone treatment was shown to be
associated with increased MSF disease severity and longer hospital
stays (238). In a study of Italian children, hospitalization was sig-
nificantly longer in the group treated with chloramphenicol than
in the group treated with clarithromycin (228). Recently, the mor-
tality rate in Portugal reached 13% (9/71) of patients with MSF,
including many patients with confusion and obtundation (67%),
and a multivariate analysis revealed the following independent
predictors associated with fatal outcome: hyperbilirubinemia,
acute renal failure, and the absence of rash (226). Other fatal cases
were reported in France, Greece, Bulgaria, and Turkey (213, 229,
240, 247).

Rickettsia conorii subsp. israelensis. Rickettsia conorii subsp.
israelensis is the agent of Israeli spotted fever (ISF), which was first
reported in 1946 in Israel (2). R. conorii subsp. israelensis was
shown to be successfully transmitted transstadially in Rhipicepha-
lus sanguineus from nymphs to adults (38). However, the vertical
transmission of this bacterium in its host ticks has not yet been
demonstrated. Dogs have been suggested to be a competent res-
ervoir of R. conorii subsp. israelensis (221, 248). Recently, R. cono-
rii subsp. israelensis DNA was detected in blood samples that were
recovered from two clinically ill dogs in Portugal within 48 h of
doxycycline administration (209).

In Europe, R. conorii subsp. israelensis was detected in Rhipi-
cephalus sanguineus specimens collected in Sicily and in different
regions of Portugal where several clinical cases related to ISF were
described (249, 250). The clinical manifestations of ISF are similar
to those of MSF. However, a history of tick exposure is reported in
32% of cases, an inoculation eschar is rarely observed (38%), and
significantly greater gastrointestinal manifestations, such as nau-
sea (63%) and vomiting (56%), are observed (226). In Portugal,
the 29% case-fatality rate among 69 ISF patients suggests that the
ISF strain is more virulent than the Malish strain (226). Other fatal

cases and severe forms of ISF have been described, especially in
children as well as in travelers and those with G6PD deficiency
(251–253).

Rickettsia conorii subsp. caspia. Rickettsia conorii subsp. caspia
is the agent of Astrakhan fever, a summer spotted fever endemic to
the Astrakhan region and nearby regions of the Caspian Sea (2). It
is transmitted to humans through the bites of Rhipicephalus
pumilio ticks. In Europe, this rickettsia was detected in R. san-
guineus ticks from Kosovo and, recently, from Southern France (2,
254). Thus, Astrakhan fever might be a cause of spotted fever in
Europe, and the area of distribution of this Rickettsia could be
broader than the limits of the Astrakhan region, as was initially
believed. In recent years, the increased incidence of Astrakhan
fever in Russia is explained by the reconfiguration of natural land-
scapes as a result of increasing anthropogenic impact (255). Clin-
ically, Astrakhan fever is similar to MSF, but an inoculation eschar
is present in only 23% of patients (2). Recently, in a study of 89
Astrakhan fever patients in Russia, maculopapular rash was de-
scribed for 91% of them, solitary elements of which were trans-
formed into petechiae in 20% of cases. At convalescence (on day
10.2 � 1.3 of the disease), all eruptions had regressed, as measured
by pigmentation (256). At the peak of the fever, there were nasal
hemorrhages and bleeding at the injection sites from medication;
lowered platelet aggregation was also detected in the presence of
thrombocytopenia at the height of the fever (256). To date, no
autochthonous cases have been confirmed in other European
countries. However, R. conorii subsp. caspia, detected in 9 of 22
ticks in southern France, was associated with a cluster of cases of
SFG rickettsioses that were not identified to the species level (254).

Rickettsia conorii subsp. indica. Rickettsia conorii subsp. indica
is the agent of Indian tick typhus, prevalent in India and Pakistan.
R. sanguineus ticks are considered to be the main vectors. In 2012,
the first human case in Europe was reported in Sicily by using
molecular tools for detection (257). This patient had not traveled
but presented with MSF symptoms, with the presence of an inoc-
ulation eschar on the right arm. To date, there are no reports of the
detection of this bacterium in ticks collected in European coun-
tries.

Rickettsia massiliae. The SFG rickettsia R. massiliae was iso-
lated from R. sanguineus ticks collected near Marseille, France, in
1992 and then detected in R. sanguineus, Rhipicephalus turanicus,
Rhipicephalus pusillus, Rhipicephalus bursa, and Ixodes ricinus ticks
in 8 European countries, including 5 islands: Sardinia and Sicily
(Italy), the Canary Islands (Spain), Cephalonia (Greece), and Cy-
prus (258–263). Dual infections were reported recently in Rhipi-
cephalus ticks: R. massiliae with Coxiella burnetii in Greece and
Serbia (264, 265) and R. massiliae with R. conorii subsp. caspia in
France (254). R. massiliae-infected ticks were collected from ani-
mal hosts such as house sparrows, dogs, horses, cats, asymptom-
atic humans (259, 266), hedgehogs (260), red foxes (261), hares,
and goats (258). The reported infection rate of ticks in the wild
ranges from 2% to 92% (254, 260). The introduction of R.
massiliae to the Canary Islands was suggested to have resulted
from the translocation of infected R. pusillus ticks or from infected
wild rabbits migrating from the Iberian Peninsula 600 years ago,
the latter of which most likely serves as a natural reservoir host for
the pathogen (262). However, no rickettsial DNA was detected in
the 150 wild rabbits tested.

In addition to the first Italian human case of R. massiliae infec-
tion (2), a second case was diagnosed by using serological and

FIG 8 Generalized maculopapular rash including face, palms, and soles on a
patient with Mediterranean spotted fever caused by R. conorii subsp. conorii.
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molecular tools in a patient with MSF signs, with complications of
acute visual loss and bilateral chorioretinitis. The clinical course
was favorable, but 3 months later, the recovery of visual acuity was
incomplete (177). The entomological investigation of the house
where this patient had been bitten by ticks revealed that 10% of the
ticks in the house were infected with a new genotype of R.
massiliae. Recently, a Polish study (267) showed the presence of
specific SFG rickettsial antibodies in 15% of forest workers;
among these workers, 79% had species-specific antibodies to R.
massiliae. These results need to be carefully interpreted because
current serological tools cannot precisely determine the exact
Rickettsia species involved (2).

Rickettsia sibirica subsp. mongolitimonae. Rickettsia sibirica
subsp. mongolitimonae causes LAR (lymphangitis-associated rick-
ettsiosis) and was first isolated in Beijing, People’s Republic of
China, from Hyalomma asiaticum ticks collected in Inner Mongo-
lia in 1991 (2). In Europe, R. sibirica subsp. mongolitimonae was
detected in Hyalomma anatolicum excavatum ticks (5%) in Greece
and Cyprus; in R. pusillus ticks (4 to 8%) in France, Portugal, and
Spain; and in R. bursa ticks (4%) in Spain (258, 263, 268–270).

In addition to the LAR cases reported in France and Greece
prior to 2005 (2), two autochthonous cases were reported in Por-
tugal (270, 271), nine were reported in Spain (272–275), and four
were reported in France, including a cluster of three cases in the
same family (268, 276). To date, a total of 24 cases have been
reported in four European countries situated in the Mediterra-
nean region. Most of the cases reported in France and Spain oc-
curred in the spring (11 cases; 46%) and summer, together with
one from Portugal (9 cases; 38%), likely corresponding to the
abundance and activity of these two tick species (277, 278). Inter-
estingly, a history of tick bites was reported in only 41% (7 cases)
of patients. Patients with LAR presented a broad spectrum of clin-
ical syndromes with different degrees of severity. No fatal disease
was observed, but complications such as acute renal failure, retinal
vasculitis, and lethargy with hyponatriemia have been noted (269,
275, 276). Typical clinical signs, such as fever (100%), headache
(86%), myalgia (90%), cutaneous rash (77%), enlarged lymph
nodes (71%) and/or lymphangitis (43%), and single or multiple
inoculation eschars (92%), in the spring months in the Mediter-
ranean area should guide physicians toward accurate diagnoses of
this disease.

Rickettsia slovaca and Rickettsia raoultii. Rickettsia slovaca
and Rickettsia raoultii are associated with a syndrome character-
ized by scalp eschars and neck lymphadenopathy following tick
bites, and the term “SENLAT” was proposed for this clinical entity
in 2010 (279). Initially, this syndrome was named TIBOLA (tick-
borne lymphadenopathy) or DEBONEL (Dermacentor-borne ne-
crotic erythema and lymphadenopathy) (Fig. 9). These bacteria
have been found in Dermacentor marginatus and Dermacentor re-
ticulatus ticks in a great majority of European countries, with a
high percentage of ticks infected with these bacteria (208, 280–
290). Dermacentor ticks usually bite hairy domestic and wild ani-
mals (291). In a recent study in Spain, the seroprevalences of R.
slovaca in domestic ruminants were reported to be 16% in sheep,
21% in goats, and 65% in bullfighting cattle. In addition, R. slo-
vaca DNA was detected in a goat blood sample, suggesting that R.
slovaca may be circulating in domestic ruminants (42).

SENLAT occurs most frequently during March to May and
September to November, which correspond to the periods of
greatest activity of Dermacentor adult ticks in Europe (292, 293).

Human infection with R. slovaca has been described in France,
Slovakia, Italy, Germany, Hungary, Spain, and Poland (292, 294).
Infection is most frequent in women (67 to 100%) and children
�12 years old (41 to 43%). The median incubation period is 5 to
10 days (range, 1 to 15 days) (293, 295). The clinical description of
R. slovaca infection includes asthenia (70%); headache (53%);
painful adenopathies (69 to 100%); a painful scalp eschar sur-
rounded by a perilesional erythematous halo (64%); and some-
times low fever (36 to 54%), rash (5%), and face edema (291, 292).
Antibiotic treatment is successful; however, around the eschar,
alopecia (59%) that lasts for several months as well as prolonged
(35%) or chronic asthenia (14%) often occur (292). To date, pa-
tients with R. raoultii infections have been reported in France,
Slovakia, and Poland (292, 294, 296), and these patients presented
with clinical signs similar to those listed above, except for alopecia.
In the Polish case of R. raoultii infection, the multiple dissemi-
nated small lesions had slightly elevated necrotic centers sur-
rounded by a red area, whereas the single lesions had a vesicular
appearance (296).

Rickettsia monacensis. Rickettsia monacensis was detected in I.
ricinus ticks in Spain, Portugal, Italy (including Sardinia), Turkey,
Switzerland, Luxembourg, Germany (including Greifswalder Oie
Island), Sweden, Slovakia, Albania, Hungary, Bulgaria, Moldova,
Ukraine, Serbia, northwestern Russia (Kaliningrad), Belarus, and
Poland (208, 280, 283, 289, 297–301). The prevalence of R. mo-
nacensis in ticks varied between 1% in Germany, 15% in Serbia,
35% Turkey, and 57% in Italy (299, 302). Recently, the DNA of R.
monacensis was detected in lizard tissue (7%) and in their I. ricinus
ticks (41%) on Madeira Island (Portugal) (303). Those authors
suggested that lizards may be a potential or transitory reservoir for
R. monacensis.

In 2005, R. monacensis was identified as a human pathogen in
two patients in Spain (June and September) and in one patient in
Sardinia, Italy (April), by using molecular tools (297, 298). A rick-
ettsial strain was isolated from blood samples of Spanish patients
by shell vial culture (298). In addition to fever and flu-like symp-
toms, the inoculation eschar was identified in only one Italian
patient (left calf), but a generalized rash including the palms and
soles was identified only in Spanish patients. The patients recov-
ered without sequelae following doxycycline treatment.

Rickettsia aeschlimannii. Rickettsia aeschlimannii was detected

FIG 9 Enlarged cervical lymph nodes (left) and inoculation eschar of the scalp
(right) in a patient with Rickettsia slovaca infection.
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in Hyalomma marginatum marginatum and Hyalomma mar-
ginatum rufipes ticks in Croatia, Spain, southern France (includ-
ing Corsica), Portugal, Italy (including Sardinia and Pianosa),
Russia, Cyprus, Germany, Turkey, Hungary, and the Greek island
of Cephalonia (258, 299, 304–308). This rickettsia may be spread
through migratory birds from Africa (308, 309). It was detected in
Hyalomma ticks collected from several bird species, such as Acro-
cephalus schoenbaenus and Hirondo rustica in Corsica (2) and Lus-
cinia megarhynchos and Acrocephalus scirpaceus in southern
France and, in the latter species, in Germany (259, 304). The first
human infection caused by R. aeschlimannii was reported for a
French patient who became ill after returning from Morocco. This
patient exhibited symptoms similar to those of MSF. To date, no
autochthonous cases of this infection have been reported in Eu-
rope (2).

Rickettsia helvetica. R. helvetica is transmitted by I. ricinus, a
sheep tick, which is the main vector and the natural reservoir (2).
To date, R. helvetica has been detected in I. ricinus ticks in at least
24 European countries. In Denmark, the highest infection rate of
R. helvetica in I. ricinus ticks is found in May, followed by July,
August, and October (310). In addition, R. helvetica was detected
in 8% of Ixodes hexagonus ticks, hedgehog ticks, in Germany
(311); in 44% of larvae and 25% of nymphs of I. arboricola that
were collected from wild birds in the Czech Republic (312); and in
10% of D. reticulatus ticks in Croatia (287). The DNA of R. hel-
vetica was detected in hedgehog tissue samples in Germany (311),
in lizard tissue on Madeira Island (Portugal) (303), and in whole
blood from mice, deer, and wild boar in the Netherlands (311),
suggesting that vertebrate hosts play important roles in the geo-
graphical dispersion of rickettsiae. The few patients for whom
serology-based diagnoses exist had relatively mild, self-limited ill-
nesses associated with headache and myalgias and less frequently
with rash and/or an eschar (2). Human infection with R. helvetica
documented by serology-based diagnoses and sometimes by mo-
lecular tools was described only in Austria, France, Italy, Den-
mark, Switzerland, and Slovakia (2, 294, 313). However, since
2005, no definitive, convincing cases have been published. In par-
ticular, recent reports by the same team remain dubious (313–
316).

Rickettsia sibirica subsp. sibirica. Rickettsia sibirica subsp.
sibirica, responsible for Siberian tick typhus (STT) in Asia (see
below), was amplified recently in an I. ricinus larva collected from
Eurasian blackcaps (Sylvia atricapilla) in Spain (317). Those au-
thors suggested that birds play a significant role in the spread of
rickettsial agents via infected arthropods.

Species of Unknown Pathogenicity

R. rhipicephali was detected and isolated from R. sanguineus ticks
collected from dogs in 1975 in Mississippi (2). In Europe, this
rickettsia was detected in this tick species collected from France,
Portugal, Greece (including the Island of Cephalonia), and Croa-
tia (2, 264). The intradermal injection of R. rhipicephali in guinea
pigs induced the formation of an inoculation eschar at the infec-
tion site, suggesting that this rickettsial species is a potential hu-
man pathogen (45). In addition, R. rhipicephali induced mononu-
clear cell inflammation at the site of inoculation, characterized
mainly by macrophages and lymphocytes, similarly to R. conorii
subsp. conorii.

In the last 7 years, two Rickettsia species within the SFG were
isolated: Rickettsia hoogstraalii from Haemaphysalis sulcata ticks

collected from sheep and goats in Croatia, which are closely re-
lated to R. felis (5), and Rickettsia genotype AvBAT from Argas
vespertilionis, soft bat ticks, collected from southern France (318).
In addition, R. hoogstraalii was detected in 30% of the Haemaph-
ysalis punctata ticks collected in Cyprus (258) and in 3% of H.
punctata and 16% of H. sulcata ticks from Spain (319).

Nonvalidated, Incompletely Described, or Uncultivated
Species

Fifteen rickettsial genotypes were detected only by molecular tools
in ticks collected in Europe. “Candidatus Rickettsia tarasevichiae”
was identified in Ixodes persulcatus ticks with a high prevalence in
Russia (320). This tick replaces I. ricinus in northern Russia and
Finland (321). “Candidatus Rickettsia barbariae” was detected in
R. turanicus and R. sanguineus ticks from Portugal, Italy (Sar-
dinia), France, and Cyprus (258, 259, 306). In a study from Cy-
prus, a new genotype of “Candidatus Rickettsia barbariae” was
designated “Candidatus Rickettsia barbariae” Cretocypriensis
(258). “Candidatus Rickettsia kulagini” (GenBank accession
number DQ365806) was detected in R. sanguineus ticks collected
from the Crimean Peninsula, Ukraine, and a new Rickettsia sp. was
detected in Rhipicephalus turanicus ticks from Cyprus which is
closely related to but distinct from the R. rhipicephali-R. massiliae
lineage (258). “Candidatus Rickettsia siciliensis” was detected in a
R. turanicus tick that was removed from an asymptomatic 22-
month-old female in Sicily (322). “Candidatus Rickettsia vini” was
proposed as a new Rickettsia sp. detected in I. arboricola and I.
ricinus ticks collected from three different bird species in Spain
(317). Rickettsia sp. strain Davousti, previously found in Ambly-
omma tholloni ticks in Africa, was detected in Ixodes species ticks
collected from migratory birds in Sweden (323). Furthermore, a
sequence with high homology to that of “Rickettsia limoniae” was
detected in I. ricinus ticks from the Italian Alpine zone (324).
Rickettsia sp. strain DmS1 was detected in D. marginatus ticks in
France and Spain, and 80% of ticks of this species were positive at
the fifth generation of a laboratory-maintained infected colony,
attesting to the tick reservoir in the wild (208, 325). “Candidatus
Rickettsia rioja” was detected in D. marginatus ticks collected
from patients with SENLAT syndrome in Spain and France (326,
327). A novel Rickettsia sp. strain (a sister taxon of R. bellii) was
detected in I. ricinus ticks collected from common nightingales
(Luscinia megarhynchos) in the Czech Republic (328). “Candida-
tus Rickettsia kotlanii” was detected in ixodid ticks collected from
Hungary (329). “Candidatus Rickettsia moreli” (GenBank acces-
sion numbers Y08784 and Y08785) was detected in I. ricinus ticks
from Spain; Rickettsia sp. strain IXLI1, which was detected in I.
lividus ticks in the United Kingdom, is closely related to R. japon-
ica (330); and Rickettsia sp. clone KVH-02-3H7 (GenBank acces-
sion number GQ849216) was detected in I. ricinus ticks in the
Netherlands.

In the last few years, several pathogenic rickettsial species were
detected in unusual tick vectors, such as R. australis, R. typhi, R.
prowazekii, and 4 other uncharacterized Rickettsia spp. related to
the typhus group in I. ricinus ticks that were collected in the Neth-
erlands (311, 331). Another such example is R. helvetica in D.
reticulatus ticks in Croatia (287). Thus, interpreting the rickettsial
data is sometimes difficult, and presenting these findings as new or
pathogenic rickettsiae should be performed with prudence (332).
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TICK-BORNE RICKETTSIAE IN AFRICA

North Africa

North Africa is defined by the United Nations as the northernmost
region of the African continent, including eight countries: Algeria,
Egypt, Libya, Morocco, South Sudan, Sudan, Tunisia, and West-
ern Sahara (Fig. 10). Despite pioneering work conducted in Tuni-
sia at the beginning of the 20th century, there was an absence of
rickettsiosis investigations in North Africa after the 1930s (333).
However, thanks to clinicians and entomologists in Oran and Al-
giers, respectively, 16 new tick-transmitted rickettsiae have been
described over the last 25 years, including 8 recognized pathogens
(333).

Species identified as pathogens. (i) Rickettsia conorii subsp.
conorii. Several case studies of MSF from North Africa have been
published in recent years. In particular, cases have been increas-
ingly reported in Algeria, Tunisia, and Morocco (214, 333). In
North Africa, most MSF cases are diagnosed during July and Oc-
tober. Although some aspects of MSF were found to align with the
general epidemiology of the disease, uncommon aspects were
found, including the increased incidence and the presence of mul-
tiple inoculation eschars in 12% of patients. The role of climatic
changes in alterations of host-seeking and feeding behaviors of
vectors, including R. sanguineus, was discussed (177). Addition-
ally, in Algerian cases, 49% of patients were hospitalized with a
severe form of the disease. The overall case-fatality rate was 3.6%,
but it was 54.5% for patients hospitalized with major neurological
manifestations and multiorgan involvement (334, 335). In addi-
tion, direct contact with dogs or domestic animals has been re-
ported in 76.5% to 95.2% of the cases, and a history of a tick bite
has been found in 38% to 50.3% of the cases (333). R. conorii
subsp. conorii was detected by molecular tools in R. sanguineus
ticks from Algeria (212), Tunisia (336), and Morocco (337).

(ii) Rickettsia conorii subsp. israelensis. The agent of the so-
called ISF has been found in Sfax (southern Tunisia). Physicians
took note of patients with severe forms of MSF and suspected the
presence of other species or a virulent R. conorii strain. Two cases
of ISF that were reported from Sfax were confirmed by the detec-
tion of rickettsial DNA in skin biopsy specimens (338).

(iii) Rickettsia aeschlimannii. R. aeschlimannii was first iso-

lated from H. marginatum marginatum ticks collected in Morocco
in 1992 (2). The first human infection caused by R. aeschlimannii
was in a French patient who became ill after returning from a trip
to Morocco (339). Recently, two new cases were reported in Alge-
ria (340). R. aeschlimannii was detected by molecular tools in H.
marginatum marginatum from Algeria (212), Morocco (341), and
Egypt (342, 343). This rickettsia has also been detected in several
Hyalomma spp., including Hyalomma aegyptium ticks collected
from Algerian tortoises and Hyalomma dromedarii, Hyalomma
impeltatum, H. marginatum rufipes, and Hyalomma truncatum
ticks collected from camels and/or cows in Egypt, Sudan, Algeria,
and Tunisia (333).

(iv) Rickettsia sibirica subsp. mongolitimonae. Two cases of R.
sibirica subsp. mongolitimonae infection have been reported in
North Africa, in addition to those reported in Europe. The first
case reported was an adult female patient who returned to France
from a trip to Algeria. She had been in contact with camels, which
are highly parasitized by ticks (344, 345). In September 2009, a
previously healthy 52-year-old man living in France was admitted
with a 10-day history of fever, asthenia, headache, and arthromy-
algia after a 2-week trip to Egypt. He had fever, painful axillary
lymphadenopathies, and an inoculation eschar surrounded by an
inflammatory halo on the left scapular area, but he did not have a
rash. During his travel, he had been unsuccessfully treated for
headache, arthromyalgia, and diarrhea by amoxicillin-clavu-
lanate, nonsteroidal anti-inflammatory drugs, and gentamicin
cream on the eschar for 3 days. He improved and remained well
after doxycycline treatment (344, 345).

(v) Rickettsia slovaca and Rickettsia raoultii. R. slovaca and R.
raoultii, agents of TIBOLA/SENLAT (see the section on Europe
above), were detected in D. marginatus ticks in 2008 in Morocco
(341) and recently in D. marginatus tick species collected in north-
ern Algeria (346). However, no human case has been reported in
northern Algeria.

(vi) Rickettsia monacensis. After the first two human cases of
infection due to R. monacensis documented in Spain (208), R.
monacensis was detected in I. ricinus ticks in Morocco (341), in
Tunisia (347), and twice in Algeria (346, 348). In Algeria, R. mo-
nacensis was detected in ticks collected in the far-eastern region of

FIG 10 Tick-borne rickettsiae in North Africa. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathogenicity and
rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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Algeria (Tarf) (348) and in the central region (Tizi Ouzou) in 2010
(346). No human case has been reported in northern Africa.

(vii) Rickettsia massiliae. R. massiliae (see sections on Europe
and South America above) has been found in ticks in North Africa.
It was isolated from R. turanicus and Rhipicephalus sanguineus
ticks in Algeria (212), and it has been detected in R. sanguineus and
R. bursa ticks in Morocco (337, 341). However, no human case has
been reported in northern Algeria.

(viii) Rickettsia africae. R. africae, the agent of African tick bite
fever (ATBF), has very recently been detected in North Africa,
including in H. dromedarii ticks collected from camels (Camelus
dromedarius) in Algeria and in Egypt (342, 343). The role of H.
dromedarii in the epidemiology of R. africae requires further in-
vestigation. However, no human case of ATBF has been reported
in northern Algeria.

(ix) Rickettsia helvetica. R. helvetica is prevalent in Europe (see
above). A small population of I. ricinus ticks is present in Tunisia,
Algeria, and Morocco. R. helvetica is also present in North African
countries, including Morocco (341), Tunisia (347), and, very re-
cently, Algeria (346).

Nonvalidated, incompletely described, or uncultivated spe-
cies. A Rickettsia sp. from the SFG was detected in Rhipicephalus
sanguineus and Haemaphysalis erinacei ticks collected from hedge-
hogs in Algeria (349) and in Haemaphysalis ticks from Morocco
(341). This Rickettsia species is phylogenetically close to R. hei-
longjiangensis.

Sub-Saharan Africa

Species identified as pathogens. (i) Rickettsia africae. R. africae
causes ATBF (2). In southeastern Africa, A. hebraeum, known as
the South African bont tick, is a recognized vector and reservoir
for R. africae. Elsewhere in sub-Saharan Africa, A. variegatum
(350), the tropical bont tick, is a documented vector of R. africae

(2). In 2009, the transovarial transmission rate of R. africae in the
third generation of naturally infected A. variegatum ticks was es-
timated to be 100%, and the filial infection rate (the proportion of
infected eggs or larvae obtained from an infected female) was es-
timated to be 93% (30). The infection rate in these tick species in
regions of endemicity is high and may reach 100% (13, 351),
which suggests an extreme fitness of this rickettsia for its vector
(13). Since 2005, R. africae has also been detected in Amblyomma
lepidum ticks (20%) in Djibouti (352); Rhipicephalus annulatus
ticks (2 to 93%) in Guinea, Senegal, and Nigeria (41, 351, 353);
Rhipicephalus evertsi evertsi ticks (0.4 to 5%) in Senegal and Nige-
ria (41, 353); Rhipicephalus decoloratus ticks (5 to 77%) in Nigeria
and Botswana (354, 355); Rhipicephalus sanguineus (5%) and Hy-
alomma impeltatum (10%) ticks in Nigeria (354); Rhipicephalus
geigyi ticks (14%) in Liberia (356); and Amblyomma compressum
ticks (10 to 50%) in the Democratic Republic of the Congo and
Liberia (356, 357). However, their role in the epidemiology of
ATBF is unknown, as the rate of infection in Rhipicephalus ticks is
always lower and may be considered concomitant, acquired most
likely by cofeeding (356) or via a bacteremic animal (355). To
date, R. africae has been detected in ticks and/or humans in 22
sub-Saharan African countries (Fig. 11).

A high R. africae seropositivity rate was detected in indigenous
populations in rural areas. For example, the seropositivity rates in
Cameroon and Senegal were 12 to 52% (358) and 20.6 to 45.6%,
respectively (353). The highest seroprevalence in Cameroon was
linked to the presence of cattle, the preferred host of A. variega-
tum, and with lowland rainforest habitats, ideal for the behavior of
this tick species (358). However, since 2005 (2), more than 141
acute ATBF cases were reported in international travelers (359–
385), but none were reported from native populations. In addition,
197 spotted fever cases, most likely ATBF, in travelers from sub-Sa-

FIG 11 Tick-borne rickettsiae in sub-Saharan Africa. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathoge-
nicity and rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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haran Africa have been reported by the GeoSentinel network during
June 1996 to December 2008. In 2006, 30 GeoSentinel sites, which
are specialized travel or tropical medicine clinics on six conti-
nents, compared the frequencies of the occurrence of each diag-
nosis among travelers (118). ATBF was the second most fre-
quently identified etiology, after malaria, among travelers
returning from sub-Saharan Africa (118). This finding was con-
firmed subsequently by other studies (383, 386). The risk factors
for ATBF in travel are male gender, higher age, travel for tourism,
and travel during the late summer months in southern Africa
(March to May) (385, 387).

Actually, the diagnosis of ATBF, which remained unrecog-
nized for years, is usually based on travel history and clinical pre-
sentation with flu-like symptoms associated with one or multiple
inoculation eschars (Fig. 12) and grouped cases (attack rate, 33 to
100%), which is explained by the hunting strategy of tick vectors.
Ticks attack hosts, emerge from their habitat, and run toward their
hosts when these animals appear nearby (367, 379). Recently,
more than 100 A. hebraeum ticks were identified on the extremi-
ties and trunk of one Japanese woman with a confirmed ATBF
diagnosis after she traveled to South Africa (374). The rash is ob-
served in 30 to 88% of patients and is mostly maculo- or papulo-
vesicular (364, 367, 373). ATBF is a benign disease; nevertheless, a
more severe course was described in elderly populations (364,
365), and some complications, such as subacute cranial or periph-
eral neuropathy and chronic fatigue (364, 388), internuclear oph-
thalmoplegia (381), myocarditis (364, 376), and cellulitis, have
been reported (365). One coinfection with Leishmania tropica was
reported after travel to Botswana (389), and one with Coxiella
burnetii, the agent of Q fever, was reported after a trip to the
Gambia (375). Recently, comparative genome analysis may have
explained the low virulence level of R. africae in humans and its
strong adaptation to its tick host. In fact, R. africae had 18 fully
conserved genes that were either absent or degraded in other spe-
cies, such as R. prowazekii, R. rickettsii, or R. conorii (13). In addi-
tion, analysis of 102 human and tick strains suggested that R.
africae is clonal, a unique characteristic among the SFG rickettsia
species (13).

(ii) Rickettsia conorii subsp. conorii. Rickettsia conorii subsp.
conorii, the agent of MSF, has been reported in 9 sub-Saharan
African countries to date (Fig. 11). Although the recognized vector
of R. conorii is R. sanguineus, this rickettsia has been detected in
Rhipicephalus mushamae ticks from cattle in the Central African

Republic and has been isolated from Haemaphysalis leachi and
Rhipicephalus simus ticks from dogs in Zimbabwe. All of these
ticks are suspected to be potential vectors in sub-Saharan Africa
(2). Recently, R. conorii was detected in a Rhipicephalus evertsi
evertsi tick (1/268) collected from a horse in rural Senegal (353)
and in a Haemaphysalis punctaleachi ticks (1/9) from a dog in
Uganda (352). These ticks seldom feed on humans, and their role
as vectors of R. conorii subsp. conorii in these areas has not been
demonstrated.

R. conorii DNA was detected in a blood sample collected from
a febrile 4-year-old girl with tachycardia, who was among 134
other febrile patients from Sine-Saloum, Senegal, who were ana-
lyzed (353). This patient recovered without antibiotics (353), but
another MSF case mimicking a hemorrhagic viral fever had a fatal
outcome for a South African man (390). In all these cases (353,
390, 391), the lack of a tick exposure report and the lack of patho-
gnomonic signs such as an inoculation eschar or skin rash have
contributed to the lack of any clinical suspicion. This absence of
suspicion potentially led to the delayed introduction of a specific
antimicrobial therapy. In MSF, the absence of an inoculation es-
char has been described in 14 to 40% of MSF cases (215), and the
absence of maculopapular rash has been described in 1 to 4% of
cases (226). However, this rash may be imperceptible in patients
with pigmented skin (215). Seven more benign MSF cases were
reported in international travelers from sub-Saharan Africa, in-
cluding one from South Africa, one from Swaziland, and one from
Kenya (373, 383, 392, 393). As MSF and ATBF are the most en-
demic rickettsioses in these areas, clinicians are encouraged to
contact a specialized laboratory to better identify the rickettsial
agent.

(iii) Rickettsia conorii subsp. caspia. Rickettsia conorii subsp.
caspia is the agent of Astrakhan fever. Since the isolation of this
bacterium from a patient returning from Chad with fever and a
maculopapulous rash (2), no other reports of isolation in humans
or ticks were reported from sub-Saharan Africa.

(iv) Rickettsia aeschlimannii. R. aeschlimannii caused a spot-
ted fever in one case in South Africa after a Rhipicephalus appen-
diculatus tick bite (2). However, Hyalomma ticks seem to be the
main vectors and reservoirs of R. aeschlimannii. Recently, it was
detected in 45 to 51% of H. marginatum rufipes specimens and 6 to
7% of H. truncatum specimens collected from cows, donkeys,
sheep, goats, and horses in Senegal (353). In addition, one R. ae-
schlimannii strain, RH15, was isolated from an H. truncatum spec-
imen collected in Senegal (353). H. marginatum rufipes is widely
distributed in much of Africa, commonly in the drier areas, and
the infestation of birds by the immature stages of this tick contrib-
utes to its extensive distribution and the spread of infected ticks.

Unexpectedly, R. aeschlimannii was detected in 0.7 to 5% of the
R. evertsi evertsi specimens from Senegal and Nigeria (41, 353) and
in 2% of the R. annulatus specimens and 2% of the A. variegatum
specimens from Nigeria (41). In one Nigerian study (41), it was
detected only in feeding ticks, suggesting that cattle may play a role
as an animal reservoir. To date, this bacterium has been detected
in 8 sub-Saharan African countries.

(v) Rickettsia sibirica subsp. mongolitimonae. R. sibirica
subsp. mongolitimonae, the agent of LAR, was described in a fe-
brile man from South Africa with a toe eschar and lymphangitis
(2). Recently, in Senegal, R. sibirica subsp. mongolitimonae was
detected in 14% of H. truncatum ticks, with the isolation of one
strain, RH05, in cell culture (353). The infected H. truncatum ticks

FIG 12 Eschar in a patient with African tick bite fever caused by R. africae.
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were collected from cattle, donkeys, sheep, goats, and horses
(353). H. truncatum ticks are common in sub-Saharan Africa, and
their abundance is influenced by the hare population, the host
during the immature stages. As immature ticks can attach to hu-
mans, LAR is most likely distributed across almost all of these
countries.

(vi) Rickettsia massiliae. R. massiliae is a pathogenic rickettsia
that is epidemiologically associated with the hard ticks of the ge-
nus Rhipicephalus. It was described as a human pathogen in Eu-
rope and South America (see above), but there has been no report
from Africa. However, a high infection rate was detected in Rhi-
picephalus guilhoni ticks (22%) that were collected from donkeys
and cows in Senegal (353) and in Rhipicephalus senegalensis ticks
(8%) in Guinea (356). Recently, R. massiliae was detected while
searching for R. evertsi ticks (3%) collected from the vegetation at
seven Nigerian locations by cloth dragging and by direct hand
picking, suggesting that these bacteria are surviving and easily
being perpetuated in the wild (41). In addition, the R. massiliae
Guinean genotype was detected by molecular tools in 16% of Rh-
ipicephalus senegalensis and in 2% of Haemaphysalis paraleachi
ticks collected from dogs in Guinea (356).

Species of unknown pathogenicity. Two rickettsial species of
unknown pathogenicity were detected in ticks in sub-Saharan Af-
rica. R. rhipicephali was detected for the first time in the Central
African Republic in 1994 in Rhipicephalus lunulatus and Rhipi-
cephalus composites group ticks (2). Since then, it has not been
detected in ticks in these geographical areas. In 2012, R. hoogstraa-
lii was detected in Argas persicus ticks from Ethiopia (394).

Nonvalidated, incompletely described, or uncultivated spe-
cies. “Candidatus Rickettsia liberiensis,” which is genetically close
to R. raoultii, was detected in Ixodes muniensis ticks collected from
dogs in Liberia (356). In Gabon, Rickettsia sp. strain Davousti,
which is phylogenetically close to R. heilongjiangensis, and in the
Central African Republic, Rickettsia sp. strain Uilenbergi, which is
phylogenetically close to the R. massiliae group, were detected in
Amblyomma tholloni ticks, both of which were collected from el-
ephants (395). A. tholloni ticks rarely feed on humans and occur
widely in Africa, following the distribution of the African ele-
phant: from South Africa in the south to the Sudan in the north
and from Sierra Leone in the west to Somalia in the east. In addi-
tion, one Rickettsia species belonging to the R. rickettsii group was
detected in R. evertsi ticks in Nigeria (41), and another rickettsial
species (GenBank accession numbers DQ092217 and DQ092215)
that is closely related to R. felis based on their 17-kDa antigen
sequences and is closely related to Rickettsia cooleyi based on their
citrate synthase genes was detected in Ornithodoros moubata, a
soft tick from Tanzania (396).

TICK-BORNE RICKETTSIAE IN ASIA

Species Identified as Pathogens

Rickettsia sibirica subsp. sibirica. Siberian tick typhus (STT),
caused by R. sibirica subsp. sibirica, was described in Russia in the
1930s (2). Since then, STT has been found across a large territory
from the Pacific coast to western Siberia in Russia, China, Mon-
golia, and Kazakhstan (120, 397) (Fig. 13). Recent studies describe
several serologically confirmed cases from South Korea (398). At
least some of the STT cases reported previously in the Russian Far
East were most likely misdiagnosed Far-Eastern spotted fever
(FESF) caused by Rickettsia heilongjiangensis (see below) (399). In

spite of some clinical and epidemiological differences, the distinc-
tion between these two rickettsiae is possible only by molecular
methods. The incidence of STT in Russia is continuously increas-
ing, varying between 2.5 and 4.0 per thousand officially registered
cases per year (400) and reaching 50 to 55 per thousand in regions
of endemicity, especially Altay and Krasnoyarsk (2, 401). It is most
likely the most prevalent rickettsiosis in Asia.

The most important vectors are Dermacentor ticks; however,
Haemaphysalis and even Ixodes ticks have also been implicated
(402). The infection rate in Dermacentor ticks may vary from 8.3
to 13.0% (403, 404). The morbidity is strongly seasonal, with
peaks in April and May (120), corresponding to the peaks in ac-
tivity of Dermacentor ticks in Siberia. Children younger than 14
years of age comprise up to 75% of patients (399).

The mean incubation period is 4 days, and the clinical features
are typical for a spotted fever, including a high fever associated
with an inoculation eschar that is often accompanied by regional
lymphadenopathy and a maculopapular (rarely with a hemor-
rhagic component) rash. This disease is usually mild and is seldom
associated with severe complications (2).

Rickettsia heilongjiangensis. The first cases of FESF caused by
R. heilongjiangensis, exhibiting mild rash associated with fever and
an eschar, have been reported in the Russian Far East and the
People’s Republic of China (2). In both countries, FESF cases were
most likely misdiagnosed as STT before molecular tools became
available (120, 399). Recently, the first case from Japan was also
reported (405). In Russia and China, R. heilongjiangensis was iso-
lated from Haemaphysalis concinna and Dermacentor silvarum
ticks (402, 406). The rate of infection in H. concinna ticks may
reach up to 28% (406). R. heilongjiangensis was also identified in
Haemaphysalis flava ticks (407) in central China. Wild animals,
usually Rattus edwardsii, Rattus fulvescens, Rattus nivivente, Rattus
flavipectus, and Berylmys bowersi, are considered reservoirs for this
bacterium in nature (408). However, recently, the DNA of this
rickettsia was identified in the blood of goats in China (409).

It was recently shown that, compared to STT, the peak of mor-
bidity of FESF in the Russian Far East is much later, in July. This
peak corresponds to the month exhibiting the highest level of
activity of Haemaphysalis ticks. Moreover, the affected population
is much older, especially the 50-and-older age group (399, 406).
The pathogenicity of R. heilongjiangensis was not studied until
recently, when the pathological inflammatory effects were de-
scribed in a mouse model (410).

The distribution of R. heilongjiangensis is most likely much
larger than the Russian Far East and northern China, as a phylo-
genetically related strain, PMK94, was isolated from a patient with
septic shock in Thailand (411, 412).

Rickettsia japonica. R. japonica is the etiological agent of Jap-
anese spotted fever (JSF), the typical spotted fever identified in
southwestern Japan. It is characterized by fever, headache, and the
appearance of an eschar and a rash (413). The main vectors are H.
flava, Haemaphysalis hystricis, Haemaphysalis longicornis, Haema-
physalis cornigera, Haemaphysalis formosensis, Ixodes ovatus, and
Dermacentor taiwanensis (2, 414). The reservoirs may be wild ro-
dents and small carnivores such as feral raccoons (415). Until
recently, JSF was thought to be restricted to Japan. Recently, how-
ever, a large amount of data to the contrary have become available.
Closely related Rickettsia spp. were detected in H. longicornis ticks
by PCR in South Korea (416). In northern Thailand (Chiang Mai),
strain TCM1 was isolated from H. hystricis ticks; phylogenetic
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analysis showed that it is most closely related to Japanese strains
(412). The complete genome of this rickettsia was recently pub-
lished (417).

Rickettsia sibirica subsp. mongolitimonae. First described in
Inner Mongolia, China, Rickettsia sibirica subsp. mongolitimonae
is widely distributed in Hyalomma ticks in Southern Europe and
Africa (418). The presence of the DNA of this rickettsia in Hya-
lomma sp. ticks from Israel was also reported (419). Despite a
number of human cases reported in Europe and Africa (see
above), no report of morbidity from Asia is currently available.

Rickettsia conorii subsp. conorii. The only place in Asia in
which MSF was reported is a Bursa province in Turkey (236). The
disease is transmitted by brown dog ticks, R. sanguineus (2); how-
ever, other species, such as R. bursa, may also be implicated (299).

Rickettsia conorii subsp. indica. R. conorii subsp. indica is the
agent of Indian tick typhus, a tick-borne rickettsiosis prevalent in
India (420, 421), with solitary cases reported from Laos (422) and
Sri Lanka (423). Clinically, the disease resembles MSF; however, a
series of three severe cases complicated by gangrene were reported
recently (424). It was isolated in 1950 from R. sanguineus ticks
collected in that country, although it has never been isolated in
patients there (2). Indian tick typhus also differs from MSF, the
disease caused by the R. conorii strain type, in that the rash is often
purpuric, and an inoculation eschar at the bite site is seldom iden-
tified (425). The genome of R. conorii subsp. indica was recently
published (425).

Rickettsia conorii subsp. israelensis. Rickettsia conorii subsp.

israelensis was first isolated in 1974 in Israel, and its genome was
recently sequenced (2, 426). It is the agent of ISF (2). Like MSF, ISF
is transmitted by infected R. sanguineus ticks. Human cases of
spotted fever have been reported since the late 1940s in Israel;
however, recently, disease caused by R. conorii subsp. israelensis
was reported in Italy, Portugal, and Tunisia (253, 426). The eschar
at the inoculation site typical of MSF is usually lacking.

Rickettsia honei. R. honei is another SFG rickettsia that was
described as a new species in 1998 and as the cause of Flinders
Island spotted fever (FISF) in Australia (427). The original Thai
tick typhus isolate, TT-118, was obtained from a mixed pool of
Ixodes sp. and Rhipicephalus sp. larval ticks from Rattus rattus
trapped in Chiangmai Province, Thailand, in 1962 and has re-
cently been determined to be a strain of R. honei (428). This dis-
covery significantly enlarged the geographical distribution of this
pathogenic rickettsia. The first molecularly confirmed case in
Thailand was reported in 2005 (428); however, many serologically
verified spotted fever cases have been reported in Thailand (429).
Recently, a severe case of tick-borne rickettsiosis caused by R.
honei was reported in Nepal (430). The typical clinical picture of
spotted fever was associated with encephalitis, pneumonitis, tin-
nitus, and deafness. The complete genome of the RB(T) strain of
R. honei was recently sequenced and published (431).

Rickettsia tamurae. R. tamurae was isolated from Amblyomma
testudinarium ticks in Japan (7). The typical hosts of this tick are
wild and domestic pigs, but the tick also infests deer, cattle, other
livestock, and humans. Wild boars in Japan may be infected by R.

FIG 13 Tick-borne rickettsiae in Asia. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathogenicity and
rickettsiae of unknown pathogenicity. (Adapted from reference 2.)
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tamurae, which is found in skin biopsy specimens and ticks (432).
Until recently, it was not thought to be pathogenic, but the first
human case was reported in 2011 in Japan (433). However, a spot-
ted fever case reported from Laos was seroreactive for the R. ta-
murae antigen (422).

“Candidatus Rickettsia kellyi.” “Candidatus Rickettsia kellyi”
is phylogenetically very distant from all known species to date. No
isolates exist; however, the ompA gene of this rickettsia was
sequenced from the skin biopsy specimen of a 1-year-old child
with clinical signs of spotted fever in India (434). Several closely
related sequences (GenBank accession numbers HM587248 to
HM587251) without a supporting published manuscript were re-
cently deposited in GenBank; they were also amplified from skin
biopsy samples of Indian patients.

Rickettsia aeschlimannii. No cases of R. aeschlimannii infec-
tion in Asia have yet been reported. This species is thought to be
associated mostly with Hyalomma species ticks in Africa, Europe,
and Asia, where it was identified in H. punctata ticks in Kazakh-
stan (120) and H. sulcata ticks in Georgia (290). It was also de-
tected in Hyalomma marginatum and Hyalomma detritum ticks in
Israel (435).

Rickettsia raoultii. R. raoultii was described as a new species in
2008 (292). The type strain, Kharbarovsk, was isolated from D.
silvarum ticks in the Russian Far East (6). Since then, this rickettsia
has been identified in different parts of Asiatic Russia (Omsk,
Novosibirsk, and Buryatiaya) and Kazakhstan in different species
of Dermacentor ticks, including D. reticulatus, D. marginatus, and
D. nuttalli. The most recent report also shows that this rickettsia is
widely distributed in northern China (436) and Mongolia (404).
Similar rickettsiae were also identified in D. niveus ticks in China
(GenBank accession numbers JQ664721 and JQ664722); H. hys-
tricis ticks in Japan (accession number JQ697956); and Haemaph-
ysalis ornithophila, Haemaphysalis shimoga, Haemaphysalis la-
grangei, and A. testudinarium ticks in Thailand (437). It was also
detected in D. marginatus ticks in Turkey (299) and Georgia (290).
No cases from Asia have been reported to date.

Rickettsia slovaca. R. slovaca is responsible for at least two-
thirds of all TIBOLA cases in Europe (see above) (292). The geo-
graphical distribution of R. slovaca and R. raoultii most likely cor-
responds to the geographical distribution of Palearctic
Dermacentor spp.: R. slovaca was also found in D. marginatus ticks
in the Kurgan region (Ural) of Russia (402) and in Georgia (290)
and in 6.5% of D. silvarum ticks in China (436). Human cases have
not been reported in Asia.

Rickettsia helvetica. In Asia, R. helvetica was identified in Ixodes
persulcatus ticks in Hokkaido, Japan (438), as well as in Ixodes
ovatus and Ixodes monospinosus ticks (2). It was also reported in
Turkey, where the distribution area of I. ricinus ticks touches Asia.
Serologically confirmed human cases were reported from Laos
(422) and Thailand (2). DNA of R. helvetica was also identified in
the blood of wild feral raccoons (Procyon lotor) in Japan (415).

Rickettsia massiliae. R. massiliae has been regularly identified
in R. turanicus and R. sanguineus ticks all over their distribution
areas, including Israel (419, 435). Additionally, both Rhipicepha-
lus species are widely distributed in Middle and Central Asia
(439). The distribution area of R. massiliae may also include these
regions; however, no recent reports from these regions are avail-
able.

Rickettsia monacensis. R. monacensis, recently considered
pathogenic, was identified in I. ricinus ticks in Turkey (299).

Rickettsia africae. R. africae, the agent of ATBF, is usually as-
sociated with Amblyomma ticks. However, it has been detected in
several species of Hyalomma ticks, including H. dromedarii in
Egypt (342). Similarly, R. africae was reported in H. aegyptium
ticks from Turkey (299). No human cases from Asia have been
reported to date.

Species of Unknown Pathogenicity

Rickettsia asiatica was isolated from I. ovatus ticks in Japan (3).
Some closely related species were also reported in China and
South Korea in I. ovatus and I. pomerantzevi ticks (GenBank ac-
cession numbers AB297812 and AB297808). Up to 63% of wild
sika deer may have the DNA of this rickettsia in their blood, indi-
cating that they could be a potential reservoir (440).

Nonvalidated, Incompletely Described, or Uncultivated
Species

Three strains of rickettsia closely related to R. rhipicephali were
isolated from Rhipicephalus haemaphysaloides ticks in Taiwan
(441). “Candidatus Rickettsia tarasevichiae” was identified in I.
persulcatus ticks almost everywhere in Asiatic Russia (2, 406). It
was also identified in I. persulcatus ticks in Hokkaido (438). The
pathogenicity of this rickettsia for humans is not yet known. A
strain that has yet to be named, IG-1, was isolated from Ixodes
granulatus ticks from Taiwan. Phylogenetic analysis showed that
this strain may belong to a new species (442). Identical rickettsiae
were later found in I. granulatus ticks in Japan (443). R. hoogstraa-
lii was originally isolated in 2006 from H. sulcata ticks from Cro-
atia and Carios capensis ticks from the United States (5). However,
a detailed search showed that in 2006, this rickettsia was already
identified in C. capensis soft ticks in Japan (444). “Candidatus
Rickettsia principis” was identified in 1.5% of Haemaphysalis ja-
ponica douglasi ticks from the Russian Far East (406). A closely
related species was soon identified in Haemaphysalis danieli ticks
recovered from cattle in the Xinjiang Uygur Autonomous Region
Area, China (445).

TICK-BORNE RICKETTSIAE IN AUSTRALIA AND THE PACIFIC

In the Oceanic region, there are a number of recognized tick-
transmitted SFG rickettsiae, but they are limited mostly to Austra-
lia (Fig. 14). Investigation of the presence of rickettsiae in regions
outside Australia has just started, and anecdotal evidence suggests
that SFG rickettsioses are underreported and more widespread
than is currently known. Tick-borne SFG rickettsiae have yet to be
reported from New Zealand or any of the 20 other major Pacific
Island nations; however, further research is required to verify their
presence or absence from these regions.

Species Identified as Pathogens

Rickettsia australis. The first cases of tick-borne rickettsiosis in
Australia were reported in 1946 from Queensland, with two iso-
lates from the reported cases (2). Caused by tick bites and with a
clinical presentation similar to that of murine typhus, the disease
was named Queensland tick typhus (QTT). Serological analysis of
isolates demonstrated its uniqueness relative to other known rick-
ettsiae, which led to it being named R. australis. The three tick
species that have been identified as vectors of R. australis are Ixodes
tasmani, Ixodes holocyclus, and Ixodes cornuatus. The distributions
of the ticks that have been found to harbor R. australis are located
along the eastern states ranging from the Torres Strait islands to
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northern Queensland through to Wilsons Promontory, Victoria
(446, 447).

Symptoms associated with QTT include headache, chills, mal-
aise, fever, maculopapular rash (Fig. 15), and an eschar that is
found at the tick bite site. Cases of R. australis infection are seldom
reported in the literature but do occur, with the severity of disease
ranging from very mild to life threatening. Fatalities linked to R.
australis infection are rare, and severe disease in patients with
underlying problems is uncommon (448–450).

Rickettsia honei. The first cases of R. honei infections were re-
ported by Stewart in 1991, and the rickettsia-like symptoms were
initially mistakenly attributed to R. australis (2). The compara-
tively different clinical presentation (the rash was maculopapular,
and there was no vesiculation), seasonality (December through
January instead of June through November), and geographical
location compared to that of QTT warranted the newly discovered
rickettsial disease to be named FISF. The rickettsiosis is generally
mild, with symptoms such as fever, myalgia, headache, cough, and
rash (2). Although R. honei was first discovered in Australia, it was

subsequently described in Thailand (428) and, most recently, Ne-
pal (430). The tick vector for R. honei in Australia is Bothriocroton
hydrosauri, previously known as Aponomma hydrosauri (451).
Geographically, human cases of FISF and ticks harboring R. honei
have thus far been limited to the states of South Australia and
Tasmania (452–454). However, B. hydrosauri has been observed
in other states, including Victoria and New South Wales; no evi-
dence of R. honei has been reported from these areas.

Rickettsia honei strain marmionii. The rickettsia described by
Lane et al. (455) was most likely the first description of Rickettsia
honei strain “marmionii” in Australia. This strain is similar to R.
honei, with some slight genetic variations that are not distinct
enough to warrant classification as a new species. Due to its ex-
panded geographic range in four states (South Australia, Victoria,
Tasmania, and Queensland) and its different tick hosts, recogni-
tion was given to its uniqueness from R. honei (456). The Haema-
physalis novaeguineae ticks that harbor R. honei strain marmionii
typically infest macropods and are prevalent in northern Australia
and Papua New Guinea. The tick vectors responsible for the trans-
mission of R. honei strain marmionii in the southern states are
unknown. It has been detected in infected patients only by molec-
ular techniques (456, 457). The rickettsiosis caused by R. honei
strain marmionii has a clinical presentation similar to that of FISF,
with fever, headache, arthralgia, myalgia, cough, maculopapular/
petechial rash, nausea, pharyngitis, lymphadenopathy, and eschar
(456). However, given the large geographical distribution of this
agent, the disease would be more appropriately described as Aus-
tralian spotted fever.

Rickettsia africae. Cases of R. africae in Australia and the oce-
anic region are commonly reported in travelers returning from
sub-Saharan Africa (458). However, a recent report of R. africae in
Amblyomma loculosum ticks in New Caledonia provides evidence
that the geographic endemicity of this organism goes well beyond
its traditional location in continental Africa (459). A. loculosum is
endemic to the islands in the Indian Ocean and South Pacific and
has been found on various vertebrates, including marine birds,
local mammals, and reptiles (452). It is believed that R. africae may
have been introduced to New Caledonia by migrating birds rather
than with the importation of cattle, as was the case in the West
Indies (2). Although there are no reports of rickettsiosis transmit-
ted by tick bites or linked to locally acquired African tick typhus in

FIG 14 Tick-borne rickettsiae in Australia. Colored symbols indicate pathogenic rickettsiae. White symbols indicate rickettsiae of possible pathogenicity and
rickettsiae of unknown pathogenicity. (Adapted from reference 2.)

FIG 15 Maculopapular rash on the legs of a patient with Queensland tick
typhus caused by Rickettsia australis.
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Australia or New Caledonia, the presence of the disease cannot be
excluded.

Species of Unknown Pathogenicity

Rickettsia gravesii. Evidence of SFG rickettsiosis in Western Aus-
tralia has been established for several years with the use of sero-
logical assays; however, no rickettsial agents have ever been char-
acterized in human specimens. The clinical presentation of this
disease must be relatively mild, as it is generally not detected.
Rickettsia gravesii is a recently described species with a close geno-
typic association with R. raoultii and R. aeschlimannii but distinct
enough to warrant its acceptance as a novel rickettsial species (460,
461). It has been found to be highly prevalent among tick popu-
lations in Western Australia. The prevalence has been shown to be
�70% in Amblyomma triguttatum ticks (462), which are widely
known to bite large vertebrate mammals, including humans
(463). These ticks are found in all states and territories of Australia
and are aggressive feeders, which implies that R. gravesii has a
potential vector that can transmit this agent across Australia.

Rickettsia argasii. “R. argasii” (GenBank accession numbers
JQ727682 and JQ727683) was recently isolated from the soft tick
Argas dewae from bat roosting boxes in Victoria, Australia. These
ticks are found primarily on the microbats Chalinolobus gouldii
and Vespadelus sp. The potential for geographical spread of this
agent is high, as bats are known to travel great distances. No rick-
ettsiosis has so far been attributed to R. argasii, nor has the rick-
ettsia been found in other tick species. The potential for human
rickettsiosis is believed to be extremely low due to the host-specific
nature of this tick.

Nonvalidated, Incompletely Described, or Uncultivated
Species

Six other rickettsiae determined to be highly divergent from other
known rickettsiae worldwide have been mentioned in the litera-
ture; however, culture isolation has thus far been unsuccessful.
These six rickettsiae have been tentatively named “Rickettsia an-
techini” (detected in Ixodes antechini) (427), “Rickettsia derrickii”
(in Bothriocroton hydrosauri) (427), “Rickettsia guntherii” (in
Haemaphysalis humerosa) (427), “Rickettsia sauri” (in Bothriocro-
ton hydrosauri) (427), “Rickettsia tasmanensis” (in Ixodes tas-
mani) (464), and koala rickettsia (in Bothriocroton concolor) (427,
465). Their pathogenic potential is unknown, their presence in
ticks was detected by PCR assays, and their novelty was deter-
mined by genotypic analysis of PCR amplicons.

NEW APPROACHES TO DIAGNOSIS

Generally, the clinical symptoms of tick-borne SFG rickettsioses
begin 4 to 10 days after a bite and typically include fever, headache,
muscle pain, rash, local lymphadenopathy, and, for most of these
diseases, a characteristic inoculation eschar at the bite site. How-
ever, these signs vary depending on the rickettsial species involved,
and typical signs may be absent or unnoticed by an undirected
clinical examination. Therefore, the diagnosis of rickettsioses has
been characterized as a challenge because many physicians are
unfamiliar with the nonspecific symptoms found during the early
stages of the illness. Common nonspecific laboratory methods
and specific methods for the diagnosis of rickettsioses were re-
viewed in 2005, including serology, culture, histochemical, and
immunohistochemical methods and molecular tools available at
that time (2). New approaches have emerged in recent years.

Serological tests are still the easiest, most frequently used, and
most widely available method for the diagnosis of rickettsiosis.
However, even when using the immunofluorescence reference
method, seroconversion is usually detected 7 to 15 days after the
onset of disease (25 to 28 days for R. africae infection). Most com-
mercially available MIF assays and even national reference centers
offer a very limited selection of antigens that cross-react with dif-
ferent rickettsiae.

In this context, it is important for practicing physicians to re-
member that MIF may be adequate for diagnosis of spotted fever
rickettsiosis but that it is likely to be insufficient for definitive
identification of the etiologic agent. More sophisticated serologic
assays, such as cross-absorption (CA) techniques and Western
blotting (WB), can be used to help to differentiate rickettsial in-
fections by antibody evaluation, but these methods are only now
becoming available at the WHO collaborative center in Marseille,
France.

In cell culture, rickettsiae may be detectable as early as 48 to 72
h postinoculation. Additionally, the isolation of Rickettsia species
from samples using cell culture, particularly the shell vial tech-
nique, remains critical for the description of new species, enabling
genetic descriptions, physiological analyses, improvement of di-
agnostic tools, and antibiotic susceptibility testing of bacteria. Al-
though the development of cell culture systems for viral isolation
has led to an increase in the number of laboratories suitably
equipped to isolate rickettsiae, the isolation of rickettsial organ-
isms remains difficult, and few reference centers are able to do so.
To be suitable for culture, samples must be collected prior to the
initiation of an antibiotic regimen and as early as possible in the
course of the disease.

To reduce the delay in diagnosis, molecular tools for the diag-
nosis of human rickettsiosis allow both convenient and rapid de-
tection and identification of rickettsiae.

Although culture is less sensitive than serology and quantita-
tive PCR (qPCR) for the diagnosis of tick-borne rickettsiosis, it
has recently been shown that skin biopsy specimens (from rash
and/or eschar) cultivated in a reference center can be positive even
when molecular tests are negative and that a negative result by the
use of molecular assays does not exclude the diagnosis of rickett-
siosis. A positive correlation between the bacterial copies and iso-
lation success in skin biopsy specimens and ticks was also found.
To increase the sensitivity of the culture, skin biopsy specimens
should be sampled before treatment and early in the course of the
disease and should be inoculated as soon as possible (466).

A new step for the diagnosis of tick-borne rickettsioses has
been achieved recently with the emergence of the use of quantita-
tive real-time PCR (467–469). Genomic approaches have recently
increased our knowledge of the genus Rickettsia, and massive
amounts of genomic data have become available (1, 470). These
sequence data have been used to develop specific qPCR primers
and probes. In 2012, the WHO Collaborative Center for Rickett-
sioses and Other Arthropod-Borne Bacterial Diseases reported 2
years of experience with rickettsial molecular detection using
qPCR. All Rickettsia genomes available were compared to discover
specific sequences to design new sets of primers and probes. The
specificity was verified in silico and against a panel of 30 rickettsial
species. Sensitivity was determined by using 10-fold serial dilu-
tions. Primers and probes that were both specific and sensitive
were routinely used for the diagnosis of rickettsial infections from
clinical specimens. Sets of primers and probes that could detect R.
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conorii, R. slovaca, R. africae, and R. australis were retained; 643
clinical samples were screened for the presence of Rickettsia DNA.
Compared to traditional detection methods, qPCR assays im-
proved the management of patients with suspected cases of rick-
ettsiosis, with 45 positive samples being detected mainly from cu-
taneous biopsy specimens and swabs (31/45) (469).

In fact, the use of cutaneous swabs from patients rather than
cutaneous biopsy specimens for qPCR testing is most likely the
second major innovation in the diagnosis of tick-borne rickettsi-
oses (Fig. 16). Skin biopsy specimens, particularly eschar biopsy
specimens, are used for detection of Rickettsia spp. by molecular
tools, but this technique is invasive and painful for patients and is
difficult to perform on certain areas of the body. The sample can-
not be obtained by a general practitioner or a family doctor in a
consulting room or in a patient’s home. In addition, the sample
cannot be obtained for epidemiological and clinical research in
developing countries. In 2009, one study reported the usefulness
of swabs of skin lesions in the diagnosis of 3 cases of Queensland
tick typhus and 1 case of ATBF (359). To determine the usefulness
of the noninvasive cutaneous swab specimens for detecting rick-
ettsiae, skin eschars of 6 guinea pigs and 9 humans were tested in
2011. Specimens from eschars in guinea pigs were positive for
rickettsiae as long as lesions were present, and the efficacy and
reliability of the skin lesion swabs were shown for the molecular
detection of 6 Rickettsia species. The optimal storage temperature
for specimens was 4°C for 3 days (248).

Eschar swabbing has also been successfully used when a total of
39 patients were sampled in Oran, Algeria (471). Swabs were then
sent to and tested in Marseille, France. In this prospective study, R.
conorii was identified in 64% of patients with eschars and rash by
using this procedure. The opinions of health care providers and
patients were evaluated. As expected, most health professionals
preferred collecting swab samples over biopsy samples for patients
and for themselves. Patients also preferred having a swab sample
taken over a skin biopsy sample (471). Swabbing of an eschar is
easy and painless. Any practitioner at the bedside needs only a
classic dry sterile swab. It needs to be directed, while rotating vig-
orously, to the base of the eschar, after removing the crust. If the
eschar lesion appears very dry, a wet compress, previously humid-

ified with sterile water and placed onto the inoculation eschar for
1 min before swabbing, will increase the quantity of material
swabbed. Also, the crust eschar can also be used for rickettsial
diagnosis. In 2012, the usefulness of eschar swabs and/or eschar
crust samples was reported for the diagnosis of R. africae infection
in returning travelers (472). Finally, in 2013, the use of a swab
technique to diagnose R. parkeri infection was reported (473).

NEW TOOLS TO IDENTIFY TICKS

The removal of a tick from the human body is commonplace.
Certain tick species are well-known vectors of human diseases,
particularly rickettsioses (Fig. 2). Therefore, identifying the tick
species is clinically helpful, as it will alert the physician to the
diseases that may have been transmitted. Such information must
be obtained quickly. Tick species can be morphologically identi-
fied by using taxonomic keys for local species in several geographic
regions (474). However, morphological identification can be dif-
ficult because it requires some entomological expertise. Addition-
ally, a specimen that is damaged or immature is difficult to iden-
tify. Molecular methods, such as the sequencing of mitochondrial
DNA, could be used to improve identification; however, there is
currently no PCR assay that can distinguish tick species, and ideal
PCR primer pairs that can amplify the relevant gene fragments are
not available. Protein profiling by matrix-assisted laser desorption
ionization–time of flight mass spectrometry (MALDI-TOF MS) is
now increasingly common for the routine identification of micro-
organisms in clinical microbiology (475). The MALDI-TOF MS
approach was recently applied for the differentiation of arthro-
pods. Recently, a MALDI-TOF MS study of 7 ticks reported that
whole ticks or body parts can generate spectra that are sufficient
for species identification (476). More recently, we found that the
use of tick legs appears to be an effective means to rapidly identify
tick vectors by MALDI-TOF MS if a reference database is avail-
able. The remainder of the body can be reserved for other pur-
poses, such as the detection of pathogens (477). The benefits for
clinicians include more targeted surveillance of patients for symp-
toms of potentially transmitted diseases and the ability to make
decisions that are more informed as to whether postexposure pro-
phylactic treatment should be administered.

TREATMENT PERSPECTIVE

Little new data describing antimicrobial therapy of tick-borne
SFG rickettsioses have been published since 2005, and doxycycline
remains the standard treatment for these infections. This regimen
is associated with better outcomes than other regimens (478). It is
also evident that doxycycline should be used in children present-
ing with severe rickettsial disease and should be considered by all
physicians in light of its good tolerance. Fluoroquinolones have
been presented as an alternative to doxycycline; however, recent
studies have shown that fluoroquinolones are associated with a
deleterious outcome during R. conorii infection in humans and in
a cell culture model, potentially due to the upregulation of a toxin-
antitoxin module (479, 480). In the future, the impact of fluoro-
quinolones in retrospective studies of other rickettsioses should be
assessed. However, because we do not recommend the use of fluo-
roquinolones for the treatment of MSF, prospective studies of
other rickettsial diseases seem imprudent. Josamycin and new
macrolide compounds, such as clarithromycin and azithromycin,
may represent alternatives for the treatment of some rickettsioses,
particularly in pregnant women, under strict follow-up and in the

FIG 16 Use of swabs of skin eschar in the diagnosis of a case of Rickettsia
sibirica mongolitimonae by qPCR.
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absence of severe disease (478). Telithromycin also seems to be
highly active in vitro, but in vivo data are lacking; therefore, these
drugs should be evaluated further (478). In any case, early empir-
ical antibiotic therapy should be prescribed for any suspected tick-
transmitted rickettsiosis before confirmation of the diagnosis.

CONCLUSION

Tick-borne rickettsioses are truly a paradigm for emerging infec-
tious diseases. Efforts to characterize distinct tick-borne rickettsi-
oses are occurring in regions for which a single pathogenic rick-
ettsial species has been previously described. Collaborations with
investigators in the tropics and the curiosity of clinicians, com-
bined with powerful diagnostic methods, have continued to in-
crease the recognition of rickettsial organisms, including patho-
genic organisms. Because ecotourism and adventure travel are
increasingly popular worldwide, the incidence of travel-associated
tick-borne emerging rickettsioses is likely to increase in the future
(385, 387, 481).

Rickettsiae are difficult to grow, and serological techniques
lead to cross-reactions that often cannot differentiate Rickettsia
species. Only the serological technique of Western blotting with
cross-absorption can help in this situation, and this technique is
limited in routine practice to the laboratory of the WHO Collab-
orative Center for Rickettsioses and Other Arthropod-Borne Bac-
terial Diseases in Marseille, France.

A diagnostic revolution has resulted from the introduction of
molecular methods. The use of qPCR is widespread and inexpen-
sive and reduces the delay in the diagnosis of rickettsial infections.
These real-time PCR assays could be implemented easily in labo-
ratories that have molecular biology facilities and may be added to
existing molecular tools as a point-of-care strategy (482).

Another major step forward in recent years has been the prac-
tice of swabbing eschars rather than excisional biopsy techniques.
This method has proved effective in the diagnosis of infections by
R. australis, R. parkeri, R. africae, R. conorii, and R. sibirica subsp.
mongolitimonae. This nontraumatic approach can be used to sam-
ple lesional material even in sensitive sites such as eyes or genitalia
and ultimately may contribute to an increase in the recognized
spectrum of infections associated with Rickettsia species. This
technique has a high acceptance rate for clinicians and patients
because the test is easily performed and is considerably less inva-
sive than a conventional skin biopsy. Moreover, this test can be
applied in large epidemiological and clinical studies in developing
countries.

Regarding ticks and rickettsioses, many points remain to be
clarified. It appears that in humans, most rickettsioses are associ-
ated with clinical and epidemiological features that skillful clini-
cians should be able to identify. Among these features are skin
manifestations that include the type and location of the rash, in-
oculation eschars, and lymphangitis. The seasonality of infection
and the number of tick bites change depending on the geographic
location and the degree of aggression exhibited by the ticks, the
degree of host specificity, and environmental factors such as tem-
perature and humidity. Rhipicephalus sanguineus ticks appear to
be more prone to biting humans when ambient temperatures are
relatively warm and rarely bite humans when temperatures are
cooler. The reason why certain ticks, such as Dermacentor species,
bite more readily during the cool season in Europe remains un-
known.

Recent articles describing the detection of rickettsiae in ticks

have generated new questions regarding tick-rickettsia associa-
tions and interactions and have led to a growing realization that
classical tools, particularly microbiological isolation and animal
transmission studies, will be needed to better define the roles of
ticks as potential reservoirs and vectors. The role as reservoirs
would imply that maintenance of rickettsiae relies on both effi-
cient transstadial and transovarial transmission and that rickett-
siae have no effect on the reproductive fitness or viability of the
tick host.

It is difficult to speculate on if there are still many species and
subspecies of rickettsiae to discover, including human pathogens,
or if the field is approaching the upper limit of that list. There are
probably as many as the arthropods in which they reside.

In the past, it was clear that many rickettsiae were identified in
ticks long before they were found in humans because the number
of DNA copies and the bacterial loads are higher in arthropods
than in human blood. This search for additional pathogens in
arthropods remains an essential element of the discovery of the
next pathogenic rickettsioses in humans.
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Volume 26, no. 4, p. 657–702, 2013. Page 672, column 1, line 33: “DQ34462” should read “DQ344620.”

Page 672, column 1, line 39: “EF68975.1” should read “EF689735.”

Page 672, column 2, line 10: “AY63102” should read “AY763102.”
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