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Typhus and Other Rickettsioses

Emerging Infections in Germany

Gerhard Dobler, Roman Wolfel

SUMMARY

Background: Rickettsioses are diseases caused by
rickettsiae, obligate intracellular bacteria that are
transmitted by arthropods to humans. They cause various
types of spotted fever and typhus.

Methods: A review of the literature is presented along with
the authors' own findings.

Results: Six indigenous species of rickettsiae have been
found in Germany to date, five of which have been described
as human pathogens in other countries. Rickettsia slovaca
causes tick-borne lymphadenitis (TIBOLA). Rickettsia
helvetica is a known pathogen of nonspecific fever; its role
in endocarditis is still under investigation. Rickettsia felis
causes so-called flea-borne spotted fever. Rickettsia
monacensis and Rickettsia massiliae were recently shown
to cause the classical form of tick-borne spotted fever. The
sixth indigenous species in Germany, Rickettsia sp. RpA4,
has not yet been associated with any human disease. The
most important rickettsioses imported to Germany by
travelers are African tick bite fever and Mediterranean
spotted fever.

Conclusions: Modern molecular biological techniques have
enabled the detection of a number of rickettsial species in
Germany. The medical importance of these illnesses in
Germany remains to be determined. In travel medicine,
imported rickettsioses play a role that should not be
underestimated.
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s ince mankind has existed, fleas and lice have been
its permanent companions. In addition to the
small volume of blood sucked and the allergic pruritus,
these ectoparasites are important transmitters of com-
municable diseases. Fleas are well known for transmit-
ting the plague. Lice transmit epidemic typhus, an infec-
tious disease that is little known nowadays. However,
this rickettsiosis (named after the causative strain) is of
considerable historical importance and has probably
helped decide the outcome of more wars than weapons
have. Recent studies have shown that nucleic acids of
Rickettsia (R.) prowazekii, the causative agent of spotted
fever, was confirmed in 1 in 3 soldiers in Napoleon's
French army during his Russian campaign (Raoult, per-
sonal communication, 2006). Several new forms of
spotted fever (rickettsioses) have been identified as caus-
ative agents of infection by molecular biological
methods. The authors present an overview of current
developments in the field of rickettsioses and their
medical importance in Germany. Additionally, we per-
formed a selective literature search on PubMed, using
the search terms "Rickettsia," "Rickettsia species," or
"Rickettsiosis," each in combination with the term "Ger-
many," "travel," or "imported" and evaluated publica-
tions from 1960 to 2008.

Causative agent

Rickettsiae are gram negative bacteria with an exclusively
intracellular replication cycle. They were named after
Howard Ricketts, the American microbiologist who first
described Rickettsiae as causative agents of Rocky Moun-
tain spotted fever in 1906 (1). The organisms—long
described as "large viruses"—were classified as bacte-
ria, together with ehrlichiae and anaplasmae, only once
cell biological and molecular biological procedures had
become available (2).

Serologically and molecularbiologically, Rickettsiae
are categorized into three large groups. The group of
tick-borne Rickettsiae (tick-borne spotted fever group),
with more than 20 different species, the epidemic
typhus group with 2 species (R. prowazekii, R. typhi)
and the so-called group of ancestral Rickettsiae (R.
Canadensis and R. bellii) (figure 1). All rickettsial species
known thus far are transmitted by vectors in the natural
environment and are capable of infecting humans. Vec-
tors include ticks, fleas, lice, and mites (table 1).
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Rickettsioses in humans

Rickettsial species are of huge medical importance in
history and the present, as the causative agents of differ-
ent forms of spotted fever. Epidemic typhus, which is
transmitted by lice, has an important role in history—it
was often among the factors that determined the outcome
of wars. In recent years, an intensified search for new
rickettsial species found several new species that were
associated with new pathologies in some cases. This
means that rickettsioses range among the "emerging" in-
fections. At least 11 new rickettsioses in humans were
discovered between 1985 and 2004 (table 2). In the mean-
time, tick-borne rickettsial species have been confirmed
as having pathogenic potential in humans.

Indigenous rickettsial species and
rickettsioses in Germany

Only few data are currently available with respect to the
occurrence and prevalence of tick-borne Rickettsiae.
This is partly because rickettsial species are difficult to
detect in ticks as well as in patients. The first confirma-
tion of a Rickettsia type in Germany since the 1960s came
from 1977. Back then, R. slovaca was identified in ticks
of the genus Dermacentor (3). In the same year, an anti-
body prevalence of 1.9% was confirmed in a German
population using the complement fixation text (4). Up to
2002, only individual cases of spotted fever were reported
that had been imported by tourists (5, 6). In 2002, a
previously unknown rickettsial species from the tick-
borne spotted fever group was identified in Munich
(R. monacensis) (7). In the same year, an indigenous
clinical case of fleaborne spotted fever (R. felis) from
the Diisseldorf region was published (8).

The most comprehensive molecular biological inves-
tigation to date, of 3500 ticks of the Ixodes ricinus type
from different regions in Germany's south, found 5 dif-
ferent rickettsial species in these ticks (figure 2). Table 3
summarizes the results.

These results, combined with the earlier confirmation
of R. slovaca, have shown that at least 6 Rickettsia species
occur in ticks in Germany. Five of the 6 cause disease in
humans (table 3). The pathogenic potential of R. sp.
RpA4 remains unclear to date. A study from Baden-
Wiirttemberg showed IgM titers or a significant rise in
IgG titers to Rickettsiae of the tick-borne spotted fever
group in some 5% of persons who developed a fever
after receiving a tick bite (Dobler et al., unpublished
results). The importance of R. helvetica as a cause of
endocarditis remains unclear (12).

R. felis is the causative agent of the so-called flea
spotted fever, a general infection accompanied by a raised
temperature and a more or less pronounced measles-like
rash. Individual case reports exist from North Rhine-
Westphalia and Baden-Wiirttemberg (Kimmig, personal
communication, 2008). R. massiliae and R. monacensis
have thus far not been confirmed in patients in Germany,
but they have been diagnosed in other countries.

No current data are available on how common R. slo-
vaca is in ticks in Germany, which was confirmed in
1977. This rickettsial species seems to be associated
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R. conorii subsp. conorii
R. conorii subsp. indica
R. conorii subsp. caspia

R. africae
R. parkeri
R. sibirica sensu stricto

R. conorii subsp. israelensis

R. sibirica mongolotimonae

R. slovaca
R. rickettsii Tick-borne
R. honei P> spotted
R. heilongjiangensis fever group
R. japonica
R. montanensis
R. aeschlimanni
R. rhipicephali
R. massiliae
R. helvetica
R. felis
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= r Rtyphi group
L R.prowazekii >
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group
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Relationships of the different humanopathogenic rickettsial species.
R = Rickettsia; subsp = subspecies

with ticks of the Dermacentor species. However, results
from studies are lacking. The increasing spread of Der-
macentor reticulatus (marsh tick or ornate cow tick)
may, however, lead to an increased spread and transmis-
sion of this species. R. slovaca was identified as the
causative agent of tick-borne lymphadenitis (TIBOLA).
This general infection is accompanied by a raised tem-
perature but, in contrast to other spotted fevers, it does
not feature a rash. Lymphadenitis develops in the area of
the bite. Because these ticks often suck blood on the
hairy scalp, localized alopecia in patients has been
reported in some cases.

Imported rickettsioses

Individual case reports or summaries highlight the im-
portance of cases of rickettsioses imported by tourists
(table 4). These can be distinguished in some cases by
the presence of an eschar and by the type of rash. Pro-
spective studies of the frequency and medical impor-
tance of rickettsioses in travelers are lacking. The
literature contains mainly cases of Mediterranean
spotted fever (R. conorii) and African tick bite fever
(R. africae). Mediterranean spotted fever is a severe
illness characterized by a high temperature, severe
muscular and articular pains, fatigue, and exhaustion.
Patients with underlying disease (for example, glucose-
6-phosphate dehydrogenase deficiency, alcoholism,
immunosuppression, diabetes mellitus, or chronic
renal disorders) have a notably higher case fatality
rate. Delayed or inadequate treatment can also lead to
more severe clinical courses and an increase in the
number of deaths. The second most common rickettsiosis
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R. prowazekii Epidemic typhus

R. typhi Endemic typhus

R. africae African tick bite fever

R. helvetica Uneruptive tick bite fever
R. marmionii Australian spotted fever
R. felis Flea-borne spotted fever

R. heilongjiangensis
R. honei

R. sibirica subsp.

Far East tick-borne spotted fever

Flinders Island tick bite fever;
Thailand tick bite fever

Tick-borne lymphangitis

mongolotimonae

R. parkeri Macular fever

R. conorii Mediterranean spotted fever

R. sibirica Siberian tick typhus

R. japonica Japanese spotted fever

R. australis Queensland tick typhus

R. monacensis Tick bite fever

R. massiliae Tick bite fever

R. rickettsii Rocky Mountain spotted fever

R. slovaca TIBOLA (tick-borne lymphadenitis)

R. aeschlimannii

R. akari

Tick bite fever
Rickettsialpox

Clothes lice Africa, Asia, Central and South America
Fleas Worldwide
Ticks Sub-Saharan Africa, Caribbean
Ticks Eurasia
Ticks Australia
Fleas Presumed worldwide
Ticks Far East of Russia, Northern China
Ticks Australia, Thailand
Ticks Southern Europe, Asia, Africa
Ticks South America, North America
Ticks Mediterranean, Middle East,
India
Ticks Russia, China, Mongolia
Ticks Japan
Ticks Australia, Tasmania
Ticks Europe
Ticks Europe
Ticks North America and South America
Ticks Eurasia
Ticks Africa
Mites Presumed worldwide

Humanopathogenic rickettsioses with transmitting agents and geographical spread

Rickettsial species Transtmitting Spread/distribution
agen

described in travelers is African tick bite fever, caused
by R. africae. Several national parks in South Africa
and Zimbabwe, including the Kriiger National Park,
are regarded as highly endemic areas. Travelers brush
from the grass Amblyomma ticks, which seek hosts
very aggressively (figure 3). The disease course is
similar to Mediterranean spotted fever, but often notably
milder (figure 4). Thus far, no deaths due to R. africae
have been described.

A study at the Bundeswehr (Germany's military forces)
Institute of Microbiology of 164 travelers serologically
confirmed acute infection with Rickettsiae of the tick-
borne spotted fever group in 8 patients (4.9%) who
developed feverish infections after returning from the
tropics. In 16 patients (9.8%), IgG antibodies to Rickett-
siae of the tick-borne spotted fever group provided a
serological indication of previous infection with those
particular rickettsial species (Dobler et al., unpublished
results). After malaria, rickettsioses are the second most
common cause of feverish infections in European tourists
(Raoult, personal communication, 2005).

Other rickettsioses that are sporadically diagnosed in
tourists are Rocky Mountain spotted fever, murine

R. = Rickettsia; subsp. = subspecies

typhus (16), and louseborne spotted fever (table 4). An
early diagnosis in suspected Rocky Mountain spotted
fever is of crucial importance because a delay in diagnosis
and inadequate treatment can raise case fatality to 30%.
Murine typhus (R. typhi), which is usually transmitted
by fleas, is one of the most common rickettsioses acquired
while traveling (16). It often presents as an undifferen-
tiated feverish infection and most probably affects more
travelers than hitherto assumed but remains undiagnosed.
Examination of tourists who had returned from the tropics
and developed a feverish infection found serological
indications of acute infection with murine typhus in 2
patients (1.2%). In 6 patients (3.7%), IgG antibodies
were confirmed, which indicates previous infection
(Dobler et al., unpublished results).

The feared louseborne spotted fever or epidemic
typhus (R. prowazekii) has occurred in recent years only
in a few cases in helpers in humanitarian campaigns
(17). A case of louseborne spotted fever was diagnosed
in a Frenchman traveling to Algeria (18). Louse-borne
spotted fever is the only rickettsiosis that is known to
have the potential for chronic infection and reactivation
with fever after an interval of years (so-called Brill-
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Zinsser disease). These forms of spotted fever occur only
rarely and affect patients who had spotted fever during
the war years. In unfavorable hygienic settings, such
chronically infected patients may infect lice when they
undergo an episode of reactivation and thus initiate a
new outbreak of infection. This reactivated form may be
diagnosed in Germany in individual cases in members
of the generation who fought in the war.

Further to these rickettsioses, individual cases of
Siberian tick typhus (R. sibirica) have been noted in per-
sons with professional exposure, and one case of severe
Queensland tick typhus (Australian spotted fever,
R. australis) in a traveler to Australia has been reported
(table 4).

Diagnosis

Rickettsiae can be grown in different cell cultures (Vero
cells), in chicken egg embryos or in animal experiments
(guinea pigs' testicles). The culture is difficult, however;
it takes a long time and is therefore the preserve of special-
ist laboratories. Using the so-called shell vial technique (a
method that uses small cell culture pipes and centrifuga-
tion of the clinical material) improves the culture rates
compared with traditional methods (19). In rickettsioses
of the tick-borne spotted fever group (African tick bite
fever, Mediterranean spotted fever), cultures from biopsy
material (eschar) hold the greatest promise. Blood is
notably less suitable for confirming acute rickettsiosis.
The specimens (biopsy materials, whole blood or serum,
lice, fleas, ticks) need to be processed within 24 hours,
preferably without being frozen and unfrozen. Even
storage at minus 70 degrees Celsius impairs the culture
rate substantially. The growth of Rickettsiae in the cell
culture can be confirmed by using immunofluorescence,
by using Gimenez or Romanowski staining (figure 5) or
by real time polymerase chain reaction (PCR). The
isolated Rickettsia type is usually identified by using
molecular biological procedures. The sensitivity of the
isolation depends on the time at which the material was
sampled. In the initial days of illness it can reach up to
60%, whereas once antibodies appear it tends to fall to
less than 10% (20).

PCR has become the established quick and preferred
method for confirming Rickettsiae in clinical and bio-
logical materials. Biopsies (exanthema specimens) and
peripheral leukocytes can be used. To confirm rickettsial
species in blood by using PCR, EDTA or citrate blood is
required. The sensitivity of PCR to confirm Rickettsiae
in clinical materials is reported to reach up to 70% (20).
Genus specific PCR methods are different from species
specific PCR methods (21). The former capture all
Rickettsiae but do not differentiate between individual
species, whereas species specific PCR methods have
become available for R prowazekii and other common
species (R. conorii, R. rickettsii, R. typhi, R. slovaca, R.
helvetica) (21). A clear distinction between the individual
Rickettsia species that are genetically closely related is
often made possible only by sequence analysis of certain
gene regions. In the meantime, type specific and genus
specific (among others, for R. prowazekii) real time
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rickettsial species to 1984 discovered between 1985 and 2004
R. conorii R. japonica
R. conorii subsp. israelensis R. conorii subsp. caspia
R. sibirica R. africae
R. australis R. honei
R. prowazekii R. sibirica subsp. mongolotimonae
R. typhi R. slovaca
R. rickettsii R. heilongjiangensis
R. akari R. aeschlimanii
R. parkeri
R. massiliae
R. marmionii
R. felis

R = Rickettsia; subsp = subspecies

1450 Ixodes ricinus
78 R. helvetica
1R. felis
8 R. monacensis

57 Ixodes ricinus
2 R. helvetica
1 R. massiliae

2084 Ixodes ricinus
131 R. subsp.
69 R. helvetica

Results of molecular biological investigation of Ixodes ricinus for rickettsial species in
Bavaria. R = Rickettsia; subsp. = subspecies

PCR methods have become established (21). At the
Bundeswehr Institute for Microbiology, a PCR-DNA
hybridization test has been developed for rapid typing of
humanopathogenic Rickettsiae (22).

Serological tests for the diagnosis of spotted fever
infection are promising from the second week of illness.
Close antigenic relatedness with pronounced cross reac-
tivity exists within the two members of the epidemic
typhus group (R. prowazekii, R. typhi) as well as within
the members of the tick-borne spotted fever group.
Because of its high sensitivity (>97%) and specificity
(>99%), immunofluorescence has replaced the historical
Weil-Felix reaction (cross reactivity with certain Proteus
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Known prevalence of ticks in different regions of Germany*

Rickettsial species | Transmitting Penetration among Disease Source
tick species German ticks (literature)

R. helvetica

R. felis

R. massiliae

R. monacensis

R. sp. RpA4

R. slovaca

Ixodes ricinus

Ixodes ricinus

Ixodes ricinus

Ixodes ricinus

Dermacentor
reticulatus

Dermacentor
marginatus

3.5-6.2%

0.4%

1.7%

0.6%

21%

No data

Southern Germany

Northeastern Bavaria,
North Rhine-
Westphalia

Eastern Bavaria

Northeastern Bavaria,
southern Bavaria

Saxony,
Saxony-Anhalt,
Brandenburg,
Bavaria

Hesse

Feverish infection without
rash ("summer flu"),
endocarditis

Flea-borne spotted fever
(feverish infection with maculo-
papular exanthema

and constitutional

symptoms)

Flea-borne spotted fever
(feverish infection with maculo-
papular exanthema

and constitutional

symptoms)

Flea-borne spotted fever
(feverish infection with maculo-
papular exanthema

and constitutional

symptoms)

Thus far, pathogenicity
in humans has not been
confirmed

TIBOLA (tickborne
lymphadenitis)
(feverish infection with
swollen lymph nodes,
no rash,

localized alopecia)

Authors' own
findings
9,10

Authors’ own
findings

Authors’ own
findings

Authors’ own
findings
()

(1)

@)

R = Rickettsia; sp = species; *According to cited literature and authors' own findings (9)

TABLE 4

Importance of imported rickettsioses in travel medicine
Rickettsiosis Known area Frequency of rash Prevalence in Fatality rate | Literature
of spread and type of rash travelers
Mediterranean Mediterranean, >90%, Present primarily >50 cases in 2.5-10% 5, Ldscher:
spotted fever Africa, central Asia, maculopapular, as individual eschars | Germany personal
India non-itching communication
African tick bite Sub-Saharan Africa, 100%, vesicular Present primarily >50 cases in None 16,
fever Caribbean as multiple Germany Authors’
eschars own data
Rocky Mountain North America, >90%, Rare 1 case in Switzerland| 15-30% 15
spotted fever South America maculopapular,
pruritus in about half
of cases
Murine typhus Worldwide Ca 50%, macular Not present > 50 cases worldwide  <5% 16
Epidemic typhus Africa, South America | Ca 50%, macular Not present Individual cases 30% 17,19
Siberian tick Northern Asia 100%, macular Mostly present Single case <1% 16
typhus
Queensland tick Australia 100%, vesicular Mostly present Single case <5% 16
typhus

Deutsches Arzteblatt International | Dtsch Arztebl Int 2009; 106(20): 348-54




vulgaris strains) as the standard procedure (23). Com-
mercial ELISA tests have not yielded convincing results
so far, owing to low sensitivity and specificity (Dobler
et al., unpublished results). To differentiate the antibodies
between individual members of a spotted fever group,
Western blot tests and preabsorption of antibodies need
to be used, which are currently available only at very
few laboratories worldwide.

Differential diagnosis

Other infectious disease may resemble and take similar
clinical courses as spotted fever. The most important dif-
ferential diagnoses include sepsis (especially meningo-
coccal sepsis), typhoid fever, bacterial meningitis, stage
II syphilis, leptospirosis, louseborne relapsing fever,
mononucleosis, tularemia, plague, anthrax, cutaneous
leishmaniasis, and exanthematous infections.

Treatment

The treatment for all forms of rickettsioses is doxycycline
at a dosage of 2x100 mg/day p.o. (children >8 years
2 mg/kg body weight) for 7 to 10 days (evidence level
I). If doxycycline is contraindicated, ciprofloxacin
(2x750 mg) can be used instead, as sufficient experience
has been gained in the treatment of rickettsioses (evi-
dence level Ila). In pregnant women and children under
8 years of age, whose disease course is mild, macrolides
may be administered (clarithromycin, azithromycin)
(evidence level I1a) (24). However, experience with these
antibiotics is limited. Except in pregnant or breastfeeding
women, treatment with chloramphenicol is an option, if
less risky antibiotics are ineffective or contraindicated
(evidence level IIa). Rifampicin, which had been used in
the past in children with spotted fever, should be used
only if the Rickettsia type is known to be susceptible to
the drug. Of the tick-borne spotted fever group, R. mas-
siliae and R. aeschlimannii are resistant to rifampicin
(25). Several treatment failures in Portugal have been
described (25).

Prophylaxis

During the second world war, a vaccine against the
causative agent of epidemic typhus (R. prowazekii) was
developed. The manufacture ceased, however, because
of the decreasing number of cases. Other vaccines are
currently not available. The only way to avoid transmis-
sion of rickettsioses is to prevent exposure, in Germany
particularly exposure to ticks. Accordingly, protection
from ectoparasites should be made a priority during
stays abroad. Chemoprophylaxis with doxycycline is an
option, but this seems appropriate only in exceptional
cases, when the exposure risk is high, for example, in
the context of humanitarian campaigns.
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Translated from the original German by Dr Birte Twisselmann.
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