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RICKETTSIALPOX — A RARE BUT NOT EXTINCT
DISEASE: REVIEW OF THE LITERATURE AND
NEW DIRECTIONS

ML.E. Eremeeva, K. Muniz-Rodriguez

Jiann-Ping Hsu College of Public Health, Georgia Southern University, Statesboro, GA, USA

Abstract. Rickettsialpox is an urban zoonosis caused by Rickettsia akari. To date R. akari is the only well-characterized
mite-borne member of the spotted fever group. It is transmitted by the mouse mite, Liponyssoides sanguineus, commonly
found on peridomestic rodents. While the disease was first discovered in New York City in 1946, a few years later a simi-
lar outbreak occurred in the Ukraine SSR. Numerous serosurveys and diagnosis of sporadic cases of rickettsialpox sug-
gest its global distribution; however, the actual contemporary geography of rickettsialpox and its incidence are unknown.
Rickettsialpox is characterized by the classic clinical triad found in rickettsioses of a black eschar, high fever, and rash
but the latter is atypical as it is papulovesicular. Dermatological manifestations and the progression of rickettsialpox may
mimic other infectious and noninfectious syndromes, including sexually transmitted diseases. The purpose of this review
is to increase awareness of this unique disease through reanalysis of classic and contemporary clinical descriptions of rick-
ettsialpox, evaluation of its worldwide distribution, and updates on the public health importance of the disease as well as
the ecology and vector associations of R. akari. Our review data suggests that only limited genetic diversity exists among
the available isolates of R. akari associated with previous outbreaks; additional effort is still required to define specific ge-
netic markers permitting direct surveillance, accurate and reliable diagnosis, tracking and studying of the vector and host
associations of contemporary isolates. The potential of R. akari to cross into other vector species emphasizes the necessity
for detection of outbreaks of the disease in new regions of the world and in novel ecological settings. We describe existing
gaps and limitations in our current understanding of the pathogenesis of rickettsialpox, the epidemiology of this disease
and the genetic diversity of R. akari. We propose research priorities for what is needed to improve our understanding of this
neglected rickettsial disease and its etiologic agent.
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0OCNoBUAHbLIA PUKKETCUO3 — PEAIKOE, HO HE UCYE3HYBLLEE 3AE0JIEBAHMUE:
OB30P JIUTEPATYPbI U HOBBIE HANPABJIEHUA

Epemeesa M.E., Mynuc-Poapurec K.
Konnedx Hapodnoeo 30pasooxparerus um. L{zann-ITun Xcy, Yuueepcumem FOxcroil Jxucopdxcuu, Cmeitmctopo, Jxcopdxcus, CLIA

Pesome. OcrioBu AHBI i pUKKETCHO3 ABJISETCSA FOPOLCK MM 300HO30M, BhI3EIBaeMBbIM Rickettsia akari, Haceronus R. akari
SIBASIETCS €WHCTBEHHBIM OXapaKTepHU30BaHHLIM IpeACTAaBUTEJIEM IPYIINbI MATHUCTHIX JIMXOPAJOK, NMepelalouinxcs
rama3oBbIM KJewoM Liponyssoides sanguineus, pacrpocTpaHEHHBIM CPEIH TIEPUIOMMYECKUX IPHI3yHOB. Briepseie 3T
3a6oneBaH ne 61110 onucario B Huio- Mopke B 1946 r., a crycTs HECKONBKO JIET MOAO6HAs BCIBILIKA TPOU30NLIa B YKpa-
uHckoil CCP. MHorouucieHHbIe CepoJIOrMYeCcKHe UCCIEIOBAHUS U IHArHOCTHKA CIIOPaJIMYECKHX CJIyYaeB OCMIOBH]I-
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M.E. Eremeeva, K. Muniz-Rodriguez WHdekuua n ummyHuTeT

HOTrO PUKKETCHO3a MPEATIONaraioT ero MoBCEMECTHOE PACpOCTPaHeHHE Ha MJIaHeTe; OAHAKO COBpeMeHHasi reorpacdus
pacrpocTpaHEHHS OCMIOBUAHOIO PUKKETCHO3a M YpOBEHb 3a00JeBaeMOCTH Heu3BeCTHbL. OCMOBUIHBIN PHKKETCHO3
XapaKTep U3yeTcs KJIACCH4ECKOH KJIMHMYECKO#H TPUa/ioii B BUjie NepBU4 HOro addexTa, BHICOKOH TEMIIepaTyphl M aTH-
IIMYHOM NAanyJloBe3uKyJle3Hoi chiny. JlepmaToiornyeck e MposBJIEHHS U MPOrpecCUPOBAHUE OCTIOBHIHOTO PHK-
KETCHO03a MOTYT HAIIOMMHATh JIpyrHe MH(EKIIMOHHbIE 1 HEMH(EKIIMOHHbIE CMHIPOMBI, B TOM YHCJIE BEHEPUYECKHE
3aboneBanusi. Hacrosuiuii 063op Obul HalleNeH Ha NMPHBJEYEHUE NOBbIIIEHHOTO BHUMAHUS B OTHOIIIEH UM 3TOH YHU-
KaJIbHOMH 0OJIE3HHU MyTeM aHaNM3a KJIACCHYECKMX W COBPEMEHHBIX KJIMHMYECKUX ONMUCAHUI OCIIOBUIHOIO PUKKET-
€H03a, OLIEHKH €ro robaJibHO# pacrpoCTPaHEHHOCTH M HOBBLIX B3TJISIAOB HA €ro 3HA4 MMOCTh JIJISI 31PaBOOXPaHEHU S,
a TaKXe 3KOJIOTUU U B3aMMOCBS3U R. akari c nepeHOCY MKOM. AHaJIW3 JaHHKIX YKA3bIBAET, YTO CPEIM MMEIOLIUXCS
u30119TOB R. akari, BHIeNIEeHHBIX BIPOLECCE MPeARIAYUIMX BCNbIIIEK, CYHIECTBYET JHIIIb OrPaH UMEHHOE FEHETU4ECKOe
pasHoobpazue. [TorpeOyercs npWIOXKUTh AONOJIHUTEIbHbIE YCUIU S IJIS1 OnpeelieHusI crieliu M4ECKUX FeHET UYECKHX
MapKepOoB, 1103BOJISIONIMX MPOBEAEHHE 31 MIEM HOJOTMYECKOro HAA30Pa, a TAKKE TOYHOH U HaieXX HOM JMarHOCTHKH,
OTCJIEX MBAHUS W U3YYEHU S COBPEMEHHBIX M30JISTOB, MIEPEHOCYMKOB M B3a UIMOJIEHCTBU S C OpraHM3mMoM xo3auHa. [lo-
TeHliuan R, akarinepepaBaTbecs APYT UMM I€ PEHOC YHKAMU MOIYEPKHUBAET HEOOXOAMMOCTb MIEHTH(HMKALMH BCTIBIIIEK
3aboJieBaHMS B HEM3YyYEHHBIX PETMOHAX M B HOBBIX 3KOJIOTHYECKUX YCIOBUAX. MBI onuckiBaeM cyimecTBy olilue nmpode-
JIbl B COBpEMEHHOM NOHHMMAHMH NATOreHe3a OCMOBUIHOTO PUKKETCHO3a, €0 SITUAEMUQJIOT MU U T€HETUHECKOTO pa3-
HooOpasus R. akari. Mel nnpeyiaraemM nepeyeHb HayYHBIX KCCNENOBAHWEl, HEOOXOAMMBIX JISl YJTy Y IIIEH U s TOH UMaH USt
3TOro 3a0BITOro PUKKETCHO3a M M0 3THONIOTHYECKOrO areHTa.

Kawuessie caosa: ocnosudnsiii pukxemcuo3s, 2amazoavie kaewu, Liponyssoides sanguineus, Rickefisia akari, pukkemcuu, 3K0n02us,

3INUDEMUORO2UA.

Introduction

At the time of its discovery, the human disease
caused by Rickettsia akari was named rickettsial-
pox due to its clinical similarity to chickenpox and
the close morphological characteristicsofits etiologi-
cal agent to other species of Rickettsia |34, 38, 39].
The first case of the disease was reported in June 1946
in New York City, USA where 144 individuals were
diagnosed with infections manifesting with a black
eschar, a high fever, and a papulovesicular rash [34].
In 1949 a large outbreak of a similar illness called ve-
sicular rickettsiosis was reported from Ukraine [2, 4].
Subsequently, it was determined that both diseases
are caused by the same etiological agent, R. akari,and
that they share common clinical and epidemiologi-
cal features, and similar ecological associations with
peridomestic rodents and their mites [5]. Following
its original discovery rickettsialpox received substan-
tial attention from medical and public health profes-
sionals worldwide which then progressively dimin-
ished, possibly due to the relatively mild course of the
illness and decreasing familiarity of clinicians with
the disease, the availability of effective antibiotics
and the broad use of pesticides for rodent control [,
74, 75]. It was not until 2001 that widespread interest
in rickettsialpox reemerged because of differential di-
agnostic considerations for its cutaneous lesionssince
the vesicular rash and later scab could lead to its misi-
dentification as chickenpox, herpes, and/or anthrax
12, 41, 42, 58, 60, 84].

Clinical cases of rickettsialpox have been identi-
fied around the world, with the largest number of ill-
nesses occurring in urban areas [4, 5, 41, 42, 44, 50,
57, 58, 68, 73, 76|; nevertheless, these largely sporadic
cases do not approach the large numbers of cases di-
agnosed during the time ofthe original epidemic out-

breaks in New York City and Ukraine. In the United
States, rickettsialpox is not a notifiable infectious dis-
ease [16], thus its current true morbidity there is not
known, It is likely rickettsialpox is similarly under-
recognized in most other regions of the world.

The purpose of this review is to evaluate the avail-
able classical and contemporary information related
to the eco-epidemiological and clinical features
of rickettsialpox and the biological and genetic char-
acteristics of its etiological agent, R. akari, in order
to outline critical gaps in our contemporary under-
standing of this neglected rickettsiosis and to define
priorities for further research studies on this neglect-
ed disease and pathogen.

Rickettsia akari and its characteristics

Rickettsia akari is an obligate intracellular bacte-
rium in the Rickettsiaceae which shares many cellu-
lar and morphological characteristics with the core
spotted fever group of rickettsiae [58]. The most
recent classification based on its genetic attributes
places R. akariin the so-called transitional group that
also includes flea-borne Rickettsia felis and related
organisms, Rickettsia australis, and Rickettsia hoog-
straalii [31]. The genome of R. akari (strain Hartford
CWPP) consists of a single 1,231,060-bp chromo-
some (GenBank accession number CP000847, with
an estimated 1012 open reading frames and cod-
ing capacity of 75%) and a 24,429 bp plasmid which
is highly related to the 26,608 bp plasmid of R. aus-
tralis [23, 24; see also “Molecular typing of R. akari”
in the “Original articles” section of current issue,
pp. 497—-505]. As in other Rickettsia, the three ribo-
somal RNA genes have a non-canonical arrangement
where the 16S rRNA gene is separated from the 23S-
58 rRNA operon.

478



2020, T. 10, N2 3

Rickettsialpox and Rickettsia akari

The cellular structure of R. akari is similar to that
of other species of the genus Rickettsia. Its cell wall
consists of outer and inner membranes separated by
a periplasmic space; the outermost surface structure
forms a tetragonal capsule-like layer [31, 61] similar
to the S-layer which was later studied morphological-
ly in R. prowazekii and R. rickettsii |6, 77]. Staining
and visualization of R. akari is best achieved using
the Giminez method or other protocols utilizing
carbol basic fuchsin when using light microscopy or
acridine orange stain or FITC conjugates with spe-
cific antibody in conjunction with fluorescence mi-
croscopy [33, 46].

Available isolates of R. akari from human, animals
and mites have high levels of similarity when exam-
ined using microbiological, serological, protein and
genetic tools [21, 22, 59, 68; see also “Molecular typing
of R. akari” in the “Original article” section, p. 497—
505]. This analysis suggests that a single ancestral
strain of R. akari was spread globally with their rodent
and rodent mite hosts. The revised status of R. felis and
its near relatives, which have proven to have a “bushy”
phylogeny, suggest our sampling of relatives of R. akari
may be far from complete [14, 51].

Pathogenesis

Similar to other Rickettsia, species R. akariinfects
the vascular endothelium; however, invasion of mac-
rophages and monocytes plays significant roles inthe
pathogenesis of R. akari infection which triggers cell
activation via TLR2 or TLR4 mechanisms |67, 79].
Rickettsia akari can invade cells of mammalian, ar-
thropod and reptile origin; it enters the host cell
through induced phagocytosis and induces formation
of actin tails enabling intracellular movement, inva-
sion of the host cell nucleus and cell-to-cell spread
[3, 69]. Lytic plaques formed by R. akari in Vero
cells and L929 mouse fibroblast cells are typically
smaller and take longer to appear when compared
to plaques formed by R. rickettsii and R. conorii |52,
81). Rickettsia akari is tropic for human macrophages
[80]; murine macrophages exhibit variable resistance
to lethal effects of R. akari correlating with their lev-
els of tumoricidal and antirickettsial activities [53,
54, 56]. Mouse strains with defective macrophage
responses have a dominant negative mutation in the
cytoplasmic domain of the TLR4 receptor, which
may impact the diversity of native immune responses
to this infection [35].

Clinical manifestations and treatment

Rickettsialpox is an acute illness with clinical
symptoms developing after a 9 to l4-day incuba-
tion period following the initial bite by an infected
mite (summarized in [58]). Individuals infected with
R. akari develop an initial non-itchy lesion at the site
of the mite bite, which subsequently increases in size

and its center transforms into a vesicle containing
fluid [34, 58]. This lesion eventually begins drying
and turns into a dark eschar persisting for up to three
weeks and presents as a dermal and epidermal necro-
sis [4, 34, 41, 58].

Clinical features of rickettsialpox include fever,
chills, myalgia, headaches, and a papulovesicular
rash [4, 34, 41, 58]. The rash was observed inall cases
reported in the literature; it persists for 4 to 7 days
and typically appears on the body trunk, but it is not
present on the soles or palms [2, 4, 34|. Development
of the vesicular rash on the palate of the mouth
is one of the specific features of rickettsialpox [19].
Additional symptoms reported in the literature in-
clude vomiting, abdominal pain, weakness, profuse
sweating, fatigue, conjunctivitis, and leukopenia [2,
4,34,42, 50,57, 76, 84]. Enlargement and tenderness
of regional lymph nodes is common; lymphangitis
has been described for some cases diagnosed in the
Ukraine [4] but is commonly absent in patients from
other regions. Photophobia, pain during eye move-
ment, and nuchal rigidity were also noted in pa-
tients from Nortern Europe [73]. Hepatitis is another
symptom diagnosed in several recent cases [50, 84].
Other severe symptoms such as vaginal and gingival
bleeding were reported in patients from Mexico [84];
however, it is not known at present if this specific
symptomatology is due to a strain variant of R. akari,
due to delayed diagnosis or other underlying factors
responsible for enhanced susceptibility to this rick-
ettsial infection. Most clinical cases of rickettsialpox
reported in the literature recovered completely after
a course of antibiotics, eithertetracycline or chloram-
phenicol, or recovered without treatment |2, 41, 42].
Residual scarification may remain at the site of the
eschar in some cases.

Geographic distribution

Rickettsialpox cases have been recorded world-
wide. In the western hemisphere most of the reports
originated from the United States, although this mild
disease is not a nationally notifiable infectious dis-
ease in the U.S. [34, 41, 42, 44, 50, 66, 76]. The first
rickettsialpox outbreak was reported in Queens,
New York where 144 non-fatal cases were recorded
in 1946. Four years later, in 1950, a case of rickettsi-
alpox was identified in Boston Massachusetts in a fe-
male that had not traveled recently to New York and
had no previous signs of symptoms for the disease
[66], thus indicating another endemic focus of the
disease existed in the USA beside New York City.
Confirmation of diagnosis was made using the com-
plement fixation test, just as in the first reportsin New
York City. As of July of 1952, 724 cases of rickettsial-
pox had been reported to the New York City Health
Department [9]; occurrence of rickettsialpox was also
confirmed in several other cities of the northeastern
part of the USA. Only sporadic cases were identified
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in the following decades and the most western case
of rickettsialpox was reported from Utah in 1961 [45].

New York City has remained the most active place
for reporting and diagnosis of rickettsialpox through-
out the entire history of this disease. Several reports
of rickettsialpox in the Bronx, New York exist in the
literature [41, 50, 76]. During 1980 to 1989, 13 cas-
es of rickettsialpox were diagnosed at the Lincoln
Hospital, Bronx, NY using indirect and direct im-
munofluorescence methods [41]. From 2001 to 2002,
three infected female residents of Brooklyn and
the Bronx had a confirmed diagnosis of rickettsial-
pox by IFA from serum samples and [HC from a bi-
opsy [76]. The patients reported seeing mice in their
apartment units, and one of them reported the pres-
ence of small bugs in the same area where the mice
were observed [76]. Similarly, a second report of rick-
ettsialpox in New York City described this disease as
occurring predominantly in residents from the Bronx
and Manhattan; there were 34 confirmed cases diag-
nosed using IFA, IHC, and PCR during that period
[60]. In 2004, two female patients diagnosed with
rickettsialpox from the Bronx, NY reported con-
tact with mouse droppings in their work area [50].
Another United States case was in North Carolina,
where the patient suggested the possibility of contact
with mites at the workplace where a stray cat brought
dead mice [44].

InCentral America, exposure to R. akari has been
reported in Costa Rica based on serological data gen-
erated using a microagglutination test; at least 3 pos-
itive serum specimens were identified in 507 (0.6%
prevalence) samples tested [64]. Most recently severe
cases of rickettsialpox were confirmed in Yucatan,
Mexico using IFA, and restriction fragment length
polymorphism (RFLP) analyses of the PCR ampli-
fied DNA fragments [84). The Yucatan cases were
first suspected to be dengue fever and managed as
an arbovirus infection; a pediatric patient suffering
from vaginal and gingival bleeding required admis-
sion to the intensive care unit,

The distribution of rickettsialpox in the Old World
spans a wider territory. More than 1000 cases were
recorded in Ukraine during the original outbreak
of 1949—1950 [72], but follow-up case records are
not available; this disease is not reportable in the
Ukraine and Russia [7]. There are also reports of se-
rological evidence of exposure to R. akari in Bosnia-
Herzegovina [28], Albania [11], Germany [81], and
France [13]; however, no clinical case reports have
been published from those countries. On the other
hand, contemporary circulation of R. akariin Europe
has been confirmed in Croatia (former Yugoslavia)
[68], Turkey [57], and the Netherlands [73]. In May
of 1991 the first Croatian case of rickettsialpox was di-
agnosed in a 36-year old male usingserology and cul-
ture isolation [68]. This was the first report of R. akari
in Western Europe with symptomatology consistent
with cases reported in the United Statesand Ukraine

with an exception that an eschar was not detected
in the Croatian patient [68]. In 2003, a 9-year old boy
from Turkey was believed to be infected with R. akari
after exposure to rats on the family farm; the clinical
diagnosis was confirmed by cross-absorption sero-
logical testing [57]. In July 2009, a 51-year old male
was serologically diagnosed with rickettsialpox in the
Netherlands [73].

Exposure to R. akari and occurrence of rick-
ettsialpox has been suggested based on serological
findings in several countries in Africa [30, 47, 48],
including more recently in South Africa where expo-
sure occurred for two presumed travel cases in Italian
tourists [29]. Le Gac et al. (1952) described a family
cluster of 16 presumed cases of rickettsialpox includ-
ing 4 fatalities in members of the Baya tribe in the
present Central African Republic [48]. The patients
had symptomologies compatible with rickettsialpox
including eschar and vesicular rash, and at least 5 out
of 8 tested seroconverted to R. akariantigen as deter-
mined using the microagglutination method with sera
collected on day 24 after onset of illness. Guinea pigs
inoculated with one patient’s blood developed a fe-
brile illness and seroconverted to R. akari. However,
the authors noticed atypical manifestations of the es-
char (much larger, with deeper necrotic damages and
scarification) in indigenous African patients com-
pared to the classic description of eschars observed
in patients of Caucasian and Hispanic origin [4,
34]. Since other rickettsioses than rickettsialpox are
known now to occur in the same region [62], the ac-
tual etiology ofthis illness remains unconfirmed.

The endemicity of rickettsialpox in Korea was
shown by isolation of R. akari from a vole in 1952
[40). Recent evidence for circulation of R. akari or
closely-related organism(s) in that region has come
from serological and PCR findings in epidemiologi-
cal and ecological survey projects [17, 18].

Follow-up studies with isolation of putative strains
of R. akariin Central and South America, Africaand
Asia are needed to determine the closeness of their
relationship to strains recovered in Europe and North
America,

Vector-transmission and ecology

The house mouse mite, Liponissoides sanguineus,
has been recognized as a competent vector and reser-
voir of R. akari |27, 37] in which it is maintained by
transovarial and transtadial transmission. The mite
L. sanguineus is an opportunistic blood-sucking ec-
toparasite, commonly found in areas infested by ro-
dents, such as harborages and burrows, and cracks
and crevices in nearby places [1, 26, 58). The lifecycle
of L. sanguineuswas described in 1954 by H.S. Fuller
[26]. The eggs of mouse mites develop for 4 to 5 days,
molting successively into larvae, protonymph, deu-
tonymph, and finally the adult stage for a complete
cycle in 51 to 63 days. During the egg and larval stag-
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es, mites do not take blood meals [26]. Nymphs and
adult mites attach to the host and feed for 15 to 36
hours and detach upon repletion [39]; when a new
blood meal is needed, the mite finds its host and bites
again.

The house mouse Mus musculus is the typical ur-
ban host for the mite L. sanguineus |1, 2, 4, 27, 37].
House mice collected in New York City and Boston,
Massachusetts had antibodies reactive to R. akari
[27, 38],and an R. akari isolate was established from
a mouse trapped in an endemic focus in Ukraine [2,
4, 21). L. sanguineus can also feed on peridomes-
tic rats which can also serve as an animal reservoir
for R. akari; this has been confirmed by isolation
of R. akarifrom R. norvegicus and R. rattus|[2, 4, 21].

Humans get infested when natural mite rodent
hosts are not available and mites are forced to cross
species barriers and feed on a human host or other
suitable animals [10, 43]. Severe mite infestations
cause debility and anemia in rodents (cited in [80])
and may be responsible for rodent mite dermatitis
in humans. The presence of mites is often first per-
ceived during various repair and facility remodeling
work that has disturbed peridomestic rodents [80]
or it is associated with rodent disease-related pertur-
bations oreradication efforts [43]. L. sanguineuswere
found to infest diverse laboratory rodents and rodents
sold in a pet store [49, 80]; these scenarios may pose
a risk of occupational exposure for veterinarians and
animal handlers. Handling suspensions of R. akari
in laboratory settings without necessary precautions
may lead to exposure and onset of infections even
in individuals immune to R. rickettsii or R. prowaze-
kii [78].

L. sanguineus can be found on a variety of wild
rodents [25, 58], and may feed on large animals like
cats and dogs, as suggested by detection of antibod-
ies in the latter which were reactive with R. akari
in California, Wisconsin and New York [8, 15, 20].
A role for dogs in the circulation of R. akari has been
recently suggested in a report from Yucatan describ-
ing detection of R. akari DNA in the bloodstream
of a severely ill dog and simultaneously in a tick col-
lected from the same dog; however, there was no re-
port of mites on the same animal [85].

The tropical rat mite, Liponyssus bacoti may ac-
quire R. akari from rickettsiemic mice in an experi-
mental setting and maintain it transovarially; howev-
er,itisnotconsidered to be a competentvector for this
pathogen despite the observations that R. akari may
persist in the infested mite colony for at least 34 days
[65]. A role for these mites in environmental main-
tenance of R. akari has not yet been demonstrated.
Similarly, R. akari can establish a long-lasting infec-
tion of midgut and coelom of human body lice in-
fected through rectal inoculation; this outcome is in
marked contrast to the fatal infections of body lice
caused by R. prowazekii |82]; susceptibility of human
head lice to R. akarihas not been evaluated.

Beside L. sanguineus, R. akari may have a range
of vector associations as suggested by the detection
of R. akari DNA in trombiculid mites collected from
Apodemus agrarius and Crocidura lasiura in several
areas of Korea [17]. The isolation of R. akari from
the reed vole, Microtus fortis pelliceus [40] trapped
in Korea in 1952 suggests the possible existence
of natural cycles independent of man or commen-
sal rodents; however, this presumption needs further
evaluation. Involvement of Laelaps nuttalli (Hirst,
1915) in maintenance of R. akari was suggested
during a focal outbreak of rickettsialpox in a vil-
lage of L’Oubangui-Chari (present Central African
Republic) where large numbers of these mites were
found in wall crevices and on rodents trapped in the
patient houses [48]. This mite occurs throughout
the world as a parasite of the black rat, R. rattus,
thebrown rat, R. norvegicusand occasionally of other
rodents and small mammals and is thought to har-
bor some pathogens typically associated with these
rodents [55].

Rickettsialpox: emerging issues, new
directions, and public health research

Over seventy years ago and almost simultaneously
the world experienced two major outbreaks of rick-
ettsialpox — in New York City, one of the largest
metropolitan centers in the world, and in a southern
city of the Ukraine. A shortage of adequate urban
housing existed during and following World War 11,
and intimate contact between mice, their ectopara-
sites and man was a critical factor in these outbreaks.
With lessened human population density and great-
er rodent control efforts, less contact between man
and mice has resulted in an apparent decrease inthe
incidence of the disease [63]. Rickettsialpox is pe-
culiar among known rickettsial diseases due to its
urban character and mouse mite associations; how-
ever, the benign course of the illness is probably most
responsible for the neglected status of this disease.
The current literature confirms the continued cos-
mopolitan distribution of R. akari, L. sanguineus,
and peridomestic rodents, thus suggesting that many
unrecognized cases of rickettsialpox may occur.
It would require a concerted effort of medical and
public health staff with a focus on eschar-associated
diseases and use of contemporary laboratory diag-
nostic methods to complete the etiological identifica-
tion and characterization of disease with this organ-
ism. Such work could establish current traits of sus-
ceptible human and rodent populations and strains
of R. akari and thus redefine the modern risk factors
facilitating exposure to these organisms and better
recognition of the variable clinical manifestations
of rickettsialpox.

Our review data suggests that only limited genetic
diversity exists among the available isolates of R. aka-
ri associated with previous outbreaks between 1948
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and 2004; however, additional effort is still required
to define specific genetic markers permitting direct
surveillance, tracking and studying of the vector
and host associations of contemporary isolates. Use
of molecular methods should be applied tosurvey var-
ious collections of mitesbeyond L. sanguineus to de-
termine the true diversity of mite-associated rickettsi-
ae and related organisms. Limited reports from Korea
and China indicate that multiple species of mites may
be infected with R. akari or R. akari-like organisms
[17, 18, 36] and other rickettsial agents in the USA
and elsewhere [70, 71], but those findings need ad-
ditional analysis, validation and interpretation using
the same and/or larger sets of genes or whole genome
sequences followed by making isolates and examina-
tion of their biological characteristics. Once associa-
tions of R. akari with other ectoparasites are estab-
lished, it will be important to determine if there are
wildlife reservoirs in otherspecies for R. akari or re-
lated pathogens, and if disturbance of the balance
of these interactions can be responsible for outbreaks
of rickettsialpox-like illnesses in non-urban settings.
The identification of R. akari DNA and antibod-
ies in dogs in Mexico and New York City highlights
the need for increased surveillance for rickettsialpox
using a One Health perspective [20, 85]. If domes-
tic animals such as dogs can be severely affected by

Cnucok nutepatypsbl/References

infection with R. akari, further investigations need
to be targeted at the identification of R. akari in do-
mestic and stray dogs, and wild canines. [f common-
place infection with R. akari in dogs is confirmed by
additional research, public health measures to ex-
amine stray dog populations should be considered by
coordinating public health, veterinary and wildlife
professionals. This might require a change in cur-
rent prevention methods for rickettsialpox to in-
clude vector elimination from canines. The capacity
of R. akari to cross vector species emphasizes the po-
tential for possible detection of outbreaks of the dis-
ease in new regions of the world and in novel eco-
logical settings. An increased awareness of rickett-
sialpox will require interest and enhanced effort by
the scientific, public health, veterinary and medical
communities or it will remain a largely neglected and
largely unappreciated illness affecting an unknown
number of victims.
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