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Background. Four spotted fever group rickettsiae (SFGR) are known to infect humans in the United States.
A member of the SFGR designated 364D and detected in Dermacentor occidentalis ticks has not previously been
identified as a human pathogen.

Methods. An 80-year-old man from a rural northern California community presented with an eschar on his
forearm. A skin punch biopsy of the lesion was evaluated by immunohistochemistry and molecular analysis. Serum
specimens obtained from the patient and 3 other area residents with similar illnesses were tested by immunoflu-
orescence and Western immunoblot for antibodies to SFGR. Ticks were collected near the patient’s residence and
tested for SFGR.

Results. Abundant intracellular rickettsiae and fragmented rickettsial antigens were observed in the mono-
nuclear inflammatory infiltrates of the biopsy. Nucleotide sequences of DNA fragments amplified from the biopsy
were identical to those of 364D. Convalescent sera from all four patients exhibited high immunoglobulin G titers
to Rickettsia rickettsii, Rickettsia rhipicephali, and 364D antigens. Three adult D. occidentalis were positive for 364D,
R. rhipicephali, and an unidentified Rickettsia species.

Conclusions. This is the first confirmation of human disease associated with the SFGR 364D, which was likely
transmitted by D. occidentalis. Although the patients described here presented with a single cutaneous eschar as
the principal manifestation, the full spectrum of illness associated with 364D has yet to be determined. Possible
infection with 364D or other SFGR should be confirmed through molecular techniques in patients who present
with “spotless” Rocky Mountain spotted fever or have serum antibodies to R. rickettsii with group-specific assays.

Four species of spotted fever group rickettsiae

(SFGR)—Rickettsia rickettsii, Rickettsia parkeri, Rickett-

sia felis, and Rickettsia akari—are well-documented

causes of infections in humans in the United States [1–

4]. Rocky Mountain spotted fever (RMSF), which is

caused by R. rickettsii, is most frequently reported in

the Mississippi River Valley and southern Atlantic states

but is rarely reported west of the Rocky Mountains [5,
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6]. The first human case of RMSF in California was

identified in 1903, with 238 cases reported between

1903 and 1973 (California Department of Public

Health, unpublished data). However, although these

cases were diagnosed principally on clinically compat-

ible symptoms (ie, fever, headache, and rash), since

1981, only 1–2 cases have been reported each year that

meet both the clinical and laboratory criteria (ie, a �4-

fold change in specific antibody titer to R. rickettsii) for

a confirmed case of RMSF [5, 7, 8], as specified in the

national surveillance case definition (http://www.cdc

.gov/ncphi/disss/nndss/casedef/case_definitions.htm).

Each of the classically recognized vectors of RMSF—

namely Dermacentor variabilis and Dermacentor ander-

soni—and a newly recognized US vector (Rhipicephalus

sanguineus [2]) occur in California. Historically, a large

proportion of cases of RMSF in California were report-

ed from the northeastern Modoc Plateau area where D.
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Figure 1. Adult female (left) and adult male (right) Pacific Coast tick (Dermacentor occidentalis). Photographs appear courtesy of James Gathany
(Centers for Disease Control and Prevention).

andersoni occurs. However, since 1950, an increasing propor-

tion of cases have been reported outside the Modoc Plateau in

areas of the state where D. andersoni is absent, suggesting that

other ticks might be responsible for occasional transmission of

the disease [9]. Both D. variabilis and Dermacentor occidentalis

(the Pacific Coast tick) (Figure 1) are abundant in the coastal

ranges from spring to early summer, coincident with many

recent California RMSF cases [9, 10]. However, in California

to date, R. rickettsii has not been detected in D. variabilis but

only in R. sanguineus and D. occidentalis [11–13]. In addition

to uncertainty about which tick species are the principal vectors

for RMSF in California, because R. rickettsii has never to our

knowledge been isolated from an autochthonously exposed Cal-

ifornia patient, other species of SFGR may cause illnesses that

resemble and are misdiagnosed as RMSF [14–16].

Several investigators have speculated that 364D, a SFGR

closely related to R. rickettsii and commonly found in D. oc-

cidentalis, might infect humans in California [11, 13, 16–19].

Dermacentor occidentalis rarely harbors R. rickettsii in Califor-

nia; a recent study detected R. rickettsii in only 0.3% of D.

occidentalis in southern California [13]. In contrast, 364D has

been detected in up to 11% of D. occidentalis from 8 California

counties where D. andersoni is absent [13, 19]. Because the

clinical features and commercial serodiagnostic assays for

RMSF lack specificity within the SFGR, an unknown proportion

of these cases may represent infection with other species of

SFGR. Herein, we report 1 laboratory-confirmed case and 3

similar possible cases of infection with 364D from a rural region

of northern California.

CASE REPORT

An 80-year-old male resident (patient 1) of Lake County, Cal-

ifornia, presented to the emergency department of a local hos-

pital in July 2008 with progressive swelling and erythema of

his left forearm. Although not disclosed at the time, the patient

later recalled having a small black spot at the site 3 days earlier

that he initially attributed to a possible insect bite; whether this

represented a nascent eschar or the arthropod itself is unknown.

He had not travelled outside Lake County during the 10 weeks

preceding his illness. The patient had no contact with wild or

domestic animals.

Physical examination revealed a -cm vesicular patch2 � 3

with surrounding erythema on the proximal forearm. The pa-

tient reported left axillary pain and tenderness, but was afebrile

and without other symptoms. Trimethoprim-sulfamethoxazole

(160/800 mg every 12 h) was prescribed for suspected bacterial

infection and the patient was released.

The patient presented to his internist three days later at which

time the forearm lesion consisted of a 0.4-cm ulcer with raised

erythematous margins, surrounded by a 2.0–2.5-cm zone of

induration, maceration, and vesiculation (Figure 2A). Gener-

alized erythema extended approximately to the wrist and elbow.

Because a rickettsial etiology was considered at this time, an-

timicrobial therapy was changed to doxycycline (100 mg every

12 h), and an acute-phase serum sample was collected for se-

rological testing. The specimen was negative (titer, !1:64) for

immunoglobulin (Ig) G antibodies to R. rickettsii by immu-

nofluorescence assay (IFA) conducted at a commercial reference

laboratory.

Seven days later, the lesion had developed into a 0.8-cm ulcer

beneath an unroofed, irregular 1.5-cm eschar, surrounded by

a few smaller satellite ulcers. The ulcer resembled cutaneous

lesions observed in 3 other patients (patients 2–4) from the

same community (Figure 1B and Table 1) identified previously

by one of us (M.S.) between 2002 and 2008. These patients

were diagnosed with a SFGR infection based on compatible
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Figure 2. Appearance of ulcer following unroofing of eschar in patient 1 (A) and ulcer with intact eschar in patient 2 (B), and histopathology and
immunohistochemical localization of spotted fever group rickettsiae in the eschar of patient 1. C, Extensively ulcerated epidermis with abundant fibrin,
hemorrhage, and necrotic debris, representing the superficial aspect of the eschar (original magnification, �12.5). D, Mixed inflammatory cell infiltrates
comprising lymphocytes, macrophages, and eosinophils that involve the deep dermis and extend into the subcutaneous adipose tissue (original
magnification, �50). E, Intracellular rickettsiae (red) in dermal inflammatory cells (original magnification, �100). F, Abundant intracellular and extracellular
rickettsial antigens (red) in a focus of mononuclear inflammatory cells in the mid-dermis (original magnification, �158). Hematoxylin and eosin stains are
shown in panels C and D, and immunoalkaline phosphatase stains with a polyclonal anti–Rickettsia rickettsii antibody are shown in panels E and F.

clinical presentations, positive responses to treatment with

doxycycline, and positive results reported for R. rickettsii se-

rologic tests conducted at a commercial laboratory. A 0.3-cm

punch biopsy specimen of the skin and eschar was obtained

from patient 1, fixed in 10% buffered formalin, and sent to

the Centers for Disease Control and Prevention (Atlanta, GA)

for laboratory evaluation of eschar-associated infectious agents,

including Bacillus anthracis and SFGR. One week after com-

pleting a 14-day course of doxycycline, the skin lesion had

completely resolved. The patient remained afebrile and reported

no systemic symptoms throughout the course of his illness. A

convalescent-phase serum sample collected 27 days after onset

and evaluated at the same commercial laboratory was positive

(titer, 1:512) for IgG antibodies to R. rickettsii.
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Table 1. Clinical Characteristics of 4 Patients with Cutaneous Eschar and Suspected 364D Rickettsiosis in Lake County, California,
2002–2008

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

Age, years 80 59 60 53
Sex Male Male Female Male
Time of onset July 2008 July 2008 July 2002 September 2003
Location of eschar Forearm Hip Forearm Shoulder
Lymphadenitis and/or lymphadenopathy Yes No Yes No
Fever No No Yes Yes
Rash No No No No
Headache No Yes Yes Yes
Fatigue No No Yes Yes
Nausea, vomiting, and/or diarrhea No No No No
Photophobia and/or stiff neck No No No No
Myalgia and/or arthralgia No No Yes No
Leukocyte count, cells � 109/L 5.6 NA 8.2 3.1
Platelet count, platelets � 109/L 193 NA 155 237
Aspartate aminotransferase level, U/L NA NA 42 NA
Alanine aminotransferase level, U/L NA NA 57 NA
Initial diagnosis Rickettsiosis, anthrax Rickettsiosis Rickettsiosis, anthrax,

tularemia
Rickettsiosis

Antimicrobial treatment (duration, days) Trimethoprim-
sulfamethoxazole (3),
doxycycline (14)

Doxycycline (14) Doxycycline (1),
ciprofloxacin (14, 7),
doxycycline (14)

Doxycycline (14)

Hospitalization No No No No
Outcome Resolution Resolution Resolution Resolution

NOTE. NA, not available.

METHODS

Serological testing. Antibodies to SFGR antigens were mea-

sured by IFA and by western blotting (WB). R. rickettsii strain

Sheila Smith, R. rhipicephali strain 3–7-6�, and 364D were

cultivated in Vero E6 cells and prepared as antigens for IFA

and WB as previously described [3, 20]. Serum samples were

screened by IFA at consecutive 2-fold serum dilutions starting

at 1:32 to end-point using heavy chain specific conjugates. IgG

and IgM titers �1:64 were considered to be positive; serocon-

version was defined as a �4-fold change in titer between 2

serum specimens collected at least 2 weeks apart. For WB,

purified antigens were separated through 10% SDS polyacryl-

amide gel and blots were prepared using 0.45-mm nitrocellulose

membranes as described [20]. All patient serum samples were

tested by immunoblot at a final dilution of 1:100.

Histopathologic and immunohistochemical tests. The

fixed tissue sample was processed for paraffin embedding. Sec-

tions (3 mm) were stained with hematoxylin and eosin, Gro-

cott’s methenamine silver, Warthin-Starry, and Gram stains and

by an immunoalkaline phosphatase technique [3] using a poly-

clonal anti–R. rickettsii antibody diluted at 1:500, 2 monoclonal

anti–B. anthracis antibodies (1:200 and 1:1000), and a poly-

clonal anti–Sporothrix schenckii antibody (1:500).

Molecular analyses. DNA was extracted from a 10-mm sec-

tion of the formalin-fixed, paraffin-embedded skin biopsy spec-

imen. Polymerase chain reaction (PCR) detection and molec-

ular identification of rickettsiae were performed by ampli-

fication of the fragments of the 17 kDa protein antigen and

outer membrane protein (OmpA) genes using nested or semi-

nested assays [4, 15]. RR0155-rpmB and RR1240-tlc5 intergenic

regions were amplified with nested primers [21]. Specific in-

formation on the molecular assays and results are provided in

Table 2.

Collection and analysis of ticks. Ticks were collected near

the residences of patients 1 and 2 in August 2008 using flannel

flags and carbon dioxide traps. Ticks were identified to species

using standard taxonomic keys and maintained at 4�C until

processed for DNA for SYBR Green PCR testing and PCR and

sequencing of ompA amplicons (Table 2) [13].

RESULTS

Serological tests. The convalescent-phase specimen from pa-

tient 1 exhibited high IgG titers to R. rickettsii, R. rhipicephali,

and 364D antigens, ranging from 1:1024 to 1:2048. Similar

reactivity patterns were detected for serum samples collected

and tested from patients 2–4 (Tables 1 and 3). Earlier serum

specimens were available for only 2 of the presumptive cases;

seroconversion to all 3 antigens was demonstrated for patient
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Table 2. Oligonucleotide Primers and Accession Numbers for Corresponding Sequences Determined for a Confirmed Case of 364D
Rickettsiosis

Target, primer identification Primer sequence 5′
r3′ Application

NCBI GenBank
accession number for
sequence obtained

from patient specimen Reference

17 kDa protein gene
R17–122 CAGAGTGCTATGAACAAACAAGG Primary PCR … [4]
R17–500 CTTGCCATTGCCCATCAGGTTG … … …
TZ15 TTCTCAATTCGGTAAGGGC Nested PCR FJ666086 [4]
TZ16 ATATTGACCAGTGCTATTTC … … …

Outer membrane protein A gene (ompA)
RR190–70 ATGGCGAATATTTCTCCAAAA Primary PCR … [13]
RR190–701 GTTCCGTTAATGGCAGCATCT … … …
RR190–602a AGTGCAGCATTCGCTCCCCCT Semi-nested PCR FJ666087 [13]
RR190–547b CCTGCCGATAATTATACAGGTTTA … … [13]
190-FN1 AAGCAATACAACAAGGTC Nested PCR … [4]
190-RN1 TGACAGTTATTATACCTC … … …

RR0155-rpmB intergenic region
RR0155-PF GGATTTCATTTAAAGAGCGATTAGG Primary PCR … Present study
RR0155-PR GAAAAGATAGGCACTGATCACATTC … … …
RR0155-FN TTTCTAGCAGCGGTTGTTTTATCC Nested PCR FJ666088 [21]
RR0155-RN TTAGCCCATGTTGACAGGTTTACT … … …

RR1240-tlc5 intergenic region
RR1137-PF CTTTCTATGTCATTCCTGACTTCC Primary PCR … Present study
RR1137-PR CAAAACATTAAGGTACTCATCGG … … …
RR1240-FN CGGGATAACGCCGAGTAATA Nested PCR FJ666089 [21]
RR1240-RN ATGCCGCTCTGAATTTGTTT … … …

NOTE. NCBI, National Center for Biotechnology Information; PCR, polymerase chain reaction.
a Used with RR190–70 in seminested PCR assay after primary amplification with RR190–70/RR190–701.
b Used with RR190–701 in SYBR Green PCR assay.

Table 3. Immunofluorescence Assay Results Demonstrating An-
tibody Reactivity of Serum Specimens from Confirmed and Pre-
sumptive Cases of 364D Rickettsiosis

Patient

No. of
days
after
onset

IgG (IgM) IFA titer to antigena

Rickettsia
rickettsii

Rickettsia
rhipicephali 364D

1 27 1:2048 1:2048 1:1024
2 14 1:512 1:256 1:256
3 15

29
!1:32 (1:32)
1:1024

!1:32 (!1:32)
1:1024

!1:32 (!1:32)
1:256

4 30
45

1:256 (1:256)
1:512

1:64 (1:128)
1:256

1:128 (1:256)
1:256

NOTE. IFA, immunofluorescence assay; IgG, immunoglobulin G; IgM, im-
munoglobulin M.

a Titers �1:64 are considered positive for this study.

3. Patient 4 exhibited seroconversion when tested using R. rhipi-

cephali antigen, but only 2-fold titer increases were seen for

both R. rickettsii and 364D.

Antibodies to SFGR were also characterized by WB (Figure

3). A convalescent-phase serum sample from patient 1 exhibited

strong reactivity with the high molecular weight protein anti-

gens, OmpA and OmpB. The reactivity was strongest with an-

tigens from R. rhipicephali, followed by R. rickettsii and 364D.

Similar patterns were observed for serum samples from patients

2–4. Serum samples from patients 1 and 3 exhibited reactivity

to rickettsial lipopolysaccharide; the serum sample from patient

2 also reacted to the GroEL 60 kDa heat-shock protein antigen,

although both intensities were much weaker compared to reac-

tivity with the high–molecular weight protein antigens.

Histopathologic and immunohistochemical tests. The bi-

opsy specimen from patient 1 showed prominent necrosis of

the epidermis and superficial dermis, with fragmented and in-

tact inflammatory cells comprising lymphocytes, macrophages,

and neutrophils admixed sparsely with the necrotic tissue (Fig-

ure 2C). The most intense inflammatory infiltrates, consisting

of lymphocytes and macrophages, were distributed diffusely

throughout the full thickness of the dermis and extended into

the subcutaneous fat (Figure 2D). Unusual components of this

lesion included numerous eosinophils in some areas of der-

matitis and panniculitis (Figure 2D) and the absence of con-

spicuous vasculitis. No bacteria or fungi were detected by using
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Figure 3. Western blotting reaction of serum samples obtained from
persons with confirmed and presumptive cases of 364D rickettsiosis with
spotted fever group rickettsial antigens. Reactions of immunoglobulin G
(at 1:100 dilution) antibodies are shown with rickettsial whole cell an-
tigens solubilized at room temperature, including 364D (lane 1), Rickettsia
rickettsii (lane 2), and Rickettsia rhipicephali (lane 3). Reactivity of the
rickettsial lipopolysaccharide is shown with brackets, reactivity of the
GroEL is marked with an asterisk (*). Arrows at the left indicate positions
of the protein molecular weight markers (lane M) with the following sizes,
from the top to the bottom: 116 kDa, 84.8 kDa, 53.9 kDa, 37.4 kDa, and
29.0 kDa. Serum from a patient suffering from Rocky Mountain spotted
fever was used as the positive control.

Grocott’s methenamine silver, Warthin-Starry, or Gram stains

or with the IHC stains for B. anthracis or S. schenkii. The IHC

stain for SFGR demonstrated abundant intracellular rickettsiae

and fragmented rickettsial antigens in the mononuclear inflam-

matory infiltrates (Figure 2E and 2F).

Molecular analyses. A 208-bp fragment of the 17 kDa Rick-

ettsia antigen gene was amplified from DNA extracted from a

formalin-fixed skin sample. Two ompA fragments (70–602 nu-

cleotides and 101–678 nucleotides) were also amplified; their

sequences were identical to that of the homologous fragment

of 364D (GenBank accession no. EU109181), which differs

from R. rickettsii in 3 nucleotide positions. The 361-bp and

292-bp fragments of the RR0155-rpmB and RR1240-tlc5 in-

tergenic regions were identical to the homologous fragments

from the type strain of 364D, and differed by 13 and 7 nucle-

otides, respectively, from the homologous regions of R. rickettsii

Sheila Smith (Table 2) [21].

Analysis of ticks. Fourteen D. variabilis, 4 Haemaphysalis

leporispalustris, 19 D. occidentalis, and 149 Ornithodoros cori-

aceus were tested. Three adult D. occidentalis were positive for

SFGR: 364D (1 male), R. rhipicephali (1 male), and an unidenti-

fied Rickettsia (1 female). Identification to species of Rickettsia

could not be completed for the third tick due to the low amount

of rickettsial DNA detected. All positive ticks were collected

within 1 km of patient 1’s residence; the single adult D. occi-

dentalis collected on his property was negative. Rickettsial DNA

was not detected in any other tick species.

DISCUSSION

The patient described here presented with a cutaneous lesion

that progressed to an ulcer as the chief clinical abnormality.

The differential diagnosis for isolated ulcers and eschars en-

compasses numerous noninfectious and infectious etiologies,

including anthrax, tularemia, lymphogranuloma venereum,

orf, and cat scratch disease. Although the classic dermatologic

manifestation of infection with R. rickettsii is a diffuse macu-

lopapular or petechial rash that involves the palms and soles,

atypical cutaneous manifestations including “spotless” fever

and eschars have also been occasionally reported in patients

with serum antibodies to R. rickettsii [22–24]. Other SFGR,

including R. conorii and R. aeschlimannii, have been reported

to cause illnesses in which an eschar was the sole clinical man-

ifestation [25, 26]. More than 10% of patients seen at a uni-

versity medical center in an endemic area who met national

surveillance criteria for probable or confirmed RMSF had atyp-

ical or no cutaneous manifestations [27]. Similarly, California

cases reported as RMSF frequently lack the classic triad of fever,

macular rash, and history of tick bite. Diagnoses in most of

these cases are based principally on commercial laboratory re-

ports of serum antibodies to R. rickettsii. However, as standard

serologic assays do not differentiate infections caused by SFGR,

an unknown proportion of such cases in California and else-

where may represent infection with other SFGR. In the present

study, all 4 patients had elevated convalescent-phase serum an-

tibody titers to R. rickettsii, R. rhipicephali, and 364D; of the 2

patients for whom paired serum samples were available, patient

3 seroconverted to all 3 agents and patient 4 seroconverted to

R. rhipicephali and had 2-fold rises in titer to R. rickettsii and

364D. None of the 4 patients had IFA or WB results that per-

mitted specific serological identification of the etiology of the

spotted fever group rickettsiosis they experienced. These results

illustrate the profound cross-reactivity among SFGR antigens

that diminishes the specificity of conventional serologic assays

and underscore the need for culture or molecular-based tech-

niques to accurately identify the etiologic agent responsible for

a SFG rickettsiosis [1, 3, 4, 6, 20, 28]. This level of diagnostic

specificity will help to define the clinical spectrum of infection

with other SFGR, including 364D, and may explain “atypical

RMSF” in areas where R. rickettsii is not prevalent or not the

sole SFGR present. A biopsy of the eschar was instrumental for

correctly identifying the pathogen in the case described here

and should be considered for patients who present with similar

illnesses [3, 4, 6, 22–24, 27]. Prolonged persistence of the SFGR

in areas of poorly perfused tissue at the margin between viable

and necrotic tissue in gangrenous extremities and eschars has

been previously described [29, 30], and a similar process was

perhaps observed in patient 1 who received extended antibiotic

treatment prior to the biopsy procedure.

Three other patients (patients 2–4) with cutaneous lesions
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were investigated retrospectively. Each reported headache 2–14

days before noticing the skin lesion, and 2 reported fever. Two

patients recovered after a 2-week course of doxycycline. The

remaining patient initially started receiving doxycycline, but

the regimen was changed to ciprofloxacin (500 mg twice per

day for 2 weeks) for suspected cutaneous anthrax, then sub-

sequently completed 2 weeks of doxycycline after anthrax was

excluded and an erythematous macule persisted. Each had el-

evated serum IgG to SFGR, including R. rickettsii, R. rhipiceph-

ali, and 364D, but the lack of molecular analysis of the skin

lesions precluded a definitive identification of the true etiologic

agent. Indeed, prior infection with any SFGR may produce

cross-reactive serum antibodies that not only confound inter-

pretation of results of serologic assays but may provide some

level of protective immunity that reduces the severity of clinical

disease following infection with other SFGR, as has been pre-

viously reported in dogs experimentally infected with R. rhipi-

cephali [31].

Approximately 15 of the 20 SFGR species known worldwide

are recognized as pathogenic to humans. In 1966, a SFGR

named 364D was first identified in D. occidentalis ticks in Ven-

tura County, California [11, 17–19]. Isolates of 364D evaluated

to date are serologically and biologically homogeneous, cause

mild illness in guinea pigs and voles, and are cytopathic for

Vero cells and kill chicken embryos [19]. Recent molecular

testing has identified unique differences between 364D and

isolates of R. rickettsii in 18 of 28 intergenic regions [21] and

comparisons of the complete genome sequences of 364D with

those of R. rickettsii Sheila Smith and Iowa further support

species status for 364D (authors’ unpublished data).

Among California ticks, 364D has been identified only in D.

occidentalis, a species that occasionally bites humans [32] and

is common throughout much of California [10]. In northern

California, adult D. occidentalis are most active March through

May [33], whereas nymphal D. occidentalis are more commonly

encountered June through August [34]. One study [13] esti-

mated that 7.8% of D. occidentalis in southern California were

infected with 364D, compared with !1% with R. rickettsii. 364D

and R. rhipicephali were detected in D. occidentalis ticks in Lake

County first in 1980 [19] and again in the present study. Pend-

ing experimental transmission studies to verify its vector com-

petence, the available evidence indicates that D. occidentalis is

the likely vector for 364D in California.

The 4 patients described here were from a single practice

area and had similar, mild illnesses; further investigation is

required to elucidate the clinical spectrum of infection with

this newly recognized pathogen, the range of its distribution,

and its contribution to human morbidity. Because 364D shares

many antigens with other SFGR that preclude serological dif-

ferentiation, molecular identification or isolation of rickettsiae

from patient tissues is required for a definitive etiologic diag-

nosis of this and any other spotted fever group rickettsiosis.
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