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Mediterranean spotted fever (MSF) has been diagnosed clinically in the Crimean Peninsula since the 1930s. We
describe the recent illness of an elderly patient from Crimea who had developed a classic triad of MSF symptoms
consisting of fever, maculopapular rash, and eschar. Clinical diagnosis of rickettsiosis was confirmed using real-
time PCR and sequencing of 4 Rickettsia protein genes. The strain causing clinical illness was characterized as
Rickettsia conorii subspecies conorii Malish 7. This report corroborates the utility of eschar swab material as a

source of DNA for PCR-based diagnostics that enables timely patient treatment and management.

1. Introduction

Mediterranean spotted fever (MSF) has been known on
the Crimean Peninsula since the mid-1930s. The disease
was first described in 1936 in the city of Sevastopol, and
later in the coastal western and northwestern steppe re-
gions, and in the coastal regions of the south and south-
east of the peninsula [1,2]. Subsequently, the epidemio-
logical association of the disease with tick bites and con-
tact with dogs was shown [3], particularly the role of the
brown dog tick, Rhipicephalus sanguineus, as a carrier and
natural reservoir of the pathogen of the MSF on the penin-
sula [4]. It was also determined quickly that the disease
is caused by Rickettsia conorii [1,5]. Several clinical and
tick isolates were obtained over the years; however, they
were only typed using classic biological procedures (cited
in [5]).

A regional increase in the incidence of MSF began in
1991. It impacted the city of Sevastopol and the nearby
Saki region in the west and the Kerch Peninsula in the

* Corresponding author.
E-mail address: muniver@mail.ru (M.T. Gafarova).

https://doi.org/10.1016/j.imj.2023.09.004

east, where the disease episodes coincided with a grow-
ing number of stray dogs and frequent reports of R. san-
guineus infestations [2,5,6]. The Saki district experienced
its largest outbreak of MSF in 1996 consisting of 26 diag-
nosed cases including one fatality [5]. Nowadays, clin-
ical cases of MSF are reported annually across the en-
tire Crimean Peninsula; however, the diagnosis is largely
based on clinical signs and symptoms and a history of tick
exposure, and only rarely confirmed using the insensitive
complement fixation test [7]. Clinically, most cases man-
ifest with the spotted fever rickettsiosis classic triad of
fever, eschar, and rash; 30% of patients also develop lym-
phadenitis. Most patients have a mild disease and fully
recover following tetracycline or doxycycline treatment
[5]. However, MSF can also have a more malignant course
associated with multiorgan failure and death [8-10]. Ac-
cess to prompt and accurate laboratory diagnosis key for
optimal patient management and timely recovery.

We present here a case of MSF diagnosed in Crimea
using contemporary molecular methods.
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Fig. 1. Skin manifestations in a patient diagnosed with Mediterranean spotted fever in this study. (A) maculopapular rash on lower extremities; (B) eschar on the

inner surface of the right thigh.

2. Case presentation

A 78-year-old woman was admitted on July 24 of 2019,
to the Saki Regional Hospital with a history of 8-day
illness manifesting with high fever, headache, skin rash
(maculopapular rash on the skin, including the palms and
soles of the feet), myalgia on the lower extremities, gen-
eralized weakness, and reduced appetite. The patient has
a dog and lives in a private residence in Saki district
surrounded by undeveloped land with abundant vegeta-
tion characteristic of the steppe zone. Patient complained
about an ulcer-like skin lesion on the inner surface of the
right thigh, the site of a tick attachment which she re-
moved on July 14. Three days later (July 17) she devel-
oped a fever (38 °C) and self-medicated with paraceta-
mol (acetaminophen), a skin rash appeared on day 5 of
fever (July 21), and 3 days later the patient sought med-
ical care.

The generalized maculopapular rash of the skin, in-
cluding the palms and soles of the feet observed on ad-
mission to the hospital is shown in Fig. 1A, and the es-
char of 6-7 mm diameter on the inner surface of the right
thigh in Fig. 1B. Physical examination revealed an as-
thenic febrile woman in moderate to severe condition,
with no meningeal or gastrointestinal symptoms. Liver
and spleen were of normal size, and no lymphadenopa-
thy was noted. Respiration rate was 20 per minute with
heavy breathing, pulse of 100 per minute, and blood pres-
sure 100/60 mmHg. EKG revealed sinus tachycardia, first-
degree atrioventricular block and left ventricular hyper-
trophy.

Clinical blood tests determined slight leukocytosis
(9.5 x 10° per L), increased level of stab neutrophils
(26%, norm 1%-6%) and decreased hemoglobin level —
104 g/L (120-140 g/L), as well as increased creatinine
(163 uM/L) and cholesterol (6.7 mM/L). AST, ALT and
bilirubin levels were within their normal range.

Tick-borne rickettsiosis was suspected, and oral doxy-
cycline was prescribed (100 mg twice a day for 7 days).
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Patient also received 2 g ceftriaxone (cephalosporin),
10 mg asparkam, 8 mg dexamethasone (cortisol) intra-
venously, and 3 mL diclofenac intramuscular. Patient’s
condition first improved after 3 days of treatment (July
26) with rash bleached significantly, although she com-
plained about knee pain. She returned to her normal level
of physical activity in another 24 hours and was dis-
charged from the hospital the next day for ambulatory
treatment and observation during her convalescence pe-
riod.

3. Laboratory investigation and results

On day 2 of treatment (July 25) a scab was removed
from the eschar and the underlying area was sampled
using a dry sterile cotton swab by gentle rotation in
the wound area and transferred into a sterile container
containing 200 pL of sterile PBS and stored at —20 °C.
Two separate DNA extractions were performed each us-
ing 100 pL of swab material using “Real Best Extrac-
tion 100” reagent kit according to the manufacturer’s in-
structions (“Vector-Best”, Novosibirsk), purified DNA was
eluted using 100 pL of the elution buffer as described
previously [11,12]. Each DNA was first tested in tripli-
cates for Rickettsia gltA fragment using “Real Best DNA
Rickettsia species” reagent kit (“Vector-Best”) and cor-
responding positive and negative controls included with
the kit. Amplification and sequencing larger portions of
Rickettsia gltA, ompA, ompB and sca4 was done accord-
ing to the previously described protocols [11,12]. Primers
used are listed in Supplementary Table S1. Consensus se-
quences were assembled using Sequencer and analyzed
using NCBI BLASTn. Four gene fragments were concate-
nated, and phylogenetic analysis was performed using
MEGA X [13]. The nucleotide sequences of the fragments
amplified from the patient sample were deposited in the
NCBI database under the following accession numbers:
0Q184719-0Q184722.
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Fig. 2. Amplification of 4 Rickettsia gene fragments used for identification of the etiological agents of clinical case studied. (A) Amplification of a 837-bp fragment
of the gltA using primers RS-F8 and RS-R1; (B) Amplification of a 316-bp fragment of the ompA using primers RSp-F14 and RSp-R2; (C) Amplification of a 813-bp
fragment of the ompB using primers PKO-ompB-F1 and PKO-ompB-R2; (D) Amplification of a 576-bp fragment of the sca4 using primers R.Sca4-F3 and R.Sca4-R1.
On each panel, lines 1 and 2 correspond to 2 replicate DNA extracted from the patient swab specimen, line 3 - sterile distilled water (no template control), line 4 —

R. sibirica positive control; line m — DNA ladder.
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Fig. 3. Relationship of Rickettsia species identified in patient sample from Crimea using the Maximum Parsimony method. Analysis of ompA-gltA-ompB-sca4 concate-
nated fragments was conducted in MEGA X [13]. Homologous sequences of the type strains of the Rickettsia species with standing in nomenclature were retrieved
from their whole genome sequences available in the NCBI GenBank. The most parsimonious tree is shown. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (500 replicates) are shown next to the branches. This analysis involved 33 nucleotide sequences. There were a total of

2376 positions in the final dataset.

Patient DNA tested positive by gltA qPCR with consis-
tent Ct = 27 cycles. Further PCR testing for larger frag-
ments of Rickettsia gltA, ompA, ompB and sca4 resulted in
corresponding amplicons of expected size (Fig. 2). BLAST
analysis of 4 sequenced gene fragments determined the
highest genetic similarity to homologous gene fragments
of R. conorii subspecies conorii Malish 7 including 100%
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similarity between their sca4 and ompA fragments, and 1
single nucleotide polymorphism (SNP) for each gltA and
ompB fragments. Furthermore, nucleotide sequences of
the ompA and sca4 from patient’s sample had 100% se-
quence similarity to homologous sequences of R. conorii
Crimea-2016-1 and R. conorii Crimea-2016-2 which were
previously identified in R. sanguineus from Crimea but
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had 1 SNP difference in its gltA sequence [11]. Phyloge-
netic analysis of ompA-gltA-ompB-sca4 concatenated gene
fragments further confirmed identification of the strain
isolated from the patient as R. conorii subspecies conorii
(Fig. 3).

4. Discussion

Several tick-borne spotted fever group rickettsiae have
been identified in Crimea; however, MSF is the only
rickettsiosis that has been diagnosed in the peninsula
[11,12,14]. Previously, we tested R. sanguineus collected
from different parts of Crimea and identified DNA of R.
conorii subspecies conorii in ticks collected in different
locales including Saki district [11,12]. In this study, we
molecularly confirmed a case of SFGR disease in Crimea
caused by R. conorii subspecies conorii and corroborated
the utility of eschar swab material as a source of DNA for
PCR-based diagnostics.

The strain causing clinical illness was characterized
as R. conorii subspecies conorii Malish 7-type, the largest
of the 3 genotypes of R. conorii subspecies conorii iden-
tified based on multigene sequence typing with cod-
ing genes [15]. Two other types are Moroccan and M1
types; these isolates have deletions in their correspond-
ing ompA sequences [15,16]. Follow-up studies will be
necessary to further analyze the genetic diversity of R.
conorii isolates circulating in the Crimean Peninsula and
other countries of the Black Sea basin using multispacer
typing. This approach identified 27 different genotypes
among 39 geographically diverse isolates of R. conorii
and revealed that contemporary R. conorii isolates from
the European foci of MSF are distinct from R. conorii
subspecies conorii Malish 7 from South Africa [15]. Al-
though such in depth analysis of R. conorii is not neces-
sary for clinical practice, multispacer typing may be use-
ful for identifying the source of a strain during outbreak
investigations.

Whole blood, white blood cells, plasma and serum have
been evaluated in numerous studies for their suitability
for molecular diagnosis of rickettsioses; however, the rick-
ettsial DNA load in human blood depends on Rickettsia
species and severity of the illness [17,18]. Only a limited
number of rickettsia cells are present in human blood dur-
ing a short period of time, and this drops significantly in
response to antibiotic therapy. Furthermore, it was also
shown that rickettsia quantity in patients suffering from
Rocky Mountain spotted fever has a circadian rhythm
and the largest numbers are present during early morn-
ing hours [19]. Therefore, a skin biopsy of eschar or skin
rash is considered more informative and reliable speci-
mens for confirmatory diagnosis of rickettsioses by PCR,
culture isolation or pathological evaluation [20,21]. Un-
fortunately, collecting these samples requires more inva-
sive procedures which are not as acceptable for pediatric
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patients or for eschars found on the face or other sensitive
areas of the skin [9,22,23].

Wang et al. reported their experience with using eschar
swabs for molecular diagnosis of SFG rickettsioses due to
R. australis and R. africae [23]. Subsequently, Bechah et al.
[22] applied the same approach to confirm acute infec-
tion by other rickettsiae causing eschars - R. conorii, R.
slovaca and R. sibirica mongolotimae, and demonstrated ex-
perimentally that rickettsia DNA can be detected in swabs
starting on day 3 and until day 12-20 of infection. Fur-
thermore, eschar scab is also a good source of rickettsial
DNA and can be used to confirm clinical diagnosis of SFG
rickettsiosis and determine its etiology [24]. It is expected
that broader availability of PCR-based diagnostics and its
use in regular clinical practice will improve routine diag-
nosis of spotted fever group rickettsioses and permit more
effective treatment of these diseases in the region.
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