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Abstract

Background: We report a mononucleosis-like illnesses case due to co-infection with severe fever with
thrombocytopenia syndrome virus (SFTSV) and spotted fever group rickettsia (SFGR), which to the best of our
knowledge, has never been reported .

Case presentation: A 64-year-old male with an 11-day history of fever, sore throat, malaise, nausea, and non-
pruritic rash was admitted to our emergency department. Prior to admission, he was bitten by ticks. Laboratory
tests revealed a white blood cell count of 24,460 cells/μL with 25% atypical lymphocytes and 20% mononucleosis,
thrombocytopenia. Test results were positive for SFTSV RNA, SFTSV-specific IgM antibody, and SFGR-specific IgM
antibody. He was diagnosed with mononucleosis-like illnesses due to co-infection with SFTSV and SFGR. After
administration of doxycycline, he recovered completely.

Conclusions: The clinical presentation may be atypical in co-infection with SFTSV and SFGR. This finding
highlighted the importance of considering SFGR infection, as well as a SFSTV and SFGR co-infection for the
differential diagnosis of patients bitten by ticks in SFTSV-endemic areas.
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Background
Severe fever with thrombocytopenia syndrome virus (SFTS
V), a novel phlebovirus, renamed Huaiyangshan banyang-
virus of the genus Banyangvirus, family Phenuiviridae, and
order Bunyavirales, was first identified in China [1, 2]. Re-
cently, SFTSV endemic areas have expanded from China to
South Korea and western Japan, whereas the Heartland virus,
which is closely related to SFTSV, was recently isolated in

the US [3–5]. Thrombocytopenia (< 100 × 109/L) and leuco-
penia (< 4.0 × 109/L) appear to be consistent laboratory fea-
tures of an SFTSV infection. Severe fever with
thrombocytopenia syndrome (SFTS) caused by SFTSV infec-
tion is transmitted by ticks. Spotted fever group rickettsiae
(SFGR) have been detected in Haemaphysalis longicornis
ticks in China, which is also a vector of SFTSV [6, 7]. Occa-
sionally, an SFGR and SFTSV co-infection can occur as a re-
sult of the same tick vector. Human infection with SFGR has
not previously been reported in Liaoning Province, Northeast
China; however, SFGR has been detected in hard ticks in
Northeast China [8]. Infectious mononucleosis (IM) is a clin-
ical syndrome caused by a primary Epstein-Barr virus (EBV)
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infection, which is common in young immune competent
adults. IM is characterized by the classic triad of fever, pha-
ryngitis, and lymphadenopathy. Laboratory tests are charac-
terized by atypical lymphocytes and lymphocytosis.
Moreover, EBV accounts for approximately 90% of clinical
presentations suggestive of IM. Similar clinical presentations
that are not attributed to EBV infections are referred to as
“mononucleosis-like illnesses” (MLIs) [9]. Herein, we report
the first case co-infected with SFTSV and SFGR in Northeast
China, which presented with MLIs.

Case presentation
A 64-year-old male with an 11-day history of fever, sore
throat, malaise, nausea, and non-pruritic rash was admit-
ted to our emergency department on June 4, 2013. Prior
to admission, he was treated with cephalosporins and
ibuprofen at a local hospital. On the sixth day of the ill-
ness, his condition worsened with the development of
severe fever, leukocytosis, thrombocytopenia, and
lymphadenopathy. He lived in an urban area and was
previously healthy. The patient reported that he had vis-
ited a hilly region of Jilin Province adjacent to Eastern
Liaoning Province 2 weeks prior, where he was bitten by
a tick.
Upon admission, his general status was moderate; a

physical examination revealed a high fever (axillary
temperature of 39.5 °C), throat congestion, exudative
tonsillitis, and lymphadenopathy with maculopapular
rashes and no eschar. The initial laboratory studies re-
vealed a white blood cell count of 24,460 cells/μL with
25% atypical lymphocytes and 20% mononucleosis,
thrombocytopenia, and increased immunoglobulin (Ig)
G (Table 1). Ultrasonography and computed tomog-
raphy revealed severe lymphadenopathy in the neck,
groin, abdomen, and mediastinum. Serum samples were
collected on day 12 of the illness to perform a sero-
logical differential diagnosis (Fig. 1).
Paired sera on the 11th and 18th day of onset were

test for cytomegalovirus (CMV), human herpesvirus 6
(HHV-6), herpes simplex virus-1 and 2, Brucella, and
the protozoan Toxoplasma gondii were positive only for
IgG antibodies to CMV. Antibodies specific for Hantaan
virus, Crimean-Congo hemorrhagic fever virus (CCHF
V), and various respiratory viruses (adenovirus, respira-
tory syncytial viruses A and B, influenza viruses A and
B, and parainfluenza virus types 1, 2, and 3) in paired
sera were negative. The samples were positive for
Epstein-Barr viral capsid IgG and EBV nuclear antigen
IgG antibodies. The results of the heterophile agglutin-
ation test were negative. The polymerase chain reaction
(PCR) analyses were negative for typhus, scrub typhus,
EBV, CMV, HHV-6, human granulocytic anaplasmosis,
Leptospira, and CCHFV. Human immunodeficiency
virus- and hepatitis virus-specific antibodies were

negative at the time of admission. The test results for
antinuclear antibodies, circulating immune complexes
and anti-neutrophil cytoplasmic antibodies were also
negative. The stool, blood, and urine samples were nega-
tive for routine bacterial cultures; however, the throat
cultures were negative. A bone marrow biopsy per-
formed on day 13 of disease onset was unremarkable.
The patient was diagnosed with MLIs; however, the

specific pathogen remained unidentified. Liaoning Prov-
ince is the only SFTSV-endemic area in Northeast China
[10]. The patient visited a hilly area adjacent to east
Liaoning Province prior to symptom onset and reported
being bitten by a tick. Although the patient’s presenta-
tion was not typical SFTS, the serum samples collected
on day 13 of the illness were sent to the diagnostic la-
boratory of infectious diseases of the Centers of Disease
Control in Liaoning Province for SFTSV analysis. These
samples were positive for SFTSV by real-time PCR, with
RNA loads of 2.5 × 106 copies/mL. The test result was
positive for SFTSV-specific IgM antibody, but negative
for SFTSV-specific IgG antibody. Thus, the patient was
diagnosed with MLIs attributed to SFTSV infection.
The patient received nutritional support therapy and

fluid supplementation upon admission. On
hospitalization day 3, intravenous Ig was initiated at a
dose of 30 g/day for 5 days. The patient’s condition did
not improve. SFTS is characterized by fever,
thrombocytopenia, leukocytopenia, and lymphadenop-
athy; however, the patient presented with MLIs, which
was not consistent with the typical clinical manifesta-
tions of an SFTSV infection. Since ticks can carry mul-
tiple pathogens, including emerging tick-associated
agents in mainland China [11], SFTSV co-infection with
other tick-borne agents (e.g., SFGR and B burgdorferi
sensulato) was under consideration. However, the test
for SFGR was not available in our laboratory at the time.
Since doxycycline is the recommended therapeutic regi-
men for rickettsia, anaplasma, ehrlichia, and Borrelia
burgdorferi sensulato infections, we prescribed doxycyc-
line at a dosage of 0.1 mg (twice daily) to cover other
tick-borne pathogens. The body temperature returned to
normal within 12 h following the administration of doxy-
cycline, and continued for 2 weeks after the body
temperature returned to normal. The leukocyte count
returned to normal levels, and the patient was dis-
charged on day 7 post-admission. At the 6-month
follow-up, recovery was complete.
In 2016, co-infection with SFTS and SFGR was re-

ported in SFTS endemic area in Central China [12]. In
2019, we retrospectively investigated SFGR infection
among SFTS patients whose blood samples on admis-
sion were stored at − 80ºC since 2010. Real-time PCR
and an ELISA (Spotted fever rickettsia IgM Antibody
Kit, FULLER) were performed. The patient’s serum

Zhao et al. BMC Infectious Diseases          (2021) 21:829 Page 2 of 5



collected on the eleventh day of onset 6 years prior, was
positive for SFGR-specific IgM antibody and negative for
SFGR-specific IgG antibody. The PCR test for B burg-
dorferi sensulato was negative. The patient was finally
retrospectively diagnosed with SFTSV co-infection with
SFGR 6 years after disease onset.

Discussion and conclusions
Concurrent infection with two emerging tick-borne
pathogens, SFTSV and SFGR, was documented by sero-
logical and molecular methods in this patient. SFTSV
co-infection with other tick-borne pathogens may occur
from the same tick bite. This patient is the first SFGR-
infected patient in Liaoning Province, Northeast China,
who was simultaneously co-infected with SFTSV. SFTS
patients typically present with fever, gastrointestinal
symptoms, hemorrhagic signs, or influenza-like illness
upon the acute onset of disease, which can range from
mild and self-limiting disease to severe disease with life-
threatening complications [10]. Because rickettsial

Table 1 Laboratory test results on admission

Laboratory test values on admission Value Reference values

CBC

Leukocytes (n/mm3) 24,460 3500–9, 500

Neutrophils (n/mm3) 9050 (37%) 1800–6, 300

Lymphocytes (n/mm3) 2446 (10%) 1100–3, 200

Monocytes (n/mm3) 4892 (20%) 100–600

atypical lymphocytes (n/mm3) 6115 (25%) 0

Hemoglobin (g/dL) 12.3 13.0–17.5

Platelets (n/mm3) 75,000 125,000-350,000

CRP (mg/L) 75.90 0.00–8.00

Biochemical tests

Alanine aminotransferase (U/L) 37 13–69

Aspartate aminotransferase (U/L) 28 15–46

Lactate dehydrogenase (U/L) 794 313–618

Alkaline phosphatase (U/L) 244 38–126

γ-GGT (U/L) 75 12–58

Albumin (g/L) 31.0 35.0–50.0

Total protein (g/L) 79.2 63.0–82.0

Na+ (mmol/L) 134.4 136–145

Coagulation

Activated partial thromboplastin time (s) 68.3 31.5–43.5

International normalized ratio 1.42 0.82–1.15

Urinalysis

Protein + Negative

pH 5.5 5.0–7.0

WBC (n/optical field) 2.40 0.00–2.08

RBC (n/optical field) 1.29 0.00–1.98

Fig. 1 Non-pruritic rash on the patient’s back
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infections are clinically similar to several viral infections,
they are difficult to distinguish from a viral infection
[13]. A rash is more common in SFGR than SFTS,
whereas thrombocytopenia (< 100 × 109/L) and leuco-
penia (< 4.0 × 109/L) appear to be consistent features of
an SFTSV infection [14]. The study by Lu et al. reported
that 82.2 and 83.7% of patients co-infected with SFTSV
and SFGR presented with leucopenia and
thrombocytopenia, respectively [12]. This case also dif-
fered from other SFTSV and rickettsia co-infected cases,
which have never been reported as MLIs.
A diagnosis of IM is frequently based on clinical pres-

entation, the presence of atypical lymphocytes on a per-
ipheral blood smear, and positive heterophile antibody
test. Serological testing for the identification of anti-
bodies against EBV-specific antigens is required to estab-
lish a definite diagnosis. Real-time PCR is a useful tool
to arrive at an early diagnosis of IM in cases involving
inconclusive serological results [15]. However, 10% of
IM cases cannot be attributed to an EBV infection. The
only positive Epstein-Barr viral capsid IgG and EBV nu-
clear antigen IgG antibodies, and negative results of het-
erophile agglutination test and EBV DNA indicated past
EBV infection for this case. Bacterial, protozoal, and her-
pesvirus infections are referred to as MLIs, which are a
rare manifestation. In addition, systemic disorders (e.g.,
sarcoidosis and malignancies) can also cause MLIs [9].
The symptoms of the present case were clinically similar
to those of IM, in laboratory and clinical presentations
(e.g., lymphadenopathy, skin rash, pharyngitis, and
splenomegaly), which differ from those of a typical
SFTSV infection. The patient could have been misdiag-
nosed if the epidemiological data had been ignored (i.e.,
history of tick bite and location of the bite). Although
SFTSV infection was confirmed in this patient, co-
infection with other tick-borne pathogens was also
under consideration due to the atypical clinical presenta-
tion. Because doxycycline is the recommended thera-
peutic regimen for rickettsia, anaplasma, ehrlichia, and
Borrelia burgdorferi sensulato infection, we prescribed
doxycycline to cover other tick-borne pathogens. At 12 h
post-doxycycline treatment, the patient’s body
temperature quickly returned to normal, and his condi-
tion quickly improved. A retrospective SFGR infection
test 6 years after admission proved that the patient suf-
fered from a co-infection with SFTS and SFGR, and the
treatment regimen was appropriate.
The symptoms common to SFTSV- and SFGR-

infected patients are not intensified in patients with an
SFTSV and SFGR co-infection in Henan Province, which
is a SFTS-endemic area located in Central China [12].
Less common hemorrhagic signs, especially gastrointes-
tinal hemorrhages, are exacerbated in SFTSV and SFGR
co-infected patients than in SFSV single-infected

patients [12]. Despite a prolonged international normal-
ized ratio, the patient did not exhibit any hemorrhagic
signs, which was partially attributable to a decreased
moderate platelet count in this patient. Nonetheless, the
pathogenesis of SFTS remains poorly understood. A
cytokine storm is associated with increased disease se-
verity [16, 17]. We suspected that the thrombocytopenia
observed in this patient was due to phagocytosis by
splenic macrophages [18]. Leukocytosis may be observed
when a secondary bacterial infection occurs in conjunc-
tion with SFTS. Moreover, an SFTSV infection associ-
ated with aplastic anemia and hemophagocytic
lymphohistiocytosis has also been reported [10].
The current recommended therapeutic regimen for

rickettsiosis is the administration of tetracyclines, and
doxycycline is the preferred agent due to its dosage
(twice daily) and superior patient tolerance [19]. To date,
no specific antiviral agents are available for the treat-
ment of SFTSV. The early diagnosis and treatment of
SFTSV infection can the improve clinical outcomes. Al-
though ribavirin can inhibit SFTSV activity in vitro, it
has little clinical efficacy for the treatment of SFTSV in-
fection [10, 20, 21]. Ig therapy may be efficacious against
SFTSV infection [22]. In addition, plasma exchange is a
potential therapy for severe SFTSV infection [23].
To the best of our knowledge, this case is the first re-

port of MLI induced by co-infection with SFTSV and
SFGR. This is also the first case of an SFGR-infected pa-
tient in Liaoning Province, Northeast China. Compared
with SFTSV or SFGR infection, the clinical presentation
may be atypical in co-infection with SFTSV and SFGR.
This finding highlighted the importance of considering
SFGR infection, as well as a SFSTV and SFGR co-
infection for the differential diagnosis of patients bitten
by ticks in SFTSV-endemic areas.
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