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Tetracyclines are administered to cure Japanese spotted fever (JSF) and tsutsugamushi disease (TD). It is generally said that the
clinical course of JSF is worse than that of TD despite antibiotic treatment. The precise mechanism underlying the more severe
clinical course of JSF is not fully understood. We therefore examined whether the differential cytokine profile between these two
infectious diseases contributes to the difference in clinical severity. The serum concentrations of various cytokines (tumor ne-
crosis factor alpha [TNF-�], interleukin-6 [IL-6], and gamma interferon [IFN-�]) and chemokines (IL-8, interferon-inducible
protein 10 [IP-10], monocyte chemoattractant protein 1 [MCP-1], macrophage inflammatory protein 1� [MIP-1�], MIP-1�, and
eotaxin) were measured in 32 TD and 21 JSF patients. The results showed that serum levels of TNF-� in the acute phases of TD
and JSF were significantly increased, with a higher concentration of TNF-� in patients with JSF (mean, 39.9 pg/ml) than in those
with TD (mean, 13.8 pg/ml). Comparatively higher levels of other cytokines and chemokines (IL-6, IFN-�, IL-8, IP-10, MCP-1,
MIP-1�, and MIP-1�) were also observed in the acute phase of JSF. The clinical severity score (3.67 � 1.71) of JSF patients was
higher than that of TD patients (1.47 � 0.77). Our findings revealed that the cytokine and chemokine levels in the acute phase of
JSF were significantly higher than those in the acute phase of TD. The differential cytokine levels may be related to the difference
in clinical severity between JSF and TD.

Scrub typhus, also known as tsutsugamushi disease (TD), is a
mite-borne infection caused by Orientia tsutsugamushi that

occurs frequently in Southeast Asia. The vector of this disease is
the trombiculid mite, also known as tsutsugamushi, which resides
in mountainous areas and around rivers throughout Southeast
Asia. In Japan, the number of cases of TD is approaching 500 per
year (1, 2). TD is characterized by fever, rash, and eschar (3). Both
minocycline and doxycycline are effective for treating TD and
eradicating O. tsutsugamushi, and marked defervescence is ob-
served in the majority of patients within 24 h after commence-
ment of tetracyclines (4, 5).

Japanese spotted fever (JSF), caused by Rickettsia japonica, was
first reported in Japan in 1984 (6–9). Areas where JSF is endemic
are located along the southwestern and central coastal areas of
Japan, which have a warmer climate (9). The clinical manifesta-
tions (high fever, rash, and tick bite eschar) of JSF are similar to
those of TD (3, 10). Tetracyclines are recommended for clinically
suspected cases of JSF (5), and complications like pneumonia,
meningitis, disseminated intravascular coagulation, and systemic
inflammatory response syndrome (SIRS) leading to multiple or-
gan failure may result if tetracyclines are not administered early
(11, 12).

It is generally said that the clinical course of JSF is worse than
that of TD despite antibiotic treatment. The mortality rate of TD
was reported to be 7% in untreated classical cases, while the mor-
tality rate of Rocky Mountain spotted fever in the preantibiotic era
was 20% to 25%, and the recent mortality rate, due to delay in
diagnosis and therapy, was reported to be 5% (13). Compared
with these mortality rates, it is important to recognize that the
mortality rate of JSF may be similar to that in patients with Rocky
Mountain spotted fever, which is the most lethal rickettsiosis. The
precise mechanism underlying the more severe clinical course of
JSF is not fully understood, and in the future, a larger number of
patients should be investigated. It has been hypothesized that fatal

JSF is associated with hypercytokinemia (14); however, no studies
that elaborate cytokine levels in the acute phase of JSF exist.

In the present study, we measured the concentrations of several
cytokines and chemokines in patients with TD and JSF before and
after the administration of minocycline and compared the levels
in the acute phases of JSF and TD. We believe our study is of great
interest to physicians involved in the treatment of patients with
rickettsial infection.

MATERIALS AND METHODS
Patient characteristics and diagnosis. This prospective study was ap-
proved by the Institutional Review Board of the Faculty of Medical Sci-
ence of the University of Fukui. Serum cytokine and chemokine levels
were examined in 53 Japanese patients (25 males and 28 females; age
range, 13 to 86 years) with confirmed rickettsial disease, which included
32 patients with confirmed O. tsutsugamushi infection diagnosed between
2003 and 2009 in Tanabe City, Wakayama Prefecture, Japan, and 21 pa-
tients with confirmed R. japonica infection diagnosed between 2007 and
2008 in the mountainous region of Misen, Shimane Prefecture, Japan.
Detailed history taking and a physical examination for rash and eschar
were performed in all patients (Table 1). The diagnosis of rickettsiosis was
based on a rise in serum IgM antibody titer or a 4-fold rise in serum IgG
antibody titer to strains of O. tsutsugamushi or R. japonica using an indi-
rect immunoperoxidase antibody test performed on paired serum sam-
ples collected during the acute (1 to 7 days after disease onset) and con-
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valescent phases (14 to 21 days after onset). Its sensitivity was 99.1% and
specificity was 98.9% for reactivity to IgM and IgG (15, 16).

Modified clinical severity scoring of rickettsial infections. We used
the clinical severity scoring system which was presented by Kern et al. for
Mediterranean spotted fever, with minor modifications to adjust it to
tsutsugamushi disease (17). Disease severity was evaluated using a modi-
fied scoring system based on the clinical scoring system reported by Iwa-
saki et al. (18). In brief, the score was calculated as the sum of different
point values assigned to specific criteria: points were assigned to the clin-
ical manifestations of fever (1 or 2 points), severe myalgia (1 point),
lymphadenopathy (1 point), hepatosplenomegaly (1 point), liver dys-
function (1 point), thrombocytopenia (1 or 2 points), disseminated intra-
vascular coagulation (2 points), and central nervous system disorder (3
points) (Table 2). These scores, with total possible points ranging from 0
to 15, were determined on the basis of laboratory data and major symp-
toms on admission.

Cytokines and chemokines in patients with TD and JSF. Sera taken
from patients with TD and JSF were collected at the first clinic visit (acute
phase) and 2 weeks after initiation of minocycline therapy (convalescent
phase) and were frozen within 8 h of receipt and stored at �80°C until
analysis. In our experience, the freezing of sera does not affect the results
on retesting (19). All serum cytokine and chemokine levels were measured
simultaneously using multiplex bead immunoassays. Multiplex bead im-
munoassays (Bio-Plex suspension array system; Bio-Rad Laboratories,
Inc., CA, USA) were used to quantify cytokines and chemokines simulta-
neously by following the manufacturer’s instructions (20). This novel
immunoassay uses color-coded beads and permits the simultaneous de-
tection of up to 100 cytokines and chemokines in a single well of a 96-well

microplate in just 3 h (21–23). The serum levels of the following cytokines
and chemokines were assessed: tumor necrosis factor alpha (TNF-�), in-
terleukin-6 (IL-6), gamma interferon (IFN-�), IL-8, interferon-inducible
protein 10 (IP-10), monocyte chemoattractant protein 1 (MCP-1), mac-
rophage inflammatory protein 1� (MIP-1�), MIP-1�, and eotaxin. The
concentrations of each cytokine and chemokine in the acute and conva-
lescent phases are reported.

Statistical analysis. All data are presented as the mean � standard
deviation (SD). Student’s t test was performed to analyze differences in the
data using statistical software (Microsoft Excel 2010; Microsoft Corpora-

FIG 1 Comparison of the peak temperatures (A) and clinical severity scores
(B) of patients with tsutsugamushi disease (TD) and Japanese spotted fever
(JSF).

TABLE 1 Clinical characterization of TD and JSFa

Criterion

No. (%) of patients with:

TD (n � 32) JSF (n � 21)

Eschar 28 (87.5) 20 (95.2)
Skin rash 30 (93.8) 21 (100)
Fever (�38°C) 21 (65.6) 21 (100)
Lymph node swelling 7 (21.9) 7 (33.3)
Thrombocytopenia (PLT 	 50,000/mm3) 13 (40.6) 4 (19.0)
Liver dysfunction (ALT � 40 IU/liter) 18 (56.3) 21 (100)
Disseminated intravascular coagulation 2 (6.3) 4 (19.0)
Central nervous system disorder 1 (3.1) 3 (14.3)
a The revised clinical severity scores (mean � standard deviation) were 1.47 � 0.77 for
TD patients and 3.67 � 1.71 for JSF patients. ALT, alanine aminotransferase; PLT,
platelet.

TABLE 2 Revised clinical severity scoring system

Criteriona Score

Fever of:
�38°C 1
�39°C 2

Severe myalgia 1
Lymph node swelling 1
Hepatosplenomegaly 1
Liver dysfunction (ALT � 40 IU/liter) 1

Thrombocytopenia with PLT counts of:
	100 
 109/liter 1
	50 
 109/liter 2

Disseminated intravascular coagulation 2
Central nervous system disorder 3
a ALT, alanine aminotransferase; PLT, platelet.
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FIG 2 Serum cytokine and chemokine levels during the acute and convalescent phases of TD and JSF. Serum cytokines TNF-� (A), IL-6 (B), and IFN-� (C) and
chemokines IL-8 (D), IP-10 (E), MCP-1 (F), MIP-1� (G), MIP-1� (H), and eotaxin (I) were measured using multiplex bead immunoassays. The concentrations
of cytokines and chemokines in the acute and convalescent phases are shown. N.S., not significant.
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tion, Redmond, WA, USA). A P value of 	0.05 was considered statistically
significant.

RESULTS
Clinical features of TD and JSF. All clinically suspected cases of
rickettsial infection underwent indirect immunoperoxidase
antibody testing performed on paired serum samples collected
during the acute and convalescent phases. The IgM antibody
titers were more than 1:640 during the acute phase in each case,
and IgG antibody titers also increased more than 1:640 in the
convalescent phase (data not shown). The following strains of
O. tsutsugamushi were identified: Gilliam (n � 0), Karp (n � 2),
Kato (n � 0), Irie/Kawasaki (n � 24), Hirano/Kuroki (n � 6), and
Shimokoshi (n � 0). Patient demographics and clinical and labo-
ratory data are summarized in Table 1. O. tsutsugamushi and R.
japonica differ in their antigenic determinants, and accordingly,
there was no overlap of the serologic assays for TD and JSF. The
peak temperatures of fever in patients with JSF were higher
than those in patients with TD (39.2 � 0.7°C versus 38.1 � 0.7°C)
(Fig. 1A). Moreover, patients with JSF had a higher clinical sever-
ity score (3.67 � 1.71) than patients with TD (1.47 � 0.77) (Fig.
1B). Patients were given 100 to 200 mg/day minocycline intrave-
nously or per os for 3 to 10 days, and all responded well to treat-
ment.

Serum cytokine and chemokine levels during minocycline
treatment of TD and JSF. The serum levels of TNF-�, IL-6,
IFN-�, IL-8, IP-10, MCP-1, MIP-1�, and MIP-1� were ele-
vated in almost all patients during the acute phase of rickettsial
disease (Fig. 2A to I). Compared with the acute phase, the

serum concentrations of these cytokines and chemokines were
significantly decreased in the convalescent phase. In contrast,
eotaxin levels were unchanged in the acute and convalescent
phases. We next examined whether serum levels of cytokines
and chemokines were significantly different between TD and
JSF in the acute phase. The mean concentrations of cytokines
and chemokines in patients infected with O. tsutsugamushi or R.
japonica are shown in Table 3. The serum concentrations of
TNF-� in patients with JSF (35.0 pg/ml) were significantly higher
than those in patients with TD (13.8 pg/ml). Similarly, the serum
levels of cytokines IL-6 (65.8 pg/ml versus 11.6 pg/ml) and IFN-�
(220.3 pg/ml versus 73.4 pg/ml) and chemokines IL-8 (46.3 pg/ml
versus 13.2 pg/ml), IP-10 (12,298.3 pg/ml versus 3,215.9 pg/ml),
MCP-1 (1,365.8 pg/ml versus 467.5 pg/ml), MIP-1� (53.9 pg/ml
versus 15.0 pg/ml), and MIP-1� (127.7 pg/ml versus 88.5 pg/ml)
in JSF patients were significantly higher than those in TD patients.
However, there was no significant difference in the concentration
of eotaxin between the acute phases of TD and JSF (67.1 pg/ml
versus 68.2 pg/ml). On the other hand, in the convalescent phase,
the serum levels of TNF-�, IL-8, and MCP-1 in JSF patients were
significantly higher than those in TD patients, and there were no
significant differences in other cytokines and chemokines between
TD and JSF patients (Table 3).

Positive correlations exist between TNF-� and IL-8 (r � 0.876)
(Fig. 3A) and between TNF-� and IP-10 (r � 0.704) (Fig. 3B) in
the acute phase of JSF. In contrast, no significant correlation was
observed between TNF-� and other cytokines and chemokines in
the acute phase of TD.

FIG 2 continued
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DISCUSSION

In the present study, the levels of cytokines and chemokines were
significantly higher in the acute phase of JSF than in the acute
phase of TD. Consistent with this, a positive correlation between
TNF-� and IL-8 (r � 0.876), as well as between TNF-� and IP-10
(r � 0.704), was observed in the acute phase of JSF. We speculate
that the severity of JSF is related to hypercytokinemia. Systemic
inflammatory reactions are regulated by a complicated cytokine
network, and the production of proinflammatory cytokines and
chemokines is essential in the immune response against patho-
gens. Regulation of cytokine and chemokine production is neces-
sary for an appropriate host response; however, tissue damage
may result from activation of immune cells due to the overpro-

duction of cytokines and chemokines. The unregulated and exces-
sive systemic release of numerous cytokines and chemokines in a
life-threatening infection can cause systemic disorders and lead to
fatal consequences like septic shock or SIRS (24, 25). We estimate
that hypercytokinemia may contribute to the disease severity of
rickettsiosis, including JSF. For instance, fulminant TD has been
associated with hemophagocytic syndrome (10), and this syn-
drome may represent a hyperreaction of the immune system me-
diated by an overactivated cytokine network during the advanced
stages of rickettsial infection (19, 26–28). We previously reported
that a downregulation of these cytokines and chemokines is ob-
served after the administration of tetracyclines, demonstrated a
correlation between the severity of TD and the serum concentra-
tion of TNF-� in the acute phase of the disease, and showed that
TNF-� levels are predictive of the severity of TD (18, 19, 29, 30). In
relation to other spotted fever group infections, it is reported that
Mediterranean spotted fever is characterized by a Th1 cytokine
profile, and the patient’s immune system responds with proin-
flammatory and immunoregulatory cytokine production (IL-1�,
TNF-�, IL-6, IFN-�, IL-8, IL-10, and IL-12) that accompanies the
rickettsial vasculitis and contributes to the healing process (31).
The cytokine profiles for JSF and MSF were not much different
from each other. No cytokines were characteristic of JSF, in con-
trast with what was observed for other rickettsioses. It is generally
said that the clinical course of JSF is worse than that of TD despite
antibiotic treatment, and in cases of severe JSF with complications
where monotherapy with either minocycline or doxycycline was
not effective, such patients can be successfully treated using tetra-
cyclines combined with quinolones (ciprofloxacin, levofloxacin,
etc.) (32). However, in this study, although we examined correla-
tions between the severity of JSF and some cytokine levels, we
could not show any significant difference. It is unclear whether the
severity of JSF is related to the serum concentrations of cytokines
and chemokines in the acute phase of the disease. Although the
precise mechanism underlying the disease severity of JSF is not
well understood, our study provides insight into the possible con-
tribution of cytokines and chemokines in the pathogenesis of this
disease.

In conclusion, the present study showed that the serum cyto-
kine and chemokine levels were significantly higher in JSF than in
TD. We suspect that the differences in cytokine and chemokine

TABLE 3 Differences in cytokine and chemokine levels between TD and
JSF patients

Disease phase and
cytokine or
chemokinea

Avg level � SD (pg/ml) in patients with:
P
valuebTD (n � 32) JSF (n � 21)

Acute
TNF-� 13.8 � 13.5 35.0 � 27.5 	0.001
IL-6 11.6 � 17.2 65.8 � 73.4 	0.01
IFN-� 73.4 � 78.1 220.3 � 228.0 	0.001
IL-8 13.2 � 10.5 46.3 � 35.3 	0.001
IP-10 3,215.9 � 2,786.1 12,298.3 � 9,539.4 	0.001
MCP-1 467.5 � 492.0 1,365.8 � 816.7 	0.001
MIP-1� 15.0 � 25.3 53.9 � 41.0 	0.001
MIP-1� 88.5 � 63.5 127.7 � 54.0 	0.05
Eotaxin 67.1 � 31.7 68.2 � 40.1 NS

Convalescent
TNF-� 4.1 � 4.4 6.8 � 6.9 	0.05
IL-6 0 � 0 2.2 � 7.0 NS
IFN-� 3.5 � 3.7 16.7 � 7.5 NS
IL-8 6.1 � 7.5 18.5 � 23.3 	0.01
IP-10 550.8 � 534.2 730.9 � 805.2 NS
MCP-1 253.9 � 229.1 553.3 � 153.3 	0.001
MIP-1� 7.3 � 13.9 9.5 � 16.9 NS
MIP-1� 63.7 � 46.2 65.7 � 29.6 NS
Eotaxin 77.7 � 31.8 65.3 � 40.4 NS

a Normal levels: TNF-�, 	2.3 pg/ml; IL-6, 	3.0 pg/ml; IFN-�, 	7.3 pg/ml; IL-8, 	3.0
pg/ml; IP-10, MCP-1, MIP-1� and MIP-1�, normal levels not determined.
b P values were determined by t test. NS, not significant.

FIG 3 Relationships between TNF-� and IL-8 (A) (r � 0.876) and between TNF-� and IP-10 (r � 0.704) (B) in the acute phase of JSF.
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levels contribute to the difference in disease severity between JSF
and TD.
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