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Background: Dengue fever, rickettsial diseases, and Q fever are acute febrile illnesses with
similar manifestations in tropical areas. Early differential diagnosis of scrub typhus, murine typhus, and Q fever from dengue fever may be made by understanding the distinguishing clinical
characteristics and the significance of demographic and weather factors.
Methods: We conducted a retrospective study to identify clinical, demographic, and meteorological characteristics of 454 dengue fever, 178 scrub typhus, 143 Q fever, and 81 murine typhus cases in three Taiwan hospitals.
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Results: Case numbers of murine typhus and Q fever correlated significantly with temperature
and rainfall; the scrub typhus case number was only significantly related with temperature.
Neither temperature nor rainfall correlated with the case number of dengue fever. The rarity
of dengue fever cases from January to June in Taiwan may be a helpful clue for diagnosis in the
area. A male predominance was observed, as the male-to-female rate was 2.1 for murine typhus and 7.4 for Q fever. Multivariate analysis revealed the following six important factors for
differentiating the rickettsial diseases and Q fever group from the dengue fever group: fever
8 days, alanine aminotransferase > aspartate aminotransferase, platelets >63,000/mL, Creactive protein >31.9 mg/L, absence of bone pain, and absence of a bleeding syndrome.
Conclusion: Understanding the rarity of dengue in the first half of a year in Taiwan and the six
differentiating factors may help facilitate the early differential diagnosis of rickettsial diseases
and Q fever from dengue fever, permitting early antibiotic treatment.
Copyright ª 2015, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Dengue fever, scrub typhus, murine typhus, and Q fever are
common infections in tropical Asia and often present
initially as acute febrile illnesses of unclear etiology.1,2
Many clinical manifestations and laboratory results of
dengue fever2e4 resemble those of rickettsial diseases (such
as scrub typhus and murine typhus) and Q fever,5e9 which
makes an early diagnosis difficult. The local data revealed
the mortality rate of scrub typhus cases to be 1.5e3%10,11
and that of murine typhus to be 1.2%.12 The limited data
with regard to Q fever in Taiwan revealed no mortality.13
The mortality rate of dengue fever is 0.4%, but that of
dengue hemorrhagic fever is 8.7%.14 For suspected cases of
scrub typhus, murine typhus, and Q fever, empirical doxycycline is indicated to save lives. In cases of dengue fever,
careful observation for the occurrence of dengue hemorrhagic fever is warranted. Therefore, establishing an early
differential diagnosis of these diseases is important for
providing the appropriate antimicrobial therapy and carefully monitoring anticipated complications.
We retrospectively evaluated cases of dengue fever,
rickettsial diseases (scrub typhus and murine typhus), and Q
fever from three Taiwan hospitals located south of the
Tropic of Cancer. This tropical area has the highest case
numbers of dengue fever, rickettsial diseases, and Q fever
in Taiwan. In Taiwan, there are case series reports of Q
fever, scrub typhus, murine typhus, and dengue fever.15e17
Our aim was to compare the demographics and clinical
characteristics of dengue fever with those of rickettsial
diseases and Q fever in order to help with the establishment
of an early differential diagnosis. The associated incidence
of the four diseases each month and weather factors (i.e.,
temperature and rainfall) were also analyzed.

Methods
We retrospectively reviewed the charts of all the patients
with dengue fever, scrub typhus, murine typhus, or Q fever
in three Taiwan hospitals KMUH (Kaohsiung Medical University Hospital), KMHKH (Kaohsiung Municipal Hsaio-Kang
Hospital), and NCKUH (National Cheng Kung University
Hospital) from 1995 to 2009. The three hospitals that

provide about 20% of the hospital beds in the Kaohsiung and
Tainan regions are located in a region that is home to about
4,643,000 persons in an area of 5138 km2. This work was
approved by the Institute Ethics Committee of Kaohsiung
Medical University Hospital, Kaohsiung, Taiwan (KMUH-IRB960195 and KMUH-IRB-970216). The Institute Ethics Committee of Kaohsiung Medical University Hospital waived the
need for written informed consent from the participants
because of the nature of the study and the retrospective
collection of routine medical practice data. We collected
data including demographic characteristics (including age,
gender, and location), clinical manifestations, and laboratory results. All data analyzed were anonymized. The
characteristics of murine typhus cases in the study have
already been reported.12 Relative bradycardia was defined
as an increase in heart rate by <10 beats/min/ C increase
in temperature in the absence of cardiac arrhythmia, a
pacemaker, or administration of beta-blockers.18

Case definitions
All the laboratory diagnostic methods were performed at
the laboratories of the Center for Disease Control and Prevention, Taiwan. The diagnosis of dengue fever was
confirmed if one of the following criteria was met: (1) virus
isolation; (2) positive result of real-time polymerase chain
reaction; (3) positive result of higher-titer dengue-specific
immunoglobulin (Ig)M and IgG antibodies in a single serum
specimen, in which cross-reaction to Japanese encephalitis
had been excluded; or (4) positive seroconversion or 4-fold
rise in dengue-specific IgM or IgG antibody from the acute
phase compared with the convalescent phase.19 The diagnosis of Q fever was made based on the presence of fever
and a compatible serologic profile, which included at least a
4-fold increase in Phase II IgG titers between the acute and
convalescent sera or the presence of a significant titer of
Phase II IgM (1:50) by indirect immunofluorescence assay
at the Centers for Disease Control, Taiwan.6,20 Scrub typhus
was diagnosed from patients’ blood samples based on a
polymerase chain reaction analysis21 or the serology result
of an indirect microimmunofluorescence assay for Orientia
tsutsugamushi. Diagnostic immunofluorescence assay must
have met the following criteria: the total antibody titer for
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Karp, Kato, and Gilliam for strains of O. tsutsugamushi must
have had a 4-fold rise in paired positive serum samples or
antibody titer for IgM 1:80.9 The diagnosis of murine typhus was based on the presence of compatible symptoms
and signs (usually a febrile illness) and a significant serologic
profile, which required at least a 4-fold increase in IgG titers
between the acute and convalescent sera or the presence of
a significant immunofluorescence assay result against Rickettsia typhi of IgM (1:80).22

Statistical analysis
Statistical analyses were performed using a Chi-square test
or Fisher’s exact test for categorical variables and the t test
for continuous variables. Clinical and laboratory findings
were compared using SPSS version 12.0 for Windows (SPSS
Inc., Chicago, IL, USA). Selected variables in univariate
analysis were examined with the receiver-operating characteristic (ROC) curve for choosing the best cut-point
value. ROC curves were generated using MedCalc version
9.3.2.0 (MedCalc Software, Mariakerke, Belgium). A logistic
regression model for multivariate analysis was generated
for the significant variables in the univariate analysis. The
monthly average temperatures ( C) and rainfall (mm) in the
Tainan and Kaohsiung areas were obtained from the Central
Weather Bureau, Taiwan (http://www.cwb.gov.tw/V5e/
index.htm), and the average values of the two areas were
arbitrarily used to represent the outdoor temperature and
rainfall. The degree of linear relationship between case
numbers of dengue fever, rickettsial diseases, Q fever, and
average temperature ( C) per month was calculated using
Spearman’s rank correlation, and the correlation was
considered significant at the level of 0.01 (2 tailed).
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Results
A total of 178 scrub typhus, 143 Q fever, 81 murine typhus,
and 454 dengue fever cases were included in the study. The
majority of dengue fever cases (309 cases, 68.06%)
appeared between August and October (Fig. 1). The case
numbers of murine typhus and Q fever peaked in July, but
for scrub typhus it occurred in September. The overall case
numbers of Q fever, murine typhus, and scrub typhus per
month ranged from 11 cases in February to 57 cases in
September. The majority of rickettsial disease and Q fever
cases (251 cases, 62.43%) appeared between June and
October (Fig. 1). The distribution of temperature, rainfall,
and case numbers of the four diseases is presented in Fig. 1.
A significant correlation was noted between monthly
average temperatures ( C) and overall case numbers of the
rickettsial diseases and Q fever group [correlation coefficient (Rs) Z 0.851, p < 0.001]. The associations of temperature to the four diseases were as follows: Rs Z 0.823,
p Z 0.001 for murine typhus; Rs Z 0.643, p Z 0.024 for
scrub typhus; Rs Z 0.721, p Z 0.008 for Q fever; and
Rs Z 0.336, p Z 0.285 for dengue fever. The association
with rainfall was as follows: Rs Z 0.697, p Z 0.012 for the
rickettsial diseases and Q fever group. The associations of
rainfall with the four individual diseases were as follows:
Rs Z 0.622, p Z 0.031 for murine typhus; Rs Z 0.427,
p Z 0.167 for scrub typhus; Rs Z 0.717, p Z 0.009 for Q
fever, and Rs Z 0.126, p Z 0.696 for dengue fever. Among
demographic factors, the majority of cases of rickettsial
diseases and Q fever were 40e59 years old (Fig. 2A).
However, the majority of dengue fever cases were 30e69
years of age (Fig. 2B). Male predominant is obvious in
rickettsial diseases and Q fever (Fig. 2C), and the male-to-

Figure 1. Monthly distribution of the 402 cases of rickettsial infection and Q fever, and the 454 cases of dengue fever
(1992e2009), and their correlation with average temperature ( C) and rainfall (mm) in the Tainan and Kaohsiung areas.
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Figure 3. Age and gender distribution of the 402 cases of
rickettsial infection and Q fever, and the 454 cases of dengue
fever in southern Taiwan (1992e2009).

Figure 2. (A) Annual case numbers of rickettsial infection
and Q fever in the study sites (1992e2009). (B) Annual case
numbers of dengue fever in the study sites (1992e2009). (C)
Male-to-female ratios of the four diseases.

female ratio was 1.2 for scrub typhus, 2.1 for murine typhus, and 7.4 for Q fever cases.
The annual case numbers of the four diseases are presented in Fig. 3. Among Q fever and rickettsial diseases, Q
fever is the most common disease in NCKUH, but scrub typhus is the predominant disease in KMUH. All three diseases
are almost equivalent in KMHKH. The clinical and laboratory parameters in the dengue group and the rickettsial
diseases and Q fever group are presented in Table 1. For the
dengue fever group, the mean age was 46.26 years and 225
participants (49.6%) were male. For the rickettsial diseases
and Q fever group, the mean age was 47.93 years and 277
individuals (68.9%) were male. Laboratory parameters of

the dengue and the rickettsial diseases groups are presented in Table 2. Patients in the rickettsial diseases and Q
fever groups had significantly higher mean values than
dengue patients for initial alanine aminotransferase (ALT),
maximum ALT, initial aspartate aminotransferase (AST),
maximum AST, g-glutamyl transpeptidase, initial C-reactive
protein (CRP), initial white blood cells, initial platelet,
initial blood urea nitrogen, fever prior to admission, duration of hospitalization, defervescence after effective
therapy (days), and total duration of fever. Patients with
dengue fever had significantly lower mean values of
leukocyte and platelet counts.
The clinical characteristics of the patients with rickettsial diseases and Q fever are presented in Table S1. Patients
with Q fever had a significantly longer fever duration after
effective treatment (p < 0.001) and total duration of fever
(p < 0.001). The difference in laboratory parameters between the Q fever and rickettsial diseases groups are presented in Table S2. Patients in both groups had abnormal
liver function, but patients with Q fever had significantly
higher mean values of platelet counts. Patients in the
rickettsial diseases group had higher lactic acid dehydrogenase (LDH) levels than patients with Q fever (p Z 0.003).
The patients with Q fever usually had LDH levels two times
higher than the upper normal limit (mean, 211 IU/L). The
patients with scrub typhus or murine typhus tended to have
LDH levels 3.5 times that of the upper normal limit. Based
on ROC curve analysis, the sensitivity was 77.2% and specificity was 74.2% when an LDH level of 651 IU/L was used as
a criterion to differentiate between Q fever and rickettsial
diseases (area under curve: 0.772, 95% confidence interval:
0.706e0.829, p Z 0.0001).
After identifying the significant variables using univariate analysis (Tables 1 and 2), multivariate analysis was
performed with logistic regression. The variables selected
in the univariate analysis were further examined with the
ROC curve to choose the most suitable cut-point value
(Table 3). The cut-point value was 63,000/mL for platelet
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Table 1 Comparison of the clinical characteristics between the rickettsial diseases and Q fever group, and the dengue fever
group in southern Taiwan during 1995e2009
Characteristics

QSM groupa

Dengue fever

pb

Fever
Chills
Headache
Bone pain
Retrobulbar pain
Diarrhea
Cough
Nausea
Abdominal pain
Skin rash
Petechia
Gum bleeding
Eschar
Age (y)
Male
Relative bradycardia
Bleeding syndromed
Pain syndromee
No upper respiratory infection syndrome
Fever prior to admission (d)
Duration of hospitalization (d)
Defervescence after effective therapy (d)
Duration of fever (d)
Fever 8 d

394/400 (98.5)
232/361 (64.3)
200/363 (55.1)
45/355 (12.7)
12/354 (3.4)
53/355 (14.9)
115/362 (31.8)
73/325 (23.4)
70/330 (21.2)
86/355 (24.2)
3/402 (0.75)
0/302 (0)
74/320 (23.1)
47.93  16.51
277/402 (68.9)
151/330 (45.8)
5/340 (1.5)
224/345 (64.9)
103/334 (30.8)
7.0  4.9
7.3  5.2
4.2  5.2
10.8  7.4
240/375 (64)

414/421 (98.3)
180/223 (80.7)
221/290 (76.2)
209/272 (76.8)
77/218 (35.3)
98/243 (40.3)
113/282 (40.1)
141/259 (54.4)
101/226 (44.7)
185/339 (54.6)
130/223 (58.3)
56/215 (26)
0/454 (0)
46.26  16.93
225/454 (49.6)
90/218 (41.3)
188/309 (60.8)
319/359 (89.1)
308/424 (72.6)
3.4  1.7
6.0  2.5
2.9  2.4
6.2  2.5
70/337 (20.8)

0.852
<0.001
<0.001
<0.001
<0.001
<0.001
0.03
<0.001
<0.001
<0.001
<0.001c
<0.001c
<0.001c
0.146
<0.001
0.302
<0.001c
<0.001
0.002
<0.001
<0.001
0.003
<0.001
<0.001

a

QSM group includes 132 patients with scrub typhus, 119 with Q fever, and 64 with murine typhus in three Taiwan hospitals during the
period of 1995e2009.
b
Determined using c2 test.
c
Determined using Fisher’s exact test.
d
Bleeding syndrome definition: positive tourniquet test, petechiae, gum bleeding, epistaxis, menorrhalgia, or gastrointestinal
bleeding.
e
Pain syndrome definition: headache, retro-orbital pain, bone pain, muscle pain, and arthralgia; upper respiratory infection syndrome
definition: cough, sputum, rhinorrhea, or sore throat.
Data are presented as n/N (%).
QSM group Z rickettsial diseases and Q fever group.

counts (sensitivity: 89.6, specificity: 34.2), 31.9 mg/L for
CRP (sensitivity: 79.7%, specificity: 82.2%), 12.4 g/dL for Hb
(sensitivity: 27.7%, specificity: 79.4%), and 4670/mm3 for
white blood cell counts (sensitivity: 80%, specificity:
64.9%). Multivariate analysis revealed six factors useful for
differentiating the rickettsial diseases and Q fever group
from the dengue fever group, which include fever 8 days,
ALT > AST, platelet counts, CRP levels, absence of bone
pain, and absence of a bleeding syndrome (Table 3).

Discussion
For the differential diagnosis of dengue fever versus rickettsial diseases and Q fever, clinicians may first consider
the difference in local disease incidence each month.
Rickettsial diseases and Q fever were constantly seen in
southern Taiwan in every month of the year. By contrast,
the occurrence of dengue fever was primarily observed in
the latter half of the year. The rarity of dengue fever cases
from January to June in Taiwan would be helpful in making
a tentative diagnosis. However, the occurrences of

rickettsial diseases and Q fever in these months were less
too. Therefore, the six clinical characteristics identified in
the study for an early differential diagnosis will be more
important.
Our results revealed that the occurrences of murine typhus and Q fever correlated significantly with temperature
and rainfall; scrub typhus was only significantly related
with temperature. Neither temperature nor rainfall correlated with the case numbers of dengue fever. The fact that
temperature had a strong impact on the occurrence of
murine typhus and scrub typhus is consistent with a finding
in southern France that warmer weather is associated with
tick attacks and occurrences of rickettsioses.23 It has also
been demonstrated that rainfall, minimum temperature,
and relative humidity were with 3-month lag and 1-month
lag of high mosquito larval density and were significant
predictors of dengue fever incidence in Kaohsiung, a major
city in southern Taiwan.24,25 It is likely that suitable
weather conditions for a period of time are essential for the
mosquito vectors to adequately proliferate for an endemic
dengue fever outbreak to occur. However, we did not assess
a time-lag effect with regard to weather factors on the case
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Table 2 Comparison of clinical laboratory data between the rickettsial diseases and Q fever group, and the dengue fever
group in southern Taiwan during 1995e2009
Characteristics

QSM groupa

Dengue fever

p

Initial AST (IU/L)
Maximum AST (IU/L)
Initial ALT (IU/L)
Maximum ALT (IU/L)
AST/ALT >1 (%)
Alkaline-phosphatase (IU/L)
g-Glutamyl transpeptidase (mg/dL)
LDH (IU/L)
Serum creatinine (g/L)
Initial CRP (mg/L)
Initial WBC (/mm3)
Initial hemoglobin (g/L)
Initial platelets (/mm3)
Prolongation of aPTT (%)
Initial blood urea nitrogen

144.68  164.5
170.28  258.93
148.4  145.46
165.2  182.3
141/278 (50.7)
226.52  212.36
167.83  145.66
597.84  699.64
1.46  3.35
86.29  79.24
7.08  3.19
13.81  3.97
137.63  71.4
140/188 (74.5)
15.47  17.99

112.39  1684.4
114.27  168.18
78.01  111.7
79.6  112.13
305/350 (87.1)
205.75  193.46
79.01  85.23
852.71  422.45
1.27  1.53
20.50  21.88
4.38  2.29
13.7  1.7
101.79  65.53
225/255 (88.2)
13.0  7.92

0.009
<0.001
<0.001
<0.001
<0.001
0.517
<0.001
0.052
0.339
<0.001
<0.001
0.658
<0.001
<0.001
0.024

a
QSM group includes 178 patients with scrub typhus, 143 with Q fever, and 81 with murine typhus in three Taiwan hospitals from 1995
to 2009.
Data are presented as n/N (%) or mean  SD.
ALT Z serum alanine aminotransferase; aPTT Z activated partial thromboplastin time; AST Z serum aspartate aminotransferase;
CRP Z C-reactive protein; LDH Z lactic acid dehydrogenase; QSM group Z rickettsial diseases and Q fever group; WBC Z white blood cells.

numbers of the four tropical diseases owing to the small
case numbers of dengue fever in this study.
Among the demographic factors, male predominance
was apparent among the rickettsial diseases in our study
cohort. The male-to-female ratio for scrub typhus in our
study was 1.2. This ratio was 2.1 for murine typhus and 7.4
for Q fever cases. In the related literature, the ratio for
scrub typhus is in the range of 0.518e1.1,26e28 for murine
typhus cases 0.67e1.50,29,30 and for Q fever 1.6e2.5.31e33
The male-to-female ratio for Q fever was higher than murine typhus and scrub typhus in our study and in other reports. A possible explanation for this observation is
presented in a study on mice with Q fever, which revealed a
protective role for 17 beta-estradiol,34 and the predisposition of scrub typhus, murine typhus, and Q fever in men
may be related to more chances of staying outdoors. By
contrast, dengue fever did not have this feature of male
predominance.
Based on the analysis of the clinical and laboratory
characteristics of the patients in this study, 27.2% of patients with scrub typhus had eschar, which was very helpful
Table 3 Multivariate logistic regression analysis for differentiation of rickettsiosis/Q fever and dengue fever
Variables

Odds
ratio

95% CI

p

Total fever 8 d
ALT/AST >1
Platelets >63,000/mL
C-reactive protein
>31.9 mg/L
No bone pain
No bleeding syndrome

14.68
13.18
24.69
44.93

2.81e76.63
2.15e80.86
3.66e166.40
7.401e272.73

0.001
0.005
0.001
<0.001

87.56
89.34

14.25e538.06
7.18e1111.55

<0.001
<0.001

CI Z confidence interval.

for the early diagnosis of this disease. Skin rash was more
common for patients with dengue fever (54.6%) as
compared to those with rickettsial diseases and Q fever
(24.2%). Only a minority (2.8%) of patients with Q fever had
a skin rash, indicating that the absence of a rash may be a
marker for Q fever. With multivariate analysis, six factors
were significantly different between the dengue group and
the rickettsial diseases and Q fever groups. CRP levels of
>31.9 mg/L had the highest odds ratio (OR), and this may
have been due to an elevated CRP response to bacterial
infection (rickettsial diseases and Q fever group) relative to
virus infection (dengue fever group). The cut-point of the
platelet counts for not suspecting dengue fever was found
to be 63,000/mL, with an OR of 24.69. Although ALT > AST
was significantly associated with dengue fever, this factor
may not be clinically practical because both percentages
were >50%. The absence of bone pain and bleeding syndromes were useful for predicting a lower likelihood of
dengue infection (OR: 87.56 and 89.34, respectively). If a
patient had a fever for >7 days, dengue fever was less
likely than rickettsial infections or Q fever (OR: 14.67).
Despite some of the above differences, these four diseases may appear frequently from late summer to autumn,
and some febrile cases can be extremely difficult to
differentially diagnose clinically. At this time, clinicians
may consider treating febrile cases with tetracycline/
doxycycline first, under the suspicion of dengue fever, Q
fever, or rickettsial diseases, as rickettsial disease and Q
fever cases can benefit from this early empirical therapy.
There is an increasing trend of case numbers of dengue,
Q fever, and rickettsial diseases from 1992 to 2009. This
phenomenon can partly be attributed to the fact that clinicians are gaining experience and have a heightened
alertness level in terms of the diagnosis of tropical diseases. In addition, the average temperature in Taiwan
increased by 0.8 C in the past 100 years, according to the
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data of Central Weather Bureau of Taiwan [The Central
Weather Bureau, Taiwan. Available at: http://www.cwb.
gov.tw/V7/climate/climate_info/statistics/pdf/other.pdf
(date accessed: May 28, 2014)].
According to the related literature a number of factors
influence the transmission of Q fever, including vegetation,
soil humidity, low groundwater level, and wind direction.35
Rainfall and vegetation will influence soil humidity, which
will reduce the amount of dust available for dispersion of
bacteria. In addition, the effect of temperature and moisture on the Rickettsia felis infection in Ctenocephalides
fleas had been reported.36 It could be possible that the
increase in temperature is also a cause of the increased
case numbers of these four tropical diseases. However, the
exact impact of weather change on these tropical diseases
in Taiwan clearly requires further investigation.
Scrub typhus is transmitted to humans by the larval
mite, and murine typhus is transmitted by the fleas of rodents.12 There is an extensive wildlife and arthropod
(mainly ticks) reservoir of Coxiella burnetii, and cattle,
sheep, and goats are common sources of transmitting this
microorganism to humans.37 Therefore, occupational
groups including abattoir workers and veterinarians are at
risk of C. burnetii infection, while rural activity is regarded
as a risk factor for rickettsiosis.38,39 Furthermore, suspected patients who have been active in outdoor leisure
activities with increased exposure to and contact with
vectors should also be considered for early differential
diagnosis.12,13,40
Our study had the following limitations. The male predominance in the rickettsial diseases group could be
affected by the difference in travel and occupational
exposure between genders, but this could not be elucidated because detailed travel, occupation, and rural life
histories of most of the patients were lacking. In this study,
imported dengue cases were excluded from analysis; it was
appropriate to exclude imported cases to correlate the
dengue case numbers with weather factors. The relationship between the occurrence of diseases and the meteorological data by season category was not analyzed due to
the vague differences in weather factors over the typical
four seasons in such tropical areas.
In summary, our findings suggested methods for clinicians to distinguish between these two types of infections.
Based on the six factors that help differentiate between
the rickettsial diseases and dengue fever groups (fever  8
days, ALT/AST > 1, platelet count > 63,000/mL,
CRP > 31.9 mg/L, absence of bone pain, and absence of a
bleeding syndrome), an early suspicion of rickettsial diseases would allow for the early administration of antibiotic
treatment in an effort to help save lives.
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