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Abstract. A descriptive study on rickettsiosis was conducted at the largest referral hospital in Hanoi, Vietnam, to
identify epidemiological and clinical characteristics of specific rickettsiosis. Between March 2001 and February 2003, we
enrolled 579 patients with acute undifferentiated fever (AUF), excluding patients with malaria, dengue fever, and
typhoid fever, and serologically tested for Orientia tsutsugamushi and Rickettsia typhi. Of the patients, 237 (40.9%) and
193 (33.3%) had scrub and murine typhus, respectively, and 149 (25.7%) had neither of them (non–scrub and murine
typhus [non-ST/MT]). The proportion of murine typhus was highest among patients living in Hanoi whereas that of
scrub typhus was highest in national or regional border areas. The presence of an eschar, dyspnea, hypotension, and
lymphadenopathy was significantly associated with a diagnosis of scrub typhus (OR = 46.56, 10.90, 9.01, and 7.92,
respectively). Patients with murine typhus were less likely to have these findings but more likely to have myalgia, rash,
and relative bradycardia (OR = 1.60, 1.56, and 1.45, respectively). Scrub typhus and murine typhus were shown to
be common causes of AUF in northern Vietnam although the occurrence of spotted fever group rickettsiae was
not determined. Clinical and epidemiological information may help local clinicians make clinical diagnosis of specific
rickettsioses in a resource-limited setting.

INTRODUCTION

Rickettsial infection is one of the common causes of acute
undifferentiated fever (AUF) in Southeast Asia after malaria,
dengue fever, and typhoid fever have been excluded.1,2 There
are threemajor rickettsiae causing disease:Orientia tsutsugamushi,
the pathogen of scrub typhus, Rickettsia typhi, the pathogen
of murine typhus, and the spotted fever group rickettsiae
(SFGR). They are transmitted by arthropods, the larval stage
of trombiculid mites, the oriental rat flea (Xenopsylla cheopis),
and mainly the larval to adult stage of ticks, respectively,
and the infection cycles are maintained by the mite itself
for O. tsutsugamushi, rats and fleas for R. typhi, and animal
hosts and ticks for the SFGR.3 Therefore, disease distribu-
tion is largely determined by the distribution of these vec-
tors and reservoirs.3

An accumulating number of studies have reported that
scrub typhus is present in most countries in the Southeast Asia,
including Thailand, Cambodia, Laos, Bangladesh, Indonesia,
and Vietnam.4–11 Detailed information relating to the epide-
miology and clinical characteristics of each rickettsial infection
remains limited. Most published studies have been confined to
Malaysia, Thailand, and Laos. Little is known about the clinical
epidemiology of murine typhus and none of the rickettsiae has
been fully investigated in northern Vietnam.12

The clinical presentation of rickettsial diseases ranges from
a mild, non-specific febrile syndrome to a life-threatening fatal
condition. They may mimic tropical febrile illnesses such as
malaria, dengue fever, typhoid fever, and leptospirosis.13 In
particular, murine typhus is likely to be underdiagnosed or to
be confused with a viral illness because patients usually do not

recognize transmission from fleas and the majority of cases
resolve spontaneously.14 There is no reliable point-of-care
laboratory test for rickettsial disease. Even in a referral hospital
in Rickettsia-endemic countries, the diagnosis of rickettsioses
is usually based on the clinical findings.15,16 Most clinical
studies on rickettsioses to date have focused on the intro-
duction and evaluation of laboratory diagnostic techniques.17

Few studies have characterized the clinical picture of different
rickettsiosis and none attempted to calculate odds ratio (OR)
of clinical findings for the purpose of differentiating specific
rickettsial infections.
More detailed clinical information could lead to improve-

ments in the diagnosis of rickettsioses in resource-limited
countries and increase clinician’s confidence in managing
patients with AUF based on a clinical diagnosis. We have
conducted a retrospective investigation with specific objec-
tives of determining the clinical epidemiology of scrub typhus
and murine typhus in northern Vietnam and identifying clini-
cal features associated with specific rickettsioses. A quali-
tative description of the scrub typhus patients in this cohort
has been recently published.12

MATERIALS AND METHODS

Study design, site, entry criteria, and data collection. A
descriptive study was conducted at the Infectious Disease
Department of Bach Mai Hospital in Hanoi, Vietnam. This is
the largest referral medical center with approximately 1,900 beds,
covering residents in all provinces in northern Vietnam. The
area is not malaria-endemic as fewer than 10 malaria cases
are hospitalized annually in this hospital and they are either
referred from outside northern Vietnam or imported from
other countries (data not shown).
Between March 2001 and February 2003, serum samples

were collected both in acute and convalescent phases from
hospitalized patients suspected of rickettsioses. Patients were
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enrolled when they fulfilled three primary criteria: 1) aged
15 years or older; 2) having had a documented acute fever,
37.5°C or higher by axillary temperature measurement on
and around the admission day without an apparent focus of
infection after an initial evaluation of medical history, physi-
cal examination, and basic laboratory tests (complete blood
counts and basic chemistry profiles); and 3) having had at
least one of the following five secondary findings: nonspecific
rash, multiple lymphadenopathy, eschar, hepatomegaly and/or
splenomegaly, and no recovery after b-lactam antibiotic use.
Patients diagnosed with malaria, dengue fever, and typhoid
fever, after the initial assessment based on blood smear, blood
culture, or strong clinical suspicion, were not enrolled.
In the current study, we systematically cleaned and reana-

lyzed the patient’s clinical information that had been col-
lected at the time of admission using a standardized form.
The collected data included background information (age,
gender, living areas, occupation, etc.); prescription informa-
tion; symptoms (duration of fever, headache, myalgia, rigor/
chill, cough, sputum, dyspnea, etc.); physical signs (body tem-
perature, heart or pulse rate, respiratory rate, blood pres-
sure, rash, lymphadenopathy, eschar, etc.); laboratory results
(complete blood counts, liver enzymes, blood urea nitrogen
[BUN], creatinine, etc.); antibiotics prescribed; and patient
outcomes (full recovery, death, self-discharge, etc.). We
defined the rainy season as the period between May and
October in northern Vietnam and defined a high-exposure
occupation as an occupation that involved frequent contacts
with the natural environment: farming, dairy husbandry, and
environmental construction engineering. Relative bradycardia
was defined as less than 10 per minute increase in heart or
pulse rate when the body temperature increased 1°C.18 Rash,
lymphadenopathy, and edema in our study were defined as
non-localizing and nonspecific characteristics.

Laboratory tests. Serum samples were first screened in
2005 with a commercially available IgM enzyme-linked
immunosorbent assay (ELISA) for O. tsutsugamushi, which
measures IgM antibodies against the 56 kDa outer mem-
brane protein (PanBio, Alere, Australia). A positive result
was defined according to the instruction of the product com-
pany. The ELISA negative samples of patients registered in
the first year were further tested in 2008 with a commercially
available IgG immunofluorescent assay (IFA) kit for R. typhi
(Focus Diagnostics, Cypress, CA), which measures IgG anti-
bodies against the R. typhi antigen. To complete the data
set, we tested remaining serum samples of patients registered
in the second year with in-house IgG IFA in 2013. In the
in-house IFA, antigens of R. typhi (strain Wilmington) were
used. In both commercial and in-house IgG IFA test, positive
result was defined by either a high titer of ³ 400 in single
sample or ³ 4-fold increase in titer in paired samples.19

Statistical analysis. Categorical variables were summarized
as frequencies and percentages, and the c2 test or Fisher exact
test was used for the comparison of clinical characteristics
among different groups. Continuous variables were summa-
rized as mean and standard deviation, and Student’s unpaired
t test was used for two-group comparison. A logistic regression
analysis was used to produce ORs. All tests were two-tailed
and P < 0.05 was regarded as statistically significant. STATA
version 13 (StataCorp LP, College Station, TX) was used for
statistical analysis.
Ethical consideration. Verbal informed consent was obtained

from all the patients in the original enrollment. In 2011, with
strict personal information protection as conditions, institutional
review boards and independent ethics committees of both Bach
Mai Hospital and Institute of Tropical Medicine, Nagasaki
University, approved this retrospective study and the retro-
spective use of the patient information.

Figure 1. Investigation flow of patients in the study. OT = Orientia tsutsugamushi; RT = Rickettsia typhi; non-ST/MT = non–scrub and murine
typhus; ELISA = enzyme-linked immunosorbent assay; IFA = immunofluorescent assay.
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RESULTS

Investigation flow. There were 749 patients whose serum

samples were collected between March 2001 and February

2003. Clinical information and scrub typhus serology results

were retrieved from 579 patients but 170 were excluded from

the analysis because 93 had no clinical information, 52 had no

serology results, and 25 did not fulfill the entry criteria. There

were no significant difference in the background characteristics

such as sex, living in Hanoi, rainy season, risky occupation,

ineffective with b-lactam antibiotics, rash, lymphadenopathy,

eschar, and hepatomegaly and/or splenomegaly in 52 patients

without serology data, compared with 579 included patients

except the mean age of the excluded patients was significantly

older (Supplemental Table 1). There were 237 patients positive

for O. tsutsugamushi in the IgM ELISA. Out of the remaining

342 patientswith a negativeELISA, 210 patientswere testedwith

commercially available IgG IFA for R. typhi and 117 patients

were positive. Among 132 patients who were not tested with

commercially available IgG IFA, 76 patients were positive for
R. typhi tested with in-house IgG IFA and 56 patients were
negative. To confirm that it was reasonable to combine the
results of the IFA assays, we tested samples from 24 patients
by both the in-house IFA assay and the commercial IFA assay
and found 100% concordance. Consequently, a total of
579 patients were classified into scrub typhus (N = 237,
40.9%), murine typhus (N = 193, 33.3%), and neither of them
(non-ST/MT; N = 149, 25.7%) (Figure 1).
Patient demographic and clinical information. The demo-

graphic and clinical features of the patients are given in Table 1.
The mean (standard deviation) age of the 579 patients was
46.2 (15.7) years, and of them 358 (61.8%) were male. There
were no significant differences in the mean ages in different
diagnostic groups but patients with murine typhus were more
commonly male. There were differences in the geographic dis-
tribution of each group. The proportion of murine typhus was
highest among patients living in Hanoi (42.3%), followed by
costal eastern (33.3%) whereas that of scrub typhus was high

Table 1

Demographic and clinical information of 579 patients with suspected rickettsial infection classified into those with positive serology results for
scrub typhus or murine typhus

Total N = 579
n (%)

Scrub typhus N = 237
n (%)

Murine typhus N = 193
n (%)

Non-ST/MT N = 149
n (%)

Basic information
Age (mean, SD), years 46.2, 15.7 46.6, 16.9 47.1, 14.0 44.6, 15.7
Male gender 358 (61.8) 119 (50.2) 139 (72.0) 100 (67.1)
Living in Hanoi 241 (41.6) 67 (28.3) 102 (52.9) 72 (48.3)
Rainy season (May–October) 344 (59.4) 177 (74.7) 94 (48.7) 73 (49.0)
High-exposure occupation* (N = 575) 271 (47.1) 145 (61.2) 75 (39.3) 51 (34.7)
b-Lactam antibiotics ineffective (N = 244) 189 (77.5) 85 (70.8) 58 (82.8) 46 (83.6)

Symptoms
Fever duration > 7 days 383 (66.2) 180 (76.0) 125 (64.8) 78 (52.4)
Headache 403 (69.6) 167 (70.5) 139 (72.0) 97 (65.1)
Myalgia 425 (73.4) 161 (67.9) 153 (79.3) 111 (74.5)
Rigor/chill 448 (77.4) 195 (82.3) 140 (72.5) 113 (75.8)
Cough 192 (33.2) 104 (43.9) 49 (25.4) 39 (26.2)
Sputum 46 (7.9) 24 (10.1) 13 (6.7) 9 (6.0)
Dyspnea 38 (6.6) 33 (13.9) 2 (1.0) 3 (2.0)
Abdominal pain (N = 568) 17 (3.0) 10 (4.3) 1 (0.5) 6 (4.2)
Diarrhea 89 (15.4) 37 (15.6) 30 (15.5) 22 (14.8)

Physical signs
Body temperature > 38 °C (N = 578) 457 (79.1) 191 (80.6) 151 (78.2) 115 (77.7)
Heart rate > 90/min (N = 569) 184 (32.3) 90 (39.0) 48 (25.0) 46 (31.5)
Relative bradycardia† (N = 569) 244 (42.9) 92 (39.8) 94 (49.0) 58 (39.7)
Respiratory rate > 20/min (N = 397) 131 (33.0) 73 (40.1) 34 (27.0) 24 (27.0)
Hypotension‡ (N = 577) 14 (2.4) 12 (5.1) 1 (0.5) 1 (0.7)
Altered mental status 30 (5.2) 23 (9.7) 4 (2.1) 3 (2.0)
Rash 217 (37.5) 74 (31.2) 86 (44.6) 57 (38.3)
Lymphadenopathy 215 (37.1) 152 (64.1) 38 (19.7) 25 (16.8)
Eschar 161 (27.8) 149 (62.9) 4 (2.1) 8 (5.4)
Hepatomegaly and/or splenomegaly 253 (43.7) 118 (49.8) 77 (39.9) 58 (38.9)
Edema 93 (16.1) 66 (27.9) 17 (8.8) 10 (6.7)
Lung rales 139 (24.0) 83 (35.0) 33 (17.1) 23 (15.4)

Laboratory
Hematocrit < 30% (N = 570) 44 (7.7) 31 (13.2) 6 (3.1) 7 (4.9)
WBC > 10,000/mL (N = 576) 178 (30.9) 96 (40.7) 51 (26.6) 31 (21.0)
Platelet < 100,000/mL (N = 564) 254 (45.0) 104 (45.0) 80 (42.6) 70 (48.3)
AST or ALT > 40 IU/L (N = 475) 451 (95.0) 194 (97.5) 157 (96.3) 100 (88.5)
Total bilirubin > 3 mg/dL (N = 388) 21 (5.4) 13 (7.7) 4 (3.1) 4 (4.5)
BUN > 20 mg/dL (N = 551) 144 (26.1) 82 (36.4) 39 (21.0) 23 (16.4)
Creatinine > 1.5 mg/dL (N = 404) 31 (7.7) 19 (11.5) 6 (4.5) 6 (5.7)

Outcome
Died (N = 578) 1 (0.2) 1 (0.4) 0 (0.0) 0 (0.0)
Defervescence > 3 days (N = 563) 119 (21.1) 50 (21.8) 36 (18.9) 33 (23.1)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen; non-ST/MT = non–scrub and murine typhus; SD = standard deviation; WBC = white blood cell.
*High-exposure occupation: occupation with frequent contacts with natural environment, such as farming, dairy husbandry, and environmental construction engineering.
†Relative bradycardia: less than 10 per minute increase in heart or pulse rate when the body temperature increased 1 °C.
‡Hypotension: systolic blood pressure < 90 mmHg or diastolic blood pressure < 50 mmHg.
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in northern central and northwestern areas (73.3% and 60.0%,
respectively) (Figure 2). The number of patients with scrub
typhus showed a peak during the rainy season as described
in the previous report,12 but patients with murine typhus did
not have a clear seasonality (Figure 3).
Among the 244 patients who had received antibiotics

before admission, 189 (77.5%) patients had been treated

with b-lactam antibiotics without clinical improvement. The

majority of patients had fever more than 1 week, and also

had systemic constitutional symptoms such as myalgia, chills

or rigor rather than organ-specific symptoms. An eschar was

reported in 62.9% patients with scrub typhus and some

patients in the other groups also had eschar (murine typhus,

2.1%; non-ST/MT, 5.4%). Almost all patients with scrub

typhus and murine typhus had elevated liver transaminases,

but not in the non-ST/MT patients. The recovery duration

after treatment was short in most cases. Only one patient

died, who had scrub typhus (Table 1). This patient presented

to the hospital 10 days after the symptom onset and had acute

respiratory distress syndrome.
Quantification of clinical findings for scrub typhus, murine

typhus, and non–scrub and murine typhus. We compared

the clinical findings between one group and the other two

groups, and quantified the strength of diagnostic factors using

ORs as effect size (Table 2). Patients with scrub typhus had

eschar with the highest OR (46.56, 95% confidence interval

(CI): 24.71–87.72), followed by dyspnea (10.90, 95% CI: 4.19–

28.38), hypotension (9.01, 95% CI: 2.00–40.65), lymphadenopa-

thy (7.92, 95% CI: 5.41–11.59), altered mental status (5.14, 95%

CI: 2.17–12.19), and edema (4.50, 95% CI: 2.77–7.31). Patients

with murine typhus were significantly less likely to have these

symptoms and signs, but more likely to have myalgia, rash, and

relative bradycardia (OR = 1.60, 1.56, and 1.45, respectively).

Patients with non-ST/MT were less likely to have elevated

transaminases, prolonged fever, elevated BUN, and leukocyto-
sis with an OR of 0.24, 0.45, 0.47, and 0.51, respectively.

DISCUSSION

This is the first study to demonstrate the common presence
of murine typhus in addition to scrub typhus among AUF
patients in northern Vietnam. One-third AUF patients, after
malaria, dengue fever, and typhoid fever had been excluded
on the basis of a malaria smear, blood culture, or clinical

Figure 2. Regional demographics of proportion of patients with scrub typhus, murine typhus, and non-scrub and murine typhus. ST = scrub
typhus; MT = murine typhus; NO = non–scrub and murine typhus.

Figure 3. Seasonality of frequency of murine typhus.
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findings, had murine typhus. We further clarified the difference
in clinical and demographic findings between the two major
rickettsioses by calculating OR. We believe that our findings
will help local physicians to clinically distinguish among patients
with scrub typhus, murine typhus, and non-ST/MT.
Several other published papers have reported a high preva-

lence of eschar among scrub typhus patients but most studies
did not analyze the strength of its diagnostic value. The
current study quantitatively demonstrated that the presence
of eschar was the most important diagnostic clue for scrub
typhus with an OR of 46.56. Our results should be interpreted
carefully because the prevalence of eschar varies among dif-
ferent studies, and some patients with SFGR also present with
eschar.20–22 In our study, four patients classified as murine
typhus and eight patients classified as non-ST/MT had an
eschar. They may have had SFGR, but these agents were not
systematically screened for in this study. The positive serology
for R. typhi may also be due to a cross-reaction with SFGR
antibodies. Furthermore, about one-third of our patients with
serologically confirmed scrub typhus did not have identifiable

eschar. A combination of other factors is, therefore, necessary
for the clinical diagnosis of scrub typhus with no eschar. Respi-
ratory symptoms, hypotension, and altered mental status have
been reported to be associated with the severe form of scrub
typhus.23,24 Lymphadenopathy is described as well-known
clinical signs of scrub typhus in other studies.10,25 Edema is
thought to be due to hypoalbuminemia, which is reported as an
outcome marker for complications.26,27 Although a rash is known
to be one of the typical findings of scrub typhus, patients with
rash were less likely to have scrub typhus in our study. Rash
reportedly appears early in the course of the disease and persists
for a short duration.10 The majority of our patients with scrub
typhus came from outside Hanoi and had fever for more than
7 days. We hypothesize that the rash in some patients could have
disappeared by the time of attendance to the hospital.
Murine typhus is a more challenging disease to diagnose.

This is because the disease is mostly self-limiting, and no spe-
cific findings have been reported.14 In this study the presence
of myalgia, rash, and relative bradycardia and the absence of
significant findings of scrub typhus may support clinical

Table 2

Statistical significance of clinical findings for scrub typhus, murine typhus, and non–scrub and murine typhus

Scrub typhus Murine typhus Non-ST/MT

OR P value OR P value OR P value

Basic information
Age (mean, SD), years 1.02 0.7 1.06 0.3 0.90 0.1
Male gender 0.43 < 0.001 1.96 < 0.001 1.36 0.1
Living in Hanoi 0.38 < 0.001 1.99 < 0.001 1.44 0.06
Rainy season (May–October) 3.09 < 0.001 0.52 < 0.001 0.56 0.003
High-exposure occupation* 2.65 < 0.001 0.62 0.008 0.50 0.001
b-Lactam antibiotics ineffective 0.47 0.02 1.77 0.1 1.64 0.2

Symptoms
Fever duration > 7 days 2.16 < 0.001 0.91 0.6 0.45 < 0.001
Headache 1.07 0.7 1.19 0.4 0.76 0.2
Myalgia 0.63 0.01 1.60 0.02 1.08 0.7
Rigor/chill 1.63 0.02 0.67 0.05 0.89 0.6
Cough 2.26 < 0.001 0.58 0.005 0.64 0.04
Sputum 1.64 0.1 0.77 0.4 0.68 0.3
Dyspnea 10.90 < 0.001 0.10 0.002 0.23 0.02
Abdominal pain 2.07 0.1 0.12 0.04 1.63 0.3
Diarrhea 1.03 0.9 1.02 0.9 0.94 0.8

Physical signs
Body temperature > 38 °C 1.17 0.5 0.93 0.7 0.90 0.6
Heart rate > 90/min 1.66 0.005 0.59 0.008 0.95 0.8
Relative bradycardia† 0.81 0.2 1.45 0.04 0.84 0.4
Respiratory rate > 20/min 1.81 0.006 0.66 0.08 0.69 0.2
Hypotension‡ 9.01 0.004 0.15 0.07 0.22 0.1
Altered mental status 5.14 < 0.001 0.29 0.02 0.31 0.06
Rash 0.63 0.01 1.56 0.01 1.05 0.8
Lymphadenopathy 7.92 < 0.001 0.29 < 0.001 0.25 < 0.001
Eschar 46.56 < 0.001 0.03 < 0.001 0.10 < 0.001
Hepatomegaly and/or splenomegaly 1.52 0.01 0.79 0.2 0.77 0.2
Edema 4.50 < 0.001 0.39 0.001 0.30 0.001
Lung rales 2.75 < 0.001 0.54 0.006 0.49 0.005

Laboratory
Hematocrit < 30% 3.76 < 0.001 0.29 0.006 0.54 0.1
WBC > 10,000/mL 2.16 < 0.001 0.73 0.1 0.51 0.003
Platelet < 100,000/mL 1.00 1.0 0.86 0.4 1.19 0.4
AST or ALT > 40 IU/L 2.87 0.04 1.60 0.3 0.24 0.001
Total bilirubin > 3 mg/dL 2.20 0.09 0.45 0.2 0.78 0.7
BUN > 20 mg/dL 2.44 < 0.001 0.66 0.05 0.47 0.003
Creatinine > 1.5 mg/dL 2.46 0.02 0.46 0.1 0.66 0.4

Outcome
Defervescence > 3 days 1.07 0.7 0.81 0.3 1.17 0.5

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen; non-ST/MT = non–scrub and murine typhus; SD = standard deviation; WBC = white blood cell.
*High-exposure occupation: occupation with frequent contacts with natural environment, such as farming, dairy husbandry, and environmental construction engineering.
†Relative bradycardia: less than 10 per minute increase in heart or pulse rate when the body temperature increased 1 °C.
‡Hypotension: systolic blood pressure < 90 mmHg or diastolic blood pressure < 50 mmHg.
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diagnosis of murine typhus. A confirmed diagnosis of scrub or
murine typhus was associated with elevated liver enzymes con-
sistent with other reports.28,29 Histopathological changes in the
liver of patients with scrub and murine typhus have been iden-
tified in case reports.30,31

In addition to the clinical findings, our results showed that
epidemiological information contributes to the diagnosis of
rickettsioses. Patients with scrub typhus were more likely to
live in the areas of country or regional borders, whereas
patients with murine typhus were more likely to live in Hanoi
or coastal provinces including Hai Phong. One study has
reported that several rat-borne pathogens were identified
from rats in Hai Phong, one of the largest ports in northern
Vietnam, although R. typhi was not specifically tested.32 Sea-
ports are known to be a major source of rodent-borne illness.33

The rainy season is coincident with rice field work in northern
Vietnam, and rainfall is reported to be strongly associated
with larval mite population in the lifecycle.34 We think that this
host–vector situation might explain the highest incidence of
scrub typhus in this season. Rapid clinical improvement after
the initiation of effective antibiotics is also reported to backup
clinical diagnosis of rickettsioses.35,36 This was not clear in our
study because we were unable to obtain precise information
concerning recovery times after initiation of effective anti-
biotics such as doxycycline although we do know that more
than three quarters of the patients recovered within 3 days
after hospitalization. The combination of our results and the
existing knowledge such as rapid response to effective anti-
biotics will aid in the clinical diagnosis of rickettsioses.
The prevalence of confirmed Rickettsia diagnoses in the

current study was extremely high, at 74.3%, compared with
previous studies, reporting the prevalence of 5.0–17.6% even
after the exclusion of malaria.37,38 This high prevalence may
be not only because rickettsioses is a major cause of AUF in
northern Vietnam but also because our inclusion criteria, which
were primarily aimed to recruit patients with rickettsioses,
were appropriate for this purpose. We sought to exclude not
only patients with malaria but also those with dengue and
typhoid fever from the analysis albeit by clinical suspicion. Fur-
thermore before the current study was conducted, the aware-
ness of rickettsioses among clinicians in northern Vietnam
was low and doxycycline was not always available in district
hospitals. Consequently, patients who did not respond to
b-lactam antibiotics were more likely selectively referred to
this hospital. Since the discovery of this high prevalence rate,
the information was circulated among local clinicians; thus,
the situation may have changed by now.
Our study has some limitations. First, we did not scrutinize

the etiology of non-ST/MT group. Instead in the analysis, we
made an assumption that Rickettsia is not a major etiology
in the non-ST/MT group. It is possible that SFGR such as
R. japonica, R. felis, and R. honei are causative agents in this
group.3 In a preliminary screening of 132 available samples
from the non-ST/MT group with an IFA with R. japonica
antigen (strain YH), none of samples were clearly positive
(S. Ando and others, unpublished data). This suggests that at
least R. japonica is not a major problem. It is also not known
whether this group consists of one dominant pathogen or a
mixture of different etiologies such as other viral illnesses,
leptospirosis, and Q fever.13,39,40 Prospective studies are nec-
essary to reveal the true etiology of this group. Second, we
used either a commercial IFA or an in-house IFA to diagnose

murine typhus and then combined the results. In a small
number of patients tested in both assays, the results were
concordant. Third, in the current study, both scrub typhus
and murine typhus were diagnosed only by serology. There is
some controversy about the definition of serology diagnosis
with IFA by a single blood sample for both rickettsiae.19,41

We chose the most frequently used cutoff value of 1:400 for
diagnosis by single titer.
In conclusion, both scrub typhus and murine typhus are

common in northern Vietnam. Several clinical symptoms and
signs were associated with specific type of rickettsioses with
high ORs. Such information should help local clinicians to
make clinical diagnosis of specific rickettsioses. The combina-
tion of our results and the existing knowledge will reinforce
clinical diagnosis of rickettsioses at a referral hospital in a
resource-limited and malaria non-endemic area.

Received December 15, 2014. Accepted for publication January 20, 2015.

Published online March 16, 2015.

Note: Supplemental table appears at www.ajtmh.org.

Acknowledgments: We thank Nguyen Hien Anh at National Institute
of Hygiene and Epidemiology, Hanoi, Vietnam, who secured the
storage of remaining serum samples.

Financial support: The cost of original assays was supported by the
National Center of Global Health and Medicine (former Interna-
tional Medical Center of Japan), Japan. This retrospective investiga-
tion was funded by the Japan Initiative for Global Research Network
on Infectious Diseases (J-GRID), the Ministry of Education, Culture,
Sports, Science and Technology (MEXT, Tokyo, Japan).

Authors’ addresses: Sugihiro Hamaguchi, Ngo Chi Cuong, Lay-Myint
Yoshida, and Koya Ariyoshi, Departments of Clinical Tropical Med-
icine, Graduate School of Biomedical Sciences, and Pediatric Infec-
tious Diseases, Institute of Tropical Medicine, Nagasaki University,
Nagasaki, Japan, E-mails: dzf14275@nifty.com, dr_c_ngochi@yahoo
.com, lmyint09@gmail.com, and koya.ariyoshi@gmail.com. Doan Thu
Tra, Nguyen Quang Tuan, and Pham Thanh Thuy, Infectious Disease
Department, Bach Mai Hospital, Hanoi, Vietnam, E-mails: thutraart@
yahoo.com, drtuantnbm@yahoo.com, and phamthanhthuy714@gmail
.com. Yen Hai Doan and Shuji Ando, Departments of Virology II
and I, National Institute of Infectious Diseases, Tokyo, Japan,
E-mails: yendoan@nih.go.jp and shuando@nih.go.jp. Kenta Shimizu
and Jiro Arikawa, Laboratory of Infectious Diseases, Department of
Microbiology, Hokkaido University Graduate School of Medicine,
Hokkaido, Japan, E-mails: kshimizu@med.hokudai.ac.jp and j_arika@
med.hokudai.ac.jp. Le Quynh Mai and Dang Duc-Anh, Virology
Department, National Institute of Hygiene and Epidemiology, Hanoi,
Vietnam, E-mails: lom9@hotmail.com and ducanhnihe@hn.vnn.vn.
Christopher M. Parry, Department of Clinical Research, London
School of Hygiene and Tropical Medicine, London, United Kingdom,
E-mail: chris.parry@lshtm.ac.uk.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Acestor N, Cooksey R, Newton PN, Menard D, Guerin PJ,
Nakagawa J, Christophel E, Gonzalez IJ, Bell D, 2012. Map-
ping the aetiology of non-malarial febrile illness in Southeast
Asia through a systematic review—terra incognita impairing
treatment policies. PLoS ONE 7: e44269.

2. Aung AK, Spelman DW, Murray RJ, Graves S, 2014. Rickettsial
infections in Southeast Asia: implications for local populace and
febrile returned travelers. Am J Trop Med Hyg 91: 451–460.

3. Parola P, Raoult D, 2006. Tropical rickettsioses. Clin Dermatol
24: 191–200.

RICKETTSIOSIS IN NORTHERN VIETNAM 977

http://creativecommons.org/licenses/by/4.0/


4. Frances SP, Eamsila C, Strickman D, 1997. Antibodies to Orientia
tsutsugamushi in soldiers in northeastern Thailand. Southeast
Asian J Trop Med Public Health 28: 666–668.

5. Strickman D, Tanskul P, Eamsila C, Kelly DJ, 1994. Prevalence
of antibodies to rickettsiae in the human population of suburban
Bangkok. Am J Trop Med Hyg 51: 149–153.

6. Vallee J, Thaojaikong T, Moore CE, Phetsouvanh R, Richards
AL, Souris M, Fournet F, Salem G, Gonzalez JP, Newton PN,
2010. Contrasting spatial distribution and risk factors for past
infection with scrub typhus and murine typhus in Vientiane
City, Lao PDR. PLoS Negl Trop Dis 4: e909.

7. Duong V, Mai TT, Blasdell K, Lo le V, Morvan C, Lay S,
Anukool W, Wongprompitak P, Suputtamongkol Y, Laurent
D, Richner B, Ra C, Chien BT, Frutos R, Buchy P, 2013.
Molecular epidemiology of Orientia tsutsugamushi in Cambodia
and central Vietnam reveals a broad region-wide genetic diver-
sity. Infect Genet Evol 15: 35–42.

8. Maude RR, Maude RJ, Ghose A, Amin MR, Islam MB, Ali M,
Bari MS, Majumder MI, Tanganuchitcharnchai A, Dondorp
AM, Paris DH, Bailey RL, Faiz MA, Blacksell SD, Day NP,
2014. Serosurveillance of Orientia tsutsugamushi and Rickettsia
typhi in Bangladesh. Am J Trop Med Hyg 91: 580–583.

9. Richards AL, Soeatmadji DW, Widodo MA, Sardjono TW,
Yanuwiadi B, Hernowati TE, Baskoro AD, Roebiyoso, Hakim
L, Soendoro M, Rahardjo E, Putri MP, Saragih JM, Strickman
D, Kelly DJ, Dasch GA, Olson JG, Church CJ, Corwin AL,
1997. Seroepidemiologic evidence for murine and scrub typhus
in Malang, Indonesia. Am J Trop Med Hyg 57: 91–95.

10. Berman SJ, Kundin WD, 1973. Scrub typhus in South Vietnam.
A study of 87 cases. Ann Intern Med 79: 26–30.

11. Thiebaut MM, Bricaire F, Raoult D, 1997. Scrub typhus after a
trip to Vietnam. N Engl J Med 336: 1613–1614.

12. Nadjm B, Thuy PT, Trang VD, Dang Ha L, Kinh NV, Wertheim
HF, 2014. Scrub typhus in the northern provinces of Vietnam:
an observational study of admissions to a national referral
hospital. Trans R Soc Trop Med Hyg 108: 739–740.

13. Suttinont C, Losuwanaluk K, Niwatayakul K, Hoontrakul S,
Intaranongpai W, Silpasakorn S, Suwancharoen D, Panlar
P, Saisongkorh W, Rolain JM, Raoult D, Suputtamongkol Y,
2006. Causes of acute, undifferentiated, febrile illness in rural
Thailand: results of a prospective observational study. Ann
Trop Med Parasitol 100: 363–370.

14. Civen R, Ngo V, 2008. Murine typhus: an unrecognized suburban
vectorborne disease. Clin Infect Dis 46: 913–918.

15. Paris DH, Blacksell SD, Newton PN, Day NP, 2008. Simple, rapid
and sensitive detection of Orientia tsutsugamushi by loop-
isothermal DNA amplification. Trans R Soc Trop Med Hyg
102: 1239–1246.

16. Watt G, Jongsakul K, Ruangvirayuth R, Kantipong P, Silpapojakul
K, 2005. Short report: prospective evaluation of a multi-test strip
for the diagnoses of scrub and murine typhus, leptospirosis,
dengue fever, and Salmonella typhi infection. Am J Trop Med
Hyg 72: 10–12.

17. Koh GC, Maude RJ, Paris DH, Newton PN, Blacksell SD, 2010.
Diagnosis of scrub typhus. Am J Trop Med Hyg 82: 368–370.

18. Aronoff DM, Watt G, 2003. Prevalence of relative bradycardia
in Orientia tsutsugamushi infection. Am J Trop Med Hyg 68:
477–479.

19. Blacksell SD, Bryant NJ, Paris DH, Doust JA, Sakoda Y, Day NP,
2007. Scrub typhus serologic testing with the indirect immuno-
fluorescence method as a diagnostic gold standard: a lack of
consensus leads to a lot of confusion. Clin Infect Dis 44: 391–401.

20. Kim DM, Won KJ, Park CY, Yu KD, Kim HS, Yang TY, Lee JH,
Kim HK, Song HJ, Lee SH, Shin H, 2007. Distribution of
eschars on the body of scrub typhus patients: a prospective
study. Am J Trop Med Hyg 76: 806–809.

21. Silpapojakul K, Varachit B, 2004. Paediatric scrub typhus in
Thailand: a study of 73 confirmed cases. Trans R Soc Trop
Med Hyg 98: 354–359.

22. Fan MY, Walker DH, Liu QH, Han L, Bai HC, Zhang JK,
Lenz B, Hong C, 1987. Rickettsial and serologic evidence
for prevalent spotted fever rickettsiosis in inner Mongolia.
Am J Trop Med Hyg 36: 615–620.

23. Varghese GM, Trowbridge P, Janardhanan J, Thomas K, Peter
JV, Mathews P, Abraham OC, Kavitha ML, 2014. Clinical

profile and improving mortality trend of scrub typhus in South
India. Int J Infect Dis 23: 39–43.

24. Wang CC, Liu SF, Liu JW, Chung YH, Su MC, Lin MC, 2007.
Acute respiratory distress syndrome in scrub typhus. Am J
Trop Med Hyg 76: 1148–1152.

25. Liu YX, Feng D, Zhang Q, Jia N, Zhao ZT, De Vlas SJ, Li J,
Zhang PH, Yang H, Min JS, Feng PT, Ma SB, Cao WC, 2007.
Key differentiating features between scrub typhus and hemor-
rhagic fever with renal syndrome in northern China. Am J
Trop Med Hyg 76: 801–805.

26. Lee CS, Min IS, Hwang JH, Kwon KS, Lee HB, 2010. Clinical
significance of hypoalbuminemia in outcome of patients with
scrub typhus. BMC Infect Dis 10: 216.

27. Palanivel S, Nedunchelian K, Poovazhagi V, Raghunadan R,
Ramachandran P, 2012. Clinical profile of scrub typhus in chil-
dren. Indian J Pediatr 79: 1459–1462.

28. Hu ML, Liu JW, Wu KL, Lu SN, Chiou SS, Kuo CH, Chuah SK,
Wang JH, Hu TH, Chiu KW, Lee CM, Changchien CS, 2005.
Short report: abnormal liver function in scrub typhus. Am J
Trop Med Hyg 73: 667–668.

29. Silpapojakul K, Mitarnun W, Ovartlarnporn B, Chamroonkul N,
Khow-Ean U, 1996. Liver involvement in murine typhus. QJM
89: 623–629.

30. Chung JH, Lim SC, Yun NR, Shin SH, Kim CM, Kim DM, 2012.
Scrub typhus hepatitis confirmed by immunohistochemical
staining. World J Gastroenterol 18: 5138–5141.

31. Walker DH, Parks FM, Betz TG, Taylor JP, Muehlberger JW,
1989. Histopathology and immunohistologic demonstration of
the distribution of Rickettsia typhi in fatal murine typhus. Am J
Clin Pathol 91: 720–724.

32. Koma T, Yoshimatsu K, Yasuda SP, Li T, Amada T, Shimizu K,
Isozumi R, Mai LT, Hoa NT, Nguyen V, Yamashiro T, Hasebe
F, Arikawa J, 2013. A survey of rodent-borne pathogens car-
ried by wild Rattus spp. in northern Vietnam. Epidemiol Infect
141: 1876–1884.

33. Wu YW, Hsu EL, Lin TH, Huang JH, Chang SF, Pai HH, 2007.
Seaport as a source of hantavirus: a study on isolated isles. Int J
Environ Health Res 17: 25–32.

34. Gentry JW, Phang OW, Manikumaran C, 1977. The effects of
rainfall on trombiculid (Acarina: Trombiculidae) larval popu-
lations in peninsular Malaysia. Southeast Asian J Trop Med
Public Health 8: 217–220.

35. Tsai CC, Lay CJ, Ho YH, Wang LS, Chen LK, 2011. Intravenous
minocycline versus oral doxycycline for the treatment of non-
complicated scrub typhus. JMicrobiol Immunol Infect 44: 33–38.

36. Watt G, Chouriyagune C, Ruangweerayud R, Watcharapichat P,
PhulsuksombatiD, JongsakulK, Teja-IsavadharmP,Bhodhidatta
D, Corcoran KD, Dasch GA, Strickman D, 1996. Scrub typhus
infections poorly responsive to antibiotics in northern Thailand.
Lancet 348: 86–89.

37. D’Acremont V, Kilowoko M, Kyungu E, Philipina S, Sangu W,
Kahama-Maro J, Lengeler C, Cherpillod P, Kaiser L, Genton B,
2014. Beyond malaria—causes of fever in outpatient Tanzanian
children. N Engl J Med 370: 809–817.

38. Mayxay M, Castonguay-Vanier J, Chansamouth V, Dubot-Peres A,
Paris DH, Phetsouvanh R, Tangkhabuanbutra J, Douangdala P,
Inthalath S, Souvannasing P, SlesakG, TongyooN, Chanthongthip
A, Panyanouvong P, Sibounheuang B, Phommasone K, Dohnt M,
Phonekeo D, Hongvanthong B, Xayadeth S, Ketmayoon P,
Blacksell SD, Moore CE, Craig SB, Burns MA, von Sonnenburg
F, Corwin A, de Lamballerie X, Gonzalez IJ, Christophel EM,
Cawthorne A, Bell D, Newton PN, 2013. Causes of non-malarial
fever in Laos: a prospective study.LancetGlobHealth 1: e46–e54.

39. Berman SJ, Irving GS, Kundin WD, Gunning JJ, Watten RH,
1973. Epidemiology of the acute fevers of unknown origin
in South Vietnam: effect of laboratory support upon clinical
diagnosis. Am J Trop Med Hyg 22: 796–801.

40. Ellis RD, Fukuda MM, McDaniel P, Welch K, Nisalak A, Murray
CK, Gray MR, Uthaimongkol N, Buathong N, Sriwichai S,
Phasuk R, Yingyuen K, Mathavarat C, Miller RS, 2006. Causes
of fever in adults on the Thai-Myanmar border. Am J Trop
Med Hyg 74: 108–113.

41. Silpapojakul K, Chayakul P, Krisanapan S, 1993. Murine typhus
in Thailand: clinical features, diagnosis and treatment.Q JMed
86: 43–47.

978 HAMAGUCHI AND OTHERS




