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Background: Without specific symptoms, diagnosis of febrile illness in returning travelers is challenging.
Dengue, malaria, and enteric fever are common causes of fever in returning travelers and timely and
appropriate treatment is important. However, differentiation is difficult without specific diagnostic tests.
Methods: A retrospective study was conducted at the National Centre for Global Health and Medicine
(NCGM) from April 2005 to March 2013. Febrile travelers returning from overseas who were diagnosed
with dengue, malaria, or enteric fever were included in this study. Clinical characteristics and laboratory
findings were compared for each diagnosis.
Results: During the study period, 86 malaria, 85 dengue, and 31 enteric fever cases were identified. The
mean age of the study cohort was 33.1 + 12 years and 134 (66.3%) study participants were male. Asia was
the most common area visited by returning travelers with fevers (89% of dengue, 18.6% of malaria, and
100% of enteric fever cases), followed by Africa (1.2% of dengue and 70.9% of malaria cases). Clinical
characteristics and laboratory findings were significantly different among each group with each diag-
nosis. Decision tree models revealed that returning from Africa and CRP levels <10 mg/L were factors
specific for diagnosis of malaria and dengue fever, respectively.
Conclusion: Clinical manifestations, simple laboratory test results, and regions of travel are helpful to
distinguish between dengue, malaria, and enteric fever in febrile returning travelers with non-specific
symptoms.

© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

limited number of clinics perform specific tests to differentiate
these diseases, such as malaria smear tests or rapid diagnostic tests

A GeoSentinel review of over 42,000 ill-returned travelers
highlighted that malaria, dengue fever (DF), and enteric fever (EF)
were the most common causes of febrile illness in returning trav-
elers during 2007—2011, accounting for 28.7%, 14.6%, and 4.6% fever
cases, respectively [1]. The clinical manifestations of these diseases,
including fever, headache, arthralgia, myalgia, and gastrointestinal
symptoms, are non-specific and overlapping. Therefore, it is chal-
lenging to diagnose these diseases without specific tests. In Japan, a

* Corresponding author. National Centre for Global Health and Medicine, Disease
Control and Prevention Center, Address: 1-21-1 Toyama, Shinjuku-ku, Tokyo 162-
8655, Japan. Tel.: +81 3 3202 7181; fax: +81 3 3207 1038.

E-mail address: sonare.since1192@gmail.com (S. Kutsuna).

http://dx.doi.org/10.1016/j.jiac.2014.12.004

for DF. The number of people who travel abroad is increasing due to
the globalization of economy and tourism [2]; thus, early disease
diagnosis is important.

We have previously reported the clinical characteristics of DF
and malaria cases in our institute from 2005 to 2010 [3], and dif-
ferences in laboratory findings between DF and malaria cases from
2005 to 2013 [4]. The current study included the same sample set of
patients with DF and malaria, and extended the observations of our
previous studies. The sample set was used to assess differences in
clinical characteristics, including the location where the disease
(DF, malaria, or EF) was contracted, duration of stay at the location,
and clinical manifestations of the diseases in travelers. These
characteristics were used to design a flow chart to distinguish be-
tween DF, malaria, and EF.

1341-321X/© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Countries where patients with dengue fever were infected. 13 patients who visited
more than one endemic country were excluded.

Country Number of Country Number of Country Number of
patients patients patients

Southeast Asia South Asia Africa

Philippines 19 India 9 Benin 1

Indonesia 16 Bangladesh 3 Oceania

Thailand 4 Pakistan 2 Papua New 1
Guinea

Cambodia 3 Sri Lanka 2 Tahiti 1

Malaysia 2 Solomon 1
Islands

Myanmar 2 Tonga 1

East Timor 2 Latin America

Viet Nam 1 Mexico 1
Brazil 1

To our knowledge, no other study has compared the usefulness
of clinical characteristics and general laboratory findings to differ-
entiate these diseases. The aim of this study was to describe dif-
ferences in clinical characteristics and laboratory findings and to
design decision tree models to diagnose DF, malaria, and EF at the
first hospital presentation.

2. Patients and methods

This retrospective study was conducted at the National Centre
for Global Health and Medicine (NCGM), a tertiary care govern-
mental general hospital in Tokyo, Japan with about 900 inpatient
beds which houses a travel clinic that is also a GeoSentinel Network
site. NCGM functions as a referral hospital for returned travelers.
Febrile returned travelers who visited NCGM during the period
(April 2005 through March 2013) and were diagnosed with malaria,
dengue, or EF were included in the study. Patients without fever at
the first presentation were excluded. Demographic information

Table 2

Countries where patients with malaria were infected. Of confirmed cases, 56 were
due to Plasmodium falciparum (Pf), 20 were P. vivax (Pv), 8 were P. ovale (Po), 1 was
P. malariae (Pm), and 1 was P. knowlesi (Pk) infection. 8 patients (5Pf, 2Pv, 1Po) who
visited more than one endemic country were excluded.

Country Number of Country Number of Country Number of
patients patients patients
Oceania South Asia Africa
Papua New 4 (1 Pf, India 6 (6 Pv) Ghana 13 (11 Pf,
Guinea 3 Pv) 2 Po)
Solomon 1(1P) Pakistan 2 (2 Pv) Nigeria 9(9Pf)
islands
Latin America Uganda 7 (3 Pf,
4 Po)
Brazil 2(2Pv) Benin 4 (4 Pf)
French 1(1Pv) Southeast Asia Sierra Leone 3 (3 Pf)
Guiana
Ecuador 1(1Pv) Indonesia 3 (2 Pf, Guinea 3(33PH)
1Pv)
Malaysia 2 (1 Pv, Cameroon 3(2Pf,
1 Pk) 1 Po)
Myanmar 1 (1 Pf) Zambia 2(2PH)
Burkina Faso 2 (2 Pf)
Malawi 2(2P)
Kenya 1(1P)
Rwanda 1(1Pv)
Togo 1(1Pf)
Senegal 1(1Pf)
Cote d'Ivoire 1 (1 Pf)
Mali 1(1Pf)
Mozambique 1 (1 Pm)
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including age, sex, nationality, and possible source of infection as
well as reasons for travel, including business, leisure, visiting
friends or relatives (VFR), volunteering, resease, expatriation or
other reasons, were analyzed. Each country was classified accord-
ing to geographical region, including Asia, Africa, Oceania, and
South America. If 2 or more countries were visited, then all visited
countries were included in the data. Clinical manifestations (rash,
diarrhea, nausea/vomiting, headache, arthralgia, and myalgia) and
laboratory data (white blood cell, WBC; hematocrit, Ht; platelet,
Plt; total bilirubin, T-bil; aspartate aminotransferase, GOT; gluta-
mate oxaloacetate transaminase, GPT; glutamate pyruvate trans-
aminase, LDH; and C-reactive protein; CRP) at the first presentation
were collected.

Dengue was confirmed by real-time polymerase chain reaction
(PCR) (TagMan RT-PCR), IgM-capture ELISA, IgG ELISA performed at
the National Institute of Infectious Diseases in Tokyo, Japan, and a
rapid diagnostic test that detected the viral non-structural 1 anti-
gen (Standard Diagnostics Inc., Korea) performed at NCGM.

Malaria was confirmed by combined conventional microscope
examination of Giemsa-stained thin blood films and rapid diag-
nostic tests (BinaxNOW Malaria Test, Binax, Inc. Maine, USA);
Plasmodium species were confirmed by PCR if parasite morphology
was not diagnostic. Laboratory diagnoses were performed at the
Research Institute of the National Centre for Global Health and
Medicine.

EF was confirmed by blood or stool culture of Salmonella enterica
serotype Typhi or paratyphi A in the setting of a compatible clinical
illness.

All statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 20 (2011, IBM Corp., Armonk, NY, USA). The
sensitivity and specificity of the decision trees were calculated
using a diagnostic test calculator (MedCalc Software; http://www.
medcalc.org/calc/diagnostic_test.php). The Mann—Whitney U test
was used to compare continuous variables. A two-sided P value
<0.05 was considered statistically significant. The study protocol
was approved by the Ethics Committee at National Center for
Global Health and Medicine (approved number: NCGM-G-001648-
00).

3. Results

Characteristics of DF, malaria, and EF are shown in Tables 1—4.
Clinical manifestations of these diseases were compared and odds
ratios calculated (Table 5). Laboratory findings were compared
using the Mann—Whitney U-test for each diagnosis group (Table 6).

The flow chart for determining DF, malaria, and EF at the first
hospital presentation are shown in Fig. 1. “Returning from
Africa” had a sensitivity of 72.09% (95% confidence interval [95% CI]
= 61.38—81.23%) and specificity of 99.14% (95% CI = 95.27—99.86%)
to predict malaria as opposed to the other 2 diseases (Box A).
“Returning from elsewhere than Africa” combined with “CRP < 10
mg/L” had a sensitivity of 76.47% (95% Cl = 66.02—84.99%) and
specificity of 98.29% (95% CI = 93.95—-99.74%) to predict DF as
opposed to the other 2 diseases (BOX B). “Returning from elsewhere
than Africa” combined with “CRP > 10 mg/L” had a sensitivity of
96.77% (95% ClI = 83.24—99.46%) and specificity of 75.44%
(95% CI = 68.28—81.69%) to predict EF as opposed to the other 2
diseases (BOX C). “Returning from Africa” or “Returning from
elsewhere than Africa” with “CRP >10 mg/L” had a sensitivity
of 98.84% (95% CI 93.67—99.81%) and specificity of 57.76%
(95% CI = 48.24—66.87%) to predict malaria as opposed to the
other 2 diseases (BOX A + C). The combination of “Returning from
elsewhere than Africa,” “CRP > 10 mg/L,” “Returned from South
Asia,” and “Platelet count < 15 cellsymm>®” had a sensitivity
of 51.61% (95% CI = 33.07—69.83%) and specificity of 99.42% (95%



274 S. Kutsuna et al. / ] Infect Chemother 21 (2015) 272—-276

Table 3
Countries where patients with enteric fever were infected. 5 patients who visited
more than one endemic country were excluded.

Country Number of  Country Number of  Country ~ Number of
patients patients patients

Southeast Asia South Asia Middle East

Cambodia 2 India 16 Turkey 1

Indonesia 1
Myanmar 1

Bangladesh 5

Table 4
Characteristics of dengue, malaria, and enteric fever in returning travelers.
DF (n = 85) Malaria (n = 86) EF (n = 31)

Age 328 +129 340+ 114 314+ 116
Male (%) 50 (58.8) 64 (73.6) 22 (71.0)
Japanese (%) 79 (92.9) 59 (67.8) 29 (93.5)
Place disease contracted”
Africa 1(1.4%) 55 (70.1%) 0 (0%)
Southeast Asia 49 (68.1%) 6(7.7%) 4 (15.4%)
South Asia 16 (22.2%) 8(10.3%) 21 (80.8%)
Oceania 4 (5.6%) 5 (6.4%) 0 (0%)
Latin America 2 (2.8%) 4 (5.1%) 0 (0%)
other areas 0 (0%) 0 (0%) 1(3.8%)
Reason for travel
Business 34 (41.5%) 28 (33%) 13 (41.9%)
Leisure 38 (46.3%) 28 (33%) 13 (41.9%)
VFR 3 (3.7%) 21 (24.4%) 0 (0%)
Volunteer 4(4.9%) 2(2.3%) 2 (6.5%)
Research 0 (0%) 1(1.2%) 1(3.2%)
other 3 (3.7%) 6 (7.0%) 2 (6.5%)
Duration of stay
<1 month 68 (81.0%) 36 (43.4%) 13 (48.1%)
>1 month 16 (19.0%) 47 (56.6%) 14 (51.9%)

DF, dengue fever; EF, enteric fever; VFR, visiting friends or relatives.
2 Ppatients (DF; n = 13, malaria; n = 8, EF; n = 5) who visited more than one
endemic country were excluded.

Cl = 96.77—-99.90%) to predict EF as opposed to the other 2 diseases
(BOX D). Malaria cases in Box C were predominantly non-
falciparum malaria (3 Pf, 18 Pv, and 1 Pk).

4. Discussion

Japan has reported no domestic cases of malaria for 50 years.
Although approximately 200 imported cases of DF are reported in
recent years [5], an autochthonous case was not confirmed for 70
years in Japan [6]. On August 26, 2014, an autochthonous case of DF
in a patient without any history of overseas travel was reported in
Tokyo. As of October 31, 2014, 160 autochthonous cases have been
confirmed [7]. Small numbers of EF cases in Japan have been oc-
casionally reported [8]. During 2000 and 2010, the mean annual
number of imported cases of malaria, DF, and EF were 73.5, 78.5,
and 44.5, respectively [8,9].

Table 5
Clinical manifestations of dengue, malaria, and enteric fever in returning travelers.

The region of travel varied by disease. Malaria patients were
typically infected in Africa (70.1%), while patients with DF and EF
mainly contracted the diseases in Asia (90.3% and 96.2%, respec-
tively). Among malaria species, Plasmodium falciparum malaria
patients were mostly contracted in Africa (90.1%), while patients
with vivax malaria mainly contracted infections in regions other
than Africa, including South Asia (44.4%), Latin America (22.2%),
Oceania (16.7%), and Southeast Asia (11.1%). All patients with P.
ovale malaria contracted the disease in Africa. Patients with DF and
EF were typically infected in Southeast Asia (68.1%) and South Asia
(80.8%), respectively. This trend matches the epidemiological in-
formation reported by GeoSentinel surveillance [1]. Regions of
travel are major clues for disease diagnosis. VFR was the third most
common reason for travel among patients with malaria, but a mi-
nor reason for travel for the patients with DF and EF. A U.S. malaria
surveillance report from 1997 to 2011 found VFR to be the third
most common reason for travel in malaria patients (17% of 10,032
reported cases) [10]. VFR travelers have increased exposure to
travel-related diseases, including malaria [11]. Although individuals
born and raised in highly malaria-endemic areas develop a relative
immunity, they lose this immunity after long periods in non-
endemic countries [12]. These high-risk populations should
obtain pre-travel consultation for vaccinations and malaria
prophylaxis.

While the clinical manifestations of these diseases are similar,
their relative frequencies differ. Headache and arthralgia are more
frequent in DF, and diarrhea is more frequent in typhoid fever than
the other diseases. While it is a specific manifestation of DF, rash is
mainly observed in later stages and not frequently reported in early
stages [13].

Disease-specific differences in laboratory findings were
observed for WBC, PIt, T-bil, and CRP. Patients with DF had signif-
icantly lower WBC counts than those with the other 2 diseases.
Leukopenia is a common finding in DF and a useful diagnostic
feature [14]. Leukopenia in DF usually peaks on days 3—7 of illness,
but is not always significant in the febrile phase [13]. Thrombocy-
topenia was observed in DF and malaria patients [14,15]. In our
study, platelet counts were lower in patients with malaria
compared to patients with dengue at the first presentation. Because
platelet counts during DF infections are typically lowest 3—6 days
from onset, when fever is about to decrease [13], the count of
thrombocyte could be normal at the first presentation. Taylor et al.
reported hyperbilirubinemia to be the most diagnostic finding for
malaria in returning travelers [16], with a sensitivity of 38% and
specificity of 95%. Our study results agree with this report: we
found increased T-bil levels to be a distinguishing laboratory
finding in malaria patients compared to DF and EF patients.

CRP measures acute phase reactants; markedly elevated CRP
levels are strongly associated with infection. CRP levels may also be
elevated in patients with viral infections, although typically not to
the degree seen in patients with bacterial infections [17,18]. Pre-
maratna et al. [19] reported 12 DF patients with CRP levels <12 mg/

DF Malaria EF

(DF vs. Malaria) (DF vs. EF) (Malaria vs. EF)

Clinical characteristics, number (%)

0Odds ratio (95% Confidence interval)

Rash 25 (29.4) 1(1.2) 1(3.2)
Diarrhea 20 (23.5) 18 (20.9) 14 (452)
Nausea/vomiting 16 (18.8) 17 (19.8) 6(19.4)
Headache 65 (77.3) 54 (65.1) 14 (45.2)
Arthralgia 51 (60.7) 23 (28.0) 8 (25.8)
Myalgia 17 (20.0) 11(12.8) 3(9.8)

35.4 (4.7-268.6) 12.5 (1.6-96.7) 0.4 (0.2-5.8)
1.2 (0.6-2.4) 0.4 (0.2-0.9) 0.3 (0.1-0.8)
1.0 (0.4—20) 1.0 (0.3-2.7) 1.0 (0.4-2.9)
1.8 (0.9-3.6) 42(1.7-99) 23(1.0-5.2)
40 (2.1-7.6) 44(1.8-11.1) 1.1(0.4-2.9)
1.6 (0.7-3.8) 2.4 (0.7-8.9) 1.5 (0.4-5.7)

DF, dengue fever; EF, enteric fever.
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Table 6
Laboratory findings of dengue, malaria, and enteric fever in returning travelers.
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DF Malaria EF (DF vs. Malaria) (DF vs. EF) (Malaria vs. EF)
Laboratory findings at first presentation, median (IQR) P value
WBC (/mm?) 2780 (2020—-3610) 4920 (3800—6280) 5220 (3870—6810) <0.001 <0.001 0.576
Hct (%) 41.8 (39.6—45.2) 39.1(36.5—43.6) 40.8 (36.3—43.4) <0.001 0.01 p =0.934
Plt ( x 10%/uL) 119 (83.5—161) 78 (48—124) 175 (130—240) <0.001 <0.001 <0.001
T-bil (mg/dl) 0.6 (0.5-0.7) 1.8 (0.8-2.5) 0.6 (0.5-0.8) <0.001 0.446 <0.001
GOT (IU/L) 37.0 (28.0-61.8) 33.0 (25.0—45.0) 61.0 (40.0-91.0) 0.067 0.05 <0.001
GPT (IU/L) 27.0 (19.0-47.5) 33.0 (22.8-46.3) 60.5 (41.8—107) 0.296 <0.001 <0.001
LDH (IU/L) 256 (194—326) 323 (227-447) 387 (324-459) 0.002 <0.001 0.196
CRP (mg/dL) 0.5 (0.3—-0.9) 8.1 (4.0-13.1) 5.9 (3.6-10.8) <0.001 <0.001 0.148

DF, dengue fever; EF, enteric fever; IQR, interquartile range; WBC, white blood cell; Hct, hematocrit; Plt, platelet; T-bil, total bilirubin; AST, aspartate aminotransferase; ALT,

alanine aminotransferase; LDH, lactate dehydrogenase; CRP, C-reactive protein.

Bold denotes a two-sided P value < 0.05 which was considered statistically significant.

L. CRP levels are also elevated in malaria patients, making this
biomarker effective for assessing malaria severity and for follow-
up. Choo et al. [20] reported that CRP increases in EF patients.
The mean CRP value among 108 pediatric EF patients was 4.3
(12—150) mg/L. CRP levels are also elevated in malaria patients and
useful in assessing malaria severity and follow-up [21,22]. We have
reported that the CRP values of semi-immune patients were

returned from Africa

returned from
SouthAsia

DF(n=3)
malaria(n=7)
EF(n=24)

Plt>15

returned from elsewhere
than Africa, SouthAsia

Plt<=15

significantly higher than those of non-immune patients [4]. In the
present study, a CRP cutoff value of 10 mg/L was predictive of
malaria compared to DF, with a sensitivity of 97.7% (95%
CI = 91.8—99.7%) and specificity of 76.5% (95% CI = 66.0—85.0%).
On the basis of patient data on places of endemic travel, clinical
manifestations, and laboratory findings, we made the flow chart to
distinguish between DF, malaria, and EF at the initial hospital

returned from elsewhere than Africa

DF(n=84)
malaria(n=24)
EF(n=31)

CRP<10mg/L

DF(n=16)
malaria(n=16, 4Pf, | | Pv, | Pk)
EF(n=6)

DF(n=2)
malaria(n=7, 7Pv)
EF(n=8)

Fig. 1. The flow chart for determining dengue fever, malaria, and enteric fever for returned travelers at the first hospital presentation. DF: dengue fever, EF: enteric fever, CRP: C-

o

reactive protein, Plt: platelet, Pf: Plasmodium falciparum, Pv: Plasmodium vivax, Po: Pl

37

ovale, Pm: Pl dium malariae, Pk: Plasmodium knowlesi.
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presentation. This decision tree is designed for high malaria and DF
specificity and high malaria sensitivity because malaria is the most
fatal of these diseases. “Returned from Africa” had a high specificity
for malaria. Although DF and EF are also endemic to Africa, malaria
is more prevalent. In the GeoSentinel Surveillance Network data-
base from March 1997 to May 2011, DF and EF acquired in Africa was
diagnosed in as few as 113 and 58 travelers with febrile illness,
respectively, while 2789 travelers were diagnosed with malaria
[23]. Travelers diagnosed with malaria returning from regions
other than Africa were mainly infected with non-falciparum ma-
laria, which is typically less severe than falciparum malaria. Febrile
patients returning from regions other Africa with CRP levels
<10 mg/L had a high specificity for DF, and patients returning from
Africa or returning from elsewhere than Africa with CRP levels
>10 mg/L had a high sensitivity of 98.84%. In this study, we found a
CRP cutoff level of 10 mg/L to be useful for distinguishing DF from
the other diseases in returned travelers with a high malaria and EF
sensitivity.

Our study has some limitations. First, we compared only 3 dis-
eases: malaria, DF, and EF. Although these diseases are the major
causes of febrile illness in returning travelers, other diseases, such
as schistosomiasis, hepatitis A, rickettsiosis, and leptospirosis,
should be considered as differential diagnoses. Second, clinical
manifestations were obtained from patient medical records. Doc-
tors did not always describe clinical manifestation in detail, so
some findings may be erroneously omitted. Third, geographical
epidemiology could be changed by some factors, such as a large-
scale outbreak of typhoid fever [24].

In conclusion, the specific region of travel, reason for travel,
clinical manifestations, and simple laboratory test results could be
helpful for improving the accuracy in diagnoses of DF, malaria, and
EF in febrile returning travelers with non-specific symptoms. We
found, leukopenia, and lower CRP levels in DF patients and
increased T-bil in malaria patients to be the most diagnostic
symptoms for those diseases.
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