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Dengue Virus Type-3 Infection in a Traveler Returning From Benin

to Japan
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Dengue virus (DENV) infection is a major health threat for travelers. We describe here a case of dengue virus serotype-3
(DENV-3) infection in a traveler returning to Japan from the Republic of Benin. The isolated DENV-3 genotype 3 strain
exhibited high sequence similarity to those from neighboring regions.

D engue virus (DENV) is widely distributed
in tropical and subtropical countries and
is transmitted by Aedes mosquito. The global
incidence of DENV infection has increased rapidly
in recent years. In addition, disease prevalence has
widely expanded geographically, leading to dengue
emergence in nonendemic countries’ or re-emergence
elsewhere. Although DENV infection has been reported
sporadically in travelers returning from Africa,®”’
the extent of DENV transmission in Africa has not
been clearly defined. There is limited availability of
epidemiological and clinical data on dengue infection
in Africa. Hence, improved clinical and molecular
epidemiological data on DENV infection in travelers
could contribute to better understanding of the clinical
features associated with dengue infection from Africa,
as well as the extent of disease prevalence in the region.

Although Japan has no endemic cases of dengue,
the number of imported cases has increased steadily in
recent years with some 245 cases reported in 2010.% Of
these cases, three travelers from the African continent
(two travelers from Tanzania and one from Benin)
developed dengue fever (DF). In this study, we describe
the clinical and molecular characteristic of a dengue
virus serotype-3 (DENV-3) isolated from a traveler
returning to Japan from the Republic of Benin in 2010.

Corresponding Author: Mugen Ujiie, MD, MTM, Disease
Control and Prevention Center, National Center for Global
Health and Medicine, 1-21-1 Toyama, Shinjuku, Tokyo 162-
8655, Japan. E-mail: infinite_u@hotmail.com

Case Report

A 28-year-old Japanese female presented to the
emergency department of the National Center for
Global Health and Medicine NCGM) Hospital (August
6, 2010) one day after onset of high fever and headache.
She had visited Cotonou, Dassa-Zoume, Parakou,
Natitingou, and Porto-Novo in Benin between July
24 and August 3, 2010. She returned to Japan on August
4, 2010 and developed sudden fever the next day.

The patient visited our hospital complaining of
headache, sore throat, nausea, diarrhea, bilateral
myalgia of her thighs, and bilateral arthralgia over
her knees, shoulders, and elbows. On examination,
her body temperature was 39°C, blood pressure was
88/52 mmHg, and pulse was 92/minute. Systemic
examinations revealed pharyngeal erythema, bilateral
inguinal lymphadenopathy, and mild tenderness over
her thighs and knees. Many mosquito bite marks
were apparent on her lower limbs. A full blood count
conducted on day 2 after onset of disease revealed the
following: hemoglobin count (13.2 mg/dL), hematocrit
concentration (39.2%), white blood cell count (6.76 x
10%/L), and platelet count (227 x 10%/L), all of which
were within normal ranges.

Serum sample obtained on day 2 after onset of
disease was negative for malaria antigen by a rapid
malaria antigen diagnostic test (BinaxNOW, Inverness
Medical, Ireland), and, was positive for dengue NS1
antigen by using a rapid DENV NS1 antigen immune-
chromatographic test (SD BIOLINE, Korea). The
patient was, therefore, admitted to our hospital for
treatment, given intravenous infusions and observed for
dengue warning signs. The patient’s platelet count was
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at its lowest on day 7 after onset of disease (48 x 10?/L)
and her fever subsided on day 8 after onset. She was
discharged after hospitalization for a total of 7 days.
DENV-3 genome was detected by real-time poly-
merase chain reaction (RT-PCR, Applied Biosystems,
USA) and virus isolated using the Aedes albopictus
mosquito cell line C6/36.% Although tests for anti-
dengue IgM (Focus Diagnostics, USA), and IgG (Pan-
bio, Australia) antibodies were negative on day 2 after
onset of disease, tests using serum sample from day
8 after onset of disease was positive. Both day 2 and
day 8 serum samples were positive for dengue NS1
antigen (Platelia, Bio-Rad, France). Serum samples
were de-identified prior to being used in the exper-
iments and thus, ethical approval was not required
for this study. The nucleotide sequence of the enve-
lope protein (E-protein) of the isolated virus (Gen-
Bank accession number AB690858) was compared to
selected sequences of DENV-3. The isolated DENV-3
strain from Benin belonged to DENV-3, genotype III
(Figure 1) and had the following characteristics: an E-
protein sequence similarity of 99% to the DENV-3
D3/Hu/Cdte d’Ivoire/NIID48/2008 strain, 99% to a
DENV-3 strain isolated in Senegal in 2009, and 98% to
a DENV-3 D3/Hu/Tanzania/NIID08/2010 strain iso-
lated in Tanzania in 2010 (GenBank accession numbers:
AB447989, GU189386, and AB549332, respectively).

Discussion

Sporadic cases or outbreaks of DENV infection have
been reported in 34 countries in the African region. It is
estimated that 2.4% of global dengue hemorrhagic fever
(DHF) cases (100,000 cases) and up to 1 million cases
of DF may occur in Africa.> Among travel-associated
dengue cases in travelers returning to Europe, 2 to
8% had visited Africa.’’ In comparison, most of the
travelers returning to Europe with dengue had traveled
to Asia (54-61%) and Latin America (25-31%). Febrile
illness was, however, more frequently reported in 41%
of travelers to sub-Saharan Africa (2,559 patients) as
compared to other regions {(Southeast Asia, 33%, 1,218
patients; Caribbean and Central and South America,
18%, 1,044 patients).” Although dengue is frequently
reported in travelers to Southeast Asia and South
America as compared to Africa, the disease may be
underreported in Africa due to limited awareness of the
disease, and, limited availability of diagnostic tests and
routine surveillance system.’

Imported cases of DENV type-3 infection from
West Africa have been previously reported in European
travelers.? 6 The first possibility of DENV circulation
in Benin was suggested by a seroprevalence study
conducted in asymptomatic Germans working overseas
from 1987 to 1993.%10 Although there have been four
serologically confirmed cases of DENV infection in
travelers returning from Benin to France in 2006 and
2010, the serotypes were not identified. As the isolated
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Figure 1 Phylogenetic tree based on the nucleotide sequence
of the envelope (E) protein gene of DENV-3 strains. The tree
was rooted to DENV-1, DENV-2, and DENV-4 outgroups.
Multple sequence alignments were performed. The tree was
constructed using the neighbor joining method (Genetyx,
Japan) and successful bootstrap replication is indicated at
the nodes. The isolated strain from Benin (AB690858) was
indicated with a closed triangle (A). Scale bar (0.05) indicates
nucleotide substitutions per site.

DENV-3 strain possesses high sequence similarity
to DENV-3 strains in neighboring regions, the data
suggests local transmission of the virus in the African
continent. However, further epidemiological studies
would be needed to identify DENV outbreaks and
ascertain the virus strains causing local outbreaks.
Although close monitoring of febrile travelers
provides data on DENV outbreaks in endemic regions,
improved disease surveillance and a higher priority
in dengue laboratory diagnosis in Africa is vital to
reflect the true incidence of the disease. Identification
of genotypes and strains along with disease prevalence
in endemic areas is of importance because some DENV
strains have been associated with increased disease
severity and may possess higher epidemic potential.>*
Currently, there are no effective drugs or vaccines
against DENV infection. Transmission of DENV
within Africa presents challenges for diagnosis and
effective disease management of febrile travelers
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returning from the continent. Additionally, there is
a need for higher awareness toward the increasing
risk of DENV infection in travelers among health
care personnel in both endemic and non-endemic
regions. Thus, rapid and accurate diagnosis of DENV
is particularly important for travelers returning from
West Africa in which other viral hemorrhagic fevers,
including yellow fever and Lassa fever are endemic.
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Abstract: The family Arenaviridae, genus Arenavirus, consists of two phylogenetically
independent groups: Old World (OW) and New World (NW) complexes. The Lassa and
Lujo viruses in the OW complex and the Guanarito, Junin, Machupo, Sabia, and Chapare
viruses in the NW complex cause viral hemorrhagic fever (VHF) in humans, leading to
serious public health concerns. These viruses are also considered potential bioterrorism
agents. Therefore, it is of great importance to detect these pathogens rapidly and
specifically in order to minimize the risk and scale of arenavirus outbreaks. However, these
arenaviruses are classified as BSL-4 pathogens, thus making it difficult to develop
diagnostic techniques for these virus infections in institutes without BSL-4 facilities. To
overcome these difficulties, antibody detection systems in the form of an enzyme-linked
immunosorbent assay (ELISA) and an indirect immunofluorescence assay were developed
using recombinant nucleoproteins (rNPs) derived from these viruses. Furthermore, several
antigen-detection assays were developed. For example, novel monoclonal antibodies
(mAbs) to the rNPs of Lassa and Junin viruses were generated. Sandwich antigen-capture
(Ag-capture) ELISAs using these mAbs as capture antibodies were developed and
confirmed to be sensitive and specific for detecting the respective arenavirus NPs. These
rNP-based assays were proposed to be useful not only for an etiological diagnosis of
VHFs, but also for sero‘epidemiological studies on VHFs. We recently developed
arenavirus neutralization assays using vesicular stomatitis virus (VSV)-based pseudotypes
bearing arenavirus recombinant glycoproteins. The goal of this article is to review the
recent advances in developing laboratory diagnostic assays based on recombinant viral
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proteins for the diagnosis of VHFs and epidemiological studies on the VHFs caused
by arenaviruses.

Keywords: arenavirus; viral hemorrhagic fever; diagnosis; recombinant protein

1. Introduction

The virus family Arenaviridae consists of only one genus, but most viruses within this genus can be
divided into two different groups: the Old World arenaviruses and the New World arenaviruses (also
known as the Tacaribe complex) [1,2]. The differences between the two groups have been established
through the use of serological assays. Most of the arenaviruses cause persistent infection in rodents
without any symptoms, and humans acquire a variety of diseases when zoonotically infected.
Lymphocytic choriomeningitis virus (LCMV) is the only arenavirus to exhibit a worldwide
distribution, and causes illnesses such as meningitis [3,4]. Congenital LCMV infections have also been
reported [4,5]. Most importantly, viral hemorrhagic fever (VHF) can be caused by several
arenaviruses. Lassa fever, caused by the Lassa virus (LASV), an Old World arenavirus, is one of the
most devastating VHFs in humans [6]. Hemorrhaging and organ failure occur in a subset of patients
infected with this virus, and it is associated with high mortality. Many cases of Lassa fever occur in
Western Africa in countries such as Guinea, Sierra Leone, and Nigeria [7—13]. Tacaribe complex
lineage B of the New World arenaviruses consists of the Junin virus (JUNV), Guanarito virus
(GUNYV), Sabia virus (SABV) and Machupo virus (MACV), the etiological agents of Argentine,
Venezuelan, Brazilian, and Bolivian hemorrhagic fevers, respectively [14,15]. Although genetically
distinct from one another, they appear to produce similar symptoms, accompanied by hemorrhaging in
humans [14,15]. These pathogenic New World arenavirus species are closely associated with a specific
rodent species [6].

Humans are usually infected with pathogenic arenaviruses through direct contact with tissue or
blood, or after inhaling aerosolized particles from urine, feces, and saliva of infected rodents. After an
incubation period of 1-3 weeks, infected individuals abruptly develop fever, retrosternal pain, sore
throat, back pain, cough, abdominal pain, vomiting, diarrhea, conjunctivitis, facial swelling,
proteinuria, and mucosal bleeding. Neurological problems have also been described, including hearing
loss, tremors, and encephalitis. Because the symptoms of pathogenic arenavirus-related illness are
varied and nonspecific, the clinical diagnosis is often difficult [14,16]. Human-to-human transmission
may occur via mucosal or cutaneous contact, or through nosocomial contamination [14,16]. These
viruses are also considered to be potential bioterrorism agents [2].

A number of arenavirus species have been recently discovered as a result of both rodent surveys and
disease outbreaks [17-26]. A novel pathogenic New World arenavirus, Chapare virus (CHPV), has
been isolated from a fatal case of VHF in Bolivia [20]. In addition, five cases of VHF have been
reported in South Africa, and a novel arenavirus, named Lujo virus, was isolated from a patient [17].
The Lujo virus is most distantly related to the other Old World arenaviruses [17]. To date, there is no
information concerning the vertebrate host for the Chapare and Lujo viruses.
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There is some evidence of endemicity of the Lassa virus in neighboring countries [27,28]. However,
as the magnitude of international trade and travel is continuously increasing, and the perturbation of
the environment (due either to human activity or natural ecological changes) may result in behavioral
changes of reservoir rodents, highly pathogenic arenaviruses could be introduced to virus-free
countries from endemic areas. In fact, more than twenty cases of Lassa fever have been reported
outside of the endemic region in areas such as the USA, Canada, Europe, and Japan [29-33]. It is of
great importance to detect these pathogens rapidly and specifically in order to minimize the risk and
scale of outbreaks of VHFs caused by arenaviruses. However, these arenaviruses are classified as
biosafety level (BSL)-4 pathogens, making it difficult to develop diagnostic techniques for these virus
infections in laboratories without BSL-4 facilities. To overcome these difficulties, we have established
recombinant viral nucleoproteins (rNPs)-based serological assays, such as IgG-enzyme-linked
immunosorbent assay (ELISA), indirect immunofluorescence assay (IFA), and antigen (Ag)-capture
ELISA for the diagnosis of VHFs caused by highly pathogenic arenaviruses. Furthermore, virus
neutralization assays using pseudotype virus-bearing arenavirus GPs have been developed. In this
review, we describe the usefulness of such recombinant protein-based diagnostic assays for diagnosing
VHFs caused by arenaviruses.

2. Currently Used Diagnostic Techniques for VHFs

In outbreaks of VHFs, infections are confirmed by various laboratory diagnostic methods. Virus
detection is performed by virus isolation, reverse transcription-polymerase chain reaction (RT-PCR),
and antigen-capture ELISA. It has been shown that monoclonal antibody panels against pathogenic
arenaviruses are useful for detecting viral antigens on the virus-infected cells as well as for
investigating of antigenic relationships of arenaviruses [34-36]. Detection of the virus genome is
suitable for a rapid and sensitive diagnosis of VHF patients in the early stage of illness, and extensive
reviews of such RT-PCR assays have been described [37,38]. More recently, progress in the RT-PCR
method covering genetic variations of the hemorrhagic fever viruses (HFVs) [39,40] and a multiplexed
oligonucleotide microarray for the differential diagnosis of VHFs have also been reported [41]. On the
other hand, antibodies against these viruses can be detected by the indirect immunofluorescence assay
(IFA), or IgG- and IgM-ELISA. An IFA detects the antibody in the serum, which is able to bind to the
fixed monolayer of the virus-infected cells. Although the interpretation of immunofluorescence results
requires experience, the assay has advantages over other methods, since each virus generates a
characteristic fluorescence pattern that adds specificity to the assay compared to a simple ELISA
readout. A serological diagnosis by the detection of specific IgM and IgG antibodies to the HFVs must
be sensitive, specific and reliable, because a misdiagnosis can lead to panic in the general population.
An IgM-specific ELISA is suitable for detecting recent infection, but the relevance of IgM testing for
acute VHF depends on the virus and the duration of illness; specific IgM 1s not often present in the
very early stage of illness, and patients who die of VHF often fail to seroconvert at all. An [gG-specific
ELISA is efficacious, not only in the diagnosis of a large number of VHF cases, especially during
convalescence, but also for epidemiological studies in the endemic regions. The detailed methods used
for the IFA and IgG- and IgM-ELISAs for the diagnosis of VHF using authentic virus-antigens have
been described in detail [42-45]. :
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3. Recombinant Protein-Based ELISA for Detecting Antibodies against Arenaviruses

Arenaviruses have a bisegmented, negative-sense, single stranded RNA genome with a unique
ambisense coding strategy that produces just four known proteins: a glycoprotein, a nucleoprotein
(NP), a matrix protein (Z), and a polymerase (L) [46]. Of these proteins, the NP is the most abundant
in virus-infected cells. Recombinant protein technology could meet the demand for a simple and
reliable VHF test system, and recombinant NP (rNP) has been shown to be useful for serological
surveys of [gM- and IgG antibodies against arenaviruses [47-50].

3.1. Antibody Detection-ELISA

Recombinant baculoviruses that express the full-length rfNP of arenaviruses have been generated
[48,50,51]. The method used for the purification of arenavirus tNP from insect 7n5 cells infected with
recombinant baculoviruses is effective and simple compared to those for Ebola, Marburg, and
Crimean-Congo hemorrhagic fever virus rNPs [51-55]. Most of the arenavirus rNPs expressed in
insect cells using the recombinant baculoviruses are crystallized [56] and are solubilized in PBS
containing 8M urea. Since the majority of 7n5 cellular proteins are solubilized in PBS containing 2M
urea, the arenavirus rNPs in the insoluble fraction in PBS containing 2M urea can be solubilized by
sonication in PBS containing 8M urea. After a simple centrifugation of the lysates in PBS containing
8M urea, the supernatant fractions can be used as purified rNP antigens without further purification
steps [51]. The control antigen is produced from 7n5 cells infected with baculovirus lacking the
polyhedrin gene (AP) in the same manner as the arenavirus rNPs (Figure 1).

Figure 1. Purified rfNPs. The expression and purification efficiency of arenavirus rNP were
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) after
staining the gels with Coomassie blue. Purified NP antigens with approximate molecular
weights of 62 kDa from Luna, LCM, Lassa, Lujo, Junin, Machupo, Guanarito, Sabia, and
Chapare viruses and the purified negative control antigen (AP) are shown.
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As described above, recombinant baculoviruses allow the delivery of rNP antigens without using
infectious live arenaviruses. An ELISA plate coated with the predetermined optimal quantity of
purified rNPs (approximately 100 ng/well) is used for the IgG-antibody detection assay. An advantage
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