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A B S T R A C T

We report the full-genome sequence of a Dengue serotype-1 virus (DENV-1) isolated from a traveler
returning in July 2019 to Italy from Democratic Republic of Congo (DRC), which is currently affected by
Ebola and measles outbreaks. The sequence shows high similarity with two 2013 strains isolated in
Angola and China.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Background

Dengue fever (DF) is a mosquito-borne disease caused by four
phylogenetically and antigenically distinct dengue viruses (DENV
1-4) which belong to the Flavivirus genus (World Health
Organization, 2019). The disease is endemic throughout the
tropics and international travels contribute to spreading DENV
infection and determine imported cases in non-endemic areas
(Bhatt et al., 2013). However, circulation of DENV is underreported
in sub-Saharan African countries due to the lack of diagnostic
capacity, epidemiological surveillance and nonspecific clinical
signs and symptoms, which overlap with those of other prevalent
diseases (Amarasinghe et al., 2011; Jaenisch et al., 2014). DRC is one
of those countries home to a variety of pathogens and plagued by
several emergencies. Among these, an Ebola virus disease (EVD)
outbreak was declared on the 1st of August, 2018 in the North Kivu
province and on July 17, 2019, the WHO Emergency Committee
declared it to be a Public Health Emergency of International
Concern (PHEIC) (https://www.who.int/ihr/procedures/state-
ment-emergency-committee-ebola-drc-july-2019.pdf).
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International scientific agencies and public health institutions
in non-endemic European Union and European Economic Area
(EU/EEA) countries are again on alert to screen and monitor and
eventually manage travelers returning from DRC with VHF
symptoms. Appropriate differential diagnosis is key to identify
the cause of infectious febrile syndromes in patients with travel
histories. Although the Aedes spp mosquitoes are present in DRC,
little information about DENV circulation is available so far
(Mbanzulu et al., 2017). Moreover, travelers may serve as sentinels
to local epidemic risks, and their role is especially important in
areas with scarce public health reporting and resources.

Findings

A previously healthy Caucasian woman (18-years-old) returning
from Kinshasa, DRC, to Italy was admitted to the Policlinico Umberto
I, Universityof Rome “Sapienza” in Rome, Italy on the 20th of July. The
patient reported the onset of asthenia and retro-orbital pain on the
17th of July followed by the onset of fever (>38.5 �C) and rash on the
following day. The patient had been staying in Kinshasaworking fora
humanitarian organization for two weeks and returned to Italy on
the 14th of July 2019.

Virological diagnosis was made at the National Institute for
Infectious Diseases “Lazzaro Spallanzani” IRCCS (INMI) in Rome,
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Regional Reference Laboratory for arboviral infections. DENV NS1
antigen (STANDARD F Dengue NS1 Ag FIA, SD Biosensor, Korea) and
viral RNA (CDC DENV-1–4 Real-Time RT-PCR, Santiago et al., 2013)
was detected in the acute-phase serum sample. DENV 1-4
multiplex Real-Time RT-PCR showed the presence of DENV
type 1, which was confirmed also by pan-flavivirus nested
RT-PCR (modified from Moureau et al., 2007) targeting the non-
structural protein 5 (NS5) gene, followed by the amplicon
sequencing (241 bp). The virus was isolated after a single passage
in Vero E6 cell culture from an acute-phase serum sample. DENV-
specific IgM and IgG resulted negative using both rapid test
(STANDARD F Dengue IgM/IgG FIA, SD Biosensor, Korea) and
indirect immune fluorescence assay (IFA, Arboviral Fever Mosaic-2,
IgM and IgG, Euroimmun, Hamburg, Germany), consistent with the
short time between clinical onset and sample collection. Chikun-
gunya virus and Zika virus specific IgM and IgG were negative as
well as specific RT-PCR in serum. Thin and thick smears for malaria
were negative and the patient was under prophylactic treatment
with atovaquone/proguanil. The patient recovered after 11 days
since symptoms onset without any further complications and no
sequelae.

A 10,568-nt-long sequence was amplified in 21 overlapping
reverse transcriptase-PCR amplicons and Sanger sequenced from
cell culture-derived isolate. Primers were designed using the 2013
Angola strain (GenBank acc no KF184975) as template, since the
NS5 sequencing showed high similarity (99.56% on 241 bp) with
Figure 1. Phylogenetic tree based on complete genome (10141 nt), built using the Ma
General Timer Reversible model (GTR). The rate variation among sites was modelled with
which the associated taxa clustered together in the bootstrap test (1000 replicates) is sho
detection/isolation, when available. The sequence analyzed in this work is highlighted wi
The complete genome sequence of DENV-1 isolate here described (INMI/DRC-2019) ha
2013 Angola strain (primers sequences available on request).
Thirty-four DENV full genome sequences from the most recent
literature describing the circulation of DENV in DRC neighbouring
countries (e.g. 2013 Angola outbreak) were used for phylogenetic
analysis (Parreira et al., 2014). The results showed that the
closest related sequences to the DENV-1 isolated from this patient
(INMI/DRC-2019 – GenBank acc no MN577472) were from two
2013 strains isolated in China and Angola (99.3% and 98.5%
similarity on 10141 bp, respectively).

The phylogenetic tree, shown in Figure 1, confirms this
genetic correlation. Notably, the strain isolated in China is
reported as an imported infection, but no information on the
travel history of the patient is available (https://www.ncbi.nlm.
nih.gov/nuccore/KF864667).

Discussion

Here, we report an imported case of acute primary DENV-1
infection in a patient who had travelled to Kinshasa in DRC. The
strain identified in the patient’s serum is most closely related to a
strain isolated from a DENV infection imported to China in 2013,
and to the strain responsible for the 2013 Angola outbreak (Centers
for Disease Control and Prevention (CDC), 2013). It is possible that
the case imported to China was actually imported from Angola or
neighbour countries, but, to our knowledge, no information is
available to this respect. The last published report regarding DENV
ximum Likelihood method. The evolutionary distances were computed using the
 a gamma distribution (shape parameter = 0.31). The percentage of replicate trees in
wn next to the branches. Each record consists of accession number, place and year of
th a green dot. Phylogenetic analysis was conducted in the MEGA7 software package.
s been deposited in GenBank under the accession number MN577472.
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circulation in the DRC dates back to 2015, when a man travelling
from Kinshasa (DRC) to Japan was found positive for DENV-1.
Also in this case, the strain identified showed >99% identity to
the Angola strain (Yamamoto et al., 2019), indicating that the
circulation of DENV1 in DRC goes back at least to 2015. Since
then, to our knowledge, there has been no report of DENV
circulation in DRC. Previously, DENV has also been detected in
DRC during a retrospective cross-sectional study, in which
samples collected between 2003 and 2012 from yellow fever
suspects were tested for other arboviruses. Sixteen (3.5%)
patients enrolled from 2010 to 2011 resulted positive for DENV
RNA. The majority of cases were located in the north provinces
of DRC and DENV-2 was the main involved serotype (n = 11); 3
patients had DENV-1 and 2 were co-infected. No phylogenetic
analysis was performed on these virus strains (Makiala-
Mandanda et al., 2018).

Given the similarity between the strain involved in the 2015
outbreak and the strain detected in the patient here described, a
sustained unrecognized circulation in the country could be
hypothesized in these years. However, a national serosurvey on
samples collected in 2013–2014 from children ranging in age
between 6 months to 5 years revealed a very low DENV
seroprevalence (0.4%, 95% Confidence Interval (CI) 0.1–0.9%)
(Willcox et al., 2018). This low value among children is expected
in countries with a low transmission and sporadic spillover events
from hidden ecology niches to raise urban cycles.

More studies on seroprevalence in the adult population should
be carried out to determine seroprevalence of flaviviruses across a
broader age range, and investigate how these viruses contribute to
the burden of acute febrile illness in the DRC.

This report highlights the need to consider DENV in
surveillance programs in DRC and the likelihood of travel-
related DENV infections in patients returning from that country.
The current EVD outbreak in North Kivu province has greatly
increased the number of international health care workers
operating in DRC. There are currently more than 100 interna-
tional humanitarian agencies in DRC. Although the relative
contribution of travel-associated DENV cases from DRC would
be minor compared to overall importation of cases from other
endemic countries (i.e. southern Asia and latin America), the
increase of clinical awareness of DENV in DRC would actually
help to guide the differential diagnosis in endemic and non-
endemic areas, which may receive travelers returning from DRC
with suspicion of EVD.

In addition, epidemiological information about DENV circula-
tion is also useful for surveillance intervention in dengue non-
endemic countries given that Aedes albopictus, one of the DENV
vectors, is currently established throughout most of the Mediter-
ranean basin, expanding the potential for DENV and other
arboviruses to diffuse after introduction by imported cases. In
fact, autochthonous arboviruses outbreaks as the consequence of
spill over from large ongoing transmission in tropical areas
occurred in continental Europe in the last years (Vairo et al., 2018;
European Centre for Disease Prevention and Control, 2013; Calba
et al., 2017).

Further epidemiological investigation would be important to
elucidate the prevalence of DENV infection in the country and
helpful in providing up to date geographic risk profiles.
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