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Abstract

Background: In August 2020, in the context of COVID-19 pandemics, an autochthonous dengue outbreak was

identified for the first time in Italy.

Methods: Following the reporting of the index case of autochthonous dengue, epidemiological investigation, vector

control and substances of human origin safety measures were immediately activated, according to the national

arbovirus surveillance plan. Dengue cases were followed-up with weekly visits and laboratory tests until recovery

and clearance of viral RNA from blood.

Results: The primary dengue case was identified in a young woman, who developed fever after returning from

Indonesia to northern Italy, on 27 July 2020. She spent the mandatory quarantine for COVID-19 at home with

relatives, six of whom developed dengue within two weeks. Epidemiological investigation identified further five

autochthonous dengue cases among people who lived or stayed near the residence of the primary case. The last

case of the outbreak developed fever on 29 September 2020. Dengue cases had a mild febrile illness, except one

with persistent asthenia and myalgia. DENV-1 RNA was detected in blood and/or urine in all autochthonous cases,

up to 35 days after fever onset. All cases developed IgM and IgG antibodies which cross-reacted with West Nile

virus (WNV) and other flaviviruses. Sequencing of the full viral genome from blood samples showed over 99%

nucleotide identity with DENV-1 strains isolated in China in 2014–2015; phylogenetic analysis classified the virus

within Genotype I. Entomological site inspection identified a high density of Aedes albopictus mosquitoes, which

conceivably sustained local DENV-1 transmission. Aedes koreicus mosquitoes were also collected in the site.

Conclusions: Areas in Europe with high density of Aedes mosquitoes should be considered at risk for dengue

transmission. The presence of endemic flaviviruses, such as WNV, might pose problems in the laboratory diagnosis.
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Background

In the recent years, European countries reported an increased
activity of vector-borne viruses, whose expansion is greatly
affected by the major drivers of emerging infectious diseases,
including warming climate, land use, global travel and trade.1

This is the case of the unprecedented number of West Nile virus
(WNV) infections that have been reported by several European
countries where the virus has become endemic,2 including
Italy,3 Greece,4 Spain,5 Germany6 and the Netherlands,7

which recorded summer heat waves during the last years. In
addition, autochthonous transmission of dengue virus (DENV),
chikungunya virus (CHIKV) and Zika virus (ZIKV) has been
identified in several countries, such as the large chikungunya
outbreaks which occurred in Italy in 2007 and 2017, resulting in
about 200 and 500 human infections, respectively;8 ,9 the dengue
outbreaks which occurred in France since 2010,10 in Croatia
in 201011 and in Spain in 2018;12 the autochthonous vector-
borne transmission of ZIKV identified in France in 2019.13 The
risk of introduction of these tropical viruses, resulting in local
outbreaks, is expected to even worsen in the near future, since
Aedes albopictus and other invasive Aedes mosquitoes, which
are competent vectors for transmission, are endemic in southern
European countries and are rapidly expanding their geographic
range to northern Europe.14 ,15

Notwithstanding effective surveillance systems and vector
control programs are in place in many countries, identification
and prevention of vector-borne outbreaks remains challenging
and the occurrence of outbreaks unpredictable. Actually, long
delays in the diagnosis and reporting of imported cases of vector-
borne viral infections have been identified as the main driver
for autochthonous transmission of dengue and chikungunya in
Europe.16 This is even more challenging in the context of the
ongoing SARS-CoV-2 pandemics, which poses problems not only
for the differential diagnosis among febrile conditions but also
because of the under-testing and under-reporting of non-COVID-
19 conditions. On the other hand, arbovirus transmission is likely
to have increased during COVID-19 lockdown because of its
effects on routine vector control programs and on the contact
rate between human and mosquito populations.17

In this report, we describe the results of the clinical and
laboratory investigation of 11 dengue cases involved in the
autochthonous outbreak, which occurred in northern Italy, in
August–September 2020, in the context of the COVID-19 pan-
demics, highlighting pitfalls in diagnosis and early management
of the outbreak. The results of entomological investigation and
vector control measures that were undertaken are also reported.
Preliminary results of the first five cases of this outbreak and the
implementation of surveillance and control measures have been
described in a previous communication.18

Methods

Ethics statement

The cases reported in this study were investigated with rou-
tine procedures according to the national surveillance plan for
arbovirus infections. Therefore, no approval was required from
the ethics committee. Written informed consent was obtained
from the study subjects regarding the publication of this paper.

Surveillance protocol for imported arbovirus

infections

In 2020, in the Veneto Region, the surveillance program of
autochthonous and imported arbovirus infections was integrated
with COVID-19 surveillance, because of the overlaps of
symptoms and clinical presentation of these febrile conditions.
According to the program, clinical surveillance of imported
arbovirus infections had to be carried out throughout the year,
while the activation of entomological surveillance had to be
carried out during the period of vector circulation, from June
to November. Suspected imported cases of arbovirus (DENV,
ZIKV and CHIKV) infection were defined as subjects with
onset of fever (≥38◦C) within a week, who returned from
potentially endemic areas within two weeks, without other
obvious causes of fever.19 Suspected cases were referred to an
emergency department and/or infectious disease unit for clinical
evaluation and laboratory testing for SARS-CoV-2, malaria
(in case of travel to endemic areas) and arbovirus diagnosis
and were quarantined at home with the recommendation to
adopt measures to avoid mosquito bite. A case was defined
as probable if anti-DENV, ZIKV or CHIKV IgM antibodies
were detected in a single serum sample. A case was defined
as confirmed if the virus was isolated in culture or its nucleic
acids were detected in biological fluids (blood, urine or saliva),
if DENV NS1 antigen was detected in blood, if seroconversion
or 4-fold increase of antibodies titers were demonstrated in two
serum samples collected at least two weeks apart, or if high
titer IgM were detected and confirmed by neutralization assays.
According to the program, all probable and confirmed cases had
to be immediately reported to the local and regional hygiene
and public health units, which had to collect relevant personal
information (e.g. mosquito bite) to guide the activation of vector
control measures within 24 h from the notification. Surveillance
measures for imported arbovirus infections were applied also to
suspected autochthonous outbreaks, i.e. two or more suspected
cases occurring within 30 days in a small geographic area. With
the identification of a confirmed or probable autochthonous
dengue outbreak, the following activities had to be done:
entomological investigation, enhancement of human surveillance
with active case finding, implementation of vector control
measures and of safety measures for substances of human
origin.

Entomological investigation and interventions

Within 24 h from the notification of a suspected or confirmed
case of imported arbovirus infection, site inspection had to be
done by public health technicians, who verify the presence of
Ae. albopictus adults and larvae and, if not already in place,
set up BG-sentinel traps and ovitraps to collect Aedes spp.
mosquitoes. Identification of Ae. albopictus was based on mor-
phology, while Aedes koreicus was confirmed by molecular
testing. If Ae. albopictus and/or Ae. koreicus were detected,
mosquito disinfestation had to be conducted within 24 h from the
notification of the case in the area comprised in a radius of 200 m
around the house of the case and extended to sensible places
in the nearby. Disinfestations included treatment with larvicides
and adulticides and removal of breeding sites. The effectiveness
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of disinfestations was assessed by monitoring mosquito density
before and after treatment.

Substances of human origin safety measures

According to the surveillance plan, when autochthonous
arbovirus transmission was identified, screening by nucleic acid
testing (NAT) had to be performed in all blood, organ, tissue
and hematopoietic stem cell donors who were resident or had
been for at least one night in the province of virus transmission
during the 28 days before donation.

Laboratory methods

For molecular testing of arboviruses, total nucleic acids were
purified from 200 μL of plasma, urine and saliva by using
a MagNA Pure 96 System (Roche Applied Sciences, Basel,
Switzerland). DENV RNA was amplified by in-house real-time
RT-PCR methods which allowed discrimination among the
different serotypes, according to the Center for Disease Control
and Prevention protocol.20 WNV, USUV, ZIKV and CHIKV
RNA testing were performed by in-house real-time RT-PCR
methods, as previously described.21–23 Real-time RT-PCR assays
were carried on using a one-step real-time PCR kit (Thermo
Fisher Scientific, Waltham, MA, USA) and run on ABI 7900HT
Sequence Detection Systems (Thermo Fisher Scientific). DENV
NS1 antigen was detected in plasma by using a rapid immuno-
chromatographic assay (Dengue NS1 Ag Strips, Bio-Rad,
Hercules, CA, USA). Anti-DENV, WNV, ZIKV and CHIKV
IgM and IgG antibodies were detected by a chemiluminescence
immunoassay (CLIA) in a Thunderbolt instrument (VirClia,
Vircell, Granada, Spain).

DENV NAT screening of donors of substances of human
origin was done by using the cobas® CHIKV/DENV real-time
PCR assay on a cobas® 6800 System (Roche) and the Procleix
Dengue Virus Assay on a Procleix Panther System (Grifols Italia
S.p.A., Milan, Italy).

Screening of viral infection in mosquitoes was done by a
broad-range nested RT-PCR assay targeting viruses of the Fla-
vivirus genus,24 followed by sequencing of positive results. All
mosquito samples were also sent to the national reference labo-
ratory (Department of Infectious Diseases, Istituto Superiore di
Sanità, Rome, Italy) for confirmation.

DENV-1 genome sequencing and phylogenetic

analysis

DENV-1 full genome sequencing was performed by PCR amplifi-
cation using the primer sets designed by Stubbs et al.25 followed
by Sanger sequencing. Briefly, total RNA was purified from
plasma samples using a QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany), reversed transcribed using Superscript IV
(Thermo Fisher Scientific) and amplified in 40 overlapping
amplicons covering the full genome of DENV-1. Amplicons
were sequenced by using a Brilliant Dye terminator 1.1. kit
(NimaGen, Nijmegen, The Netherlands) on a 3730xl Genetic
Analyser (Thermo Fisher Scientific). Molecular phylogenetic
analysis of DENV-1 was performed by using the Maximum

Likelihood method based on the Tamura-Nei model26 ,27 with
the genome sequence obtained in this study and with related
DENV-1 genome sequences available in GenBank, as previously
described.28 ,29

Results

Epidemiological and clinical investigation

A cluster of 11 cases of autochthonous dengue was identified
in Vicenza Province, Veneto region, northern Italy, August–
September 2020, secondary to a primary case imported from
Indonesia. Preliminary data on this outbreak have been previous
reported.18 The time line of events in this outbreak is represented
in Figure 1. Demographic, clinical and baseline laboratory find-
ings in the primary imported dengue case and in the 11 secondary
autochthonous dengue cases are reported in Table 1.

The index case (case F1) was a woman in her fifties from
Vicenza province with no recent travel history, who developed
fever and arthralgia on 16 August 2020. She presented to the
infectious diseases unit of Vicenza City Hospital on August
21, when symptoms had already disappeared. She referred that
other household contacts had similar symptoms, including a
relative who developed fever on July 30 (case P), three days after
returning from a 16-month stay in West Sumatra, Indonesia, and
who spent the mandatory 14-days quarantine for COVID-19 at
her home. Molecular testing on a nasopharyngeal swab excluded
SARS-CoV-2 infection in the index case, while investigation of
vector-borne viruses demonstrated DENV-1 RNA in blood, urine
and saliva. Following notification of this case of autochthonous
dengue to the public health authority of the Veneto Region on 26
August, vector control measures were immediately implemented
and general practitioners of the zone were alerted for referring
cases of unexplained fever, according to regional and national
arbovirus surveillance plans.

Epidemiological investigation and active search of other cases
of DENV infection was done among household contacts and
people living close to the imported case, including both asymp-
tomatic and symptomatic individuals, by serological testing and
by molecular testing of blood, urine and saliva samples. In addi-
tion, all individuals with symptoms consistent with arbovirus
infection and living in Vicenza province or who travelled in
Vicenza province during the 28 days before symptom onset were
tested for DENV, besides autochthonous arboviruses, during
the period from August to November 2020. This investigation
allowed detecting DENV-1 infection in further 11 subjects with
symptoms: i.e. the above described traveller returning from
Indonesia (primary case, P) and 10 subjects with no travel history
outside Veneto region in the 28 days before symptom onset
(autochthonous secondary cases), including other five family
contacts of the primary case (cases F2–F6) who lived at a distance
<50 m from the primary case, two subjects (cases A1 and A2)
who lived between 50- and 100-m distance from the primary
case, and three cases (cases B1–B3) who lived at about 300 m
from the primary case (Figure 2). The area where dengue cases
were identified was characterized by a rural setting with few
residential houses with gardens and low population density.

Autochthonous dengue cases developed symptoms between
11 August and 29 September 2020 (Figure 1). The most common
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Figure 1. Timeline of the dengue outbreak, northern Italy, 2020. Each case is indicated in rows. P represents the primary case; F1–F6 represent

household contacts of P; A1 and A2 and B1–B3 represent two clusters epidemiologically-linked to P and F1–6. Each line represents a day, from July

27th to November 1st, 2020. Date of relevant events, such as the arrival in Italy of the primary case, symptom onset, laboratory diagnosis, probable

exposure of a dengue case who was not resident in the affected area, duration of DENV-1 RNA detection in blood and urine, and vector control

interventions and indicated in the figure.

Table 1. Demographic, clinical and baseline laboratory findings in the primary dengue case and 11 secondary autochthonous dengue cases,

northern Italy, 2020

Cases, ID∗

P1 F1 F2 F3 F4 F5 F6 A1 B1 B2 A2 B3

Demographic data
Sex F M F M M M M F F M F F
Age, years 30s 50s 50s 20s 20s <10 10s 50s 60s 70s 50s 70s
Days from symptom onset to diagnosis 27 10 6 10 8 8 1 16 7 16 35 7
Symptoms
Duration of symptoms (days) 4 7 5 4 4 5 4 65 5 5 7 7
Fever (temperature, C) 38 39 38 38 38.5 39 39 39.5 39.3 39.3 38.5 38
Malaise + − − − − − − + − + − +
Arthralgia + + + + − − + + + − − +
Myalgia + + + + − − − + + + − +
Headache + + + + − − + + + − + +
Rash + − − − − − + + + + − +
Pruritus + + + + + + + + + + − +
Gastrointestinal − − − − − − − − + + − −
Virological tests
DENV RNA in blood (CT) − 32.7 29.0 39.1 29.4 29.9 16.8 31.2 34.4 − − 28.9
DENV RNA in urine (CT) − 28.3 28.3 36.7 31.3 28.3 37.4 31.7 33.6 29.3 35.4 30.5
DENV RNA in saliva (CT) − 35.4 35.2 − 35.8 29.9 36.2 − 33.6 ND ND 30.4
DENV NS1 Antigen (LFA) − − + − + + + − − − − +
DENV IgM (AU/mL) 2.60 10.37 − 6.95 10.37 14.27 − 10.72 − 13.77 6.99 13.45
DENV IgG (AU/mL) 3.10 − − − − − − 1.01 2.73 1.12 1.63 −
ZIKV IgM (AU/mL) − − − 1.15 − 1.56 − − − − − −
ZIKV IgG (AU/mL) 4.05 − − − − − − − 2.81 − − −
WNV IgM (AU/mL) − 4.04 2.85 4.41 1.83 6.37 − 3.22 1.45 3.52 3.16 1.63
WNV IgG (AU/mL) 1.87 − − − − − − 1.61 1.69 1.57 1.69 −
CHIKV IgM (AU/mL) − 2.63 − − − − − − − − − −
CHIKV IgG (AU/mL) − − − − − − − − − − − −
Blood tests∗∗
WBC count (×109/L) 6.4 6.3 5.7 4.5 5.7 5.3 3.1 5.2 11.8 5.4 4.9 2.6
RBC count (×1012/L) 4.08 4.94 4.45 4.82 4.71 4.33 4.97 4.73 4.97 4.93 4.68 4.81
Hematocrit (L/L) 0.38 0.45 0.40 0.43 0.42 0.34 0.44 0.42 0.43 0.43 0.41 0.45
Platelet count (×109/L) 196 329 299 294 234 475 156 350 146 320 172 60

Present or positive result; −: absent, undetectable or negative result; CT: Real-time RT-PCR threshold cycle; ND: non done; LFA: lateral flow assay; AU/mL: arbitrary unit/mL measured
by chemiluminescent immunoassays (CLIA); WBC: white blood cell; RBC: red blood cell.
∗Case identification corresponds to that reported in Figures 1 and 3.
∗∗Normal range: WBC count: 3.5–12.5 × 109/L; Red blood cell count: 4.10–5.65 × 1012/L; Hematocrit: 0.39–0.49 L/L; Platelet count: 110–330 × 109/L.
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Figure 2. Map of dengue cases, entomological surveillance and control areas. Numbers correspond to sites monitored with mosquito traps as

reported in Supplementary Table 1. The red circle represents the area of 200 m of radius around primary case (site number 0), while the blue

circle the area of 250 m used after the finding of autochthonous cases (site 11) out of the first surveillance area. Sites 9 (hospital) and 10 (Sovizzo

municipality) are not shown on the map.

signs and symptoms were fever, pruritus, headache, arthral-
gia and myalgia (Table 1). Symptoms completely resolved in
4–8 days in all cases, except a patient (case A1) who developed
severe asthenia and myalgia, which persisted for about two
months and required steroid treatment. This patient had viral
RNA still detectable in blood one month after the onset of
symptoms.

Laboratory diagnosis and follow-up

Initially, after the onset of fever, the primary dengue case was only
investigated for SARS-CoV-2 infection, while diagnosis of DENV
infection was retrospective and based on serology and neutral-
ization assays. In fact, the patient was first tested for dengue
diagnosis 27 days after fever onset, when molecular tests for
DENV and other arboviruses (WNV, USUV, ZIKV and CHIKV)
on blood, urine and saliva gave negative results, while serology
tests showed positive results for DENV IgM and IgG antibodies
(IgG/IgM ratio > 1) and for ZIKV IgG and WNV IgG antibodies.
Neutralization assays showed a higher increase of neutralizing
antibody titres against DENV-1 than other DENV serotypes
(32- vs. 8-fold increase, respectively) in serum samples collected
in a 2-week interval. At variance, neutralization assays against

ZIKV and WNV were negative. These results were consistent
with a recent DENV-1 infection in a subject with previous DENV
immunity.

In all autochthonous cases, DENV-1 infection was confirmed
by detection of viral RNA in either blood, urine or saliva
(Table 1). In addition, follow-up laboratory testing (Figure 3)
showed that all subjects seroconverted and developed DENV
IgM and IgG antibodies, which were confirmed by neutralization
assays as DENV-1-specific (i.e. in convalescent sera, the
neutralization titres against DENV-1 were 4- to 8-fold higher
than the neutralization titres against DENV-2). Detection of
antibodies against other arboviruses (WNV, ZIKV and CHIKV),
performed by CLIA at the time of first evaluation, demonstrated
the presence of cross-reactive anti-WNV IgM/IgG antibodies
in all patients with detectable anti-DENV IgM/IgG antibodies,
while false-positive CHIKV and ZIKV serology results were less
common (Table 1). In one of these autochthonous dengue cases
(case B1), in whom high DENV IgG antibody levels were detected
at the time of diagnosis, prior WNV immunity was demonstrated
by neutralization assay.

All dengue cases were followed-up with weekly visits and
laboratory tests until recovery from symptoms and until DENV
RNA was undetectable in plasma. In most patients, viral RNA
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Figure 3. DENV-1 RNA load in blood and urine, reported as threshold cycles (CT) values, and serum anti-DENV IgM and IgG antibody levels, reported

as AU/mL, determined in the primary dengue case (P) and the autochthonous dengue cases (F1–6, A1, A2, B1–3) during follow-up, up to 6 weeks

after fever onset. Case identification is the same of Table 1 and Figure 1.

was detectable within the first two weeks after the onset of
symptoms, with the exception of two cases (cases A1 and B3), in
whom DENV-1 RNA was detected in blood up to 24 and 35 days
after symptom onset (Figures 1 and 3). Shedding of DENV-1
RNA in urine lasted for over 3 weeks in most patients. In one
patient (case B2), who was evaluated for the first time on day 35
after symptom onset, DENV-1 RNA was still detectable in urine,
but not in blood (Figures 1 and 3).

In most patients with autochthonous dengue, anti-DENV
IgM antibodies appeared one week after the onset of symptoms
and peaked two weeks after the onset of symptoms, while anti-
DENV IgG antibodies appeared during the second week after
symptom onset (Figure 3).

DENV-1 genome sequencing and phylogenetic

analysis

DENV-1 full genome sequence (GenBank accession no.
MZ291446) was obtained from an autochthonous case with
high viral load in plasma, who was identified in the initial
phase of the outbreak in mid-August 2020 (case F6). Partial
genome sequencing of a region of about 2000 bp in the 5′
end of the genome, including the E gene, was performed in
other three autochthonous cases, including the last case of
the outbreak, who was identified in the end of September
2020. In addition, full viral genome sequencing was performed
in a case of imported DENV-1 infection, who developed
symptoms the day after returning from the French Antilles, in
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mid-August 2021. Alignment of the DENV-1 full genome
sequence associated with the autochthonous outbreak showed
over 99% nucleotide identity with DENV-1 genomes isolated in
China, in 2014–15.30–32

Phylogenetic analysis classified the virus within DENV-1
Genotype I (Supplementary Figure 1). Partial genome sequencing
showed that the autochthonous cases were infected with the same
DENV-1 strain (100% identity). At variance, the genome from
the DENV-1 case imported from the French Antilles showed the
highest nucleotide identity (about 98%) with DENV-1 strains
isolated in South and Central America classified as Genotype III.

DENV NAT screening of donors of substances

of human origin

In the period from August 2020 to the end of November 2020,
DENV NAT screening was performed in all blood, organ, stem
cell and tissue donors who were resident in Vicenza province
or stayed in the Vicenza province during the four weeks before
donation. No viraemic donors were identified. Notably, one of
the autochthonous dengue cases donated blood a few hours
before travelling to the area of exposure. Retrospective DENV
NAT analysis of this blood donation excluded DENV infection.

Entomological investigation and vector control

measures

Entomological survey and vector control activities were imple-
mented the same day of index case confirmation (Figure 1).
Vector control measures, such as removal of standing waters,
larvicidal and adulticidal treatments, were conducted for three
consecutive days within 200-m radius area around the residence
of index case (Figure 2). The entomological survey was also
extended to other areas where the cases stayed before the period
of isolation. After 5 days, a second survey was carried out to
assess the presence of Aedes mosquitoes and the effectiveness of
the disinfestation measures. Standard ovitraps and BG Sentinel®

traps (Biogents, Germany) baited with their lure and CO2 were
used to collect Aedes eggs and adult mosquitoes, respectively;
ovitraps run for one week and BG-Sentinel for 24 h. When look-
ing for the presence of adult mosquitoes by direct observation,
and by larval search, Ae. albopictus and Ae. koreicus were iden-
tified (Supplementary Table 1). Since one of the secondary cases
confirmed in September was located outside the 200 m area, a
new surveillance area of radius 250 m was considered around
this case (Figure 2), where entomological survey and vector con-
trol activities were also implemented (Supplementary Table 1).
All mosquitoes tested with pan-Flavivirus RT-PCR assay were
DENV-negative.

Discussion

In this study, we present the results of the integrated
epidemiological, clinical, virological and entomological inves-
tigations on the first dengue outbreak reported in Italy, which
occurred in August–September 2020. The outbreak involved
11 autochthonous cases secondary to an imported case from
Indonesia, who was identified retrospectively. Transmission

to six household contacts occurred during the 2-week period
of COVID-19 quarantine of the primary case and further
five autochthonous cases were identified within a distance of
300 m from the primary case. Quarantine and social distancing
measures for COVID-19 have been associated with a rise
of dengue cases in endemic countries, presumably because
of the increased peridomestic contact between humans and
mosquitoes.33 On the other hand, these containment measures
might have reduced the risk of spillover dengue transmission in
surrounding areas.34

In our study, active case finding was focused on all household
contacts of the primary case and only on subjects with febrile
illness who lived or stayed in the Vicenza province. Thus, we
cannot exclude that further asymptomatic cases or cases with
mild symptoms, who represent about 80% of DENV infections,35

were missed by the epidemiological investigation. However, in
the autochthonous dengue outbreak here reported, the rapid
implementation of vector control measures, the ecological setting
with low population density and the end of the summer season
probably mitigated the risk of onward virus transmission.

All dengue cases had a mild febrile illness with unspecific
symptoms that could be misdiagnosed as West Nile fever and
had antibodies that cross-reacted with WNV IgM and IgG
serology tests. Thus, even in the context of a highly endemic
setting for WNV and/or Usutu virus, such as northern Italy,22 ,36

diagnosis should not rely solely on a positive IgM and/or IgG
result but should require confirmation by neutralization assay
or, if available, a positive molecular test.37 ,38 Notably, molecular
testing allowed the confirmation of DENV-1 infection in all
autochthonous cases, even when samples were collected after the
acute phase. In most cases, the duration of DENV RNA in blood
and urine was 2 and 3 weeks, respectively, and in two cases,
DENV RNA could be detected in blood and urine up to 4 and 5
weeks after symptom onset.

Entomological investigation indicated that the outbreak was
conceivably sustained by Ae. albopictus, which was found to be
abundant in the area. Aedes albopictus is a competent vector
for DENV-1, as shown during other autochthonous dengue
outbreaks in Europe, which were maintained by this mosquito
species.10 ,39 ,40 Another invasive Aedes mosquito species, Ae. kor-
eicus, is spreading in northern Italy, including Vicenza province,41

and was detected in the sites involved in the dengue outbreak.
Vector competence of Ae. koreicus has been demonstrated for
CHIKV,42 while it is still unknown whether it is able to transmit
DENV and other arboviruses.43 The geographic expansion of
invasive mosquitoes represents a serious threat for European
countries, making them more vulnerable to arbovirus incur-
sions.44 ,45 Actually, the risk of autochthonous transmission of
dengue and chikungunya is not negligible in European regions
where Ae. albopictus mosquitoes are established, and these infec-
tions should be considered in the differential diagnosis of febrile
illness in travellers returning from these areas during the summer
season.46 Notably, in Italy and in other Southern Mediterranean
countries, most dengue cases are imported from endemic areas
during the period from July to September, which corresponds
to the peak of vector activity, and, with the increasing global
mobility, the number of imported cases has raised during the last
two decades.47–49 The risk of population exposure to dengue and
other vector-borne diseases is predicted to further increase in the
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future because of the global warming and, as consequences, the
geographic expansion of vectors towards higher altitudes and
temperate regions and the longer duration of the transmission
season in temperate countries.50–52

Often, the primary cases of autochthonous outbreaks of
DENV, CHIKV and ZIKV in European countries are not iden-
tified, notwithstanding the implementation of effective surveil-
lance programs for vector-borne infections. This is the case, e.g.
of the large chikungunya outbreak in Italy, 2017, which was
unrecognized for about one month;53 the cases of vector-borne
transmission of ZIKV in France, 201913; the dengue outbreaks
in Croatia in 201011 and in southern France in 2020,54 which
were only identified through travellers to Germany and to the
Netherlands, respectively. A study estimating the number of
imported dengue cases in Italy suggested that only about 3%
of the total infections are actually reported by the surveillance
system, probably because most infections are unapparent or mild
and do not require access to the health care system.48 Nonethe-
less, only the dengue outbreak here described has occurred in
Italy so far. This suggests that the ecological conditions in Italy,
like in other areas in Southern Europe, are not optimal for
dengue transmission.55 One of the reasons is the absence of Aedes
aegypti, the primary vector for dengue, which is more efficient
than Aedes albobictus in DENV transmission. However, further
research is needed to determine the competence of European
Ae. albopictus strains and the threshold levels of mosquito and
human population density to allow autochthonous transmission
of dengue in Southern Europe.

All these data emphasize the importance of strengthening
surveillance programs and public health interventions, in partic-
ular, vector control measures and campaigns to raise awareness
among physicians and the general population on the risk of
vector borne infections.

Actually, the reduction of vector control activities, the
decrease of diagnostic testing and the increased outdoors hiking
and sport activities during the COVID-19 emergency in 2020
have been considered as relevant co-factors for the resurgence
of West Nile neuroinvasive disease in Spain5 and tick-borne
encephalitis in Switzerland.56 These events probably contributed
to the expansion of Aedes mosquito population, to the delay
in the diagnosis of the imported dengue case, and hence,
the occurrence of the autochthonous dengue outbreak here
described.

As public health response, in 2021, the Veneto Region
enhanced vector control measures and information activities and
revised the surveillance plan for arbovirus infections to highlight
the importance of including DENV, ZIKV and CHIKV infections
in the differential diagnosis of febrile illness in subjects without
travel history to endemic countries.

Supplementary data

Supplementary data are available at JTM online.
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