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In August 2023, six locally acquired dengue virus 1
infections were detected in Lodi province, Lombardy
Region, in northern Italy, where the vector Aedes
albopictus is present. Four cases were hospitalised,
none died. The viruses clustered with Peruvian and
Brazilian strains collected between 2021 and 2023.
This preliminary report highlights the importance of
continued integrated surveillance of imported vec-
tor-borne virus infections and the potential for tropi-
cal disease outbreaks in highly populated regions of
northern Italy where competent vectors are present.

Dengue virus (DENV) infection has become a growing
health concern worldwide [1,2]. In the last decades,
few autochthonous cases and limited outbreaks have
been reported in Europe [3-7]. Here, we describe an
outbreak of six autochthonous dengue cases occurring
in Lodi province, Lombardy Region in northern Italy in
August 2023.

Case description and sampling

On 3 August, an individual (Case 1) living in a village of
ca 4,500 inhabitants in the Lodi province was admit-
ted to the emergency department of the local hospital
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with fever (>39°Q), arthralgia, myalgia, maculopapular
rash, confusion and headache. The patient was first
discharged with supportive treatment. Six days after
symptoms onset, the patient was hospitalised because
symptoms persisted. The clinical samples were referred
to the Microbiology and Virology Unit of Fondazione
IRCCS Policlinico San Matteo, Pavia, for suspected
infection with West Nile virus (WNV) on 9 August 2023.
Samples were tested for WNV-specific antibodies using
West Nile Virus VirClia IgM monotest and West Nile
Virus VirClia 1gG monotest (VirCell Microbiologists,
Spain). Virological investigations were performed with
a pan-flavivirus heminested RT-PCR [8] and a WNV-
specific RT-PCR [9] on plasma and urine samples.

The pan-flavivirus heminested RT-PCR resulted positive
in plasma and urine, while the WNV-specific antibody
test and RT-PCR were both negative. A subsequent
sequencing analysis revealed the presence of DENV
serotype 1 RNA. The diagnosis of DENV infection was
confirmed by the presence of viral RNA in plasma and
urine by a DENV-specific RT-PCR [10] and detection of
DENV IgM antibodies (dengue VirClia IgM monotest and
dengue VirClia 1IgG monotest, VirCell Microbiologists).
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TABLE

Clinical and virological data of dengue cases, Italy, August 2023 (n = 6)

. - A Antibody . DENV-specific -
Demographic and clinical characteristics i) Pan-flavivirus PCR RT-PCR (copies/mL) Sequencing
S Days from symptom  Sample . . .
Case Hospitalisation onset to sampling date IgM 1gG Plasma Urine Plasma Urine Typing
6 Au 12. <0. Positive Positive .5 x 105 2,02
1 Yes o Rug > 2 - — 35 > DENV-1
20 23 Aug | 34.5 1.3 Negative | Positive <45 <45
2 No 18 22 Aug | 32.2 | 1.6 Negative | Positive <45 990 NA
3 Yes 6 22 Aug | 12.9 | <0.9 | Positive | Negative | 2.3 x 10° <45 DENV-1
4 Yes 2 23 Aug | <0.9 | <0.9 | Positive | Negative | 15 x 10° <45 DENV-1
5 No 4 25 Aug 3.8 | <0.9 | Positive Positive | 6.4 x 105 630 DENV-1
6 Yes 6 25 Aug | 25.7 | <0.9 | Positive Positive 1x 105 <45 DENV-1

DENV: dengue virus; NA: not available; RT-PCR: reverse transcription PCR.
Antibody index was considered negative when<o.9 and positive when»1.1;

and positive whenz45 copies/mL.

Further, 1gG seroconversion was documented in a sec-
ond sample, collected after 15 days (Table). Following
the DENV diagnosis of Case 1, between 22 and 25
August, five additional people living in a neighbouring
area of the same village of the first case were referred
to the local hospital for suspected DENV infection and
confirmed as for Case 1. Their details are summarised
in the Table. The six cases were living at a maximum
linear distance of 450 m from each other. The first case
did not share outdoor activities with the other dengue
cases. All six patients had symptoms including fever,
arthralgia, myalgia and headache and note had trav-
elled in the past months. At the moment of writing, all
six cases were alive.

Sequencing

Whole genome sequencing (WGS) was performed using
the metagenomic approach as previously described by
Piralla et al. [11]. Reads were mapped to the genome
ON123600 using the INSaFLU pipeline (https://insaflu.
insa.pt) [12]. Phylogenetic analysis was performed
on WGS obtained directly from clinical samples of
five dengue cases (GenBank accession numbers:
OR512925-0R512929) (Figure). A maximum likelihood
phylogenetic tree was inferred using the IQ-TREE web
server (v1.6.8) [13], the robustness of branches was
evaluated using the Shimodaira-Hasegawa approxi-
mate likelihood-ratio test (SH-aLRT) and ultrafast
bootstrap approximation tests. The Italian strains clus-
tered with Peruvian and Brazilian strains collected in
the period 2021 to 2023, with an average nucleotide
identity of 98.6% (range: 95.1-99.9) between DENV-1
strains of genotype V.

Public health measures

When the first dengue case, defined according with the
Commission Implementing Decision (EU) [14], was noti-
fied to the Local Health Authority (ATS) on 18 August
2023, ATS immediately carried out the epidemiologi-
cal investigation. The patient reported that they had
not travelled abroad in the weeks before the onset of

DENV-specific RT-PCR was considered negative when<4s copies/mL

symptoms and not had contact with people who had
travelled to DENV-endemic areas. In addition, no travel-
associated cases were reported in the area. Thus, Case
1 was classified as autochthonous and immediate
notification was given by the ATS to the Regional and
National Health Authorities. During the epidemiologi-
cal investigations, Case 1 stated that they spent many
hours a day outdoors, thus a careful mapping of the
frequented places was carried out. Disinfestation activ-
ities for mosquito control (Cipermetrin and Permofen
Forte; 1R-trans Phenothrin and Tetramethrin) were car-
ried out around their home and in the areas they fre-
quented. The neighbours of Case 1 and subsequent
dengue cases were informed on mosquito prevention
and control. Disinfestation was performed for each
case as described above.

Hospitals and physicians in the Lodi province were
notified to remain alert for patients with possible den-
gue symptoms. The population of the village where
DENV cases were detected was informed about DENV.

Entomological investigations

According to the lItalian National Plan for Prevention,
Surveillance and Response to Arboviruses [15], spe-
cific entomological inspections were carried out within
a radius of 20o0m around the homes and places fre-
quented by the diagnosed dengue cases. Inspection
of the home address was conducted within 2 days of
the notification of each suspected or confirmed case.
Adult mosquitoes were captured using different traps.
The captured mosquitoes were immediately sent refrig-
erated to the laboratory at Istituto Zooprofilattico
Sperimentale della Lombardia e Emilia-Romagna
(IZSLER). Mosquitoes were morphologically identified
using taxonomic keys [16] and pooled according to the
date and site of collection.

These entomological inspections were performed 13
days after symptom onset of Case 1. By 30 August,
131 Aedes albopictus females had been sampled,
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FIGURE

Phylogenetic tree of dengue virus serotype 1 complete genome sequences, Italy, August 2023 (n=5 samples from the current

outbreak)

Jag:

L EF457905.1 Dengue v

DENV: dengue virus.

Sequences from the cases in this manuscript are shown in bold. Ref

divided into eight pools and processed for flavivirus
genome detection. The mosquito pools were
homogenised, viral RNA was extracted and analysed
with the same pan-flavivirus RT-PCR assay as used for
the human samples [8]. To date, all tested mosquito
pools analysed were negative. More samplings are
scheduled at different sites until 7 September, close to
the homes of the other five dengue cases.

Discussion

DENV infections have been reported in more than
100 countries [17], the vast majority in Asia, South
Pacific Islands, the Carribbean and Latin America [18].
However, in the last decades, an increasing number of
autochthonous cases have occurred in European coun-
tries were competent Aedes mosquitos are present. In
2022, 65 autochthonous dengue cases were reported
in France [19]. In Italy, Aedes albopictus was reported
for the first time in the 1990s [20] and it is likely that
it has been present in the Lombardy Region in the Lodi
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AY713473.1 Dengue virus type 1 strain D1.Myanmar40553 (1971 - Myanmar)

AF180817.1 Dengue virus type 1 strain 16007 (vaccine strain PDK-53)/dengue type 1 virus chimeric)

@ Dengue virus 1 strain Italy/Pavia/01059802/2023 (Case #5)
@ Dengue virus 1 strain Italy/Pavia/01059759/2023 (Case #6)
@ Dengue virus 1 strain Italy/Pavia/01056919/2023 (Case #1)
@ Dengue virus 1 strain Italy/Pavia/01059325/2023 (Case #4)
'@ Dengue virus 1 strain Italy/Pavia/01059097/2023 (Case #3)
ON123600.1 Dengue virus 1 isolate FPYO1535 LOR-PER (2021 - Pert))

ON123601.1 Dengue virus 1 isolate FPY01543 LOR-PER (2021 - Pert))

ON123594.1 Dengue virus 1 isolate FPY01522 LOR-PER (2021 - Pery)

ON632110.1 Dengue virus 1 isolate Ns11617 (2022 - Brazil)

OR167369.1 Dengue virus type | isolate 235901000480 (2023 - Brazil

ON123585.1 Dengue virus 1 isolate FPPO4179 PIU-PER (2021 - Pert)

ON123602.1 Dengue virus 1 isolate FPYO1546 LOR-PER (2021 - Pert)

ON632040.1 Dengue virus 1 isolate 210001024774 (2022 - Brazil)

OR167367.1 Dengue virus type | isolate 230049000509 (2023 - Brazil

00821336.1 Dengue virus type | isolate DENVL Cuba 2019-10-02 Yale-DNO0G64 (2019 - Cubz)
0Q821351.1 Dengue virus type | isolate DENV1 Cuba 2022-12-03 Yale-DN00938 (2022 - Cuba)
0Q445881.1 Dengue virus type | isolate US DB324 (2022 - USA/Cuba)

00821333.1 Dengue virus type | isolate DENVL Cuba 2019-07-26 Yale-DNOOS65 (2022 - USA/Cuba)
0Q786036.1 Dengue virus type | isolate NGS 703 (2023 - Brazil) (Genotype V)
OR025596.1 Dengue virus type | isolate SC D 4 (2023 - Brazil)

ON426317.1 Dengue virus 1 isolate Ns9825 (2021 - Brazil

OR025634.1 Dengue virus type | isolate NGS 747 (2023 - Brazil)

MH450303.1 Dengue virus isolate IDAMS-921001 (2015 - Venezuela)

GQB63570.1 Dengue virus 1 solate DENV-L CO BID-V3391 (2008 - Colombia)

AB519681.1 Dengue virus 1 genomic RNA complete genome isolate SB 01057805 Df02 (2001 - Brazil
JN903578.1 Dengue virus 1 isolate D1 IN RGCB294 (2007 - India)

22544.1 Dengue virus 1 isolate DENV-L IND 631288 (1963 - India)

MG560268.1 Dengue virus type | isolate P1257 China GD CZ (2014 - China)
MG560269.1 Dengue virus type | isolate P1253 China GD CZ (2014 - China)
KX225487.1 Dengue virus type | isolate GZ8 53 § Liwan (2013 - China)
MW191723.1 Dengue virus type | isolate S5 (2016 - India)

AY732474.1 Dengue virus type 1 strain ThD1 0673 (1980 - Thailand)

109225461 Dengue virus 1 isolate DENV-1 IND 715393 (1971 - India)
(Genotype II)
JF459993.1 Dengue virus 1 strain 49440 from (2002 - Myanmar)

KY849703.1 Dengue virus type | isolate LNT1660 (2010 - Laos)  (Genotype 1)
KY849702.1 Dengue virus type | isolate UI17524 (2010 - Laos)

IN205310.1 Dengue virus 1 strain GZ2002 (2002 - China)

F1196841.1 Dengue virus 1 isolate GDS4 (2003 - China)

F1196845.1 Dengue virus 1 isolate GDO3 (1991 - China)

LC128301.1 Dengue virus 1 genomic RNA complete sequence strain D1 Hu (2016 - Philippines)

(Genotype IV)

Kx951689.1 Dengue virus type | strain D1 Taiwan 900PT0407 (2004 - Taiwan)
irus type 1 isolate P72-1244 (1972 - Malaysia)  (Genotype IlI)

KR919820.1 Dengue virus isolate (2014 Brunei) (Genotype VI)

erence sequences were obtained from GenBank.

province since the mid-1990s [21]. The vector is today
present throughout Italy, and the first documented out-
break of autochthonous dengue occurred in the Veneto
Region in 2020 [6,22]. Moreover, at the moment of writ-
ing, three autochthonous cases of DENV infection have
been also reported in central Italy [23].

Effective surveillance systems forimported and autoch-
thonous arboviruses infection as well as vector control
programmes are active in Lombardy Region, in accord-
ance with the Italian National Plan for Prevention,
Surveillance and Response to Arboviruses [15]. Timely
reporting of all suspected and confirmed cases to the
local Public Health Unit is mandatory for consequent
activation of vector control measures and active case
finding. In addition, specific entomological surveil-
lance is regularly performed when clinical cases of
infection with DENV, Zika virus, chikungunya virus,
West Nile virus or any other arboviruses are diagnosed.
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Previous undiagnosed autochthonous dengue cases
in northern ltaly cannot be excluded, especially if
asymptomatic. A seroprevalence screening of the
inhabitants of the village in Lodi province is ongoing
in order to identify potential asymptomatic cases or
recently infected people who had not travelled abroad.
The extent of the outbreak may be defined only after
the population screening. This study will be useful to
reveal the extent of the DENV outbreak in this area,
as reported by another study in Madeira [24]. Active
clinical, epidemiological, virological and entomologi-
cal surveillance is still ongoing in the area involved in
dengue outbreak aimed at detecting further secondary
cases.

This report documented the first outbreak of DENV-1
in Lombardy region, highlighting the importance of
continued integrated surveillance of imported virus
infections and the potential for tropical disease out-
breaks in the highly populated regions of northern
Italy where Ae. albopictus has been present for many
years [25]. Our findings suggest that the use of pan-
flaviviruses PCR is fundamental for the differential
diagnosis of the major pathogenic arboviruses belong-
ing to the Flavivirus family. In parallel, virological sur-
veillance of adult Aedes mosquitoes may be crucial for
early identification of circulating arboviruses and rapid
definition of local and regional public health measures
that can control or prevent future outbreaks.

Conclusion

This preliminary report highlights the importance of
continued integrated surveillance of imported vector-
borne virus infections and the potential for tropical dis-
ease outbreaks in highly populated regions of northern
Italy where competent vectors are present.
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