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ABSTRACT
Dengue virus (DENV) has been expanding its range to temperate areas that are not usually affected, where the spread of 
vectors has been facilitated by global trade and climate change. In Europe, there have been many cases of DENV 
imported from other regions in the past few years, leading to local outbreaks of DENV among people without travel 
history. Here we describe the epidemiological and molecular investigations of three transmission events locally 
acquired DENV infections caused by serotypes 1, 2 and 3, respectively, in the Latium Region from August to 
November 2023. Next-generation or Sanger sequencing was used to obtain the whole genomes, or the complete E- 
gene of the viruses, respectively. The structure of the DENV-1 and DENV-3 sequences was analysed to identify amino 
acid changes that were not found in the closest related sequences. The major cluster was supported by DENV-1 
(originated in South America), with 42 autochthonous infections almost occurring in the eastern area of Rome, 
probably due to a single introduction followed by local sustained transmission. Seven DENV-1 subclusters have been 
identified by mutational and phylogenetic analysis. Structural analysis indicated changes whose meaning can be 
explained by the adaptation of the virus to human hosts and vectors and their interactions with antibodies and cell 
receptors.

ARTICLE HISTORY Received 12 June 2024; Revised 15 October 2024; Accepted 20 October 2024

KEYWORDS Dengue; arbovirus; genomic surveillance; whole-genome sequencing; molecular epidemiology

Introduction

Dengue is an infection caused by the dengue virus 
(DENV), which is carried and spread by Aedes spp 
mosquitoes. It affects more than 100 countries in tro
pical and subtropical regions (Southeast Asia, Africa, 
the West Pacific and the Americas) [1]. The DENV 
burden is increasing globally in parallel with the 
expansion of – Aedes spp mosquitoes in new areas 
[1,2]. These dynamics, combined with the increased 
mobility of people and goods, increased the risk of 
imported cases in non-endemic areas and the follow
ing local spread and autochthonous outbreaks [3–7]. 
DENV is a single-stranded RNA virus that belongs 
to the Orthoflavivirus genus. It has four different 
types (DENV-1, DENV-2, DENV-3 and DENV-4) 

that are related but not identical: the types share 
about two-thirds of their genome (65-70% similarity 
in amino acid sequence) [1,8,9]. The infection has 
different clinical presentations: most people could be 
asymptomatic or pauci-symptomatic; symptoms 
include mild fever, severe headache, retro-orbital 
pain, myalgia and arthralgia, nausea, and rash. Severe 
presentation, occurring in a minority of cases, may 
include abdominal pain or tenderness, vomiting, 
fluid accumulation, bleeding, tiredness or restlessness 
and liver enlargement [1]. The main risk factor for 
severe clinical evolution is secondary infection with 
a serotype different from the one that caused the 
first infection through antibody-dependent enhance
ment, which can lead to severe dengue [1,9,10]. 
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DENV spreads mainly through the bite of a female 
mosquito from the Aedes spp. genus; the most com
mon one is Aedes aegypti, but Aedes albopictus can 
also carry the virus [11]. The latter is found in some 
European countries, including Italy [2,12]. Since the 
presence and movement of DENV depend on the 
presence and movement of the mosquitoes and, there
fore, on the weather conditions (e.g. temperature, 
rainfall and humidity [13]), climate change may have 
helped the virus spread more widely and cause more 
infections. Specifically, temperature and precipitation 
are vital in the dynamics of mosquito populations 
and significantly impact virus transmission by provid
ing water habitats for larvae and pupae. Consequently, 
the rise in global average temperatures and increased 
humidity have resulted in longer lifespans for adult 
mosquitoes, a reduced viral incubation period within 
vectors and more frequent blood-feeding intervals, 
leading to quicker replication and enhanced fitness 
of DENV. The relationship between DENV infections 
and weather conditions varies by location and socio- 
economic context: infection is endemic in countries 
where a positive correlation between DENV preva
lence and rainfall has been consistently observed. 
Conversely, dry conditions in urban areas might 
pose an epidemic risk due to water stored in unpro
tected reservoirs attracting Ae. Egypti vectors [14]. 
DENV poses significant economic and social chal
lenges in affected regions. Dengue poses a significant 
economic burden, with global costs estimated at 
around 306 billion international dollars between 
2020 and 2050 [15]. This burden is especially harsh 
in lower-middle-income countries with struggling 
healthcare systems. Socially, dengue outbreaks can 
overwhelm medical facilities, disrupt daily life and 
cause substantial morbidity and mortality, particularly 
among vulnerable groups. These points highlight the 
urgent need for effective prevention and control 
measures to reduce the impact of dengue.

In fact, from 2000 to 2019, the number of reported 
cases increased by 10 times (from 500,000 to 5.2 
million), according to the World Health Organization. 
A record high was seen in 2019, with cases reported 
from 129 countries around the world. After a decrease 
in dengue cases during the COVID-19 pandemic, new 
peaks were seen in 2023 and in the first months of 
2024 with numerous outbreaks, even in areas that 
did not have DENV before [16]. In this situation, 
rapid and correct diagnosis, and monitoring of poss
ible cases (both imported and autochthonous) are 
becoming increasingly important. In Italy, the man
agement of DENV infection is guided by the five- 
year National Plan for Prevention, Surveillance and 
Response to Arboviruses (PNA 2020-2025) [17], 
with the main goal of finding cases fast and accurately 
to get more information about the epidemic situation 
in terms of contact tracing and mosquito control. 

Genomic monitoring combined with epidemiological 
analysis is a useful way to understand how DENV 
spreads and moves in a specific area, to get more 
details about the epidemic, and to determine the 
extent of local transmission to inform public health 
actions. Here we report, from an epidemiological 
and genetic perspective, outbreaks of local DENV 
that happened in the Lazio region (central Italy) in 
the period from August to November 2023. We 
obtained whole-genome sequences (WGS) and com
plete Envelope (E) gene sequences for mutation, phy
logenetic and structural analysis to find out the 
transmission links and define the adaptive changes 
in the studied clusters. E proteins are essential for mul
tiple steps of infection and are the outermost proteins 
in flaviviruses virion [18]. They contain motifs that are 
essential for cellular binding and are directly related to 
the infection process of the flavivirus. Identification of 
E variants in autochthonous cases can be functional to 
further studies on viral adaptations to local conditions, 
such as vectors and climate, and to correlate structural 
envelope modifications with vaccine efficacy.

Materials and methods

Data collection

The DENV case definition was based on the guidelines 
of the National Health System [17] and the Regional 
Surveillance Plan for Arboviruses. Based on the clini
cal and epidemiological criteria, any patient with sus
picion of dengue infection should be reported to the 
Regional Service for the Epidemiology, Surveillance, 
and Control of Infectious Diseases (SeRESMI) – 
Lazio region within 24 h, and blood samples should 
be sent to the Regional Reference Laboratory (RRL) 
at the Virology Laboratory of the Lazzaro Spallanzani 
National Institute for Infectious Diseases (INMI) in 
Rome. Each case had demographic, clinical and epide
miological data collected.

Virological investigations

DENV detection and sequencing
At the RRL, DENV infection was diagnosed by 
initially screening with a rapid immunochromato
graphic test (DENGUE Duo Standard Q™, SD bio
sensor), which detects NS1 antigen and IgM and IgG 
antibodies against NS1 at the same time. Even in the 
case of a negative screening test, the diagnostic proto
col includes the execution of two molecular tests and a 
serological immunofluorescence test. Nucleic acid 
extraction for molecular analysis was done by the 
QIAsymphony™ automatic extractor using the DSP 
Virus/Pathogen Kit (QIAGEN, Hilden, Germany), 
and a specific real-time PCR was used to identify the 
four DENV serotypes using the method previously 
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described by Santiago et al. [19]. In addition, all 
samples were tested with a home-made Pan-Flavivirus 
nested PCR targeting the NS5 gene. Positive PCR 
samples were sequenced by WGS or complete E 
gene sequencing, depending on the viral load of the 
available samples. Samples exhibiting a high viral 
load (Ct < 27) were processed using NGS to acquire 
Whole Genome sequences, whereas samples with a 
lower viral load (Ct range: 27-32) underwent the San
ger protocol to obtain the full E gene sequence. 
Further details about primers/probes used in specific 
real-time applications by Santiago et al., as well as 
the E gene sequencing amplification protocol, are 
available in supplementary file 1. WGS was done by 
the amplicon-based method using two serotype- 
specific primer pools, according to Su et al. [20]. 
Libraries were then made from 10 to 100 ng of DNA 
using the Ion Xpress Plus Fragment Library Kit 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
following the manufacturer’s instructions. Sequencing 
was done on the Gene Studio S5 Prime Sequencer 
(Thermo Fisher Scientific) to get about 5 × 105 reads 
per sample. A custom-made PCR was developed to 
obtain the full-length E gene of the DENV genome 
for Sanger sequencing. The method was based on a 
nested RT–PCR with overlapping amplicons of the 
second round: the SuperScript III Platinum one-step 
qRT-PCR System (Thermo Fisher Scientific) and 
DreamTaq Hot Start PCR Master Mix (Thermo Fisher 
Scientific) were used for the amplification of the first 
and second rounds, respectively.

Sequence reconstruction and phylogenetic 
analysis
A custom Bash script was used to reconstruct DENV 
genomes. Raw reads were compared to four reference 
sequences for each DENV serotype from NCBI RefSeq 
(accession numbers: NC_001477, NC_001474, 
NC_001475 and NC_002640). The reference with 
the highest coverage was selected, and the reads were 
mapped to it using BWAsoftware (version 0.7.17). 
Mapped reads were cut at primer positions, and con
sensus calling was done using samtools (version 
1.15.1). Then, variant analysis was performed to find 
genetic variations in the reconstructed genomes. Con
sensus sequences were aligned with the chosen refer
ence using MAFFT algorithm (version 7.427) and 
consensus variants were identified using snp-sites 
(version 2.5.1), which enabled the detection of nucleo
tide mutations and other genetic changes. The snpEff 
tool (version 5.2) was used to annotate the variants 
and distinguish between synonymous and non-synon
ymous mutations, providing information on the func
tional impact of genetic variations in the DENV 
genomes. Consensus sequences from autochthonous 
and imported cases of DENV-1 and DENV-3, as 
well as representative complete genomic sequences 

from NCBI and GISAID nucleotide collections, were 
selected for further analysis. This dataset includes all 
DENV-1 and DENV-3 genomic sequences collected 
worldwide so far, including in Italy. GISAID and 
NCBI databases were searched to find the most similar 
DENV genomes to INMI patients’ sequences, and 
their mutational profiles. Multiple sequence alignment 
was done with MAFFT (version 7.271). A preliminar 
phylogenetic analysis was conducted to find most 
similar sequences and those sequences representative 
worldwide for country and collection date. Final phy
logenetic tree was then constructed using INMI whole 
genomes and E complete gene sequences with IQ- 
TREE software (version 1.6.12): transition model 
with empirical base frequencies and invariable sites 
was chosen with ModelFinder approach, and the 
best tree was obtained after performing 5000 bootstrap 
ultrafast replicates. Bootstrap nodes with support 
values above 80 were selected and marked. Nucleotide 
and amino acid mutations of the E gene in INMI 
patients sequences compared to the most similar 
DENV genomes were detected and recorded with a 
homemade Python script.

Quality control
Quality control checks ensured accurate and reliable 
results. For molecular diagnostics, nucleic acid extrac
tion was done with internal controls, and positive and 
negative controls validated real-time PCR assay per
formance to avoid contamination. NGS sequence 
quality was evaluated using metrics such as read 
depth (minimum 50X) and genome coverage, with 
further sequencing or sample exclusion for those not 
meeting the standards. Variant calling accuracy was 
confirmed by inspecting BAM files. In Sanger sequen
cing, overlapping amplicons were generated and 
checked for alignment to correctly assemble full- 
length E gene sequences, resolving ambiguous base 
calls by re-sequencing relevant regions. Sequences 
from NGS and Sanger methods were compared for 
reliability, and phylogenetic analyses used well-estab
lished models with high bootstrap support to ensure 
tree reliability.

Structural models
DENV-1 (from INMI-A19 and INMI-A11 patients), 
DENV-3 (from INMI-A15/16 patients), and reference 
sequences (for proteins M and E) were aligned using 
the Clustal Omega web server [21]. The 3D protein 
structures embedded in the membrane were con
structed by homology modelling using the web tool 
Swiss-model [22]. The templates were selected based 
on the following criteria: highest identity, highest cov
erage, and highest crystal resolution. Based on these 
criteria, the template used for modeling the proteins 
was the cryoEM tetramer with the pdb entry 3J2P 
[23]. The protein models were protonated at pH = 7 
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and inserted in a lipid bilayer to model the membrane 
structure. The membrane orientation was done as 
described in the OPM database [24]. The lipid bilayer 
membrane was modelled with the CHARMM-GUI 
web server [25] using the following membrane com
position reported in the literature [26]: palmitoyl- 
oleoyl phosphatidylcholine (POPC) 60%, palmitoyl- 
oleoyl phosphatidylethanolamine (POPE) 30% and 
palmitoyl-oleoyl phosphatidylserine (POPS) 10%. 
The system was solvated with water, using the TIP3P 
model [27], and neutralized properly with the “gmx 
genion” GROMACS tool [28]. A full protein viral 
envelope model was also built, based on the 3J27 
cryoEM structure [23]. This model was generated by 
the replication of symmetry-related copies of the hex
amer, for a total of 360 E and M proteins. It was per
formed by Chimera [29] sym command, applying the 
BIOMT matrices from the original pdb file.

Statistical analysis

For the most frequently found serotype, the likely 
infection sites for each sequenced patient were deter
mined. All cases that were spatially related within a 
common area of one square kilometre were identified 
and represented on a geographical map using PowerBI 
software.

Ethics statement

Because of Regulation (EU) 2016/679, we did not get 
the participants’ informed consent as there was a pub
lic health emergency during an infectious disease epi
demic (art. 54: processing special categories of 
personal data may be needed for public health reasons 
without consent of the data subject). The manuscript 
contains data obtained during the epidemiological 
investigation as part of the institutional duties of the 
SeRESMI and Lazio Regional Health Authorities 
(LRHA), with the aim of defining the outbreak and 
appling appropriate control measures. For the same 
reasons, we did not need approval from the INMI 
Institutional Review Board. The interventions on the 
patients were carried out only on the basis of their 
conditions, and not for study purposes.

Results

Epidemiological description of DENV outbreaks

On August 18, 2023, SeRESMI received a report of a 
possible DENV case with a fever and maculopapular 
rash. The case tested positive for anti-DENV IgM 
and IgG, and a serum sample was sent to the RRL, 
where RT–PCR confirmed DENV-1. The case had 
no history of travel, contact with travellers, or other 
potential exposures, and was considered 

autochthonous. On August 22, the LRHA issued an 
alert note to all hospital emergency departments, 
healthcare facilities, and general practitioners in the 
Lazio region to advise them to include dengue fever 
in the differential diagnosis of patients who presented 
with acute fever syndrome and skin rashes, arthralgias, 
or myalgias, even if they had not travelled to endemic 
countries [3]. After the detection of the first confirmed 
autochthonous case, biological samples of all sus
pected cases were sent to the RRL for immediate diag
nosis using rapid tests and additional serological and 
molecular analyses.

As shown in Figure 1, a total of 287 rapid tests for 
DENV infection were performed, with 78 (27.1%) 
tests resulting in positive. Six additional cases were 
diagnosed when directly tested by immunofluores
cence and/or RT–PCR. Of the total of 85 positive 
cases (including the first diagnosed case), 40 were 
diagnosed as imported and 45 as autochthonous 
from August 18, 2023, to November 30, 2023. Of the 
45 autochthonous cases, 41 (91.1%) were eventually 
classified as confirmed cases, while 4 (8.9%) met the 
criteria for probable DENV cases.

The investigation among the 45 autochthonous 
cases showed two outbreaks from local spread and 
one episode of family spread from an imported case. 
The largest outbreak, sustained by DENV-1, affected 
42 people in or near the central urban area of Rome 
and its suburbs. Four were probable cases. The first 
case had symptoms on August 2, and the last one 
had symptoms on November 7, 2023.

The second outbreak, sustained by DENV-3, 
affected two people who visited the province of Latina 
(60 km south of Rome) in the 15 days before having 
symptoms on August 31, 2023. They did not travel 
to Rome or abroad recently and tested positive for 
DENV NS1 antigen rapid test; RT–PCR found 
DENV-3.

The third episode, sustained by DENV-2, affected a 
person who had symptoms on September 12, 2023, 
and tested positive for DENV NS1 antigen, IgM and 
IgG on September 20, 2023; RT–PCR found DENV- 
2. The investigation found that the case lived with a 
symptomatic case, who came back from an endemic 
country, and tested positive for IgG on August 31, 
2023; by retesting the sample from this possible 
index case, NS1 antigen was found, and RT–PCR 
identified DENV-2 (Epidemic curve of autochthonous 
DENV cases by date of onset of symptoms in Lazio 
region is displayed in Supplementary Figure 2).

Table 1 shows the epidemiological and clinical fea
tures of the 45 autochthonous probable/confirmed 
cases and the 57 imported cases reported in Latium 
from January 1, 2023 to December 31, 2023. The 
median age of autochthonous and imported cases 
differed significantly (50 vs 32 years: t = −5.247, P <  
0.0001). Regarding clinical presentation and 
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evolution, autochthonous and imported cases differed 
significantly in the presence of skin rashes (71% vs. 
35%; OR: 4.55, 95% C.I. 1.96–10.56, P = 0.0004) and 
in the hospitalization rate (51% vs. 72%; OR: 0.40, 
95% C.I. 0.18-0.93; P = 0.00325). All cases were fully 
recovered. The median delay in diagnosis in days 
from symptoms onset to DENV lab testing was 7 
days for autochthonous cases and 5 for imported 
ones (t = −2.774; P = 0.0066). Only one of the auto
chthonous cases was epidemiologically linked to a 
confirmed DENV case, imported from Indonesia. 
There were no differences observed in demographic 
characteristics or clinical presentation among different 
DENV serotypes.

Among the 57 cases of DENV classified as 
imported, 28 (48%) cases resulted to be imported by 
a South-East Asian country, 16 (28%) cases reported 
a recent travel to a Caribbean country, 7 (12%) to a 
South American and 6 (11%) to a Sub-Saharan African 
country. Most cases were sustained by DENV-3 (25; 
43,9%), followed by DENV-2 (19; 33,3%) and 
DENV-1 (9; 15,8%). For 4 cases (7%) the viral serotype 
was not available.

Genetic characterization and phylogenesis 
analyses

We obtained genomic sequences from a total of 41 
DENV cases (28 cases of DENV-1 and 13 cases of 
DENV-3). For DENV-1 cases, we sequenced 24 
samples (14 full E gene sequences and 12 WGS) 
from the local outbreak cases and 4 samples (one 
full E gene sequence and 3 WGS) from imported 
cases. For DENV-3 cases, we sequenced 2 samples 
(WGS) from autochthonous cases and 11 samples 
(WGS) from imported cases.

The only local case of DENV-2 was not sequenced, 
because the blood sample had a very low viral load (Ct  
> 32).

We performed phylogenetic analysis with complete 
E gene sequences and WGS, as shown in Figure 2
(panel A). All sequences from local DENV-1 cases 
clustered together in a distinct branch, with no phylo
genetic connection to imported sequenced DENV-1 
cases. The local DENV-1 cluster seemed to be related 
to a Brazilian sequence published in GenBank and 

Figure 1. Algorithm for suspected DENV cases diagnosed in the Lazio region, Italy, from 23 August 2023–30 November 2023, 
following the first diagnosed autochthonous case.

Table 1. Characteristics of the 102 DENV cases reported in 
Lazio, January–December 2023.
Characteristics Autochthonous Imported

Female, n (%) 27 (60) 31 (54%)
Age, years; median (IQR) 50 (37-68) 32 (26-42)
Onset symptoms, n (%)

Fever 44 (98) 57 (100)
Arthralgia 31 (69) 35 (61)
Rash 32 (71) 20 (35)
Asthenia/headache 35 (78) 41 (72)
Nausea/vomiting 15 (33) 21 (37)
Myalgia 20 (44) 27 (47)
Retro-orbital pain 11 (24) 19 (33)
Conjunctivitis 3 (7) 1 (2)

Days from symptoms’ onset to lab testing; 
median (IQR)

7 (6-9) 5 (3-6)

Hospitalization, n (%) 23 (51) 41 (72)
Laboratory results
N. real-time PCR positive (%) 39 (87) 53 (93)
N. NS-1 Antigen positive (%) 34 (76) 49 (86)
N. IgM positive (%) 40 (89) 28 (49)
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obtained from a sample collected in November 2021 
(accession ID: OR518222). Similar to the local 
DENV-1 cases, local DENV-3 clustered together, 
and no phylogenetic connection was found with the 
imported cases. All imported cases were mixed 
among different regions of the world.

We built a specific DENV-1 phylogenetic tree using 
the complete E gene sequences of the 26 local cases 
(Figure 2, panel B). As shown, all DENV-1 sequences 
branched from an initial node with significant boot
strapping, and we identified seven sub-clusters 
(named clusters A, B, C, D, E, F and G). Subclusters 
C and G were separated from the other sequences 
with significant bootstrap values. Moreover, we ana
lysed the geographical distribution of cases belonging 
to the DENV-1 cluster. Figure 3 shows the geographi
cal distribution of the clusters identified with the phy
logenetic analysis. We identified 10 separate areas, 
nine of which were in the east of the urban area of 
Rome, while only one was near the city of Anzio, 
south of Rome.

Mutational analysis of the E gene

The nucleotide sequences of 24 autochthonous 
sequenced cases of DENV-1 were compared to the 
NCBI reference sequence (Accession number: 
NC_001477). Twelve nucleotide mutations were 
observed in the E gene region, distributed in different 
patterns across the study sequences, defining seven 

different subclusters (clusters A to G). Table 2 shows 
all mutations that define clusters or ambiguous pos
itions between sequences. By stratifying the 26 E 
gene sequences based on such nucleotide mutations, 
the nucleotide mutational patterns among the studied 
sequences corresponded to the subclusters identified 
by the phylogenetic analysis.

More in detail, while all the sequences showed 
the T729C mutation (except the INMI-A17 
sequence which had a degenerate N base), 17 out 
of 24 sequences (71%) of subclusters A, B, C and 
D shared the synonymous C918T substitution, 
while 9 sequences of subclusters F and G did not 
have this substitution. The subcluster A sequences 
revealed, in addition to the two mutations above, 
also the synonymous T1356C substitution; only 
the INMI-A18 sequence (phylogenetically belonging 
to subcluster A) had a degenerate Y base at nucleo
tide position 1239, as well as the sequences of sub
cluster B.

The sequences of subclusters C and E (one 
sequence only for each subcluster) and the two 
sequences of subcluster G were those with the greatest 
number of nucleotide mutations. Most of the nucleo
tide mutations found in the study sequences were 
synonymous, except for two non-synonymous substi
tutions found in the INMI-A19 and INMI-A11 
sequences: T679C and C938A, leading to the amino 
acid substitutions S227P and A313D in the E protein, 
respectively.

Figure 2. Panel A: Phylogenetic analysis based on the complete E gene and WGS of autochthonous and imported cases of DENV-1 
and DENV-3. Sequences from autochthonous cases are highlighted in red, and those from imported cases are highlighted in blue. 
Bootstrap values > 80 are reported aside the corresponding nodes. Panel B: Enlarged detail of the phylogenetic tree of complete E 
gene sequences from autochthonous DENV-1 cases (red). The identified subclusters are indicated by capital letters. Bootstrap 
values > 80 are reported aside the corresponding nodes.
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Regarding the autochthonous cases of DENV-3, the 
two sequences obtained for INMI-A15 and INMI-A16 
were identical. Comparing them with the NCBI refer
ence sequence (Accession number: NC_001475), two 
unique non-synonymous mutations were found: 
nucleotide substitutions G1541T and C2346T, leading 
to A203S and T471I aminoacidic substitutions in the E 
protein, respectively.

Structural analysis

We first looked at the S227P change in the DENV-1 
E protein of the patient INMI-A19 from a structural 
perspective, because this change was not found in 
the most similar sequences worldwide. Interestingly, 
the same P227 residue was found in several 
unrelated cases at different times and places 

Figure 3. Geographical distribution of DENV-1 sequenced cases. Each dot represents cases that occurred within an area of 1 
square kilometre. Colours represent clusters identified by phylogenetic analysis. The epidemic curve shows the appearance of 
individual cases in chronological order based on the first appearance of symptoms. The cases are represented with the same col
our as the cluster they belong to.

Table 2. Mutational analysis of E gene sequences from autochthonous DENV-1 cases.
Nucleotide position 42 77 162 360 679 729 918 930 938 1218 1239 1356 Sub-cluster
NC_001477_1974 A A C G T T C G C C C T ref
OR518222_Brazil_Nov2021 T T nearest neighbour

INMI-A2 C T C A
INMI-A27 C T C
INMI-A18 C T Y C
INMI-A3 C T Y B
INMI-A10 C T Y
INMI-A20 C T Y
INMI-A11 A C T A A A T C
INMI-A5 C T D
INMI-A6 C T
INMI-A7 N N C T
INMI-A9 C T
INMI-A14 C T
INMI-A22 C T
INMI-A23 C T
INMI-A26 C T
INMI-A28 C T
INMI-A19 G C C T E
INMI-A1 C F
INMI-A4 C
INMI-A8 C
INMI-A12 N N C
INMI-A21 C
INMI-A24 C
INMI-A13 G T C C G
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(Figure 4A), indicating its possible biological impor
tance. Also, the S227L and S227T variations were 
seen in sequenced DENV-1 genomes (Figure 4B,C 
show alignments for S227L and S227T, respectively), 
suggesting this residue plays a key role in how the 
virus adapts. Consistent with these genetic findings, 
residue 227 was situated on the surface of the viral 
envelope, near the area where DENV antibodies 
were shown to bind [30], as illustrated in Figure 
5D,E, where Pro227 has been marked with a red col
our in both the envelope model and the E-M tetra
mer model on the membrane, respectively. 
Furthermore, residue 227 is next to the premem
brane (prM) structural protein in the immature 
DENV virion and could affect the interaction with 
prM-reactive antibodies [31].

Another unusual change in the E protein of the 
Lazio DENV-1 cluster was A313D, found only in the 
case INMI-A11. It was not in the closest sequences 
worldwide or in any other DENV-1 genome. But 
A313P, A313V and A313S variants were found in 
Europe, the Middle East and Asia, respectively (Figure 
5A). Residue 313 of the E protein was at the mem
brane interface of the envelope (Figure 5). The nega
tive charge of Asp313, replacing the non-polar 
alanine, was near the polar lipid heads of the mem
brane (Figure 5C), likely altering the virus-protein- 
membrane interaction. Residue 313 is also close to 

residues 310 and 311, which have been reported to 
affect antibody interactions [32].

The E gene of the local DENV-3 cases had two non- 
synonymous mutations: A203S and T471I. These were 
not in the global sequences most closely related to 

Figure 4. Colour-coded multiple sequence alignment with Clustal Omega [18] in the region of the pS227P variant for the INMI- 
A19 case. Comparison of INMI sequence, reference and representative genome sequences with S227P, S227L and S227T variants 
are shown in panels A, B and C, respectively. The pS227P variant in the INMI-A19 case is highlighted with a green background. (D) 
Model of the DENV envelope. The surface is composed of a network of 360 E and M proteins. The variant pS227P variant in the E 
protein of DENV-1, found in INMI patient INMI-A19, is highlighted in red colour; (E) Model of the E-M tetramer complex in mem
brane. The two E proteins are coloured yellow and blue, while the two M ones are green and orange. The two Pro227 are shown in 
red, as in panel A.

Figure 5. (A) Colour-coded multiple sequence alignment with 
Clustal Omega [18] in the region of the A313D variant for 
INMI-A11 case. Comparison of INMI sequence, reference and 
representative genome sequences with A313P, A313V and 
A313S variants are shown. (B) Model of the DENV E-M tetramer 
complex in membrane. The A313D variant in the E protein of 
DENV-1, found in case INMI-A11, is highlighted in red colour; 
(C) Enlargement of the D313 region showing the interface 
proximity to the residue with the polar lipid heads in the 
membrane.
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them. We only saw a different mutation at 203, A203T, 
in a Chinese case in 2015 (Figure 6A). The same Ile471 
was in cases from Venezuela and Paraguay in 2003 and 
2007 (Figure 6B), and the T471A mutant was in Poly
nesia in 1994 (Figure 6B).

From a structural point of view, residue 203 was 
found in an accessible position on the envelope surface 
(Figure 6C,D). On the other hand, the nonpolar 
Ile471, located in the inner envelope interface, substi
tuted the polar Thr residue present in the DENV-3 
reference. In this case, the rearrangement of the E 
protein could also be monitored by Molecular 
Dynamics simulations.

Discussion

In this paper, we describe distinct episodes of auto
chthonous DENV transmission in the Lazio region 
in central Italy. Blood samples were obtained from 
patients who were diagnosed as DENV-infected by 
the Laboratory of Virology of INMI Spallanzani 
during the summer and autumn of 2023, and genetic 
analysis was performed on the DENV strains isolated 
from these samples. The strains, isolated from distinct 
autochthonous outbreaks, were classified into three 
different serotypes, namely DENV-1, DENV-2, and 
DENV-3. A complete phylogenetic reconstruction 
analysis was carried out for DENV-1 and DENV-3 
strains since the viral load of the only autochthonous 
DENV-2 case was not compatible with sequencing. 
The analysis revealed that the DENV-1 sublineage ori
ginated in South America (probably from Brazil) and 
the DENV-3 sublineage in the USA. These molecular 

findings demonstrate that original DENV infections in 
Italy were detected soon after importation. Italy, and 
the city of Rome in particular, is exposed to a relatively 
high risk of DENV infections, as the virus may be 
imported from areas where DENV infection is ende
mic, along with the ever-increasing ease of travel for 
tourism, and a competent vector is present.

Interestingly, the results from the phylogenetic 
analysis show that the DENV-1 sequences cluster 
into the same genetic branch (bootstrap > 80) without 
any other interspersed imported sequences.

Again, when the DENV-1 sequences were charac
terized for the presence of mutational events in the 
E gene of the viral genome, they could be classified 
into at least seven genetically distinct subclusters. 
The spatial distribution of genetic subclusters has 
been investigated, observing that almost all cases 
occurred in the eastern area of Rome and that most 
mutational events occurred within the same one- 
square-kilometre area in the center of Rome. These 
latter molecular findings are of interest for different 
reasons. They suggest, from a genetic point of view, 
that these sequences are all related to a single intro
duction. The observations also lead to the hypothesis 
that local transmission can have contributed to the 
genetic micro-evolution of the virus compared to the 
ancestral imported strain, thus suggesting the presence 
of a possible undetected local circulation in the metro
politan area of Rome. This latter consideration could 
also explain what was found about the genetic 
peculiarities of the autochthonous DENV-3 cases. It 
cannot be excluded that these cases may not have 
been isolated, but may instead represent the peak of 
a larger, undiagnosed local microcirculation of 
DENV-3 strains. However, following the diagnosis of 
these autochthonous cases, the Local Health Unit of 
Latina identified approximately 300 people who had 
stayed in the area of potential exposure during the 
same period. All these contacts underwent active sur
veillance, and none developed symptoms; additionally, 
10% underwent voluntary screening, and none tested 
positive for either DENV antibodies or antigens 
(unpublished data). Moreover, vector control has 
been intensified following indication of the Italian 
National Plan against arboviral infections [17], mostly 
directed at Aedes albopictus (competent vector for 
DENV present in Central Italy). Control measures 
were based on the use of larvicides, adulticides and 
the removal of breeding sites [3].

Again, it is of particular interest to genetically 
investigate the DENV-1 subclusters more in-depth. 
The outbreak strains are often homogeneous. This is 
not unexpected because viral propagation at the out
break level may occur very rapidly and in a very 
short time, thus leading to rapid clonal expansion 
with a low probability of genetic diversification. In 
the Rome outbreak, the DENV-1 sequences belonged 

Figure 6. (A, B) Colour-coded multiple sequence alignment 
with Clustal Omega [18], for INMI-A15 and – A16 cases, in 
the region of the A203S and T471I variants are shown in 
panels A and B, respectively. (C) Model of the DENV E-M tetra
mer complex in the membrane. The A203S and T471I variants 
in the E protein of DENV-3 are highlighted in red colour. (D) 
Enlargement of the S203 region. (E) Enlargement of the I471 
region, showing the proximity of the residue with the polar 
lipid heads in the inner viral membrane.
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to genetic subclusters defined by at least one sequence 
diverging from the ancestral imported strain by at 
least one mutation in the E gene of the viral genome. 
Although this subcluster definition cannot be aligned 
with the criteria being applied to designate sublineages 
as proposed by official taxonomy, it is evident that the 
DENV-1 sequences in Rome form, at least phylogen
etically, multiple branches and that they are not inter
spersed within international clusters.

Furthermore, focusing on non-synonymous substi
tutions in the E gene region, we found that two 
sequences of DENV-1 showed aminoacidic substi
tutions in positions having possible biological rel
evance, i.e. a possible influence in the further 
evolutionary process of changing the virus. Additional 
studies are needed to better explain such possible 
implications affecting the interaction between anti
bodies, vectors and viral antigens. In particular, the 
S227P and A313D mutations were not present in 
worldwide DENV-1 sequences phylogenetically clo
sest to the sequences of the 2023 Rome outbreak, 
thus leaving the possibility that the acquisition of 
these mutations could have occurred during the 
local transmission chain.

From an epidemiologic point of view, multiple 
reasons could be the basis of the 2023 DENV-1 out
break in Rome. First, some urbanistic and social 
peculiarities of the city and the affected neighbour
hood. Historical buildings, which are mainly rep
resented in this area, are often built around an 
internal courtyard, which may host shared gardens 
and fountains, providing favourable habitats for vec
tors and significantly increasing vector density. 
Second, Rome’s parks and gardens are among the lar
gest of the European cities, thanks to the presence of 
rich aristocratic villas spread all over the city centre, 
which also may favour the life cycle of the vector. In 
Italy, the activity of the vector mosquitoes is mainly 
restricted to the summer season (usually between 
June and October), when outbreaks could be trig
gered by the arrival of imported cases from endemic 
areas and may result in secondary cases. Neverthe
less, it must be considered that the important climate 
change that temperate regions of the world are 
experiencing is also enlarging the period of vector 
viability, and therefore the probability of sustaining 
an autochthonous circulation may progressively 
increase.

This perspective may raise some concern about 
some nature-based solutions (such as urban greening 
achieved by growing public gardens, urban forests, 
parks and street trees), which aim to protect or restore 
an ecosystem and are emerging as a promising tool for 
improving the health and well-being of a constantly 
increasing urban population. In fact, while urban 
greening efforts have undeniable benefits for human 
health and the biological communities inhabiting 

these green zones, disease vector populations may 
also be affected, possibly promoting greater pathogen 
transmission and the emergence of infectious diseases 
such as DENV, West Nile fever, malaria, leishmaniosis 
and tick-borne diseases [33].

Other considerations may also be suggested. In fact, 
central Rome inhabitants usually report a higher aver
age income compared to other areas; touristic travels 
to tropical endemic areas may be more frequent with 
consequently higher imported DENV cases, which 
may constitute the driver for autochthonous sustained 
circulation. Median age was higher (50 – IQR: 37-68; 
32-IQR: 26-42) for autochthonous/non-travel associ
ated DENV compared to imported cases. This 
finding is possibly related to the lower median age of 
individuals who travel to endemic tropical or subtro
pical destinations for tourism or professional reasons 
[34].

Up to the beginning of December 2023, over 5 
million cases and over 5000 DENV-related deaths 
have been reported from 86 countries/territories glob
ally. In Europe, autochthonous/non-travel associated 
DENV cases have been reported during 2023 from 
France (45 cases) and Spain (3 cases) [35]. In Italy, 
82 cases were reported during the same period, in 
the North (Lombardy) and Central (Lazio) areas, 
with no epidemiologic or phylogenetic correlation 
among them [3,4,36].

In this scenario, given the increasing impact of 
DENV infection on public health, our findings 
strengthen the importance of an integrated surveil
lance system that should be able to promptly identify 
autochthonous arbovirus transmission and implement 
control measures. The integration of passive surveil
lance with different surveillance tools (such as labora
tory-based surveillance, syndromic surveillance, or 
novel data streams) combined with entomological sur
veillance may facilitate the detection, response, and 
control of arboviruses spreading, including DENV. 
Viral variant identification and characterization 
could play a role in a prompt evaluation of vaccine 
and antibody efficacy. Finally, information and train
ing for health care professionals might be useful to 
achieve early diagnosis and reporting of some emer
ging infectious diseases that are designated to become 
endemic in European countries.
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