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1 | INTRODUCTION

| Silvia Angeletti® ® | Massimo Ciccozzi?

Abstract

A novel Coronavirus, 2019-nCoV, has been identified as the causal pathogen of an
ongoing epidemic, with the first cases reported in Wuhan, China, last December
2019, and has since spread to other countries worldwide, included Europe and very
recently Italy. In this short report, phylogenetic reconstruction was used to better
understand the transmission dynamics of the virus from its first introduction in
China focusing on the more recent evidence of infection in a couple of Chinese
tourists arrived in Italy on 23rd January 2020 and labeled as Coronavirus Italian
cases. A maximum clade credibility tree has been built using a dataset of 54 genome
sequences of 2019-nCoV plus two closely related bat strains (SARS-like CoV)
available in GenBank. Bayesian time-scaled phylogenetic analysis was implemented
in BEAST 1.10.4. The Bayesian phylogenetic reconstruction showed that 2019-2020
nCoV firstly introduced in Wuhan on 25 November 2019, started epidemic
transmission reaching many countries worldwide, including Europe and ltaly where
the two strains isolated dated back 19 January 2020, the same that the Chinese
tourists arrived in Italy. Strains isolated outside China were intermixed with strains
isolated in China as evidence of likely imported cases in Rome, Italy, and Europe, as
well. In conclusion, this report suggests that further spread of 2019-nCoV epidemic
was supported by human mobility and that quarantine of suspected or diagnosed
cases is useful to prevent further transmission. Viral genome phylogenetic analysis
represents a useful tool for the evaluation of transmission dynamics and preventive

action.
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Japan, Thailand, Singapore, South Korea, Hong Kong, Australia, and
Taiwan. In Europe, the first few cases have been reported in

An ongoing epidemic by a new Coronavirus, named 2019-nCoV,
starting in late 2019 in Wuhan, Hubei region, China, is a worldwide
public health concern.’ The virus probably originated from bat after
mutation in the spike glycoprotein, as recently suggested, acquired
the ability to infect humans, which started the new epidemic.* As of
today (31 January 2020), 14 628 total confirmed cases have been
reported, with 14451 cases in China and the remaining cases

distributed among countries in every continent, but predominantly in

Germany and France and most recently in Italy and Spain. The death
toll from the 2019-nCoV outbreak is now 305 and the number of
totals recovered 348. (https://gisanddata.maps.arcgis.com/apps/
opsdashboard/index.html#/bda7594740fd40299423467b48e%ecf6).
In Italy, two cases have been registered in Rome, in a couple of
Chinese tourists hosted in a Hotel placed in the center of the city.
The Chinese tourists had arrived in Milan on 23 January 2020 from

Wuhan, and thereafter they traveled to Rome. After relevant
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symptoms of coronavirus diseases, the couple has been admitted to
Rome's Spallanzani Hospital, which is specialized in infectious diseases.
In Italy, a state of emergency has been declared as a consequence of
these two confirmed cases of infection that have been labeled as the
first cases of Coronavirus transmission described in Italy.

In this report, phylogenetic and evolutionary analysis has been
applied to characterize the 2019-nCoV virus identified in Italy and
better understand the transmission dynamics of the two cases
diagnosed in Rome.

2 | MATERIALS AND METHODS

The dataset used for phylogenetic analysis included (n = 54) genomes
sequences from the current 2019-nCoV epidemic plus (n = 2) closely
related bat strains (SARS-like CoV) retrieved from NCBI (http://
www.nchi.nlm.nih.gov/genbank/) and GISAID (https://www.gisaid.
org/) databases. Sequences were aligned using MAFFT software®
and manually edited by BioEdit program v7.0.5.°

By IQ-TREE 1.6.8 software the maximum likelihood (ML) phylogeny
was reconstructed under the HKY nucleotide substitution model with
4 gamma categories (HKY+G4) which were inferred in jModelTest
(https://github.com/ddarriba/jmodeltest2) as the best fitting model.”

To investigate the temporal signal, from the ML tree, we re-
gressed root-to-tip genetic distances against sample collection dates
using TempEst v 1.5.1 (http:/tree.bio.ed.ac.uk).® Bayesian time-
scaled phylogenetic analysis was performed by BEAST 1.10.4 (http://
beast.community/index.html), using ML phylogeny as starting tree.” A
stringent model selection analysis by both path sampling (PS) and
stepping stone (SS) procedures were performed to estimate the most
appropriate molecular clock model for the Bayesian phylogenetic
analysis.’® The strict molecular clock model, assuming a single rate
across all phylogeny branches, and the more flexible uncorrelated
relaxed molecular clock model with a lognormal rate distribution
were tested.' Both SS and PS estimators indicated the uncorrelated
relaxed molecular clock (Bayes factor = 4.3) as the best-fitted model
to the dataset under analysis. The HKY+G4 codon partitioned 1+ 2,3
substitution model and the Bayesian skyline coalescent model of
population size and growth was implemented.'? Markov chain Monte
Carlo (MCMC) duplicate runs of 100 million states each, sampling
every 10000 steps was computed. The convergence of MCMC
chains was checked using Tracer v.1.7.1.*? Proper mixing of the
MCMC was checked for ESS values greater than 200 for each esti-
mated parameter using Tracer 1.7. Syst Biol. 2018;67(5):901-904. The
maximum clade credibility (MCC) trees were obtained from the tree
posterior distribution using TreeAnnotator (http://beast.community/
index.html) after 10% burn-in.

3 | RESULTS

The viral genomes analyzed from the dataset, despite being iso-

lated in a short time, already exhibited a substantial degree of
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heterogeneity with differences in 15% of the sites, 11% of which
were parsimony informative. These data are coherent with the
presence of sufficient phylogenetic signal for phylogenetic in-
ference, in agreement with the low level of phylogenetic noise
shown by likelihood mapping (<7%). The root-to-tip vs divergence
plot of the full dataset showed high correlation between sampling
time and genetic distance to the root of the ML tree of the
available sequences (R?, .60), coherently with substantial temporal
signal and the possibility to calibrate a reliable molecular clock,
despite availability of relative small number of sequences and
short sampling interval time.

Bayesian model selection chose the Bayesian skyline demo-
graphic model with an uncorrelated relaxed clock like the one best
fitting the data. Molecular clock calibration estimated the evolu-
tionary rate of the 2019-nCoV whole-genome sequences at
6.58x10°° substitutions site per year (95% HPD 5.2x107° to
8.1x 107%).

In Figure 1, the MCC tree with Bayesian phylogenetic
reconstruction of 2019-nCoV isolates up to day is shown. The
probable origin of 2019-nCoV was confirmed to be Wuhan with a
state posterior probability (spp) of 0.93 datings back to the time of
the most recent common ancestor of the human outbreak reported
on 25th November 2019 (95% HPD, 28 September 2019; 21
December 2019). The dissemination of 2019-nCoV, according to
with the phylogenetic reconstruction, is confirmed to be from
Wuhan, China, to Guangdong, Zhuhai (spp, 0.90), to Nonthaburi,
Thailand, with an spp. of 0.90. From China, our reconstruction
revealed independent importation events in the USA including
Washington, Chicago, lllinois, Arizona, and Los Angeles, in
Australia and in Europe including France, Germany, and lItaly
(spp 0.90). The viral sequence from the two Chinese tourist pa-
tients, who received a diagnosis of Coronavirus infection after their
arrival in Italy on 23 January 2020 and during their stay in
Rome, clustered together and grouped with sequences isolated in
Europe intermixing with viral strains from China. The strains from
the Chinese tourist dated back to 19 January 2020 (95% HPD:
18 January 2020; “1 January 2020”; Figure 1).

4 | DISCUSSION

The early sharing of data about the Coronavirus 2019-nCoV epi-
demic is fundamental to better understand the transmission dy-
namics of this virus.>® This short report is focused on the first cases
of 2019-nCoV infection diagnosed in two Chinese tourists upon their
arrival in Italy. Bayesian phylogenetic reconstruction suggested that
Chinese tourists were probably infected before their arrival in Italy,
since the viral strains sequences intermixed with Chinese isolates of
the epidemic dating back probably to 19 January 2020 before their
arrival in Italy. Furthermore, the Chinese tourist's viral strains iso-
lated in Italy clustered with other European strains from France, and
Germany intermixing with other Chinese sequences, thus suggesting

that strains introduced in Europe up to day are from China. While the
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FIGURE 1 Maximum clade credibility phylogeny, estimated from complete and near-complete nCoV virus genomes with a molecular clock
phylogenetic approach. Expansion of the clade containing the novel genomes sequences from the nCoV 2019-2020 epidemic. Clade posterior
probabilities are shown at well-supported nodes. Colors represent different locations

outbreak seems to be centered in Wuhan, China, the genomic ana-
lysis and the phylogenetic reconstruction suggested that Wuhan,
acting as a source for 2019-nCoV, or as stepping stone spot, favored
viral dissemination to other areas in and outside the country, which
might have been influenced by the increased human mobility. Here
we showed evidence of likely imported cases from China in Rome,
Italy, confirming that tourist mobility was responsible for virus iso-

lation in Italy. In conclusion, our study shows that genomic data

generated in real-time can be employed to assist public health la-
boratories in monitoring and understanding the diversity of emerging
viruses. In the globalization era characterized by high human mobi-
lity, this report suggests that the spread of a new epidemic is favored,
rapidly reaching other countries even in other continents as we ob-
served during the last days. Immediate quarantine and prompt action
for infection control represent the best tools to avoid further spread

of infection, as the Italian government provided.
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