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Dear Editor: 

Recent correspondence in this Journal has highlighted the cur-

rent threat posed by recently-emerging corona virus disease 2019

(COVID-19) in the world. 1 The COVID-19 is infection caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and

is characterized by fever, dry cough, weak, and so on. 2 , 3 SARS-

CoV-2 has already caused a global pandemic. By 26 Apr, 2020, the

spread of SARS-CoV-2 has led to more than 3.0 million infections

and above 20 0,0 0 0 deaths; 4 thus, its outbreak has become a global

public health problem. Recently, COVID-19 epidemic in China has

been well controlled, whereas the risk of imported COVID-19 cases

has increased dramatically. 5 As of April 26, 2020, a total of 1,636

abroad imported patients were reported in China. 6 However, lim-

ited studies on full-length genome characterization of SARS-CoV-2

from COVID-19 cases imported from abroad. Here, we character-

ized the genotype and mutation characteristics of SARS-CoV-2 iso-

lated from eight imported cases from abroad in Yunnan, China. 

Eight COVID-19 patients imported from overseas were admitted

to Yunnan Provincial Infectious Disease Hospital from March 15,

2020 to March 26, 2020. The epidemiological history and respira-

tory symptoms of the eight patients were summarized in Fig. 1 A

and 1 B. The 8 patients include 4 males and 4 females, with ages

ranging from 6 years to 70 years old. No patient has ever been

to Wuhan city in China. Two cases YN_Im01 and YN_Im03 were

from Spain to Yunnan, YN_Im02 from France, YN_Im04 from Cam-

bodia, YN_Im05 from Sri Lanka, and YN_Im06-08, a family cluster

of COVID-19 patients from the United States ( Fig. 1 A). Six cases

showed different degrees of respiratory symptoms before hospi-

talization. YN_Im06 was severe, YN_Im01, YN_Im05, YN_Im07, and

YN_Im08 were moderate, YN_Im02 was mild, and YN_Im03 and

YN_Im04 were asymptomatic according to the latest COVID-19 di-

agnostic criteria (5th edition) published by the National Health

Commission of China ( Fig. 1 B). 

So far, three main clades involving G, V, and S have been iden-

tified based on marker mutations in the complete SARS-CoV-2

genome according to the latest genotyping rules recommended by

the GISAID databas. 7 G clade containing D614G variant in S pro-

tein is predominant in Europe, V clade possessing G251V mutation

in ORF3 is more common in Asia and Europe, and S clade hav-

ing L84S substitution in ORF8 is move prevalent in North Amer-

ica. 8 In this study, eight complete genome sequences of SARS-CoV-

2 isolated from sputum samples were successfully amplified and

sequenced with 38 overlapping fragments. Dataset comprise SARS-

CoV-2 full-length sequences of representative clade G, V, and S as

previously reported, and reference sequences with the highest sim-
https://doi.org/10.1016/j.jinf.2020.05.016 
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larity (12 sequences) based on BLAST in Genbank using the eight

equences obtained in this study as the query set. Further, phylo-

enetic trees for SARS-CoV-2 full-length nucleotide sequences were

onstructed based on the obtained datasets with the maximum-

ikelihood method using IQ-tree. Phylogenetic analyses revealed

hat the six isolates, including one from France (YN_Im02), two

rom Spain (YN_Im01 and YN_Im03), and three from the United

tates (YN_Im06-08) were clustered as G clade with a high boot-

trap value of 99%, one strain from Cambodia (YN_Im04) was

rouped into S clade with a bootstrap value of 80%, and the re-

aining one from Sri Lanka was classified within other clade, a

arge unclassified sequences because lack the signature variants

 Fig. 1 C). Of note, the three sequences YN_Im06-08 isolated from

 family cluster of SARS-CoV-2 infection formed a close mono-

hyletic subclade supported by a bootstrap value of 100% and had

9.99% nucleotide identity, indicating the three sequences originate

rom the same strain. 

To further characterize the characteristics of virus variation, the

equence analyses based on SARS-CoV-2 full-length nucleotide and

mino acid sequences was performed using the strain Wuhan-Hu-

 (Genbank no. NC_045512) identified earliest in Wuhan seafood

arket, in Hubei, China as the reference strain for nucleotide

nd amino acid positions. 9 The results revealed that 15, 12 and

0 nucleotide mutations to clades G, S, and other, respectively,

ere mapped across the SARS-CoV-2 full-length genome. Cor-

esponding to these nucleotide substitutions, 8, 6, and 5 non-

ynonymous amino acid substitutions were detected in clades G,

, and other, respectively. Of note, all clade G strains possessed an-

ther P4715L marker substitution in nsp12 besides the signature

utation D614G variant in S protein. YN_Im05 strain belonging to

ther clade have a unique 3-nucleotide deletion between 518 and

20 nt that was not found in G and S clades, leading to a methion-

ne deletion at position 58 in leader protein. Moreover, three novel

utations, including D1962V in nsp3 from the strain YN_Im03,

1375F in nsp3 and A829T in S protein from the isolate YN_Im04

ere first identified in this study according to the comparison with

1,231 genomic sequences available at GISAID on 4/26/2020. 10 In-

erestingly, S23T and R203W mutations located in N protein were

dentified in the three isolates from a family cluster of SARS-CoV-2

nfection. Given that the three COVID-19 patients were diagnosed

n the same day and the viruses originated from the same strain,

ndicated that the strain is replicating and mutating rapidly in dif-

erent individuals. 

In summary, we characterized the full-length genomes of SARS-

oV-2 strains from eight COVID-19 cases imported from abroad in

unnan, China. Our results showed that the predominant SARS-

oV-2 clade was G (6 cases), followed by S clade (one case) and

nclassified clade (one case). Further, comparative genomic analy-

es revealed that a novel signature amino acid substitution P4715L

n nsp12 was found in the G clade strains. Moreover, three novel
. 
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Fig. 1. Maps of the study region, epidemiological characteristics, phylogenetic analysis based on the complete genome sequences of the SARS-CoV-2 from eight COVID-19 

cases imported from abroad in Yunnan, China. (A) Eight cases of imported SARS-CoV-2 infection in travelers returning to Yunnan from overseas in 2020. (B) Demographic 

characteristics and respiratory symptoms. (C) Maximum-likelihood tree based on the complete SARS-CoV-2 genomic sequence obtained from positive serum samples was 

constructed using IQ-tree software. The genotypes of SARS-CoV-2 were divided into G, S, V and other. Virus clades are shown at right. 

Fig. 2. Nucleotide and amino acid substitution differences across the whole genome among clades G, V, S and other strains. Nucleotide and amino acid positions are 

numbered with a reference to SARS-CoV-2 strain Wuhan-Hu-1 identified earliest in Wuhan seafood market, in Hubei, China. 
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mutations, including D1962V in nsp3, L1375F in nsp3, and A829T

in S protein were first identified in this study. The present study

highlights the urgent need for continuous molecular screening and

epidemic surveillance for SARS-CoV-2 among COVID-19 individuals

imported from abroad to prevent future outbreaks of SARS-CoV-2

infection in China. 
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