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A B S T R A C T   

Wenzhou mammarenavirus (WENV) is a zoonotic pathogen newly discovered in east and southeast Asia. WENV 
has been found in wild rodent animals around the world while its standing is barely understood in Guangzhou 
city, where is known as a region of outbreak hotspot for zoonotic emerging infectious diseases. To investigate the 
prevalence and genomic characteristics of mammarenavirus in Guangzhou City, lung tissue samples from wild 
rodent species were collected from five districts of Guangzhou City in the year 2015 and 2016. The viral RNA was 
extracted and then subjected to mammarenavirus-specific PCR. The result revealed approximately 1.0% (3/306) 
nucleic acid positivity for lung tissue samples obtained from three rodent species: Mus musculus, Rattus flavi-
pectus, and Rattus norvegicus. Viral metagenomic sequencing of three samples was then carried out and two full 
segment L and three full segment S sequences were obtained. Phylogenetics analysis indicated the sequences of 
the new mammarenavirus strain have 76.2% - 94.4% similarity to known WENV encoded genes, with the highest 
similarity to the WENV 9–24 strain. Population structure analysis grouped all known WENV into seven lineages, 
and this WENV Guangzhou strain was grouped with WENV 9–24 as well. Though the seroprevalence result was 
not available, our data provides the first nucleic acid evidence of circulating WENV in Guangzhou city, and it 
suggested WENV had a broader host tropism than previously known.   

1. Introduction 

Wild rodent is known as one of the primary natural reservoirs for 
zoonotic pathogens. In the past decades, the number of incidences of 
emerging infectious diseases (EIDs) transmitted by rodents are arising 
around the globe, causing tremendous burdens on global public health 
and economic stability of societies, and unfortunately its upwards 
trending is likely to continue [1,2]. Unplanned urbanization and 
expanded human activities in the wild field have promoted the human- 

rodent interactions and consequentially amplified the opportunities for 
zoonotic transmission. At least 66 identified zoonotic pathogenic agents, 
including Mammarenavirus, Orthohantavirus, and Orthohepevirus were 
frequently identified in wild rodent species [3–5]. The genus Mammar-
enavirus is a group of predominantly rodent-borne viruses commonly 
infected people in Africa and Latin America [6,7], consisting of several 
infamous lethal zoonotic viruses. For instance, the Lassa virus from the 
Mammarenavirus genus causes proximal 500,000 incidences of infection 
and 5000 deaths each year [8,9]. With fears of being weaponized and 
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used in bioterrorism, several Mammarenaviruses were even listed as 
category A bioterrorism agents [10]. Since new viral species discovered 
in the genus Mammarenavirus may present similar pathogenicity and 
lethality, additional concerns about improving surveillance and diag-
nosis of them are accordingly desired. 

Five domestic viral species of Mammarenaviruses (Alxa Mammar-
enavirus, Chevrier Mammarenavirus, lymphocytic choriomeningitis 
virus, Ryukyu mammarenavirus, and Wenzhou mammarenavirus 
(WENV)) have been documented in China so far [5,11–14]. Among 
them, WENV is the newest member firstly discovered in Wenzhou, a city 
in eastern China in 2015 [13]. WENV and its variants like Cardamones 
virus, Xingyi virus, and Haikou virus, have only been detected in East 
and Southeast Asia [13,15–18]. Similar to other Mammarenavirus, the 
WENV genome also contains two segments (segment L and segment S) 
encoding 4 proteins: Nucleoprotein (NP), Glycoprotein (GP), Zinc finger 
matrix protein (Z), and RNA-dependent RNA polymerase (RdRp) [18]. 
With regard to host range, WENV has been previously identified in 
brown rats (Rattus norvegicus), Pacific rats (Rattus exulans), yellow- 
breasted rats (Rattus flavipectus), black rats (Rattus rattus), lesser rice- 
field rats (Rattus losea), white-bellied rats (Niviventer niviventer), and 
the Asian house shrew (Suncus murinus) [13,15,19,20]. Also, Blasdell 
et al. have reported Cardamones virus can lead to dengue-like or 
influenza-like symptoms in human [15]. Moreover, recent studies 
investigated the prevalence of WENV antibodies in 4.6% (29/636) of 
healthy adults in Beijing and Shandong province, and 2.8% (23/828) of 
patients with unknown fever in Yunnan, indicating WENV may cause 
human infection or diseases [21,22]. 

Guangzhou city is the provincial capital of province of Guangdong 
and one of the most populous cities with more than 15 million residents. 
Due to its subtropical climate and the extensive international and do-
mestic human traffic, Guangzhou city historically had a high incidence 
of a variety of EIDs outbreaks, including the rodent-borne scrub typhus 
and hemorrhagic fever with renal syndrome [23–25]. Given the 
vulnerability for exposure to zoonotic infectious diseases of the city, 
local public health departments have implemented routine measure-
ments to examine the rodent animals with pathogen detection and 
surveillance for monitoring and control of potential rodent-borne EIDs 
[26,27]. While little attention has been paid to Mammarenavirus carried 
by rodents in the city, although the emerge of Mammarenavirus can be 
detrimental to the public health and often deadly to people with direct 
exposure. 

In our study, a total of 306 lung tissue samples from five wild rodent 
species in Guangzhou were collected. Molecular detection and Illumina 
sequencing were used to determine the nucleic acid presence and 
genomic characteristics of WENV. We envision the findings provide a 
meaningful baseline of the prevalence of WENV for wild rodents in 
Guangzhou and will shed light on new thinking for zoonotic disease 
surveillance and prevention. 

2. Materials and methods 

2.1. Study sites and sample collection 

Ethical approval for this study was obtained from the Ethics Com-
mittee of the Guangzhou Center for Disease Control and Prevention 
(Approval number: GZCDC-ECAR-2015A0005). The rodents were 
captured and coordinated using live traps provided by Centers for Dis-
ease Control and Prevention (CDC) at Baiyun, Conghua, Huadu, Haizhu, 
and Zengcheng Districts in Guangzhou between April and November 
2016. Rodent was assessed for species identification by experts in CDC 
and information on animal species, gender, mass, and sampling settings 
were recorded. To investigate the presence and genomic characteristics 
of WENV, the animals were euthanized, and lung tissue were collected 
and stored at − 80 ◦C for further analysis. 

2.2. PCR screening 

The lower lobe of lung tissues (150–200 mg) from Bandicota indica 
(B. indica), Rattus flavipectus (R. flavipectus), Rattus norvegicus 
(R. norvegicus), Rattus rattus (R. rattus), and the total lung tissue from Mus 
musculus (M. musculus) were resuspended and lysed by addition of 1.0 ml 
Hank’s balanced salt solution (HBSS) buffer followed by homogeniza-
tion using a Tissuelyser LT (Qiagen, Germany) (two steel balls, 5 mm, 5 
min, 50 Hz). Total viral genome DNA and RNA were extracted using the 
TGuide S32 Magnetic Viral DNA/RNA kit (Tiangen Biotech, Beijing, 
China). The viral RNA was reversed into cDNA by using FastKing one- 
step RT-PCR kit (Tiangen Biotech, Beijing, China), and the cDNA was 
used as a template DNA for PCR verification using primers LVL-3359D/ 
G 5′-AGAATYAGTGAAAGGGARAGYAATTC-3′, LVL-3754A/D 5′- 
CACATCATTGGTCCCCATTTACTRTGATC-3′ [28]. The PCR products 
were ligated into the pGEM-T vector (Promega, USA) and transformed 
into DH5α competent cells (Tiangen Biotech, Beijing, China), and the 
positive clones were sequenced (Sangon Biotech, Shanghai, China). 

2.3. Metagenome sequencing 

The homogenates were also filtered through a 0.45-μm poly-
vinylidene difluoride filter (Millipore, Germany) to remove eukaryotic 
and bacterium-sized particles. The filtered samples were then centri-
fuged at 8000 ×g for 30 min at 4 ◦C, and digested in a cocktail of DNase 
and RNase enzymes to remove naked DNA and RNA, including Turbo 
DNase (ThermoFisher, USA), Universal nuclease (ThermoFisher, USA), 
and RNase One (Sigma, USA) at 37 ◦C for 1.5 h. The viral genomic 
nucleic acids were isolated using a QIAamp MinElute Virus Spin kit 
(QIAGEN, USA). The viral first-strand cDNA was synthesized using 
primer K-8 N (5′-GACCATCTAGCGACCTCCA CNNNNNNNN-3′) and the 
Superscript III system (ThermoFisher, USA). To synthesis the first-strand 
cDNA into dsDNA, the cDNA was incubated at 37 ◦C for 1 h in the 
presence of Klenow fragment (TAKARA, China) and amplified by primer 
K (5′-GACCATCTAGCGACCTCCAC-3′) and Phusion High-Fidelity PCR 
Master Mix (ThermoFisher, USA). The PCR products were purified with 
a MinElute Gel Extraction kit (QIAGEN, USA) to obtain a DNA fragment 
mixture with a target fragment size of >150 bp. About 5 μg samples were 
prepared and sent to BGI Co., Ltd. (Wuhan, China) for NGS sequencing. 
Amplified viral nucleic acid libraries were analyzed using an Illumina 
HiSeq X-ten sequencer (Illumina, USA) for a single read of 150 bp in 
length. All FASTQ files were assessed using FastQC to assess overall 
quality [29]. The clean reads were mapped to WENV segments S (Gen-
Bank NC_026018.1) and L (GenBank NC_026019.1) using the medium 
sensitivity/Fast mode and iterate up to five times using Geneious prime 
2020.0.3 software (https://www.geneious.com/) [30]. The mapped 
sequences were used to generate consensus sequences to obtain the 
primary genome sequences, and then the sequences were manually 
checked individually. 

2.4. Phylogenetic analyses 

The sequences were aligned with representative sequences of other 
Mammarenavirus (Table S1). Multiple sequence alignment was per-
formed using MAFFT version 7 (https://mafft.cbrc.jp/alignmen 
t/server/) [31]. The alignment was manually checked and end- 
trimmed to match to the newly obtained RdRp, Z, GPC, and NP gene 
sequences. The final multiple sequence alignment was used for 
maximum likelihood (ML) phylogenetic analysis with GTR + G + I 
(RdRp gene, segment L), TN93 + G (GPC gene), TN93 + G (NP gene), K2 
+ G + I (Z gene) and T92 + G + I (segment S) as the best-fit model of 
nucleotide substitution and 1000 bootstrap resampling by using Mega X 
[32]. 
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2.5. Population structure 

We analyzed the WENV population structure using the program 
STRUCTURE (version 2.3.4), which applied a Bayesian statistical model 
to cluster genotypes into populations without prior information about 
their genetic relatedness, in which the whole population is divided into 
K subpopulations characterized by a set of allele frequencies at each 
locus [33]. To run STRUCTURE, map distances were set equal to the PI 
site physical distances. The optimal number of populations was deter-
mined by running the model for K values from 1 to 12. For each K, ten 
runs were performed with MCMC run lengths of 50,000 and 20,000 
burn-in. Evanno’s method [34] the trend of (LnPr(X|K), and STRUC-
TURE documentation [35] were used to select the optimal K with 
STRUCTURE HARVESTER [36]. The results of independent runs were 
merged by permutating clusters using CLUMPP [40] to generate a Q- 
value matrix. To evaluate the contribution of the ancestral component to 
each PI site, a run with the optimal K was performed with the SITEBY-
SITE option selected. 

3. Results 

3.1. Study populations 

A total of 306 wild rodent animals were lively trapped for sample 
collection, including 16 B. indica, 14 M. musculus, 62 R. flavipectus, 195 
R. norvegicus, and 19 R. rattus, with average weight of 250.0, 28.8, 
172.4, 241.6 and 288.7 g respectively. The rodent animals were 
collected from five districts (Baiyun, Conghua, Huadu, Haizhu, and 
Zengcheng districts) in Guangzhou City. Distribution and characteristics 
of the sampling population are presented in Table 1. 

3.2. PCR screening 

The mammarenavirus-specific PCR primers were used for screening a 
total of 306 lung samples for the presence of mammarenavirus RNA 
[28]. The sequence fragment was successfully amplified and strong 
bands was shown in the gel for three samples (Fig. 1). As indicated, 
around 1.0% (3 out of 306) animal samples showed mammarenavirus 

nucleic acid positivity, including sample CH27 from M. musculus (7.1%), 
sample CH50 from R. flavipectus (1.6%), and sample CH31 from 
R. norvegicus (0.5%) (Table 2). Interestingly, these positive rodents were 
all from the Conghua district. CH27 and CH31 were collected from rural 
areas, while CH50 was from urban area (Table S2). 

3.3. Species identification 

After sequencing, three 397 bp long sequence fragments were ob-
tained from the PCR product of the above three samples, which shared 
around 98% similarity. The sequences and its counterpart of WENV 
isolate Rn-242 (GenBank: NC_026019.1), which was isolated from 
Zhejiang Province, had a sequence similarity of 90.7 (360/397) - 91.7% 
(364/397). Gene sequences of several closely related mammarenavirus 
species were downloaded from the GenBank database. Phylogenetic 
analysis was performed to align these three sequences with other 
reference sequences, as shown in Fig. 2. The result showed that 
Guangzhou strains CH27, CH31, and CH50 were grouped into the WENV 
branch based on the phylogenetic tree. 

3.4. Sequence comparison of WENV Guangzhou strains with other 
Chinese strains 

The three samples (CH27, CH31, and CH50) with PCR positivity 
were then subjected to metagenomics sequencing. Two segment L and 
three segment S sequences were assembled (GenBank accessions: 
MZ272057 - MZ272061, Table S2). To characterize the new strains and 
to determine the relationship of these strains with other Chinese strains, 
we next compared the nucleotide and amino acid sequences of RdRp, Z, 
NP, and GPC open reading frames (ORFs) from the three Guangzhou 
strains to those of previously characterized members of the mammar-
enavirus genus identified in China (Table 3). The sequence analysis 
revealed a close relationship of the Guangzhou strains, with 95.2% - 
98.7% in GPC ORF, 96.0% - 99.1% in NP ORF, 98.5% - 98.8% in Z ORF, 

Table 1 
Characteristics of the study population.  

Varrible Sample 
size (N) 

% 
Male 

Average 
mass (g) 

Positive 
(n) 

Positive 
(%) 

Species 
B. indica 16 25.0 250.0 0 0 
M. musculus 14 35.7 28.8 1 7.1 
R. flavipectus 62 35.5 172.4 1 1.6 
R. norvegicus 195 43.1 241.6 1 0.5 
R. rattus 19 36.8 288.7 0 0  

District 
Baiyun 15 73.3 184.7 0 0 
Conghua 79 35.4 216.5 3 3.8 
Haizhu 101 32.7 287.8 0 0 
Huadu 97 39.2 186.6 0 0 
Zengcheng 14 28.6 129.0 0 0  

Location 
Residential 

area 
167 34.7 221.9 0 0 

Farmers’ 
market 

115 40.0 230.9 3 2.6 

Wild field 24 41. 7 271.1 0 0  

Classification 
Urban 163 38.7 254.8 1 0.6 
Rural 143 41.3 193.1 2 1.4 
Total 306 39.9 221.2 3 1.0 

Abbreviation: BY, Baiyun; CH, Conghua; HD, Huadu; HZ, Haizhu; ZC, 
Zengcheng. 

Fig. 1. PCR detection of mammarenavirus. M: DNA Marker; 1. Positive plasmid 
control (containing partial RDRP gene); 2, Sample no. ch27; 3, Sample no. ch31; 
4, sample no. ch50; 5, sample no. ch01 (negative sample); 6, Blank control. 

Table 2 
PCR detection of WENV in wild rodents.  

Species Common name N % (n/N) Place type of positive 
rodents 

B. indica Greater bandicoot 
rat 

16 0 (0/16) – 

M. musculus House mouse 14 7.1 (1/ 
14) 

Farmer’s market 

R. flavipectus Yellow-breasted 
rat 

62 1.6 (1/ 
62) 

Farmer’s market 

R. norvegicus Brown rat 195 0.5 (1/ 
195) 

Farmer’s market 

R. rattus Roof rat 19 0 (0/19) – 
Total  306 1.0 (3/ 

306) 
–  
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and 99.1% in RdRp ORF. The Guangzhou strains had the highest simi-
larity to WENV strain 9–24 (GenBank accession: MF414207.1 and 
MF414208.1), with RdRp, Z, NP, and GPC ORFs sequence identities with 
91.6% - 92.0%, 94.1% -94.4%, 93.0% - 93.7%, and 91.8% - 91.9%, 
respectively (Table 3). According to the species demarcation criteria 

approved by the International Taxonomy Committee on Viruses (ICTV), 
the Guangzhou strains CH27, CH31, and CH50 identified in our study 
belongs to the species of Wenzhou mammarenavirus. 

Fig. 2. Species identification based on phylogenetic analysis of PCR amplified products (partial RDRP gene). OW, Old-world arenaviruses; NW, New-world 
arenaviruses. 
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3.5. Phylogenetic analysis 

To analysis the inter-species evolution, phylogenetic analysis of four 
encoded WENV genes (NP, GPC, Z, and RdRp) identified in the rodents 
obtained in Guangzhou showed that these strains exhibited a close 
relationship to WENV isolate 9–24 (GenBank accessions: MF414207.1 
and MF414208.1), forming a distinct lineage in accordance with their 
geographical distribution as well (Fig. 3A, B, C and D). 

3.6. Population structure and lineages Classification 

To estimate the optimal number of subpopulations in the WENV 
dataset, STRUCTURE was run for values of K from 1 to 12. The results 
showed that the new segment L yielded a major peak at K = 7 and the 
new segment S yielded a major peak at K = 9 (Fig. S1), indicating the 
optimal subpopulation number was 7 (segment L) and 9 (segment S). 

Analysis of ancestry components was next performed for K = 7 
(segment L) and K = 9 (segment S), and genomes were plotted according 
to their geographical origin (Fig. 4A, B). The results showed the clus-
tering trend of ancestral population was highly site-specific (e.g., pop 1 
occurs in ZJ and HN, pop2 occurs in NA and GD). The pop 2 for 
Guangzhou strains and WENV 9–24 included WENV genomes sampled 
in different provinces of Zhejiang, Hainan, Shandong, Yunnan isolates, 
indicating this population contributed in varying proportion to genomes 
from other areas. 

According to the major ancestry components inferred by STRUC-
TURE, the WENV sequences could be clustered into seven lineages 
(Fig. 4A, B): Lineage I included WENV Rn-242, WZ140510, Rn-366, 
WZ140512, Haikou virus PL, Haikou virus DK, and Haikou; Lineage II 
included WENV 9–24, CH27, CH31, and CH50; Lineage III included 
WENV G107. Lineage IV included WENV MYR-039 and Cardamones 
virus C617, C621, and C649; Lineage V included WENV RnYL4-2016; 
Lineage VI included WENV Rn-YCB1, RnYM51-2016, RtYM51-2015, 
and RtYM16-2015; Lineage VII included Xingyi virus 4–6 and 4–38. 
As indicated, Guangzhou strains and WENV 9–24 were clustered into the 
same lineage II. 

4. Discussion 

WENV was first discovered in Zhejiang province of eastern China in 
2015 [13]. Ever since then, WENV was detected or isolated in five other 
Chinese provinces, including Guizhou, Hainan, Shandong, Xinjiang, and 
Yunnan, indicating its wide geographical distribution in China 
[13,16,18–20]. However, there is limited genomic evidence of WENV in 

Guangdong province, especially in the capital city of Guangzhou. In 
present study, we investigated WENV infections in wild rodents in the 
capital city of Guangdong Province, Southern China. Our results 
demonstrated that the nucleic acid presence of WENV in three of the five 
rodent species and in one of the five districts of Guangzhou city. For the 
first time, M. musculus was identified as a new host for WENV in this 
study, which expands the host range of WENV. We found that WENV 
detected in approximately 1.0% of samples but all came from the Con-
ghua district, suggesting the distribution of WENV may currently be 
limited to a small area and rodent population. Thus, our data rings the 
bell to local CDC for WENV routine surveillance in wild rodents, as well 
as other natural reservoirs. 

Sequence analysis of partial RdRp gene of Guangzhou strains CH27, 
CH29, and CH50 showed that these viruses are closely related to 
WENVs, indicating a common ancestor. The phylogenetic tree had a 
different shape from the tree based on all four genes, e.g., NP, GPC, Z and 
RdRp, suggesting more complex evolution of WENV. By estimating the 
drift level from a hypothetical common population, the applied 
STRUCTURE model allows inference about the most likely original 
location of the sampled genomes. Overall, our data indicated that WENV 
lineages diverged from an ancestral population circulating in Zhejiang/ 
Hainan, Shandong, southeast Asia, Yunnan (within two ancestral pop-
ulations), and Guizhou, indicating a regional distribution of WENV. The 
ancestral component of Segment L in the three Guangzhou strains was 
shared with strain 9–24 but was not detected in other strains. The 
ancestral lineage may be less common in rodent populations in other 
locations. Ancestral components of Segment S were detected in multiple 
groups, suggesting greater transfer of Segment S than that of Segment L. 

Zoonotic diseases that originate from wild animals are a significant 
concern of One Health, a global strategy that pursues a comprehensive, 
multidisciplinary, and multisectoral approach to attain optimal health 
for humans, animals, and the environment [37,38]. Understanding the 
distribution of WENV and other viruses in wildlife is essential for the 
accurate prediction of the impact of emerging zoonoses, especially in 
wildlife species with broad human-animal interfaces. The rodents were 
trapped in residential areas, such as farmers markets and other areas 
close to human settlements. However, samples tested WENV-positive 
were all collected from two farmers’ market, where is typically an 
area with high pedestrian flow and vehicular traffic. Current serological 
survey and clinical data indicate that WENV has the properties of 
causing human disease [15,21,22,39], which means there is a risk of 
WENV spreading to humans. Studying the source and route of WENV 
transmission from animal to the human population in Guangzhou or 
other cities is of key important to public health base on One Health 

Table 3 
Sequence comparison of WENV Guangzhou strains with other Chinese mammarenavirus strains.  

Strains/place nt WENV CH27 WENV CH31 WENV CH50 

Z ORF NP ORF GPC RdRp Z ORF NP ORF GPC RdRp Z ORF NP ORF GPC 

WENV/Hainan nt 92.0 89.4–89.7 87.9–88.8 90.3 91.2 89.3–89.4 87.7–88.6 90.0 91.4 88.8–89.2 87.9–88.8 
WENV/Guizhou nt 84.7 85.0 85.6–85.7 82.2 85.0 84.6 85.1–85.2 82.0 84.7 85.1 85.1 
WENV/Strain 

9–24a 
nt 94.4 93.3 91.8 92.0 94.1 93.0 91.8 91.6 94.4 93.7 91.9 

WENV/Shandong nt 90.6 89.5 88.5 88.8 90.3 89.3 88.3 88.5 90.0 89.8 88.0 
WENV /Xinjiang nt 88.2 86.3 86.0 86.4 87.9 85.9 86.0 86.2 87.6 86.8 85.3 
WENV/Yunnan nt 87.0–89.4 77.0–87.5 85.8–87.1 86.1–86.4 87.3–90.3 77.0–87.0 85.7–87.1 86.0–86.2 86.4–90.0 76.3–87.5 85.4–86.3 
WENV/Zhejianga nt 86.1–92.9 84.1–89.5 86.4–89.5 89.8–90.5 85.3–92.6 83.8–89.4 86.2–89.4 89.5–90.2 85.5–92.3 83.9–89.5 86.6–89.6 
WENV/Cambodia nt 90.0–90.3 88.1–89.4 83.0–86.6 88.8–88.9 90.3–90.6 88.7–89.7 83.0–86.6 88.5–88.6 89.4–89.7 89.0 86.6 
WENV/Malaysia nt 89.4 88.6 86.7 88.3 89.7 88.4 86.7 88.0 88.8 88.8 86.6 
ALXV/Inner 

Mogonlia 
nt 62.2 59.1 57.7 56.4 62.2 58.7 57.8 56.2 61.9 59.4 58.0 

LCMV/Jilin nt 60.5–61.1 62.9–63.1 55.3–57.0 56.1 60.2–60.8 62.5–62.7 55.6–57.3 56.0 59.9–60.5 62.9–63.4 56.0–57.4 
LIJV/Yunan nt 65.8 74.8 70.9 66.2 65.8 74.5 70.9 66.3 65.8 74.5 70.9 

Note: WENV indicates Wenzhou virus; ALXV indicates Alxa virus; LCMV indicates Lymphocytic choriomeningitis virus; LIJV indicates Lijiang virus, belonging to 
Chevrier mammarenavirus. 

a Strain from Yunnan or Guizhou province.  
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Fig. 3. Phylogenetic trees based on four encoded gene. Phylogenies of the NP (A), GPC (B), Z (C) and RDRP (D) Genes were constructed using mega X and the 
reference chapare virus sequence (L: NC_010562.1; S: NC_010562.1) as the outgroup. 
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strategies, indicating to further zoonotic surveillance on WENV. To 
implement the One Health initiative, future work should explore the 
infection risk of occupational workers in places with frequent rodent 
activities, such as retail and wholesale markets, animal farms, and other 
related settings. Human medical departments should work with veteri-
nary departments to implement WENV routine surveillance in wild ro-
dent and occupational populations to expand current rodent-borne 
disease surveillance efforts. 

The present study has several limitations: 1) we only performed viral 
detection with lung samples, potentially providing the limited infor-
mation for the prevalence of WENV in rodents in Guangzhou, China. 2) 
The efficiency of PCR amplification varied for different amplified 

fragments due to the bias of PCR amplification, resulting in different 
depth of amplified fragments. 3) It is also notable that we were unable to 
perform a serological screening for WENV infection, which is critical for 
diagnose in many circumstances along with nucleic acid testing as 
positive nucleic acid test result doesn’t equal to an infection, and more 
importantly, serological screening can help assess the prevalence of past 
WENV infection in the rodent population. 

5. Conclusion 

This is the first study to investigate the genomic characterization of 
WENV among wild rodents in a super metropolitan city with over 15 

Fig. 4. Population structure of wenzhou virus (WENV). (A) Bar plot representing the proportion of ancestral population components from the structure linkage 
model for K = 7 based on segment L. each column represents a WENV genome, the virus name is marked in the column. Genomes are ordered by population. (B) Bar 
plot representing the proportion of ancestral population components from the structure linkage model for K = 9 based on segment S. Lineages classification based on 
phylogenetic trees. Phylogenies of the segment L (A) and S (B) were constructed using mega X and the reference loie river virus sequence. The detailed information of 
the virus used in this figure was in Supplementary Table 1. GD, Guangdong Province; GZ, Guizhou Province; HN, Hainan Province; SD, Shandong Province; XJ, 
Xinjiang Uygur autonomous region; YN, Yunnan Province; ZJ, Zhejiang Province; SEA, South-Eastern Asia, including countries Cambodia and Malaysia; NA, in-
formation not available, but the region is either Guizhou or Yunnan Province. 
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million residents. WENV were detected in three rodent species 
(M. musculus, R. flavipectus and R. norvegicus) which was reported for the 
first time in Guangzhou City. The WENV Guangzhou strain was different 
from the previously reported strains isolated in China and southeast 
Asia, and only clustered with strain WENV 9–24. For future experiment, 
virus isolation is desired to characterize the pathogenic features and 
understand potential zoonotic characteristic in human infections. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2021.100273. 
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