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We report 301 dengue virus infections among cross-border 
travelers entering Yunnan Province, China, from Myanmar 
during 2017. Phylogenetic analysis of 99 strains found all 
4 serotypes co-circulating; genetic characteristics have 
also changed. This finding highlights the urgent need for 
monitoring dengue virus cross-border transmission as early 
warning of severe dengue fever.

Dengue virus (DENV) infection is one of the most seri-
ous threats to public health in tropical and subtropical 

regions worldwide (1). Southeast Asia is the most seriously 
affected region, with explosive outbreaks occurring fre-
quently. In 2013, a small-scale DENV outbreak occurred 
in Yunnan, the southeasternmost province in China, as a re-
sult of imported infection from neighboring Southeast Asia 
countries (2,3). Ruili County is located in southwest Yun-
nan, bordering Myanmar on 3 sides. In this county, cross-
border DENV transmission and endemic disease have be-
come a serious challenge in the past decade.

In 2017, a total of 8.3 million cross-border travelers 
who entered Yunnan Province through Ruili had their body 
temperature measured using an intelligent infrared hu-
man body temperature measurement system. Persons with 
a temperature >37°C were suspected to be infected with 
DENV; infection was confirmed by NS1 antigen detection 
(4). In total, 1,667 travelers were screened for DENV infec-
tion because of fever symptoms. Of these, 301 were con-
firmed to be DENV infected. The DENV-infected travelers 
comprised 196 citizens of Myanmar and 105 citizens of 
China; median age was 27 (range 1–71) years, and male/fe-
male ratio was 1.15:1 (161:140). The occurrence of DENV 
infection was concentrated during August–November; 

196 infections were detected in this period, accounting for 
65.1% of DENV cases in 2017. 

To further describe the genetic characteristics of these 
DENV strains, we selected 100 DENV-positive plasma 
samples for E gene amplification followed by phylogenetic 
analysis (2). All participants were informed and provided 
written consent before sample collection. This research was 
approved by the Institutional Ethical Committee of Kun-
ming University of Science and Technology. We randomly 
enrolled 10 cases from each month; if there were <10 cases 
in 1 month, we included all cases from that month. As a 
result, 99 samples were successfully amplified; 1 sample 
failed, possibly because of low viral load. We identified all 
4 DENV serotypes in this population, although DENV-3 (4 
cases) and DENV-4 (17 cases) had previously been undis-
covered in Yunnan Province (2). DENV-1, the dominant se-
rotype in 2013, continued to be the most prevalent serotype 
in 2017 (77 cases), whereas only 1 case of DENV-2 was 
detected. We found no significant difference in serotype 
distribution based on sampling time.

We randomly selected 40 DENV-1 samples, 1 DENV-
2 sample, 4 DENV-3 samples, and 17 DENV-4 samples for 
sequencing and phylogenetic analysis; we submitted the re-
sulting sequences to GenBank (accession nos. MG933806–
MG933867). Phylogenetically, all DENV-1 strains of the 
cross-border travelers in 2017 were classified as genotype 
I (Figure), similar to earlier reports (2). Specifically, most 
strains were closely related to the strains identified in 2013 
in Dehong Prefecture and its neighboring country, Thailand 
(Figure), which suggests the prolonged circulation of 2013 
strains or stable importing from neighboring countries. The 
only DENV-2 strain (D2-0022) was classified as the Asian I 
genotype, forming a close cluster with 2013 strains and ref-
erence sequences from Myanmar and Thailand and strains 
previously circulated in Yunnan Province. The DENV-3 
strains detected in Ruili were classified as genotype I and 
genotype III, which is substantially different from the geno-
type II strains identified during the DENV outbreak in the 
southern prefecture of Xishuangbanna in 2013 (Figure) (2). 
DENV-4 genotype II was once reported as a circulating se-
rotype in Yunnan Province in 2015 but is now a long-term 
epidemic in Myanmar and Thailand.

Among the travelers entering Yunnan Province from 
Myanmar in 2017, dengue infections showed not only 
inherited characteristics of previous epidemic DENV-1 and 
DENV-2 but also the circulation of additional serotypes 
and genotypes (DENV-3 genotypes I and III, DENV-4 
genotype II). This importation of all serotypes of DENV 
may result in simultaneous or sequential epidemics of the 
local population in Yunnan Province. Co-circulation of 
the 4 serotypes, considered a key indicator of progression 
toward hyperendemic transmission (5,6), led to an alert for 
a threatening DENV pandemic. Our findings also revealed 
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the continued changing of DENV genetic characteristics 
in this float population (5,7,8), developed from fewer 
genotypes/serotypes to the co-circulation of multifarious 
serotypes/genotypes, from sporadic imported infection 
to more local infection. In the past decade, or at least 
since 2013, local DENV infection has occurred in border 
regions of Yunnan Province. Thus, DENV undoubtedly 
also exists in local mosquitoes. In the near future, we plan 
to investigate DENV infection in mosquitoes and perform 
genetic characterization of those strains from mosquitoes.

The cross-border population serves as a major vec-
tor for transmission of pathogens into China from neigh-
boring countries in Southeast Asia. Because of the large 
number of DENV infection cases in Yunnan Province and  

neighboring countries, our research clearly demonstrates 
that surveillance and control of dengue virus is a difficult 
task, and south China is under the risk for an increase in 
dengue infections.
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Figure. Phylogenetic tree of DENV serotypes identified in cross-border travelers entering Yunnan Province, China, from Myanmar 
during 2017. A) DENV-1; B) DENV-2; C) DENV-3; D) DENV-4. The phylogenetic trees were constructed by the maximum-likelihood 
method with a Kimura 2 parameter model using MEGA 7.0 software (https://www.megasoftware.net). Bootstrap values were set 
for 1,000 repetitions. Black dots denote strains from this study, and black triangles denote strains from our previous study (2,3). 
GenBank accession numbers for comparison isolates are provided. Scale bars indicate nucleotide substitutions per site. DENV, 
dengue virus.
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We sequenced the virus genomes from 3 pregnant women 
in Thailand with Zika virus diagnoses. All had infections 
with the Asian lineage. The woman infected at gestational 
week 9, and not those infected at weeks 20 and 24, had 
a fetus with microcephaly. Asian lineage Zika viruses can 
cause microcephaly.

Although Zika virus has circulated in Asia longer than 
in the Americas, only 3 confirmed cases of congenital 

Zika virus infection with microcephaly have been reported 
in Asia (2 Thailand, 1 Vietnam) (1). As of June 2018, the ge-
nomic sequences of the viruses from these 3 cases have not 
been reported; thus, whether these cases were caused by an 
Asian lineage or an imported American lineage is unknown.

Several mechanisms involving virus genome se-
quences have been proposed to explain how Zika virus 
might cause microcephaly (2). Liang et al. (3) showed in 
vitro that replication of both the African (strains MR766 
and IbH30656) and American (strain H/PF/2013) lineage 
viruses suppress Akt phosphorylation; this suppression is 
caused by an accumulation of mutations in the Zika vi-
rus genome that increase the number of phosphorylation 
sites on virus proteins that compete with host proteins for 
phosphorylation. Yuan et al. proposed that a serine to as-
paragine substitution (S17N) in the premembrane protein 
(stably conserved in the American lineage but not in the 
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