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Abstract

demic DENV strains.

Background: Dengue virus causes one of the most significant infectious diseases in tropical and subtropical regions,
notable number of which is imported into China every year.

Results: In this study, the molecular epidemiologic and phylogenetic analyses of dengue cases imported into
Guangzhou in South China during 2009-2013 were conducted. During that period, 46 imported dengue cases were
identified, including four serotypes. Most of the dengue patients were travelling from Southeast Asia, South Asia
and Africa. The envelope (E) genes of 20 imported dengue viruses introduced from 13 countries and regions, were
sequenced and used for phylogenetic analyses. The results indicated that the DENV-1 genotype | and DENV-2 Asian
genotype | were the most predominant DENV strains, which were circulating in Southeast Asia and imported into
South China. In addition, the new introduction of DENV-3 genotype Ill from West Asia was observed.

Conclusions: This study provided an overview on the genetic diversity of DENV strains imported into South China,
and also gave information about the geographic distribution, dynamic transmission and molecular evolution of epi-
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Background
Dengue is one of the most prevalent mosquito-borne
infectious diseases in tropical and subtropical regions, the
incidence of which has been increasing considerably over
the last decades (Mackey and Liang 2012). According
to the statistics of World Health Organization (WHO),
about 50-100 million dengue infections cases occurred
every year in over 100 countries and regions, with severe
infections mainly increased in Southeast Asian, Africa,
South America and Western Pacific countries (Guzman
et al. 2010; Arima et al. 2013; Bhatt et al. 2013).

Dengue virus (DENV), a member of genus Flavivirus
in the family Flaviviridae, is the etiological agent of den-
gue, which is transmitted by Aedes aegypti and Aedes
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albopictus (Calisher et al. 1989). DENV is an envelope
virus with a single-stranded positive sense RNA genome,
which only contains one open reading frame encoding
three structural proteins (including capsid protein, pre-
membrane/membrane protein and envelope protein) and
seven nonstructural proteins (NS1, NS2A, NS2B, NS3,
NS4A, NS4B and NS5) (Halstead 2007). There are four
antigenically distinct serotypes of DENV (DENV-1 to 4)
(OhAinle et al. 2011), which cause diseases of dengue
fever (DF), dengue hemorrhagic fever (DHF) and dengue
shock syndrome (DSS) (Martina et al. 2009). Studies on
the surveillance of imported dengue cases could provide
information for the geographic distribution and dynamic
transmission of DENV strains, which will benefit the pre-
vention and control of dengue.

With the growth of global travel, the expansion and
transmission of DENV strains into different regions
of the world has been reported (Teichmann et al. 1999;
Dorji et al. 2009; Shu et al. 2009). The Southeast Asia
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has been considered as a high-risk area (Shepard et al.
2013), since most dengue outbreaks occurred there, and
the chance of acquiring dengue is high when traveling in
these places (Chew et al. 2015; Zangmo et al. 2015). The
provinces in the south of China share borders with sev-
eral countries in Southeast Asia and the communication
between China and these countries are more and more
frequent, leading to the increasing importations of den-
gue into China. Guangzhou, a large city in South China,
has the highest incidence of dengue in recent years. Den-
gue infections were reported in Guangzhou every year
with the identification of four serotypes. By analyzing
current circulation, epidemiological and molecular char-
acterization of DENV strains imported into Guangzhou
during 2009-2013, our study identified high-risk areas
and epidemic seasons, providing information for the pre-
vention and control of dengue.

Methods

Sample collection

Acute-phase blood samples were collected from differ-
ent ports at Guangzhou in 2009-2013 under approval
of patients. The suspected dengue cases were defined
as patient had fever with two or more of the following
symptoms: headache, arthralgia, conjunctival conges-
tion, myalgia, rash, and chills. And the serum samples of
suspected dengue cases were sent to the health and quar-
antine lab of Guangdong inspection and quarantine tech-
nology center with the consent of patients to confirm the
infection of DENV and to conduct the subsequent study.

Laboratory diagnosis

The DENV infection was defined as the detection of
DENV RNA by real-time RT-PCR, using Ag-Path-ID"™
Onestep RT-PCR Kit (ABI, USA). Real-time RT-PCR was
performed with primers and probe listed in Table 1. The
differentiation of DENV serotypes in the positive serum
samples was conducted by using the detection kits of
DENV I-1V (Liferiver, China).

Viral RNA extraction, RT-PCR and envelope gene
sequencing

Viral RNA was extracted from 140 pl of acute-phase
serum by using QIAamp Viral RNA kit (QIAGEN, Ger-
many) according to manufacturer’s instruction. The
serotype-specific primers targeting the DENV enve-
lope (E) gene listed in Table 1 were used in the amplifi-
cation and sequencing of E gene. The amplification of E
gene was conducted with QIAGEN OneStep RT-PCR
Kit (QIAGEN, Germany) following the steps of 50 °C
for 30 min, 95 °C for 15 min, and 30 cycles of 94 °C for
30 s, 50 °C for 30 s, 72 °C for 30 s; and a final extension
at 72 °C for 7 min. The PCR products were purified and
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Table 1 Primers/probe for detection of DENV and sero-
type-specific primers for amplification of E gene

Primers/probe Sequences (5'-3')

DENf GCATATTGACGCTGGGARAGAC

DENr GCGTTCTGTGCCTGGAWTGATG

DENp FAM—CA4+GAGA+TCCHTGCHTGTCTC—BHQ1
Den1-Ef ATGCGATGCGTGGGAATAGG

Den1-Er CGCCTGAACCATGACTCCTAGG
Den2-Ef GCCTGCAGCTTCAATGACAATGCGTTG
Den2-Er GCTCTAGACGGCCTGCACCATAAC
Den3-Ef TGGGTTGACGTGGTGCTTGAGCACGG
Den3-Er ATGGCTGTTGCCAATCTTTTTGGGGA
Den4-Ef TCCAGCGAACTGTCTTCTTTIGT
Den4-Er AACCCGTGTCTGCTTGAACTGTG

submitted to sequencing. All the sequences of envelope
gene were submitted to GenBank under accession num-
bers: KX270802-KX270821.

Phylogenetic analysis

A total of 20 DENV E gene were analyzed along
with worldwide reference sequences of different
genotypes,which are available on GenBank. The nucleo-
tide sequences of DENV E genes were aligned, edited,
and phylogenetically analyzed by using MEGA version
5.2. Phylogenetic trees were constructed by neighbor-
joining method, with bootstrap value obtained from 1000
replicates. Sequences of D2/NewGuinea/NGC/1944
(M29095) and D3/Thailand/MK-315/1987 (L11442)
were used as out-group to root the trees of DENV I-1V
serotypes.

Results

Dengue virus imported into Guangzhou during 2009-2013
A total of 46 imported dengue cases were identified
in Guangzhou during 2009-2013, all of which were
detected by fever screening and diagnosed by real-time
RT-PCR. According to the statistical result, number of
imported case in the year of 2010 and 2013 was higher
than other years (Fig. 1a). Most of the patients (31/46,
67.4 %) were infected in Southeast Asian countries,
including Indonesia, Vietnam, Thailand, Philippines,
Cambodia, Malaysia and Singapore (Fig. 1b). Patients
from African regions were also identified. Other import-
ing countries distributed in South Asia, West Asia and
East Asia. The result indicated that Southeast Asia was
the most important source of dengue cases imported into
Guangzhou. The analysis of temporal pattern of imported
cases indicated that positive samples could be detected
through out of a year with a sporadic distribution pattern
(Fig. 1c). Among all the cases, 40 (86.96 %) occurred in
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Fig. 1 Summary of dengue virus imported into Guangzhou during 2009-2013. a The distribution of imported cases over years, data was collected
during 2009-2013. b The geographical distribution of imported cases. ¢ The temporal pattern of imported cases. d The age distribution of infected
patients. Number of patients was indicated with the bar chart. The proportion of patients at different age phases to the total number was shown
with the line chart

males and 6 (13.04 %) occurred in females. The ages of
patients ranging from 20 to 50 (the median age was 30),
and adults between 20 and 40 years old had the highest
incidence (Fig. 1d).

Serotype and genotype distributions of imported DENV

20 Positive imported cases from 13 countries were
selected to conduct the serotype differentiation. The
results indicated that 7, 10, 2 and 1 cases were infected
with DENV-1, DENV-2, DENV-3, and DENV-4
strains, respectively. The genetic relationship of these
DENV strains was determined by analyzing the E gene
sequences of the viruses. The genotypes of DENV were
differentiated as described previously. A summary of the
serotype and genotype distributions of imported DENV
during 2009-2013 was presented in Table 2.

Phylogenetic analysis of DENV-1 strains

The phylogenetic tree of DENV-1 strains was generated
using E gene sequences of 7 DENV-1 strains and 11 ref-
erence strains belonged to corresponding genotypes
(Fig. 2). The results revealed that genotypes I was the
most predominant genotype of DENV-1 strains, which
were imported from Southeast Asian countries, including
Philippines, Cambodia and Vietnam. None of 7 DENV-1
strains belonged to genotype II. While two of them were
classified into genotype III, one was imported from Indo-
nesia and the other from Africa. Both of the genotype
III strains were closely related to the virus from Latin
America. It is notable that the geographical distributions
of genotype III viruses are diverse, including Asia, Latin
America and Africa. Genotype IV and V contains one
strain from Malaysia and Pakistan, respectively.
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Table 2 List of DENV strains used in phylogenetic analysis

Strains Serotype Genotype Year of isolation Country origin GenBank No.
BO9H004096 DENV-1 | 2009 Vietnam KX270805
01011100000237 DENV-1 I 2011 Philippines KX270807
01011200000861 DENV-1 I 2012 Cambodia KX270803
01011200000371 DENV-1 Il 2012 Africa KX270802
0101130000079 DENV-1 Il 2013 Indonesia KX270806
01011300000201 DENV-1 IV 2013 Malaysia KX270804
01011100000465 DENV-1 % 2011 Pakistan KX270808
B10HO01114 DENV-2 Asial 2010 Thailand KX270817
B10HO01132 DENV-2 Asial 2010 Thailand KX270818
01011100000441 DENV-2 Asia l 2011 Cambodia KX270810
01011300000154 DENV-2 Asia | 2013 Singapore KX270813
B10H001113 DENV-2 Cosmoplitan 2010 Bangladesh KX270816
B10HO01104 DENV-2 Cosmoplitan 2010 Vietnam KX270815
01011100000388 DENV-2 Cosmoplitan 20M India KX270809
01011300000191 DENV-2 Cosmoplitan 2011 Turkey KX270814
01011200000481 DENV-2 Cosmoplitan 2012 Singapore KX270811
01011200000487 DENV-2 Cosmoplitan 2012 Hong Kong KX270812
01011300000094 DENV-3 [ 2013 Thailand KX270819
01011100000191 DENV-3 MMl 2013 Turkey KX270820
B10H001124 DENV-4 I 2010 Philippines KX270821

Phylogenetic analysis of DENV-2 strains

The E gene sequences of ten DENV-2 strains were
aligned with ten reference strains of six genotypes and
used to construct phylogenetic tree (Fig. 3). The DENV-2
strains imported into South China during 2009-2013
were clustered into two genotypes, Asian genotype I and
Cosmopolitan genotype. Among them, four virus strains
clustered into Asian genotype I was from Southeast Asia,
including Cambodia, Singapore and Thailand. The strains
of Cosmopolitan genotype showed a wider geographi-
cal distribution, which were imported from Southeast
Asia, South Asia and West Asia. The exporting countries
and regions comprised India, Bangladesh, Turkey, Viet-
nam, Singapore and Hong Kong. No Asian genotype I,
Asian/American genotype, American genotype and Syl-
vatic genotype were detected in imported cases during
2009-2013. Three strains of Asian genotype I were clus-
tered into a clade with the viral strain from Vietnam. The
strain of Cosmopolitan genotype from Turkey was closely
related to Australia strain.

Phylogenetic analysis of DENV-3 strains

Two DENV-3 strains were determined in the imported
cases, which belonged to genotype I and genotype III,
respectively (Fig. 4). Genotype III Strain imported from
Turkey was clustered into clade with Middle East source
virus, while genotype I strains from Thailand was closely
related to strains from Indonesia. No strain belonged to

genotype II and genotype IV was detected in imported
cases during 2009-2013.

Phylogenetic analysis of DENV-4 strains

According to our data, DENV-4 is the least frequent sero-
type circulating in Asia; only one strain was detected in
the imported cases, which was from Philippines (Fig. 5).
The result of Phylogenetic analysis indicated that Philip-
pines strain belonged to genotype II, which was closely
related to viruses from Singapore and Peru.

Discussion

Dengue is one of the most significant infectious diseases
in tropical and subtropical regions, in recent years, the
communication among countries showed a rising trend
due to the globalization, which caused an increased num-
ber of imported dengue cases worldwide. As Guangzhou
is located in South China and close to Southeast Asian
countries, it is in high risk of dengue virus importation.
In this study, the introduction of DENV into Guang-
zhou during 2009-2013 was investigated. 46 serum sam-
ples were detected to be DENV positive; most of them
(31/46, 67.4 %) were introduced from Southeast Asian
countries, indicating that Southeast Asia was the high-
risk area. The number of imported case in 2010 and
2013 was higher than other years, which was related to
the outbreak of Dengue in Southeast Asian countries
(Fig. 1). 20 of the imported cases were chosen for the
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Fig. 2 Phylogenetic tree of dengue virus type 1 (DENV-1). The phylogenetic tree is based on the complete E gene sequences of DENV-1 serotype,
and constructed by using the neighbor-joining method (MEGA 5.2) with bootstrap 1000 replications. The sequences were named according to
strain/country/year/serotype of collected viruses. GenBank accession numbers of the reference sequences are shown in the parentheses. GenBank
accession No. of imported strains were listed in Table 2. The imported cases are designated in solid triangle

serotype differentiation and molecular characterization.
The results suggested that all of the four serotypes were
introduced to South China, with DENV-1 and DENV-2
as the most predominant serotypes (Table 2). The num-
ber of dengue strains introduced from South and West
Asia showed an increased trend.

Further genotype analysis indicated that DENV-1
genotype I and DENV-2 Asian genotype I were the
most predominant DENV strains circulating in South-
east Asian countries, while DENV-2 Cosmoplitan geno-
type comprised the largest part of the imported strains
(Table 2). The importation of DENV-2 Asian genotype II
and Asian/American genotype from Southeast Asia was
not identified, in consistent with previous reports (Huang
et al. 2012). DENV-3 genotype III, which was recently
considered as an emerging DENV genotype in Southeast

Asian countries, was found to import into South China
from West Asia (Table 2). In addition, one strain of
DENV-4, belonged to genotype II, was introduced from
Philippines (Table 2).

It has been reported that DENV-1 genotype I became
the most predominant genotype circulating in South-
east Asia in 1980s, replacing the genotype III viruses. In
this study, during 2009-2012, DENV-1 strains imported
from Vietnam, Philippines and Cambodia, belonged
to genotype I and clustered with two Thailand strains
(ThD1 0438 95 and ThD1 011697) (Fig. 2). In 2012 and
2013, strains imported from Africa and Indonesia were
clustered together with genotype III viruses from Cen-
tral American countries (Fig. 2), including Nicaragua
and Salvador, suggesting the exportation of DENV from
this region. One case of genotype IV was imported from
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Fig. 3 Phylogenetic tree of DENV-2. The phylogenetic tree is based on the complete E-gene sequences of DENV-2 including 10 imported dengue
cases during 2009-2013, and constructed by using the neighbor-joining method with bootstrap 1000 replications. The sequences were named
according to strain/country/year/serotype of collected viruses. GenBank accession numbers of the reference sequences are shown in the parenthe-
ses. GenBank accession No. of imported strains were listed in Table 2. The imported cases are designated in solid triangle
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Fig. 4 Phylogenetic tree of DENV-3. The phylogenetic tree is based on the complete E gene sequences of nine strains of DENV-3 including two
imported cases, and constructed by using the neighbor-joining method with bootstrap 1000 replications. The sequences were named according to
strain/country/year/serotype of collected viruses. GenBank accession numbers of the reference sequences are shown in the parentheses. GenBank
accession No. of imported strains were listed in Table 2. The imported cases are designated in solid triangle

Malaysia in 2013 (Fig. 2), which year a large number of from Pakistan in 2011 (Fig. 2), which is consistent with
dengue infection was detected and reported in Malaysia  the fact that large epidemics began to emerge in Pakistan
(Chew et al. 2015). A genotype V strain was introduced  since 2011 (Wesolowski et al. 2015). A large outbreak of
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Fig.5 Phylogenetic tree of DENV-4. The phylogenetic tree is based on the complete E gene sequences of nine strains of DENV-4, and constructed
by using the neighbor-joining method with bootstrap 1000 replications. The sequences were named according to strain/country/year/serotype of
collected viruses. GenBank accession numbers of the reference sequences are shown in the parentheses. GenBank accession No. of imported strains

D2/NewGuine(M29095-D2)

dengue occurred in Guangzhou in 2014, with DENV-1
as the most predominant serotype, which was caused
by indigenous cases and imported cases from Southeast
Asian countries (Huang et al. 2016). Phylogenetic char-
acterization revealed that the strains belonged to geno-
types I, IV and V of DENV-1 (Huang et al. 2016; Sun et al.
2016). During 2009-2013, DENV-1 genotypes I, IV and
V were detected to be the most predominant genotypes
introduced to Guangzhou (Fig. 2), which might provide a
hint to the dengue epidemic in Guangzhou in 2014.

The result of phylogenetic analysis of envelope pro-
tein gene of DENV indicated that Asian genotype I of
DENV-2 was the predominant DENV-2 lineage in South-
east Asia during 2009-2013 (Fig. 3), as Asian genotype
I strains was imported from Thailand, Cambodia and
Singapore. This was consistent with the report that Asian
genotype I emerged in Southeast Asia in recent years
(Vu et al. 2010). A notable shift from the Asian geno-
type II and Asian/American genotype to Asian genotype
I and Cosmopolitan genotype was found, since all of the
DENV-2 strains were clustered into Asian genotype I
and Cosmopolitan genotype (Fig. 3). Genotypes includ-
ing Asian genotype II, Asian/American genotype, Ameri-
can genotype and Sylvatic genotype were not founded
in imported dengue cases during the study period, sug-
gesting a low prevalence rate of these genotypes in the
regions communicating with South China.

The introduction of DENV-3 into Guangzhou was
observed in 2013 (Fig. 4), one strain imported from Thai-
land was clustered with genotype I strains from Indo-
nesia. The genotype III strain introduced from Turkey
was clustered with strains from Yemen and Sri Lanka.
The genotype III used to distribute in East Africa, Latin
America and South Asia. Recent reports showed that

the strains of DENV-3 genotype III were imported into
Southeast Asia, South China and Taiwan (Sun et al. 2011;
Huang et al. 2012), indicating that the geographic distri-
bution of DENV-3 genotype III had expanded to South-
east Asian regions. The incidence rate of DENV-4 virus
infection was low in Southeast Asia, in this study, only
one strain imported from Philippine was clustered with
strains belonged to DENV-4 genotype II (Fig. 5).

In order to prevent the outbreaks of DENV infection
in China, more education should be provided for peo-
ple traveling or working at the epidemic areas, especially
Southeast Asia countries, to remind them of personal
protection. At the meanwhile, the local hygienic authori-
ties should reinforce the surveillance work towards peo-
ple and goods from epidemic areas to discover and deal
with the suspicious patients and vectors in a timely man-
ner. DENV is a mosquito-borne virus, which could be
transmitted by A. aegypti and A. albopictus. The Aedes
mosquitoes are wildly distributed in various provinces
in Mainland China, thus, it is crucial to take measures to
control the local mosquitoes for the prevention of further
spread.

Conclusions

In this study, we conducted the molecular epidemiologic
and phylogenetic analysis of dengue strains imported
into Guangzhou in South China during 2009-2013. The
results provided an overview on the genetic diversity of
DENV stains imported into South China, which also gave
information about the geographic distribution, dynamic
transmission and molecular evolution of DENV stains in
epidemic regions, especially in Southeast Asia. In addi-
tion, the continuous surveillance on the imported dengue
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case could benefit the prevention of further dengue out-
breaks in Guangzhou.

Authors’ contributions

YS designed the study. SL constructed the phylogenetic trees, analyzed the
results, and wrote the first version of the manuscript. XL collected all the
information of imported dengue cases. KZ downloaded dengue virus E gene
sequences from GenBank. YS and SY did the sequencing of E gene. YS and JH
modified and finalized the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
We thank Health Department of Guangdong Entry-Exit Inspection and Quar-
antine Bureau for monitoring the entire process of this study.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Consent to publish has been obtained from all subjects to report individual
patient data.

Ethical approval

The study has been approved by the Ethics Committee of Guangdong Inspec-
tion and Quarantine Technology Center. This article does not contain any
studies with human participants or animals performed by any of the authors.
The information and blood samples of patients were obtained under approval.

Funding

This study was funded by China Postdoctoral Science Foundation (Grant

No. 2016M592458), the Science and Technology Planning Project of General
Administration of Quality Supervision, Inspection and Quarantine of China
(Grant No. 20111K128) and the Quality Supervision, Inspection and Quarantine
Commonweal Industry Specific Project (Grant No. 201010036).

Received: 16 June 2016 Accepted: 8 September 2016
Published online: 21 September 2016

References

Arima'Y, Edelstein ZR, Han HK, Matsui T (2013) Epidemiologic update on
the dengue situation in the Western Pacific Region, 2011. Western Pac
Surveill Response J 4:47-54

Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, Drake JM,
Brownstein JS, Hoen AG, Sankoh O, Myers MF, George DB, Jaenisch T, Wint
GR, Simmons CP, Scott TW, Farrar JJ, Hay SI (2013) The global distribution
and burden of dengue. Nature 496:504-507

Calisher CH, Karabatsos N, Dalrymple JM, Shope RE, Porterfield JS, Westaway
EG, Brandt WE (1989) Antigenic relationships between flaviviruses as
determined by cross-neutralization tests with polyclonal antisera. J Gen
Virol 70(Pt 1):37-43

Chew MH, Rahman MM, Hussin S (2015) Molecular epidemiology and phylo-
genetic analysis of dengue virus type-1 and 2 isolated in Malaysia. Pak J
Med Sci 31:615-620

Page 8 of 8

Dorji T, Yoon IK, Holmes EC, Wangchuk S, Tobgay T, Nisalak A, Chinnawirotpisan
P, Sangkachantaranon K, Gibbons RV, Jarman RG (2009) Diversity and
origin of dengue virus serotypes 1, 2, and 3, Bhutan. Emerg Infect Dis
15:1630-1632

Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, Hunsperger E,
Kroeger A, Margolis HS, Martinez E, Nathan MB, Pelegrino JL, Simmons C,
Yoksan S, Peeling RW (2010) Dengue: a continuing global threat. Nat Rev
Microbiol 8:57-16

Halstead SB (2007) Dengue. Lancet 370:1644-1652

Huang JH, Su CL, Yang CF, Liao TL, Hsu TC, Chang SF, Lin CC, Shu PY (2012)
Molecular characterization and phylogenetic analysis of dengue viruses
imported into Taiwan during 2008-2010. Am J Trop Med Hyg 87:349-358

Huang L, Luo X, Shao J, Yan H, Qiu Y, Ke P, Zheng W, Xu B, Li W, Sun D, Cao D,
Chen C, Zhuo F, Lin X, Tang F, Bao B, Zhou Y, Zhang X, Li H, Li J, Wan D,
Yang L, ChenY, Zhong Q, Gu X, Liu J, Huang L, Xie R, Li X, Xu Y, Luo Z,
Liao M, Wang H, Sun L, Li H, Lau GW, Duan C (2016) Epidemiology and
characteristics of the dengue outbreak in Guangdong, Southern China, in
2014. Eur J Clin Microbiol Infect Dis 35:269-277

Mackey TK, Liang BA (2012) Threats from emerging and re-emerging
neglected tropical diseases (NTDs). Infect Ecol Epidemiol 2. doi:10.3402/
iee.v2i0.18667

Martina BE, Koraka P, Osterhaus AD (2009) Dengue virus pathogenesis: an
integrated view. Clin Microbiol Rev 22:564-581

OhAinle M, Balmaseda A, Macalalad AR, Tellez Y, Zody MC, Saborio S, Nunez
A, Lennon NJ, Birren BW, Gordon A, Henn MR, Harris E (2011) Dynamics
of dengue disease severity determined by the interplay between viral
genetics and serotype-specific immunity. Sci Transl Med 3:114ra128

Shepard DS, Undurraga EA, Halasa YA (2013) Economic and disease burden of
dengue in Southeast Asia. PLoS Negl Trop Dis 7:€2055

Shu PY, Su CL, Liao TL, Yang CF, Chang SF, Lin CC, Chang MC, Hu HC, Huang
JH (2009) Molecular characterization of dengue viruses imported into
Taiwan during 2003-2007: geographic distribution and genotype shift.
Am J Trop Med Hyg 80:1039-1046

SunJ,LinJ,Yan J,Fan W, Lu L, Lv H, Hou J, Ling F, FuT, Chen Z, Cong L, Liu Q,
Zhang Y, Chai C (2011) Dengue virus serotype 3 subtype Ill, Zhejiang
Province, China. Emerg Infect Dis 17:321-323

Sun J,Wu D, Zhou H, Zhang H, Guan D, He X, Cai S, Ke C, Lin J (2016) The epi-
demiological characteristics and genetic diversity of dengue virus during
the third largest historical outbreak of dengue in Guangdong, China, in
2014. J Infect 72:80-90

Teichmann D, Rogler G, Grobusch MP, Schuler-Maue W, Klein E (1999)
Imported dengue virus type 2 infection acquired during an outbreak in
India. Eur J Clin Microbiol Infect Dis 18:310-312

VuTT, Holmes EC, Duong V, Nguyen TQ, Tran TH, Quail M, Churcher C, Parkhill
J, Cardosa J, Farrar J, Wills B, Lennon NJ, Birren BW, Buchy P, Henn MR,
Simmons CP (2010) Emergence of the Asian 1 genotype of dengue virus
serotype 2 in viet nam: in vivo fitness advantage and lineage replace-
ment in South-East Asia. PLoS Negl Trop Dis 4:e757

Wesolowski A, Qureshi T, Boni MF, Sundsoy PR, Johansson MA, Rasheed SB,
Engo-Monsen K, Buckee CO (2015) Impact of human mobility on the
emergence of dengue epidemics in Pakistan. Proc Natl Acad Sci USA
112:11887-11892

Zangmo S, Klungthong C, Chinnawirotpisan P, Tantimavanich S, Kosoltanapi-
wat N, Thaisomboonsuk B, Phuntsho K, Wangchuk S, Yoon IK, Fernandez
S (2015) Epidemiological and molecular characterization of dengue virus
circulating in Bhutan, 2013-2014. PLoS Negl Trop Dis 9:20004010


http://dx.doi.org/10.3402/iee.v2i0.18667
http://dx.doi.org/10.3402/iee.v2i0.18667

	Epidemiological and molecular characterization of dengue viruses imported into Guangzhou during 2009–2013
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Sample collection
	Laboratory diagnosis
	Viral RNA extraction, RT-PCR and envelope gene sequencing
	Phylogenetic analysis

	Results
	Dengue virus imported into Guangzhou during 2009–2013
	Serotype and genotype distributions of imported DENV
	Phylogenetic analysis of DENV-1 strains
	Phylogenetic analysis of DENV-2 strains
	Phylogenetic analysis of DENV-3 strains
	Phylogenetic analysis of DENV-4 strains

	Discussion
	Conclusions
	Authors’ contributions
	References




