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Abstract Dengue is a rapidly spreading mosquito-borne dis-
case caused by the dengue virus (DENV) and has emerged as
a severe public health problem around the world. Guangdong,
one of the southern Chinese provinces, experienced a serious
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outbreak of dengue in 2014, which was believed to be the
worst dengue epidemic in China over the last 20 years. To
better understand the epidemic, we collected the epidemiolog-
ical data of the outbreak and analyzed 14,594 clinically
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suspected dengue patients from 25 hospitals in Guangdong.
Dengue cases were then laboratory-confirmed by the detec-
tion of DENV non-structural protein 1 (NS1) antigen and/or
DENV RNA. Afterwards, clinical manifestations of dengue
patients were analyzed and 93 laboratory-positive serum spec-
imens were chosen for the DENV serotyping and molecular
analysis. Our data showed that the 2014 dengue outbreak in
Guangdong had spread to 20 cities and more than 45 thousand
people suffered from dengue fever. Of 14,594 participants, 11,
387 were definitively diagnosed. Most manifested with a typ-
ical non-severe clinical course, and 1.96 % developed to se-
vere dengue. The strains isolated successfully from the serum
samples were identified as DENV-1. Genetic analyses re-
vealed that the strains were classified into genotypes I and V
of DENV-1, and the dengue epidemic of Guangdong in 2014
was caused by indigenous cases and imported cases from the
neighboring Southeast Asian countries of Malaysia and Sin-
gapore. Overall, our study is informative and significant to the
2014 dengue outbreak in Guangdong and will provide crucial
implications for dengue prevention and control in China and
elsewhere.

Introduction

Dengue is an acute systemic viral disease that affects 40 % of
the world’s population. An estimated 50400 million dengue
infections occur worldwide annually [1, 2]. Dengue is preva-
lent in subtropics and tropics, including Southeast Asia,
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Africa, South America, the Western Pacific Region, and the
Eastern Mediterranean Region [3—5]. Dengue virus (DENV)
is the causative agent, and it contains five distinct serotypes
(DENV-1 to DENV-5), all of which can be transmitted to
humans through the bites of infected Aedes mosquitoes
[6-8]. Of these, the DENV-5 strain was only detected in Ma-
laysia in 2007, and it has not been reported in any other coun-
tries until now [8].

The illness often begins with high-grade fever and is ac-
companied by headache, retro-orbital pain, skin erythema,
body pain, myalgia, arthralgia, and facial flushing [9, 10].
Most patients recover following a self-limiting non-severe
clinical course. However, approximately 5 % of dengue cases
may develop into a potentially lethal complication called se-
vere dengue, which includes dengue hemorrhagic fever and
dengue shock syndrome [11, 12].

In recent decades, dengue outbreaks have been increasing
in size and frequency, which have caused a significant health,
economic, and social burden in the affected endemic areas
[13—15]. Notably, economic development plays an essential
role in the global spread of dengue infections, as viremic trav-
elers carry various dengue serotypes and strains to other parts
of the world [16, 17]. Thus, dengue has become a worldwide
public health problem.

Since June 2014, DENV has caused dengue infections in
Guangdong Province, southern China. The number of dengue
cases began to increase rapidly in September and the major
outbreak began in October, which was believed to be the worst
dengue epidemic in China for the past two decades. Following
a rapid increase in the number of cases, the government de-
clared a state of emergency. In order to identify dengue pa-
tients earlier, detection of DENV non-structural protein 1
(NS1) antigen and RNA were conducted in multiple clinical
laboratories. In this study, the epidemiological data of dengue
infections in Guangdong from June to December 2014 were
reported. Specifically, a total of 14,594 clinically suspected
dengue cases from 25 hospitals in the province were studied.
Laboratory diagnosis methods were used to confirm the diag-
noses. To identify the etiology of the outbreak, a portion of
laboratory-positive serum specimens were chosen stochasti-
cally for the further DENV serotyping and bioinformatics
analyses.

Methods
Epidemiological investigation

Dengue emerged in June 2014 and caused the explosive epi-
demic that mainly occurred in September and October of that
year. At that time, the government and the Provincial Center
for Disease Control and Prevention (CDC) began to report the
surveillance data regularly. In order to analyze the
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epidemiology of the dengue outbreak in Guangdong, we col-
lected the surveillance data of dengue infections from the Pro-
vincial CDC (http://www.cdcp.org.cn/gdsjbytkzzx/index.
shtml) during the months of June-December 2014.

Case definitions

According to the Chinese national criteria for dengue diagno-
sis (WS216-2008) and the 2009 World Health Organization
(WHO) guidelines [9], a clinically suspected dengue case was
defined as follows: (1) The patient lives in or has traveled to a
dengue-endemic area; (2) He/she has had a high fever for
3 days or more, accompanied by two of the following criteria:
nausea, vomiting, rash, severe headache, muscle and joint
pains, or positive tourniquet test; (3) He/she has low or de-
creasing white cell counts, and/or has thrombocytopenia. In
addition, a confirmed dengue case was the suspected case
confirmed by a laboratory-positive diagnostic test, including
the identifications of DENV RNA and DENV NSI1 antigen
that are generally performed in the departments of clinical
laboratories in Guangdong.

Laboratory diagnostic assays

To better understand the outbreak, 14,594 clinically suspected
dengue cases from 25 hospitals in Guangdong were chosen to
identify the causative agent. Serum samples were collected
from these patients to determine DENV infection at the acute
stage of illness, i.e., 1-7 days from symptom onset. After
separation from blood cells, the specimens were used to detect
DENYV NSI antigen using enzyme-linked immunosorbent as-
say (ELISA) and/or DENV RNA using a real-time reverse
transcriptase polymerase chain reaction (RT-PCR) assay.

The diagnostic kit for DENV NS1 antigen was provided by
Beijing Wantai Biology Pharmacy Company Limited. The
method was based on the capture of NS1 antigen using a
sandwich-type immunoassay and was carried out following
the instructions provided by the manufacturer. The samples
were classified as positive or negative in accordance with
the cut-off point.

Total RNA was extracted according to the manufacturer’s
protocol. The detection kit for DENV RNA was provided by
DAAN Gene Company Limited of Sun Yat-sen University.
Two degenerate oligonucleotide primers and probe corre-
sponding to a stretch of nucleotides conserved in four sero-
types of DENV were as follows: primer 1 (forward), 5'-
GARAGACCAGAGATCCTGCTGTCT-3', primer 2 (re-
verse), 5'-ACCATTCCATTTTCTGGCGTT-3’, and the
TagMan MGB probe 5'-AGCATCATTCCAGGCAC-3'. The
test was considered valid if the positive control showed a CT
value <32. Samples that had a CT value <38 were classified as
positive and those with value >38 were considered to be
negative.

Clinical characteristics

After having been confirmed by laboratory diagnosis,
dengue cases were subjected to the further clinical pro-
cedure. Clinical records were analyzed by doctors in
charge of the cases. Hematological parameters of den-
gue cases were performed at clinical laboratories by
experienced technicians according to standard operating
procedures.

Genetic analysis

Among the serum samples collected from 25 hospitals
in Guangdong, 93 specimens with the positive detection
of DENV RNA were chosen randomly for genetic anal-
ysis. The entire sequence of envelope (E) gene
(1485 bp) was amplified and used to identify the den-
gue virus serotype. Four sets of primers were designed
for the gene, based on the reference strains of DENV-1,
DENV-2, DENV-3, and DENV-4 (Supplementary
Table 1). Afterwards, positive PCR products were se-
quenced for further analyses.

A phylogenetic tree was constructed using the maximum
likelihood (ML) method and Kimura’s two-parameter model
in order to evaluate the evolutionary relationship between our
strains and the others, as executed in MEGA version 5.0 [18].
One thousand replicates were carried out in a bootstrap test in
order to access the reliability of each branch topology. The
reference sequences of the DENV envelope gene derived from
the GenBank database are exhibited in Supplementary
Table 2.

Ethics statement

Informed written consent was obtained from all patients or
their guardians. The research protocol was approved by the
Ethics Committees of the survey hospitals.

Results
Epidemiology

Up to December 15, 2014, epidemic dengue had spread to
20 cities, including Guangzhou, Foshan, Jiangmen,
Zhongshan, and Shenzhen (Fig. la). From September 4
to October 18, 2014, the infection total increased dramat-
ically, with an average of more than 800 cases being
reported daily (Fig. 1b). Additionally, 45,171 cases had
been recorded in total by December 15, 2014. Of these,
101 were foreign travelers. Guangzhou contributed 82.7 %
(37,354 infections) of confirmed dengue patients. Foshan,
a city about 20 km from Guangzhou, bore 7.8 % (3542
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Fig. 1 Epidemiological data of the dengue outbreak in Guangdong
Province, People’s Republic of China. a Geographic distribution of the
dengue outbreak in Guangdong. Epidemic dengue had spread to 20 cities
and a total of 45,171 confirmed dengue cases had been recorded in
Guangdong (southern China) by December 15, 2014. The number of
cases was labeled in the corresponding city and shown using different

infections) of this burden, followed by Zhongshan with
1.5 % (679 infections). In addition, six patients died from

@ Springer

colors. b The number of confirmed dengue cases by different time points
during the dengue outbreak. The dengue epidemic of Guangdong
occurred in June 2014 and caused the outbreak in September 2014. The
surveillance data has been reported regularly by the Provincial CDC since
September 4, 2014

the illness, among which five individuals were from
Guangzhou and one was from Foshan.
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Table 1 Positive rates of dengue

diagnostic tests in the clinically Dengue diagnostic tests All cases Laboratory-positive Laboratory-negative Positive

suspected dengue cases (n=14,594) cases (n=11,387) cases (n=3207) rate (%)
DENV NS1 antigen only 10 631 7511 3120 70.65
DENV RNA only 398 362 36 90.95
NST1 antigen and RNA 3565 3514° 51 98.57

# As for the patients who were detected by both methods, the laboratory-positive case was identified as positive
detection for NS1 antigen and/or viral RNA

Laboratory diagnostic tests

Serum samples from the 14,594 suspected dengue cases were
tested for DENV NSI antigen and/or viral RNA, respectively.
Consequently, 11,387 dengue patients were confirmed by lab-
oratory diagnosis (Fig. S1 and Table 1). In the experiment,
3565 paired serum samples were collected to detect both
DENV NS1 and RNA during the acute stage of illness. The
concordance between these two tests was 99.69 % (Table 2).

Clinical features

The clinical characteristics of the 11,387 confirmed dengue
cases in the acute illness stage are shown in Table 3. All
patients typically developed fever in our study. The acute fe-
brile phase lasted 1-15 days, with an average of 5.17 days,
with irregular fever (81.30 %) as the most commonly present-
ed symptom. Headache was the second most frequently re-
ported clinical sign (90.88 %). Notably, 4.27 % of the patients
needed hospital care and 1.96 % progressed to severe dengue.

Moreover, abnormality in the full blood count was ob-
served in most patients at 1-7 days after the onset of symp-
toms (Table 4). Over half of the cases (68.5 %) had a decrease
in the total white blood cell count, with a minimum of
0.9 x 10°/L. Thrombocytopenia was also observed in 84.5 %
of the patients. Additionally, the majority of patients suffered
from hepatic lesions.

Genetic analysis

Among 93 specimens from 25 hospitals in Guangdong,
91 were amplified and sequenced successfully, all of

Table2 Comparison of dengue virus NS1 antigen detection by ELISA
and viral RNA detection by real time RT-PCR

NSI antigen Viral RNA Total Concordance Discordance
detection (1) detection (n) (%) (%)

Positive Negative

Positive 3503 9 3512 99.69 0.31
Negative 2 51 53
Total 3505 60 3565

which were identified as DENV-1. The strains isolated
in our study were named Guangzhoul4-02 (GZ14-02),
Guangzhoul4-36 (GZ14-36), and Guangzhoul4-55
(GZ14-55). The GenBank accession numbers were
KP185303, KT819303, and KT819304, respectively.

Table 3  Clinical characteristics of dengue patients from Guangdong,

southern China

Patients (n=11,387)

Gender
Male
Female
Age (years)®
Contact history®
Incubation period (days)
Family clustering cases
Duration of fever (days)
Fever
Double-peak fever
Irregular fever
Others
Headache
Myalgia
Asthenia
Arthralgia
Cutaneous rash
a. Occurrence time
Febrile phase
After defervescence
b. Rash types
Needle-like petechia
Maculopapular rash
Others
Tourniquet test positive
Hospitalized
Severe dengue

4897 (43.0 %)
6490 (57.0 %)
55 (34)

6597 (57.93 %)
8(4.2)

4516 (39.66 %)
5.17 (4.8)
11,387 (100 %)
1165 (10.23 %)
9257 (81.30 %)
965 (8.47 %)
10,349 (90.88 %)
8573 (75.29 %)
9246 (81.20 %)
6136 (53.89 %)
6352 (55.78 %)

1620 (25.50 %)
4732 (74.50 %)

2470 (38.89 %)
1791 (28.19 %)
2091 (32.92 %)
5545 (48.70 %)
486 (4.27 %)
223 (1.96 %)

Data are shown as mean (standard deviation, SD) or 1 (%), unless other-

wise stated

*Median (interquartile range)

® Definitive history of mosquito bites or contact with mosquitoes

@ Springer
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Phylogenetic analysis was performed using 67 DENV-1 E
gene sequences, including three strains identified in our re-
search and 64 global DENV-1 strains derived from GenBank.
Two strains identified in our paper, GZ14-02 and GZ14-36,
were subclassified into genotype I, and they were further di-
vided into two related clusters in the phylogenetic ML tree.
The strain GZ14-02 was nearly identical to the strains from
Guangdong (GZ/25559, GD-D13187, GD-D13012) in the
2013 epidemic, with a bootstrap (BS) value of 99. Further-
more, the strain GZ14-36 was closely related to the strain GZ/
ZW-0802 also from Guangdong in the 2014 epidemic, and
both of them were clustered together with the isolate of Ma-
laysia in 2008. Moreover, our strain GZ14-55 and the strain
CN/GZ37, which was also collected in Guangdong in 2014,
were clustered together and fell into genotype V. Additionally,
the strain 07354Y14 from Singapore in the same year had
strong relevance to these two strains in phylogeny, with a
BS value of 98.

Discussion

Guangdong has battled the worst outbreak of dengue over the
past 20 years. Notably, Guangzhou contributed more than
80.0 % of confirmed dengue patients. There were several fac-
tors contributing to the outbreak in this city. Firstly, climate
change plays a critical role in the spatial and temporal distri-
bution of dengue [19-21]. Guangzhou is located the south of
the Tropic of Cancer and has a humid subtropical climate
influenced by the East Asian monsoon. In September 2014,
it had heavy bouts of rainfall alternating with high tempera-
tures, which could have permitted the population of mosqui-
toes to increase and, thereafter, caused an upsurge in dengue
[22]. Secondly, Guangzhou, as the capital and largest city of
Guangdong Province, possesses a dense population and a high
degree of urbanization. The large-scale population migration
may directly influence the epidemiology of dengue infections.

Thirdly, Guangzhou is located in the geometrical center of the
economic circle of Southeast Asia. In this year, a sharp in-
crease in the incidence of dengue was also reported in most
of the Southeast Asian countries. Consequently, travelers may
have moved the virus rapidly within and between countries.
In this report, our investigation covered 14,594 clinically
suspected dengue patients from Guangzhou and its neighbor-
ing cities during a major dengue outbreak in 2014. Among
them, 11,387 cases were diagnosed with dengue confirmed by
laboratory diagnostic tests. Besides, 93 laboratory-positive se-
ra of dengue patients were chosen to analyze the serotype of
DENV. The results showed that 91 out of 93 specimens were
identified as DENV-1 (named GZ14-02, GZ14-36, GZ14-55),
which elucidated that the dengue epidemic in Guangdong was
led by the predominant DENV-1 serotype. During the past
three decades, outbreaks of all four serotypes of DENV have
been reported in Guangdong Province [23, 24]. Nevertheless,
DENV-1 was still the most prevalent serotype in Guangdong
in recent years, and led to multiple serious epidemics during
the years 1995-2010 [25, 26]. It was reported that a patient
infected by DENV-1 had a much lower risk of severe dengue
in comparison with the other three serotypes [27, 28]. Our
speculation was that DENV-1 was the predominant serotype
circulating in Guangdong since 2002 and, therefore, for a new
circulating serotype, individuals were more susceptible to in-
fection and progress to a serious condition [29, 30]. Previous
studies have revealed that secondary infection with different
DENV serotypes carried with it a risk of developing severe
dengue symptoms [31-33]. Infection with one serotype can
stimulate an effective immunity against reinfection with the
same serotype; however, cross-reactive and non-neutralizing
antibodies from the previous DENV infection can also bind to
anew infecting serotype and facilitate virus entry into suscep-
tible cells. It was a phenomenon called antibody-dependent
enhancement of infection (ADE), considered as the most ra-
tional explanation for severe dengue [34, 35]. This can also
help explain that most of the dengue cases in the present

Table 4 Hematological

parameters of dengue cases in Mean SD Minimum  Maximum Less than lower More than upper
Guangdong, southern China limit of reference limit of reference
range (%) range (%)

WBC (x10°/L) 3.8 2.9 0.9 11.7 68.5 8.6

PLT (x10°/L) 80.1 50.9 11.0 260.0 84.5 0.0

HCT (%) 392 54 27.0 51.8 31.0 34

ALT (U/L) 743 79.5 8.0 426.0 0.0 58.6

AST (U/L) 100.6 84.6 19.0 366.0 0.0 89.6

LDH (U/L) 344.1 1546 610 788.0 1.7 68.9

CK (UL) 239.6 330.9 17.0 2403.0 5.2 41.4

K (mmol/L) 3.6 0.4 2.8 4.8 43.1 1.7

SD standard deviation; WBC white blood cells; PLT platelets; HCT hematocrit; ALT alanine aminotransferase;
AST aspartate transaminase; LDH lactate dehydrogenase; CK creatine kinase; K potassium

@ Springer
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Fig.2 Phylogenetic tree. ML tree
of DENV-1 E gene sequences
(1485 bp) was constructed with
Kimura’s two-parameter model
using MEGA 5.0 software. It
included three strains collected in
this study and 64 global strains.
Each strain was named according
to the format strain name/country/
collection year. The strains
identified in this study were
labeled with a black dot.
Bootstrap values were set for
1000 repetitions. The sequences
of reference strains were obtained
from GenBank
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investigation manifested typical dengue fever rather than se-
vere forms of the illness.

In the phylogenetic analysis based on the complete E gene
sequences of DENV-1 isolated from different epidemic re-
gions (Fig. 2), our identified strains GZ14-02 and GZ14-36
were subclassified into DENV-1 genotype I, which was one of
the most prevalent genotypes in Southeast Asian countries
[23, 36]. Additionally, the strain GZ14-55 was grouped into
genotype V. Furthermore, the strain GZ14-02 was nearly iden-
tical to the isolates from the 2013 epidemic of Guangdong,
which indicated that the strain isolated in 2014 possibly orig-
inated from the isolates of 2013. That is to say, the virus
probably circulated locally and eventually caused the dengue
outbreak of2014. Besides, GZ14-02 and the 2013 Guangdong
isolates appeared to share a common ancestral lineage with the
2009 Guangdong endemic strain (GZ11562). Thus, they may
evolve from a common ancestor originating from the same
place. It was reasonable to propose that endemic infection of
dengue circulating locally played a crucial role in causing the
dengue epidemic in Guangdong in 2014.

Notably, the strain GZ14-55 reported here and the other
strain CN/GZ37 also collected from the 2014 epidemic in
Guangdong formed a close branch, along with the strain from
the 2014 epidemic of Singapore. In addition, the isolate
GZ14-36 was clustered together with the strain from Malaysia
in 2008. These data suggested that the 2014 dengue outbreak
in Guangdong might also be caused by imported infections
from the neighboring Southeast Asian countries of Singapore
and Malaysia. Because of the special geographic location of
Guangdong, being surrounded by a large number of dengue-
endemic countries, the epidemics from Southeast Asian coun-
tries had an important impact on the dengue outbreak in south-
ermn China. Wang et al. indicated that the dengue outbreak of
Yunnan in 2013 was caused by a newly imported infection
from the neighboring country of Myanmar [36]. Wu et al. also
found that dengue epidemics in Guangdong were closely as-
sociated with those in Southeast Asian countries during the
years 1978-2006, such as the Philippines, Indonesia, and
Thailand [23].

All of these data revealed that the 2014 dengue epidemic in
Guangdong might be triggered by indigenous dengue cases as
well as imported cases from the neighboring countries of Sin-
gapore and Malaysia. During the past 30 years, imported-
cases-induced endemic prevalence and endogenous epidemic
outbreak with natural epidemic focuses were believed to be
two important modes present in Southern China [23, 25, 37,
38]. They were further validated in the current study.

In addition, we must admit some limitations of our work.
Firstly, the number of serum samples used for the genetic
analysis may be not sufficient to detect the imported cases
and the other serotypes of DENV. Thus, studies with a larger
sample size are needed to validate our results. Secondly, the
sensitivity of dengue-specific laboratory tests was impossibly

@ Springer

100 % in the acute stage of illness. In other words, the occur-
rence of omission of the diagnosis of dengue cases was
present.

Despite these limitations, our study was still informative
and significant to the most current dengue outbreak in Guang-
dong. Moreover, it may provide crucial implications for den-
gue prevention and control. Relevant surveillance programs
should continue to be strengthened, such as vector control and
surveillance, epidemiological surveillance, clinical diagnosis
and management, as well as environmental health. Early
warnings of an epidemic will help inhabitants increase self-
awareness of protection against dengue, and also help clini-
cians efficiently diagnose and properly treat dengue cases,
thereby reducing transmission and improving clinical
outcomes.
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