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China is a vast territory with a wide range of animals and

insects that carry complex pathogenic microorganisms.

Over the past few years, a rising trend of emerging and

virulent infectious diseases has been observed. The out-

break of SARS in 2003 spread to over 32 regions or

countries worldwide, resulting in 8422 people being

infected and 919 fatalities. The recent outbreaks and

endemic epidemics of hand-foot-and-mouth disease

(HFMD), H5N1, H7N9, dengue fever, severe fever with

thrombocytopenia syndrome (SFTS), and other infectious

diseases not only cause serious harm to human health and

social stability, but also pose a serious threat to the eco-

logical balance and species diversity.

Among the emerging viral infections, more than 75%

are natural focal diseases. An ecological balance exists

between viruses, animal hosts, and vectors. Therefore, once

the balance is breached, it may easily give rise to changes

in the system population and disease outbreaks. Natural

focal viruses generally recycle in wild animals with rela-

tively large populations as natural hosts, such as bats,

rodents, and birds, and are transmitted by vectors such as

ticks and mosquitoes that co-exist in the specific natural

foci.

It is well known that natural hosts and vectors often

carry a variety of viral pathogens (Olival et al. 2017; Shi

et al. 2016). For instance, 182 viral species, assigned to ten

RNA and five DNA virus families, have been found in 75

genera of bats (Ge et al. 2012; Li et al. 2010; Rodhain

2015). In China, a variety of viruses have been detected or

isolated in bats, including Japanese encephalitis virus

(JEV), chikungunya virus (CHIKV), Roth River virus,

coronaviruses, paramyxoviruses, adenoviruses, stellate

virus, small RNA virus, adeno-associated viruses,

circoviruses, reoviruses, and rabies virus (Shi 2013).

Rodents carry a large number of diverse viruses that range

over more than ten viral families, including Arenaviridae,

Bornaviridae, Caliciviridae, Flaviviridae, Peribunyaviri-

dae, Picornaviridae, Poxviridae, Reoviridae, and To-

gaviridae, and at least 21 of the viruses can be transmitted

to humans (Huchon et al. 2002; Meerburg et al. 2009; Phan

et al. 2011; Zhang et al. 2010). Birds can also carry and

spread avian influenza virus (AIV), West Nile virus

(WNV), endogenous retroviruses (ERVs), avihepad-

naviruses, herpesviruses, poxviruses, adenoviruses, New-

castle disease virus, rotaviruses and others (OIE 2018a).

The most notable is AIV, which has been isolated from 100

species of wild birds around the world (Olsen et al. 2006;

OIE 2018b).

In addition to the animal hosts, vectors also are signif-

icant factors in the transmission of emerging infectious

diseases (Shi et al. 2016). In China, there are 124 docu-

mented species of ticks, which spread at least 116 types of

arboviruses (Gao et al. 2010). Among them, the Crimean-

Congo hemorrhagic fever (CCHF, also known as Xinjiang

hemorrhagic fever), which is transmitted by the tick Hya-

lomma asiaticum asiaticum, has been reported several

times in the Xinjiang Province of China (Sun et al. 2009).

Severe fever with thrombocytopenia syndrome (SFTS)

appeared around 2010 in China’s Henan, Hubei, Zhejiang,

Jiangsu, and other regions, which has been proved to be

caused by a novel tick-borne bunyavirus (Yu et al. 2011).

In addition, the tick-borne encephalitis virus, which is

transmitted by I. persuleatus and Haemaphysalis japonica,

is prevalent in the Heilongjiang, Jilin, and Xinjiang areas of

China, as well as others, and leads to many fatalities (Xing

et al. 2017).

Mosquitoes carry and transmit more than 300 viruses, of

which nearly 100 species are known to cause human and

animal diseases (Karabatsos 1985; Ng et al. 2011; Liu et al.

2011). The most significant mosquito-borne viruses are the

JEV, dengue virus, WNV, Rift Valley fever virus, and

CHIKV, among others. Recently, Zika virus has attracted
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worldwide attention due to its ability to cause congenital

brain abnormalities, including microcephaly, and in some

cases to trigger Guillain-Barré syndrome (Wang et al.

2016).

Viruses exist and prevail in different natural locations

and establish geographic foci of infection based on the

distribution of their natural hosts and vectors. Some regions

in China have become the epicenters of some important

viral diseases because of the particular species and ecology

associated with them. For example, Xinjiang province is

the natural geographic focus for epidemic tick-borne

CCHF and tick-borne encephalitis (Sun et al. 2009).

Qinghai province, attributing to the abundant diversity of

bird species, provides important breeding and reorganiza-

tion sites for AIVs (Liu et al. 2005). Hubei province,

located in the Central Plains, is a high-frequency area for

the rat-transmissible disease hemorrhagic fever with renal

syndrome (HFRS) and Japanese encephalitis (Ge et al.

2016; Zheng et al. 2012). Yunnan province is a natural

geographic focus of epidemic viral diseases such as rabies

(bat-borne), Japanese encephalitis (bat-borne, mosquito-

borne), dengue fever (mosquito-borne), tick-borne

encephalitis, and others, due to its species richness (Ge

et al. 2012; Wang et al. 2011).

While much is known, there remains a lack of system-

atic studies on the relationship between the spectrum of

viruses found and the different species associated with

natural epidemic foci of infectious diseases. A program for

investigating the main natural hosts and vectors in China

has been implemented from 2013 to 2017, which involves a

team of researchers across twelve institutions in Xinjiang,

Qinghai, Hubei, and Yunnan regions. Over the past few

years during the implementation of the program, we have

collected more than 100,000 samples originating from bats,

birds, rodents, ticks, and mosquitoes. We have successfully

isolated 181 novel virus strains, and obtained information

regarding the spectrum of viral pathogens and the distri-

bution of their vectors within the survey areas. We have

also preliminarily established shareable information data-

bases of these viruses, the metagenomic sequencing reads

and contigs database, and shareable virus resources per-

taining to bats, mosquitoes, and ticks (http://www.viruses.

nsdc.cn/chinavpi/) (Fig. 1).

A portion of the results generated from this program is

presented in this special issue. In this issue, Shen and

colleagues provide a comprehensive review regarding the

current knowledge of worldwide tick-borne viruses (Shi

et al. 2018); while a review by Xia et al. systematically

summarizes the research progress of mosquito-associated

viruses in China (Xia et al. 2018a). Sun and colleagues

present their findings on the latest molecular epidemiology

of CCHFV in Xinjiang province (Moming et al. 2018),

while Deng and colleagues report the isolation and analysis

of two novel CCHFV viruses from ticks in Xinjiang (Zhang

et al. 2018). The Yuan group reports a comparative

metagenomic profiling of viromes associated with four

common mosquito species in China, providing an updated

status of mosquito viromes in China (Xia et al. 2018b).

Fig. 1 The main natural hosts

and vectors investigated in this

nationwide survey program.

Researchers in the protective

suits before starting the field

work are in the center.

Figures in the panel are

provided by the program.
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Next, four articles describe the latest research and findings

on bat-associated viruses. Longitudinal surveillance of

betacoronaviruses in fruit bats in Yunnan province has

identified a novel bat HKU9 strain (Luo et al. 2018); a

novel hepatovirus from great roundleaf bats in China has

been found and characterized (Li W et al. 2018); a novel

norovirus in bats has been identified and may be considered

as a new genogroup (Yang et al. 2018). In addition, Shi

et al. present the serological evidence of bat SARS-related

coronavirus infection in humans, and for the first time

demonstrate the SARSr-CoV has spillover to humans,

although it does not cause clinical diseases (Wang N et al.

2018). A study involving 278 specimens from seven wild

small mammal species in Yunnan province reports two

putative novel genotypes of orthohepeviruses from wild

rodents (Wang B et al. 2018). Regarding the discovery of

AIVs, the occurrence of H7N9 virus in a wild land bird in

central China has been reported (Yao et al. 2018), and a

multi-analyte suspension assay for simultaneous and effi-

cient detection of AIV A subtypes has been developed (Li

Y et al. 2018).

It is my hope that the publication of these findings will

allow the readers to obtain a better understanding of the

importance of investigating pathogen profiles, to realize the

extent of viral abundance and diversity in some natural

hosts and vectors, and to consider the potential risk of

unknown pathogens to the public health.
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