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Abstract For the past several decades, the infectious disease profile in China has been shifting with rapid
developments in social and economic aspects, environment, quality of food, water, housing, and public health
infrastructure. Notably, 5 notifiable infectious diseases have been almost eradicated, and the incidence of 18
additional notifiable infectious diseases has been significantly reduced. Unexpectedly, the incidence of over 10
notifiable infectious diseases, including HIV, brucellosis, syphilis, and dengue fever, has been increasing.
Nevertheless, frequent infectious disease outbreaks/events have been reported almost every year, and imported
infectious diseases have increased since 2015. New pathogens and over 100 new genotypes or serotypes of known
pathogens have been identified. Some infectious diseases seem to be exacerbated by various factors, including
rapid urbanization, large numbers of migrant workers, changes in climate, ecology, and policies, such as returning
farmland to forests. This review summarizes the current experiences and lessons from China in managing
emerging and re-emerging infectious diseases, especially the effects of ecology, climate, and behavior, which should
have merits in helping other countries to control and prevent infectious diseases.
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Introduction

Over the last few decades, China has benefited from an
unprecedented economic boom with its gross domestic
product per capita growing from $193 in 1980 to $8866 in
2016. Learning hard lessons from the severe acute
respiratory syndrome (SARS) outbreak in 2003, the central
government has been investing heavily on disease control
and prevention and has devoted efforts to minimizing the
damage of infectious diseases. As a result, remarkable
improvements have been achieved in public health
infrastructure with new laboratory facilities, upgrades of

the surveillance system nationwide, and increase in the
number of highly qualified public health professionals [1].
Indeed, the incidence of some infectious diseases has
declined considerably. However, some other infectious
diseases have rebounded or even increased in some
regions. An unanswered question remains: how well the
current disease prevention and management system works
in response to future challenges on emerging and re-
emerging infectious diseases, which may be exacerbated
by rapid urbanization, high numbers of population move-
ment, such as migrant workers, ecological effects of global
climate change, and policies, such as returning farmland to
forests [2].
In this article, we extensively reviewed the current

situation of infectious diseases in China and comprehen-
sively analyzed the prevention and response strategies. As
a country with such a huge population and economy size,
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as well as high geographical and climatological diversities,
China has gained lessons and experiences that should have
implications for global infectious disease control and
prevention.

Trends of infectious diseases in China

The overall profile of infectious diseases shifts
substantially

The association between poverty and infectious disease is
evident. Disease transmission is usually associated with
various factors, including poor water, sanitation, food, and
vectors. Low income generally means poor nutritional
status, low quality of water and food, and numerous
mosquitoes and flies. China has achieved great develop-
ment in economy, hygiene, and public health since the
SARS outbreak [3]. Thus, the increase, not decrease, in the
overall incidence of a total of 39 notifiable infectious
diseases from 3 906 566 cases (7248 deaths) in 2004 to
6 944 240 cases (18 237 deaths) in 2016 is difficult to
understand (Fig. 1 and Fig. 2). These released numbers
were public data accessible from the new web-based
reporting system for notifiable infectious diseases estab-
lished in 2004 [4], and this system is so far the largest
infectious disease surveillance tool equipped with modern

information technology [5] and covering the largest
populations in the world.

Some notifiable infectious diseases were eradicated or
nearly eradicated

Five notifiable infectious diseases were eradicated or
nearly eradicated, including polio, filariasis, SARS,
plague, and diphtheria. Aside from the polio outbreak in
2011 caused by imported cases [6], no domestic case has
been reported over the past decades. No SARS case has
been reported since the closure of the Xinyuan Animal
Market in Guangzhou City of Guangdong in 2004; the
same is the case for visceral filariasis for the past five years.
Only three cases of diphtheria have been reported since
2004. On average, only one case of plague is annually
diagnosed for the past six years, and few patients all
admitted a history of touching marmot, one of the major
animal reservoir of Yersinia pestis, the pathogen of plague
[7]. If hunting, trading, processing, or eating marmot is
completely “eradicated,” the plague would most probably
be “eradicated” in China. Nevertheless, vigilance in China
is still high for plague, considering that its notoriety has
killed over 10 million Chinese in the past and that it is still
one of the only two Class A infectious diseases on the
notification list; furthermore, approximately 10 000 cases
were reported in the 1950s [8].

Fig. 1 Stacked graph for incidence (A) and case-fatality ratios (B) of notifiable infectious diseases in China.
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The incidence of some notifiable infectious diseases was
reduced

A reducing trend was observed for 18 notifiable infectious
diseases, including cholera, hepatitis A, bacterial dysen-
tery, amoebic dysentery, typhoid, paratyphoid, gonorrhea,
pertussis, epidemic cerebrospinal meningitis, hemorrhagic
fever, rabies, leptospirosis, anthrax, typhus, encephalitis,
malaria, tuberculosis, and tetanus (Fig. 2C and 2D). These
diseases might be considered as susceptible to current
control and prevention strategies. However, the numbers of
tuberculosis and gonorrhea cases are still very high, and
therefore should be further monitored. In a sense, they are
economy- and hygiene-susceptible infectious diseases.

Their public health significance will be reduced when the
quality of food, water, and housing for humans is
improved.
The eradication status and decreasing trend of some

infectious diseases have been largely attributable to the
extensive vaccination coverage during the past decades,
such as vaccines for polio, diphtheria, measles, hepatitis B
virus (HBV), pertussis, and hepatitis A virus [9,10]. China
provides a large amount of resources to the immunization
system. For example, from 2009 to 2011, the central
government invested 2 billion Chinese Yuan for the catch-
up immunization of HBV for children under 15 years of
age across the country. A network system was established
to monitor the adverse events following immunization.

Fig. 2 Trends in the incidence of notifiable infectious diseases in China. (A) Trends in the incidence of 39 notifiable infectious diseases.
(B) Increase in the incidence of 7 notifiable infectious diseases. (C) Decline trend in 9 notifiable infectious diseases with relatively
high incidence (over 0.2296/100 000). (D) Decline trends in 9 notifiable infectious diseases with relatively low incidence (less than
0.002/100 000).
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Since 2008, vaccines for the expanded program on
immunization (EPI) have expanded to cover 15 types of
vaccine-preventable diseases with follow-up epidemiolo-
gical studies to evaluate the efficacy of the vaccination
[11].
Considerable progress has been made in reducing the

incidence of measles with implementation of the National
EPI, which includes routine vaccination, follow-up
supplement immunity activities (SIAs), catch-up SIAs,
and school-based vaccination. Similarly, China has main-
tained polio-free status [12], which is largely attributed to
efforts on expanding vaccination. For those < 5 years old
in China benefiting from mass vaccination, the prevalence
rate of hepatitis B surface antigen (HBsAg) has decreased
from 9.67% in 1992 to 0.96% in 2006, and the morbidity
rate of hepatitis A also decreased by 96.7% (from
55/100 000 in 1990 to 1.8/100 000 in 2012) [13].

The incidence of some notifiable infectious diseases
increased

By contrast, an increasing trend was observed for 11
notifiable infectious diseases, including human immuno-
deficiency virus (HIV), brucellosis, hepatitis C, hepatitis E,
syphilis, scarlet fever, dengue, influenza, infectious
diarrhea, hydatid disease, leishmaniasis, and schistoso-
miasis (Fig. 2B). Among them, HIV and syphilis are
closely associated with personal behavior. Brucellosis is
associated with large-scale farming and trading of goats.
Dengue is associated with climate changes, population
migrants, the ecology of mosquito vectors, etc. These
diseases will be discussed below in more detail.
Five new notifiable infectious diseases were added to the

reporting list after 2004, including hand, foot, and mouth
disease (HFMD) [14], human infection of avian influenza
virus, human infection of H7N9 influenza virus, H1N1
influenza, and hepatitis E. Nine years after its addition to
the list, HFMD has contributed over 18 million cases to the
national surveillance system [15].

Frequently reported outbreaks of infectious diseases

In contrast to the progress mentioned above, some major
infectious disease outbreaks/events were significantly
increased, resulting in almost one outbreak or event per
year since 2003. Before that time, only 12 infectious
disease outbreaks/events were reported for the whole 23-
year period (1979–2002). The causative pathogens
responsible for the 12 outbreaks during 1979–2002 varied
from hepatitis A (1979) [16], Y. enterocolitica (1981) [17],
rotaviruses causing adult diarrhea (1982–1983) [18], virus
causing hemorrhagic fever with renal syndrome (1980)
[17,19], Borrelia burgdorferi (1986) [20], hepatitis C
(1986–1988) [21], HIV (1983) [22], Campylobacter jejuni
(1986) [23], Legionella pneumophila (1992) [24], Vibrio

cholera O139 (1993) [25], Streptococcus suis ST7 (1998)
[26], and Escherichia coli O157:H7 1999 (first isolated in
1986) [27]. However, in the following 13 years (2003–
2016), a total of 26 infectious disease outbreaks/events,
which was more than doubled, was reported. These 26
events involved humans with the following viral or
bacterial infections: severe SARS [28], avian influenza
virus H5N1 (2005–2006), Neisseria mengititds serotype C
sequence type complex T4821(2003–2005) [29], S. suis
ST7 (2005) [30], avian influenza H5N1 [31], HGA (2006)
[32], influenza H1N1 (2009) [33], New Bunyavirus (2009)
[34–36], avian influenza H7N9 (2013) [37], dengue fever
(2013) [38], West Nile virus (2014) [39], Zika virus (2015)
[40], yellow fever (2016) [41], Rift Valley fever (2016)
[42], Middle East respiratory syndrome (MERS) (2015)
[43], poliomyelitis (Xinjiang) (2011) [6], Anaplasma
capra (2014) [44], Shigella flexneri Xv (2003) [45],
Tahyna virus (2006) [46], Babesia venatorum (2014) [47],
Rickettsia sibirica BJ-90 (2012) [48], R. tarasevichiae
(2012) [49], R. raoultii (2012) [50], Borrelia valaisiana
(2010) [51], Anaplasma ovis-like (2014) [44], Wolbachia
(2012) [52], adenovirus serotype 50 (2010) [53], and
Creutzfeldt–Jakob disease [54].
The newly emerged pathogens causing outbreaks in

China and discovered or identified for the first time in
history include SARS, new Bunyavirus, Wenzhou virus,
and Anaplasma ovis-like. Incredibly, the same new
Bunyavirus appeared in the literature with three different
names, i.e., Huaiyangshan fever virus [55], Thrombocyto-
penia syndrome virus [35], and Henan fever virus [36].
A total of 130 new pathogens, including the three

pathogens identified for the first time in China, ranging
from newly discovered pathogens, newly recognized
pathogens, new sequence types, new genotypes, and new
serotypes of known pathogens (Fig. 3), have been
identified in the past 30 years (Supplementary Table 1:
Chronological table of EIDs and R-EIDs in China).
However, the true nature of the increasing trend of disease
incidence remains to be investigated. On the one hand,
these diseases might really be on the rise. On the other hand,
the trend might be a reflection of possibilities that more
people were simply coming to clinics for tests or diagnosis,
the assays are far sensitive nowadays than old times, or the
surveillance system for historical reasons as earlier data
collection may suffer from incompleteness (missing data).
The national surveillance system built in 2005 is supposed
to be more complete with far less missing data.

Emerging infectious diseases

Emerging new genotypes and serotypes of well-known
pathogens

More than 100 new genotypes and serotypes of known
pathogens have been identified in the last two decades that
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were responsible for larger outbreaks in human, including
S. suis ST7, N. meningitidis clonal complex 4821, human
enteroviruses EV-A71 genotype C4a, E. coli O157:H7
clone ST96, S. flexneri clone ST91.

EV-A71 genotype C4a emerged and spread in China

Human enteroviruses (EV) can cause a range of clinical
manifestations. EV-A71 is one of the main pathogens of
HFMD with possible serious and potentially fatal
neurological complications, which is already considered
as the most significant neurotropic enterovirus second to
poliovirus. EV-A71 is currently classified into seven
genotypes (genotypes A to G), and genotypes B and C
can be further divided into subgenotypes B0 to B7 and C1
to C6. Most of these subgenotypes are co-circulating
worldwide; C4b and C4a were first isolated from Shenzhen
City of Guangdong in 1998 and from Linyi City of
Shandong in 2007, respectively.
Further phylogenetic analysis indicated that C4a first

emerged in 2003 and became predominant since 2007
(Fig. 4). Another subgenotype, C4b, although dominating
and circulating in China from 1998 to 2006, rarely caused
any severe or fatal cases. Upon switching from C4b to C4a
since 2007, the number of severe and fatal cases increased
significantly. The first two laboratory confirmed outbreaks
of HFMD caused by C4a, which occurred in Linyi City of
Shandong in 2007 and in Fuyang City of Anhui in 2008 (1
March to 9 May), resulting in 6049 cases with 353 severe
cases and 22 deaths. Since May 2, 2008, HFMD had been
designated as a class “C” notifiable disease, meaning that
all clinical and laboratory diagnosed cases were required to
be reported through the web-based national disease
surveillance and information management system. After
reclassification, over 10 million cases of HFMD were
annually reported in China from 2009 to 2016. Surveil-
lance data revealed that EV-A71 was associated with large
HFMD outbreaks between 2008 and 2016, causing
50.8%–82.3% of the severe cases and 87.2%–95.5% of
the fatal cases (Fig. 4). Results of the pathogen spectrum,

Fig. 3 EIDs and R-EIDs in China in chronological order.
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epidemiology, and clinical manifestations of HFMD
indicated that C4a has higher neurovirulence and trans-
missibility than C4b. Moreover, C4a had a wider spread
worldwide, causing outbreaks in Vietnam, Cambodia,
Denmark, and some other places.

N. meningitidis hyper-invasive clonal complex 4821

The meningococcal diseases caused by N. meningitidis
serogroup A used to be a big problem in China. The
incidence declined below 0.2/100 000 in populations after
the introduction of the national vaccination program in the
1990s. Outbreaks caused by serogroup C were initially
reported in Anhui in 2003, which soon spread over to 25
other provinces across the country. During the period from
2003 to 2005, the serogroup C clone CC4821 infected

more than 100 cases and caused dozens of deaths in Anhui.
Most patients in the outbreaks were adolescent middle
school students. By multilocus sequence typing (MLST),
CC4821 was identified as the causal agent, which is a new
member of the hyper-invasive clonal complexes world-
wide [29]. CC8, CC11, CC32, and CC41/44 were also
members of the major clonal complexes within serogroup
C, circulating in Northern America, Latin America, and
Europe [29]. In 2004 and 2005, over 2000 cases were
reported annually nationwide. Therefore, the bivalent
meningococcal A plus C (MenAC) polysaccharide vaccine
was included in the EPI in 2007. After 10 years of
immunization with this vaccine, capsule-switching was
noticed. Serogroup B of CC4821 increased significantly,
resulting in invasive meningococcal cases, especially
among infants [56].

Fig. 4 Emerged EV-A71 genotype C4a and its public health significance in China. (A–D) Number of reported cases of HFMD and
proportions of enterovirus serotypes in laboratory-confirmed HFMD cases by clinical severity in 2008–2016. (A) Based on mild cases;
(B) Based on severe cases; (C) Based on fatal cases; (D) Emerging of EV-A71 C4a based on phylogenetic analysis of VP1 sequences.
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S. suis ST7 emerged and spread in China

As a variant of S. suis ST1, ST7 has increased virulence
[30]. ST7 emerged for the first time in 1996–1997, causing
the 1998 outbreak with 25 human infections, then diverged
into additional 5 clades, causing the 2005 outbreak [57].
Notably, ST7 is only isolated in China so far without any
report from other countries. Unlike ST1, ST7 strains can
stimulate host cells to produce massive amounts of pro-
inflammatory cytokines, leading to Streptococcal toxic-
shock-like syndrome and deaths [58].

E. coli O157:H7 clone ST96 outbreak

MLST of 15 housekeeping genes revealed that the 1999
outbreaks in Jiangsu and Anhui were caused by ST96, a
unique clone of E. coli O157:H7. Analysis following the
complete genome sequencing of one of the outbreak
isolates showed that the strain Xuzhou21 of ST96 is
phylogenetically and closely related to Sakai (Japan 1996
outbreak isolate), and EDL933 (US outbreak isolate) is the
most recent common ancestor of both strains. While both
can stimulate peripheral blood mononuclear cells to
produce significantly more IL-6 and IL-8 than EDL933,
Xuzhou21 and Sakai induced similar levels of IL-6, and
the former induced the highest level of IL-8. With
mitomycin C induction, Shiga toxin 2 production of
EDL933, Sakai, and Xuzhou21 were 4.5, 32.7, and 68.6
times more than that without induction. Conversely,
Xuzhou21 produces 2 and 15 times more Shiga toxin 2
than Sakai and EDL933 upon mitomycin C induction.
Among these three representative strains, Xuzhou21 is the
most pro-inflammatory and most toxic. Moreover,
Xuzhou21 carries a Salmonella plasmid, which EDL933,
Sakai, and many other isolates lack [59].

S. flexneri epidemic clone ST91 and new serotypes Xv, 4a,
Yv, and 1d

Under our surveillance, a new serotype of S. flexneri Xv,
first appeared in 2001, became the most prevalent serotype
(replacing serotype 2a) in Henan in 2003 and were the
dominant serotype by 2007 in 7 of the 10 other provinces.
Several other newly identified serotypes (4a, Yv, and 1d)
carry plasmid or phage. ST91 (many serotypes) was
identified as a new clone by MLST. Analysis of 655
isolates with pulsed-field gel electrophoresis (PFGE)
revealed they had 154 pulse types with 57 serotype
switching events. These results suggest that S. flexneri
epidemics in China have been caused by a single epidemic
clone, ST91, with frequent serotype switching away from
serotypes to which the human population was previously
exposed and had developed immunity [45]. Whole-
genome sequencing of 59 isolates of 14 serotypes indicated
that ST91 arose around 1993 by acquiring multidrug

resistance and had spread across China within a decade.
These findings further suggest that multidrug resistance is
the key selective pressure for the emergence of the S.
flexneri epidemic clone and that Shigella epidemics in
China were caused by a combination of local expansion
and inter-regional spread of serotype Xv [60]. The data
together underscore challenges to the current vaccine
development and control strategies for shigellosis [45].

New serotypes of human adenovirus

Over 30 novel types of human adenovirus (HAdV) and
several variants have been recently identified worldwide
based on the analysis of the complete genome sequences.
Some of the novel HAdVs have stronger virulence and
transmission capacity, leading to large-scale human
infections (http://hadvwg.gmu.edu/). One of the new
types, HAdV-55, was first isolated from a senior high
school in Shaanxi in 2006 [61] and later on widely spread
into seven metropolitan cities/provinces (Beijing, Tianjin,
Shandong, Jiangsu, Tibet, Chongqing, and Guangdong),
causing respiratory infection or community-acquired
pneumonia. It had caused two large outbreaks of acute
respiratory tract infections among military trainees in
Shanxi (339 cases with 1 death) and Hebei (601 cases)
successively in 2011 and 2012, firmly establishing itself as
one of the major etiological agents for pneumonia in
Chinese mainland [62].
Another new serotype, HAdV-56, was found to be the

causative agent for a large scale of outbreak of epidemic
keratoconjunctivitis, with 451 cases in the Dalian City in
2012 [63]. The HAdV-14p1 seems more associated with
kids, being isolated from a baby with pneumonia in Beijing
and causing an outbreak of febrile respiratory illness in a
primary and a middle school in Gansu in 2011, which was
the first school-based HAdV-14p1 outbreak in the world
[61]. After its silence for 21 years in China, HAdV-7d re-
emerged and was associated with an outbreak in
Guangdong in 2011. Recent severe acute respiratory
infections among children in Shanghai and Beijing were
suspected to be caused by some possibly hybrid virus
within HAdV-C [64], making HAdV a new challenge to
disease surveillance, control, and prevention.

Outbreaks caused by new pathogens discovered in China

A few new pathogens were discovered in China since the
government heavily invested in the field of infectious
diseases.

New Bunyavirus

In April 2009, physicians of the Union Hospital of Tongji
Medical College, Wuhan City learned that 8 out of 49

Qiyong Liu et al. 9



patients (16.3%) died from an unknown disease featured
with high fever, leucopenia, thrombocytopenia, and
elevated liver transaminase levels. All patients were from
the Huaiyangshan mountain area of Hubei and Henan
provinces (central China), and some recalled a history of
tick bites. Given that the clinical features of the above
patients resembled those of human granulocytic anaplas-
mosis (HGA) caused by Anaplasma phagocytophilum
which was first isolated from the neighboring province of
Anhui in 2006, they were clinically diagnosed initially as
suspected HGA in 2010. Patient samples were subse-
quently sent to National Institute for Communicable
Diseases Control and Prevention, China CDC, and they
were tested negative for A. phagocytophilum by PCR and
immunologic methods, definitely excluding A. phagocy-
tophilum as the causal agent. Further efforts trying to
isolate the etiologic agent by culturing samples with DH82
cells led to the discovery of a novel Bunyavirus, and some
of the results were published in March 2011. Since all the
patients were from the Huaiyangshan mountain area, the
disease was proposed as Huaiyangshan hemorrhagic fever,
and the causative agent was named as Huaiyangshan virus
(HYSV) [34].
Compared with the survivors, the blood samples

collected at admission from all the patients who died of
the above outbreak had higher levels of viral RNA load,
serum liver transaminases, acute phase proteins (phospho-
lipase A, fibrinogen, and hepcidin), cytokines (IL-6, IL-10,
and interferon-γ), and chemokines (IL-8, monocyte
chemotactic protein 1, macrophage inflammatory protein
1b) plus more pronounced coagulation disturbances.
Notably, viral RNA load was highly correlated with the
level of these host molecules, and it gradually declined
over 3–4 weeks after illness onset, with gradual resolution
of symptoms and laboratory abnormalities. Viral RNAwas
also detectable in the throat, urine, and fecal specimens of a
substantial proportion of patients, including all fatal cases
assayed. Therefore, the host immune responses to the
HYSV infection and viral replication very likely played an
important role in determining the severity and clinical
outcome of the patients [55]. As several groups were
involved in the investigation, the agent was also reported in
the literature as severe fever thrombocytopenia syndrome
virus [35] and Henan fever virus [36].
Of the five species of ticks carrying the novel tick-borne

Bunyavirus Huaiyangshan viruses, Haemaphysalis long-
icornis was the most abundant in endemic regions and is
considered to be the major vector [65]. Its usual hosts
(cattle, goats, dogs, rats, and chickens) tested positive for
Huaiyangshan virus RNA and had high seroprevalence.
The distribution of H. longicornis and the migratory routes
of four wild fowls across China, South Korea, and Japan
had a good match. Thus, a tick and a migratory bird model
for the transmission of the Huaiyangshan virus was

proposed. The H. longicornis ticks presumably play a
key role in transmitting the virus, probably via a free
international ride between China, Korea, and Japan on
migratory birds [65].

Anaplasma capra

A novel Anaplasma species (Anaplasma capra) was
detected with PCR and sequencing in Heilongjiang in
2014 by screening blood samples from 477 patients with a
history of tick bite and 28 (6%) of them tested positive.
Three strains were subsequently isolated from three
individuals. Phylogenetic analysis of the three strains
suggested that they were distinct from all known
Anaplasma species. These PCR positive patients presented
a series of non-specific febrile manifestations, including
fever in 23 patients (82%), headache in 14 patients (50%),
malaise in 13 patients (46%), dizziness in 9 patients (32%),
gastrointestinal symptoms in 8 patients (29%), myalgia in
4 patients (14%), and chills in 4 patients (14%). Some had
observable physical findings, including rash or eschar in 10
patients (36%), lymphadenopathy in 8 patients (29%), and
stiff neck in 3 patients (11%). Five severe patients were
eventually hospitalized. Among the 17 patients examined,
6 (35%) had high levels of hepatic aminotransferases in the
serum. A. capra has also been detected in ticks from
Liaoning [66]. Therefore, people living in or traveling to
endemic regions in Northern China should take precau-
tions to avoid tick bite to minimize the possibility of
infection [44].

Wenzhou virus

Wenzhou virus (WENV) was isolated from rodents and
shrews in 2013 in Wenzhou City, Zhejiang Province, a
locality where hemorrhagic fever diseases are endemic in
humans. Phylogenetic analysis revealed that all WENV
strains harbored by both rodents and Asian house shrews
formed a distinct lineage most closely related to Old World
arenaviruses [67]. The public health effect of Wenzhou
virus on China remain unknown. However, a genetic
variant of the Wenzhou virus was detected in Cambodian
rodents and caused human infection. The identification of
human Wenzhou virus infection represents the first
detection of human mammarenavirus infection in Asia
[68]. Human infection with Wenzhou virus, or a closely
related virus, occurs widely throughout Cambodia and may
possibly result in disease in some cases. The association of
these viruses with widely distributed mammals of diverse
species, commonly found in human dwellings and in
peridomestic habitats, illustrates the potential for wide-
spread zoonotic transmission and adds to the known
etiologies of infectious diseases for this region [65].
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Infectious diseases caused by overlooked pathogens

Severe infection of Rickettsia sibirica BJ-90

Unlike patients infected with R. sibirica and R. heilong-
jiangensis in the same region, BJ-90, a new variant of R.
sibirica without precedent of human infection [69], caused
a patient to become severely ill with multi-organ dysfunc-
tion in 2012 [50]. Coincidentally, BJ-90 was first isolated
in 1990 from a Dermacentor sinicus tick in the campus
where our China CDC laboratories are located. It has also
been detected in D. silvarum in Russia.

First human infection of Wolbachia

Probably the most abundant intracellular bacteria ever
described, Wolbachia inhabits in many species of terres-
trial arthropods and some species of filarial nematodes.
However, human infection of Wolbachia has not been
reported until 2015. A 50-year-old man, without any
history of arthropod bite or animal exposure, was initially
suspected of having influenza virus infection, with
symptoms including intermittent fever, headache, and
myalgias. He was diagnosed with Wolbachia infection
verified by sequencing [70].

Infectious diseases caused by vector-borne pathogens

Various biological factors, including changes in the
dynamics of disease vector (tick) and host population,
can affect the transmission and dissemination of tick-borne
zoonotic diseases. Changes in land use were also shown to
affect the emergence of tick-borne zoonotic diseases by
altering the interaction patterns between pathogens, wild/
domestic hosts (e.g. ticks), and humans. Since the mid-
1990s, the Chinese central government has initiated the
Greening Program to restore forests and grasslands from
former agricultural lands. Reforestation and grass replant-
ing with high-quality vegetative cover could have
increased the abundance and diversity of ticks and animal
hosts, which favored the re-establishment of pre-existing
tick vector enzootic cycles in these areas. In the past three
decades, China has experienced the most rapid urbaniza-
tion in its history. This rapid urbanization was accom-
panied with widespread rural-to-urban migration of the
human population, intensive long-distance trade, and
explosive short-term travel for shopping, thereby increas-
ing health risks, including air pollution, occupational and
traffic hazards, and so on. All these changes in human
activity, together with increased contact between human
beings and their pets and nature, have probably contributed
to the increasing exposure to ticks, as seen in other
developed countries. Increase in winter temperatures is
known to cause the northward extension and increase the
abundance of Ixodes ricinus, which subsequently raises the

risk of tick-borne disease dissemination.
Since the beginning of the 1980s, 33 emerging tick-

borne agents have been identified across the country,
including 8 species of spotted fever group rickettsiae, 7
species in the family Anaplasmataceae, 6 genospecies in
the complex Borrelia burgdorferi sensu lato, 11 species of
Babesia, and the virus causing severe fever with
thrombocytopenia syndrome. A total of 15 out of the 33
emerging tick-borne agents have been known to cause
human disease. The non-specific clinical manifestations
caused by tick-borne pathogens present a major diagnostic
challenge to physicians who are unfamiliar with many tick-
borne diseases if patients present non-specific symptoms in
the early stages of illness (Fig. 5) [71].

Human granulocytic anaplasmosis (HGA) identified in 2006

A cluster of ten cases of HGAvia nosocomial transmission
was identified in Anhui in 2006 and the index patient of
this outbreak had a history of tick biting [32]. Later, 94
cases of HGA have been reported from several provincial
or megacity regions, including 41 in Shandong, 33 in
Beijing, 6 in Tianjin, 1 in Anhui, and 4 to 5 each in Henan,
Hubei, and Inner Mongolia [71].

Re-emerging infectious diseases

Some re-emerging infectious diseases, including dengue
illness and brucellosis, have attracted increasing attention
in recent years.
Dengue illness was common in the 1940s. In the newly

established People’s Republic of China, no outbreak of
dengue-like illness during the period of 1950–1977 was
reported. Dengue fever reappeared in 1978 in Foshan of
Guangdong [72]. Since then, dengue occurred in a few
provinces in Southern China, although at a relatively low
rate. Suddenly in 2014, Guangdong experienced a large
outbreak with 45 224 cases [73].
Brucellosis in two foreigners was recorded in Shanghai

in 1905 [74]. A total of 621 404 brucellosis cases were
reported during 1955–2016. Most patients were farmers,
veterinarians, or workers involved in livestock husbandry,
transportation, and trade. Increasing and decreasing trends
were observed in the incidence of brucellosis for the past
60 years. Two incidence peaks appeared: one from 1957 to
1963 and another from 1969 to 1971. After that, the
incidence reduced dramatically from 1979 to 1993 until
329 cases re-emerged across the country. However, the
incidence has increased from 1995 through 2016 with a
peak with 56 989 cases in a single year [74]. The
brucellosis incidence remains to exhibit an increasing
trend for the coming years. The number of countries with
brucellosis increased more than 20-fold, from 87 in 1993 to
2209 in 2016 [74], which is probably related to the
increasing farming of goats and sheep. The number of
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sheep and goats for meat production increased from 3.3
million in 1980 to 30.9 million in 2016 (Fig. 6C). People
engaged in livestock husbandry, production, and trade are
at high risk for brucellosis because of occupational
exposure. New strategies are urgently needed to control
the disease [75].

Effects of ecology, climate, and behavior
on infectious diseases

Experiences and research studies from China suggested
that only half of the 39 notifiable diseases were
significantly reduced when the hygiene, water, and food
were significantly improved in past decades. Instead, the

increasing pattern of some notifiable infectious diseases
was associated with changes from ecology, climate,
massive urbanization, economic globalization, large scale
food-animal production, economic development model,
and social and personal behavior [2]. Factors associated
with the rising trend of those infectious diseases will be a
great challenge to our effort to control and prevent them in
the future.

Effects of complex ecological factors on infectious
diseases

Some complex ecological factors, such as meat animal
production practice and backyard farming, have played a
critical role in the transmission of some important

Fig. 5 New rickettsia and other infectious agents identified in ticks in China.
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Fig. 6 Infectious diseases associated with malpractice in meat animal production in China. (A) Geographic distribution of H7N9 cases
and the number of live poultry markets (LPM). The background represents the number of LPM. The 3D bars are for the collective cases of
H7N9 from 2013 to 2017 for individual provinces. (B) Geographic distribution of human infection of S. suis cases and density of swine.
The background represents the annual number of pig sloughed. The 3D bars are for the total numbers of human infections from the
literature. (C) Geographic distribution of case number of brucellosis and density of sheep slaughtered. The background represents the
provincial average number of slaughtered sheep from 2004 to 2016. The 3D stacked box is the number of cases of brucellosis per year
from 2004 to 2016.
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infectious diseases.
The large-scale meat animal production and backyard

farming in China have developed rapidly in the past two
decades, which have been linked to the emergence and the
spread of zoonotic pathogens. The close contact and onsite
slaughtering of live poultry in market resulted in
transmission of pathogens to human, causing large
human infection outbreaks [2]. Five huge outbreaks or
epidemics reported were associated with large-scale food
animal production, including SARS, E.coli O157:H7 [59],
S. suis ST7 [30], avian influenza H5N1 and H7N9 [37],
and brucellosis [74]. Our surveillance system and manage-
ment of infectious diseases are facing unprecedented new
challenges from the current model of animal farming,
trading, and consuming practice.

SARS outbreak and closing of live animal markets

Consuming civets in winter was popular in Guangdong
because people believed in a myth that it is good for health.
The demand for civets gradually increasing along with the
booming economy in the region was the main cause for the
presence of large scale civet farming industry. Civets
supplied by farmers from 12 provinces, including
Guangdong, were frequently transferred in open-framed
trucks to a large live animal market in Guangzhou City.
The transfers on the road and mixing of multiple species of
wild animals or poultry during the transportation process
and at the market created a dynamic micro-environment
favoring cross-species transmission of pathogens among
animals or from animals to humans. We strongly believe
that this is the pathway of the emergence of SARS. As a
control measure dealing with the re-emergence of SARS in
Guangdong, massive numbers of palm civets were culled
in January 2004 soon after the presence of SARS
coronavirus was detected in animals of the market and in
restaurants at the same time. Prior to culling, SARS virus
was identified in 91 palm civets and 15 raccoon dogs from
the animal market but tested negative for 1107 palm civets
directly sampled from 25 farms across the 12 provinces
where the market animals were traded [76]. All civets in
the market supposed for delivery to restaurants were tested
positive for SARS virus and therefore culled. Dinners were
infected after consuming civets at a restaurant without
quarantine [77]. As a kind of proof of our hypothesis that
the civet supply chain is associated with SARS, no SARS
case was reported since January 2004 when the animal
market was forcedly closed and civet trading was banned [2].

Human infection of avian influenza virus and live poultry
markets

The role of live poultry for transmission of AIV was
evident when AIV H5N1, the first avian influenza virus,

was detected positive in samples of live poultry market
(LPM) in Guangzhou City in 2006, and associated with
human infection [78]. LPMs served as an important
ecosystem for the circulation and evolution of AIVs.
During the long-distance transportation of live poultry to
large wholesale markets or distribution centers, different
avian influenza viruses had the opportunity to mix up and
share their genetic materials, a way to generate novel
variant(s). Then the asymptomatic live poultry transported
across the country increased the possibility for the rapid
and nationwide dissemination of AIVs, resulting in
extensive human exposure. In Southern China, buying
live poultry from LPMs is very popular because the
lifestyle there prefers consumption of live poultry. Since
AIV was associated with human infection and LPM was
associated with AIV transmission (Fig. 6A), closing the
LPM was the right thing to do but understandably met
resistance. Approximately a week after closing the LPM,
the H7N9 outbreaks were effectively stopped in the
endemic areas, and no H7N9 case was reported for quite
a while [79,80].

Outbreak of E.coli O157:H7 1999

The outbreak of E. coli O157:H7 in Jiangsu and Anhui in
1999 infected approximately 20 000 people, causing
hospitalization of 194 patients with acute kidney failure
and resulting in 177 deaths. This is the largest outbreak
caused by E. coli O157:H7 reported in world history. The
pathogen was isolated from 8.3% to 16.9% meat animals
raised in the backyards of farmers in Jiangsu, including
cattle, pigs, goats, and chickens. Bohr goats, introduced
into this region in the 1990s aiming to boost the local
economy, were considered as the main reservoir of the
causal agent because a unique clone of E. coli O157:H7
(discussed below) isolated from patients and Bohr goats
showed identical PFGE pattern. Nine years after the
introduction of Bohr goats (1999), this clone started to
appear in animals and patients in China, suggesting its
possible association with the original batch of seed goats
[59,81,82].
MLSTanalysis of strains found that the 1999 outbreak in

Jiangsu and Anhui was caused by a unique clone of E. coli
O157:H7, ST96. Results from whole genome sequence
phylogenetic analysis of an outbreak isolate, Xuzhou21,
showed that the strain is phylogenetically closely related to
the Japan 1996 outbreak isolate Sakai, both of which share
the most recent common ancestor with the US outbreak
isolate EDL933. The levels of IL-6 and IL-8 from
peripheral blood mononuclear cells infected with Xuz-
hou21 or Sakai were significantly higher than those
infected with EDL933. The level of IL-8 induced by
Xuzhou21 was significantly higher than that caused by
Sakai, whereas similar levels of IL-6 were triggered by
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these isolates. The expression level of Shiga toxin 2 in
Xuzhou21 induced by mitomycin C was 68.6 times that of
under non-inducing conditions, which is twice that of
Sakai (32.7 times more than without induction) and 15
times higher than EDL933 (4.5 times). Furthermore,
Xuzhou21 carries a Salmonella plasmid, which is not
present in EDL933, Sakai, and many other isolates [59],
and the biological role of the plasmid is under study.

Multiple parallel pig-to-human transmission of S. suis ST7

In 2005, China reported the largest human infection
outbreak of S. suis ST7 (diverged further into five clades),
resulting in 215 patients with 39 deaths in Sichuan.
Retrospective genome analysis revealed that S. suis already
had 41 lineages by the end of 2004, and it rapidly expanded
to 68 genome types through single base mutations when
the outbreak occurred in June 2005. The large-scale supply
of possible S. suis carrier piglets was distributed into a
large geographical area with no identified transmission
link. People were concomitantly infected in those
geographic sites. This outbreak was a collective multiple
pig-to-human transmissions in parallel, a newly recognized
transmission model for infectious diseases, although
common for other zoonotic diseases in China [57].
Approximately half of the meat pigs in the world are

raised in China. The exponential expansion of pig breeding
was believed to be in proportion with the exponential
expansion of the S. suis population size. Like many other
countries in Asia, China imports advanced breeds of pigs
from European countries, such as the UK and Denmark,
which may have facilitated the spread of S. suis. The
pathogen spread further in China through wide adoption of
indoor rearing of meat pigs. During 1996–2005, Sichuan
significantly increased swine production from 52.76
million to 87.64 million (Fig. 6B). The industrialized
piglet breeding companies (PBC) provided farmers with
piglets possibly carrying the pathogen, and the farmers
raised in their backyards under poor hygienic conditions,
and practice like that contributed to the expansion of S.
suis. Moreover, pigs slaughtered at home without hygiene
inspection apparently increased risks for human S. suis
infection. All factors together eventually led to the
mounting of the S. suis human infection crisis in China.
Accordingly, strategies, such as supply of healthy patho-
gen-free piglets, improving backyard hygiene for raising
animals (pigs in particular), and regular pathogen monitor-
ing at the PBC level should be effective in preventing most
of the infection/outbreak.

Increasing trend of hepatitis E

The biggest verified acute hepatitis epidemic in the
recorded Chinese history, leading to 119 280 cases with

707 deaths, was caused by genotype 1 hepatitis E virus
(HEV) in Xinjiang Uighur Autonomous Region during
1986–1988 [83]. Among the four major mammalian
genotypes, genotype 1 dominated in the 1980s and early
1990s, followed by genotype 4 since 2000 [84]. Genotype
3 was first identified in 2006 from pigs in Shanghai suburb
[85] and gradually spread to Northern China. From 2003
and onwards, HEV cases were in the up-trend, and more
than a quarter million HEV cases for the last few years
were reported annually. The genotype 3 and 4 distribution
in human overlaps with that in pigs [86], and this finding
may provide scientific evidence explaining the increasing
human incidence of HEVover a decade [84].

Effects of climate change on vector-borne diseases

The first dengue outbreak was reported in Guangdong in
1978 and originated from imported cases from southeast
Asian countries [87]. Since then, the disease has been
gradually spreading from south coast region to the inland
(Fig. 7), specifically to Hainan, Guangxi, Fujian, and
Zhejiang, mainly because of the increasing population
movement. An unexpected dengue outbreak with 39 707
cases, the largest for the past 30 years, occurred in 2014 in
Guangdong, and such outbreak was probably related to
global climate change and increasing motility of the
international population.
Dengue fever has already become a major threat to

public health. Imported dengue cases frequently ignite
local dengue outbreak. People back home from the dengue
epidemic area were the most probable source for the
importation of dengue fever in recent years. Pearson
correlation analysis of the 10-year period data (2005–
2015) revealed a positive association between the numbers
of imported dengue cases and the numbers of tourists to
southeast Asia (r = 0.912, P < 0.01), and migrant workers
traveled abroad (r = 0.691, P < 0.05).
Dengue epidemics are known to be associated with

climate factors, including ambient temperature, humidity,
and rainfall. Both temperature and rainfall affect the
dengue fever incidence most likely through affecting the
mosquito density. Results of the analysis of the 2014
dengue outbreak in Guangzhou indicated that one month’s
lag in the mean and minimum temperature with a threshold
of 18.25 °C was positively associated with the dengue
incidence; specifically, 1 °C increase in previous month’s
minimum or mean temperature increased dengue fever
incidence by 52.8% or 51.8%, respectively [38]. Since the
vector population (mosquitos) for dengue fever will
expand in more areas, and the intensity and scope of the
dengue fever epidemic will increase accordingly along
with changes in various climate components. Apparently,
more preventive measures should be formulated to curb
this trend.
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Effects of behaviors on infectious diseases

Effects of international tourism on imported infectious
diseases

In the past few decades, a number of infectious diseases,
such as yellow fever (YF) [88], Zika virus infection [89],
Middle East respiratory system (MERS) [90], malaria [91],
Rift valley fever (RVF) [42], and dengue fever [92], have
been imported to China because of the increase in global
population migration caused by tourism, large-volume
exchanges of labor services and products, and global
climate changes.
To show the pressing pressure on our surveillance

system from the imported infectious diseases, the cases
imported during 2015 – 2016 were taken as examples. On
May 29, 2015 an imported MERS case involving a Korean
businessman was confirmed in Huizhou, Guangdong [90],
who decided not to report his health history to the Chinese
custom upon his entry that had close contact with a
confirmed MERS case during his stay in South Korea. On
February 9, 2016 the first imported Zika virus infection
appeared in Jiangxi. Since then, 25 Zika cases have been
reported to be associated with importation from Venezuela
(17), Samoa (3), Surinam (2), Guatemala (2), and Ecuador
(1). Of these cases, 15, 4, and 3 cases emerged in

Guangdong [93], Zhejiang, and Beijing, respectively, and
one case each in Jiangxi, Henan, and Jiangsu. The first
imported case of YF was documented on March 13, 2016;
afterward, a total of 11 similar cases have been imported
into China. All the YF cases were involved in business or
migrant labor services with Angola. Majority of the
patients (10/11) had a history of mosquito bites. On July
23, 2016 a migrant worker infected with RVF in Angola
returned to China for treatment. In summary, all of these
imported cases are related to the population movement
from other countries to China mainly because of
globalization. Our surveillance and management of
infectious diseases must timely evolve to meet this new
pattern of challenge.
Although we had impressive progress in the control of

malaria in the past, the imported malaria cases increased
dramatically from 22.7% in 2005 to 98.8% in 2015. To
counter against this threat, the Chinese government
launched the national malaria elimination campaign in
2010 to reduce malaria cases across the country. This
campaign has successfully reduced the number of domestic
cases. As a result of the campaign, more than 90% of the
malaria cases were imported from Africa and Southeast
Asian countries. Touring, accommodating, or staying in a
malaria-endemic area are the major risks concerning the
imported malaria cases. Similar to the status of dengue

Fig. 7 Spatial spread process of dengue from South-west boundary region to inland China. Dengue outbreak and local climate variables
were generated from the monthly scale data in Guangzhou from Jan. 2005 to Dec. 2015. (A) Contours were drawn based on the trend
surface, which showed the predicted dengue invasive year. The slope of the trend surface represents the reciprocal spread speed of dengue
from the year 1978 to 2016. Red points indicate the location of counties with cases of dengue infection. Based on the spatial spreading
pattern of trend surface analysis, the dengue extends from the coastal region into the inner land of China, which may link with the global
climate change. (B) Monthly time series of dengue incidence in Guangzhou. (C) Monthly time series of population density of the adult
dengue vector A. albopictus. (D) Monthly time series of average maximum temperature in Guangzhou. (E) Monthly time series of number
of days with rainfall in Guangzhou.
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fever, the number of imported malaria cases from Africa is
positively associated with the numbers of tourists in Africa
(r = 0.938, P < 0.01), as indicated by Pearson correlation
analysis of relevant data from 2005 to 2015.

Infectious diseases associated with social behavior

The infectious disease spectrum in China has shifted in the
past decades. The contributing factors and presentation
statures of infectious diseases have been considerably
changed and mainly associated with changes in social
behavior, personal behavior, large-scale production and
development, lifestyle, environment, and ecology. There-
fore, we proposed the term “behavioral and ecological
infectious diseases” to emphasize the significance of those
contributing factors. Compared with the 20-year period
(1982–2002), the frequency of emerging infectious disease
outbreak in China was remarkably increased (one or two
per year) for the past 14 years (from the SARS epidemic in
2003 and onward), which is quite contrary to our
assumption. As the economy and living condition of
China have improved rapidly, the major human factors that
contributed to the increase in emerging infectious diseases
are attributed to flaws in meat production system and
practice (especially in markets dealing with live poultry,
possibly carrying deadly pathogens) and personal beha-
vior, such as unsafe sex, (inter)national transportation, or
travel. People are becoming increasingly aware that
changing the social or personal behavior associated with
the occurrence of infectious diseases for the better can help
disease control and prevention. An example of this notion
is that the timely shutdown of the potentially dangerous
live poultry market had an immediate effect on controlling
the outbreaks of avian influenza H7N9, H5N1, and others.

Diseases associated with personal sexual behavior

Tremendous efforts have been exercised to control HIV
and other sexually transmitted disease (STD) infections in
China over decades. However, the incidence of HIV and
syphilis has been increasing according to our surveillance
data (Figs. 1 and 2). In the meantime, the seemingly stable
status of gonorrhea might be the result of passive reporting
practice (Figs. 1 and 2). Economic growth and globaliza-
tion greatly affect the re-emergence of sex service. A huge
migrant population of male workers alone without spouses/
partners around have created an increasing demand for sex
service. Some of the young people are tempted to
experience sex at earlier ages and before marriage, which
also changes the sexual practice pattern. Recent findings
showed that males who aged over 60 years but are still
sexually active are vulnerable to STD [94]. With these
factors, preventing the spread of STD, especially syphilis
[4], is difficult.
AIDS (HIV) in China, in a sense, is a behavior disease.

The association of HIV transmission with traveling to
Thailand has been documented [22]. The first wave of HIV
infection in China in the 1990s resulted from commercial
plasma donors who were infected with HIV and trans-
mitted the virus to their families and others. The
uncontrolled blood-for-sale practice exacerbated the
spread of HIV [95]. The second wave of HIV infection
was associated with drug abuse. As one of the major
underground transfer base for drugs from the “Golden
Triangle” and “Gold Crescent” areas in Asia, China has
become an increasingly important drug-consuming market
with approximately a million documented drug users.
Injection drug users have contributed to 42% of HIV/AIDS
cases reported so far. Therefore, strengthening government
leadership at both central and local levels, scaling up
methadone substitution and needle exchange programs,
has been a success. Sexual transmission has emerged as the
primary mode of HIV transmission in China, with
heterosexual transmission through commercial sex as one
of the main modes. Infections among men who had sex
with other men and transgender individuals are increasing,
indicating that more effective strategies are urgently
needed to deal with this tough problem. HIV vaccine
development is far behind the need of the market, and
healthy behavior may be an effective mechanism to stop
the epidemic.
Syphilis, one of the top five reported communicable

diseases in many major municipalities and provinces, is a
sexually transmitted infection caused by the spirochete
bacterium. The syphilis incidence rate increased more than
4-fold [96] from 7.1 /100 000 in 2004 to 32.0/100 000 in
2016 (Fig. 2A and Fig. 2B). The rapid spread of syphilis is
probably attributable to a combination of biological and
social factors.
With limited studies on gonorrhea, comparing it with

other STDs is difficult. A study in Guangdong has found
that the distribution of gonorrhea cases is weakly
associated with that of syphilis [97].

Perspectives on new pathogens of the
future

The majority of human emerging infectious diseases are
zoonotic. The specific species that will be the likely host(s)
for the next human pathogen to cause a large-scale
outbreak and the pathogen that can cross species
boundaries to pose threat to human health should be
predicted and verified. The total number of viruses that
infect a given species and the proportion that is likely to be
zoonotic are predictable, and these parameters are possible
to assess if a newly discovered mammalian virus can infect
people [98]. Therefore, the priority for future surveillance
should be on the taxa and on the regions with the largest
estimated number of missing viruses and missing

Qiyong Liu et al. 17



zoonoses.
Through RNA sequencing of 70 arthropod species in

China, Li et al. discovered 112 novel viruses that appear to
be ancestral for much of the documented genetic diversity
of negative-sense RNA viruses. These arthropods contain
viruses that fall basal to major virus groups, including
vertebrate-specific arenaviruses, filoviruses, hantaviruses,
influenza viruses, lyssaviruses, and paramyxoviruses [99].
Shi et al. profiled the transcriptomes of over 220
invertebrate species sampled across nine animal phyla in
China and reported the discovery of 1445 RNA viruses,
including some that are sufficiently divergent to comprise
new families. These data demonstrated that the RNA
virosphere is considerably more diverse phylogenetically
and genomically than that depicted by current classifica-
tion schemes [100]. Although the total bacterial species
harbored by wild animals remains unknown, the number of
bacteria yet to be discovered in the world is estimated to be
considerably higher than that of viruses.
Using the new methodology named metataxonomics,

researchers can integrate the high-throughput sequencing
of almost all full-length small subunit rRNA (16S rRNA)
gene amplicons in tandem with the operational phyloge-
netic unit analysis strategy. Nine vultures from three
species in Qinghai-Tibet Plateau harbor 314 OTUs,
including 102 known species, in which 50 have yet to be
described and 161 unknown new lineages of unculturable
representatives have yet to be identified. Forty-five species
have been reported to be responsible for human outbreaks
or infections. Clostridium perfringens is the most abundant
in all vultures, and this species accounts for 30.8% of the
total reads. Therefore, vultures and other animals can be a
reservoir for the soil-related C. perfringens and other
pathogens [101]. The possible public health significance of
those unknown pathogens residing in the virosphere and
microbiome of wild animals warrants extensive evaluation.
The assumption that infectious diseases will diminish

with improvement in economy, quality of water, food,
housing, and nutritional status is incorrect and even
misleading. China has achieved great development in
economy, and the government has invested heavily in
managing infectious diseases after SARS. However, the
incidence of overall notifiable infectious diseases was not
even reduced but in the rising trend. Other important
infectious diseases that are prevalent in developed
countries but are not even under our surveillance may
also be associated with climate and socioeconomic factors.
In other words, the profile of notifiable infectious diseases
is shifting as the Chinese economy grows. Approximately
half of the notifiable infectious diseases have been reduced
significantly, and a few of them have been eradicated or
almost eradicated. This result is a success of our
tremendous efforts on infectious disease control and
prevention. However, the infectious disease profiles
change with rapid urbanization, high numbers of migrant

workers, changing climate, ecology and returning farm-
land to forests, and social and personal behaviors. Some
infectious diseases have rebounded and even increased in
some areas. Frequently imported infectious diseases have
become a common issue for the first time in China since
2015. The incidence of over 10 notifiable infectious
diseases has been increasing. Many new pathogens,
genotypes, and serotypes of known pathogens have been
discovered. Therefore, current strategies based on conven-
tional knowledge are not scientific enough to respond to
future challenges and must therefore be re-evaluated and
optimized. When deadly pathogens are blamed, we should
have an enhanced understanding of the repercussions of
development models, society, behavior, ecology, and
environment.

Conclusions

In summary, this review suggests that the landscape of
emerging and re-emerging infectious diseases in China is
closely associated with changes in ecological factors,
climate, and social and human behaviors. The experiences
we gained and lessons learned in the past few decades
should have important implications for some developing
countries to prevent and control infectious diseases.
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