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Yersinia pestis: examining wildlife plague surveillance in China

and the USA
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'US Department of Agriculture, Wildlife Services, National Wildlife Disease Program, Fort Collins, Colorado, USA and Chinese

Academy of Sciences, Institute of Zoology, Beijing, China

Abstract

Plague is a zoonotic disease caused by the bacterium Yersinia pestis Lehmann and Neumann, 1896. Although it
is essentially a disease of rodents, plague can also be transmitted to people. Historically, plague has caused mas-
sive morbidity and mortality events in human populations, and has recently been classified as a reemerging dis-
ease in many parts of the world. This public health threat has led many countries to set up wild and domestic an-
imal surveillance programs in an attempt to monitor plague activity that could potentially spill over into human
populations. Both China and the USA have plague surveillance programs in place, but the disease dynamics dif-
fer in each country. We present data on plague seroprevalence in wildlife and review different approaches for
plague surveillance in the 2 countries. The need to better comprehend plague dynamics, combined with the fact
that there are still several thousand human plague cases per year, make well-designed wildlife surveillance pro-
grams a critical part of both understanding plague risks to humans and preventing disease outbreaks in the fu-

ture.
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INTRODUCTION

Yersinia pestis is a Gram negative flea-borne bac-
terium and the causative agent of plague. The patho-
gen is traditionally described as cycling between small
mammals, with an enzootic cycle and an epizootic cy-
cle (Fig. 1). The enzootic cycle of plague is maintained
among rodent hosts and their fleas; however, transmis-
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sion to humans and other mammals can occur (often
during epizootic conditions) through flea bite or direct
contact and, in some cases, results in severe morbidity
and death (Barnes 1982; Gage & Kosoy 2005). Y. pes-
tis has been documented to infect more than 200 mam-
mal species, but likely persists in only a small number
of rodents that are relatively resistant to disease (Pollitzer
1960). It has also been suggested that plague continual-
ly cycles, even among susceptible species, but that the
loss of a few rodents often goes unnoticed (Gage & Ko-
soy 2005). These maintenance species differ depending
upon the geographic location, or plague foci, in ques-
tion. Plague foci are not static and foci presently ex-
ist in North America, South America, Africa and Asia.
In Asia, some species of gerbil (i.e. Rhombomys opi-
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Figure 1 Basic plague transmission dynamics.

mus Wagner, 1841) and marmots (i.e. Marmota himala-
yana Hodgson, 1841) are resistant to infection and are
thought to be maintenance hosts for Y. pestis (Pollitzer
1960), as are some small mammals in North America
(i.e. Microtus californicus Peale, 1848) (Pollitzer 1960;
Biggins & Kosoy 2001). Carnivores and other species
regularly exposed to plague likely mount an immune re-
sponse that typically averts death, but these species are
not believed to maintain the infection or to directly con-
tribute to its transmission (Gage et al. 1994, 2000; Per-
ry & Fetherston 1997). Humans, along with felids, lago-
morphs, prairie dogs and other rodents, are a group of
mammals known to succumb to severe Y. pestis infec-
tions (Gasper 1997; Gage & Kosoy 2005). The basic
facets of plague (low-level cycling in rodents and their
fleas with occasional epizootic events leading to mor-
bidity and death in both wildlife and humans) are gener-
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ally well understood. The detailed dynamics that govern
plague transmission, however, as well as the species in-
volved in the USA, are still unknown, despite extensive
research.

Plague manifests in symptomatic hosts as bubon-
ic, pneumonic or septicemic, with untreated pneumon-
ic and septicemic cases in humans being invariably fa-
tal (Eisen et al. 2008). Bubonic plague is characterized
by bacilli spreading to, and enlarging, lymph nodes (ex-
ternally referred to as buboes) near the cutaneous site of
a flea bite. In some cases, bubonic infections can prog-
ress to secondary septicemic disease, spreading to other
organs via the bloodstream. Secondary septicemia can
also follow a pneumonic infection originating from in-
halation of infectious Y. pestis. From 1964 to 2003, the
World Health Organization (WHO) documented 80 744
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human plague cases around the world and more than
6500 deaths, but this is likely an underestimate (Dennis
et al. 1999; WHO 2002, 2004). Plague is 1 of 6 original
communicable diseases that member states are required
to notify occurrence of to the WHO. It is considered a
Category A infectious disease because of its ability to
be transmitted via aerosol and because of the high death
rates associated with airborne transmission. The abil-
ity to aerosolize also makes it a potential bioterrorism
agent. These dangers, combined with continued plague
presence punctuated by occasional outbreaks in coun-
tries across the globe, make plague surveillance an inte-
gral part of public health programs around the world.

MONITORING AND SURVEILLANCE

Comprehensive disease surveillance programs are es-
sential to understanding the epidemiology of zoonotic
diseases. The importance of a strong surveillance system
is being increasingly recognized in an era where live-
stock, wildlife and people are capable of rapidly moving
around the globe, increasing the opportunity for patho-
gen dispersal and novel disease introduction. Areas with
comprehensive surveillance programs are better able to
detect and respond to disease, rendering disease emer-
gence less likely (Morner et al. 2002; Jones et al. 2008;
Deliberto et al. 2009, 2011; Scotch et al. 2009; Rhy-
an & Spraker 2010). Surveillance is essentially a system
that can continuously collect and analyze information
on both wild animal health and associated risk factors to
control a disease in a population or community (Artois
et al. 2006). A surveillance system implies a dedicated
strategy of sample collection and analysis, followed by a
pre-planned response when disease is detected or when
it reaches a pre-determined level (i.e. proportion of col-
lected samples that are seropositive). This is in contrast
to monitoring, where the goal is simply to detect tem-
poral trends, or changes in temporal trends, through the
systematic recording of epidemiologic information (De-
liberto et al. 2009, 2011). Monitoring does not include
a response to mitigate or eradicate a disease. The WHO
recommends that a successful plague surveillance pro-
gram have 4 elements: human disease surveillance, in-
vestigation of epidemiology and epizootics, surveillance
of known plague foci and long-term management of
plague foci identified through surveillance efforts (Den-
nis et al. 1999; Scientific Committee on Vector-borne
Diseases 2008).

A basic requirement for a successful public health
disease response is accurate reporting and diagnosis of
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human disease occurrence. As a notifiable disease, a
positive plague diagnosis is reported to the Centers for
Disease Control (CDC) by State Departments of Health
when they occur in the USA. In China, it is also manda-
tory that human plague cases be reported to the Depart-
ment of Health or Centre for Health Protection (Scien-
tific Committee on Vector-borne Diseases 2008). Plague
also remains a WHO notifiable disease if the disease oc-
curs outside of plague-endemic areas or is likely to ini-
tiate an epidemic spread. In the USA, plague is part of
the National Notifiable Disease Surveillance System
(NNDSS). This surveillance system encompasses ani-
mal plague surveillance (i.e. serosurveys of carnivores)
and reports of human cases, as well as laboratory testing
of fleas, animal tissues and serum specimens. Having a
designated database for plague data, such as the NNDSS
or the WHO Global Alert and Response system is cru-
cial and provides continual data flow on human plague
incidence, which enhances the probability of detect-
ing an increase in disease and allows an early response
to possible outbreaks. It should be noted however, that
most of these systems are dedicated to human disease
occurrence and any data collected from wild or domes-
tic animals should be cataloged and analyzed as well.

The CDC and the WHO follow the same plague di-
agnosis protocol to ensure robust and accurate discase
diagnosis. A confirmed plague diagnosis must meet at
least 1 of the following conditions:

1. A clinical isolate is identified as Y. pestis through
morphology and at least 2 of the following 4 diagnos-
tics: phage lysis of the cultures at 20-25 °C and 37 °C,
F1 antigen detection, a confirmed Y. pestis biochemi-
cal profile or a positive polymerase chain reaction re-
sult.

2. Two serum specimens taken during early and late
stages of the infection demonstrate a 4-fold anti-F1
antigen titer difference by agglutination testing.

3. A serum sample tested by agglutination has a titer of
>1:128 and the patient has no known previous plague
exposure or vaccination history. All agglutination
testing must include hemagglutination inhibition to
demonstrate Y. pestis specificity (Dennis et al. 1999;
WHO 2010).

In addition, several new, rapid plague detection as-
says have been developed and are being tested as quick-
er, less expensive alternatives to traditional plague di-
agnostics (Chanteau et al. 2003). In plague endemic
regions, rapid lateral-flow immunochromatography tests
can be used to confirm active plague infection (antigen)
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if no other option is available (WHO 2010). The WHO
has published a recommended course of action and re-
sponse to follow if positive human plague infections
suggest an outbreak (WHO 2010).

Plague infections must be analyzed and diagnosed
using these specific criteria to ensure consistent under-
standing of what constitutes a positive plague diagnosis.
However, plague surveillance programs will not be con-
sistent across countries or even geographic regions, and
should be tailored according to the host and vectors in-
volved, as well as to the local dynamics and transmis-
sion cycles. Plague is endemic in both China and the
USA, but their respective programs demonstrate alterna-
tive surveillance approaches in each country.

YERSINIA PESTIS SURVEILLANCE IN
THE USA

In the USA, human plague infections are relatively
rare; however, morbidity and death still occur when in-
fections are misdiagnosed or are left untreated. The ma-
jority of human plague cases in the USA are associated
with peridomestic transmission in non-urban areas, of-
ten involving bites from rodent fleas or even pneumon-
ic transmission from contact with domestic pets. These
dynamics are vastly different from the urban rat and flea
transmission characteristic of the Black Death and oth-
er historic plague pandemics. From 1950 through 2009,
464 plague cases were reported in the USA (Brown et
al. 2010). Despite this relatively limited occurrence
in humans, evidence of plague exposure in regions of
western USA in non-domestic rodents and carnivores is
substantial.

Although tracking and monitoring human disease
is vital, plague is essentially a disease of rodents and
represents one of the many emerging zoonotic patho-
gens seen around the world (Stenseth et al. 2008; But-
ler 2009). Surveillance that extends to zoonotic reser-
voirs or sentinel animals could allow for early detection
of increased disease activity prior to the onset of hu-
man disease. In the USA, human infections have previ-
ously been linked to epizootics, demonstrating the im-
portance of animal-based surveillance (Barnes 1982;
Brown et al. 2010). Even if the data are not used for
predictive purposes, baseline zoonotic disease informa-
tion can still reveal changes, such as range expansion
or shifts in seasonality. In addition, understanding envi-
ronmental conditions that lead to epizootic outbreaks is
pivotal when it comes to preventing future disease out-
breaks. Climate variables, such as time-lagged tempera-
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ture and seasonal precipitation, were found to be close-
ly associated with the frequency of human plague cases
in the USA (Enscore ef al. 2002). Similarly, it has been
suggested that long-term human plague occurrence in
China might be related to variation in sea surface tem-
peratures and oscillations (Zhang et al. 2007).

Plague is not endemic to the USA and, consequent-
ly, the disease dynamics differ when compared to oth-
er regions with a long evolutionary association with the
pathogen. Ships leaving Hong Kong in the late 1800s
during the Third Pandemic (roughly 1855-1950) carried
plague to new regions of the world, including India and
the USA, and by the time the pandemic was officially
over, more than 12 million people had died in India and
China alone (Morelli et al. 2010). Plague is believed to
have been introduced to the USA with shipboard rats
that escaped into Californian ports around 1900. It then
began to spread ecastward and has been documented in
a majority of areas within the continental USA west of
the 100th meridian, with regions of south-western USA
having the highest levels of plague activity. There are no
defined plague foci in the western USA like there are in
China, even though some regions probably have differ-
ent mammalian hosts and fleas involved in plague trans-
mission. The lack of defined foci might be related to Y.
pestis strains in the USA being much less diverse than
those in China. The initial introduction event probably
involved a limited number of strains (founder effect).
With time, the bacterium will likely continue to adapt
and diversify in relation to host, vector and environmen-
tal pressures (Zhou et al. 2004; Anisimov et al. 2004).

Like other areas in the world, plague activity in the
USA is often difficult to detect for extended periods of
time. There is typically limited evidence of plague trans-
mission occurring on a daily basis. Rather, there are oc-
casional epizootics that result in highly visible die-offs
of some rodent species. Prairie dogs (Cynomys sp.) suf-
fer the most dramatic die-offs in the USA, with up to
98% dying in plague-affected populations (Biggins &
Kosoy 2001). Although documenting these die-offs is
an efficient and low-cost way to monitor plague dynam-
ics, they are often detected only after an epizootic has
been underway and might not necessarily serve as an
early warning system. Monitoring plague exposure, or
seroprevalence, through active surveillance of other an-
imals that can act as sentinel species is a viable option
for monitoring plague dynamics.

In the USA, animal-based plague surveillance is car-
ried out by multiple state health departments at the local
level, as well as through research universities, the CDC
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Figure 2 National Wildlife Disease Program (NWDP) sample sites in western USA from 2005-2009. Plague positive counties are

indicated in black; the 100th meridian is marked with a grey line.

and the US Department of Agriculture (USDA). The
USDA Animal and Plant Health Inspection Wildlife Ser-
vices’ National Wildlife Disease Program (NWDP) con-
ducts continual plague surveillance in regions with doc-
umented plague activity in the USA, which is primarily
restricted to areas west of the 100th meridian (Fig. 2).
Plague surveillance by the NWDP is conducted through
opportunistic sampling. Wildlife Services’ specialists
are requested to collect samples from select animals
while conducting normal wildlife damage management
operations in targeted areas. For example, blood sam-
ples from coyotes (Canis latrans Say, 1823) removed
for preying on livestock are collected on Nobuto strips.
Samples are collected by the NWDP and disseminated
to the CDC for screening. Samples have been collected
from multiple species since 2005. This information has
helped to determine which species to target for collec-
tion over time and which species might serve as appro-
priate sentinels.

© 2012 ISZS, Blackwell Publishing and IOZ/CAS

A sentinel species is essentially a group of animals
that are sensitive to specific environmental conditions
or abiotic factors and can therefore indicate changes in
background conditions: in this case, disease activity.
Numerous factors determine which species would work
best as sentinels, including the target pathogen itself. For
monitoring Y. pestis activity in the USA, the NWDP pri-
marily focuses on coyotes. Coyotes are adaptable, wide-
ranging, opportunistic omnivores found throughout
much of western USA. They are ideal plague sentinels
for several reasons (Gage et al. 1994; Aguirre 2009).
Opportunistically sampling coyotes is efficient and cost
effective when carried out in combination with already
scheduled wildlife damage management activities. Coy-
otes have a broad diet and are known scavengers, essen-
tially sampling from the environment while coming into
contact with multiple rodent species and their fleas. Be-
cause they cover large distances, coyotes can act as dis-
ease bioaccumulators (dependent upon length of anti-
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body signal). Sampling a small number of wide-ranging
carnivores provides a broader snapshot of disease activ-
ity when compared to sampling a small number of ro-
dents. Equally important, when exposed to plague, coy-
otes appear to develop long-term antibodies (Rust et al.
1971; Barnes 1982) without morbidity or death.

Similar to coyote sampling in the USA, routine rabies
vaccination campaigns in developing countries have op-
portunistically targeted domestic dogs (Canis lupus fa-
miliaris Linneaus, 1758) to screen for a variety of addi-
tional pathogens (Bogel & Meslin 1990; Cleaveland et
al. 2006). This approach might be a viable, cost-effec-
tive option for monitoring Y. pestis activity in countries
where human plague outbreaks occur. Free-ranging do-
mestic dog numbers are often high in urban areas in de-
veloping countries, with up to 1 dog for every 7-21 peo-
ple (Cleaveland et al. 2006). Rabies vaccination along
with a blood draw for disease screening would act as an
incentive for dog owners. This approach was used suc-
cessfully by Barnes (1982), and dogs showed increased
seroprevalence prior to an epizootic and the associat-
ed human cases. Stray cats (Felis catus Linneaus, 1758)
and dogs have been monitored for plague prevalence in
Canada (Leighton ef al. 2001). Sentinel animals are also
used for a multitude of other pathogens, including mon-
itoring rabbit hemorrhagic disease virus using foxes in
New Zealand (Henning ef al. 2006), sampling stray cats
in Japan for q fever surveillance (Morita et al. 1994)
and detecting bovine tuberculosis in the USA using coy-
ote samples (VerCauteren et al. 2008).

Between 2005 and 2010, NWDP gathered and tested
25 154 samples for plague from more than 70 species

Table 1 Sample sizes and average seropositivity for taxonomic
family groups sampled from 2005-2009 in the USA

Species Sample size  Plague seropositivity (%)
Canidae 17 882 10.20
Felidae 244 6.10
Castoridae 1298 0
Sciuridae 681 0.80
Procyonidae 929 0.60
Muridae 136 0
Suidae 348 3.70
Mustilidae 100 11
Leporidae 359 0.20
104

collected across western USA (Fig. 2; Table 1). Of those
samples, 21 977 were from taxonomic groups that have
been previously linked with Y. pestis (Table 1). One of
the highest seroprevalence rates, averaged over 5 years
of sampling, was seen in the Canidae, which includes
samples from foxes, wolves and coyotes. Coyote ac-
counted for 98% of those samples. Other carnivore spe-
cies also displaying high Y. pestis seroprevalence includ-
ed Mustelidae (badgers) and Felidae (pumas, bobcats,
and domestic cats). Rodents are known to be integral
players in plague transmission, but Sciuridae (squirrel
species) and other rodent groups sampled have not re-
vealed substantial plague exposure. This result is likely
related to the difficulty of using continual, ongoing sur-
veillance across a large geographic area to detect plague
exposure in rodents. Rodent movements occur on a lim-
ited spatial scale and their population numbers are large,
making it difficult to representatively sample across
space. Targeted rodent sampling, however, is likely to
yield useful results. For example, sampling around a
house where an individual was exposed to plague or in
an urban area where plague is known to occur. Using in-
dices to calculate rat density or flea density as an indica-
tor of plague activity could potentially be useful in these
situations. The California Department of Public Health
routinely monitors wild rodents in and around public
campgrounds for plague antibodies and to assess flea
loads of these species. High titers to Y. pestis or a high
flea index will trigger flea suppression followed by ro-
dent control measures (Anon. 2010). Although broad-
scale seroprevalence data provides valuable information
on infectious disease dynamics, transmission and, there-
fore, seroprevalence, disease distribution will not be
consistent across an entire region. Finer scale resolution
would likely reveal disease hotspots, interspersed with
areas/species with little to no disease activity.

PLAGUE SURVEILLANCE IN CHINA

Yersinia pestis evolved in or near China and later
spread to other parts of the world through multiple radi-
ation events (Zhou et al. 2004; Zhang et al. 2009; Mo-
relli et al. 2010). The long-term association of Y. pes-
tis in China has given rise to a diverse assemblage of
plague transmission cycles and foci, a result of coupled
evolution as the plague bacterium adapted to specific
environmental factors, mammalian hosts and vector spe-
cies. Within China, there are at least 10 natural plague
foci (Table 2), each associated with specific host and
flea species (Dennis et al. 1999). Recent genetic analy-
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Figure 3 Regions where wildlife was
sampled for plague presence in Chi-
na, from 2001-2008. Plague positive
counties are indicated in black (Fu et al.
2009).

ses have indicated that there are 11-16 potentially sep-
arate foci (Ji et al. 1983; Zhou et al. 2004; Zhang et al.
2009).

Although there are multiple plague foci in China
(Fig. 3), only a few are regularly associated with hu-
man plague cases. The foci linked to Marmota himala-
yan, the Himalayan marmot, is especially active (Table
2). This focus (which includes parts of Qinghai province
and Tibet autonomous region) is thought to have con-
tinual, stable cycling of enzootic plague. Human expo-
sure is typically associated with rural locations and ei-
ther hunting, skinning or eating marmots. Interestingly,
serologic surveys of marmot hunters and their relatives
that live in this focus revealed previous plague expo-
sure in 21.7% of study participants (Li et al. 2005). This
suggests that exposure to Y. pestis is not uncommon and
can result in asymptomatic infections, although anec-
dotal reports have also noted that some marmot hunt-
ers take antibiotics prophylactically (Li et al. 2005). In
2009, a pneumonic plague outbreak occurred within this
focus after a herdsman had contact with 2 of his dogs
that died from what was eventually determined to be Y.
pestis infection (Wang et al. 2011). The man later died
and 11 people who were known to have had direct con-
tact with the man later contracted pneumonic plague as

© 2012 ISZS, Blackwell Publishing and IOZ/CAS
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well, demonstrating the extremely infectious nature of
the bacterium during pneumonic infections (Wang et al.
2011). Four marmots sampled from the area where the
dogs were infected had substantial Y. pestis antibody ti-
ters. Domestic dogs are thought to be relatively resistant
to plague infection; however, this case demonstrated
that the conventional wisdom might not be universally
applicable. Human plague infections, in both China and
the USA, can often be traced back to contact with wild
or domestic animals, highlighting the zoonotic nature of
this disease and the need for robust plague surveillance
in wildlife.

Another focus associated with human plague cas-
es is in southern Yunnan Province, where the commen-
sal rat, Rattus flavipectus Milne Edwards, 1872, is com-
mon. Whereas the previous focus was associated with
marmots in rural landscapes, the focus linked to R. flavi-
pectus often includes villages or urbanized areas and the
commensal rats associated with them. After a 20 year
period with no human plague cases reported from this
focus, cases began occurring again in 1986. This focus
now accounts for 50% or more of all human plague cas-
es in China (Scientific Committee on Vector-borne Dis-
eases 2008). Commensal rats are common in villages or
cities, especially in areas where sanitation services are
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limited. Rattus flavipectus also often carries the flea spe-
cies Xenopsylla cheopis Rothschild, 1903. This flea is
considered the classic plague vector, abandoning its tra-
ditional rat host when the rat dies and taking up resi-
dence on other nearby mammal species, including dogs,
cats and people. Xenopsylla cheopis is an efficient car-
rier/transmitter of the plague bacterium and the combi-
nation of both a suitable flea vector and a rat that lives
in close association with people likely drives plague dy-
namics in Yunnan Province (Song ef al. 2008).

Plague seropositivity

104 (0.0395%)
59 (0.000744%)
1220 (1.238%)
139 (0.0288%)
667 (1.720%)
180 (5.32%)

37 (0.598%)

18 (0.0484%)

5 (0.175%)

195 (1.08%)

43 (3.446%)
242 (6.767%)

The complexity of having numerous plague foci with-
in a country requires that disease surveillance programs
encompass both rural and urban transmission. A suc-
cessful surveillance program must also incorporate mul-
tiple hosts and vector species, because each plague fo-
cus can involve different rodents and fleas. The vast size
of the M. himalayana focus makes continual, routine
plague surveillance difficult. One strategy that is used
to reduce transmission is educating the local population
about the risk of Y. pestis exposure when they are hunt-
ing or skinning marmots. During the 2009 pneumon-
ic plague outbreak in Qinghai Province, the government
responded quickly and quarantined an entire village of
several thousand people to contain further transmission
(Wang ef al. 2011).

Surveillance programs in Yunnan Province and other
foci associated with commensal rat species involve reg-
ular rodent trapping and flea collection. There are 2 fac-
tors that surveillance programs focus on to reduce rates
of transmission in villages and urban areas. The first is
to conduct regular surveillance of rodent densities. If
measured densities surpass preset thresholds, control ac-
tions are triggered (e.g. rodent removal). Percent trap
success (animals caught/number of traps set during a
specific time period) is a commonly used index for as-
sessing rodent density (Pham et al. 2009) and is often
more feasible than using mark—recapture techniques to
determine the absolute density of rodents per unit area
(Dennis et al. 1999).

Although rodent control can help to limit plague
hosts in and around domestic environments, any type of
rodent control that is initiated must be accompanied by
vector control. Fleas will often leave dying rodent hosts
in search of another mammalian blood source, includ-
ing humans and domestic animals. Rodent control with-
out associated vector control may only increase Y. pes-
tis transmission. Flea indices can also be calculated and
a specific flea index can be used for each flea species
of concern (number of a particular flea species collect-
ed from a particular host species/number of the particu-

Sample size
263148
79254
98554
482855
38785
3382
6189
37167
18058
1248
3576

2857

Daurian ground squirrel
Commensal/buff-breasted rat
Pale-tailed ground squirrel
Chevier's field mouse and Yunnan

Common Name
Mongolian gerbil
Himalayan marmot
Altai/gray marmot
Qinghai vole
Golden marmot
Brandt's vole
red-backed vole
Tarbagan marmot
Great gerbils

Citellus dauricus
Meriones unguiculataus
Marmota himalayana
Rattus flavipectus
Marmota baibacina
Microtus fuscus
Marmota caudata
Spermophilus alaschanicus
Microtus brandti
Apodemus chevrieri and
Eothenomys miletus
Marmota siribica
Rhombomys opimus

Species

Songliao Plain

Table 2 Seroprevalence of wildlife plague foci, by geographic region and species, from 2001-2008 (adapted from Wang et al. 2007)

Inner Mongolia Plateau
Qinghai-Tibet Plateau
Yunnan-Fujian Residential
Tianshan Mountains
Qinghai-Tibet Plateau
Pamirs Plateau
Gansu-Ningxia Loess Plateau
Xilingol Plateau

Western Yunnan
Hulunbuir Plateau
Xinjiang in Junggar Basin

Natural foci
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lar host species examined). Pollitzer (1954) notes that a
specific flea index >1 for X. cheopis indicates a signifi-
cant disease risk and control actions are recommended
at this level. Application of insecticides for flea control
can often significantly reduce plague risk, even in the ab-
sence of rodent control. Additional indices used in China
to try and predict plague risk in urban areas are: the total
flea index (total number of flea species collected regard-
less of species/total number of host species x that were
examined); the percentage of hosts infected index (num-
ber of host species x that had at least 1 flea from a spe-
cific flea species/total number of host species x that were
examined); and the house index (number of a specific flea
species collected from host species x in a house/total
number of houses with host species x examined). The
house index can also be used for burrows or nests (Scien-
tific Committee on Vector-Borne Disease 2008).

Flea indices are primarily used as a periodic sam-
pling protocol to monitor the potential for plague activ-
ity in specific areas. Dramatic increases in flea indices
over time might indicate the need for control measures.
Flea indices are also used in both the USA and China,
when there is a verified human plague case, but this falls
outside of the realm of passive surveillance. Flea indi-
ces can be calculated, and fleas and blood samples from
rodents can be tested for Y. pestis, to determine trans-
mission dynamics and a likely route of exposure. How-
ever, flea indices can be unreliable and care must be tak-
en in relation to the sampling technique and protocol, as
well as data interpretation. All rodent trapping and flea
collection should be standardized as much as possible to
make valid temporal and spatial comparisons.

CONCLUSION

While human morbidity and death from plague has
decreased since the advent of antibiotics, Y. pestis re-
mains an endemic disease in many parts of the world.
Infections in some regions are on the rise, to the point
where plague is now classified as a reemerging disease
(Jones et al. 2008; Stenseth et al. 2008). Misdiagnosis
and delayed treatment can result in death, and plague
can spread rapidly in rural or impoverished regions
when action is not taken quickly or when medical help
is not readily available.

Plague is a zoonotic disease and wildlife surveillance
is crucial for not only pinpointing when epizootics oc-
cur, but also for the enhancement of a basic understand-
ing of the pathogen. This concept is especially pertinent
in the USA, where key rodent maintenance hosts remain
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unknown and where the recently introduced bacterium
is still likely shifting in response to a variety of hosts
and vectors. Wildlife surveillance in China has demon-
strated that it is possible to identify increases in both
fleas and mammalian hosts, allowing a rapid response to
increased plague risk. While plague is endemic in both
the USA and China, the 2 countries employ distinct sur-
veillance strategies. Y. pestis has different evolution-
ary histories and ecological dynamics in each country. A
successful surveillance strategy must take these poten-
tial variations into account and would ideally involve a
one health approach (Enserink 2007), including biolo-
gists, epidemiologists, public health professionals, vet-
erinarians and ecologists. Despite these differences, the
end goal is the same: to respond quickly to disease out-
breaks and, if possible, predict their occurrence and
avoid human infections. Zoonoses represent a majori-
ty (60%) of global emerging diseases (Jones et al. 2008)
and are a risk not only to human populations, but also to
domestic animals and wildlife, illustrating the continued
importance of wildlife disease surveillance (Artois ef al.
2006; Scotch et al. 2009).
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