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The niche breadth index, i.e., Levins index
Bi=[lg3 Nij-(1/3 Nij)(3 NijlgNij)l/lgr, where Bi is the
niche breadth index of the mouse species i, Nij is the
number of the mouse species i in the ecosystem j,
and ris the total number of ecosystems.

Serological Surveillance

Populationm]

of Healthy Human

In this study, 30-50 people aged 20-60 years
were selected from different survey sites at the foot
of Jiuhua Mountain. Blood samples (5 mL) were
taken from them for the laboratory detection of
hantavirus antibody.

Laboratory Detection of Hantavirus Antigen and
Antibody

According to the method of Liu et al.” the

animals were aseptically dissected to obtain their
lung tissue. Mouse blood was collected by using
filter strips and stored in liquid nitrogen prior to use.
HFRS virus 1gG antibodies were detected using
indirect immunofluorescence and enzyme-linked
immunosorbent assay. The lung specimens were
processed by frozen section and then used for
hantavirus antigen detection by direct
immunofluorescence.

Hantavirus Epidemic Risk Indicator

Index of hantavirus carrier =

\/ The density of micexThe rate of mice with hantavius

When the index of the hantavirus carriage is
>0.1, the risk of an hantavirus epidemic increases™.

RESULTS

Hantavirus Host Animal Species Composition in
Jiuhua Mountain Area

In this study, 199 small mammals among 9
different species belonging to Rodentia and
Insectirora were captured in Jiuhua Mountain area.
These mammals included Apodemus agrarius, Rattus
norvegicus, Mus musculus, Rattus flavipectus, Rattus
niviventer, Rattus nitidus, Rattus edwardsi, Microtus
fortis Buchner, and Crocidura attenuata. Based on
the proportions of different host species in the small
mammals and following the standards of Hernandez
et al. ™ we identified A. agrarius and R. niviventer
as the predominant species, R. norvegicus and M.
musculus as the common species, R. flavipectus, R.
edwardsi, and C. attenuata as the occasional species,
and M. fortis Buchner and R. nitidus as the rare
species in the lJiuhua Mountain ecosystem. The
values of the niche breadth index (Bi) followed the
order of M. musculus > R. norvegicus > R. niviventer
> A. agrarius and C. attenuata > R. flavipectus > R.
edwardsi, R. nitidus, and M. fortis Buchner (Table 1).
In the vast fields of Jiuhua Mountain, R. niviventer is
widely distributed in large number. R. edwardsi, R.
nitidus, and M. fortis Buchner have relatively smaller
values of the niche breadth index and also have
limited distribution. A. agrarius, C. attenuata, and R.
flavipectus are primarily distributed at the foot and
in the periphery of Jiuhua Mountain. A. agrarius in
particular occurrs in high density in the valley and
peripheral agricultural production areas.

Table 1. Species Composition and Niche Breadth Index of Hantavirus Host Animals in Jiuhua Mountain Area

Species Quantity Proportion (%) Mountain Top Mountain Foot Periphery Indoor Bi

A. agrarius 88 44.22 0 47 41 0 0.4983
R. norvegicus 15 7.54 2 9 0 4 0.6691
M. musculus 23 11.56 6 9 0 8 0.7827
R. flavipectus 3 1.51 0 2 1 0 0.4591
R. niviventer 54 27.14 34 16 4 0 0.6092
R. edwardsi 5 2.51 5 0 0 0 0.0000
M. fortis Buchner 1 0.50 0 1 0 0 0.0000
R. nitidus 1 0.50 0 1 0 0 0.0000
C. attenuata 9 4.52 0 4 5 0 0.4955

Note. Bi: The niche breadth index.
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Hantavirus Host Animal Diversity in Different Types
of Environment in Jiuhua Mountain

The diversity index values of the host animals in
Jiuhua Mountain area followed the order of
mountain foot (H’=0.5794)>mountain top (H'=0.4681)
>mountain periphery (H’=0.3611). Similarly, the
highest species richness was found at the mountain
foot, where 8 species of animals were captured,
including the most animal species on the mountain
top and in the mountain periphery. The similarity
index values of the host animals at the foot of the
mountain and in the mountain periphery were
highest (5,=0.6667 and $,=0.6711), while those of
the host animals on the mountain top and in the
mountain periphery were lowest (5,=0.25 and
5,=0.0784) (Table 2). These results indicated the
great change of environment of host animals from
the mountain top to the mountain periphery. Such
environmental change results in significantly smaller
numbers of common species between the mountain
top and the mountain periphery areas, with only one
common species, i.e., R. niviventer. Correspondingly,
their species compositions were substantially
different, with R. niviventer predominating the
species on the mountain top (72.34%) and A.
agrarius predominating the species in the mountain
periphery (80.39%).

In the residential areas of Zhubei, Miaogian, and
Youhua Townships, 3 survey sites were selected for
investigating the indoor distribution of host animals
in Jiuhua Mountain area. The results showed that
the capture rates of host animals in residential areas
of the 3 townships were 1.25%, 2.34%, and 3.61%,
respectively. There were no significant differences in
the capture rates of indoor host animals among the

3 survey sites. Only R. norvegicus and M. musculus
showed adaptability to residential habitats, and the
latter was a common species of the 3 survey sites.

Hantavirus Host Animal Diversity in Jiuhua

Mountain Area

Jiuhua Mountain area lies from north to south.
In this study, 9 survey sites (from the mountain top
to the mountain foot and at the residential area)
were selected on the eastern and western sides of
Jiuhua Mountain. A total of 6514 mousetraps were
used and 144 small mammals were captured. The
animal species on the eastern and western sides of
Jiuhua Mountain were similar in terms of dominant
concentration, diversity, and evenness indices. Seven
species of animals were captured from the eastern
side to western side of Jiuhua Mountain, including 5
common species (similarity index $,=0.7143,
5$,=0.9006). However, there was a significant
difference in the capture rate of host animals
between the eastern side (3.06%) and western (1.72%)
side of Jiuhua Mountain ()(2=12.OO, P<0.05) (Table 3).

Hantavirus Carriage in Host Animals and Human
Infection Status

The carriage of hantavirus in host animals
reflects its epidemic strength within a specific region.
If there is a higher rate of virus wildlife carrier within
a region, the risk of human infection is therefore
high. Of the 199 small mammals captured in Jiuhua
Mountain area, Hantavirus antigens or antibodies
were detected in 16 animals, including 12 animals
with antigens. The total virus carriage rate of the
captured animals was 6.03%, while the total infect-
ion rate was 8.04%. Hantavirus antigens were detected

Table 2. Species Diversity of Hantavirus Host Animals in Different Field
Environment Types in Jiuhua Mountain Area

Number Number of Capture Similarity
Region of Mouse Animals Rate Species H’ E Mountain  Mountain  Mountain
Traps Captured top foot periphery
M";‘;;a'” 1251 47 0.0376" 4 05527 0.4681 0.3377 0.5* 0.25"
M"f‘c‘)';tta'” 4780 89 0.0186° 8 03344 05794 02786  0.3235 0.6667"
Mountain 2345 51 0.0217° 4 0.6624 03611 02605  0.0784° 0.67112
periphery

Note. °and indicate statistically significant differences in capture rates (x°=15.36, P<0.05 and x°=7.12,
P<0.05). The same superscript letter ®indicates no statistically significant differences (x°=0.65, P>0.05). C:
Dominant concentration index; H: Community diversity index; E: Evenness index; ! Sorenson index Si; 2,

Whittaker index S,.
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in 4 species of small mammals captured in the field,
i.e. A. agrarius, M. musculus, R. niviventer, and C.
attenuata. Their virus carriage rates were 3.41%,
13.33%, 7.41%, and 11.11%, respectively. In addition,
hantavirus antigens were detected in R. norvegicus
and M. musculus captured in the forest residential

areas. The virus carriage rate of the indoor animals
reached 16.67%, while that of R. norvegicus was as
high as 25.00%. However, there was no significant
difference in the virus carriage rate between rodents
captured indoors (16.67%) and the rodents captured
in out environment (5.35%) ()(Z=O.94, P>0.05) (Table 4).

Table 3. Comparison of Biodiversity between Eastern and Western Sides of Jiuhua Mountain

Number of Captured Capture

Region Habitat Type Mousetraps  Number Rate Species Cc H E S1 S,
Eastern  Mountain top 760 16 0.0211 2 0.7813 03768  0.5436
mountain
side Mc’f‘c‘)';tta'” 1541 54 0.0350 7 0.2853 0.6238  0.3206

Indoors 83 3 0.0361 2 0.5556  0.6365  0.9183

Total 2384 73 0.0306" 7 02708 0.6501 0.3341

0.7143  0.9006

Western  Mountain top 491 31 0.0631 3 04797 08949  0.8146
mountain
side i

Mc’f‘c‘)';tta'” 3239 35 0.0108 5 0.4645 05133  0.3189

Indoors 400 5 0.0125 2 05200 0.6730 0.9710

Total 4130 71 0.0172" 7 0.2482 0.6226 0.3199

Note. C: Dominant concentration index; H: Commun

ity diversity index; E: Evenness index; S; and S, stand

for similarity between the eastern and western side; S;: Sorenson index; S,: Whittaker index; " indicates
statistically significant differences in capture rate (y’=12.00, P<0.05).

Table 4. Hantavirus Detection in Host Animals in Jiuhua Mountain Area

Total Number

Number of . HV N . Total
i i Antigen R Antibody Infection of .
Habitat Species Detected e Carriage . X Infection
. Positive Positive Rate HV-infected
Animals Rate K Rate
Animals
Field A. agrarius 88 3 3.41 4 4.55 6 6.82
M. musculus 15 2 13.33 1 6.67 3 20.00
R. niviventer 54 4 7.41 1 1.85 4 7.41
C. attenuata 9 1 11.11 0 0.00 1 11.11
R. snorvegicus 11 0 0.00 0 0.00 0 0.00
R. flavipectus 3 0 0.00 0 0.00 0 0.00
R. edwardsi 5 0 0.00 0 0.00 0 0.00
M. fortis Buchner 1 0 0.00 0 0.00 0 0.00
R. nitidus 1 0 0.00 0 0.00 0 0.00
Sum 187 10 5.35" 6 3.21 14 7.49
Indoors R. norvegicus 4 1 25.00 0 0.00 1 25.00
M. musculus 8 1 12.50 0 0.00 1 12.50
Sum 12 2 16.67" 0 0.00 2 16.67
Total 199 12 6.03 6 3.02 16 8.04

Note. *: indicates no statistically significant difference

s in HV carriage rate (x°=0.94, P>0.05).
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A total of 215 blood samples were collected
from the healthy population at the different survey
sites and hantavirus antibodies were detected in 5
blood samples, with an infection rate of 2.33%.
According to the incidence data of HFRS from the
Infectious Disease Reporting System of Chinese
Center for Disease Control, only 2 cases of HFRS
caused by hantavirus infection were reported during
2005-2011 and the average annual incidence was
0.1/100,000 in Qingyang County. Historical data
shows that the incidence of hantavirus-associated
HFRS was particularly low in Jiuhua Mountain area.

Hantavirus Infection Risk in Human Population

In addition to the virus carriage rate, the density
of wild animals is an important risk factor for
hantavirus infection in humans. If the density of wild
animals is high, the risk of human infection with the
virus is also high. The combination of virus carriage
rate and density of the host animals can be used as
an early warning indicator, i.e. the virus carriage
index. A virus carriage index value >0.1 indicates that
the possibility of hantavirus epidemic within a
specific region is high and measures must be taken
to prevent it.

In Jiuhua Mountain area, a total of 9030
mousetraps were set up and 199 small mammals
were captured, showing a total animal density of
2.20%. Of these, the 654 indoor mousetraps
captured 12 animals (indoor mouse density, 1.83%),
while 8376 mousetraps used in the field captured

187 animals (field mouse density, 2.23%). In contrast,
the densities of the hantavirus-infected host animals
captured in the field were low. Of these, A. agrarius
had the highest density (1.05%), followed by R.
niviventer (0.64%), while C. attenuata had the lowest
density (0.11%). In the residential areas, the
densities of M. musculus and R. norvegicus were
1.22% and 0.61%, respectively. The index value of
the virus carriage was 0.0532 (0.0000-0.1098) in the
indoor environment and 0.0322 (0.0000-0.0563) in
the field. These values were far below the early
warning levels of hantavirus. However, the situation
varied among the different survey sites. For example,
the virus carriage rate of M. musculus indoors was
substantially higher in Zhubei Township, with the
related index value of the virus carriage reaching
early warning levels (Table 5).

DISCUSSION

This study shows the diversity and the
distribution of small mammals in the Jiuhua
Mountain ecosystem, the hantavirus carriagesin host
animals and the effect of hantavirus on population
health in this area. We compared the biodiversity
between the eastern and western sides of Jiuhua
Mountain and found that the eastern and western
sides of Jiuhua Mountain had a relatively large
number of common species and nearly identical
species compositions, suggesting a similarity
in species richness, structure, and biodiversity of host

Table 5. Index Values of Hantavirus Carriage of Host Animals at Different
Survey Sites in Jiuhua Mountain Area

. . Virus-carriying Vir.us Animal Ind.ex of
Survey Site Habitat Type Mouse Species Carriage Density V|r.us

Rate Carriage
Tiantai Mountain top R. niviventer 0.0323 0.0631 0.0451
Jiuzi Rock Mountain top R. niviventer 0.0625 0.0211 0.0363
Zhubei Township Mountain foot M. musculus 0.0571 0.0556 0.0563
Zhubei Township Mountain foot R. niviventer 0.0526 0.0209 0.0331
Miaogian Township Mountain foot A. agrarius 0.1000 0.0167 0.0408
Ersheng Township Mountain foot - 0.0000 0.0058 0.0000
Jiuhua Street Mountain foot - 0.0000 0.0096 0.0000
Youhua Township Mountain periphery A. agrarius, C. attenuata 0.0714 0.0409 0.0541
Lingyang Township Mountain periphery R. niviventer 0.0435 0.0138 0.0245
Miaogian Township Indoors R. norvegicus 0.2000 0.0234 0.0500
Zhubei Township Indoors M. musculus 0.3333 0.0361 0.1098
Youhua Township Indoors - 0.0000 0.0125 0.0000
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animals. Species diversity and environmental
resource diversity have a causal relationship within
the same ecosystemm]. Therefore, the degree of
environmental heterogeneity is positively correlated
with the species richness of rodents™. Research
indicates that appropriate interference with the
environment from human activity increases
environmental heterogeneity and rodent diversitylzg].
However, there were no significant differences in
environmental condition factors (such as climatic
situation, soil type, vegetation cover, and
interference from human activities) which could
influence species diversity between the two sides of
the mountain. As a whole, the biodiversity of host
animal species on the eastern side of Jiuhua
Mountain was similar to that on the western side.
The vertical distribution of host animals up the
mountain suggested that different animals were
adapted to habitats which were associated with a
specific altitude. R. niviventer, R. edwardsi, R.
norvegicus, and M. musculus were captured at sites
on the mountain top, of which, R. edwardsi was
strictly limited to the coniferous forest habitat.
However, the distribution of R. norvegicus and M.
musculus on the mountain top was attributed to
temples and the activities of tourists on mountain.
All the species, except R. edwardsi, occurred at the
foot of mountain, but only 4 species, i.e., R
niviventer, A. agrarius, R. flavipectus, and C
attenuata, were captured at the sites in Jiuhua
Mountain periphery. The ecosystem at the foot of
Jiuhua Mountain had been influenced by the
activities of local residents, especially activities
related to agricultural and forestry production. Trees,
shrubs, and crops greatly enriched environmental
habitat types. Thus, habitat complexity at the foot of
mountain allows organisms to subdivide a limited
food resource, leading to the coexistence of greater
numbers of species. However, competition among
host species, especially between R. niviventer and A.
agrarius, was observed among the mammals. This
was reflected by the relatively large proportions of R.
niviventer and A. agrarius in the host animals in the
mountainous area, both of which affected the
species structure. However, at the top of Jiuhua
Mountain, tall trees are the predominant vegetation
and R. niviventer, which accounted for 72.34%
(34/47), predominated in the hantavirus host animal
species. In Jiuhua Mountain periphery, agriculture
has developed and A. agrarius, which accounted for
80.39% (41/51), was the predominant species in the
habitat mainly consisting of farmland (Table 1).

Therefore, the environment from the foot of the
mountain to the mountain top is conducive to the
survival of R. niviventer, while that from the foot of
the mountain to the periphery is conducive to the
survival of A. agrarius. We can use the competitive
relationship between R. niviventer and A. agrarius to
determine the degree of environmental interference
by humans. The predominance of R. niviventer
indicates a low degree of interference, while the
predominance of A. agrarius indicates a high degree
of interference.

In natural environments, the virus is mainly
found in small wild mammals, especially rodents. In
Jiuhua Mountain area, hantavirus was detected
across 5 species of host animals within different
habitats ranging from fields to indoors. Among these
hosts, R. norvegicus and M. musculus had the
highest values of the niche breadth index (Bi), and
were adapted to indoor habitat as well as the field
environment, while others were only adapted to the
field environment. The two species, R. niviventer and
A. agrarius, wide-spread in the Jiuhua Mountain area,
also had higher Bi, and the former mostly inhabited
the forest habitat, while the latter preferred
farmland. Liu et al’s study helped show that
hantavirus circulated across 11 species of small wild
mammals (Rodentia and Carnivora) in Anhui
Province™”. Previous surveillance indicated that
hantavirus was only detected in 4 species of animals,
i.e. R. niviventer, A. agrarius, R. norvegicus, and R.
Nitidus®®. However, the present study showed that
hantavirus was also detected in M. musculus and C.
attenuata in Jiuhua Mountain area. This finding
indicates that the circulation of the virus in small
mammals has expanded.

Animal density was higher on the eastern side
compared with the western side of the mountain.
However, most of the attractions in the lJiuhua
Mountain National Forest Park are located on the
western side of the mountain, so the animal species
on the western side may be influenced by the travel
industry. The eastern side is wider and flatter, and
may be influenced more by agricultural activities.
The influence of agriculture on the availability of
resources is clearly a factor, since food and refuges
for the host species is greater than in the domain of
the travel industry. In fact, the density of host
animals varied substantially among the different
survey sites. At the low-density survey sites such as
Jiuhua Street and Youhua Township, no animals
carrying were captured. Despite the detection of
hantavirus in animals at other survey sites, these
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animals were unlikely to cause virus epidemics due
to the low density of host animals in Jiuhua
Mountain area as a whole. However, excessive
human interference with the environment will cause
fragmentation of the host animal’s habitat and
eventually lead to a decline in species diversity,
further resulting in a viral epidemic. Accordingly,
close attention should be paid to the extent of
human influence on the diversity of hantavirus host
animal species.
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