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BAT RABIES IN ILLINOIS: 1965 TO 1986

Christopher D. Burnett

Section of Wildlife Research, lllinois Natural History Survey, 607 East Peabody Drive,
Champaign, llinois 61820, USA

ABSTRACT: From 1968 to 1986, Illinois (USA) citizens and agencies submitted 4,272 bats to the
Illinois Department of Public Health for rabies testing. Of this number, 6% tested positive, a rate
comparable to similar studies from other parts of North America. Due to sampling biases, the true
infection rate among bats in Illinois is probably lower than 6%. Additional analysis relied on a
subsample (n = 2,433) of the specimens collected from 1965 to 1986. Prevalences were significantly
different among years, but no linear trends were found over the study period. Evidence for a
. local outbreak of bat rabies was found. Prevalences for the species with sample sizes adequate for
statistical analysis were, from high to low: hoary bat (Lasiurus cinereus), 11%; red bat (L. borealis),
5%; silver-haired bat (Lasionycteris noctivagans), 4%; little brown bat (Myotis lucifugus), 4%;
big brown bat (Eptesicus fuscus), 3%; Keen’s bat (Myotis keenii), 2%; and evening bat (Nycticeius
humeralis), 2%. The higher prevalences found among the non-colonial species (hoary, red and
silver-haired bats) were consistent with similar studies. Considerable annual variation in prevalences
was found within species, and the prevalence rankings of the species varied over the study period.
Prevalences were significantly higher in females (6%) than in males (4%) when species were pooled,
but no significant differences between sexes were found within species. In contrast to the other
species analyzed, all of which had sex ratios favoring females, the big brown bat sample had a
large majority of males. Prevalences were significantly higher in adults (6%) than in juveniles (3%)
when species were pooled. Within individual species, significant differences between age groups
were found only for hoary and red bats; in two species, juveniles had higher prevalences. Above
average prevalences were observed in May and August to November. Southern Illinois had the
highest prevalences; prevalences were intermediate in the north and lowest in the central region.
Overall, the patterns of rabies prevalence among bats submitted by the public in Illinois from
1965 to 1986 were similar to those reported from other parts of North America.
Key words: Rabies prevalence, bats, Illinois, interspecific, sex, age, geography.

INTRODUCTION

Although the transmission of bat rabies
to humans is rare (Tuttle and Kern, 1981),
sensational journalism has caused many in
the United States to think of bats as a se-
rious threat to health. Consequently, state
testing laboratories receive many bat spec-
imens from concerned citizens, local agen-
cies and veterinarians. Although these
specimens do not constitute an unbiased
sample of wild populations, they can pro-
vide useful information about the preva-
lence of rabies in bats if the data are care-
fully interpreted.

In this study, 22 yr (1965 to 1986) of
data from bats submitted for rabies testing
by Illinois citizens and local agencies are
analyzed. The prevalence of rabies by
species, sex and age are compared and long-
term, seasonal and geographic trends are
examined. Results are discussed in relation
to biological factors and sampling biases
associated with publicly submitted bats.

MATERIALS AND METHODS

Two overlapping data sets were used. One
was obtained from the records of the Illinois
Department of Public Health (Division of In-
fectious Diseases, 535 West Jefferson Street,
Springfield, Illinois 62761, USA) (IDPH) and
consists of the number of bats tested and the
number that tested positive during the 18 yr
period, 1969 to 1986. These data include the
results of all testing by IDPH and the Illinois
Department of Agriculture (Division of Meat,
Poultry and Livestock Inspection, Springfield,
Illinois 62706, USA). Data on the number of
bats that tested positive were also obtained from
IDPH for the years 1959 to 1968, but records
were not kept on the number tested during those
years. Since the early 1960’s, these Illinois lab-
oratories used the fluorescent antibody method
(Kissling, 1975) for diagnosing rabies.

The second data set was derived from already
tested specimens sent by the testing laboratories
to the Illinois Natural History Survey (Section
of Wildlife Research, 607 East Peabody Drive,
Champaign, Illinois 61820, USA) (INHS) over
the 22 yr period, 1965 to 1986. Thus, with the
exception of 1965 to 1968, the INHS sample is
a subset of the IDPH sample. The smaller sam-
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FIGURE 1. Annual sample sizes of bats tested for

rabies in Illinois (1969 to 1986) and sample sizes of
the subset processed by the Illinois Natural History
Survey (1965 to 1986).

ple was used because the IDPH data did not
include information on species, age, sex, or col-
lection locality. Initially, I assumed that the INHS
specimens were a random sample of all the bats
tested. Species identifications were made by G.
C. Sanderson (1965 to 1980), C. D. Burnett (1981
to 1986) and J. E. Gardner (1984 to 1986). Age
was determined by the appearance of the meta-
carpal epiphyses (Kunz and Anthony, 1982). Lo-
cality data were obtained from sheets shipped
with the specimens. The specimens are pre-
served in alcohol and maintained in the mam-
malogy collections at the University of Illinois
(Museum of Natural History, 1301 West Green
Street, Urbana, Illinois 61801, USA) or at the
INHS.

For some comparisons, I divided the species
examined into two ecologically similar groups,
colonial bats and non-colonial bats. The species
included in the colonial group were: little brown
bat (Myotis lucifugus), Keen's myotis (M. keen-
ii), Indiana bat (M. sodalis), eastern pipistrelle
(Pipistrellus subflavus), big brown bat (Epte-
sicus fuscus) and evening bat (Nycticeius hu-
meralis). These species generally rear their
young in groups and do not migrate long dis-
tances. The species included in the non-colonial
group were: silver-haired bat (Lasionycteris
noctivagans), red bat (Lasiurus borealis) and
hoary bat (L. cinereus). These species generally
rear their young solitarily and migrate long dis-
tances.

An ARC/INFO geographic information sys-
tem (ESRI, 1987) was used for data manage-
ment and to generate maps showing geographic
patterns. Chi-square analysis was used to test for
differences in rabies prevalence by species, sex,
age, year, month and geographic region, and
for deviations from expected sex ratios within
species. For regional comparisons, I divided the
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FIGURE 2. Annual rabies prevalences of bats tested
in Illinois (1969 to 1986) and for the bats processed
by the Illinois Natural History Survey (1965 to 1986).

state into three arbitrary sections after Graber
and Graber (1976). Simple linear regression was
used to test for trends in rabies prevalences over
the study period.

RESULTS
Overall prevalence of rabies

Over the study period, the number of
bats submitted to IDPH for testing in-
creased, but this trend has reversed in re-
cent years (Fig. 1). Based on the IDPH
data set (n = 4,272), the overall prevalence
of rabies in bats submitted for testing in
Illinois for the 18 yr period, 1969 to 1986,
was 6% with a range from 2% (1969 and
1970) to 11% (1983) (Fig. 2). Although the
prevalences obtained from the INHS sub-
sample for the same period had a wider
variance among years, the overall INHS
prevalence was also 6% and the annual
variations generally followed the pattern
of the IDPH data (Fig. 2). For the full 22
yr period, which included relatively low
prevalences for 1965 to 1968, the INHS
data yielded an overall rabies prevalence
of 5% (Table 1).

Species, sex and age differences

Seven of the nine identified species of
bats had sample sizes large enough for sta-
tistical analysis (Table 1). Rabies preva-
lences ranged from a high of 11% in hoary
bats to a low of 2% in evening bats. The
non-colonial species had higher preva-
lences than the colonial species. Variation
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TABLE 1.
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Percentages of bats publicly submitted in Illinois (1965 to 1986) that tested positive for rabies by

species, sex and age. Species are listed in order of overall prevalence of rabies.

Sex Age

Species Males Females Adults Juveniles Total*
Hoary bat 8 NS 13 16%** 2 11
(86)v+** (175) (168) NT (92) (270)

Red bat 5NS 6 T 2 5
(352)** (441) (532) NT (214) (830)

Silver-haired bat 5NS 3 4NT 0 4
(79)%** (181) (188) NT (4) (216)

Little brown bat 4 NS 4 3NT 9 4
(48) NS (56) (90) NT (11) (107)

Big brown bat 3 NS 5 3 NS 4 3
(528)*** (314) (725) NT (96) (878)

Keen's myotis 6 NS 0 2NT 0 2
(18)** (37) (52) NT (1) (56)

Evening bat ONS 3 2NT 0 2
(22) NS (35) (52) NT (4) (60)

All species 4* 6 (it 3 5
(1,138) NS (1,200) (1,822) NT (423) (2,433)

* Includes specimens of undetermined sex and age.

* Sample size.

< Includes six Indiana bats and 10 eastern pipistrelles.

NS, not significant (P = 0.05); * P < 0.05; ** P < 0.01; *** P

in prevalences among species was highly
significant (x2 = 30.32; df = 6; P < 0.001),
and hoary and big brown bats contributed
most to this variation.

For the combined species, the observed
sex ratio was not significantly different
from 1:1, but sex ratios were significantly
biased in favor of females in four of the
seven species (Table 1). Only the big brown
bat sample had more males (63%) than
females (37%).

Rabies prevalences were higher among
females in four of seven species and in the
pooled species, but this difference was sig-
nificant only for the pooled species (x* =
5.64; df = 1; P < 0.025) (Table 1). Big
brown bats, with rabies prevalences of 5%
in females and 3% in males had the sta-
tistically most significant differences be-
tween the sexes (x2 = 3.42;df = 1; P <
0.10) of the seven species.

Sample sizes adequate for comparison
between age classes were available only for
hoary, red and big brown bats (Table 1).
Among these three species, adults in the

< 0.001; NT, not tested.

two non-colonial species (hoary and red)
had significantly higher rabies prevalences
than did juveniles: 16% of the adult hoary
bats compared to 2% of the juveniles (x?
=34.58;df = 1; P < 0.001) and 7% of the
adult red bats compared to 2% of the ju-
veniles (x> = 8.53; df = 1; P < 0.005).
Conversely, juveniles of the colonial big
brown bat, had higher prevalences than
did adults, but the difference was not sig-
nificant. For all species combined, adults
had significantly higher prevalences than
did juveniles (x2 = 897.50; df = 1; P <
0.001).

Long-term trends

In 1959, Illinois became the twenty-third
state to report rabies in bats when one pub-
licly submitted specimen from Cook
County and another from Macon County
proved positive (Verts and Barr, 1961).
From 1960 to 1964, another seven publicly
submitted bats tested positive in Illinois,
but data are not available to calculate
prevalences of rabies infection before 1965.
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TABLE 2.
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Percentages of bats publicly submitted in Illinois (1965 to 1986) that tested positive for rabies by

species and year. See text for species included in the colonial and non-colonial groups.

Species

Year Red Hoary Silver-haired Non-colonial Big brown Colonial
1965 0(41) 18(11) 5(20) 4(72) 3(29) 3 (38)
1966 1(101) 11 (18) 0(14) 2 (133) 4 (51) 3(59)
1967 2 (42) 0(12) 0(5) 2 (59) 0(37) 0 (44)
1968 6 (17) 0(12) 0(4) 3(33) 0(27) 0(33)
1969 0(26) 0(2) 33 (3) 3 (31) 0(5) 0(10)
1970 5(19) 0(6) 0(2) 4(27) 0(7) 0(9)
1971 24 (21) 50 (4) 0(2) 26 (27) 0(9) 0(16)
1972 0(28) 0(5) 0(11) 0 (44) 0(15) 0(24)
1973 6 (17) 9(11) 0(4) 6 (32) 0(17) 4 (23)
1974 8 (74) 15 (34) 0(14) 9 (122) 11 (46) 9 (59)
1975 5(43) 0(17) 0(21) 3 (81) 2 (42) 2 (61)
1976 3(33) 13 (23) 0(13) 6 (69) 0 (42) 0 (60)
1977 2 (43) 8 (24) 10 (10) 5(77) 0(39) 0(51)
1978 2 (47) 0(14) 13 (8) 3 (69) 4(51) 7(61)
1979 4(27) 0(18) 0(6) 2 (51) 0(31) 0(37)
1980 4 (24) 0(4) 0(1) 3(29) 0(21) 0 (30)
1981 5 (20) 0(2) 0(3) 4 (25) 0(21) 0 (24)
1982 29 (35) 0(1) 33 (3) 28 (39) 2 (43) 3 (61)
1983 10 (62) 19 (16) 4 (23) 10 (101) 11 (94) 10 (122)
1984 3 (37) 33 (12) 0(23) 7(72) 2(93) 2(107)
1985 5(43) 31 (16) 9 (23) 11 (82) 5 (86) 5(105)
1986 0 (30) 13 (8) 0(3) 2 (41) 3(72) 2 (83)

* Sample size.

From 1965 to 1986, trends in the preva-
lences of rabies infection for IDPH spec-
imens were erratic (Fig. 2). Differences in
prevalences among years for all species
combined were highly significant (x* =
64.30; df = 21; P < 0.001), but regression
analysis showed no significant linear re-
lationship between the percentage of bats
that tested positive for rabies and the year
in which the bats were tested. Rabies prev-
alences among INHS specimens, although
generally lower, closely paralleled those of
the IDPH specimens, with the exception
of 1971 (Fig. 2).

Table 2 presents annual rabies preva-
lences for the four species that averaged
=10 specimens/yr and for the colonial and
non-colonial species groups. None of these
species or groups exhibited significant lin-
ear trends in rabies prevalence over the
study period. Prevalences within species
varied widely among years, and relative
prevalence rankings among species were
not stable over time.

Seasonal trends

Seasonal trends in bat submissions and
rabies prevalences for the INHS specimens
are presented in Figure 3. Submissions in-
creased regularly from the beginning of
the active season in March, peaked in Au-
gust and then decreased until spring ex-
cept for a minor peak in January. Rabies
prevalences increased through spring, fell
sharply during early summer, rose to a
sustained peak in fall and then decreased
through winter. The monthly prevalence
of rabies was above average in May and
August to November, and the differences
in rabies prevalences among months were
highly significant (x* = 29.69; df = 11; P
< 0.005). During the 22 yr study, no INHS
specimens collected in February or March
tested positive for rabies.

Table 3 gives the monthly prevalence
and sample size data for the most com-
monly submitted species and for the two
species groups. With minor variations, all
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FIGURE 3. Monthly rabies prevalences and asso-
ciated sample sizes for bat specimens (species com-
bined) processed by the Illinois Natural History Sur-
vey (1965 to 1986). Horizontal line indicates overall
prevalence (5%) for these data.

of these species and groups followed the
seasonal pattern of rabies prevalence shown
in Figure 3.

Geographic patterns

INHS specimens were collected in 73 of
the 102 counties in Illinois, with a mean
of 32 specimens per county (SD = 102)
(Fig. 4). In the northern region, specimens
were collected primarily near Chicago (n

= 839) and Rockford (n = 83); in the cen-
tral region, most specimens originated near
Quincy (n = 146), Springfield (n = 93),
and Danville (n = 71); the Carbondale area
(n = 160) was the major source of speci-
mens in the southern region. Cook County
(Chicago area) accounted for 35% of the
total INHS sample and also provided dis-
proportionately large percentages of the
specimens for the three non-colonial species
(43% of the red bats, 53% of the hoary
bats, and 60% of the silver-haired bats),
and disproportionately small percentages
of the colonial species.

The geographic pattern of rabies prev-
alences is presented in Figure 5. Twenty-
seven counties were represented by =10
bats and the overall prevalences for those
counties are shown on the map as integer
percentages. Of the 46 counties repre-
sented by <10 bats, seven had =1 rabies-
positive specimen (dark shading) and 39
had no rabies-positive specimens (light
shading). Twenty-nine counties (unshad-
ed) were not represented in the INHS data.
Rabies prevalences were highest in the
south (15%, n = 238), lowest in the central
region (3%, n = 537), and intermediate in
the north (4%, n = 1,408). These differ-
ences were highly significant (x2 = 64.26;
df = 2; P < 0.001).

TABLE 3. Percentage of bats publicly submitted in Illinois (1965 to 1986) that tested positive for rabies by
species and month. See text for species included in the colonial and non-colonial groups.

Species
Month Red Hoary Silver-haired Non-colonial Big brown Colonial
Jan 0 (29) 0(2) 3 (38) 1 (69) 5(39) 6 (54)
Feb 0(1) 0(0) 0(3) 0(4) 0(28) 0(29)
Mer 0(1) 0(0) 0(6) 0(7) 0(32) 0(35)
Apr 5 (20) 20 (5) 0(9) 6 (34) 2 (58) 1(72)
May 8 (36) 13 (23) 0(38) 6 (97) 7 (68) 6 (95)
Jun 1(121) 6 (100) 0(8) 3 (229) 6 (90) 5(110)
Jul 3 (225) 0 (64) 0(3) 2 (292) 3 (88) 3(116)
Aug 9(172) 12 (33) 0(12) 9 (217) 3 (302) 2 (376)
Sep 10 (173) 41 (29) 4(49) 12 (251) 1(79) 2 (105)
Oct 0(32) 36 (11) 3(29) 7(72) 10 (20) 9 (35)
Nov 0(4) 0(0) 18 (11) 13 (15) 7 (29) 6 (33)
Dec 0(0) 0(0) 20 (5) 20 (5) 3(37) 2 (43)

* Sample size.
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FIGURE 4. Numbers of bat specimens (species
combined) processed by the Illinois Natural History
Survey (1965 to 1986) by county. Heavy horizontal
lines delineate regions of the state.

DISCUSSION

Overall prevalence of rabies

The overall prevalence figure of 6% ob-
tained from the IDPH data (1969 to 1986)
was based on the largest sample size and
should be used for comparison with other
studies. This figure proved comparable to
prevalences reported in similar studies
from other parts of North America: 7% in
Georgia, 1956 to 1965 (Richardson et al.,
1966); 11% in Kansas, 1966 (Birney and
Rising, 1967); 5% in Indiana, 1965 to 1972
(Whitaker and Miller, 1974); 4% in New
York, 1972 to 1976 (Trimarchi and Deb-
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FIGURE 5. Rabies prevalences by county for bat

specimens (species combined) processed by the Illi-
nois Natural History Survey (1965 to 1986). Heavy
lines delineate regions of the state. Integer values are
percentages of bats that tested positive for rabies in
counties represented by =10 bats (see Fig. 4). Dark
shading indicates counties represented by <10 bats
with one or more positive specimens. Light shading
indicates counties represented by <10 bats with no
positive specimens. Blank counties were not repre-
sented.

bie, 1977); 5% in Michigan, 1965 to 1978
(Kurta, 1979); 5% in Alberta, 1973 to 1978
(Schowalter, 1980); 3% in Minnesota, 1976
to 1980 (Steece et al., 1982); 5% in western
Canada, 1979 to 1983 (Pybus, 1986).
Although the prevalences for publicly
submitted bats reported here and else-
where accurately reflect the prevalence of
rabies among bats captured by the public,
they may not represent true infection rates
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among bats in general or even among bats
that are closely associated with people. Be-
cause healthy bats are generally difficult
to capture and rabid bats frequently ex-
hibit paralysis (Constantine, 1970), bats that
roost in exposed locations are more likely
to be captured and submitted for testing
if they are rabid. Positive test results are
also likely to stimulate increased concern
about human exposure, thereby generat-
ing additional submissions from the same
area (Whitaker and Miller, 1974). Thus, if
local outbreaks of bat rabies occur, sam-
pling bias may exaggerate general rabies
prevalences.

Studies that have attempted to random-
ly sample clinically normal bats from the
wild have reported rabies point preva-
lences of 0% to 3% (Girard et al., 1965;
Constantine, 1967; Trimarchi and Debbie,
1977). Other studies indicate that preva-
lences in randomly selected bats are usu-
ally <0.1% (Tuttle and Kern, 1981; Pybus,
1986). In Illinois, 652 bats collected from
the wild in 1957 to 1958 showed no evi-
dence of rabies based on the mouse inoc-
ulation method (Verts and Barr, 1961;
Pearson and Barr, 1962). However, be-
cause bats infected with rabies are often
paralyzed during the period that rabies
can be demonstrated by laboratory tests,
“random” surveys based on bats captured
in flight may underestimate prevalences.
Studies that rely on specimens captured in
roosts are also likely to underestimate
prevalences if the bats roost in inaccessible
crevices. Conversely, if bats roost in ex-
posed locations, sick bats will be more like-
ly captured and prevalences will tend to
be overestimated. Thus, true incidence
rates for rabies in bat populations are dif-
ficult to determine but probably lie some-
where between those obtained from “‘ran-
dom” and publicly submitted samples. As
the prevalence rate obtained from the
IDPH data (6%) is equaled by the INHS
rate for the same period, use of the INHS
data for comparisons among species, sex,
age and geographic groups appears to be
justified.

Species, sex and age differences

Although opportunities for intraspecific
transmission appear to be greater among
colonial species (Baer, 1975), the higher
prevalences among non-colonial species
observed in Illinois (Table 1) are consistent
with the findings of other studies (Rich-
ardson et al., 1966; Birney and Rising, 1967;
Baer and Adams, 1970; Whitaker and Mil-
ler, 1974; Bigler et al., 1975; Kurta, 1979;
Schowalter, 1980; Steece et al., 1982; Py-
bus, 1986). Three explanations have been
suggested as the biological basis for higher
rabies prevalences in the non-colonial
species. First, some studies have suggested
that non-colonial bats with rabies are more
prone to attack other bats than are colonial
species, which seldom become violent
when rabid (Baer, 1975; Bell, 1980; Kap-
lan, 1985). Although certain normal bat
behaviors can be easily misinterpreted as
unprovoked attacks, a higher propensity
to attack among some species may exist
and could allow the disease to spread more
readily within their populations. However,
Trimarchi (1979) and Schowalter (1980)
describe several cases in which rabid co-
lonial bats attacked other animals, includ-
ing bats and humans. Second, panels of
monoclonal antibodies to the nucleocapsid
proteins of rabies virus isolates have been
used recently to demonstrate the presence
of several distinct strains of the virus among
bat species in North America (Smith et al.,
1986). Thus, the observed interspecific dif-
ferences in prevalences may be due to
variation among strains of the rabies virus
itself. Third, the stress of migration may
increase the susceptibility of non-colonial
species to the disease or stimulate the man-
ifestation of symptoms. Prevalences ob-
tained from non-colonial species in Illinois
did increase during migration periods, but
colonial species also increase their move-
ments at these times and they exhibited
similar prevalence patterns (Table 3).

The relatively high prevalences ob-
served in non-colonial species may also re-
sult, at least partially, from sampling bias.
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The colonial species generally roost in
buildings, but the non-colonial species nor-
mally roost in trees and are hard to detect
and capture. Non-colonial bats collected
by the public, therefore, are more likely
to have been predisposed to capture by
disease or illness (Baer, 1975; Pybus, 1986).
The significantly higher infection rate
observed in female (6%) than in male (4%)
bats is difficult to interpret because males
had higher prevalences than females in
three of seven species and the difference
was not consistent among the colonial or
the non-colonial species groups (Table 1).
The higher gregariousness of female bats
might provide an explanation. Few other
studies have examined differences in prev-
alences between the sexes, but where such
differences have been investigated, no sig-
nificance was found (Richardson et al.,
1966; Bigler et al., 1975; Pybus, 1986).
The only notable result with regard to
sexual differences was the large percent-
age of males (63%) in the big brown bat
sample, whereas females constituted the
majority in the samples of all other species
(Table 1). For the colonial species, a bias
toward females can be explained by the
usual female habit of roosting in maternity
colonies in buildings where their proba-
bility of human contact is greater than for
adult males which roost in smaller groups
in varied locations. Male big brown bats,
however, commonly roost in relatively ac-
cessible places around buildings (Barbour
and Davis, 1969; Mills et al., 1975) where
they are highly susceptible to capture by
people concerned about rabies. Such vul-
nerability to capture also might make pub-
licly submitted samples of male big brown
bats less biased toward sick individuals and
might explain the unusually low rabies
prevalence (3%) in this group. Kurta and
Matson (1980) found a similar majority of
males in big brown bats submitted for ra-
bies testing in Michigan but argued for
greater longevity in males as the expla-
nation. In the non-colonial species, the
consistently strong sampling bias in favor
of females suggests behavioral differences,
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possibly related to pregnancy and/or ma-
ternal care.

Although differences in rabies preva-
lences between adults and juveniles were
mixed, these differences were consistent
within the colonial and non-colonial species
groups. Although the differences were not
significant, juveniles of the two colonial
species with adequate sample sizes (little
brown and big brown bats) had higher
prevalences than adults (Table 1). Con-
versely, juveniles of the two non-colonial
species with adequate samples (hoary and
red bats) had significantly lower preva-
lences than adults. Two types of sampling
bias may explain these differences. First,
the sample of non-colonial juveniles in-
cluded a higher proportion of very young
bats (collected with their mothers) than the
sample of colonial juveniles. Constantine
(1986) found that newborn bats may ac-
quire infection at or shortly after from birth
from infected mothers but found no reli-
able evidence that prenatal infection oc-
curs in bats. Thus, a higher proportion of
the juveniles in the non-colonial sample
may not have had time to contract the
disease. Second, because colonial bats gen-
erally rear their young in buildings, ju-
veniles of these species that become de-
bilitated with rabies may be more prone
to human encounters than are rabid ju-
veniles of non-colonial species that roost in
trees.

Long-term trends

The lack of evidence for long-term
trends in rabies prevalences among Illinois
bats found in this study supports Baer’s
(1975) suggestion that the increase in the
number of reports of rabid bats in North
America reflects greater interest in rabies
rather than a true increase. The cyclic na-
ture of rabies in some wildlife species has
been widely discussed (e.g., Pool and
Hacker, 1982; Bacon, 1985), but most stud-
ies of insectivorous bat rabies in North
America do not provide data of adequate
duration to detect multi-annual cycles.
Some studies have failed to detect signif-
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icant differences among years (Kurta, 1979;
Steece et al., 1982). In contrast, Pybus
(1986) found significant differences among
years but concluded that rabies is enzootic
at relatively constant levels. Although the
data from Illinois revealed significant dif-
ferences among years, the annual variation
was relatively small and is consistent with
Pybus’s (1986) conclusion.

Seasonal trends

The seasonal variation in the prevalence
of bat rabies found in Illinois resembles
the pattern of winter lows and summer
highs found in several similar studies
(Richardson et al., 1966; Constantine, 1967;
Whitaker and Milller, 1974; Bigler et al.,
1975; Kurta, 1979; Schowalter, 1980; Pool
and Hacker, 1982; Steece et al., 1982; Py-
bus, 1986). The results from Illinois show
that not only does the number of reported
rabies cases follow an annual cycle but that
the rate of reported rabies infection does
as well (Fig. 3). Beyond this widely ob-
served trend, these data show a distinct
drop in the infection rate during early
summer. This decline coincides with the
influx of juveniles into the sample and may
represent a period during which few young
have developed the disease. Additionally,
juveniles that are beginning to leave the
roost are poor flyers and are more likely
to be captured.

Geographic patterns

The observation that publicly submitted
bats in Illinois originated primarily near
urban centers is consistent with the find-
ings of other studies (Pool and Hacker,
1982; Pybus, 1986). The absence of spec-
imens from the north-central part of the
southern region (Fig. 4) is accounted for
by the failure of the laboratory in that
region to send specimens to INHS. The
high number of non-colonial species ob-
tained from Cook County corresponds with
a similar finding in New York City and
suggests a greater tendency for these
species to take refuge in buildings when
they are moving through cities than when
they are in rural areas.

Figure 5 shows that bat rabies occurs
throughout Illinois but that prevalences in
publicly submitted animals have been low
in most counties. The only major exception
is the three-county area near the southern
tip of the state. Closer examination re-
vealed that 59% (22 of 37) of the rabid
bats from this three-county area were sub-
mitted in just two consecutive years (1982
to 1983) during which time the overall
prevalence rate for the area was 26% (22
of 84) compared with 10% (15 of 133) for
the same area in all other years. During
the 1982 to 1983 period, big brown bats
in the three-county area exhibited a rabies
prevalence of 14% (n = 21) versus 7% (n
= 116) in the remainder of the state; red
bats exhibited corresponding prevalences
of 36% (n = 33) and 6% (n = 64). The
other species had inadequate sample sizes
(<10) to make this comparison. Although
sampling biases may have occurred and
the sample sizes were small, these data were
based on bats from several towns in three
counties and support the idea that local
outbreaks of bat rabies occur (Schowalter,
1980).

In conclusion, rabies prevalences ob-
tained from publicly submitted bats in II-
linois indicate that the vast majority of these
bats are not rabid and that bat rabies is
not increasing. Because a small percentage
of bats in this study tested positive for ra-
bies, however, people in Illinois should
avoid bat bites and immediately have a
rabies test done on any bat that bites a

person or pet.

ACKNOWLEDGMENTS

Thanks are extended to Glen Sanderson for
initiating the project, to Gene Gardner for pro-
cessing specimens, to Joyce Hofmann and Kris-
tin Jessop for entering data and to Dennis Kist-
ner for providing Illinois Department of Public
Health records. Gene Gardner, Tom Kunz,
Chuck Trimarchi and two anonymous reviewers
made helpful suggestions on the manuscript.

LITERATURE CITED

BACON, P. J. (editor). 1985. Population dynamics
of rabies in wildlife. Academic Press, London,
England, 358 pp.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 27 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BAER, G. M. 1975. Rabies in nonhematophagous
bats. In The natural history of rabies, Vol. 2, G.
M. Baer (ed.). Academic Press, New York, New
York, pp. 79-97.

, AND D. B. ApaMms. 1970. Rabies in insec-
tivorous bats in the United States, 1953-1965.
Public Health Reports 85: 637-645.

BARBOUR, R. W., AND W. H. Davis. 1969. Bats of
America. University Press of Kentucky, Lexing-
ton, Kentucky, 286 pp.

BELL, G. P. 1980. A possible case of interspecific
transmission of rabies in insectivorous bats. Jour-
nal of Mammalogy 61: 528-530.

BiGLER, W. J., G. L. HOFF, AND E. E. BUFF. 1975.
Chiropteran rabies in Florida: A twenty-year
analysis, 1954 to 1973. The American Journal of
Tropical Medical Hygiene 24: 347-352.

BIRNEY, E. C., AND J. D. RISING. 1967. Notes on
distribution and reproduction of some bats from
Kansas, with remarks on incidence of rabies.
Transactions of the Kansas Academy of Science
70: 519-524.

CONSTANTINE, D. G. 1967. Bat rabies in the south-
western United States. Public Health Reports 82:
867-888.

. 1970. Bats in relation to the health, welfare,

and economy of man. In Biology of bats, Vol. 2,

W. A. Wimsatt (ed.). Academic Press, New York,

New York, pp. 319-449.

1986. Absence of prenatal infection of bats
with rabies virus. Journal of Wildlife Diseases 22:
249-250.

ESRI. 1987. ARC/INFO User's Guide, Vol. 1. En-
vironmental Systems Research Institute, Inc.,
Redlands, California, pp. 1-1-13-38.

GirarD, K. F., H. B. HITCHCOCK, G. EDSALL, AND
R. A. MACCREADY. 1965. Rabies in bats in
southern New England. The New England Jour-
nal of Medicine 272: 75-80.

GRABER, J. W, aND R. R. GRABER. 1976. Environ-
mental evaluations using birds and their habitats.
Illinois Natural History Survey Biological Notes
No. 97. Illinois Natural History Survey, Urbana,
Illinois, 40 pp.

KarrLaN, C. 1985. Rabies: A worldwide disease. In
Population dynamics of rabies in wildlife, P. J.
Bacon (ed.). Academic Press, London, England,
pp. 1-21.

KissLING, R. E. 1975. The fluorescent antibody test
in rabies. In The natural history of rabies, Vol.
1, G. M. Baer (ed.). Academic Press, New York,
New York, pp. 401-416.

Kunz, T. H,, AND E. L. P. ANTHONY. 1982. Age
estimation and post-natal growth in the bat My-
otis lucifugus. Journal of Mammalogy 63: 23-
32.

KURTA, A. 1979. Bat rabies in Michigan. Papers of
the Michigan Academy of Science, Arts, and Let-
ters 12: 221-230.

BURNETT—BAT RABIES IN ILLINOIS 19

, AND J. O. MATSON. 1980. Disproportionate
sex ratio in the big brown bat (Eptesicus fuscus).
American Midland Naturalist 104: 367-369.

MiLLs, R. S., G. W. BARRETT, AND M. P. FARRELL.
1975. Population dynamics of the big brown bat
(Eptesicus fuscus) in southwestern Ohio. Journal
of Mammalogy 56: 591-604.

PEARSON, E. W, AND T. R. B. BARR. 1962. Absence
of rabies in some bats and shrews from southern
Illinois. Transactions of the Illinois Academy of
Science 55: 35-37.

PooL, G. E,, AND C. S. HACKER. 1982. Geographic
and seasonal distribution of rabies in skunks, fox-
es and bats in Texas. Journal of Wildlife Diseases
18: 405-418.

PYBUS, M. J. 1986. Rabies in insectivorous bats of
western Canada. Journal of Wildlife Diseases 22:
307-313.

RICHARDSON, J. H,, R. L. RAMSEY, AND L. E. STARR.
1966. Bat rabies in Georgia, 1956-1965. Public
Health Reports 81: 1031-1035.

SCHOWALTER, D. B. 1980. Characteristics of bat
rabies in Alberta. Canadian Journal of Compar-
ative Medicine 44: 70-76.

SMITH, J. S., F. L. REID-SANDEN, L. F. ROUMILLAT,
C. TRIMARCHI, K. CLARK, G. M. BAER, AND W.
G. WINKLER. 1986. Demonstration of antigenic
variation among rabies virus isolates by using
monoclonal antibodies to nucleocapsid proteins.
Journal of Clinical Microbiology 24: 573-580.

STEECE, R. S., T. J. ERICKSON, AND R. A. SIEM. 1982.
Chiropteran rabies in Minnesota: 1976-1980.
Journal of Wildlife Diseases 18: 487-489.

TrIMARCHI, C. V. 1979. Report from the Division
of Laboratories and Research, New York State
Department of Health, Albany. Aggressive be-
havior in rabid big brown bats (Eptesicus fus-
cus). Rabies Information Exchange No. 1, p. 34.
U.S. Dept. Health, Education, and Welfare, Pub-
lic Health Service, Center for Disease Control,
Atlanta, Georgia, 59 pp.

, AND J. G. DEBBIE. 1977. Naturally occur-
ring rabies virus and neutralizing antibody in two
species of insectivorous bats of New York State.
Journal of Wildlife Diseases 13: 366-369.

TuTTLE, M. D., AND S. J. KERN. 1981. Bats and
public health. Contributions in Biology and Ge-
ology No. 48, Milwaukee Public Museum, Mil-
waukee, Wisconsin, 11 pp.

VERTS, B. J,, AND T. R. B. BARR. 1961. An effort
to identify rabies in bats from northwestern II-
linois. The Cornell Veterinarian 51: 384-387.

WHITAKER, J. O., JR., AND W. A. MILLER. 1974.
Rabies in bats of Indiana: 1968-1972. Proceed-
ings of the Indiana Academy of Science 83: 469-
472.

Received for publication 10 March 1988.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 27 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use





