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Baylisascaris procyonis-lnfected Raccoons (Procyon lotor) from
Illinois , with a Comparison to Worm Intensity
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ABSTRACT: The gastrointestinal tracts and corresponding rectal fecal samples of 100 raccoons (Procyon lotor)
were collected in November and December 1980 in Illinoi s and examined for the presence of Baylisascaris
procyonis and its eggs. The raccoons were classified as either juveniles (animals less than 1 yr old) (TV = 72) or
adults (N = 28). The prevalence of B. procyonis for all the raccoons examined was 86%, and the mean parasite
intensity was 51.6 (±5.3). Juvenile raccoons had a significantly higher (P < 0.005) worm prevalence (93%) and
intensity (62.4 ± 6.1) than did adults (67%; 13.3 ± 2.7). The egg prevalence for all the raccoons examined was
73%; the mean egg intensity was 26,215 (±4,486) eggs per gram (epg) feces. Juvenile raccoons had a significantly
higher (P < 0.005) egg prevalence (86%) and intensity (29,719 ± 5,147 epg feces) than did adults (39%;
6,454 ± 2,168 epg feces). In the other comparisons, no significant differences (P < 0.05) in either prevalence
or intensity were found.
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The ascarid of raccoons, Baylisascaris pro-
cyonis, has been implicated or shown to be the
cause of cerebrospinal, ocular, and visceral larva
migrans (VLM ) in a number of animal species
(Snyder, 1983; Kazacos and Kazacos, 1984; Ka-
zacos et al., 1984). More recently this ascarid has
been linked to two fatal cases of VLM in chil-
dren, in which eosinophilic meningoencephalitis
was the cause of death (Huffet al., 1984; Fox et
al., 1985). There is littl e information in the lit -
erature describing the interrelationship between
B. procyonis and the raccoon (Snyder and Fitz-
gerald, 1985). Due to the potential health risks
to humans and animals exposed to embryonated
eggs of this parasite, the purpose of the present
report is to describe and contrast the prevalence
and intensity of eggs of this ascarid from 100
Illinoi s raccoons of known age and sex. The cor-
responding gastrointestinal tracts were also ex-
amined to determine the worm intensity.

Material s and Methods

The gastrointestinal tracts of 100 steel-trapped or
hunter-shot raccoons were obtained in November and
December 1980 from Perardi Brothers Fur and Wool,
Inc., Farmington, Fulton County, Illinois. The rac-
coons came from within approximately a 161 -km ra-
dius of Farmington. A specific location for each animal
was not obtainable. At the time of collection, each
carcass was weighed and measured, and sex and age
were determined. The viscera were placed in individual

1 Present address: 625 E. Canyon Drive, Springville,
Utah 84663.

plastic bags with identification numbers and stored at
-25°C until examined. Prior to placing in individual
bags, rectal fecal samples were obtained from each an-
imal, placed in individual containers, and refrigerated
until examined for the eggs of B. procyonis.

The raccoons were classified as either juveniles
(N = 72) or adults (N = 28) based on the work of
Sanderson (1961). Because most raccoons in Illinoi s
are born in April , those examined were either 8-9 mo
of age (juvenile) or 20-21 mo of age or older (adult).

At the time of examination, the esophagus, stomach,
and intestine were dissected longitudinally, the mucosa
was scraped, and the contents examined for immature
and mature B. procyonis. Worms found were catego-
rized according to sex and counted, and representative
specimens were deposited in the U.S. national parasite
collection at Beltsville, Maryland (accession number
77699). The presence of B. procyonis eggs in the fecal
samples was determined with the aid of a quantitative
flotation technique (McMaster method), utilizing a su-
crose solution with a specific gravity of approximately
1.2 (Thienpont et al., 1979). Two counts were made
on each sample, and the mean rate expressed as eggs
per gram (epg) of feces. Fecal samples that were neg-
ative by the McMaster technique were further sub-
jected to a simple flotation using a sucrose solution as
described above.

A Student's Mest was used to compare mean egg
and parasite intensities, and the chi-square test was
used to compare prevalence of eggs and worms, in
relation to host sex and age. A scatter plot was prepared
comparing worm intensity versus eggs per gram of feces
(Fig. 1).

Results and Discussion

Data on the prevalence and intensity of eggs
and worms of B. procyonis are presented in Ta-
bles 1 and 2, respectively. Jacobson et al. (1976),
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Figure 1. Scatter  plot comparing worm intensity
versus eggs per  gram of feces in 73 raccoons infected
with Baylisascaris procyonis.

in studying the epizootiology of an outbreak of
B. procyonis-induced cerebrospinal nematodi-
asis in cottontail rabbits (Sylvilagus floridanus)
and woodchucks (Marmota monax), reported a
wild raccoon shedding 25,750 (±3,912) epg feces.
Jacobson et al. (1982) found eggs of B. procyonis
in 62 (28.9%) of 218 raccoon scats examined in
Indiana. These same authors also live-trapped
95 raccoons and examined individual rectal fecal
samples for the presence of eggs of B, procyonis
and found a similar prevalence (20%) with the
aid of this sampling technique. Kazacos (1982)
found that three young pet raccoons linked to an
outbreak of B. procyonis-induccd central ner-
vous system (CNS) disease in bobwhite quail
(Colinns virginianus) were shedding 1,300-5,400
epg feces. Kazacos (1983) examined fecal sam-
ples from 200 wild raccoons in Indiana, and found
that an "average" animal was shedding approx-

imately 19,850 epg feces. The overall prevalence
and intensity of eggs of B. procyonis as reported
in Table 1 are significantly higher than those re-
ported by Jacobson et al. (1982) and Kazacos
(1982). The intensity of eggs of B. procyonis (Ta-
ble 1) is similar to or higher than those reported
by Jacobson et al. (1976) and Kazacos (1983),
respectively. Previous studies have not com-
pared the effects of host age and sex on the prev-
alence and intensity of the eggs of B. procyonis.
In analyzing relationships of host age and sex, it
was found that juvenile raccoons had a signifi-
cantly higher (P < 0.005) prevalence and mean
intensity of eggs than did adults (Table 1). In the
other comparisons, no significant differences
(P < 0.05) in either egg prevalence or mean egg
intensity were found (Table 1).

Raccoons are a common and ubiquitous mam-
mal found throughout the continental United
States. They are adapted to both rural and urban
environments (Hoffman and Gottschang, 1977),
and are found commonly in zoos and wildlif e
parks and often kept as pets. The contaminative
ability of raccoons infected with B. procyonis,
particularly juveniles, may be high. The contam-
inative potential is compounded when these an-
imals are concentrated artificially, as often occurs
when they are maintained in cages in zoos, or as
pets, or as might occur in natural areas that have
a high population density of infected raccoons.
Raccoons wil l frequently use the same area for
defecation and urination (latrines). Under these
situations, large accumulations of feces with B.
procyonis eggs can occur in hay and straw mows,
feed storage bins, barns, attics, abandoned build-
ings, downed timber, and cages, and thus may
further increase the potential for transmission of
infective eggs to other animals and humans. An-
imals and man may be exposed to embryonated
eggs of B. procyonis from contaminated soil,
water, food, hands, fomites, or raccoon scats.
Once in the environment, embryonated eggs of
this ascarid can probably persist for a number of
years under natural environmental conditions.
Kazacos (1982) reported on the contaminative
ability of three young pet raccoons infected with
B. procyonis that were incriminated in an out-
break of cerebrospinal nematodiasis that killed
85 bobwhites. Kazacos calculated the approxi-
mate number of eggs passed per day in each of
the infected raccoons in this outbreak. Using
the same calculations, a twice-daily defecation
rate, and each stool approximating 100 g, the 73
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Table 1. Age/sex relationships in prevalence and intensity of eggs of Baylisascaris procyonis from raccoons
collected in Illinoi s durin g November  and December  1980.

Host age/sex class

Al l animals (adult, juvenile, male, and female) (N = 100)
Juvenile female (N = 36)
Juvenile male (N = 36)
Juvenile (male and female) (N = 72)
Adult (male and female) (N = 28)
Adult female (N = 12)
Adult male (N = 16)
Male (juvenile and adult) (N = 52)
Female (juvenile and adult) (A' = 48)

Number and
percent of
hosts with

eggs in feces

73 (73)
31 (86.1)
31 (86.1)
62(86.1)*
1 1 (39.3)*
4 (33.3)
7 (43.8)

38(73.1)
35 (72.9)

Mean egg intensity
per gram feces

+

26,215
32,032
27,406
29,719
6,454
4,150
7,771

23,789
28,846

SE

± 4,486
± 8,621
± 5,750
± 5,147*
± 2,168*
± 3,489
± 2,834
± 4,866
± 7,780

Range in number
of eggs per gram

feces

200-228,000
600-228,000
200-113,200
200-228,000
200-23,600
200-14,600

1,200-23,600
200-113,200
200-228,000

* Significant difference (P < 0.005) between juvenile and adult egg prevalence and mean egg intensity.

infected raccoons with a mean egg intensity
of 26,215 (±4,486) epg feces (Table 1) would
each be shedding approximately 5,243,000
(±897,000) eggs per day. The 62 juvenile rac-
coons with B. procyonis eggs in their feces were
calculated to each be shedding approximately
5,943,000 (± 1,029,000) eggs per day, and the 11
infected adults were each shedding approxi-
mately 1,200,000 (±433,000) eggs per day. One
juvenile raccoon was shedding 228,000 epg feces
and, using the same calculations, this animal
would be contaminating the environment with
approximately 45,600,000 eggs per day. This is
a tremendous number of eggs being shed into the
environment that could potentially embryonate
and infect other animals, producing visceral lar-
va migrans. If this animal had been kept in an
enclosed area for a 3-mo period, as occurred in
the outbreak described by Kazacos (1982), ap-
proximately 4.1 x 109 potentially infective eggs
would have contaminated the enclosure. As Ka-
zacos (1982) noted, all these calculations were
based on the assumption that daily egg produc-
tion was constant, which is probably not true, as
shown by Olsen et al. (1958).

The prevalence and intensity of B. procyonis
for all the raccoons examined (Table 2) represent
the highest prevalence reported for raccoons in
the United States when compared to other mod-
erate to large samples. The prevalence and in-
tensity reported in Table 2 represent a portion
of a larger study in Illinois, and the values are
similar to those previously reported (Snyder and
Fitzgerald, 1985). In comparing the prevalence
of eggs and worms of B. procyonis, it was found
that 13% of the raccoons were infected with this

ascarid but were not passing eggs or eggs were
not present in sufficient numbers to be detected
by the McMaster technique. Five of the 13 neg-
ative fecal samples contained only male worms,
thus partially explaining this difference. In the
eight fecal samples that were negative and had
female worms in the intestine, a direct flotation
yielded no additional positive samples. This in-
formation indicates that the monitoring of rac-
coon scats for the presence of the eggs of B. pro-
cyonis may not accurately represent the true
prevalence of this ascarid in infected animals.
Many reports in the literature have not attempt-
ed to evaluate the effects of host sex and age on
the prevalence and intensity of B. procyonis (see
Snyder and Fitzgerald, 1985). In analyzing re-
lationships of host age and sex, it was found that
juvenile raccoons had a significantly higher (P <
0.005) prevalence and parasite intensity than did
adults (Table 2). In the other comparisons, no
significant differences (P < 0.05) in either prev-
alence or intensity were found (Table 2).

The mean number of male and female worms
per host was determined, and there was a male :
female ratio of approximately 1:1 (Table 2). Ka-
zacos (1982) found a male: female ratio of
1:1.5. Jones and McGinnes (1983) found a male:
female ratio of 1:2 in 19 infected raccoons. The
mean fecundity of one B. procyonis female in the
juvenile raccoons was calculated and found to
be approximately 178,000 eggs per day. Kazacos
(1982) calculated the mean fecundity of individ-
ual B. procyonis females to be 115,000 eggs per
day. The juvenile raccoon that was shedding
228,000 epg feces had 52 female worms, yielding
a mean fecundity per female of approximately
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Table 2. Age/sex relationships of Baylisascaris procyonis-infected raccoons collected in Illinoi s durin g Novem-
ber  and December  1980.

Host age/sex class

Al l animals (adult, juvenile, male,
and female) (N = 100)

Juvenile female (N = 36)
Juvenile male (N = 36)
Juvenile (male and female) (N = 72)
Adult (male and female) (N = 28)
Adult female (N = 12)
Adult male (N = 16)
Male (juvenile and adult) (N = 52)
Female (juvenile and adult (N = 48)

Number and
percent of
hosts in-
fected*

86 (86)
34 (94.4)
33(91.7)
67 (93.0)t
19(67.9)t
8 (66.7)

11 (68.8)
44 (84.6)
42(87.5)

Range
in

number
Mean parasite of

intensity para-
+

51.6
59.4
65.4
62.4
13.3
9.9

15.7
53.0
50.0

SE* sites

± 5.3 1-241
± 9.7 3-241
± 7.5

6.1f
2.7f
3.9
3.7
6.5

-201
-241
-37
-30
-37
-201

± 8.4 1-241

Mean
number
female
worms
±

27.8
31.1
35.6
33.3
7.2
4.6
9.3

29.7
26.4

SE

± 3.1
± 5.8
± 4.0
± 3.6
± 1.4
± 1.5
± 2.1
± 3.6
± 5.1

Range
in

number
of

female
worms

1-160
4-160
3-110
3-160
1-20
1-11
1-20
1-110
1-160

Mean
number

male
worms
±

26.7
29.2
32.3
30.7
9.6
9.4
8.9

26.8
26.7

SE

± 2.5
± 4.3
± 3.7
± 2.8
± 1.7
± 3.1
± 1.8
± 3.2
± 3.9

Range
in

number
of

male
worms

1-109
3-109
1-91
1-109
2-19
2-19
2-19
1-91
2-109

* Represents partial data from Snyder and Fitzgerald (1985).
f Significant difference (P < 0.005) between juvenile and adult prevalence and parasite intensity.

877,000 eggs per day. The mean fecundity of one
B. procyonis female in the adult raccoons was
approximately 179,000 eggs per day. This num-
ber probably should be higher, because imma-
ture worms were included when calculating the
mean number of female worms per infected adult
raccoon. This indicates that in adult raccoons,
those adult females present are able to produce
approximately the same number of eggs per fe-
male per day as compared to juveniles who have
a significantly higher intensity. As Olsen et al.
(1958) pointed out while examining the fecun-
dity of Ascaris suum, the daily egg production of
individual female ascarids, like that of other
nematodes, is probably influenced by the age of
the worms, the number of worms present, and
the physiological condition of the host. A great
deal of variability was noted when comparing
the number of eggs per gram of feces and the
intensity in individually infected animals (Fig.
1). The above data do indicate that infected rac-
coons, particularly juveniles, can shed large
numbers of potentially infective B. procyonis eggs
into the environment.

The embryonated eggs of this ascarid have been
shown to be highly pathogenic in a number of
mammalian and avian species (Snyder, 1983;
Kazacos and Kazacos, 1984). The eggs of B. pro-
cyonis collected in this study were shown to mi-
grate extensively and kil l when inoculated into
outbred laboratory mice, chickens (Gallus do-
mesticus}, and domestic dogs (Canis familiaris)

(Snyder, 1983). Sheep (Ovis aries) inoculated with
these embryonated eggs were refractory to ex-
tensive visceral migration, and the larvae were
walled off, forming small granulomata on the
serosal surface of the gastrointestinal tract (Sny-
der, 1983). It has also been shown that it takes
relatively few larvae in the CNS of small mam-
mals to cause severe CNS dysfunction (Tiner,
1953; Dubey, 1982). This marked pathogenicity
is directly related to the rapid growth and large
size of the larvae, and to their propensity to enter
and migrate in the CNS (Kazacos et al., 1981).
This ascarid has been linked to two fatal cases
of VLM in children, in which eosinophilic me-
ningoencephalitis was determined to be the cause
of death (Huff et al., 1984; Fox et al., 1985).

The information reported above on the prev-
alence and intensity of B. procyonis and its eggs
may aid public health officials, veterinarians, ep-
idemiologists, and others in assessing the poten-
tial human and animal health hazards associated
with environmental contamination by eggs of this
ascarid. It seems advisable that if raccoons, par-
ticularly juveniles, are kept in captivity for what-
ever reason, they should be systematically and
routinely treated with an appropriate anthel-
minthic to remove adult worms from the intes-
tine. Also, contaminated fecal matter should be
removed routinely and discarded properly. Ka-
zacos et al. (1983) described methods for decon-
taminating areas contaminated with B. procyonis
eggs.
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