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Raccoon roundworm, Baylisascaris procyonis, is a zoonotic parasite of raccoons (Procyon lotor) that needs a One
Health approach to better inform risks to human and animal health. The few studies on B. procyonis in wild
rodents have primarily focused on white-footed mice (Peromyscus leucopus). This study aimed to determine the
prevalence and rodent host range of B. procyonis in Georgia (USA) and investigate differences in prevalence at
urban/fragmented sites and rural/agriculture sites. We sampled 99 rodents of five species. Larvae were recovered
from seven of 78 (9.0%) white-footed mice with a mean of 4.4 larvae (range 1-12). One mouse had a single larva

in the brain. Prevalence was not different between urban and rural sites. This report extends the geographic
range of this parasite and confirms that rodents serve as paratenic hosts in the southern range. Therefore,
baylisascariasis should be considered a differential for neurologic domestic animals, wildlife, or people in this

region.

1. Introduction

Baylisascaris procyonis (raccoon roundworm) is a zoonotic parasite of
raccoons (Procyon lotor). Because this parasite has a complex life cycle
involving many wild and domestic hosts, including humans as acci-
dental hosts, this parasite is best studied using a One Health approach.
Characterizing disease risk and understanding factors contributing to
the maintenance and transmission of B. procyonis are particularly
important due to the potential for devastating larva migrans-related
disease across the myriad paratenic host species. The adaptability of
raccoons to human environments is a public health risk, particularly for
young children who may put feces or contaminated objects into their
mouths, and concerns also exist regarding its impact on ecologically
important, vulnerable paratenic host species [1]. Anthropogenic factors
such as raccoon or parasite introduction events and habitat changes are
likely altering transmission risk across its geographic range.

The distribution of B. procyonis in North America is broad, with the
highest prevalences reported in the Midwest, Northeast, and Western
regions [1]. Historically, B. procyonis has been rare or absent in the
southeastern US, although in recent years, infections have been reported

in Georgia, North Carolina, Tennessee, and Florida [2-6], although
prevalence and distribution within these states appears to be focal.
Rodents are one of the more common paratenic hosts reported for
B. procyonis and they become infected when foraging in raccoon latrine
sites or by grooming contaminated fur [1,7]. Most larvae become
encapsulated in organs or tissues after somatic migration, although some
larvae can migrate into the eyes and cause blindness or enter the nervous
tissue causing neurologic disease and potentially death [1,8]. Although
clinical disease of naturally-infected rodents has been reported from
dozens of species, natural asymptomatic infections have only been re-
ported in white-footed mice (Peromyscus leucopus) in the Eastern United
States, and deer mice (P. maniculatus), Western harvest mice (Rei-
throdontomys megalotis) and invasive black rats (Rattus rattus) in Cali-
fornia [8-10]. Experimentally, white-footed mice can survive infections
when exposure burdens are low, and they have prolonged survival times
compared to other Peromyscus spp. (including P. maniculatus) and lab-
oratory mice (Mus musculus) [8].

Human activity has a profound effect on habitats and these changes
can affect pathogen transmission and disease risk. Studies on the impacts
of urbanization on B. procyonis prevalence in raccoons are inconclusive
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with some studies reporting higher prevalence in raccoons and white-
footed mice in urban landscapes [11,12]; while others find no rela-
tionship between landscape type and B. procyonis infections [13,14].
However, urban landscapes can have high densities of rodents and
raccoons in small areas which could increase transmission. Habitat
fragmentation can also alter infection risk [11,15].

Because few studies have investigated the prevalence of B. procyonis
in wild rodents, and those studies in the Eastern United States focused on
white-footed mice, the primary goal of this study was to determine the
prevalence and host range of B. procyonis in rodents in the Piedmont of
Georgia. In addition, we sampled urban/fragmented sites and rural/
agriculture sites to investigate differences in B. procyonis prevalence.

2. Materials and methods

Rodents were trapped in two urban/fragmented and three rural/
agriculture sites in three neighboring counties of Georgia in 2014-2015
using Sherman box traps (H.B. Sherman Inc., Tallahassee, FL, USA)
baited with birdseed and dry oatmeal during summer (April-October)
and birdseed and peanut butter during winter months (Novem-
ber-March) (Table 1; Supplemental Fig. 1). Urban/fragmented sites
were defined in this study as sites that were forested areas located within
8 km of the University of Georgia (UGA)’s campus, with Whitehall
Forest being an 840 acre forest with residences and University buildings
in and around the forest. Our rural sites were located greater than 8 km
from the UGA campus and consisted of large areas of agricultural land
with some forested land on or surrounding the site. Traps were set in the
evening and checked in the morning (08:00 in summer and 09:00 in
winter). Rodents were anesthetized via isoflurane inhalation and
euthanized by cervical dislocation followed by exsanguination (cardiac
puncture). All animal capture and sampling methods were reviewed and
approved by the UGA IACUC (A2014-01-007).

Immediately after euthanasia, rodents were skinned and necropsied.
Each animal was examined for visible granulomas or lesions and food

Table 1

Baylisascaris procyonis prevalence in brain and body samples from rodents from
three counties (Athens-Clarke, Jackson and Oconee) in the Piedmont region of
Georgia, USA.

Site County Classification Species No. Positive
(%)
n
Brain  Body
SCWDS- Athens- Urban/ Peromyscus 41 1 5
RS Clarke fragmented leucopus )+ (12)
Peromyscus 4 0 0
polionotus
Sigmodon 2 0 0
hispidus
Tamias 5 0 0
striatus
Rattus 1 0 0
norvegicus
WHEF Athens- Urban/ Peromyscus 12 0 0
Clarke fragmented leucopus
Peromyscus 1 0 0
polionotus
Sigmodon 1 0 0
hispidus
UGA HF Oconee Rural/ Peromyscus 1 0 0
agriculture leucopus
UGARCF Oconee Rural/ Peromyscus 8 0 0
agriculture leucopus
Sigmodon 7 0 0
hispidus
BC Jackson Rural Peromyscus 16 0 2
leucopus 13)
Total 9 1 7

" This individual was positive in both the brain and body samples.
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and fecal matter was removed from the gastrointestinal tract. To detect
larvae in the brain tissue, whole brains were removed, pressed between
two glass plates (12.7 mm diameter), and examined under a dissecting
microscope (X30). To detect larvae in tissues, visceral organs and skel-
etal muscles were artificially digested together. Rodent tissues were
comminuted with 100-200 mL of 1% pepsin/1% HCI in 0.85% NaCl
solution using a blender (100 mL for smaller rodents, and 200 mL were
used for larger rodents). The solution was stirred on a hot plate with a
magnetic stir bar at 37 °C until fully digested (1-2 h for mice and 2-4 h
for rats/chipmunks). When the contents were completely digested, the
solution was poured through cheesecloth into a flask. The solution was
allowed to settle for 15-20 min, was decanted, and then the undisturbed
pellet was washed with water and allowed to settle again as described
above. After decanting a second time, the remaining fluid and pellet was
examined under a dissecting microscope (X30). Statistical differences
were determined using Chi Squared Significance Test.

3. Results

A total of 99 rodents of five species were sampled (78 white-footed
mice, 10 cotton rats [Sigmodon hispidus], five oldfield mice [Peromy-
scus polionotus], five eastern chipmunks [Tamias striatus], and one Nor-
way rat [Rattus norvegicus]) (Table 1). Larvae consistent with
B. procyonis were recovered from seven white-footed mice (9.0% prev-
alence). Body tissues of infected white-footed mice had a mean of 4.4
larvae (range of 1-12). Only one white-footed mouse had a single larva
detected in the brain tissue and it was the rodent with the highest burden
in the body (Table 1; Fig. 1).

Infected mice were only detected at two sites (one urban and one
rural), but no difference in prevalence was noted by site classification
(X2 =0.096, p = 0.7563). Overall, at urban sites, 5/53 (9.4%) mice were
positive for B. procyonis while 2/25 (8%) mice sampled from rural sites
were positive. From the locations where infection was noted, at the
specific positive sites, 14% (5/35) of white-footed mice at the urban site
and 13% (2/16) at the rural site were positive. None of the rodents
captured for this project showed any obvious clinical signs of infection
(i.e. neurologic behavior, lethargy, scruffy coat); however, to reduce
stress on animals, the time of animal handling prior to euthanasia was
minimized. Therefore some animals could have been exhibiting minor
signs that may have been missed.

4. Discussion

We detected B. procyonis in wild-caught white-footed mice in two
counties in central Georgia, one of which (Jackson) represents a new
county record. Four other rodent species were negative; however,
sample sizes were small, and it is possible that infected individuals
succumb to larva migrans or are predated quickly and thus would not be
captured [1]. While artificial tissue digestion is considered a gold
standard for larvae recovery from infected animals, performance for
light infections can be hampered by various factors (e.g. larval viability,
loss of larvae in filtration and decanting steps, etc.). Serologic testing has
been proposed for overcoming the drawbacks and low sensitivity of
artificial digestion or direct tissue examination methods. However,
meaningful, accurate interpretation of antibody-based assays in wild
rodent populations is challenging [16].

Variable susceptibility to B. procyonis larval migrans-related disease
has been shown for several Peromyscus spp. with white-footed mice
showing prolonged survival compared to P. maniculatus, P. polionotus,
and P. cadlifornicus, regardless of dose [8]. For white-footed mice,
significantly more larvae were recovered from the intestinal tract and
abdominal organs showing a better ability to prevent larvae from
entering the skeletal muscles and central nervous tissue. Comparatively
little is known about comparative susceptibility and disease risk for
other wild rodent species; however, studies have found that a variety of
rodent species will forage and utilize raccoon latrine sites and rats, in
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Fig. 1. Number of larvae recovered from individual Baylisascaris procyonis-positive white-footed mice (Peromyscus leucopus) sampled during the at rural (Bear Creek)

and urban (River Storage) sites in Georgia, USA.

particular, using these sites commonly [17]. Additionally, there is
concern for some endangered species such as Key Largo cotton mice
(Peromyscus gossypinus allapaticola) and woodrats (Neotoma spp.), which
are species that cache food and thus may increase risk of infection
[18,19].

Habitat type can be an important factor in animal ecology and
parasite transmission dynamics. Previous studies have found that urban
and fragmented sites have an increased prevalence of B. procyonis in
white-footed mice versus rural or less disturbed sites, but we did not find
any difference in prevalence of larvae from rodents based on habitat
[12,15]. However, we only had one positive site within each habitat
type which precludes definitive comparison. Other studies on the rela-
tionship of B. procyonis prevalence in raccoons and habitat type have
been inconclusive [13,14,20]. The impact of paratenic host ecology in
this context requires further investigation.

The detection of B. procyonis infections in white-footed mice in
central Georgia extends the geographic range of this parasite and con-
firms that rodents serve as paratenic hosts in its southern range. Previ-
ously, infections have only been reported in raccoons and dogs in the
Southeastern United States [2-6,21]. Thus, Baylisascaris should be
considered a differential for neurologic animals in this region. Ulti-
mately, the contribution of paratenic hosts to the maintenance and
transmission of this parasite is one such piece of the puzzle, however
such studies are scarce compared to those on the racoon definitive host.
To better understand the risks of this parasite to humans and animals, an
interdisciplinary approach within a One Health framework is important
because of the large paratenic host range, variable host-related factors
related to likelihood of disease, impact of the environment on preva-
lence and distribution of the parasite, etc. Future studies should
continue to investigate host- and environmental- impacts on the prev-
alence and distribution of this parasite, especially in areas where it is
considered rare or emerging in the United States and internationally.
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