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ABSTRACT: The prevalence of agglutinating antibodies to Toxoplasma
gondii was examined in striped skunks (Mephitis mephitis), opossums
(Didelphis virginiana), and raccoons (Procyon lotor) from 8 cities in
Connecticut. Ten (42%) of the 24 striped skunks, 2 of 7 (29%) opossums, and 12 of 12 (100%) raccoons were positive at dilutions of 1:50
or greater. These results suggest that T. gondii is prevalent in the environment, or prey items, or both, of these omnivores in Connecticut.

Toxoplasmosis is a zoonosis, and all warm-blooded vertebrates are
potentially susceptible to infection with this parasite. Oocysts excreted
by domestic cats and other felines, as well as tissue cysts in prey, are
sources of Toxoplasma gondii for domestic and wild animals. We are
interested in the transmission of T. gondii in wild animals that are in
contact with humans in urban areas (Hancock et al., 2005). The prevalence of antibodies to T. gondii in omnivores collected in urban areas
should reflect the presence of oocysts in the environment and tissue
cysts in food items of these animals.
Little is known about the prevalence of T. gondii in striped skunks
(Mephitis mephitis) or opossums (Didelphis virginiana). Toxoplasma
gondii genotype III was isolated from 3 of 6 asymptomatic striped
skunks from Mississippi (Dubey, Parnell et al., 2004). Two of the 3
isolated from these skunks were mouse pathogens even though they

TABLE I. Prevalence of agglutinating antibodies to Toxoplasma gondii
in striped skunks from 6 cities in Connecticut.
City

Sex

Age

Antibody titer

Branford
Cheshire
Durham
Madison
Middletown

Male
Female
Male
Female
Male
Female
Male
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Male
Female
Male
Female
Male
Female
Female

Adult
Juvenile
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Juvenile
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

,1:50
1:10
,1:50
$1:500
$1:500
,1:50
,1:50
,1:50
$1:500
,1:50
1:50
,1:50
1:100
1:100
,1:50
,1:50
,1:50
,1:50
1:100
,1:50
,1:50
1:100
,1:50
1:100

Wallingford

were molecularly consistent with the mouse avirulent genotype III.
Toxoplasma gondii (genotype not determined) has been isolated from
opossums (Smith and Frenkel, 1995). Many serosurveys indicate that
T. gondii is highly prevalent in raccoons (Procyon lotor) from the United States (reviewed by Hancock et al., 2005). All 3 genotypes of encysted T. gondii have been isolated from the tissues of naturally infected
raccoons (Lindsay et al., 1997; Dubey, Graham et al., 2004). The present study was conducted to determine the prevalence of agglutinating
antibodies to T. gondii in striped skunks, opossums, and raccoons from
Connecticut.
Sera from 24 striped skunks, 7 opossums, and 12 raccoons from
urban or peri-urban areas in 8 cities in Connecticut were examined for
agglutinating antibodies using the modified direct agglutination test
(MAT) for T. gondii employing formalin-fixed, RH strain tachyzoites
as antigen (Dubey and Desmonts, 1987). Animals used in this study
were collected alive with the assistance of nuisance wildlife control
personal in Connecticut. They were collected in the cities of Branford,
Cheshire, Hamden, Madison, and Wallingford in eastern New Haven
County and Durham, Killingworth, and Middletown in western Middlesex County. Animals were humanely killed. Blood was obtained immediately at death by cardiac puncture and placed into a collection tube.
The serum was collected and placed in a microcentrifuge tube and frozen at 270 C. Frozen sera were sent to the Center for Molecular Medicine and Infectious Diseases, Department of Biomedical Sciences and
Pathobiology, Virginia–Maryland Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, Virginia, for MAT. Sera were examined at dilutions of 1:50, 1:100, and 1:500 in the MAT.
Sera from 24 striped skunks collected in 6 cities were examined.
Thirteen were male, and 11 were female. All males were adults, 9 females were adults, and 2 were juveniles. Their collection locations are
presented in Table I. Sera from 7 opossum (4 males and 3 females; all
adults) and 12 raccoons (8 males and 4 females; all adults) were also
examined (Table II).
Ten (42%) of the 24 sera collected from striped skunks were positive
(Table I). Sera from 5 males were positive, and sera from 6 females
were positive. One of the 2 juvenile females was MAT-positive at a
dilution of 1:100 (Table I).

TABLE II. Prevalence of agglutinating antibodies to Toxoplasma gondii
in raccoons and opossums in 8 cities from Connecticut.

City
Branford
Cheshire
Durham
Hamden
Killingworth
Madison
Middletown
Wallingford

Number of
opossums†

Number of raccoons*
0
4
3
1
0
2
1
1

(1:100; 1:50; $1:500; $1:500)
(1:100; 1:100; $1:500)
($1:500)
(1:50; $1:500)
($1:500)
($1:500)

1
2
0
0
1
1
1
1

(,1:50)
(,1:50; ,1:50)

(,1:50)
(1:100)
($1:500)
(,1:50)

* All raccoons were positive (titer) for T. gondii in the agglutination test.
† Two of 7 opossums were positive (titer) for T. gondii in the agglutination test.

RESEARCH NOTES

Sera from 2 (29%) of the 7 opossums were positive in the MAT, and
all of the sera samples from the 12 raccoons were positive in the MAT.
Locations of the 8 cities from which animals were collected and MAT
titers are given in Table II.
Franti et al. (1976) found that 7 (22%) of 32 striped skunks from
northern California were positive for antibodies to T. gondii in the indirect hemagglutination test. Schowalter et al. (1980) reported that 81
(15%) of 542 of striped skunks, collected in the prairie of Alberta and
Saskatchewan were positive for antibodies to T. gondii in the indirect
hemagglutination test. Smith et al. (1992) found that 2 (29%) of 7
striped skunks from swine farms in central Iowa were positive in the
MAT, and Hill et al. (1998) found that 38 (47%) of 81 striped skunks
from Iowa were positive in the MAT. These findings are similar to the
42% prevalence reported in the present study.
Smith et al. (1992) reported that 1 (3%) of 34 opossums from swine
farms in central Iowa were positive in the MAT, and Hill et al. (1998)
reported that 12 (23%) of 53 opossums from Iowa were positive in the
MAT. The finding of 29% prevalence in opossums in the present study
is only slightly higher than that of Hill et al. (1998).
All the raccoons in the present study presented serological evidence
of T. gondii infection. Hancock et al. (2005) reviewed the serological
prevalence data on raccoons in the United States and reported that studies indicated that from 15 to 84% of raccoons examined using the MAT
were positive.
We thank Peter Aubrey for assistance in collection of animals. Supported in part by a BRIDGE grant, Virginia–Maryland Regional College
of Veterinary Medicine to D. S. L. and a grant from the Faculty Research Committee, Quinnipiac University to D. J. R.
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A Simple Molecular Technique for Identifying Marine Host Fish by Sequencing
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ABSTRACT: Gnathiid isopods are common ectoparasites of fish on the
Great Barrier Reef, Australia. While screening for appropriate markers
for phylogenetic studies of gnathiids, we found that primers for 12S
and 16S rDNA preferentially amplified the host fish DNA instead of
gnathiid DNA. This amplification occurred even when using gnathiids
that were not engorged with host blood and adult gnathiids that do not
feed on fish blood. This method could be used in host–parasite studies
to identify hosts without having to sample parasites directly from the
host (which can be costly and requires considerable skill in a marine
environment). Target ribosomal DNA sequences can be amplified from
total DNA extracted from parasites that are captured in funnel traps or
plankton tows. Sequence data from these can be used to identify the
hosts that gnathiids were feeding on before capture.

Gnathiid isopods (Gnathia spp.) have been found on 70% of 56 species of reef fish surveyed on the Great Barrier Reef (Grutter and Poulin,
1998). Gnathiids can inflame and destroy mucosal tissue, causing bacterial infections (Honma and Chiba, 1991), and they are known to kill
captive fish if they are present in high densities (Paperna and Por, 1977;

Mugridge and Stalleybrass, 1983). They also lower hematocrit levels of
their hosts (Jones and Grutter, 2005). Gnathiid infestation on the Great
Barrier Reef seems to be very high. Grutter (1996) showed that after
the number of gnathiids on the labrid host fish Hemigymnus melapterus
was experimentally reduced, gnathiid loads doubled 24 hr after the manipulation.
Gnathiids are crustaceans in which only the juvenile stages (1–3 mm)
feed on fish blood and plasma (Monod, 1926; Grutter, 2003). After
proceeding through 3 juvenile stages (feeding and returning to the benthos to molt at each stage), they molt to adulthood (after approximately
1 mo). They live in the benthos in this stage, mate, and do not feed
(Monod, 1926). Little is known about host preferences or methods of
host detection in gnathiids (or most other marine ectoparasites). Studies
ranging from basic ecology to host parasite coevolution require information on the hosts that parasites feed on in their natural environment.
A method for identifying host fish without requiring the sampling of
the parasite directly from the host would be invaluable because host
capture can be time-consuming and requires considerable skill. Here,
we describe a method that allows for the identification of host fish to

