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natural infection with P. nucleophilum has not been recorded in the 
blackcap (Bennett et al., 1982; Bishop and Bennett, 1992; Valkiminas, 
1997). 

The data presented in our study are in accordance with information 
about the huge genetic divergence that is documented for avian malaria 
parasites and other hemosporidians recorded using polymerase chain 
reaction-based techniques (Ricklefs and Fallon, 2002; Bensch and 
Akesson, 2003). More field and experimental transmission investiga- 
tions, combined with a molecular approach, are needed to gain sufficient 
knowledge regarding the speciation of avian malaria parasites and the 
mechanism that accounts for their host restriction, particularly because 
of the large ranges of their vertebrate hosts and their immense geo- 
graphic ranges in all parts of the world. 

The authors are grateful to Eva Nivinski and Olga Dolnik for help 
with the caring for and bleeding of birds. This article benefited from 
comments made by Richard W Ashford and 2 anonymous reviewers. 
The present study was generously supported by the European Science 
Foundation, the Institute of Avian Research 'Vogelwarte Helgoland,' 
Germany, the Lithuanian State Science and Studies Foundation, and the 
Wellcome Trust. 
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ABSTRACT: Of the 18 trematode species that use the horn snail, Cer- 
ithidea californica, as a first intermediate host, 6 have the potential to 
use raccoons as a final host. The presence of raccoon latrines in Car- 

pinteria Salt Marsh, California, allowed us to investigate associations 
between raccoons and trematodes in snails. Two trematode species, Pro- 
bolocoryphe uca and Stictodora hancocki, occurred at higher preva- 
lences in snails near raccoon latrines than in snails away from latrines, 
suggesting that raccoons may serve as final hosts for these species. 
Fecal remains indicated that raccoons fed on shore crabs, the second 
intermediate host for P. uca, and fish, the second intermediate host for 
S. hancocki. The increase in raccoon populations in the suburban areas 
surrounding west coast salt marshes could increase their importance as 
final hosts for trematodes in this system. 

Upstream host communities should strongly affect the composition 
of parasite communities in downstream hosts. As a consequence, par- 
asite communities in downstream hosts should indicate the composition 
of upstream-host communities. We used this logic to indirectly deter- 
mine whether raccoons serve as final hosts for trematodes in west coast 
salt marshes by studying associations between raccoon latrines and the 
prevalence of trematodes in snails at the Carpinteria Salt Marsh, Cali- 
fornia. 

Trematodes in west coast salt marshes use Cerithidea californica (and 
closely related snail species in more southern latitudes) as first inter- 
mediate hosts. Birds are common predators on second intermediate 
hosts, e.g., polychaetes, snails, clams, crabs, and fishes, and all 18 trem- 
atode species that infect C. californica use birds as final hosts; none is 
known from wild mammals. Mammals are less common in salt marshes 
than birds, a potential explanation for why they have not been consid- 
ered as final hosts. However, some trematodes that use C californica 
have the potential to infect mammals. 

Tracks of the raccoon, Procyon lotor, are common on mudflats and 
tidal channels, where their broad diet would expose them to several 
species of second intermediate hosts. The tendency of raccoons to def- 
ecate in communal latrines aided our investigation of the importance of 
raccoons as hosts. Some latrines occur on logs that are adjacent to 
habitat that supports populations of C. californica. Trematodes that reg- 
ularly complete their life cycle within raccoons should be more common 
in first intermediate host snails occurring near latrines than in snails 
occurring away from latrines. 

To avoid making this comparison for all 18 trematode species (which 
would increase the probability of a type 1 statistical error), we examined 
the life cycle of each trematode species to assess which ones might be 
viable in mammals. For example, Probolocoryphe lanceolata (glandu- 
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natural infection with P. nucleophilum has not been recorded in the 
blackcap (Bennett et al., 1982; Bishop and Bennett, 1992; Valkiminas, 
1997). 

The data presented in our study are in accordance with information 
about the huge genetic divergence that is documented for avian malaria 
parasites and other hemosporidians recorded using polymerase chain 
reaction-based techniques (Ricklefs and Fallon, 2002; Bensch and 
Akesson, 2003). More field and experimental transmission investiga- 
tions, combined with a molecular approach, are needed to gain sufficient 
knowledge regarding the speciation of avian malaria parasites and the 
mechanism that accounts for their host restriction, particularly because 
of the large ranges of their vertebrate hosts and their immense geo- 
graphic ranges in all parts of the world. 
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losa) in Florida parasitizes raccoons (Heard and Sikora, 1969), rice rats 
(Kinsella, 1988), and a wide variety of birds (Heard and Sikora, 1969), 
suggesting that Probolocoryphe (Maritrema) uca in California, might 
parasitize raccoons. Probolocoryphe uca uses crabs as a second inter- 
mediate host. Other trematodes from C. californica believed to primar- 
ily use birds as final hosts might also infect mammals, as demonstrated 
in experiments or from observations of closely related species. Adults 
of Euhaplorchis californiensis (which encyst on the brain of the second 
intermediate host, the killifish Fundulus parvipinnis) and Phocitremo- 
ides ovale (which encyst under the scales of several salt marsh fish 
species) can parasitize mammals in experimental infections (Martin, 
1972). Although Stictodora hancocki (which encyst in the tissues of 
several salt marsh fish species) is only known to use bird as final hosts 
(Martin, 1972), adults of a similar species, Stictodora cursitans, from 
Florida, infect a wide range of mammals, including raccoons (Kinsella 
and Heard, 1974). Mesostephanus appendiculatus (that encysts in the 
musculature of several salt marsh fish species) occurs in shorebirds 
(Martin, 1972). However, Hutton and Sogandares-Bernal (1964) suc- 
cessfully infected a raccoon from Florida with Mesostephanus appen- 
diculatoides by feeding it infected mullet. Finally, Acanthoparyphium 
spinulosum, a trematode that uses mollusks as second intermediate 
hosts, will develop to maturity in rats (T Huspeni, pers. obs.). 

In mid-November, we collected 2 snail populations near substantial 
raccoon latrines in the Carpinteria Salt Marsh. From the first, we col- 
lected 306 snails from a pan that contained a large latrine on a stump. 
From the second, we collected 30 snails from a small tidal channel 
adjacent to a stump with a medium-size latrine. We found 3 other la- 
trines, but their small size or lack of adjacent snail populations (or both) 
precluded their use in this study. Snails from 14 other sites distributed 
through the marsh were also sampled for trematodes during the first 2 
wk of August 2004. Of these, 7 were from tidal channels (a habitat 
similar to the location of the snails adjacent to the medium latrine) and 
7 were from pans or flats (habitats similar to the location of the snails 
adjacent to the large latrine). 

We collected 10 fecal samples at the larger latrine between 13 and 
20 March 2004. We chose samples so that each appeared to be from a 
separate defecation event, although it was impossible to determine how 
many raccoons contributed to the samples. Samples were mixed thor- 
oughly with 15 ml of zinc sulfate solution by rotating the fecal insert 
inside an OVASSAY Plus fecal device. Cover slips (25 X 25 mm) were 
placed on the meniscus of the fecal device for 10 min, and the floating 
material adhering to the cover slips was inspected for the presence of 
trematode eggs under a compound microscope. 

Where possible, 200 snails were collected from each of the sites and 
distributed evenly between 20-25 and 25-30 mm size classes. Snails 
were dissected and trematode infections were identified to species (Mar- 
tin, 1972). The prevalence (Bush et al., 1997) of each trematode species 
was calculated. For species with the potential to use mammals and 
having a prevalence high enough to analyze (>1%), we investigated 
the effects of snail size class, habitat type, and the presence of a latrine 
on trematode prevalence. 

Of the 11 collected fecal samples, 8 were sufficiently fresh to assess 
diet. Two of the samples contained egg-like items with filaments, but 
because there was no clear operculum, this prevented confirmation as 
trematode eggs. Five samples contained remains of large numbers of 
shore crabs, probably Pachygrapsus crassipes. One fecal sample in- 
cluded only fish bones, and 2 samples contained fish bones and crab 
carapaces. No mollusk remains was found in the fecal samples. These 
results suggest that raccoons ingest metacercariae of trematodes that use 
crabs and fishes as second intermediate hosts. Four fecal samples had 
larval nematodes of Baylisascaris procyonis, the common raccoon 
roundworm. Larvae of Enterobius sp. (nematode) and Entamoeba muris 
(protozoan) also occurred in the feces. 

We collected 336 snails at latrine sites and 2,698 snails at nonlatrine 
sites. Mesostephanus appendiculatus and P. ovale were too rare (<1% 
prevalence) for an analysis to be completed, and it seems unlikely that 
raccoons play an important role in their transmission. The angular trans- 
formation (arcsine of the square root of the proportion infected) was 
used to help normalize the distribution of prevalence for statistical com- 
parisons (to ease interpretation, we present the actual values of preva- 
lence instead of the transformed values). A separate linear model was 
determined for each species by determining whether snail size class, 
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FIGURE 1. Comparison of prevalence of trematodes, by species, at 
sites near and faraway from raccoon latrines in Carpinteria Salt Marsh, 
California. Error bars are SEs. Probolocoryphe uca and Stictodora han- 
cocki were significantly more prevalent near raccoon latrines. 

habitat, or latrine explained a significant proportion of the variance in 
transformed prevalence. 

Size and habitat, but not latrine, affected the prevalence of E. cali- 
forniensis. Latrine sites (24%) did not have significantly different prev- 
alence than nonlatrine sites (18%) (df= 1, F-ratio = 0.20, P = 0.67). 
Size did not affect the remaining 3 species, and data from the 2 size 
classes were combined. The prevalence of A. spinulosum did not differ 
among habitat or significantly between latrines (average= 0.5%) and 
nonlatrine sites (average= 2.3%) (N= 16, df= 1, F-ratio= 0.79, P 

= 0.39). The prevalence of P. uca, however, was significantly higher 
at latrine sites (7.1%) than at the nonlatrine sites (1.8%) (N= 16, df= 
1, F-ratio= 8.37, P= 0.0126). This pattern is consistent with the 
prediction that raccoon latrines serve as sites of focal transmission for 
P. uca (Fig. 1). There was a marginally independent effect of habitat 
type on the prevalence of P. uca. Channel sites (1.7%) had a lower 
prevalence than flat and pan sites (3.4%) (N= 16, df= 1, F-ratio= 
4.66, P = 0.050). The prevalence of S. hancocki was significantly high- 
er in the latrine sites (14.6%) than at the nonlatrine sites (1.6%) (N= 
16, df= 1, F-ratio= 14.08, P= 0.0024), an effect due greatly to a 
high prevalence of S. hancocki at the smaller latrine site (Fig. 1). There 
was an independent effect of habitat type on the prevalence of S. han- 
cocki. Channel sites (5.4%) had a higher prevalence than flat and pan 
sites (1.0%) (N = 16, df = 1, F-ratio = 4.95, P = 0.0445). 

Multiple statistical comparisons, such as for the 4 species cited above, 
require an adjustment of the critical P-value to assess significance. Ap- 
plication of the Bonferroni correction indicated that the equivalent of a 
0.05 critical P-value for a set of 4 similar tests is 0.0127. The P-values 
for P. uca and S. hancocki were both below this adjusted level and, 
therefore, indicated statistically significant differences between latrine 
and nonlatrine sites for these species. 

Raccoons forage on shore crabs and fishes in Carpinteria Salt Marsh. 
These prey serve as second intermediate hosts for some trematodes that 
use the California horn snail, C. californica, as a first intermediate host 
and birds as final hosts. Some of these species are able to use mammals 
as final hosts and, therefore, could infect raccoons that eat infected crabs 
or fish. Comparisons between trematode communities in snails at latrine 
and nonlatrine sites indicated a 4-fold higher prevalence of P. uca (a 
species using shore crabs as second intermediate hosts) and an 8-fold 
higher prevalence of S. hancocki (a species using fishes as second in- 
termediate hosts) adjacent to raccoon latrines. These correlative data are 
consistent with the hypothesis that raccoons are likely to be hosts for 
P. uca and S. hancocki in California Salt Marshes. Direct support for 
this hypothesis was not found from the examination of raccoon feces. 
However, fecal examination for eggs is often an insensitive means of 
assessing parasitism. Necropsy of raccoons that forage in salt marshes 
would be necessary to conclude that raccoons serve as final hosts for 
P. uca and S. hancocki. 

A possible alternative explanation for our results is that birds use 
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stumps for perches and, therefore, transmit trematode eggs at raccoon 
latrines more than at sites without stumps. Another possibility is that 
trematode prevalence was higher in November (when collected from 
the latrine sites) than in August (when collected from the control sites). 
Either alternative would predict that the entire trematode community 
(not just those suspected of using raccoons) would be more prevalent 
at the latrine sites. However, when averaged or summed, the other 12 
species of trematodes were not associated with latrines. The summed 
prevalence of nonraccoon trematodes found in 20- to 25-mm snails was 
the same (34% vs. 33%) in latrine and nonlatrine sites, and the preva- 
lence of nonraccoon trematodes found in 25- to 30-mm snails was lower 
(46 vs. 81%) at latrine than at nonlatrine sites. Data on the entire com- 
munity of trematodes will be analyzed for future publications. 

Other trematode species with the potential to use raccoons as final 
hosts were either too rare to evaluate or did not have a positive asso- 
ciation with latrines. Of the relatively common trematode species with 
the potential to infect mammals that were not associated with latrines, 
one, A. spinulosum, uses mollusks as a second intermediate host that, 
according to the limited diet information available, may not be impor- 
tant prey for raccoons in this system. The other, E. californiensis, is 
specific to 1 species of fish (F. parvipinnis) that might not be commonly 
preyed on by raccoons. 

Latrines result in a high degree of aggregation of raccoon feces, and 
this should lead to spatial structure in transmission of the trematode 
eggs/miracidia in these feces. Although the prevalence of P. uca and S. 
hancocki were much higher near latrine than at nonlatrine sites, latrines 
were relatively rare within the marsh, suggesting that, at the scale of 
the salt marsh, transmission of trematodes by raccoons contributed to a 
relatively small proportion of the total population of these 2 species in 
the salt marsh, relative to transmission by birds. 

Urbanization may be changing the abundances of shorebirds and rac- 
coons in this system. A decrease in the area of salt marsh habitat due 
to development could crowd shorebirds into remaining areas, whereas 
degradation of some habitats might reduce bird use. Either pattern could 
alter parasitism (Holmes, 1996). Urbanization favors raccoons by pro- 
viding a convenient source of food and a dearth of top predators (DeLap 
and Knight, 2004). These factors may have changed and will continue 
to change the relative importance of raccoons and birds as hosts for 
trematodes in California Salt Marshes. 

T. Huspeni assisted with assessment of the fecal samples. Many in- 

dividuals assisted by dissecting snails from the control sites. R. Hech- 
inger and K. Phillips provided comments on an early draft. This man- 
uscript has also benefited from support received from the National Sci- 
ence Foundation through the NIH/NSF Ecology of Infectious Disease 
Program (DEB-0224565) and a grant from the U.S. Environmental Pro- 
tection Agency's (EPA) Science to Achieve Results (STAR) Estuarine 
and Great Lakes (EaGLe) program through funding to the Pacific Es- 
tuarine Ecosystem Indicator Research (PEEIR) Consortium, U.S. EPA 
Agreement R-882867601. However, it has not been subjected to any 
EPA review and therefore does not necessarily reflect the views of the 
Agency, and no official endorsement should be inferred. The University 
of California Natural Reserve System provided access to Carpinteria 
Salt Marsh. 

LITERATURE CITED 

BUSH, A. O., K. D. LAFFERTY, J. M. FONT, AND A. W. SHOSTAK. 1997. 
Parasitology meets ecology: Definitions, clarifications, examples 
and Margolis et al. revisited. Journal of Parasitology 83: 575-583. 

DELAP, J. H., AND R. L. KNIGHT. 2004. Wildlife response to anthropo- 
genic food. Natural Areas Journal 24: 112-118. 

HEARD, R. W., AND W. B. SIKORA. 1969. Probolocoryphe otagaki, 1958 
(Trematoda: Microphallidae), a senior synonym of Mecynophallus 
Cable, Conner, and Balling, 1960, with notes on the genus. Journal 
of Parasitology 55: 674-675. 

HOLMES, J. C. 1996. Parasites as threats to biodiversity in shrinking 
ecosystems. Biodiversity and Conservation 5: 975-983. 

HUTTON, R. E, AND E SOGANDARES-BERNAL. 1964. A list of parasites 
from marine and coastal animals of Florida. Transactions of the 
American Microscopical Society 79: 287-292. 

KINSELLA, J. M. 1988. Comparison of helminthes of rice rats, Oryzonmys 
palustris, from freshwater and saltwater marshes. Proceedings of 
the Helminthological Society of Washington 55: 275-280. 

_- , AND R. W. I. HEARD. 1974. Morphology and life cycle of Stic- 
todora cursitans N. Comb. (Trematoda: Heterophyidae) from mam- 
mals in Florida salt marshes. Transactions of the American Micro- 
scopical Society 93: 408-412. 

MARTIN, W. E. 1972. An annotated key to the cercariae that develop in 
the snail Cerithidea californica. Bulletin of the Southern California 
Academy of Sciences 71: 39-43. 

J. Parasitol., 91(2). 2005. pp. 476-479 
,C American Society of Parasitologists 2005 

Expression of P23 of Cryptosporidium parvum in Toxoplasma gondii and Evaluation of 
its Protective Effects 

Hiroaki Shirafuji, Xuenan Xuan*, Isao Kimatat, Yasuhiro Takashimat, Shinya Fukumoto, Haruki Otsuka, Hideyuki Nagasawa, and 
Hiroshi Suzuki, National Research Center for Protozoan Diseases, Obihiro University of Agriculture and Veterinary Medicine, Inada-cho, 
Obihiro, Hokkaido 080-8555, Japan; *To whom correspondence should be addressed; tDepartment of Medical Zoology, Faculty of Medicine, 
Osaka City University, Abeno-ku, Osaka 545-8585, Japan; fDepartment of Global Agricultural Science, Graduate School of Agriculture and 
Life Science, The University of Tokyo, Bunkyo-ku, Tokyo, Japan. e-mail: gen@obihiro.ac.jp 

ABSTRACT: In this study, P23 of Cryptosporidium parvum sporozoites, 
an immunodominant surface protein, was stably expressed in Toxo- 
plasma gondii (Tg/P23) and its protective effects were evaluated in a 
mouse model. The molecular weight and antigenic property of P23 ex- 
pressed by Tg/P23 were similar to those of the native P23. Mice im- 
munized with lysed Tg/P23 tachyzoites produced specific neutralizing 
antibodies against C. parvum. These findings indicate that the T. gondii 
vector may provide a new tool for the production of a recombinant 
vaccine against cryptosporidiosis in animals. 

Cryptosporidium parvum is a coccidian parasite that infects the in- 
testinal epithelium in humans and animals (Fayer et al., 1997). Exposure 
of immunocompetent individuals to C. parvum results in a transient 
infection that may be asymptomatic or can result in self-limited diar- 

rhea. In contrast, diarrhea persists and is life-threatening in immuno- 
compromised patients, especially individuals with human immunodefi- 
ciency virus-acquired immune deficiency syndrome (Brasseur, 1997: 
Okhuysen and Chappell, 2002). The contamination of watersheds by 
cattle feces has been indicated as a primary source of outbreaks in 
human populations (Smith and Rose, 1990). Therefore, controlling C. 
parvum infections in cattle is important to resolve public health con- 
cerns. However, to date, there are no effective vaccines for cryptospo- 
ridiosis (de Graaf et al., 1999). 

A 23-kDa glycoprotein (P23) of C. parvum was identified as an an- 
tigen with neutralization-sensitive epitopes, and, therefore, it is consid- 
ered to be a good candidate for the development of an effective vaccine 
against cryptosporidiosis (Perryman et al., 1996, 1999). It was reported 
that immunization with a recombinant protein containing the amino acid 
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stumps for perches and, therefore, transmit trematode eggs at raccoon 
latrines more than at sites without stumps. Another possibility is that 
trematode prevalence was higher in November (when collected from 
the latrine sites) than in August (when collected from the control sites). 
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at the latrine sites. However, when averaged or summed, the other 12 
species of trematodes were not associated with latrines. The summed 
prevalence of nonraccoon trematodes found in 20- to 25-mm snails was 
the same (34% vs. 33%) in latrine and nonlatrine sites, and the preva- 
lence of nonraccoon trematodes found in 25- to 30-mm snails was lower 
(46 vs. 81%) at latrine than at nonlatrine sites. Data on the entire com- 
munity of trematodes will be analyzed for future publications. 
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the salt marsh, relative to transmission by birds. 

Urbanization may be changing the abundances of shorebirds and rac- 
coons in this system. A decrease in the area of salt marsh habitat due 
to development could crowd shorebirds into remaining areas, whereas 
degradation of some habitats might reduce bird use. Either pattern could 
alter parasitism (Holmes, 1996). Urbanization favors raccoons by pro- 
viding a convenient source of food and a dearth of top predators (DeLap 
and Knight, 2004). These factors may have changed and will continue 
to change the relative importance of raccoons and birds as hosts for 
trematodes in California Salt Marshes. 

T. Huspeni assisted with assessment of the fecal samples. Many in- 

LITERATURE CITED 

BUSH, A. O., K. D. LAFFERTY, J. M. FONT, AND A. W. SHOSTAK. 1997. 
Parasitology meets ecology: Definitions, clarifications, examples 
and Margolis et al. revisited. Journal of Parasitology 83: 575-583. 

DELAP, J. H., AND R. L. KNIGHT. 2004. Wildlife response to anthropo- 
genic food. Natural Areas Journal 24: 112-118. 

HEARD, R. W., AND W. B. SIKORA. 1969. Probolocoryphe otagaki, 1958 
(Trematoda: Microphallidae), a senior synonym of Mecynophallus 
Cable, Conner, and Balling, 1960, with notes on the genus. Journal 
of Parasitology 55: 674-675. 

HOLMES, J. C. 1996. Parasites as threats to biodiversity in shrinking 
ecosystems. Biodiversity and Conservation 5: 975-983. 

HUTTON, R. E, AND E SOGANDARES-BERNAL. 1964. A list of parasites 
from marine and coastal animals of Florida. Transactions of the 
American Microscopical Society 79: 287-292. 

KINSELLA, J. M. 1988. Comparison of helminthes of rice rats, Oryzonmys 
palustris, from freshwater and saltwater marshes. Proceedings of 
the Helminthological Society of Washington 55: 275-280. 

_- , AND R. W. I. HEARD. 1974. Morphology and life cycle of Stic- 
todora cursitans N. Comb. (Trematoda: Heterophyidae) from mam- 
mals in Florida salt marshes. Transactions of the American Micro- 
scopical Society 93: 408-412. 

MARTIN, W. E. 1972. An annotated key to the cercariae that develop in 
the snail Cerithidea californica. Bulletin of the Southern California 
Academy of Sciences 71: 39-43. 

dividuals assisted by dissecting snails from the control sites. R. Hech- 
inger and K. Phillips provided comments on an early draft. This man- 
uscript has also benefited from support received from the National Sci- 
ence Foundation through the NIH/NSF Ecology of Infectious Disease 
Program (DEB-0224565) and a grant from the U.S. Environmental Pro- 
tection Agency's (EPA) Science to Achieve Results (STAR) Estuarine 
and Great Lakes (EaGLe) program through funding to the Pacific Es- 
tuarine Ecosystem Indicator Research (PEEIR) Consortium, U.S. EPA 
Agreement R-882867601. However, it has not been subjected to any 
EPA review and therefore does not necessarily reflect the views of the 
Agency, and no official endorsement should be inferred. The University 
of California Natural Reserve System provided access to Carpinteria 
Salt Marsh. 

ABSTRACT: In this study, P23 of Cryptosporidium parvum sporozoites, 
an immunodominant surface protein, was stably expressed in Toxo- 
plasma gondii (Tg/P23) and its protective effects were evaluated in a 
mouse model. The molecular weight and antigenic property of P23 ex- 
pressed by Tg/P23 were similar to those of the native P23. Mice im- 
munized with lysed Tg/P23 tachyzoites produced specific neutralizing 
antibodies against C. parvum. These findings indicate that the T. gondii 
vector may provide a new tool for the production of a recombinant 
vaccine against cryptosporidiosis in animals. 

Cryptosporidium parvum is a coccidian parasite that infects the in- 
testinal epithelium in humans and animals (Fayer et al., 1997). Exposure 
of immunocompetent individuals to C. parvum results in a transient 
infection that may be asymptomatic or can result in self-limited diar- 

This content downloaded from 128.111.90.61 on Wed, 10 Jun 2015 22:56:34 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 474
	p. 475
	p. 476

	Issue Table of Contents
	The Journal of Parasitology, Vol. 91, No. 2 (Apr., 2005), pp. 245-481
	Front Matter
	Ecology-Epidemiology
	Properties of Crowding Indices and Statistical Tools to Analyze Parasite Crowding Data [pp. 245-252]

	Ectoparasitoloy
	Phylogeny of Species of Sciadicleithrum (Monogenoidea: Ancyrocephalinae), and Their Historical Biogeography in the Neotropics [pp. 253-259]
	Sequence Variation of the Ribosomal DNA Second Internal Transcribed Spacer Region in Two Spatially Distinct Populations of Amblyomma americanum (L.) (Acari: Ixodidae) [pp. 260-263]

	Immunology
	Kinetics of T Cell Cytokine Gene Expression in Gerbils after a Primary Subcutaneous Brugia pahangi Infection [pp. 264-268]
	Influence of Phospholipid Composition on the Adjuvanticity and Protective Efficacy of Liposome-Encapsulated Leishmania donovani Antigens [pp. 269-274]

	Invertebrate-Parasite Relationships
	Respiratory Burst of Biomphalaria glabrata Hemocytes: Schistosoma mansoni-Resistant Snails Produce More Extracellular HO than Susceptible Snails [pp. 275-279]

	Life Cycles-Survey
	Studies on Two Strains of Plasmodium cynomolgi in New World and Old World Monkeys and Mosquitoes [pp. 280-283]

	Molecular-Cell Biology
	Binding Properties and Immunolocalization of a Fatty Acid-Binding Protein in Giardia lamblia [pp. 284-292]
	Molecular Cloning and Characterization of Copper/Zinc-Superoxide Dismutase of Paragonimus westermani [pp. 293-299]
	Heat Shock Protein 90 Genes of Two Species of Poultry Eimeria: Expression and Evolutionary Analysis [pp. 300-306]

	Pathology
	Differential Effects of Interferon-γ and Tumor Necrosis Factor-α on Toxoplasma gondii Proliferation in Organotypic Rat Brain Slice Cultures [pp. 307-315]

	Systematics-Phylogenetics
	Ex vivo and In vitro Impairment of CD36 Expression and Tumor Necrosis Factor-α Production in Human Monocytes in Response to Plasmodium falciparum-Parasitized Erythrocytes [pp. 316-322]

	In Memoriam
	Paul H. Silverman [p. 323]

	Systematics-Phylogenetics
	New Species of Spauligodon (Nematoda: Pharyngodonidae) in Lepidodactylus novaeguineae (Sauria: Gekkonidae) from Papua New Guinea [pp. 324-328]
	A New Species of Vexillata (Nematoda: Trichostrongylina: Ornithostrongylidae) Parasite of Heteromys desmarestianus (Rodentia: Heteromyidae) from Costa Rica [pp. 329-334]
	A New Cystidicolid Nematode from Mullus surmuletus (Perciformes: Mullidae) from the Western Mediterranean [pp. 335-344]
	Molecular Phylogeny of Corynosoma Lühe, 1904 (Acanthocephala), Based on 5.8S and Internal Transcribed Spacer Sequences [pp. 345-352]
	Description of a New Eimeria Species and Redescription of Eimeria mayeri (Protozoa: Eimeriidae) from Wild Reindeer Rangifer tarandus in Iceland [pp. 353-357]
	Coevolution and Biogeography among Nematodirinae (Nematoda: Trichostrongylina) Lagomorpha and Artiodactyla (Mammalia): Exploring Determinants of History and Structure for the Northern Fauna across the Holarctic [pp. 358-369]
	Pseudostertagia bullosa (Nematoda: Trichostrongyloidea) in Artiodactyl Hosts from North America: Redescription and Comments on Systematics [pp. 370-381]
	Phylogeny for Genera of Nematodirinae (Nematoda: Trichostrongylina) [pp. 382-389]
	A New Species of Acanthobothrium (Cestoda: Tetraphyllidea: Onchobothriidae) from the Ocellate River Stingray, Potamotrygon motoro (Chondrichthyes: Potamotrygonidae), in Argentina [pp. 390-396]
	Leucocytozoon (Apicomplexa: Leucocytozoidae) from West African Birds, with Descriptions of Two Species [pp. 397-401]

	In Memoriam
	Dominic Lawrence Degiusti: 1911-2004 [p. 402]

	Systematics-Phylogenetics
	Species of Gorgoderina (Digenea: Gorgoderidae) in Rana vaillanti and Rana Cf. Forreri (Anura: Ranidae) from Guanacaste, Costa Rica, including a Description of a New Species [pp. 403-410]
	A New Trichosomoidid from the Skin of Sebastes spp. (Pisces) from British Columbia, Canada [pp. 411-414]
	Observations on Two Rhabdochona Species (Nematoda: Rhabdochonidae) from Freshwater Fishes in Argentina, including Description of Rhabdochona fabianae n. sp. [pp. 415-419]
	A New Species of Cytauxzoon from Pallas' Cats Caught in Mongolia and Comments on the Systematics and Taxonomy of Piroplasmids [pp. 420-426]
	A New Caligiform Copepod (Siphonostomatoida: Dissonidae) Parasitic on Seriola hippos from Western Australian Waters, with New Records and Morphological Variation for Dissonus nudiventris and Dissonus similis, and an Updated Key to the Species of Dissonus [pp. 427-437]
	Parhadjelia cairinae n. sp. (Nematoda: Habronematoidea: Habronematidae) in the Muscovy Duck, Cairina Moschata (Linnaeus, 1758) (Aves: Anseriformes: Anatidae), from the Area De Conservacion Guanacaste, Costa Rica [pp. 438-440]
	Skrjabinura Gnedina, 1933 (Nematoda: Seuratoidea: Seuratidae), in Birds from the Area De Conservacion Guanacaste, Costa Rica with Description of a New Species [pp. 441-445]

	Therapeutics-Diagnostics
	Recombinant NhSAG1 Elisa: A Sensitive and Specific Assay for Detecting Antibodies against Neospora hughesi in Equine Serum [pp. 446-452]
	Evaluation of Procedures to Determine Absolute Density of Plasmodium vivax Ookinetes [pp. 453-457]

	Research Notes
	Polymerase Chain Reaction Detection of Cytauxzoon felis from Field-Collected Ticks and Sequence Analysis of the Small Subunit and Internal Transcribed Spacer 1 Region of the Ribosomal RNA Gene [pp. 458-461]
	Observations on the Vietnam Palo Alto Strain of Plasmodium vivax in Two Species of Aotus Monkeys [pp. 461-463]
	Molecular Characterization of Human Pathogen Babesia EU1 in Ixodes ricinus Ticks from Slovenia [pp. 463-465]
	Hesperoctenes fumarius (Hemiptera: Polyctenidae) Infesting Molossus rufus (Chiroptera: Molossidae) in Southeastern Brazil [pp. 465-467]
	Suppressed Cytokine and Immunoglobulin Secretions by Murine Splenic Lymphocytes Infected In vitro with Toxoplasma gondii Tachyzoites [pp. 467-470]
	Prevalence of Antibodies to Trypanosoma cruzi in Raccoons (Procyon lotor) from an Urban Area of Northern Virginia [pp. 470-472]
	Vertebrate Host Specificity of Two Avian Malaria Parasites of the Subgenus Novyella: Plasmodium nucleophilum and Plasmodium vaughani [pp. 472-474]
	Trematodes in Snails near Raccoon Latrines Suggest a Final Host Role for This Mammal in California Salt Marshes [pp. 474-476]
	Expression of P23 of Cryptosporidium parvum in Toxoplasma gondii and Evaluation of Its Protective Effects [pp. 476-479]
	Infection of Saimiri boliviensis Monkeys with Plasmodium coatneyi [pp. 479-481]

	Back Matter



