The Clearance of Hidden Cestode Infection Triggered by an Independent Activation of Host
Defense in a Teleost Fish

Author(s): Claus Wedekind and Tom J. Little

Source: The Journal of Parasitology, Vol. 90, No. 6 (Dec., 2004), pp. 1329-1331

Published by: The American Society of Parasitologists

Stable URL: http://www.jstor.org/stable/3286222

Accessed: 18/06/2010 09:03

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of ajourna or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of thiswork. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=asp.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

The American Society of Parasitologists is collaborating with JISTOR to digitize, preserve and extend access to
The Journal of Parasitology.

http://www.jstor.org


http://www.jstor.org/stable/3286222?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=asp

J. Parasitol., 90(6), 2004, pp. 1329-1331
© American Society of Parasitologists 2004
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ABSTRACT: Parasites often elude effective recognition or attack (or both) by the host immune system, for example, though a
tegument that possesses nonimmunogenic features. However, a general activation of host defense due to independent stimuli may
increase immune activity to a level where such disguises are no longer effective, resulting in the clearance of an infection. We
experimentally infected three-spined sticklebacks (Gasterosteus aculeatus) with the cestode Schistocephalus solidus. To indepen-
dently foster a general immune response a few days later, we cut the tips of spines in some fish and sham-treated other fish.
Cutting spines significantly reduced the prevalence of the infection. The injury evoked a physiological reaction that helped to

clear a hidden parasite infection.

Parasites of vertebrates often evade detection and expulsion
by various countermeasures, including exploitation and sup-
pression of the host immune system (Riffkin et al., 1996; Dam-
ian, 1997). Another strategy, exemplified by the cestode Schis-
tocephalus solidus, involves a double integument where the out-
er membrane possesses features with extremely low immuno-
genicity; antibodies and immune cells recognizing the outer
membrane are scarcely produced (Conradt and Schmidt, 1992;
Schmidt, 1995). We hypothesized that such immune evasion
strategies might fail the parasite if the host’s immune system
becomes sufficiently activated because of other infections or
another source of immune stimulus.

It has been suggested that a general immune activation occurs
in response to signals associated with tissue damage (Matzinger,
1990; Hoffmann et al., 1999; Todryk et al., 2000). We, there-
fore, tested the hypothesis that a slight injury can sufficiently
activate the host immune system to clear an otherwise persistent
infection. As an experimental model, we used the three-spined
stickleback (Gasterosteus aculeatus), a teleost fish, and exposed
them to the pseudophyllidean cestode S. solidus. This cestode
grows in the body cavity of the fish and is highly host specific
(Briten, 1966; Orr et al., 1969). The cestode uses the fish only
as second intermediate host where it attains infectivity to the
final host, a fish-eating bird, 1-3 mo after infection. After the
cestodes would normally have been established in their fish
host, we cut the tips of spines in some fish (while sham-treating
other fish as controls) and subsequently examined the effect on
infection. Cutting the tips of spines has routinely been used in
behavioral studies on sticklebacks to provide individual mark-
ings (Bakker and Sevenster, 1995).

MATERIALS AND METHODS

We bred S. solidus in an in vitro apparatus using methods developed
by Smyth (1954) and modified by Wedekind (1997). Copepods (Ma-
crocyclops albidus), which are the first intermediate hosts of S. solidus,
were kept in laboratory cultures as described by Orr and Hopkins
(1969). We exposed singly kept copepods to 6 freshly hatched parasite
larvae each and fed them with freshly hatched Artemia sp. Four weeks
after exposure to parasites, infection status and the number of procer-
coids were determined in vivo for each copepod as described by We-
dekind et al. (2000). For infecting fish, we used only multiply infected
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copepods with procercoids that had clearly developed the cercomer
stage.

To experimentally reduce some of the genetic and conditional vari-
ation among the sticklebacks, we used only fish that were reared in the
laboratory. These fish were initially bred from adult sticklebacks caught
from a pond during their breeding season in June. In the laboratory,
males were separated into 10-L tanks provided with sand in a petri dish
and some plant material to allow the fish to build nests. Females of
similar size were housed in groups in large tanks and fed ad lib with
living plankton. Full-sib groups were produced by introducing a ripe
female each into the tank of a single male and letting her spawn. The
eggs were removed 1 hr after spawning and reared separately, first in
aerated 400-ml beakers until hatching and then as family group in 10-
L tanks at 13 C, with a constant supply of springwater and 16-hr illu-
mination per day by a fluorescent 30-W tube. Hatchlings were reared
for 9 mo and fed with frozen and living plankton.

We used 60 fish that had hatched within the same week and stemmed
from 2 different full-sib families (30 individuals each). One day before
exposure to the parasite-infected copepods, they were placed singly into
1 of 60 tanks (25 X 15 X 15 [high] cm, 18 C, 16-hr illumination per
day) and not fed to empty their guts. They were then measured for
length to the nearest millimeter and weighed to the nearest 10 mg
(methods for weight measurement of small fish in Frischknecht, 1993).
Ten hours later, we added 1 living copepod that contained 25 infectious
procercoids into each tank. To evoke feeding behavior, about 50 unin-
fected copepods were also added to each tank. By the next morning,
all copepods had been eaten. From the second day after exposure until
the end of the experiment, the fish were fed ad lib with a mixture of
living plankton.

Seven days after exposure to the parasites, groups of 6 fish (3 of each
fish sib group) were transferred to 1 of ten 20-L tanks. During transfer,
they received the experimental treatment. One of the 6 fish per tank
received no spine cut (but was otherwise handled identically), 3 fish
received 1 spine cut (1 of the dorsal or the pectoral spines), and 2 fish
received an individual combination of 2 spine cuts. The 20-L tanks were
constantly supplied with springwater and illumination as described
above. One fish died due to an accident, but all other fish survived until
the end of the experiment.

Ninety days after exposure, a period that allows the plerocercoids to
reach their infective stage (Tierney and Crompton, 1992), the fish were
killed by a cerebrospinal cut. The following measurements were taken:
length (to the nearest millimeter), total weight (to the nearest 10 mg),
weight of gut contents, and number and weight of plerocercoids. The
condition factor of each fish was calculated as the fish weight (minus
gut content and worm weight) divided by length®, where b is the slope
of the regression between log (weight) against log (length) at the be-
ginning of the experiment (Bolger and Connoly, 1989). Here, b was
3.0.

Most variables were analyzed with simple analysis of variance (AN-
OVA) models. The exceptions were proportion of fish that became in-
fected and the effect of the number of administered procercoids, which
were analyzed in a contingency table using likelihood ratio x2. All sta-
tistical analyses were performed with the Jmp In statistical package
(SAS Institute Inc., 2001).
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FIGURE 1. (a) The prevalence of Schistocephalus solidus infection
in sticklebacks that received a spine cut or not. (b) The transmission

rates of parasites in sticklebacks that received a spine cut or not and
that were infected 90 days after exposure to the parasite.

RESULTS

Our experiments tested the effect of minor tissue damage
(cutting 1 or 2 spines) on the persistence of S. solidus infections
in G. aculeatus. In no case was there a significant difference
between receiving 1 versus 2 spine cuts, and therefore, all anal-
yses compared fish that had no cut spine with fish that had at
least 1 cut.

Cutting spines reduced the prevalence among the fish that
had been exposed to the cestodes. At the end of the experiment,
all fish that had not received a spine cut were infected, whereas
only 50% of the exposed fish that had received spine cuts were
infected (x> = 11.1, P < 0.001; Fig. 1a). Resistance appeared
to be an all-or-nothing trait rather than a continuously varying
one because transmission rate (the number of plerocercoids per
administered procercoid) did not differ between the infected
fish of the 2 experimental groups (F,;, = 0.03, P = 0.86; Fig.
1b). There was also no significant difference between the 2
experimental groups with regard to the final number of parasites
among the infected fish (F,;, = 0.39, P = 0.54). The mean
weight of the plerocercoids at the end of the experiment was
184.2 mg (SE = 10.9 mg) and not significantly different be-
tween infected fish that had or had not received any spine cuts
(Fi3 = 050, P = 0.48).

Starting length (overall mean * SE = 32.1 £ 0.5 mm),
weight (412.9 = 18.9 mg), and condition factor (1.20 £ 0.01)
were not significantly different between cut and uncut fish in
the infection experiment (ANOVA, P always >0.9). The stress
we probably caused through spine cutting did not significantly
affect fish growth: infected fish of the 2 experimental groups
were similar in length (mean of all infected fish = SE = 51.7
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FIGURE 2. The condition factor (calculated by excluding worm
weights) of sticklebacks that were infected (filled bars) or uninfected

(open bars) at the end of the experiment and that had received a spine
cut or not.

* 0.5 mm), net weight (1,657.0 = 57.2), and condition factor
(1.19 = 0.01) at the end of the experiment (ANOVAs, P always
>0.24; Fig. 2). Infections were, however, harmful to the hosts
because noninfected fish developed a higher condition factor
than infected fish (ANOVA, F,5; = 13.0, P < 0.001; Fig. 2).

Aside from the experimental treatment, host length, weight,
and condition factor were not significant predictors of an infec-
tion (ANOVA, F,5; < 0.47, P always >0.40). The overall sex
ratio, i.e., the percentage of males, was 32% and not signifi-
cantly different between the 2 experimental groups (Fisher’s
exact test, P = 0.25, 2-tailed). Males were not more often in-
fected than females (x> = 0.29, P = 0.59).

DISCUSSION

Although chronic stress is thought to be immunosuppressive
for fish (Watts et al., 2001), we have shown that acute stress, a
slight injury in this case, may enhance the antiparasite response
of the host. In particular, 50% of sticklebacks that had received
spine cuts cleared infection of the cestode S. solidus, whereas
sticklebacks that did not have their spines cut never cleared
infection in our experiment. To our knowledge, this is the first
evidence that the infection of a vertebrate by a worm can be
naturally cleared by stimulation of a defense system in a man-
ner that is unrelated to the infection itself. It could be that,
under some circumstances, injury can be beneficial to a host
because it acts as a form of immunological priming (Little and
Kraaijeveld, 2004).

Our result is compatible with the hypothesis that S. solidus
establishes itself in the host by not triggering critical compo-
nents of the immune system. The mechanism by which the
worms could elude the immune system has been established by
studies demonstrating the presence of a nonimmunogenic sec-
ond layer of tegument (Conradt and Schmidt, 1992; Schmidt,
1995). Such ‘silent’ entry by the worms may be disrupted if
the fish simultaneously responds to effects associated with in-
jury, for example, the products of damaged cells or invading
microorganisms at the wound site (Matzinger, 1990; Hoffmann
et al., 1999; Todryk et al., 2000). Although previously unknown
in vertebrates, a similar phenomenon has recently been shown
in insects. Thus, Drosophila sp. infected with the bacterium
Spiroplasma poulsonii do not naturally show an immune re-
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sponse, but if a response is induced ectopically, the result is a
reduction of parasite titer (Hurst et al., 2003). That both Dro-
sophila sp. and our study fish could still mount effective im-
mune responses when stimulated suggests that these parasites
do not actively suppress immune responses but rather that they
elude detection.

We cannot, however, rule out the occurrence of active im-
mune suppression, common in many parasitic worms of verte-
brates, because the stimulation caused by spine cutting could
elevate immune activity above the level that S. solidus can sup-
press or manipulate. At present, we can only speculate on the
mechanisms that underlie our observations. One possible ex-
planation for the death of S. solidus in injured fish is that the
injury led to potent activation of the innate immune system,
which is relatively well developed in fish (Watts et al., 2001).
Alternatively, there may have been a specific, induced immune
reaction. For example, antigen cross-reactivity with organisms
infecting the wound site could lead to the generation of anti-
bodies that also recognize the cestode thus activating the com-
plement or other responses that the parasite had previously
avoided. What does seem certain is that our fish responded to
signals associated with wounding, and it is worth noting that
many cells involved in cell repair are also involved in immune
responses (Matzinger, 1990). Regardless of the mechanism,
however, our results suggest that tipping the balance between
susceptibility and resistance to cestode infections may be sur-
prisingly simple.

ACKNOWLEDGMENTS

We thank Judith Allen, Victoria Braithwaite, Callum Brown, Tracey
Lamb, Sue Mitchell, Andrew Read, Mirjam Walker, and the referees for
discussion and comments on an earlier version of the manuscript, and
Rolf Eggler and Felicity Jones for assistance. The experiments took
place in Switzerland under licence 18/95. C.W. thanks the Swiss Na-
tional Science Foundation for financial support.

LITERATURE CITED

BAKKER, TH. C. M., AND P. SEVENSTER. 1995. Sticklebacks as models
for animal behaviour and evolution. /n Papers read at the Second
International Symposium on Stickleback Behaviour. Behaviour,
vol. 132. E. J. Brill, Leiden, The Netherlands, 397 p.

BOLGER, T., AND P. L. ConNoOLY. 1989. The selection of suitable indices
for the measurement and analysis of fish condition. Journal of Fish
Biology 34: 171-182.

BRATEN, T. 1966. Host specificity in Schistocephalus solidus. Parasitol-
ogy 56: 657-664.

1331

CONRADT, U., AND J. SCHMIDT. 1992. Double surface-membrane in ple-
rocercoids of Ligula intestinalis (Cestoda. Pseudophyllidea). Para-
sitology Research 78: 123-129.

DAMIAN, R. T. 1997. Parasite immune evasion and exploitation: Reflec-
tions and projections. Parasitology 115: 169-175.

FRISCHKNECHT, M. 1993. The breeding coloration of male 3-spined
sticklebacks (Gasterosteus aculeatus) as an indicator of energy in-
vestment in vigor. Evolutionary Ecology 7: 439-450.

HorrmaNN, J. A, E C. KAFATOS, C. A. JANEWAY, AND R. A. B. EzE-
KowITz. 1999. Phylogenetic perspectives in innate immunity. Sci-
ence 284: 1313-1318.

HursT, G. D. D., H. ANBUTSU, M. KUTSUKAKE, AND T. FukATsu. 2003.
Hidden from the host: Spiroplasma bacteria infecting Drosophila
do not cause an immune response, but are suppressed by ectopic
immune activation. Insect Molecular Biology 12: 93-97.

LitTLE, T. J., AND A. R. KRAADEVELD. 2004. The ecological and evo-
lutionary implications of immunological priming in invertebrates.
Trends in Ecology and Evolution 19: 58-61.

MATZINGER, P. 1990. Tolerance, danger and the extended family. Annual
Review of Immunology 12: 129.

ORr, T. S. C, AND C. A. HopPKINS. 1969. Maintenance of Schistoce-
phalus solidus in the laboratory with observations on rate of growth
of, and proglottid formation in, the plerocercoid. Journal of the
Fisheries Research Board of Canada 26: 741-752.

, AND G. H. CHARLES. 1969. Host specificity and rejec-
tlon of Schtstocephalus solidus. Parasitology 59: 683—-690.

RIFFKIN, M., H. E SEow, D. JACKSON, L. BROWN, AND P. WooD. 1996.
Defence against the immune barrage: Helminth survival strategies.
Immunology and Cell Biology 74: 564-574.

SAS INSTITUTE INC. 2001. Jmp In, version 4.04. SAS Institute Inc., Cary,
North Carolina.

ScHMIDT, J. 1995. Glycans with N-acetyllactosamine type 2-like resi-
dues covering adult Schistosoma mansoni, and glycomimesis as a
putative mechanism of immune evasion. Parasitology 111: 325-—
336.

SMYTH, J. D. 1954. Studies on tapeworm physiology. VII. Fertilization
of Schistocephalus solidus in vitro. Experimental Parasitology 3:
64-71.

TIERNEY, J. E, AND D. W. T. CROMPTON. 1992. Infectivity of the plero-
cercoids of Schistocephalus solidus (Cestoda: Ligulidae) and fe-
cundity of the adults in an experimental definitive host, Gallus
gallus. Journal of Parasitology 78: 1049-1054.

TODRYK, S. M., A. A. MELCHER, A. G. DALGLIESH, AND R. G. VILE.
2000. Heat shock proteins refine the danger theory. Immunology
99: 334-337.

WAaTTS, M., B. L. MuNDAY, AND C. M. BURKE. 2001. Immune responses
of teleost fish. Australian Veterinary Journal 79: 570-574.

WEDEKIND, C. 1997. The infectivity, growth, and virulence of the ces-
tode Schistocephalus solidus in its first intermediate host, the co-
pepod Macrocyclops albidus. Parasitology 115: 317-324.

, M. CHRISTEN, L. SCHARER, AND N. TREICHEL. 2000. Relative

helminth size in crustacean hosts: In vivo determination, and effects

of host gender and within-host competition in a copepod infected

by a cestode. Aquatic Ecology 34: 279-285.




	Article Contents
	p.1329
	p.1330
	p.1331

	Issue Table of Contents
	The Journal of Parasitology, Vol. 90, No. 6 (Dec., 2004), pp. i-xiv+1197-1506
	Volume Information [pp.i-1505]
	Front Matter [pp.ii-ii]
	Introduction of President Bruce M. Christensen [pp.1197-1198]
	Presidential Address: Classical Is Critical: Alleviating the Burden of Parasitic Diseases [pp.1199-1203]
	Society Business [pp.1204-1228]
	Behavior
	Rapid Age-Related Changes in Infection Behavior of Entomopathogenic Nematodes [pp.1229-1234]

	Biochemistry-Physiology
	Molecular Mechanisms Involved in the Differential Effects of Sex Steroids on the Reproduction and Infectivity of Taenia crassiceps [pp.1235-1244]

	Development
	Analysis of Transcripts Expressed by Eimeria tenella Oocysts Using Subtractive Hybridization Methods [pp.1245-1252]

	Ecology-Epidemiology
	A Comparative Approach to Understanding Causes and Consequences of Mollusc-Digenean Size Relationships: A Case Study with Allocreadiid Trematodes and Cyclocalyx Clams [pp.1253-1262]
	A Comparison of the Intestinal Helminth Communities of Equidae in Southern Africa [pp.1263-1273]
	Ectoparasite and Hemoparasite Infection in a Diverse Temperate Lizard Assemblage at Macraes Flat, South Island, New Zealand [pp.1274-1278]
	Transition Models to Assess Risk Factors for New and Persistent Trypanosome Infections in Cattle: Analysis of Longitudinal Data from the Ghibe Valley, Southwest Ethiopia [pp.1279-1287]

	Ectoparasitology
	Sarcotretes (Copepoda: Pennellidae) Parasitizing Myctophid Fishes in the Southern Ocean: New Information from Seabird Diet [pp.1288-1292]
	Ectoparasites and Other Epifaunistic Arthropods of Sympatric Cotton Mice and Golden Mice: Comparisons and Implications for Vector-Borne Zoonotic Diseases [pp.1293-1297]
	Molecular Characterization of Borrelia Isolates from Ticks and Mammals from the Southern United States [pp.1298-1307]

	Functional Morphology
	The Origin of Coelomocytes 5 and 6 and Their Interaction with a Seam Nurse Cell in the Free-Living Stages of Nippostrongylus brasiliensis [pp.1308-1320]

	Immunology
	A Conserved 19-kDa Eimeria tenella Antigen Is a Profilin-like Protein [pp.1321-1328]
	The Clearance of Hidden Cestode Infection Triggered by an Independent Activation of Host Defense in a Teleost Fish [pp.1329-1331]

	Invertebrate-Parasite Relationships
	Effects of Copper Sulfate Toxicity on Cercariae and Metacercariae of Echinostoma caproni and Echinostoma trivolvis and on the Survival of Biomphalaria glabrata Snails [pp.1332-1337]

	Life Cycles-Survey
	Occurrence of the Internal Parasite Portunion sp. (Isopoda: Entoniscidae) and Its Effect on Reproduction in Intertidal Crabs (Decapoda: Grapsidae) from New Zealand [pp.1338-1344]
	Risk of Transplacental Transmission of Sarcocystis neurona and Neospora hughesi in California Horses [pp.1345-1351]
	Species Composition of Assemblages of Ceratomyxa (Myxozoa), Parasites of Lings Genypterus (Ophidiidae) in the Southeastern Pacific Ocean: An Ecomorphometric Approach [pp.1352-1355]
	Gastrointestinal Parasites of the Guenons of Western Uganda [pp.1356-1360]
	Transmission of Neospora caninum between Wild and Domestic Animals [pp.1361-1365]
	Differential Propagation of the Metazoan Parasite Myxobolus cerebralis by Limnodrilus hoffmeisteri, Ilyodrilus templetoni, and Genetically Distinct Strains of Tubifex tubifex [pp.1366-1373]
	Metazoan Parasite Fauna as a Biological Tag for the Habitat of the Flounder Hippoglossina macrops from Northern Chile, in a Depth Gradient [pp.1374-1377]
	Abomasal Parasites in Wild Sympatric Cervids, Red Deer, Cervus elaphus and Fallow Deer, Dama dama, from Three Localities across Central and Western Spain: Relationship to Host Density and Park Management [pp.1378-1386]
	Comparative Life Histories of Two Diplostomid Trematodes, Ornithodiplostomum ptychocheilus and Posthodiplostomum minimum [pp.1387-1390]
	Long-Term Occurrence of Hemolivia cf. Mauritanica (Apicomplexa: Adeleina: Haemogregarinidae) in Captive Testudo marginata (Reptilia: Testudinidae): Evidence for Cyclic Merogony? [pp.1391-1393]

	Pathology
	Transplacental Transmission and Abortion in Cows Administered Neospora caninum Oocysts [pp.1394-1400]
	Encapsulation of Myxobolus pendula (Myxosporidia) by Epithelioid Cells of Its Cyprinid Host Semotilus atromaculatus [pp.1401-1405]
	An Equine Protozoal Myeloencephalitis Challenge Model Testing a Second Transport after Inoculation with Sarcocystis neurona Sporocysts [pp.1406-1410]

	Book Review
	untitled [p.1411]

	Systematics-Phylogenetics
	New Genus with Two New Species of Capsalid Monogeneans from Dasyatids in the Gulf of California [pp.1412-1427]
	A New Species of Spinicauda (Nematoda: Heterakidae) and Other Endoparasites in Platymantis pelewensis (Anura: Ranidae) from the Palau Islands, Republic of Belau, Oceanica [pp.1428-1433]
	A New Species of Sphaeromyxa (Myxosporea: Sphaeromyxina: Sphaeromyxidae) in Devil Firefish, Pterois miles (Scorpaenidae), from the Northern Red Sea: Morphology, Ultrastructure, and Phylogeny [pp.1434-1442]
	Two New Nematode Species, Orientatractis campechensis n. sp. and Orientatractis chiapasensis n. sp. (Nematoda: Atractidae) from Cichlid Fishes in Southern Mexico and Nicaragua [pp.1443-1449]
	Revision of the Genus Stictospora and Description of Stictospora villani, n. sp. (Apicomplexa: Eugregarinida: Actinocephalidae) from Larvae of the Japanese Beetle, Popillia japonica (Coleoptera: Scarabaeidae), in Michigan [pp.1450-1456]
	Lanceimermis palustris n. sp. and Telomermis palustris n. sp. (Nematoda: Mermithidae) Parasites of Chironomid (Insecta: Diptera) Adults from Lake Alice Bog in Northern Minnesota [pp.1457-1462]
	Redescription of Camallanus hypophthalmichthys Dogel and Akhmerov, 1959 (Nematoda: Camallanidae) and Its First Record from Fishes in China [pp.1463-1467]
	Hematozoa of the Avian Family Brachypteraciidae (The Ground-Rollers) [pp.1468-1472]
	Hematozoa of the Avian Family Philepittidae (The Asities and Sunbird Asities) [pp.1473-1474]
	Hematozoa of the Avian Family Vangidae (The Vangas) [pp.1475-1479]

	Therapeutics-Diagnostics
	Amoebacidal Effects of Serum from the American Alligator (Alligator mississippiensis) [pp.1480-1483]
	Diagnostic Value of RK39 Dipstick in Zoonotic Visceral Leishmaniasis in Turkey [pp.1484-1486]
	Experimental Infection of Ponies with Sarcocystis fayeri and Differentiation from Sarcocystis neurona Infections in Horses [pp.1487-1491]

	In Memoriam
	Willis Alton Reid, Jr.: 1941-2004 [pp.1492-1493]

	Books Received 2004 [p.1506]
	Back Matter [pp.1494-1494]



