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n 1998 the American Society of Parasitologists
(ASP) established a five-year plan to educate
various groups about parasites and parasitology
(Education Committee Report to ASP Council,
1998). Targeted groups included K-12 students and
teachers, college students and teachers, biologists in
other disciplines, the general public, and politicians.
A variety of initiatives were undertaken to reach K-
12 targets. Plans were made to develop a series of
parasitology “kits” or lessons for teachers in the
classroom. March 4th, the birthday of the founder
of ASP Henry Baldwin Ward, was designated
“National Parasite Day.” On this day parasitologists
were to visit third grade classrooms in their com-
munities to discuss the field of parasitology, talk
about their work, and show students parasite speci-
mens. From these activities developed the idea of
hosting a symposium and workshop for K-12 teach-
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ers at the annual ASP meeting to inform them about
the opportunities and resources available for using
parasitology in their classrooms.

On July 2nd, 2001, in Albuquerque, New
Mexico, scientists and local public school teachers
met in a symposium at the 76th Meeting of the
American Society of Parasitologists to discuss why
K-12 teachers “need” parasites. Or rather, how they
could use parasites and the study of parasitology in
their curricula to stimulate their students, teach bio-
logical concepts, and meet the requirements of
today’s K-12 educational environment. In this paper
we present ideas and opportunities discussed in the
symposium that may be of value in meeting today’s
challenges. We discuss why biology educators
should consider incorporating the study of para-
sitology into their curricula, provide examples of
teachers using such strategies, and describe
resources available.

Why Study Parasites?

Webster’s Third International Dictionary defines a
parasite as “an organism living in or on another liv-
ing organism, obtaining from it part or all of its
organic nutriment, commonly exhibiting some
degree of adaptive structural modification, and caus-
ing some degree of real damage to its host.” Given
this definition, parasitism is arguably the dominant
lifestyle on the planet Earth. Price (1980) estimated
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that greater than 50% of all plant and animal species are
parasitic at some point in their life. Rhode (2000) pro-
vides a useful overview with many examples of creatures
that exhibit a parasitic way of life. From another perspec-
tive, Esch and Fernandez (1993) suggested that the
important question is not how many parasitic species
there are, but how many plants and animals are para-
sitized? A quick examination of the literature suggests
that virtually every organism is parasitized and typically
by more than one parasitic species. Janovy and Roberts
(2000) note that there are over 100 different species of
protozoa, helminths, and arthropods known to infect
humans. In addition, one must consider the increasing
number of studies reporting parasites having their own
parasites (i.e., hyperparasitism). Such considerations
lead to the question of how biology can be studied with-
out a careful examination of why and how this is so. To
study parasites from a variety of perspectives (historical,
molecular, cellular, organismal, ecological, and evolution-
ary) is to study a large part of biology.

Parasites are a significant public and veterinary
health issue. Table 1 presents World Health
Organization (2001) estimates of prevalence, morbidity,
and mortality for 10 of the most common eucaryotic
parasitic diseases. To examine one of these in detail,
American trypanosomiasis (also called Chagas disease)
is caused by the protozoan parasite Trypanosoma crugzi.
In some surveys from

aspect of parasitology, that is the transmission of para-
sitic diseases from animals to humans (i.e., zoonotic dis-
eases). Animals that live in close proximity to people,
such as dogs, cats, opossums, armadillos, and wood
rats, act as important reservoirs for human infection.
Toxoplasma gondii, a protozoan parasite that normally
occurs in felines and rodents, is now known to cause
human birth defects when acquired by pregnant women
and has become a serious opportunistic disease in AIDS
and other immunocompromised patients.

Perhaps of most interest to teachers, however, para-
sites provide excellent examples and opportunities to
explore many biological concepts and, by considering
the variety of perspectives from which to investigate par-
asitology, teaching units can be designed to meet many
of the national, state, and local standards and outcomes
required today. For example, the National Research
Council (NRC) National Science Education Standards
(1995) lists four standards that pertain directly to biol-
ogy education:

1. Science as Inquiry Content Standard A—
Understanding of and abilities to do scientific
inquiry.

2. Life Science Content Standard C—Understanding
the cell; molecular basis of heredity; biological
evolution; interdependence of organisms; matter,

Brazil, it is reported that
30% of all adults die
from Chagas disease
transmitted to people
via the feces of cone-
nosed bugs (Hemiptera:

Table 1.
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Reduviidae). About 19

million  people in Malaria

Central and South . B
Leishmaniasis

America are infected
with T. cruzi, another 35
million are exposed to
the parasite, and 45,000

American Trypanosomiasis
(Chagas disease)

Estimated total number persons infected, morbidity, and mortality of some of the
most common eucaryotic parasitic diseases that infect humans.'

j

NUMBER INFECTED
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people die every year. In
fact, some historians
have speculated that
Charles Darwin may
have contracted and
died from Chagas dis-
ease (Janovy & Roberts,
2000). In the US,, T.
cruzi has been found
from Maryland to
Florida and may be
especially prevalent in
the southwestern U.S.
This emphasizes the
importance of another
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African trypanosomiasis
(Sleeping sickness)

Ascaris (human roundworm)
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25,000+
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Hookworm
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Trichuris (whipworm)
Schistosomiasis

Onchocerciasis
(river blindness)
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Lymphatic filariasis

f: ' Derived from Crompton, 1999 and WHO data available at www.who.org.
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energy, and organization in living ¢
systems; behavior of organisms.

Table 2.

3. Science in Personal and Social
Perspectives Content Standard
F—Personal and community
health; population growth; natu-
ral resources; environmental
quality; natural and human-
induced hazards; science and
technology in local, national, and
global challenges.

READINGS

4. History and Nature of Science
Content Standard G—Science as a
human endeavor; nature of scien-
tific knowledge; historical per-
spectives.

WEB SITES

There are many examples of para-
sites and the diseases they cause that
can be used to develop units of study
that meet all the above standards. A unit

Recommended readings and Web sites with information on para-
sites and parasitology for nonspecialists.

Desowitz, R.S. (1981). New Guinea Tapeworms and Jewish Grandmothers: Tales of
Parasites and Peaple. New York:W.W.Norton and Co.

Desowitz, R.S.(1997). Who Gave Pinta to the Santa Maria?: Torrid Diseases in a
Temperate World. New York: Harcourt Brace and Company.

Desowitz, R.S.(1991). The Malaria Capers: More Tales of Parasites and People, Research
and Reality. New York: W.W. Norton and Co.

Zimmer, C.(2000). Parasite Rex: Inside the Bizarre World of Nature’s Most Dangerous
(reatures. New York: The Free Press.

American Association of Veterinary Parasitologists http://www.aavp.org/.

American Museum of Natural History “Epidemic: the World of Infectious Disease”
http://www.amnh.org/exhibitions/epidemic/index.html.

focusing on malaria, for example, could
be designed to meet all of these stan-
dards while simultaneously integrating a
variety of disciplines. Investigating the
biology of the malaria parasite
(Plasmodium sp.) and the interactions
between it and the host provides diverse

American Society of Parasitologists
http://asp.unl.edu/.
Center for Disease Control

Monocystis: Earthworm Parasite
http://www.carolina.com/manuals/index.asp.

opportunities to help students under-
stand and practice the scientific method
and learn content material to meet
Standards A and C. The significance of
malaria as a public health problem pro-

National Institutes of Health
http://www.nih.gov/.

Ohio State University Parasites and Parasitological Resources
http://www.biosci.ohio-state.edu/~parasite/home.html.

vides opportunities to investigate sci-
ence from personal and social perspec-

United State Department of Agriculture Biosystematic and National Parasite

tives and the components of Standard F. Collection Unit
Finally, the effect of malaria on the http://www.Ipsi.barc.usda.gov/BNPCU.html.
course of human history and the history L

World Health Organization

of the investigation of the disease pro-
vide opportunities to address the history

http://www.who.int/home-page/.

and nature of science and science as a
human endeavor (Standard G). Table 2
provides a list that includes not only rec-

United Nations Development Programme: World Bank-World Health Organization
Special Programme for Research and Training in Tropical Diseases
http://www.who.int/tdr/index.html.

ommended books and Web sites on {_

malaria, but also recommended readings
and Web sites on parasites and para-
sitology in general for nonspecialists. The latter
resources could aid with the development of units
focused on other parasite groups

Beyond academic rationales, parasites can be beauti-
ful, fascinating, and sometimes horrifying organisms that
can be used to stimulate discussion and excite students
about biology and a variety of biological concepts.
Consider students who are most interested in the arts
and humanities and examine the electron micrographs in

Figure 1. The detailed pattern of the surface of the struc-
ture in Figure la is the surface of a segment (proglottid)
from a tapeworm (Tylocephalum sp.) magnified 10,000X.
This illustrates not only the interesting patterns to be
found in rather surprising places, but also the biological
principle of enhanced efficiency through surface area
elaboration. In this case the tapeworm has evolved an
exterior surface in contact with the lumen of the intestine
and digested food very much like the hosts villi-covered
intestine, thus increasing absorptive efficiency. Figure 1b
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