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Toxoplasma gondii Detection in Urban Hawai´i

Alisa A. Davis, Christopher A. Lepczyk, and Susan E. Crow
Department of Natural Resources and Environmental Management, University of Hawai´i at Manoa, Honolulu, 

Hawai´i
Clifford W. Morden
Department of Botany, University of Hawai´i at Manoa, Honolulu, Hawai´i

AbstrAct:  Feral cats have flourished in urban areas of Hawai´i due to the state’s favorable climate and people’s positive perception 
of cats.  However, the presence of large numbers of feral cats has raised concern both in terms of predation of native species and as 
vectors of disease.  One disease, in particular, that has aroused a great deal of attention is toxoplasmosis, caused by the Toxoplasma 
gondii parasite.  Cats are the definitive host of T. gondii and concerns arise regarding transmission to humans due to the relationships 
people have with cats.  Another concern is the fact that the parasite has infected endemic and endangered species found in the state.  
Toxoplasma gondii oocysts are shed in cat excrement and can persist in soil between 1 and 4 years.  The presence of T. gondii at 
cat colony sites could be an important factor when making decisions for the management of feral cats in the state.  We intend to test 
soil samples taken from cat colony sites at the University of Hawai´i at Manoa for T. gondii oocysts using molecular identification 
methods.  Cat colony sites are defined by feeding stations maintained by cat colony caretakers.  Given that cats are definitive hosts of 
T. gondii, we hypothesize that the presence of toxoplasmosis in soil is correlated to cat colony locations.  Because most cats within a 
colony remain in close proximity to their feeding location, we predict that toxoplasmosis is spatially contained within tight proximity 
to cat colonies.  If T. gondii oocysts are present in soil at the University of Hawai´i at Manoa, then cat colonies may cause potential 
health hazards for landscaping personnel, students, staff, and visitors.

Key Words:  cats, colonies, disease, Felis catus, feral cat, Hawaii, parasite, polymearase chain reaction (PCR), soil aggregate,   
Toxoplasma gondii, toxoplasmosis
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INTRODUCTION
Toxoplasma gondii is a tissue-cyst forming coccidian 

protozoan that causes the toxoplasmosis infection in hu-
mans and other mammals and in birds (Beazley and Eger-
man 1998, Tenter et al. 2000).  The life cycle of T. gondii 
consists of both sexual and asexual stages, with the first 
occurring in definitive hosts only, and the latter being the 
stage within intermediate hosts.  The definitive hosts of T. 
gondii are members of the cat family Felidae and are the 
only hosts to accommodate both the asexual and sexual 
stages of the protozoan and shed the environmentally-
resistant oocysts in their excrement (Figure 1) (Dubey 
and Jones 2008).  The infectious stages in the parasite’s 
life cycle are the tachyzoites (rapidly multiplying stage), 
bradyzoites (encysted stage within tissue cysts), and oo-
cysts (the stage that is shed into the environment) (Dubey 
2010).  Tachyzoites penetrate a wide range of host cells 
and rapidly multiply asexually, while bradyzoites are 
found primarily in nervous and muscle tissues and less 
frequently in visceral tissues.  Toxoplasma gondii oocysts 
are extremely resistant to most environmental conditions.  
The amount of time that oocysts can survive is depen-
dent on favorable environmental conditions such as low 
light intensity, warm temperatures, high humidity, and 
medium (soil, water, or cat feces) (Dumetre and Darde 
2003).  For instance, oocysts are generally less likely to 
survive for long periods of time at colder temperatures, in 
dry climates, water, and/or direct sunlight.  Though certain 
conditions are favorable for oocyst survival, studies have 
shown that oocysts have survived in fecal deposits in soil 

Figure 1.  Definitive (sexual) Toxoplasma gondii life cycle 
 in cats.
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for 18 months outdoors in temperatures ranging from -20 
to 35ºC and for 2 to 12 months outdoors in temperatures 
ranging from 15 to 30ºC (Frenkel et al. 1975).  Notably, 
one study found oocyst survival to be up to ~54 months in 
water at 4ºC (Dubey 1998).  Thus, T. gondii oocysts have 
been found to have a wide range of environmental condi-
tions under which they can survive.  Transmission usually 
occurs through ingesting cysts in raw or rare meat, ingest-
ing feed or grass contaminated with felid feces, ingesting 
fruits and vegetables that have grown in soil with oocysts, 
inhaling oocysts that have been aerosolized when soil is 
highly disturbed, or drinking water contaminated with oo-
cysts (Dubey and Jones 2008, Tenter et al. 2000).  

Toxoplasmosis is of special concern because of the 
close relationship people have with domestic cats (Felis 
catus).  Feral and stray cats living free outdoors tend to 
have a higher incidence of toxoplasmosis infection than 
pet cats, since they primarily hunt for their food (Dubey 
2010, Dubey and Jones 2008).  Cats contract toxoplasmo-
sis by ingesting prey items that have been infected by T. 
gondii and generally develop immunity to the protozoan 
after initial infection, though transmission occurs congeni-
tally as well.  Transmission from cats to other species has 
been documented in a number of instances, including pets 
(other cats, rabbits, etc.), livestock, wildlife, marine spe-
cies, and endangered species (Dubey 2010, Dubey and 
Jones 2008, Tenter et al. 2000).  While symptoms vary by 
species, lethargy and delayed reaction time are common, 
while abortion and death sometimes occur.  

In humans, toxoplasmosis can be contracted either 
congenitally or clinically, and most cases remain asymp-
tomatic (latent).  However, symptoms are severe in the 
fetus of pregnant women (transplacentally by tachyzoites) 
or in individuals with compromised immune systems ei-
ther due to an immunodeficiency disease (such as AIDS) 
or undergoing immunotherapy (transplant patients, etc.) 
(Dubey and Jones 2008, Tenter et al. 2000).  Infections in 
healthy individuals have been considered asymptomatic, 
though recent studies have found correlations between 
toxoplasmosis infection rates and behavioral differences, 
schizophrenia, higher risk for traffic accidents, and higher 
suicidal attempt rates (Flegr 2007, Flegr and Havlicek 
1999, Flegr et al. 2002, Novotna et al. 2005, Webster and 
McConkey 2010, Yagmur et al. 2010).  A study by Pran-
dovszky et al. (2011) has also found that T. gondii-infected 
mice had a significant increase in dopamine metabolism, 
supporting evidence of behavioral changes related to toxo-
plasmosis infection.  Although the likelihood of contract-
ing toxoplasmosis has been decreasing in the U.S., there 
is concern among certain at-risk groups.  In general, these 
groups include people with immunity disorders, pregnant 
women, landscaping personnel, and waste handling per-
sonnel who are in close proximity to cat colonies.  

The state of Hawai´i is famous for many things, includ-
ing its year-round warm, humid climate and an overabun-
dance of invasive and endangered species.  Feral and stray 
cats occur in Hawai´i’s forests (Amarasekare 1994) and 
in multiple colonies found throughout urban areas in the 
islands.  Because of the high number of feral cats, there 
is concern over toxoplasmosis transmission to Hawai´i’s 
people, and native and endangered species.  For example, 
a study on Mauna Kea, Hawai´i, a volcano with forests 

consisting of many endangered bird species, 37.3% of cats 
were seropositive for toxoplasmosis (Danner et al. 2007).  
Toxoplasmosis infections have been identified in a number 
of Hawaiian animals, including three endangered species 
(the endemic Hawaiian crow or ´alala, Corvus hawaiien-
sis; the endemic nene goose, Branta sandvicensis; the en-
demic Hawaiian monk seal, Monachus schauinslandi; and 
one other native bird species, the red-footed booby, Sula 
sula) (Dubey and Jones 2008, Honnold et al. 2005, Ikeda 
2000, Work et al. 2000, 2002).  Within O´ahu’s livestock, 
48.5% of pigs tested positive for toxoplasmosis (Dubey 
and Jones 2008).  Because Hawaiian monk seals are ma-
rine mammals, the infection infers T. gondii transmission 
through soil runoff, which may have further implications 
for ocean recreation users in Hawai´i and other wildlife.  
However, no studies have been conducted on environmen-
tal contamination of T. gondii oocysts in Hawai´i.  Given 
the high cat densities in urban areas of Hawai´i, coupled 
with the large number of endangered animals, there is a 
critical need for understanding the prevalence of T. gon-
dii. 

Goals and Objectives
The University of Hawai´i at Manoa in Honolulu, 

Hawai´i supports feral cat colonies that contain >200 cats 
(Davis and Lepczyk 2010).  Due to the high number of 
cats present, there is a concern that the landscaping per-
sonnel may be coming in contact with T. gondii oocysts in 
the soil.  Another concern is that oocysts in the soil may 
be spreading to endemic and endangered species on the 
island.  Given these concerns, the over-arching purpose of 
the study is to detect T. gondii oocysts in soil samples at 
cat colony sites and aid management decisions for cat col-
onies on the University of Hawai´i at Manoa.  The goals of 
this study are to: 1) test if aggregations in the topsoil hold 
onto T. gondii oocysts, and 2) measure T. gondii presence 
in soil in urban areas on the island of O´ahu.  Furthermore, 
we hypothesized that strong macroaggregates in Hawai´i’s 
soils will protect oocysts and will require disruption, and 
low concentrations of the soil dispersant sodium hexam-
etaphosphate will increase oocyst detection rate.  Given 
that cats are definitive hosts of T. gondii, we also hypothe-
sized that toxoplasmosis will be spatially contained within 
tight proximity to cat colonies, since most cats within a 
colony seem to remain in close proximity to their feeding 
location.  Detection rates at each colony are also expect-
ed to be higher at large cat colonies and will be affected 
by management practices.  To test these hypotheses, soil 
samples were collected from cat colonies using a target 
sampling scheme.  Future work will include using a grid 
sampling scheme with randomly selected points to test for 
spatial distribution of oocysts at cat colony sites.  

MATERIALS AND METHODS
To date, there is no single method to detect T. gondii, 

rather, there are a variety that differ based on sample me-
diums, including microscopy, antibody evaluation, bioas-
says, and molecular analysis.  Molecular analyses have 
been found to be the most sensitive, least time consuming, 
and most economically feasible approach for detecting T. 
gondii oocysts (Garcia et al. 2008, Salant et al. 2010).  Sev-
eral previous studies have used different methods for DNA 
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extraction, depending upon such factors as the medium 
(water, soil, and food) in which T. gondii is found (Dume-
tre and Darde 2003).  For soil, the procedures include ho-
mogenizing the samples using agitation and washing with 
dispersion solution, pre-filtration, sucrose floatation and, 
finally, destroying oocysts with freeze-thaw events (Afon-
so et al. 2008) or grinding with glass beads and proteinase 
K digestion (Salant et al. 2007).  Several studies have also 
used commercial DNA extraction kits (Homan et al. 2000, 
Lass et al. 2009, Mancianti et al. 2010, Salant et al. 2007, 
2010).  Viable polymerase chain reaction (PCR) markers 
were identified by Su et al. (2006) for the different strains 
of T. gondii. 

Soil sample collection took place within known cat 
colonies and may have disturbed cats, but we did not di-
rectly contact any cats.  Samples were collected during the 
afternoon, when most cats were hiding and sleeping, to 
minimize disturbance. 

Molecular analysis methods were used to detect oo-
cysts from samples.  For this study, methods were pooled 
from 4 studies on soil detection of T. gondii oocysts.  Spe-
cifically, oocyst recovery from soil and DNA extraction 
was modified from Dumetre and Darde (2003), Lass et al. 
(2009), Mancianti et al. (2010), and Salant et al. (2010).  

Site Description
The University of Hawai´i at Manoa main campus is 

located in the Manoa-Ala Wai watershed in Honolulu, 
Hawai´i.  The campus supports ~20,000 students and is 
approximately ~129 ha, consisting of both permanent and 
demountable structures (UHM 2011).  Soil at the Univer-
sity is an Inceptisol from the Makiki stony clay loam se-
ries with 0% to 3% slope (NRCS 2009) modified through 
construction and landscaping.  Makiki series soils are 
typically well drained, very sticky and plastic, and consist 
mainly of gibbsite and goethite clay minerals (Fan et al. 
1995).  The soil management practices and clay soils pres-
ent at the University favor aggregate formation, since the 
soil present is primarily utilized for ornamental plants and 
do not receive regular mixing.  

The campus currently supports a population of fe-
ral cats that are managed by cat colony caregivers.  Past 
surveys have estimated the campus to have 14 colonies 
and approximately 200-250 cats within an area of ap-
proximately 42 ha, though previous surveys have indi-
cated higher densities (Davis and Lepczyk 2010, A. Davis 
unpubl. data).  The results presented here are for one cat 
colony with ~20 cats; however, more will be sampled in 
the future.  The site is located next to the Manoa stream at 
a parking lot with both managed and unmanaged plant-
ers along the borders and an unmanaged riparian zone be-
tween the parking lot and stream.

The current cat management method being utilized is a 
variation on trap-neuter-return (TNR) methods, in which 
authorized cat caregivers are responsible for ensuring that 
cats in their respective colony/colonies are sterilized, vac-
cinated, have identification, are ear notched to indicate 
sterilization, and are properly fed and maintained in good 
health.  Though some cat caregivers remain authorized 
under the University’s Office of Facilities and Grounds, 
there are several that remain unauthorized and may not be 
properly managing their colony/colonies).

Sample Collection
Five soil samples of ~12.1 cm3 were target-sampled, at 

a cat colony on the University of Hawai´i at Manoa main 
campus, from defecation sites based on the presence of 
feces and dig marks.  Soil was collected up to ~10 cm 
depth using a soil probe.  Samples, double-bagged in zip-
top bags, were refrigerated for a short period of time (ap-
prox. 2-3 days).  Cat colonies were determined based on 
caregivers’ feeding locations.  

Aggregate Dispersion and Oocyst Recovery
Though water and mechanical dispersion methods may 

disperse most macroaggregates, dispersion solution may 
be required to break down smaller water-stable aggregates.  
Lelu et al. (2011) demonstrated that the use of a dispersion 
solution had no significant effect on T. gondii oocyst re-
covery; however, it is important to note that soils tested in 
the study differ from the soil tested for this study and may 
have different results.  Soil macroaggregates are 0.25 - 2 
mm in diameter and bonded together by plant roots, fun-
gal hyphae, and microbial and plant polysaccharides.  T. 
gondii oocysts have the potential to be trapped within soil 
macroaggregates, and several studies have used dispersion 
solutions to release the oocysts (Afonso et al. 2008, Lelu et 
al. 2011).  The purpose of this experiment is to determine 
whether different concentrations of a dispersion solution 
will release oocysts from soil aggregates.

The dispersion solution used for this experiment was 
sodium hexametaphosphate (NaPO

3
), which is used as 

a dispersant in soil particle size analysis and soil carbon 
analysis (Tyner 1939).  Soil samples received 3 different 
treatments: deionized water, 1% sodium hexametaphos-
phate, and 5% sodium hexametaphosphate, with 25 mL 
of the treatment added to ~10 mL soil.  Samples were 
vortexed 5 min to ensure that macro-aggregates were dis-
persed, and centrifuged 10 min at 1500 × G.  

To recover T. gondii oocysts, the supernatant was dis-
carded and 25 mL of 1.15 density sucrose solution was 
added to the pellet to float T. gondii oocysts.  Samples 
were vortexed to homogenize and centrifuged for 10 min 
at 1500 × G.  The supernatant was separated and the pellet 
discarded.  Deionized water was added to the supernatant, 
then it was manually shaken to dilute the sucrose solu-
tion, and centrifuged to form a pellet containing T. gondii 
oocysts.  For molecular analysis, 200 μL of the pellet was 
reserved in triplicates.

Molecular Analysis  
DNA extraction was conducted according to manufac-

turer’s instructions for the QIAamp DNA Stool Mini Kit 
for DNA analysis (QIAGEN QIAamp DNA Stool Mini 
Kit, Valencia, CA).  The QIAamp DNA Stool Mini Kit 
can accommodate soil samples and account for contami-
nates and inhibitors in feces and soil (QIAGEN 2012).  
The stool mini kit procedure includes lysis of samples us-
ing Buffer ASL, removal of impurities by absorbing the 
impurities into a matrix, and DNA purification (QIAGEN 
2010).  Toxoplasma gondii RH strain was used as a control 
and the primers TOX4 (5'-CGC TGC AGG GAG GAA 
GAC GAA AGT TG-3') from the 5' end and TOX5 (5'-
CGC TGC AGA CAC AGT GCA TCT GGA TT-3') from 
the 3' end were used for PCR analysis (Homan et al. 2000, 
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caregivers at the University if they come into direct con-
tact with infected soil and ingest the oocysts.  The Univer-
sity administration will need to consider the implications 
of toxoplasmosis infection in its community if T. gondii 
oocysts are detected on the campus.  An important step 
would be to test landscaping personnel for toxoplasmosis 
infection.  Though there is no guarantee that any antibod-
ies present for toxoplasmosis is related to the University, a 
high enough occurrence in personnel may suggest that the 
infections came from the University.  

Managing for any toxoplasmosis infection on the cam-
pus may prove difficult.  Removal of cats from the campus 
may stop T. gondii oocyst inputs into soil, but oocysts can 
persist in the environment for years.  Social impacts in the 
University community should also be considered.  It will 
be very important to properly educate the community on 
the true risk of contracting toxoplasmosis on the Universi-
ty campus, and cat caregivers may be resistant to removal 
of cats from campus.

The University is also located along the Manoa stream 
which follows the Manoa-Ala Wai watershed and emp-
ties into the near shore area near Waikiki.  With infections 
documented in the endangered Hawaiian monk seal, it 
can be assumed that T. gondii oocysts are reaching and 
persisting in the coastal area around the Hawaiian Islands.  
This may also pose a risk to recreational ocean users in 
the state.  If T. gondii oocysts are detected in the soil at 
the University of Hawai´i at Manoa, it may be important 
to test other cat colony locations in areas identified with 
substantial soil runoff.  
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