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Are poikilothermic animals real hosts for Toxoplasma gondii?
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ABSTRACT. The protozoan Toxoplasma gondii is believed to be a common parasite of almost all endothermic animals
and humans. However, recent reports of toxoplasmosis in marine mammals raise concern that cold-blooded animals may
also be a potential source of T. gondii infection. The article discusses the presence of T. gondii in aquatic and terrestrial
poikilothermic animals, which may be important elements in the transmission of the parasite.
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Toxoplasma gondii, an important protozoan
parasite of major public health importance, is found
worldwide. The literature suggests it can infect
virtually all warm-blooded vertebrates, including
birds, livestock, marine mammals and humans [1].
Horizontal transmission of the parasite occurs
through environmentally-resistant oocysts, tissue
cysts containing bradyzoites and occasionally
tachyzoites, which are also responsible for
maternally-derived congenital toxoplasmosis or
laboratory toxoplasmosis.
A specific PCR-based study of 3432 aquatic
animals covering eight species of shellfish and fish
in China revealed only four positive samples among
618 Procambarus clarkii crawdads and one positive
in Hypophthalmichhys molitrix [2]. The results
suggest that consumption of raw aquatic coldblooded animals may pose a health threat. It is
known that the brain is one of the preferential
locations of Toxoplasma gondii during persistent
infection and dormant bradyzoites enclosed in tissue
cysts are located in a variety of brain regions.
Nested PCR examination of the brains of 68 snakes
from five species collected in various provinces of
Iran found the T. gondii GRA6 gene to be present in
80.88% (55 samples) of the tested snakes [3].
Although Toxoplasma gondii infections have
been reported in many marine mammals, it is not
clear how these animals acquire the infection. A
study using indirect fluorescent assay found that the
eastern oyster Crassostrea virginica is able to

remove Cryptosporidium parvum oocysts from sea
water [4]. In further experiments, performed under
controlled laboratory conditions, Lindsay et al. [5]
demonstrated that eastern oyster can remove
oocysts of the T. gondii VEG strain. Hemolymph,
gill washes and oyster tissue contained DNA of the
parasite until day six post-infection.
Contaminated oysters may serve as vectors of T.
gondii for marine animals and humans. The unique
type X strain of T. gondii is responsible for 72% of
otter infections [6]; however, the prevalence of type
X in terrestrial animals and marine invertebrates has
not yet been fully explored. A California mussel
from an estuary draining into Monterey Bay and
Estero Bay was found to be type X-positive, as
indicated by multilocus PCR and DNA sequencing
at the B1, SAG1 and GRA6 loci. Of 45 local
carnivores, 15 also had PCR-confirmed infection.
The findings confirm that fecal contamination was
flowing to the sea through surface runoff, and that
otters could be infected via the consumption of
filter-feeding marine invertebrates.
The freshwater crustacean Gammarus fossarum
was found to be able to bioaccumulate T. gondii
oocysts proportionally to the ambient concentration,
suggesting that it could be a potential effective
bioindicator of protozoan contamination [7]. In
addition, marine snails have also demonstrated an
ability to concentrate T. gondii oocysts: parasite
oocysts have been detected in snail feces and tissues
after exposure to sea water [8]. Red abalone
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(Haliotis rufescens) concentrated T. gondii surrogate
microspheres following exposure, and the excretion
of surrogates continued for 14 days post-exposure.
This bioaccumulation and retention of such
pathogens as T. gondii by benthic invertebrates
seems to be a general mechanism of marine transmission of terrestrially-derived microorganisms [9].
A recent laboratory study confirmed that
migratory filter-feeding fish (northern anchovies
and Pacific sardines) can filter T. gondii oocysts
from sea water. A mouse bioassay found that
oocysts persist in the alimentary canals and are
infective for at least eight hours post exposure [10].
However, a study on goldfish (Carassius auratus)
provided ambiguous results. While the tachyzoites
of two T. gondii strains (RH of genotype 1 and
Beverley of genotype 2) penetrated into cells at six
hours post inoculation and multiplied in cell culture
at 37°C, many tachyzoites attached only to the cells
with no multiplication observed at 24 hours post
inoculation at 33°C. In contrast, while viable
inoculated tachyzoites were seen locally on day
three and then disappeared in in vivo experiments at
37°C, they were still present at the inoculation site
at the lower temperature of 33°C [11]. The results
suggest that under natural conditions, the parasite is
not able to cause any infection but can persist for a
longer time. The great majority of previous studies
have been performed by molecular methods (DNA
detection), and positive results were not confirmed
by biological assays.
T. gondii infection is a significant cause of
mortality among southern sea otters (Enhydra lutris
nereis) and the exposure to the parasite has been
linked with the consumption of marine turban
snails. Mazillo et al. [12] hypothesize that waterborne T. gondii oocysts attach to exopolymer
substances (EPS), forming a sticky matrix of
biofilm on kelp and thus becoming available to
snails. The authors confirmed the hypothesis under
laboratory conditions in tanks spiked with T. gondii
surrogate microspheres. Gelatinous polymers
including EPS on macroalgae captured T. gondii
from sea water, enabling uptake by marine
invertebrates, such as snails, and transmission of the
parasite to California sea otters and other animals
[13].
In 2016, the first case of systemic toxoplasmosis
in a New Zealand sea lion (Phocartos hookeri) was
reported. The parasite was detected histologically
and by immunochemistry in the brain, spinal cord,
spinal nerves and pelvic muscles. Nested PCR and
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sequencing revealed the presence of T. gondii DNA
in uterine and lung tissue [14]. These findings
confirm the cosmopolitan character of T. gondii
infection, although the mode of transmission of the
cosmopolitan parasite on these animals is not
known.
The studies presented above suggest that many
marine poikilothermic animals may serve as
significant vectors which can transmit Toxoplasma
gondii infection (oocysts), not only to other animals,
but also to humans by the consumption of various
sea organisms (shellfish, snails, prawns) and raw
fish (sushi). These animals may be characterized as
paratenic hosts or transport hosts for T. gondii. To
date, there has been no evidence that the parasite
multiplies in these animals.
Greater public awareness should be raised
concerning these findings as they contradict the
popular view that the threat of toxoplasmosis is
connected only with cats and the contaminated raw
meat of endothermic animals. In addition, evidence
suggests that the infections caused by T. gondii
oocysts in humans are clinically more severe than
those acquired from tissue cysts [15]. Furthermore,
from the ecological point of view, toxoplasmosis
could play a role in the morbidity and mortality of
many endangered species, particularly in those
populations that are close to the feline source of
T. gondii oocysts.
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