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ABSTRACT. Toxoplasma gondii occurred in terrestrial and marine environments. Many people still do not realize that
how important are the role of prevention, especially hygiene and proper food processing as well as diagnostics for
pregnant women. Humans become infected with T. gondii primarily by eating raw or undercooked meat containing
tissue cysts, or by ingesting oocysts with contaminated water or food (e.g. vegetables), very rarely by blood transfusion
or organ transplantation. The new risk is consumption raw mussels in this oyster or blue mussels. Other invertebrates,
such as some of crustaceans, are also capable of bioaccumulation of oocysts in their body. Invertebrates are mainly
responsible for the spread of toxoplasmosis among marine animals, but if eaten raw, they can also be a risk factor for
humans. This indicate the need to monitor also other species of invertebrates, especially those consumed by humans,
due to possibility of being vector of T. gondii. Most adults do not have clinical symptoms. However, primary infection
is dangerous in pregnant women due to the possibility of intrauterine infection of the fetus and the occurrence of
congenital toxoplasmosis. The group of people who may develop clinical symptoms also include immunocompromised
persons, especially those suffering from AIDS and treated with immunosuppressive drugs. Especially this group of
people should receive actual information about all potential sources of infection due to the still low public awareness of
threats. This paper presents a life cycle and transmission routes of T. gondii in terrestrial and marine environments with
an indication of the importance for public health.
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Introduction
Toxoplasma gondii was described in 1908 by
French scientists, microbiologist Charles Jules
Henry Nicolle and parasitologist Luis Herbert
Manceaux, working at the Pasteur Institute in Tunis.
They isolated this obligate intracellular parasitic
protozoan (tachyzoites) from the tissues of the
rodent – common gundi. They formed the name
from the Greek words toxo, meaning arc, and
plasma = essence, which refers to the arched shape
of the vegetative form of this protozoan and the
name of the host [1]. At the same time, the Italian
physician and microbiologist Alfonso Splendore,
who working in Brazil, found this parasite in rabbit
tissues. Fifteen years after the Nicolle, Manceaux
and Splendore findings, the Czech ophthalmologist
Josef Janků described the first case of ocular
toxoplasmosis in humans [1,2]. During the autopsy

of an infant with hydrocephalus and unilateral
microphthalmia, he found protozoan cysts in the
damaged retina of the eye. Finally, in 1939, Abner
Wolf, David Cowen and Beryl Paige demonstrated
that T. gondii is an etiological factor of congenital
toxoplasmosis in humans, as well as that it is the
same pathogen as in animals [1,3–5]. In 1948,
Albert Sabin and Harry Feldman introduced the first
serological diagnostic test, based on the color
reaction, consisting in the absorption of the
methylene blue dye by tachyzoites [6]. It is now
known as the Sabin and Feldman color test. The
exact life cycle of T. gondii was not known until the
1970s [7,8]. Nowadays the parasite occurs not only
in the terrestrial environment of various climatic
zones, but in the aquatic environment, also in the
marine environment. The first reports from the
marine environment concerned infections of sea
otters, later seroprevalence and symptoms of
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toxoplasmosis were found in various species of
marine mammals [9,10].
Currently, toxoplasmosis is one of the most
widespread parasitic diseases of warm-blooded
animals and humans in the world. Seropositive
people are more in the southern than in the northern
locations, which is associated with the influence of
climatic conditions on the survival of oocysts in the
environment (more favorable conditions are in a
warm and humid climate), as well as culinary habits
and the level of hygiene. The lowest seroprevalence,
ranging from 10–30%, is recorded in North
America, Southeast Asia, and Northern Europe.
Seroprevalence of 30–50% occurs in central and
southern Europe, while high, up to 90% in South
America and tropical Africa [11,12].
For most people, toxoplasmosis does not pose a
health risk and does not require any diagnostic and
therapeutic measures. Many people are not even
aware of the infection. Nevertheless, toxoplasmosis
is a significant public health problem because it can
have serious adverse effects on fetus and it can cause
clinical manifestation in immunocompromised
patient [13,14]. This infection belongs to the group of
TORCH diseases (toxoplasmosis, rubella, cytomegaly, herpes), caused by microorganisms capable
of overcoming the placental barrier and infecting the
fetus, causing malformations, miscarriage or
stimulating premature birth. Congenital toxoplasmosis can cause neurological or ocular
manifestations that can lead to blindness [15,16].
Flegr et al. [11] found the occurrence of latent
toxoplasmosis in 40% of women of childbearing
age in Poland, mainly from rural areas. According to
the reports of the European Center for Disease
Prevention and Control, the largest number of
intrauterine infections with toxoplasmosis in the
period 2010–2018 was recorded in France. In this
country rate was between 20–31, with the exception
of 2012 when rate was 12.7 cases per 100,000 live
births. In Poland, in the years 2010–2014, the
number of intrauterine infections with toxoplasmosis increased from 1.7 to 5.3 cases per
100,000 live births and remains at a similar level in
the following years [17,18]. In Annual Epidemiological Report for 2018 most of confirmed cases of
congenital toxoplasmosis were reported in France
(73% all cases), were rate was 19.9 cases per 100
000 live births. High rate 10.2 cases was also found
in Slovenia. The number of notifications per 100
000 living newborns was 6.4 in Poland with 5.8 in
the EU/EEA [18].
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Therefore, screening of pregnant women for
toxoplasmosis is conducted. Toxoplasmosis is the
most common opportunistic infection associated
with HIV infection or other primary or acquired
immune deficiencies worldwide [11,13]. In
immunocompromised patients infection may be
acute, involving the central nervous system, ocular
manifestation or other tissues and organs. An
important activity for the benefit of public health is
educating and providing patients with reliable
information on disease prevention, including
information about the actual and potential routes of
T. gondii infection spread and risk groups.

The terrestrial life cycle of T. gondii
Despite the fact that this apicomplexan parasite
was discovered at the beginning of the 20th century,
its life cycle was not established until the 1970s
[7,19,20]. Since then, there have been many
scientific papers describing the life cycle of T.
gondii, including local relationships between
definitive hosts and intermediate hosts in various
regions of the world.
Definitive host
Only Felidae, domestic cats and wild felids i.a.
lynxes, bobcats, jaguars, pumas, leopards, tigers are
the definitive hosts of T. gondii [21]. According to
Montazeri et al. [21] globally average seroprevalence of T. gondii in domestic cats is about 30
–40% and is lower than in wild felids. The highest
seroprevalence in domestic cats occurred in
Australia and Africa, 52% and 51% respectively. In
the case of feral cats the highest seroprevalence was
observed in Africa 74%, less in Asia and Europe
67% each and South America 66%.
These coccidia have three invasive forms:
tachyzoites, bradyzoites and sporozoites in
sporulated oocysts. Felids become infected
primarily by ingesting meat with tissue cysts
containing bradyzoites, less often with other forms
of parasite. An important source of infection are
hunted rodents [19,20,22]. The period from
infection with bradyzoites to excrete oocysts by the
cat usually takes 3–10 days and with tachyzoites or
oocysts over 18 days [20].
In the stomach and small intestine of felids,
proteolytic enzymes dissolve the wall of tissue
cysts. Released bradyzoites penetrate the epithelial
cells of the small intestine, where they initiate the
development of asexual and sexual generations. In

The presence of Toxoplasma
the mucosa, they undergo numerous, rapid divisions
as tachyzoites. The next stage is sexual reproduction
– gametogony. It is initiated by the formation of
schizonts, which then divide into merozoites. Some
merozoites develop into gametocytes. In the process
of sporogony, microgametes and macrogametes are
formed. Fusion of these gametes create zygote. The
zygote develops to oocyst. Immature oocysts are
released from the epithelial cells into the intestinal
lumen and excreted into the environment with the
host’s faeces. An infected cat sheds millions of
oocysts into the environment over 1–2 weeks in its
lifetime [23,24]. It is unlikely that cats will shed
oocysts in the next infestation, because immunity is
developed and oocysts are not formed [25,26].
Environment
Oocysts become invasive only after sporulation.
This process always occurs in the external
environment, at least after 24 hours, most often
within 2–5 days, after excretion with cat’s faeces,
depending on temperature, humidity and oxygenation
[20,27]. Each invasive oocysts contains two
sporocysts with two sporozoites. Mature oocysts may
remain invasive under favorable conditions, in soil
for over a year, and in water, including sea water, up
to 2 years [28–33].
Intermediate host
Over 350 species of birds and mammals, i.e.
mice, rats, squirrels, bears, raccoons, foxes, rabbits
and hares, beavers, deer, wild boars, and many other
animals found locally, are intermediate hosts
worldwide [12,34]. Among companion and farm
animals, the most frequently mentioned are cats,
dogs, ferrets, minks, horses, sheeps, goats, cattle,
pigs, camels, llamas and alpacas, rabbits and birds
such as turkeys, chickens, ducks, geese and pigeons
[10,35,36]. Toxoplasma gondii infection has also
been reported among wild birds, i.a. in
representatives of the order Galliformes, including
wild turkeys, pheasants, partridges, Anseriformes
with various species of ducks and geese,
Accipitriformes, Passeriformes, Columbiformes,
Strigiformes, Charadriiformes and Gruiformes
[10,34]. Infections of marine mammals [9,37–39],
such as sea otters, seals [40,41], dolphins [42,43],
and sea lions [44], are becoming more frequent in
last decades.
The intermediate hosts become infected after
ingesting plants or drinking water contaminated
with sporulated oocysts [7,34]. Carnivores become
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infected mainly by eating herbivores, which tissues
containing tissue cysts with bradyzoites. The main
intermediate host and reservoir of T. gondii are
rodents [22,45], especially mice. Not only are they
the main food of hunting cats, but infected
individuals do not even avoid them, because the
parasite modifies the behavior of rodents in such a
way that the distance to escape is shortened, making
them easier to prey to predators [46–49]. House mice
play the most important role in the transmission of
this parasite in the urban environment [22,50].
Another source is access carnivores to unprotected
leftovers from slaughter process.
In the intermediate host stomach the sporozoites
from the oocysts and the bradyzoites from the tissue
cysts are released and transformed into tachyzoites.
Tachyzoites intensively multiply in the reticuloendothelial system and in the epithelial cells of the
small intestine, from where they spread through the
blood and lymph throughout the body, penetrating
subsequent cells in various tissues and organs.
Intensively multiplying tachyzoites break the
infected cell and release the next generation of
tachyzoites, which infect other cells. This is the
acute phase of invasion where inflammation arises.
Then tachyzoite multiplication is inhibited,
transformed into bradyzoites and tissue cysts are
formed, most often in skeletal muscles and the brain
[12]. In some animals, such as sheeps, intrauterine
infection with tachyzoites has been documented,
which can cause fetal death, miscarriage or neonatal
death [24,51].
The presence of tachyzoites strongly stimulates
the immune system response and there is a
transition from the acute to the chronic phase. The
multiplication of tachyzoites is inhibited and
transformed into bradyzoites, forming tissue cysts.
Tissue cysts are surrounded by their own envelope
and then are surrounded by the connective tissue of
the host, and over time they become saturated with
calcium salts. A significant decrease in immunity
can cause bradyzoites to convert to tachyzoites and
cause reactivation [19,22].

The marine life cycle of T. gondii
For several years, infections among many
species of marine mammals are becoming more
frequent [38,39]. Seroprevalence and clinical
symptoms of toxoplasmosis have been described
primarily in the southern sea otters (Enhydra lutris
nereis), but also seals [40,41], dolphins [42,43], sea
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lions [44], porpoises, walruses and manatees [10].
In sea otters, numerous deaths due to infection have
been observed [52].
The beginning of the increase in otters mortality
was observed in the early 1990s. Staff of the
National Wildlife Health Center (NWHC),
Madison, Wisconsin, USA conducted a study of the
dead animals in an attempt to determine the causes.
T. gondii was isolated from tissues, especially from
the brain and heart of the animals. In laboratory
conditions, using mice and cats, it was shown that
isolated parasites were capable of infecting and
producing oocysts [53]. Similarly, high seroprevalence is found in another subspecies E. lutris
kenyoni living on the US East Coast [38].
The highest prevalence of antibodies against T.
gondii is recorded in sea otters and varies depending
on the region from 47% to 100%. High
seroprevalence has also been reported in Tursiops
truncatus in California and Florida waters [54,55],
Erignathus barbatus and Pusa hispida in Arctic
waters [56] or Leptonychotes weddellii and Mirounga
leonina from Antarctica [57]. Toxoplasma gondii
infection also has been found in other marine
mammals like Sousa chinensis, Stenella longirostris,
Stenella coeruleoalba, Tursiops aduncus, Grampus
griseus, Delphinapterus leucas, Balaenoptera
physalus [10], Odobenus rosmarus [58], Callorhinus
ursinus [10], Phocarctos hookeri [44], Zalophus
californianus [10], Cystophora cristata, Halichoerus
grypus [40], Mirounga angustirostris [10],
Neomonachus schauinslandi [10], Phoca largha
[40], Phoca vituline [10], Pagophilus groenlandicus
[40], Trichechus manatus [10].
In the waters around European continent T.
gondii seroprevalence has been found in Delphinus
delphis [59,60], S. coeruleoalba, Tursiops truncates, Globicephala melas, Grampus griseus
[42,61–63], Phocoena phocoena [59,60], Megaptera novaeangliae [60], Erignathus barbatus [56],
P. vitulina [40], Pusa hispida [56] and H. grypus
[40].
Some of the infected sea mammals show
symptoms of the central nervous system, behavioral
changes, less frequently miscarriages, fetal and
neonatal death, and congenital toxoplasmosis
[64,65]. Cases of placental infection in sea otters
[65], T. aduncus [64] and G. griseus [61] were
observed. Symptomatic form of toxoplasmosis has
been described in S. chinensis, S. longirostris, S.
coeruleoalba and T. truncatus [10,63]. Documented
fatal cases of toxoplasmosis except sea otter include
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T. truncatus [66], P. vitulina, Z. californianus
[10,67]. Michael et al. [44] indicate that infection
with T. gondii may be the reason for the poor
reproductive success observed in Phocarctos
hookeri.
The diet of sea otters consists of marine
invertebrates such as clams, sea snails, crabs and sea
urchins [38]. This excludes the possibility of
infection with tissue cysts because they occur only
in warm-blooded animals. Infection with oocysts
can occur either by swallowing them directly in
contaminated water, or by eating invertebrates, e.g.
filter feeding species that can accumulate oocysts in
their body [24,68]. Conrad et al. [38] suggest the
possibility of otters becoming infected by collecting
and ingesting oocysts when they cleaning their fur.
Oocysts can get into the marine environment
from land with flowing river waters, domestic
wastewater or, more often, by surface runoff,
especially in times of thaw or heavy rainfall [41,69].
Wild cats, e.g. pumas, lynxes, feral cats and, to a
lesser extent, domestic cats contribute to
contamination with dispersion forms of the
terrestrial environment and further aquatic
ecosystems [41,69,70].
In the marine environment, oocysts captured and
accumulated by marine filter feeding invertebrates,
e.g. clams, can then be transported through the food
chain. The invertebrate bioaccumulation of invasive
oocysts from contaminated water has been
confirmed in the case of Mytilus californianus [68],
Mytilus galloprovincialis, Crassostrea virginica
[71–73], Crassostrea rhizophorae [74], Crassostrea
gigas, Tapes decussatus [75], Dreissena polymorpha [76], Haliotis rufescens [77], Perna canaliculus [78,79], also marine snails like Chlorostoma
and Promartynia [80]. Bioaccumulation of oocysts
has also been found in the freshwater crustacean
Gammarus fossarum [81]. This observation
indicates that other crustaceans, including marine
species, may have also the potential to accumulate
oocysts and be able to transmit them through the
food chain.
Infections with T. gondii also occur in other
marine mammals, which, unlike sea otters, feed on
fish or cephalopods. In their case contaminated
water or fish appear to be the possible route of
infection. Sea mammals e.g. dolphins drink little or
no drink water [42]. Fish, like invertebrates, do not
belong to intermediate hosts, because T. gondii
parasitizes only in warm-blooded animals.
Therefore, they can only be a vectors if they are able
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to bioaccumulate in their gastrointestinal tract
oocysts taken from the environment. Massie et al.
[82] demonstrated this possibility in filter fish such
as California anchovy (Engraulis mordax) and
Pacific sardine (Sardinops sagax). These fish have
the potential to be the vectors capable of invading T.
gondii oocysts for approximately 8 hours after
exposure. Marino et al. [83] found T. gondii DNA in
some fish species like Engraulis encrasicolus,
Boops boops, Trachurus trachurus, Mullus
barbatus, Pagellus acarne, Pagellus erythrinus,
Merluccius merluccius, Arnoglossus laterna,
Diplodus sargus, Raja clavata, Scorpaena scrofa
and Spicara maena, captured in Mediterranean area.
Some of them are demersal species feeding on
benthic invertebrates and other fish feeding on
zooplankton or are omnivores.

Transmission of Toxoplasma gondii in the
terrestrial and marine environment.
Importance for public and environmental
health.

Figure 1. Potential sources of Toxoplasma gondii infection
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Man can become infected with all invasive forms
of T. gondii [2,69]. Most adults don’t have clinical
symptoms [24,55,84]. However, primary infection
is dangerous in pregnant women due to the
possibility of intrauterine infection of the fetus and
the occurrence of congenital toxoplasmosis [12,24].
The group of people who may develop clinical
symptoms also include people with immune
deficiencies, especially those suffering from AIDS
and treated with immunosuppressive drugs
[12,13,19,85]. Especially this group of people
(women of childbearing age and immunocompromised patients) should receive information
about all potential sources of infection due to the
still low public awareness of threats. Most often, the
infection occurs through ingestion, by the placenta,
less frequently iatrogenic or other routes (Fig. 1).
Animals infected through ingestion or some of them
via placenta, i.e. sheeps, goats, cattle [86-88], sea
mammals [61,64,65].
The routes of infection in the terrestrial
environment of animals and humans are well known
in the scientific literature. However, in the common
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knowledge of society, it is still not so obvious. For
many people, infecting humans is equated with
having a cat and not with the main route of
infection, which is contaminated meat. The health
risk associated with contamination of the marine
environment with dispersive stages of parasites are
even less known to the public.
Terrestrial routes of infection
People become infected primarily by eating raw
or undercooked meat that contains tissue cysts, or
by not following the rules of hygiene when
preparing meals, e.g. knives, cutting boards and
other kitchen utensils that have come into contact
with raw meat are used in the processing of other
foods. An important link in the epidemiology of
toxoplasmosis is pork, lamb, goat, game and freerange poultry, e.g. chickens and ducks [27,34]. On
the one hand, intensive breeding of animals (e.g.
pigs, cattle, poultry) contributed to the reduction of
animal contamination due to keeping them indoors,
feeding them with processed fodder, controlling
insects and rodents, limited entry of humans and
animals, preventive vaccinations [89]. On the other
hand, the fashion for ecological breeding, due to
wider contact with the environment, may again
increase the risk of meat contamination [84].
Fresh fruit and vegetables that have been
contaminated with felids faeces can also pose a
health risk if not carefully washed, peeled or
cooked. Oocysts are most often found in carrots,
lettuce, radishes [90], spinach (e.g. baby spinach)
[91], raspberries and blueberries [92]. The
importance of this source in the epidemiology of
toxoplasmosis is demonstrated by the high
seroprevalence among vegetarians [93]. Oocysts
can be transferred to unprotected food by flies,
cockroaches, caprophagic invertebrates, and
earthworms [23].
Oocysts and parasite DNA are found in drinking
water samples all over the world [37,94–97]. There
are known cases of water-derived epidemics of
toxoplasmosis related to the contamination of
drinking water intake, e.g., in Victoria (British
Columbia, Canada) [85], India, Brazil or Panama
[12,13,34,55]. Oocysts are sensitive to temperature
(cooking, freezing), gamma radiation and UV
radiation [33,55,98,99].
Another risk factor is the consumption of raw,
unpasteurized goat’s milk or cheese [84,101–103].
Tachyzoites are also found in sheep’s and cow’s
milk, but cases of toxoplasmosis have been reported
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so far only after consuming goat’s milk [104].
Infection can also occur through dirty hands or
by drinking or choking water from open water
bodies. Contamination of sandboxes and playgrounds for children is of particular epidemiological
importance [12,23,100,101]. Contact with oocysts
may also occur during gardening [83]. Oocysts are
also commonly detected in freshwater and seawater,
into which they get with sewage and surface runoff
[31,41,43].
The risk of tachyzoites passing through the
placenta and infection of the developing fetus exists
in the case of primary infection in a woman during
pregnancy, less frequently in the preconception
period [12,105]. If a woman had contact with the
parasite before, she developed immunity before
reinfection. Similarly, undergoing toxoplasmosis in
the first pregnancy does not pose a threat to a
subsequent pregnancy. Reactivation in the case of a
pregnant woman with immunosuppression may be
an exception [106]. The risk of congenital
toxoplasmosis changes with gestational age and is
highest in the third trimester [15,106].
Rare cases of infection may occur during blood
transfusion, through tachyzoites contained in blood
or blood products (e.g. leukocyte concentrate),
during transplantation together with transplanted
organs or tissues [13], as heart, lung, bone marrow
transplant [11,107].
Occasionally, accidental inoculation or
conjunctival infection may result in the infection of
employees of diagnostic laboratories, while
working with infectious material, or people
performing procedures on sick animals [12,108].
Work in the meat industry (slaughterhouses,
butchers), hunting, due to contact with carcasses of
animals, their slaughter, skinning, carcass cutting
and further processing, especially carcasses of pigs,
sheeps, goats and game (deer, wild boars, hares,
birds) and pigeons [35,45], is also indicated as a
potential route of infection if occupational hygiene
is not followed. In this case, infection can occur
through dirty hands, conjunctiva or through injured
skin.
Marine routes of infection
Contamination of the environment, including
water, with various pathogens is a global public
health and animal health problem [33]. The new
problem is occurrence of T. gondii in marine
environment and surface runoff is the most
important factor influencing the contamination of
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sea water and the possibility of infection of marine
animals [33,41,69,70]. The presence of T. gondii in
the marine environment creates local problems not
only for the health of marine mammals, but also for
terrestrial predators like polar bears hunting them
[56,109] or small predators that can feed on carcass,
e.g. arctic foxes and carnivorous birds in Arctic
regions. In the far Arctic, where felids do not exist,
migrating birds such as Branta leucopsis can be a
second source which can infect at wintering grounds
in the North Sea and Irish Sea [56,58].
The presence of T. gondii in marine ecosystems
can pose both local and global problems for public
health. An example of local problems can be arctic
areas, where the habits of eating raw or dried seal
and liver seal meat along with raw caribou meat and
skinning of hunted animals (e.g. foxes, wolves,
martens) are a source of infection in Canadian Inuit
[13,58,69,104]. Eating raw oysters and clams is
identified as a new global health risk [75,84,112].
Marine invertebrates such as molluscs and
crustaceans act as transport hosts. Absorption of
oocysts has been found in filtering invertebrates like
molluscs, such as abalone, oysters, blue mussels and
other [11,68,74,75,77,90,110,111]. Crustaceans may
also be a vectors, especially that G. fossarum, are
capable of bioaccumulation of oocysts in their body
[81]. Invertebrates are mainly responsible for the
spread of toxoplasmosis among marine animals, but
if eaten raw, undercooked, they can also be a risk
factor for humans [38]. Coastal invertebrates are
most vulnerable to contamination from surface
runoff or sewage. If they demonstrate the ability to
transmit oocysts from seawater to humans, they
could become a global public health problem
because of the popularity of shellfish dishes
worldwide. Jones et al. [112] and Putignani et al.
[75] indicate that eating raw seafood – oysters, blue
mussels and other bivalve is now a new risk of T.
gondii infection. Hence the warnings, especially in
areas with high consumption of shellfish, that eating
them should be avoided raw, but only after proper
cooking. It is especially important that that people
from risk groups,, such as pregnant women,
immunocompromised people and those taking
immunosuppressive drugs, be aware of the new
potential risks. The possible risk from filter fish
such as sardines and anchovies is negligible as,
unlike invertebrates, because the fish are gutted
prior to consumption.
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Prevention summary
The risk of toxoplasmosis infection is primarily
shaped by hygiene and eating habits. The main route
of infection is undercooked meat, dirty hands and
utensils, unwashed vegetables and fruit growing
in/near the ground. The basis of our health is
knowledge about the pathways of transmission of
the parasite, adherence to basic hygiene rules and
diagnostics. Personal hygiene and food preparation
– frequent washing of hands with soap and water,
especially before meals, after contact with raw
meat, unwashed vegetables and fruit as well as soil
and sand (garden, park, sandbox), taking care of the
cleanliness of knives, cutting boards, dishes, kitchen
worktops, washing them thoroughly with detergents
after contact with raw meat, seafood and unwashed
vegetables and fruit. Food should be protected
against the access of insects (e.g. flies, cockroaches).
Food and drinking water – eating meat that has
undergone proper heat treatment, cooking, stewing,
frying at a minimum temperature of 67°C (e.g.
using meat thermometers), deep-freezing meat at a
temperature of at least –12°C for a minimum of 3
days [104]. Under refrigerated conditions (1–4°C),
cysts in meat may remain invasive for up to 3 weeks
[12]. Avoiding eating raw and semi-raw products,
long-ripening or low-temperature smoked meats
(e.g. tartare, Parma ham, salami), unwashed fruit
and vegetables, and drinking unpasteurized milk.
People at risk should also avoid eating raw oysters
and other mussels, tasting food while cooking, and
eating grilled meat that may not have reached the
required temperature during cooking. Drinking only
boiled or bottled water, especially when traveling to
countries with low hygiene standards.
Toxoplasmosis is a disease around which a
myriad of myths have emerged, like this fake that
people can be infected directly from a cat. For this
reason cat owners are concerned and have an
unnecessary dilemma whether their cat threatens the
health of their infants. Against, people who don’t
have daily contact with cats feel safe and they don’t
appreciate the role of proper hygiene rules and
proper food processing reduces risk of infection.
The presence of a cat in the immediate vicinity, with
the observance of basic hygiene rules and regular
cleaning of the litter box, does not pose a risk of
infection with toxoplasmosis [12,113]. Cats that do
not leave the house and are not fed raw meat have a
negligible chance of becoming infected with the
parasite and thus pose a threat to human health.
Hunting cats, usually young, can only contribute to
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environmental contamination with oocysts for a few
weeks in their lifetime. Later they develop
immunity and no oocyst sowing occurs. The litter
box and its surroundings should be cleaned daily,
while wearing protective gloves, and remember to
wash your hands after completing these activities.
For safety, if a pregnant woman or an immunocompromised person has a cat, they have someone
else to clean the litter box.
● Environment – work in the garden in protective
gloves, protect sandboxes and playgrounds for
children against animal access, always wash
hands with soap and water after contact with soil
and sand. Prevent geophagia in children. People
with reduced immunity should avoid swimming
in recreational waters (ponds, lakes, sea) that
could be contaminated with oocytes from
sewage or runoff. In order to limit the spread of
T. gondii, the remaining carcass remains from
the slaughterhouse must be kept away from
domestic and wild animals [45].
● Pregnancy – perform preventive blood tests for
T. gondii. According to the Regulation of the
Minister of Health of August 16, 2018 on the
organizational standard of perinatal care, it is
recommended to carry out the toxoplasmosis test
(IgM, IgG) up to the 10th week of pregnancy
unless the pregnant woman shows a result
confirming the presence of pre-pregnancy IgG
antibodies and in women with a negative results
in the first trimester, repeat test (IgM) between
21 and 26 weeks of pregnancy [114]. Follow the
rules of prevention, especially take care of
personal and food hygiene, avoid eating
unwashed vegetables and fruits, unpasteurized
milk, unboiled water, avoid contact with raw
meat (preferably using frozen meat), limit the
consumption of raw seafood.
● Educational programs – because it is one of the
most common opportunistic infection in the
world, it is important for public health specialists
to disseminate updated educational materials
concerning on the risk factors, routes of infection
from terrestrial and marine environment, and
prevention of toxoplasmosis, proper food
processing and hygienic behaviors, aimed at
young people, especially girls and women of
childbearing age, as well as immuncompromised
people.
● Environmental monitoring – The presence of
invasive forms of T. gondii in terrestrial and
aquatic environments, including marine
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environment, should be monitored. Especially
the monitoring of invertebrates that could be
potential vectors of T. gondii and the health of
marine mammals.
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