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Toxoplasma gondii is an obligate intracellular parasite that causes toxoplasmosis, with approximately one third of
the population around the world seropositive. The consumption of contaminated food is the main source of

infection. These include meat products with T. gondii tissue cysts, and dairy products with tachyzoites.

toxoplasmosis Toxoplasma gondii control food detection

| 1. Introduction

Toxoplasmosis is a zoonotic disease that is caused by the obligate intracellular parasitic Toxoplasma gondii. This
protozoon of the Apicomplexa phyla presents only felines as the definitive host, being the ones where the parasite
can complete its life cycle. However, all warm-blooded animals, including mammals and birds, can act as
intermediate hosts (Figure 1). In most hosts, T. gondii causes a lifelong latent infection in tissues such as skeletal
and heart muscle, and the central nervous system, causing the disease. In humans, infection by T. gondii is
particularly important in pregnant women and immunocompromized people. During pregnancy, the risk of fetal
infection increases with gestational stage, increasing as gestation progresses [Ll. Neonatal manifestations include
hydrocephalus, microcephalus, intracranial calcifications, chorioretinitis, cataracts, convulsions, nystagmus,
jaundice, petechiae, anemia, enlarged liver and spleen, prematurity, and severe intrauterine growth restriction 23],
Ocular manifestations also appear as chorioretinitis and retinal lesions ®. In immunocompromized people, the
neurological symptoms, such as encephalopathy, meningoencephalitis, cerebral mass lesions, headache,
confusion, poor coordination, and seizures are usual &, with toxoplasmic encephalitis being the most frequent
manifestation in HIV patients [€ whereas the disseminated toxoplasmosis is more characteristic of transplant
patients . However, not only pregnant women and immunocompromized people may suffer the symptoms of
Toxoplasma infection. Immunocompetent individuals can develop acute, chronic, and ocular toxoplasmosis. The
acute toxoplasmosis is asymptomatic around 80% of individuals &, and the symptoms in the other 20% includes
fever, mononucleosis-like symptoms, with cervical posterior adenopathy, myalgia, and asthenia 2. Although these
symptoms are not relatively serious, the severity of infection depends on genotype of the parasite strain. In fact,
infections with a highly virulent strain can produce fatal pneumonitis, myocarditis, meningo-encephalitis, and
polymyositis €. In chronic toxoplasmosis, tachyzoites form bradyzoite cysts intraneuronal which are controlled but
not eliminated by the immune system 19 The immune response in the brain of patients produces brain
inflammation, ventricular dilatation, disrupting neuronal structure and connectivity 21221 Although the symptoms of
chronic toxoplasmosis have not been unraveled, several studies correlated these manifestations with neuropathies

[13l14] Related to ocular toxoplasmosis, it is the primary cause of infectious uveitis, presenting with retinochoroiditis
[1s),
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Figure 1. Biological cycle of Toxoplasma gondii.

T. gondii has a worldwide geographic distribution and an estimated 30% of the population is seropositive 18l The
genetic diversity of T. gondii around the world has been elevated, so more than 36 genotypes have been found 2.
The transmission of this parasite in humans may result from the ingestion of tissue cysts in raw or undercooked
meat of infected animals, ingestion of raw vegetables, water that is contaminated with T. gondii oocysts from cat
feces, and by vertical or transplacental transmission 8. Although, the main route of infection in humans is through
ingestion of contaminated food. In fact, it has been described that up to 50% of infections are caused by food
transmission using a novel multiplex Polymerase Chain reaction (PCR) assay 22l A study that was undertaken in
school dining rooms of Colombia showed the presence of T. gondii in meat, water, cucumber, and guava juice, both
inert and living surfaces 29, In the last years, the concern about this zoonosis and its transmission has been
increasing. In 2018, the EFSA recommended a serological screening of livestock to identify positive farms [, |n
the following year, the EFSA report found that food-borne transmission accounts for 40—-60% of T. gondii infections
(221, The last report indicated positive samples of meat, fish, raw mollusks and shellfish, honey, and potable water,

and Toxoplasma was included in category lll of zoonotic agents to monitor, along with Campylobacter or Yersinia
23]

However, and despite the great health public problem that it poses, there are currently no specific detection criteria
for T. gondii in food, and there are no standardized methods or validation procedures for its detection in the food

industry. In fact, different direct and indirect detection techniques exist. Cat and mouse bioassays are the reference
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direct techniques to analyze the viability of the parasite, but these test are not commonly used due to the long time
that is taken to obtain results, ethical issues, and great costs 8. The alternative method are cell cultures which are
limited in use because of the variability of the results depending the sample [24]. Other serological methods (indirect
detection) have been developed such as immunofluorescent assay (IFAT), enzyme-linked immunosorbent assay
(ELISA), latex agglutination tests (LAT), modified agglutination test (MAT), and more recently, a luciferase-linked
antibody capture assay (LACA) [28l123] The latest studies of T. gondii detection in food products have used
serological techniques to improve the sensibility of these serological tests using different approaches. For example,
Suwan et al. (2022) used a recombinant dense granule antigen 7 protein for the detection of parasites in blood
samples 28, In addition to these serological methods, other molecular techniques have been tested. Some
protocols of PCR have been described as nested PCR, real-time PCR, loop-mediated isothermal amplification
(LAMP), and others. However, the more sensitive and specific diagnostic tools to detect T. gondii are necessary
(271 and the studies about their sensitivity and to unify the detection in different food products are essential to

control of parasite infection by food consumption.

| 2. Methods for T. gondii Detection in Food Products

Although T. gondii is a high priority foodborne zoonotic pathogen around the world, it is not systematically
controlled [281. At present, there are no specific regulations or 1ISO standards for the detection of T. gondii in any
food matrix 21, Even so, different methods are available to detect tachyzoites, tissue cysts, and oocysts in food
products, including immunological and microscopical methods. These methods have an isolate and concentration
stage, later applying direct detection methods to the sample. Molecular assays are used to detect the presence of
T. gondii DNA in samples, while information on the viability and infectivity can be obtained by in vivo assays
(usually in mice) or by in vitro culture techniques. A summary of these methods with sensitivity and type of food

product where these methods have been used are shown in Table 1.

Table 1. The table shows different methods for T. gondii detection, sensitivity of method, and type of food product

where this method has been used.

Detection Range
Detection Method Specific Method 1 Type of Food Product References
(Sensitivity) 2

Animal model bioassay Cat Milk 25% (291[30]
Meat 100% (21
Mouse Milk 100% [29]
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Detection Range
Detection Method Specific Method 1 Type of Food Product References
(Sensitivity) 2

Meat 100% (10 tachyzoites) [24]
Fresh products 13% [32]
Bivalve mollusks 2.5% (33]
Water 100% (34]
Cell culture Meat 100% (10,000 tachyzoites) 22
Milk - [30]
Microscopic method Meat - [31]
Molecular methods PCR Meat 47.1% (25
Fresh products 95-100% (361(37]
Water 100% (36]
Milk 100% [29][38]
Cheese 100% [29]
qPCR Meat 92.3% (limit 0.01 pg) (221(20'
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Detection Range
Detection Method Specific Method 1 Type of Food Product References
(Sensitivity) 2

Fresh products 100% (1 oocyst) [41][42][43]
Bivalve mollusks 100% 1]
Water 100% [44]
LAMP Lymph nodes 85.7% [45]
Mussels 5 oocyst/g [46]
Fresh products 25 oocyst/50 g (471
Water 100% (1 fg) [48][49]
Serological methods IHA Meat Juice 100% (10,000 oocysts) 01
IFAT Meat 97% [31]
Meat Juice 96.9% (10,000 oocysts) 9
MAT Meat 86.6% (51]
Milk - 152]
ELISA Milk - [30]

1SMoOosIs:
Use of Likellhood Ratios tor Clinical Management. Pediatr. Intect. Dis. J. 2010, 29, 421-425.

2. Maldonado, Y.A.; Read, J.S.; Committee on Infectious Diseases. Diagnosis, Treatment, and
Prevention of Congenital Toxoplasmosis in the United States. Pediatrics 2017, 139, e20163860.
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Detection Range ISMOSIS.
Detection Method Specific Method 1 Type of Food Product References
(Sensitivity) 2
beiro,
Meat 91% 1 ar
Meat Juice 100% (10,000 oocysts) B9
1ajj, R.;
nd
BBMA Meat 98.5% 3]

b. Robert-Gangneux, F.; Darde, M.-L. Epidemiology Of and Diagnostic Strategles 1or Toxoplasmosis.

Clin. Microbiol. Rev. 2012, 25, 264—-296.
1 PCR: Polymerase chain reaction; qPCR: real-time PCR; LAMP: Loop-mediated isothermal amplification; IHA:
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59 (10.8%)

179 (17.2%)

42 (42%)

30 (47%)

148 (58.2%)

26 (17.3%)
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Jittapalapong, S.; Mangkit, B. Development and Evaluation of Indirect Enzyme-Linked

Immunosorbent Assay Using Recombinant Dense Granule Antigen 7 Protein for the Detection of
Toxoplasma gondii Infection in Cats in Thailand. Vet. World 2022, 15, 602—-610.

27. Mancusi, A.; Giordano, A.; Bosco, A.; Girardi, S.; Proroga, Y.T.R.; Morena, L.; Pinto, R.; Sarnelli,
P.; Cringoli, G.; Rinaldi, L.; et al. Development of a Droplet Digital Polymerase Chain Reaction
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38. Deljavan, N.; Moosavy, M.-H.; Hajipour, N. Molecular Detection of Toxoplasma gondii DNA in
Goats (Capra hircus), Sheep (Ovis aries), and Donkey (Equus asinus) Milk Using PCR in East
Azerbaijan Province, Iran. Res. Vet. Sci. 2022, 152, 58-60.
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Med. 2015, 8, 366-372.

50. Glor, S.B.; Edelhofer, R.; Grimm, F.; Deplazes, P.; Basso, W. Evaluation of a Commercial ELISA
Kit for Detection of Antibodies against Toxoplasma gondii in Serum, Plasma and Meat Juice from
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t_
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108563.
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Diaphragm PCR 1223 107 (8.7%) China g aughter
Diaphragm PCR 60 24 (40%) Brazil [es]  varl,
Diaphragm gPCR 103 2 (1.9%) Italy 4]
Luini,

M.; Villa, L.; Zanzani, S.A.; et al. Toxoplasma gondii Seroprevalence in Beef Cattle Raised in Italy:
A Multicenter Study. Parasitol. Res. 2020, 119, 3893—-3898.
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83. Fapini, K.; i Cicclo, F.; Marangi, M.; Gniaini, S.; Zanaral, k.; vergara, A.; Glangaspero, A.;
Nardoni, S.; Rocchigiani, G.; Mancianti, F.; et al. Occurrence of Toxoplasma gondii in Carcasses
of Pigs Reared in Intensive Systems in Northern Italy. J. Food Prot. 2017, 80, 515-522.
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94. Costa, D.F.; Fowler, F.; Silveira, C.; Nébrega, M.J.; Nobrega, H.A.J.; Nascimento, H.; Rizzo, L.V,;
Commodaro, A.G.; Belfort, R. Prevalence of Toxoplasma gondii DNA in Processed Pork Meat.
Foodborne Pathog. Dis. 2018, 15, 734-736.
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105. Cong, W.; Chi, W.-B.; Sun, W.-W.; Shan, X.-F.; Kang, Y.-H.; Meng, Q.-F.,; Qian, A.-D. First Report
of Toxoplasma gondii Infection in Common Quails (Coturnix coturnix) Intended for Human
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Animal Sample Analyzed Samples Location Reference
Method 1 Samples (%)
Tested
f
ndon
Muscle PCR 311 74 (23.8%) Italy - 9
. na
Meat juice ELISA 97 42 (43.3%) Italy o
ion in
5, 544
Meat gPCR 306 37 (12%) Germany -
odies to
Venison Serum MAT 914 329 (36%) USA —
SA. J.
Mouse 117
Heart _ 36 11 (30.6%) USA X.-Q.
bioassay
st
Roe deer Serum LAT 356 141 (39.6%) Spain — _
rari, N.;
lii in
Serum ELISA 323 130 (40.2%) Italy 19 1s. Food
Serum ELISA 184 20 (11%) Germany [L13] V.
120, 17,
Meat gPCR 184 11 (6%) Germany -
os Silva,
Fallow deer Serum LAT 372 138 (37.1%) Spain 1200 asma
'g. Stud.
Serum ELISA 167 17 (10%) Slovakia [61]
hter,
Meat gPCR 80 2 (2%) Germany — _
ityping
Red deer Serum LAT 553 92 (16.6%) Spain e
o
I UOULU, U. INCAUIT 1111IT 1 wviIN woLlcuvuuvlil vi IUI\\JPI(AQIIIU UUI Iuvi 11 11o0oucC \J(AIIIPICQ Vi vVviIiu I—J\Jurs (SUS

scrofa) from Southern Italy Reveals High Prevalence and Parasite Load. Parasites Vectors 2019,

12, 335.
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11

11

11

11

11

12

12

12

12

12

12

Animal

Southern

chamois

Mouflon

Iberian wild

goat

Chamois

Barbary

sheep

Moose

Wild ducks

Sample Analyzed

Serum

Serum

Meat

Serum

Serum

Serum

Serum

Serum

Serum

Serum

Brain

Heart

Detection
Method 1

ELISA

ELISA

gPCR

LAT

LAT

ELISA

LAT

ELISA

LAT

DAT

gPCR

gPCR

Number of
Samples
Tested

96

65

65

186

209

50

346

104

18

463

280

280

retti, A.;
Number of Positive )
Samples (%) Location Referenceyythern
n 2020,
19 (19.8%) ltaly [110] _
nfredi,
ttion of
4 (6%) Germany 18
K.
113 ) )
2 (2%) Germany Jiversity
venison.
26 (14%) Spain -
te, J.;
24 (11.5%) Spain s 5,
12 (24%) Italy L9 Estonia:
27 (7.8%) Spain —
acular
he
4 (3.8%) ltaly [L10]
1s and
1 (5.6%) Spain -
tors for
111 (23.9%) Estonia —
1a
Sublic
Czech
7 (2.5%) _ -t
Republic
z, H.
yngolian
11 (3.9%) Czech =0
iin

Sheep Milk and Blood Samples in Relation to Phase of Infection. Vet. Parasitol. 2015, 208, 250—

253.
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12 _ Number of N ma
AN s T — Detection . | Number of Positive p— . | A
nima ample Analyze amples ocation eference :
) Y Method 1 ) Samples (%) ples:
Tested
- Republic e of
lowing a
Czech
Muscle qPCR 280 4 (1.4%) . [120]
12 Republic na
)4, 560—
Common . Czech 120
Brain gPCR 350 8 (2.3%) )
12 pheasants Republic cted
DNA
Czech
Heart gPCR 350 4 (1.1%) . [120]
13 Republic V.
ats from
Czech
Muscle qPCR 350 3 (0.9%) . [120]
Republic
13 R . Sheep,

and Camel Milk in Upper Egypt. Vet. World 2018, 11, 1262-1265.
132. Gharekhani, J.; Yakhchali, M.; Afshari, A.; Adabi, M. Herd-Level Contamination of Neospora

ELISA: Enzyme-Linked Immunosorbent Assa)ﬁ MAT: modified agglutination test; DAT: direct aggl_utlnation test;

caninum, Toxoplasma gondii and Brucella in Milk of Iranian Dairy Farms. Food Microbiol. 2021,
PCR: Polymerase chain reaction; LAT: latex agglutination test; IFAT: indirect fluorescent antibody test; gPCR: real-

. 100, 103873.
time PCR.
133. Dumetre, A.; Dardé, M.L. How to Detect Toxoplasma gondii Oocysts in Environmental Samples?

3.2iitk\and RaineProducts, 651-661.

13 bG8 dd- sRATANRE mikl oPLediginadbe Sensiivi AN BRGHK R BYRIERET FA6ak TG ose
a riBICGHR ARRAYS AN rsline Miceobiplpfandimicrab:, 2008y el Bictors that is related to infection in the USA is

13he(iagastion plaipesiRyizad: 30asstaIkWERa DRy shciesTsrow 5 DEReRMeh Sf Topeiaihmally saaiples
from R EXRAroAmSHaf Rt sis i VEgatantes Sampiesre it presmenorcrapistaftiset D561
HO\gq_\,/eI,]_@fgq_ﬁg@_ differ between production procedures, management, and techniques of detection, increasing
with deficient biosecurity levels (related to the application of a health management program, vaccination protocols,

138 RIMONR: TRt eI eiols; MatiRee D6, % NRIRS: Ri-RioRGiddPigta Wik Niblecutar
techiniS: 3 SonP NS B S n el el B L MRS Gy 2 G G o 5 e a RIS MIRIOYSOhE ELisa
shoeP RPN asls SHIbreRiGin 3REREAMER IMSHEUAR WoMAheR PRANKE S SRR TRIIRIS the
goal#segrllgpn 238% S%VZI%RE(Z & gondii DNA in milk samples 229,

137. Ekman, C.C.J.; Chiossi, M.F.d.V.; Meireles, L.R.; de Andrade Junior, H.F.; Figueiredo, W.M.;

Taleadcibrste RN 0. Mk andetain g du ctsad Beciabi SOt & PEI OBt YR o FATBRIR CROKYBIBRIR O SIRURTY

of contamination, method that was used for detection, and prevalence that was found.
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Sample Detection  Number of Samples Number of Positive Samples

Animal Location Reference’
Analyzed Method 1 Tested (%)
13 a,
Donkey Milk ELISA 418 41 (9.2%) China 123
2015,
Goat Milk ELISA 30 19 (63.3%) Italy [129]
123 o, I.T.
Milk PCR 60 39 (65%) Poland 20 Emerg.
ELISA and 27 (90%) and 1 (3.3%), -
14 Milk 30 (90%) _ ( ) Egypt 131 51N
gPCR respectively
14 nno, G.;
Bulk tank |
» ELISA 100 59 (59%) Italy 129 -to-Eat
mi
14 dii in
Sheep Milk PCR 58 1 (1.7%) Mongolia 1224
ol. Lett.
_ ELISA and 18 (60%) and 1 (3.3%), 121 )
14 Milk 30 . Egypt adi, L.;
gPCR respectively
ance
Camel Milk PCR 9 8 (88.9%) Mongolia 1224
14
stables
ELISA and 1 (3.33%) and 0 (0%),
Milk 30 ( ) ] (0%) Egypt 131
gPCR respectively
14 na-
'S in
Bulk tank
Cattle _ ELISA 149 8 (5.4%) Iran [132]
milk
14 n

Seawater. J. Parasitol. 2009, 95, 1019-1020.

147. Aksoy, U.; Marangi, M.; Papini, R.; Ozkoc, S.; Bayram Delibas, S.; Giangaspero, A. Detection of
Toxoplasma gondii and Cyclospora cayetanensis in Mytilus Galloprovincialis from Izmir Province
CohasigAuBReyney Reed TimefdedriEhghsEas HlaRo P dettng A ordysie 4B yFeraddsliaradt 2014,
44, 128-135.

3.3. Fresh Products and Ver%etables ,
148. Ghozzi, K.; Marangi, M.; Papifi, R.; Lahmar, |.; Challouf, R.; Houas, N.; Ben Dhiab, R.;

Normanno, G.; Babba, H.; Giangaspero, A. First Report of Tunisian Coastal Water Contamination
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Frebly ptrolozeaanRax@site sdosingnbted wakh Bivglnes as\Bis|ogoalatrfdieator sotamiRPabdtwBiel. 20@ilact as
a sblirgel 97-igfé2tion in humans. Oocyst detection in environmental and food samples is difficult due to
145 BTN AT SR R B BD oAUt o %f&sﬁse%%h BB TR
it of it Aeocion T 1 907l o HENEIE PUIS 1) RS GO o pggese
posig)éegl.nethods for the detectlon of T. gondii in water, soil, and food samples (mainly, fruit and vegetables) based
on methods that are used for other protozoa 33 Hohweyer et al. (2016) developed an immunomagnetic
15Q MaraiflaszayD@as HRIENY -the CArdRlls of o MAE0AtSudh M- isPHEPGBI CoPmmerdidfigNRraNableOPeE- In
addRBM Lo BRiIERIZhEIRINOEILT 8S HRANRHEEPEUIRZA% KR PAASINE didih SPPeclP IR SRIPHaNRAYS: T
goridif0¥RpARTBA£IOBSHL HiRRRMiSRON oy isbE odauaptianc FaadsidA2fnd: 4P1Rs method was

15PPIRYMRRISRTOORIS S B804 oTiatie FNCD ete SRS B TORRTIARTIR BR fissareimbsargreloped and
it wag ffefiaie HipeimsaCap. oI b R ECHISIEY 020 2 ogsysts per gram of spinach K2

152h &R0t NNetbh M Y50 DKAMaruls %nd\VeSaBiesifan 2017 EBhQiRi M oRey@leBs Bave linked
acU2eBOMRER2BA RISk astopm it i QRiRsIMA B gedibi- entaBeiRationHe Marine Bvgiveehelfizh teen
idefPffe e WS NRRRQIN i REOIQRHA Ve ESNMURIhaRA g W dafodw a2 QddLsTII38] | fact, Pinto-

15E"eega5 ah (AR enferggwsiEanglyis Andspacindegdiahaariabies. Mihe 1 nashsriupopPossible
routshafiISRISRBR, LTS, fHiEEREPot STEBIIRR A GotriIrs aruhsi Wersyst Bntiftsanbiyegetables
arop L VSN e LS P CTRIEPNL ASKEH NIBISERISSABIATTR RAGKAHQIIFEPR7 MG FR PR AShAIAP Sr LI HbYE:
Chiﬁeesae_ %\1@; @_r-pc’)tiﬂf%gmgs., strawberries, and radish 149 (Table 4).

15fat1e!29 TReoMANAReéh hAOGUEHSRRS vedetaSiBs0 AR iabiM shollBle drotRYaRRYvASs: PRRRES, Eountry of
corfd@naBRChRAtBAIRLE AIdRAEBRTOXAP MR SQNHAIAUBENYT, Canada. Zoonoses Public Health
2021, 68, 277-283.

Detection Number of Samples Number of Positive

15 Product Analyzed Location  ReferenceO, A.;
Method 1 Tested Samples (%)
the
Mixed-salad 141
gPCR 648 packages 5 (0.8%) Italy
15 packages
1a
licon
Czech s P
PCR 90 packages 8 (8.9%) , [142]
Republic
1t cular
Leafy greens gPCR 152 45 (29.6%) Morocco [143]
1% carrot gPCR 30 3 (10%) Morocco 14 lasma
15 gPCR 46 9 (19.5%) Poland L5 lasma
2001,

154, 357-365.
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1€ Detection Number of Samples Number of Positive _ |
Product Analyzed Location Reference
Method 1 Tested Samples (%) 8, 5,
1€ - o3 i Czech 142 crobiol.
Republic
1€ Hillers,
Chicory PCR 40 2 (5%) Brazil L4515 the
1€ Red cabbage gPCR 8 1 (1.2%) China [42] S.;
a gondii
Coriander gPCR 29 8 (27.6%) Morocco 441 'n€
1€ Selh » lasma
Cucumber PCR 109 13 (11.9%) , )
Republic 2013,
1€ Lettuce gPCR 28 3 (10.7%) Morocco (44 gondii
licrobiol.
gPCR 50 9 (18%) Poland —
1€ , R.L.;
qPCR 71 5 (7%) China w2 A
1€ PCR 168 5 (3%) Brazil —
1€ gpinach gPCR 50 2 (4%) China w2y Int. J.
1€ Parsley gPCR 29 13 (44.8%) Morocco 144) INg--
17 PCR 5 1 (20%) Brazil 145 rance,
ma
Jdiated
Pak Choi gPCR 34 1 (2.9%) China 42]

171. Lacombe, A.; Breard, A.; Hwang, C.-A.; Hill, D.; Fan, X.; Huang, L.; Yoo, B.K.; Niemira, B.A,;
Gurtler, J.B.; Wu, V.C.H. Inactivation of Toxoplasma gondii on Blueberries Using Low Dose
Irradiation without Affecting Quality. Food Control 2017, 73, 981-985.
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17 Detection Number of Samples Number of Positive _ f Time
Product Analyzed Location  Reference
Method 1 Tested Samples (%) in. J
Radish gPCR 16 1 (6.3%) Morocco —
17 L.
ob.
gPCR 60 3 (5%) Poland 42]
17 ma
Rape gPCR 22 1 (4.5%) China [42] 2017,
17 Rocket PCR 7 1 (14.3%) Brazil P
5—-196.

Retrieved from https://encyclopedia.pub/entry/history/show/64719

1 PCR: Polymerase chain reaction; gqPCR: real-time PCR.

3.4. Marine Products

Aquatic environments can be contaminated with wastewater carrying T. gondii oocysts. Mollusks such as clams,
mussels, oysters, and scallops, filter-feed and trap phytoplankton in the gills. This filter feeding process can also
concentrate waterborne pathogens within their tissues, including oocysts, which can survive for long periods of
time in both fresh- and salt-water 228, For detection in mollusks, samples of whole tissue or organs can be used
and the most frequent techniques that are used are those that are based on PCR, generally directed to the B1
gene 14711481 v/arious molecular methods have been used for detection in fish, such as PCR, gPCR, and RT-PCR,
targeting the same gene, or the 529 bp DNA repeat element. The last method seems more sensitive, with the five
oocysts as a low limit of detection. But it is no more specific, requiring direct sequencing for definitive confirmation
of T. gondii [149] | addition, the technigues have been carried out in different matrices, such as the digestive tract,
muscle, brain, and even gills, among others [150] Serological techniques have also been used for the detection in
fish, such as ELISA, by detecting IgG and IgM, suggesting the fish are actually infected with T. gondii (154 rather

than just serving as paratenic hosts such as shellfish.

The consumption of raw mollusks is considered a risk factor for T. gondii infection. Table 5 shows the prevalence of
parasite in different mollusks, bivalves, and fishes.

Table 5. T. gondii in marine products. The table shows the animal, sample contaminated, country of contamination,
method that was used for detection, and prevalence that was found.
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Animal

Bivalve shellfish

Green-lipped

mussels

Mediterranean

mussel

Clam

Mediterranean

scald fish

Pacific oyster

Oyster

Bogue

Sample Analyzed

Tissue

Tissue

Gills

Tissue

Digestive gland

Haemolymph

Gills

Gills

Mantle, gills,
and rectum

Gills

Detection
Method !

PCR

PCR

gPCR

gPCR

PCR

PCR

PCR

PCR

gPCR

PCR

Number of

Samples Tested

2907

104

53 pools at 795

specimens

61 pools at
1020

specimens

390

390

1 pool at 6

specimens

6 pools at 109

specimens

1440

26 pools at 260

specimens

Number of

Positive Samples

(%)

82 (2.8%)

13 (16.4%)

21 (39.6%)

4 (6.6%)

6 (1.5%)

2 (0.6%)

1 (100%)

1 (16.67%)

447 (31%)

4 (15.4%)

China

New

Zealand

Turkey

Tunisia

Canada

Canada

Italy

Italy

USA

Italy

Location Reference

152

154

154

156

155
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) Number of
. Detection Number of - )
Animal Sample Analyzed Positive Samples  Location Reference
Method !  Samples Tested
(%)
) 26 pools at 260 155
Intestine PCR ) 3 (11.5%) Italy
specimens
26 pools at 260
Muscle PCR P _ 6 (23.1%) Italy 153]
fish
) 3 pools of 18 155
White seabream Muscle PCR ) 1 (33.3%) Italy
specimens
European 35 pools at 350
P Gills PCR . _ 2 (5.7%) Italy 153]
anchovy specimens
) 35 pools at 350 155
Intestine PCR ) 1 (2.9%) Italy
specimens
15 pools at 90
European hake Gills PCR P ) 1 (6.7%) Italy 153
specimens
15 pools at 90 155
Muscle PCR ) 1 (6.7%) Italy
specimens
] 11 pools at 110 155
Red mullet Intestine PCR ) 3 (27.3%) Italy
specimens
American prawn Muscle PCR 618 4 China 133
Nippon shrimp Muscle PCR 813 1 China —
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Animal Sample Analyzed
Axillary e
seabream

Intestine
Muscle
Common ]
pandora clls
Intestine
Muscle
Thornback ray Muscle
Red scorpionfish Intestine
Blotched picarel Muscle

Atlantic horse
Muscle
mackerel

Detection
Method 1

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

Number of

Samples Tested

8 pools at 80

specimens

8 pools at 80

specimens

8 pools at 80

specimens

3 pools at 18

specimens

3 pools at 18

specimens

3 pools at 18

specimens

1 fish

1 pool at 3

specimens

4 pools at 24

specimens

15 pools at 120

specimens

Number of

Positive Samples

(%)

2 (25%)

1 (12.5%)

1 (12.5%)

1 (33.3%)

2 (66.7%)

1 (33.3%)

1 (100%)

1 (100%)

1 (25%)

4 (26.7%)

Location Reference

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

155

155

155

156

155

155
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1 PCR: Polymerase chain reaction; qPCR: real-time PCR.

| 4. Control and Food Safety

The control of T. gondii infection must be done at several levels. First, certain risk factors increase the prevalence
of the parasite in farm animals. Hygienic management practices and correct management which involves keeping
cats away from crops and gardens and animal feed, are essential to control this pathogen in farms B9
Temperature and humidity control could decrease the survival and distribution of the parasite, as well as a late
replacement of the animals, since older animals present higher prevalence than young ones 62159 The intensive
systems of production present lower prevalence than extensive or semi-intensive ones 228 |n the same way,
organic farms present higher prevalence than conventional farms, probably due to due to the high risk of being
exposed and infected with environmental oocysts of parasites or from ingested infected rodents [/8. Nevertheless,
the most important factor in all production systems seems to be the biosecurity level (control of exposition and
infection of animals with environmental parasites and control of domestic animals that are infected near the farms)
and early detection 8189 Consumption of fresh milk and dairy products are other of factors that cause T. gondii
infection in humans. In fact, pasteurization of milk and milk products is also an important control measure.
Undoubtedly, stopping consuming these types of products could considerably reduce the prevalence of infection in
humans. On the other hand, as occurs in meat products, adequate hygienic and sanitary conditions on farms would
lead to this reduction. In fresh products and vegetables, the most common mechanism of contamination is irrigation
with water that is contaminated by oocysts, so sanitary control measures in irrigation water would be interesting.
Furthermore, washing fresh produce after harvest and before consumption is an important control measure, since
the chemical disinfectants are not effective (18],

The control of T. gondii in food production is essential. However, control measures during food inspection are not
applied 2. Currently, different methods of inactivation exist, although in the industry they are not applied directly
for the control of this parasite. The most used methods of control are thermal methods, including both high and low
temperatures. Heat treatments can destroy oocysts from both sporulated and non-sporulated strains. It is also
possible to eliminate bradyzoites and tachyzoites, although the elimination of the first requires higher temperatures
and longer times 1801161l Relationship between raw meat or other animal products have been demonstrated by
several studies. In meat products, the main control measure to prevent infection is an adequate cooking and proper
prevention of cross-contamination 282, |n fact, T. gondii can be eliminated from meat in 5-6 min at 49 °C, in 44 s at
55 °C, or in 6 s at 61 °C [163], Different meat products require different temperature conditions for inactivation. For
example, beef should be cooked at least 63 °C; whereas pork meat, minced meat, and bushmeat at 71 °C; and
poultry at 82 °C. In general, meat should be cooked to at least 67 °C before consumption. In dairy products, the
pasteurization of milk, at 63 °C for 30 min is sufficient to eliminate tachyzoites 184, Rani and Pradhan (2021)
published an exhaustive study that was related to the survival of T. gondii during cooking and low temperature

storage and concluded that the parasite was not found when the internal temperature reached 64 °C and below
~18 °C 1163],
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However, these elevated temperatures are not applicable to all food matrices. This is the case of vegetables and
fresh products (188, Regarding inactivation by low temperatures, it has been shown that freezing can inactivate
tissue cysts of T. gondii. To inactivate isolate tissue cysts, a minimum of three days is required at —20 °C 187 |n
addition to thermal methods, other non-thermal methods can be used for the inactivation, such as high-pressure
processing (146116811691 jonjzing radiation L7171 and curing or salt B4[172] The inactivation of T. gondii in food for
thermal and non-thermal methods has been extensively analyzed in the review that was published by Mirza et al.
(2018) 1731,

The inactivation of T. gondii in food products has been realized traditionally with high temperatures (thermal
methods) and when cured and salted 183I[174] whereas the non-thermal methods are presented as emerging
technologies for the control of T. gondii in food. High pressure processing (HHP) is a novel method for liquid and
solid food products where pressures of 340-550 MPa during 1 min can inactive cysts of the parasite 223, The
second new method is ionizing radiation (IR), which is capable of inactivating or killing T. gondii cysts in meat (169,

However, these methods have not yet been tested in other food matrices or to inactive other parasitic forms.
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