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ABSTRACT

Trichinellosis is a worldwide zoonotic food-borne disease that causes public health problems. The present study
investigated the role of domestic ducks (Muscovy) and catfish (Clarias lazera) in transmitting Trichinella spiralis
infection in Egypt. Ducks, fish, and rats were inoculated by high doses of Trichinella spiralis (T. Spiralis) larvae
in naturally infected muscles of pigs and by free larvae extracted from artificial digestion. Both methods failed to
develop an infection in ducks. No worms or cysts could be detected in ducks slaughtered 10, 25, and 45 days after
inoculation. Moreover, there was no significant increase in the mean ELISA optical density (OD) value, compared to
the control non-inoculated ducks. Inoculation of fish resulted in a significant increase in the mean ELISA OD value,
compared to the control non-inoculated fish. This elevation was associated with the temporary detection of a few
adult worms in the intestine of these fish which decreased with time till disappeared 45 days after inoculation but a
non-significant increase was observed, compared to that obtained in the inoculated rats at the same stages. A large
number of T. spiralis adult worms and cysts associated with a significant increase in the mean ELISA OD were
recorded in the inoculated rats. Infection of rats (xenodiagnosis) by muscles collected from the inoculated ducks or
fish failed to induce infection or elevation in the level of anti-T. spiralis antibodies (ATs-Ab) in their sera. In
conclusion, Muscovy ducks and Clarias lazera could not be infected by T. spiralis in their muscles and the
consumption of their meat could not transmit this infection to consumers in Egypt. However, proper cooking of meat
is still necessary to avoid infection with other species.
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INTRODUCTION

Trichinellosis is a worldwide zoonotic food-borne disease causing economic losses, public health problems, and even
mortalities in humans. This disease is caused due to ingestion of inadequately cooked or raw meat containing the
infective Trichinella species larvae (Djurkovi¢-Djakovi¢ et al., 2013; Noeckler et al., 2019). There are 8 identified
species and 12 genotypes belonging to the family Trichinellidae (Conlan et al., 2014). Trichinella species that infect
mammals are subdivided into two groups. The first group is encapsulated in host muscles to form cysts (such as T.
spiralis, T. nelson, T. native, and T. murrelli), however, the other group does not form a cyst in the body of the infected
hosts, such as T. pseudospiralis, T. zimbabwensis, and T. papuae (La Rosa et al., 2003). The encapsulated Trichinella
species could complete their life cycle in mammals as they require a body temperature ranging from 37-40°C. While the
non-encapsulated species, such as T. pseudospiralis, possess an increased host range, as they can be developed in
mammals and birds with a body temperature of 37-42°C. Species, such as T. zimbabwensis and T. papuae, can infect
both mammals and reptiles as they require host body temperature ranging from 25 to 40°C (Pozio, 2019).

Diagnosis of Trichinella by trichinoscope is a less accurate technique with low sensitivity and needs experience
(Djurkovi¢-Djakovié et al., 2013). On the other hand, a serological test, such as ELISA, is one of the most common
diagnostic tests and a useful tool for the diagnosis of Trichinella infection (Hewitson et al., 2009; Franssen et al., 2011)
which is easily applicable and suitable for simultaneous evaluation of a large number of samples. T. spiralis excretory-
secretory antigens (ESAQ) of the first stage larvae (TSL1-ESAQ) is abundant and stage-specific antigens, excreted from
the stichocytes present in the anterior part of the first stage larvae. Moreover, it is present in its cuticular surface. This
TSL1-ESAg contains an immunodominant carbohydrate epitope, which is specific to Trichinella (Taher et al., 2017;
Bruschi et al., 2019). These antigens contain the most sensitive and specific protein fraction which is valuable for the
diagnosis of infection in suspected cases (Ludovisi et al., 2008).

Pigs are considered the main representative host of the domestic cycle of T. spiralis and the primary cause of
transmission of Trichinella infection in humans (Franssen et al., 2011). Furthermore, the parasite can infect a wide range
of hosts, including humans, wild and domestic animals, reptiles, and some birds. Each of these hosts serves as a
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definitive (containing the adult worm), and as an intermediate host that contains the larval stage (infective stage of the
parasite) (Pannwitz et al., 2010; Pozio, 2019).

In Egypt, pigs are usually raised in barns with poor hygienic conditions where some domestic birds, such as ducks,
geese, and chickens are also usually raised with pigs. Moreover, rodents and other reservoirs can be easily accessed by
these barns. Consequently, these hosts may be infected by Trichinella from pigs. Rats are revealed to be a potential
reservoir host species of Trichinella and play an important role in the transmission of T. spiralis from and to pigs,
especially in the low housing sanitation level (Bilska-Zajac et al., 2018). Moreover, the incidence of T. spiralis infection
reached 13.3% in rodents (Youssef and Uga, 2014.). In addition, a large number of fish farms feed their fishes on bone,
meat meals, wastes of some domestic birds, and slaughtered pigs' offals that may facilitate the delivery of T. spiralis to
carnivorous and omnivorous fish species. As a result, these ducks or fish meat may incriminate as a source of infection
to humans.

Some researchers studied the susceptibility of different hosts, such as sheep, pigeons, cattle, Guinea pigs, camels,
monkeys, horses, and reptiles to T. spiralis (Smith and Snowdon, 1989; Yacoub et al., 1993; Asatrian et al., 2001).
However, studying the role of ducks and fish in transmitting T. spiralis infection is neglected in Egypt. For these
reasons, the present study focused on the role of domestic ducks (Muscovy) and catfish (Clarias lazera as a scavenger
fish) in the transmission of T. spiralis infection.

MATERIALS AND METHODS

Ethical approval
All procedures of the study were performed regarding the instructions listed by the Institutional Animal Care and
Use Ethical Committee (CU-IACUC) of Cairo University, Giza, Egypt.

Preparation and collection of Trichinella spiralis larvae

Trichinella spiralis larvae were determined after the trichinoscopic examination of naturally infected diaphragmatic
muscles of freshly slaughtered pigs in Cairo abattoir, Egypt, according to the method described by Vignau et al. (1997)
where one gram of these muscles adjacent to the tendinous part of the diaphragm was sub-cut into small pieces then
compressed between two glass plates of the trichinoscope and examined under 40x magnification of a binocular light
microscope (LABOMED, Labo America, Inc. U.S.A). An amount of 50 g from these muscles was dissected into very
small pieces. Larvae in 10 g from the heavily infected samples were extracted after artificial digestion in 0.3% (w/v)
pepsin in 0.06 N HCI at 37°C for 2-3 hours, supported with a magnetic stirrer. The obtained larvae were counted using
McMaster counting chambers according to IQACA (2012). The number of larvae per gram of the infected muscles was
calculated after compression between two glass slides where one of these slides was divided into equal counting
chambers (squares each of 1cm x 1 cm). A dose of 1000 T. spiralis larvae either after extraction by digestion or those
present in muscle cysts were used for the experimental infection of ducks, fish, and albino rats.

Parasite identification

Trichinella spiralis cysts and larvae which were collected at the Department of Parasitology, Faculty of Veterinary
Medicine, Cairo University, Egypt from muscles of the naturally infected pigs slaughtered in Cairo abattoir, Egypt, as
well as the adult worms produced after experimental infection in this study, were identified according to Faubert and
Tanner (1971) and Walden (2013).

Protocol of the experimental infection

Experimental infection of Muscovy ducks

Muscovy ducks of five weeks old were purchased from a private poultry production farm. These ducks were kept
under observation in the Faculty of Veterinary Medicine, Cairo University for another three weeks. During this period,
blood and fecal samples were weekly collected for parasitological examination. At the age of eight weeks old, a total of
45 Muscovy ducks free from parasitic infections were selected for the study. Thirteen selected ducks were allocated into
two groups each of 15. The first group received 1000 free larvae extracted from the digested infected pigs' muscles.
While the second group was orally inoculated by known grams of dissected muscles containing 1000 larvae counted as
before. At the same time, a group of 15 non-inoculated ducks was kept as a control group.

Experimental infection of catfish (Clarias lazera)

Living active 45 Clarias Lazera fish (25-30 cm) were collected from a private fish farm that follows regular
hygienic and sanitary conditions. They were divided into three groups each of 15. The first and second groups (30 fish)
were inoculated similarly to ducks by 1000 larvae as free larvae and larvae in muscles cysts, respectively. While the last
group consists of 15 fish used as a control non-inoculated group.
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Experimental infection of rats

In the present study, rats were used for two separate purposes; the first one was infecting them by infected pig's
muscles or free larvae to be used as a reference control for T. spiralis experimental infection of ducks and fish. While the
second purpose was to use rats for xenodiagnosis to evaluate the success or failure of the experimental infection of ducks
and catfish by following up the development of infective T. spiralis cysts in the muscles of these inoculated hosts.

Thirty white albino-female rats (125 gm each) were allocated into two groups each of 15, one group inoculated with
muscles containing cysts and the other group inoculated with free active extracted larvae as the same was done for ducks
and fish, while at the same time, a group of 15 rats was kept as control non-inoculated.

In addition, 60 female rats were used for xenodiagnosis(five rats for each group); they were fed on pooled muscles
samples collected from the larvae or cysts inoculated ducks and catfish after each slaughtering time of these hosts(10,
25, and 45 dpi). These rats were sacrificed after 45 days of inoculation. Besides, 15 rats were kept as control non-
inoculated (three groups each of five corresponding to the three slaughtering times).

The inoculated hosts were sacrificed by cervical dislocation, and their blood was collected at 10, 25, and 45 dpi.
After each slaughtering time, serum samples were separated after centrifugation of the clotted blood samples at 3000 xx
g for 5 minutes undercooling. Anti-T. spiralis antibodies (ATs-Ab) were evaluated in the collected sera from ducks, fish,
and rats using indirect Enzyme-linked- Immuno-sorbent assay (ELISA). Moreover, the intestine in each case was
removed and dissected into equal segments, then opened longitudinally, scraped by scalpel, and washed in warm saline
to remove and collect the available worms. A suitable amount of muscles of all inoculated hosts were also examined for
T. spiralis cysts using Trichinoscopic examination according to the technique described by Roepstorff and Nansen
(1998) and the digestion technique (Pozio, 2005). In addition, muscles from the inoculated ducks and fish were collected
after each slaughtering time, dissected, and mixed then fed to the rats' groups assigned for xenodiagnosis. Infection in
these rats was inspected at 45 dpi as described before.

Serological diagnosis

Preparation of Trichinella spiralis larvae antigen

Trichinella spiralis first larvae excretory-secretary antigens (TsL1-ESAg) were prepared from active motile first
larval stages according to Gomez-Morales et al. (2008). About 3000 active larvae collected after digestion were washed
several times by centrifugation and sedimentation in Phosphate Buffer Saline (PBS) pH 7.4 containing 1,000,000 I.U. of
penicillin G sodium and 1 g of streptomycin sulphate /liter. The clean sedimented larvae were used for the production of
TsL1-ESAg after cultivation in RPMI 1640 Medium as detailed described by Taher et al. (2017). The produced ES
products were collected by centrifugation, concentrated by dialysis versus polyethyleneglycol in molecular porous
membrane tubing 6-8 M.W. according to Abdel-Rahman and Abdel-Radi (2021). After estimating its protein contents
using the Bradford method (Bradford, 1976), the concentrated antigen was collected in a 1 ml vial and stored at -20°C
until use.

Indirect ELISA

Deviations in the level of specific ATs-1gG Ab in sera of all inoculated hosts in the current study were estimated at
the beginning day and at 10, 25, and 45 dpi using ELISA. The test was adjusted after checkerboard titration, and
performed according to the protocol of Mahdy et al. (2017) with little modifications. The microtiter ELISA plates were
coated with TsL1-ESAg; 100 ml/well (4 mg/ml) in carbonate-buffer (pH 9.6) and incubated for one hour at 37°C. After
three times of washing using washing buffer (0.5% Tween 20 in PBS pH7.3 + 0.2). All wells were blocked with 200 ml
of 0.5% bovine serum albumin (BSA), in PBS-0.05% Tween 20 (PBST) then incubated for one hour at 37°C as before.
After washing, 100 ml/well from the following reagents were sequentially added and incubated as before; 1:100 diluted
sera in PBST, then horseradish peroxidase HRP-conjugated anti- Rat 1gG (Sigma, USA), Rabbit anti-Duck 1gG (H+L)
(ARIGO 66303) and Anti- Fish 1gG (Cedarlane, CL50171AP-T) diluted 1:2000. The substrate O-phenylene diamine
dihydrochloride (OPD), (Sigma, USA) plus H202 were used for detection of the reaction (100 pl/ well). The reactions
were stopped by the addition of 50 ml/well of 1 N H2SO4. Optical density (OD) values at 450 nm were measured using
a microplate reader (Titer teck multi-scan ELISA reader). The cut-off point for positive results was calculated based on
the double of the mean OD value of negative control sera. As double of the negative control value was considered to be
positive for the same plate. Serum samples of all inoculated hosts were tested in duplicate associated with three positive
and three negative reference serum samples per plate.

Statistical analysis

Statistical analysis was performed using SPSS statistics 17.0 for windows. All data are presented as the mean +
standard error of the means (SE). Post hoc ANOVA (LSD test) was used to analyze the differences and similarities
between experimental groups. P < 0.05 was regarded as statistically significant.
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RESULTS

According to Table 1, T. spiralis heavily infected pigs' muscles containing cysts as well as active larvae extracted after
artificial digestion failed to be developed to worms in the intestine of the experimentally inoculated Muscovy ducks
when they were slaughtered at 10, 25, and 45 dpi. Furthermore, no cysts were detected in the muscles of these inoculated
ducks. Additionally, inoculation of ducks by free active larvae or muscles containing cysts did not result in significant (p
> 0.05) elevation for the level of ATs-Ab in their sera as it displayed negative ELISA OD values in comparison with the
control non-inoculated ducks. The recorded mean of ELISA OD value was 0.11 + 0.02, 0.14 + 0.15, and 0.12 + 02 for
ducks inoculated with larvae, 0.10 = 0.02, 0.12 £ 0.02, and 0.11 + 0.02 for those inoculated with infected muscles and
0.09 £0.01,0.11 £ 0.01, and 0.10 £ 0.01 for the control non-inoculated ducks at 10, 25, and 45 dpi, respectively.

At the same time, the inoculation of catfish (Clarias Lazera) with T. spiralis free larvae or naturally infected pig's
muscles resulted in a significant increase in mean ELISA OD value in comparison with the control non-inoculated fish
group (p < 0.05). This increase was respectively 0.48 + 0.02 and 0.31 £+ 0.05 at 25 dpi and 0.21 + 0.02 and 0.18 + 0.03 at
45 dpi for fish groups inoculated by free larvae and muscles cysts, compared to 0.11 + 0.00 and 0.09 + 0.00 for the
control non-inoculated fish group at 25 and 45 dpi, respectively. However, there were non-significant differences in the
level of ATs-Ab of fish groups at 10 dpi (p > 0.05). In addition, few worms were collected after evisceration of the
intestine of these fish. The mean number of these worms per fish decreased with the time elapsing post-inoculation as it
was 1.92 + 0.31 at 10 dpi then decreased to 1.00 + 0.45 fish at 25 dpi and disappeared at 45 dpi in the fish group
inoculated by free larvae. Moreover, the mean number of worms in the intestine of the fish group inoculated by infected
pigs' muscles was 1.60 + 0.25 and 1.00 £ 0.00/fish at 10 and 25 dpi, respectively while no worms were detected in fish
slaughtered at 45 dpi (Table 1).

On the other hand, inoculation of albino rats (as a normal host) by free larvae or infected pigs' muscles revealed a
high number of worms in their intestine. The mean number of these extracted worms reached 37.13 + 0.34, 32.80 £ 0.38,
and 18.60 * 0.25 for rats inoculated with free larvae and 32.20 + 0.20, 30.60 £ 0.40, 15.40 £ 0.25 for those inoculated
with pigs' muscles containing cysts at 10, 25, and 45 dpi, respectively. This was associated with a significant increase of
the ATs-Ab titer in their sera (p < 0.05), compared to the control non-infected rats. The mean ELISA OD in rats infected
either by free larvae or muscles containing cysts showed a significant increase (p < 0.05) for rats inoculated with free
larvae (0.85 £ 0.05, 0.69 + 0.02) and for those inoculated by muscles' cysts (0.72 = 0.09, 0.61 + 0.1) at 25 dpi and 45
dpi, respectively. Moreover, there was a gradual increase (reached 100/inch) in T. spiralis larvae which were diagnosed
microscopically in the diaphragm of all these rats when they were inspected from the 10 to 45 dpi (Table 1).

Table 1. Mean ELISA optical density values and number of collected worms from the inoculated hosts and control
groups at different times post-inoculation

Mean ELISA OD values and number of collected worms/hosts

Hosts  Groups 10 dpi 25 dpi 45 dpi
Mean ELISA  Mean No. of worms Mean ELISA Mean No. of worms Mean ELISA Mean No. of worms
OD Value /host (N = 5) OD Value /host (N = 5) OD Value /host (N = 5)
Control 0.09 £0.01° 0.00 £ 0.00% 0.11+0.01° 0.00 +0.00° 0.10 £0.01% 0.00 £ 0.00%
Ducks Larvae 0.11 £0.02° 0.00 + 0.00* 0.14 £ 0.15° 0.00 + 0.00* 0.12 +0.02° 0.00 + 0.00*
Cysts 0.10 £ 0.02° 0.00 + 0.00* 0.12 +0.02* 0.00 + 0.00* 0.11 +0.02* 0.00 + 0.00*
Control 0.11 £0.03* 0.00 + 0.00° 0.11+0.00° 0.00 +0.00° 0.09 £ 0.00° 0.00 + 0.00*
Fish Larvae 0.13+£0.02% 1.92 +0.31° 0.48 £0.02% 1.00°+0.45 0.21 +0.02° 0.00 +0.00?
Cysts 0.12 +0.00? 1.60 +0.25° 0.31+0.05° 1.00°+0.00 0.18 £0.03* 0.00 £ 0.00%
Control 0.11 +£0.00? 0.00 £ 0.00° 0.12 +0.00° 0.00 +0.00° 0.12 +0.03° 0.00 £ 0.00°
Rats Larvae 0.16 £ 0.02° 37.13+0.34* 0.85 + 0.05° 32.80 +0.38° 0.69 +£0.02* 18.60 + 0.25%
Cysts 0.14 +0.02° 32.20 £0.20° 0.72 £ 0.09* 30.60 + 0.40° 0.61 +0.10° 15.40 + 0.25°

¢ Means with different superscripts within the same column are significantly (p < 0.05) different. Values represent the mean of 3 independent
replicates + Standard error. dpi: Day post-inoculation, OD: Optical density, No: Number.

The ANOVA analysis for the variations in the level of ATs-Ab in sera of ducks, fish, and rats inoculated by T.
spiralis free larvae at different times after inoculation revealed that there was no significant (p > 0.05) difference
between the three hosts at 10 dpi. On the other hand, the mean ELISA OD value (0.14 + 0.15) in sera of the inoculated
ducks was significantly (p < 0.05) lower than that in rats (0.85 + 0.05) and fish (0.48 £ 0.02) sera at 25 dpi. While there
was a significant (p < 0.05) increase in this value in the rats' sera compared with ducks and fish at 45 dpi (Table 2).
Concerning the corresponding groups of the three hosts inoculated by pigs' muscles containing T. spiralis cysts (Table
3), it was observed that there was no significant (p > 0.05) difference among the three inoculated hosts at 10 dpi
regarding the level of ATs-Ab. However, a significant (p < 0.05) difference was recorded at 25 dpi, as the highest level
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was in rats (0.72 £ 0.09) followed by fish (0.31 £ 0.05) then ducks (0.12 + 0.02). Inoculation of rats by muscles collected
from experimentally inoculated ducks and fish revealed no worms or cysts or even elevation in the mean ELISA OD
values in the inoculated rats in comparison to the Control non-inoculated one (Table 4).

Table 2. Comparison between the changes in mean ELISA optical density values of the three hosts after inoculation by
Trichinella spiralis free larvae at different times post-inoculation.
Slaughtering days after inoculation

Hosts 10 dpi 25 dpi 45 dpi

Ducks 0.11+0.02° 0.14 +0.15° 0.12+0.02°
Fish 0.13+0.02° 0.48 +0.02° 0.21+0.02°
Rats 0.16 + 0.02° 0.85 + 0.05° 0.69 +0.02°

" Means with different superscripts within the same column are significantly (p < 0.05) different. Values represent the mean of 3 independent
replicates + Standard error. dpi: Day post-inoculation.

Table 3. Comparison between the changes in mean ELISA optical density values of the three hosts after inoculation by
pig's muscles containing Trichinella spiralis cysts (ANOVA analysis)
Slaughtering days after inoculation

Hosts 10 dpi 25 dpi 45 dpi

Ducks 0.10 + 0.02° 0.12 +0.02° 0.11+0.02°
Fish 0.12 +0.00° 0.31+0.05° 0.18 +0.03°
Rats 0.14 +0.02% 0.72 + 0.09% 0.61 +0.10°

"¢ Means with different superscripts within the same column are significantly (p < 0.05) different. Values represent the mean of 3 independent
replicates + Standard error. dpi: Day post-inoculation.

Table 4. Results of the feeding of rats with the muscles of the experimentally inoculated ducks and catfish after
slaughtering (xenodiagnosis)

. Rats fed on muscles collected from experimentally ~ No. of collected Range of ELISA Mean ELISA
Rats' groups

inoculated hosts worms OD value OD Value £ SE
G-1 Ducks inoculated by T. spiralis infected pigs' muscles 0.00 0.07-0.10 0.036 + 0.00%
G-2 Ducks inoculated by T. spiralis larvae 0.00 0.08 -0.10 0.045 +0.01%
G-3 Fish inoculated by T. spiralis infected pigs' muscles 0.00 0.09-0.11 0.040 +0.022
G-4 Fish inoculated by T. spiralis larvae 0.00 0.07-0.11 0.042 £0.00°
G-5 Control non-inoculated rats 0.00 0.09 -0.12 0.041+0.00°

 Means with different superscripts within the same column are significantly (p < 0.05) different. Values represent the mean of 3 independent replicates
+ Standard error. OD: Optical density, No: Number.

DISCUSSION

Trichinella species has a wide host range and can infect mammals, birds, and reptiles. Infection with this parasite causes
public health problems. Pigs are considered the primary cause of Trichinella infection in humans (Noeckler et al., 2019).
In Egypt, pigs are usually raised in barns with poor hygienic conditions in association with some domestic birds at the
same place. Moreover, rodents and other reservoirs can be easily available in these barns. These hosts are under
continuous exposure and contact to offals, garbage, and other wastes of pigs that may have Trichinella infection.
Consequently, they may get infected and act as a general reservoir. In this respect, Youssef and Uga (2014) presented an
increase in the infection rate of T. spiralis (13.3%) in rodents that were detected in overcrowded pigs’ barns of low
sanitary conditions. Dyab et al. (2019) detected T. spiralis infection in pigs in Egypt which mainly was in pigs' farms
with poor hygiene and infested with the rodent. In addition, most fish farms use meals made from birds and pigs' meats
and wastes, that facilitate the arrival of T. spiralis infection to the farmed fish. The previous explanations can direct the
attention to the possible role of domestic ducks or fish meat as a source of infection by T. spiralis to the consumers in
Egypt.

Therefore, the present study investigated the possibility of developing T. spiralis infection in Muscovy ducks and
catfish (Clarias lazera) and their role in transmitting this infection to ducks and fish meat which may infect consumers in
Egypt.

In the present study, the failure of T. spiralis heavily infected pigs' muscles containing cysts as well as the extracted
active free larvae to induce infection or even elevate the level of ATs-Ab in the inoculated Muscovy ducks was recorded.
Moreover, no successful infection could be diagnosed in rats fed on muscles of different inoculated ducks. This was in
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agreement with Pozio (2005) who demonstrated that the encapsulated Trichinella species forming cysts, such as T.
spiralis, can complete their life cycle in warm-blooded mammals only which have body temperature ranging from 37-
40°C. Moreover, Yacoub et al. (1993) reported that their trial to infect chickens failed and they could not detect T.
spiralis larvae in different tissues of the inoculated chickens since they were considered as non-specific hosts.

The condition was different after inoculation of catfish either with T. spiralis free larvae or naturally infected pig's
muscles. A very low elevation in the ELISA OD was recorded, this may refer to the attempts of the detected small
numbers of worms in the intestine of the inoculated fish to penetrate the intestine and stimulate the immune mechanism,
causing anti-parasite Ab production. However, this elevation is non-significant compared to that recorded after
inoculation of rats. Moreover, no cysts were formed in the muscles of these inoculated fish. This may be due to the
failure of these worms to survive after a period under the intestinal condition of fish which explains the decrease in the
number of worms detected in the inoculated fish intestine until their disappearance at 45 dpi. Consequently, these worms
failed to reach maturity or migrate and form cysts in the fish muscles, which may refer to the correlation between the
development, reproduction, and metabolic rate of a parasite and the host body temperature (Skorping, 1981; Gelnar,
1987; Pozio, 2005). Moreover, Watson et al. (1998) noticed that the fish body temperature influences the pathogen
development and the host immune response. In addition, the failure of catfish to get T. spiralis infection in the present
study was confirmed by the failure of infection of rats used for xenodiagnosis and fed on muscles of these inoculated
fish. This was in agreement with Pozio and Murrell (2006) who recorded the failure of the attempts to infect fish with T.
spiralis.

In the current study, the high recorded ATs-Ab titer diagnosed by ELISA OD and the high number of worms in rats
inoculated by infected pigs' muscles or by the free larvae demonstrate the ability of these larvae to develop in their
normal mammalian host in comparison with the other foreign hosts such as ducks and fish. Moreover, this proves the
infectivity of the used pigs' muscles and larvae for the experimental inoculation in the present study. These results are in
harmony with Youssef and Uga (2014) who mentioned that T. spiralis could infect rodents with an incidence of 13.3%.
Moreover, (Bilska-Zajac et al., 2018) stated that rats were considered to be a potential reservoir host s of Trichinella and
play an essential role in the transmission of T. spiralis from and to pigs and other infected hosts. In addition, (Franssen et
al., 2011) recorded a high number of muscles cysts, antibodies levels and immune response in rats experimentally
infected with T. spiralis larvae as well as they reported that there was a positive correlation between the number of
recovered muscles cysts of the infected rats and the level of serum antibody. However, there was no elevation in mean
ELISA OD values in hosts slaughtered at 10 dpi and this is considered to be acceptable as (Bruschi et al., 2019;
Ramadan et al., 2021) stated that the elevation in the level of anti-parasite Ab in sera could not be recorded before 2-3
weeks post-infection.

CONCLUSION

Regarding the obtained results, it could be concluded that there is no development of infective T. spiralis cysts in the
muscles of domestic ducks (Muscovy) and catfish (Clarias lazera) either inoculated by high doses of T. spiralis cysts or
free larvae extracted from infected pig's muscles. This means that the consumption of meat of these hosts cannot be
considered as a source for transmission of T. spiralis infection to the consumers in Egypt. However, proper cooking of
meat is necessary to avoid infection with other species. In addition, improving the hygienic housing conditions is
recommended for pigs, ducks, and fish farms.
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