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ABSTRACT In this investigation, the incidence and
intensity of gastrointestinal parasites of domestic
pigeons were evaluated, additionally, in vitro and in
vivo evaluation of the antiparasitic activity of chitosan
nanoparticles against the most predominant gut para-
site. Therefore, 240 domestic pigeons (160 adults and 80
squabs) obtained from different localities in Giza gover-
norate, Egypt, from February to July 2021, were sub-
jected to parasitological and postmortem examination.
The results revealed that 97% of pigeons were vulnerable
to single or mixed gastrointestinal parasites. The
detected helminths were identified as Capillaria colum-
bae (C. columbae) with a total incidence of (12.5%),
Ascaridia columbae (A. columbae) (83.3.%), Heterakis
gallinarum (H. gallinarum) (18.7%), Raillietina cesticil-
lus (R. cesticillus) (7.5%), Raillietina echinobothrida (R.
echinobothrida) (29%), Choanotaenia infundibulum (C.
infundibulum) (22.9%), Davainea proglottina (D. pro-
glottina) (26.6%), and Cotugnia proglottina (C. proglot-
tina) (14.5%). At the same time, the identified
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protozoan parasites were Trichomonas gallinae
(T. gallinae), and Eimeria columbae (E. columbae),
with a total incidence of 25 and 79%, respectively. Hel-
minths and Eimeria infections were higher in adults
than squabs, while T. gallinae infection was reported
with a higher incidence in squabs (62.5%) than adults
(6.2%). From our findings, A. columbae was the most
predominant gut parasite in the examined pigeons.
Thus, it was subjected to in vitro and in vivo treatment
with chitosan nanoparticles. Serum and tissue samples
were collected from the birds which have been used in
the in vitro study to evaluate the oxidative stress
markers as malondialdehyde (MDA), Nitric oxide levels
and Tumor Necrosis Factor-alpha (TNF-a) and Inter-
leukin-1b activity also, chitosan nanoparticles- treated
worm ultrastructure were determined using scanning
electron microscopy (SEM). Finally, we recommend
periodic monitoring of pigeon’s farm to detect the para-
sitic infestation, and from our results, we recommend
chitosan nanoparticles as a potent nematocidal agent.
Key words: antiparasitic, cestode, coccidia, chitos
an nanoparticles, nematode, pigeons, trichomoniasis
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INTRODUCTION

Pigeons cohabit with many avian and animal species
and humans (Attia et al., 2021). They can be infected
with various pathogens and act as a reservoir for many
parasitic infections. Their droppings pollute the
surrounding environment, enhancing the danger of para-
sitic infestation spread between different animal and
avian species (Attia and Salem, 2022). Parasitism is a
debilitating condition that harms pigeon’s health
(Salem et al., 2022a). The gastrointestinal parasites
infecting pigeons can be classified into protozoon para-
sites as Trichomonas gallinae, and Eimeria Columbi-
formes (McDougald, 2003; Lawson et al., 2006) while,
metazoan gastrointestinal parasites can be classified
into nematode helminths as Capillaria species, Synga-
mous species, Ascaridia columbae, Ascaridia longecir-
rata (Senlik et al., 2005) and cestode helminths as
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Raillietina tetragona, Raillietina echinobothrida
(Msoffe et al., 2010).

These gastrointestinal parasites produce a variety of
clinical signs and postmortem lesions as; depression, diar-
rhea, loss of condition, drop in egg production, nervous
signs, ruffled feathers, anorexia, different degrees of enteri-
tis with nodular formation, intestinal impaction, and liver
lesions (Qamar et al., 2017). In addition, a gastrointestinal
parasite in pigeons resulted in a significant elevation in
Nitric oxide and MDA levels and reduced serum zinc.
Moreover, infected pigeons showed a significant increase in
gene expression for IL1-b and TNF-a (Salem et al., 2022).

To overcome and control microbial infections and par-
asitism, many approaches could be applied such as;
using biological control (Hegazy et al., 2022), applica-
tion of antiparasitic chemical drugs (Attia et al., 2022;
Soliman et al., 2022), or using natural plant extract
(Abd El-Hack et al., 2021, 2022, 2022a; El-
Saadony et al., 2022; Saad et al., 2022).

Many types of anthelmintics used to treat and prevent
worms’ infection in pigeons as; piperazine citrate, levam-
isole, ivermectin, albendazole, and fenbendazole
(Simon and Emeritus, 2005; Tanveer et al., 2011;
Rahman et al., 2019). Also, amprolium, sulfonamides,
clazuril, diclazuril, and toltrazuril are common drugs
used to treat coccidiosis in pigeons while diclazuril and
toltrazuril have been considered as more potent chemical
drugs in the treatment of avian coccidiosis (Krautwald-
Junghanns et al., 2009; Salem et al., 2022b).

Chitosan is a cationic polysaccharide derived naturally
from chitin and chitosan as well as its derivatives have
been used in a variety of fields because they are potent,
inexpensive, simple to use, and suited for a variety of
medical applications, such as wound dressings and
bandages as they could enhance wound healing plus its
antibacterial, antifungal and antiparasitic activities
(AbdElKader, et al., 2021; Attia et al., 2021). Recently,
many parasites showed antiparasitic resistance against
commonly used chemical antiparasitic preapations and as
an alternative to chemically manufactured pesticides, the
use of nanoparticles as a pesticide agent has become more
common as technological advances have made their prod-
ucts more eco-friendly (Alfy et al., 2020). The unique
properties of chitosan nanoparticles, such as their small
size and quantum size impact, may make chitosan nano-
particles have better antibacterial properties (Divya and
Jisha, 2018). In the same way, chitosan nanoparticles are
natural materials with exceptional physicochemical, anti-
bacterial, and biological properties, making them ideal
environmentally friendly materials with bioactivity that
is very safe for humans (Divya and Jisha, 2018).

Therefore, the current study aimed to detect the inci-
dence of the most common gastrointestinal parasites
infecting domestic pigeons in Egypt with particular ref-
erence to the efficacy trials of chitosan nanoparticles as a
biodegradable agent against the most common detect-
able helminths in the pigeon with the evaluation of the
in vitro study using scanning electron microscopic study
and the in vivo trials assessment through evaluation of
the oxidative stress and genetic markers.
MATERIAL AND METHODS

Collection and Examination of Pigeon

The present study was carried out for six months,
from February to July 2021. A total of 240 pigeons (160
adults and 80 squabs) showed signs of general depression
and weakness were collected from different poultry clin-
ics and purchased from poultry markets as well as a
farm in which birds were maintained in the free-range
system from different localities in Giza governorate,
Egypt which located in 29.9870oN 31.2118oE with a hot
desert climate.
Ethical Statement The study design and all bird han-
dling procedures followed the Ethical Committee, Fac-
ulty of Veterinary Medicine, regulations.
Postmortem Investigations and Samples
Collection

The alimentary tract of freshly dead and ethically
slaughtered birds was removed intact and labeled. The
esophagus, crop, proventriculus, gizzard, small intestine,
and large intestine were separated and placed into sepa-
rate Petri dishes. A longitudinal incision was made out
in all parts to expose their contents, and then direct
intestinal smears were prepared and examined from
each part. All unattached worms were gently harvested
by forceps.
Parasitological Examination of the Pigeon

Fresh droppings were collected from each bird and
examined (macroscopically and microscopically) as well
as concentration techniques using the concentrated salt
solution for the presence of any parasitic eggs, oocysts,
whole worms and or gravid segments, according to
Soulsby (1986), Saad and Attia (2021) and positive
birds were further ethically slaughtered and exposed for
postmortem examination as well as, freshly dead birds
were opened for postmortem following Swayne (2020).
The parasitological positive pigeon for any internal par-
asitic disease was identified for infection type.
Identification of the Parasites

All the collected parasites were identified according to
Soulsby (1986). The helminths were removed from the
intestine then washed many times with phosphate buffer
saline (PBS) (pH 7.2), kept in 70% glycerin alcohol and
preserved in a separate jar for further parasitological
investigations according to Attia et al. (2019),
Salem and Attia (2021).
Chitosan Nanoparticles

Chitosan was purchased from nanotech Egypt The
characterization of the particles was spherical and
ranged from 15 to 25 nm.
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Determination of the Chitosan Nanoparticles
lethal Concentration 50 (LC50) on A.
columbae as in vitro Study

The chitosan nanoparticles were diluted in PBS as 25,
12.5, 6.25, 3, and 2 ppm. One hundred and twenty A.
columbae worms were used for each dilution which fur-
ther subdivided into 6 replicated (20 worm/ replicate).

Only freshly harvested intact, highly active nemato-
des were in vitro tested for the chitosan nanoparticles'
anthelmintic activity. During the in vitro study, careful
observation on the nematodes' movement was adopted
during 1 h, 2 h till 4 h post chitosan nanoparticle treat-
ment (ingestion assay). The A. columbae was carefully
examined under a stereoscopic microscope for movement
and the mortality rate.
Table 1. Primers designs for qRT-PCR.
Determination of the in vivo Activity of
Chitosan Nanoparticles as Nematocidal
Agents Against A. columbae

Thirty pigeons were divided into 3 groups, 10 birds
each as follow group 1) Ten naturally infected pigeon
with A. columbae which have been proved to be single
infected with A. columbae by dropping examination of
each bird for 7 successive days, postmortem, and parasi-
tological examination of the intestine of freshly died
birds from the same farms, were treated with 6.25 ppm
of the chitosan nanoparticles as lethal concentration 50
suspended in 1 cm physiological saline and have been
administered to the bird orally by crop gavage for 3 suc-
cessive days; group 2) Ten control positive single
infected pigeon with A. columbae and group 3).

Ten apparently healthy parasitologically negative
were obtained from a private pigeon farm where pigeons
reared in captivity under controlled hygienic measures
kept negative control. Each group was subdivided into 5
replicates. Two birds were kept in thoroughly clean
wooden cages with wire nets (90 cm width £ 90 cm
length £ 90 cm height) under the same environmental
temperature and humidity conditions. All birds were
supplied with a balanced seed mix and clean water ad
libitum.

The pigeons were monitored for 2 successive weeks.
Then, 2 pigeons from the treated group were ethically
slaughtered at 5, 8, 11, and 15 d post-treatment, while
birds in both controls negative and control positive
groups were slaughtered at the end of the observation
period.

Blood, sera, and intestinal samples were collected
from ethically slaughtered birds then labeled with the
time of slaughtering and kept at �20°C for further anal-
ysis.
Reference gene Primers (5́ to 3́)
Product
size (bp)

IL-1b(DQ393270) Forward: CACCCGCTCCCAGTCCTT 64
Reverse: TGGGTGACTCCAGCACGAA

TNFa(AY765397) Forward: AGTTGCCCTTCCTGTAACCAG 152
Reverse: TCCACATCTTTCAGAGCATCA
Estimation of Tumor Necrosis Factor-Alpha
(TNF-a) and Interleukin-1b Activity

Intestinal tissue samples from A. columbae infected,
treated and controlled un-infected pigeons were
dissected and aseptically preserved at �20°C for further
examination.
RNA Extraction

RNA was extracted from 100 mg of pigeon intestine
using the total RNA kit (Ambion, Applied Biosystems),
following the manufacturer's guide.
The intestinal tissue was homogenized and subjected

to Lysing Matrix D tubes (MP Biomedicals) using a
FastPrep-24 homogenizer (MP Biomedicals, 2 cycles of
30 s at 6 m/s).
Nanodrop (Thermo Scientific) was used to evaluate

the RNA purity and quantity. Following the manufac-
turer guide, a five hundred ng of RNA resulted from
DNaseI amplification grade (Invitrogen). The reverse
transcription of treated RNA was gained by High-
Capacity cDNA Archive Kit (Applied Biosystems) fol-
lowing Liu et al. (2014), Salem et al. (2022).
Quantitative Real-Time PCR Protocol (qRT-
PCR)

PCR primers specific for tumor necrosis factor-alpha
(TNF-a), and Interleukin-1b specific for pigeon were
designed and based on the sequences submitted in the
GenBank by Liu et al. (2014) as seen in Table 1.
Quantitative Real-time PCR Cycling
Conditions

Amplification was established for 40 cycles as a dena-
turation for 30 s at 94°C, annealing for 30 s at 60°C and
extension for 45 s at 72°C and repeated for three succes-
sive times (Attia et al., 2021).
Ultrastructure Determination of the Effects
of Treatment With Chitosan Nanoparticle
Collected From Pigeon After Treatment
Using Scanning Electron Microscopy
(SEM) Study

Adult A. columbae were collected from the treated
pigeon's droppings and/ or intestine at the end of the
experiment. Then worms were washed using 0.9% saline
(Attia and Salem, 2022). The collected worms were fixed
in 2.5% Glutaraldehyde following to Attia and Sal-
aeh (2020), Abdelsalam et al. (2020), then the worms
were dehydrated using ascending ethanol series, then



Figure 1. (A) Squab showing general weakness, sleepy appearance, ruffled feathers and emaciation. (B) Squab showing ruffled feathers with
emaciation. (C and D) Postmortem of freshly dead pigeons showing severe emaciation with protrusion of keel bone.
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the nematodes were dried in a CO2 critical point drier
(Autosamdri-815, Germany).

The adult was coated with 20 nm gold (Abu-
Elala et al., 2018) in a sputter coater (Spi-Module sput-
ter Coater, UK). All the specimens were photographed
with a scanning electron microscope (JSM 5200, Elec-
tron prob); Microanalyzer Jeol, Japan; at Faculty of
Agriculture, Cairo University.
Assessment of the Oxidative Stress Markers

Oxidative stress markers were evaluated in sera sam-
ples as malondialdehyde (MDA). Nitric oxide levels
were assessed according to Attia et al. (2021).
Figure 2. (A) Opened buccal cavity of adult pigeon showing Prescence
protrusion of keel bone and navel inflammation (omphalitis), (C) Squab show
Data Analysis

Data of stress markers and gene expression were sta-
tistically analyzed using SPSS Version 18.0 software
(Inc., Chicago, IL). A P-value was considered significant
when P < 0.05. The lethal concentration (LC50) of the
tested nanoparticles was statistically analyzed using
probity analysis by Finney (1971).
RESULTS

Clinical Signs and Postmortem Findings

Most of the examined pigeons showed signs of general
depression, emaciation, ruffled feathers with variable
degrees of diarrhea, as shown in Figures 1 and 2.
of white caseated membrane. (B) Squab showing severe emaciation with
ing greenish diarrhea with ruffled feathers.



Figure 3. (A) Postmortem of pigeon showing severe liver congestion. (B) Postmortem of pigeon showing subcapsular hemorrhage in the liver.
(C) Postmortem of pigeon liver showing paleness with fatty degeneration.
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T. gallinae positive birds showed signs of severe emacia-
tion, vomiting, drooling of offensive odor fluid from bird
mouth with the presence of white caseated membrane in
the buccal cavity, crop impaction with doughy material
and navel inflammation was recorded in some squabs as
shown in Figure 2.

Postmortem examination of freshly dead birds or ethi-
cally slaughtered ones revealed protrusion of the keel
bone Figure 1. The liver showed different degrees of
inflammation, subcapsular hemorrhage, and in some
cases, fatty degeneration was reported, as shown in
Figure 3. Intestine in postmortem examination showed
different degrees of enteritis, ballooning, impaction with
worms, presence of undigested feed particles mixed with
frothy fluid with variable colors (yellow, orange, and
greenish contents) as shown in Figures 4, 5, and 6.

The present study aimed to estimate the incidence of
gastrointestinal parasitic infections in the domestic
Figure 4. (A) Intestine of pigeons showing enteritis with greenish an
mixed with gases. (C) Intestine of pigeons impacted with cestode worms.
pigeon with a new treatment trial. The results showed
that out of 240 investigated pigeons, 233 were positive
for either single or mixed gastrointestinal parasites with
an incidence of 97%.
The helminthic and protozoan infections were recorded

with different degrees of intensity and severity of the
lesion. Both single and mixed parasitic infections were
recorded. In this study, gut helminths (nematodes and
cestodes) were reported in adults and squabs. In contrast,
the detected three types of nematodes were identified as
C. columbae with a total incidence of (12.5%), A. colum-
bae (83.3.%) and H. gallinarum (18.7%). In this study,
five different cestodes were detected (Figure 7) and iden-
tified as R. cesticillus, R. echinobothrida, C. infundibu-
lum, D. proglottina, and C. proglottina with a total
incidence of 29, 7.5, 22.9, 26.6, and 14.5%, respectively.
This study detected different parasitic eggs, oocyst,

and gravid segments during direct microscopic fecal
d yellowish contents. (B) Opened intestine showing yellowish content



Figure 5. (A and B) Opened pigeon intestine showing presence of Ascaridia worms. (C) Petri-dish containing pigeon small intestine with large
number of Ascaridia worms.
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smears examination, as shown in Figure 8. The identified
protozoan parasites were T. gallinae and E. columbae,
with a total incidence of 25 and 79%, respectively. Hel-
minths and Eimeria infections were higher in adults
than squabs, while T. gallinae infection was reported
with a higher incidence in squabs (62.5%) than adults
(6.2%), as presented in Table 2.

Single parasitic infection with A. columbae was
recorded in 50 adult birds and 20 squabs showed a single
infection with T. gallinae. In contrast, the rest number
of examined birds revealed mixed infections. From
Figure 6. (A, B and C) Opened pigeon intestine showing p
observations, mixed infections with helminths were
recorded in some of the examined pigeons (Table 3) and
were detected as follow:

Mixed Nematoda: (C. columbae and A. columbae),
(C. columbae and H. gallinarum), and (C. columbae,
A. columbae and H. gallinarum)

Mixed cestode: (R. cesticillus and R. echinobothrida)
and (R. cesticillus, R. echinobothrida and C.
infundibulum)

Mixed helminths: (A. columbae and R. echinobothrida)
resence of cestode worms attached with intestinal mucosa.



Figure 7. (A) Macroscopic appearance of Raillietina and Davainea worms obtained from pigeon intestine. (B) Raillietina worms. (C) Davainea
worms.
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Mixed helminths and protozoa: (C. columbae and
E. columbae) and (A. columbae, C. columbae and E.
columbae).

The results revealed that A. columbae was the most
detected gastrointestinal infection between the exam-
ined birds with an incidence of 83.3% (200/240); there-
fore, it was selected for evaluation of the nematocidal
activity of chitosan nanoparticles.

The in vitro trial showed a direct relationship between
the tested chitosan nanoparticles concentration and the
Figure 8. Fecal examination of pigeon infected with enteric parasites; (A
ulated oocyst; (D) Ascaridia columbae egg; (E and F) Capillaria columbae eg
mortality rate of Ascaridia worms, as shown in Table 4
and Figure 9. The in vivo study revealed that chitosan
nanoparticles treated birds revealed improved clinical
scores in Figure 10. Meanwhile, control positive infected
untreated birds showed deterioration in general health
with increased intensity of clinical signs (off food,
increased water consumption. Meanwhile, control posi-
tive infected untreated birds showed deterioration in
general health with increased intensity of clinical signs
(off food, increased water consumption, weight loss and
general depression).
and B) Raillietina spp. gravid segment; (C) Eimeria columbae un-spor-
gs.



Table 2. Incidence of gastrointestinal parasites either and intensity of helminths in domestic pigeons.

Parasites Parasitic species

Total No. of positive
cases out of 240 birds

(Incidence%)
Intensity of parasites
(Average number)

Adult total No. of
positive cases out of 160

birds (Incidence%)

Squabs total No. of
positive cases out of 80
birds (Incidence%)

Nematodes Capillaria columbae 30 (12.5%) 10−35 (20) 15 (9.3%) 5 (6.2%)
Ascaridia columbae 200 (83.3%) 10−90 (45) 155 (96.8%) 45 (56.2%)
Heterakis gallinarum 45 (18.7%) 16−35 (22) 35 (21.8%) 10 (12.5%)

Cestodes Raillietina cesticillus 70 (29%) 3−15 (9) 62 (38.7%) 8 (10%)
Raillietina
echinobothrida

18 (7.5%) 1−5 (3) 12 (7.5%) 6 (7.5%)

Choanotaenia
infundibulum

55 (22.9%) 1−3 (2) 38 (23.7%) 17 (21.2%)

Davainea proglottina 64 (26.6%) 1−10 (6) 58 (36.2%) 6 (7.5%)
Cotugnia proglottina 35 (14.5%) 1−3 (2) 22 (13.7%) 13 (%)

Enteric protozoa Trichomonas gallinae 60 (25%) - 10 (6.2%) 50 (62.5%)
Eimeria columbae 190 (79%) - 152 (95%) 38 (47.5%)

Table 3. Type of the observed mixed gastrointestinal parasites
infections in domestic pigeons.

Type of mixed infections Detected parasites

Mixed Nematoda (C. columbae and A. columbae), (C. columbae
and H. gallinarum), and (C. columbae,
A. columbae and H. gallinarum).

Mixed cestode (R. cesticillus and R. echinobothrida) and
(R. cesticillus, R. echinobothrida and
C. infundibulum).

Mixed helminths (A. columbae and R. echinobothrida).
Mixed helminths
and protozoa

(C. columbae and E. columbae) and
(A. columbae, C. columbae and E. columbae).

Table 4. The in vitro efficacy of chitosan nanoparticles (the pre-
liminary investigation).

Concentration

A. columbae adult

*M.M. % § S. E

1 h 2 h 4 h

25 ppm 35.5 § 0.57 60.9 § 0.55 3.6 § 0.00
12.5 ppm 31.0 § 0.8 65.45 § 0.59 3.55 § 0.00
6.25 ppm 17.6 § 0.55 50 § 0.49 32.4 § 0.57
3 ppm 00 § 0.00 00 § 0.00 40 § 0.84
2 ppm 00 § 0.00 00 § 0.00 10.5 § 0.98

*M.M % § S.E = Mean mortality § Standard deviation.
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For 2 weeks observation periods, 40% (4/10) mortal-
ities were reported only in control positive untreated
birds while treated birds and control negative ones
revealed no mortalities.

Dealing with the change of the morphological change
after treatment with chitosan nanoparticles. Dealing with
Figure 9. The in vitro study to a total of 120 adult A. columbae worms
concentration of chitosan nanoparticles.
the genetic assessment of the treatment trials using analy-
sis of the cell-mediated immune response initiated after
infection with A. columbae and after treatment trials with
chitosan nanoparticles. The examined nematodes were
moribund and showed shrinkage of lips with destruction
and rupture of the cuticle, as shown in Figure 11.
sub-divided into six replicates with twenty worms each treated with one



Figure 10. The in vivo study showing one replicate including two
birds were kept in wooden cage with wire net.

Figure 12. Most common pigeon gut parasites in Giza governor-
ate, Egypt during the observation period.
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Interleukin1-b; control positive pigeon non treated
significantly showed upregulation by 25-fold than that
of control noninfected pigeon (normal), which showed 4-
fold upregulation of the immunological genes; after 5, 8,
11, and 15-days post-treatment, the slaughtered birds
showed downregulation in the immunological tested
genes as 20; 18; 10 and 8 respectively.

The TNF-a control positive pigeon significantly
showed upregulation by 20-fold than that of control non-
infected pigeon (normal), which showed 3-fold upregula-
tion of the immunological genes; after 5, 8, 11, and 15 d
post-treatment the slaughtered birds showed down-reg-
ulation as 17, 14, 9, 5-fold of the tested genes.

Dealing with the analysis of the stress factor which
released from the tissues because of parasites infection;
examined pigeon showed significantly higher in Nitric
oxide 40.67 § 10.98 in control positive infected
untreated birds; while the Nitric oxide level was 35.78 §
7.45; 27.54 § 9.82; 20.86 § 7.45; 12.46 § 0.50; respec-
tively in the groups slaughtered from 5, 8, 11, and 15 d
post-treatment in compared with the control nonin-
fected pigeon 10.98 § 5.40.

Dealing with MDA examined pigeons showed signifi-
cantly higher in MDA 56.75 § 3.65 in positive non
treated birds, while the MDA level was 47.88 § 6.47;
37.94 § 8.85; 29.95 § 3.60; 18.69 § 2.49; respectively in
the birds slaughtered from 5, 8, 11, and 15 d post-treat-
ment when compared with control noninfected pigeon
8.75 § 4.85.
Figure 11. Scanning electron microscopy study of the in vivo effects
Destruction of the cuticle.
DISCUSSION

Pigeons are a point of anxiety since they can spread
zoonoses to humans and reservoirs numerous parasite
diseases affecting poultry (Sari et al., 2008; El-
Dakhly et al., 2018). In this study, the detected gastroin-
testinal parasites between examined domesticated
pigeons in Giza, Egypt, during the investigated period
were presented in Figure 12.
This study revealed that most of the examined

pigeons showed signs of ruffled feathers, severe emacia-
tion, weakness, vomiting and diarrhea of varying colors.
Abd El-Rahman et al. (2008), Mohamed et al. (2009)
and Abdel Rahman et al. (2019) reported similar signs
in pigeons suffering from gastrointestinal parasitic infes-
tations.
From our observation, the most detected postmortem

lesions were crop impaction with mucosal thickening of
pigeons infected with trichomoniasis. At the same time,
ballooning of the intestine with gases mixed with vari-
able color contents is usually seen in cases infected with
coccidia. Also, adult worms in the intestinal lumen are
usually associated with worms’ infestations.
Eman (2005), Hebat-Allah and Abd-El-Motelib (2007),
Adang et al. (2008) recorded the same findings in similar
parasitic infestation in pigeons.
The severe emaciation associated with gastrointesti-

nal parasitism may contribute to the worm burrowing
deep in the intestinal mucosa, resulting in epithelial
of chitosan nanoparticles showing: (A) Shrinkage of lips. (B and C)
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necrosis, inflammation, and hemorrhage (Qamar et al.,
2017). Also, endoparasites dilate the intestine; produce
nodules and severe enteritis, thus impairing the absorb-
ing power of the intestine for nutrients and vitamins
from the host (Anwar et al., 2000).

The continuous exposure of poultry to different
insects that serve as intermediate hosts for helminth par-
asites increases the severity of parasitic disease dangers
(Ashenafi and Eshetu 2004; Salem et al., 2022a).

From our finding, pigeons harbor 3 different types of
nematodes with different prevalence as follow: C. colum-
bae (12.5%) with intensity 10 to 35 with an average
number (20), A. columbae (83.3%) with intensity 10 to
90 with an average number (45) and H. gallinarum
(18.7%) with intensity 16 to 35 with an average number
(22). As well as five types of cestodes; R. cesticillus
(29%) with intensity 3 to 15 with an average number
(9); R. echinobothrida (7.5%) with intensity 1 to 5 with
an average number (3); C. infundibulum (22.9%) with
intensity 1 to three 15 with an average number (2); D.
proglottina (26.6%) with intensity 1 to 10 with an aver-
age number (6) and C. proglottina (14.5%) with inten-
sity 1 to 3 with an average number (2). In other studies
in Gharbia, Egypt, Nagwa et al. (2013) reported all-over
helminths prevalence rate of 51.7%.

Furthermore, 23.18% in Iran (Khezerpour and
Naem, 2013) and 74% in Turkey (Senlik et al., 2005)
Alkharigy et al. (2018). recorded the overall prevalence
of helminths in investigated pigeons was 56%. They
divided them into three species of Nematoda (4% Capil-
laria spp., 22% Ascaridia galli and18% Heterakis galli-
narum) and three species of cestoda (2% Raillietina
tetragona, 32% R. echinobothrida and 4% R. cesticillus)
in Tripoli, Libya.

Owing to our results, the incidence of C. columbae was
(12.5%). Our result was higher than those recorded by
Baris et al. (2008) in Turkey (4.3%); Khezerpour and
Naem (2013) in Iran (0.72%) but lower than that
reported by Ghosh et al. (2014) in Bangladesh (22%)
and Eljadar et al. (2012) in Libya (20%).

A. columbae is one of the common nematodes of
pigeon’s worldwide (Mushi et al., 2000; Senlik et al.,
2005; Msoffe et al., 2010). From our results, the preva-
lence of A. columbae was (83.3%). This result is higher
than that recorded by Alkharigy et al. (2018) how
found Ascaridia galli with prevalence (22%) in Libya,
Radfar et al. (2012) in Iran, 16.66% for A. columbae,
Nagwa et al. (2013) in Egypt for A. columbae, (12%),
Natala et al. (2009) in Nigeria 1.2% for A. columbae,
Djelmoudi et al. (2014) in Algeria 4.2% for A. colum-
bae, Permin et al. (2002) in Zimbabwe 69%, Sam-
Wobo and Mafiana (2003) in Nigeria 73.4% and
Abed et al. (2014) in Al-Diwaniya city, Iraq 38.94%.

Heterakis gallinarum is a nonpathogenic worm, but it
serves as a vector for a protozoon parasite (Histomonas
meleagridis), a highly pathogenic worm that causes
Black-head disease in chickens, turkeys, pheasants, and
other fowls. From our results, the incidence of H. gallina-
rum was (18.7%) with worm intensity 16 to 35. This
result was nearly similar was that recorded by
Alkharigy et al. (2018) in pigeons in Libya (18%) and
higher than Eljadar et al. (2012) in domestic pigeons in
Green Mountain Region, Libya (10%);
Borji et al. (2012) in Mashhad Iran (1.85%) and
Baris et al., (2008) in Turkey (3.7%) but lower than that
recorded by Ashenafi and Eshutu (2004) in Central
Ethiopia (32.6%) in chickens. The variations in the prev-
alence rate in the different studies are predictable for
many factors that affect the disease's occurrence, such as
the host immunity, type of feed, climatic conditions, geo-
graphical distribution, availability of intermediate host,
and managemental and hygienic conditions and housing
type.
Most of the cestodes in our study belonged to the

genus Raillietina. This agrees with similar studies in dif-
ferent locations, reporting the most common tapeworms
in pigeons of the genus Raillietina (Dede and
Richards, 1998; Dehlawi, 2006 and Alkharigy et al.,
2018). In other studies, the prevalence of cestode infesta-
tions in pigeons was 65.3% in Central Ethiopia
(Ashenafi and Eshutu, 2004), 35.9 in Nigeria (Sam-
Wobo and Mafiana, 2003), 32.35 in South Khorasan,
Iran (Radfar et al., 2011), 28.13% in Iran
(Ashrafihelan et al., 2010), 17.7% in Gharbia, Egypt
(Nagwa et al., 2013), and 7.6% in Nigeria (Natala et al.,
2009).
In this study, the helminths intensity (burdens) in

pigeons (worms/bird) was as follow; C. columba 10 to
35; A. columba 10 to 90; H. gallinarum 16 to 35; R. cesti-
cillus 3 to 15, R. echinobothrida 1 to 5; C. infundibulum 1
to 3 15; D. proglottina 1 to 10 and C. proglottina 1 to 3
Alkharigy et al. (2018). recorded helminths intensity as
follow: (1−119) for Ascaridia galli, (1−42) for H. gallina-
rum, (1−2) for Capillaria spp., (1) for Raillietina tetra-
gona (1−14) for Raillietina echnobothrida, (1−30) for R.
cesticillus. Also, Msoffe et al. (2010) found that worm’s
intensity was (2−160) for Ascaridia galli, (1−6) for Rail-
lietina tetragona and (1−18) for Raillietina echnobo-
thrida.
In another study, El-Dakhly et al. (2016) recorded

(1−170) for Ascaridia spp., (1−5) for Raillietina tetra-
gona, (2−41) for Raillietina echnobothrida, (2−7) for
Raillietina cesticillus, and (1) for Capillaria spp. The
infective dosage and the availability of intermediary
hosts and host immunity may indicate helminths inten-
sity variations (Alkharigy et al., 2018).
From our results, pigeons were infected with T. galli-

nae with the incidence of (25%). Alkharigy et al. (2018)
recorded higher prevalence (55%) in Tripoli, Libya,
Villanua et al. (2006) (34.2%) in Spain, Abd El-Rahman
et al. (2008) (61%) in Qualiobia governorate Egypt.
Also, Al- Said and Hamodi (2011) found that trichomo-
nad infection is common in free-living pigeons in Mosul,
Iraq. Squabs were infected with trichomoniasis in high
prevalence (62.5%), followed by adults (6.2%). This
finding may be attributed to those adult pigeons act as
chronic carriers for trichomoniasis without clinical signs.
They transmitted it through crop milk to the susceptible
squabs, so adults are a constant source of infection for
their squabs (Soulsby, 1986).
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Avian coccidiosis is adevastinting problem facing
avian spp. (Abolhadid et al., 2021; El-Shall et al., 2022;
Salem et al., 2022b). With this study, the all-over preva-
lence of E. columbae in pigeons was (79%) and the coc-
cidia highest incidence was recorded in adults (95%)
then squabs (47.5%). A lower prevalence 59.6%, of the
domestic pigeons (81/136) was recorded in Turkey by
Sari et al. (2008).

In this study, mixed infections between different gut
parasites have been recorded. The observation of multi-
ple parasitic infections in pigeons is agreed with that
recorded by Alkharigy et al. (2018) in Libya; El-
Dakhly et al. (2016) in Beni-Suef, Egypt.
Msoffe et al. (2010) in Tanzania and Abed et al. (2014)
in Iraq recorded mixed parasitic infections in pigeons.
The pigeons maintained in the free-range system are sus-
ceptible to a wide range of parasitic diseases due to their
feeding behavior presence of the different infective para-
sitic stages t in addition to feeding on the snails that act
as an intermediate host to different parasites in the sur-
rounding agriculture environment.

Based on our results, a higher prevalence of nemato-
des and cestodes was detected in adults than in squabs.
This finding may be because the maternal antibodies
can protect the squabs from parasites at the first age
stage. On the other hand, squabs were more susceptible
to T. gallinae infection than adults which could be due
to those young pigeons being more susceptible to para-
sitic infection as compared to the above 2 years old birds
as well as crop feeding permit the transmission of the
infective stage from chronic carrier adult pigeon to the
young susceptible squabs so, adults are a continual
source of infection for their nestling (Soulsby, 1986;
Bahrami et al., 2013).

Many studies shed light on nanotechnology as a novel
gold solution to overcome the anthelmintics resistance
problem (Abd El-Ghany et al., 2021; Salem et al.,
2021a). Based on the in vitro and in vivo evaluation of
the nematocidal activity of chitosan nanoparticles, our
results revealed that chitosan nanoparticles succeeded in
ameliorating the severity of clinical signs, stopping mor-
talities, induced intestinal tissue repair. On the other
hand, chitosan nanoparticles revealed shrinkage in the
worm moth part and induced destructive damage to its
body. Our finding concurs with Attia et al. (2021), who
evaluated the antiparasitic activity of chitosan silver
nanoparticles against the external parasite of pigeons
and concluded that the used treatment has a potent
antiparasitic effect and enhances the antiparasitic affect
wound healing. Another parallel study conducted by
Abu-Elala et al. (2018) confirmed that chitosan-silver
nanocomposite was potent in controlling Lernaea cypri-
nacea infection in goldfish aquaria. The specific mecha-
nisms of chitosan and its derivatives' nematicidal action
are presently unclear however, it is known that when
positively charged chitosan molecules (charge on the C-
2 of the glucosamine monomer) interact with negatively
charged microbial cell membranes, proteinaceous and
other intracellular contents seep out (Badawy and
Rabea, 2011).
From our result, we concluded that A. columba
infested pigeons revealed increased gene expression for
IL-1b, and TNFa activity as well as, the oxidative stress
markers including MDA, Nitric oxide levels were
markedly elevated in infested pigeons and chitosan
nanoparticles treated birds revealed improvement in
these parameters in comparison with control positive
infected ones. These results concur with Salem et al.
(2022) who confirmed that A. columba infestation in
pigeons revealed a similar effect. Also, Attia et al. (2021)
noticed that Gene expression for IL-1b and TNFa in
experimentally infested pigeons with Pseudolynchia can-
ariensis was significantly elevated (24.33 § 5.71 and
19.00 § 5.51). Pseudolynchia canariensis induced a case
of oxidative stress expressed by elevated nitric oxide and
MDA levels with a reduced antioxidant activity, which
is expressed as lowered zinc serum levels of experimen-
tally infested pigeon then lowered after treatment with
chitosan silver nanocomposaites.
CONCLUSIONS

Based on the results, it could be concluded that gas-
trointestinal parasites of pigeons are widely spread
among pigeons, threaten pigeons’ health, cause eco-
nomic losses to the producers and need periodical moni-
toring with the application of strict control and
prevention measures. Chitosan nanoparticles have a
potent nematocidal activity and are recommended to
control A. columba infestation in pigeons.
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