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This study aimed to evaluate the efficacy of chitosan-silver nanocomposites in the treatment of experi-
mentally infested pigeons with Pseudolynchia canariensis (P. canariensis) with evaluation of different
immunological parameters before and after treatment. Therefore, fourteen birds were divided into 2
groups; group1(infested group including 12 birds) which subdivided into 6 sub-groups experimentally
infested pigeons 2 pigeons each, and five group of them were treated with chitosan-silver nanocompos-
ites and sub-group number 6 was treated with deltamethrin while, group 2 including two pigeons were
kept as control negative ones. P. canariensis flies distributed under the wing and /or under the tail in
infested group and these pigeons showed significantly lower RBCs and higher WBCs than that in non-
infested pigeons. The cell mediated immune response against experimentally infested pigeons with P.
canariensis was studied. P. canariensis infestation in pigeons have a negative impact on pigeon’s blood
parameters, increase TNF-a and IL-1b cytokines levels. This study cleared out the role of P. canariensis
in the induction of a case of oxidative stress indicated by high level of nitric oxide and malondialdehyde
(MDA) with low antioxidant capacity in shape of reduced zinc concentration in the sera of experimentally
infested pigeon. Chitosan-silver nanocomposite has a promising effect in the elimination of P. canariensis
infestation in pigeons.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Poultry farming is an effective way to obtain animal protein in
the shortest time. Therefore, poultry producers aim to use pigeon
and quail meat as another source of animal protein (Basit et al.,
2006, Salem and Attia, 2021). There are many different diseases
that cause huge economic losses in the animal and poultry produc-
tion sector (Abd El-Hack et al., 2020; Swelum et al., 2020) including
parasitic diseases. The immune system of pigeons includes two
main components, the innate and the acquired (cellular mediated
or humoral immunity) (Fairbrother et al., 2004). Heterophils are
the most abundant leucocytes of the innate immunity, while
cellular-mediated immunity (CMI) involves T-lymphocyte prolifer-
ation, which is enhanced by release of cytokines as they respond
rapidly to the entry of pathogens (Genovese et al., 2013). Mature
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pigeons feed their squabs with (crop milk) which is a lipid-rich
material formed in their crop (Johnston and Janiga, 1995). Crop
milk consists of nutrients, minerals, growth factors, immune active
compounds such as carotenoids and immunoglobulins which play
a role in strengthening of squab’s immunity (Shetty et al., 1992;
Engberg et al., 1992; Fairbrother et al., 2004; Eraud et al., 2008).
Maternal antibodies can be conveyed for squabs through two main
ways; before the birth (prenatal antibody transmission)
immunoglobulins Y (IgY) in pigeon egg yolk or after the birth
(postnatal antibody transmission) in crop milk immunoglobulins
(Chucri et al., 2010). Pigeons can be infested by different types of
external parasites that lives on their bodies or in the places they
reared as, ticks, fleas, mites, lice, and pigeon flies. The ectoparasites
bites, irritates, distracts hosts, often triggering defense behavior
and sucks in blood containing different microorganisms and can
transmit many pathogens through their saliva between different
hosts (Koop et al., 2012; Bahrami et al., 2013, Attia and Salem,
2021). Insect bite triggers the birds’ behavioral defenses mecha-
nisms against external parasites through head shaking, foot stamp-
ing, self-preening, scratching, dusting, nuthatch sunning and water
bathing (Bush and Clayton, 2018). The Behavioral defenses have
indirect benefits as it reduces insect fitness, lowering its popula-
tions and limiting the rate of pathogens transmission (Waite
et al., 2014). There are many preparations that used as antiparasitic
agents as herbal extracts (Abou-Kassem et al., 2021); plant extracts
(El-Saadony et al., 2021a), Essential oil (El-Tarabily et al., 2021;
Alagawany et al., 2021a). Nanotechnology is a promising research
point, and it has many applications in poultry industry (Abdel-
Ghany et al., 2021; Abd El-Hack et al., 2021a; Reda et al., 2021a;
Reda et al., 2020a) and many research aimed to evaluate green
synthetized nanoparticles as alternatives for chemical drugs
(El-Saadony et al., 2021b; El-Saadony et al., 2021c). Insects transfer
salivary compounds with each bite, changing the local physiologi-
cal parameters at the site of bite that stimulates the immune sys-
tem to interact with the various components of the insect saliva
(Gillespie et al., 2000). Insects’ saliva stimulates acquisition of host
blood by impeding hemostasis, producing vasodilation, and lower-
ing inflammation (Champagne, 2004). Also, insect saliva contains
serious antigens that stimulate the host immune system to interact
and response against insect bite (Owen et al., 2010). Indeed, mater-
nal antibodies can shield the young from parasites for a short time
and thus have a beneficial impact on offspring survival as it has a
significant impact on the immune ontogeny of squabs by influenc-
ing the strength of the humoral response and immune system
ontogeny (Heeb et al., 1998; Grindstaff et al., 2006; Reid et al.,
2006). Parasitic infestation in pigeon is usually associated with
increased phagocytosis, presence of large number of mononuclear
leucocytes, increase immunoglobulin synthesis, macrophage acti-
vation and presence of basophilic erythrocytes (Ahmed and
Mohammed, 1978). Pigeons acquired a particular antibody
response to hippoboscidae flies after being exposed to them
(Waite et al., 2014). Populations of hippoboscidae flies on pigeons
that have antibodies against these flies, resulted in reduced insects’
fitness with shorter lifespan and smaller offspring mass (Waite
et al., 2014). Nanotechnology is a promising research point, and
it has many applications in poultry industry (Abdel-Ghany et al.,
2021). Silver nanoparticles have a constant set of flexible features
as well as antibacterial effect that make them suitable for a wide
range of biomedical and related applications, but its residual effect
limits its use (Stefania et al., 2015; Salem et al., 2021). Chitosan is a
non-toxic biopolymer with antibacterial and antifungal properties
against a wide spectrum of bacteria and fungi; chitosan nanoparti-
cles and their derivatives have been recommended by many
researchers as one of the best nanomaterials for imparting antibac-
terial and antiparasitic activity (Chandrasekaran et al., 2020).
Regarding to silver-based nanocomposites, chitosan-silver
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nanocomposite found to be an emerging group of bio-
nanostructured hybrid materials due to their biocompatibility
and biodegradability as well as, they are considered as an effective
antibacterial, antiparasitic agents and it have many promising
results in elimination of parasitism in veterinary field (Gaafar
et al., 2014; Sherif et al., 2017; Abu-Elala et al., 2018; AbdElKader
et al., 2021). So, the current study aimed to evaluate the cell medi-
ate immune response and blood parameters of pigeons after their
experimental exposure to P. canariensis flies as well as, evaluation
the antiparasitic effect of chitosan-silver nanocomposite on P.
canariensis flies.
2. Material and methods

2.1. Experimental design

2.1.1. Insects’ collection
Adult P. canariensis flies were picked up from naturally infested

pigeons and kept in glass jar and then transported to the laboratory
for further investigations (Attia and Salem, 2021).

2.1.2. Preparation of the pigeons for the experimental infestation
Fourteen adult males of domestic pigeons (Columba livia domes-

tica) were purchased from a private pigeon house in which pigeons
raised in captivity under controlled hygienic conditions to exclude
the previous exposure of pigeons’ flies or any blood parasites.
Pigeons dropping were examined carefully for presence of any
internal parasitic eggs or oocyst (Soulsby, 1986). Fourteen birds
were divided into 2 groups; group1(infested group including 12
birds) were subdivided into 6 replicates with 2 pigeons each and
group 2 including two pigeons kept as control negative non
infested birds. Group1 (experimentally infested) including 6 sub-
groups, five of them were treated with nanocomposites and the
sixth group was treated with deltamethrin spray (Butox, 12.5 %
solution, 1 ml / 4 L of water) for birds as chemical control
treatment.

Each cage in infested group 1, includes two pigeons exposed to
ten P. canariensis flies; the second group including two birds kept
as control non infested one as seen in (Fig. 1).

Every two pigeons were kept in wooden cages with wire nets
with dimensions of 90 cm width, 90 cm length and 90 cm height.
Birds kept under daily observation for 15 days under normal ambi-
ent temperature and normal relative humidity. Pigeons were fed
on balanced seed mixtures and clean water ad libitum. After obser-
vation period (two weeks infestation period), birds in treated
groups were sprayed and treated then after 48 h from treatment
birds were humanly slaughtered by severing of jugular vein and
blood was collected from each bird in two tubes: one tube contain-
ing anticoagulant 0.5 mg/ml ethylene diamine tetra acetic acid
(EDTA) and other plain tube for serum collection. The clotted blood
was centrifuged at 3500 rpm for 15 min, and the sera were then
separated and preserved at �20 �C until used. Skin of birds were
dissected and preserved at �20 �C for further work (Saad and
Attia, 2021).

All the collected samples (whole blood, sera, dropping, and skin)
were rapidly transferred on ice box to Faculty of Veterinary Medi-
cine, Cairo University for further analysis.

All pigeon handling procedures were following the ethical rules
of Research Ethics Committee of faculty of Veterinary Medicine
Cairo University.

2.2. Parasitological examination

Blood samples were collected on EDTA and used to make a thin
blood film that was stained with Giemsa stain and inspected for



Fig. 1. Showing cages that designed for experimental infection of pigeons with P. canariensis flies; each cage includes two adult pigeons.
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the presence of any blood parasites. Dropping samples were col-
lected for detection of any enteric parasites using direct microscop-
ical examination and concentration techniques as mentioned by
Soulsby, (1986); Attia et al., (2018).
2.3. Preparation of chitosan-silver nanocomposites

Chitosan was prepared from shrimp shells with deacetylation
(85%; Sigma-Aldrich; Germany). Silver nanoparticles (Ag NPs) with
particle size ranged from 10 to 20 nm (NanoTech; Egypt).

The chitosan-silver nanocomposites were prepared from com-
bination of (1 wt% chitosan solution in 2% acetic acid and Ag NPs
in ethanol) which subjected to sonication for 20–25 min then the
chitosan nanoparticles were added slowly with continuous stirring
(Abu-Elala et al., 2018). Then continuous stirring and sonicated as
recorded in Attia et al., (2017). Precipitation of the mixture using
NaOH solution; filtration occurred with washing with deionized
water till obtaining of colorless solution; then dry it 60 �C.
2.3.1. Characterization of the chitosan-silver nanocomposites using
transmission electron microscope study

The characterized of the nanocomposite of chitosan-silver was
done using transmission electron microscopy. The sample of
nanocomposites was sonicated in ethanol, which deposited onto
a copper-coated carbon grid, then allowed to evaporate Imaging
was analyzed using a JEM-2100 (JEOL, Japan) operating at 80 kV
(Attia et al., 2017; Abu-Elala et al., 2018).
2.4. Determination of the lethal concentration 50 (LC50) of the
prepared chitosan-silver nanocomposite on P. Canariensis

Two-fold serial dilutions of several concentration of the pre-
pared chitosan-silver nanocomposite in phosphate buffered saline
(PBS,Himedia) as 25; 12.5; 6.25; 3; 2 ppm. A total of 50 adult highly
active P. canariensis were collected and divided as ten P. canariensis
per dilution in one replicate. observation of the movement of the
fly during 15 min; 1 h till 2 h exposure (ingestion assay) to the dif-
ferent concentration of the prepared chitosan-silver nanocompos-
ite. The adult fly was examined carefully under stereoscopic
microscope for any movement and the mortality rate was
recorded.
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2.5. In vivo insecticidal efficacy of the prepared chitosan-silver
nanocomposite

Ten experimentally infested pigeon were exposed to 12.5 ppm
of the chitosan-silver nanocomposite as a spray on the most site;
under wings; on the tail. The pigeons were monitored for 48 h.
Then, the pigeon was slaughtered; blood and sera were collected
as well as, its skin (1 cm) was cut from the most site of the insect
bite; and kept on in �20 �C until used (Attia and Salem, 2021).
2.6. Parasitological examination

Blood samples were collected on EDTA and used to make a thin
blood film that was stained with Giemsa stain and inspected for
the presence of any blood parasites. Dropping samples were col-
lected for detection of any enteric parasites using direct microscop-
ical examination and concentration techniques as mentioned by
Attia et al., (2019); Attia and Salem, (2021).
2.7. Biochemical analysis

Zinc concentration in serum were estimated using ionized cou-
pled plasma through mass spectrometry method as described by
Page et al., (2018).
2.8. Evaluation of oxidative stress markers

The level of MDA was estimated in the collected sera as men-
tioned by Attia et al. 2020. Nitric oxide level was detected in the
collected sera as described by Aytekin and Unubol Aypak (2011).
2.9. Assessment of tumor necrosis factor alpha (TNF-a) and
Interleukin1b activity

Skin of pigeons were dissected from experimentally infected
groups and control non infected ones and all samples were asepti-
cally preserved in �20 �C for further investigations.



Fig. 2. Transmission electron microscope of chitosan- silver nanocomposites
showing the rounded shape of the nanoparticles with its diameter ranged from
16 �21.9 nm.

Table 1
Insecticidal efficacy of chitosan-sliver nanocomposite (primary screening).

Tested concentration P. canariensis adult flies

M.M. % ± S.E

15 min 1 h 2 h

5 ppm 50.5 ± 0.34 36 ± 0.24 00 ± 0.00
12.5 ppm 30 ± 0.5 71.42 ± 0.54 100 ± 0.00
6.25 ppm 20 ± 0.45 50 ± 0.46 50 ± 0.47
3 ppm 00 ± 0.00 50.5 ± 0.56 60 ± 0.54
2 ppm 00 ± 0.00 00 ± 0.00 50.5 ± 0.58

Control treatment with
Deltamethrin

100 + 0.00 00 00

Control group in cups 00 00 00

*M.M % ±S. E = mean mortality ± standard deviation.
* No mortalities in corresponding groups during the same exposure periods.
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2.10. RNA extraction

Extraction of mRNA from 100 mg of pigeon skin were per-
formed by total RNA kit (Ambion, Applied Biosystems), according
to the manufacturer’s instructions.

The skin was homogenized and applied in Lysing Matrix D tubes
(MP Biomedicals) using a FastPrep-24 homogenizer (MP Biomedi-
cals, 2 cycles of 30 s at 6 m/s). Nanodrop (Thermo Scientific) were
used to determine the RNA quantity and purity. A 500 ng of RNA
were obtained with DNaseI amplification grade (Invitrogen)
according to the manufacturer’s instructions. The reverse tran-
scription of treated RNA was obtained by High-Capacity cDNA
Archive Kit (Applied Biosystems) following Liu et al., (2014)
&Younis et al., (2020).

2.11. Quantitive 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 GenBankby Liu et al.,
(2014). (IL1b(DQ393270); Forward: CACCCGCTCCCAGTCCT;
Reverse: TGGGTGACTCCAGCACGAATNFa(AY765397) Forward:
AGTTGCCCTTCCTGTAACCAG; Reverse: TCCACATCTTTAGAG-
CATCA). bactin(L08165); Forward:CACCACAGCCGAGAGAGAAAT;
Reverse: TGACCATCAGGGAGTTCATAGC was used as a reference
gene and for sample normalization. The genes expression included
in this study was tested on a separate pool of cDNA, generated
from five un infested pigeon previously examined for presence of
any parasites.

2.12. PCR cycling conditions.

Amplification was performed for 40 cycles as: denaturation for
30 s at 94 �C, annealing for 30 s at 60 �C and extension for 45 s at
72 �C. Real-time PCR protocol following Liu et al. (2014). The sam-
ples were repeated three times.

2.13. Statistical analysis

Data were statistically analyzed by using SPSS Version 18.0 soft-
ware (Inc., Chicago, IL, USA). Blood parameters in infested; treated
and control non infested group were compared by independent T-
test following the normality of data. A P- value consider significant
when p < 0.05. The lethal concentration (LC50) with 95% confi-
dence intervals was statistically analyzed using probit analysis
(Finney, 1971).

3. Results

3.1. Characterization of the chitosan- silver nanocomposites

The transmission electron microscopic image analysis of the
prepared nanocomposites, revealing that the Ag NPs ranging from
15 to 22 nm which was spherical with the chitosan around it as
seen in (Fig. 2).

3.2. Parasitological examination

There is a direct relation between the concentration andmortal-
ity rate of the insect when the concentration increases the mortal-
ity increase. Concerning the preliminary study (Table 1), the
concentrations<2 ppm did not cause any mortalities in the treated
insect.

There is a direct relation between the concentration andmortal-
ity rate of the insect when the concentration increases the mortal-
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ity increase. Concerning the preliminary study (Table 1), the
concentrations<2 ppm did not cause any mortalities in the treated
insect.

Mortalities in P. canariensis adult start as 50.5 ± 0.58 % after
exposure to 2 ppm / 2hr. This effect increases with increase con-
centration as it reached to 50.5 ± 0.56 % after 1 h exposure period
with 3 ppm. With increasing the concentration to 6.25 & 12.5 ppm,
their insecticidal effects increased from 30 ± 0.5 % & 71.42 ± 0.54%
after 15 min and 1 hr to 100 ± 0.00% after 2 h exposure. The con-
centration of 5 ppm this effect increased to 50.8 ± 0.34% and
36 ± 0.24% after 15 min and 1hr exposure then reached to 100%
after 2 hr exposure time (Table 1). No mortality was recorded in
control group in screw capped cup; mortality with 100% at
15 min with Deltamethrin.

Experimentally infested pigeon showed the presence of P.
canariensis under the wing and /or under the tail.
3.3. Determination of the lethal concentration 50 (LC50) of the
prepared chitosan-silver nanocomposite on P. Canariensis

Infested pigeon with P. canariensis showed significantly lower
RBCs/cmm (6.45 � 106 ± 0.35 � 106) when compared with both
nano-treated and control non-infested birds (11.22 ± 0.236 � 106

& 11.57 � 106 ± 0.88 � 106), respectively. Also, Hemoglobin level
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(g/dl) were (7.63 ± 0.41) followed by treated group (10.2 ± 0.082),
and (10.57 ± 0.09) in control negative one. Platelets/cmm count
were (366 � 103 ± 53 � 103, 806.66 � 103 ± 54.36 � 103&
850 � 103 ± 29 � 103) in infested, nano-treated & non-infested
groups, respectively. Segmented cells% appeared in lower count
in infested group (5.00 ± 0.58) while, were (14.00 ± 0.408&14.00
± 2.08) in nano-treated & non-infested groups, respectively. Eosi-
nophils% was significantly increased in infested pigeons (15.00 ± 1.
73) than both nano-treated (1.64 ± 0.029) and non-infested group
(1.67 ± 0.33). All differences in blood parameters between experi-
mental groups were summarized in (Table 2). Stress markers levels
were significantly increased in experimentally infested group as
level of Nitric oxide was (95.57 ± 3.67) and MDA level was (30.3
3 ± 2.03) but serum zinc level was marked decreased (55.67 ± 2.
96) when compared by both treated and non-infested groups as
shown in (Table 3).

Gene expression for IL1b& TNFa in experimentally infested
group was significant elevated (24.33 ± 5.71&19.00 ± 5.51), then
decreased after treatment with chitosan silver nanocomposites
when compared with control non infested group, respectively as
summarized in (Table 4).

Results of experimentally infested pigeons with P. canariensis
flies were summarized in (Fig. 3).
4. Discussion

P. canariensis are abundant worldwide annoying flies which
have a direct life cycle as shown in Fig. 4.

From our findings, experimentally infested pigeon with P.
canariensis revealed significantly decrease in RBCs, Hemoglobin,
platelets, MCHC and Segmented cells in comparison with control
negative birds. In parallel study conducted by Razavi et al.,
(2016) they noticed that pigeons infected with Haemoproteus
columbae showed anemia appeared in shape of significant decrease
in erythrocytes, hemoglobin, and the hematocrit (PCV) values.

Experimentally infested pigeons showed decrease in serum zinc
concentration and increase in serum nitric oxide and MDA level. In
parallel study conducted by Samani et al., (2018) they found a sig-
nificant increase in Ferric Reducing Ability of Plasma, uric acids
concentration, blood lipid peroxidation, and catalases activity in
pigeons infected with Haemoproteus columbae. Also, Nazifi et al.,
(2011) and Razavi et al., (2011) found that the antioxidant enzyme
activity, including as superoxide dismutase (SOD), glutathione per-
oxidase (GPX), and catalase, may be modulated by parasitic infes-
tation, resulting in rapid erythrocyte clearance by phagocytic cells.
Also, Samani et al., (2018) confirmed that the parasitic infestation
Table 2
Blood parameters of infested pigeons with P. canariensis (Means ± SE).

Experimentally infested group Nanopar

RBCs/cmm 6.45 � 106 ± 0.35 � 106 11.2
Heamoglobin (g/dl) 7.63 ± 0.41
Platelets/cmm 366 � 103 ± 53 � 103 806.66
Haematocrit% 29.42 ± 1.99 2
WBCs/cmm 54680.00 ± 2915.94
Basophils% 1.00 ± 1.00
Eosinophils% 15.00 ± 1.73
Staff% 4.33 ± 0.88
Segmented% 5.00 ± 0.58 1
Lymphocytes% 75.67 ± 2.60 4
Monocytes% 16.00 ± 2.08
MCV (fl) 33.33 ± 0.33 3
MCH (pg) 10.03 ± 0.15 8
MCHC (g%) 30.13 ± 0.19 3

*: Indicate significant difference at p-value < 0.05; SE: Standard error.
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in pigeons have an impact on the body’s dynamic equilibrium
between the creation and removal of reactive free radicals (oxida-
tive status). On the other hand, on a parallel study, Razavi et al.,
(2016) noticed that pigeons infected with Haemoproteus columbae
showed no significant differences in serum level of lipid contents
(triglyceride, cholesterol, LDL and HDL), antioxidant trace elements
(manganese, copper, iron, zinc, and selenium) and antioxidant vita-
mins (E, C and A) in infected birds.

Infested pigeons showed increased gene expression for TNF-a &
Interleukin1b activity. Also, Garcia-Longoria et al., (2020) con-
cluded that gene expression of Plasmodium homocircumflexum (lin-
eage pCOLL4) was increased after experimental infection of two
different bird species with Plasmodium homocircumflexum.

Many stressors in pigeon can cause alterations to the humoral
and cellular immune system Blakley et al., 1999. The cytokines
are important in the cellular immune response for assessment of
the change in the body during the infection. Pro-inflammatory
cytokines as Tumor necrosis factor-a (TNF-a) and interleukin-1b
(IL-1b), are very important in the immune reaction against stres-
sors as toxins and any pathogens causing inflammation; Kim
et al., 2004. Therefore, TNF-a and IL-1b can be used as markers
for noticing the immune function.

Cytokines have pleiotropic or dismissed functions, and the level
of one cytokine is firmly regulated by the other cytokines. The
increase in T- helper-2 (Th2) cytokines can result decreased in
Th1 cytokines Fleshner et al., (1998).

The increase levels of the pro-inflammatory cytokines as (IL-1b
and TNF-a) promotes the organisms to respond to any infectious
and induce a series of effects, leading to inflammation.

From our results, chitosan-silver nanocomposite showed a sig-
nificant antiparasitic effect against P. canariensis flies’ infestation
in pigeons as after insect exposure for chitosan-silver nanocom-
posite, swelling, cracks and shrinkage of insect body were
observed. This finding may contribute to the characterization of
the chitosan- silver nanocomposites in this study were very small
ranged from 16 to 22 nm that can penetrate the cuticle of the
arthropod or even any microbial cell wall; which in turn increase
the permeability of the cuticle leading to rupture of the insect
causing its mortality (Attia et al., 2017; Abu-Elala et al., 2018).

In other parallel studies, chitosan-silver nanocomposite,
revealed an effective antiparasitic effect as following; Abu-Elala
et al., (2018) found that chitosan-silver nanocomposite was effec-
tive in treatment of Lernaea cyprinacea infection in goldfish aquar-
ia. Also, Gaafar et al., (2014) confirmed that chitosan-silver
nanocomposite has a significant anti-toxoplasma effect. In addition
to, many researchers confirmed that chitosan-silver nanocompos-
ite has a potent broad spectrum antibacterial destructive effect
ticles treated group Control p - value

2 ± 0.236 � 106 11.57 � 106 ± 0.88 � 106 0.012*
10.2 ± 0.082 10.57 ± 0.09 0.002*
� 103 ± 54.36 � 103 850 � 103 ± 29 � 103 0.001*
7.933 ± 0.33 28.33 ± 0.88 0.827
4932 ± 1.41 4933.33 ± 233.33 <0.0001*
0.00 ± 0.00 0.00 ± 0.00 0.317
1.64 ± 0.029 1.67 ± 0.33 0.002*
0.00 ± 0.00 0.00 ± 0.00 0.008*
4.00 ± 0.408 14.00 ± 2.08 0.014*
4.00 ± 0.816 45.00 ± 2.89 0.001*
3.9 ± 0.294 4.00 ± 0.58 0.005*
3.31 ± 0.125 33.33 ± 2.60 0.817
.233 ± 0.205 8.53 ± 0.19 0.003*
2.232 ± 0.262 32.67 ± 0.33 0.003*



Table 3
Stress factor of infested pigeon with P. canariensis (Means ± SE).

Tested parameters Experimentally infested group Nanoparticles treated group Control p - value

Nitric oxide level 95.57 ± 3.67 47.533 ± 0.205 47.37 ± 0.54 0.017*
MDA level 30.33 ± 2.03 16.5 ± 0.163 16.38 ± 0.57 0.001*
Zinc concentration 55.67 ± 2.96 115.667 ± 3.3 120.00 ± 0.88 <0.0001*

*: Indicate significant difference at p-value < 0.05; SE: Standard error.

Table 4
Immunological evaluation of IL1b and TNFa in pigeon infested with P. canariensis versus control pigeon (Means ± SE).

Tested parameters Experimentally infested group Nanoparticles treated group Control p - value

IL1b 24.33 ± 5.71 5. 67 ± 0.262 4.67 ± 0.48 0.007*
TNFa 19.00 ± 5.51 7.73 ± 0.205 6.50 ± 0.19 0.005*

*: Indicate significant difference at p-value < 0.05; SE: Standard error.

Fig. 3. A summarized diagram showing that during experimental infection of pigeons with P. canariensis flies; serum samples resulted in decrease in serum zinc
concentration and increase in serum nitric oxide and MDA level; blood samples revealed decrease in RBCs, Haemoglobin & platelets count and increase inWBCs, lymphocytes,
monocytes & eosinophils, while skin tissue examination revealed increase in both TNF-a & Interleukin1b activity.
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against Escherichia coli and Salmonella typhimurium (Badawy et al.,
2019).

From our observations, on comparison with infected group, all
blood parameters in chitosan-silver nanocomposite treated group
were nearly like control non-infected group. In addition to, the
treated group with chitosan-silver-nanocomposite showedmarked
decrease in the stress factor to levels of normal or control negative
group, that may be due to healing of the inflamed tissues; this pro-
cess caused by exposure of the pigeon skin to the prepared com-
posites (Robert et al., 1976; Abu-Elala et al., 2018; Abdelkader
et al., 2021). Also, silver and chitosan nanoparticles improve heal-
ing process and prevent the bacterial growth through its roles in
wound fibrogenesis which accelerate its healing. The chitosan act
as good wound healing as it resembles a hyaluronic acid and it
improves the roles of several immune and inflammatory cells, as
(neutrophils and macrophages) (Muzzarelli, 1999; Suzuki et al.,
2000; S�enel and McClure, 2004). In a parallel study adopted by
AbdElKader et al., (2021), they found that chitosan-silver
nanocomposite succeeded in correction of blood parameters and
stress markers levels and effectively treat infected donkeys with
1649
Gasterophilus intestinalis. Finally, we recommend the use of some
additives on pigeon food and drink as prebiotics (Abd El-Hack
et al., 2021b; Yaqoob et al., 2021), probiotics (Alagawany et al.,
2021b; El-Saadony et al., 2021d), symbiotics, green synthesized
nanoparticles (El-Saadony et al., 2021e; Saad et al., 2021a), herbal
extracts (Ashour et al., 2020; Saad et al., 2021b), bioactive peptides
(El-Saadony et al., 2021f; El-Saadony et al., 2021g), Bioactive plants
and plant products (Abd El-Hack et al., 2021c; Reda et al., 2021b),
safety natural pigments (Abdelnour et al., 2020a; Abdelnour et al.,
2020b) to strengthen the general health status of the birds and
increase their resistance to diseases, side by side with applying
the biosecurity measures in poultry farms for the advancement
of the poultry industry.
5. Conclusion

In this study, the nanotechnology opens new facilities in control
of the insect which transmits several diseases to pigeon which
selected as a model for insect fly because it is easier to use in



Fig. 4. Life cycle of P. canariensis fly; The adult female only produces one larva at a time and keeps it in her body until it is ready to pupate. The larva absorbs the secretions of
a ‘‘milk gland” in its mother’s uterus. Female gives birth to the white pre-pupa after three larval instars, when the larva has reached its maximum size, and it begins to darken
and form the puparium or pupal shell. P. canariensis pupa resembles a dark brown pupa in the host nest or surrounding environment. The adult P. canariensis fly leaves the
puparium and flies around looking for a new host.
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experimental infection in the laboratory. Spraying of the pigeon
with a chitosan-silver nanocomposite with low concentrations is
a more viable role to control of most flies in veterinary field which
act as potent biocidal. Application as spraying of chitosan-silver
nanocomposites in cages for 15 min gave a promising result as
antiparasitic agent and antimicrobial as well as healing of the
wound caused by insect bite.
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