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ABSTRACT Parasitism is a divesting problem that
is frequently overlooked and may result in severe
prominent clinical manifestation. This study aimed to
investigate the seasonal and sexual prevalence of the
gastrointestinal nematode Ascaridia columbae (A.
columbae) infection among domestic pigeons in Giza
governorate, Egypt, during the period from 2020 to
2021. One hundred and sixty suspected pigeons were
clinically investigated. Blood & tissue samples were
collected from infected birds to estimate serum zinc
concentration, malondialdehyde (MDA), and nitric
oxide levels. As well as tumor necrosis factor-alpha
(TNF-«), interleukin 18 (IL1) activity, and histo-
pathological examination were estimated; also,
worms were collected for morphological identification
using electron microscope (SEM) and molecularly
identified using polymerase chain reaction (PCR),
further sequenced, and submitted in GenBank with
accession number MZ343369. The average ascarid
(length x breadth) were 72.4 £ 3.3 um (70.5 — 79.9
pum) x 399 £ 2.5 um (37.6 — 42.3 pm). The

distinguishing morphological characteristics that have
been noticed in ascarid worms were creamy white,
cylindrical worm with triradiate lips with wide
cephalic alae extending on both the lateral sides and
filariform esophagus. In males, spicules were almost
equal with the presence of precloacal chitinous-rimmed
sucker. The prevalence of A. columbae infection was
(63.1%) with a higher incidence in females (79.2%)
than males (46.1%). The highest seasonal prevalence
was observed in winter (92.5%), followed by summer
and spring (87.5% and 55%), respectively while, the
lowest prevalence was observed in autumn (17.5%).
The intensity of worms in the infected intestine varied
from 5 to 120 adult worms. The histopathological
examination revealed the presence of chronic diffuse
moderate catarrhal enteritis with roundworms in the
lumen. Infected birds showed a significant increase in
nitric oxide and MDA levels while serum zinc levels
were lowered in infected pigeons. Infected pigeons
revealed a marked increase in IL1-8 and TNF« than
apparently healthy ones.
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INTRODUCTION

Domestic pigeons (Columba livia domestica) are
common free-living birds that coexist in the environ-
ment with humans and animals and avian species
(Al-Barwari and Saeed, 2012; Alkharigy et al., 2018).
Pigeons serve as reservoir hosts for a variety of
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pathogens that can be transmitted to other bird spe-
cies as well as humans (Adang et al, 2008;
Sari et al., 2008; Hamzah et al., 2020; Salem et al.,
2021). Pigeons travel long distances in quest of food,
which exposes them to parasitism and infections
(Attia and Salem, 9AD). Parasites adversely affect
pigeon's health, resulting in impaired growth, loss of
condition, lowered production, and decreased perfor-
mance and sometimes lead to death, especially in
young squabs (Puttalakshmamma et al., 2008;
Bizhga et al.,2011). Nematodes are the most signifi-
cant widespread helminth species that have a direct
or indirect life cycle and Pigeons are more sustainable
to helminths' varieties, particularly Ascaridia species
than other avian species (Belete et al., 2016;
Alkharigy et al., 2018). Pigeons can be infected with
A. columbae and Ascaridia galli (Abdel Rahman
et al., 2019). Ascariasis is a poultry disease due to
severe worm infestation, especially in pigeons, chick-
ens and turkeys (Griffiths, 1978). Ascaridia columbae
can infect all ages but is often fatal when infecting
young birds under 12 wk of age (Jacobs et al., 2003).
Infected pigeons with A. columbae show clinical signs
of weight loss, emaciation, diarrhea, anemia, and
death in case of heavy infestation (Abdel Rahman
et al., 2019; Hamzah et al., 2020). Parasitic infesta-
tion in pigeons disturbs the body's dynamic equilib-
rium between reactive free radical generation and
elimination (oxidative status) (Samani et al., 2018).
Many drug preparations are available for the treat-
ment of nematodes in poultry such as piperazine cit-
rate, albendazole, fenbendazole, etc. (Tarbiata et al.,
2016) furthermore, many research have been focused
to found natural safe drug alternatives to overcome
helminths and other pathogens resistance to chemical
drugs and many of the other alternatives showed
their efficacy in elimination of worms’ infestation and
other infections such as: herbal extracts, essential
oils, green synthesized nanoparticles, etc (Abd El-
Ghany et al., 2021; Attia et al., 2021; EI-Shall et al.,
2021; Salem et al., 2021a). Therefore, this study aims
to morpho-molecular characterization of A. columbae
using scanning electron microscope and molecular
analysis; histopathological examination of the
infected intestine; determination of the health status
of the infected birds by analysis of the immunological
genes affected by the ascaridiasis infection.

MATERIALS AND METHODS
Case History and Clinical Investigations

The total numbers of 160 suspected adults (82 males
and 78 females) domestic pigeons (Columba domestica)
showing signs of (emaciation, ruffled feathers, general
weakness, and unable to fly were collected from veteri-
nary clinics and purchased from markets at different
localities in Giza Province, Egypt which located in
29.9870°N 31.2118°E with a hot desert climate during
the period from January 2020 to January 2021(1 year).

Direct Microscopal Examination

Fresh dropping was collected from each bird and
examined (macroscopically and microscopically) for the
presence of Ascaridia eggs or adult worms by the
method described by William (2001). Positive birds
were ethically euthanized and exposed for postmortem
examination according to Swayne (2020) with collection
of whole blood and its sera using plain tube and tube
with EDTA.

All bird handling procedures were followed the gener-
ally accepted ethical rules approved by the Faculty of
Veterinary Medicine, Cairo University, Egypt.

Postmortem Examination and Samples
Collection

Each digestive tract was labeled and removed intact.
The esophagus, crop, proventriculus, gizzard, duode-
num, jejunum, ileum, ceca, and rectum were separated
and placed into Petri dishes. A longitudinal incision was
made out in all parts to expose their contents, and then
all unattached nematodes were gently collected using
forceps in separate Petri-dishes. Recovered nematodes
were carefully washed with NaCl (0.9%) physiological
saline (NaCl) and kept in a separate jar for further
examinations.

Biochemical Analysis

The zinc concentration in sera samples was measured
using ionized coupled plasma mass spectrometry as the
method recorded by Page et al.  (2018),
Attia et al. (2019) and Attia et al. (2020).
Measurement of Stress Markers Oxidative stress due
to Ascaris columbae infection was performed by measur-
ing the level of malondialdehyde (MDA) and nitric
oxide in the blood, according to Aktas et al. (2017) and
Attia et al. (2020).

Evaluation of Tumor Necrosis Factor-Alpha and Interleukin 18 Activity
Infected intestinal mucous and part of intestinal samples
with the parasites were aseptically dissected. Samples
from 5 uninfected healthy control pigeons were collected
in the same manner as negative controls.

RNA Isolation Isolation of mRNA from 100 mg of intestinal
mucous and intestine was performed using total RNA
kits (Ambion, Applied Biosystems). Homogenization
using a FastPrep-24 homogenizer (MP Biomedicals, 2
cycles of 30 s at 6 m/s) of the sampled tissues were
applied in Lysing Matrix D tubes (MP Biomedicals).
The purity and quantity of mRNA were measured using
Nanodrop (Thermo Scientific, Santa Clara, CA). A 500
nanogram of mRNA was made with DNasel amplifica-
tion grade (Invitrogen) following the manufacturer's
instructions. The reverse transcription of treated mRNA
was performed by High-Capacity cDNA Archive Kit
(Applied Biosystems, Waltham, MA) (Attia et al. 2020;
Younis et al. 2020).
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Table 1. The sequences of the forward and reverse primer used in
the quantitative real-time PCR.

Product

Gene Sequence [5-3| size (bp) Reference

IL18 Forward GAGGAAGCCGACAT- 136
CAGGAG
Reverse GGGACGTGCAGAT-
GAA CCAG
1L6 Forward AGCGTC- 107
GATTTGCTGTGCT
Reverse; GATTCCTGGGTAGCT
GGGTCT
B-Actin Forward; AGGCTACAGCTT- 95
CACCACCAC
Reverse; CCATCTCCTGCTCAA
AATCCA

Hayashi et al.
(2011).

Hayashi et al.
(2011).

Hayashi et al.
(2011).

Quantitative Real-Time PCR Protocol PCR, primer sets specific
for tumor necrosis factor-alpha (TNFa) and Interleukin
18 specific for pigeons were designed and based on
sequences deposited in the Gene Bank (Table 1). B-actin
was used as a reference gene and for sample normaliza-
tion. The genes expression included in this study was
tested on a separate pool of cDNA, generated from 5
noninfected sheep previously examined for the presence
of any parasites. Real-time PCR protocol was run
according to Attia et al. (2020), with their condition as
recorded in Hayashi et al. (2011).

Parasitological Examination Uitrastructure Identification of
the Collected A. columbae Using Scanning Electron Microscopy Study A-
dult A. columbae were freshly collected; then washed
several times with saline (NaCl 0.9%) to remove the
adhesive debris. The adult nematode was fixed in 2.5%
Glutaraldehyde according to Hilali et al. (2015);
Attia and Salaeh (2020); then dehydrated through pass-
ing in ethanol series (50; 70; 90; 100%) and dried in CO2
critical point drier (Autosamdri-815, Germany). The
adult was glued over stubs (as an anterior end and pos-
terior end) and then; coated with 20 nm gold
(Abd ElKader et al., 2021) in a sputter coater (Spi-Mod-
ule sputter Coater, UK). All specimens were photo-
graphed with a scanning electron microscope (JSM
5200, Electron prob); Microanalyzer Jeol, Japan; at Fac-
ulty of Agriculture, Cairo University, as described by
Salem and Attia (2021).

Molecular Identification of A. columbae by Analysis of Internal Tran-
scribed Spacer Genes Genomic DNA was extracted using the
QIAamp DNA Mini Kit (Qiagen, Venlo, the Nether-
lands) from the ethanol-preserved nematode samples as
recommended by the manufacturer. The ITS1-5.8s-1TS2
rDNA partial gene region was amplified using primers
designed by Bazh (2013), Primer 2 Forward (5-
GTTTCCGTAGGTGAACCTGC-3), Reverse (5-
ATATGCTTAAGTTCAGCGGGT-3') using the stan-
dard conditions. The PCR reactions are performed in
volumes of 50 uL; according to Bazh (2013), Amplicons
are sequenced using ABI Prism Dye Terminator Cycle
Sequencing Core Kit (Applied Biosystems; Thermo
Fisher Scientific, Waltham, MA) with 310 Automated
DNA Sequencer (Applied Biosystems). To identify the

related sequences, a BLAST search was conducted on
the NCBI database. The ITS1-5.8s-1TS2 rDNA sequen-
ces were aligned using multiple alignments of CLUS-
TAL-X (Abdelsalam et al., 2020). The alignment was
corrected manually using the alignment editor software
BIOEDIT 4.8.9. They were using MEGA ver. 6.0, a phy-
logenetic tree was constructed using maximum parsi-
mony (neighbor-interchange [CNI| level 3, random
addition trees 100). Bootstrap analysis was performed
based on 1,000 replicates to assess the robustness of the
tree topologies.

Histopathological Examination Tissue samples from
the intestine of pigeon-containing roundworms were
processed by paraffin embedding technique after fixation
in 10% neutral buffered formalin. A cross-section of the
intestine was made 3 to 4-um thick using a microtome,
followed by deparaffinization and staining with hema-
toxylin and eosin stain examination (Bancroft and Gam-
ble, 2008). Sections were examined by light microscope
and photographed by a digital camera (Olympus XC30,
Tokyo, Japan).

Statistical Analysis

Oxidative stress and gene expression were analyzed
using Predictive Analytics Software (PASW) Statis-
tics, Version 18.0 software (SPSS Inc., Chicago, IL). A
P-value was considered significant when <0.05.

RESULTS
Clinical Examination

Clinically examined suspected birds showed general
signs as; weakness, inappetence, loss of weight, severe
emaciation (Figure 1), ruffled feather, dropping in
wings, and unable to fly. Some birds showed nervous
manifestation as twisting in the neck (torticollis) as seen
in Figure 2, vomiting, diarrhea, laying pigeons showed a
history of decrease in both egg quantity and quality
(eggs with soft, thin, and misshaped shells). Positive
birds revealed the presence of oval grayish color eggs
with the thick wall during the direct microscopic fecal
examination as seen in Figure 3. The prevalence of A.
columbae infection in the examined governorate was
63.1% during the observation period. Females harbored
the infection 79.2% more than males 46.1%, as summa-
rized in Table 2. Ascaridia infestation was highly preva-
lent during winter 92.5% and summer 87.5% seasons
while less prevalent in spring 55% and least prevalent in
autumn 17.5%; as summarized in Table 3.

Postmortem Examination

Postmortem examination of positive birds revealed
varying degrees of enteritis, impacted intestine with par-
asitic worms, obstruction, and even ruptured intestine.
Mesenteric blood vessels were engorged with blood
(Figure 4). The longitudinal section in the intestine
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Figure 1. (A) Adult pigeon is showing ruffled feather greenish color diarrhea. (B and C) Adult pigeons showed severe emaciation, protrusion of

keel bone and ruffled feathers.

Figure 2. (A) Adult pigeon shows general weakness, dropping in the wing. (B and C) Adult pigeons showed nervous manifestation as twisting in

the neck (Torticollis).

Figure 3. Microscopic appearance of Ascaridia columbae eggs that
appears as oval grayish color embryonated eggs with thick wall.

revealed adult living worms attached to the mucosa and
free worms in the intestinal lumen. Nematode worms
were found in all intestinal parts (small intestine and
ceca). The intestinal mucosa was congested with the
presence of petechial bleeding at the site of worm

Table 2. Prevalence of Ascaridiasis among pigeons in Giza dur-
ing the period from 2020: 2021.

Sex Female Male Total
No. of examined 82 78 160
No. of positive 65 36 101
Prevalence (%) 79.2 46.1 63.1

Table 3. The seasonal prevalence of Ascaridia infestation among
pigeons in Giza from 2020: 2021.

Season Winter Spring Summer Autumn Total
No. of examined 40 40 40 40 160
Positive cases 37 22 35 7 101
Prevalence (%) 925 55 87.5 17.5 63.1

attachment. The intensity of Ascaridia worms in posi-
tive cases varied from 5 to 120 adult worms in serious
cases (Figure 5).

Morphological Description of the Collected
Nematodes From the Intestinal Tract of
Pigeons

The collected worms body appeared as semitrans-
parent, creamy-white, and cylindrical shape and its
anterior end is characterized by a prominent mouth,
which is surrounded by 3 large, trilobed lips. The
average ascarid (length x breadth) were 72.4 £+ 3.3
um (70.5 — 79.9 um) x 39.9 £ 2.5 um (37.6 — 42.3
pum). The adult ascarid worms were identified based
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Figure 4. (A) Opened intestine of pigeon showed attached adult nematode worm with the intestinal mucosa. (B) Opened duodenal loop showed
congestion of intestine with impaction with adult nematodes. (C—F) Opened intestine of pigeon showed intestinal impaction with a large number of

Ascaridia worms.

on gross and microscopic morphological examination.
Grossly, the length of the ascarid male and female
worms (n = 5 each) were measured as 63.2 £ 4.7 mm
(56 — 68 mm) and 70.9 £ 4.9 mm (65 — 76 mm),
10.1 &+ 0.5 mm (9.4 — 10.8 mm) and 12.6 + 0.2 mm
(10.8 — 15.0 mm) and 11.8 &+ 1.9 mm (9 — 14 mm)
and 20 £ 2.1 mm (18 — 23 mm), respectively as seen

in (Figure 6). The distinctive morphological features
observed in ascarid worms were developed triradiate
lips (1 dorsal and 2 subventral) with wide cephalic
alae extending on both the lateral sides and filariform
esophagus (Figure 6). In males, spicules were almost
equal and there was the presence of precloacal chitin-
ous-rimmed sucker (Figure 6).

Figure 5. (A) Adult Ascaridia worms. (B) Left adult male worm, right female Ascaridia worm. (C) A large number of Ascaridia worms col-

lected from intestine of one freshly dead bird.
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Figure 6. Scanning electron micrograph of A. columbae showing: (A, B) anterior end with 3 lips and papillae (showing by arrows). (C) Segmen-
tation along the nematode body. (D) Posterior end of female showing pointed posterior end; (E) Female posterior end showing the female genital

notch. F: male posterior end with two equal spicule and precloacal sucker.

Molecular Identification

A total of 919 bp of the ITS1-5.8s-ITS2 rDNA
sequence was deposited in GenBank under the accession
number MZ343369. Comparing this genomic sequence
with other ascaridida species showed that this Ascaridia
sp. is deeply embedded in the ascaridida with a close
relationship with A.columbae. Consequently, this para-
site could be identified to the species level as Ascaridia
columbae. BLAST analysis of A. columbae (MZ343369)
in this study showed 97.95% similarity with A. columbae
(KC905082) in China, 97.17% similarity with A. colum-
bae (JQ995321) in the United States, 96.11 and 96.01%
similarity of A. galli (MW599313 from Egypt and
MN158368 from China, respectively), and 81.10% simi-
larity with A. compar (FM177755) in Italy, 77.41% simi-
larity with Heterakis spumosa (JX845278)-Belgium,
79.29% similarity with Heterakis dispar (MF319969)-
Poland, 79.35% similarity with Heterakis isolonche
(KM212953)-China, 77.26% similarity with Heterakis
gallinarum (LC592793)-Japan, 72.23% similarity with
Heterakis beramporia (.C592731)-Japan, 70.12% simi-
larity with Heterakis indica (LC592808)-Japan. The
phylogenetic tree based on the ITS1-5.8s-1TS2 rDNA
gene sequenced in this work and 11 nucleotide sequences
obtained from the database of GenBank showed that
the dendrogram comprised of two major clades with a
strong bootstrap value. The first clade included A.
columbae of this study, was grouped with other A.
columbae and A. galli to form a monophyletic branch
which was powerfully supported with a 100% bootstrap

value. The second clade grouped the Heterakoidea
superfamily in one branch (Figure 7).

Biochemical and Immunological Evaluation
of Infected Pigeon

Infested pigeon had a significantly higher Nitric oxide
and MDA (20.30 [£5.98, £95% C.L]; P = 0.010); (25.00
(£5.89, £95% C.1.]; P = 0.001), respectively than nonin-
fected pigeon (Figure 8). Concerning the zinc levels in
infected pigeons were lower than that of non-infected
pigeons by 50.35 (£6.79, £95% C.1.); (Figure 8).
Infested pigeons showed significantly higher IL1-8, upre-
gulated by 25-fold, than that of control one, and TNF«

Ascaridia columbae (KC905082)-China
«o| Ascaridia columbae (JQ995321)-USA
II.Ascaridia columbae (MZ 343369-this study)-Egypt

Ascaridia galli (MW599313)-Eqypt
Ascaridia gali (MN158368)-China
Ascaridia compar (FM177755)/ taly
Heterakis spumosa (JX845278)-Belgium
w0y Heterakis dispar (MF319969)-Poland
k Heterakis isolonche (KM212953)-China

Heterakis galinarum (LC592793 ~Japan
—Ehrakis beramporia (LC592731)-Japan
a Heterakis indica (LC592808)-Japan

005

Figure 7. Phylogenetic tree based on maximum composite likeli-
hood model for the neighbor-joining method for the presence of A.
columbae and another related superfamily retrieved from GenBank.
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Figure 8. Biochemical evaluation of infected pigeon with nitric
oxide and MDA analysis is examined and control pigeon. Abbreviation:
MDA, malondialdehyde.
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Figure 9. Immunological evaluation of the infected pigeon with
analysis of IL1-8 and TNF« in examined and control one.

was upregulated by 18-fold than that of control one
(Figure 9).

Histopathological Examination

Microscopy of the intestine infected with Ascaridia
species revealed multiple worms in the lumen oval in
shape with dorsal and ventral indentation. The adult
worm had outer prominent muscle cells covered by cuti-
cle, multiple gravid uteri, intestine, and coiled ovary.
The intestinal villi were short and wide. The mucosa
showed epithelial and goblet cell hyperplasia and the
lamina propria had fibrosis and leukocyte infiltration.
The tunica musculosa was also segmentally hypertro-
phied with the absence of Meissner’s plexuses
(Figure 10).

DISCUSSION

Endoparasites are responsible for severe health prob-
lems in domestic pigeons (Adang et al., 2008). Helminth
infestation has particularly deleterious and debilitating
effects on infested birds, especially squabs. It lowers
weight, interferes with healthy growth, makes older
birds more susceptible to secondary infections, and
causes mortalities between domesticated pigeons

(Galloway, 1972; Cheng, 1973; Soulsby, 1982). Gastroin-
testinal nematodes cause subclinical infestation and
result in severe economic losses. Our study focused on
monitoring the prevalence of A. columbiin domesticated
adult pigeons in the Giza governorate from 2020 to
2021. Clinical signs observed in the present study were
like those recorded by Abdel Rahman et al. (2019). The
poor health condition represented by emaciation, ruffled
feathers, and inability to fly is mainly due to worms com-
petitively feeding on semidigested food in the intestine,
making it unavailable to the bird (Adang et al., 2008;
Frantova, 2000). Furthermore, worms cause mechanical
interference to food absorption and satiety feeling result-
ing in bird inappetence. Postmortem examination of
examined birds revealed adult worms in all parts of the
small intestine and ceca with worms’ intensity from 5 to
120 adult Ascaridia worms. This result agreed with
Adang et al. (2008) and Frantova (2000) who attributed
this finding to the presence of an optimal concentration
of glucose, saline, debris, and semidigested food in these
parts which are essential for worms’ growth.

Ascaridia columbae is the most common problematic
parasite in pigeons and doves in various parts of the
world, causing ascariasis (Boado et al., 1992;
Senlik et al., 2005; Msoffe et al., 2010). In our study, the
prevalence of Ascaridia columbae infestation in the Giza
governorate was (63.1%) during the observation period,
unlike other studies, which recorded a lower prevalence
of Ascaridia spp. (1.20, 4.04, 5.10, 15.21, 15.50, 15.62
and 16.66%) (Sari et al., 2008; Natala et al., 2009;
Bahrami et al., 2013; Radfar et al., 2011; Radfar et al.,
2012; Faraj and Al- Amery, 2020; Msoffe et al., 2010). In
Albania, a higher prevalence (40—90%) was also
reported. The differences in Ascaridiasis prevalence may
be attributed to the variation in climatic conditions, dif-
ferent localities, the presence of intermediate hosts (bee-
tles, ants, pillbugs, earthworms, and snails), reduced
host immunity, ineffective treatment, and bad manage-
ment.

In our study, females harbored the infection (79.2%)
more than males (46.1%). A similar observation was
recorded by Bachaya et al. (2015), who attributed the
high prevalence rate in females to the hormonal changes,
stress during the laying of eggs, and the voracious feed-
ing habits of female birds, especially during egg produc-
tion than the males which remain largely selective. On
the other hand, Adang et al. (2008) showed no signifi-
cant association between infection and sex and a similar-
ity in the mean intensity of infection in male and female
birds, indicating that both sexes are equally exposed to
the same risk of infection.

Our results revealed that the highest prevalence of A.
columbae infection was observed during winter (92.5%)
and summer (87.5%) seasons, while the prevalence was
decreased in spring (55%) and the lowest in autumn
(17.5%). Similarly, a parallel study demonstrated the
high prevalence rate of Ascaridia spp. in the winter sea-
son and contributed that to farming activities in Zaria
during the early months of the wet season, which may
help to expose the eggs of nematodes that are hidden
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Figure 10. Intestine of pigeon showing (A) multiple roundworms in the lumen, shortening of intestinal villi, and segmental muscular hypertro-
phy of the tunica musculosa, (B) single roundworm in the lumen of less infested chicken, (C, D) epithelial and goblet cell hyperplasia in the lamina
epithelialis, and fibrosis of lamina propria and submucosa with leukocytes infiltration.

below the surface of the soil for the birds to ingest partic-
ularly as the birds visit newly cultivated farms in large
flock to feed on spilled grains during planting
(Adang et al., 2008). In our study, the high prevalence
in summer may have contributed to the spread of bee-
tles, pill bugs, ants, earthworms, and snails, which act as
an intermediate host to nematodes. In contrast, a study
found that the harsh and unfavorable climatic condi-
tions in the summer season may be responsible for the
low population of invertebrate hosts, and they nega-
tively affected the viability of the hatched nematode
eggs, resulting in low infection rates and worm loads in
the summer season (Dede and Richards, 1998). The dis-
crepancies in overall prevalence rate are attributed to
climatic conditions, breeding methods, geographical
location, presence of infectious stage, and variability in
poultry immunity (Zada et al., 2015).

The identification of A. columbae depends on ultrami-
croscopic identification of the nematode and analysis of
the ITS gene; this study reveals that the morphological
identification confirmed the infection of examined
pigeon with A. columbae nematod. In this study; the
morphological identification was similar to a previous
study recorded by Al Quraishy et al. 2020; which studied
the A. columbae by SEM, which based upon different
characteristic features that confirm the recovered nema-
tod is A. columbae; these features are (well-developed
lips; a cuticular organization with the presence of trans-
verse annuli; pre-cloacal sucker the number and distri-
bution of the cloacal papillae; a vulva near the middle
region of the body) this study similar as
Khalil et al. 2014; Al Quraishy et al. 2020.

Our study in molecular characterization used the
PCR sequencing of the (ITS1-5.8sITS2) of the rDNA
gene region, which confirmed that the collected Ascidida
belongs to A. columbae nematod. A similar study was
recorded by Al Quraishy et al. 2020 (A. columbae) and
Gomes et al. 2015 (Ancylostoma buckleyi, Pterigoderma-
tites pluripectinata, and Ascaridia galli). The moleculer
approach in A. columbae revealing that the genus
Ascaridia and is closely related and within the A. colum-
bae species among Ascaridiidae (MZ343369) as recorded
by Al Quraishy et al. (2020).

From our results, the sequenced ITS1-5.8s-1TS2
rDNA gene of A. columbae nematode was collected from
domestic pigeon with the accession numbers MZ343369,
which were displayed 100% identity with each other. All
submitted sequences showed 97.95% identity with A.
columbae collected from China, the United States,
Egypt, Italy, and Belgium.

Ascaridia columbae has a direct or in-direct life cycle,
as described in Figure 11. From our observations,
infected pigeons with ascridiasis showed a significant
decrease in serum zinc concentration. At the same time,
MDA, Nitric oxide levels, and gene expression for IL1-8
and TNF « were significantly increased. Also,
Kim et al. (2001) confirmed that TNF-« and IL-18 could
be used as markers for noticing the immune function. In
a parallel study conducted by Olias et al. (2013), they
found that IFN-y and tumor necrosis factor (TNF
a)-related cytokines were significantly up-modulated
during the late central-nervous phase of Apicomplexa
protozoon parasite infection in domestic pigeons as well
as Basit et al. (2006) found that pigeons infected with
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Figure 11. Life cycle of A. columbae showing that infected pigeon containing adult worms in its intestine which passes embryonated eggs in
droppings, then eggs pass in the environment and 1st larva appears in the eggs within 2 wk then larva molts to 2nd stage larvae (infective stage)
that may contaminate feed & water as a direct life cycle or may engulfed by earthworm then picked up by pigeon as indirect life cycle after that eggs
liberare 2nd larvae in pigeons proventriculus or duodenum then molt to form 3rd stage larvae which molt to form adult in pigeon intestine. Our find-
ings showed that during ascardiasis, genes expression for IL1-8 and TNF« increased, and serum Nitric oxide and MDA levels decreased while serum

zinc levels decreased. Abbreviation: MDA, malondialdehyde.

gastrointestinal nematodes showed changes in blood
hemoglobin level and total leucocytic count. On the
other hand, Adang et al. (2012) found that experimen-
tally infected pigeons with Ascaridia galli didn’t show
statistically significant differences in blood parameters
(packed cell volume, hemoglobin level and total plasma
protein) when compared with noninfected ones. We con-
tributed this disagreement to the differences in the
infected Ascaridia species or the infective dose.
Histopathology of the intestine revealed chronic dif-
fuse enteritis due to the presence of roundworm, which
was partially consistent with previous studies
(Abdel Rahman et al., 2019). In the current study,
lesions of intestinal villi were limited to shortening of
villi, but in previous studies, necrosis was also observed
(Adang et al., 2010; Abdel Rahman et al., 2019). The
segmental hypertrophy of tunica musculosa was simi-
larly recorded with other ascaridia infestations (Lagun-
doye, 1972). The intestinal smooth muscle hyperplasia
was greater in ringdove pigeon than with ornamental
chicken, which could be due to an increase in intralumi-
nal pressure caused by large amounts of intestinal para-
sites (Pavone et al., 2019). The absence of Meissner’s
plexuses which sense the lumen environment might be
related to smooth muscle hypertrophy (Pavone et al.,
2019). Through this study, we recommend paying atten-
tion to pigeon breeding and public awareness to reduce
the risk of contracting diseases and transmitting these
diseases to other avian and animal species as well as
humans, through the application of biosecurity & quar-
antine measures, strengthening the general health of
pigeons by using of balanced feed and supplying the bird
with safe environmentally friend preparations as herbal
extracts (Abou-Kassem et al., 2021a; Abd El-Hack
et al., 2021a), essential oils (Alagawany et al., 2021a;

Dosoky et al, 2021; El-Tarabily et al., 2021;
Mohamed et al., 2021), essential amino acids (Abou-
Kassem et al., 2021b), bioactive peptides (EI-
Saadony et al., 2021a,b), probiotics (Alagawany et al.,
2021b; El-Saadony et al., 2021c), prebiotics (Abd El-
Hack et al., 2020, 2021b; Yaqoob et al., 2021), plant-
derived natural bioactive compounds (El-Saadony et al.,
2021d; Raza et al., 2021; Seidavi et al., 2021a,b), biologi-
cal synthesized nanoparticles (Abd El—Hack et al.,
2021c,d; El-Saadony et al., 2021e), and phytogenic com-
pounds (Abo Ghanima et al., 2021; Ashour et al., 2021a;
Abdel-Moneim et al.; Ashour et al., 2020b; Reda et al.,
2021).

CONCLUSIONS

In Egypt, Ascaridia columbae is a widespread and it
has a negative impact on domestic pigeons. Ascaridiasis
in pigeons caused oxidative stress alterations in the form
of a significant increase in nitric oxide and MDA levels,
as well as a drop in serum zinc levels with a considerable
increase in gene expression for IL1-8 and TNFa in
infected pigeons. Ascariasis revealed chronic diffuse
catarrhal enteritis that consequent affect nutrients
absorbability and affect negatively on the bird produc-
tivity. Further investigations should be adopted to
found effective safe anthelmintic to overcome such para-
sitic infestation.
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