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Abstract

The present study attempted to control infectious bursal disease virus (IBDV) with iron oxide

chitosan nanocomposite as an antiviral compound. The iron oxide chitosan nanocomposite was

prepared using the co-precipitation method and characterized by high-resolution transmission

electron microscopy (HR-TEM) and cytotoxicity assay on Vero cells. To evaluate the effectiveness

of iron oxide chitosan nanocomposite against IBDV, eighty 21-day-old Baladi broiler chicks were

divided into four groups (G1-G4). Chicks kept in G1 served as a negative control, while chicks

kept in G2 (challenged-non-treated) were challenged orally with IBDV (103EID50/bird). Chicks

kept in G3 (challenged-treated) were challenged orally with 103EID50 IBDV/bird and received

1 mL of iron oxide chitosan nanocomposite (1 mg dissolved in 100 mL water) for three days

post-inoculation (PI) while chicks kept in G4 (non-challenged-treated) received the same dose

of iron oxide chitosan nanocomposite for three successive days. The effectiveness of iron oxide

chitosan nanocomposite was assessed based on clinical signs, mortalities, postmortem lesions, and

viral RNA load in the bursa of Fabricius samples at the 3rd, 6th, and 9th days PI by isolation

onto specific pathogen free embryonated chicken eggs (SPF-ECE) and histopathology. Results

revealed that the average particle size of iron oxide chitosan nanocomposite size was found to be

35.1±5 nm. The selected particles exhibited zeta potentials of 16.8±10.9 mV, polydispersity index

of 0.91, and iron concentration of 2,625 mg/L. Chicks kept in G2 showed severe clinical signs,

including anorexia, ruffled feathers with droopy wings, prostration, and whitish mucoid diarrhea

with a mortality rate of 30%. Other groups showed no specific mortalities. The IBDV bursal load

was significantly lower (P<0.05) in the challenged-treated chicks (0.5-1 log10) compared to the

challenged-non-treated group (3-6.4 log10). Histopathological lesions of the bursa, spleen, thymus,

and kidney in the challenged-treated group showed hyperactivity of the lymphoid population

compared to necrosis and depletion of lymphoid elements in the challenged control group at the

6th days PI. Based on the current study, iron oxide chitosan nanocomposite showed a promising

antiviral activity that could significantly reduce IBDV load in the bursa and decrease pathological

changes in lymphoid organs.
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Introduction

Infectious Bursal Disease (IBD) is a serious disease of
chicken causing significant economic losses. The dis-
ease causes high mortalities, immunosuppression, and
severe lesions in the bursa of Fabricius (Tadesse and
Jenbere, 2014; Wahome et al., 2017). IBD is caused
by the IBD virus (IBDV), which belongs to the Avibir-
navirus genus of the Birnaviridae family. It is known

that serotype 1 of IBDV is pathogenic to chickens, and
the acute course of infection is characterized by di-
arrhea, prostration, and abrupt mortality in chickens
younger than 10 weeks of age. Two serotypes of IBDV
serotypes; serotype 1, which is pathogenic to chickens,
while serotype 2 is believed to be nonpathogenic.

Based on the antigenic variation and virulence,
serotype 1 is divided into several groups (classical
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strains, variant strains, and very virulent (vv) strains
(Zierenberg et al., 2000). The mortality rates of
vvIBDV strains may reach to 60-70% in chickens (Mur-
phy et al., 1999; Abdel-Alim et al., 2003). In Egypt,
vv IBDV was reported in 1989; however, the virus still
causes significant economic losses despite implement-
ing of intensive vaccination programs (Shehata et al.,
2017; Samy et al., 2020; Omar et al., 2021).

Nanotechnology is becoming increasingly impor-
tant in the diagnosis and management of animal dis-
eases. The use of metal or metal oxide nanoparticles
in virus targeting formulations is becoming more com-
mon. It promises to improve the agents’ diagnostic or
therapeutic capabilities while increasing the chances of
targeted medication delivery in a novel method. The
lowered ratio of viral suspensions after treatment with
iron oxide nanoparticles was calculated in a recent
study to demonstrate that the iron oxide nanoparti-
cle has antiviral action (Yadavalli and Shukla, 2017).
Iron oxide antiviral activity was reported in-vitro with
more potent suppression at lower doses, possibly due to
its small size, simple contact with the virus, and typ-
ical spatial organization of the nanoparticles attached
(Elechiguerra et al., 2005). Generally, nanoparticles
exert their virucidal action through several mechanisms
such as i) inhibition of virus-cell receptor binding, ii)
reactive oxygen species oxidation, and iii) destructive
displacement bonding with critical viral structures (Lin
et al., 2021).

Nanoparticles interact with the virus by preferen-
tially binding to the influenza virus protein. Based
on the center-to-center distance between nanoparti-
cles, exposed sulfur-bearing residues on protein knobs
would be optimal places for engagement with nanopar-
ticles. Because of this interaction, nanoparticles pre-
vent the virus from attaching to host cells (Wieczorek
et al., 2020). Although the antiviral function of the
composites has yet to be determined the experimental
results demonstrated a link between antiviral activity
and iron oxide nanoparticle concentrations, suggesting
that virions and composites were interacting (Hussain
et al., 2006). Additionally, a molecular mechanism of
action could result from an interaction of iron oxide
with sulfur groups of viral proteins (-SH group pro-
tein) in the protein inactivating cell (Mori et al., 2013).
However, more clarification is needed on whether and
how nanoparticles disrupt membrane function. Conse-
quently, detailed studies of the antiviral mechanism of
the iron oxide nanoparticle could lead to the develop-
ment of functional iron oxide nanoparticles containing
materials that would minimize concerns about the risk
of the spread of iron oxides nanoparticle to the infec-
tion region (Kumar et al., 2019).

Chitosan is a natural polymer derived from alkaline
chitin hydrolysis, which occurs in arthropod exoskele-
tons, crab shells, and insect cuticles. Chitosan and its
nanoparticles have attracted considerable attention in
the pharmaceutical, food, agricultural, textile, and tis-
sue industries because of their inherent biocompatibil-
ity, biodegradability, and lack of toxicity (Dutta et al.,
2004). This study aimed to investigate the effect of

iron oxide chitosan nanocomposite on virus load in the
bursa of Fabricius and the pathological lesions associ-
ated with experimental IBDV infection in susceptible
broiler chicks.

Material and methods

Very virulent IBD virus

A very virulent field Egyptian strain of IBDV was
obtained from the Reference Laboratory of Veteri-
nary Quality Control on Poultry Production, Egypt.
The virus partial VP2 sequence was submitted to
the GenBank with accession number OK483322. The
strain titer was 104 embryonated infective dose 50
(EID50/mL).

Preparation and characterization of iron oxides chi-
tosan nanocomposite

The co-precipitation method was used to prepare
the iron oxide chitosan nanocomposite (Rabel et al.,
2013). Briefly, 0.55g of ferrous sulfate extra pure,
99.5% (FeSO4.7H2O) (SRLPvt. Ltd, Maharashtra, In-
dia), and 0.95g of ferric chloride hexahydrate, 98%
(FeCl3.6H2O) (Himedia, Thane, India), were added to
15 mL double distilled water and stirred for 10 min.
The pH was adjusted to 11 by adding an ammonia so-
lution (Merck, Darmstadt, Germany). The black color
precipitate of iron oxide nanoparticles was washed sev-
eral times. After drying, 200 mg chitosan solution
(85%) deacetylated (Thermo Fisher GmbH, UK) was
added and mixed using a magnetic stirrer for 1 hr until
the chitosan-coated iron oxide particles were obtained.

In a high-resolution transmission electron mi-
croscopy (HR-TEM), the image JEM 2100F was cap-
tured with an accelerating voltage of 200Kv, after drop-
ping benzene solutions of the substances left on the
membrane’s surface onto copper grids coated with a
perforated amorphous carbon film according to Sorour
et al. (2021). Fourier Transmittance Infrared FT-
IR-6100 Spectrometer measured the bond vibration
frequencies in a molecule and was used to deter-
mine the functional group. The amount of light ab-
sorbed by the sample was measured as wavelength
varied. Generally, possess very prominent and char-
acteristic electronic absorptions in the electromag-
netic spectrum’s near-ultraviolet/visible/near-infrared
(UV/VIS/NIR) region. Zeta sizer Nano ZS equipment
(Malvern Instruments, Worcestershire, UK) where the
diffusion coefficient can be mathematically correlated
to the fluctuations of scattered light from particles.
The Stokes-Einstein equation was used to calculate the
intensity average (Z-average) hydrodynamic diameter
from measured diffusivities according to Sorour et al.
(2021).

Nano-cytotoxicity of iron oxide chitosan nanocom-
posite

The African Green Monkey Kidney cells (Vero cells,
Nawah, Mokatam, Cairo, Egypt) were cultured in Dul-
becco’s Modified Eagle Medium (DMEM) (Thermo
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Fisher GmbH, UK) containing 100 mg/mL strep-
tomycin, 100 units/mL penicillin, and 10% heat-
inactivated fetal bovine serum at 37°C in a humidified
5% (v/v) CO2 atmosphere. Sulforhodamine B (SRB)
assay was used to determine cell viability (Ammerman
et al., 2008). Briefly, in 96-well plates, aliquots of 100
mL cell suspension (5×103 cells) were incubated in full
medium for 24 hrs. Next, another aliquot of 100 mL
medium containing iron oxides chitosan nanocomposite
at various concentrations ranging from (0.01, 0.1, 1, 10,
and 100 µg/mL) was given to the cells. After 72 hrs,
cells were fixed by replacing the medium with 150 mL
of 10% Trichloroacetic acid (TCA) (Merck, Darmstadt,
Germany) and incubated for one hour at 4°C. After re-
moving the TCA solution, cells were washed five times
with distilled water. Next, aliquots of 70 mL SRB so-
lution (0.4% w/v) (Merck, Darmstadt, Germany) was
added and incubated for 10 min in a dark place at
room temperature. Plates were washed three times
with 1% acetic acid and air-dried overnight. Then, 150
mL of 10 mM TRIS (Merck, Darmstadt, Germany)
was added to dissolve the protein-bound SRB stain.
The absorbance was measured at OD540 nm using an
OIE-compliant BMG LABTECH®-FLUOstar Omega
microplate reader (Ammerman et al., 2008). The 50%
inhibition concentration (IC50) was then calculated by
linear interpolation according to the cell viability re-
sults (Wu et al., 2018).

Antiviral activity of iron oxide chitosan nanocom-
posite in-vitro

Vero confluent cells were inoculated with 103.5 EID50

IBDV/mL (100 µL) previously treated with (100 µL)
iron oxide chitosan (1mg /100 mL) for 30 min. The cy-
topathic effects (CPEs) and virus titer were evaluated
at 5 days post-inoculation and compared with the posi-
tive control (IBDV-infected Vero cells) (Khodeir et al.,
2016).

In-vivo experimental study

Ethics approval

The Institutional Animal Care and Use Committee
(ARC-IACUC) of the Agricultural Research Center
have approved the study protocol according to the
Animal-Welfare Act of the Ministry of Agriculture in
Egypt (approval ARC-AH-19/12).

Experimental design

Eighty 21-day-old in Baladi chicks were divided into
four groups (G1-G4) of twenty chicks per group. Feed
and water were provided ad libitum. Chicks kept in
G1 were served as a negative control, while chicks
kept in G2 (challenged-non-treated) were challenged
orally with IBDV (103EID50/bird). Chicks kept in G3
(challenged-treated) were challenged orally with 1 mL
103EID50 IBDV/bird and received 1 mL iron oxide chi-
tosan nanocomposite (1mg/100 mL) orally for three
days post-infection (PI), while chicks kept in G4 (non-
challenged-treated) received the same dose of iron ox-
ide chitosan nanocomposite for three successive days as
shown in (Table 1). All groups were kept under strict

biosecurity measures. Bursa samples were collected
from five birds/group at the 3rd, 6th, and 9th days PI
to detect virus load using specific pathogen-free em-
bryonated chicken eggs (SPF-ECE). In addition, tissue
samples were collected from the bursa, spleen, thymus,
liver, and kidney from experimentally infected and re-
cently dead chicks at 3rd and 6th days PI.

Detection of the iron level in serum

Serum samples were collected from five birds/group
for iron level detection in serum. An Iron colorimet-
ric kits (Biodiagnostics, Egypt) was used according to
the method described by Dreux (1977), briefly, the
serum was deproteinized by trichloroacetic acid and the
iron is dissociated from the protein transferrin by hy-
drochloric acid then reduced to ferrous by thioglycolic
acid . The colored complex which the iron forms with
bathophenanthroline was measured colorimetrically.

Virus quantification in the bursa of Fabricius

Bursa homogenate was collected from challenged
chicks- infected with IBDV in G2 and G3 groups. In
addition, virus load was titrated in SPF-ECE obtained
from an egg production pathogen-free farm in Cairo,
Egypt using the Reed and Muench method (Reed and
Muench, 1938).

Pathological examination

The tissue samples collected from all groups at the
3rd and 6th days PI were fixed in 10% neutral buffer
formalin solution and then processed using the rou-
tine histopathological technique. Paraffin sections of
3-4 micron thickness were prepared and stained with
Haematoxylin and Eosin (H&E) stain for examination
microscopically (Suvarna et al., 2019). The histopatho-
logical lesion grading was calculated by describing the
histomorphological changes in five fields per section for
each examined organ, according to Gibson-Corley et al.
(2013).

Statistical analysis

The data obtained in this study were analyzed using
statistical analysis system software (one-way- ANOVA)
(SPSS21, 2012). In all cases p≤0.05 was assumed to
indicate significant differences.

Results

Iron oxide chitosan nanocomposite and characteri-
zation

Different analytical methods were used to analyze the
properties of synthesized iron oxide nanocomposite.
The analysis revealed that the concentration of iron
oxide in nanocomposite was 2,625 mg/L as determined
by the atomic absorption methods. Furthermore, the
magnetic nanoparticles bound with chitosan have a
well-shaped spherical form with a smooth surface, and
the average particle size was around 35.15 nm with
a narrow size distribution. As a result, composite
nanoparticles are more likely to attract each other to
establish a stable state (Figure 1).

The Zeta potential of the synthesized iron oxide chi-
tosan nanocomposite was 16.8±10.9 mV, as a measure-
ment of the conductivity 4.69, viscosity 0.887, and the
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Table 1: Mortality rate of experimental groups.

Group Chicken No. Challenge1 Treatment2 Mortality3

G1: Negative control 20 - - 1/20 (5%)*

G2: Challenged control 20 + - 6/20(30%)4

G3: Challenged-treated 20 + + 1/20 (5%)*

G4: Non-challenged-treated 20 - + 1/20 (5%)*

1 Challenged with IBDV orally (103EID50/bird).
2 Birds received 1ml of iron oxide chitosan nanocomposite (1 mg dissolved in 100 ml water) for three days post-challenge.
3 Asterisks (*) denote non-specific mortalities.
4 Mortality between 3-5 days post-challenge.

Figure 1: High-resolution transmission electron microscopy (HER-TEM) of magnetic nanoparticles bonded
with chitosan with a well-shaped spherical form with a smooth surface, and their average particle size is ap-
proximately 35.1±5 nm.

polydispersity indexes (PDI)= 0.91. Compared to pure
substances, the FT-IR fingerprint displays the chemical
interaction, molecular fingerprint, and detector of func-
tional groups. The highest FT-IR peaks, 3144.75 and
2010.17 cm-1 were attributable to phenols and alkynes’
O-H and C-H stretch vibrations. Stretching of amino
(-NH2), nitro compounds, alkyl groups, phenols, and
carboxylic groups correlate to FT-IR spectral bands at
1752.74, 1630.92, 1402.28, 1113.11, and 841.70 cm-1,
respectively. Other brief peaks, ranging from 637.53 to
433.18 cm-1, have been attributed to the presence of
Fe oxygen (Figure 2).

Cytotoxicity of iron oxide chitosan nanocomposite

The SRB assay of the synthesized iron oxide chitosan
nanocomposite showed that the viability percentage of
Vero cells was 95.73% for the high concentration (100
µg/mL) and 98.48% for the low concentration (0.01
µg/mL), indicating that the IC50 is >100 µg/mL (Fig-
ure 3).

Antiviral activity of iron oxide chitosan nanocom-
posite in-vitro

The CPEs of IBDV on Vero cells involved rounding
and cell aggregation by 72 hrs PI and became more
apparent after five days. In the treated group, the
iron oxide chitosan nanocomposite was able to inhibit
the IBDV-induced cytopathic effects observed in the
IBDV-infected Vero cells (Figure 4).

Experimental study

Clinical signs and gross lesions

Typical clinical signs of IBD were observed in the ex-
perimental challenge non-treated group (G2) that was
challenged orally with IBDV (103EID50/bird). These
observed signs were anorexia, sleepiness, ruffled feath-
ers with droopy wings, prostration, and whitish mucoid
diarrhea with a 30% mortality rate. The muscles of
the infected chicks showed ecchymotic and paintbrush
hemorrhages on the thigh, leg, and pectoral muscles.
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Figure 2: Fourier Transmittance Infrared (FT-IR) spectra of iron oxide chitosan nanocomposite showing spe-
cific bands 637.53 to 433.18 cm-1, attributed to the presence of Fe oxygen.

Figure 3: Cell viability % of iron oxide chitosan nanocomposite effect on Vero cells.

The bursae of infected chicks were swollen and hem-
orrhagic and covered by gelatinous material with yel-
lowish exudate within the lumen on 3rd day PI. On
the 6th day PI, the bursa became atrophied. The liver
showed peripheral infarction foci, and the kidneys were
enlarged and pale. Spleen and thymus were swollen.
However, no marked clinical signs or postmortem al-
teration were observed in all examined organs of other
groups and the negative control group (Figure 5).

IBDV load in Bursa of Fabricius

There is no viral detection in the bursa homogenate col-
lected from the negative control birds and birds that
received iron oxide chitosan nanocomposite. However,
the challenge control group chicks showed viral load
with titers of 103-6.4 EID50/mL bursal homogenate. On
the other hand, the iron oxide chitosan nanocompos-
ite treated group showed significantly lower viral load

titers of 100.5-5EID50/mL bursal homogenate (Table 2).

Detection of iron serum levels

Estimation of iron serum levels showed higher levels in
the iron oxide chitosan nanocomposite treated group
after being infected with IBDV than in the challenge
control group. Meanwhile, the group that received only
iron oxide chitosan nanocomposite without virus in-
oculation showed the highest iron levels (P<0.05), as
shown in (Table 3).

Histopathological findings

The bursal lesion scores in the iron oxide chitosan
nanocomposite treated group at both 3rd and 6th day
PI ranged from none to mild compared to severe lesions
in the challenge control group (Table 4). The thymus
and kidneys showed very mild lesions represented as
congested thymus and blood vessels, and mild degen-
erative renal epithelium; however, the challenge con-
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Figure 4: Figure 4. (A) Negative control, (B) Iron oxide chitosan nanocomposite, (C) IBDV and Iron oxide
chitosan nanocomposite, and (D) Positive control IBDV infected Vero cells.

Figure 5: Three-week-old Balady broiler chicks experimentally infected with IBDV. (A) Normal bursa of the
control group. (B) Atrophy and hemorrhagic bursa (curved arrow) after six days of infection. (C) Slight en-
largement bursa after treatment. (D) Normal bursa of nanocomposite only group.

trol group showed severe degenerative renal epithelium,
necrotic changes, and renal hemorrhages (Table 4). On
the day 6 PI, the liver and spleen lesion scores ranged
from mild to moderate lesions in the challenge control
group compared to almost normal spleen structure in
the treatment group (Table 4).

Histopathological lesions of the bursa and kid-
ney

The challenge control group infected by 103EID50

IBDV showed central necrosis in bursal follicles and
hemorrhages between follicles after three days PI (Fig-
ure 6A). At the 6th day PI, atrophied lymphoid popu-
lations, and caseous necrosis of most lymphoid follicles
center were observed (Figure 6B). The bursae of the
iron oxide chitosan treated group showed mild cystic
cavitations and heterophil infiltration after three days
PI (Figure 6C); however, after six days PI, lympho-
cytic repopulation of the lymphoid follicles was appar-
ent (Figure 6D). Both non-infected treated and nega-
tive control groups showed normal bursal structures.

The positive control group (G2) infected by
103EID50 IBDV showed focal hemorrhagic areas and
severe degeneration and necrosis in some of renal
tubules (Figure 6E) and showed degenerative changes
in the renal tubular epithelium after six days PI (Fig-
ure 6F). Iron oxide chitosan treated group (G3) showed
regenerative attempts of the renal tubular epithelium
after three days PI (Figure 6G). However, on the 6th

day PI showed normal renal tubules (Figure 6H). Non-
infected and treated group (G4) showed normal renal
tubules and glomerular structures. The kidney lesion
score (degenerative renal epithelium, necrotic changes,

and hemorrhages) is shown in Table 4.

Histopathological lesions of spleen and thymus
of experimental chicks groups

The positive control group (G2) infected by 103EID50

IBDV showed necrosis in most lymphoid follicles and
the per-arterial lymphoid sheaths and significant lym-
phocytic depletion of the lymphoid follicles after three
days of infection (Figure 7A). However, after six days
of infection, it showed edema and necrotic cells of
the red pulp (Figure 7B). Iron oxide chitosan treated
group (G3) showed congestion of blood vessels after
three days PI (Figure 7C). Furthermore, the treated
group (G3) showed repopulation of lymphocytes of the
lymphoid follicles after six days PI (Figure 7D). Non-
infected and treated group (G4) with iron oxide chi-
tosan showed normal white and red pulp.

The positive control group (G2) infected by
103EID50 IBDV revealed necrosis of most lymphoid
lobules, hemorrhages throughout parenchyma, and
marked congestion in blood vessels after three days
of infection (Figure 7E), and a reduction in lymphoid
populations after six days of infection (Figure 7F). Iron
oxide chitosan treated group (G3) revealed moderate
activity of cortical and medullary lymphoid contents
of thymic nodules and dilated septal blood vessels at
three days PI (Figure 7G). Moreover, after six days
PI showed congestion of blood vessels, apparently nor-
mal cortical and medullary lymphoid population (Fig-
ure 7H). Non-infected and treated group (G4) with
iron oxide chitosan showed normal lymphatic struc-
tures. The thymus lesion score (necrotic lymphocytes,
Hemorrhages, and congestion) is shown in Table 4.
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Table 2: IBDV load in bursal homogenate at 3, 6, and 9 days post infection (DPI).

Group1
Virus titers (log10EID50/mL)

3 DPI 6 DPI 9 DPI

G1: Negative control 0.0 0.0 0.0

G2: Challenged control 3.0 4.5 6.4

G3: Challenged-treated 1.4 0.5 0.0

G4: Non-challenged-treated 0.0 0.0 0.0
1 Challenged with IBDV orally (103EID50/bird).Treated birds received 1 mL of iron oxide chitosan nanocomposite (1 mg dissolved in

100 mL water) for three days post infection.

Table 3: Iron serum levels at 3, 6, and 9 days post infection (DPI).

Group1
Iron serum level (µg/dl)2

3 DPI 6 DPI 9 DPI

G1: Negative control 102.66±8.03ab 109.66±7.9ab 111.67±10.41a

G2: Challenged control 68.33±5.68c 58.67±4.16c 45.09±13.74b

G3: Challenged-treated 93±6.08b 101.33±3.06b 105.05±5.01a

G4: Non-challenged-treated 111.6±2.89a 117.3±2.52a 137.76±28.11a

1 Challenged with IBDV orally (103EID50/bird).Treated birds received 1 mL of iron oxide chitosan nanocomposite (1 mg dissolved

in 100 mL water) for three days post-challenge. Groups followed by different superscript small letters indicate significant differences

(p<0.05).

Table 4: Summarized histopathological lesion scores in different experimental groups at 3 and 6 days post
infection (DPI).

Organ Lesions
G2: Challenge control1 G3: Challenged-treated2 G4: Non-challenged

3 DPI 6 DPI 3 DPI 6 DPI treated3

Bursa

Necrotic lymphoid follicles ++4 ++ + - -

Atrophied lymphoid populations + ++ + + -

Hemorrhages +++ + - - -

Heterophilic infiltration ++ + + - -

Spleen

Necrotic lymphoid follicles ++ + - - -

Edema + + - - -

Congested blood vessels + ++ + - -

Thymus

Necrotic lymphocytes ++ ++ - - -

Congestion ++ + + + -

Hemorrhages + + - - -

Liver

Necrotic areas ++ + - - -

Inflammatory cells infiltrations +++ ++ + + -

Congested blood vessels ++ + + - -

Kidney

Degenerative renal epithelium +++ ++ + - -

Necrotic changes ++ + - - -

Hemorrhages ++ + - - -

1 Challenged with IBDV orally (103EID50/bird).
2 Birds were challenged with IBDV orally (103EID50/bird) then received 1 mL of iron oxide chitosan nanocomposite (1 mg dissolved

in 100 mL water) for three days post-challenge.
3 Birds received 1 mL of iron oxide chitosan nanocomposite (1 mg dissolved in 100 mL water) for three days post-challenge.
4 Abbreviations: -,+,++,and +++ represent none, mild, moderate and severe tissue alterations respectively.

Discussion

The current study provides new insights into the sig-
nificance of iron oxide chitosan nanocomposite as a
potent inhibitor of the IBD virus and rationalizes its
development. Previous studies found that iron oxide
nanoparticles’ optical and structural properties exhibit
remarkable changes when coated with organic poly-
mers. Due to the presence of -NH2 groups on the sur-
face of the FeO nanoparticle after adding chitosan, the

surface charge substantially changed to positive values
+12.9 mV. Hence, chitosan-coated magnetic nanopar-
ticles are non-cytotoxic and highly biocompatible at
typical concentrations. Metal-oxygen (Fe=O) bonds
were detected in the FT-IR spectrum at 500–800 cm1,
while amino groups (-NH2) were detected at 1,646
cm1, confirming the presence of chitosan in the pro-
duced chitosan-FeO nanocomposite (Pham et al., 2016;
Bharathi et al., 2019a,b).

23



Figure 6: Histopathological lesions of the bursa and kidney of experimental groups. (A) The bursa of challenge
control at three days PI showed cystic cavitation, necrosis of most bursal follicles, and hemorrhages between the
follicles. (B) The bursa of challenge control at six days PI showed atrophied lymphoid populations and caseous
necrosis of most lymphoid follicles center. (C) The bursa of the infected and treated group at three days PI
showed mild cystic cavitation and heterophil infiltration. (D) The bursa of the infected and treated group at six
days PI showed lymphocytic repopulation of the lymphoid follicles. (E) Challenge control group at three days
PI showing focal hemorrhagic area and severe degeneration and necrosis of some renal tubules. (F) Challenge
control group at six days PI showing degenerative changes of renal tubular epithelium. (G) The infected and
treated group at three days PI showed regenerative attempts of renal tubular epithelium. (H) The infected and
treated group at six days PI showed normal renal tubules. H&E ×400.

Figure 7: Histopathological lesions of spleen and thymus of experimental chick groups. (A) Challenge the
control group at three days PI, the spleen showing necrosis of most lymphoid follicles. (B) Challenge control
group at six days PI the spleen showing edema and necrotic cells of the red pulp (C) Infected and treated
group at three days PI showing congestion of blood vessels. (D) Infected and treated group at six days PI
showing repopulation of lymphocytes of the lymphoid follicles. (E) Thymus in the challenge control group at
three days PI showing necrosis of most lymphoid lobules, marked congestion of blood vessels, and hemorrhages
throughout the parenchyma. (F) Challenge control group at six days PI showing reduced lymphoid populations.
(G) Infected and treated group at three days PI showing moderate activity of cortical and medullary lymphoid
contents of thymic nodules and dilated septal blood vessels. (H) Infected and treated group at six days PI show-
ing mild congestion of blood vessels, normal cortical and medullary lymphoid population, and normal Hassall’s
corpuscles. H&E ×400.
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Testing of Fe3O4 against the pandemic H1N in-
fluenza virus with the 10 to 15 nm iron oxide nanopar-
ticles (IO-NPs) demonstrated that they could bind
to the virus and prevent the virus adsorption (Ku-
mar et al., 2019). Also, a molecular docking study
of IO-NPs (Fe2O3and Fe3O4) with the spike (S) pro-
tein receptor-binding domain (S1-RBD) of the Severe
Acute Respiratory Syndrome– Coronavirus 2(SARS-
CoV2) led to the interaction of Fe3O4 with S1-RBD in-
volved the formation of four hydrogen bonds. Further-
more, the hydrophobic interactions of the tested iron
oxide nanoparticles with Leu455, Ser494, and Phe497
in the active site of S1-RBD were found to prevent
the SARS-CoV2 virus adsorption to host cells (Abo-
Zeid et al., 2020). The microbicidal potential of (NPs)
is thought to be a size-dependent activity, with the
smaller the size, the higher the potential. This could
be due to ”spatial binding restriction” between NPs
and vial particles (Elechiguerra et al., 2005). Complex
antiviral nanoparticles were found to have minimal or
low cytotoxicity in-vivo (Lysenko et al., 2018).

Results showed that nanocomposite decreased the
IBDV replication. Furthermore, the IBDV titers
were reduced after 3-9 days PI when exposed to the
nanocomposite. Specific receptors important in the
IBDV component and entry into the host cells are not
occupied (Zhu et al., 2008); therefore, the test findings
suggest that the nanocomposite may interfere with sev-
eral IBDV life cycle stages following viral adsorption
and internal cell internalization. Although the mecha-
nism of the composites as antiviral has yet to be found,
experimental evidence showing a link between antiviral
activity and iron oxide nanocomposite concentrations
suggests that the virions and composites interacted.
Interaction of iron oxide with sulfur groups of viral
proteins in the cell could be the molecular process that
is inactivating the proteins (Mori et al., 2013).

During the first 24 hrs of virus infection, the antivi-
ral activity of iron oxide nanoparticles, as detected by
viral RNA transcripts changes using RT-PCR, revealed
a reduction in the IBDV transcripts (80 fold). More-
over, no marked clinical signs were noticed, and no
mortalities were recorded in the nanocomposite treated
group. These findings open a new approach for using
of IP-NPs as an antiviral agent (Kumar et al., 2019).

Initial swelling of the primary and secondary lym-
phoid organs of chicks, significant hemorrhages, and
acute inflammation characterized by hyperemia fol-
lowed by severe atrophy of the primary lymphoid or-
gans are the predominant gross abnormalities during
the acute phase of IBDV (Sá e Silva et al., 2016). In
this investigation, the field virus was found to have the
ability to cause severe gross lesions in the bursa, thy-
mus, and spleen. On day 6 PI, the principal lymphoid
organs began to atrophy rapidly and noticeably. Le-
sions in the thymus, bursa, and spleen of IBDV infected
chicks showed severe clinical disease correlated with
peak mortality and gross lesions at the acute phase of
the disease, resulting in diminished immune-protective
efficacies (Aliyu et al., 2016).

In the current investigation, significant depletion of

lymphoid cells, reticular cell hyperplasia, edema, hem-
orrhages, congestion of blood vessels, atrophy, and fi-
broplasia were seen, followed by hyperplasia of retic-
ular cells in the bursa, thymus, and spleen. On the
6th day PI, complete damage to the bursa, including
marked desquamation of epithelial lining and failure
of the bursa to repopulate with lymphocytes, caused
premature regression of the bursa in the chicks that
survived, which could affect B-cell function, reduce im-
mune function, and damage the bursa. This could ex-
plain why chicks suffer from immunosuppression when
they have IBD (Eterradossi and Saif, 2013).

Pathological and histopathological observations
showed that the iron oxide chitosan nanocomposite
ameliorated both gross and histopathological lesions.
The exposed sulfur-bearing residues of the protein
knobs would be attractive sites for nanoparticle in-
teraction. Moreover, the regular spatial arrangement
of the attached nanoparticles, the center-to-center dis-
tance between nanoparticles, and the fact that the
exposed sulfur-bearing residues of the protein knobs
would be attractive sites for nanoparticle interaction
suggest that nanoparticles interact with the virus via
preferential binding to the protein knobs of infectious
disease virus. The decreased ratio of viral suspensions
after treatment with iron oxide NPs was used to de-
termine the antiviral activity of the iron oxide NPs.
Nanoparticles prevent the virus from binding to host
cells as a result of this interaction, as demonstrated
in-vitro (Elechiguerra et al., 2005).

Conclusion

Our results provide new insights into the importance
of iron oxide chitosan nanocomposite as a potent in-
hibitor of the IBDV and rationalize its development.
We assume that the method discussed here can develop
medically appropriate viricidal drugs to suppress viral
infections. It should be emphasized that the proposed
approach is fundamentally broad in nature, allowing
for the possible prevention and treatment of multiple
viral infections with a single medication, a significant
benefit, mainly in virology, where rapid and often sud-
den infections occur.

Attempted treatment for control of IBD by the
antiviral iron oxide chitosan nanocomposite adminis-
tered orally could significantly reduce virus load in the
bursa and ameliorate the clinical and pathological le-
sions induced by IBDV. However, future investigations
are needed to evaluate the role of iron oxide chitosan
nanocomposite as a preventive antiviral drug under
field and laboratory conditions.
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