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ABSTRACT. Aflatoxin B1 (AFB1) is a metabolic product of the Aspergillus spp. of molds, which grow on several
feedstuffs stored in hot moist conditions. It is one of the immunosuppressive agents that might influence the pathogene-
sis of avian influenza virus (AIV) subtype HIN2 in broilers, which can exacerbate the disease outcomes. The immuno-
logical, biochemical and pathological adverse health effects of an interaction between low levels of dietary aflatoxins
(AFs) and H9N2 infection in broiler chickens were investigated. One hundred and eighty of unvaccinated 1-day-old
COBB chicks were, therefore, raised for 35 days in the following treatment groups: control, AFs, AFs+HIN2, and
HON2. AFs in the basal diet was added at 200 ppb starting from the first day of age, while HON2 virus was intra-na-
sally installed at a dose of 100 pl of 10° EID, /bird of allantois fluid at 23rd day. Humoral and cell-mediated immune
responses were evaluated. Evidence of HON2-AIV viral shedding was also detected. It has been observed that concur-
rent exposure of AFs and HON2 virus negatively affected chicken performance traits i.e. lowered feed intake and body
weights with exaggerated respiratory and digestive disturbances, and 20% mortality rate. Ten days’ post HON2 infec-
tion, significant (p< 0.05) increment in serum transaminases (AST and ALT) and falling in cell-mediated immunity i.e.
total leukocyte count, lymphocyte transformation activity and macrophage phagocytic activity were detected. Addi-
tionally, AFs+HON2 significantly (p< 0.05) lowered HON2-HI titers (5.5 Log2) than HIN2 alone (6.3 Log?2). Patholog-
ically, aflatoxicated chickens showed hydropic degeneration, hepatocytic vacuolation and necrosis of liver tissues with
nephrosis and urates deposition in ureters, as well as bursal and thymic lesions, which were potent in HON2—inoculated
chickens. AFs exposure increased the incidence and titer of HON2 viral shedding. It could be concluded that dietary
contamination with AFs even at very low levels has explanatory effect in HON2—inoculated broilers, and vice versa.
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INTRODUCTION
In developing countries, due to a lack of biosecu-
rity, management practice and regulatory systems,
free-range chickens are more regularly exposed to the
risk of immunosuppressants like aflatoxins (AFs). Af-
latoxins, difuranocoumarin compounds, are second-
ary toxic metabolites produced by toxigenic fungi;
mostly Aspergillus flavus and Aspergillus parasiticus
(Diener et al. 1987). Almost any feed, grains or their
ingredients for poultry and livestock are able to fa-
vor fungal growth and AFs formation, causing health
impairment and economic losses (Theshiulor et al.
2011). Aflatoxin B1 (AFB1) is a potent hepato-toxi-
cant causing acute liver damage; hepatocellular hy-
perplasia, necrosis, cirrhosis, and biliary hyperplasia
in affected chickens. Secondary to the liver disease,
the immunosuppressive activity of AFBI1 is intimate-
ly linked to its toxicity (Yunus et al. 2011). It sup-
pressed the development of bursa of Fabricius and
thymus, reduced the weight and function of immune
organs (Chen et al. 2014; Ellakany et al. 2011; Peng
et al. 2015; Sur and Celik 2003), lowered the splenic
T cell subsets percentages (Chen et al. 2014; Peng et
al. 2014) and plasma cell counts (Celik et al. 2000),
and arrest the B-cell cycle (Hu et al. 2018), immuno-
globulin contents (He et al. 2014) as well as cytokines
production (Jiang et al. 2015). Moreover, AFB1 in-
duced oxidative stress and lipid peroxidation (Liu et
al. 2016; Yuan et al. 2016), and mitochondria damage
(Peng et al. 2016; Yuan et al. 2016) in the lymphoid
organs. Aflatoxicosis, therefore, impairs humoral and
cellular—mediated immune responses, which in furn
increases the susceptibility of chicken to diseases i.e.
avian influenza (AI) and infectious bursal disease
(IBD), and causes vaccination failure (Bakshi et al.
2000; Gabal and Azzam 1998).

Avian influenza virus HIN2 is a low pathogenic
panzootic pathogen that in spite of causing mild to
moderate enteric and respiratory signs, it has been
recently associated with high morbidity and consid-
erable mortality with potential to infect human pop-
ulation (Ahad et al. 2013; Alexander 2003). HIN2
infection could decrease growth rate and feed conver-
sion rate (FCR) in broilers due to co-infection with
other pathogens as IBV, Staphylococcus exacerbates
HON2 influenza A virus infection in chickens (Kishi-
da et al. 2004). Host cell-mediated immune response
is important in the pathogenesis of avian influenza
viruses and plays an important role in recovery from
viral infection (Wells et al. 1981). As one of the im-
munosuppressive agents that influences the patho-

genesis of HON2 virus in broilers, aflatoxins, even
in very low levels, can disturb the immune system of
birds and thus can exacerbate the disease outcomes
of HON2-AIV (El Miniawy et al. 2014). In turkeys,
aflatoxin delayed influenza virus clearance and lead
to decreased IFN-y mRNA expression and increased
pathogenicity of HON2 LPAI viruses under field con-
ditions (Umar et al. 2015). Consequently, this work
aimed to study the effect of HON2-AIV virus co-in-
fection with simultaneous aflatoxins addition in the
feed of commercial broilers chickens.

MATERIALS AND METHODS

Aspergillus flavus strain and aflatoxin production

Standard aflatoxigenic Asperigellus flavus strain
was obtained from the Department of Mycology, An-
imal Health Research Institute, Agriculture Research
Center, Ministry of Agriculture, Egypt. Aflatoxins
were produced by growing standard aflatoxigenic
strains on sterile polished rice (West et al. 1973). Afla-
toxins were detected quantitatively in rations by using
affinity column chromatography (Aflatest 10, Narem-
co, Springfield, IL, USA) and fluorometry (Sequcia
Tuner Model 450 with a 360 nm excitation filter and
a 450 nm emission filter) (Nabney and Nesbitt 1965).
All reagents were of the highest analytical grade.

Challenge virus

Avian influenza A HIN2 virus strain (A/Chick-
en/Egypt/93/2015 with Genbank accession No:
KY872759). This challenge strain was isolated from a
broiler chicken flock and identified in the Department
of Poultry and Fish Diseases, Faculty of Veterinary
Medicine, Damanhour University, Egypt (Abd El-Ha-
mid et al. 2018).

Animals experimentation and procedures

One hundred and eighty unvaccinated one-day-
old healthy Cobb 500 broilers obtained from a com-
mercial local hatchery and grown over a 35-d exper-
imental period. The broiler chicks were floor-reared,
weighed and randomly allocated with equalized
initial body weights into four groups of three repli-
cates (15 chick/replicate). (I) Control group; chicks
received the AFs-free ration and served as a negative
control. (II) AFs group; chicks received the AFs-con-
taining basal diet. (IIT) AFs+H9N2 group; chicks re-
ceived the AFs-containing diet and were inoculated
with HOIN2-AIV. (IV) HON2 group; chicks received
the control basal diet with no AFs but were inoculat-
ed with HON2-AIV. The AFs-containing ration (200
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ppb) was fed to chicks starting from the first day of
age to the end of the experiment at 35 days. On the
23rd day of age, AIV-HIN2 inoculated groups were
directly inoculated with 100 ul of 10° EID, per bird
of allantois fluid via intranasal route. Weekly, all birds
were individually weighed starting from the 1st week
until the end of the experiment. Performance traits in-
cluding body weight as well as mortality, postmortem
lesions, hematological and biochemical parameters,
and pathological examinations were assessed.

The use of broilers and all mandatory laboratory
health and safety experimental procedures involv-
ing animals had been complied by the Damanhour
University Animal Care and Use Committee, Egypt.
Nutritional requirements were adequate according to
the National Research Council. All killed birds were
euthanized by chloroform at a high dose to induce re-
spiratory failure.

Estimation of liver function indices

At 10-day post-inoculation (dpi), twenty blood
samples were collected from wing vein of chickens
using appropriate sterile needles, syringes, and falcon
tubes without anticoagulants. The samples were cen-
trifuged at 1000x g for 10 min, and the sera were sep-
arated and then stored at —20°C until the assessment
of liver function enzymes; aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) using sup-
plied detection kits (BioMérieux, Lyon, France).

Estimation of cell-mediated immune response

Another heparinized blood samples were collected
at 14, 27 (4 dpi) and 33 (10 dpi) days of age to eval-
uate the total and differential leukocyte counts (Jain
2000), lymphocyte transformation activity (Kumar
and Das 1996) and macrophages phagocytic activity
(Salaberria et al. 2013).

Estimation of humoral-mediated immune
response

Hemagglutination inhibition (HI) test was done at
day one of age according to the standard protocols
of the World Health Organization (WHO 2002) for
detection of maternal antibodies against HON2-AIV,
and then at 10 dpi for detection of HON2 infection
immune response. The HI titer (log2) was evaluated
using 96-well microtiter plates, doubling dilution in
phosphate buffer, 0.5% RBCs (v/v), and 4 hemagglu-
tinating units (HAU) of AIV-HIN2 antigen. Positive
groups had at least one serum sample with titer >4.

Histopathological examination

Immediately following euthanasia at 35 days old,
chicken trachea, lungs, liver, kidney, bursa and thy-
mus specimens were fixed in 10% neutral buffered
formalin, dehydrated in ascending grades of ethyl al-
cohol, cleared in xylene, blocked in paraffin and cut
into 5-pum-thick sections using a rotary microtome
(Bancroft and Gamble 2002). The obtained tissue sec-
tions were stained with hematoxylin and eosin (H&E)
for light microscopy examination.

Detection of viral shedding

Viral shedding was detected using 10 tracheal
swabs collected at 3 and 5 dpi and inoculated in SPF
chicken eggs (9 days old) via allantoic sac route (Reed
and Muench 1938). Slide hemagglutination (HA) test
was used to confirm the positivity of the allantois fluid
and the mean viral titer of pooled allantoic fluid was
calculated.

Statistical analyses

Statistical analysis of raw data was performed us-
ing SAS® software by one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test
(DMRT) to detect differences between the groups.
The experimental data are expressed as the mean +
SEM, and significant differences among the groups
were set at a value of p< 0.05.

RESULTS

Clinical observations, mortalities and body weight

Clinically, H9N2-inoculated chickens (Group
IV) showed clinical signs of depression, anorexia,
respiratory manifestation as facial edema (sinusitis),
sneezing and mild conjunctivitis. In addition, trache-
al exudates and air saculitis were more pronounced.
Compared with control, AFs-intoxicated chickens
displayed a marked decrease in feed consumption
with stunted growth. Internally, AFs—intoxicated
broilers showed marked enlargement of the liver with
abnormal discoloration and ureters distended with
uric acid. There were no mortalities in the control
and H9N2-inoculated chicks, although there were
11% in AFs—treated chickens (Group II) and 20% in
AFs—treated HO9N2—inoculated chickens (Group III).
The average body weight of broiler chicks was re-
corded on a weekly basis until the end of the exper-
iment. Initially, there were no significant differences
in the body weight among different groups at day 1
of the experiment. However, from day 7, aflatoxicat-
ed broilers challenged with HON2 virus (Group III),
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then AFs—treated chicks (Group II) and from day 28,
HO9N2—inoculated birds (Group IV) exhibited a sig-
nificant (p< 0.05) reduction in body weight compared
with controls.

Hepatic enzymes and cell-mediated immunity

Liver function: Compared with the controls, the
activities of serum AST and ALT enzymes were sig-
nificantly (p< 0.05) enhanced in aflatoxicated broilers
(Groups 11, III) (Table. 1).

Total leukocyte count (TLC): At 27 days (4 dpi),
TLC was significantly lowered (p< 0.05) in AFs—
intoxicated H9N2—challenged (687.2x10%/ul), and
AFs—treated broilers (708.8x10%ul) compared with
control values (1005.3x10%/ul). At 33 days (10 dpi),
it was still significantly (p< 0.05) lowered in AFs—
intoxicated (949.2x10%ul), and AFs-intoxicated
HI9N2—challenged broilers (1407.7x10% ul) compared
with control values (1717.9%103/ul). However, it was
significantly (p< 0.05) increased in H9N2—challenged
chickens (1270.8x103%/ul) compared to control birds
and AFs—intoxicated birds at 4 dpi, which was re-
turned to control at 10 dpi (Table 2).

Differential leukocyte count (DLC): Leukocytic
cells were differentiated into lymphocytes, heterophils,
monocytes and eosinophils as percentages of TLC. Ta-
ble 2 shown that DLC reflected significant (p< 0.05)
increase in the percentage of lymphocyte and hetero-
phile (lymphocytosis and heterophilia) in experimen-
tal AFs and/or HON2—exposed chickens (Groups II-
1V) at 4 dpi compared with control. HON2—challenged
chickens (Groups III, IV) showed significant (p< 0.05)
increment in eosinophilic % (eosinophilia). As well,
monocytes % were significantly (p< 0.05) increased
in AFs-intoxicated HO9N2—challenged chickens only
as compared with other experimental groups. At 33
days (10 dpi), lymphocyte was significantly lowered
(p< 0.05) by 69.6% in AFs—intoxicated chicks (Group
II), while there was a significant (p< 0.05) increment
in heterophile by 27.2% compared with other exper-
imental groups. HIN2—challenged chickens (Group
IV) showed significantly higher (p< 0.05) eosinophil
(1.8%) compared with other groups. There were no
significant changes observed in monocytes.

Lymphocytes transformation activity: Compared
to control, lymphocytes transformation activity was
significantly (p< 0.05) lowered in AFs—treated chick-
ens (Groups II, III) throughout the experiment, with
no significant change in H9N2—inoculated chickens

at 14 and 27 days (4 dpi) old. Although, it had been
significantly increased (p< 0.05) in all chicken groups
at 33 days old (10 dpi), particularly in H9N2—chal-
lenged chickens (Group IV) (Table 3).

Macrophages phagocytic activity: At 14 days old,
aflatoxicated chickens (Groups II, III) expressed sig-
nificantly (p< 0.05) higher macrophage phagocytic
activity compared to control and HIN2—challenged
chickens. However, at 27 and 33 days old (4 and 10
dpi, respectively), they had significantly lower (p<
0.05) macrophage phagocytic activity, with the lowest
activity in AFs+H9N2—challenged chickens at 4 dpi,
and AFs—intoxicated chickens at 10 dpi compared
with the control. Generally, there is no significant
changes had been observed in macrophage phagocyt-
ic activity between H9N2-challenged chickens and
control (Table 3).

Humoral-mediated immunity (HI)

At day 1, there was no significant difference in ma-
ternal antibodies titer among all chicken groups. At 33
days (10 dpi), it was noticed that chickens non-inocu-
lated with HON2 virus (Control and AFs—intoxicated
chickens) had no HI antibodies. Meanwhile, HON2—
challenged chickens expressed HI antibody titer, that
was significantly lower (p< 0.05) in AFs+HI9N2 than
HO9N2-challenged chickens (5.5 and 6.3 Log2, respec-
tively) (Table 3).

Histopathologic assessment (Table 4)

Liver: The severity of hepatic lesion varied be-
tween treated chicken groups that were apparently
normal livers in the control group (Fig. 1Aa), mild-
est in HI9N2—inoculated chickens (Group IV). More
severe lesions appeared in AFs—intoxicated chickens
(Group II), where severe granulocytes infiltration
within atrophied hepatocytes were seen (Fig. 1Ab).
However, the most severe hepatic lesions; severe
granulocytes infiltration with destructed hepatocytes,
severe ballooning degeneration of hepatocytes with
fatty changes and hyperplasia of stellate cells were
seen in AFs+tHIN2 group (Fig. 1Ac, d).

Kidneys: Kidneys of control birds revealed normal
histological appearance (Fig. 1Ba). However, both
AFs (Group 11, Fig. 1Bb) and HIN2 (Group 1V, Fig.
1Bc) exerted a harmful effect on kidneys; tubular cast,
pronounced intertubular congested blood vessels with
degenerated tubular epithelium. This effect was ex-
aggerated by their combination, which exhibits focal
intertubular-histeocyte aggregations (Fig. 1Bd).
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Table 1. Effect of aflatoxins (200 ppb) and/or infection with ATV-HON2 (10° EID, /ml) on the morality incidence, weekly average body
weight (g) and serum liver function biomarkers of broiler chickens

Liver enzymes

Mortality Average body weight (g) (n=45) -
Groups (%)* (n=20)
(]
AST  ALT (IU/
=45
(n=45) 0 day 7 days 14 days 21 days 28 days 35 days (U/ml) ml)

CTR 0 39.240.58* 164.0+1.18* 290+7.41* 876.4+22.40* 1532+20.83* 18504+35.35* 35.0+1.14° 25.2+1.15°
AFs 11 (5/45) 40.0£0.70° 120.442.13" 148+24.72" 324.0£72.42> 482+34.26° 560+36.74° 41.4+1.88* 29.2+1.50°

AFs+HON2 20 (9/45) 40.8+0.58* 123.0+1.41° 158+18.54° 302.0+52.66" 500+41.83° 530+25.49° 41.0+2.30° 29.8+1.20°
HON2 0 40.240.86* 162.2+0.81a 298+6.63* 879.0+21.93* 1020+25.49> 1240+43.01° 35.4+1.12% 24.8+].43%

Values have different superscripts within the same columns are significantly different at p < 0.05.
* At the end of the experimental period.

Table 2. Effect of aflatoxins (200 ppb) and/or infection with ATV-HON2 (10° EID_ /ml) on the total and differential leucocytes of broiler
chickens

Total leucocytes Differential leucocytes percent

Groups count
(10%/ul) Lymphocytes (%) Heterophils (%) Monocytes (%) Eosinophils (%)
4 dpi
CTR 1005.3+31.8° 62.2+2.75° 36.2+2.85° 1.6+0.24° 0.0+0.00°
AFs 708.8+£27.1° 75.8+0.58° 22.6+0.60P 1.6+0.24° 0.0+0.00¢
AFs+HI9N2 687.2+7.8¢ 77.5+1.04° 19.3+1.25° 2.3+0.25° 1.0+0.00°
HIN2 1270.8+£81.0° 74.6+0.67° 22.4+0.81° 1.4+0.24° 1.84£0.372
10 dpi
CTR 1717.9+61.9* 72.4+1.65° 24.8+0.20P 1.8+0.212 1.0£0.00*
AFs 949.24+29.17¢ 69.6+1.56° 27.24+1.39° 2.0+0.00? 1.2+0.222
AFs+H9N2 1407.7+66.78° 73.24+0.37° 23.0+0.31° 2.0+0.01® 1.8+0.21°
HIN2 1560.5+62.4 73.5+0.64° 23.04£0.40P 2.0+0.032 1.5+0.20%

Values have different superscripts within the same column are significantly different at p < 0.05 (rn = 20).

Table 3. Effect of aflatoxins (200 ppb) and/or infection with AIV-HIN2 (10° EID, /ml) on the lymphocytes transformation and macro-
phages phagocytic activities, and HI antibody titer (Log2) of broiler chickens

Lymphocytes transformation activity Macrophages phagocytic activity

Groups (optical density) (uM/ml) Log2 HI GMT titers
14 davs 27 days 33 days 14 davs 27 days 33 days Maternally-derived 33 days
y (4dpi) (10 dpi) y (4 dpi) (10 dpi) antibodies (10 dpi)
CTR 2.35+0.06*  1.42+0.03* 1.86+0.06* 12.6+0.80° 12.42+0.40* 12.10+0.22° 50 0°
AFs 1.59+0.08°  1.11£0.05* 1.39+0.05° 29.1£0.49°* 9.90+0.27°  6.05+0.13° 50 0
AFstH9N2 1.53+£0.05° 0.97+0.03> 3.32+0.01¢ 29.1+0.46> 6.12+0.20°  8.77+0.12° 50 5.5+0.34°
HIN2 2.3440.05*  1.4140.06* 4.33+0.08° 12.5+0.84* 10.33+0.22*  12.99+0.29* 52 6.3+0.26°

Mean values have different superscript letter within the same column are significantly different between experimental
groups at p < 0.05 (n = 20).

Table 4. The severity of histopathological lesions in experimental chickens

. . Bursa of
Groups Liver Kidneys Lungs Trachea Fabricius Thymus
CTR 0 0 0 0 0 0
AFs 3 3 3 0 2 1
AFs+HI9N2 4 3 4 1 3 2
HIN2 2 2 2 1 2 1

(0) no lesions; (1) mild lesions; (2) moderate lesions; (3) severe lesions and (4) very severe lesions
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Figure 1: Representative photomicrographs of H&E-stained liver and kidneys tissues following aflatoxins and/or HON2-AIV chal-
lenge.

Light microscopy of hepatic tissues from control (a) shows the normal histologic structure of liver tissues. AFs (200 mg/kg ration)—
treated broiler chicks (b) exhibited granulocytes infiltration within atrophied hepatocytes (x400). AFs (200 mg/kg ration) + HIN2
(100 pl of 10° EID_/bird)—challenged broiler chicks showed granulocytes infiltration with destructed hepatocytes, ballooning (c) and
degeneration of hepatocytes with fatty changes (arrow) and hyperplasia of stellate cells (stars) (d, H&E x400).

Light microscopy of renal tissues from control (a) shows the normal histologic structure of renal tissues (x100). AFs (200 mg/kg ra-
tion)—treated broiler chicks (b) exhibited showed tubular cast (arrows, x400). AFs (200 mg/kg ration) + HON2 (100 pl of 10° EID, /
bird)—challenged broiler chicks (c) showed pronounced intertubular congested blood vessels with degenerated tubular epithelium (ar-
row, x400). HON2 (100 ul of 10° EID, /bird)—challenged broiler chicks (d) showed focal intertubular histocytes aggregations (x400).
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Figure 2: Representative photomicrographs of H&E-stained lung and tracheal tissues following aflatoxins and/or HON2-AIV chal-
lenge.

Light microscopy of pulmonary tissues from control (a) shows apparently normal histologic structure (x100). AFs (200 mg/kg ration)—
treated broiler chicks (b) showed bronchioles surrounded by heterophils, macrophages, epithelioid cells (star) and multinucleated giant
cells and connective tissue (arrow) (x400). AFs (200 mg/kg ration) + HON2 (100 ul of 10° EID, /bird)—challenged broiler chicks (c)
showed thickening of bronchial lining due to mononuclear cells infiltration (star), congestion and hemorrhage (x100). HON2 (100 pl of
10° EID, /bird)—challenged broiler chicks (d) showed interstitial granulocytes and mononuclear cells infiltration (star) (x400).

Light microscopy of tracheal tissues from control (a) and AFs (200 mg/kg ration)—treated broiler chicks show apparently normal histo-
logic structure (x100). AFs (200 mg/kg ration) + HON2 (100 ul of 10° EID, /bird)—challenged broiler chicks (b) showed vacuolation of
lining epithelium (star), increased mucous glands (arrowhead) with inflammatory cell infiltration (arrow) (x400). HIN2 (100 pl of 10°
EID, /bird)—challenged broiler chicks (c) showed focal deciliation with submucosal hemorrhage (arrow) (x400).
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(A) Bursa of Fabricius

Figure 3: Representative photomicrographs of H&E-stained bursa of Fabricius and thymus tissues following aflatoxins and/or HON2-
AIV challenge.

Light microscopy of bursa of Fabricius tissues from control (a) shows apparently normal histologic structure (x100). AFs (200 mg/kg
ration)—treated broiler chicks (b) showed granuloma (arrow) within bursal follicle cyst (x100). AFs (200 mg/kg ration) + HON2 (100 pl
of 10° EID_ /bird)—challenged broiler chicks (c) showed hyperplasia of lining epithelium with depletion of lymphocytes (arrow) (x100).
HON2 (100 pl of 10° EID, /bird)—challenged broiler chicks (d) showed interstitial granulocytes and mononuclear cells infiltration (star)
(*400).

Light microscopy of thymus tissues from control (a) shows apparently normal histologic structure (x100). AFs (200 mg/kg ration)—
treated broiler chicks (b) showed focal hemorrhage in the medulla (arrow) (x100). AFs (200 mg/kg ration) + HON2 (100 pl of 10° EID_/
bird)—challenged broiler chicks (c) showed widening of Hussal’s corpuscles forming cysts containing necrotic debris and granulocytes
(star) (x400). HON2 (100 ul of 10° EID_ /bird)—challenged broiler chicks (d) showed congested blood vessels (star) (x100).
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Lungs: Pulmonary tissues from control show ap-
parently normal histologic structure (Fig. 2Aa), while
AFs—treated broiler chicks showed bronchioles sur-
rounded by heterophils, macrophages, epithelioid
cells and multinucleated giant cells and connective tis-
sue (Fig. 2Ab). Severe thickening of bronchial lining
appeared due to mononuclear cells infiltration, con-
gestion and hemorrhage were seen in AFs+HIN2-ex-
posed chickens (Fig. 2Ac), while HON2—inoculated
chickens showed a moderate degree of pneumonia
exhibited as thickening of bronchial lining due to
mononuclear cells infiltration (Fig. 2Ad).

Trachea: The tracheal tissues from control (Fig.
2Ba) and AFs-treated broiler chicks show apparently
normal histologic structure. They also were mild in
other groups; vacuolation of lining epithelium and in-
creased mucous gland with inflammatory cell infiltra-
tion in chickens of AFs+tH9N2—inoculated chickens
(Group III) (Fig. 2BDb) and focal deciliation in HON2—
challenged chickens (Group IV) (Fig. 2Bc).

Bursa of Fabricius: The control chickens (Group
I) showed apparently normal bursa (Fig. 3Aa). The
severity of lesions in bursa was moderate in chickens
in AFs-intoxicated chickens (Group II) — granuloma
within bursal follicle cyst (Fig. 3Ab), followed by
HO9N2-inoculated chickens (Group IV), which ap-
peared as hyperplasia of lining epithelium with de-
pletion of lymphocytes (Fig. 3Ac). There was severe
necrosis of plical lymphocytes in AFs+HIN2 group
(Fig. 3Ad).

Thymus: Thymus of control chickens showed nor-
mal architecture (Fig. 3Ba). The severity of lesions
in the thymus was mild — focal hemorrhage in the
medulla in AFs (Fig. 3Bb) and HIN2 (Fig. 3Bd).
They are exaggerated to moderate thymic lesions in
AFs+HIN?2 group (Fig. 3Bc).

H9N2-avian influenza viral shedding

As shown in Table 5, all examined tracheal swabs
from H9N2—inoculated chickens (Groups III, IV) at 3
dpi, were positive for virus isolation in ECE, which
confirmed by HA and HI test using HON2 antiserum.
The HIN2-AIV virus was isolated from 5 of 10 tra-
cheal swabs with a mean viral titer of pooled allantois
fluid of 10°°EID, /ml at 5 dpi, from HON2—inoculat-
ed chickens (Group IV), meanwhile in AFs+HIN2
group, the virus was isolated from 7 of 10 tracheal
swabs with a mean viral titer of 107 EID_ /ml.

Table 5. HON2 avian influenza virus shedding in tracheal swabs
in experimental chickens at 3 and 5 days post-infection (dpi)

Mean viral Titer

Groups 3dpi Sdpi at 5 dpi
(EID, /ml)
CTR 0/20  0/20 -
AFs 0/20  0/20 -
AFs+HION2  20/20 10/20 1074
HIN2 20/20  14/20 10%

Values have different scripts at the same row are
significantly different at p<0.05 (n = 20)

DISCUSSION

The productivity of poultry farms was scarcely af-
fected by feed contaminated with AFs and their subse-
quent impacts on broiler performance. Aflatoxicosis
and AIV are not only lead to huge economic losses
in the poultry industry but also cause serious public
health threats worldwide. In broiler, AFs in the diet
can act as a stress factor to increase the susceptibility
to, or severity of, AIV subtype HON2 (El Miniawy
et al. 2011; Umar et al. 2015). Increased susceptibili-
ty of AFs-intoxicated broilers to various bacteria and
viruses indicates an impaired immune response and
a failure of vaccinal immunity (Subler et al. 2006;
Umar et al. 2015). In the pathogenesis of AIV sub-
type HON2 in broilers intoxicated with AFs, there was
a detrimental clinical picture of respiratory distress
involving impairment of chicken performance in ad-
dition to hemato-biochemical, histopathological and
immunological changes.

The current data indicated that AFs and/or AIV
subtype HON2 caused a reduction in body weight
(Afzal and Zahid 2004; Gharaibeh 2008; Hablolvarid
et al. 2004; Marchioro et al. 2013; Raju and Deve-
gowda 2000; Yunus et al. 2011), thereby leading to
losses in performance and productivity. These effects
in broilers may be due to the greater effect of AFs in
the initial growth phase, particularly during the first
21 days of age, when the negative impact on weight
gain is irreversible due to inhibition of protein synthe-
sis, reduced absorption of nutrients and lower rate of
pancreatic enzymes release (Azizpour and Moghadam
2015; Oguz et al. 2000; Safamehr 2008). In additions,
AFs provoked a nutritional deficiency and hence, in-
hibition of weight gain, hepatomegaly and increased
weights of visceral organs (Kubena et al. 1990). The
suppressed appetite in aflatoxicated groups is due to
the impaired liver and kidneys metabolic activity sub-
sequently to the impaired hepato-renal structure (Or-
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tatatli et al. 2005; Verma et al. 2010), which appeared
clearly in the histopathological deterioration and the
elevation of liver enzymes (AST and ALT), howev-
er, both enzymes didn’t show much high significant
increase as the low dose of AFs (200 ppb) induced
toxicity to the cell-mediated immunity more than liv-
er (Giambrone et al. 1985). The nephrotoxic effect of
AFs may be due to interference with transport func-
tion in collecting tubule cells together with diffused
impairment of the function of the proximal tubule
(Ortatatli et al. 2005). Herein, the mortality began af-
ter 14 days of age, which could be attributed to the
cumulative effect of AFs.

Infection with LPAI subtype HIN2 is usually mild
and localized to the respiratory and intestinal tracts
due to the restriction of trypsin-like proteases. How-
ever, one of the indicators of pathogenicity after HON2
experimental infection is the daily observed clinical
signs with special attention to feed consumption, body
weight and FCR (Gharaibeh 2008). Also, HIN2 in-
fection is associated with edema in the head and neck,
conjunctivitis as well as tubulointerstitial nephritis,
turbidity of the thoracic and abdominal air sacs, mild
congestion of the trachea and lung, mild accumula-
tion of fibrinous exudate on the tracheal mucosa and
all these lesions should have a direct negative effect
on feed consumption and FCR (Hadipour et al. 2011).
Also, decrease in feed consumption, depression and
diarrhea, hemorrhage in small intestine and pancreas
as well as swollen kidneys with no mortalities were
reported (Hs et al. 2016; Somayeh Asadzadeh 2011).
Moreover, it appeared that the HON2 was more patho-
genic in aflatoxicated—chicken, which caused more
severe clinical signs and pathologic changes in the
liver, kidneys, lungs and trachea compared with AFs—
treated chickens (Hadipour et al. 2011), leading to po-
tent decrease in feed intake as well as body weight.
Also, the mortality rate in AFs+H9N2 exposed chick-
ens (Group III) increased by about 50% than AFs-in-
toxicated chickens (Group II) (>11%), however, this
was not highly significant to be reflected on the esti-
mated liver enzymes (AST and ALT), which may be
attributed to the delayed HIN2 infection at 23rd day
of age in the AFs-intoxicated birds (from first day of
age) that might affect the mortality rate more than the
liver enzymes at 27 and 33 days of age (only 4 and 10
dpi) as the respiratory tract is the main target tissue
during the pathogenesis or acute infection of HIN2.
Previous studies found that HON2 AIV infections
could decrease growth rate and FCR in broilers due to
co-infection with other pathogens as IBV, Staphylo-

coccus aureus, Avibacterium paragallinarum and E.
coli or immune suppression, which exacerbates HON2
infection in chickens (Kishida et al. 2004).

It is well known that the suppression of immune
function has led to an increase in the susceptibility
to a variety of bacterial or viral diseases in chickens
(Subler et al. 2006). Previously available data on the
pathogenesis of LPAI viruses in chickens suggested
that the HON2 LPAI viruses in poultry flocks resulted
in diverse clinical syndromes of varying severity de-
pending on the viral strain, as well as the co-infection
with immunosuppressive diseases (Bano et al. 2003;
Kishida et al. 2004). It was indicated that aflatoxicosis
has an immunosuppressive effect in broiler chickens
reflected by lower activity of lymphocyte transfor-
mation in all stages of the experiment. Hatori et al.
(1991) found that the immune responses mediated by
T cells appeared to be sensitive to AFs. Even the very
low levels of AFs can disturb the immune system of
birds, and thus in association with other pathogens
(Ellakany et al. 2011) it can exacerbate disease out-
comes. Many studies conducted in poultry showed
that exposure to AFs—contaminated feed resulted in
suppression of the cell-mediated immune responses,
thymic aplasia, reduction of the function and number
of T-lymphocyte, suppressed phagocytic activity and
reduced complement activity. Impairment of cellular
function by AFs seems to be due to its effects on the
production of lymphokines and antigen processing
by macrophages, as well as a decrease in or lack of
the heat-stable serum factors involved in phagocyto-
sis (Cusumano et al. 1996; El Miniawy et al. 2014;
Raisuddin et al. 1990; Theumer et al. 2010). The im-
munosuppressive effect of AFs was further clearly
noticed by the lower macrophage phagocytic activity
and TLC (Abdel-Wahhab et al. 2002; Basmacioglu et
al. 2005; Celik et al. 2000; Oguz et al. 2000), partic-
ularly after challenge with HON2. Lymphocytes and
WBC were decreased and heterophils were increased
without any noticeable influence on monocyte and
eosinophil in male broiler chickens exposed to my-
cotoxins naturally contaminated diets (Mohaghegh
et al. 2016). The possibility of phagocytic depression
during mycotoxicosis may be due to inhibition of
DNA, RNA and protein synthesis in macrophages af-
ter mycotoxins exposure; or due to alterations in met-
abolic processes, principally glycolysis essential for
phagocytosis (Qureshi and Hagler 1992). Moreover,
it may be attributed to an alteration in the macrophage
membrane. These functional alterations may affect
RNA function on actin and myosin formation that
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are essential for chemotaxis and phagocytosis (Ader-
em and Underhill 1999). Neldon-Ortiz and Qureshi
(1991) pointed out that morphological change in
chicken peritoneal macrophages after AFs exposure
included a decline in adherence ability, blebbing for-
mation on the cellular surface, and nuclear disintegra-
tion. AFs may interfere with the lipopolysaccharide
(LPS) binding to protein on CD14 causing down-reg-
ulation of its expression decreasing the induction of
cytokines (Wright et al. 1990).

HO9N2-avian influenza viral shedding results fig-
ured out the role of aflatoxicosis in increasing the
number of birds shedding the HIN2 virus and in-
creased virus titer (107* EID, /ml) in the AFs—treated
chickens than the only HON2—inoculated birds (10°¢
EID,/ml), further indicating the immunosuppres-
sive effect of the aflatoxicosis. In turkeys, Umar et
al. (2015) reported that HON2 virus infection during
aflatoxicosis characterized by a higher level in viral
shedding in oropharyngeal swabs. In addition, AFs
can induce immunosuppression in the form of im-
paired T or B lymphocytes performance, decreased

antibody synthesis, and decreased interferon and
macrophages activity (Umar et al. 2012). Generally,
aflatoxicosis decreases the resistance to common in-
fectious diseases because of impairment of humoral
and cellular immune responses (Bakshi et al. 2000).
The immunosuppression induced by aflatoxicosis led
to increased HIN2 pathogenicity (Kwon et al. 2008),
which in turn can lead to mortality in HO9N2—inoculat-
ed chickens.

CONCLUSION

From all the previous data we can conclude that
AFs and HIN2 virus had an immunosuppressive ef-
fect. It was clearly appeared in their pathological
changes exaggerated during their combination in
broiler chickens. AFs contaminations promoting the
pathogenesis of HIN2 infection to produce more pro-
nounced clinical signs, histopathological lesions, and
mortalities.
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