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ABSTRACT

Lentogenic Newcastle disease virus (INDV) such as Lasota strain and
low pathogenicity avian influenza such as H9N2 virus are two of the
most economically important viruses affecting poultry worldwide, and
little attention in recent years has been paid to simultaneous infections in
chickens with these two viruses for the reason that co-infection do occur
but are not easily detected. In the present study, chickens were inoculated
with INDV (Lasota) and LPAIV (A/chicken/Tehran/ZMT-173/99(HON2))
simultaneously or sequentially three days apart. Oropharyngeal and
cloacal swabs were collected from chickens from 1 to 14 days after
inoculation. RRT-PCR for AIV and NDV detection was performed. The
rate of viral shedding was measured within 14 days. No clinical symptoms
were observed during the experiment however the pattern of virus shed
was different with co-infection, thus comparing the results obtained
from viral shedding showed that AIV is a much stronger agent than
NDV in the occurrence of viral interference. This is due to the fact that
in simultaneous inoculation, AlV replication delayed and reduced NDV
replication, while replication of Lasota in simultaneous or pre-inoculated
inoculation could not significantly disrupt HON2 virus replication. These
findings indicate that the infection with one virus can interfere with the
replication of another, modifying the pathogenesis of the viruses. So,
infection of the host with both viral agents simultaneously causes higher
shedding of LPAIV than /NDV in OP and CL areas. In conclusion, co-
infection with LPAVI in chickens did not impact clinical signs but affected
the replication dynamics of these viruses.

INTRODUCTION

Avian Influenza (Al) and Newcastle Disease (ND) are two dangerous
diseases and the biggest threat to poultry and other avian species
recognized worldwide, Ge et al.,, 2012, Costa-Hurtado et al., 2014.
Viruses of Al and ND cause heavy economic losses to the poultry
industry, Monne et al., 2008; Pantin-Jackwood et al., 2015. The genome
of both avian influenza virus (AlV) and Newcastle disease virus (NDV) is
of single-stranded RNA with a negative antisense, Alexander & Senen.,
2008; Costa-Hurtado et al., 2014. Low pathogenic avian influenza virus
(LPAIV) and lentogenic Newcastle disease virus (INDV) are transmitted
from wild birds to domestic birds, and both cause a range of conditions
from subclinical infections to diseases with high clinical signs, Wise et
al., 2004; Jinnan et al., 2012; Pantin-Jackwood et al., 2015.

AV belongs to type A of Orthomyxoviridae family. Based on
their differences in surface glycoproteins of hemagglutinin (HA) and
neuraminidase (NA) in the cleavage site, these viruses are divided into
two groups of low pathogenic (LP) and high pathogenic (HP), Suarez et
al., 2007, Alexander & Senen, 2008; Capua & Alexander., 2009; Ben
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Shabat et al., 2010; Ge et al., 2012; Pantin-Jackwood
et al., 2015. So far, 17 subtypes of HA (H1-H17) and
9 subtypes of NA (N1-N9) have been identified, Sorrell
& Perez, 2007; Alexander, 2007; Lee & Saif, 2009;
Xishan et al., 2012.

Birds are wusually infected with both low
pathogenicity Al (LPAIV) and high pathogenicity Al
(HPAI); these groups have the potential to cause disease
in susceptible birds, De Jong & Hien, 2006; Peiris et al.,
2007; Monne et al., 2008; EL Bayoumi et al., 2013.
Viruses belonging to H9 subtypes are of LPAIV.

Infection with LPAIV has been a major threat to
commercial poultry, especially in the Middle East, since
1998, and caused many cases of outbreaks in Iran,
Pakistan, Saudi Arabia, and the United Arabic Emirates,
Naeem et al., 1999; Nilli & Asasi, 2002; Alexander,
2003; Bano et al., 2003; Capua & Alexander, 2004;
Alexander, 2007; Monne et al., 2008; Halvorson, 2008;
Pazani et al., 2008. It is noteworthy that the HIN2
strain of LPAIV is circulating in Iran; it caused a severe
epidemic among birds in Tehran province in 1998 and
imposed heavy economic losses to the poultry industry,
Pazani et al., 2008.

NDVs, known as Paramyxovirus 1 (AMPV-1), belongs
to the genus Avulavirus of the Paramyxoviridae family,
Wise et al., 2004; Jang et al., 2011; Ebrahimi et al.,
2012. Based on their ability to increase the severity of
the disease, NDV strains are divided into three groups
of lentogenic (low virulence), mesogenic (moderate),
and velogenic (high virulence), Beard & Hanson, 1984;
Pham et al., 2005; De leeuw et al., 2005; Jang et
al., 2011; Maclachlan & Dubovi, 2011; Ebrahimi et
al., 2012; Pantin-Jackwood et al., 2015. Lasota and
Hitchner B1 are lentogenic strains of NDV that are
jointly used as INDV live vaccines against ND outbreaks
in the developed and developing countries, Alexander
& Senen, 2008; Ebrahimi et al., 2012; Pantin-Jackwood
et al.,, 2015. Both influenza and Newcastle are
considered one of the major problems of wild birds in
many countries, as they are listed in Class A of poultry
diseases by the Office International des Epizootie (OIE),
Wise et al., 2004; Perk et al., 2006; Ge et al., 2012;
OIE, 2012; Pantin-Jackwood et al., 2015.

Co-infection of birds with both /INDV and LPAIV
has been reported in domestic and waterfow! birds,
Halvorson, 2008; Jahangir et al., 2009; Molia et al.,
2011; Couacy-Hymannetal., 2012; Francaetal., 2014;
Pantin-Jackwood et al., 2015. Hence, the infection of
a host with a pathogen, including viruses or bacteria,
and subsequent exposure to another pathogen lead to
a co-infection. In relation to viruses, this phenomenon
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is called viral interference, Dianzani, 1975; Dapalma et
al., 2010; Costa-Hurtado etal., 2014; Pantin-Jackwood
et al.,, 2015. From 1949 till now, only six studies have
been done on the interference between AIV and NDV.
These studies were done by Bang F.B. 1949, Carr J.H.
1960, Florman AL 1984, Kennedy F 1983, Wenbo
Liu 2003 and Ge 2012. [Ge et al., 2012]. The results
of these studies indicated that LPAIV subtype caused
severe interference in the replication of NDV, Ge et al.,
2012.

Therefore, co-infection of birds with LPAIV and
INDV can create a complex picture of clinical signs
which makes it more difficult and time-consuming to
detect and identify both of these viruses, El Zowalaty
et al., 2011; Pan et al., 2012; Stipkovits et al., 2012.
Measurable differences may include changes in tissue
permissiveness or tropism, viral replication, patterns
of virus progeny production and release, latency,
pathology including immunological responses and
immunopathology, Dapalma et al.,, 2010; Costa-
Hurtado et al., 2014. Nevertheless, there is little
information on the interaction of these two viruses
when they simultaneously infect chicken species, Ge
et al., 2012; Pantin-Jackwood et al., 2015. However,
the aim of the present study was to obtain information
on the effects of viral interference between Lasota
(INDV) strain and LPAIV (A/chicken/Tehran/ZMT-173/99
(HION2)) on specific pathogen free (SPF) chickens.

MATERIALS AND METHODS

Virus strains

In the present study, A/chicken/Tehran/ZMT-173/99
(H9N2), which is an isolate obtained from infected
birds in Iran, provided by Razi Vaccine and Serum
Research Institute- Southern Iran Branch (Shiraz), and
Lasota (avirulent NDV strains of chicken) were used.
These viruses were propagated in SPF embryonated
chicken eggs (ECE) by inoculating 100ul of each
virus. According to the predesigned pattern of the
experiment, these viruses were inoculated individually
or in combination on specified days (Table 1). SPF eggs
were purchased from SPF Chicken Centre of Venky,
India.

EID

50

Before each experiment, 50% egg infectious dose
(EID, ) of each virus stock was determined. To calculate
the mean embryo infectious dose (EID, ), AIV and ND
viruses were titrated by preparing 10-fold dilutions
over the range 10" to10'°in PBS and inoculating each
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of five 9-day-old embryonated SPF chickens eggs with
100pl dilution each and incubated at a temperature
of 37°C with humidity of 60-65%. All ECE after 5
days were tested for the presence of haemagglutinin
activity. Titres of virus in 0.1 ml inoculated material,
expressed as median egg infectious doses (EID, ), were
calculated by Reed and Munch method.

Birds

Although the Maternal Derived Antibodies (MDA)
are known as passive immunity in young chickens and
primary barriers of antigen-specific protection against
pathogens, chickens may still be at risk of infection.
According to previous studies, 28-day-old chickens
which have the lowest MDA levels are stated to be
at higher risk of viral infection, Hamal et al., 2006;
Sasipreeyajan et al., 2012. Ninety 28-day-old birds SPF
white leghorn chickens were used in this study. They
were assigned to 6 groups (A to F) of 15, and each
group was separately kept in isolator under standard
conditions. Feed and water were provided ad libitum.

Table1 - Experimental design
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Experimental design

Chickens were assigned to 6 groups including
a control (group A) and 5 groups (B to F) for virus
inoculation. Each group consisted of 15 SPF chickens
with an age of 4 weeks. Chickens in the control
group received 50 pl of normal saline and those in
the other groups were inoculated with 50 pl with
10°EID, /100ul (single bird inoculation dose) of viruses
by the intraocular and intranasal choral cleft routes.
Viruses were inoculated separately, simultaneously
or alternately (secondary inoculation 3 days after the
initial inoculation). Chickens of all groups were daily
examined for the observation and control of disease
symptoms. In addition, their weight was measured on
the first day and third day after the inoculation (dpi).
On the fourteenth day, blood sampling was done for
serological tests. Swabs of oropharyngeal (OP) and
cloacal (CL) were collected from all chickens from the
first to the tenth day after inoculation for the study of
viral shedding (Table 1).

Group Age (days) Number of birds Viral Strains Days of sampling
Day0 Day3 weigh OP and Cl swaps serology

A 28 15 Negative Control 0,3,6 1,6,14 14
B 28 15 INDV 0,3 1,2,3,6,8,10 14
C 28 15 LPAIV 0,3 1,2,3,6,8,10 14
D 28 15 INDV+LPAIV - 0,3 1,2,3,4,56,8,10 14
E 28 15 LPAIV INDV 0,3,6 1,2,3,4,5,6,8,10 14
F 28 15 INDV LPAIV 0,3,6 1,2,3,4,5,6,8,10 14

RNA extraction

OP and CL swabs were collected from all chickens
from the first to the tenth day after inoculation for the
study of viral shedding. These samples were kept in
the liquid medium of PBS-BSA containing antibiotics of
different concentrations, such as Penicillin G (2000 units/
ml) and Gentamicin (200 ug/ml), in a freezer at -70°C
until the end of the experiment. For extraction of virus
RNA from collected samples, High Pure Viral RNA Kit
(Roche Applied Science, Mannheim, Germany) was used
according to the manufacturer’s recommended protocol.
This stage of the experiment was conducted in the
Institute Zooprofilattico Seprimentale delle
Venezie (IZSVe), Italy, which is a reference

tion of HIN2 and Lasota during a molecular process.
Thus, specific primers and probes were developed for
the detection of Gene M of HON2 and Gene L of Laso-
ta. Oligonucleotide sequences of specific primers and
probes have been shown below. Primers and probes
for the detection of NDV were developed using the
European reference center/AHVCA (WEIBRIAGE UK),
and those for the identification of AIV were extracted
from studies of Spackman (2002) and Monne (2008)
(Table 2).

All probes were labelled at the 5" end with the
6-carboxyfluorescein (FAM) reporter dye and at the 3°

Table 2 - PCR primers and hydrolysis probes sequences

laboratory for influenza and Newcastle. Target

Primer/probe Sequence

Probes and primers design

Nucleotide sequences of Matrix (M)
gene for influenza and L gene for Newcas-
tle virus were considered for the identifica-

Influenza A virus

Newcastle virus

M +25 5- AGA TGA GTC TTC TAA CCG AGG TCG -37

M -124 5-TGC AAA AAC ATC TTC AAG TCT CTG - 3°

M +64 [FAM] 5"- TCA GGC CCC CTC AAA GCC GA - 3TTAMRA]
NDF 5" - GAG CTA ATG AAC ATT CTT TC - 37

NDR 5°- AAT AGG CGG ACCACATCT G- 3

Lpro MGB  [6 FAM] 5" - CCA ATC AAC TTC CC - 3" [MGBNFQ]

L pro MGB2  [VIC] 5~ AAT AGT GTA TGA CAA CAC - 3 [MGBNFQ]
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end with the 6-carboxytetramethylrhodamine (TAMRA)
qguencher dye, Spackman et al., 2002.

Real-Time RT-PCR

The reagents contained in a QuantiTec multiplex RT-
PCR kit (Qiagen, Hilden, Germany) were used for Real-
Time RT-PCRs (RRT-PCR). The primers targeting the M
gene of AIV were applied to the PCR at the optimized
concentration of 300nM each. The exceptions were
the L gene of NDV primers, which were used at a
concentration of 500 nM. Specific fluorescently labeled
probes were used at a final concentration of 100 nM
for AIV and 200 nM for NDV. The RRT-PCR took place
in a final volume of 25ul using a Rotor Gene 6000
apparatus. Each PCR tube contained a single primer/
probe set for AIV and NDV. The identical thermal
profile was adapted in order to detect both the distinct
viruses within the same run. The following protocols
were used for M gene primers/probes set: 20 min at
50°C and 15 min at 95°C, followed by 40 cycles at
94°C for 45 sec and 60°C for 45 sec. Also protocol
were used for L gene primers/probes set: 20 min at
50°C and 15 min at 95°C, followed by 40 cycles at
94°C for 45 sec and 50°C for 45 sec.

Statistical analyses

Data were analyzed using IBM Statistical Package
for the Social Sciences (SPSS) v.21 software. One-way
ANOVA was used to analyse Hl titres and body weights.
Two-way ANOVA with Bonferroni multiple comparison
analysis was used to evaluate virus titres in CL and OP
swabs. Statistical significance was set at p<0.05 unless
otherwise stated.

RESULTS

Clinical signs

During the experiment, no clinical sign was observed
in the groups under study (groups which were treated
with Newcastle or influenza viruses individually or in
combination). The results of weighting the chickens
showed that there was no significant difference between
the groups and all chickens grew naturally (Table 3).

Table 3 - Body weight results show that all chickens grew
naturally

Groups Body weight Percent growth
Day 1 Day 3
B (/NDV) 236.46  259.09 9.57
C (LPAIV) 262.06  277.26 5.80
D (INDV+LPAIV) 298.33  323.80 8.53
E (LPAIV 3days before INDV) 319.53 394.73 13.53
F (INDV 3 days before LPAIV) 346.33  353.46 2.05
Total 292.54  321.86 11.02
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Serology

Blood samples taken from all groups were examined
in terms of antibody titres against Al and ND viruses.
Hemagglutination inhibition (HI) assay was used to
quantify antibody against NDV and AlV viruses. The
results indicated that the antibody titre was negative
in the control group, while it was positive in all
groups to which the secondary virus was administered
simultaneously or with an interval of 3 days. The results
also demonstrated that in the group that the influenza
virus was inoculated individually, the antibody titre of
influenza and Newcastle was 4 and 5 Log, after 14
days, respectively (Figure 1).
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Figure 1—Mean Hl titers (log,) in SPF chickens. Serum samples were taken at 14 days
after inoculation with LPAIV and /NDV. Horizontal axes are the names of groups in both
charts as (b: INDV, c: LPAIV, d: LPAIV+/NDV, e: LPAIV 3 days before INDV, f: INDV 3 days
before LPAIV). A: this chart shows the titers of HI associated with LPAIV and B: shows
the titers of HI associated with /INDV. The highest rate was reported when both viruses
were received commonly.
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Infection and viral shedding

OP and CL viral shedding were measured using RRT-
PCR technique. In all samples of OP and CL swabs, the
gene M of matrix area and the gene L were examined
for the detection of HON2 and Lasota viruses,
respectively. The results obtained from this technique
showed that there was a difference between the
groups in terms of viral shedding, while the main route
of shedding for LPAIV was detected in both OP and CL
areas (p<0.05). In addition, the main route of shedding
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for INDV was mostly observed in OP area (p<0.05). In
Group F, in which chickens were infected with /INDV
and then LPAIV, the number of positive samples in
OP and CL areas was higher for LPAIV. This suggested
that the shedding rate of influenza in OP and CL areas
will be more when the inoculation of NDV precedes
the inoculation of LPAIV, compared to the case that
influenza virus is inoculated alone. It is noteworthy
that the main route of shedding was detected for both
INDV and LPAIV (Figure 2).
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Figure 2 — LPAIV and /NDV shedding in SPF chickens. Mean Ct value of real time RT-PCR and equivalent EID50/mL of AIV and NDV are detected in OP and
CL swabs at different time points after inoculation. Detection of LPAIV in OP (a) and CL (b) swabs also detect /NDV in OP(c) and CL (d). Different time points
show the viral shedding so that the blue square is related to single infected birds (groups : B and C), the red square is related to co-infected birds with both
viruses ( group D), the green triangle is related to sequential infected birds ( group E) and the purple multiplication is related to group F.

Influenza viral shedding

By comparing the number of viral shedding particles
using RRT-PCR technique at different times after the
inoculation, the shedding pattern in OP area showed
that the type of infection and exposure of the virus to
the host tissue play a major role in virus replication.
Based on the results obtained from OP area, the same
rate of viral shedding was observed on the first and
second day after the inoculation in chickens of groups
C (LPAIV alone), D (INDV and LPAIV simultaneously),
and E (LPAIV three days before INDV) (Figure 2a).
However, viral shedding was reported to be distinctly

low in the early days in chickens of group F (LPAIV three
days after INDV) and the highest rate of AlV shedding
was observed on the fifth day after the secondary
inoculation, i.e. on the eighth day after the inoculation
(Figure 2a). In group C, where HON2 was inoculated
individually, viral shedding showed a reduction in the
fourth to sixth days after the inoculation while such a
reduction was not observed in other groups which had
been treated with both viruses simultaneously (Figure
2a). The influenza virus shedding in the cloacal area
was studied in all groups and the results indicated that
the highest shedding rate was related to groups C, D,
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and E in the second to fourth days after the inoculation,
while this peak in group F was found on the tenth day
after the inoculation, i.e. 7 days after the secondary
inoculation (Figure 2b).

Newcastle viral shedding

According to the results of this study, there was
a difference between the groups regarding the
shedding rate of/NDV (Figure 2c). Shedding of /INDV
was alternatively observed in OP area. As the results
indicated, shedding was observed on the second and
third day after the inoculation in the group in which
INDV was administered alone (group B) and in the
groups where the virus was inoculated simultaneously
or with an interval of 3 days (groups D and F). The
highest rate of INDV shedding in OP area was found
in groups B and D on the third day and in group F
on the second day after the inoculation. On the
other hand, the lowest shedding rate was observed
in group E where INDV was injected three days after
the administration of LPAIV, as the highest virus titre
was measured on the fourth day after the secondary
inoculation (the seventh day) (Figure 2¢). The INDV
shedding in CL area was recorded from group B on the
fourth to the sixth day (three days after the secondary
inoculation) while the highest shedding rate in groups
E and F was observed only on the sixth day and it had a
downward trend gradually until the tenth day in group
D (Figure 2d). All control groups were reported to be
negative in terms of the presence of the virus in the
swab sample of OP and CL.

DISCUSSION

The main objective of the present research was to
study the effects of viral interference between INDV
and LPAIV on SPF chickens. These viruses are circulating
in poultry in many parts of the world, especially in
Iran, and chickens are susceptible tanks of them. Co-
infection with NDV and AIV has already been reported
in vitro using chicken embryo and the viral interference
between /INDV and LPAIV has been demonstrated to
prevent the growth of the other virus, Roussan et al.,
2008; Pawar et al., 2012; Costa-Hurdato et al., 2014.

It was mentioned that in co-infection with these
viruses, one virus prevents the growth of the other, Ge
et al., 2012; Pantin-Jackwood et al., 2015. Previous
studies have shown that chickens inoculated with
both INDV NDV and LPAIV cause co-infection in other
chickens, Ge et al., 2012; Costa-Hurdato et al., 2014;
Franca et al., 2014;Pantin-Jackwood et al., 2015. Co-
infection and viral interference depend on factors such
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as bird species, type of virus, timing inoculation, and
virus inoculation type, also tissue tropism, latency,
dose, virulence and biological properties of pathogens
and altered immune response are important, Pantin-
Jackwood et al., 2015; Zarkov, 2017.

Despite the severity, natural co-infections of INDV
and AlV are anticipated to occur in poultry, and the
effects of such co-infections on several host responses
such as viral shedding dynamic, seroconversion and
clinical signs are not fully known in chickens, Costa-
Hurdato et al., 2014. Even with the differences in
the type of virus replication, co-infection of chickens
with INDV and LPAIV has not had significant effects
on the increase or decrease of clinical symptoms,
Pantin-Jackwood et al, 2015. The clinical signs in
birds depend on the species, age and virus type, para
OIE, 2015. The main clinical signs are nasal discharge,
cough, nervous signs, diarrhea, inappetance in laying
birds, para OIE, 2015. Therefore, the host species is
a factor that can influence the severity of clinical
signs and amount of virus replication in such virus co-
infections, Costa-Hurtado et al., 2014. Costa-Hurtado
et al infected chickens and turkeys with INDV vaccine
strain (Lasota) and H7N2 LPAIV simultaneously or
sequentially, they reported that none of the chickens
infected with LPAIV and /INDV showed clinical signs,
while all turkeys exposed with both viruses presented
mild clinical symptoms, Costa-Hurtado et al., 2014.
According to the previous studies, no effect on clinical
signs of co-infection with the two viruses was found
in the present study. For the first time in Iran, a report
of viral interference between INDV and LPAIV in SPF
chickens using RRT-PCR technique is provided in the
present study.

Al chickens were infected with INDV (Lasota)
and LPAIV (A/chicken/Tehran/ZMT-173/99 (H9N2))
simultaneously or sequentially. The results clearly
showed that viral titre on the OP route was distinctly
more than viral titre on the CL route, these results are
consistent with a previous study by Costa-Hurtado,
2014 that stated that LPAIV viral shedding is mainly in
the OP route, Costa-Hurtado et al., 2014. In addition,
shedding was lower in groups which were treated with
viruses individually. Similarly to the previous studies, the
findings of the present study prove that LPAIV is more
pathogenic for chickens, as the presence of AlV in the
host could delay or prohibit the replication of NDV.

Therefore, it is recommended that the severity and
degree of interference depend on the amount and
pathogenicity of the virus strain, Spackman et al.,
2002. The present study also showed that INDV cannot
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suppress the shedding of LPAIV. Hence, infection with
NDV could not always prevent subsequent infections
by AIV even if Lasota and HIN2 are simultaneously
injected. This suggests that Lasota, if inoculated
individually or simultaneously, cannot interfere with
the replication and shedding of HON2 but can only
slow down the process of viral replication.

In this study, it was observed that the shedding
pattern of both HIN2 and Lasota was strongly
influenced by each other, as the viral shedding of LPAIV
in OP and CL areas was distinctly delayed in chickens
that were infected with INDV and successively exposed
to LPAIV. In other words, due to the inoculation of
Lasota before HIN2, the replication of the influenza
virus had a slower process and the viral shedding
was lower. These values were evaluated in the sixth
to the tenth day after the inoculation (Figure 2a, b).
By comparing the results of this study with qualitative
achievements of previous studies, it can be stated that
AlV virus is a more powerful agent than NDV in the
interference between these two viruses.

Viral interference is a very important phenomenon
in which one cell is infected with a virus, as the virus
can prevent the replication of secondary viruses. In
other words, it can suppress the shedding of a virus
of the homologous or heterologous type which enters
the cell, Dianzani, 1975.

Several important mechanisms have been proposed
to explain the viral interference: Competing by
attachment interference. In this mechanism, receptors
for the superinfecting virus are reduced or blocked,
competing intracellular for replication of the host
machinery, virus-induced interferon interference,
Kimura et al., 1976.

INDV and LPAIV are replicated in the upper area of the
respiratory system and epithelial cells of the intestinal
tract, where there are trypsin-like enzymes. INDV binds
through the HN glycoprotein to sialic acid receptors on
the cell surface, the same as HA glycoprotein does for
LPAIV. Therefore, superficial cell receptors for AIV are
glycoconjugates containing sialic acid, whereas these
receptors for NDV are recommended to be ganglioside
and N-glycoprotein, Rott, 1979; Ferreira et al., 2004,
Ge et al., 2012; Swayne et al., 2013. These findings
suggest that both viruses may compete for the same
target cell as Lasota can connect to the HN glycoprotein,
LPAIV can connect to HA glycoprotein compounds
because both of these compounds contain sialic acid,
Costa-Hurtado et al., 2014.

Previous studies have explained that an inactivated
particle of influenza can interfere with the replication
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of a live virus that later enters the cell. Through the
interferon system, these results led to the discovery of
interference phenomenon, Ziegler & Horsfall, 1944,
Henle, 1950. Other studies have also stated that the
production of interferon can prevent or suppress
the replication of many viruses, particularly AIV and
NDV, lIssacs & Lindenmann, 1987. Replication of a
virus following the activation of anti-viral immune
responses, including immunomodulators or the use
of immune cells, can influence the replication of other
viruses in a similar area, Ge et al., 2012. Stimulation of
local interferon generation by INDV may interfere with
the replication of LPAIV because Lasota is known as a
poor inducer of interferon, Costa-Hurdato et al., 2014.

As mentioned in the previous studies, Ge et
al. (2012) found that if the host is infected with
INDV prior to, HON2 replication can be suppressed.
However, in another study, Costa (2014) stated that
high replication of LPAIV in turkeys could prevent
the replication of INDV, Costa-Hurtado et al., 2014.
Franca (2014) reported that co-infection of poultry
and wild birds with NDV and AlV in vivo showed that
differences in the pattern of viral shedding depend on
the time of co-infection, and that the delay in the peak
of viral shedding of LPAIV occurs when /NDV is already
inoculated [Franca et al., 2014]. According to Franca’s
study, although co-infection of chickens with both
viruses was observed, no reduction was observed in
humoral immune response. This is consistent with the
findings of Gelb (2007) in relation to the co-infection
of broilers with IBV and INDV [Gelb et al., 2007; Franca
etal., 2014].

In the present study, the reduction in antibody
titre against LPAIV, compared with /NDV, was partially
observed (Figure 1). Therefore, in confirmation of the
previous studies, it is recommended that humoral
response against co-infection may not be much
effective in antibody titre courses. In summary, SPF
chickens received 50 pl viruses with 10° EID, /ml
from Lasota and HON2 for the study of co-infection
and interference between LPAIV and /NDV. The data
showed that infection of the host with both viral agents
simultaneously caused higher shedding of LPAIV than
INDV in OP and CL areas.

In general, effects of viral interference depend on the
adaptation of viruses to a host species, pathogenicity
of viruses, time of co-infection, and environmental
factors. Assessment and identification of the factors
affecting the viral interference or understanding
the factors that cause delay in the replication and
infection of viruses will help us to better find the path
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of pathogenicity and transmission of these viruses in
chickens. That understanding could also provide new
plans of virus control programs, including new tools
for identification and more improved protocols of
vaccination.

CONCLUSION

Birds are often infected with more than one
infectious agents. The co-infection of birds with LPAIV
and INDV is due to the fact that they compete for
the same receptors in susceptible cells. AV have a
negative impact on NDV growth if they are inoculated
simultaneously or sequentially. According to the results
obtained from this study, co-infection of LPAIV and
INDV had no effect on the severity of clinical signs.
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