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Abstract

Co-infection with low pathogenic avian influenza virus (LPAIV) H9N2 and Newcastle dis-

ease virus (NDV) has become a worrying concern for the poultry industry. The problem

arises when the hidden virus influences the replication of another suspected virus. Subse-

quently, misdiagnosis of the actual cause may be ended up as a source of contamination for

the other healthy flocks by the spread of the covered-up virus. In this preliminary study,

we determined the potential impact of concurrent infection with H9N2 and avirulent NDV

(Lasota) on the virus replication in Specific Pathogen-Free embryonated chicken egg (SPF-

ECE) model. Assessment of the potential interference phenomena was carried out based

on embryonic lesions, mortalities, and virus replication using real-time PCR. Our results

showed that H9N2 interferes with LaSota growth, regardless of which infection occurred

first. Our obtained preliminary results are a call for scientists to study the interference

between LPAIV H9N2 and NDV both in-vivo and in-vitro in more detail.
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Introduction

Avian influenza virus (AIV) and Newcastle disease
virus (NDV) are two major viral diseases that cause se-
rious losses to the poultry industry (Capua and Alexan-
der, 2009) due to increased mortality, impaired growth,
and reduced egg and meat productions. Both AIV and
NDV are RNA avian viral diseases caused by type A
orthomyxoviruses and type 1 avian paramyxoviruses,
respectively. Both viruses affect chicken’s respiratory
systems and result in a reduction in body weight gain
and a life-long decrease in bird’s performance (Ge et al.,
2012). Although many vaccination programs to con-
trol the two viruses were adopted, NDV continues to
cause serious problems and high economic losses in
the Moroccan poultry industry. The outbreak of AIV

H9N2 in Morocco in 2016 has complicated this situa-
tion (El Houadfi et al., 2016).

Co-infection of chickens with NDV and AIV H9N2
has become a widespread condition among chicken
flocks (Essalah-Bennani et al., 2020). Thus, it becomes
important to study the effect of LPAI H9N2 virus in
SPF eggs and evaluate the interactions between this
virus and avNDV LaSota strain during dual infection.
This will be a point toward assessing the effectiveness
of the control measures applied such as vaccination re-
garding the importance of both viruses and their im-
pact on the poultry industry.

The ”Interference phenomenon” or ”cell block-
ade” is produced by the interference of one strain
or species of a virus with the pathogenic activi-
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Table 1: Experimental design for testing the potential interference between H9N2 and avNDV Lasota
in embryonated chicken eggs.

Group Number of eggs Inoculation1 Mortalities Embryonic lesions

(%)

G1 5 200l H9N2 80 Hemorrhagic head, Con-

gestion, Dwarfism

G2 5 200l avNDV Lasota 40 No lesions

G3 8 Sequentially infected with 200l

avNDV Lasota followed by 200l

H9N2 after 24h

100 Congestion

G4 8 Sequentially infected with 200l

H9N2 followed by 200l avNDV La-

sota after 24h

100 Congestion

G5 8 Simultaneously infected with 200l

avNDV Lasota and 200l H9N2

87.5 Congestion, Dwarfism

G6 5 Negative control 0 No lesions
1 The dose was 106 EID50 in 0.2 ml, H9N2= A/chicken/Morocco/01/2016, acc. no. KU947112, avNDV= LaSota

strain (Ceva PHYLAXIA, Budapest, HUNGARY).

ties of another (Bang, 1949). This study aimed to
evaluate the interaction between LPAI H9N2 (strain
A/chicken/Morocco/SF1/2016) and avNDV LaSota
during simultaneous and sequential infections in-ovo
compared to the results of single inoculation using real-
time RT-PCR (rRT-PCR).

Study Methods

In this study, the potential interference between H9N2
Influenza A virus (A/chicken/Morocco/01/2016, acc.
no. KU947112) and live NDV LaSota vaccine strain
designated as avNDV LaSota (Ceva PHYLAXIA, Bu-
dapest, HUNGARY) was tested in 10-day-old embry-
onated SPF-ECE (Division of Pharmacy and Veteri-
nary Inputs, ONSSA, Morocco). The viruses were
inoculated alone, sequentially, or simultaneously at a
dose of 106 EID50 in 0.2 ml into the allantoic cavity
of SPF-ECE (Table 1) according to the OIE guidelines
(OIE, 2015). After viral inoculations, SPF-ECEs were
incubated at 37°C and candled daily for 4 successive
days. At each candling, allantoic fluids were harvested
from eggs with dead embryos. However, the allantoic
fluid of survived SPF-ECEs after the AIV H9N2 and
avNDV LaSota inoculations was harvested after 96h of
incubation. Bacteria-free allantoic fluid was aliquoted
and stored at 80°C until tested.

The virus replication was assessed based on em-
bryonic lesions, mortalities, and virus replication using
real-time PCR (rRT-PCR). For rRT-PCR, RNA was
extracted using ID Gene® Spin Universal Extraction
Kit. To detect H9N2 and ND viruses, PCR reactions
were performed on Agilent cycler, using ID Gene® In-
fluenza A Duplex and ID Gene® Newcastle Disease
Duplex (IDvet, https://www.id-vet.com) according to
the manufacturer’s instructions. PCR results and cy-
cle quantification value (Cq) were recorded on the pro-
vided software. For viral growth quantification, pos-
itive Cq values for each analyzed sample were deter-
mined using the corresponding standard curves derived
from AIV H9N2 and avNDV LaSota standard plasmid

template. Consequently, the number of viral copies
present in each sample was computed.

Data analyses were performed using IBM SPSS
statistics version 19 (IBM, Chicago, US). Group’s
means were compared with a two-tailed Student t-test.
The differences were considered statistically significant
at p<0.05.

Results and Discussion

Results showed that both mixed and superinfected
groups had 100% embryo mortality (Table 1). Embryos
in G1 showed hemorrhages at 96h post-inoculation,
while Embryos in G4 showed congestion and dwarfism
of embryos at 96h post-inoculation (Figure 1).

The quantitative rRT-PCR quantification of AIV
H9N2 and avNDV when pre-, post-, and simultane-
ously inoculated to SPF-ECEs showed replication in-
terference by AIV H9N2 strain on avNDV LaSota
strain (Figure 2). The LaSota strain yield in simul-
taneously inoculated SPF-ECEs with AIV H9N2 was
significantly lower (p<0.05) than those from singly in-
fected eggs. When H9N2 was inoculated 24h earlier
or later than avNDV LaSota strain (group 3 and 4,
respectively), there was a significant inhibition of the
growth of avNDV. In contrast, avNDV LaSota strain
failed to inhibit the growth of AIV H9N2. Though
the SPF-ECEs inoculated simultaneously with avNDV
LaSota strain and AIV H9N2, and those infected first
with avNDV LaSota strain and reinoculated 24h later
with AIV H9N2 showed lower AIV H9N2 virus yield;
however, the interference degree of avNDV was non-
significant (p>0.05).

The results of this experiment clearly demonstrate
that AIV H9N2 partially inhibited the growth of
avNDV. The study also indicates that avNDV LaSota
can’t affect the replication of AIV H9N2 even when
the avNDV LaSota was given a replication advantage
by being inoculated 24h before AIV H9N2. In general,
these findings are in accordance with those reported
in previous studies reporting that AIV interferes with
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Figure 1: (A) Embryo inoculated with H9N2 (200µl containing 106 EID50) showing hemorrhages at 96h
post-inoculation. (B) Embryos sequentially infected with 200µl H9N2 followed by 200µl avNDV Lasota after
24h and 96h post-inoculation showing congestion and dwarfism of embryos. (C) Negative control.

Figure 2: Quantitative rRT-PCR of AIV H9N2 and avNDV LaSota strains in SPF-ECEs in single infection
(G1 and G2), simultaneous infection (G5), and the 24h interval sequential infections (G3 and G4).

the NDV replication (Bang, 1949; Shortridge and King,
1983; Liu et al., 2003; Ge et al., 2012). The interfer-
ence between the two viruses is mainly attributed to
the competition for the same viral receptors contain-
ing sialic acid (Costa-Hurtado et al., 2014), cell at-
tachment blockage by the pre-inoculated virus (Ziegler
et al., 1944; Bratt and Rubin, 1968), or due to inter-
feron produced by the first inoculated virus (Sonnen-
feld and Merigan, 1979).

In the current study, although avNDV LaSota was
pre-inoculated, its growth was inhibited by AIV H9N2.
This can be explained by the fact that NDV repli-
cation and interferon induction are closely related to
the virulence of the virus (Durand, 1961; Dortmans
et al., 2010). Additionally, Ge et al. (2012), reported
a remarkable difference between the avirulent and vir-
ulent strains of NDV in terms of interfering with AIV
H5N1 virus growth in ECE where virulent NDV was
more potent than avirulent LaSota in resisting inter-
ference by AIV. Moreover, 24h interval in the simul-
taneously inoculated group is probably not sufficient
for avNDV LaSota to induce inhibiting interferon lev-
els to suppress the replication of AIV H9N2 (Fazekas
De St Groth et al., 1952). The dwarfism observed in
embryos inoculated by AIV H9N2 alone or in embryos
simultaneously infected with avNDV LaSota could be

attributed to the extensive viral replication and/or cy-
tokine induction that severely affected the embryo de-
velopment and growth (Sharma et al., 2020).

Conclusions
The current study opened an active discussion around
the potential interference of the two viruses during a
simultaneous application of vaccines against ND and
H9N2 diseases. Our study is a call to further inves-
tigating this potential interference phenomenon and
its impact on vaccines efficacy under field conditions.
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