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Abstract 
Viral respiratory diseases are the most divesting agent threatening the poultry industry in Egypt. As 
they entered the birds body via the same route so if mixed infection occurred there may be an evi-
dence of possible interference. In this study we evaluated the degree of interference occurs by using 
quantitative Real Time Polymerase Chain Reaction (qrt-PCR) in case of introducing of low patho-
genic Avian Influenza (LPAI) H9N2 subtype firstly followed by virulent NewCastle disease virus 
(VNDV) with 24 hours interval with challenge dose 104 EID50/ ml for each inoculated viruses till 96 
hours post inoculation (HPI) and vice versa, in embryonated chicken egg (ECE) and chicken embryo 
fibroblast (CEF) tissue culture cells. We concluded that in case of inoculation with VNDV following 
LPAI-H9N2, within 24 hours, there was an increased in the amount of VNDV yield, but when inoc-
ulation with VNDV before LPAI-H9N2, with 24 hours, interference phenomena occurred indicated 
by the negative effect of VNDV on LPAI-H9N2 growth. 
 
Keywords: QRT, PCR, LPAI, VNDV, ECE, CEF  

Introduction 
Avian influenza (AI) and Newcastle disease 
virus (NDV) are two of the most diseases 
threatening poultry industry. In the Middle 
East, current epizootic of low pathogenicity 
avian influenza (LPAI) of the H9N2 subtype 
has been aid for the occurrence of (NDV - AI ) 
mixed infections in backyard and  all types of 
commercial poultry farms since the year 2000 
(Davidson et. al., 2014). 
 
Even flocks acquired  high levels of immunity 
against NDV can develop vaccinal breaks of  
VNDV,  drop in egg production and mortality 
proceedings often reported in combination  
with H9N2 infections (Banet-Noach et. al., 
2007), symptomatic of a role of this pathogen 
in the constant circulation of NDV in the re-
gion. 
 
Although H9N2 viruses alone can lead to mod-
erate to severe respiratory infections in chick-
ens, replicating beyond the respiratory and di-
gestive tracts (Gharaibeh, 2008; Mosleh et. 

al., 2009), it has been thought that H9N2 virus-
es can either serve as immune-suppressive 
agents (Xing et al., 2009) or cause epithelial 
damage at the level of the respiratory tract, en-
courage on secondary bacterial or viral infec-
tions (Kishida et al., 2004; Haghighat -
Jahromi et. al., 2008). 
 
The examination of the interaction between 
NDV and AI viruses under experimental set-
tings give valuable vision about the impact of 
mixed infection on virulence, infectivity, virus 
shedding and sero-conversion, lead to modu-
late surveillance and diagnostic activities in the 
case of co-circulation of these diseases 
(Bonfante et. al., 2017). 
 
The presented literature conducted that H9N2 
mixed infection studies only refers to experi-
mental settings in which different combina-
tions of H9N2 and either non-lethal pathogens 
or immune-suppressive agents are proven 
(Kishida et. al., 2004; Haghighat-Jahromi et. 
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al., 2008; Kwon et. al., 2008; Chu et. al., 
2016). 
 
Results available so far indicate that the clini-
cal picture of mixed infected birds is increase, 
partially accounting for the interference be-
tween H9N2 disease outbreaks in the field and 
the single infection occur in experimental stud-
ies only (Bonfante et. al., 2017). 
 
The role of the H9N2 AI virus as co- factor in 
mixed infection with VNDV requires further 
studies. So in this study we simulate which 
could actually occur in the field in vitro by 
supposing that Newcastle virus entered to ECE 
& CEF cell line first then followed by H9N2 
AI virus and vice versa with interval 24 hours. 
 
Materials and Methods 
Virus strain: 
Four standard titrated viruses (of 104EID50 ti-
ter/ml) were obtained from the repository of 
the Reference Laboratory for Veterinary Quali-
ty Control on Poultry Production (RLQP), 
Egypt. Purified Egyptian virus A/Chicken/
Egypt /V1527/2018 (H9N2) Avian Influenza 
sub type H9N2 live virus with Gen Bank Ac-
cession No MK212394 and /or NDV-B7-
RLQP-CH-Eg-12 as NDV Genotype 7D live 
virus with Gen Bank Accession No 
KM288609 . Virus strains were ten-fold serial-
ly diluted to get the inoculums concentrations 
(104 EID50). 
 
Egg inoculation : 
Specific pathogen free eggs (SPF) 9-11 day old 
embryonated chicken eggs (ECE) were used 
for propagation of virus isolates and patho-
genicity testing. They were obtained from 
(Koum-Oshiem SPF, Fayoum, Egypt). ECEs 
were inoculated via the allantoic sac according 
to the OIE guidelines, 2015. 
 
Tissue culture cells: 
Chicken Embryo Fibroblast (CEF) cell cul-
tures were prepared from 18-day-old ECE. 
Thus, the muscles of the embryos were collect-
ed, washed with PBS, cell were maintained in 
DMEM containing 10% fetal bovine serum 
(FBS) and antibiotic concentration according 
to standard procedure in 6 well micro plates. 
The confluent cells were washed twice with 

PBS and infected with 100 ul of 104 EID50 
from each virus and incubated 1 h at 37°C with 
5% CO2 and after that discard the supernatant 
fluid and adding 1 ml MD containing 2% se-
rum and incubated at 37°C with 5% CO2 envi-
ronment. Supernatant fluid collected at differ-
ent time point 24 h, 48 h, 72 h and 96 h post 
infection and stored at -70°C until titration by 
HA test. One uninfected well in each plate was 
considered as negative control. 
 
Haemagglutination assay 
The haemagglutination assay was performed 
each 24 HPI on ECE &CEF culture cell line  
according to OIE 2015 guide line.  
 
Quantitative Real Time PCR (qRT-PCR): 
Viral RNA was extracted by using QIAamp 
viral RNA mini kit (Qiagen, Germany) in ac-
cordance with manufacturer’s instructions. 
AgPathID One-Step RT-PCR (Thermo scien-
tific, USA) and specific oligonucleotide pri-
mers and taqman probes assays were used for 
detection and quantification of AIV-H9N2 
(Ben Shabat et al., 2010). And F gene of NDV 
(Wise et al., 2004). To determine AIV-H9N2 
and NDVviruses’ titers, a standard curve for 
each virus was generated using titrated viruses 
in SPF-ECE. The qRT-PCR reaction volume 
was 25 μl containing 4.5 μl of extracted RNA, 
12.5 μl 2 × One-step RT-PCR ready mix, 1 μl 
RT enzyme, 0.5 μl of 50 pmol of both forward 
and reverse primers, 0.125 μl of specific probe 
of 30 pmol conc. And 6 nuclease free water. 
The thermal profile included a reverse tran-
scription step at 50 °C for 30 min followed de-
naturation step at 95 °C for 15 min. The PCR 
cycling was performed in 40 cycles of denatur-
ation at 95 °C for 15 s, annealing (53 °C for  
NDV) and (54°C for AIV-H9) for 30 s and   
extension at 72 °C for 10 s. QRT-PCR was 
performed using Step One Plus Real-Time 
PCR machine (Applied Biosystem Thermo 
scientific, USA) 
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Results 
Table (1). Results of HA activity of ECE for VNDV: 

NDV + H9N2 H9N2+NDV NDV Control H9N2 Control 
Hours post inoculation 

(HPI) 

5 5 4 0 24 

7 7 5 5 48 

8 7 5 7 72 

8 8 6 8 96 

HA was expressed by log2 

Table (2). Results of HA activity of CEF for VNDV: 

NDV + H9N2 H9N2+NDV NDV Control H9N2 Control 
Hours post inoculation 

(HPI) 

4 4 3 0 24 

6 6 4 4 48 

7 6 6 6 72 

7 7 5 7 96 

HA was expressed by log2 

Fig. (1): Results of HA activity of NDV 

The results from tables (1&2) and fig (1) 
showed that in case of VNDV firstly inoculat-
ed then followed by H9N2with 24h interval 
(VNDV +H9N2) the HA log titer was in-

creased by 3log at 72 HPI than control while 
VNDV was secondary inoculated (H9N2 + 
NDV) the HA log titer was increased by 2log 
at 72 HPI. 
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Table (3). ECE daily deaths were recorded as following: 

NDV + H9N2 H9N2+ NDV    NDV     Control H9N2 Control 
Hours post inoculation 

(HPI) 

1/5 1/5 0/5 0/5 24 

1/5 2/5 1/5 1/5 48 

2/5 1/5 2/5 2/5 72 

1/5 1/5 2/5 2/5 96 

Table (4). qRT-PCR results of embryonated chicken egg ( ECE) for detection of No. of viruses copies: 

NDV H9N2 Hours post inoculation 
(HPI) 2nd 1st Control 2nd 1st Control 

4*106 6*106 2*106 0 0 0 24 

6*106 9*106 2*106 0.9*106 1.9*106 8*106 48 

10*106 10*106 2.4*106 1*106 2*106 14*106 72 

12*106 12*106 3.8*106 1*106 2*106 18*106 96 

Fig. (2): qRT-PCR results of embryonated chicken egg ( ECE) for detection of No. of viruses copies 

Table (5). qRT-PCR results of chicken embryo fibroblast  cell line (CEF) for detection of No. of viruses cop-
ies: 

NDV H9N2 Hours post inoculation 
(HPI) 2nd 1st Control 2nd 1st Control 

4*105 6*105 2*105 0 0 0 24 

6*105 9*105 2*105 0.9*105 1.9*105 8*105 48 

10*105 10*105 2.4*105 2*105 2*105 14*105 72 

12*105 12*105 3.8*105 2*105 2*105 18*105 96 
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Fig. (3): qRT-PCR results of (CEF) cell line for detection of No. of viruses copies 

The results from tables (4&5) and fig (2&3) 
showed that in case of ECE the No. of H9N2 in 
(H9N2 +VNDV) was decreased at 48 HPI and 
remain constant at the same growth level for 
96 HPI while VNDV showed increasing in No. 
of progeny copies at 24 HPI and continued in-
creasing till reached 3fold the control one then 
remain to increase by time.  
 
In case of ECE the No. of H9N2 in (VNDV 
+H9N2) clarified that the growth of such virus 
was lesser than that yield from (H9N2 
+VNDV) and behaved as the same manner till 
the end of the experiment at 96 HPI.  But in 
VNDV was increased 4 fold at 48 HPI and re-
mained increasing till the end of the experi-
ment at 96 HPI.  
Results obtained from ECE were the same 
which obtained from CEF cell line but de-
creased by one log. 
 
Discussion 
Avian influenza (AI) and Newcastle disease 
virus (NDV) are two of the most severe diseas-
es of poultry. In the Middle East, current epi-
zootic of low pathogenic avian influenza 
(LPAI) of the H9N2subtype has been encour-
age the existence of NDV-AI mixed infections 
in backyard and commercial farms of layers, 
breeders, broilers and turkeys, since the year 
2000 (Davidson et al., 2014). 

Leading to slight respiratory disease syndrome 
and reduce egg production, which make huge 
economic losses and mixed infection with oth-
er pathogens (Li et al., 2003 & Nagarajan et 
al., 2009). 
 
In case of co-infection occur with VNDV viral 
interference was done so we applied this study 
to detect the amount of viral interference oc-
curred on both viruses when sequentially en-
tered the ECE&CEF cell line with interval 24h 
then measure the number of viral copies yield 
till 96 (HPI) for both viruses. 
 
The results of tables (1, 2 and 3) and fig. (1) 
stated that in case of VNDV the HA titer was 
increased in case of H9+NDV 2 log titer at 48 
HPI while NDV+H9 showed 3 log titer at 72 
HPI. When daily deaths of ECE showed that 
NDV+H9 inoculated die 2 out of 5 in 48HPI 
while NDV+H9 inoculated die 2 out of 5 but in 
72HPI. 
 
We find in both ECE&CEF cell line that the 
amount of viral growth in ECE is higher than 
CEF cell line almost one log as shown in all 
results due to there were Many factors effect 
on ECE and cell culture system for virus isola-
tion such as molecular genetics properties of 
the virus, receptor binding properties of the 
host cell and some other host related factors 
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lead to successful and efficient propagation
(Azab et al., 2017). 
 
In case of H9N2 + VNDV as shown in tables 
(4 &5) and fig. (2&3) the amount of H9 virus 
yield is decreased markedly in comparison to 
control but in case of NDV there was increas-
ing in the amount of VNDV yield ranged from 
2-4 log in comparison to control and these re-
sult explained by Bonfante et al., (2017) as in 
vitro and in vivo studies supposed that H9N2 
may act as an immune-suppressive agent, hin-
dering vaccination responses, leading to degen-
eration of lymphatic organs (Qiang & 
Youxiang, 2011), causing apoptotic processes 
indifferent types of cells (Xing et al., 2011).  
Transient dysfunction in the host’s immune 
response may occurred led to increase the ca-
pability of NDV to replicate in host cell lead-
ing to high virus copies yield. 
 
From the obtained results as shown in tables 
(4 &5) and fig. (2&3) appeared that in case of 
VNDV+H9N2 with interval 24h the H9N2 vi-
rus yield was very decreased due to VNDV 
interfere the growth as there was competition 
on the same host cell but in case of VNDV the 
results showed that the amount of virus copies 
yield was increased by approximately 2 fold 
than control and these finding was matched 
with by Ellakany et al. (2018) who concluded 
that co-infection of VNDV with LPAI (H9N2)
can affect the viral replication dynamics and 
the disease caused by these viruses in chickens, 
but this effect will depend on the virulence of 
the viruses involved, the challenge titer of the 
viruses and the timing of the co-infections. So 
VNDV had the chance to replicate as it very 
virulent strain but H9N2 was low virulent and 
furthermore time of co-infection occurred play 
good role for VNDV growth on behave of 
H9N2. 
 
Finally, we concluded that in case of challeng-
ing with VNDV following LPAI-H9N2 with 
24 hours there is increasing in the amount of 
VNDV progeny yield, but when challenging 
with VNDV before LPAI-H9N2 with 24 hours 
interference phenomena occurred indicated by 
the adverse effect of VNDV onLPAI-H9N2 
growth. 
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