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Abstract: Since introduction of H9N2 virusto Egypt at 2010 it represents a major threat to poultry industry and
human health. Many H9N2 vaccines (local and imported) have introduced to Egyptian market to control the
virus, however, it still circulated all over the country. In this study, we have prepared and evaluated H9N2
vaccine with Th1 stimulating adjuvant (MontanideTM 71 ISA VG). The virus shedding was detected in the
swab samples collected post challenge by real-time PCR. The results revealed that thevaccine
inducedearlierantibodies at the 1st week,the vaccinal dose (0.3 ml) of the currently used seed virus give (5.4 log2
HI titer) which reached the peak by 4th week (10.6 log2 HI titer).In addition, the prepared vaccine showed its
ability to prevent shedding and clinical symptoms. In conclusion, this study reports the successful preparation
of a potent H9N2 vaccine to be used in the national strategy of controlling the H9N2 virus infections.
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INTRODUCTION The majority of infected chickens showed respiratory

Avian  influenza  virus   (AIV)   subtype   H9N2  is in breeder and  layer  flocks  [5]  infected  quails  and
first  reported  in  1966  [1]  and  have  become  established some broiler flocks  were  clinically  healthy [7,8,9]. The
in multiple  avian  species  across  large  geographical co-infection of H9N2 with H5N1 was also reported in
areas including Asia, Middle East and Africa [2]. many cases in poultry in Egypt. [7, 10,6] Although
Although AIV subtype H9N2 is categorized as low predictable, the reassortment between H5N1 and H9N2
pathogenic avian influenza (LPAI) virus, it can cause has not been yet reported.
serious economic losses in poultry industry including The routesof the introduction of H9N2 into  Egypt
reduced egg production and decreased growth rate. are not yet clear. The close genetic relatedness of the
Moreover, it can sometimes cross the species barrier and Egyptian H9N2 viruses to theviruses circulating in the
cause human infections, which has raised public Middle East region and the distribution of infected flocks
healthconcerns [3]. along the main migration routes of birdsin Egypt

In   Egypt,    the   prevalence   of   H9N2  antibodies suggested that the virus was most likely introduced
in  chicken  population  was  reported  in  2001   [4]  and viawild birds [11].
the first isolation report of H9N2 virus was in December Vaccination using inactivated local field strains
2010  to May  2011  in  chickens,  quails and turkeys ofH9N2 viruses has been recently implemented. Bivalent
(Arafa et al., unpublished data). Also, serological or trivalent vaccines with H5, Newcastle disease virus
investigation  revealed   that   the   H9N2   virus   was and/or infectious bronchitis virus have been also used
wide-spread in commercial farm settings between firstly in the breeder andlayer flocks then in the
February 2009 and April 2012 as 50% (605/1225) of broilers[12]. All of these vaccines were designed mainly
collected sera from 39 chicken flocks were tested positive to induce  humoral immune response. In the present
for H9 subtypes [5]. study, we have usedMontanide  71 ISA VG to induce

distress [5,6] and there was a decrease in egg production
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both cellular and humoral immune response. The aim of observed for 2 weeks for the presence of clinical signs of
the current study is to prepare and evaluate H9N2 vaccine disease or local lesions. [14].
adjuvated with Montanide  71 ISA VG. TM

MATERIALS AND MTEHODS by testing the ability of the vaccine to induce a significant

H9N2 AIV Propagation, Titration and Inactivation: quantitative reduction in challenge virus replication in
Influenza A virus (A/chicken/Egypt/114922v/2011(H9N2), respiratory (oropharyngeal or tracheal) and intestinal
with accession Number (JQ419502), was kindly provided (cloaca) tracts. The test was carried out according to the
by National Laboratory for Veterinary Control on Poultry OIE manual 2014[14]. Two groups of SPF chicks were
Production, Animal  Health  Research  Institute.  The used including vaccinated andnon-vaccinated (25 chicks
viruswaspropagated in SPF eggs and  EID  was each). Each bird in the vaccinated group was received50

calculated according toReed and Mennch[13] and OIE recommended  dose (0.3ml/dose containing 400 HA unit
manual  [14]. Then the propagated virus was subjected to of the H9N2 antigen) via s/c at the nap of the neck. Blood
different testing to determine the worst dilution for virus samples (random ten birds in each group) were collected
inoculation and the best time for harvestation from weekly up to 6 weeks post vaccination. HI test was used
embryonated chicken eggs according to the methods to determine the seroconversion to the prepared
adopted by Anon [15]. vaccine[17]. Ten chicks from the vaccinated and non-

Titration of The virus was carried out in embryonated vaccinated groups were challenged with the LPAI
SPF chicken eggs and the titer was calculated A/chicken/Egypt/ 114922v /2011(H9N2) at 30 days post
[13].Kinetics of inactivation by 0.1% formalinduring vaccination.  The  birds  were  inoculated by the intra-
continuous stirring at 25°C was determined. The nasal  (100  µl)  of  allantoic  fluid  containing  10  EID50
inactivation process was confirmed by testing no HA of the virus. Tracheal and cloacal swabs were collected at
activity after three blind passages at SPF egg. 2, 4 and 6 days post challenge to determine the virus

H9N2 Vaccine Preparation: The vaccine was prepared as primers and probes sequences as follows: primers H9f
an oil adjuvant form usingthe Montanide™ ISA 71 VG 5’GGAAGAATTAATTATTATTGGTCGGTAC 3’ ; and
adjuvant as manufacture instructions provided and H9R 5’ GCCACCTTTTTCAGTCTGACATT 3’ to amplify
advised by Seppic France. 182 bp fragment of HA gene and the H9 probe:

Quality Control of the Prepared H9N2 Vaccine TAMRA] as previously described [18]. 
Sterility  Test:  Experimental  batch  of  the prepared
vaccine was tested for its sterility and freedom from any RESULTS
fungal or bacterial contaminants by culturing on specific
media [14]. The virus was found to reach the highest titer when

Safety  and  Potency  Testing  Using  Specific  Pathogen EID50 and the best time of harvestation was found to be
Free (SPF) Chickens: One day old SPF chicks that at 72hrs post inoculation. Formalin treatment induced
purchased from koomoshiem SPF farm, Fayoum, Egypt inactivation of the virus which was completed after 18hrs
were used.The chicks were housed in isolation units of incubation (Table 1).
within isolation facilities till they became 21 days of age For determination the lowest dose of vaccine that
with free access to water and feed. These chicks were cause earlier and higher accepted HI titer, different doses
used in the safety and potency studies on the prepared of vaccines used (0.5, 0.3, 0.15 and 0.075 ml) and HI titer
vaccine. examined every week, the results revealed that the

Safety   Test:  Experimental  batch  of  the  prepared give earlier (5.4 HI log2) and accepted HI titer (log2) 6.8,
vaccine was tested for its safety by inoculating double 7.6, 10.6, 10.4 at 10.2 at 2 , 3 , 4 , 5  and 6  week post
dosesubcutaneously in ten 3-week-old birds and these are vaccination; respectively (Table 2). 

Potency Test: Potency of influenza A vaccine is evaluated

HI titer in SPF birds and assessment of morbidity and

6

shedding  using  real  time  PCR  (RT-PCR) utilizing

[FAM]AACCAGGCCAGACATTGCGAGTAAGATCC[

propagated at 1/10,000 dilution where the titer was 108.5

vaccinal dose (0.3 ml) of the currently used seed virus

nd rd th th th
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Table 1: Kinetics of avian influenza strain A/chicken/Egypt/114922v/2011(H9N2) inactivationusing formalin 0.1%.

*Titersexpressedlog EID /ml10
50

---------------------------------------------------------------------------------------------------------------------
Hours post inactivation Untreated control virus Treated virus

0 8.5 8.5
3 8.3 8
6 7.8 7.2
9 7.8 6.5
12 7.6 6.5
15 6.3 3.1
16 6.3 1.4
17 6.3 <1
18 5 0
19 5 0
20 5 0

Table 2: Mean log2 HI antibody titer of different vaccinated groups with different doses of the prepared inactivated oil emulsion Avian influenza vaccine.

Weeks post vaccination
--------------------------------------------------------------------------------------------------------

Groups Vaccinal dose 1 2 3 4 5 6st nd rd th th th

Group 1 0.5 ml 5.5 7.4 9.25 9.4 10.4 10.8
Group 2 0.3 ml 5.4 6.8 7.6 10.6 10.4 10.2
Group 3 0.15 ml 4.2 6.6 7.4 9.2 9.2 10.2
Group 4 0.075 ml 2.2 5.6 6.2 9.4 8.4 8.6
Group 6 Non vaccinated kept with safety group 0 0 0 0 0 0
Group 7 Non vaccinated keptas negative control 0 0 0 0 0 0

Result of Shedding after Challenge Testing: management in poultry farms might be the cause of

Table 3: shows results of real time PCR for shedding of RNA copies of
group vaccinated with H9N2 vaccine at 2  and 4  and 6  daysnd th th

post challenge.

Shedding amount
Time point Sample Result ct (Copies)

2 days H9N2 vaccine Negative No Ct -
control Positive 29.01 8.778 X 104

4 days H9N2 vaccine Negative No Ct -
control Positive 24.24 2.463 X 106

6 days H9N2 vaccine Negative No Ct -
control Positive 26.77 4.202 X 105

At 2  and 4  and 6  days post challenge H9N2nd th th

vaccinated group showed 0% shedding against H9N2
challenge virus whereas the positive control group have
100% shedding for RNA copies of H9N2.

DISCUSSION

H9N2 AI virus itself not cause severe damage in
poultry flocks there is some other factors such as co-
infection with other viruses or bacteria and poor

economic losses. Also co-infection with infectious
bronchitis is one of the most important reasons for the
high mortality resulted from avian influenza in Egyptian
poultry industry. That highlight the importance of
controlling the H9N2 virus circulated in Egypt to minimize
the economic losses.

Worldwide, the AI inactivated vaccine used but its
mass production still problematic. However, using of
vaccines with lower dose could maximize the mass
production capability. Although the using of inactivated
vaccines to control AI is the most preferable method for
vaccination to avoid the antigenic shift and/or drift,
several reports have been published noting the continues
evolution of the virus in vaccinated birds [19]. In the
present study, 1/10000 dilutionof the propagated virus
found to produce the highesttiter of 10 EID50/ml similar8.5

to the results reported by others [20].Concerning the
optimal time for harvesting the virus, it was found that a
high titer 10  was obtained 72 hours post inoculation in8.5

accordance with finding of Easterday and Tumove[21]. 
The study of inactivation kinetics of virus

inactivation using formalin in a final concentration of 0.1%
at 25°C, our data revealed that the initial virus titer 108.5
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EID50/ml was completely inactivated 18hours post 4. Hussein, H.A. and M. ElAzab, 2002. Evidence for the
incubation and this complete inactivation was assured presence of H6 and H9 among broiler and layer
after three successive blind passage in embryonated breeders in Egypt.Proce. XII. Int. Cong. World. Vet.
chicken eggs [22]. Poultry Assoc. Cairo-Egypt, pp: 227-235.

Although the most important part of immune 5. Afifi,  M.A.,   M.F.  El-Kady,  S.A.  Zoelfakar  and
response for controlling of AIV is the humeral immunity A.S Abdel-Moneim, 2013. Serological surveillance
[23].The protective immune response against avian reveals widespread influenza A H7 and H9 subtypes
influenza depend mainly on humeral immune response. among chicken flocks in Egypt. Trop Anim Health
Our results revealed earlier (3 weeks post vaccination) and Prod., 45: 687-90.
high (4 weeks post vaccination) HI titer induced by 6. Monne, I., H.A. Hussein, A. Fusaro, V. Valastro,
medium dose of the prepared vaccine (0.3ml). M.M.   Hamoud,    R.A.     Khalefa     S.N.   Dardir,

To evaluate the efficacy of vaccine it must reduce the M.I. Radwan, I. Capua and G. Cattoli, 2013. H9N2
virus shedding compared with group that have challenge influenza A virus circulates in H5N1 endemically
virus only (positive control group). infected poultry population in Egypt. Influenza Other

It has been showed that conventional H9N2 vaccines Respir Viruses, 7: 240-243.
used are efficiently significant to decrease and also 7. Arafa, A.S., N.M. Hagag, N. Yehia, A.M.  Zanaty,
prevent AI shedding in SPF chickens [14] concerning the M.M. Naguib and S.A. Nasef, 2012. Effect of
evaluation of low pathogenic avian influenza vaccine by cocirculation of highly pathogenic avian influenza
challenge test. There was no virus shedding detected in H5N1 subtype with low pathogenic H9N2 subtype
the vaccinated chicks with the prepared H9N2 vaccine in on the spread of infections. Avian Dis., 56: 849-857.
this study compared with the positive control chicks 8. El-Zoghby,  E.F.,   A.S.   Arafa,   M.K.   Hassan,
(Table 3). M.M.  Aly, A. Selim, W.H. Kilany, U. Selim, S. Nasef,

CONCLUSION Isolation of H9N2 avian influenza virus from

This study reports the preparation of whole virus Virol., 157: 1167-1172.
particle inactivatedH9N2 vaccine adjuvated with 9. Kandeil,   A.,    R.    El-Shesheny,    A.M.   Maatouq,
Montanide  71 ISA VG. The prepared vaccine was potent Y. Moatasim, M.M. Shehata, O. Bagato, A. Rubrum,TM

and safe for chicken vaccination; moreover the prepared K. Shanmu-ganatham,  R.J.  Webby,  M.A.  Ali  and
vaccine was accepted and authorized by the official G. Kayali,. 2014. Genetic and antigenic evolution of
authorities for evaluation of veterinary biologics. H9N2 avian influenza viruses circulating in Egypt
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