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Abstract: Re-emerging of H5N1 severe outbreaks in vaccinated chickens housed in poultry
farms in Sharkia governorate in Egypt was observed starting from October 2007 and
continued for 3 months until control measures have been taken in such farms, besides
multiple vaccination during this period were applied using reassortant HSN1 and 6 types
of H5N2 vaccines. In the present study, 9922 serum samples were collected from vaccinated
chickens including some broiler breeders and commereial layers from the period of December
2006 to February 2008 and tested for the immune response to the multiple vaccination with
different HSN1 and H5N? avian influenza vaccines (reassortant HSN1 and 6 types of HSN2
vaccines) by Hemagglutination Intubition (HI) test using heterologous HS5 antigen which
represent non of the vaccine antigens. The samples were collected from 578 houses mostly
commercial layers. HSN1 viral nucleic acid was also detected in swab samples collected from
mortalities occurred in some of vaceinated birds after vaccination policy has been applied
in Egypt at March 2006. The viral RNAs of the detected H5N1 circulating viruses between
Feb. 2006 and Feb. 2008 in Sharkia governorate were sequenced. Results of mucleotide
sequence analysis of 11 detected viruses confirm the existence and circulation of the H5N1
in Sharkia governorate along the period of study and no H7 viruses were detected. The serum
samples collected from different farms were divided into 4 groups based on the date of
collection. Hemagglutination Inhibition (HI Jresults showed that in the first group (samples
collected between December 2006 to March 2007) 43% of the tested samples were of HI
titers of 6 log 2 or more which we propose such titer as a protective titer against HSN1
virus. In group 2 (samples collected between April and July, 2007), titers in 36.4% of the
tested samples were protective. In group 3 (samples collected betwesn August to November,
2007), titers in 33.2% of the samples were protective. The last group contains samples
collected from chicken vaccinated twice during the period of collection {December 2007 to
February 2008), besides being previously vaccinated with at least 3 vaccine shots.
Hemagglutination Inhibition (HI) titers in such group were protective in 54% of the tested
samples although these chickens received 5 doses of H5 vaccines. The present study is
highlight the possible multiple causes of re-emergence of HSN1 outbreaks in Egypt.

Key words: H5N1 avian influenza virus, HI test, H5 vaccines, HSN1 nucleic acid, sequence
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INTRODUCTION

The number of outbreaks of the Highly Pathogenic Avian Influenza (HPAI) H5N1 disease has
increased alarmingly in the last 10 years with unprecedented emergence and spread of the virus in Asia,
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Europe and Africa. The zoonotic infections of humans have resulted in AT being considered one of the
most important animal diseases (Capua and Alexander, 2006). Vaccinology for Al has not grown at
the same rate as other infectious diseases of amimals. Data are being generated from experimental and
field research in AI vaccinology, but the success of Al vaccines under field condition where complex
task of vaccinating poultry in different farming and ecologic environments still has area of uncertainty
(Capua and Marangon, 2006). Vaccination can be a powerful tool to support eradication programs in
increasing resistance to field challenge, reduce shedding levels in vaccinating birds and reduce
transmission {Van-Der-Goot ef /., 2005). Timely information is needed about the efficacy of
vaccination using different approaches. In the last year, one of the possible causes of re-emerging of
H5N1 breaks is the failure of the AI vaccines of controlling the outbreaks of HSN1 in Egypt.
Moreover, escape mutant strain of H5N1 has been recently reported among poultry farms
(Taha et af., 2008).

Testing the efficacy of different H5 Al vaccines as a possible cause of vaccination failure in the
2007 H5N1 breaks in Sharkia governorate is an urgent need.

In the present study, analysis of the immune response to the multiple vaccination with different
H5N1 and H5N2 avian influenza vaccines (reassortant H5N1 and 6 types of H5N2 vaccines) by
Hemagglutination Inhibition (HI) test using heterologous H5 antigen which represents non of the
vaccine antigens has been carried out. Also, RT-PCR to screen H5 and H7 Al viruses and sequence
analysis of the circulating viruses detected in vaccinated flocks with mortalities in the period between
2006 to 2008 have been applied.

MATERITALS AND METHODS
Serum Samples
Blood samples were collected from wing vein and kept in a slope position at 37°C for 30 min then
at 4°C overnight. Sera were then separated by centrifugation at 3000 rpm/ 20 min and stored at -20°C
till used. All sera were inactivated at 56°C for 30 min before used.

HI Test
The test was performed according to OTE Manual (2005).

RT-PCR

RNA was extracted from the tracheal swabs collected from dead birds in 11 vaccinated flocks
along the period of study. Primers specific for type A influenza (M gene) and HS and H7 of ATV were
designed and RT-PCR protocol was used according to Hussein, (2001). The sequences of the designed
primers were as follows:

¢ For detection of any type A influenza viruses (M gene primers MF and MR were used)
MF: 5 AGA TGA GTC TTCTAA CCG AGG TCG 3’
MR: 5 TGC AAA AAC ATCTTC AAGTCT CTG 3

¢ For typing of the detected viruses (H5 and H7 specific primers were used)
HS5 Forward: 5' ACG TAT GAC TAT CCACAATACTCAG 3
H5 Reverse: 5' AGA CCA GCT ACC ATG ATT GC3'
H7 Forward: 5" ATT GGA CAC GAGACGCAATG
H7 Reverse: 5' TTC TGA GTC CGC AAG ATC TAT TG 3'

Sequence Analysis
PCR products of the detected viruses were sequenced in the gene sequencing unit at VACSERA.
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RESULTS AND DISCUSSION

The zoonotic infections of humans have resulted in Al being considered one of the most
important ammal discases (Capua and Alexander, 2006). The development of H5N1 vaccine is
recognized as the primary strategy to protect human against a possible H5N1 pandemic
(Suguiten ez af., 20006). Infections with H5N1 ATV in birds and in humans have been occurring since
1997 and the phylogenetic and antigenic analysis of HSN1 viruses collected over the last period
indicated that they have evolved into different sublineages or clades: 2004 viruses are designated
clade 1, 2003 wviruses clade 1', some 2005 viruses clade 2 and 1997 viruses clade 3 (WHO 2005,
Chen et af., 2006).

H5N1 virus is an influenza A virus first detected in china from geese in Guangdong Province at
1996 (Chen ef @, 2004). In 1997, H5N1 AIV caused disease outbreak in poultry in Hong Kong and
was transmitted to human causing 6 deaths (Shortridge ef al., 1998). Starting from late 2003, H5N1
viruses began to spread and cause disease outbreaks in China {(Wan ez af ., 2005), Japan (Mase ef af .,
2005), South Korea (Lee ef al., 2005), Thailand, Vietnam, Indonesia, Malaysia, Cambodia and Laos
(www.ole.int) resulting in the destruction of hundreds of millions of poultry including chicken, ducks
and geese. In May 2005 an H5N1 HPAI virus outbreak occurred in wild birds in Qinghai lake in
Western China (Chen er af., 2005, 2006) one of the genotypes of H5N1 virus which identified from
the wild birds population continued to spread (goose) to countries in Europe, Africa, the Middle East
and Middle Asia (www.oie.int) and caused discase and deaths in wild birds and domestic poultry
(Ge et al., 2007). Recently over two hundred human cases have been confirmed around the world
confirming the public health importance to effectively control avian influenza. Most of HPAI viruses
arise by mutation after LPAT viruses have been introduced into poultry, thus mutations caused by
several mechanisms leads to spontaneous duplication of purine triplet which resulted in the insertion
of a basic amino acid at the HAQ cleavage site and these occurred due to transcription fault by
polyvmerase complex (Perdue et af., 1997). The factors that bring about mutation from LPAI to HPAI
are not known, however the wider the circulation the higher mutation will occur. HSN1 genomes
characterized by continuous genetic diversity leading to at least four distinet clades which have been
identified with gradual genetic changes in the subclades (Table 1).

Timely information is needed about the efficacy of vaccination using different approaches.
Specially, in the last two years present field observation suggested that the failure of the Al vaccines
to control the outbreaks of HSN1 in Egypt may be one of the possible causes of re-emergence of H5N1
breaks (Table 2). Moreover, escape mutant strain of HSN1 has been recently reported among poultry
farms (Taha ef af., 2008).

The present study presents a preliminary field evaluation of the efficacy of the commercially
available imported vaceines (H5N1 and H5N2) in Sharkia governorate. When 6 log 2 HI titer using
heterologous HS antigen proposed to be the protective titer against mortalities caused by H5N1

Table 1: Mean HI titers in vaccinated chicken flocks with different avian influenza vaccines (HSN1 and HSN2)
Range of mean HI titer log (2) (®0)

Period Flocks Below 4 4-5 5-6 6-7
{2/06- 3/07 143 TOMR.9) 23(16.8) 25(17.4) 25(17.4)
ftl-wm 151 43(28.4) 34(22.5) 26(17.2) 48(31.T)
21-111/07 76 27(35.5) 25(32.8) 18(23.6) 6(7.6)
gfom/os 208 20(9.6) 32(15.3) 42(20.1) 114(54.8)
Total 578 160(27.6) 114(19.7) 111(19.2) 193(33.3)
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Table 2: The number and percentage of the samples of vaccinated chickens showing protective and non protective HI titers

for ATV
Range of HI titer log (2%6)
Non protective

Period No. of samples 6 7 8 titer (below 6) (%)
I
12/06- 3/07 1807 186(10.2) 210(11.6) 387(21.4) 57.0
I
4-7/07 2454 319(12.5) 351(13.7) 297(11.6) 63.5
111
8-11/07 1664 262(15.7) 153(9.1) 140(8.4) 66.7
v
12/07-3/08 3506 E44(16.4) 651(16.6) 824(21.0) 45.9
Total 9922 1411(14.2) 1365(13.7) 1648(16.6) 55.3
Table 3: Field efficacy of the HS Al vaccines in vaccinated chicken flocks in Sharkia governorate

HS5 vaccines efficacy under field condition

HI titer below HI titer 7 log 2 Protective titer Protective titer
Period No. of samples Tlog2 or more (6 log2) (%o) (7 log2) (%)
I
12/06- 3/07 1807 1210(66.9) 597(33.0) 43 33.0
I
4-7/07 2454 1897(74.5) 648(25.4) 36.4 254
111
8-11/07 1664 1371(82.3) 293(17.6) 33.2 17.6
v
12/07-3/08 3906 2431(62.2) 1475(37.7) 54.1 37.7
Total 9922 6909(69.6) 3013(30.3) 4.5 30.3

infections, the results indicated that between 45.9-66.7% of the vaccinated chicken were considered
unprotective (Table 2). However, the 7 log 2 HI titer which we propose in the study may indicate the
real efficacy and immunogenicity of the used vaccines with overall percentage of 30.3 along the two
years period of the present study. Indeed, the maximum protection percentage obtained in the field was
37.7% where multiple vaccination at least 4 times were applied (Table 3). Age of birds and vaccine
dose were previously reported by others to play an important role in the efficacy of the immune
response (Stone, 1987, Swayne ef af., 1999). Also, there is a direct relation between the
immunogenicity of the inactivated AI'V vaccine and the incorporated antigenic mass content and its
formulation in the final preparation (Trani ef af., 2003). Thus, it is clear that there are many factors
influence the success of the vaccination in the field. Although, vaccine application, vaccine dose, route
of administration may considered the most important factors, the use of commercial Al vaccines under
field condition in Egypt was unsatisfactory and may be one of the main reasons accelerating the
evolution of antigenic variants (Sultan and Hussein, 2008). In a recent study, the genetic evolution
under vaccination pressure has been reported by Escorcia ef af. (2008). Moreover, the genetic
variation was due to the effect of long term use of vaccine in H5N2 AIV in Mexico has been reported
by Lee er af. (2004). The antigenic drifts occurring in the presence of vaccine pressure resulted in the
total failure of the vaccine to prevent the virus shedding when vaceinated birds were challenged with
antigenically different strains even within the same lineage (Lee ef af., 2005). The current increase in
the incidence of AIV infection seen in the field may be related to antigenic drifts which are most likely
accurmulated along the last two years especially after the extensive use of the vaccines in the field. Like
in Mexico, the situation under field condition is similar. Tt is expected to ses more respiratory signs of
disease in vaccinated and challenged birds. The possible acceleration in accumulation of mutations in
HA gene resulting in the antigenic drifts may be attributed to the use of vaccination (Escorcia ef af.,
2008). The efficacy of the direct control measures implemented to support the use of commercial
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vaccine and the vaccine quality may represent the main causes of the vaccination failure under field
condition in Egypt. Surveillance programme is a principle aim in the control strategy of HPAI (Capua
and Marangon, 2003). Sequence analysis of the recent isolated ATV strains from vaccinated flocks in
Egvpt showed the occurrence of mutations in critical sites. However, the effect of such mutations on
the efficacy of vaccines in field still to be uncertain. The homology percentage between the isolated Al
field strains and the used vaceine virus is essential to reduce the spread levels of the ATV in the field
(Swayne ef al., 2000). In Egypt, many vaccines have been used including H5N1 and H5N2 with
different homology percentage to the isolated strains in Egypt. Thus, expected circulation of the H5N1
strains is continuing since its introduction with genomic variations in both H5N1 high and low
pathogenic strains. Such observations have been confirmed in Mexico after 13 vears of using the
inactivated vaccines (Escorcia er of ., 2008). Indeed, enforced and restricted biosecurity with vaccination
programme are the main measures to be applied in the control of AIV infections. Taken together, the
present study clearly demonstrates the failure of the vaccines to induce immunogenic HT titers in more
than 60% of the vaccinated birds which give the attention to the need for more control measures in
many directions, the good quality vaccine and its application with enforced biosecurity are the main
points to be considered.

Yet, data on the effect of vaccination on the transmission of virus within the flock indicate
reduction in the reproduction ratio <1 by one week post vaceination (Van-Der-Goot ef af., 2005). Thus
we believe in vaccination and although it is widely believed that the emergence of new influenza
pandemic caused by avian strain is only matter of time, a safe, effective and easy manufactured vaccine
is required (Horimoto and Kawaocka, 2005). Vaccination using both conventional and recombinant
vector vacecines has been experienced for the last ten years and data under field observation in China,
Indonesia and Vietnam and recently in Egypt indicated some uncertainty in the performance of these
vaccines. Moreover some experts have questions whether extensive use of recombinant vaccine results
in the emergence of antigenic variants that have persisted in the region (Lee ef af., 2005; Capua and
Maragon, 2006). Recent alternative strategy in developing novel influenza vaccine proposed the use
of NDV based live attenuated vaceine carrying the HA gene of HPAT wild bird isolate (Ge et al., 2007).
This approach overcome the cost of production and the labor some administration which are the
limitations of wide application of fowl pox based recombinant vaccine in the field. Although, generation
of NDV expressing HA gene of HSN1 using reverse genetics demonstrate its potential use as bivalent
vaccine against both pathogenic Al and pathogenic NDV. Yet, the vaccine efficacy may be affected by
the replication ability of the vector used for recombination which in other studies by Swayne ef al.
(2003), only 40% protection was obtained. Also, the insertion of foreign gene in NDV genome may
affect the immunogenicity and vaccine efficacy (Ge ef @l., 2007). In addition discrepancies in HI
antibodies level was observed in 3 different studies (Veits ez af., 2006; Park et al., 2006, Ge ef al.,
2007). Recent vaccination approach using live attenuated influenza A H5N1 candidate vaccine using
reverse genetics provide promising finding under experimental study in mice and ferret, however a
single dose did not induce complete protection against replication of challenge in the respiratory
tract (Suguiten ef of., 2006). Thus it is important to generate and carefully evaluate the live attenuated
H5N1 vaccine because it is not known whether the vacecine will be associated with some residual
virulence or over attenuated and it is difficult to obtain balance between attenuation and
immunogenicity. Hence, it is important to generate novel approach in the development of new H5
vaceine.

In conelusion, the study proposes 7 log 2 HI titer using heterologous HS antigen to face emerging
H5N1 breaks. Also, the study recommends the use of heterologous antigen for evaluation of the
efficacy of the used H5 Al vaccine. HPAT and LPAT of H5N1 virus are still circulating and evolving
since its infroduction in Feb. 2006 till now and no H7 viruses were detected along the 2 years of this
study. Sequence analysis of the 11 detected H5 field viruses in Sharkia governorates confirmed their

40



Int. J. Virol., 5 (1): 36-43, 2009

Table 4: The obtained nucleotide sequences of the 11 detected avian influenza viral RNA in samples collected from
mortalities in the vaccinated flocks during the study

RNA sample  Nuclectide sequence

1 AAAAGAGTTAAAGGGGAATAGTGGAGTAATTGGATCATAGGACTTACCAAA
TACTATCATTTATTCAACAGTGGCAAGTTCCCTAGCACTGGCAATCATGGGTAGCTGG
TCTAAGA

2 AAAGCAGTTAAAGAGGGAATAGGTGGGTAATTIGGATCATAGGACTTACCAAA
TACTATCAATTTATTCAACAGTGGCAAGTTCCCTAGCACTGGCAATCATNGGTAGCTG
GGTCTAAC

3 AAAGCAGTTAAAGGGGGAATAGTGGAGTAATTGGTCATAGGACTTACCAAA
TACTATCAATTTATTCAACAGTGGCAAGTTCCCTAGCACTGGCAATCATGGG
TAGCTGGTCTAAA

4 AACAATAAAAAAGGATAGTGATAATCGATAATAGGACTTACCAATACTATC
ATCTATTCACAGTGGAAGTTCCCTAGCACTGNCAATCTGGAAGCTGGTCTAAAAA

5 TTAAAGNGGGATAGTGGAGTAAATTGGATCATAGGACITACCAATACTATC
ATTTATTCAACAGTGGCAAGTTCCCTAGCACTGGCAATCATGGGTAGCTGGTCTAC

6 AAACAGITAAAGAGAGATAGTGGAGTAATTGGATCATAGGACTTACCAATA
CTATCATTTATTCAACAGTGGCAAGTTCCCTAGCACTGGGCAATCATGGGGTAGCTGG
TCAAA

7 AAAANAGTTAAAGGAGGAATAAGTGGAGTCAATTGGATCATAGGACTTACCAA
ATACTGTCAATTTATTCAACAGTGGCGAGTTCCCTAGCACTGGCAATCATGGGTAGCT
GGTCTA

8 AAACAGITAAAGGAGGGAATANGTGGAGTAATTGGATCATAGGACTTACCAAA
TACTGTCAATTTATTCAACAGTGGCGAGTTCCCTAGCACTGGCAATCATTGGTAGCTG
GTCTAA

9 ANNGCAGTTAAAAGGAGGAATAAGTGGAGTAAATTGGGATCATAGGACTTACCA
AATACTGTCAATTTATTCAACAGTGGCGAGCTCCCTAGCACTGGGCAATCATGGGTAG
CTGGTCTAA

10 AAANGCAGTTAAAGGNGAGGAATAAGTGGAGTAAATIGGATCATAGGACTTA
CCAAATACTGTCAATTTATTCAACAGTGGCGAGCTCCCTAGCACTGGCAATCATGGGT
AGCTGGICTAA

11 AGACAGTTAAAGAGAGGAATATTGGAGTTAAATTGGATCATAGGACTTACCAAATAC
TGTTATTTATTCAACAGTGGCGAGCTCCCTAGCACTGGCAATCATGGGTAGCTGGTCT
ANCA

All viruses were found to be H5N1 after sequence analysis

relatedness to HSN1 (Table 4). Suboptimal protection of the vaccinated chickens using different H5
Al vaccines considered one of the major possible causes of re-emerging of H5N1 breaks in 2007.
Finally, HI titers of 7 log 2 can be used to represent the immunogenic capacity of the evaluated
vaceine.
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