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ABSTRACT 
 

In a trial to control the wide spread of Highly pathogenic avian influenza (HPAI) H5N1 virus 
outbreaks among poultry flocks in Egypt, many inactivated oil adjuvant AI virus vaccines were used. The 
objectives of this trial were to evaluate the safety and efficacy of  the recombinant HVT-H5 avian 
influenza vaccine expressing the H5 gene from a clade 2.2 H5N1 highly pathogenic avian influenza virus 
(HPAIV) strain (rHVT-H5), which in theory is capable of breakthrough passive immunity to both the 
vector (HVT) and the insert (H5) and is consequently applicable at the hatchery this trial was conducted  in 
both specific pathogen free (SPF) and commercial broiler chicks against challenging with the current 
recently isolated HPAI H5N1 (A/duck/Egypt/CLEVB-24_N00238/2015) field strain. Groups from SPF 
and broiler chickens were vaccinated with rHVT-H5 at 1st day old (D.O) and monitored serologically post 
vaccination (pv) by HI test at 1st, 7th, 14th, 21st and 28th then challenge test were conducted at 28th using the 
recently isolated (A/duck/Egypt/CLEVB-24_N00238/2015) field strain s challenge virus, oropharyngeal 
swab samples were collected for detection of virus shedding titter by real time RT- PCR). Our results 
declared that the protection percentage in both SPF and broiler groups were 70% and 60% respectively 
meanwhile HI titer at 4th week PV were 3.1 and 3 respectively, the vaccine did not induce significant 
reduction in the titre of the shedding virus compared to the non-vaccinated challenged groups in both 
broiler and SPF chickens. 
 
Key words: Highly pathogenic avian influenza H5N1, Vaccination, Egypt, Broiler, protection, broiler. 

 
Introduction 
 

The endemic highly pathogenic H5N1 avian influenza viruses (A/H5N1) of clade 2.2.1 in Egypt 
compromise the poultry industry and pose a serious public health threat. In spite of vaccination, infections 
of commercial poultry flocks have been frequently reported. The 2.2.1.2 viruses were isolated from 
vaccinated commercial poultry and are postulated to be immune escape variants (IEV) (Abdelwhab et al., 
2015). 

Since late 2014, the incidence of H5N1 outbreaks among poultry flocks has increased as FAO stated 
that during December 2014 and May 2015, 492 poultry outbreaks were notified in Egypt, which a large 
increase is compared to the 44 poultry outbreaks reported during the same period the year before. This 
outbreaks were reported among vaccinated poultry in commercial farms and households as well as in 
unvaccinated backyard poultry (FAO reports, 2014). 

Vaccination of domestic poultry against H5N1 has been used on a large-scale in Egypt since the 
veterinary authorities made the decision to vaccinate all commercial flocks starting in May 2007, followed 
by vaccination of household poultry. However, according to Peyre et al. (2009) the vaccination coverage 
was limited with an average of 50–60% in the commercial farms and 25–30% in village household poultry 
in the best vaccinated Governorates. This might be one of the reasons why the impact of AI vaccination on 
disease control remains quite limited in Egypt, i.e., outbreaks are still reported regularly despite continuous 
vaccination of poultry and spill-over to humans remains a permanent risk,  Although  the shortcomings of 
the vaccination strategy may also be attributed in part to a lack of sufficient support in terms of funding 
and communication, the absence of an efficient monitoring system, and inadequate training of field 
technicians as emphasized recently.  



Middle East J. Appl. Sci., 6(4): 702-707, 2015 
ISSN 2077-4613 

703 

 

The recombinant HVT-H5 vaccine, expressing the HA gene of an HPAI H5N1 strain, has been 
developed to combat current threats of H5N1 infection in poultry industry (Rauw et al., 2011).  The 
relatively fast growth and easy production of HVT in chicken embryo fibroblast (CEF) culture are two 
important factors that have contributed to its wide use as a vaccine. Among other advantages, the HVT 
vaccines can be administered by the in ovo route 3–2 days before hatching or by the subcutaneous (s/c) or 
intramuscular route to day-old chicks (Heckert et al., 1996; Reddy et al., 1996). 

In spite of vaccination of poultry flocks with H5 Vaccines there is a Nemours HPAI H5N1 outbreaks 
were reported from December 2014 till May 2015, more than 19 H5 vaccines were commercially available 
in Egypt represented about 12 seed virus strain (unpublished data). 

The objective of our study is to evaluate the safety and efficacy of  the recombinant HVT-H5  in both 
specific pathogen free (SPF) and commercial broiler chicks against challenging with the current recently 
isolated HPAI H5N1 (A/duck/Egypt/CLEVB-24_N00238/2015) field strain. 

 
Materials and Methods 

 
Experimental Birds and housing: 

 
Ninety five commercial broiler day old (DO) chicks of Ross breed, were kindly supplied from El 

Wadi Company and Ninety SPF DO chicks were kindly supplied from Qum Oshim SPF farm at el Fayoum 
governorate. All chicks were housed in poultry BSL3 chicken isolators all over the experimentation period 
(38 day). The  chicks   were reared under proper Hygienic conditions ventilated  under negative pressure 
with HEPA- filtered air and maintained under continuous lightening, feed   and water will be supplied ad 
libitum. 

 
Vaccines: 

 
VECTORMUNE® HVT AIV vaccine (Recombinant Avian influenza Marek’s disease vaccine): 

VECTORMUNE® HVT AIV vaccine contains a genetically engineered Marek’s disease virus of serotype 
3 (turkey herpes virus or HVT) expressing an avian influenza H5 type key protective antigen. This vaccine 
is recommended for use in chickens as an aid in the prevention of Avian Influenza, H5 type and Marek’s 
disease. 

 
Viruses and Antigens: 

 
The Egyptian recently isolated and fully characterized HPAI H5N1 (A/duck/Egypt/CLEVB-

24_N00238/2015)  field strain with accession no EPI579780 on GISAID which was isolated from duck 
flock located in Monufia and has been fully identified, used as challenge virus and also used as HI antigen 
after treatment with Binary ethylenimine (BEI). 
 
Identity test (OIE 2015): 

 
Identity of AIV type incorporated in the vaccine under test is carried out through RT-PCR and PCR 

tests. 
 

Polymerase Chain Reaction (PCR): 
 

PCR was conducted on the viral DNA of the recombinant HVT-H5 avian influenza vaccine using 
primer pair specific for H5 gene of AI virus (Table 1) according to Munch et al. (2001) Forward primer 
MMU2 ( 5’-ATA CCA TCC ATC TAC CAT TCC-3’)reverse ( 5’-TAT GCC TAT AAA ATT GTC AAG-
3’) ,  The PCR reaction mixture of 50 μl was 25 μl of Taq PCR Master Mix, 3 μl of the forward primer, 3 
ul of the reverse primer, 10 μl of the viral DNA and 9 μl of water. The PCR reaction condition was initial 
denaturation at 95°C for 5 min, then followed by 40 cycles of denature at 95°C for 30 sec, annealing at 
55°C for 1 min and extension at 72°C for 1 min, with final extension at 72°C for 5 min. T-Gradient 
thermal cycler of Biometra was used. The expected product size is 290 bp. 
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Safety Test: 
 
 According to OIE (2015), twenty SPF chicks were inoculated S/C with twice the normal recommended 
dosage for each batch of the candidate inactivated AI vaccines and another 20 chicks were kept as an 
isolated control group. The birds were observed for any possible local or systemic adverse reaction for 21 
days.  
 
Experimental Design:  

 
At 1st  day old the chicks were classified and  identified into 6 groups each of 30 chicks  and the 

experimental groups were  divided and treated  as fallow:Gp1: consist of 30 day old SPF chicks vaccinated 
with 0.1 ml of recombinant Vectormune HVT-AIV S/C while Gp2: SPF chicks was considered as positive 
control group challenged non-vaccinated control group. And Gp3 SPF chicks was considered as negative 
control group (non-vaccinated none challenged). (Group 2 and 3 considered as one group till 28th day the  
time of challenge test). Gp4: consist of 30 day old commercial broiler chicks vaccinated with 0.1 ml of 
recombinant Vectormune HVT-AIV S/C, Gp5: commercial broiler chicks was considered as positive 
control group (challenged non-vaccinated control group). While Gp6:  commercial broiler chicks was 
considered as negative control non-vaccinated non- challenged. (Group 5 and 6 considered as one group 
till 28th day time of challenge test. Daily observation of all experimental groups for reporting of any 
clinical signs or recording of any mortalities all over the experimental period (38 day).  

At the 28th day of age the challenge test was conducted on 20 chicken from each group using the 
HPAI H5N1 (A/duck/Egypt/CLEVB-24_N00238/2015) clade 2.2.1.2 virus as each challenged chicken was 
inoculated intranasally with 100ul contain 106 EID50/chicken,(100CLD50) All chickens were subjected to 
daily observation and monitoring for 10 days post challenge (DPC) in order to record the clinical sings , 
mortalities and detection of virus shedding titer. 
 
Serology:  
 

Individual serum samples corresponding to each ten blood samples were collected from each 
vaccinated as well as control group at 1st, 7th, 14th, 21st and 28th day old. Serum samples were subjected for 
haemagglutination inhibition test (HI) according to OIE diagnostic manual, (2015). Using the heterologous 
HPAI H5N1 (A/duck/Egypt/CLEVB-24_N00238/2015) prepared antigen by using standard 4 HAU of the 
antigen. Data of HI results were analyzed statistically. 
 
Detection of Virus shedding titer: 
 

Individual oropharyngeal swab samples (10 individual from each group) were collected from all 
vaccinated challenged as well as non-vaccinated challenged groups in both experiment at 3rd, 5th, 7th and 
10th day post challenge (DPC). Swab samples were prepared to be suitable for testing using real time Rt-
PCR.  

RNA was extracted from the oropharyngeal swabs using QIAamp Viral RNA Mini Kit that supplied 
from (Qiagen, Valencia, Calif., and USA) Cat. No. 52906. Samples were amplified using Invitrogen 
superscript® III platinum® one- step Quantitative RT-PCR Cat. No 11732-088 to investigate the presence 
or absence of AIV-H5N1 following the manufacture instructions using primers and probe and reaction 
condition as described by Spackman et al. (2002).  

RRT-PCE for detection of the Shedding titer (PCR copies/ml) was conducted targeting the H5 gene 
and results of Cq values were calculated against challenge virus standard curve, Mean shedding titer= sum 
of shedding titer/number of shedders birds. (10from each group).  

 
Statistical analysis:  
 

Statistical analysis of log2-transformed HI titers in serologic tests was done with ANOVA and T test 
at a 95% level of significance, and least significant differences were used to determine statistically 
significant differences between means. 
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Results and Discussion 
 

Concerning the rHVT- H5 vaccine proved to be containing H5 gene, as detected by PCR also, the 
vaccine is safe and did not show any local or systemic adverse reactions during the period of observation. 
And this mean that the vaccine is identical and safe. 

In our study there is no observation of any clinical sings or mortalities till time of challenge test. the  
recorded weekly results of mean HI antibody titer (log2) tested using  the prepared antigen from 
heterologous  HPAI  A/duck/Egypt/CLEVB-24_N00238/2015 virus  of all groups  at 7th ,14th ,21st  and 28th  
days old  for SPF  and broiler chickens   were illustrated in Table (1). Upon vaccinated groups possessed 
HI antibodies, whereas the unvaccinated SPF chickens lacked antibodies while in broiler chickens the 
maternally derived antibody (MDA) was no longer detectable by HI test at the age of the 4th week and this 
is similar to the results of Rauw et al. (2012).  Our mean HI results at 4th week PV is 3.1, 3 for SPF and 
broiler chickens respectively using heterologous antigen, there were no significantly difference at < 0.05 
between both groups. 
 
Table 1: Mean HI antibody titers (Log 2) of SPF and commercial broiler chickens vaccinated with recombinant Vectormune 

HVT-AIV against the prepared hetrologous A/duck/Egypt/CLEVB-24_N00238/2015 HPAI antigen.     

D.O. Group 
Mean HI results 

1st D.O 7Tth D.O 14th  D.O 21th D.O 28th D.O 
Group 1 0 0.4±0.51 1 ±0.47 1.8 ±0.63 3.1±0.56 
Group 2(control) 0 0 0 0 0 
Group 4 5.4±0.84 2.5±0.71 1.5 ±0.71 2.1 ±0.56 3 ±0.66 
Group 5 (control) 5.4±0.84 3 ±0.94 2 ±0.66 1.2 ±0.42 0 

The arithmetic mean and ±standard deviation of HI titers are shown 

 
The results of daily observation post challenge, as well as control negative group, recording of 

clinical sings and mortalities, protection percentage, mean virus shedding in Table (2).  
  In unvaccinated challenged groups (group 2&5), the clinical sings started to be observed at 2nd DPC.  the 
frequently observed clinical signs in challenged increased virulence of the newly virus could be due to 
change in the multibasic amino motif especially non vaccinated  SPF and commercial broiler  positive 
control were  sever cyanosis of comb and wattle, echymosis on the shanks and  feet, nervous signs 
represent in torticollis and tremors, severely respiratory   signs including virulent coughing, sneezing, nasal 
discharge, gasping and dyspnea conjunctivitis mainly of frothy type associated with abundant lacrimation. 
The mortality started at 2nd DPC and reached to 100% at 3rd DPC and this mortality pattern is characteristic 
for this challenge virus. This result is agree with Soejoedono et al. (2012).  As animals were dead by the 3 
dpi, thus validating the challenge, But our results disagree with Rauw et al. (2012), as mortality was 
slightly delayed in the unvaccinated group with  MDA broiler chickens ,  as the course of mortality was 
extended to 6 dpi in the unvaccinated group that was challenged with the H5N1 Egypt 2007 strain. The 
difference in the mortality pattern between our results and that of  Rauw et al. (2012) could be attributed to 
the increased virulence of our newly  HPAI H5N1 (A/duck/Egypt/CLEVB-24_N00238/2015 challenge 
virus than that of the HPAI   H5N1 2007 strain. As the R325K which H5N1 is characteristic for 2.2.1.2 
viruses (Arafa et al., 2016) 

 In both SPF and broiler chickens vaccinated with rHVT- H5 the clinical sings were started to be 
observed at the 2nd DPC, the most observed clinical sings were depression, ruffled feather, coughing, 
sneezing, and it was more sever in SPF chickens, also the mortality started from 3rd DPC and the 
protection percentage for both SPF and broiler was 70% and 60% respectively. 

Our results of protection % of broiler chickens with MDA was nearly agree with those of  Rauw et al. 
(2012) as they found the protection % offered by rHVT- H5 vaccine in MDA positive broiler chickens was 
from 90% when challenged with the classical Egyptian HPAI H5N1virus of 2007 (of 98.5% identity with 
the insert vaccine strain) to 70% when challenged with the variant HPAI H5N1virus of 2008 (97.9% 
identity with the insert vaccine strain). We could refer the cause of that reduction in protection % to the 
mutation that occur in the 2008 HPAI H5N1strain which lead to increased its virulence and escaping the 
immunity offered by the vaccine. The same cause is found in our newly HPAI H5N1 
(A/duck/Egypt/CLEVB-24_N00238/2015) challenge virus which used in our study as that strain classified 
as a new sub-clade 2.2.1.2 and characterized by its increased virulence than the previously isolated strains 
besides its identity to the insert vaccine strain is 96.4 at the nucleotide level so the protection percentage 
were reduced than the recorded in other studies that used other Egyptian HPAI H5N1viruses (70% and 
more). 
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Table 2: Cumulative results of virus shedding after challenge with A/duck/Egypt/CLEVB-24_N00238/2015 HPAI virusat 
3rd, 5th, 7th, 10thDPC in both SPF and broiler chickens. 

Group 
Mean Shedding of challenge virus titer (Log10 copies) 

3rdDPC 5thDPC 7thDPC 10th  DPC **Mean ***Difference Protection 
Group 1 4.2±0.27* 3.7 ±0.31 3.1 ±0.21 2.7 ±0.24 3.42 1.9 70% 
Group 2(+) 5.4±0.51 - - - - - 0.0% 
Group 3(-) - - - - - - - 
Group 4 4.9±0.32 4.5 ±0.47 3.9 ±0.14 3.2 ±0.35 4.125 1.6 60% 
Group 5(+) 5.7±0.39 - - - - - 0.0 % 
Group 6(-) - - - - - - - 

* * Data represent arithmetic mean ±standard deviation of H5 gene copies in ml of swabs (Arithmetic mean shedding titer = 
sum of shedding titer (log10 HPAI H5N1 virus titer) /number of shedders. (10from each group). 
**mean= cumulative mean shedding titer of four days. 
*** Difference in mean of virus shedding titer between vaccinated groups and challenged non vaccinated control group  
which should be at a minimum of (102) 2 logs (100 fold) less virus in vaccinated compared to non-vaccinated chickens 
Suarez et al., (2006). 

 
 Concerning to the protection percentage in the SPF chickens in the current study which was 70% and 

we refer that poor protection % to the nature of the HPAI H5N1(A/duck/Egypt/CLEVB-24_N00238/2015) 
challenge virus as previously mentioned in the broiler chicken group and its high virulence in chickens and 
even in human due to the AA mutation that detected in the virus.  

The prevention of infection or the qualitative and/or quantitative reduction in virus replication in 
respiratory and digestive tracts are essential protective criteria that indirectly assess the role of the vaccine 
to limit field virus spread and are critical for control (Beard et al., 1992; Swayne, 2003;Capua et al., 2004). 

Here in our study unvaccinated chickens challenged with the Egyptian HPAI H5N1 strains shed large 
amounts of AI virus before dying, as measured by real-time RT-PCR (Table 2 & 3). As in positive control 
SPF and broiler groups the mean of virus shedding tier was 5.4 and 5.7 respectively and the demonstration 
of reduction in replication and shedding titers of virus from respiratory tract should be at a minimum of 
(102) 2 logs (100 fold) less virus in vaccinated compared to non-vaccinated chickens Suarez et al., (2006), 
so the vaccine doesn’t provide the significance reduction in virus shedding to be protective as  in gp1 the 
cumulative  mean  virus  shedding  titer is 3.42 (log10)  with a difference of 1.9  in mean of virus shedding 
tier comparing to positive control group while in gp 4 the cumulative  mean  virus  shedding  titer is  
4.12(log10)  with a difference of 1.6 in mean of virus shedding tier comparing to  control group.  And this 
results is disagree with Rauw et al. (2011); Rauw et al., (2012).  

Indeed the using rHVT- H5 vaccine in Egypt to assess the control of HPAI H5N1 in broiler flocks 
could be very crucial when used in a prime boost vaccination program with one of the commercially 
available inactivated H5 vaccines, we are working on this study and very promising results were obtained 
(unpublished data).  
 

Table 3: Data Record of challenge test of  SPF, broiler chickens vaccinated with  recombinant Vectormune HVT-AIV 
against challenging with A/duck/Egypt/CLEVB-24_N00238/2015 HPAI virus. 

Group  No. of challenged 
birds 

Total 
mortalities Protection % 

Mean HI titer at 
28th DPV 

*Difference in mean 
of virus shedding 

titer 
Group1 20 6 70 3.1 ±0.56 1.9 
Group2 20 20 0.0 0 0 
Group3 - - - - - 
Group4 20 8 60 3 ±0.66 1.6 
Group5 20 20 0.0 0 0 
Group6 - - - - - 

 

Conclusion 
 

1- Further studies must be conducted on the rHVT- H5 vaccine to afford good vaccination strategy 
against HPAI H5N1 virus, in which that vaccine could be implemented as a prime boost vaccine. 

2-  A special evaluation protocol must be written for recombinant vaccines, discussed and 
implemented to gain the highest possible benefits  in combating poultry diseases in Egypt 
specially AI. 
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