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Abstract 
Background and Aims: Avian influenza (AI) is an acute infectious disease of poultry, 

waterfowl, wild birds, and animals, zoonotically transmitted to humans. Some incidents of 

HPAI are reported in Iran: H5N1 and H5N8. Iranian Veterinary Organization decides on 

vaccination (H5) of layer and breeder flocks in high-risk provinces following the outbreak in 

Iran. This study aimed to evaluate the serum response of the vaccine in the layer flocks of 

high-risk provinces. 

Materials and Methods: Ten laying farms (Size: 30000-50000) were selected from Qazvin 

(no: 2) and Isfahan (no: 8) provinces that received the H5 vaccine (Four farms: 1 time; 6 

farms: 2 times of vaccine shots). Twenty-five blood samples were taken from each flock. The 

HI test was carried out in a U-bottomed microtiter plate and 4 HA units of homologous 

antigen.  

Results: The mean titers of antibodies in the poultry farms that received the vaccine once 

were 1.87, while those that received the immunization twice were 4.90 (significant 

difference; p<0.05). Also, if we consider protection baseline 4, 4 out of 6 flocks (~67%) 

could make it above it. Injection of the vaccine twice also improved CV.  

Conclusion: In combination with other control measures such as good biosecurity and 

monitoring programs, vaccination is considered a suitable and powerful tool to support AI 

eradication or control programs in endemically infected countries if the Iranian Veterinary 

Organization (IVO) did regular post-vaccination surveillance and evaluated the flocks for 

silent infections. 

Keywords: Avian Influenza; H5; Iran; Layer; Vaccination 

 

Introduction* 

 
 vian influenza (AI) is an acute 

infectious disease of poultry, water-

fowl, wild birds, and animals and an be  
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zoonotically transmitted to humans.  

The avian influenza virus (AIV) is a segmen-

ted, negative-sense RNA, enveloped virus 

belonging to the Orthomyxoviridae family.  

Hemagglutinin (HA) and neuramin-idase (N) 

classify AIV into 16 H and 9 N subtypes, 

respectively. HA undergoes frequent antigenic 

variation and plays a critical role in the 

pathogenicity of AIV. Additionally, HA
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has a vital relation to the host range, anti-

genicity, and pathogenicity of AIV  (1, 2).  

H5N1 is the representative subtype of HPAI in 

Asia and has evolved into over 32 clades 

distinguished by their haemagglutinin (HA) 

genes (3-5). In 2010, a novel H5N8 virus 

(Dkk1203), with genes belonging to the 

A/Goose/Guangdong/1/1996 lineage H5N1 

lineage, was identified in birds at live bird 

markets in China. Analyzing the topology of 

the phylogenetic tree, this virus presented 

longer branches than the previously recognized 

2.3.4.1, 2.3.4.2, and 2.3.4.3 subclades, and 

according to the WHO/OIE/FAO) H5N1 

evolution working objective group criteria, 

these viruses were assigned to 2.3.4.4 clade 

(6). HPAI A/ duck/Jiangsu/k1203/2010 H5N8 

virus of the Asian H5N1 lineage (HA gene 

belonging to clade 2.3.4) was initially isolated 

from mallard ducks a live-bird market in 

eastern China in 2010. In 2013, live poultry 

markets in the east of China were the first to 

isolate novel reassortant H5N8 viruses. Then 

the virus was detected in poultry and wild birds 

in the Republic of Korea and Japan. Two 

distinct genetic groups of HPAI H5N8 were 

identified in phylogenetic analysis in the 

Republic of Korea, and a characterized virus 

represented each group: group A (A/broiler 

duck/Korea/Buan2/2014- like) and group B 

(A/breeder duck/Korea/Gochang1/2014-like).  

In late 2014, HPAI H5N8 viruses were 

reintroduced into South Korea and Japan, and 

they were discovered in Europe and North 

America (7). 

 Some incidents of HPAI are reported in Iran: 

H5N1 and H5N8. The H5N1 subtype was first 

detected and confirmed in wild swan corpse on 

passive surveillance in Iran on February 13, 

2006. Also, In November 2016, HPAI H5N8 

was detected in a commercial egg farm in the 

province of Tehran. Genetic and phylogenetic 

analysis of the HA gene demonstrated that the 

Iranian HPAI H5N1 and H5N8 viruses belong 

to the HPAI H5 virus clades (2.2.1, 2.2.2, and 

2.3.2.1c) and 2.3.4.4, respectively (6, 8, 9).  

Vaccination of poultry against avian influenza 

is a response to repeated outbreaks in recent 

years. Vaccination campaigns have been suc-

cessful in the short term, but outbreaks have 

inevitably recurred.  Iranian Veterinary Organ-

ization decides on vaccination (H5) of layer 

and breeder flocks in high-risk provinces 

(Qazvin, Qom, Isfahan) following HPAI H5N8 

in Iran as a control tool. This study aimed to 

evaluate the serum response of the vaccine in 

the layer flocks of high-risk provinces. 

 

Methods 

 
Sampling: Ten laying farms (Size: 30000-

50000) were selected from Qazvin (no:2) and 

Isfahan (no:8) provinces that received the H5 

vaccine (Four farms: 1 time; 6 farms: 2 times 

of vaccine shots). The minimum age of the 

sampled herds was 12 weeks, and the 

maximum was 25 weeks. The first age of 

vaccination in flocks was two weeks, and the 

last age was 20 weeks. Blood sampling time 

was at least three weeks after the first 

vaccination or two weeks after the second 

injection. Twenty-five blood samples were 

taken from each flock. Sampling details are 

given in Table 1. 
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Fig. 1. Comparison of 1 and 2 times H5 vaccination.  

 

Haemagglutination inhibition (HI) test: The HI 

test was carried out in a U-bottomed microtitre 

plate, and 4 HA units of autogenous antigen in 

0.025 ml phosphate buffer saline; HI tires were 

given titer reference number according to 

Kaleta and Siegmann (10). Geometric mean 
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titers (GMT) were calculated for each group of 

serum samples. 

Statically Analysis: Office Excel and Graphpad 

6 software analyzed the data. The mean 

headline of the vaccine group was compared 

with the two-time t-test vaccine and the mean 

headline between the herds and ANOVA to 

compare the data. P <0.05 was considered a 

statistically significant level. 
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Fig. 2. The HI titers of H5 Avian Influenza of different 

layer flocks 

 

Results 

 
The mean titers in the farms that received the 

vaccine once were 1.87, while those that 

received the vaccine twice were 4.90 

(significant difference; p<0.05) (Fig. 1). Also, 

if we consider protection baseline 4, 4 out of 6 

flocks (~67%) could make it above it. The 

lowest average titer was 1.30, and the highest 

average titer was 6.25. Injection of the vaccine 

twice also improved CV. The percentage of 

individual titers in each group above four was 

also calculated (Fig. 2 and Table 2). 

 

Discussion 

 
AIV is an emerging threat to public health and 

continues to cause outbreaks among poultry 

and humans.  In Iran, poultry is ready for sale 

as meat at 1.5 months of age, but poultry for 

egg production and breeding stock is kept for 

up to 1.5 years. There has previously been little 

information about the influenza vaccination of 

poultry under field conditions.  

 
Table 1. Layer flocks that involved in this study 

(Assessment of H5 vaccination). 

 
Flock 

Code 

Province Sampling 

Age (Wks) 

Time of first 

vaccination 

(Wks) 

Time of 

second 

vaccination 

(Wks) 

F-8 Qazvin 12 5   

F-9 Qazvin 3 5 12 

F-14 Isfahan 12 5   

F-15 Isfahan 20 11 15 

F-16 Isfahan 7 2   

F-17 Isfahan 25 17 20 

F-18 Isfahan 12 6   

F-19 Isfahan 20 12 15 

F-20 Isfahan 21 10 16 

F-21 Isfahan 16 6 11 

 

In laboratory studies, vaccination against H5 

influenza viruses has protected ducks and 

chickens against lethal challenges (11).  

Factors that influence vaccination outcomes 

include the type and quality of vaccine, 

vaccination schedule, dose, and method of 

administration. Importantly there is no single 

recommended regime for HPAI vaccination of 

commercial poultry in the endemic situation.  

Vaccine-induced immunity is measured by the 

presence of haemagglutination inhibiting (HI) 

antibodies in vaccinated birds, and HI titers 

generally reflect the efficacy of the vaccine and 

correlate with protection from a virulent H5N1 

challenge (12). Based on the OIE’s manual 

minimum HI serological titers in the field, 

birds should be 1/32 to protect from mortality 

or greater than 1/128 to provide a reduction in 

challenge virus replication and shedding. This 

study showed that flocks should be vaccinated 

at least twice, and single injection in addition 

to the low antibody titer, the titer CV is very 

high. 

It should be noted that the vaccine could cause 

immunity for up to 12 months if vaccinated 

twice (13). The study showed that injection age 

did not affect the immunity. H5 hemagglu-

tination inhibition (HI) and virus neutralization 

(VN) antibodies were observed 40 weeks after 

vaccination of chickens with two doses and 

vaccination of ducks with one dose (11).  
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Also, 2 of 6 flocks did not have the proper 

antibody response despite receiving the 

vaccine twice. It is important to consider the 

various causes of poor response. If the farmer 

decides to keep the flock more, It is recomm-

ended to do another injection once. The results 

of this study were able to establish a baseline 

for an average of around 5. Baseline assists the 

veterinary organization and veterinarians in 

evaluating the vaccine and discovering the 

silent infection. An important characteristic of 

an effective H5N1 vaccination program is the 

number of birds protected from virulent 

challenges, i.e., the “level of flock immunity.” 

The current estimate of this is that ≥60% of 

birds have HI titers of ≥ 4log2 spread of the 

H5N1 challenge virus is reduced or prevented 

(14).  The majority of vaccinated flocks in our 

study (4/10) had HI titers of ≥ 4log2 at 18 Wks 

and thus were protected. According to the 

results, not far off that, we have silent 

infections. 

However, after that, protective immunity 

declined at a variable rate and was associated 

with, to a degree, the number of vaccinations 

given. It is speculated that 90% of a flock must 

be vaccinated to ensure flock immunity. It also 

requires a high-quality vaccine that elicits a 

lasting antibody response (15) 

In Mexico, for example, vaccination programs 

against H5N2 epizootics have been underway 

since 1995(16). In the end, however, extensive 

vaccination caused antigenic drift from the 

vaccine strain, contributing to vaccination 

failure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Southeast Asia, H5N1 vaccination programs 

have been instituted in Indonesia, Hong Kong, 

China, and Vietnam. The concern in this region 

is inadequate vaccine coverage. In China, only 

20–50% of all flocks were vaccinated, and in 

Vietnam, only 40–60% (11, 17). Although no 

outbreaks have been reported in vaccinated 

flocks, any H5N1 virus introduced into these 

flocks, e.g., virus shed by asymptomatically 

infected ducks, maybe further disseminated by 

vaccinated poultry that is protected only 

against severe illness (18). Tarigan et al. 

(2018) show, the HI titers of individual birds in 

each flock differed significantly from birds in 

other flocks, indicating that the effectiveness of 

field vaccination was highly variable and farm-

related (12). When used properly, vaccination 

has been shown to protect poultry against 

clinical signs and death and markedly reduce 

virus shedding in vaccinated birds, reducing 

virus transmission (19, 20).  According to the 

results of this study, at least two vaccinations 

are required to provide adequate serum 

protection and titration. However, vaccination 

must be repeated to achieve higher titers and 

prevent virus replication. On the other hand, a 

single vaccination cannot provide the mini-

mum headline needed for protection. 

For improvement of vaccination strategy 

outputs, the following are suggested:1-Sero-

Screening of all vaccinated flocks for finding 

the baseline and silent infection. 2- Periodic 

sampling and antigen tracking test (Real-time 

PCR) for flock monitoring 3- Challenge 

studies to evaluate the vaccine's efficacy on 

Iranian H5 circulating strains. 4- Increase 

Table 2. The HI titers of H5 Avian Influenza of different layer flocks. 

Flock cod Flock 

14 

Flock 

16 

Flock 

18 

Flock 

8 

Flock 

15 

Flock 

17 

Flock 

19 

Flock 

9 

Flock 

20 

Flock 

21 

Time Of 

Vaccination 

1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 

Mean 2.05 2.29 1.88 1.30 5.55 3.00 5.57 3.20 5.88 6.25 

Std 

Deviation 

1.65 1.86 1.71 1.69 1.23 1.62 0.85 1.51 0.99 0.90 

CV 80.34 81.27 91.08 129.92 22.24 54.07 15.29 47.12 16.88 14.35 

Individual 

titer in each 

>4 (%) 

21.05 28.57 18.75 15.00 40.00 90.00 40.00 100.00 100.00 100.00 
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vaccination coverage. 5- Create a program to 

remove the vaccine policy.  6- Do the HI test 

with Iranian H5 Antigen. 

 

Conclusion 

 
In combination with other control measures 

such as good biosecurity and monitoring 

programs, vaccination is considered a suitable 

and powerful tool to support AI eradication or 

control programs in endemically infected 

countries if the Iranian Veterinary Organi-

zation (IVO) did regular Postvaccination 

surveillance and evaluated the flocks for silent 

infections. 
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