International Journal of Food Science and Agriculture, 2023, 7(2), 252-256
https://www.hillpublisher.com/journals/jsfa/

HiLL
PUBLISHING i s et

Serological Survey of Antibodies Against H5 and
H7 Highly Pathogenic Avian Influenza Viruses in
Shandong, China

Ruixue Xue#, Linlin Xing#, Zixin Jiang, Yujie Li, Cong Xu, Min Wang, Xianghua Kong,
Yue Zhang”

Shandong Provincial Center for Animal Disease Control and Prevention (Shandong Provincial Center for Zoonoses Epidemiology
Investigation and Surveillance), Jinan, Shandong, China.
#Both authors contributed equally to this work.

How to cite this paper: Ruixue Xue,
Linlin Xing, Zixin Jiang, Yujie Li, Cong
Xu, Min Wang, Xianghua Kong, Yue
Zhang. (2023) Serological Survey of An-
tibodies Against H5 and H7 Highly Patho-
genic Avian Influenza Viruses in Shan-
dong, China. International Journal of Food
Science and Agriculture, 7(2), 252-256.
DOI: 10.26855/ijfsa.2023.06.013

Received: June 2, 2023
Accepted: June 30, 2023
Published: July 29, 2023

“Corresponding author: Yue Zhang,
Shandong Provincial Center for Animal
Disease Control and Prevention (Shandong
Provincial Center for Zoonoses

Abstract

Research background: H5 and H7 highly pathogenic avian influenza (HPAI) out-
breaks have caused huge economic losses among poultry farms which has
prompted the Ministry of Agriculture and Rural Affairs of China to make immun-
ization mandatory for both the H7 HPAI virus and H5 HPAI virus. Research
methods: To determine the effects of immunization, 8,916 serum samples were
collected from 294 flocks between 2019 and 2021 and subjected to serum antibody
testing using the hemagglutination inhibition (HI) test. Our results showed that
immune antibodies against H5 and H7 HPAI viruses exceeded 70% during the
3-year period, with layer farms and the eastern region having the most effective
immunization. Greater focus on immune antibody monitoring is required in the
southern, northwestern, and midland regions. Additionally, the immunization den-
sity and antibody monitoring efforts of broiler chicken farms should be further
strengthened to enhance the overall prevention and control of major animal epi-
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veillance), Jinan, Shandong, China.
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1. Research background

Highly pathogenic avian influenza (HPALI) is a major poultry disease that has constantly posed challenges to the de-
velopment of poultry farming worldwide and has been listed as an epidemic disease by the World Organization for
Animal Health (OIE) [1, 2] and a Class A animal epidemic disease in China. The rapid transmission and high endemic-
ity of the disease render it a severe threat to both livestock product quality and safety, and human health and safety.
Given the scale of livestock production in China, laxness in the prevention and control of HPAI would cause huge eco-
nomic losses to the poultry farming industry and severe harm to public health security. In 2004, poultry immunization
against H5 subtype HPAI virus was made mandatory in China. The H7N9 subtype of HPAI, which was first reported in
2013 [3], exhibited low pathogenicity toward poultry during the initial outbreaks but evolved into a highly pathogenic
strain in 2017, causing several poultry outbreaks in Hunan, Henan, Hebei, and Tianjin provinces in China [4]. This
prompted the Ministry of Agriculture and Rural Affairs of China to make immunization mandatory for both the H7 and
H5 subtypes of the influenza virus. However, site conditions, vaccine manufacturers, and operating methods involved in
the immunization process usually led to inadequate immunization. To achieve a comprehensive understanding of the
immunization levels against avian influenza in Shandong, we adopted the hemagglutination inhibition (HI) test for the
measurement and analysis of immune antibodies against H5 and H7 HPAI viruses. Poultry serum samples were col-
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lected from 16 prefecture-level cities in Shandong between 2019 and 2021. We hope that our results can provide fun-
damental data and serve as a reference for the scientific formulation of immunization procedures for poultry farms.

2. Research Methods
2.1 Sample information

Serum samples were collected from poultry farms and slaughterhouses in 16 prefecture-level cities of Shandong. The
number of farm holdings for chickens and ducks within a province was calculated assuming that the prevalence of in-
fected holdings was at least 5%, with a 95% confidence interval to ensure detection of at least one infected holding. The
number of samples collected from chicken and duck flocks was between 20 and 40.

This study involved blood sampling from live poultry. The study protocol was assessed and approved by Shandong
Provincial Center for Animal Disease Control and Prevention. Poultry farmers provided their verbal informed consent
for animal blood sampling. Collection of blood samples was carried out by veterinarians adhering to the regulations and
guidelines on animal husbandry and welfare.

2.2 Hemagglutination inhibition (HI) test

Serum samples were examined for avian influenza virus (AlV) subtype H5 (Rell and Rel2) and subtype H7 (Re3)
antigen (NECVB, Harbin, China). The HI assay was performed using four hemagglutinating units of the AIV antigens,
according to the OIE manual [5]. The cut-off titer for seropositivity was >16 (>4logy).

3. Analysis of Results
3.1 H5 and H7 HPAI virus immune antibody levels in different flocks

During the 3-year period, antibody testing was performed on 8,916 serum samples (5,914 chicken serum samples,
3,002 duck samples) obtained from 294 flocks (118 chicken farms, 76 chicken slaughterhouses, 75 duck farms, and 25
duck slaughterhouses). Of the 8,916 samples, antibodies to subtypes H5-Rell, H5-Rel2, and H7-Re3 were identified in
6,654, 6,835, and 7,220 samples, respectively, and immune antibody pass rates were 74.63%, 76.66%, and 80.98%,
respectively. Similarly, in 294 flocks, antibodies to subtypes H5-Rell, H5-Rel2, and H7-Re3 were identified in 230,
236, and 236 samples, respectively, and immune antibody pass rates were 78.23%, 80.27%, and 80.27%, respectively.

3.2 H5 and H7 HPAI virus immune antibody levels in different years

As shown in Figure 1, immune antibody pass rates for influenza virus H5 and H7 subtypes exceeded 70% between
2019 and 2021, which satisfied the national regulatory requirement. However, significant decreases in antibody levels
occurred in 2021. Throughout each year, the immune antibody pass rates in autumn were higher than those in spring for
the H5 and H7 HPAI virus subtypes overall. As shown in Table 1, the number of samples collected in the spring was
lower than the number of samples collected in autumn, which suggests that monitoring efforts in the spring should be
increased.
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Figure 1. H5 and H7 HPAI virus immune antibody pass rates in different years.

Monitoring samples were analyzed in spring and autumn.
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Table 1. Number of samples in the serological survey of antibodies to H5 and H7 HPAI viruses

Eastern Shandong Midland Shandong Northwestern Shandong Southern Shandong

Time of collection No. of No. of No. of No. of No. of No. of No. of No. of

flocks samples flocks samples flocks samples flocks samples
the spring of 2019 7 221 10 290 12 345 12 357
the autumn of 2019 10 302 11 319 14 394 13 375
the spring of 2020 9 278 10 316 11 341 11 344
the autumn of 2020 10 319 11 341 13 393 15 458
the spring of 2021 8 258 14 421 15 463 17 514
the autumn of 2021 11 346 16 475 16 495 18 551
Total No. 55 1724 72 2162 81 2431 86 2599

3.3 H5 and H7 HPAI virus immune antibody levels in four regions of Shandong

The poultry-rearing areas in Shandong can be divided into four regions: eastern, northwestern, midland, and southern
Shandong (Figure 2A, 2B). As shown in Figure 2C, the overall immune antibody pass rates of the four regions from
2019 to 2021 were lowest in the order of southern, northwestern, midland, and eastern regions. The immune antibody
pass rates of eastern Shandong exceeded 95% in all 3 years, whereas the immune antibody pass rates of southern Shan-
dong were the lowest, with immune antibody pass rates for H5-Rell and H7-Re3 (67.75% and 69.82%, respectively)
failing to meet the national regulatory requirement in 2021.
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Figure 2. H5 and H7 HPAI virus immune antibody pass rates in four regions of Shandong.

A: The map of China, with Shandong region marked in red. B: The map of Shandong, in which the four regions are
marked in different colors. C: Immune antibody pass rates in the four regions of Shandong. The immune antibody pass
rate of the national regulatory requirement is shown with the red line.
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4. Discussion and Suggestions

In general, the Chinese government requires farms to vaccinate once in spring and once in autumn. Approximately 4
weeks after immunization, samples were collected to test antibody levels. The overall trend of the immune antibody
pass rates among the various flocks was as follows: chicken farms > duck farms > duck slaughterhouses > chicken
slaughterhouses. Chicken farms had the highest immune antibody pass rates, with all three subtypes’ antibody pass rates
exceeding 90%. Meanwhile, the immune antibody pass rates of duck farms and slaughterhouses satisfied the national
regulatory requirement (exceeding 70%). In contrast, chicken slaughterhouses had the lowest antibody pass rates, with
antibody pass rates of 33.03% for the H5-Rel1, H5-Rel2, and H7-Re3 subtypes, far lower than the national regulatory
requirement. In addition, among the 72 broiler chicken slaughterhouses, 48 had an immune antibody pass rate of 0,
which may be attributed to the absence of HPAI immunization, low immunization density, or unreasonable immuniza-
tion procedures. Upon investigation, it was found that the chicken farms were layer chicken farms, duck farms were
broiler duck farms, and chicken slaughterhouses were broiler chicken slaughterhouses. Layer chickens have a long
production cycle and are administered more immunizations compared to broiler chickens. Furthermore, there is a great-
er emphasis on epidemic prevention in layer chicken farms, which has led to a higher immune protection level in such
establishments. In broiler duck farms, ducks are often immunized only once, and immunization is relatively unregulated,
resulting in a lower immune antibody pass rate than chicken farms. Fortunately, the immune antibody pass rate was still
higher than the national regulatory requirement, indicating that the duck farms had adequate immunization and can pro-
vide overall immune protection. Hence, although broiler chickens have a short growth cycle, greater attention should be
devoted to monitoring changes in antigens and antibodies of HPAL in broiler chicken farms to prevent HPAI outbreaks.

Regarding the low qualified rate in 2021, changes in vaccine manufacturer may be the likely cause, which implies
that the government should further strengthen vaccine production monitoring, and the effectiveness of vaccines from
different manufacturers should be verified to provide a reliable choice for vaccine use. Generally, the vaccine used for
mass immunization in Shandong from 2019 to 2021 was the recombinant avian influenza (H5+H7) trivalent inactivated
vaccine (H5N1 Rell strain + Rel2 strain + H7N9 Re3 strain). However, these results showed that the antibody levels
produced in response to the H5-Rell vaccine strain were lower than those produced by the other two vaccine strains.
This revealed that the content of the vaccine strain of this particular genotype should be increased during vaccine for-
mulation, or a different, more effective strain of the same subtype should be included in vaccines to enhance immune
antibody levels.

Compared with other regions, eastern Shandong is in a coastal region, boasting a superior livestock rearing environ-
ment, strong economic foundation, and robust animal immunization program. In contrast, southern Shandong has poor-
er rearing conditions and an inadequate epidemic prevention program and personnel, which have resulted in lower im-
mune antibody pass rates. Such conditions indicate that antibody monitoring, farming environment, and grassroots epi-
demic prevention personnel and supporting facilities should be improved in areas outside of the eastern region, espe-
cially southern Shandong.

In conclusion, serum antibody testing results showed that HPAI immunization levels in Shandong were satisfactory
and complied with the national regulatory requirements. The best immunization level was achieved in eastern Shandong,
whereas certain poultry farms in other parts of the province showed poor immunization levels; hence, regional moni-
toring should be further strengthened, particularly in southern Shandong. Moreover, these results suggest the need to
further increase immunization density and enhance monitoring and immunization efforts, especially in broiler chicken
farms, so as to advance major animal epidemic disease prevention and control.
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