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Abstract


Avian influenza remains a major pandemic threat. In response to this threat, the objective of our work was the development of live attenuated reassortant influenza vaccine (LAIV) against recent isolates of potentially pandemic H7N9 influenza viruses which may cause serious and fatal disease in humans. Two H7N9 LAIV candidates were generated by using two different approaches: classical reassortment in eggs and reverse genetics. The collected data indicate that regardless of the approach both H7N9 LAIV candidates acquired attenuated properties - temperature sensitivity and cold-adaptation.
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Introduction



Avian influenza remains a major pandemic threat. Influenza A/ H7N9 virus is a potentially pandemic subtype to which the majority of human population is immunologically naive. Vaccination is an essential public health tool to control influenza. In the event of a pandemic, the use of live attenuated cold-adapted (ca), temperature sensitive (ts) reassortant influenza vaccine (LAIV) may have a number of advantages over inactivated vaccine; LAIVs that are currently licensed in the Russian Federation, the United States and Europe appear to be safe and efficacious and provide longer lasting and more cross-reactive immune responses compared to inactivated vaccines [1-4]. To ensure optimal vaccine efficacy against currently circulating seasonal influenza strains, the antigenic composition of the vaccines is revised twice a year by the World Health Organization (WHO) [5]. In recent years WHO recommendations also include potentially pandemic viruses. In 2017 WHO recommended developing candidate vaccine viruses from two new potentially pandemic A/H7N9 viruses, A/Guangdong/17SF003/2016, A/ GD (highly pathogenic avian influenza virus, HPAIV) and A/Hong Kong/125/2017, A/HK (low pathogenic avian influenza virus, LPAIV) [6]. The objective of this work was to generate new LAIV candidates against currently circulating H7N9 HPAIV and LPAIV with pandemic potential using two methodological approaches, classical reassortment in eggs and reverse genetics (RG).

Materials and Methods

Viruses and Plasmids

a.	Master donor virus for Russian LAIV, ca/ts A/ Leningrad/134/17/57 (H2N2), Len-MDV (property of IEM).

b.	A/HK LPAIV, (CDC, USA).

c.	Plasmids encoding HA (polybasic cleavage site deleted) and NA genes of A/GD HPAIV (NIBSC, UK).

d.	Plasmids encoding six internal genes of Len-MDV [7].

Classical Reassortment Procedure: Len-MDV and A/ HK LPAIV were co-infected in specific pathogen-free (SPF) embryonated chicken eggs, CE (VALIO Biomedia GmbH, Germany) as described previously [8].

RG-Generation of LAIV Candidate: 6:2 LAIV reassortant virus (HA and NA genes of A/GD HPAIV and 6 remaining genes of Len- MDV) was rescued by electroporation of Vero cells and amplified in SPF eggs. Mutagenesis of A/GD NA plasmid was performed using overlap PCR strategy.

Results and Discussion

The LAIV consists of attenuated reassortant viruses incorporating the key immunizing antigens and antigenic determinants (HA and NA) of circulating viruses on a backbone of the remaining six internal protein genes derived from the attenuated MDV (6:2 genome composition) [2]. Generation of 6:2 vaccine reassortant by replacement of internal genes of wild type (WT) virus with the appropriate internal genes of MDV is a routine method of attenuation of WT influenza viruses. Internal viral proteins of MDV provide attenuation of vaccine reassortant [9] ensuring stability of its genetic and phenotypic characteristics and safety when given to susceptible individuals. Surface glycoprotein, HA and NA of the WT virus provide the targets for an adequate immune response in vaccinated host.

The H7N9 LAIV Candidate Based on LPAIV:

A/HK-based LAIV candidate, A/17/HK was prepared through the classical genetic reassortment in SPF CE. In brief, seven rounds of selective propagation were performed, three of which were at low temperature of 26°C. A/17/HK inherited HA and NA genes from WT parental virus A/HK and six internal genes from Len- MDV. The attenuated phenotype of the A/17/HK vaccine strain was confirmed by full-genome sequencing and by virological methods (determination of range of temperature sensitivity and cold adaptation during reproduction in CE). The results showed that the A/17/HK possessed high reproductive activity in CE had a temperature-sensitive and cold-adapted phenotype (Table 1).



Table 1:  Reproductive Capacity of H7N9 LAIV Candidates and MDV at Different Temperatures of Incubation in Embryonated Chicken Eggs.
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Note: *Reproductive capacity of influenza viruses at different temperatures (ts and ca phenotype) was assessed by titration in eggs at the permissive (33 °C), elevated (39 °C) and low (26 °C) temperatures of incubation and expressed as RCT26 or 39 = log10 EID50/ml at 33°C-log10 EID50/ml at 26 or 39°C. Eggs were incubated for 2 days at 33°C and 39°C and for 6 days at 26°C.




Eight mutations in internal genes of Len-MDV which play an essential role in attenuation of Len-MDV and Len-MDV-based LAIV candidates have been identified and described in [7,10]. A/17/ HK was genetically stable, was identical to the parental WT A/HK virus in antigenic properties and contained in its internal genes all attenuating mutations of MDV: PB2 (V478L), PB1 (K265N, V591I), PA (L28P, V341L), Ml (I15V, F144L) and NS2 (M100I).

The H7N9 LAIV Candidate Based on HPAIV

In Russian Federation the manufacture of influenza vaccines is based on viral propagation in CE. To lower pathogenicity of HPAIV to CE and to reduce a risk of manipulations of personnel with this virus, we generated cold-adapted A/GD-based LAIV candidate (A/17/GD) on the base of reverse genetically derived H7N9 strain. A/17/GD LAIV candidate displayed classical vaccine genome 6:2 composition - six internal genes of MDV origin and two surface genes were derived from WT virus. The HA protein of the A/17/ GD LAIV candidate had polybasic cleavage site removed, thus making the virus low pathogenic. Neuraminidase of the original H7N9 HPAIV strain had K292 residue, which is the marker for virus resistance to neuraminidase inhibitor. Therefore, NA mutagenesis was performed and the A/17/GD LAIV candidate contains K292R mutation, which renders the viruses sensitive to the NA inhibitor Oseltamivir.

Full-genome sequencing of A/17/GD LAIV candidate confirmed the presence of all eight attenuating mutations specific for MDV. The A/17/GD displayed pronounced ts/ca phenotype (Table 1). Our results emphasized that both H7N9 LAIV candidates have the potential to be used as pandemic vaccines. They displayed pronounced ts/ca phenotype which is comparable with attenuated MDV and were genetically stable (retained all attenuating mutations known for MDV). However, since the A/HK parental virus represents the cluster that caused the majority of human cases in the fifth H7N9 wave [6], and due to the classical reassortment nature, the A/17/HK LAIV reassortant is the preferred candidate for conducting Phase I clinical trial in volunteers.

Acknowledgement

We thank WHO for the financial support of our work.

References



1.  	(2012) WHO position paper - November 2012. WHO Weekly Epidemiological Record. 47(87): 461-476.

2.  	(2013) WHO Expert Committee on Biological Standardization. 60th report. Annex 4. WHO recommendations to assure the quality, safety and efficacy of influenza vaccines (human, live attenuated) for intranasal administration. WHO Technical Report Series No 977.

3.  	Cox NJ, Hickling J, Jones R, Rimmelzwaan GF, Lambert LC, et al. (2015) Report on the second WHO integrated meeting on development and clinical trials of influenza vaccines that induce broadly protective and long-lasting immune responses: Geneva, Switzerland, 5-7 May 2014. Vaccine 33(48): 6503-6510.

4.  	Rudenko L, Yeolekar L, Kiseleva I, Isakova Sivak I (2016) Development and approval of live attenuated influenza vaccines based on Russian master donor viruses: Process challenges and success stories. Vaccine. 34(45): 5436-5441.

5.  	(2018) WHO recommendations on the composition of influenza virus vaccines.

6.  	(2017) Zoonotic influenza viruses: antigenic and genetic characteristics and development of candidate vaccine viruses for pandemic preparedness. WHO Weekly Epidemiological Record 12(92): 129-144.

7.  	Chen LM, Matsuoka Y, Voeten JT, Kiseleva I, et al. (2011) Genetic bases of the temperature-sensitive phenotype of a master donor virus used in live attenuated influenza vaccines: A/Leningrad/134/17/57 (H2N2). Virology 412(2): 297-305.

8.  	Wareing MD, Marsh GA, Tannock GA (2002) Preparation and characterization of attenuated cold-adapted influenza a reassortant derived from the A/Leningrad/134/17/57 donor strain. Vaccine 20(16): 2082-2090.

9.  	Kiseleva I, Klimov A, Su Q, Szymkowiak C, Toner TG, et al (2004) Role of individual genes of the A/Leningrad/134/17/57 (H2N2) cold-adapted donor strain in manifestation of the temperature-sensitive phenotype of reassortant influenza A viruses. Options for the Control of Influenza IV. Amsterdam, Experta Medica: 547-550.

10.  	Klimov AI, Cox NJ, Yotov WV, Rocha E, Alexandrova GI, et al. (1992) Sequence changes in the live attenuated, cold-adapted variants of influenza A/Leningrad/134/57 (H2N2) virus. Virology 186(2): 795797.

OEBPS/Images/logo.jpg
e ATacic

% BioMEDICAL

ISSN: 2574-1241





OEBPS/Images/tab1.jpg
‘Virus Titer
assc

log1o
ES0/ml

e

33/39°C

33/26°C

a7,

an7/a






OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg
Two Alternative Approaches to Generate
Live Attenuated Influenza Vaccine
Candidates against Potentially Pandemic
Avian Influenza H7N9 Virus

n nen
101U

g %, BIOMERICAL

i 1SSN: 2574 1241





