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CHAPTER 1: 

INTRODUCTION 

 

The poultry industry has experienced significant growth in the past decade, making it 

one of the world's major protein suppliers (European Parliament. Directorate General 

for Parliamentary Research Services., 2019; ñFAOSTAT,ò 2023). This expansion has 

resulted in an increased number of farms and higher animal density, which raise the 

likelihood of interactions between poultry and wild birds. Such interactions can lead to 

the spillover of pathogens from wild birds to poultry and vice versa (Plowright et al., 

2017; Rohaim et al., 2017). 

The elevated density and close proximity of susceptible hosts in these settings create 

favourable conditions for the transmission of pathogens, contributing to the spread of 

diseases (Hochachka and Dhondt, 2000; Gilbert et al., 2017). 

Indeed, recent years have seen an increase in the incidence and distribution of World 

Organisation for Animal Health (WOAH) reportable pathogens. 

To effectively monitor the circulation trends of these pathogens, veterinary health 

authorities have embraced advanced and efficient systems, aiming to enhance 

productivity and poultry health for enabling a precise and accurate monitoring, which 

provides timely information on pathogen prevalence and distribution. By adopting 

faster and more efficient technologies, authorities can promptly respond to emerging 

challenges and take proactive measures to safeguard poultry health and welfare. 

To help this process of reliable method sharing, WOAH groups in part 3 of its Manual 

of Diagnostic Tests and Vaccines for Terrestrial Animals all the listed diseases, i.e. 

very serious and rapidly spreading diseases to which every state should pay attention. 

For each disease, the manual collects all the most robust and widespread methods for 

diagnosis divided by purpose, including both classical virology methods (e.g. viral 

isolation, serum neutralisation) and molecular methods. 

Indeed, for many years, pathogen screening and characterisation techniques heavily 

relied on live matrices. These methods included isolation in embryonated eggs or 

specific cell cultures, as well as immunological techniques like enzyme-linked 

immunosorbent assay (ELISA) and haemagglutination inhibition (HI). These 

traditional approaches played a crucial role in the identification and categorization of 

various pathogens. 
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In the context of avian influenza virus or Newcastle disease virus, another commonly 

employed technique was the experimental infection of laboratory animals, followed by 

the observation of symptoms and disease progression over a specific period of time. 

This approach allowed researchers to assess the pathogenicity of these viruses and gain 

insights into their virulence and impact on the host. 

The use of live matrices and animal experiments provided valuable data that 

contributed to a comprehensive understanding of different pathogens, enabling 

scientists to identify and classify various strains. These methods have been pivotal in 

building a foundation of knowledge about pathogens that has paved the way for further 

research and the development of more advanced diagnostic techniques. 

Although valuable, they also had limitations. They often required considerable time, 

resources, and skilled personnel, making them less suitable for rapid and large-scale 

screening. Additionally, some of these techniques involved using animals for 

experimentation, which raised ethical concerns. 

The systems that, at the current state of the art, have proven to be the most suitable for 

meeting demands for speed and accuracy are biotechnology-based methods. Indeed, 

these methods are faster than classical methods because they are based on the 

identification and characterisation of nucleic acids and do not require a live matrix, 

making them also more ethically sustainable. 

The amplification of the pathogen target required for its identification or 

characterization does not take place within a living organism (eggs, cells, etc.), but 

rather through the principle of polymerase chain reaction (PCR), which allows 

exponential amplification of the target nucleotide material. This process involves the 

use of a DNA polymerase enzyme to carry out DNA replication in vitro; passing 

through the denaturation step that opens the double helix and makes the DNA 

accessible, the primer annealing step that circumscribes the target area of amplification, 

and the step of synthesizing the new DNA strand complementary to the previous one 

(Waters and Shapter, 2014). 

The presence of the amplified fragment of interest can be detected in several ways, 

with the most commonly used methods being electrophoresis and fluorescence 

detection. Electrophoresis is based on the distinction of the amplified fragments 

according to their size, separated by a branched polymer (acrylamide, agarose) and 

made visible with the use of a fluorescent intercalating agent. On the other hand, 

fluorescence detection uses molecules (antibodies or oligo nucleotides) that 

specifically bind to the amplified zone and are visible because they are tagged by 
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fluorophores. In both cases, a signal will only be obtained if the target nucleic acid is 

present in the analysed sample. 

This system is so efficient in amplifying the signal given by the target that it makes 

molecular methods extremely sensitive, allowing the identification of the pathogen 

even if there are a few dozen specimens, a quantity that is orders of magnitude less 

than traditional methods. By not requiring in vivo steps, molecular methods have also 

the advantage of reducing human effort compared to traditional methods. 

For these reasons, diagnostics using bimolecular techniques has a higher throughput 

than traditional ones, and this feature can be further accentuated because these methods 

are very prone to automation at every stage, from nucleic acid extraction to its analysis 

with various available techniques (WOAH, 2021). 

This possibility of automation, such as the use of automated liquid handling in 

molecular methods, significantly reduces the probability of human error and cross-

contamination, and also further reduces the time between the arrival of the samples at 

the laboratory and the issued result. The use of molecular diagnostic methods therefore 

allows laboratories to indicate the presence or absence of a given pathogen within a 

maximum of 24 hours from the time of the sample arrival. For traditional methods, this 

would be impossible due to the technical time required. 

The most commonly used method is real-time PCR (rPCR). This technique involves 

the use of an area-specific oligo probe within the amplified fragment, in addition to the 

primers required for conventional PCR. The probe is usually labelled with a 

fluorophore at one end and a quencher at the other, different configurations are possible 

but in general, the fluorophore-quencher proximity prevents the probe from emitting 

fluorescence when it is intact. However, depending on the probe type, during the 

annealing and elongation phases of the PCR, the fluorophore and quencher are 

separated, or the DNA polymerase enzyme degrades the probe, while it binds to the 

target sequence. The degradation releases the fluorophore, which becomes unbound 

from the quencher and emits fluorescence when excited. The instrument detects the 

fluorescence in real time, allowing for continuous monitoring of the reaction's progress 

and the potential presence of the target pathogen. 

The use of a fluorophore-labelled probe in real-time PCR eliminates the need for an 

additional detection step, as required by conventional PCR, making the process more 

streamlined. These characteristics allowed real-time PCR to become a very popular 

method for detecting pathogens, even in the veterinary field. The advantage of rapid 

and accurate identification of the target pathogen without the need for further 

manipulation after amplification, reduces the risk of contamination and reporting time, 
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increasing its value in diagnosing infections and monitoring disease outbreaks in the 

poultry industry and beyond (Hoffmann et al., 2009). 

In addition to identifying the pathogen, these methods also allow its precise 

characterisation, because they target the genetic material of the pathogen, granting a 

high level of specificity. 

The most widespread method for obtaining the nucleotide sequences of pathogens is 

Sanger sequencing, which allows the nucleotide sequence of the target genetic zone to 

be determined following preliminary amplification by conventional PCR.  

Depending on how the PCR amplification is constructed, different information about 

the pathogen can be obtained: 

- The sequence of variable zones of the pathogen's genome for detailed identification 

of its genotype by phylogenetic analysis of the obtained sequence (WOAH, 2023a); 

- The sequence of a gene or a genetic region responsible for the degree of pathogenicity 

(e.g. cleavage site) (OFFLU, 2022) or embedding the peculiar characteristics of strains 

with known pathogenicity (WOAH, 2022a).  

In both cases, the obtained sequence is compared with a database of already 

characterized reference sequences using specific software (e.g. BLAST), to identify 

the pathogen and eventually catalogue it according to its virulence characteristics, 

limiting the use of animals or eggs and also shortening the response time at this stage. 

(Crossley et al., 2020). 

However, the use of nucleic acids as the target of biotechnology-based analysis 

methods also presents a significant risk. Nucleic acids, due to their inherent nature, are 

susceptible to mutation and recombination events. This variability can impact on the 

method's characteristics over time, especially if one of these events affects a binding 

site of primers or probes used for amplifying a target region, either for direct 

identification PCR (real-time or conventional) or for amplification before sequencing. 

Such an event can lead to alterations in the specificity or sensitivity of the involved 

methods. 

For instance, the diagnosis of many avian viruses like Infectious Bronchitis (IBV), 

Newcastle Disease (NDV) and Avian Influenza (AI) relies on a diagnostic algorithm 

primarily composed of three steps: a screening method is applied first and it is often 

based on real-time PCR, targeting a conserved genetic segment shared among all 

subtypes of the same pathogen. Secondly, if the screening method detects the virus in 

the sample, it is followed by a conventional PCR designed on an informative segment 

capable of discriminating the detected virus based on pathotype or genotype (such as a 
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cleavage site or a hypervariable zone). Third, after verifying the successful 

amplification of the target segment through electrophoresis, Sanger sequencing is 

conducted to acquire the sequence of the target segment. 

From this example, it is evident that even a seemingly concise procedure, commonly 

practiced in numerous laboratories, is subject to the two aforementioned challenges: 

During the design phase of the screening method, it is crucial to identify a well-

conserved region among the subtypes to perform the screening without excessive 

divergence of the oligo nucleotides from the target sequences. Only a highly conserved 

region ensures that the method maintains consistent characteristics across different 

subtypes. Conversely, in the development of conventional typing PCR, the 

identification of a variable region among the subtypes, yet at certain extents conserved 

within them, is essential to obtain a uniquely identifying sequence through the 

sequencing of the amplified segment (WOAH, 2021). 

During the implementation of this diagnostic algorithm, it becomes necessary to 

periodically monitor the absence of mutations in new strains in the paired regions of 

the used oligonucleotides. This is because two gene segments and several 

oligonucleotides are involved in the correct detection and identification. The use of 

different target genes and different oligo designs within the same diagnostic procedure, 

even within variable regions, increases the risk that mutations in the viral genome will 

alter the intended oligo-target binding. This alteration could compromise the ability of 

the diagnostic algorithm to accurately identify the virus for which it was designed 

(Kwok et al., 1990; Christopherson et al., 1997; Smith et al., 2002; Kim et al., 2006). 

Another challenge with biotechnology-based methods is the requirement of trained 

personnel both during the test setup phase and the interpretation of obtained results, 

due to the need to combine multiple experiments involving different molecular 

techniques to achieve accurate outcomes. Furthermore, molecular diagnostic methods 

demand well-equipped laboratories housing costly instrumentation, such as real-time 

PCR platforms and Sanger sequencers (WOAH, 2023b). 

The basic diagnostic algorithm described above provides a standard approach 

commonly used by laboratories to identify avian and non-avian pathogens. However, 

this procedure may not be effective for detecting simultaneous infections sustained by 

different subtypes of the same pathogen, since they might present a remarkable 

heterogeneity. While this feature is desirable and essential for highly specific methods, 

it also poses a major problem when it comes to the need for a broad-spectrum screening 

method inclusive of each type of strain belonging to a specific class of pathogens. 
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Within the same viral species, there can be a high nucleotide variability, as 

demonstrated by the 20 different genotypes in class II of Newcastle disease virus 

(NDV) (Dimitrov et al., 2019) or the 35 lineages of avian bronchitis virus (IBV) 

(Valastro et al., 2016; Houta et al., 2021). 

The inclusivity of the diagnostic method is influenced by the sequence of the oligo 

nucleotides used for PCR protocol. Pathogens with genetic sequences that perfectly 

match the sequences of the oligos will be more easily identified compared to pathogens 

with genetic differences in the recognition zone of the oligos used in the protocol, 

resulting in mismatches. As a result, different methods may exhibit varying affinities 

for individual subtypes of the pathogen. Consequently, in cases of coexisting subtypes 

within the same sample, the identification of the most common or most similar subtype 

will be favoured. 

This is especially problematic for viruses such as IBV and NDV, for which vaccination 

with an attenuated virus is required and routinely performed on the field. Indeed, the 

presence of the vaccine virus could flank a pathogenic virus that is not detected if 

screening and sequencing methods have a higher affinity for the attenuated vaccine 

virus. 

Due to the potential ambivalence and limitations of biotechnology-based methods, the 

WOAH manual advises diagnostic laboratories to adopt a two-pronged approach. 

Firstly, the WOAH manual recommends the preservation and continued use of well-

established and stable traditional methods. These methods can serve as reliable 

reference standards in cases where there are doubts or uncertainties in the interpretation 

of results, thereby maintaining a multidisciplinary approach to pathogen identification. 

Secondly, the WOAH stresses the importance of constant monitoring, improvement 

and update of diagnostic techniques. This proactive approach is necessary to ensure 

accurate and efficient detection of various pathogens, especially in the context of 

highly variable viruses. Continuous research and updates in diagnostic methodologies 

are essential to meet the evolving challenges in the poultry industry and to promptly 

respond to potential disease outbreaks. 

By combining the strengths of both traditional and biotechnology-based methods, 

while aware of their respective limitations, diagnostic laboratories can enhance their 

ability to effectively identify and manage infectious diseases in poultry populations. 

This comprehensive and adaptive approach contributes to safeguarding the welfare of 

the poultry industry and protecting public health. 
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CHAPTER 2: 

AIM OF THE THESIS 
 

This thesis presents a compilation of studies focusing on optimizing biotechnological 

methods for avian diagnostics. While these studies explore various avian viruses, their 

collective objective is to address three primary challenges inherent in biotechnology-

based diagnostics. 

One of these challenges involves optimizing existing methods for identifying highly 

prevalent and variable viruses, such as the avian influenza virus subtype H9, as 

addressed in the chapter 3. The continuously evolving nature of influenza viruses 

necessitates an ongoing monitoring process to assess the performance of current 

methods and requires to continually update diagnostic techniques for effectively 

identifying and tracking their spread. 

Another critical challenge pertains to selecting the most efficient molecular biology-

based method from the available options. This choice becomes more intricate for 

viruses that are widely distributed and are managed with various potential vaccination 

strategies, such as avian bronchitis virus (Chapter 4). The need for this selection of 

protocols is prompted by the widespread availability of biotechnology-based 

diagnostic methods and plays a pivotal role in minimizing the disease's impact on the 

poultry industry.  

Furthermore, this thesis addresses the challenge of enhancing pathotyping methods for 

viruses of significant health importance, such as those on the WOAH list. These 

methods aim to be more rapid, inclusive, and less susceptible to errors caused by co-

infections. An example of such a pathogen is the Newcastle disease virus, and the paper 

ñA novel array of real-time RT-PCR assays for the rapid pathotyping of type I avian 

paramyxovirus (APMV-1)òreported in chapter 5 proposes an alternative method for 

pathotyping to provide a more effective and timely response to outbreaks. 
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The thesis tackles three issues that affect all molecular biology-based methods used in 

avian diagnostics, using avian influenza, infectious bronchitis, and Newcastle disease 

viruses as recurring models. Indeed, these viruses are responsible for the three major 

livestock diseases worldwide. 

In summary, this thesis aims to offer a comprehensive approach to address these three 

overarching topics concerning molecular biology-based methods and offer new tools 

and insights for their management, utilizing avian influenza, infectious bronchitis, and 

Newcastle disease viruses as illustrative models. These highly impacting viruses, serve 

as excellent examples of pathogens with genetic variability (AI H9), high rates of 

spread associated with large-scale vaccination activities resulting in long-term effects 

on the population (IBV), and pathogens exhibiting diverse and variable virulence 

(NDV). 
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CHAPTER 4: 

EFFECT OF ASSAY CHOICE, VIRAL CONCENTRATION AND 

OPERATOR INTERPRETATION ON INFECTIOUS BRONCHITIS 

VIRUS DETECTION AND CHARACTERIZATION 
Tucciarone, C.M., Franzo, G., Legnardi, M, Fortin, A, Valastro, V., Lazzaro, 

E., Terregino, C. and Cecchinato, M. 
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