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Abstract 

The Avian Influenza Virus is an important pathogen both in the context of animal and human 

health, having been isolated from several different species. Vaccination is seen increasingly more 

as a viable control method for this virus. However, vaccines that are currently available cause that 

vaccinated birds to be indistinguishable from infected birds using common serological analysis. 

This inability to distinguish between vaccinated and infected animals has been a considerable 

barrier in the acceptance of vaccination as a control measure for the Avian Influenza Virus, being 

therefore important the development of strategies that allow to distinguish between infected and 

vaccinated birds (DIVA). 

It was the intention of this work to develop ELISA assays capable of detecting antibodies against 

NS1 and several neuraminidases of Avian Influenza, while having the goal of using of these 

assays in DIVA strategies. Therefore we proceeded to the production and purification of 

recombinant proteins to use in the development of these assays. 

After some optimization it was possible to develop assays to NS1, N3, and N6, with assays 

relative to other NA subtypes in advanced phases of evaluation. 

However these results are preliminary, therefore they cannot be considered unequivocally 

conclusive. It is then set the path for a series of future work with the goal of trying to turn these 

assays functional in real scenarios. 
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Introduction 

The Avian Influenza Virus (AIV) is an 

important pathogen both in the context of 

animal and human health, having been 

isolated from several different species. The 

largest natural source of the virus comprises 

aquatic birds, like ducks and gulls, while not 

being restricted to these [4]. 

The emergence of variants with pandemic 

potential in both animals and humans it’s a 

cause of concern worldwide. Urging the 

need for methods able to quickly identify and 

control these agents. [26].  

 

Taxonomy and morphology of Influenza A 

Virus 
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Influenza A virus belongs to the 

Orthomyxoviridae family, being 

distinguishable from influenza B and C 

through differences in the M1 and NP 

proteins. Additionally, Influenza B affects 

only humans, Influenza C affects humans 

and swine, and Influenza A contains all 

variants of Avian flu among others [11, 25]. 

In order to become infectious, AIV must 

contain 8 –ssRNA segments, coding to 10 

distinct products: PB1, PB2, PA, HA, NP, 

NA, M1, M2, NS1 e NEP. [11, 15, 25, 26] 

Figure 1, shows the overall structure and 

contents of the AIV virion.  

 

 

Figure 1: Representation of the Avian Influenza Virus 

(Image adapted from Fevereiro, 2006) 

 

The Neuraminidase (NA), is an integral 

membrane glycoprotein. As for Hemaglutinin 

(HA), it is one of the most important antigen 

of the Avian Influenza virus, and as HA it 

has a high rate of mutation due partly to the 

pressure caused by the host’s immune 

response. 

They are nine known subtypes of NA, called 

N1 to N9, which are serologically distinct. 

Each subtype also has multiple variants [25].  

NS1 is not included in the virion, being only 

present in the host. It has functions in viral 

replication and expression, although these 

are not completely known [20, 25]. NS1 

affects the transportation, translation, and 

splicing of RNA [11] and is well conserved 

between different variants of AIV. It is known 

that NS1 is involved in the inhibition of the 

host’s antiviral defense systems [14, 16, 23]. 

 

Vaccination and DIVA strategies  

The main objective of vaccination is usually 

limited to prevent and reduce the prevalence 

of an infectious agent, although it is 

occasionally used as a tool for the 

eradication of this agent, even though this 

has rarely been achieved. 

In order for a vaccine to be considered 

useful, it is necessary for it to have three 

distinct characteristics: It should prevent or 

reduce the incidence of a disease, reduce 

the release of viruses by infected animals, 

thereby preventing the transmission to other 

animals, and it should increase resistance to 

infection in vaccinated animals [2, 6, 22].  

The cost of vaccination must also be taken 

into account. 

So that vaccination becomes an accepted 

form of control by regulators of trade, it is 

necessary to determine whether vaccinated 

birds, or bird products, are safe for 

commercial transaction [22].  

However, a real problem is that the dead 

vaccines currently available induce the 

production of detectable amounts of 

antibodies to all structural proteins, including 

proteins commonly used in commercial 

serological tests including AGID tests and 
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ELISA, not allowing vaccinated birds to be 

distinguishable from infected birds using 

common serological tests. 

This inability to distinguish between 

vaccinated and infected animals has been a 

considerable barrier to the acceptance of 

vaccination as a measure of control of avian 

influenza virus. 

Currently, there are four basic DIVA 

strategies, these are the use of sentinel 

birds, the use of subunit vaccines, the 

Heterologous neuraminidase strategy, and 

the NS1 strategy [22]. 

This work will focus the last two. 

 

Heterologous neuraminidase strategy 

HA and NA are the most important antigens 

of the Avian Influenza virus, particularly HA. 

Thus, it is possible to develop vaccines with 

a homologous HA and a heterologous NA 

that are effective against the infectious 

agent [7, 9, 22].  

This method allows the use of common 

vaccines as long as the neuraminidase is 

different from the one in the infectious strain 

in circulation, meaning they will be 

distinguishable through a serological test 

targeting NA. 

Animals vaccinated and then infected should 

also be detected [22]. 

However, this strategy is dependent on the 

availability of strains suitable for the creation 

of vaccines. Because the vaccine may need 

to have not only a NA different from the 

infectious strain, but also be antigenically 

similar to the infectious strain to ensure 

maximum protection. 

The use of reverse genetics may help to 

offset the unavailability of a proper strain.  

As for each vaccine there must be available 

a specific diagnosis test, accessibility and 

the rate at which these can be produced 

also limits the scope of this strategy. 

 

NS1 strategy 

Since dead Avian Influenza vaccines contain 

mainly structural proteins of the virus, 

vaccinated animals do not develop 

antibodies to NS1 since this is not present, 

as opposed to infected animals which will 

produce it [5, 22]. 

Thus, this method can not only distinguish 

vaccinated from infected animals, as can 

control if vaccinated animals subsequently 

contracted infection. This ability is valuable 

in commercial transactions since it allows 

trading partners to ensure that the flock was 

not exposed to the infectious agent. 

This strategy allows a single test that works 

for any dead vaccine regardless of the AIV 

subtype used in the vaccine. 

However, if the vaccine is contaminated with 

NS1 protein, there is the possibility that the 

final results are affected and may produce 

false positives. 

The potential low sensitivity of this method is 

its biggest fault. 

 

Materials and methods 

Construction of plasmids  

After amplification by RT-PCR of the coding 

segments for NS1, N3 and N6, the PCR 

product was cloned in TA plasmid using The 

Original TA cloning Kit (Invitrogen). The 
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reaction mixture consisted of 2 µl vector, 1 

µl ligation buffer 10x, 1 µl T4 DNA Ligase, 

10 ng PCR product, and enough sterile 

water to 10 µl. The reaction took place 

overnight at 14ºC.  

The plasmid thus obtained was transformed 

into competent Escherichia coli DH5α, 

plated on LB medium containing 50 µg/ml 

kanamycin which had been previously 

coated with 40 µl IPTG 100 mM and 40 µl 

de X-gal 40 mg/ml. After growth, the 

obtained clones were lysated and the 

plasmid DNA isolated and purified. 

 

The fragment was excised from the plasmid 

through digestion with EcoRI and XhoI 

(Biolabs). pET-28a(+) Plasmid (extracted 

from laboratorial culture) was also cleaved 

with these restriction enzymes. The ligation 

reaction solution for pET-28a(+) contained 

enough vector solution for approximately 25 

ng, the volume for the fragment solution was 

enough to 25 ng if using N3 or N6 fragment, 

and 10 ng if using NS1 fragment, 1.5 µl T4 

DNA ligase (Roche), 1 µl ligation buffer 10x, 

and enough sterile water to 10 µl. The 

reaction took place overnight at 16ºC, or at 

4ºC in case a longer time period was 

required. 

The new plasmids were transformed into 

competent cells of Escherichia coli DH5α 

and plated in LB medium containing 50 

µg/ml kanamycin. After growth, the plasmids 

were purified and transformed into 

competent cells of Escherichia coli 

JM109(DE3) and plated in LB medium 

containing 50 µg/ml kanamycin.  

 

Protein expression 

The pre-inoculum was obtained from frozen 

or colonies of cells already containing the 

vector and was grown in 4 ml of LB medium 

containing  4 µl kanamycin (50 mg/ml) 

overnight at 37ºC with shaking. The pre-

inoculum was transferred to 200 ml LB 

medium containing 200 µl kanamycin and 

allowed to grow at 37ºC with shaking for 3 

hours, after which 200 µl IPTG 1M was 

added in order to induce protein expression. 

Induction occurred during 4 hours.  

The broth was transferred into tubes and 

centrifuged for 5 min at 5000g, with the 

supernatant being discarded. The pellet was 

stored at -80ºC overnight. 

The recombinant proteins produced were 

identified as His-NS1, His-N3 as His-N6 

depending on whether they derived from 

NS1, N3 or N6, respectively. 

 

Purification 

After thawing, the pellet was ressuspended 

in 2 ml inclusion bodies washing buffer (20 

mM Tris.HCl pH 7.5, 10 mM EDTA, 1% 

Triton X-100) to which lysozime was added 

to a concentration of 100 µg/ml. 

The suspension was sonicated in 30 

seconds cycles of sonication alternated with 

30 seconds pauses until all the viscosity 

vanished (approximately 45 cycles). The 

liquid was transferred to eppendorfs and 

centrifuged at 10000g and 4ºC for 10 

minutes. The pellet was then ressuspended 

in 1 ml inclusion bodies washing buffer and 
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re-centrifuged at 10000g and 4ºC for 5 

minutes. 

Finally, the pellet was ressuspended in 1 ml 

solubilization buffer (50 mM CAPS pH 11, 

0.3% N-lauriylsarcosine, 1 mM DTT) and 

after incubating the tubes for some minutes 

at ambient temperature, a new 

centrifugation took place at 10000g and 4ºC 

for 5 minutes. 

The protein was now in the supernatant. 

  

ELISA 

The developed ELISA tests were indirect. 

The wells were coated by the application of 

100 µl of a diluted solution of antigen in 

carbonate/bicarbonate buffer (15 mM 

Na2CO3, 35 mM NaHCO3, pH 9.6) in each 

well and left to incubate overnight at 4ºC. 

The dilution of antigen depended on the 

antigen used and the method of purification. 

An initial assay compared between the 

results obtained at various antigen dilutions 

for a positive and negative control. 

Serum samples tested, including positive 

and negative controls, were diluted 1/ 500 in 

blocking buffer and incubated for 30 minutes 

at 37ºC. Different compositions for the 

blocking buffer were tested for each antigen 

used, howeve all were based on serum 

dilution buffer (TDS) (2.5 mM NaH2PO4, 7.5 

mM Na2HPO4,, 500 mM NaCl, 0.05% 

Tween 80), usually containing 5% milk 

powder, and varying quantities of bacteria 

extract, 1st harvest (supernatant 

corresponding to the first centrifuge of the 

purification method, it should be noted that 

the supernatant was not the one 

corresponding to the protein being tested), 

and Newborn serum. 

The anti-chicken serum marked with 

peroxidase was diluted at 1/10000 in 

blocking buffer and incubated at 37 ° C for 

30 minutes to 1 hour. 

The plates coated with antigen were washed 

with a solution Tween 20 at 0.05% in water 

at least 4 times using a washing machine 

(Ultrawash Plus (Dynex Technologies) or 

the washing machine TECAN). After the 

wells are washed, 100 µl of serum diluted in 

blocking buffer was placed on the well and 

was incubated for another 30 minutes at 

37ºC. The wells were washed as before and 

100 µl diluted anti-chicken serum were 

added, ithe plaque was incubated for 30 

minutes at 37ºC. 

After incubation with anti-chicken, the wells 

were washed again and 100 µl TMB (3.3 ', 

5.5'-Tetrametilbenzidina) were added to 

each well, it was left to react for about 5 

minutes and the reaction was stopped with 

100 µl sulphuric acid 2M per well.  

The reading was held at 450 nm vs. 630 nm 

in an ELISA plates reader (TECAN). 

 

Results 

Several assays were made in an attempt to 

optimize the tests. One of the main factors 

tested, in particular to reduce the 

background reading, was the use of blocking 

buffers with different compositions. All of 

blocking buffers used as a basis TDS, 

usually containing 5% milk powder, and 

varying quantities of bacteria extract, 1st 

harvest and Newborn fetal serum. However 
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the complete removal of background 

readings was never attained, and false 

positives usually emerged when using the 

simpler blocking buffers. 

Three different protein purification methods 

were also tested for His-NS1, being that the 

one presented here was the one that 

generally worked better for all antigens by 

giving a good purity although at a lower 

antigen concentration. One of the methods 

did not even work for His-N3 and His-N6 

while the other proved to produce an end 

result too impure to attain reliable results 

and usually required the most complex 

blocking buffers, although it produced large 

antigen concentrations. 

Table 1 comprises of an overall view of the 

results attained with for all three proteins 

after assay optimization, this includes 

optimal blocking buffer for each antigen, as 

well as antigen dilution. 

 

Table 1: Example results attained for the various 

antigens tested after assay optimization. (+) represents 

the positive control and (-) represents the negative 

control for each antigen. 1-6 represent random sera 

negative for the antigen. Sera differ between columns. 

 NS1 N3 N6 

(+) 2.905 0.985 0.702 

(-) 0.256 0.028 0.18 

1 0.494 0.014 0.465 

2 0.31 0.022 0.405 

3 0.268 0.022 0.296 

4 0.362 0.209 0.139 

5 0.236 0.034 0.143 

6 0.154 0.035 0.221 

 

The main characteristic that the developed 

tests required was the ability to distinguish 

between vaccinated and infected birds. The 

assay, whose results are presented in Table 

2, tested the ability to identify sera specific 

against different subtypes of AIV using His-

NS1 as coating. However several reference 

sera surfaced as false negatives, which may 

be a consequence of the method used to 

produce them or a failure by the test to 

positively indentify them. At this point it was 

not possible to clarify. 

The ability to distinguish vaccinated animals 

seems less ambiguous, as all sera from 

vaccinated animals against AIV produced 

negative results, although they have 

produced positive results in commercial 

ELISA (data not shown). 

These tests were not performed with His-N3 

and His-N6 due to the lack of reference sera 

for these. 

 

Discussion 

The method of cloning, purification and 

production of antigens has been successful, 

although some experimentation with 

different purification methods was required, 

being that the one showed here usually 

presented the best results despite being the 

one producing the lowest concentration of 

antigen. 

Having achieved favourable results in all 

situations tested, a path for future work has 

been set in order to try to make these results 

not only clearly viable, but, more important, 

functional in real world situations. 

One of the biggest obstacles to the 

achievement of truly conclusive results on 

the feasibility of these strategies has been 

the absence of control sera from known 

sources.  
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Table 2: Result of an ELISA held with the aim of evaluating the capacity of this type of test to identify sera from animals 

infected with several variants of AIV. The analysis includes a positive control (+), a negative control (-), twenty-one anti 

AIV sera provided by the reference laboratory in three separate years (indentified by the prefixes α, β e δ) a negative 

serum (δ−APMV3) sera provided by the reference laboratory 

 1 2 3 1 2 3 

A (+) β−H5N1 δ−H7N7 0.697 1.387 0.122 

B (-) β−H5N9 δ−H6N8 0.046 0.797 0.452 

C α−H7N1 β−H5N1 δ−H5N2 0.04 0.065 0.054 

D α−H7N7 β−H7N7 δ−H9N9 0.096 0.808 0.063 

E α−H4N6 β−H7N1 δ−H5N2 0.134 0.208 0.923 

F α−H5N7 β−H7N1 δ−APMV3 0.523 0.71 0.038 

G α−H5N2ost. β−H5N2 δ−H5N9 0.69 0.048 0.023 

H α−H7N3 δ−H5N2 δ−H7N7 1.316 0.293 0.28 

 

Although the use of field sera allows us to 

glimpse at the behavior of developed 

ELISAs in real situations, the absence of a 

multiplicity of control sera inhibits the 

capability to determine the ability of these 

assays to distinguish serum containing 

antibodies against the antigen desired. This 

was particularly noticeable in the assay 

whose results are presented in Table 2, 

because although it is known that the sera 

tested contained antibodies against AIV that 

could be detected using more traditional 

methods of analysis, the ignorance of the 

method of production of these does not 

allow us to conclude with certainty whether 

the assay worked or simply failed the test in 

such cases, although the results of this and 

other assays indicate that the first situation 

is the most likely.  

Additionally, assays performed for N3 and 

N6 had only a positive control, and were 

obviously limited in its ability to test the 

recognition of animals with antibodies 

against the NAs tested. 

 

 

 

Another limitation often encountered, was 

the occurrence of nonspecific interactions, 

particularly with NS1, during the ELISA.  

 

Although the complete removal of these 

interactions is unlikely, the optimization of 

the antigen production and purification 

methods may be a strategy to consider. The 

use of blocking buffers also led to 

acceptable results. 

Another strategy, for which studies are 

underway, is the use of monoclonal 

antibodies to develop blocking ELISA in the 

hopes of reducing nonspecific interactions 

and consequently the background reading. 
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