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Abstract: In the poultry industry, it is common to evaluate the humoral immune response associated to the vaccination calendar used 
for the different zootechnical purposes. When the vaccine against avian influenza and Newcastle disease currently used in a farm is 
going to be changed, an important parameter observed to choose a product over the others is based on the antibody titers reached by 
the application of the new vaccine. This study aimed to compare the serologic results obtained by hemagglutination inhibition (HI) 
test of avian influenza and Newcastle disease reported in four different national laboratories. One-day-old Ross broiler chickens were 
kept in Horsfall-Bauer isolation units and were vaccinated subcutaneously for the prevention of avian influenza and Newcastle 
disease. Then, serum of all the birds was extracted at three, six and seven weeks old and sent to four different national diagnostic 
laboratories, where HI test was performed for avian influenza and Newcastle disease. The treatments were designed in 4 × 3 factorial. 
Data showed significant statistical differences between laboratory results (up to six logarithms for influenza at six and seven weeks). 
This study confirms that the results of the HI test can vary from one laboratory to another, thus it is important to consider this, when 
the vaccines against avian influenza and Newcastle disease are evaluated at field. 
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1. Introduction 

The Newcastle disease is one of the most important 

infections in birds. The causal agent of Newcastle 

disease, virulent Newcastle disease virus (NDV), also 

known as avian paramyxovirus type 1, belongs to the 

Avulavirus genus within the Paramyxoviridae family. 

Virions have a single-stranded, negative-sense, 

non-segmented RNA genome that codes for six 

structural proteins: nucleoprotein (NP), 

phosphoprotein (P), matrix (M), fusion (F), 

hemagglutinin-neuraminidase (HN) and RNA 

polymerase (L) [1]. The hemagglutinin-neuraminidase 

and F glycoproteins allow NDV to attach and fuse to 

the host cell membranes, thereby initiating infection. 

Antibodies against hemagglutinin-neuraminidase and 

fusion neutralize the virus and are a primary 
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component of vaccine-induced protection versus NDV 

[2]. Avian paramyxovirus 1 (APMV-1), synonymous 

with NDV, is a geographically widespread viral agent 

that infects wild, peri-domestic (living in or around 

human habitations) and domestic avian hosts [3]. It is 

distributed around the world and causes big economic 

losses in poultry [4]. The causal agent of the NDV is 

capable of infecting 240 bird species, and it spreads by 

direct contact with sick birds [5]. APMV-1 strains of 

lower virulence have also been detected in numerous 

species of wild birds which may or may not result in 

clinical disease [6]. Although some viruses may be 

differentially maintained in wild or domestic bird 

reservoirs, there is also evidence of viral transmission 

across the poultry-wild bird interface [7]. 

In addition to biosecurity and culling of infected 

birds, vaccination is a critical component to control 

Newcastle disease [8]. Flock immunity is another 
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beneficial consequence of a successful vaccination 

program, as it provides some protection to 

sub-optimally vaccinated or unvaccinated birds in an 

otherwise well vaccinated flock. However, this 

outcome is only achieved with Newcastle disease 

when greater than 85% of the flock have 

hemagglutination inhibition (HI) antibody titers 

greater than Log2(8) after two vaccinations [9]. The 

NDV can be used as antigen in a wide variety of 

serologic tests, which allows the use of neutralization 

techniques or enzyme-linked immuno sorbent assay 

(ELISA) test and HI test to evaluate the antibody 

level in birds. Currently, the HI test is the most 

widely used test for antibody detection against NDV 

in birds [10]. 

The family Orthomyxoviridae contains four genera: 

influenza A, B, C and thogotovirus. Three different 

types (A, B and C) of influenza viruses are classified 

on the basis of antigenic differences among their 

nucleocapsid and matrix proteins. Influenza A viruses 

are further divided into subtypes based on the 

antigenic relationships of their hemagglutinin (HA) 

and neuraminidase (NA) surface glycoproteins [11]. 

The most virulent disease that affects highly 

susceptible birds can vary from a sudden death with 

few clinical signs, to a more characteristic disease 

with varied clinical signs with respiratory symptoms, 

such as ocular and nasal discharge, cough, dyspnea, 

swollen nasal passages or head, cyanosis on not 

feathered skin, wattle and comb, signs of 

incoordination, nervousness and diarrhea [10]. 

Because all influenza virus type A have similar 

antigens from the nucleocapsid and matrix, agar gel 

immuno-diffusion is used in order to detect antibodies 

against this antigens. For this test, concentrated virus 

preparations are used with one or both antigen types, 

but not all the birds species develop demonstrable 

antibodies. The HI test has also been used in routine 

diagnostic serology, even though it might not detect 

some specific infections because of the specificity of 

the hemagglutinin for the virus subtype [10]. 

Vaccination is being more commonly considered 

for use, because in some situations it could be a more 

cost effective control strategy as compared to the 

standard eradication through stamping out programs 

for the control of avian influenza [12]. Currently, 

extensive studies are being conducted to develop more 

effective vaccines to control avian influenza in 

addition to the traditional inactivated vaccine [13]. 

In the poultry industry, it is common to evaluate the 

humoral immune response associated to the 

vaccination calendar used for the different 

zootechnical purposes (breeders, layers and broilers). 

When the vaccine against avian influenza and 

Newcastle disease currently used in a farm is going to 

be changed, an important parameter observed to 

choose a product over the others is based on the 

antibody titers reached by the application of the new 

vaccine. However, these results can have significant 

differences according to the laboratory performing the 

test, the antigen used in vaccines and the antigen used 

in the HI test. It is important to consider this when 

assessment of vaccines and calendars are made in 

order to assure the results are reliable. Therefore, this 

study aimed to compare the serologic results obtained 

by HI test of avian influenza and Newcastle disease 

reported by four different national laboratories. 

2. Materials and Methods 

2.1 Birds 

Thirteen one-day old broiler Ross breed chickens 

from a company in Cordoba, Veracruz were used. 2.5 

mL of blood were extracted from the jugular of each 

bird every week. The samples were placed in BD 

vacutainer® tubes at room temperature for 12 h. Once 

1 mL of serum was obtained from each tube, they 

were collected in Crioval tubes for each group (52 

tubes each sampling). A total of 208 samples were 

taken during the experiment.  

The birds were placed since day of birth in a 

Horsfall-Bauer isolation unit with filtered air at 

negative pressure. They had free access to water and 
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food and the temperature was regulated according to 

the age of the birds.  

2.2 Vaccine 

An emulsified vaccine containing avian influenza 

(PRONABIVE strain) and Newcastle (LaSota strain) 

antigens was used. The dose applied was 0.5 mL 

subcutaneously injected.  

2.3 Laboratories  

The samples were placed in different vials of 1,000 

µL, identified by group with consecutive numbers and 

sent to four national laboratories: Investigación 

Aplicada (IA), Diagnosticos Clinicos (AV), 

Universidad Nacional Autonoma de México (UN) and 

Biotecnologia Veterinaria (BI). These laboratories are 

certified by the Mexican Certification Entity (EMA). 

2.4 HI Tests 

HI test of avian influenza and Newcastle disease 

were performed for the samples of the serum obtained. 

The HI test for avian influenza was performed 

according to the procedure described in the OIE 

terrestrial manual [14]. The HI test for Newcastle 

disease was performed according to the procedure 

described in the Mexican official norm 

(NOM-052-ZOO-1995) [15] with the minimum 

requirements for vaccines employed in the prevention 

and control of Newcastle disease.  

2.5 Statistic Analysis 

The experiment design was random by factorial 

treatment 4 × 3 (Table 1). The birds were bled at 3-, 6- 

and 7-week-old, with 13 repetitions. 

3. Results 

3.1 HI Results of Newcastle Disease 

All four laboratories worked with the LaSota 

antigen. It can be observed that in the basal 

monitoring (first sampling), the results of each 

laboratory are very similar in number without any 

significant difference (Figs. 1 and 2). However, 23% 

of the samples analyzed by the AV laboratory were 

positive to Newcastle disease, probably due to the fact 

that the birds are offspring of previously vaccinated 

birds. The highest parameters were reported by AV 

and UN laboratories and the lowest results by the BI 

laboratory. In this first sampling, it can be observed a 

seroconversion associated with the vaccination against 

Newcastle disease. In the last sampling (Fig. 3), it can 

be observed that the test performed in the AV 

laboratory shows differences up to four logarithms 

compared with the UN laboratory which obtained the 

highest titers from the four evaluated laboratories. 

Unlike the second monitoring, in this monitoring, the 

lowest titers were reported by the AV laboratory, 

which shows 61.5% of the serums with a negative 

titer.  

3.2 HI Results of Avian Influenza 

All four laboratories worked with PRONAVIBE 

antigen. The laboratory identified as UN, reported 

higher titers than the other laboratories. In this case, 

the results might be positive because the birds used for 

the experiment come from previously vaccinated 

mothers with avian influenza in the field (Fig. 4). 

It can be observed that the laboratory identified as 

IA obtained the lowest result, and there are even 
 

Table 1  Experiment design of the study.  

Activity Age of the birds 

Birds reception Day of birth 

First sample: ND and AI vaccine application 3-week-old 

Second sample 6 week-old 

Third sample  7 week-old 

AI: avian influenza; ND: Newcastle disease. 
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Fig. 1  HI test results of Newcastle of the first serologic sampling at 3-week-old.  
 

 
Fig. 2  HI test results of Newcastle of the second serologic sampling at 6-week-old. 
 

differences of four logarithms in comparison with the 

results obtained by the other laboratories. A marked 

difference can be observed in avian influenza titers 

compared to those of Newcastle disease titers in the 

second monitoring. As well as in the second sampling, 

the highest titers were obtained by IA laboratory 

where 100% of the serums had higher titers. The 

lowest titers were reported by the AV laboratory in the 

same way as the second monitoring. A very marked 

variation is observed in titers reported by all four 

laboratories.  

4. Discussion  

The World Organization for Animal Health (OIE) 

mentions that the HI test for both the Newcastle 

disease and avian Influenza are widely used to 

determine the antibody titers for these diseases [10]. 

For this reason and due to the importance of this test, 

a comparison was performed where the results emitted 

by the laboratories were different for avian influenza  
 

0

2

4

6

8

10

12

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

T
it

er
s 

(l
og

2)

Serums

IA AV UN BI

0

2

4

6

8

10

12

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

T
it

er
s 

(l
og

2)

Serums

Newcastle HI test

IA AV UN BI

Newcastle HI test



Comparative Study of Serologic Results Obtained by HI Test of Avian Influenza and  
Newcastle Disease Performed in Four Mexican Laboratories 

 

139

 

 
Fig. 3  HI test results of Newcastle of the third serologic sampling at 7-week-old.  
 

 
Fig. 4  HI test results of avian influenza of the first serologic sampling at 3-week-old. 
 

in the second and third serologic sampling. 

Valladares [16] mentioned that the HI test was 

widely used for the H5 subtype of avian influenza. 

Due to the fact that the antigenic properties of the 

hemagglutinin can be modified by site mutations, the 

homology between the antigen of the test and the field 

virus is very important to achieve an adequate level of 

antibody detection. In this study, the seroconversion 

was found for both avian influenza and Newcastle 

disease in vaccinated birds and detected for all four 

national laboratories. However, a difference was 

found in avian influenza results probably associated to 

the homology between the antigens of the test (Figs. 5 

and 6).  

For the Newcastle disease, Kapczynski and King 

[17] mentioned that field results suggest that only 

birds with HI titers greater than Log2(16) after 

multiple vaccinations will survive a NDV challenge  
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Fig. 5  HI test results of avian influenza of the second serologic sampling at 6-week-old.  
 

 
Fig. 6  HI test results of avian influenza of the third serologic sampling at 7-week-old. 
 

(34% of the flock). According to this, most of the samples 

analyzed in the laboratory identified as AV in the third 

sampling would be considered as non-protective and 

the others (IA, UN and BI) would be considered as 

protective.  

Due to the differences shown in the results obtained 

by some laboratories, a potency-challenge test should 

be performed in order to evaluate the real protection 

against Newcastle disease. 

This study matches with the results reported by 

Abdel-Rhman [18] in 2013, in which a study 

performed in quails showed that the NDV antibody 

titers were higher at 0, 14 and 28 d after vaccination in 

quails vaccinated with the same strain as the antigen 

used in the test. Whereas, lower antibody titers were 

obtained when the antigen used in HI test was 

heterologous [18]. This could explain the results 

variation.  
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5. Conclusions 

The different laboratories reported very similar 

results during the first monitoring of the HI test in 

both Newcastle disease and avian influenza, while 

during the second and third monitoring, the results 

were similar for the HI test for Newcastle disease. The 

results of the HI test for avian influenza in the second 

monitoring were very similar in all the laboratories, 

except in the group identified as IA, where the titers 

were superior in 92.3% of the serums.  

According to the results obtained in the present 

study, it can be concluded that the HI test results were 

expressed according to criteria of the person 

performing the test. There can be significant 

differences in logarithms when the same sample is 

tested in different laboratories. When applying the 4 × 

3 factorial with a 95 % confidence, it was statistically 

determined that the evaluated results were influenced 

by the laboratory and time.  
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