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ABSTRACT 
Avian paramyxovirus 1 is a pathogen of huge social and economic importance, and the 

disease it provokes is often devastating, especially in domestic fowl. The isolation and 

reisolation of the virus in chicken embryos followed by typing in HA and HIA tests is the “gold 

standard” in disease diagnostics. The present report describes a study on the amount of 

Newcastle disease virus in the inoculum for its reisolation in chick embryos. It was found out 

that when the initial haemagglutination titre was high, the dilution of allantoic fluid in APMV 1 

serial passage in chick embryos resulted in higher virus yield.  
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INTRODUCTION 

Avian paramyxovirus 1 (APMV 1 = Newcastle disease virus, NDV) causes the Newcastle 

disease (ND) in birds. NDV is a pathogen of huge social and economic importance, and the disease 

it provokes is often devastating, especially in domestic fowl (Alexander, 1988; Pfitzer et al., 2000). 

A number of tests for ND diagnostics are available. Conventional diagnostic approaches provide 

reliable information. The most commonly used method for NDV isolation is the infection of 

chicken embryos (VI). They are the most appropriate biological medium for virus replication. Chick 

embryos are inoculated with the supernatant from suspensions obtained from organs and tissues of 

dead or sick birds. The medium from processing of cloacal or tracheal swabs could be also used as 

inoculum. Inoculation is done aseptically in the allantoic cavity with an amount of 0.1 to 0.3 ml. 

Infected embryos are incubated at 37
о
С for 96 to 120 hours and candled once or twice daily 

depending on the experimental design. VI is used also both for reisolation and replication of NDV. 

The presence of APMV 1 in the allantoic fluid of infected embryos is confirmed by means of the 

haemagglutination (HA) and haemagglutination inhibition (HIA) assays with known monospecific 

serum (Senne, 1998). HA is used for detection of haemagglutinating agents and their titration. It is 

performed as drop agglutination as well as in microvariant – in microtitre plates. Suspensions of 

washed red blood cells (most commonly chicken, but also from turkeys) are used. This reaction 

could not be used as a stand-alone proof for the presence of NDV, as other avian viral pathogens 

(orthomyxoviruses, coronaviruses, adenoviruses) also exhibit haemagglutination activity (Gulka et 

al., 1984; Jonassen et al., 2005; Hafez, 2011).  

HIA is described for the first time by Hirst (1941) in a study on influenza viruses. The method 

is widely used for detection of isolated haemagglutinating agent such as the ND virus. It is based on 

the ability of antibodies to inhibit haemagglutination activity of the HN-antigen of NDV. A serious 

drawback of the HIA test is that it is very laborious. Due to cross-reactivity between some different 

APMV types, for instance 1 and 3 (Stanislawek et al, 2001; Nayak et al., 2012), the interpretation of 

results could be impeded. In Bulgaria, the method is successfully used by Surtmadzhiev et al. 

(1980) for evaluation of the immune status of flocks in industrial poultry farms with respect to 

Newcastle disease. 

The purpose of the present study was to establish the significance of Newcastle disease virus 

titre in reisolation of the pathogen in chick embryos.  
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MATERIALS AND METHODS 

Viruses 

In this study, two NDV strains were used – NDV/chicken/Kardam/2008 and 

NDV/pigeon/NovoYankovo/2009, whose features are presented in Table 1. 
 

Table 1. Strains of Newcastle disease viruses used in the present study – species and origin of 

birds, type of samples. 

Isolate Bird 

species 

Settlement Region Sampling 

date 

Sample 

type 

NDV/chicken/Kardam/2008 chickens Kardam Dobrich 15.02.2008 carcasses 

NDV/pigeon/NovoYankovo/2009 pigeons Novo Yankovo Shoumen 05.03.2009 organs 
 

Monospecific serum for HIA. 

NDV Ulster 2C serum (manufactured by Istituto Zooprofilattico Sperimentale delle Venezie, 

Italy) was used. 
 

Biological systems. 

Biological systems used for reisolation of ND viruses were 9–11 days-old chick embryos, 

obtained from disease-free unvaccinated flocks. 
 

Chicken red blood cells. 

Chicken red blood cells collected from healthy birds, negative for antibodies against NDV, at 

10% and 1% solutions were used. Erythrocytes were obtained after processing of collected blood in 

Alsever’s solution and triple washing with PBS (pH 7.2-7.4). 
  

Reisolation of Avian paramyxovirus 1. 

For reisolation of NDV, 0.2 ml of isolates were inoculated in the allantoic cavity of 9–11 

days-old chick embryos (three for each strain). The procedure described in the OIE Manual OIE 

(2012) and Council Directive 92/66/EEC was followed. Infected chick embryos were incubated at 

37
о
С and candled at a daily basis. Upon death occurrence, dead embryos were separated and placed 

at 4
о
С, and on the 120

th
 hour, those remaining alive were cooled too. The allantoic fluid of each 

embryo was tested in HA for presence of haemagglutinating agent. 
 

Detection of the affiliation of isolates to APMV 1 in HIA. 

The type of isolates was confirmed in HIA with use of monospecific serum. 
 

The performance of HA and HIA also followed the procedure described in OIE Manual 

(2012) and Council Directive 92/66/EEC.  
 

Passages of isolates 

Isolates were tested in three consecutive passages. For infection of chick embryos in each 

passage, allantoic fluid from the previous one was used. When the haemagglutination titre was high, 

the subsequent passages were carried out in two variants: 

- with undiluted allantoic fluid from the previous passage; 

- with inoculum diluted 1/50 when the titre from the previous passage was ≤1/128 and 1/100 

when the titre from the previous passage was >1/128. 
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RESULTS 

Detection of isolates type in HIA. 

Reisolated viruses were titred by means of HA-microvariant. On the basis of determined 

haemagglutination titres, dilution of isolates at 4 HAUs was performed. With this dilution, HIA was 

carried out with monospecific serum against NDV. The presence of inhibited haemagglutinating 

activity allowed typing the pathogens as APMV 1. At the same time, stunted growth and petechiae 

on the trunk (Fig. 1А) and occipital area (Fig. 1B) were observed. 
 

Figure 1. Chick embryos infected with the NDV/chicken/Kardam/08 strain. 

  
А B 

Passages of isolates 

The results from the titration in several consecutive passages in chick embryos of both 

isolates in the HA-microvariant test are shown in Table 2.  
 

Table 2. Titration of NDV isolates by means of HA-microvariant without dilution of allantoic 

fluid from the previous passage. 

Isolate Haemagglutination titre of the virus and reciprocal 

value 

Іst passage ІІ-nd passage ІІІ-rd passage 

NDV/chicken/Kardam/2008 1/128 log27 1/256 log28 1/256 log28 

NDV/pigeon/NovoYankovo/2009 1/16 log24 1/128 log27 1/128 log27 
 

In the second passage, viral haemagglutination titre increased but in the third passage it was 

withheld for both isolates.  When a preliminary dilution of the source material from previous 

passages was done, the results were different and haemagglutination titres were increased (Table 3). 
 

Table 3. Titration of NDV isolates by means of HA-microvariant with dilution of allantoic 

fluid from the previous passage.  

Isolate Haemagglutination titre of the virus and reciprocal 

value 

Іst passage ІІ-nd passage ІІІ-rd passage 

Inoculum dilution  dilution 1/50 of 

passage І 

dilution 1/100 of 

passage ІІ 

NDV/chicken/Kardam/2008 1/128 log27 1/512 log29 1/1024 log210 

Inoculum dilution   dilution 1/50 of 

passage І 

NDV/pigeon/NovoYankovo/2009 1/16 log24 1/128 log27 1/512 log29 
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DISCUSSION 

After three passages of isolates in chick embryos, the viral haemagglutination titres were 

determined in the HA test after each passage. The titre of the pigeon isolate was relatively low after 

the first passage – 1/16. After the second passage however, it increased, which was most probably 

due to its adaptation to the biological system. It is interesting to note that in both isolates, no 

increase in haemagglutination titres has occurred in the third passage. When the experiment was 

repeated, but with diluted allantoic fluid, haemagglutination titres increased after each passage. This 

was presumably due to a process, observed for the first time by von Magnus during his study on 

avian influenza virus (Stein et al., 1976) and termed “von Magnus phenomenon”. The infection 

with a high viral concentration results in production of virions with structural defects, which lose 

their antigenic properties. A possible reason for the observed event is also interferon-inducing 

function of NDV (Marcus et al., 1983). Nagai et al. (1981) demonstrated that L-cells infected with 

NDV, were not able to synthesize normally viral proteins. According to the auhtors, this was due to 

accumulation of interferon (IFN) in the biosystem. After addition of IFN-specific antiserum, the 

replication of the virus was already normal. At the same time, Huang et al. (2003) and Park et al. 

(2003) reported that when antigenic shift type mutation occurs, the so-called V-proteins and W-

proteins with a strong interferon-antagonistic activity could be produced. Opposite to the present 

result, Zarkov et al. (2005) reported a stabilisation of haemagglutination activity of NDV isolates 

from wild birds after consecutive passages in chick embryos. For first-passage haemagglutination 

titres of 1/2 to 1/8, the authors observed increase up to 1/16, respectively 1/256 in the third passage. 

In this case however, the isolates were from wild ducks and increased haemagglutination titres 

could be attributed to the gradual adaptation of the virus to the biological system. 
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