A Study on determination of Antibody titer by HI test against Newcastle Disease in various layer flock In Chittagong district of Bangladesh.
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                                             ABSTRACT
[image: image5.emf]A serological survey was conducted to assess the level of serum antibodies against Newcastle disease virus by Haemagglutination inhibition (HI) test in layer birds in different areas of Chittagong district during November to December,2010. Six layer flocks were selected based on ages of birds. A total of 100 serum samples were collected and tested. Haemagglutination Inhibition (HI) test was performed using commercial Newcastle disease vaccine (Avinew®) as a source of 4HAU virus antigen. The Antibody levels against Newcastle disease virus (mean±SE)  in 18, 73,77 weeks of ages were found, 9.88±0.34, 9.95±0.27, 8.80±0.77,  respectively and in 40,43 and 58 weeks of ages were found 5.4±0.45, 8.08±0.33, 8.00±0.47, respectively. There was found lowest antibody titers at the age of 40 weeks. The average mean±SE of HI titer against Newcastle disease in layer flock indicates good and the investigated farms might be protective level against Newcastle disease. 
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Chapter-01
INTRODUCTION
Newcastle Disease is a serious and commonly fatal disease of chickens caused by a paramyxovirus. Newcastle Disease is the most important cause of mortality in chickens (Nguyen, 1992). It is one of the most common respiratory disease of poultry and occurs worldwide.
The virus of Newcastle Disease is a single stranded, nonsegmented, lipoprotein enveloped RNA virus belonging to genus paramyxovirus of the family paramuxoviridae. There are three pathotypes or strains of Newcastle disease virus. The strains are highly virulent (velogenic), intermediate (mesogenic) or avirulent (lentogenic) based on their pathogenicity in chicken (Beard and Hanson, 1984).
All strains of Newcastle Disease virus will agglutinate chicken red blood cells in vitro(and sometimes red blood cells from other species).The process is known as haemagglutination and is the basis of the common serological test , the haemagglutination inhibition test, used to detect antibodies to this virus.(Spradbrow, 1997).
Newcastle disease virus has potentials for expanding its host range in nature (Brandly, 1950).The transmission of NDV occurs through newly introduced birds, selling or giving away sick birds, exposure to fecal and other excretions from infected birds and contact with contaminated feed, water, equipment, and clothing(Tu et al.,1998) . 
 In chickens ND is characterized by lesions in the brain or gastrointestinal tract, morbidity rates near 100%, and mortality rates as high as 90% in susceptible chickens. Neurological symptoms or severe depression are the most obvious clinical signs of ND, and some unvaccinated birds may be found dead with no detected sign of prior illness
( Eskoli. et al., 1984​).  Newcastle disease virus (NDV) infections of poultry range from inapparent to rapid fatal depending upon the pathotype of virus involved(Alexander, 2003). Wild and domesticated birds harbour the Newcastle disease virus (NDV) while showing no detectable clinical signs of the disease (Lancaster, 1964).In countries where poultry are kept exclusively in bird proof housing, the ability of the feral birds to invade affected flocks and transfer the disease will be minimal, whereas birds kept on open range are more likely to be infected with strains carried by feral birds (Wobeser et al.,1993;Onapa et al.,2006).
After consideration the above mentioned criteria the present study was undertaken with the following objectives:
· To detect the antibody level against Newcastle disease compared to standard level.

· To assume the prevalence of Newcastle disease in layer flock in Chittagong zoon.

.    
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REVIEW OF LITERATURE:
History of Newcastle disease:
It is generally considered that the first outbreaks of Newcastle disease occurred in 1926,in java ,Indonesia(Karaneveld, 1926) and Newcastle town,England(Doyle, 1927). There are reports of diseases outbreaks in central Europe similar to what we know recognize as  Newcastle disease, which predate 1926(Halasz, 1912),citing ochi and Hashimoto, indicated that the disease may have been present in Korea as early as 1924.
The name Newcastle disease was coined by Doyle as a temporary measure because he wished to avoid a descriptive name that might be cofused with other diseases (Doyle, 1935). In later become clear that other less severe diseases were cased by viruses indistinguishable from Newcastle disease virus. In the united states, a relatively mild respiratory disease, often with nervous signs, was first described in the 1930 and subsequently termed pneumoencephalitis (Beach , 1942).It was shown to be due to a virus indistinguishable from Newcastle disease virus in serological tests.Within a few years ,numerous NDV isolates that produced extremely mild or no disease in chickens were made around the world (McFerran et al , 1986).An outbreak also occurred in Ranikhet,india in 1927(Edwards,., 1928). Newcastle disease is now regarded as endemic or epidemic almost all over the world. Newcastle disease is included in list A of the office international des Epizooties(OIE;2002).
Etiology:
 (Beard and Hanson, 1984).
Newcastle disease (ND The causal agent is the Newcastle disease virus (NDV) which is a negative-sense single-stranded RNA virus belonging to the family Paramyxoviridae. Through restriction site mapping and sequence analysis of the fusion gene (F-gene), NDV strains have been divided into eight genotypes (Ballagi et al., 1996). The strains are also classified into highly virulent (velogenic), intermediate (mesogenic) or avirulent (lentogenic) based on their pathogenicity in chickens) is caused by specified viruses of the avian paramyxovirus type I (APMV-I) serotype of the genus Avulavirus belonging to the subfamily Paramyxovirinae, family Paramyxoviridae. The paramyxoviruses isolated from avian species have been classified by serological testing into nine serotypes designated APMV-1 to APMV-9; ND virus (NDV) has been designated APMV-1 (Alexander, D.J., 2003).
Epidemiology:

The disease was first recorded in New castle, U.K. by doyle in 1926. That is why the disease is named as Newcastle disease or Dolyes disease. The disease was also recorded Java (1926) and Koria (1929). Two other countries, India and Philippines were added usthin year(Edwards, 1928). Within 10 years Newcastle disease had been reported in Japan (1933), East Africa (1937) and Australia (1931). The milder form initially reported from the united states by Beaud .In developing countries throughout Asia, Africa, Central America and some parts of South America the village chicken is an extremely important asset representing a significant source of protein in the form of eggs and meat. However, ND is frequently responsible for devastating losses in village poultry. For example, (Spradbrow, 1992) estimated that each year 90% of the village chickens in Nepal die as a result of ND (Alexander et al., 2001). In Bangladesh ND claimed up to 40%-60% of the total mortality in rural scavenging chickens in fate seventies (Chowdhury et. al., 1982). In Bangladesh, about 90% of the rural households rear poultry and this contributes with over 85% of the total poultry production (Hoque et. al., 1999).
Transmission of Newcastle disease virus :

The success of the respiratory route of transmission will depend on many environmental factors, such as temperature, humidity, and stocking density. Inhalation of infectious virus may occur as a result of the presence of either larger droplets or fine aerosols containing virus. (Alexander et al., 2000). It has been demonstrated that NDV will survive for period of six months or more in avian faeces under normal temperatures (Vindevogel et al., 1988). More recently virulent NDV was detected in uninfected cell cultures prepared from embryonated chicken eggs. However, chicks hatched from eggs collected from NDV infected flocks were virus negative even though dead embryos and infertile eggs in the same incubator contained NDV (Seal et al., 2000). Man may transfer NDV either mechanically with equipments, or as a result of an infection, which is usually manifest as conjunctivitis (Alexander et al., 1988). No evidence exists to support human-to-human transmission, but the potential for human-to-bird transmission exists (Swayne et al., 2003). In hot countries, reptiles which may enter poultry houses should not be ignored as potential transmitters of NDV, as susceptibility to infection has been reported in reptiles (Alexander et al., 2000).

Clinical Signs:

(Beard and Hanson, 1981) said that ND virus strains are grouped into 5 patholyes based on the clinical signs induced in chickens (i) Viscerotropoc or (ii) New rotropic velogeric with high mortality and intestinal lesions or central nervous signs, (iii) Monogenic with clinically smiled or in apparent infections of the respiratory tract and (v) Asymptomatic enteric with in apparent intestinal infection.

Diagnosis of Newcastle disease:

The most commonly used laboratory methods for the detection of viruses and virus components in biological samples can be divided into three categories; those that measure virus infectivity, those that examine viral serology and those that rely on molecular methods (Flint, 2007). Avian paramyxovirus infections have usually been diagnosed by serology or virus isolation. Antibodies to APMVs may be detected by HI tests using the relevant antigen and controls. Avian paramyxoviruses can be isolated from tracheal or faecal swabs or tissue samples from infected birds by inoculation of eight to ten-day old embryonated chicken eggs via the allantoic cavity  (Alexander, 2000) .This route provides optimum conditions for growth of the virus. Confirmation of the virus as belonging to an APMV serotype can be performed by HI tests with specific antiserum(Alexander, 2000).The avian paramyxoviruses comprise nine serotypes. They are antigenically and structurally different from mammalian parainfluenza viruses (Anderson,. et al.,1988). Different virus isolates of the same serotype can be studied with a set of reference viruses, using cross reaction haemagglutination inhibition tests, elution-haemagglutination pattern and pattern of migration of viral proteins in polyacrylamide gel electrophoresis (Lipkind, et al.,1995).
Differential diagnosis of Newcastle disease:

Clinical manifestation of Newcastle disease in chicks can be confused with those of many others infections and poisoning, Infectious bronchitis,Laryngotracheitis, Fowl plague,Infectious coryza, and mycoplasmosis have resembles some features of avian encephalomyelitis,Marek’s disease,Fowl cholera and certain poisonings (Beard and  Hanson, 1984) .
Serological Tests:
A method widely used to measure virus particles is the haemagglutination assay (HA). This assay takes advantage of the fact that many viruses contain proteins that bind red blood cells (RBCs); normally RBCs will fall to the bottom of a culture well, forming a sharp button. However, if viruses are present, the red cells become bound to the virus particles and coat the well(Flint, 2007). If no virus is present; tear-shaped streaming of the RBCs is seen (Alexander, 2000). An example of how a Haemagglutination assay is performed is shown in figure 01. An overview of the assay plate is shown in figure 02. Haemagglutination Inhibition (HI) is the most commonly used test to quantify antibodies to the haemagglutinating virus. The HI titre is the highest dilution of serum causing complete inhibition of 4HAU (4 HA units) of antigen. The value of serology in diagnosis is clearly related to the immune status of the affected birds, and to differentiate between the serotypes(Alexander, 2000). The HI test has the advantage of being easily done with little expense or extensive equipment (Heckert, et al., 1999).
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 Prevention and Control :
Control of any viral disease in birds involves expenses and restrictions, which will be imposed on an individual owner or nation (Alexander, 1993). Other than NDV, other avian paramyxoviruses do not cause overt disease with high mortality unless acting synergistically with other pathogens; their economic impact is therefore considerably less apparent. As a result, neither vaccination nor slaughter have been adopted as a policy to control infections in many countries (Alexander, 1993).  However good antibody responses have been reported in day-old turkeys to an inactivated oil emulsion APMV-2 vaccine (Alexander, 2000). The possibility of transmission of viruses from wild to domestic fowl make it desirable to keep wild birds out of poultry houses(Mbugua,et al., 1985). The high proportion of sparrows seropositive for PMV-2 in Southern Spain, together with their wide geographical distribution may influence the prevalence recorded in turkeys, breeder hens and broiler chickens farmed in the open systems (Maldonado et al.,1994). 

On farms, control measures should attempt to prevent virus from infecting the flock. The practice of good hygiene and biosecurity measures should prevent the introduction of the virus by the various routes. Farms and flocks should be well separated, hatcheries should be isolated from poultry farms, different species should be reared on different sites and an adequate fresh water supply should be available, preferably one that does not draw on surface water(Alexander, 2000). There have been no reports of AMPV-2 serotype infecting humans, however the potential may exist and a virus of AMPV-2 serotype has been isolated from cynomolgus monkey (Macaca fascicularis)(Alexander, 2000). Treatment of infected flocks has generally involved the use of antibiotics or other medication against the exacerbative organism present. However a study discussing the infection of turkeys found that the most satisfactory curative intervention following the diagnosis of a PMV-2 outbreak would be the prompt disposal of the birds (Alexander, 1993).  
Vaccination:

 The immunogenicity of an inactivated vaccine prepared with a virulent local isolates of Newcastle disease virus(NDV) was compared with live conventional NDV vaccines (BCRDV & RDV), produced by Directorate of livestock services,Bangladesh.

Antibody response of the inactivated and live vaccines in chickens immunized twice via natural routes(o/r, i/o, i/n) and parenteral routes (s/c or i/m) were determined by HI test.
Results of HI titer indicates that the chicken immunized with inactivated vaccine through parenteral routes (s/c or i/m) induced better response compared to that of chicken immunized through natural routes.The almost similar immune response(128 HI titer) and protection rate(100%) were observed in groups of chickens immunized either inactivated or live(BCRDV & RDV) vaccines through same routs of immunization (Saha,et al.1998).
Choice of Vaccine is governed  by three main considerations, namely :
a) The immunogenicity of the vaccine,

b) The type of vaccine(inactivated or live),

c) The virulence of live vaccine strains, not only for the recipient host species, but also for other species which may become due to several spread of the vaccine    (Alexander,  2000).
Chapter-03
MATERIALS AND METHODS:
Description of Study Areas

The present preliminary cross-sectional study was conducted in four selected areas (Sandgaon, Mohra, Kalorghat, and Sitakunda area of Chittagong District).
Duration of study:  
The research work was conducted at Microbiology laboratory, Faculty of veterinary Medicine, Chittagong Veterinary and Animal Sciences University, Chittagong, Bangladesh, from November to December, 2010.
Sample size:

A total of one hundred samples(from each chicken about 1.5 ml -2 ml of blood) were collected with 3-ml syringe needle from Layer poultry birds at ≥18 weeks of different layer flocks in Chittagong District of Bangladesh. The birds were randomly  selected from their flocks for blood collection.
Study design.
 The study was conducted on Layer chickens which were randomly sampled from four selected areas in Chittagong District.

Collection and preservation of serum samples:

From each bird 2 ml of blood was collected aseptically from wing vein and allowed to clot then sera were separated and stored at -20°c until test carried out. The antigen (Avinew® ND,VG/GA strain) used in this study.
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Fig-03: Collection of Blood from chicken.
Preparation of 1% chicken RBC:
5ml of chicken blood was taken aseptically from 2-4 weeks Specific pathogen free (SPF) Chickens with a disposable syringe containing ethylene di amine tetra acetic acid   (EDTA) as an anticoagulant. The blood was centrifuged with equal volume of PBS at 1000 rpm for 10 minutes. The supernatant was poured off.
After washing thrice with phosphate buffer saline (PBS),1% chicken RBC was prepared by adding 1 ml RBC to 99 ml PBS. The prepared RBC is suitable for 24 hours.
Haemagglutination test:

In HA test,96 wells V–bottom polystyrene microtiter plate was used, a two-fold serial dilution was carried out from 1:2 dilution, in wells A1 and B1 down to 1:1,024 dilution in wells A12 and B12.   Finally using the 50µl plastic micropipette, a drop of 0.5 percent chicken red blood cell(RBC) suspension (as indicator) was added to each well.   The control consisted of a pair of wells with same volumes of normal saline and RBC but no antigen.Dispense 25µl of PBS into each well of a microtitre plate. 25µl of  virus suspension added in the first well and mixed properly. Two-fold dilution of 25 µl volumes of the virus suspension added across the plate.Then 25 µl of PBS and 25 µl of 1%(v/v) chicken RBC added to each well.  The microtiter plate was shaken for about five seconds, then incubated at room temperature and read after 40 minutes. The end-point was taken as the dilution in the last pair of wells that showed complete (100 percent end point) haemagglutination.    The HA titer was the reciprocal of that value as recommended by (Allan, et al., 1974).
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                                                Fig-04: Performing HI test.
Haemagglutination inhibition (HI) test:

HI test was done according to the procedure of (OIE:2002) ,briefly two fold serial dilution of 25µl serum was made with PBS in V-bottomed microtitre plates upto 10th well.25µl of 4 haemagglutinating(HA) units of Newcastle disease virus or antigen was added upto 11th well. The plates were kept at room temperature for more than 30 minutes to facilitate antigen antibodyreaction. Then 25µl of 1%(v/v) chicken RBC suspension was added to each well . The 11th well contains antigen and RBCs as the positive control and the 12th well contains only RBCs as the negative control. After gentle mixing, the RBCs were allowed to settle at room temperature for 40 minutes and agglutination was assessed by tilting the plates. The sample showing peculiar central button shape settling of RBCs were recorded as positive and maximum dilution of each sample causing haemagglutination inhibition was considered as the end point, which was used to estimate the HI titre. The HI titre of each sample was expressed as reciprocal of the serum dilution. 
Chapter-04
RESULTS AND DISCUSSION:
A total 100 serum samples were collected from different commercial layer farms and were subjected to haemagglutination inhibition test. Out of 100 samples , all were found positive for specific immunity against Newcastle disease virus. A Newcastle disease HI titre of log23 or above is generally accepted as indicative of specific immunity (Allan & Gough, 1974).
Different age (≥18 weeks) groups of commercial layer chickens were examined in detail. In 18, 73,77 weeks of age groups, HI antibody titre varied from 25 to 212 with Mean±SE of titers 9.88±0.34, 9.95±0.27, 8.8±0.77,  respectively.Whereas in 40,43 and 58 weeks of age groups, HI antibody titres varied from 23 to 211 with Mean±SE titers of 5.4±0.45, 8.08±0.33, 8.00±0.47, respectively. Similar report has been described by (Numan et al. 2005) who reported 100% of layer chickens were positive for specific immunity against Newcastle disease virus in Pakistan. The low level of antibody titres in vaccinated flock of 40 weeks (Mean titer =5.4) in this study may be due to the poor vaccine quality or vaccine failure. There are several possible causes for the vaccine failure in developing countries like poor manufacturing standards, lack of adequate storage facilities, application of expired vaccines, faulty application and vaccine handling during transportation (Vui et al, 2002).Heat stress and water deprivation in birds also lead to production of steroids and thus resultant immunosuppressant(Sil et al , 2002).Birds receiving continuous treatment with chlorampenicol and furazolidone have been shown to have impaired immune response (Tariq, 1999).
 In this study , the birds in 18 and 73 weeks of age showed the highest level of antibody titres against Newcastle disease (Mean titer=9.88 and 9.95) and showed relatively low susceptivility to clinical infection.The antibody titre is higher since we have expected that through vaccination or previous exposure of infection the level of serum antibody titres should increase at adult age.The wider range of Newcastle disease virus titres in birds may be due to natural infection which is known to produce higher antibody titres than vaccination(Luc,et al,1992)
 The antibody titres were also higher may be due to the higher exposure of infection during dry season(November to December).Similar report has been described by (Awan et al, 1994)who reported that Newcastle disease peaks during and at the end dry season. The issue of seasonal prevalence is controversial and may vary according to the environmental, nutritional and socioeconomic conditions, under which poultry was 
kept. In fact several parameters should be evaluated for the implementation of a successful Newcastle disease vaccination program.   
	Age

(weeks)
	               Antibody titres using HI test (In Log)
	   Mean Titers± SE

	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	210
	211
	212
	

	18
(n=25)
	0
	0
	0
	0
	0
	2
	2
	0
	2
	9
	7
	3
	9.88±0.34



	40
(n=10)
	0
	0
	1
	2
	1
	5
	0
	1
	0
	0
	0
	0
	5.40±0.45

	43
(n=25)
	0
	0
	0
	1
	0
	3
	3
	10
	3
	3
	2
	0
	8.08±0.33

	58
(n=10)
	0
	0
	0
	0
	0
	2
	2
	2
	2
	2
	0
	0
	8.00±0.47

	73
(n=20)
	0
	0
	0
	0
	0
	0
	1
	2
	2
	7
	8
	0
	9.95±0.27

	77
(n=10)
	0
	0
	0
	0
	1
	0
	4
	0
	0
	1
	3
	1
	8.80±0.77


Table-01: Results of HI Titer of layer birds.

       *SE=standard error.
       *n = Number of sample.                 
Chapter-05

CONCLUSION:
From this study we conclude that, the antibody titer level against Newcastle disease in commercial layer flock of Chittagong District, Bangladesh was apparently protective due to the maintaining of proper vaccination schedule in different commercial  layer farms and  it was also due to the previous exposure of Newcastle disease virus. This study appreciate that, usually the antibody titer is high in Layer bird due to their long time rearing, long time and booster vaccination schedule as well as previous various exposure of infections.
The study suggest that, to maintain good farm practices it is very important to vaccinate the birds of the flock at proper time with proper dose and schedules. Regular vaccination should be done. Before vaccination HI titer level of the serum of birds against Newcastle disease must be monitored.   
REFERENCES:
Alexander, D. J. (2003) Newcastle disease, other avian Paramyxoviruses and pneumovirus infections:Newcastle disease. In: Diseases of Poultry, Saif Y.M., ed. Iowa State University Press, USA, 64–87.

Alexander et al., 2001: Alexander DJ Newcastle Disease. British Poultry Science. 2001; 42: 5 - 22. [PubMed: 11337967]. 
Alexander, D.J. (2000) Newcastle Disease and other Avian Paramyxoviruses. Rev. Sci. tech. Off. Int. Epiz. 19(2), 443-462.
Alexander D. J. (1997)  Newcastle disease and other Paramyxovirus infections. In: Calnek BW, Barnes HJ, Beard CW, McDougal LR, Saif YM, eds. Diseases of Poultry. 10th ed. Ames, IA:Iowa State University Press; 541–569.
Alexander, D. J. (1993) Paramyxovirus Infection. Chapter 22. Amsterdam Elsevier.

Alexander D. J. (1988 A)Newcastle Disease: Methods of Spread. 256 - 272. In: Alexander DJ Newcastle Disease, Kluwer Academic Publishers, Netherlands.
Anderson, C.L, Russell, P.H. (1988) Monoclonal Antibodies against Avian Paramyxovirus- 3: antigenic mapping & Functional Analysis of the Haemagglutinin-Neuraminidase protein and the characterization of non-specific monoclonal antibodies. Archives of Virology. 101, 49-63.

Awan M. A,Otte M J and James A D 1994 The epidemiology of Newcastle disease  in rural poultry: A review. Avian Pathology 23, 405-423.

Allan,W. H. & Gough, R.E.(1974):A standard HI test for Newcastle disease:A                     comperision of macro and micro methods vet record,95,120-123.
Beard C .W., Hanson HP. Newcastle Disease. In: Hofstad MS, Bames HJ., Calnek BW., Reid BM., Yoder HW, (1984) eds. Diseases of Poultry. 8th ed. Ames, IA: Iowa State University Press; 452–470.

Brandly,C. A., 1950. Newcastle disease.j. Am.Vet. Med. Assoc.,116:139-146
Beach, J. R. 1942. Avian pneumoencephalities. Proc annu.meat US Livestock saint     Assoc.49:203-223.
Ballagi, P. A., and Wehmann, E.(1996). Identification and grouping of Newcastle disease virus strains by restriction site analysis of a region from the F gene. Arch Virol, 141, 243-261.
Doyle, T. M.(1927). A HI titer to unrecorded disease of Fowls. J. comp pathol Therap 40:144-169.

Doyle, T. M.(1935). Newcastle disease of Fowls due to a filter passing virus . J. comp pathol Therap 48:1-20.

Eskoli C.D. (1984) Prevalence of disease virus antibodies in local and exotic chickens   under different management systems in Nigeria. Bull Anim Health Prod Africa;32:253–257
Edwards, J.T.,(1928).Ann. Rep. Imp. Inst.Vet. REs.Muteswar, Mar 31st :14-15.
Flint. (2007)., Virological  Methods;  Principles  of Virology  (ASM),   http://www2.oakland.edu/biology/chaudhry/pics/Virological/Methods.pdf
Heckert, R.A., Nagy, E. (1999) Evaluation of the Haemagglutanin-Neuraminidase protein for detection of Newcastle Disease Virus antibodies. Journal of Vet Diagn Invest) 11, 99-102

Halasz, F.(1912). Contribution to the knowledge of fowlpest. Vet doctoral dissertation Common.Hunger Roy Vet Schl.Patria. Budapest, PP. 1-36.
Huque, Q.M.E,Chowdhury,S.A, Haque,M.E and Sil,B.K (1999).Poultry research in Bangladesh:Present status and its implication for future research,In:Proceedings of a workshop on poverty eradication and promotion of gender equality , Tune, Landboskole, Denmark.pp:151-164.
Kraneveld, F.C.(1926). A poultry disease in the dutch East Indies. Ned Indisch B1 Diergeneeskd 38:448-450.

Lancaster,  J. E  (1964).  Newcastle  disease  control  by  vaccination:  a  review  article.  Vet.  Bulletine. 34: 57-76.
Lancaster, J.E., 1966. Newcastle disease:A review 1926-1964.Monograph NO-3,  Canada department of agricultural,Ottawa, pp. 188.
Laboratory Virology
          http://medinfo.ufl.edu/year2/mmid/attach/03h.ppt.
Lipkind, M., Alexander, D.J., Shihmanter, E., Weisman, Y., Collins, M. (1995) Antigenic heterogeneity of Avian Paramyxoviruses of serotype 2 (‘Yucaipa-like’) Isolated from Domestic and Wild birds in Israel. Comp. Immunol. Microbiol. Infect. Dis. 18(3), 189-207.

Luc,P.V,N.T. Hong and V.T.Chinh,1992. Level of anti-newcastle disease virusantibodies in industrial poultry at various ages and seasons.Agri, food Ind.,9:348-50.
McFerran, J.B. and Cook, J.K.A.1986.Turkey rhinotracheities:Preliminary investigation vet records.118:206-207. 
Mbugua, H.C.W., Karstad, L. (1985) Isolation of Avian Paramyxovirus (Yucaipa-like) from Wild Birds in Kenya. Journal of Wildlife Disease. 21(1), 52-54.

Maldonado, A., Arenas, A., Tarradas, M. C., Carranza, J., Luque, J., Miranda, A., Perea, A. (1994) Prevalence of Antibodies to Avian Paramyxovirus 1, 2 & 3 in Wild and Domestic birds in Southern Spain. Avian Pathology. 23, 145-152.
Nguyen,T.D.,1992.poultry production and Newcastle disease in Vietnam In: P.B.spradbrow(ed): Newcastle disease in village chickens, Control with thermostable oral vaccines.Proceed.No.39.pp.169-70. Canberra:Australian center for international agricultural.
Numan,M.,Zahoor,M.A., Khan, H.A, and siddque,M(2005).Serological status of Newcastle disease in broilers and layers in faisalabad and surrounding districts. Pakistan veterinary journal ,25(2), 55-58.
Onapa, O. M. ,H.Christensen,G. M. Mukiibi , M. Bisgaard, 2006 :A preliminary study of the role of ducks in the transmission of Newcastle disease virus to in-contact rural free-range chickens.Trop.Anim.Health.Prod.,38:285-289.PMID:17137130 .http://www.ncbi.nlm.nih.gov/pubmed/17137130
(OIE) Office International Des Epizooties(2002). Manual of Standards for Diagnostic Tests and Vaccines. 4th ed. Paris, France.
Sil,G. C., Das, P.M., Islam,M.R., and Rahman, M.M(2002). Management and disease problems of coockrels in some farms of Mymensingh, Bangladesh. International journal of poultry Science, 1, 102-105.

Spradbrow P. B.(1997).policy framework for smallholder rural poultry development.In: Proceeding of international workshop on sustainable poultry production in Africa held in ababa,Ethiopia(pp.30-39).
Spradbrow P B. (1992)Geographical distribution of Newcastle disease. In D J Alexander (editor). Newcastle Disease. Kluwer Academic Publishers. Boston, MA, pp. 247-255.

Swayne David E., King Daniel J. ( 2003)Avian Influenza and Newcastle Disease. Journal of the American Veterinary Association; 11(): 1534 - 1540. [PubMed: 12784958 ]. 

Seal Bruce S., King Daniel, Sellers Holly S.(2000)  The Avian Response to Newcastle Disease Virus. Developmental and Comparative Immunology. 2000; 24(): 257 - 268. [PubMed: 10935273]. 

Tu,T.D., Phuc, K.V., Dinh, N. T. K.,Quoc,D. N., and Spradbrow P. B.(1998).Vietnam trials with a thermostable Newcastle disease vaccine(StrainI2) in experimental and village chickens.Preventive veterinary medicine,34,205-214.

Tariq ,J., 1999.Vaccine and vaccination.AVN, Sep.25,pp.22-23.

Vui, T .Q., Lohr,  J. E., Kyule, M. N., Zessin, K.,Z., and Baumann,M. P. O.(2002). Antibody levels against Newcastle disease virus, infectious bursal disease virus and influenza virus in rural chicks in Vietnam. International journal of poultry science,1,127-132. 
Vindevogel H., Duchatel J. P. (1988)  Panzootic Newcastle Disease Virus in Pigeons. 184 - 196. In: Alexander DJ Newcastle Disease1988. Kluwer Academic Publishers, Netherlands. 
Wobeser, G.,F. A. Leighton,R. Norman,D. J. Myers,D. Onderka, M. J. Pybus(1993) Newcastle disease in wild waterbirds in Western Canada, Can. Vet.J.,34:353-359.PMID:17424240. http://www.ncbi.nlm.nih.gov/pubmed/17424240.




Fig.02: Haemagglutination Assay plate 


 (Flint et al., 2007).








Fig.01: Haemagglutination test method


.(Source Laboratory Virology, ttp://medinfo.ufl.edu/year2/mmid/attach/03h. ppt)
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