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Summary 
A total of twelve Newcastle disease virus isolates recovered from different 

outbreaks in Iran were analyzed for in vivo pathogenicity, biological 

property and amplification of F c1eavage site gene. Intracerebral 

pathogenicity index varied from 1.7 to 1.96 while the intravenous 

pathogenicity index was more than 2.0. The me an death time value for ail 

the isolates ranged from 39.6 to 68.8 hours. Ali the isolates except 2, 

hemagglutinated bovine erythrocytes whereas only one of the isolates 

agglutinated the equine erythrocytes. Polymerase chain reaction was used to 

amplify the F c1eavage site gene of ail isolates. Based on me an death time 

the Newcastle disease virus isolates could be placed in mesogenic or 

velogenic group. 
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Introduction 

1 

Newcastle disease (ND) is still considered as an economically important disease 

which is highly contagious infection for man y avian species. The Newcastle disease 

virus (NOV) is a member of the Paramyxoviridae family, genus paramyxovirus. It 

may be a member of Rubula genus or a new genus of the Paramyxovirinae subfamily 

(Alexander et al 1997, Oeleeuw et al 1999, Lomniczi et al 1998). 

NOV causes a disease that varies in c1inical severity and transmissibility depending 

on the pathotype involved. NOV can be divided into 3 groups based on their 

virulence such as lentogenic, mesogenic and velogenic. Lentogenic strains, especially 

in adult chickens may cause minimal or no clinical sign. However, the disease 

produced by mesogenic strains may cause mortality that can reach 25% and those by 

in velogenic strains maybe reach up to 100% (Claudia Marin et al 1996). 
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The virulence of NOV strains may be assessed by the conventional methods 

including me an death time (MOT) in chick embryos, interacerebral pathogenicity 

index (ICPI) in day-old specific pathogen free (SPF) chick, and intravenous 

pathogenecity index (lVPI) in 6 wk-old chick (King & Seal 1997). 

The genome of NOV possesses a negative sense, single stranded RNA with a 

molecular weight of 5.2-5.6xl06 Dalton. (Seal etai 1995). The genome contains 6 

genes in order as 3/-NP,P,M,F,HN,L-5/ that encodes for 6 major polypeptides 

including nucleoprotein, phosphoprotein, matrix protein, fusion protein, 

hemagglutinin-neuraminidase and polymerase (Claudia et al 1996). The membrane of 

the virus particle contains HN and F glycoproteins, which fonn the spike structures 

on the virion surface and play crucial roi es in the initiation of infection (McGinnes & 

Morrison 1986). The ability of NOV to agglutinate red blood cells (RBCs) is due to 

the binding of the HN prote in to receptors on the surface of the RBCs. Chicken RBCs 

are usually used in HA tests but NDV will cause agglutination of ail amphibian, 

reptilian and avian cells. The ability of NOV strains to agglutinate cattle, goat, sheep, 

swine and horse RBCs varied among various strains (Alexander 1991). 

The fusion protein is responsible for membrane fusion required in the first stage of 

infection (McGinnes et al 1986). Furthermore, if inserted into the host cell it can 

mediate fusion between the plasma membrane of the two cells. The molecular basis 

for NOV pathogenicity depends on the fusion protein cleavage site amino acid 

sequence (Seal et al 1995). The fusion prote in is synthesized as a precursor Fo(Mr 

68000) which is proteolytically cleaved into 2 disulfide-link subunits FI and F 2 that is 

necessary for the infectivity ofparamyxovirus (Le et al 1988). The objective ofthis 

study was to obtain primary information about the local NOV strains by using 

convention al virological methods and molecular techniques. 

Materials and Methods 
Viruses. Ali viruses were isolated from ND outbreaks during 1995 to 1999 in 

different provinces of Iran. A listing of viruses, local of origin and the years of 

isolation are presented in table 1. 

8irds and SPF embryonated egg. SPF embryonated eggs (Lohmann), day-old chicks 

and 6-wk old SPF chickens raised on special conditions were provided by Poultry 

Vaccine Dept. of Razi Institute, Iran. 

8irds and SPF embryonated egg. SPF embryonated eggs (Lohmann), day-old chicks 

and 6-wk old SPF chickens raised on special conditions were provided by Poultry 

Vaccine Dept. of Razi Institute, Iran. 
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Pathogenicity Indices. Pathogenicity indices were carried out as described by Allan 

et al (1987). 

Table 1. Sorne epizootiological data on the Newcastle disease outbreaks in Iran 

Isolate Isolation date Location Type of birds Age ofbirds 

MK5 Apr 1995 Kh. Mashhad Ind. 3mon. 

MK6 Aug 1995 Kh. Mashhad Bro. 30days 

MK7 Oct 1995 Kh. Mashhad Ind. 90days 

MKII Mar 1996 Kh. N ishabour Bro./lay 12mon. 

MKI2 Apr 1996 Kh. Nishabour Bro. 45days 

MKI3 Apr 1996 Kh.Torbat·Jam Ind. 60days 

MKI4 Jun 1996 Mashhad Ind. 40days 

Krd76 Decl997 Tehran, Kradj. Bro. 36days 

Kasra97 Dec1997 Kermanshah Bro. 24days 

GH77 Mayl998 Qazvin Bro. 25days 

KH2178 Mayl999 Khozestan Bro. 17days 

ES 1/99 JUil 1999 Isfahan Bro. 28days 

Note: Ind (Ind.genous) 
Bro (broiler) 
Kh (Khorasan province) 

MOT was perforrned in 9-10 day-old SPF embryonated egg. Seriai tenfold 

dilutions of allantoic fluid (AF) were prepared and 0.1 ml of the last 3 dilutions (10.7
, 

10.8,10.9
) was inoculated into the allantoic cavity using a minimum 10 eggs per 

dilution. The highest dilution at which ail embryos died soon was considered as mean 

lethal dose (MLO) and the MOT is the average time at which the eggs inoculated 

with MLO were died. Shorter the killing time was considered as the more virulent 

strain. 

ICPI was carried out in day-old SPF chicks. Briefly, fresh allantoic fluid (AF) of 

each isolates was 10-fold diluted and 0.05ml was injected intracerebrally into 10 day­

old SPF chicks. The birds were observed for 8 days postinoculation. The results 

scored cumulatively for every day of test. The results were recorded as healthy birds 

scored as zero, sick birds as 1 and dead bird as 2. The sum obtained was divided by 

number of observations. 

IVPI was carried out in 6 wk-old chickens. The birds were inoculated 

intravenously with 0.1 ml of 10.1 AF dilution and then were observed for 10 days. The 

results were scored as healthy birds as zero, sick birds as l, paralyzed birds as 2 and 

dead birds as 3. The sum obtained is divided by 100. 

Virus purification. In order to purify NOV isolates, fresh AF harvested from 9-10 

day-old SPF embryonated eggs inoculated with 10.5 virus dilution, was clarified by 
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centrifugation at 8000 rpm for 30 mm (Sorval OTD-T865). Virus was then 

concentrated at 18000 rpm for 2h (Sorval OTD, SW50L). The pelleted virus was 

suspended in TNE buffer (O.OIM Tris HCl [pH 7.4], O.IM NaCl, O.OOIM EDTA). 

One ml of suspended virus was layered onto 30-60% sucrose density gradient and 

centrifuged at 18000 rpm for 4h (Beckman, 41 Ti). The virus band was taken out and 

diluted with equal volume ofTNE buffer and pelleted at 18000 rpm for 2h (Beckman, 

4ITi), followed by suspension in 2 ml ofTNE buffer. 

RNA extraction. Trizol LS reagent (Boehringer-Mannheim) was added to the 

purified virus in 2: 1 ratio followed by incubation at room temperature for 5 min. 

Then 350ul chloroform (Merck) was added to the mixture and vortexes gently and 

kept at bench for 15 min, followed by cold centrifugation (4C) at 13000 rpm for 15 

min (Eppendorf, 5417R). The aqueous phase was transferred into a ciean microtube 

and cold isopropanol (Merck) was added as halfvolume ofTrizol. The mixture was 

placed at -70C ovemight. Then it was left at room temperature for 5 min, followed by 

spinning down at 12000 rpm for 10 min, and the supematant was carefully removed. 

The RNA was washed with co Id 75% Ethanol (Merck) mixed weil and centrifuged at 

7500 rpm for 5 min at 4C. The precipitated RNA is usually invisible. The supematant 

was discarded carefully and the pelleted RNA was dried at room temperature or in 

speed vac (Eppendorf 5301) and suspended in 10fli distilled water. The RNA was 

stored at -20C. 

Polymerase chain reaction (peR) reagents. Reverse transcriptase AMV (Boehringer) 

was used for making cDNA. PCR core kit, Taq DNA polymerase and RNase 

inhibitor (Boehringer) were used. Prim ers were synthesized by Genosys. Forward 

primer (BK 1) was a 20-mer oligonucieotide localized at position 289-307 genome 

RNA. Reverse primer (BK2) was a 19-mer oligonucieotide localized at position 512-

530 genome RNA (Table 2). DNA molecular weight markers 50 &100 bp (Gibco, 

Promega, and Boehringer) was used. For purification ofPCR products, high pure 

PCR product purification kit (Boehringer) was used. 

Table 2. Primers usedfor RT-PCR 

Primers Sequences( S', 3' ) Position 

SKI GGGAGGCATACAACAGGACA 289 - 307 

SK2 TGGTTGCAGCAATGCTCTC 512-530 

Data from: Lmg,K.C.( 1997). 
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cDNA synthesis. In this study, RT-PCR was done in 2 steps. For cONA synthesis, a 

reaction mixture contained dNTPs, RNA, reverse transcriptase (AMY) and RNase 

prepared followed by a profile as 94C for 2 min., 42C for 45 min in master cycler 

gradient (Eppendorf). This reaction mixture was then used for RT-PCR using Taq 

ONA polymerase. 

RT-PCR product. For a positive RT-PCR test, modifying MgCI2 concentration, 

annealing temperature and AMY activity temperature were optimized the protocol. 

Two oligonucleotide RT-PCR primers were designed to amplify a region of fusion 

protein gene including its cleavage site. The PCR consisted of 40 cycles of 30 sec at 

94C, 30 sec at 55C and 1 min at nc, followed by final extention at nc for 10 min. 

Analysis of PCR product. Samples were analyzed in 1.5% agarose gel electrophoresis 

stained with Ethidium bromide. The amplified segment was about 242 bp. 

Results 

Characterization and pathogeniciry eva/uation of NDV iso/ates. The results of MOT, 

ICPI and IYPI (Table 3) demonstrated that ail isolates were highly virulent. MOT of 

less than 60h. ICPI of more th an lA and IYPI 0.5, fulfill ail criteria of virulent 

strains. However, two isolates, MK5 and MK6, showed a higher MOT value than that 

of the others which matched a mesogenic strain MOT, but they showed virulent 

characteristics according to ICPI and IYPI indices. Three isolates, (Kasra97, Krd76, 

GH77) showed shorter MOT value and higher ICPI and IYPI value in comparison to 

that of the other isolates. Ali the isolates caused death ofinoculated chic kens in IYPI 

test after nh postinoculation but isolate Mkl4 caused death by nh postinoculation. 

Table 3. ReslIlt.\· o(PathoKenicity tests on the Newcastle disease virus isolates 

Index ~1K7 MKII MKI2 MKJ3 MKI~ Krd76 Kasra97 (;1 J77 KI 12178 FSI·99 

MOT 56 59.2 44.2 47.4 45.6 40.6 41.4 39.6 49 47.4 

ICPI 1.8 1.83 1.91 1.77 1.96 1.92 1.96 1.9 1.97 1.93 

IVPI 2.33 2.21 237 232 2.46 2.46 234 2.55 2.55 2.55 

Note: MDT (Mean Death Tmle orchlck embr)os m hOllrs) 

ICPI (Intracerebral pathogenicity index) 

IV"I (Intravenolls pathogenicity index) 

Hemagglutinafion of mammalian erythrocyfes. The entire field isolates and La­

Sota vaccine strain agglutinated bovine erythrocytes but 3 isolates (GH77, KH2/78 
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and ES 1/99) did not. Most field isolates (except for MK 13 isolate) and La Sota 

vaccine strain could not agglutinate equine erythrocytes (Table 4). 

Table 4. Agglutinalion of mamma/ian erylhrocyles by NDV isolales 

Mamm. 
Erythr. 

Bovine 

Equine 

Discussion 

Isolates 

MK7 MKII MKI2 MKI3 MKI4 Krd76 Kasra97 GH77 KH2/78 ESI/99 

+ + + + + + + 

- + -

Lane 1: Marker, 501150/300/500/75011 OOO(G) 161) 
Lane 2: Sample 1 
Lane 3: Negative Sample 
Lane 4: Sample 2 

+ 

-

Figure 1. Gel eleclrophoresis of PCR produci 

-

Regardless of the virulence or source, ND viruses had been considered to be an 

antigenically homogeneous group by conventional serological methods and were thus 

placed in the APMV -1 serogroup. The ability of NOV to agglutinate mammalian 

RBCs varies with the strains. Among the field isolates tested, differences in 

hemagglutination patterns were observed which could not be correlated to the 

virulence of the NOV isolates. The agglutination pattern of bovine erythrocytes, by 

ail field isolates (except for one isolate), and LaSota vaccine strain were similar. 
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Pathotyping of ND Vlluses has been based on virulence value not on antigenic 

differences. Based on the virulence value, the ND viruses may be placed in one of the 

pathotypes velogenic (highly virulent), mesogenic (medium virulent) or lentogenic 

(non-virulent). The virulence ofNDV are expressed in pathogenicity indices in which 

velogenic strains have MDT value of <60 h ICPI & IVPI > lA and 2-3, respectively. 

These values for mesogenic strains are 60-90 h (MDT), 1-IA (lCPI) and 0.5 (lVPI). 

For lentogenic strains the value are >90h for MDT, for ICPI 0-0.2, and 0.0 for IVPI 

(Alexander 1989). The range of values of pathogenicity index for sorne of the NDV 

strains is presented in table 5. 

Table 5. The range of pathogenicity indices for each pathotype of ND viruses 

Raoll.e of values 
Pathotype MDT lePI IVPI Example 

Velogenic <60 1.5-2 2.0-3.0 Herts3 3, Mi lano, 

Essex70, Texas GB 

Mesogenic 60-90 1-1.5 0.0-0.5 Roakin, Komarov, 

Mukteswar 

Lentogenic >90 0.2-0.5 0.0 HitchnerB l, Lasota, 

Clone30 

Data from: Alexander,DJ.( 1989). 

Using BK 1 and BK2 primers In RT-PCR for ail isolates resulted in 242 bp 

amplified segment. 

Based on MDT, ICPI and IVPI, our results indicated that ail the local isolates had 

virulent strain characteristics except for 2 isolates. Isolates MK5 and MK6 showed 

MDT value higher th an 60h presenting a mesogenic strain characteristic but other 

indices indicated velogenic characteristic. Similar mismatch of the indices in one 

isolate has been reported previously (Pearson et al 1987). About sorne isolate from 

pigeon that showed ICPI value between 1.2 -1.5 and a range ofIVPI values of 0-1.3 

suggesting the viruses were at least mesogenic, however MDT value recorded was 

98h a characteristic of lentogenic virus. Thus there are sorne drawbacks to the 

conventional tests, which result in difficulties in the interpretatlOn of results. The 

conventional methods are also not able to distinguish between vaccine, enzootic and 

epizootic virus during outbreaks. The applications of conventional methods therefore 

face sorne problems. In addition, virus isolation and determination of the index value 

are laborious and time consuming. In disease outbreaks, in order to prevent further 



8 

spread of the disease, rapid diagnostic methods, which can differentiate between 

virulent and non-virulent NDV strains, are required (kant et al 1997). Recently it has 

been reported that the virulence of ND viruses is related to the F prote in cleavability, 

which in tum arise from the amino acid sequence of the cleaVage site. The molecular 

methods su ch as PCR have provided the ease of study on the genetic characteristics 

of the organisms. 

The RT-PCR is a reliable method, which allows rapid identification of many 

samples. Based molecular and virological tests, it is proposed that the molecular 

technique may be used as a routine laboratory procedure. The aim ofthis study was 

to obtain primary information about the local ND viruses using conventional methods 

and detection of Newcastle disease through the amplification ofF cleavage site using 

primers against conserved regions of F protein. Further studies are required to 

complete information of local NDV strains. 
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