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I EXECUTIVE SUMMARY 

The sClentIfic purpose of the project was to study anllgemc and genellc propertles of avtan paramyxo
vrruses (APMV) wluch, apart from a well known Newcastle chsease vtruS (NDV) - the maID threat to the 
poultry all over the world - mclude 9 anllgemc serotypes of rather recently Isolated vtruSes ThIs group of 
vrruses IS of lugh practIcal unportance for mternallonal development (both for mdustnal and less developed 
countnes) and, at the same tJ.me, reveals a number of problems of mtngumg sClentIfic mterest Smce the 
proposal was sublflltted m 1987 but, by A I D deCISIOn, was started only m August 1992, some new devel
opments m the field had to be taken mto account Accordmgly, new tOPICS were mcluded and new trends 
were consIdered, m partlcular, substanllal emphasIs was done to the stuches on the genellc level usmg the 
RNA sequencmg technology The work was earned out accordmg to the SIX maID objecllves I) Compre
hensIve VIrolOgIcal and serolOgIcal surveillance of domestJ.c and Wlld brrds aunmg the Isolallon of new na
llve APMVs, 2) Comparallve stuches on the APMV hemagglutJ.mn-neuralfllIDdase (FIN) basIC properues 
fimcllonal acllVIlles and anllgemclty stuched by means of polyclonal anllboches, 3) Preparallon and charac
tenzallon of monoclonal anllboches (MAE) agamst envelope protelllS of APMV-I (NDV) and APMV-2 
(Yucrupa) vtruSes, 4) Usage of the MAE panels agamst the APMV-I envelope protelllS for anllgemc char
actenzallon of the natIVe NDV Isolanons, 5) Sequencmg of drfferent genes of drfferent APMV serotypes 
6) Apphcanon of mathemallcal modehng approach for elUCIdatIOn of anngemc kmsht.p and phylogenenc 
relanonshIps between drfferent APMV serotypes In the hIDlts of the objectIves I & 2, the followmg tOPICS 
have been stuched (a) antIgemc and func1lonal charactenzanon of a collectlon of APMV- 2 ("Yucrupa
hke") vtruSes Isolated m Israel durmg the eplZooncs m 1979-81 and then, after about a decade of silence 
from sporachc lSolanons from domestJ.c and feral brrds, (b) the first Isolanon and IdentIficanon m Israel of 
APMV-4 serotype Isolated from Wlld ducks, (c) APMV Isolanon and IdentIficanon m the cases of rruxed 
mfecnon of aVIan hosts by APMV-I With APMV-2 and by APMV-I With APMV-4 vtruSes (c) anngemc 
charactenzallon of Enders-Ruckle vrrus (ERV), an APMV Isolated after senal propaganon of "normal" 
chIck embryo fibroblasts In the hIDlts of the objectlves 3 & 4, the MAEs agamst the envelope protem frac
non of APMV-I and APMV-2 were prepared, m the case of the APMV-I, the specIfic MAE panels agamst 
the HN, fusIon (F) and matrIx (M) envelope protelllS were estabhshed and charactenzed, the non
overlappmg groups and anngemc mappmg bemg detef1fl1ned, and the MAE-mediated analYSIS of the NDV 
strams Isolated m Israel from domestJ.c and feral bIrds was performed In the hIDlts of the of the objec1lve 5, 
the drrect sequencmg and IdentIficallon of the sequenced pIeces of V1flon RNA correspondmg to the APMV 
drfferent serotypes was aclueved Nrunely the APMV-I (POrtIons of the HN and L genes), APMV-3a (por
nons of the P and L genes) APMV-3b (P and M genes' por1lons), APMV-6 (L gene's poruon), APMV-7 
(M and HN genes' poruons), APMV-9 (HN and L genes' poruons), as well as APMV-8 (two not yet Idenn
fied portIons), and APMV-?/pigeon/Otaru (not yet Identlfied poruon), BeSIdes, the SWIne PMV and the 
ERV of aVIan ongm appeared to be very closely related genencally to the vtruSes belongmg to the aVIan 
APMV-3b and to human mumps VIrUS, respec1lvely These are the most unportant findmgs havmg SIgmfi
cance for the problems of host specIfiClty to VIral mfec1lon, VIral pathogemClty and persIstence The Identl
ficanon of a poruon of the HN gene of the APMV -1 Isolate from a raClflg pIgeon drffenng from ClasSIC 
ND V by host specIfiCIty IS an unportant fact havmg SIgmficance for potentlal findmg of a speClfic genolfllc 
locus responsIble for the of VInIS host speClfiClty and pathogemClty The sequenced pIeces of drfferent 
APMV genes are a basIS for therr further companson on the genolfllc level The sequence ahgnment and 
IdentIficanon were done VIa computer connecnon With EMBO (European Molecular BIology Orgaruza
non), HeIdelberg DataBases Bank The collaborallon appeared to be effec1lve Nrunely durmg the VISIt of 
the PnnCIpal InvestJ.gator (PI) to the Narrobi UmversIty, more than 120 VIral agents Isolated durmg the pre
VIOUS year were IdentIfied as NDV the vrrologIcal and ecolOgIcal surveillance was earned out m lakes Na
kuru and Bogona where 5 NDV were Isolated from fla1fl1ngoes that IS of SIgnIficance from the ecolOgIcal 
and eplZoonologIcal pomts of VIew Durmg the two consecullve VISIts to Israel With the Kenyan Isolates, 
the CI partlCIpated m the expenments on the nallve vtruSes' IdentIficallon, and stuched the blOchelfllcal, 
genenc, and ImmunolOgIcal methods used m the PI's lab The pace of the research was m accordance With 
the work plan, although the mcluslOn of new objecllves made It necessary to ask the A I D authonlles for 
an adchnonal year for the project performatlce 
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II INTRODUCTION 

The proposal was subIDltted m 1987 and, by some CIrcumstances, the date of August, 1991 was determmed 
by A I D as the startmg pomt of runnmg the project Durmg tbIs penod (between the SUbIDlSSIOD of the 
proposal and the start of the project) new developments m the field, mcludmg those pubhshed m the world 
and some data obtaIned m our lab, had to be taken mto account when reabzmg a techrucal work plan VIr
tually, all the objectIves, whIch were m the ongmal proposal, have remamed but some new tOPICS were 
mcluded and new trends were consIdered TIns was expressed m certam changes m the research strategy 
(redIstrIbunon ofpnonnes for certam objectlves) Namely, much more emphasIs was done to the studIes on 
aVIan paramyxoVIrUSes on the genenc level usmg sequencmg technology BeSIdes, new VIrUSes, whIch were 
of espeCIal mterest to some tasks of the research, were mcluded mto the studIes Therefore, certam modIfi
canons mcluded mto the work plan were realIzed m the execunon of the prOject and reflected respectlvely 
m the present report Durmg the last two years of the project's performance, some new developments ap
peared to be that was dependIng on the SImultaneously perfonned work on the collaboranve studIes WIth 
Kazakhstan carned out m the hIDlts of the project also supported by A I D The results obtamed m the 
hIDlts of both the projects were m agreement that pefIDltted to make some general conclusIOns, especIally 
m the field of VIral ecology, concemmg the global (mtercontmental) spread ofparamyxoVIrUSes 

III RESEARCH OBJECTIVES 

The followmg objectlves have been ongmally proposed 

1 Comparanve studIes on the basIC propemes of the APMV HN functlonal actlVInes 

2 ComprehensIve comparanve studIes on dIrect antIgen-antIbody bmdIng (ELISA, RIA) and functlonal 
(HA and Nase) mhIblnon cross reactlon tests usmg polyclonal annbodIes agamst all the APMV serotypes 

3 Preparanon of monoclonal antIbodIes agamst HN antIgen of some selected APMV serotypes and com
prehensIve comparatIve studIes on drrect antIgen-antIbody bmdIng (ELISA, RIA) and functlonal (HA and 
Nase) mhIbItIon cross reactIon tests usmg the panels of the monoclonal antIbodIes 

4 Probmg cbfferent APMV serotypes WIth antIbodIes to polypeptIdes expressed from cloned HN gene do
mams ofNDV search for "common", "serotype-specIfic", "conseIVed" and "VarIable" APMV antIgemc 
deteTIDlnants and therr asSIgnment on the genetIc level 

5 ApphcatIon of mathematIcal modelmg approach for the elUCIdatIon of antIgemc kmshIp and phyloge
netIc relatIonshIps between cbfferent APMV serotypes 

The objectlve #5 has been started to be perfonned smce 1987 when the ongmal project proposal was sub
IDltted and m general the most of the work was perfonned before the OffiCIal approval of the project m 
1991 ThIs kmd of work, whIch was pOSSIble to be carned out WIthOUt substantIal finanCIal support was 
done m collaboratIon WIth mathematIcIan Prof N RIshe BeSIdes, some new tOpICS were mcluded and new 
trends were consIdered ThIs was expressed m certam changes m the research strategy (redIstrIbutIon of 
pnontIes for certam objectlves) Namely, much more emphasIS was done to the studIes on aVIan para
myxoVIrUSes on the genetIc level usmg VIral gene sequencmg technology BeSIdes new VIrUSes, whIch 
were of espeCIal mterest to some tasks of the research, were mcluded mto the studIes 

In accordance WIth tbIs, the follOWIng objectIve has been mcluded, naDlely 

6 Sequencmg of APMVs' dIfferent genes, In the case when full genes are sequenced, detennmatIon of 
open readIng frames, lIDtIatIon and tefIDlnatlon pomts, consensus sequences, and mtergemc regions, aIDlllO 
aCId sequences and potentIal glycosylanon SItes (for hemagglutImn-neuraIDlllidase and fusIon glycopro
tetns) 
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IV RESEARCH ACCOMPLISHMENTS 

1 Viruses Used In the Studies 

The whole stuches were based on the set of the selected VIruSes, wInch mcluded prototype and refer
ence APMV straIns as well as local Isolates The tnlttal set of VIruSes whIch were mtended to be studIed 
accordmg to the ongmal proposal, were as follows 

LIst of the APMV serotypes 

Serotype Full designatIOn AbbreViatIOn 

APMV-l APMV-IINDVlLaSota NDV 

APMV-2 APMV-2/chIcken/CaltfonnalYucrupa/56 Yucrupa 

vanety a APMV -3a1turkeylWlsconstnl67 TylWlsc 
APMV-3 

vanetyb APMV-3b/parakeet/Netherlands/449/75 PklNeth 

APMV-4 APMV-4/duckIHong KongID3/75 D31HK 

APMV-6 APMV -6/duckIHong KongID 199/77 D1991HK 

APMV-7 APMV-7/dovelTennessee/4/75 DovelTn 

APMV-8 APMV -8/goose/DelawareIl053/76 Goose/Del 

APMV-9 APMV -9/ducklNew Yorkl22/80 DuckJNY 

APMV-? APMV-?/pIgeon/0taru/76 PIgeon/Ot 

* Serotype APMV-5 (APMV-5/budgengar/KurutacIn) was not used m the studIes smce It was not avatl
able 

The new VIruses mcluded mto the studIes were as follows 

1 APMV-llRacmg pIgeonJIsrael/1831/84 
2 APMV -3c/Swme/Nazareth/80 
3 Enders-Rueckle VIruS (AVIan Mumps-hke VlruS?) 

1831 
Sw/Naz 
AMuV 

The 1st one from the above new vrruses was a representatIve of the straIns wInch were Isolated dunng 
the panzoottcs atDongst racmg pIgeons wInch burst out m Sudan m 198% and spread all over m North 
Afnca, MIddle East, mcludmg IsraeL and Europe Thls VIruS fallmg to the same serotype WIth Newcastle 
dIsease vrrus - the mam threat to the poultry - excIted apprehensIon m the whole world that ttme as a 
potenttal danger to the poultry Therefore, It was of Ingh mterest m the hmtts of the present stuches to m
clude thIs vrrus mto the stuches 

The 2nd VIruS was Isolated from SWlDe dunng the surveillance of the ArabIC pIg farms m Nazareth m 
1980 and Identtfied m our la (Urnt of Molecular VIrology, DIVISIon of AVIan DIseases) as a paramyxoVlTUS 
stmtlar to the aVIan paramyxovtruS of the serotype 3, namely It was anttgemcally very stmtlar to APMV-3 
prototype stram APMV-3/parakeet/Netherlands/449/75 (Llpkmd et al, 1986) Such close stmtlanty be-
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tween an avtan and a mammahan vrruses could bear a hope to find out some speCIfic SItes responsIble for 
the host specrliClty thecompanson of both the vrruses at the genetic level (sequence ahgnment of appro
pnate gene portlons) could reveal these SItes 

The 3d vrrus was Isolated m 1960 m Tuebmgen, Gennany, from "normal" chick embryo cell mono
layer culture That tIme this vrrus was IdentIfied as a paramfluenza vrrus of serotype 2 This vrrus havmg 
been passaged m chick embryonated eggs was forwarded to me by Prof Rudolf Rott m 1990 for a proper 
antIgemc and genetic IdentrlicatIon 

In addition to the vrruses whlch have been m use m the hmlts of the project forty three more vrruses 
belongmg to the APMV- 2 serotype were employed They mcluded the prototype stram APMV-2/ chl
cken/CahfonualYucalpal56, llreference strams (one of them has been Isolated m Kenya), and 33 local 
vuuses, the maJonty of which were Isolated from turkeys and chlckens dunng 1979-81 eplZOOtICS m Israel 
(see the below list) Smce these vrruses had been Isolated consecutively dunng about 2 5 years and m
cluded feral brrds, too, this umque colleCtlon was very mterestmg for the rums of the present project con
cernmg ecolOgical and eplZootIologIcal aspects 

LIst of the reference PMV-2 strams and the local PMV-2 vrruses Isolated m Israel m 1979-81 whlch 
were used m the studies 

VIRUSES 
Reference strains 

1 A PMV-2/chlcken/CahformaIYucaIpal56 
2 APMV-2/finchINorth Jreland/Bangor/73 
3 APMV-2/robm/Ihddensee/19/75 
4 APMV -2/cuHhroat weaver/Senegal/PLOC-9/76 
5 APMV-2/maumJan/JapanlHaneda-35/76 
6 APMV-2/finchlEngland/347/76 
7 APMV-2/turkey/ItalyIF177 
8 APMV-2/Sturnus contralIndoneslal3589179 
9 APMV-2/Sturnus contralIndoneslal3650/79 
10 APMV-2/gadwalllKenyal80 

Local Isolates 
1 APMV-2/MallardlIsrael, Ramonl4/T179 1 
2 APMV-2/Turkey/Israel, Kfar-Hessl7/T/79 3 
3 APMV-2/Turkey/Israel, Kfar-HessllOAIB/79 3 
4 APMV-2/Turkey/Israel, Kfar-Hessll0BlB179 3 
5 APMV-2/Turkey/Israel, Burgatal1l61B179 4 
6 APMV-2/Turkey/Israel, Belt-SheanmlI70/L179 
7 APMV-2/Turkey/Israel, Sde-Yoav/15/T179 1 
8 APMV-2/Turkey/Israel, Sde-Yoav/15/CI79 1 
9 APMV-2/CattIe egret/Israel, Ramat-Gan/9/T/80 9 
10 APMV-2/Turkey/Israel, Belt-Herutl5841B/SO 10 
11 APMV-2/Chlcken/Israel, Mtshmeretl589/L/SO 10 
12 APMV-2/Turkey/Israel, Neot-Mordehat/593/80 10 
13 APMV-2/Turkey/Israel, Belt-Sheanml595/80 10 
14 APMV-2/Turkey/Israel, Rosh-TSUflmI596/80 10 
15 APMV-2/Turkey/Israel, Bear-Tuvtal6761B/80 10 
16 APMV-2/Turkey/Israel, Kfar-Harutz/6851B/80 10 
17 APMV-2/Turkey/Israel, Nahlal6871B/SO 10 
18 APMV-2/Chicken/Israel, Hatsav17341B/80 11 
19 APMV-2/Turkey/Israel, Bear-TUVla/7521B/80 11 
20 APMV -2/Chicken/Israel, Mtshmeretl8031K180 11 

ABBREVIATIONS 

Yucaipa 
Bangor 
Robm 
PLOC 
Haneda 
England 
Italy 
Indoneslal3589 
Indonestal3650 
Kenya 

MalIRamon 
Ty/Kfar-Hessl7 
TylKfar-Hessll0A 
Ty/Kfar-Hessll0B 
TylBurgata 
TylBelt-Sheanmll70 
Ty/Sde-Yoav/15/T 
Ty/Sde-Yoav/15/C 
C egretlRamat-Gan 
TylBelt-Herut 
ChlMtshmeretl589 
TylNeot-Mordehat 
TylBelt-Sheanml595 
TylRosh-TSUflm 
TylBear-TUVlal676 
TylKfar-Harutz 
TyINahlaI687 
ChlHatsav1734 
TylBear-Tuvtal752 
ChlMishmeretl803 

7 



21 APMV-2!TurkeylIsrael, ShalvalSIO/B/80/11 
22 APMV-2!TurkeyllSIiel, NahlalSI2IB/SO II 
23 APMV-2!TurkeylIsrael, Sde-Moshe/S13/B/80 11 
24 APMV-2/CootlIsrael, ShIuhot/868/S/SO 12 
25 APMV-2/Crucken/Israel, PetalnaiS 17/B/8 I I 
26 APMV-2!Turkey/Israel, Em-Tsunm/SI8/B/811 
27 APMV-2!Turkey/Israel, Tsora/830/B/SII 
28 APMV-2ITurkey/Israel, Talnu-EhleV837/B/81 1 
29 APMV-2ITurkey/Israel, Belt-YI1zhakl846/C/SI I 
30 APMV-2ITurkey/Israel, Hatsav/4/T/811 
31 APMV-2ITurkey/Israel, Hatsav/6/T/81 3 
32 APMV-2/Coot/Israel, Belt-Alfal5/T/813 
33 APMV-2!TurkeY/Israel, Hatsav/8/T/8l6 

Ty/Shalva 
TylNahla/812 
Ty/Sde-Moshe 
Coot/ShIuhot 
ChlPetalna 
TylEm-Tsunm 
TylTsora 
TylTalnu-Ehlel 
Ty/Belt-Yltzhak 
TylHatsav/41T 
TylHatsav/6!T 
Coot/Be1t-Alfa 
TylHatsav/81T 

After a decade of "sllence" (no APMV-2 ["Yucrupa-hke'] vrrus was Isolated m spite of the Wide sur
velliance) some new lsolatlons appeared to be picked up both from domestic and feral brrds Accordingly 
the followmg vrruses were mvolved mto the studies 

LIst of the APMV -2 straIns Isolated m 1994 

VIRUSES 
I APMV-2/Clucken/Israel, Haderall545/94 3 
2 APMV-2/Clucken/Israel, Haderal2058/94 3 
3 APMV-2/Turkey/Israel, Hatsav/2470/94 4 
4 APMV-2/Turkey/Israel, Hatsavl1441194 5 
5 APMV-2/Turkey/Israel, Hatsav/1442/94 5 
6 APMV-2/Turkey/Israel, Hatsav/822/94 5 
7 APMV-2/Turkey/Israel, Hatsav12986/94 5 
8 APMV-2/Turkey/Israel, Hatsav/2264/94 5 
9 APMV-2/Turkey/Israel, Ramot/1852/94 5 
10 APMV-2ITurkey/Israel, Ramot/513/94 5 
11 APMV-2ITurkey/Israel, Ramot/1750/94 5 
12 APMV-2ITurkey/Israel, Ramotll956/94 5 
13 APMV-2ITurkey/Israel, Ramotl37/94 5 
14 APMV-2ITurkey/Israel Ramotl2369/945 
15 APMV-2!Turkey/Israel, Ramot/40118/94 5 
16 APMV-2!Turkey/Israel, Herutl2161194 7 
17 APMV-2IDucklIsrael, Herut/1344/94 7 
18 APMV-2lDucklIsrael Herut/1750/947 
19 APMV-2/Impenal sandgrouse, T-A Zoo/3191194 5 

ABBREVIATIONS 
ChlHaderal1545 
ChlHaderal2058 
TylHatsav/2470 
TylHatsav/1441 
TylHatsav/1442 
TylHatsav/822 
TylHatsav/2986 
TylHatsav/2264 
TylRamot/1852 
TylRamotl513 

Ty/Ramotl1750 
Ty/Ramot/1956 

TylRamotl37 
Ty/Ramot/2369 
Ty/Ramotl40 118 
TyIHerutl2161 
DklHerutl1344 
DklHerutl1750 
Impsgr/Zoo 
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2 BasIc Proper:tJes of the APMV Hemagglutinin-Neuraminidase Glycopro
tein 

2 1 ThermostabIhty of hemagglutmm-neuramnudase (HN) glycoprotem of the APMV prototype 
strams 

In the bnuts ofthts obJectlve, the functlonal thermostabIhty ofhemagglutmm-neurannmdase (HN) 
glycoprotem was exammed HemagglutInatIng (HA) and neurannmdase (NA) actlVItIes were determmed 
before and after the heatIng the VIrUS preparatIon at 56° C for 1 hr Smce the thermostabIhty IS very often 
°used as a convement marker It was valuable to use m the studies the sunplest VIrUS preparatIon winch IS 
the ordmary VIrUS-contammg allantOIC flwd Therefore, the thermostability was determmed m both allan
tOIC VIrUS and punfied VIrUS preparatIons m order to elUCIdate the pOSSIble mfluence of components of al
lantOIC flwd on the thermostabIhty The results are presented m Tab 1 

2 2 AntIgemc charactenzatlOn of Enders-Ruckle VIrUS (ERV), an APMV Isolated after senal propa
gation of "normal" chick embryo fibroblasts 

ThIs VIrUS was Isolated m 1960 m Tuebmgen Germany from "normal" cInck embryo cell monolayer 
culture (Enders-Ruckle 1960) That tIme thts VIrUS was Identrfied as a paramfluenza VIrUS of serotype 2 
AntIbodIes agamst tins VIrUS were found m many poultry farms m Germany usmg the same test (Wagner & 
Koesters 1965) However tins IdentrficatIon was done m mcomplete way WithOut performmg a proper 
cross-reactIon test. Therefore, the VIrUS was forwarded to me by Prof RudolfRott m 1990 for a proper an
ngemc and genetIC IdentrficatIon 

The antIgemc charactenzanon of the ERV was earned out first by means of hemagglutInatIon mhIbI
tIon cross-reactlon test usmg polyclonal antIsera and then by means of ELISA usmg monoclonal antIbodies 
(MAE) agamst hemagglutmm-neurarmmdase (HN) of hwnan paramfluenza VIrUS serotype 2 (PIV-2) 
whIch were kIndly gIfted by Dr Claes Orvell 

The experunents With polyclonal antIsera have shown that the ERV IS much closer antIgemcally to the 
group NDV-mumps VIrUS than to the PIV- 3 VIrUS The expenments With MABs agamst PIV- 2 have shown 
that none of 12 MABs agamst HN glycoprotem of PI V- 2 react With ERV 

Then takmg mto account the closeness of the ERV to mumps VIrUS It was deCIded to employ the panels 
of MABs agaInst mumps VIrUS (stram SBL) whIch also were prOVided by Dr C Orvell m ELISA With 
ERV It turned out to be that 50 MABs agamst five VIral protelllS [HN, fusIon (F) matrIx (M), nucleopro
tem (NP) and phosphoprotem (P)] reacted With ERV (Tab 2) 

In order to elUCIdate whether the ERV (or ERV-hke VIrUSes) IS spread amongst the domestIc brrd 
populanon m Israel an extensIve serolOgical surveIllance has been earned out The methodical approach 
COnsIstmg m blockIng ofbmdmg of certam ann-mumps MABs to ERV antIgens m ELISA test The results 
have shown that about 5-15% of chIcken field sera collected m several poultry farms m Israel were 
posinve m tins tests ThIs mdIcates the presence m the field sera of annbodIes that can bmd to mumps VIrUS 
(Tab 3) 

Thus the above results have mdIcated very close relatedness of the ER V to the human mumps VIrUS 

Smce tins was an extravagant conclUSIOn genetIc charactenzatIon of the ERV usmg sequenClllg technology 
was undertaken (see the paragraph 3a) 

23 Functional propertIes of the HN of APMV-2 (''YucaIpa-like") ViruseS 

These propertIes mcluded some the HN thermostabIhty and enzymatIC actlVIty and electrophorenc mo
bIhty of all the VIral structural propertIes of APMV-2 
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2 3 1 Property of elution from red blood cells 

Dunng the preImnnary studIes, It was nonced that several Isolates showed rapId elunon after HI tests 
had been done More systemanc evaluanon of thIs phenomenon revealed consIderable vananon among the 
stralns and Isolates tested (Tab 4) Of the reference stralns tested, only Haneda and Bangor showed full 
elunon which occurred WIthm 4 hours others showed eIther no elunon after 24 hours or only parnal elunon 
at tills tlme Thrrty-three field Isolates were also tested and these showed consIderable heterogeneIty m 
terms of elunon (Tab 4) Most of the strains (23) were partlal or moderate eluters, but five Isolates were 
non-eluters and five classed as fast eluters 

2 3 2 Electrophoretic mobility of APMV-2 Viral structural proteins 

Punfied preparanons of 16 of the Israeh Isolates were subjected to SDS-PAGE m companson WIth the 
Yucrupa and NDV/Ulster vrruses (FIg 1, parts 1, 2, 3) The overall polypepndes patterns of the Isolates 
were smnlar to each other COnslstmg of the same number and approxunate sIZe of polypepndes (the hnes 
between the L and HN protelllS m the FIg 1, part 1, are probably tmpunnes) but drffered from the reference 
Yucrupa vrrus m ffilgranon rate of most the polypepndes However, more detaIled exammanon revealed 
shght differences amongst the Isolates which were expressed m the poslnon of the Fo and the M proteIns 
and the band dellSlty of the HN protem. By these mmcatlOns, all the studied vrruses can be mstnbuted mto 
two groups The group A mcluded VlfllSes whose Fo glycoprotem ffilgrated faster, the M protem ffilgrated 
slower and the defiSlty of the HN protem band was slgmficantly lower as compared to the respecnve values 
of the vrruses belongmg to the group B (FIg 1, parts 1, 2, 3) The drfference m the HN band dellSlty IS most 
clearly demonstrated m the case ofTy/Neot-MordehaI (FIg 1, part 1), Ty/Belt-Shemm (FIg 1, part 2), and 
Ma1/Ramon (FIg 1, part 3) vrruses where the above low densIty of the HN protem 15 combmed WIth the 
higher densIty of the NP and M bands (higher IT compared WIth the respeCtlve bands of the vrruses belong
mg to the group B) The group A mcluded the VlfllSes TylKfar-Hess/l0A, TylKfar-Harutz, Ty/Neot
Mordehru,CootlShluhot (FIg 1, part 1), Ty/Sde-Yoav/151T, TylBelt-SheanmlI70, TylBear-TUVlal752 
(FIg part 2), Ma1JRamon and CbIMlshmeret (FIg 1, part 3) The group B mcluded the vrruses Ty/Shalva 
C egretlRamat-Gan, (FIg 1, part 1), Ty/Sde-Yoav/C/15, TylBear-TUVlal676, ChlHatsav (FIg 1 part 2), 
Ty/Nahla/687 and CootlBelt-Alfa (FIg 1, part 3) The full hst of the reference and Israeh "Yucrupa-hke" 
VlfUses IS presented m the prevlOUS report. 

24 Anngemc heterogeneIty by HN antlgen amongst the APMV-2 ("YucaIpa-lIke") VIruses 

A large number of "Yucrupa-hke" VlfllSes have been Isolated up to elghnes (Fleury and Alexander, 
1979, Fleury et al, 1982) Therefore, It was consIdered tmportant to mvesngate the anngemc relanonsrups 
between these "reference" VlfllSes to enable assessment of the slgmficance of dlfferences that may be de
tected WIthm the Israeh Isolates Consequently, at first, the anngemc drfferences amongst the reference 
stralns have been studied, that bemg a basIS for the companson of the nch colIecnon of the APMV-2 ISO
lates from the local reservorr This gave the basIS for the conclusIOns of rugh ecolOgical, eplzoonologIcal 
and phylogenenc lmportance 

2 4 1 Antlgemc heterogeneity amongst the APMV-2 reference strains hemagglutination inhibition 
cross reaction tests With reference APMV-2 viruses 

Ten reference and two Israeh APMV- 2 VlfllSes and antlsera agamst four of the reference (Yucrupa, 
Robm, PLOC, and Haneda) and the above two Israeh stralns which mcluded the first Isolate made at the 
begmmng of the eplZoonc m Apnl 1(71 (TylKfar-HesS/IOB) and one Isolated at the peak of the eplZoonc m 
November 1980 (ChlHatsav) were used m these expenments 
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The cross reactlVlty was expressed as cbfference between the homologous and heterologous hemagglu
tmal10n mlubll10n (HI)-titers expressed m dual log It can be seen (Tab 5), that the two selected Israell ISO
lates did not cbffer from each other by the cntenon of cross reac1lVlty all the reference VIrUSes were mlub
lted at rugh levels by each serum and the degree of the cross reac1lVlty vaned consIderably so that amongst 
these straIns no one was SlIDllar to each other For example, for YUCaIpa, RobID, PLOC and Haneda Vl
ruses whose anl1sera were also used m the tests and, hence, the two-sIde cross reac1lVlty could be deter
mmed and quanl1tated, the p3lfWlse companson showed no stmllanty between the four straIns In the case 
of two paus, YucaIpa-Robm and PLOC-Haneda, one-sIded asymmetnc cross reac1lVlty was observed 
when anl1-YuC31pa serum agaInst Robm and anl1-PLOC antlserum agaInst Haneda were used there was no 
chfference between homologous and heterologous HI l1ters (d IS close to zero) whlle when anl1-Robm se
rum agaInst Yucaipa and anl1-Haneda serum agaInst PLOC were used then the cbfference d was more than 
3 log m the former case and more than 3 log m the latter one (Tab 5) In the case of YucaIpa-Haneda paIr, 

there was two-sIded asymmetnc cross reac1lVlty In the other paIrs related to these four VIrUSes, there was 
symmetnc cross reacl1Vlty, the d, mdica1lon bemg m the range between 1 and 2 log2 These four straIns 
also chffered m the pattern of therr cross reactlVlty Wlth the !sraeh Isolates For example, PLOC showed no 
chfference Wlth TylKfar-HessilOB VIrUS and low one-sIde asymmetnc cross reac1lVlty Wlth the ChlHatsav 
Isolate Robm showed one-sIde asymmetnc cross reac1lVlty Wlth both the nal1ve Isolates YucaIpa showed 
chfference Wlth both the nal1ve strams displayIng two-sIded (TylKfar-HessilOB) and one-sIded (ChlHat
sav) asymmetnc cross reac1lVlty, Haneda showed symmetnc (Kfar-HessilOB) and one-sIde asymmetnc 
(ChlHatsav) cross reac1lVlty (Tab 5) 

For the other S1X APMV-2 reference VIrUSes agaInst wruch there was no anl1serum and, hence, twO-Side 
cross reac1lVll1es could not be determmed, a companson could be made only Wlth respect to therr HI tltres 
Wlth anl1sera agaInst the four reference Vlruses (Tab 5) According to th1s cntenon, some regulanl1escan 
be nol1ced Namely, all the VIrUSes show stmtlar rela1lonsmp to Robm (hne 2), the cbfference between ho
mologous and heterologous HI l1ters (d) rangmg between 14 and 34 log2 The same pattern was seen 
Wlth Haneda Wlth d, rangmg between 1 and 2 5 log2 (hne 4), the stram IndoneSIa!3650 bemg the only ISO
late not chffenng from the homologous VIrUS At the same 1lme, all the VIrUSes showed an1lgemc stmllanty 
Wlth the PLOC VIrUS, d bemg statls1lcally non-Slgmficant (close to zero) Yucaipa VIrUS showed smnlanty 
Wlth England, Italy Indonesla!3589 and Indonestal3650 (no sigruficant chfference of d from zero) whIle It 
chffered from Bangor and Kenya Both the anl1sera agaInst the two Israeh VIrUSes showed sumlanty Wlth 
the VIrUSes Italy, Indonesta/3589 and Kenya Wlth the other reference straIns there were cWIerent combma-
110ns TylKfar-HessilOB did not chffer from the reference stratns, except, Bangor ChlHatsav showed dIf
ference also Wlth England and IndonesIal3650 stratns 

Thus, summanzmg the above data, It can be concluded that VIrUSes Robm and Haneda are Slmllar by 
two-way cross reac1lVlty Whlle the VlnlSes Bangor and Kenya, on one hand, and Italy and IndonesIa! 3589 
on the other hand, are smnlar according to the less strong cntenon of the spectrum of anl1gemc relal1on
srups (one-sIde cross reac1lVlty) Wlth the four VlnlSes (yUCaiPa, Roblll, PLOC and Haneda) Bangor and 
Kenya by the same cntenon are stmtlar to the PLOC VlfUS and show slgmficant cWIerence from YUCaiPa, 
Robm and Haneda 

2 4 2 Antlgemc heterogeneIty amongst the APMV-2 vIruses Isolated In Israel 

These studies offered a umque opportumty to detect antlgemc vartal10ns m detalled dynanncs and, 
thus reveal evolul1onary pathways, th1s bemg one of the obJec1lves of the research. Durmg the reported 
penod, the studies concemmg the anl1gemclty of above VlfUSes were fimshed and supplemented Wlth the 
studies on charactenzal10n of two other propertles of these VIrUSes, nantely, the electrophorel1C mobility of 
therr protems and another funcl10naI property - the rate of elul10n of the vtral partlcles pre-adsorbed upon 
the red blood cell (RBC) surface The latter property IS a complex one depending on both vtral enzymal1C 
and receptor-bmding ac1lVll1es 
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2.4 2.1 Isolation and Identification of the APMV-2 Viruses Isolated In Israel In 1979-81 

Up to 1979 no aVian paramyxoVIruS other than NDV had been ISOlated m Israel SystematIc surveil
lance of wIld and domestIc brrds for mfluenza vrruses was begun m 1979 and as a consequence of these 
studIes a PMV- 2was Isolated m January 1971 from mallard ducks (Anas platyrhynchos) mIgratIng mto 
Israel (LIpkmd et al 1982b) Dunng the wmter of 1978-71 a senes of respIratory dISease problems oc
curred on turkey farms m Israel and had appeared to spread The dISease was charactenzed by SIgns rang
mg from mIld rales to severe respiratory dIstress mc1udmg conJunc1lVItIS, nasal dIScharge, smUSItIS and 
pneumoma, egg productIon was severely affected m breeder flocks MOrbIdIty usually approached 100% 
whtle mortaltty vaned from 5% to 90% (LIpkmd et al 1979) In March 1971 several hemagglu1lnatIng 
(HA) agents Isolated from outbreaks of the dIsease were IdentIfied as aVian PMV of the PMV - 2 serotype 
Smce that 1lme mvestIga1lon of the dIsease m turkeys and smvetllance of other bIrds has resulted m the 
IsolatIon of more than 70 PMV- 2 vrruses from all parts ofIsrael (LIpkmd et al 1982c) However expen
mental mfec1lon of turkeys by the Isolated Yucaipa vrrus dId not caused clear clmIcal symptoms unless the 
mfec1lon by the Yucaipa VIruS was combmed With some bactenal or mycoplasma agents which were also 
Isolated that 1lme from affected turkey flocks (Heller et al 1984) 

The maJonty of the Isolates were obtruned from turkeys but IsolatIons have also been made from do
mestIc fowl (LIpkmd et al 1982c) coots (Fulzca atra) [Llpkmd et al 1982a] and cattle egret 
(Ardeola IbiS) [LIpkmd et al 1981] 

Such a nch collec1lon of the vrruses Isolated consecutIvely m the same geographic area from domestI
cated and feral bIrds offered a umque opportumty to detect antIgemc vanatIons m detaIled dynamtcs and 
thus reveal evolutIonary pathways which IS one of the obJec1lves of the research. 

ThIrty-three VIruSes ofPMV- 2 serotype Isolated m Israel from domestIc and wIld bIrds dunng epIZO

otIc of a respIratory disease m 1979-1981 were studied comprehensIvely m companson WIth a set of refer
ence PMV- 2 vrruses usmg cross reac1lon hemagglutInatIon mhlbitIon tests The results demonstrated SIg
nIficant heterogeneIty amongst the local Isolates There was no Slgmficant correlatIon between the dIffer
ences found and chronology of IsolatIon of the vrruses For more definItIve conclusIOns about antIgemc 
heterogeneIty of the YUCaipa-lIke Isolates m asSOCIatIon WIth ecolOgical eplZootIologIcal and phylogenetIc 
aspects some additIonal VIral propertIes are to be studied 

2 4 22 AntIgemc heterogeneity amongst the APMV -2 Viruses Isolated m Israel m 1979-81 hemagglutInatIOn 
IDhlbltIon cross reactIon tests 

The results of HI tests With the field Isolates are dIstnbuted accordmg to the year of IsolatIon WIthIn 
1979-81 m Tables 6, 7 and 8, respectIvely 

Although there was a consIderable heterogeneIty among the field straIns, certaIn regulantIes can be 
notIced 

With Yucaipa antIserum only 6 of 33 straIns showed low, although signIficant, dIfference d > 0, from 
the homologous tItres, of these 5 straIns showed dIfferences d > 1 Ma1JRamon, TylKfar-HessllOB 
Ty/Burgata (Tab 6), Ty/Nah1a/687 (Tab 7) and Ch/Petahla (Tab 8) For the rest of the strams d fluctu
ated around zero 

For Robm and Haneda antIsera, the values of the d demonstrated a generally higher dIfference In the 
case of antI-Robm antIserum, 12 Isolates showed high dIfference (2 0 < d < 3 0), the ChlNalIla straIn havmg 
shown d, = 337 ± 108, 11 Isolates showed the moderate dIfference (1 0 < d < 2 0) and the rest (10 Isolates) 
showed low or no dIfference In the case of the antI-Haneda antIserum, 5 Isolates showed hIglI dIfference 
two of them havmg shown d > 3 0, 16 Isolates showed moderate dIfference and the rest (10 Isolates) -low 
or no dIfference 
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In the case of the antl-PLOC antIserum, 10 Isolates showed moderate ddference, one Isolate showed d 
= 3 21± 0 32 and the rest (22 Isolates) -low or no drfference 

TIns evIdent heterogeneIty amongst the IsraelI strams revealed by the cross reactlVlty Wlth reference 
antlsera was m contrast to the results mamfested by III tests Wlth two antIsera agamst two selected IsraelI 
VIrUSes, m whlch case the values of d, showed no Slgmficant ddference from zero The only excepoons 
were CblPetaIua and Ty/Em-Tsunm strams whlch showed sIgmficant ddference from the homologous Vl

ruses (d > 1) Wlth both the antlsera and Coot/Belt-Alfa and TylKfar-Hessl7 strams whlch showed SIgmfi
cant ddference Wlth one of the anosera. 

In some cases the d mdIcaoon had negatlve (staosUcally SIgmficant) values whlch meant that the het
erologous III oter was hlgher that the homologous As such a phenomenon was observed usually WIth all or 
most of the SIX reference antIsera reacted Wlth any VlfUS, this nnght reflect a partIcular SensItIVlty of the 
Vlral antlgen to antlbodIes, whlch has been known as the phenomenon of "aVldlty" The Isolates TylNahlaI 
812 and Ty/Sde-Moshe (Tab 8) are the best expressIons of such aVldIty 

2.42.3 New Isolations of APMV 2 ("Yucaipa liken) Viruses In Israel from domestiC and feral birds after decade of Silence 

Dunng the executIon of the proJect, m the penod of March - July, 1994, there were cases of nnld respI
ratory dlsease m tllrkey and chlcken fanns Wlth low mortalIty Cloacal and tracheal swabs taken from SIck 
brrds were stored frozen t1ll July 1994 and then propagated through chlck embryonated eggs The ISolated 
hemagglutlnatlng agents were IdentIfied as APMV-2 (prototype stram - APMV-2 IChlckenlYucazpalCal1-
forma/56) on the basIS of hemagglutmatlon InlnbitIon and neurammIdase Inlnbioon tests Most of the ISO
latlons were related to the cases occurred m May, 1994 In July, 1994, a sInnlar syndrome was observed m 
a duck farm from where the APMV-2 ("YucaIpa-lIke") VlfUSes were also Isolated Dunng the SaIne penod, 
the YucaIpa-lIke VIrUS was Isolated from an Impenal sandgrouse (Pterocles onentahs) kept m Zoo of Tel 
AVlv Umversity The Isolates are lIsted m the Tab 9 

The pomt of Importance was companson of the above-descnbed APMV -2 VIrUSes (Isolated m 1994) 
Wlth the APMV-2 VIruSes Isolated dunng the eplZOOtlc 1979-81 In the present report, both the groups of 
VlfUses were compared by the thennostabIhty of therr hemaggutmms and by the rate of eluoon from red 
blood cells 

The results on the thermostabIhty are presented at the Tab 10 & Tab 11 It can be seen that the raoo 
of the thennostable strams IS sIgmficantly hlgher amongst the "new" (1994) Isolates as compared to the 
"old' (1979-81) Isolates (404 agamst 114 respectlvely) 

The elutlon rate of the "old" straIns (Tab 12) was compared Wlth the correspondIng results concemmg 
the new strams (Tab 12) The companson has shown that the raoo of non-eluters IS sIgmficantly hlgher 
amongst the "new" Isolates as compared to the "old" ones (60% agaInst 15%, respectlvely) 

2 4 3 DiSCUSSIon and conclusions Ecological and evolutionary enigmas en
demic source or "Import"'.> 

The anogemc mterrelaoonsmps whlch have been dlsplayed graphlcally (FIg 2), show close elatedness, 
ahnost Idenoty (m the lImIts of serolOgIcal cntena), between the two IsraelI Isolates and the PLOC VIrUS In 
general, the PLOC VlfUS has the most close relatedness WIth the other members of the graph from 5 POSSI
ble mterconnecoons, two deSIgnate close relatedness, two - moderate, and one - low The Robm VlfUS has 
moderate cross reactlon Wlth 3 VlfUSes and low Wlth two others Haneda VIrUS dlsplays two moderate and 
three low relatlons and YucaIpa VlfUS shows only one moderate (Wlth PLOC) and four low relatlonshlps 
ThIs pIcture IS compaoble Wlth the theones concemmg the presence of the "common" and "serotype-spe
CIfic poruons on the genomIc and, correspondmgly, the antIgemc level (LIpkmd & Shlhmanter, 1986) 
and the nooons of "con-served" and "VarIable" regIons (NIshlkawa et al, 1983) and "stram-specrfic" epl
tope on the NOV HN molecule recogmzed by monoclonal antlbodles (lono & Bratt, 1(84) In accordance 

13 



WIth tlns, one can speculate that amongst the PMV- 3vrruses used ill the studIes the PLOC VlfUS has the 
largest "common" portIon whIle the YucaIpa VlfUS bas the smallest 

The close relatedness of the Israeh Isolates to the PLOC VlfUS IS supported by the data on the PLOC's 
relanonslups WIth all the other Israeh Isolates (Tab 6, 7, 8) On the basts of the above data, It can be sug
gested that the PLOC VlfUS IS the ancestor of the Israeh Isolates or both have the common ancestor from 
whom they have not dnfted far away m a fan-bke directlon. From the ecological pomt ofVlew, the relauon
srup of the Israeh Isolates WIth PLOC VlIUS would be expected smce IsraelIs on the mtgratory route of 
passenne travehng from Europe to West Afnca 

However, the roam obJectlve of the studies was an attempt to find out whether the anngemc dnft could 
occur durmg the eplZooncs and could be revealed by analyzmg anngemc heterogeneIty among the conse
cunvely Isolated VlIUSes The heterogeneIty was demonstrated by cbfferent parameters 

Frrst, the detalled companson of two Israeh Isolates wmch were selected as "natlve reference" VlIUSes -
TylKfar-Hessll0B and CMIatsav - WIth the reference APMV- 2 strams revealed drfference between them 
although the direct companson of both dId not show sIgm:ficant drfference m cross reacuVlty However the 
two VlIUSes clearly drffered from each other by therr cross reactlVlty WIth the other PMV-2 BeSIdes, there 
was no parallehsm between the two vrruses m therr cross reacnVlty WIth the PLOC, Haneda, and Indone
sIai3650 VlIUSes Such a phenomenon when there IS no SIgmfiCant anngemc drfference between two VlIUSes 
but they cbffer by the spectrum of therr cross reactlVlty WIth some other VlIUSes bas been descnbed earher 
(LIpkmd & Shlhmanter, 1986, LIpkmd et al, 1986) 

It IS not pOSSIble to arrange the Isolates ill an order dIsplaymg consecunve accumulanon of changes 
along WIth the tlme 3XlS, whlch could demonstrate an anngemc dnft Accordmg to the dynamlcs of ISOla
nons of dIfferent anngemc vanants, It seems that the Isolates dId not denve from a certatn ancestral stram 
as a result of consecunve changes but there was a cD-arcuiatwn of a number of APMV- 2 varUlnts whICh 
appeared at the very begmmng of the eplZoollc. 

Tills suggeStlon IS supported by the results on the hemagglutlnatlon-elunon pattern (Tab 4) On one 
hand, there IS a certam connectlon between antlgemcity and hemagglutmatlon-elutlon pattern, namely, four 
from the five non-eluter VlIUSes are those belongmg to the group 4 from wmch three were Isolated m 1979 
But tlns IS the only one clear correlatlon on the background of flat randonmess However, to some extent, a 
chronolOgical relanonsmp can be seen m the groupmgs of strams on elutlon ability m that the earher lSO
lates were non-eluters and fast eluters appeared m 1980 (Tab 4) However, some strams Isolated m 1980 
and even m 1981 were moderate eluters Moreover It was notlced that durmg passagmg the elunon prop
ertles of certam strams were changmg On the basIS of these data, we suggest that WIthm the populatlon of 
the APMV - 2 VlIUSes there should be two sorts of VlfiOns m respect to therr elutlon-hemagglutmatlon prop
erty - "non-eluter" and "fast eluter" partIcles In accordance WIth tlns, all the spectrum of the found drffer
ences should be due to drfferent proportlons of "non-eluter" and "fast eluter" partIcles m the heterogeneous 
Vlral populanons of the correspondmg strams ThIs IS one more mrucatlon that durmg the studied penod 
(1979-1981) m the aVlan populatlon m Israel there was co-crrculanon of dIfferent vanants, drffenng at 
least, by antlgemcity and elunon-hemagglutlnanon propertles 

The rustnbutlon of the Isolates by the PAGE pattern of the V1Ial protem ImgraUon rate also has re
vealed no correlatlon WIth the previously descnbed groupmg of the Isolates by both anngemClty and elu
non-hemagglutlnatlon pattern Namely, If comparmg the groupmg by PAGE pattern WIth that by anugemc
Ity It can be seen that both the groups A and B (pAGE pattern) mclude the VlIUSes belongmg to drfferent 
groups quahfied by anngemcity and some VlIUSes belongmg to the same groups quahfied by anugemClty 
may belong to drfferent groups qualIfied by PAGE The same Situatlon can be seen If comparmg the 
groupmg by PAGE WIth that by elunon-hemagglutlnatlon pattern Namely, most of the vrruses (5 from 9) 
belongmg to the group A are moderate eluters (TylKfar/HesS/l0A., TylNeot-Mordehax, Coot/Shluhot, 
TylBear-TUVlal752 and MalIRamon), but two VlIUSes are partIal eluters (TylKfar-Harutz and TylBeIt
Sheanm), one IS a non-eluter (Ty/Sde-YoavIl5m and one IS a fast-eluter (ChlMtshmeret/58), the group B 
mcludes TyINahlal687 wruch IS a non-eluter, on one hand, and C egret/ Ramat-Gan wruch IS a fast eluter 
on the other hand (Tab 4 and FIg 1, parts 1, 2, 3) 
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Thus, the general conclUSIOn from the studIes IS that the PMV- 2 vuuses Isolated m Ismel dunng the 
penod 1979-81 demonstrate heterogeneIty by antIgenICIty of the HN glycoproteIn, elutIon-hemagglutIna
tIon pattern and PAGE protem mIgratIon pattern WIth no evtdent correlatIon between the three mdIcatIons, 
1 e the groupmg of the Isolates by any of the above cntena does not comCIde WIth each other Together 
WIth this, there IS no evtdent correlatIon between the above pammeters and the chronology of the vuus ISO
latIons ThIs IS a basIS for suggestIon that dunng the epIZOOtIC there was a co-crrculatIon of dIfferent van
ants of the PMV-2 vuus varymg by at least three drlferent properties which were not necessanly combmed 
The most stnkmg fact m this respect concerns the vuuses Ty/Sde-Yoav/15rr and Ty/Sde-Yoav/15/C which 
were Isolated from tracheal and cloacal swabs, respectIvely, taken from the same mdiVIdual turkey and 
which dIffered by antIgerucity (Tab 6), elutIon-hemagglutInauon (Tab 4) and PAGE protem mIgratIon 
(FIg 1) patterns In addItIon to these facts, there have been some observatIons on changmg elunon
hemagglutInatIon pattern along WIth the consecunve VIruS passagmg 

In connectIon WIth this, the mtngumg questIon IS whether such WIde heterogeneIty of the 1smeh 
APMV - 2 Isolates IS a result of remarkable vanabIhty of a hypothencal mIually homogeneous VIruS which 
would cause the epIZoonc and be the ancestor of all the varymg Isolates, or the causatIve VIral factor was 
heterogeneous (COnsIsted of heterogeneous VInon populatIon) from the very begmrung of the epIZoonc 
The above-descnbed expenmental evtdence demonstmtmg the heterogeneIty among the early Isolates sup
ports the latter hypothesIs ThIs, m tum, leads to two alter-naove suggestIons 

1 The APMV- 2 vuus had been crrculatlng m the local aVIan reservorr long before the begmrung of the 
descnbed outbreak, which means that It, was enzoonc rather than eplZoonc Enzoonc ongm of the local 
APMV - 2 IsolatIons would explam evolutIonary antIgeruc and other bIOlOgical changes, which led to ac
cumulatIon of the correspondmg vanants In such a case there should be a certam "provocatIve" factor 
which would "wake up" the "sleepmg" enzootIc PMV- 2 vuus Turkey rhmotracheitIs (1RT) pneumovuus 
would have been such a provocatIve factor the chsease was diagnosed by clmIcal syndrome m 1978, the 
VIral agents were Isolated m 1980 and were Identrfied as 1RT m 1987 (WeIsman et al, 1989) 

2 The APMV- 2 VIruS was brought mto the local aVian reservOIr from "abroad" (real epIZOOtIC) proba
bly Via mIgratlng brrds but the "Imported" VIruS was already heterogeneous 

The chOIce between the two alternanves IS due to the eXlstmg ecolOgical evtdence Accordmg to It, 
dozens of HA agents IdentIfied eIther as mfluenza Viruses or APMVs were Isolated before and after the 
epIZoonc WIth no APMV - 2 among them although masSIve surveIllance and swabbmg of domestIc and feral 
bIrds began before the epIZoonc and went on m the same mtensIty after It ThIs IS not compatIble WIth the 
first alternatIve whIle fully agree WIth the second one Smce the MalIRamon vuus has been the earhest 1s
meh PMV- 2 IsolatIon precedmg the epIZoonc m poultry, It IS tempung to speculate about mter-species 
transfer of the PMV-2 VIruS from WIld mIgraung to local domestIc bIrds However, m such a case, the 
MalJRamon VIrus was not a pure genenc ancestor but was mItIally heterogeneous 

The hypotheSiS about the mItIal heterogeneIty IS companble WIth the Views about mpld evolunon of 
RNA VIruses (Holland et al, 1982) and mIcro-heterogeneIty of RNA genomes (Stemhouer & Holland, 
1987) based on the quasz-specres concept, (Elgen et al, 1(81) Accordmg to these Views, the multIple mu
tanona! changes are not evolved sequentIally but are dIverged from a common ancestor and, hence, to
gether WIth the maIn gene sequence, there IS a "quasI-speCIes" mutant dIstnbutIon (Elgen and Schuster 
1979, Eigen et al, 1981) These mpidly mutatlng subpopulanons can remaIn remarkably stable under 
certaIn condItIons of replIcatIon but when the condInons are suddenly changed, the eqUIhbnum between 
the VIruS maID populatIon and multIple subpopulanons becomes dIsturbed resultlng m selectIon of a cer
tam subpopulatIon(s) which become(s) the maIn one(s) ThIs has an Image of extremely mpid evolutIon and 
an acute outbreak of a vuus dIsease IS an effectIve factor for such rapIchty 

The above COnSIderatIons are relevant not only to the heterogeneIty of the local PMV-21S0lates but to 
the reference PMV-2 vrruses as well smce they also have shown a WIde heterogeneIty by the above three 
mdIcatIons 
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Thus, the results demonstrated consIderable heterogeneIty amongst the local Isolates by the above three 
cntena whIch were not correlated WIth each other There was no sIgmficant correlatIon between the dtf
ferences found and chronology of Isolation of the vrruses The results mdIcated that there may have been 
slID.ultaneous co-cuculatIon of drlferent PMV-2 strams m the local aVIan reservOIr at the begmnmg of the 
epIZOOtIC rather than temporal accumulatIon of vanants as a result of antIgemc dnft of an "ancestor" vrrus 
whIch caused the InltIal mfectIon 

The IsolatIon of APMV-2 m Israel after decade of sIlence raIses the questIon whether there was ap
pearance of a new VIrUS or "awakemng" of the "old" vrrus whIch had been preserved somehow m the natu
ral reservOIr In thIs respect, the companson of the 'new" and "old" VlIUSes IS ofrogh Importance 

On one SIde, It has been shown (Lipland at al, 1995) that there may have been SImultaneous co-crrcu
latIon of drfferent strams at the begmmng of the epIZootIc rather than temporal accumulatIon of vanants as 
a result of antIgemc dnft of an "ancestor" VlIUS whIch caused the InltIal InfectIon. The same SItuatIon 
seems to have place m the case of the "new" Isolates Also amongst the Isolates there was a combmatIon of 
the thermostable and thermolabIle strams, on one hand, and fast elutIng and non-elutIng straIns, on the 
other A typICal example of the ImtIal heterogeneIty was the occurrence of two duck APMV-2 ISolates 
pIcked up m the same place at the same tIme and sharply drlfered by the thermostabIhty and the rate of 
elutIon. It IS also of Interest that these two propertIes were not uneqUlvocally connected nanIely both 
non-elutIng and fast elutIng VlIUSes could turn out to be eIther thermostable or thermolabIle 

On the other SIde, a certaIn drlference between the "old" and the "new" populatIons could be SllSpected, 
namely, both the populatIons, beIng heterogeneous, sIgmficantly dIffered by the ratIo of the strams char
acterIZed by eIther thermostabIhty or the rate of elutIon amongst the whole populatIons 

Therefore, a pomt of the hIgh Importance IS the antIgemc and genetIc companson of the newly Isolated 
"Yucrupa-hke" vrrus straIns WIth those Isolated durmg the eplZootICS 1979-81 Smce then, there was no ISO
latIon of the "Yucrupa-hke" VlIUS tIll 1994, although masSIve contInuous surveillance was carned out and 
plenty of vanous other vrruses have been Isolated mcludmg other APMV serotypes and mfluenza VlIUSes 
The above-dIscussed problem of ecolOgical and eplZootIologIcal Importance about whether IsraeliS an en
demiC source ofYucrupa VlIUS, or thIs VlIUS IS "Imported" Via migratIng brrds would get another source for 
elUCIdatIon In accordance WIth thIs, the antIgemc, genetIc and phylogenetIc studies on companson of "old" 
and "new" "Yucrupa-hke" VlIUSes Isolated m Israel together WIth reference strams, are now m progress 

25 The first IsolatIon of APMV serotype 4 (APMV-4) m Israel antIgemc pecuhantIes of the local 
Isolates 

Cloacal and tracheal swabs taken from 36 Wild mallard ducks shot by hunters m Northern part of Hoo
lah Valley (Upper GalIlee) were propagated through chIck embryonated eggs One hemagglutmatIng (HA) 
agents from tracheal and three from cloacal swabs were Isolated All the ISolates possessed neuramImdase 
aCtIVity provmg therr belongmg to eIther ortho- or paramyxovrrus famtly Double Immunodtffusion test 
With antIserum agaInst mfluenza vrrus nucleoproteIn antIgen gave negatIve result hemagglutmatIon mh1bl
tIon (HI) test WIth reference antI-sera agrunst all the nme serotypes of aVian paramyxoVIruSes (APMV) 
showed that one of the Isolates was Newcastle disease VIruS (NDV) whtle the three others showed pOSItIve 
results With antIsenIm agrunst prototype stram (APMV-4/duck/3/Hong Kong/75) of the serotype 4 of aVian 
paramyxoVIruSes (Tab 13) However when cross reactIon HI test was performed usmg crock antIsera pre
pared agrunst the Isolates the cross reactIVity between the Isolates and the prototype straIns was found to be 
asymmetnc BeSides the Isolates as compared to the prototype VIruS showed more closed antIgeruc related
ness to NDV (Tab 14) Tills IS the first Isolation of APMV of serotype 4 m Israel 
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2 6 IsolatIon of two dIfferent APMV serotypes m the cases of lDIXed mfectIon of domestIc and feral 
bIrds m Israel - -

2 6 1 MIxed mfectlon by APMV-1 and APMV-2 ViruSes 

Amongst the Yucaipa-lIke vrruses Isolated m May 1994, there was one Isolated from tuIkey (deSlg
nated as APMV-2/turkey/Herut/24-70/94) whIch was mhIbited also by antI-NDV antIserum BeSIdes, there 
were two more Yucaipa-lIke Isolates (APMV-2/chIckenlHadera/28-83/94 and APMV-2/turkeyl Hat
sav/29-86/94) which becaIne be mhIbited by the antI-NDV antiserum after two passages through embryo
nated eggs A lIllXed mfectIon by APMV-2 (yucaIpa-llke vrrus) together Wlth APMV-l (NDV) was sus
pected ThIs was proven by the expertment on treatment of the Isolate by eIther antI-NDV or antI-Yucrupa 
vrrus antisera followed by the propagation of both the portions of the treated Isolate through embryonated 
eggs (Tab 15) After mcubatIon, the yIelded Vlruses were IdentIfied as NDV (from the pomon treated Wlth 
the antI-Yucrupa antiserum) and as Yucaipa VlfUS (from the portion treated Wlth antI-NDV anti-serum) 
Such separate Isolation of APMVs from smgle Isolates proved lIllXed mfectIon of poultry farms by two 
VlfUSes ConversIOn of Isolates lflltIally IdentIfied as APMV-2 VlfUS Into those IdentIfied as APMV-l 
(NDV) as a result of the propagation can be explained by the prevalence of the NDV m the multiplIcatIOn 
rate m the embryonated eggs as compared to APMV-2 

2 6 2 MIxed infectIon by APMV-1 and APMV-4 VIruSes 

One of the hemagglutInating (HA) agents Isolated from WIld mallards (Anas plathyrrhynchos) m Feb
ruary 1994 caught m V1llage Beenm (Negev desert) showed negative result m HA mhIbitIon (HI) test Wlth 
the reference antI-NDVantIserum. Then, the Wlde III test usmg reference antisera agaInst all the APMV 
serotypes was performed The results have shown mhIbitIon of the Isolate by antIserum agaInst APMV-4 
serotype (the prototype stram APMV-4/duck/Hong KongID3n5) Consequently, the Isolate was IdentIfied 
as APMV-4 and deSIgnated APMV-4/mallardlIsrael-Beenml51-152/94 For a proper IdentIfication of the 
Isolate by III and NI mhIbitIon cross reactIon tests, chIcken antIserum agaInst the Isolate started to be pre
pared usmg the allantOIC Vlrus after the 3d passage of the InltIalisolate However, the chickens moculated 
by tIns VlfUS preparation fell SIck dtsplaymg neurolOgical symptoms charactenstIc for Newcastle dtsease 
Then, the VlfUS used for the ImmuruzatIon was checked m III test m parallel to the ongtnalisolate (before 
the passagmg) The results have shown that the ongmal VlfUS stIll had the serolOgical properties of the 
APMV -4 serotype wlnle the Isolate after two passages acqUIred the /property to be mhIbited by the antl
NDV (APMV-I serotype) Then the lIllXed mfectIon by APMV-I and APMV-4 was suspected In order to 
prove It, the treatment of the InltIalisolate by eIther antl-NDV or antI-APMV-4 antlsera followed by the 
propagation of both the pomons of the treated Isolate through embryonated eggs was carned out After 
mcubatIon, the VlfUS yIelded from the portion treated Wlth the antI- APMV-4 antiserum was Identrfied as 
NDV and the VlfUS yIelded from the portion treated Wlth antI-NDV anti-serum was IdentIfied as APMV-4 
(Tab 15) The "conversIOn" of the Isolate lflltIally IdentIfied as APMV-4 VlfUS Into that Identrfied as 
APMV-I (NDV) m the process of propagation can be explruned by the prevalence of the NDV m the 
multiplIcation rate m the embryonated eggs as compared to the APMV-4 

DISCUSSIon and concluslODS to 2 6 The fact of the lIllXed mfectIon of buds by two APMV se
rotype may occur to be of hIgh eplZootIologIcal and pathogeruc Importance Double APMV mfectIon m 
poultry may be followed by the mterference phenomena resulting m eIther facilitation of or hmdrance to of 
mfectIon and cllfllcal syndrome development The occurrence of double mfectIon m poultry farms where 
antI-NDV vaccmatIon IS a loyal routine has senous consequences One of the questIons of the ImmedIate 
practical Importance IS that whether the NDV component m the tnlXed mfectIon ongmates from the vac
crne stram. tasks If thIs IS not the case and the NDV component has notbmg to do Wlth the vaccme stram 
there IS another problem how NDV overcomes the vaccmatIon. In thIs respect the role of the accompa
nymg second APMV may be deCISIve and become an obstacle for successful vaccmatIon. As far as the 
double mfectIon m the WIld mallard IS concerned, the NDV vaccmatIon IS out of questIon, the NDV 
component of the ISolate IS eVIdently VlfUlent and the eplZootIoiogIcal Importance of these findIngs IS to 
be elUCIdated 
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2 7 VIrological SunrelUance and Serological IdentIficatIOn of the HemagglutInatIng Agents Isolated 
mKenya --

2 7 1 Field survezllance of avum populatwn poultry and feral bzrds 

The work descnbed here IS a part of the studies led and earned out m Kenya by Prof Philip N Nyaga 
and hIs team The lllltIal objectIve of thIs part of the studtes to be performed m Kenya m the hnnts of the 
CDR project was as WIde as possIble surveillance of domestic and WIld brrds m the country m attempt to 
Isolate APMVs Only then It would be possIble to carry out comparatIve studtes on the local Isolates m
cludtng therr antIgemc and genetIc charactenzatlon usmg modem techmques 

The part of the studtes mcluded mto the present report covers the work whIch was done only on do
mestIc brrds chIckens (mostly), turkeys and ducks The matenals taken from the brrds for VIrUS IsolatIon 
were mostly cloacal and tracheal swabs and sometImes some organs (lungs, trachea, bone marrow and 
lIen) The studIes were performed WIthm the perIod June - December 1994 The geographIc dtstnbutIon 
covered the Narrobi dtstnct (mcludtng Kalolem, Kabete and Westlands), Kanokor, Kerugoya, Kawang
ware Kencho, Ktambu, Nakuru, Embu, ThIca, Chuka and Ruaraka 

The swabs and homogeruzed organs were treated by antIbIotIcs and passaged through IO-II-days-old 
embryonated eggs In the case of embryo death, allantOIC flwd was harvested and exammed m hemagglu
tInatIon (HA) reactIon If the embryos were alIve the mocuIated eggs were mcubated up to SIX days post 
moculatIon and then the allantOIC flwd also was harvested and exammed m HA reactIon. The posItIve 
flwds, deSIgnated as HA agents, espeCIally those bactenaUy contamInated, were stenlIzed by filtratIon 
through the M11hpore membranes (45 urn pores), passaged once agam and exammed m HA reactIon 
(proof of the vrraI nature of the HA agents) 

As a result ofthts surveillance, 121 hemagglutInatIng agents were Isolated and passaged (FIg 3) 

2 72 Serologzcal uientzjicatlOn of the hemaggluhnatzng agents Isolated zn Kenya zn 1994 from domeshc 
bzrds 

The studtes carned out m Kenya dunng the reported year mclude IdentIficatIon of more than 120 he
magglutInatIng (HA) agents whIch were Isolated by the CI, Prof Philip N Nyaga and hIs team from do
mestic brrds WIthm the Central dtstncts of Kenya m 1994 

The IdentIficatIon of the above HA agents was carned dunng the VISIt of the PI to Kenya m March
May 1995, usmg reference antIsera agamst all the APMV serotypes 

The results have shown that aU the Isolates rumed out to be NOV The mam task was to mvestIgate 
specIfic dtfferences and peculIantIes of the local Kenyan NOV Isolates as compared to the IsraelI Isolates 
and the NOV reference straIns For thIs ann, the preparatIon of chIcken antIsera agamst some of the local 
Isolates was lllltIated whIch IS m progress 

2 73 Fzeld survezllance performed dunng the vzszt of the PI to Kenya zn 1995 and lSolatzon of hemag
gluhnatzng agents 

Durmg the VISIt of the PI to Kenya, field surveillance was carned out m two places m safan Lake 
Nakuru and safan Lake Bogona The mam objectIve was attempts to Isolate APMVs from feral buds 
flammgoes (phoemcopterus ruber), m partIcular Accordtng to ecolOgical data, each season flammgoes can 
choose dtfferent lakes In accordance WIth thIs, m lake Nakuru there were ve:ry few flammgoes whIle m 
the lake Bogona there was massive reSidence (although the preVIOUS year the picture was oppoSIte) The 
matenals mcluded faecal droppmgs, feathers and lake water samples were transported to the Department 
of Pathology and MIcrobiology m the Kabete campus and stored m -20 C 
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The matenals were propagated m cluck embryonated eggs and after passagmg five HA agents were 
estabhshed Accordmg-fu prehmmary Identrficallon With the reference APMV antIsera wluch were brought 
to Kenya by the PI, the Isolates appeared to be NOV All the Isolates from the flammgoes as well as some 
Isolates of 1994 from domesnc brrds have been transferred to Israel by the CI m fall 1995 for final ldentrfi
callon. 

3 AnalysIs of APMV-1 and APMV-2 viruses by means monoclonal anti
bodies against viral envelope proteins 

3 1 PreparatIon of monoclonal antIbodies agalDst VIral envelope protelDs of NDV and 
YucaIpa VIruses 

The basIC hybndoma technology (Kohler & MIlstem, 1975) has been used, accordmg to the speCIfic 
schedule drrected to paramyxovrruses (Orvell & Grandlen, 1982) Preparallon of the panel of monoclonal 
anllbodles agamst each vrrus mcluded the folIowmg stages 

3.1..1.. Preparation of punfied ViruS matenal and Its fractionation Into envelope and Internal viral 
protems 

(a) Preparaoon of the punfied VlfUS mcludmg the followmg stages clanficauon of allantOIC flwd, pellenng 
of the vrrus, sucrose gradlent centnfugaoon of the resuspended VlfUS, final pelletmg and resuspenslOn. 

(b) Crude fractIonallon of the VlfUS protems mto envelope and mternal protem fractIons earned out by 
treatment ofpunfied vmons With the non-Iomc detergent octyl-a-D-glucopyranoslde (oetyl-glucoslde) 

3 1 2 ImmUnization of SALBlmlt::e With the Viral envelope proteins 

BALBIc mice were mjected, first, mtramuscularly and, then (2-% months later), mtrapentoneally by 
the same envelope protems fracoon. The antmals were sacrillced % days after the first booster 
and spleen cells were prepared 

3 1 3 Production of hybndoma ceilimes 

The spleen cells were xmxed With the BALB/c myeloma cell lme m a serum-free medlum. After 
washmg and appropnate mcuballon the cells were dlstnbuted to mdlVldual wells of mlcroplates and after 
addloonal mcuballon the clones were screened for anllbody actlVlty by ELISA techruque Anobody-pro
ducmg clones after further passagmg m the nncroplate wells and, then, m llssue culture flasks, were m
Jected mto syngemc BALB/c nnce, and ascillc flwd was obtamed from mdlVldual nnce 2-5 weeks later 

3 1 4 Deterr17lnatlon of antibody activities of the clones obtamed by ELISA assay 

All the clones obtamed were lltrated by ELISA, hemagglutmallon mlubloon and neurammIdase mlubl
oon tests and accordmg to therr actIVllles were dlstnbuted mto three groups strong, moderate and weak 
monoclonal anllbodles 

3 1 5 Detennmatlon of the MAS Isotypes 

ThIs study was earned out usmg mouse monoclonal typmg kit (The Bmdmg SIte Co ) and accordmg 
to the protocol supphed by the company The studles mcludmg 23 MABs have shown that all of them 
belong to the IgG, class, 17 MABs havmg Isotype G 1, and 6 MABs havmg Isotype G2a 

The prevalence of the Iso-type Gl, IS m agreement With the pubhshed data (Orvell & Grandlen, 1982) 
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3 2 CharactenzatlOn of monoclonal antibodies (MAB) agamst NDV EstablIshment of the 
MAB panels 

The MABs were prepared agamst Austraha-Vlctona stram ofNDVby fusmg spleen cells from NDV
unmuruzed BALB/c mIce WIth the mouse myeloma celllme SP2IO (see the prevIOUS Annual Report) The 
vrral envelope fractIon obtaIned by oetyl-glycoside treatment of punfied vrrus preparatIon and contammg 
hemagglutImn-neuramnndase (HN), fusIon (F), and matnx (M) vrral protems was used for the unmumza
tIon. The MAB-producmg hybndomas were screened and Isolated by ELISA test of cell culture medlUm 
samples and the MABs were produced m asCItIC flUids The MABs were charactenzed by (a) radlOlm
mune preCIpItatIon assay usmg double labelmg of vrral protems and glycoprotems WIth amIllO aCId and 
carbohydrate precursors, (b) antIgen-capture ELISA test and (c) Western blot analYSIS Three MAB panels 
agamst HN, F and M protems have been estabhshed which mcluded 10, 7 and 15 MABs, respectIvely (FIg 
4a, 4b 4c, 4d) These MABs preCIpItated smgle vrral polypeptIdes were pOSItIve m anugen-capture ELISA 
test (Tab 16) but were negatIve m the Western blot, the latter suggestmg that the vrral antIgemc epitopes 
were denatured by SDS dunng polyacrylamIde gel electrophoresIs 

These MAB panels will be used for antIgemc charactenzatIon of strams Isolated m Israel durmg the last 
decade from cbfferent aVian hosts as well as for reveahng the hypothesIZed epitopes common to other 
APMVs this bemg one of the maID aspects underlymg the workmg hypothesIs 

The further charactenzatIon of the MAB panels was carned out by two dIrectIons detenmnatIon of 
the MAB Isotypes and determInatIon of the non-overlappmg groups of MABs WIthm each of the three 
panels antI-matnx, antI-hemagglutImn-neuramnndase and antI-fusIOn MABs 

3 2 1 The MAS panel agamst the matrix (M) protem determination ofthe non-overlappmg groups 

A panel of 18 MABS agamst the matnx (M) protem ofNDV was obtamed and therr specIfiCIty towards 
the M protem was proven by radiownmune preCIpItatIon assay, Western blot (m non-denaturatIng condi
tIons) and antigen capture ELISA test Further studies were drrected to antIgemc epitope mappmg of the 
M protem by means of this panel The epltope charactenzatIon was performed by competItIve antIbody
bmdmg assay (Orvell & Grandien, 1982) by means of labelmg of each MAE WIth biotIn-amldocaproate
N-hydroxysuccmmude ester (Guesdon et al, 1979 At least, 5 clear groups non-overlappmg or parttalIy 
overlap pmg have been detennmed, each mcludmg 4, 1, I 8 and 1 MABs respectIvely (FIg 5) affiha
tIon of the 3 remammg MABs was not clear Most of the MABs showed asymmetnc competItive bmdmg 
which IS not due to the cbfferences m antibody aVidity, this phenomenon could be explamed by structural 
pecuhantIes of certam epltopes of a respectIve group, this causmg asymmetnc stenc hmdrance for bmdmg 
of the compared overlappmg MABs All the above MABs turned out to be mduced by structural epitopes 
formed m conditions of tertIary structure of the native M antigen. 

3 2 2 The MAS panel agamst the fUSion (F) protem determmatlon of the non-overJappmg groups 

Nme from ten MABs of the panel have preCIpItated the F protem (FIg 6) ThIs was proven by combi
natIon of the MAB bmdmg to the lysate of the NDV-mfected cells labeled by eIther ammo aCId or carbo
hydrate precursors One MAE did not preCIpItate any of the vrral protems from the lysate and Its specIfic
Ity was determmed by means of the antIgen-capture ELISA and competItIve bmdmg assay The Western 
blottIng exammatIon showed no bmdmg of all the MABs WIth any of the VIral protems, this provmg the 
structural nature of the epitopes which were InactIvated as a result of therr denaturatIon 

Before performance of the competItive bmdmg assay WIth bIOtIn-labeled MABs for the F protem map
pmg, the saturated concentratIons of the MABs were detennmed by the modIfied ELISA (NIshikawa et 
al, 1983) 
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The competItIve bmdIng assay (FIg 7) revealed two non-overlappmg regions The first region mcluded 
two non-overlappmg -Sites (SIte I and sIte 2) and one sIte (SIte 12) overlappmg With the SIte 1, on one 
hand, and the SIte 2, on the other hand The second region mcluded only one sIte (SIte 3) Consequently, 
the MAB Fla specIfic to the sIte 1 competed only With the MAB F12a specIfic to the sIte 12 The 
MABs F2a, F2b, F2c and F2d specIfic to the sIte 2 competed With each other and, besIdes, With the MAB 
Fl 2a The MABs F3a, F3b, F3c and F3d specIfic to the sIte 3 competed only With each other 

All the qefined F protem antIgemc sItes were hIghly sensItIve to the denatunng agents, that fully con
SIdIng With the hterature (Russell et al, 1990) 

Thus, the prepared MAB panel agaInst NOV F protem made It possible to dehneate three non-over
lappmg antIgeruc SItes that IS compatIble With the pubhshed data Namely, amongst the pubhshed results 
concermng charactenzatIon of MABs agamst NOV F protem (Russell & Alexander, 1983, Meulmans et 
al 1987 Abenes et al, 1986, Ummo et al, 1990) there are two reports descnbmg rather large MAE 
panels penmttmg antIgeruc mappmg of the F protem (Abenes et al, 1986, Ummo et al 1990) The for
mer studIes descnbe 3 antIgemc SItes revealed by the competItIve bmdIng test but 4 SItes revealed by the 
selectton ofMAB-resistant mutants (one of the above three SItes was spItt mto two non-overlappmg SItes) 
The latter paper hke ours descnbes 3 antIgeruc SItes There-fore, It seems that the presence of three non
overlappmg antIgemc SItes IS charactenstIc for the NOV 

The F protem of paramyxoVIrUSes IS accounted as antIgemcally stable (Abenes et al (1986, Russell 
et al, 1990) In partIcular, the analYSIS of the publtshed data on NOV concermng the relatIon between the 
stable and vartable epitopes has gIVen the followmg account m the case of the F protem 504 of the epI
topes were stable as compared to the 384 m the case of the HN protem (Russell et al, 1990) However, the 
presented results are rather m a certam contra-chctIon With such conclUSIon namely, contrastIng dIffer
ences m the stability were obseIVed when both the sites and the epitopes WithIn the same SIte were com
pared In general, the SItes 1 and 3 can be consIdered more stable than the SIteS 1 2 and 2 The companson 
of the obtaIned data With those by Abenes et al (1986) shows that the number of the stable epitopes m 
the latter publIcatIon was sIgmfiCantly hIgher (four from SIX) than m our studtes (two from nme) The rea
son for such dtscrepancy IS probably due to the fact that our collectIon of the NOV strams used m the 
studtes was consIderably hIgher (63 agamst 17) 

The data havrng demonstrated a sIgmficantiy hIgher vanabilIty of the NOV F protem, as opposed to 
the accepted VIews about Its rather hIgh stability should be taken mto account mantI-NOV vaccmatIon 
polIcy 

3 2 3 The MAS panel against the against hemagglutinin-neuraminidase (HN) protein determination 
of the non-overlapplng groups 

The panel of 14 MAEs agamst HN protem whose specIficIty to the HN was detennmed by ELISA was 
exammed by radtOlmmunoprecipitatIon assay usmg double labelmg With eSS]-methIonme and eH]
glucosamme of the VIrUS growmg m the NOV-mfected BHK cells All the MABs gave pOSItIve preCIpIta
tIon With both the labels (FIg 8) At the same tIme, all the MABs gave negatIve reactIon m the tmmU
noblottmg test If the test was perfonned m reducmg condttIons, thIs provrng the structural nature of the 
epltopes whIch were mactIvated as a result of therr denaturatIon. By pexformmg the tmmunoblottmg test 
m non-reducmg condttIons, It was found that 13 MABs from the panel reacted With the protem haVIng 
electrophoretIc mobility correspondIng to the MW 51-56K whtle 3 of them reacted also With the protem 
havrng electrophoretIc mobility correspondIng to the MW 69-72K and only one MAB reacted With the 
protem ofMW 69-72 only Such phenomenon was descnbed by Samson et al (1986) who prOVIded the 
explanatIon that m reducmg condttIons the HN fonns two confonnattonal vanants - normal (MW 69-72K) 
and more compact one haVIng a hIgher electrophoretIc mobility (correspondIng to the MW 51-56K) 
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LIke m the prevIously descnbed WIth the antI-F MABs, before performance of the competItive bmd
mg assay WIth blotm-laoeled antI-HN MABs, the saturated concentratIons of the MABs were determmed 
by the modrfied ELISA (NIshIkawa et al, 1983) 

The competItIve bmdmg assay (FIg 9) revealed 6 maIn groups The group 1 mcludes two MABs -
HNla and HNlb - Inghly competmg WIth each other and WIth the adjacent group 1 2 and not competIng 
WIth all the other MABs The group 2 mcludes 2 MABs winch totally mhIblt each other and all the 
MABs of the group 1 2 Thus, the above MABs reveal upon the HN protem three closely located antIgemc 
sites from winch the sites 1 and 2 are non-overlappmg wlnle the MABs to the epitopes of the SIte 1 2 
react WIth both the epltopes of the SIte 1 and the SIte 2 The rest of the MAB panel - 5 MABs - are dIstrIb
uted WIthm 3 groups designated as group 3 (I MAB), group 4 (3 MABs) and group 5 (I MAB) The 
groups 3 and 5 are not cross reacted at all As to the MABs of the group 4 two of them - HN4b and HN4c 
- compete WIth each other and compete With the MAB HN4a by asymmetnc way, e g they mlnbit to the 
bmdmg of the MAB HN4a WIth the antIgen wlnle the MAB HN4a has no mfluence on the ability of the 
labeled MABs HN4b and HN4c to bmd to the antIgen. 

The MABs speCIfic to the SItes 1 and 1 2 mlnbit the VITal hemagglutlnatlng (HA) actIVity WIthout m
fluence on the neurarmmdase (Nase) actIVity Contrary to It, the MABs speCIfic to the site 2 mlnbit the 
Nase actIVity WIthout mfluence on the HA actIVity The MAB specIfic to the SIte 3 - HN3a - mlnbit both the 
HA and Nase actIVitIes 

Thus, the prepared panel of MABs agamst the HN protem reveals upon the HN glycoprotem 5 non
overlappmg antIgeruc SItes and one SIte (HNI 2) overlappmg With SItes 1 and 2 ThIs panel IS the nchest 
one from those descnbed m hterature 

3 2 4 The MAB-medlated analYSIS of NOV strains Isolated In Israel from domestiC and feral birds 
analYSIS of contrastmg variability amongst the strains 

Twelve reference strams and 51 recently Isolated IsraelI strams ofNDV have been studIed by means of 
3 panels of MABs agamst hemagglutmm-neurannmdase (HN), fusIon (F) and matrIx (M) vrral proteIns 
contammg 10, 7 and 6 MABs, respectIvely The MAB-producmg hybndomas were prepared agaInst Aus
traha-Victona (A V) stram ofNDV by fusmg spleen cells from NDV-Immumzed BALB/c mIce With the 
mouse myeloma cell lIne SP2/0 The VITal envelope fractIon was used for the mIce ImmumzatIon. The ref
erence strams mcluded velogeruc, mesogemc and lentogeruc ones Isolated WIthIn 1933- 1970 penod from 
domesnc fowl The native NDV straIns have been ISOlated recently (1984-1994) from VarIOUS aVian spe
CIes mcludmg poultry (clnckens and turkeys), feral (WIld and show pIgeons, starlmgs, gulls eagle, cattle 
egret), water-fowl (mallards and coots), and cage (parrot) bIrds The antIgeruc and/or functIonal relatedness 
between all the above NDV straIns was exammed by the pattern of theIr bmdmg to each MAB belongmg 
to eIther panel The bmdmg was measured by ELISA technIque 

The results revealed two contrastmg mWcatIons amongst dIfferent strams a Wide spectrum ofvanabIl
Ity agaInst stable conservatIVIty m the MAB bmdmg patterns (FIg 4) Some of the "stable" strains did not 
dIffer from the homologous A V NDV although the gap between the dates of theIr Isolations reached more 
than 50 years There was no correlation between the MAB bmdmg pattern and the stram pathogemcIty, 
host specrfiCIty, geograplnc locatIon and chronology of IsolatIon. Together WIth tlus there was no strong 
correlatIon between the data related to drfferent panels for example some strams could be grouped ac
cordmg to the bmdmg pattern With MABs belongmg to the HN panel but tins groupmg was not compatI
ble WIth the results related to the other panel(s) On the background of the dIverse vanatIons, some of the 
NDV epltopes turned out to be Inghly conserved 

DISCUSSION The descnbed combInatIon of the MAB panels agaInst all 3 VITal envelope proteIns 
and 6 3reference and natIve strams of NDV IS a solId basIS for the analYSIS of NDV antIgeruc epitOpe pat
tern and VarIability All the MABs, except 3 antI-M ones, were proven to be dIstmct Accordmg to the 
Western blot test, all the MABs appeared to be pnmed by confonnatIonal epltOpeS SImIlar results have 
been descnbed (Samson et al, 1988 Yusoff et al 1988) Among all the panels, antI-M MABs showed a 
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hIgher stability and antI-F MABs showed a hIgher vanability as compared to antI-HN MABs The latter IS 
rather m contrast to the results obtaIned m the other labs (Abenes et al, 1986, Meulemans et al, 1987, 
Russell et al, 1990) On the background of the dtverse VarIatIons, some of the NDV epltopes turned out to 
be hIghly conserved 

The absence of correlatIon between the MAB bmdmg pattern and the stram patbogemclty, host speCI
fiCIty, geographIc locatIon and chronology of IsolatIon IS m accordance WIth the ltterature (lono et a1. 
1986, Russell et al, 1990) However, such contrastmg combmatIon of hIgh vanabtltty WIth stable conser
vatIVIty among the NDV strams IS a untque pomt of the present studtes Namely, some of the "stable" 
strams dtd not dtffer from the homologous A V NDV although the ttme gap between therr Isolattons IS 
more than 50 years 

4 Sequencmg of APMV genes 

Thts became to be the mam effort that started from the orgamzatIon of the expenmental set-up for the 
sequencmg studies 

4 1 The strategy 

The strategy of the research was based on the dtrect sequenetng of APMV vtnon RNAs by "gene 
walk" tactIcs usmg synthesIs of complementary DNA on the VIrIon RNA matnx by means of reverse tran
scnptase reactIon and the sequence detemunatIon by the dIdeoxynucleotIdes cham termmatIon method by 
(Sanger et al 1977) The prmCIpal dIfficulty of the chosen strategy was that NO part of the genome of 
aVIan paramyxovtrUSes except NDV has been sequenced so that IDltIal mformatIon needed for the synthe
SIS of the first pnmer m order to start "gene walk" was absent Therefore we have employed the fact that all 
the genes ofNDVwere sequenced comprehensIvely (Chambers et al 1986a, 1986b, IshIda et al 1986, Jor
genson et al, 1987, McGmnes & Momson, 1987, Wemers et al, 1987, Yusoff et a1, 1987 McGmnes et 
al, 1988, Gotoh et a1, 1988, Schaper et al, 1988, Millar et a1, 1988) Namely, the data of 1% dIfferent 
strams have been studied (SakaguchI et al, 1989, Toyoda et al, 1989) The alIgnment of the respecttve 
sequences showed a number of genOmIC portIons m which there was no sequence dtfferences between the 
compared vtrUSes and whIch, hence, could be consIdered as "conserved" parts Based on the assumptIon 
that these "conserved parts" could be common not only to dIfferent strams of NDV but to some other se
rotype(s) of APMV, m general, we have ordered the first pnmers complementary to the genomIc vtral 
RNA (1 e m mRNA-sense) m some of such "conserved" parts belongmg mostly to the HN and the F 
genes Thus, we hoped to use these pnmers for "fishIng" the assumed conserved portIons m certam other 
APMV(s) The expenments, mdeed, have shown that m several cases the annealtng of certaIn vtnon 
RNAs WIth heterologous pnmers Isolated from vanous APMVs dtd occur followed by the subsequent 
syntheSIS of cDNA complementary to the vtnon RNA Thts resulted m determmatton of some sequences 
m the case of several APMVs Some of the fluorographIc pIctures of the sequences were dIfficult to read 
because of eIther very frunt bands, or mterference WIth addttIonal sequence(s) Therefore, It needed a long 
exposure of fluorographIc filtns and more than one vanant of readmg By overcommg these obstacles, the 
sequences of certaIn pOrtIons of APMVs have been obtamed so that the next steps could be performed by 
real "gene walk" manner usmg homologous pnmers The correspondmg consequtIvely sequenced por
ttons were alIgned USIng NUCALN software program whIch resulted m gettmg longer sequences Then, 
after 2- 3steps of the "gene walk" the found sequences could be transferred VIa E-maIl to the European 
Molecular BIOlogy OrgamzatIon (EMBO) DataBank m HeIdelberg (through the InstItute ofVrrology, Mar
burg UmversIty, Germany) for companson WIth all the vtral sequences stored m the DataBank, the pro
gram F ASTN bemg used The vtral sequences of the EMBO ltbrary (EMBL) whIch showed the best 
Identtty scores were alIgned WIth the analyzed pIeces and the hIghest percentage of homology was the 
basIS of the APMV gene IdentrlicatIon. The next step was determmatIon of the open readmg frame 
(ORF) which, first, supported a proper gene portIons' IdentIficatIon putatIve determmatIon of trascnpttonal 
and translattonal parts (IDlttatton and temunatIon codons), mtergemc regxons and con census sequences, 
and, secondly, prOVIded deductIon of the amInO aCId sequences from the nucleotIde ones WIth poSSIble 
further detectIon of potentIal glycosylatIon SItes (for hemagglutmm-neuranumdase and fusIon glycopro-
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terns) and some other special sites (cleavage etc) 

The pnnClpal dIfficulty of the chosen strategy was that no part of the genome of aVIan paramyxOVl
ruses, except NDV, has been sequenced, so that lllltlal mformatlon needed for the synthesIs of the :first 
pnmer m order to start "gene walk" was absent Therefore, we have employed the fact that all the genes of 
NDV were sequenced comprehensIvely (Chambers et al, 1986a, 1986b, Ishlda et al, 1986 Jorgenson et 
al, 1987 McGmnes & Momson, 1987, Wemers et al, 1987, Yusoff et al, 1987 McGmnes et al, 1988 
Gotoh et al 1988 Schaper et al, 1988, Millar et al 1988) Namely, the data of 1% drfferent strams 
have been studied (Sakaguchi et al, 1989 Toyoda et al, 1989) The allgnment of the respectlve sequences 
showed a number of genoIDlc porbons m whIch there was no dlfferences and whIch, hence, could be con
Sldered as con-served parts Based on the assumpnon that these "con-served parts" could be common not 
only to drfferent straIns of NDV but to some other serotype(s) of APMV, m general, we have ordered the 
first pnmers complementary to the genollllc Vlfal RNA (1 e m mRNA-sense) m four such "conserved parts" 
belongmg to HN gene and m eIght parts belongmg to the F gene Thus, we hoped to use these pnmers 
for "fishlng" the assumed conserved porbons m certam APMV(s) 

The expenments, mdeed, have shown that m several cases the anneahng of certam pnmers Wlth het
erologous Vlnon RNAs ISolated from vanous APMVs did occur followed by the subsequent syntheSIS of 
eDNA complementary to the Vlflon RNA ThIs resulted m detemnna.tIon of some sequences m the case 
of 1831, PklNeth, Sw/Naz, GooselDel and DovefI'n VlnlSes Some of the fluorographIc pIctures of the 
sequences were dIfficult to read because of eIther very faInt band, or mterference Wlth addlnonal se
quence(s) ThIs was a result of annealmg of heterologous pnmers and RNAs Therefore It needed a long 
exposure of fluorographIc films and more than one vanant of readmg 

4 2 The methodIcal approach 

It has been deCIded to carry out thls part of the studies usmg the "gene walk" strategy of the direct se
quencmg ofVlnon RNAs, usmg syntheSIS DNA on the Vlflon RNA matnx by means of enzyme reverse 
transcnptase and the sequence detennmanon by the dI-deoxynucleondes cham tennmanon method by 
(Sanger et al 1177) 

The studies mcluded the followmg steps 

A Inoculanon of chIck-embryonated eggs by VlnlS 

B Harvestmg of the allantOIC VlfUS and Its tltranon. 
C Punficanon of the VlnlS 

a) clanficatlon of allantmc flUld, 
b) pelletlng of the VlfUS from the allantmc flUld by ultracentnfuganon 
c) sucrose gradient ultracentnfuganon of the resuspended pelleted VlnlS, collectlon of the VlfUS- contallllng 
band, Its homogemzanon and ultrasomc treatment, 
d) final pelletlng of the VlnlS by ultracentnfuganon, 
e) ultrasomc treatment of the purlfied VlfUS preparatIon 

D Isolatlon ofVlral RNA usmg protemase K and phenol-chloroform treatment of the punfied V1IUS 

preparanon. 
E Punficatlon of syntheslZed olygonucleondes (pnmers) by means of Sephadex columns 
F Sangersreacnon 

a) annealmg reacnon between Vlflon RNA and pnmer; 
b) syntheSIS of DNA upon the Vlflon RNA matnx annealed Wlth appropnate pnmer usmg reverse tran

scnptase, nonnal and dI-deoxynucleondes and 35S_labelled ATP, 
G HIgh voltage electrophoresIs of the products of the sequencmg reactlon and processmg of the gels 
a) fixanon and drymg, 
b) fluorograpruc exposinon, 
c) development of the exposed films 

H ReadIng of the sequence data 
I Computanon of the sequence data. 
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43 SequenclDg of partIcular APMVs' genes 

4 3 1 Enders-Ruckle Virus (ERV) 

The maIn problem of the dIrect sequencmg of an unknown VllUS - the chOice of the 1lllbal pnmer was 
solved by usmg the 1lllnal mformatton about IdentIficanon ofERV as aVIan paramfluenza of serotype 2 
(PIV-2) Therefore, the recently publIshed data on sequencmg of hemagglutmm-neurannmdase (FIN) gene 
(preCIous et al, 1990) and nucleoprotem (NP) gene (Koevamees et al, 1989) ofPIV- 2 VllUS were em
ployed The chOice of the respectlve pnmers was done on the basiS of those pornons of the correspondIng 
genes whIch showed maxnnal homology when the sequences of 3 closely related VllUSes PIV- 2, SV5 
and mumps VIruses (PrecIous et ai, 1990, Elango et al 1989) have been compared, I e the portIons of the 
above genes WIth Idenncal sequences for all the three VllUSes were chosen for the synthesIs of pnmers 
The sequencmg reactlons were successful, and several "gene walk" steps usmg then homologous pruners 
were per-formed The correspondIng sequenced portIons were alIgned usmg NUCALN software pro
gram whIch resulted m gettlng a resultmg pieces of 1633 bases m the case of the pnmer to the HN gene 
(HN-L portIon) and 615 bases, m the case of the prImer to the NP gene (NP-P portIon) These pieces 
were sent VIa E-maIl to the European Molecular Biology Orgamzanon (EMBO) DataBank m Heidelberg 
(through the Instltute of VIrology, Marburg Umverslty, Germany) for comparIson WIth all the VIral se
quences stored m the DataBank, the program F ASTN bemg used. The best Idennty scores WIth hlgh per
centage of homology WIth ERV appeared to be m the case of drfferent strams (SBL, Enders and MIya
hara) of mumps VIrUS the drfferences between ERV and mumps VIrUSes were Wlthm usual stram-speCIfic 
drfferences (FIg 10 & 11) Together WIth thls, accordmg to the alIgnments between the compared ERV 
and mumps VIrUS sequences, It was pOSSible to determme the 10calIzanon of the sequenced pieces WIthIn 
the VIral genome Namely, It appeared to be that one piece covered about three quarters of the 3' part of the 
HN gene and 5' part of the adjacent L gene (FIg 12) Another portIon covered the 3' part of the NP gene 
(FIg l3) and the 5' part of the adjacent P gene (FIg 14) [all the gene portIons' deSlgnanons are done m 
the "mRNA sense"] In tills case, the sequence portIons had to contaIn non-translatIonal dOWll-stream por
tions of the HN and NP genes, respectIvely, and non-translatIonal up-stream portIons of the P and L 
genes, respectlvely The above concIUSlon could be clearly demonstrated by the results on the determma
non of open readIng frames (ORF) and ammo aCid sequences m both the portIons Namely, the tenmnat
mg codon, dOWll-stream transcnptIon part, TATA-box, and poly-A taIl of the end of HN and NP genes 
respectively on one hand, and, putanve mtergemc reglOn and consensus sequences of the begmnmg of the 
L and P genes, respectively, on the other hand, can be detenmned Tills work IS now m progress 

Thus the partIal dIrect sequencmg ofERV vRNA showed hlgh percentage of homology With drfferent 
straIns of mumps VIrUS ill certaIn portIons ofNP (85-92%) P (79-84%) HN (92-97%) and L (92-95%) 
genes 

On the baSIS of these data, together With the results on anngemc charactenzatIon, the ERV was Identi
fied as aVIan mumps-like VIruS (AmuV), that haVIng been accepted by the InternatIonal COmImttee on VI
rus Taxonomy 

4.3.2. APMV serotype 1, APMV-1lracmg pigeonRsrael184 

4321 HNgene 

Annealmg ofVlllon RNA ofthls VllUS With a pnmer syntheSIZed on the baSIS of a "conserved" portIon 
of the HN gene ofNDV gave clear result The "gene walk" was performed and, after 4 steps a sequence 
of a pornon of 75 3bases was determmed whIch (FIg 15) Usmg the above descnbed HUSAR Program, 
thls portIon was shoWll to have a hlgh per cent of homology (84%) With the Newcastle dIsease V1lUS (FIg 
16) 
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4322 Lgene 

AnnealIng ofvmon RNA oftlns vrrus WIth a pruner syntheslZed on the basIS of a "conserved" portIon 
of the F gene of NOV gave clear result The "gene walk" was performed and, after 4 steps, a sequence of a 
portIon of 948 bases was determmed (FIg 17) QuIte unexpectedly, wlule usmg the HUSAR Program. de
scnbed prevIously (see the prevIOUS Annual Reports), thIs portIon was shown to have a hIgh per cent of 
homology (894) WIth the L gene (but not the F genel) of the NOV (FIg 18) The reason for that may be 
due to the presence on the L gene of the above APMV-lIracmg pigeon/Israe1l84 vrrus of the sequence 
whIch has a hIgher degree of complementanty to the selected pnmer as com- pared to the conserved part 
of the F gene on the basIS of whIch the pruner was selected 

4.33. APMV serotype 3a, APMV-3a1turkeylWisconsml65 

4331 Pgene 

AnnealIng ofvmon RNA of thIs vrrus WIth a pruner syntheslZed on the basIS of a "conserved" portIon 
of the F gene of NOV gave a clear result and after three steps of "gene walk" a gene portIon of 826 bases 
was obtamed (FIg 19) By means of the HUSAR Program, It was possible to determme that tlns sequence 
belongs to the P gene, but the alIgnment of tlns sequence WIth the P gene of any PMV was not obtamed 
However, usmg the Nucaln Program, thIs sequence was compared With the sequence related to the APMV-
3b/parakeetJNetherlands/441 whIch was obtamed by means of the same Inlual pnmer and Identrfied as be
longmg to the P gene ThIs companson showed good ahgnment between both the sequences, whIch sup
ported the conclUSIon that the found sequence concerns the P gene (FIg 20) 

4332 Fgene 

Annealmg of vmon RNA of tlns vrrus WIth a pnmer syntheslZed on the basIS of a "conserved" portIon 
of the F gene was successful After three steps of the "gene walk", a sequence of 962 bases was determmed 
whIch, by usmg the above-descnbed schedule, was Identrfied putatlvely as a pomon covenng the 3' part of 
the F gene and the start of the adjacent down stream gene whIch could be potentlally eIther HN or SH 
(small hydrophobIC) gene (FIg 21) The ORF determmauon IS m progress 

4 3 3 3 L gene - the END of the genome 

Annealmg of Vlnon RNA of tlns vrrus WIth a pruner syntheslZed on the basIS of a "conserved" portIon of 
the HN gene of NOV gave a clear result and after three steps of "gene walk" a gene pomon was obtamed 
whIch turned out to belong to the end of the whole genome (FIg 22, FIg 23) The comparauve analYSIS 
(alIgnment) of the pomon could not be performed because of the small SlZe of the pomon 

4 3 4 APMV serotype 3b, the prototype VIruS APMV-3blparakeetlNetherlands 

Annealmg ofvmon RNA oftlns vrrus With a pnmer syntheslZed on the basIS of a "conserved" portIon 
of the HN gene was very poor After a long exposluon It was stIll very drfficult to read uneqUlvocaily the 
obtamed sequencmg fluorograph and three varymg pruners were syntheslZed accordmg to chfferent read
mg verSIOns Fmally, the "gene walk" was performed and, after two steps, a sequence of 687 bases was 
determmed wmch, by usmg the above-descnbed schedule, was shown to have the mghest homology WIth 
the P (phosphoprotem) gene of huntan mumps vrrus Accordmgly, by ahgnmg With reference gene the 
determmed sequence was Identrfied putatIvely as a portIon covenng the 3'-part of the P gene and the start 
of the adjacent M (matrIx) gene The ORF has been determmed, and termmanng codon, T AAG-box, 
poly-A taIl, mtergemc regIOn and consensus sequence were putauvely detected (FIg 24) 
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4.3.5. The PMV-3/swmelNazareth/SO antJgemcally sImIlar to the 
APMV-3b1parakeetlNetheriandsnS 

The same pruners as those used m the case of the APMV-3b/parakeet/Netherlands/75 were used suc
cessfully and the obtamed sequence of 669 bases was shown to have the Inghest homology Wlth mumps 
VIruS P gene (FIg 25) Both the VllllSes avIan APMV-3b/parakeet/Netherlands/75 and the mammahan 
PMV-3/SWlneINazareth/SO turned out to be very closely related to each other (FIg 26) 

43 6 APMV serotype 6, APMV-6/ducklHong KongnS, L gene - the END of the genome 

Annealmg ofVInon RNA oftlns VllllS Wlth a pruner synthesized on the basIS of a "conserved" portIon 
of the F gene of NDV gave a clear result and, after two steps of "gene walk" a gene portIon was obtamed 
winch also turned out to belong to the end of the whole genome (FIg 27, Fig 28) The comparatIve analy
SIS (alIgnment) of the portIon could not be perfonned because of the small sIZe of the POrtion. 

43 7 APMV serotype 7 prototype VIruS APMV-7/dove/T'ennessee/7S M gene 

4371 Mgene 

Annealmg of VInon RNA of tlns VIruS Wlth a pnmer synthesIZed on the basIS of a "conserved" portIon of 
the NOV HN gene was rather poor Fmally after three steps of the "gene walk", a sequence of 971 bases 
was determmed winch, by means of the above-descnbed schedule, was shown to have the Inghest homol
ogy Wlth the M (matrIx) gene of human paramfluenza VIruS, serotype 2 (PIV-2) [FIg 29] AccordIngly 
the determmed sequence was IdentIfied putatIvely as a portion covenng the 3'-part of the M gene and the 
start of the adjacent F (fusIOn) gene The ORF was determmed and the termmatmg codon TATA-box 
poly-A tall, mtergemc region and con-census sequence were putatIvely detected (FIg 30) 

4372 Fgene 

The sequence winch after the usage of the IDltIal pruner was determmed as belongmg to the M gene 
(see Annual Report No 3) was further studied usmg the "gene walk" strategy Smce the previOUS piece 
was shown to have the hIghest homology Wlth the M (matnx) gene of human paramfluenza VIrUS, serotype 
2 (PIV-2), the start of the adjacent F (fusIOn) gene was planned to be determmed After 5 steps of the 'gene 
walk' a piece of 1124 bases was determmed (FIg 31) which makes about 2/3 of the F gene 

4373 HNgene 

Annealmg ofvmon RNA oftlns vrrus Wlth a pruner synthesIZed on the basts of a "conserved" portion 
of the NOV F gene gave clear result Fmally, after four steps of the "gene walk" a sequence of 1215 
bases was determmed (FIg 32) whIch, by means of the above- descnbed schedule was shown (paradoXI
callyl) to have the Inghest homology Wlth the HN (hemagglUtImn-neuramIDldase) gene of NDV (FIg 33) 
Alignment showed that the sequenced portIon belong to the mtddle of the HN gene The contInuatIon of 
the "gene walk" expermIents IS m progress 

4 3 8 APMV serotype 8, APMV-SlgooselDe/awarel76 

Annealmg of VInon RNA of tlns VIruS Wlth two pruners syntheSIZed on the basIS of "conserved" por
tIons of the HN and F genes was poor After a long exposItIon, It became poSSIble to read the obtamed 
sequencmg fluorographs One of the PIeceS consisted of 259 bases, another was of 149 bases (FIg 34 and 
35) Both the PIeceS turned out to be not suffiCient for detennmatIon of the homology by the HUSAR Da
taBank. 

27 



'" .. 

4 3 9 APMV serotype 9, APMV-9/ducklNew York/80, HN gene 

Annealmg ofvmon RNA of tIns VIrUS WIth a pruner syntheSIZed on the basIS of a "conserved" pornon 
of the F gene was poor However, after a long expoSl'bon, It became possIble to read the obtamed sequenc
mg fluorograph and to proceed the "gene walk" strategy After two steps, a sequence of a poruon of 779 
bases was determmed (FIg 36) wluch, by usmg the above-descnbed schedule, was shown to have the 
lughest homology WIth the L (polymerase) gene ofNDV (FIg 37) The comparatIve analYSIS of both the 
VIrUSes IS under studies 

4 3 10 APMV undetermmed serotype, APMV-")/plgeon/Otarun6, L gene 

On the baSIS of a "conserved" pornon of the NDV F gene and the correspondIng pnmer, the annealmg 
of vmon RNA of tIns VIrUS WIth a pnmer synthesIZed on the basIS of a "conserved" pornon of the F gene 
ofNDV gave a clear result and after five steps of "gene walk" a pornon of 1361 bases was obtamed (FIg 
38) By means of the HUSAR Program, It was possIble to determme that thIs sequence showed maxunal 
homology WIth the L gene of the NDV VIrUS (FIg 39) 

s. Impact, Relevance and Technology Transfer 

The SCIentIfic Impact of the project IS due to the fact that paramyxovrruses as the maw representatIves 
of the negatIve strand VIrUSes WIth nonsegmented genome possess some umque peculIarItIes concernmg 
structure and functIon of therr genome and properues of therr proteIns, HN glycoproteIn, m parucular To
gether WIth tIns, these VIrUSes are of lugh practIcal Importance The PMVs mclude pathogens for human 
such as mumps and paramfluenza, apart from respIratory synCItIal and measles VIrUSes belongmg to other 
genera of the famIly Paramyxovmdae (there are Views about asSOCIatIon of measles-lIke vrruses WIth some 
latent mfeCtlons haVIng causal connectIon WIth multIple sclerosIs) 

In accordance WIth thIs the studies on the basIC knowledge about HN of the recently Isolated APMV 
serotypes have been an unportant part of the project Impact The genetIc part of the proJect, namely, data on 
the nucleotIde sequenCIng of certaIn genes of the prototype straIns of drlferent APMV serotypes IS the first 
results of such work wluch contrIbuted to the establIshment of the APMV taxonomy and to better under
standIng of phylogenetIc relabOnshIps amongst drlferent APMVs and between the APMVs and the other 
paramyxovrruses These data would proVide also some practIcal applIcatIon of the results m the field of the 
vaCCIne and diagnostIcs development, nantely, m preparatIon ofpolyvaccme agamst APMVs and probes 
for group-specIfic and serotype-specIfic diagnostIcs 

The usefulness of the findings for the collaboratIng country IS due to the fact that the APMVs apart 
from NDV whose econOmIC Impact IS very lugh, have been Isolated qutte recently and, hence, the knowl
edge about them IS scanty, whIle they may be a potentIal tlrreat for poultry However, they present a very 
lucky expenmental model for studymg antIgemc and funcbonal propernes of the HN glycoprotem - a key
factor of the PMV antIgemcIty and pathogemcity The VIrolOgical surveillance performed m Kenya, wluch 
IS the first one m the country made eVIdent unpressIOn upon the Narrobi Umversity authontIes, wluch fa
CIlItated performance of the SCIentIfic acbVItIes of the CI The collabOrabon, hence, has strengthened the 
Department of Vetennary Pathology and MIcrobIOlogy The budget allocated to the Department penmtted 
to purchase the necessary eqUIpment The personnell (M. Machana, BSc, and J KasSlltl, BSc, have ac
qUIred the necessary expenence m the course of the perfonnance of the project The present project IS the 
first CDR-supported project m the UmversIty of NarrobI, that strengthenmg the CI's Department and the 
Faculty 
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Dunng the last two years of the project's performance, some new developments appeared to be that was 
dependmg on the slnlUltmeously performed work on the collaboratJ.ve studles WIth Kazakhstan earned out 
m the Imnts of the project also supported by A I D The results obtaIned m the Imnts of both the projects 
were m agreement that penmtted to make some general conclusIOns, espeC1ally m the field of vual ecology 
concernmg the global (mtercontlnental) spread ofparamyxovrruses 

6. PrOject ActiVIties and Outputs 

Mutual travels of PI and CI were reahzed m the followtng way The travel of the PI to the Umversity of 
Narrobi was reahzed m Apnl-May 1995 Duong thIs VISIt, new technIques for the APMV dlagnoStlcs and 
IdentIficatJ.on were estabhshed m the collaboratmg labs, and all the HA agents Isolated earher were IdentI
fied BesIdes some field expedltJ.ons for the collectIon of swabs and other matenals from feral bIrds were 
undertaken. Then, there were two VISIts of the CI to Israel- m 1995 and 1996 Dunng those VISIts, CI was 
busy m the studies on newly Isolated vrruses usmg all the modem technIques used m the PI's laboratory 

PartIClpatlOD m the sCientIfic meetIngs 

The results of the were reported on the followtng meetIngs 

1 The IXth International Congress of Virology, Glasgow Aug 8-13, 1993 
2 The 3d Congress of the European Society for Vetennary Virology, Immunology and Viral in-

fections, Interlaken, September 4-7,1994 
3 The Annual Meeting of the Israel Society for Microbiology, Rehovot, February 14-15, 1994 
4 The 1st Conference of the Israel SOCIety for Blochenustry and Molecular BIOlogy, Ramat-Gan, Israel, 
5 March 21-22, 1994 
6 The Annual Meetmg of the Israel Society for Microbiology, Haifa, February 6-7,1995 
7 The local Meeting at Nairobi UmverCity May, 1995 
8 The Annual Meeting of the Israel Society of MicrobIOlogy Jerusalem February 5-7 1996 
9 The Vlllth International Symposium of Vetennary Laboratory Diagnosticians, Jerusalem 

August 4-9, 1996 
10 The Xth International Congress of Virology, Jerusalem, Israel, August 11-6,1996 
11 The Conference on InfectiOUS Diseases, Tanzama, Dar-a-Sa/am, 1997 
12 The Annual Meeting of Israel Society for Biochemistry and Molecular Biology Tel AVIV Janu-

ary 20-23, 1997 
13 The Annual MeetIng of the Israel SOCIety of MIcrObIOlogy Tel AVIV Apnl, 1997 
14 The Annual MeetIng of the Israel SOCIety of MIcrObIOlogy, Tel AVIV February 9-10 1998 
15 The 1st International Symposium on Turkey disease, Berhn-Steghz February 19-21 1998 

PubhcatIoDs 

In revU!Wf!d perwdrca/s and books 

1 ShIhmanter, E, Alexander, D, WeISman, Y, Collins, M & LIpkmd, M (1995) 
AnUgemc and functIonal charactenzatIon of aVian paramyxovrruses serotype 2 (APMV-2, "Yu
caIpa-lIke") Isolated from domeStlc and WIld bIrds m Israel ecolOgical and evolutIonary conclUSIOns 
In Immunobwlogy oj VU'al InJectwns (EdItors M Schwyzer, M Ackerman, G Bertom, R 
Kocherhans K McCullough, M Engels, R Wittek & R Zanom), PP 460-463 

2 Panshm, A, ShIhmanter, E, Orvell, C, WeISman, Y, & LIpkmd, M (1995) 
CharactenzatIon of Newcastle dlsease VIrUS field strams by means of 3 panels of monoclonal antIbod
Ies analYSIS of vanatIon regulantIes 
In Immunobzology oj Viral InJectzons (Edltors M Schwyzer, M Ackerman, G Bertom, R 
Kocherhans, K McCullough, M Engels, R Wittek & R Zanom), pp 475-478 
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3 upland, M, AleN3Ilder, D, SbJbmanter, E, Wemnan, Y & Collins, M (1995) 
AntIgemc heterogenetety of avtan paratnyXOVU"USeS of serotype 2 ("YtlCalpa-hke") ISOlated from do
mestIc and WIld buds m Israel 
CompQ1'atzve Imnuurology, Ku::roblOlogy and InjectuJus DIseases, 18 189-207 

4 Sbtbmanter, E, WeIS1D3D, Y & upkmd, M (1995) 
Isolanon ofYUC3lpa VlIUS m Israel 
Vetennary Record 137 276 

5 Sbtbmanter, E, We:asman, Y & LlPkmd, M, (1995) 
AntIgemc charactenzaUon of 3Vl3Il paratnyXOVU'USeS serotype 4 ISOlated from WIld mallard (Mas 
p/athynnchos) m Israel 
Vetennary Record 137 641-642 

6 Sbtbmanter, E, We:asman, Y, Manwell, R, Alexander, D & upland, M (1997) 
MIxed paramyxOVlIUS mfectton of WIld and domesttc bIrds m Israel 
Vetennary Ku::robwlogy 58 73-78 

7 Panshm, A, E Sbtbmanter, Y WelSIIl3D, C, Orvell & M upland (1997) 
AntIgenIC epnope mappmg of matrIx (M) protem of Newcastle chsease VlIUS (NOV) by monoclonal 
antibodies (MAE), contrastmg vanablhty amongst NDV strnms 
CompQ1'atzve Imnuurology, Ku::robwlogy and InjectuJus DIseases, 20 177-189 

8 Panshm, A, E Sbtbmanter, Y WelSIIl3D, C, Orvell & M LlPkmd. (1998) 
Vanablhty of antlgemc epltopes of the fusIon protem of Newcastle dIsease VlIUS 
CompQ1'atzve Imnuurology, Ku::roblOlogy and Infectzous DIseases, 21 51-63 

In ProceedIngs of sclentmc meetings 

1 upland M, H -D Klenk, C Orvell, E Sblhmanter, A Panshm, R Rydbeck, Y WeISman & R 
Rott (1993) 
AntIgenIC and genetic IdentIfication of Enders-Ruckle VlIUS an 3Vl3D. paratnyXOVlIUS 
Proceedmgs of the IXth Internatlonal Congress of VIrology, Glasgow, Scotland, pp 117 

2 Shlbmanter E , M Llpkmd & Y WelSIDan (1994) 
The :first lSoIatxon of aV13D. paramYXOVlIUSes of the serotype 4 from WIld mallard ducks wmtenng 

m Israel 
Proceedmgs of the Annual Meenng of the Israel SOCIety for MIcrobIOlogy, WelZIIlanIl Insntute of 
SCIence, Rehovot, Israel, February 14-15, 1994, pp 123 

3 Panshm A, E Shlhmanter, C Orven, M Llpland & Y WelSIlla11 (1994) 
Monoclonal antlbody-medlated analYSIS of Newcastle disease VlIUSes lSOlated m Israel from do
mestic and feral bIrds 
Proceedmgs of the Annual Meenng of the Israel SOCIety for MIcrObIOlogy WelZIIlanIl Insntute of 
SCIence, Rehovot, Israel, February 14-15, 1994, pp 121 

4 Sblbmanter E & M upland (1994) 
Close genetlc relatedness of a mammahan paramyxoVlIUS ISolated m Israel to avl3Il paramYXOVl
ruses 
Proceedmgs of the 1st Conference of the Israel SOCIety for BIOChennstry and Molecular BIOlogy, 
Ramat-Gan, Israel, pp 245 

5 ShJbmanter E , M LIPkmd. D Alexander, Y WelSIIlan & M Collms (1994) 
AntIgenIC and functtonal charactenzaUon of 3Vl3Il pamD1YX0V1fUseS serotype 2 (APMV-2, Yu
C31p3-bke) ISOlated from domestic and WJld bIrds m Israel ecolOgical and evolunomuy conclu
SIOns 
Proceedmgs of the 3d internatIonal Congress of the European SOCIety for Vetennary VIrology, In
terlaken, SWItzerland, p P8-8 
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6 Panshm, E SbiIDDanter, C Orvell, M Ltpland & Y Wemnan (1994) 
ChaIacten2at::lon of Newcastle chsease V1lUS (NOV) field sttams by means of 3 panels of mono
clonal antibodles (MAE) AnalySIS of vanatton regulanttes 
Proceedmgs of the 3d lntematIonal Congress of the European SOCIety for Vetennary VU'Ology, In
ter1aken. SWItzerland, p P8-13 

7 SbWmanter, E & LtpJand, M (1995) 
DIteCt RNA sequencmg of aV13D. paramyxoV1lUSes sequence of a genonuc portton covenng matrIx 
and fusIon genes of avl31l paramyxovuus, serotype 7 
ProceedIngs of the Annual MeetIng of Israel SOCIety for MIcrobIOlogy; HaIfa, p 101 

8 Panshm, A, Sb1bmanter, E , Otvell, C, We1SmaIl, Y , & LIPkmd, M (1995) 
AnttgenIC epnope charactenzat10n ofmatnx (M) protem of Newcastle chsease V1I1lS (NOV) by 
monoclonal annDod!es (MAE), contrastIng vanablhty amongst NOV sttams 
Proceedmgs of the Annual Meetmg of the Israel SOCIety for MIcrobIOlogy; Hal:fa., p 106 

9 Sblbmanter, E. WelSIDaIl, Y & LIPkmd, M, (1995) 
Isolatton of YUC3lpa V1IUS m Israel after decade of SIlence endelDlC source or unpott? 
Proceedmgs of the Annual Meetmg of Israel SOCIety for Microbiology, Ha1:fa., P 116 

10 Panshm, A, Sbibmanter, E, Otvell, C. WelSDl3Il, Y & LIPkmd, M (1996) 
Mappmg of anttgemc SItes on the hemagglutmm-neuramundase (HN). fusIon (F) and matnx (M) 
protems of Newcastle disease V1IUS (NOV) by means of new panels of monoclonal anubodles 
(MAE) 
Proceedmgs of the Annual Meetmg of the Israel SOCI~ of MIcrobIOlogy, Jerusalem, pp 19 

~"'-

11 Nyaga, P N. KasSIty. J • Machana, J. Slubmanter, E • Panshm, A & Llpkmd, M (1996) 
AntIgemc charactenzatlon of aVl3Il paramyxOV1I1lSe5 (APMV) ISOlated m Kenya from drfferent 
avIan hosts (the results of Israel-Kenyan collaborattve studIes on APMV ecology) 
Proceedmgs of the Annual Meetmg of the Israel SOCIety of MIcrobIOlogy, Jerusalem, pp 19 

12 Panshm A, Shlbmanter E • Otvell C , WeISIIl31l Y & LIpkmd M (1996) 
The two-antIbodtes sandwlch ELISA (T AS-ELISA) modIfied for the detemunatton of antibodIes 
agamst aVl3Il mumps-bke V1I1lS (AMI.. V) m field clucken sera. 
Proceedmgs of the VIIIth Internattonal SymPOSIum ofVetennary Laboratory DlagnosttClanS, Jeru
salem, Israel, pp 42 

13 Panshm A. Shlhmanter E • Orvell C , Weisman Y & Llpkmd M (1996) 
Vanablhty ofanttgeruc epitOpes of the fusIon (F) protem of Newcastle disease VIrUS (NOV) Pro
ceedIngs of the Xth Intemattonal Congress ofVrrology, Jerusalem, Israel, pp 163 

14 Panshm A & Kostyukov M (1996) 
Assay modrficattons for determmatIon of specIfiCIty of Newcastle dIsease VlrnS (NOV)-pnmed 
monoclonal antIbodIes (MAE) 
ProceedIngs of the VIIIth international SymPOSIum of Vetennary Laboratory DlagnOsttClan5, 
pp 18 

15 Panshm A. SbJbmanter E , Orvell C , Wetsman Y & LIpkmd M (1997) 
Functlonal properties ofhemagglutmm-neuramuudase (EN) glycoprotem of Newcastle dIsease VI

rus (NOV) ()peIattonal delmeatton ofHN anngen epltopes by means of a new panel of mono
clonal antibodles (MAE) 
Proceedmgs of the Annual Meetmg of!sIae1 SOCIety for BIOChenustIy and Molecular BIOlogy. Tel
Avrv,pp 20 
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16 SbJbmanter E , Pansbm A, Orvell C, Wemnan Y and upland M (1997) 
Are there nallVe"NDV strams penetmtmg the vaccme bamer? 
Proceedmgs of the Annual Meetmg of the Israel SoClety ofMlcrcblOlogy, Tel AVIV, pp 96 

17 PansIun. A, E Slubmanter. Y Wemnan, C Orvell & M Llpkmd. (1998) 
Dehneatlon of antIgemc eprtopes on the IDlCleocapSld protem of Newcastle chsease VIrUS by means 
of a new panel of monoclonal antJ.1xxhes 
Proceedmgs of the Annual Meetmg of the Israel SOCIety ofMlcrcblOlogy, Tel AVIV, p 10 

18 PansIun. A. E Sbtbmanter, Y Weisman, C Orvell & M upland (1998) 
Dehneanon of antIgemc eprtopes on the hemagglutnm-neuramundase and fusIon glycoprotems of 
APMV-2IYUC31pIl VIrUS by means of monoclonal antJ."bodIes 
Proceedmgs of the 1st InternatIonal SymPOSlum onTurkey DISeaSes, Berhn, p 14 

19 Sblbmanter E , Panshm A. Orvell C. Wetsman Y & upland M (1998) 
Monoclonal antJ."bodIes analysIs of avI3Il paramyxovuuses serotype 2 (YUC3lpa-bke) straIns ISOlated 
from poultty m Israel 
ProceedIngs of the 1st InternatIonal SymPOSIum on Turkey DISeaSes, Berlm. p 13 

7. PrOject Productivity 

MaInly, all the proposed goals have been accomphshed, although there was a certam shrft m pnontIes Thls 
was due to the above-mentIoned fact that the proposal was subDlltted m 1987 and, by some ClI'CUIIlStaIlces, 
the date of August, 1991. was detemuned by A I D as the startmg pomt of nmnmg the project. Dunng 
thIs penod (between the subUllSSlon of the proposal and the start of the project), new developments m the 
field, mcIudmg those pubhshed m the world and some data obtamed m PI's lab, had to be taken mto ac
count. In fact, all the objectlVes, whIch were m the ongmal proposal, have remamed but some new topICS 
were mcluded and new trends were cOnsIdered. ThIs was expressed m certaIn changes m the research strat
egy (redIstributIon of pnontIes for CertaIn objectIVes) Namely, much more emphasts was done to the stud
Ies on avI3Il paramyxoVJruSes on the genetic level USIng sequencmg technology BeSIdes, new vrruses, 
whIch were of especial mterest to some tasks of the research, were mcluded mto the stucb.es Therefore, 
certam modlficatlons mcluded mto the work plan were realIzed m the execution of the project 

Requests for A. L D or BOSTID ActlODs 

Frrst of all, many thanks for cooperation 

The only suggestion for a better asSIstance of AID/SCI or BOSTID staff m promotmg the project pro
duCtlVIty concerns a more effiCIent reaCtlon (at least m the form of SImple acknowledgment) to the reports 
or any correspondence from the PI 

The best example concerns the previOUS Annual Report, whIch was sent to AID/SCI m December 14 
1992 An acknowledgment letter from A I D dated by January 4 1993 was dehvered to the Plan October 
18 1993 and the postmark upon the envelope m whIch the letter was enclosed showed "OCT 12'93" That 
means that the ttme reactIon ("stunu1us-responseN

) penod was about 10 months from whIch the way from 
Washmgton to Israel took 6 days The conclUSIon 15 that the rest of the ttme (10 months mmus 6 days) the 
respondIng letter was travelmg WIthm the A I D area. BeSIdes m thIs letter It was wntten "eIther a mem
ber of our staff or a member of the NASIBOSTID staff will be m contact With you once the report 15 re
Viewed" Smce then nobody has been m contact With PI 
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8. Future Work 

Dunng the executIon of the project, close and mutually benefiCIal connectlons have been estabhshed be
tween the collaboratIng mstltu11ons, wInch prOVIded current collaboratIon after offiCl3l expIratIon of the 
project ThIs IS based on the contInuous work on the comparatIve studIes on the APMV IsolatIons made m 
Israel, Kenya and Kazakhstan. The latter country IS still under current support of the ALD - CAR pro
gram. The studIes will be concentrated on the estabhshment of new techmques m the CollaboratIng lllStltu
tIon. The results obtaIned are planned to be submItted to local and InternatIonal meetlngs The comparatIve 
studIes prOVide a umque opportunIty to acIneve some SCIentIfic conclUSIOns of transcontlnental transfer of 
Viruses by mIgratIng bIrds, that bemg of Ingh ecologtcal and eplZootIologtcal Importance 
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ABSTRACf 

Thrrty-three VIruses of APMV -2 serotype Isolated m Israel from domestIc and WIld brrds dunng eplzootlC of a 
resprratory dIsease m 1979-1981 were studIed comprehensIvely m companson WIth a set of reference APMV-
2 VIrUses usmg (1) hemagglutInatlon mhIbltIOn cross reactIon test, (2) elutlon-hemagglutmatlon pattern, and 
(3) pattern of 1l11gratIon of vrral protems m polyacrylamide gel electrophoreSIS The results demonstrated 
conSIderable heterogeneIty amongst the local Isolates by all the three cntena By the 1st cntenon the ISolates 
could be dlstnbuted Into 4 malO groups, accordIng to the relatedness to dIfferent reference APMV-2 vIruses 
By the 2nd cntenon, the Isolates dIffered stnkmgly from those shoWIng very fast elunon kInetlcs up to those 
showmg the absence of elutIon By the 3d cntenon, all the Isolates could be dlstnbuted mto two groups 
dIffenng by the posluon of the F and M protems and the band denSity of the HN protem However there was 
no correlatlon between the dlstnbunons of the Isolates made In accordance With the above three cntena 
BeSIdes. there was no slgmficant correlanon between the dIfferences found and the chronology of IsoIanon of 
the VIrUses The results mdIcated that there may have been SImultaneous co-crrculauon of dIfferent APMV-2 
strams In the local aVIan reservoir at the begmmng of the eplzoonc rather than temporal accumulanon of 
vanants as a result of antIgemc dnft of an "ancestor' VIruS whIch caused the Imnal Infectlon AnalYSIS of 
ecologIcal eVIdence permIts to suggest that the Inltlal APMV -2 VIrUS was transferred mto the local aVIan 
reservOIr from 'abroad" probably VIa mlgratmg brrds and the "Imported" VIruS was already heterogeneous 
Smce the earlIest IsraelI APMV -2 IsolatIon precedIng the epIzootIC In pOUltry was that from wIld ducks It IS 
temptIng to speculate about mterspecles transfer of the APMV-2 VIrUS from wIld mIgratmg to local domesnc 
brrds 

INTRODUCfION 

APMV-2 VIruses (prototype APMV-2/clllck/CalIformaJ/YucaIpaJ56 [BankowskI et aI, 
1960]) have been shown to be WIdespread all over the world havmg been Isolated both from 
domestic and wild bIrds (Alexander, 1982, 1986, Goodman & Hanson, 1988) 
The fIrst Isolation of APMV-2 VIrUS m Israel was done m 1979 from mallard ducks (LipkInd 
et al, 1982b) Soon after, many pOUltry farms m Israel were affected by a respIratory 
dIsease charactenzed by SIgns rangmg from mIld rales to severe respIratory dIstress 
mcludmg conJunCtivItiS, nasal dIscharge, smUSItIS, pneumorua and drop m egg production 
MorbIdIty approached 100% while mortalIty varIed from 5% to 90% InveStigatIOn of 
poultry farms and surveillance of feral brrds has resulted m Isolation of more than 70 APMV-
2 vrruses from all parts ofIsrael from turkeys, chIckens, coots (Fulzca atra) and cattle egret 
(Ardeola ZblS) (LIpkmd et al , 1981, 1982a, 1982c) 
The tOpIC of the present work was to compare propertIes of selected IsraelI Isolates WIth 
reference VlfUses 

MATERIALS AND :METHODS 

Ten reference APMV-2 VlfUses and 33 native Isolates were used III the studies The latter 
were Isolated and Identlfied as descnbed (LlpkInd et al, 1979, 1982a, 1982b, 1982c) 
HemagglutInation mlnbitIon (HI) test was done as descnbed (LipkInd et al ,1979) StatIStical 
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treatment of the HI test data was performed as descnbed (Llpkmd & Sluhmanter, 1986, 
Llpkmd et al , 1986) 
Structural polypeptl~e analysIs was done by polyacrylamIde gel electrophoresIs (PAGE) as 
descnbed (Alexander and CollIns, 1981) 
V lruS elutIOn from red blood cell was estImated as descnbed (Spalatm et al, 1970) 
Accordmg to the estlmatIOn, the VIruses were placed mto 4 groups as follows non-eluters 
(no elutlon after 24 hr), partIal eluters (mcomplete elutIon at 24 hr), moderate eluters (full 
elutIon at 24 hr) and fast eluters (full elutIon Wlthm 4 hr) 

RESULTS 

m Tests Amongst the reference VIruses, the cross reactlVIty vaned consIderably The 
IsraelI Isolates showed substantIal heterogeneIty If tested by antlsera agamst some reference 
VIruses, mcludmg Yucaipa VIruS ThIs heterogeneIty was m contrast to the results obtamed 
WIth antlsera agamst two selected IsraelI VIruses In some cases, the heterologous HI tlter 
was hIgher than the homologous one As such a phenomenon was observed WIth all or most 
of the reference antIsera reacted WIth a certaIn VIruS, thIs IDlght reflect a partIcular senSItlVIty 
of the VIral antIgen (the phenomenon of "aVIdIty") 

ElutIOn propertIes There were conSIderable vanatIOns m elutIOn rate among both the 
reference strruns and the Isolates As to the reference strains, only Haneda and Bangor 
behaved as fast eluters, the others showed eIther no or only parual elutIon after 24 hr ThIrty
three field Isolates showed conSIderable heterogeneIty Most of the strains (23) were partIal 
or moderate eluters, five Isolates were non- eluters and five classed as fast eluters 

Structural polypeptIdes Punfied preparatlons of the natIve Isolates were subjected to 
SDS-PAGE In companson WIth the Yucrupa and NDVlUlster VIruses (FIg 1) The overall 
polypeptIde patterns of the Isolates were snmlar (the same number and approXlffiate SIZe of 
the protems but dIffered from the reference YucaIpa VIruS m IDlgratIOn rate of the major 
polypeptldes However, more detaIled eXaIDInatIon revealed slIght dIfferences amongst the 
Isolates whIch were expressed In the pOSItIon of the F and the M protems and the band 
denSIty of the lIN protem By these mdIcatIOns, all the studIed VIruses can be dIstnbuted mto 
two groups The group A mcluded VIruses whose F glycoprotem IDlgrated faster, the M 
protem IDlgrated more slowly and the denSity of the HN protem band was sIgmficantly lower 
as compared to the respectlve values of the VIruses belongIng to group B (FIg 1) 

DISCUSSION 

The hbrary of the IsraelI APMV-2Isolates (more than 70 Isolates) used m the present studIes 
IS a umque one sInce most of the Isolates were obtaIned dunng the 3-years-Iong epIZootIc 
whIch spread through most of the pOUltry farms m the country ThIs epiZOOtlc was under 
contInUOUS VIrOlOgICal observatlon and was accompanIed by a WIde surveIllance of feral 
bIrds Such kmd of ecologIcal expenment permItted observatlon of the general dynaIDIcs of 
the epIZOotIC and enabled potentIal assessment of pOSSIble antlgemc vanatIons 
The graphIc display (FIg 2) shows close relatedness, almost IdentIty (by serologIcal 
cntena), between the two Yucaipa VIruS showmg low relatedness ThIs pIcture IS compatlble 
WIth the the ones of the "common" and "serotype-specIfic" pomons on the genolDlc level 
(LipkInd & ShIhmanter, 1986) and the notIons of "conserved" and "vanable" regIOns 
(Nislukawa et al, 1983) and "stram-speCIfic" epitope on the NDV lIN molecule recogmzed 
by monoclonal antIbodIes (Iono & Bratt, 1984) In accordance WIth thIs, one can speculate 
that, amongst the APMV-2 vlruses, "the YucaIpa-lIke" PLOC VIruS has the largest 
"common" pornon whIle the YucaIpa VIruS has the smallest 
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Fig 1 (left) Structural polypepudes of selected APMV-2 Isolates L. HN. NP. F and M - viral protems A 
and B - deslgnauons of two groups (see the text) 
Fig 2 (nght) GraphIc display of antlgemc relatIOnshIps between reference and natlve APM-2 strains 
YUCaiPa. Haneda. Robm and PLOC - reference APMVs. Kfar Hess (1979) and Hatsav (1980) - IsraelI Isolates 

The followmg concluSIOns can be denved from the reported data 
1 APMV-2 VIruses Isolated m Israel durmg the penod 1979-81 have demonstrated WIde 
heterogeneIty by antIgerucity of the HN glycoprotem, kInetICS of elutIon and PAGE protem 
mIgratIon pattern WIth no eVIdent correlatIon between the three mrucatIons 
2 There IS no stnct correlaoon between the above parameters and the chronology of the 
VlfUS Isolaoons On the basIS of these conclusIOns, two suggesoons are proposed 
1 Dunng the epIZootIC there was a CO-CIrculatIon of dIfferent vanants of the APMV -2 VlfUS 
varymg by the above propertIes 
2 WIde heterogeneIty of the IsraelI APMV-2 Isolates 15 not the result of the evoluoon of one 
hypothetIcal ancestor but the VIral factor causmg the epIZoOtIcs was heterogeneous from the 
very begmrung 

AlternatIve hypotheses 
1 The causatIve factor of the epIzoooC was endogenous, 1 e the "reSIdent" VIruS has 
undergone mutatIon(s) and the combmatIon of the ongmal VIrUS WIth ItS mutant(s) IS the 
cause for the observed heterogeneIty 
2 The causaove factor of the eplZooocs was "unported" to Israel VIa mIgratIng bIrds and the 
"unported" VIrUS had already been heterogeneous 
3 The observed heterogeneIty IS a result of a combmatIon of an endogenous ("sleepmg") 
VIrUS WIth the "Imported" ("alarmmg") VIrUS 
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ABSTRACT 

Seventeen reference strains and 37 recently Isolated Israeh strains of Newcastle dIsease VIruS (NDV) have been 
studIed by means of three panels of monoclonal antIbodIes (MAbs) against hemagglutImn-neuraImmdase 
(HN) fUSIOn (F) and matnx (M) VITal protems, contrunmg 10 7 and 6 MAbs respectIvely The MAb
producmg hybndomas were prepared against Austraha-VIctona (AV) strain ofNDV by fusmg spleen cells 
from NDV-lmmuruzed BALB/c mIce WIth the mouse myeloma celllme SP2/0 The vrral envelope fractIon 
was used for the munuruzatIon The reference strains mcluded velogeruc mesogemc and lentogemc strams 
Isolated WIthin 1932-1970 from domestIc fowl The natIve NDV strains have been Isolated recently (1984-
1994) from vanous aVIan speCIes mcludmg poultry (chIckens and turkeys), feral (wIld and show pIgeons, 
starlIngs gulls eagle cattle egret), waterfowl (mallards and coots) and cage bIrds (parrot) The antIgemc 
andlor functIonal relatedness between all the above NDV straIns was eXamIned by the pattern of therr bmdmg 
to each MAb, measured by ELISA techmqJe The results revealed two contrastIng mdiCatIOnS amongst 
dIfferent strains a WIde spectrum of vanabilIty against stable conservatlon m the MAb bmdmg patterns 
Some of the stable strains dId not dIffer from the homologous A V NDV although the gap between the dates 
of therr IsolatIons reached more than 50 years There was no correlatIon between the MAb bmdmg pattern and 
the strain pathogemcIty, host speCIfiCIty geographIC locatIon and chronology of IsolatIon Together WIth 
tills there was no strong correlatlon between the data related to dIfferent panels for example some strains 
could be grouped accordmg to the bmdmg pattern WIth MAbs belongmg to the HN panel but tills groupmg 
was not compatIble WIth the results related to the other panel(s) On the background of the diverse vanatIons 
some of the NDV epitopes tllfned out to be hIghly conserved 

INTRODUCTION 

A plenty of strams of Newcastle dIsease VIruS (NDV) Isolated all over the world from 
vanous aVIan hosts hIghly diffenng by vrrulence and some other bIOlogICal propertIes do not 
vary by claSSIC serologIcal tests Use of monoclonal antrbomes (MAb) has revealed 
sigruficant drfferences m subtle dIltIgeruc structure TopologICal and operatIOnal delmeatlOn 
of ~"TIV protems by means of MAb panels has found a number of nonoverlappmg groups of 
antigeruc epltopes of certam VITal protems (Iono et al 1986, Iono et al 1989, Russell et al 
1983, NIshIkawa et al 1986) whIch penrutted to cld.ssIfy both reference strams and field 
lsolates (Meulemans et al 1987, Russell et al 1990) Smce the groupmgs were made usmg 
dIfferent MAb panels and dIfferent NDV strams, a urufied mappmg of NDV protems IS 
lackIng Therefore, mclusIOn of new MAb panels and NDV stram sets IS of Importance In 
the present studIes, three panels of MAbs agamst B"N, F and M protems were used for 
companson of NDV reference VIruses and natIve Isolates 

MATERIALS AND METHODS 

Seventeen reference strams and 37 natIve strams of NDV Isolated 10 Israel dunng the last 
decade from chIckens (2), turkeys (2), mallards (12), wild and show pIgeons (9), gulls (5), 
starlIngs (3), eagle (1), cattle egret (1), coot (1) and parrot (1) were used Hybndomas 
producmg MAbs 10duced by the Australia-Vlctona (AVl..stram of NDV were prepared as 
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descrIbed COrvell et al 1982) IndIrect enzyme-Imked Immunosorbent assay (ELISA), 
Western blottmg test, and antIgen-capture ELISA were performed as descnbed COrvell et al 
1982, Samson et al 1986, LI et al 1994) RadiOlmmunoprecIpltatlOn assay was carned out 
usmg eIther [35S]metluomne or [3H]glucosaITIlne labelmg of protems of NDV (Australla
Victona stram) In the pnmary cluck embryo cell monolayer culture as descnbed (Nislukawa 
et al 1986) WIth some modificatIons (Ummo et al 1990) 

RESULTS 

Ten MAbs precIpitated VITal protem of molecular weIght (MW) 72K, and seven MAbs 
precipItated protem of MW 54K, both bemg labelled by [35S]methIOnme as well as 
[3H]glucosamme and correspondmg to the hemagglutmm-neurarrumdase CHN) and fuSIOn 
(F) VITal glycoprotems, respectlvely SIX MAbs preCIpitated protem of MW of 36K labelled 
only by [35S]metluomne and correspondmg to the VIral matrIX eM) protem (Fig 1) In 
antIgen-capture ELISA test each type of MAbs was bound only to those C'elllysate fractlons 
willch were preCIpItated WIth the same MAb.;: but pot to the other two fractIons In Western 
blot, none of the MA1JS of the three panelS bound to the lysate treated eIther by reducmg 
agents or by hIgh temperature (data not shown) Thus, three panels of MAbs reactmg 
specifically WIth the fIN, F, and M proteIns, respectIvely, were establIshed 
All the MAbs were used for charactenzatIon of the reference straInS and natlve field Isolates 
of NDV In the course of these stuffies, a further charactenzatIon of the MAbs Within each 
panel has been aclueved The latter resulted m provmg that all the MAbs belongmg to the 
panels of antI-HN and antl-F MAbs were mdIvldually dIfferent and, hence, not relatmg to 
IdentIcal epltopes As to the antI-M MAb panel, three MAbs from 6 were IndIStIngUIshable 
by thIs cntenon, I e reacted With all the 56 VIruses, mdiCatIng that antI-M MAbs agamst at 
least 4 epitopes could be dIscerned StabIlIty of both HN and F glycoproteIn epitopes vaned 
m WIde lImIts as opposed to the M protem epitopes willch were much more conservatIve 
As to the VIruses' charactenzatIOn based on the spectrum of theIT bmdmg to all the MAb 
panels, extremely contrastIng dIfferences amongst the VIruses tested were found, varymg 
from stable conservatIon to lugh vanability For example, on one hand, there were 4 VlfUses 
whIch reacted WIth all the 23 MAbs exactly as the homologous VIruS AV these VIruses 
mcluded three reference strains Isolated from cluckens In 1940, 1948 and 1970 as well as an 
IsraelI VIruS Isolated from cattle egret m 1986 On the other hand, two IsraelI field strams 
Isolated from cluckens dunng the same year drastIcally dIffered by the spectrum of reactIon 
WIth MAbs belongmg to all the three panels There were dJfficultles m attempts to dIstnbute 
the strams by any cntena No defirute correlatlon between the MAb bmdmg pattern and the 
stram pathogerucIty, host specIficIty, geograpluc locatlon and chronology of IsolatIOn was 
found Together WIth tlus, there was no strong correlatIOn between the data related to 
dIfferent panels 
For example, some strams could be grouped accordmg to the bmdmg pattern WIth MAbs 
belongmg to the HN panel but tills groupmg was not compatlble WIth the results related to 
the other panel(s) 

DISCUSSION 

The descnbed combmatlon of the MAb panels agamst all three VITal envelope protems and 54 
reference and natIve strams of NDV IS a solId basIS for the analYSIS of NDV antlgemc epltope 
pattern and vanabilIty All the MAbs, except three antl-M ones, were proven to be dIstmct 
Accordmg to the Western blot test, all the MAbs appeared to be pnmed by conformatlonal 
epltopes SlIIl1lar results have been descnbed (Samson et al 1988, Yusoff et a1 1988) 
Among all the panels, antl-M MAbs showed a hIgher stabIlIty and antl-F MAbs showed a 
hlgher vanability as compared to antI-FIN MAbs The latter IS Iather ill contrast to the results 
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Fig 1 RadlOlUununoprecIpltaUon of NDV (A V) proteIns from labelled vIrUs-Infected cell lysates by MAbs 
related to the folloWIng panels A Anu-HN MAbs B AntI-F MAbs C Anu-M MAbs Lane 1 MW 
markers Lane 2 [35S]-methlOmne-labelled vIrUS-Infected cell lysate Lane 3 [3H]-labelled vIrUs-Infected cell 
lysate All the other lanes relate to the panels of MAbs wluch precIpItated the correspondIng VIral protems 
from the [35S]-methIomne-labelled vIrUs-mfected cell lysate 
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obtaIned In the other labs (Abenes et al , 1986, Meulemans et al 1987, Russell et al 1990) 
On the background of the dIverse vanatIOns, some of the NDV epitopes turned out to be 
hIghly conserved 
The absence of correlatIOn between the MAb bmdIng pattern and the stram pathogemcIty, 
host specIficIty, geographIc locaoon and chronology of IsolaTIon IS In accordance with the 
lIterature (Iono et al 1986, Russell et al 1990) However, such contrastmg combmatIOn of 
hIgh vanabilIty with stable conservatIOn among the NDV strams IS a umque pomt of the 
present studies Namely, some of the "stable" strams did not differ from the homologous A V 
NDV although the orne gap between therr IsolatIOns IS more than 50 years 
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The geometnc mean D HHpams burden m the group treated 
with moxldectm 28 days before mfectlOn was 2 (99 0 per cent 
reductIOn) and no lungworms were detected at necropsy m any of 
the calves treated topically with lVermectm 28 days before chal
lenge (100 per cent reductIOn) The difference between the treated 
groups was not slgmficant (P>O 10) and the geometnc mean bur
dens for both groups were slgmficantly less than the control group 
(P<O 01) 

These results mdlcate that Ivermectm admmlstered by topical 
apphcatlOn and moxldectm admmlstered by subcutaneous mJec
tlon provided virtually complete protectIOn agamst remfectlOn 
with D lHlparus for at least 28 days after treatment Agamst 0 
ostel tagl the efficacy of Ivermectm 28 days after treatment was 
>99 per cent and that of moxldectm was 86 per cent The penod 
of sustamed activity with endectocldes can have practical benefits 
mcludmg the contmued grazmg of heavily contammated pastures 
even where a disease outbreak has occurred (McMullm and others 
1992) and the development of strategic control programmes such 
as the 3 8-13 programme for Ivermectm (Taylor and others 1985 
Armour and others 1987) Data from thiS study can be of use m 
the deSign of such programmes to proVide optimal parasite control 
With mmlmal use of endectocldes 
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AntIgenIC charactensatIon of 
aVIan paramyxoviruses serotype 4 

Isolated from wIld mallard 
(Anas plathyrznchos) In Israel 

E Shlhmantel Y Weisman M Llpkmd 

lelenllan Record (1995) 137 6~1 642 

A. VIAN paramyxoViruses (APMV) apart from the well known 
NeVvcastie disease \ lruS (NDV) mclude a number of other viruses 
\\ hlch on the baSIS of serological tests have been placed mto mne 
recogmsed serotypes (Alexander 1980 1982) Different antlgemc 
mter relatIOnships between the representatives of these serotypes 
have been found and the establtshment of supergroups has been 
attempted (Alexander 1982 Llpkmd and Shlhmanter 1986 
Russell and Ozdemlr 1989) 

The APM, s of serotype I (mcludmg claSSIC NDV and APMV I 
Isolated from racmg pigeons) and serotype 2 (mcludmg ongmal 

E <;;hIhmanler Y WeIsman M LIpkmd DIvISIOn of AVIan DIseases 

KImron Vetennarv InstItute PO Box 12 Bet Dagan 50250 Israel 
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TABLE 1 EXaminatIon of the Isolates In haemagglutlnatton Inhlbltton 
(HI) test WIth NOV antIsera 

Isolates HI tItre 

NOV 480 
C9 20 

C25 20 
C35 240 
T27 40 

HI tItre IS expressed as a recIprocal of the hIghest dIlutIOn of the NDV anlt 
serum the precIse calculatIon was done uSIng the system of crosses accord 
tng to Horsfall and Tamm (1953) 

TABLE 2 ExaminatIon of the Isolates III haemagglutmatlon inhIbItIon 
test WIth antIsera against all reference APMV serotypes 

Isolates 
AntIsera agaInst APMV serotypes C9 C25 T27 

APMV 1/NDVlAustraha Vlctona/32 10 10 20 
APMV 21chlck!YucalpaICahfornta/56 <10 <10 <10 
APMV 3a/turkeyIWlsconstn/65 10 20 <10 
APMV 3blparakeetlNetherlands/449177 <10 <10 <10 
APMV-4/ducklHong KongID3175 160 240 320 
APMV 6/ducklHong Kong1D199177 <10 <10 <10 
APMV 7/doveiTennesseel4175 10 10 <10 
APMV 81goose/Delawarel1053176 <10 <10 <10 
APMV 91ducklNew Yorkl22180 <10 <10 <10 

The same deSIgnatIon as that for Table 1 

Yucaipa and the other YucaIpa-hke viruses) are well documented 
and have been regularly Isolated all over the world from vanous 
aVian famlhes (Galhnaceae Passenfonnes AnatIdae Colum 
bldae Ralhdae Ardeldae) However IsolatIOns belongmg to some 
other serotypes are more rare so that some serotypes are repre 
sented by a prototype stram which IS an mltIal and only Isolate 
such as APMV 6 APMY 8 and APMY 9 The presence of dIfferent 
representatives of each serotype makes It pOSSible to study the 
APMV s taxonomy ecology host range and evolutIOn Therefore 
ecological studies aimed at reveahng the occurrence of different 
representatives of each APMV serotype are Important 

Israel IS located on the mam flyway of birds mlgratmg from 
eastern and central Europe (west branch of the flyway) and west 
em Sibena and central ASia (east branch) to south east Africa Up 
to now dozens OfNDVS APMV 2 (YucaIpa hke) and APMY 0 ViruS 
es have been Isolated m Israel from different species (Llpkmd and 
others 1979 1981 1982a b c 1984 1985 1986 1987) 

The serotype APMV 4 IS represented by the prototype stram 
APMY-4/duckIHong Kong!D3/75 Isolated from domestic ducks m 
Hong Kong m 1975 (Shortndge and Alexander 1978) Smce then 
APMY 4 viruses have been Isolated predommantly from feral birds 
m Europe (OttIS and Bachmann 1983 Tumova and others 1984) 

The first IsolatIOn of APMY 4 from feral mlgratmg ducks m 
Israel and ItS serological IdentificatIOn IS descnbed here 

Cloacal and tracheal swabs were taken from 36 bIrds shot by 
hunters m the northern part of the Hoola Valley Upper Gahlee 
The swabs were propagated through chick embryonated eggs One 
haemagglutmatmg agent from tracheal and three from cloacal 
swabs were Isolated All the Isolates possessed neurammldase 
activity provmg they belonged to either the ortho or paramyxo 
VIruS family Double ImmunodiffusIOn tests With antiserum 
agamst mfluenza Virus nucleoprotem antigen gave negatIVe 
results HaemagglutmatlOn mhlbltlon (HI) tests With reference 
anti NDv serum showed that only one of the Isolates was mhlblted 
by thiS serum (Table 1) The other three Isolates were exammed 
With reference antisera agamst the other APMV serotypes They 
showed positive results with antIserum agamst the prototype ViruS 
APMV 4/duckJ3/Hong Kong/75 (DuckJ3/HK) of APMY 4 serotype 
(Table 2) The neuraminIdase mhlbltlOn test performed usmg the 
anti APMV 4 reference antiserum supported the relatedness of the 
above three Isolates to the APMV 4 serotype (Table 3) 
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TABLE 3 Examination of the Isolates In neuraminidase inhibition (NI) 
test with APMV-4 antisera 

Isolates 

APMV-4 
C9 

C25 
T27 

NI titre 

340 
302 
240 
108 

Neurammldase Inhibition tltres are calculated according to Palmer and 
others (1975) 

However when hypenmmune ChICk antIsera agamst these ISO
lates were prepared and used m a comprehenSIve cross reactIOn HI 
test some dIfferences between the natIve Isolates and the proto
type VIruS were revealed (Table 4) In thIS expenment an ongmal 
approach was used for statIstIcal treatment (LIpkmd and 
ShIhmanter 1986 LIpkmd and others 1986) Namely the value of 
the cross reactIVIty was deSIgnated as the dIfference (ratIo) d 
between homologous and heterologous tItres expressed m log2 
The results showed dIfferent cross reactIVIty of the reference pro 
totype stram and the natIve Isolates m relatIOn to NDV the cross 
reactIvIty of the reference VIruS With NDV was symmetrIcal whIle 
that of the native Isolates was one-way asymmetrIcal Further the 
Isolates showed closer antlgemc relatIOnship to NDV than the pro 
totype ViruS There was a signIficant dIfference between the VIruS 
Isolated from a tracheal swab and those Isolated from cloacal 
swabs (Table 4) 

Thus thiS I~ the first IsolatIOn of APMV 4 m Israel Antlgemc 
companson of the local APMV-4 Isolates With the prototype stram 
revealed an mdlrect difference e"{pressed by their dIfferent antI
gemc relatIOnshIp towards the third ViruS (NDV) Such an antI
gemc relatIOnship has been descnbed m vanous other APMV 
serotypes (Llpkmd and Shlhmanter 1986 Llph.md and others 
1986) As to the antIgemc dIfference found between the cloaca
ongmated and trachea-ongmated Isolates It may be supposed 
that there IS a selectIOn pressure on multIplIcatIOn of hypothetIcal
ly heterogeneous ViruS populatIOns m respiratory and mtestmal 
epithelIal cells The phenomenon of asymmetrIcal cross reactIvIty 
may be an mdlcatlOn of substantial differences m the Viral antl
gemc structure as has been demonstrated usmg a mathematIcal 
modellmg approach (Llpkmd and Rlshe 1988 Rlshe and Llpkmd 
1990) 

TABLE 4 Haemagglutlnln inhibition cross reaction test between all the 
Isolates and APMV 1 and APMV 4 reference viruses 

Viruses 
Antisera NDV APMV-4 C9 C 25 T 27 

NDV 0 323 ± 0 98 353 ± 0 91 335 ± 0 78 118±054 
n=5 n=5 n=5 n=5 

P = 0 97 P = 0 97 P = 0 99 P = 0 91 

APMV-4 458±098 0 -238±112 -O33±126 -125± 153 
n=3 n=5 n=6 n=6 

P>O 99 P = 0 91 

C9 046±116 045 ± 1 46 0 091 ±040 004±041 
n=5 n=6 n=6 n=5 

C 25 o 01 ± 0 55 0 03 ± 0 83 -006 ± 0 69 0 -063 ± 0 72 
n=5 n=5 n=6 n=6 

T 27 1 10 ± 0 73 105 ± 137 -018±021 080 ± 0 58 0 
n=5 n=6 n=6 n=6 

P = 0 79 

Upper figure d In each cell IS a mean value (With standard error) of 1092 of the 
ratio between homologous and heterologous HI btres when a given antiserum 
was the same for the two compared viruses n IS a number of expenments for 
each pair of compared viruses P IS Student s coeffiCient of probability for the 
found difference d for a given number of experiments n It IS expressed as a 
percentage of probability of the zero hypotheSIS Ie the probability that the 
difference d Itself differs slgmficantly from zero The reliability of the d values 
(their difference from zero) was accepted as slgmficant If It was m agreement 
With Fischer s 2nd cnterlon of probability (P = 095) (Llpkmd and Shlhmanter 
1986) 
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Acute encephalopathy and 
hyperammonaemia In a horse 

WIthout eVIdence of lIver dIsease 

T S MaJf, R D Jones 

Vetennar} ReCOld (1995) 137 642 643 

HEPATIC encephalopathy IS a neurological syndrome which can 
accompany advanced decompensated lIver dIsease of all types 
and/or extensive portal systemic shuntmg The conditIOn has been 
recognised m horses m aSSOCiatIOn With many dIfferent causes of 
hepatIC failure mcludmg both acute and chromc lIver diseases 
(Pearson and Craig 1980 Byars 1983 Hillyer and others 1993 
Messer and Johnson 1994 Zlentara and others 1994) The syn 
drome IS assOCiated With the tOXIC effects of hyperammonaemla 
although other substances mcludmg mercaptans gamma 
ammobutync aCId and short cham-fatty aCids are probably also 
mvolved m the pathogeneSIs of encephalopathy AmmOnIa IS pro 
duced m abundance m the mtestmal tract espeCially the caecum 
and colon by the bactenal degradatIOn of lummal protems ammo 
aCids and endogenous urea ThIS ammoma diffuses mto the portal 
circulatIOn and IS transported to the lIver where It IS normally 
converted to urea by the Krebs Henselelt urea cycle (Dlmskl 
1994) Hepatic encephalopathy m part reflects the faIlure of thiS 
Important detOXificatIOn process because of extensive lIver cell 
necrosIs or direct entry ot portal blood mto the perIpheral clrcula 
tIOn via portosystemlc shunts ThiS report descnbes the unusual 

T S Vlalr R D Jones Bell Equme Vetennary Chmc Mereworth 
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ANTIGENIC EPITOPE CHARACTERIZATION OF 
MATRIX PROTEIN OF NEWCASTLE DISEASE VIRUS 

USING MONOCLONAL ANTIBODY APPROACH 
CONTRASTING VARIABILITY AMONGST NDV 

STRAINS 

A PANSHINI E SHIHMANTER1 Y WEISMAN I C ORVELL and 
M LIPKIND1* 

'DIVIsIOn of AVian DIseases Klmron Vetennary Institute Belt Dagan 50250 Israel and 
Laboratory of ClImcal VIrology Huddmge Umverslty Hospital Huddmge S 14186 Sweden 

(Recened for publicatIOn 16 lull 1996) 

Abstract-A panel of 15 monoclonal antIbodIes (MABs) agamst matnx (M) protem of Newcastle 
dIsease VIruS (NDV) was obtamed and the specIficIty towards the M protem was proven by 
radlOlmmunopreclpltatlOn assay and antigen capture enzyme hnked Immunosorbent assay 
(ELISA) Further studIes were dIrected to antJ.gemc epItope mappmg of the M protem by means 
of thIS panel The epltope charactenzatlon was performed by competitive antlbody-bmdmg assay 
by means of labelhng each MAB With bIotin [3] At least three clear non overlappmg and two 
partIally overlappmg groups were determmed each mcludmg four one eIght one and one MAB 
respectively All the llbove MABs appeared to be mduced by structural epltopes formed 10 

conditIOns of tertldry structure of the nauve M dntlgen Twelve reference and 51 recently Isolated 
local NDV strams have been studied by means of thiS MAS panel several lIneages havmg been 
revealed The high stability of some epltopes and dIfferent vanablllty of the others was 
demonstrated No correlatIOn between the dbove hnedges and some other properues of the studIed 
NOV strams (host speCIficity date and place of IsolatIOn) has been found t 1997 ElseVIer SCIence 
Ltd 

Kel Iwrds Newcastle disease vIrus matnx protem anugemc epltope~ monoclondl anubodles 
radlOlmmunopreclpllatlon assay 

Resume-Un panel de 15 antlcorps monoclonaux (MAB) contre la proteme M du NOVa ete 
obtenu et leur speclhclte contre la proteme M demontree pdr radiO Immuno preCIpItatIOn et pdf 
ELISA capture Des trdvaux ,upplementalres ont ete effectues pour obtemr une carte epltoplque 
de la proteme M en UtilISdnt ce panel La cardctensaUon epltoplque a ete fdlte pdr essal competluf 
d attachement des antlcorps pdr mdrqudge ala blOtme de chdcun des MAB Au moms troIS groupes 
mdependdnts et deux groupes avec un recouvrement pdruel one ete determmes chdcun 
comprendnt quatre un hult un et un MAB Tous ces MAB se sont reveles mdUlts pdr des epItopes 
de ,tructure forme, ddns des conditions de structure terUdlres de I antlgene M nauf Oouze souches 
locales Isolees recemment de NOV ont ete etudlees pdr ce panel d anucorps monoclonaux La 
gr,mde stablhte de certams epltopes et la vanablhte relative des autres a ete demontree Aucune 
cOrreldtiOn entre les propnetes de ces hgnees et celles des souches NDV n a pu etre trouvee (" 1997 
Ebe\ ler SCIence Ltd 

Mots clefs VIrus de la maladle de Newcastle matrix proteme epltopes anugemques antlcorps 
monoclonaux radIO Immuno preclpltatlon 

* Author for correspondence 
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INTRODUCTION 

Matnx (M) protem the smallest (34-40 kDa) of SIX structural protems of 
paramyxovlruses, forms an mternal viral envelope embracmg viral nUcleocapsid and 
adJommg It to the Internal part of the vIral envelope [4] The pnmary structure of the M 
protem was deduced from the nucleotide sequence of the correspondmg M gene that has 
been determmed for certam paramyxovlruses [5-7J, mcludmg Newcastle disease virus 
(NDV) [8 9J These studies revealed the remarkable genetic stablhty of the M protem 

Although there IS no eVIdence for any enzymatic activity of the M protem ItS role 10 

the assembly of different viral components has been demonstrated [IOJ The central 
10cahzatlOn of the M protem between the mtegral envelope of glycoprotems and the 
mternal core protems, on the one hand and Its crucial role m virus assembly reahzed via 
phYSicochemical connectIOns With the other Viral protems on the other hand, suggest a 
complIcated (for a rather small protem) structural arrangement provIdmg dIfferent 
functIOnal activities Wlthm a V1non, the M protem molecules are associated with lIpid 
membranes [l1-14J envelope glycoprotems [15-17J and nucleocapsid [l8J, m addItIon 
there IS a strong predilectIOn for aSSOCIatIOn of the M-protem molecules With each 
other [18 19] In contrast to other paramyxovlral protems whIch accumulate only m 
cytoplasm of the mfected cells, the M protem of the NDV has also been detected m the 
nucleus [20-22] These different functional activities must be realIzed via particular 
M protem active sites responSible for speCIfic couplIng between the correspondmg lOCI 10 

the envelope and core viral protems, and certam speCific mtracellular sites [22] 
It IS reasonable to expect that thiS functlOnal burden aSSOCiated With the structural 

organIzatIOn of the M protem IS connected to Its antigenIc pattern which could be revealed 
VIa MAB-medIated analYSIS In thIS respect, however, different results have been descnbed 
Two non-overlappmg SItes, one of them mcludmg three partially overlappmg epitopes 
have been obtamed usmg a panel of eight MABs agamst D26 stram of NDV [23J Another 
group of authors [21J, usmg a panel of five MABs agamst AustralIa-Vlctona NDV stram, 
has found three non-overlappmg sites A third group of workers usmg a panel of SIX 
MABs agamst Ulster NDV stram has deSCrIbed three partially overlappmg antigenIc sites 
on the M protem of the Ulster NDV stram [24J 

In contrast to the envelope glycoprotems, the M protem and core protems of the NDV 
are not exposed to SignIficant Immunological pressure [25] Antibodies agamst these 
proteins possess neither vlrus-neutrahzmg nor protective capaCities both in t Uro and in t'll 0 

and do not mhlblt Significantly any known functIOnal Viral actlvltles [24 26J At the same 
time antigenIc vanatlOns of the M protem of different NDV strams have been revealed 
usmg panels of antl-M MABs [21 23J In the present studies a panel of 15 antl-M MABs 
extended antigenIc charactenzatlOn of the M protem by detailed epltope mappmg and by 
usmg a conSiderably larger lIbrary ofNDV strams mcludmg conventIOnal reference strams 
as well as local IsolatIOns from domestlc and feral birds 

MATERIALS AND METHODS 

Refe! ence viruses 

The Australta-Vlctona (1932) stram of NDV (obtamed from M A Bratt UnIversity 
of Massachusetts, Worcester MA, USA) was used for the productIOn of MABs The 
other reference NDV strams (Herts. Komarov, Texas, Mukteswar ItalIen LaSota 
Hitchner, Roakm Warwick Queensland, Eastwood) were obtamed from D J Alexander 
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(Central Vetennary Laboratory, Weybndge, UK) PropagatIOn of the VIruses was 
performed as descnbed earher [27] 

ND V local field Isolates 

Fifty-one NDV strams have been Isolated m Israel dunng the last decade (1984-1994) 
from both domestIc and feral birds The former mcluded chickens (3 Isolates), turkeys (6) 
and Chmese ducks (1) The feral bIrds mcluded waterfowl, hke mallards (IS) and coots 
(2), sea bIrds, lIke gulls (5), passenne bIrds, lIke starhngs (3), cage bIrds peacock (1), parrot 
(1) and love-bIrd (1), and others pIgeons (11), cattle egret (1) and eagle (1) Most of the 
VIruses were Isolated from cloacal and/or tracheal swabs, m some cases post mortem 
matenal was used for IsolatIOn The field samples treated by antIblottcs were moculated 
mto the allantOic cavIty of the to-I I day-old chIck-embryonated eggs, whIch were 
mcubated untIl embryo death or untIl the penod of 6 days' post-moculatlOn The 
haemagglutmatmg (HA) agents serologically Identtfied as NDV had undergone a mmimal 
number of passages (usually one to two) through embryonated eggs m order to accumulate 
an amount of ViruS of hIgh titre for a VIrus stock stored at - 70°C The VIruS punficatton 
was carned out by differentIal centnfugatlOn through sucrose denSity gradIents [28] 
Protem quantltatlOn was done usmg Coomassle Protem Assay Reagent (PIERCE) 

Hybndoma productIOn and MAE screenmg 

MABs were prepared by fusmg spleen cells from NDV-ImmuOlzed BALBjc nuce wIth 
the mouse myeloma cell hne SP2jO The viral envelope fractIOn obtamed by 
n-octyl-D-glycoslde treatment of the punfied ViruS preparatIOn and contammg 
haemagglutmm-neurammldase (HN), fUSIOn (F) and the M viral protems was used for 
the ImmUOlzatlOn of mIce as descnbed preVIOusly [I, 2J ScreeOlng of the MAB-secretmg 
hybndoma clones was performed by mdirect enzyme-hnked Immunosorbent assay 
(ELISA) usmg punfied ViruS as antIgen and haemagglutmatlOn mhIbitlOn test as descnbed 
preVIOusly [2J Selected MAB-secretmg hybndoma clones were moculated mto 
pnstane-pnmed BALB/c mIce ASCItiC flUIds were collected 1-2 weeks later 

MAE chalacten=atlOn 

The MABs were charactenzed for speCIfiCIty by radlOimmunoprecIpltatlOn assay (RIPA) 
usmg labellmg of vIral protems with [35S]methlOnme, Immunoblot analYSIS (IB) and 
two-antIbody sandWich ELISA (TAS-E LI SA) RIPA were performed as descnbed 
preVIOusly [2] IB was carned out as descnbed by Samson [29J The TAS-ELISA was 
performed as descnbed by LI et at [30], WIth some modIficatIons Accordmgly an antl-M 
MAB of high aVIdity was chosen, punfied by means of the KIt PURE (SIgma 
ImmunochemIcals St LOUIS, MO USA) and used for coatmg Dynateck plates at a 
concentratIOn of 20 Itg/ml After mcubatlOn for 2 h m a humId atmosphere and washmg the 
blockmg buffer contammg neutral bovme serum albumm (3%) Tween 20 (005%) and 

PBS was added After a 2 h mcubatlOn followed by washmg WIth 005% Tween-PBS 
solution, 50 III per well of the antigen (VIral lysate) solutIOn m the blockmg buffer was added 
After mcubatIon at 37°C for 1 hand washmg, the sandWIch ELISA was used for MAB 
detectIOn The MABs to be detected were labelled WIth blottn and added to the sandWIch 
ELISA m two-fold dIlutIons After 45 mm mcubatlOn at 37°C and washmg, the ExtrAvldm 
TM-peroxydase solutIOn (BIOMakor, Rehovot, Israel), prepared accordmg to the kIt 
recommendatIOn, was added The further steps were performed as descnbed preVIously [2] 

• • 
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Competltzve bmdmg assay 

Competitive bmdmg assay was carned out accordmg to Nishikawa et al [23] With some 
modificatIOns, namely, the use of bIOtin-labelled (Instead of peroxydase-Iabelled) MAB 
and, correspondingly, ExtrAvldm TM-peroxydase [3] 

DetermmatlOn of M AB lsotype 

Isotypes of the monoclonal antibodies were determined by Ouchterlony ImmunodIffu
sIOn test USing Mouse Monoclonal Typmg Kit (The Bmdmg Site, Birmingham, UK) 

RESULTS 

Characten=atlOn of the MAB panel 

The MAB panel was first charactenzed by means of ELISA (Table 1) It can be seen 
that five MABs (M3b, M3d, M3e, M3f and M3g) had a titre of 10' The tltres of the other 
10 MABs were 103 By the ISO type eXaminatIOn, all of them fell Into the same 
Immunoglobulin (Ig)-G class the majonty being related to the IgG 1 subclass 

The MABs were examined for their speCifiCity towards M protein by means of three 
tests RIPA (Fig 1) TAS-ELISA (Table 1) and IB (Table I) Both the RIPA and the 
T AS-ELISA demonstrated clearly that all the MABs were directed against M protem 
It should be noted that all the MABs were negative m Immunoblots and In the 
haemagglutlnatlOn inhibition test (Table 1) 

Anllgemc mappmg of the M protem 

Antigenic mappmg of the M protem was carned out by reciprocal competitIve bmdmg 
assay In prehmmary expenments, saturatmg doses of the MAB were determmed as 
descnbed by NIshIkawa et al [32] 

The general picture has revealed at least five antIgeniC sites (Fig 2) whIch can be 
arranged Into two groups corresponding to the antIgeniC regIons upon the M protein 
(Fig 5) The first regIon (A) mc1udes two non-overlapping SItes (SItes 1 and 2) and one 

Table I ImmunologIcal properues of the MAB to NDV stram Austraha Vlctona 

Two anttbody sandWIch ELISA 

MAB Class/subclass HI tItre ELISA M HN F IB RIPA 

Mia IgGI <8 +3 +2 neg M 
Mlb IgGI <8 +3 +3 neg M 
Mlc IgG2a <8 +3 +3 neg M 
Mid IgGI <8 +3 +3 neg M 
MI2a IgGI <8 +3 +3 neg M 
M2a IgGI <8 +3 +2 neg M 
M3a IgG2a <8 +3 +2 neg M 
M3b IgGi <8 +2 +3 neg M 
M3c IgG2a <8 +3 +2 neg M 
M3d IgGI <8 +2 +2 neg M 
M3e IgGI <8 +2 +2 neg M 
M3f IgGI <8 +2 +2 neg M 
M3g IgGI <8 +2 +2 neg M 
M3h IgG2a <8 +3 +2 neg M 
M4a IgGl <8 +3 +3 neg M 

Class/subclass of MABs were detennmed by Mouse Monoclonal Typmg KIt (RK008 The Bmdmg Sue) 
HI tItre Haemagglutmauon mhlblUon test perfonned as descnbed preVIOusly [27] 
IB Immunoblol. ELISA and two antIbody sandWIch ELISA were perfonned as descnbed 10 Matenals and Methods 
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Fig I RadlOimmunopreclpltation of NDV viral protems by MABs [3SS] labelled virus Iysates 
were subjected to ImmunopreclpltatlOn WIth MABs the Immune complexes were collected on 
protem A bactenal adsorbent (Sigma) electrophoresed and autoradlOgraphed ImmunoprecJpltates 
ofMABs were electrophoresed m lanes numbered as follows MIa Mlb M1c MId MI2a M2a 
M3a M3b M3c M3d M3e M3f M3g M3h M4a (lanes 1-15 respectively) reference anti M 
MABs (lanes 16 [7 and 18) antl-HN MAB (lane 19) antI-F MAB (lane 20) control mouse ascites 
BUld [BIOMakor] (lane 21) MW markers (lane a) and [lsSJ-metluorune labelled punfied Virus 

(lane b) 
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site (site 1 2) overlappmg with sItes 1 and 2 The second regton (B) mcludes two 
asymmetncally overlappmg sites (sItes 3 and 4) Asymmetnc overlappmg here means that 
the MAB agamst sIte 4 mhIblts the bmdmg of three MABs to sIte 3 whIle the MABs agamst 
site 3 do not mhibit MAB bmdmg to sIte 4 

Four MABs specIfic to sIte 1 (MIa, Mib Mlc and MId) and one MAB specific to site 
I 2 (M 1 2a) competed with each other but did not compete wIth the rest of the MABs 
In additIOn, the MAB M 1 2a competed with all the MABs specific to the site I as well 
as with the MAB M2a specific to site 2 while MAB M2a competed only with MAB M 1 2a 

Eight MABs were specific to site 3 From these, seven MABs (M3a, M3c M3d, M3e 
M3f M3g and M3h) showed a certam asymmetry 10 the cross-reactIvIty With each other 
In recIprocal competItIOn test (FIg 2), whIle MAB M3b did not show any asymmetry 

The MAB M4a (dIrected agamst site 4 of M protem) was dlstmctlve from the other 
MABs, namely, the labelled MAB M4a was not blocked by any other MABs of the panel 
while thiS MAB Itselfslgmficantly InhIbIted (by more than 60%) the capacity of the MABs 
M3e M3f, M3g and M3h to bInd to the antigen Moreover, even more than a 100-fold 
excess of the concentratIon of the unlabelled MAB had no effect, the competitive InhibitIOn 
did not exceed 14% (data are not shown) 

Anllgemc structure of the M protem of diffelent NDV strams 

The above MAB panel was used for antlgemc charactenzatlOn by ELISA of 62 NDV 
heterologous strams, mcludmg 11 reference strams and 51 field Isolates As can be seen 
m Figs 3 and 4, two antigemc SItes, SIte 1 and sIte 4, are remarkably conserved Namely, 
three (MIb, Mlc, and MId) of the four MABs specIfic to sIte 1 and MAB M4a, the only 
one specIfic to SIte 4, reacted wIth all the studied NDV strams Of the four MABs specIfic 
to SIte 1, only MAB MIa showed a negatIve reaction With four of the 62 VIruses 

MABs specIfic to site 3 showed dIverse patterns On one hand, the epltope M3g was 
remarkably conserved hke the above conserved epltopes of sItes 1 and 4 In contrast 
three epltopes, M3a, M3f and M3h showed defimte vanabIhty These MABs showed 
negative reactIOns wIth 35-45 out of the 51 natIve Isolates and WIth 3-4 out of the 11 
reference viruses The other four epitopes, M3e, M3d, M3b and M3c, dIsplayed 
mtermedIate patterns Namely towards the reference VIruses, the respective speCific MABs 

Blotlnylated antIbody 
Competing MIa Mlb MIC MId MI2a M2a M3a M3b M3c M3d M3e m3f M3g M3h M4a AntIgenic 

antIbody 
MIa + + + + + +/ 
Mlb + + + + + 
MIC + + + + + +/ 
MId + + + + + 

MI2a + + + + + + 
M2a + + 
M3a + + + + + + + + 
M3b + + + + + + + + 
M3c + + + + +/ +/ + + 
M3d +/ + + + + + + +/ 
M3e +/ + + + + + + +/ 
M3f +/ + + + + + + + 
M3g +/ + + + + + + + 
M3h + + + + + + + + 
M4a +/ +/ +/ + + + + + 

FIg 2 Epltope assIgnments of antI M MABs [+ 1 > 60% competItIOn [± 1 50--60% com 
petitIOn [1 < 50% competItIOn 

srte 
I 
I 
1 
I 

12 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
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VIRUSES 

Fig 3 ReactiVities of MABs with the reference strams and native field Isolates of NDV ReactiVity 
of each MAB With different NDV strams IS expressed as a percentage of their bmdIng (measured 
by ELISA) to the respective strams m relation to that of the homologous (A V) strain The values 
represent the average of three separate expenments AscItes flUIds were used as the sources of 
antiboches _ > 50% of MAB bmdIng to the antigen of a heterologous VIrus related to that of 
a homologous Virus .. 30-50% of the bmdmg m-I0-30% of the bIndmg 0- < 10% of the 
bIndmg The values of 30% or more are consIdered to mdlcate posItIve bmdIng the values less 

than 30% are consIdered as negative bIndmg 
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showed the same pattern as the above-descnbed MAB specific to the 'vanable epltopes 
whIle, towards the natIve Isolates, these MABs were closer to those which were specific 
to the conserved epltopes 

As for sIte 2, there was only one MAB (M2a) whIch was SimIlar to the MAB specIfic 
to the vanable' epltopes In additIon, there was one MAB (M 1 2a) specIfic to the sIte 
which accordmg to the overlapPIng results (FIg 2), occupied an mtermedIate pOSItIOn 
between sIte 1 and sIte 2 Thus, the correspondmg epltope appeared to be conserved 

DISCUSSION 

The panel used In the present study mcludes 15 MABs, I e more than any other of the 
panels of the M protem-specIfic MABs that have been descnbed prevIOusly [21, 23, 24] By 
USIng the aVIdIn-blOtm system mstead of the commonly used peroxydase technIque, a 
hIgher senSItIvIty for the competItive blockIng test was achIeved ThIS prOVided a clearer 
determmatIon of the M-protem antIgenIc epltopes and a better dlstInctlon between the 
antIgenIc sItes 

The competitIve blockIng test revealed two non-overlappmg regtons The first one 
Included two non-overlapPIng sites (sIte 1 and site 2) and one SIte (SIte 1 2) that overlapped 
partIally WIth both site 1 and the site 2 [Fig 5 (A)] ThIs SItuatIOn, when there are two 
non-overlapPIng sites but there IS an 'Intermediate' site that overlaps WIth eIther of these 
non-overlappIng SItes, has been descnbed by lono et al [31] for a panel of MABs agaInst 
the HN proteIn The second regIOn Included two overlapPIng sItes [Fig 5(B)] sIte 3 
represented by eight epltopes and site 4 represented by one epltope 

There IS a certaIn hIerarchIcal dIfference between our classIfication and that by 
Nishikawa et al [23] The latter conSiders two 'major non-overlapPIng antlgemc sItes' the 
first corresponds to a group of rather homogeneous MABs whIle the second was 
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MI. Mlb Mlc MId Ml.2l1 M2a M3a M3b M3c M3d M3a M3f M3g M3h M4a 
Monoclonal antibodies against NOV M protein 

FIg 4 Relative (percentage) number of NDV strams recognIzed by particular MABs 
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ANTIGENIC HETEROGENEITY OF AVIAN 
PARAMYXOVIRUSES OF SEROTYPE 2 

("Yl.""CAIPA-LIKE") ISOLATED FROM DOMESTIC 
AND WILD BIRDS IN ISRAEL 

MICHAEL LIPKIND', DENNIS ALEXANDER! 
ESTHER SHIHMANTER', YORAM WEISMAN' and 

MICHAEL COLLINS! 
IUmt of Molecular VIrology Poultry Department DIVIsIon of AVIan DIseases Klmron Vetennary 
Insutute Belt Dagan POBox 12 50250 Israel and Central Velennary Laboratory Mtnlstry of 

Agnculture Flshenes and Food New Haw Weybndge Surrey KTI53NB UK 

(ReceIved for publleallon /2 Januar; /995) 

Abstract-Thirty three vIruses of PMV 2 serotype .. olated In Israel from domestic and wtld bIrds 
dunng eplzootv of a respIratory dIsease In 1979-1981 were studied comprehensIvely m companson 
wah a set of reference PMV 2 vIruses USIng cross reaction hemagglutination mhlbltlon tests 
eluuon-hemagglutlnatlon pattern and pattern of mIgration of VIral proteins m polyacrylamIde gel 
electrophoresIs The results demonstrated consIderable heterogeneltv amongst the local Isolates bv 
the above three cntena whIch were not correlated wIth each other There was no slgmficant 
correlation between the dIfferences found and chronology of Isolation of the VlruSes The results 
mdlcated that there mav have been SImultaneous co cIrculation of dIfferent PMV 2 strams m the 
local aVIan reservoIr at the begtnnmg of the epIzootiC rather than temporal accumulatIon of 
vartants as 'I. result of anugemc dnft of an ancestor VIruS whIch caused the Intllal infection 

Kel nords YucaIpa ViruS antlgemclt} hemagglutlnauon-elutlon VIral proteins ecology 

~ Resume--Trente troIs souches de VIruS serotype PMV 2 ISO lees d olseaux domestlques et sauvages 
durant Unto eplzootle de maladle resplratolre pendant la pen ode 1979-1981 ont ete etudlees 
comparau.ernent avec un panel de souches PMV 2 de reference par I tnhlbltlon croIsee de 
I hemaggluunatlon Ie modele d elutlon-hemaggluttnatlon et la mIgration des protemes vlrales dans 
polyacrvlarmde gel electrophorese Une heterogenelte marquee a ete demon tree pannI les souches 
locales selon les cnteres exammes ne montrant aucune relation avec la chronologte de I Isolation 
des VIruS Les resultats obtenus mdlquent la POSslblhte dune co CIrCUlatiOn slmultanee des 

l, dlfferents vIrus PMV 2 dans Ie reservOIr aVI:l..e local des Ie commencement de I eplzootle plutot 
qu une accLmulatlon graduee de va-"nts due a des changements antlgemques d un VIruS 

ancestral qUI fut I Inltlaleur de I mfectlon 

MOls clefs YucaIpa Ilrus antlgemclle hemagglutmatlon-elutlon protemes vlrales ecologJe 

INTRODucnON 

.n recent years there have been numerous Isolations of paramyxovlruses (PMV) from a 
anety of aVian speCies [2-4] and viruses from 4 of these serotypes have been shown to 

• -ect turkeys PMV-l (NDV), PMV-2 ( Yucalpa-hke ), PMV-3 and PMV-6 [41 Viruses , 
t 189 
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of the PMV-2 serotype serologically related to the first Isolate PMV-2/chlcken/ 
CalIforma/yucalpa/56 [8], have been shown to be widespread among turkeys In North 
Amenca [2] Viruses of this sUbtype have also been Isolated from wIld and captive birds 
particularly, passenne species, In most major areas of the world [2-4,9, 12-15,20 28,32] 

Up to 1979, no aVian paramyxovlrus other than NDV had been Isolated from birds If' 
Israel Systematic surveIllance of wild and domestic birds for Influenza Vlruses began In 

1978 and, as a result of those studies, a PMV-2 VlruS was Isolated In January 1979 from 
mallard ducks (Anas platyrhynchos) migrating mto Israel [26] Dunng the wmter of 
1978-79 a senes of respiratory disease problems occurred on turkey farms In Israel and 
appeared to spread The disease WdS charactenzed by SIgnS ranging from mIld rales to 
severe respiratory dIstress mcludlng conJunCtlvltIs, nasal dIscharge, smusItIs and pneumo
ma, and egg productIon was severely affected m breeder flocks MorbidIty usually 
approached 100% whIle mortahty vaned from 5 to 90% [23] In March 1979 several 
hemagglutInatmg (HA) agents Isolated from outbreaks of the dIsease were IdentIfied as 
aVlan PMV of the PMV-2 serotype Since that tIme mveStlgatIOn of the disease m turkeys 
and surveillance of ocher birds has resulted m the Isolation of more than 70 PMV-2 viruses 
from all parts of Israel [27] However expenmental mfectIOn of turkeys by the Isolated 
YucaIpa VlruS did not cause clear chmcal symptoms unless the mfectlon by the YucaIpa _ 
ViruS was combined with some bactenal or mycoplasma agents whIch were also Isolated 
at that time from affected turkey flocks [16] 

The maJonty of the Isolates were obtamed from turkeys, but IsolatIOns have also been 
made from domestIc fowl [27], coots (Ful!ca atra) [25] and cattle egret (Ardeola IbiS) [24J 

It was the object of the work descnbed In the present paper to compare charactenstlCS 
of a selection of the PMV-2 Isolates from birds In Israel In order to detect any vanatlon:. 
among the Isolates 

MATERIALS AND METHODS 

VIruses 

Well-charactenzed PMV-2 viruses were used as reference Viruses and these are lIsted In 

Table 1 Field Isolates were obtamed as descnbed [25-27] ThIrtv three Isolates were 
exammed and these are also lIsted m Table I 

All the viruses were propagated m embryonated fowls eggs as descnbed [23] 

SerologIcal tests 

HemagglutInation (HA) and hemagglutinatIOn InhlbtCIon (HI) tests were done as 
descnbed [Z3] Antlsera were prepared 10 chickens as deSCrIbed by Alexander and Colhns 
[5] The moculatIOn of 5 chickens was carned out m an Isolation box and the sera obtamed 

after booster were pooled Field sera from Sick turkeys were also used 
StatIstical treatment of the data of HI tests was performed as descnbed [21 22] The 

treatment was performed because of conSiderable fluctuations In the numencal data of HI 
tIters In vanous expenments It was found, however, that the fluctuatlons m the 
correspondlI'lg values for cross reactivity (dIfferences between the values of homologoUS 
and heterologo'..g titers) were substantially less Therefore, the value of the cross reactlV1ty 
designated as a dIfference d between homologous and heterologous titers expressed as 
log2' was used for statIstical treatment based on the (-test [38} The Student's probablhty 

BEST AVAILABLE COpy 
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Anugcmc hcterogcnclt)i<lf aVIan paramyxovlruses 
p 

.1 of !he reference PMV 2 strains dnd the local PMV 2 VIruses Isolated In Israel which 
were used In lhe 5 udles 

Viruses 

"""" Reference StrainS 
, 2fc/IIcken!Cahfornla/YuC".llpa/S6 

7JfinCh/North Iroland/Bangor/73 
'_21robll1jHlddensce/19{75 

21cut throat weaver/Senegal/PLOC 9/76 
2jmanm1anfJapan/Hancda 3S{76 
2/finchjEngland/347 {76 
21turkey/llaly/F/77 
21SIUI7JJlS COlltra /I ndonesla/3 589 {79 
21SlunIllS contra /Indonesla/3650{79 

-=·_21gadwall!Kenya/80 

Israeli Isolates 
~-V 2/Mallard/Israel Ramon/4rr /79 I 

-12{rurkey/Israel Kfar Hess/7rr{79 3 
rv 2{I'urkey!Israei Kfar Hess/lOA/B/79 3 
rv 2{I'urkey/Israel Kfar Hess/! OB/B/79 3 
rv 2{I'urkcy/lsrael Burgata/l16/Bm 4 
(V 2{I'urkey/lsrael Belt Sheanm/170/L179 4 
IV 2{I'urkeyjIsrael Sde Yoav/ISrr/79 9 
rv 2!Turkey/Israel Sde Yaav/IS/C/79 9 
'V 21Cattle egret/Israel, Ramal Gan/91T/SO 9 
IV-2!Turkey/Israel Be,l Herut/S84/B/80 10 
IV 2/Oucken/Israel Mlshmeret/S89/L/80 10 

'2{rurkey!Israel Neol Morciehal/593/80 10 
-, 2{I'urkey/lsrael, Bell Sheanm/59S/80 10 

• IV 2!Turkey/lsrael Rosh Tsunm/596/80 10 
l'MV 2!Turkey/Israel Bear TUVla/676/B/80 10 
PMV 2rrurkey/lsrael Kfar HarulZ/685IB/80 10 

"PMV 2{rurkeY/lsraei Nahla/687/B/80 10 
~ PMY 2/Oucken/Isracl Hatsav/734/B/SO II 
~PMV 2rrurkey/lsrael Bear TUVla/752/B/80 II 

o.JpMV 21Ch,cken/lsracl 'whshmeret/803IK/80 II 
&1 ~PMV ZrrurkeY/lsrael Shalval810/B SO! II 
... PMV ZlTurkey/lsrael Nahla1SIZ/BI80 II 
3 PMV Zrrurkcy/Isrdel Sde Moshe/8131B/80 II 

PMV 21CoOl Israel Shluhol(868/S180 IZ 
OJ PMV 2/Ch,cken/Israel Petahla/817/BI81 I 
"'.6. PMV Zrrurkey/Israel Em Tsunml818/B/SI I 
.., PMV 2rrurkey/lsrael Tsora/830/B 81 I 
~ PMV 2rrurkey/Israei Talml Eh.el/837/BI81 I 
~ PMV 2/Turkey/Israel Bell Yllzhak/846/C/81 I 
3 PMY 2rrurkey/Israel Hatsav/41T181 I 

... 1 PMV 2{furkey/Israel Hatsav/6rr/81 3 
32. PMV 2/Cool/Israel Belt Alfa/Srr 181 3 
... 3 PMV 2rrurkeyfIsrael Hatsav/81T/81 6 

Yucalp<I 
B,mgor 
Robm 
PLOC 
Haneda 
England 
Italy 
Indonesla/3589 
Indonesla/3650 
Kenya 

MallRamon 
TyfKfar Hessl7 
Ty/Kfar Hess/lOA 
Ty/Kfar Hess/lOB 
Ty/Burgata 
Ty/Belt Sheanm/l70 
TY/Sde YoavllSrr 
Ty/Sde Yoav/lS/C 
C egrcl/Ramal Gan 
Ty/Bea Heru! 
Ch/Mlshmeret /589 
Ty/Neol Mordehal 
Ty/Belt Sheanml595 
Ty/Rosh Tsunm 
Ty/Bear Tuvla/676 
Ty/Kfar Harutz 
Ty/Nahla/687 
Ch/Hatsav 
Ty/Bear Tuvla/752 
Ch/MIshmeretJ803 
Tv/Shalva 
Ty/Nahla 812 
Ty/Sde \1oshc 
COOl Shluho! 
Ch/Peuh,3 
TVIEm Tsunm 
Tv/Tsora 
Ty/Tdlml Eh.el 
T)/Bett Yltzhak 
Ty/Hatsav/41T 
Ty/Halsav/6IT 
COOl/Ben Alfa 
Ty/Hatsav/srr 

191 

)r the dlfferences d for a gIven number of expenments n was calculated The 
~ of the d values (theIr dIfference from zero) was accepted as slgmficant If It was 

.mCT}t WIth FIscher s second cnterlon of probablhty (95% probablhty P = 095) 
,~ pnnclples of statIsttcal treatment [38], were applIed to two~slded asymmetnc 

-;trvlty (cases dlsplaymg one-Sided asymmetry eVIdently dId not need any statIstIcal 
-:) In thIS case, the cross reactIvity between two vIruses X and Y was conSIdered 

..... :tnc If the dIfference d, (when antl-X serum was used agamst both the VIruses) 
~~ ..antly dIfferent from dl (when antI~ Y serum was used agamst both the vIruses) 
-- .e estImatIOn of the difference by the d mdICatIon was as follows d ~ I-low 
~~, 1 ~ d ~ 2-moderate dIfference, d > 2-high dIfference 
fo 
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Structural polypeptlde analysIS 

Structural polypeptIdes were analyzed by polyacrylamlde gel electrophoresis under 
reducmg condmons In the presence of sodlum dodecylsulfate (SDS-PAGE) as descnbed 
by Ale"(ander and Collms [5] 

Virus elutzon from red blood cell 

ElutIon of the Viruses from RBC was estImated as descnbed [37] Accordmg to the 
eStimatIon, the Viruses were placed Into 4 groups as follows Non-eluters which showed no 
elution after 24 h Partzal eluters whlch showed only Incomplete elution at 24 h Moderate 
eluters shoWlng no e1ut 'on or mcomplete elution at 4 h but full elutlOn at 24 h Fast eluters 
which showed full elutlon Wlthm 4 h 

RESULTS 

HI tests with reference PMV-2 vIruses 

A large number of' YucaIpa-hke Viruses have been descnbed up to now [14] and It 
was considered Important to mvestigate the antlgemc relatIonshlps between these' refer 
ence viruses to enable assessment of the sigmficance of differences that may be detected 
wIthm the Israeh Isolates Ten reference and 2 Israeh PMV-2 viruses and antisera agamst 
4 of the reference (yucalpa Robm, PLOC, and Haneda), and 2 Israel! strams, which 
mcluded the first Isolate made at the begmnmg of the epizooty m Apnl 1979 (TyjKfar
HessjlOB), and one Isolated at the peak of the epizooty m November 1980 (ChjHatsav) 
were used In these expenments 

It can be seen (Table 2), that the 2 selected Israeh Isolates dld not differ from each other 
by the cntenon of cross reactlVIty 

Ty/Kfar-Hess/lOB 075::: 068 
= 

Ch/Hatsav 

All the reference Viruses were mhlblted at high levels by each serum and the degree of the 
cross reactivity vaned consIderably, so that amongst these strams no one stram was slmllar 
to another For example for Yucaipa, Robm, PLOC and Haneda Viruses, whose antisera 
were also used m the tests and hence, the two-slded cross reactlvity could be detennmed 
and quantItated, the pairwise companson showed no simllanty between the 4 strams In 
the case of two paIrs Yucalpa-Robm and PLOC-Haneda one-sided asymmetnc cross 
reactIVity was observed when antl-Yucaipa serum agamst Robm and antl-PLOC anti
serum agamst Haneda were used there was no dIfference between homologous and 
heterologous HI titers (d lS close to zero) whlle when antl-Robm serum agamst Yucaipa 
and antl-Haneda serum agamst PLOC were used then the dlfference d was more than 3 
log2 111 the former case and more than 2 log, tn the latter one, namely 

YucaIpa 0 13 ± 024 
= Robm 338±046 

and 
PLOC 0 32 ± 0 27 

-H-a-ne-d-a =::"'2 "='=38=-±--:::"O""':2-:'"O 

rEST ~VA'LABLE COpy 
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Vlru,., 
" 'I!<fl"~~ -- -

WI 
Indonesia Indollesla Krar liess Chi 

Anllsera Yuellpd Robm PlOC Udll,dl Olllllor rllblllnd IIdly 3589 ]650 Kenya lOll lialsav 
>-

YULuipa 0 013 ± 0 24 I 17 ± 017 102 ± 0 21 1591051 0961074 094 ± 0]5 034±017 039 ± 0]9 IIH021 0891024 046102] p 
~ 

1/=4 1/ =6 /I =9 /I = 4 ,,1;:;;1 4 /I =4 II =] /I =] /I =4 11= II /I =6 ~ 
P = II 35 / > 0 99 P > 099 I' =095 /' =072 I' =09] I' =082 I' =0 58 I' =099 P =099 I' =090 p 

0 
Robm 3381046 2011001 1891045 22210 )5 2 ~7 1010 163 ± 0]9 206tO 12 1351032 323 t 0 45 173±071 203 ± 057 :::r 

n 
1/ =4 0 I/~2 /I = 3 1/ = 1 /I = 1 /I =] ,,== 1 11=] 1/ =] 1/=8 " =4 

n ... 
P > 099 / > 0 99 I' =0<)5 / > 096 P >096 I' =095 P > 096 P =095 I' > 0 99 P =095 I' =096 0 

OQ 
n 

PLOC 188±0]0 095±076 032 to 27 066±017 062 lOB 054 t 0 51 008t02] -026t091 I ]1 to 63 048 to SO 019 t 0 50 ~I 
/I =6 1/=) 0 1/=7 1/ = 4 ,,~ J /I =4 /I = 4 11=] /I =] ,,= 10 " =6 '< 

I' > 0 99 / = 0 65 I' =072 I' = 0 97 /' = 0 82 P =061 P =022 I' = 0 21 P =083 I' = 0 66 I' =029 0 -. 
fO 

IIl1l1edd 254±029 168 ± 0 29 238102() 240 t 0 56 144 ± 0 22 142 t 0 20 10lt017 079 ± 0 8) 2S0t021 202 t 018 ISOt024 :S 
fO 

" =9 1/ = 1 I = 7 0 /I =4 II = 3 " =4 ,,= ] 11=4 /I =4 ,,= 12 " =11 
::I 

/' > 0 99 I' = ()In / > 099 / = 0 98 /' =0911 r >099 I' =099 1'=054 P > 099 I' > 0 99 P >099 '0 
I» 

iil 
Ty/Krdr lIes~ 100 2061051 I 211 1 () 47 121±068 101 ± 059 168 ± () 61 122 ± 105 0191046 059 i I 14 -066 ± 0 SO -0141056 075 ± 0 68 3 

'< 
/I =9 ,,= 5 I = II " =9 1/ = 5 ,,= 5 II =) ,,= 3 ,,=3 ,,=3 0 " =9 x 

0 
I' > 099 I' =095 r - 0 88 I' =087 I' =095 I' =096 P =027 I' =0)3 I' = 0 68 P =0 14 P =0 70 < .. ~ :; 

<= 
Ch/lldlSdV 226 ± 057 I 97 ± Il 79 0 98 ± 0 43 1471061 0(,71028 1501041 -01111030 o lo±on 140 i 052 I 401052 12) ± 0 110 017 ± 0 117 

III 

f;lj n 
III 

n, ,,= II 1/=6 1/ = 10 1/ = II 11=7 1/ = II n =6 1/ =8 II =8 II =4 n=7 0 
CI) I' >0<)9 I' = 095 / =095 I' = 0 97 /' = U 95 / = 099 P =042 I' =008 P =097 P =077 1'=015 -.. 
h Upper figure ,/m • ,eh .. 1I1~ Ihe llleUIl vdl", (wllh .ldllddr<1 e, ror) or logl of Ihe r 1110 bel'HLII hOlllolobou" md helerologous III IIlers when II Biven un lise rum WdS Ihe Sdllle ror Ihe IWO Vlru.CS compAred 

~ 
/lIS Ihe number of expenmenls for euch pdlr or CUlIlP ,r," viruses PIS Siudeill 5 welhei'nl 01 proh ,hlhly for Ih, dllT,rellee ,/ round for u "Iven nUlllb~r or exporunellis II 1115 expres .. d 11.11 per,clll,s, 
of probublllly or Ihe zero hypolhe~ls Ie Ihe plob ,lllhly Ihlll Ih~ dllTerellLe '/II.df dllTcrs .1"lIIlIe IlIlly lrom nro 1 he rehdblhly of Ihe " vdlues (lhelr dlnerellce from zero) W IS IILLcpl,d us MglIIIILd1l1 

r.::;. Ir II was 11\ ugreellleni wllh rlscher s 2nd ~rll'noll or prob ,b,llly n IIHely 95% prob IllIlIly (/' = 0 95) 
):,. The value. or " ",llIch dllTer slgllll .. lIllly frolll zero (I' ;;. 0 95) ure bold f .. ed 
to r--
rt, 
C") 
a 
'1:l -0 

""" 
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(Table 2) In the case of the Yucalpa-Haneda pair, there was two-sided asymmetnc cross 
reactivIty, namely 

Yucaipa I 02 ± 021 
= 

Haneda 2 54 :r: 0 29 

In the other pairs related to these four {IrUSeS, there was symmetnc cross reactivity, the 
d indication being In the range between I and 2 log~ 

These four strams also differed m the pattern of their cross reactivIty With the IsraelI 
Isolates For example, PLOC showed no difference with Ty/Kfar-Hess/lOB ViruS and low 
one-sIded asymmetnc cross reactiVIty with the ChjHatsav Isolate, Robin showed one sided 
asymmetnc cross reactiVIty With both the 'latlve Isolates YucaIpa showed a difference with 
both the natlve strainS dlsplaymg two-sIded (TyjKfar-Hess/IOB) and one-sIded 
(Ch/Hatsav) asymmetnc cross reactivIty, Haneda showed symmetnc (Kfar-Hess/IOB) and 
one-SIded asymmetnc (ChjHatsav) cross reactIVIty (Table 2) 

For the other SIX PMV-2 reference vIruses against whIch there was no antiserum and, 
hence, tWO-SIded cross reactivItIes could not be determined, a companson could be made 
only With respect to theIr HI titers with antIsera against the 4 reference VIruses (Table 2) 
Accordmg to thIS cntenon, some regulantIes can be notIced Namely all the Viruses show 
a slmdar relationshIp to Robm (hne 2), the difference between homologous and heter
ologous HI titers (d) rangmg between 1 4 and 34 log2 The same pattern was seen With 
Haneda wnh d ranging between 1 and 25 log2 (hne 4), the stram Indonesraj3650 bemg 
the only Isolate not dlffenng from the homologous ViruS At the same time, all the 
Viruses showed antlgemc slmIlanty with the PLOC Virus, d bemg statistically non-slgmfi
cant (close to zero) Yucaipa virus showed sImiianty With England Italy Indonesla/3589 
and Indoneslaj3650 (no slgmficant difference of d from zero) whIle It differed from 
Bangor and Kenva Both the antisera agamst the two Israeh viruses showed slmdanty 
wtth the Viruses Italy, Indoneslaj3589 and Kenya, With the other reference strams there 
were different combmatlons TyjKfar-Hessjl0B did not dIffer from the reference strams, 
except, Bangor, Ch/Hatsav showed difference also With England and Indonesla/3650 

Thus summanzmg the above data, It can be concluded that VIruses RobIn and Haneda 
are SImIlar by two-way cross reactivity whIle the VIruses Bangor and Kenya, on one hand, 
and Italy and Indonesla!3589 on the other hand, are SimIlar accordmg to the less strong 
cntenon of the spectrum of antIgemc relatIOnshIps (one-sided cross reactiVity) With the 
four VIruses (Yucaipa Robm PLOC and Haneda) Bangor and Kenya by the same 
cntenon are SImilar to the PLOC virus and show sIgmficant dIfference from Yucaipa 
Robm and Haneda 

HI tests wuh IsraelI PMV-2 Isolates 

The results of HI tests With the field Isolates are shown, accordmg to the year of IsolatIon 
dunng 1979-81, m Tables 4-6 

In general, there was a conSiderable heterogeneIty among the field strams However 
certaIn regulantles can be notlced 

WIth YucaIpa antiserum only 6 of 33 strams showed low, although SIgnIficant, dIfference 
d > 0 from the homologous titers, of these 5 straInS showed dIfferences d > I Mal/Ramon 
TyjKfar-Hess/lOB TyJBurgata (Table 3), Ty/Nahla/687 (Table 4). and Ch/Petahla 
(Table 5) For the rest of the strams d fluctuated around zero 
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T dble 3 Cross HI test with Israeli strains Iiolaued In
r 
197 .,.:t .r ,,,, ~ 

VIrUS~S 

Tyl Ty/ Ty/ 
M~II Tyl Ty/ Ty/ Ty/ Dell Sheanm Sde YODY Sde YOdY 

AntIsera Rdlllon Kftr 11L,,/7 Kflr IlLss/IOA Kflr IIL,,/IOII IIl1r~" I 110 I SIT I SIC 

YULalpd 134 ± 035 142 i 024 -014±041 lt2i 0 n 0861 II 25 028 ± 019 o 19±0]0 0041110 
1/ ",4 ,,= 3 II=J II = 5 1/ =4 1/ =3 1/",8 II =4 

I = 0 97 I = 0 97 I' '" 0 21 I' ~ 0 98 / =1196 /'=073 I' = 0 43 P ~006 

Robm 260±064 213 i U 411 101 1053 204 i 0 53 240 t 0 52 200 ± 0 85 151 ±075 190 i 0 57 
1/ =4 1/ = 4 II = J 1/ =4 1/ = 4 1/ = 4 1/ =8 1/ =4 

I' = G 97 P =095 P ",080 P =097 / = 0<)8 / = 099 P ",099 P =086 

PLOC 108 t 0 63 106 ± 016 -0711070 104 ± 058 122~ 067 -020 ± I 36 040 t I 28 
1/=3 ,,=3 n =4 1/",3 II '" 4 NO 1/=6 II =4 

I' =017 I' = 1199 P =061 P =079 I' '" 0 84 I' ",008 P =022 

lI.ned .. 161±017 302 ± 0 02 083 to 34 2/5±019 192i060 J 69 ± 0 46 099 ±060 J 46 t 026 
n =4 II =2 " ",4 1/=6 ,,= 4 II ",4 1/ '" 8 II =4 

P >087 P > 096 P =090 / > 0 99 /' = 095 P =096 P =0 8S P ",099 

TY/Kfar lIess -01]±045 Oq6 i 0 37 o 18±040 -0721071 026±0 13 -023±050 029tll2 
lOB 11=3 1/ '" 3 11",3 0 11=4 11=3 II'" 10 n =8 

P =021 P =065 /'=033 P =06/ P =082 1'=037 1'=023 

4Ch/llnhnY 017 i 066 140 i 098 - J 01 i 0 34 0111087 027 ± 0 71 -047t064 -044 i I 52 
II ~ III /I 1 /1=5 II '" 7 /1",7 ND ,,'" 8 n =8 

I' -II /I I'-ClJU I'~O'M I' ~O I~ I' '" till) /' =049 I' '" ° 23 

The deSIgn Illons arc dS for T uble 2 
M t SO-aver Ibe " wllh ,( Ind~ld devl~(lon 

"'" 
'" " ,,,, 

I ". I, 
C egrel/ 

Rnmll GJn M±SO )-

-028 ±027 :> 
r:: 

11=3 054 ±022 ~ 
/' = 0 58 :> 

n 
if 

ND 195 to 18 '" d 
QQ 

'" :> 
060 ± 0 33 '" 

"'" J 
056 t 025 Q i t 

P =079 0 ..... ., 
008 ±008 

:S ., 
1/",3 153i028 :> 

1'=050 'l:I ., 
~ 
3 
'< 

NO 002 ± 0 IS .. 
0 
:S 
2 
en 

'" III 

027 iO 57 
1/=3 012 to 27 

/,,,,on 

::0 ...... 
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Tdble 4 Cross HI test wah 
Vlru>c:s 

Chi TYI Tyl 
Ty/ Mishmeret Tyl Ben Sheanm TYI Bedr TUVld Ty/ 

Antlsera Belt Herut S89 Neat 'vIorddhdl 595 Rosh Tsunm 676 Kfdr Hdrutz 
Yucaipa -052::066 057 ± 0 3~ 060 ±O SO 017 ± 038 066 ± 0 93 -012=032 063 ±O 39 

n = 3 n=4 n =3 n =3 n = 3 n =3 n=6 
p =049 P =079 P=O 65 P =027 P =044 P =044 P =083 

Robin 062±073 242±078 122=029 180 ± 0 35 1.55 = 0 SO 043 :!: 0 27 192::048 
II =3 n=4 /I =3 II =3 n =4 n =3 n =4 

P =085 P =095 P =095 P =096 P=09S P =075 P =096 

PlOC -018=055 113±051 020z019 1:33 ± 0 39 068 = 084 -023=017 0.)2:: ° 60 
n .. 3 11=4 /I = 3 11=4 11=3 n '" 3 n=4 

P ~021 P =089 P=044 P =096 P =049 P =070 P =0 54 

Haneda 040±070 1.80 ± ° 23 101 =0 ,"t 177±029 184±034 008±048 180 ± 0 26 
/I =3 n=7 II =6 /I =3 /I =4 n=3 /I =6 

P =039 P>099 P =099 P =099 P =099 P =014 P >099 

Ty/Kfar Hess -I 47± 10O 097 zlO8 o 14±071 065 ± I OS OOO± I 00 -190±078 007 ±092 
lOB II = 3 11=7 11=4 II =6 n = J /I =3 II '" 8 

P =073 P =0 61 P =015 P =042 P =087 P =008 

Ch/Hatsav -040:: 0 68 021 =080 021 = 118 -059 =0 38 -065 ± 112 -159::095 033 ± I 07 
II =3 II =8 11=7 II =8 /I =) 11=5 II =6 

P =039 P =023 P =0 IS P =0 S5 P =042 P =084 P =022 

For Robm and Haneda antisera, the values of d demonstrated a generally higher 
difference In the case of antI-Robm antIserum 12 Isolates showed high difference 
(2 0 :;;; d :;;; 3 0), the Ch Nahla stram havmg shown d = 3 37 ± I 08, II Isolates showed a 
moderate difference (I 0:;;; d :;;; 2 0) and the rest (10 Isolates) showed lIttle or no difference 
In the case of the anu-Haneda antiserum, 5 Isolates showed high difference two of them 
havmg shown d > 30, 16 Isolates showed moderate difference and the rest (10 Isolates) 
lIttle or no difference 

In the case of the antl-PLOC antiserum, 10 Isolates showed a moderate dIfference one 
Isolate showed d = 3 21 ± 0 32 and the rest (22 Isolates) lIttle or no difference 

ThIs eVIdent heterogeneity amongst the Israeh strams revealed by the cross reactivity 
WIth reference antisera was In contrast to the results mamfested by HI tests with 2 anti
sera agamst 2 selected Israeh VIruses, In which case the values of d showed no slgmfi
cant dIfference from zero The only exceptions were Ch/Petahla and Tv/Em-T~unm 
strams whIch showed signIficant dlffer.ence from the homologous VIruses (d > I) with both 
the antisera and CootjBelt-Alfa and TyjKfar Hessj7 strams which showed signIficant 
difference WIth one of the antIsera 

In some cases the d mdlcatlOn had negative (statistically slgmficant) values which meant 
that the heterologous HI titer was higher than the homologous As such a phenomenon 
was observed usually when all, or most, of the 6 reference antisera reacted with any virus 
thiS mIght reflect a particular sensltlvtty of the vIral antigen to antIbodIes, whIch has been 
known as the phenomenon of aVidity The Isolates TyjNahla/812 and Ty/Sde:Moshe 
(Table 4) are the best expreSSlOns of such aVidity 

ElutIon propertzes 
Dunng the prehmmary studIes It was notlced that several Isolates showed rapid elution 

after HI tests had been done More systematlc evaluatIon of thiS phenomenon revealed 
conSiderable vanatlon among the strams and Isolates tested (Table 6) Of the reference 

? 
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~'j 
I 
.~ III 1')80 

r -.., Tyl 

Chi Bear TuVta 

sa" 752 
~ 

1:!;023 -006:: 0 54 

11- 6 n =4 
-p.090 P == 0 54 

ja:!;OS1 1 II ± 0 26 
tE II _) n =3 

.096 P=09S 

19±0 SO 098±086 
11_ 6 n =3 

J-P"O.19 P =061 

,J.50 ± 0.24 094:!;031 

" II a 8 II =6 
,p;a.099 P =091 

p 
-096±058 ... 0.7S±0 68 

;: 11-9 II '" 5 
-pa070 P=O 84 

'7_ -008 ±O~I 
0 n '" 9 

P=O IS 

f 

Chi 
Mlshmere! 

803 

0062:039 
n =3 

P =021 

056 ± 1 28 
II = 3 

P=044 

071 ;t078 
n =3 

P =054 

1.52 ± 036 
II =4 

P =091 

-060 =0 72 
n =4 

P =052 

-013±062 
n",8 

P =0 15 

-'ilruses 

Tyl 
Tyl N .. "la Ty{ COO! 

Sh.dva 812 Sde Moshe Shluhot 

019 ± 0 42 o 26:!;0 14 o 10;.: 0 27 009 ± 0 36 
n '" 5 II =3 n=3 11=4 

P =036 P =061 P =027 P =022 

136 ± 1 08 065 ± 055 0:9::0 \4 1.30±031 
II =4 II =3 n =- 3 n =3 

P =0 70 P =065 P =083 P =095 

-069±026 -031±022-026±015 018±026 
II = 3 n = 3 II =3 II = 3 

P =089 P =070 P =077 P=044 

122=041 -0 56±0 75 o 08 ± 0 58 1 15::!: 0 34 
n =6 11=3 11=3 n=4 

P =097 P ",044 P == 0 07 P =096 

- 1 55 ± 0 66 -0 ~O ± 0 69 -096 :!: 1 00 006 ± 0 55 
n = 1 n=5 /I =3 II=J 

P =094 P =029 P =058 P =007 

-106= 1 33 -232::018 -167;.:032-088±046 
II =6 n",4 n =5 n=7 

P =054 P >099 P >099 P =0 89 
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M;.:SD 

0:3 ± 012 

1 38;t022 

036:: 016 

117±023 

-0 38±0 22 

-054 ±024 

-=sted, only Haneda and Bangor showed full elution whIch occurred wlthm 4 h 
~ "!d eIther no elutIon after 24 h or only partial elutIOn at thIS tIme ThIrty-three 

"!l-
• tes were also tested and these showed considerable heterogeneIty 10 terms of 
Table 6) Most of the strams (23) were partial or moderate eluters but 5 Isolates 
--eluters and 5 classed as fast eluters 

Qj polvpeptldes .> 
~';I preparatlOns of 16 of the IsraelI Isolates were subjected to SDS-PAGE m 

- In ""leh the YucaIpa and NDV/Ulster viruses [FIg I (I) (2) (3)] The overall 
"ltlde patterns of the Isolates were Similar to each other consIstmg of the same 
i and approXImate SIZe of polypepudes (the hm.s between the Land HN protems 
lI(!), are probably Imp untIes) but differed from the reference Yucaipa virus m 

Ion rate of most the polypeptides However more detalled exammatIon revealed 
.:tfferences amongst the Isolates which were expressed m the positIOn of the Fa and 
protems and the band densIty of the HN protem By these mdlcatlons, all the studied 
~ can be dlstnbuted mto 2 groups Group A mcluded vIruses whose Fo glycoprotem 
~.ed faster, the M prntp,'i migrated slower and the denSity of the HN protem band 
".)llficantly lower as compared to the respective values of the viruses belo'1gIng to 
.~ B [FIg 1(1) (2) (3)1 The difference In the HN band denSIty IS most clearly 
._.,trared In the case of Ty/Neot Mordehal [Fig 1(1)] Ty{Belt-Sheralm [FIg 1(2)] 
~1aJ/Ramon [FIg 1(3)] viruses where the above low deTJ.slty of the HN protem IS 

>rmed wIth the hIgher denSity of the NP and M bands (hIgher If compared with the 
.'Ctlve bands of the VIruses belongmg to group B) Group A mcluded the vIruses 
Jar~Hess(lOA, Ty{Kfar-Harutz Tv/Neot~Mordehal CootjShluhot [Fig 1(1)], 
",;;e-YoavjI5/T, Ty/Belt-Sheanm(170 Ty/Bear-TuvlaI752 [Fig 1(2}], Mal/Ramon and 
~ - 1meret [Fig 1(3)] Group B mcluded the viruses Ty/Shalva, C egret/Ramat-Gan, ... 
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ChI Ty/ 
Ann.erd PCllhid Lin 1.unm 

YULdll'd I 17 i 0 38 
II =4 NO 

I' = 095 

Robin 263±054 296 ± 0 70 
/I =3 /I = 3 

1'=096 I' =095 

PI.OC 189±067 321 i 0 54 
/I = 3 II =] 

P =OH9 P >096 

lIunedd 3011019 2 7H i 0 66 
II =] II =) 

I' > 0 96 I' = 0 95 

Ty/I...rur IlLS. 165.t 0 65 340 i 0 61 
lOll /I =6 /1=) 

P =095 I' = 096 
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Table 5 Cro~, III luI with hlllch ,Ir lI'h ,~olUlul 11\ 1981 

V,ru •• , 

Ty/ Ty/ Tyl 
Tyl T)I Ty/ IIdl.dv Cooll IldbdV IIdl.dv 

T.ord Tdlllli [hid 11.11 VII,h ,k 14 nL11 Alfu T6 TH 

-0161050 -0401 0 32 -0711071 -0231020 04]±041 o to 1" 0]2 0271012 
II =4 11=3 II = 1 II =] II =6 II =6 /1=5 

J' = 0 22 I' = 0 65 1 = f) III I' =077 P ",064 P =022 P =091 

219i071 o IS±O II -018 ± 0 20 119±027 200±060 133±026 2551057 
/I =4 /I = 3 II = 3 /I =3 /I '" 4 II '" 6 II '" 3 

J' = 0 95 P =075 I' '" () 54 I '" 0 95 P ",095 I' > 099 P =095 

134±067 -006 i 023 029 i 0 60 ()]6 1 0 52 031 1029 -0031042 0001 0 ]0 
/I '" 4 /I =) II "'] /I "'] /I "') /I =6 /I =4 

P =088 P =021 I' = II 48 I' =044 P ",061 P =008 

1 88.to 59 093 i 0 I) 0121066 157 .t 0 59 181 ±020 141±044 088 ± 0 2) 
II =4 11=] 11=] /1=5 /I =6 /I =6 11",7 

I' =095 P >096 1'=1133 I' = 0 95 I' >099 I' = 0 98 I' -099 

0211147 -021 i 0 97 -2]lil(.1 I IH.t 0 84 143 ± 0 62 1611150 -0271078 
11=5 11=5 11=3 II =] II = 9 /I =6 /I = 3 

/ '" 007 I' = II 15 I' =fl7() I' = I) 70 1 = 0 95 1 = 0 68 / = 0 21 

() 14±050 -0 9411 06 042 ± 2 21) o 17 ± 0 52 071±073 006±034 017iOl4 
II = 7 II = 5 11=5 /1=4 11=8 /I = 12 II = 10 

I' =023 / = 0 58 /' -0 IS I' =022 I' = 0 05 I' '" 0 15 P =1) 74 

, ,h , 
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Table S Hema2gluunallon-.:luuon p.mem of P'VIV 2 Vtruses 

Vtruses Non .:Iuters P<1rll.d elulers Moder<1te eluters F<1St elulers 

Reference Yucmpa Robin H<1ned<1 
PLOC England Bangor 
[taly Indonesta/3589 

Tndoncst<1/36JO 
KenYd 

Israelt Ty/Kfar Hess/7 TY/Betl Shco<1nm!l70 Mal/R.lmon C egret/Ram.lt Gdn 
Ty/Kfar HessilO3 TY/Sde YOdv!l5/C Ty/Sde Mosh.: Ty/Betl Herut 
Ty/Burgata TY/Kfar H.lrutz Ty/Sh.1Ivd Ch/Mtshmeretl589 
Ty/Sde YO.lv!lSII Ty/Bear TUVtd,676 Ch/H.lts<1v Ty/Nahl.1I812 
Ty/Ndhla/687 Ty/Em Tsunm Coot/Betl Alfa Ch/Pet.lhta 

TY/Tsora Tv/Kfdr Hess/lOA 
Tv/T.llmt Ehtel COOl/Shluhol 
Ty Bell Yttzhdk Ch/Mtshmeret/803 
Ty/Ro~h Tsunm Ty/ Bear TUVla/752 
Ty/Hatsdv/6/T Tv N~ 'v!a-c:hdt 
Ty/Hatsav/S/T Ty/H.ltsav/4/T 

Ty/Betl Shco<1nm/59J 

Explanauons <1re In the te'l:t 

[FIg 1(1)], Ty/Sde-Yoav/C/15 Ty/Bear-Tuvla/676, Ch/Hatsav [Fig 1(2)] Ty/Nahla/687 
and Coot/Belt-Alfa [Fig 1(3)] 

DISCUSSION 

PMV-2 VIruses were Isolated from vanous aVian species including domestic and wIld 
birds [2 3 4, 12 13 14,20,9,32 28 15] Antlgemc differences between different Isolates 
were clearly noticeable at the very beglnmng, so that the descrIption Yucalpa-flke 
VIruses was used [30 29, 1] 

The hbrary of the Israel! PMV-2lsolates used In the present studies IS a umque one from 
several pOints of view Most of the Isolates were obtamed dUrIng the eplzooty of the 
so-called "turkey disease which spread through all the poultry farms In the country ThiS 
eplzooty was under the contInUOUS observation of the Department of AVian Disease of 
the Klmron Vetennary InstItute and was accompanIed by a Wide surveillance of feral birds 
ThiS resulted m accumulation of more than 70 PMV-2 Isolates from vanous hosts
perhaps the largest collection for a smgle countrv In the world Such an ecological 
expenment With contmuous sunoeillance and ViruS Isolation permitted observation of the 
general dynamiCs of the 3-year-long eplzooty and enabled potential assessment of possible 
antigenIc vanatlOns 

The antlgenIc varIations detected however were difficult to quantitate because of the 
absence of steady reference background Indeed the reference PMV-2 Viruses used 10 the 
studies showed mUltiple antigenIc vanatlons (Table 2) However certaIn regulantles can 
be noticed even on such unsteady ground Namely tn general the PLOC ViruS showed 
lesser differences from the other viruses when antI-PLOC antiserum was used the 
difference by d mdlcatlOn was slgmficant only WIth 2 viruses (Yucaipa and Bangor) from 
the 12 VIruses used In the studies (Table 2) These antigenIc differences were however 
one-Sided asymmetnc BeSides, the PLOC VIruS showed no slgmficant difference tn the 
cross reactivity With the Israeli Ty/Kfar-Hess/IOB virus and ItS difference from the other 
Israeh Isolate-Ch/Hatsav-was minImal (less than 1 logl) and one-Sided asymmetrIc 
(Table 2) In contrast, Robm and Haneda VIruses demonstrated marked varIabIlity 
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" • 'll sho\\ ed a sIgmficant dlffere'1ce bet\\ een Room a,d the other Vlr.l'les 
..... s (Table 2) Sundar results were obtamed wIth antl-Haneda serum W1th 

- ~of Indonesla/3650 VIrus, In most cases, the cross reaCtiVIty was sym
~~ VIrus showed, In most cases, asymmetric cross reacttVIty and large 

"·uters from the VIruses whose antisera were used m the studIes Of the 
- -':5 whose antIsera were not used m the studIes, the most prominent was 
-. showing dIfference by d values WIth antIsera against all the VIruses used m 
Table 2) 
3'enIC InterrelattonshIps, WhICh have been dIsplayed graprucaUy (FIg 2), 
···"dness, almost Identity (In the lImIts of serolOgIcal cntena), between the 
~es and the PLOC VIruS In general, the PLOC VIruS has the closest related· 
':her members of the graph from 5 pOSSIble interconnectIons, 2 deSIgnate 

less, 2-moderate, and I-low The Robin VIrus has moderate cross reactlon 
'and low W1th 2 others Haneda VIrus dIsplays 2 moderate and 3 low relatIOns ,... 
\:'" 

HANEDA I 

HATS AV I 
Relatedness Symmetric Asymmetric 

Moderate 

Low • ...-----
Grapluc dIsplay of antlgemc l": anonshlps between prototype and Israel! reference 

P'-'V·2 VIruses 

~ 

t 
t . 
~ " 
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and YucaIpa VIruS shows only moderate (wIth PLOC) and 4 low relaCIonshlps ThIs 
pIcture IS compatible WIth the theones of the 'common and "serotype specIfic' por
tIons on the genomIc and, correspondmgly, the antlgemc level [21] and the notIons of 
"conserved' and "vanable" regIons [31] and 'stram-specIfic' epltope on the NDV HN 
molecule recogmzed by monoclonal antIbodIes In accordance WIth thIS, one can speculate 
that amongst the PMV-2 VIruses used m the studIes the PLOC VIrus ha, the largest 
"common" portIon whlle the Yucatpa VIrus has the smallest 

The slmIlanty of the IsraelI Isolates to the PLOC VIruS IS supported by data on the 
PLOes relatIonships With all the other IsraelI Isolates (Tables 3-5) From the total of 33 
Israeh Isolates, a sIgmficant dIfference by d mdlcatIon was shown In only 2 cases WIth 
TyjBelt-Sheanm/595 (Table 5) and Ty/Em-Tsunm (Table 6) 

On the basIS of the above data It can be suggested that the PLOC VIruS IS the ancestor 
of the Israeh Isolates or, that both have a common ancestor, from whom .hey have not 
dnfted far away In a fan-ltke dIreCtIon From the ecologlcal pomt of VIew, the relatIonshIp 
of the IsraelI Isolates WIth PLOC VIruS would be e"<pected SInce Isr",ells on the mIgratory 
route of passennes travellIng from Europe to West Afnca 

However, the maIn objectIve of the studIes was an attempt to find out If anCIgenIC dnft 
could occur dunng the eplzooty and could be revealed by analyzmg anugemc heterogeneity 
among the consecutively Isolated VIruses The heterogeneIty was demonstrated by dIfferent 
parameters 

FIrstly, detaIled companson of 2 Israelt Isolates whIch were selected as "natIve 
reference' vlruses-Ty/Kfar-Hess/IOB and Ch/Hatsav-wlth the reference PMV-2 strams 
revealed dIfferences between them although dIrect companson of boch did not show 
slgmficant difference m cross reactIvIty (Table 2) 

Ty/Kfar-Hess/IOB 075 ± 068 
= 

Ch/Hatsav 017:: 087 

However, the 2 VIruses clearly dIffered from each other by theIr cross reactIvIty WIth the 
other PMV-2 Namely, Ty/Kfar-Hess/IOB showed two-sIded cross reactlVlty whlle 
Ch/Hatsav showed one-sIded asymmetnc cross reactIVIty WIth YucaIpa VIruS BeSides, 
there was no parallelIsm between the 2 vIruses m theIr cross reactIVIty WIth the PLOC, 
Haneda, and Indonesla/3650 VIruses Such a phenomenon, when there IS no sIgmficant 
antlgemc dIfference between 2 VIruses, but they differ by the spectrum of their cross 
reactiVIty WIth some other VIruses has been descnbed earlIer [21, 22J 

Secondly, there were several Isolates whIch showed vanous differences from the natIve 
reference VIruses, namely, Ch/Petahla, TY/Em-Tsunm, Coot/Belt-Alfa (Table 5) In 
addltIon, there were vanous dIfferences between the Isolates m their pattern of relation
shIps by d mdICatlOn WIth the 4 reference PMV-2 VIruses whose antIsera were used m the 
studies On the baSIS of these patterns, It was pOSSIble to dlstnbute the maJonty of the 
Isolates mto 4 groups 

Group 1 

The pattern of the relatIonships-slgmficant differences between the Isolates and 
the Robm and Haneda Viruses, but no dIfference WIth YucaIpa, PLOC and the 
"native reference" VIrUses ThIS IS the most representatIve group contammg tbe follOWIng 
10 Isolates Ty/Belt-Sheanm/170 (Table 3), Ch/Mlshmeret/589, Ty!Neot-MordehaI, 
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r-Harutz, Ch/Hatsav, Ty/Bear-Tuvia/752 (Table 4), Ty/1sora, Ty/Hatsav/4/T, 
:-av/6(f and Ty/Hatsav/S/T (Table 5) 

~2 
"ttern of the relatlOnshlps-no dIfference between the Isolates and any of the 6 

-Ee (mcludmg "native reference") VIruses The followmg 6 viruses fall mto thIS 
'lTy/Kfar-Hess/IOA (Table 3), Ty/Belt-Herut, Ty/Bear-Tuvla/676, TyjNahla/SI2, 
-Moshe (Table 4) and Ty/BeIt-YItzhak (Table 5) .. 
.. 
3 
Pattern of the relatIOnshlps--dlfferences between the Isolates and Haneda 
~ ViruS With no difference concernmg the other 5 reference VIruses The followmg 
_ .. II mto thIS group Ty/Sde-Yoav/15/C, Ty/Sde-Yoav/15/T (Table 3), Ty/Rosh
'l:,ChjMlshmeret/S03, Ty/Shalva, Coot/Shluhot (Table 4) and Ty/Talml-Ehlel 
5) 

-::ttern of the relatIonshlps-slgmficant dIfferences between the Isolates and 
~ Robm and Haneda Viruses With no dIfference from the other reference VIruses 
: ;; Isolates fallmto thIS group Ty/Kfar-Hess/7, Ty/Kfar-Hess/lOB, Ty/Burgata 
), and Ty/Nahla/687 (Table 4) 

tes which dId not fall Into these groups are heterogeneous m vanous 
ms of the relationshIp patterns It IS possIble, for example to form another 

,eludmg 3 Isolates havmg shown dIfference::. namely with the natIve refer 
~ '"es Ch/Petahla, Ty/E;n-Tsunm and Coot/Belt-Alfa However, the latter 
i.ffer from each other bv their relationships pattern WIth the other reference 

=t the antlgemc dIfferences some of the strams showed sIgmficantlv high 
y \al ... es of the d indIcatIOn [(Ty/Nahla/S12, Ty/Sde-Moshe, Ty/Bear-Tuvia/676 
" Ty/Kfar-Hess/lOA (Table 3)] We consIder thiS fact as an expreSSIOn of 
JIS] 
~e results have demonstrated WIde and multIple antigemc heterogeneity amongst 
es WIth no clear pIcture of regular anrlgemc evolutIOn (dnft) However certam 
~ the heterogeneIty pattE"rTI t"xpr ... ssed m a relatIve prevalence of the above-
~ groups of antIgemc vanants durmg the 3-year-penod of observation can be 
,,:-mely, 3 out of the 4 VIruses of group 4 were Isolated dunng the first quarter 

en only I such VIrus was Isolated In 1980, and nothmg In 1981 At the same 
J 1 VIrus from the total of 10 belongmg to group I was Isolateci In 1979 whtle 
, -_e5 were Isolated m 1980 and 1981, respectively From the viruses belongmg 
., only 1 was Isolated In 1979 and 4 and 1 were then Isola ed In 1980 and 198 ( 

"l' and from the vIruses belongmg to group 3, 1 was Isolated m 1979 and 4 and 
~ ISolated In 1980 and 1981, respectIvely Thus, the VIruses of group 4 eVIdently 
~her In the eplzooty whIle the Isolation of the vIruses of group 1 was dIstnbuted 
.:;J-81 

-... among the VIruses Isolated In 1979, there were already representatives of all 
"apart from some other vanants which are not Included In those groups It 
~:: 

1 
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has not been possIble to arrange the Isolates m an order dlsplaymg consecutIve accumu
latIon of changes along with a time aXIs whIch could demonstrate an antlgemc dnft 
Accord1Og to the dynamics of Isolations of dIfferent antIgenIc vanants, It seems that the 
Isolates dId not dertve from a certam ancestral stram(s) as a result of consecutIve changes 
but that there was a co-circulatIOn ofa number ofPMV-2 vartants whIch appeared at the 
very begmmng of the eplzooty 

ThIS suggestion IS supported by the results on the hemagg1utmatlOn-elutlOn pattern 
(Table 6) On the one hand. there IS a certam connectIon between antlgemctty and the 
hemagg1utmatlon-elutIOn pattern. namely, 4 from the 5 non-eluter viruses are those 
belongmg to group Ii from whIch 3 were Isolated 10 1979 But this IS the only clear 
correlatIon on the background of flat randomness However, to some extent a cnronologI
cal relatIonshIp can be seen m the groupmgs of strams on elution ab1l1ty In that the earlIer 
Isolates were non-eluters and fast eluters appeared In 1980 (Table 6) However some 
strams Isolated 10 1980, and even m 1981, were moderate eluters Moreover It was noticed 
that dunng passagIng, the elutton propertIes of certam strams were changIng On the baSIS 
of these data, we suggest that wlthm the population of the PMV-2 vIruses there should 
be two sorts of vtnons m respect to their elution-hemagglutInatIon property
'non-eluter and "fast eluter particles In accordance WIth thiS the entire spectrum of 
dIfferences found should be due to dIfferent proporttons of non-eluter and fast eluter 
particles 10 the heterogeneous viral populatlons of the correspond1Og strams ThIS IS one 
more mdlcatlon that durtng the studied pertod (1979-1981) In the aVIan populatIon m 
Israel there was co-circulation of different vanants dIffering, at least In antlgemclty and 
elution-hemagglutinatIOn properties 

The dlsmbutlon of the Isolates by the PAGE pattern of the vIral protem mIgration rate 
has also revealed no correlatIOn With the preVIOusly descnbed groupmg of the Isolates by 
both antlgemcltj and elutlon-hemagglutmatlon pattern Namely, If comparmg the group
Ing by PAGE pattern With that by antlgemctty It can be seen that both groups A and B 
(PAGE pattern) mclude VIruses belongmg to different groups qualIfied by antlgemcIty and 
that some VIruses belongmg to the same groups, quahfied by antigenICIty, may belong to 
different groups qualIfied by PAGE The same situation can be seen If compartng the 
groupmg bv PAGE wlth that by elutlon-hemagglutmatIon pattern Namelv most of the 
vIruses (5 out of 9) belongmg to group A are moderate eluters (Ty/Kfar/Hess/lOA 
Ty/Neot-\I{ordehaI, Coot/Shluhot Ty/Bear-Tuvlaj752 and Mal/Ramon) but 2 vIruses are 
partial eluters (Ty/Kfar-Harutz and Ty/Belt-Sheanm), I IS a non-eluter (Ty/Sde 
Yoav/15/T) and 1 IS a fast-eluter (Ch/Mlshmeret/589) group B mcludes Ty/Nahla/687 
WhIch IS a non-eluter on the one hand, and C egret/Ramat-Gan which IS a fast eluter on 
the other hand [Table 6 and FIg I (1) (2) (3)J 

Thus. the general conclUSion from the studIes IS that the PMV-2 Viruses Isolated 10 Israel 
dunng the pertod 1979-81 demonstrate heterogeneIty by antlgemclty of the HN glyco
protem. elution-hemagglutInation pattern and PAGE protem mIgratiOn pattern With no 
eVident correlatIon between the three mdlcatlons, 1 e group1Og of the Isolates, by any of 
the above cntena, does not comcIde WIth each other Together with thiS there IS no eVident 
correlatIon between the above parameters and the chronology of the vIrus IsolatlOns This 
suggests that dunng the eplzooty there was a co-cIrculatIon of different vanants of the 
PMV-2 Virus. varyIng by at least three different propertIes, whIch were not necessanly 
combmed The most stnkmg fact m thIS respect cC'ncerns the viruses Ty/Sde-Yoav/15/T 
and Ty/Sde-Yoav/15/C (Table 1) which were Isolated from tracheal and cloacal swabs 
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I 
respectlvely, taken from the same mdlVldual turkey and whlch differed by antIgemclty 
(Table 3), elutIOn-hemagglutInation (Table 6) and PAGE protem mlgratlon (Fig I) 
patterns In addItIon to these facts, there have been some observations on changmg 
elutlon-hemagglutmatlon pattern together WIth consecutIve virus passagIng 

• In connectIOn WIth thIS, the mtngumg questlon lS whether such wIde heterogeneIty of 
the Israeh PMV-2 Isolates IS a result of remarkable vanabtllty of a hypothetical Imtlally 
homogeneous VIrus, whIch would cause the eplzooty, and be the ancestor of all the varymg 
Isolates, or the causative Viral factor was heterogeneous (consIsted of heterogeneous vrnon 
populatIOn) from the very begmnIng of the eplzooty The above-descnbed expenmental 
eVldence demonstratmg the heterogenelty among the early Isolates supports the latter 
hypotheSIS ThIS, In turn leads to two alternative suggestions 

(1) The PMV-2 VIruS had been clrculatmg m the local aVian reservoIr long before the 
begmnmg of the descnbed outbreak which means that It was enzootIC rather than 
eplZOOtlC EnzootIC ongm of the local PMV-2 lsolatlons would explam evolutionary 
antIgemc and other bIOlOgIcal changes which led to accumulatIon of the correspondmg 
vanants In such a case there should be a certam 'provocatlve factor whlch would 
"wake up the sleepmg" enzootIc PMV-2 VIrus Turkey rhmotracneItIs (TRT) 
pneumovlrus would have been such a provocative factor-the dIsease was diagnosed 
by clImcal syndrome m 1978 the Viral agents were lsolated In 1980 and were Identified 
as TRT 10 1987 [41, 42J 

(2) The PMV-2 virus was brought mto the local aVian reservOlr from abroad (real 
eplzooty) probably via mlgratmg bIrds, but the 'Imported virus was already 
heterogeneous 

The chOIce oetween the two alternatives IS due to the eXIsting ecolOgIcal eVidence 
Accordmg to ~hat, dozens of HA agents IdentIfied eIther as mfluenza viruses or APMVs 
were Isolated before and after the eplzooty WIth no PMV-2 among them, although massIve 
surveIllance and swabbing of domestic and feral birds began before the eplzooty and went 
on m the same mtensIty after It ThIs IS not compatIble with the first alternatlve but 
corresponds tv the second one Smce the Mal/Ramon ViruS has been the earhest Israel! 
PMV-2 IsolatIon precedmg the eplzooty m pOUltry, It IS temptmg to speculate about 
InterspecIes transfer of the PMV 2 ViruS from wtId migratIng to lora! domestIc bIrds 
However In such a case the Mal/Ramon virus was not a pure genetic ancestor but was 
InItIally heterogeneous 

The hvpothesIs about the InitIal heterogeneity IS compatIble WIth the views about rapId 
evolution of RNA VIruses [l7J and mIcroheterogeneIty of RNA genomes [39J based on the 
quaSlspecles cO"lcept [I IJ AccordIng to these Views, the multIple mutanonal changes are 
Dot evolved seQuentIally but are diverged from a common ancestor and, hence, together 

• WIth the mam gene sequence, there IS a "quaslspecles mutant dlstnbutlOn [10, J IJ These 
~ rapidly mutatIng subpopuJatIons can remam remarkably stable under certam conditIOns 
~ of replIcatIon but when the conditIOns are suddenly changed, the equll1bnum between the 
'\! maIn virus population and multiple subpopulatlons becomes dIsturbed resultIng In 

selectIon of a certam subpopulatlOn(s) which then become(s) the mam one(s) ThiS displays 
~ an extremely raOld evolution and an acute outbreak of a virus disease IS an effective factor 
for such rapidIty 
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The above consIderatIOns are relevant, not only to the heterogeneity of the local PMV-2 
Isolates, but to the reference PMV-2 viruses as well smce they have also shown a wide 
heterogeneity accordmg to the above three mdlcatlOns 
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DELINEATION OF ANTIGENIC EPITOPES ON THE HEMAGGLUTININ 
NEURAMINIDASE AND FUSION GL YCOPROTEINS OF APMV-2IYUCAIPA VIRUS 

BY MEANS OF MONOCLONAL ANTIBODIES 

A Panshln 1, E Shlhmanter1
, Y Weisman 1, C Crvell2 & M Llpklnd1 

1 INTRODUCTION 

Yucaipa virus belongs to the aVian paramyxovlrus serotype 2 (PMV-2) Viral genome 
of PMV 2 contains 6 genes coding for 3 envelope proteins matrix (M) fusion (F) and 
hemagglutinin-neuraminidase (HN) and three "core" proteins nucleoprotein (NP) 
phosphoprotein (P) and "large, protein (L) Yucaipa virus IS characterized by the pres
ence of two types of glycoprotein spikes protruding from the cellularly-denved Viral 
membrane, namely HN and F The HN and F glycoprotelns of paramyxovlruses playa 
key role In the Initiation of infection The lager of the two glycoprotelns, HN (mol walt 74 
kDa), responSible for mediating the attachment of the virus to the host cell receptor 
The second glycoprotein, F protein (mol walt 52), Interacts With cell plasma membrane 
causing fUSion between Viral envelope and the plasma membrane, which results In 
subsequent penetration and InternalIzation of the Viral nucleocapSid Several groups 
have used monoclonal antibodies (MABs) to generate functional profiles of the antl
gemc cites on the HN and F glycoprotelns of paramyxovlruses It was shown that 
mouse monoclonal antibodies prepared against APMV-1 and APMV-3 have enabled 
differentiation and grouping of strains and Isolates Within those serotypes It seemed 
hkely that MABs directed against PMV-2 would be useful In grouping or differentiating 
between strains of thiS serogroup In the present studies a panel of 12 antl-HN and 6 
antl-F MABs permitted to extend antlgemc characterization of the HN and F proteins by 
detailed epltope mapping 

2 MATERIALS AND METHODS 

Viruses The PMV-21chlcken/CalifornlalYucalpa (Yuc) strain kindly prOVided by Dr 
o J Alexander (Central Veterinary Laboratory, Weybndge, UK) was used for prepara
tion of MABs The PMV-2 strains PMV-2lTy/Kazakhstan (Kaz), and PMV-2/Bromza 
(Bron) were obtained from Prof M Sayatov (Institute of Microbiology and Virology -
Academy of SCiences of the Republic of Kazakhstan, Almaty, Republic of Kazakhstan) 
Two reference strains, PMV-2/manmkln/Japan/Haneda/35176 (Han) and PMV-
2/Sturnus contrallndoneslal3589179 (Ind), and two local field Isolates Ty/Kfar 
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HessLlfT179 3 and Chicken/Hatzav1734/B/80 11, were obtained from the collection of 
the Klmron Veterinary Institute (Israel) 

Propagation of the viruses was done as described below The viruses were in

oculated Into the allantoIc cavity of the 10-11-days-old chick embryonated eggs 
which were Incubated till the penod of 3 days post Inoculation The hemagglutinat_ 
Ing (HA) agents serologically IdentIfied as PMV 2 were undergone a minimal number of 
passages (usually 1-2) through embryonated eggs In order to accumulate an amount of 
virus of high titer for a virus stock stored at -700C The virus pUrIficatIon was earned 
out by differential centrifugation through sucrose denSity gradIents Protein quantifica_ 
tion was done USing Coomassle Protein Assay Reagent (PIERCE) 

Hybndoma production and MAB screening MABs were prepared by fUSing spleen 
cells from Yuc-Immunlzed BALB/c mice with the mouse myeloma cell line SP2JO The 
Viral envelope fractIon obtained by n-octyl-D-glycoslde treatment of the pUrIfied Virus 
preparation and contalnmg hemagglutinin-neuraminidase (HN) fUSion (F) and the M VI
ral proteins was used for the ImmUniZation of mice as descnbed previously (Panshm 
al , 1995, 1997) The screening of the MAB-secretlng hybrIdoma clones was performed 
by Indirect ELISA usmg pUrified virus (Yuc and Bron) as antigen and hemagg 
inhibition test Selected MAB-secretlng hybrIdoma clones were Inoculated Into nnC'T"' ... ", 

primed BALB/c mice ASCitiC flUids were collected 1-2 weeks later 
MAB characterIzation The MABs were characterized for speCifiCity by rad 

preCIpitation assay (RJPA) uSing labelling of Viral proteins with 35S-methlonIne Wt:;.c:t""m 

blotting analysIs (WB), and ELISA with pUrified HN from Yuc (HN-ELlSA) RIPA 
TAS-ELISA were performed as descnbed preViously (Panshm et al 1995) IB was 
ned out as descnbed by Samson (1986) .. 

Competitive blndmg assay Competitive binding assay was carned out according to 
Nishikawa et al (1987) with some modifications namely the usage of blotm-Ia 
(Instead of peroxidase-labelled) MABs and correspondingly ExtrAvldln 
peroxydase (Paton et al, 1991) 

DeterminatIon of MAB Isotype Isotypes of the monoclonal antibodies were 
mined by Ouchterlony Immunodiffusion test uSing Mouse Monoclonal TYPing KIT 
Binding Site, Birmingham, UK) 

Serology tests Hemagglutination (HI) test was performed according to the 
procedures 

3 RESULTS 

SpeCifiCity of monoclonal antibodIes to the envelope proteIns of PMV-2 
A total of 18 MABs were screened for speCifiCity by Immunopreclpltatlon of 

2JchlckenJCallformalYucalpa-lnfected and [35S]methlonme-labeled BHK cell Iysates 
It IS presented In Table 1, twelve MABs were found to be speCific for HN glycoproteIn 

..All 12 MASs precIpItated HN protein and 11 from them InhibIted Viral hemagg 
actiVity The Immunopreclpltates by SIX other antibodies contamed F glycoprotein 
determIne additional characteristics of these antibodies, virion protems were 
by SDS-PAGE, transferred to nitrocellulose membrane, and reacted with MABs 
MABs did not bind the Viral proteins at all If Western blotting technique was 
according to the standard procedures, In redUCIng conditions with bOIling 

BEST AVAILABLE COpy 



1e collection of 
• 

uses were In-
yonated eggs 
hemagglutmat-
Imal number of 
_ an amount of 

on was carned 
, .... ,n quantlfica-

Y fusing spleen 
Ine SP2/0 The 
a pUrified virus 
) and the M VI-

Jly {Panshln et 
was performed 
nagglutlnatlon 

d Into pnstane-

J radio Immune 
onlne, Western 
~) RIPA and 

15) IB was car-

,ut according to 
r biotin-labelled 
::xtrAvldrn TM-

:s were deter-
YPlng KIT (The 

to the standard 

2 
tatlon of PMV
cell Iysates As 

I glycoprotein 
magglutmatIng 
/coproteln To 

,vere separated 
1 MASs All the 

las performed 

"!. 

::. 

Table 1 Characterization of 18 MABs against PMV-2/ch/CallformalYucalpa 

MAS Class! ELISA -Western RIPA HI 
S-ubclass Vlrr- blotting analy- Titer 

HN~ SIS~ 

24c9 IgG1 33 3 neg HN (74 kOa) 164 
46f3 IgG2A 3 3 neg HN (74 kOa) 1 512 
46c8 IgG1 3 3 neg HN (74 kOa) 132 
6e2 IgG1 3 3 neg HN (74 kOa) 1256 

28g3 IgG1 2 2 neg HN (74 kOa) 1256 
26d10 IgG1 3 3 neg HN (74 kOa) 12048 
22c11 IgG1 3 3 neg HN (74 kOa) 1 512 
7c11 IgG2a 3 3 neg HN (74 kOa) 1 8192 
46b8 IgG1 3 3 neg HN (74 kOa) 1 512 
22g5 IgG1 3 3 neg HN (74 kOa) 164 
27e9 IgG1 2 2 neg HN (74 kOa) 1256 
20f9 IgG1 3* 3* neg HN (74 kOa) <1 8 
27g5 IgG1 3 neg F (51- 52 kOa) <1 8 
24c3 IgG2A 3 neg F (51- 52 kOa) <18 

_ 2g8 IgG1 3 neg F (51- 52 kDa) <1 8 
46c11 IgG1 3 neg F (51- 52 kOa) <18 
28e8 IgG1 3 neg F (51- 52 kOa) <1 8 
25d8 /gG1 3 neg F (51- 52 kOa) <18 

Class/Subclass of MABs were determined by Mouse monoe/onal typing KIT (RK008 
The Binding Site) 
1 ELISA - PMV-2/chlcken/CahformalYucalpa (Yuc) was used as antigen, 2 ELISA - pu-
rifled HN from Yuc was used as antigen, * PMV-2JBron was used as antigen, 3 ELISA -
intensity of reaction With MAB diluted 1 1000 (+3) - A405>2 (+2) - 2>A >1 405 (+1) -
1>A405>O 5, (-) - A405<0 5x 
4 WB techmque was appfred to Yuc proteins which were electrophoresed In redUCing 
conditions With prior bOlfrng 

Competitive binding assay of anti F MABs 
The competitive blndmg assay (Table 2) revealed three non-overlapPing MAB 

groups (1, 2, 3) and two additional groups (1 2 and 23) MAB 2g8 (1 2 group) com
petes With the MABs belongmg to the groups 1 and 2 MAS 28e8 (group 2 3) competes 
With the MABs belonging to the groups 2 and 3 
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Tabh32 Epltope assignments of antl-F MASs 

Competing Blotlnylated Antibody Antigenic 
Antibodies sites 

27g5 24c3 2g8 46c11 28e8 25d8 

, 27g5 + + + - - - F1 

24c3 + + + - - -
2g8 + + + - + + - F12 

46c11 - - + + + - F2 

28e8 - - - + + + F23 

25d8 - - - - + + F3 

[+ ] - >60% competitIOn, [+1-] - 50-60% competItion. [-] - <50% competition 

CompetItive bindIng assay with anti HN MASs 
Antlgenrc mappIng of the HN proteIn was carned out by reciprocal competItive bind

Ing assay As It can see In figure 3 on the basIs of the competItive test results all the 
MASs were distributed Into eight groups Amongst them there were five non
overlapping groups (1, 2 3 4 and 5) which Included the MASs competing only with 
MASs belonging to the same group Sesldes those there were three additIonal groups 
namely 1 2 group, containing MAS 46f3 competIng With the MASs belonging to the 1 
and 2 groups 2 3 group containing MAS 6e2 competIng wIth the MASs belongmg to 
the 2 and 3 groups 6 group contalnmg MASs 20f9 and 27e9 competing wIth the MASs 
belonging to the 1 1 2, 2 3 4 and 5 groups Thus at least 8 antigenic sites were de
tected on HN glycoprotein of Yuc by means of the panel of MASs (Table 3) 
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Table 3 Epltope assIgnments of antl-HN MASs 

competm Blotlnylated Antibody Antigen! 

9 C 

Antibodies -- sites 
24c9 46f3 46c8 6e2 26d10 28g3 22c11 7c11 22g5 46b8 20f9 27e9 

24c9 + + - - - - - - - - + + HN1 

46f3 + + + - - - - - - - + + HN12 

46c8 - + + + - - - - - - - - HN2 

6e2 - - + + + + - - - - + + HN23 

26d10 - - - + + + - - - - - - HN3 
28g3 - - - + + + - - - - - -

22c11 - - - - - - + + - - + + HN4 
7c11 - - - - - - + + - - - + 

2295 - - - - - - - - + + + + HN5 
46b8 - - - - - - - - + + - + 
20f9 + + - + - - + - + - + + HN6a 

27e9 + + - + - - + + + + + + HN6 b 

PMV-2 straIns characterIzation 
The above MAS panel was used for antlgenrc characterization by ELISA of 7 APMV-

2 strains, IncludIng 5 reference strains and 2 field Isolates As It can be seen In Tables 4 
and 5 five antlgenrc sites HN protein (site HN1, site HN1 2 site HN3 site HN4 and site 
HN5) and two sites of F protein (site F1 and site F1 2)- are remarkably conserved 
Namely, all the MASs specific to these sites reacted with all the studied PMV-2 strains 
MASs specific to the site HN6 showed diverse pattern On one hand, the epltope HN6a 
was remarkably conserved like the above conserved epltopes of the sites HN1 HN1 
HN1 2, HN3 HN4 and HN5 On the other hand, epltope HN6b showed definite vanabll
Ity the respective MASs showed negative reaction with 3 out of the 7 APMV-2 strams 
The other two antlgelc sites of HN (site HN2 and site HN3) and three antlgenrc sites of 
F (site F2 site F3 and site F23) dIsplayed Intermediate attitude Namely, showed 
definite vanabillty the respective MASs showed negative reaction with 1-2 out of the 
7 viruses 
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Table 4 ReactIvItIes of antI-.HN monoclonal antIbodIes with APMV-2 strains 

VIRUSES 

PMV-21Bronlza 
PMV-21chlcken/CallfornlaIYucalpa 
PMV-2lTy/Kazakhstan 
PMV-21mannlkln/Japan/Haneda/35n6 
PMV-21Sturnus con-
trail ndonesla/3589n9 
Ty/Kfar HessnITn9 3 
Chicken/Hatzavn34/B/80 11 

ANTI-HN MONOCLONL ANTIBODIES 

24 46 46 6 28 26 22 7 46 22 27 20 
c9 f3 c8 e2 g3 d10 c11 c11 b8 g5 e9 f9 
+ +++-+'+++++++ 
+ + + + + + + + + + + 
+ + + + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + + 

+ + + + + + + + + + + 
+ + + + + + + + + + + + 

Antlgemc sites HN HN HN HN HN HN HN HN HN 
1 1 2 2 2 3 3 4 5 6a 6b 

ReactiVity of each MAS with different APMV-2 strains IS expressed as a result of their 
binding (measured by ELISA) to the respective strains The values represent the 
average of three separate expenments Ascites fluids were used as the sources of an
tibodies (+) posItive binding (-) negative binding 

Table 5 Reactivities of antl-F monoclonal antibodies with APMV-2 strains 

VIRUSES ANTI-F MONOCLONAL 
ANTIBODIES 

27g5 24c3 2g8 4Sc11 28e8 25d8 
PMV-21Bronlza 
PMV-21chlcken/CahformalYucalpa 
PMV-2lTy/Kazakhstan 
PMV-21manmkm/Japan/Haneda/35nS 
PMV-21Sturnus contra/lndoneslaJ3589n9 
Ty/Kfar HessnITn9 3 
Chicken/Hatzavn34/B/80 11 
Antigenic sites 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

F1 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 

F1 2 F2 F23 F3 

Thus by MAS binding pattern 7 PMV-2 strains presented In table 4 and 5 can be 
diVide Into SIX antigenic variants These results are compatible with the data published 
by Ozdemlr et al (1990) 

, 4 DISCUSSION 

The panel used In the present studies Includes 12 antl-HN and 6 antl-F MASs I e 
more than the panel descnbed by Ozdemlr et al (1990) and Mao et al (1996), which 
contained 3 and 10 antl-HN MASs respectively Sy the usage of the aVidin-biotin 
tem Instead of the commonly used peroxydase technique, a higher senSitivity In 
case of the competItive blockmg test was achieved This provided a clearer determl

-
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~atlon of the HN and F protein antigenic sites The competitIve blockmg test revealed 
five non~verlapplng and tree overlapping sites on HN and three non-overlapPing and 
two overlapping sites on F Thus, mapping of the HN and F proteins of PMV-2 vIrus has 
shown that these glycoprotelns have antigenic structures similar to those at other 
paramlxovlruses (Iono et al , 1987, Panshln et al , 1997, 1998) 
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5 SUMMARY 

Viruses of the aVian paramyxovlrus serotype 2 (APMV-2IYucalpa) have been 
shown to be wIdespread among turkeys Hybndomas secreting monoclonal antibodIes 
(MAS) against the prototype strain Yucaipa were prepared by fusing of spleen cells 
from the APMV-2IYucalpa-lmmunlzed SALB/c mice with the mouse myeloma cell line 
SP2IO The Viral envelope fractIon obtained by n-octyl-D-glycoslde treatment of the 
punfied virus preparatIon and containing hemagglutinin-neuraminIdase (HN) fusIon 
(F) and matnx (M) VIral proteins was used for the ImmunIzatIon of mice The hybndo
mas were screened for MAS productIon by ELISA uSing the punfied vIrus as antIgen 
MAS-secreting hybndoma clones were Inoculated Into pnstane-pnmed SALS/c mice 
SpeCIfiCity of the MASs toward HN F and M proteins was proven by conventional ra
dlolmmunopreclpltatlon assay Two MAS panels Including MASs against glycoprotelns 
HN (12) and F (6) were obtained 

AntIgenic epltope mapping of HN and F proteIns by competitIve antlbody
binding assay was performed with these panels uSing blotln-amldocaproate-N
hydroxy-succlnlmlde ester-labeled MASs At least, five non-overlapPing and three 
overlapPIng sItes on HN and three non-overlapping and two overlapPing sites on F 
proteins have been revealed 
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Table 1 Thermostab~l~ty of HA and Nase act~v~t~es of HN glfcoprbte~n 
of var~ous APMV-2 (Yuca~pa-l~~e) v~ruses 

===================================================================== 
H A act~v~ty Nase act~v~ty 

Serotype 
NT T NT T 

---------------------------------------------------------------------
Yuca~!?a 04 <2 0 260 0 

F~ncn/Bangor 64 <.2 0 3_,,- 0 074 

Rob~n/H~ddensee 04 <2 0 333 0 000 

weaver/Senegal f\4 16 0 391 0 045 

Mann~k~n/rianeda 128 <2 0 315 IJ 000 

F~nch/EnglanQ 64 3 ... 0 547 0 39: 

Gadwall/Kenya 128 <2 0 188 0 040 

Starl~n~/InQones~a 64 16 0 512 0 385 
====================================================================== 



Table 2 Activity of anti-mumps MASs against ERV 
.;-.. 

ELISA 

clone mouse specifiCity epltope mumps ERV Sendal 
687 1 227 HN HN 9 + + 
741 1 218 HN + + 
1 818 549 HN + + 
1 933 572 HN HN 1 + + 
743 1 173 HN HN 9 + + 
1 992 583 HN HN 4 + + 
2048 614 HN HN 9 + + 
2068 621 HN HN 2 + + 
5374 1 100 HN HN 5 + + 
2072 HN HN7 + + 
2082 629 HN HN 9 + + 
2100 637 HN + + 
2034 678 HN HN 9 + + 
2170 688 HN HN 3 + + 
2073 624 HN HN 7 + + 
2075 625 HN HN 8 + + 
5342 1 096 HN HN 9 + + 
5500 1 115 HN HN~6 + + 

652 256 NP NP 1 + + 
673 259 NP + + 
696 536 NP NP 2 + + 
705 274 NP NP 3 + + 
2004 676 NP NP 3 + + 
728 288 NP NP 4 + + 
781 303 NP NP 5 + + 
1 806 546 NP + + 
1 990 582 NP + + 
2002 588 NP NP 6 + + 
2045 610 NP NP 7 + + 
2050 616 NP NP 8 + + 
2099 636 NP NP 9 + + 
2132 650 NP NP10 + + 
2142 655 NP NP 11 + + 
2054 661 NP NP12 + + 
1 999 697 NP NP 13 + + 

632 273 P P 1 + + 
680 269 P P2 + + 

~ 

~1 
~ 



Table 2 continuation 
ELISA 

clone mouse specifiCIty epltope mumps ERV Sendal 
2005 589 P- P3 + + 
2037 604 P P4 + + 

.689 1 200 P P5 + + 
2060 617 P P6 + + 

$ 703 1 247 P P7 + + 
2067 620 P P8 + + 
2069 622 P P9 + + 
1 997 675 P P 10 + + 

J 654 257 M M1 + + 
,657 249 M M2 + + 

693 263 M M3 + + 
745 291 M M4 + + 
778 299 M M5 + + 
1 909 565 M M6 + + 
2 119 70S M M7 + + 
2124 706 M M8 + + 
2186 690 M M9 + + 

~ 

2109 703 F F1 + + 
2 117 704 F F2 + + 
2159 664 F F3 + + 
5369 1 099 F F4 + + 
5414 1 105 F F5 + + 
5418 1 106 F F6 + + 
5439 1 111 F F7 ~ + + 

~ 

5519 1 119 F Fa + + 
5525 1 120 F F9 + + 

, 



Table 3 

SEROLO~IcaL SURUEILLANCE OF CHICKEN FARMS 
USING ENZYME-LINKED IKMUNOSORBENT ASSAY 

(ELISiU 

================================================================= 
No Place Number of Number of Per cent of 

samples positive sera positive sera 
================================================================= 
1 Hevel Lahish 836 184 22 
2 Tel-aviv district 68 11 16 
3 Jerusalem district 43 4 9 

4: Netania 85 26 31 

5 Rehovot 23 1 4 
6 Gedera 15 0 0 

7 Negev 105 39 37 
8 Golan plateau 27 4: 15 
----------------------------------------------------------------

Total 1202 269 22 
=================================~~============================= 

\ 

SEROLOGICAL SURUEILLENCE OF CHICKEN FgRMS 
[HEMRGGLUTIN~TION INHIBITION (HI) TEST] 

--------------------------------------------------------------------------------------------------------------------------------
Place Number of 

samples 
N1lmber of 

positive sera* 
Per cent of 

positive sera 
--------------------------------------------------------------------------------------------------------------------------------
Hevel Lahish 551 86 13 
Tel-Rviv dIstrict lOB 9 B 
Netania 75 1 1 
Rehovot 52 1 2 
Negev 31 3 10 
bolan plateau 41 0 0 

Total 958 100 10 
--------------------------------------------------------------------------------------------------------------------------------
~ POSItive HI titer> 1:20 
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Table 4 

Vlruse'l Non elulers 

Reference YUC.llp., 
PLOC 
Ilclly 

Isrcleh Ty/Kfar-Hess/7 
Ty/Kf'lr-Hess/IOB 
Ty/Durg,lla 
Ty/Sde-Yoavfl5/T 

• Ty/Ndhl,I/687 

... 

Hem,lgglullllclllon-elullon p,lllern of PMV-2 viruses 

Pclrlml elulers Modelelle elulers Fd'il elulers 

Roblll H.medcl 
~ngl.lI1d Dlngor 
Indonec;IcI/3589 
Indonesl.I/3650 
Kenya 

Ty/Dell-Shednm/170 M.II/Rellnon C egrel/R 1111 II G 111 

Ty/Sde-Yo.lv/15/C Ty/Sdc Moshe Ty/Dell-Ilcrul 
Ty/Kfar-Hclrulz Ty/Sh.llv.1 Ch/M l';hmcrel/589 
Ty/Dccll' 1\vlcl/676 Ch/lldlsclv Ty/N Ihl,1/812 
Ty/Em Tsunm Cool/Bcll Alfa Ch/PeldhJa 
Ty/Tsora Ty/Kf,lr-Hess/lOA 
Ty/T,lhm-Clucl Cool/Shluhot 
Ty-Bcll-Vllzhdk Ch/M Ishmerel/803 
Ty/Rosh-Tsunm Ty/De,lr-TuvJa/752 
Ty/Halsdv/6/T Ty/Ncol Mordch.1I 
Ty/II.1Isav/8/T Ty/II.II'i.lv/4/T 

Ty/Ocil She,lrIm/595 

------~ 
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Table 5 Cros~ HI lesl wllh reference PMV 2 viruses 

Viruses 

Tyl 
Ilidone~11 Indonesl.! Kf.Jr He~s ChI 

Antlserd YUCdlpd Robm PLOC Ihned.! B Ingar (nbllnd lilly 3589 3650 Keny.! lOB IIdlSdV 

YUCUIP.! 0 013±O24 J 37 ± 017 J 02 ± 0 21 J 59 ± 051 096 ± 074 094 ± 0 35 034.1: 017 039 J: 0 39 J 19± 0 21 089 ± 0 24 046 ± 023 
/I =4 II =6 n =9 n =4 II =4 /I =4 II =3 /I =3 II =4 II os /I II =6 

P =035 P >099 P >099 P =095 P =0 72 P = 0 93 P = 0 82 P = 0 58 P =099 P =099 P =090 

RoblO 338 ± 0 46 201 ± 0 01 189 ± 0 45 222 ± 0 35 257 ± 0 30 163 ± 0 39 206±012 I J5 ± 0 32 ~ 23 i 045 17J±071 2 OJ ± 057 
/I =4 0 II =2 n =3 n=3 n = 3 II = 3 II = 3 II =3 II = 3 II =8 n =4 

P >099 P >099 P =095 P >096 P > 096 P =095 r > 096 P = 0 95 P > 099 P =095 P =096 

PLOC 188 ± 0 30 095 ± 0 76 032 ± 0 27 066±017 062 ± 0 33 054 ± 0 52 008 ± 0 23 -0 26 .I: 091 131 ± 0 63 048 ± 050 o 19±050 
n =6 II = 3 0 n = 7 II =4 II =3 /I =4 II =4 n = 3 /I = 3 /I = 10 II =6 

P >099 P =065 P =072 P = 097 P = 0 82 r =061 P =0 22 P =021 P =083 P =066 P =029 , 
Hdnedd 254 ± 0 29 J 68 ± 0 29 2 38 ± 0 20 240 ± 0 56 I 44 ± 0 22 142 ± 0 20 101 ± 017 079 i 0 83 250 ± 0 21 202±018 150 ± 024 

/I =9 /I =3 n=7 0 n =4 n=3 II =4 n = 3 II =4 II = 4 II = 12 II =8 
P >099 P =097 P > 099 P =098 P = 0 98 P > 0 99 P = 0 99 P = 0 54 P > 0 99 P >099 P >099 

• 
Ty/Kfdr lIess lOB 206±051 128 ± 0 47 123 ± 0 68 101 ±059 168±061 322 ± I 05 019 ± 0 46 059± 114 -066±050 -0 14 ± 0 56 075 ± 0 68 

II =9 II = 5 II =8 n =9 11=5 11=5 /I = 3 II = 3 n = 3 II = 3 0 ft=9 
P >099 P =095 P =0 88 P = 0 87 P = 095 P =096 P = 0 27 P = 0 33 "=068 P =014 P =070 .. 

Ch/Hdls.!v 226 ± 057 I 97 ± 0 79 098 ± 0 43 147±061 o 67 ~ 0 28 J 50 ± 0 41 - 0 18 ± 0 30 010 ± 0 72 140 ± 0 52 140 ± 0 52 123 ± 0 80 017 ± 0 87 
II = /I II =6 /I = 10 /1= II n =7 /I = 8 n = 6 /I =8 1=8 /I =4 II =7 0 

P >099 P = 0 95 P =095 P =097 P =095 P = 0 99 r =042 P == 008 P = 0 97 P =0 77 P =015 

Upper figure elm each cell IS the meun vdlue (wllh st.!nd Ird error) of 10gl of lhe mtlo belween hOlllOIobOU5 dnd hClelologous HI !llers when d given Inll~erum WdS lhe S Ime for Ihe two \ mlses compdred 
/lIS Ihe numbl.r of experlmenls for edch pal of comp~red viruses PIS Sludenl s Coe/~Iclenl of prob Iblilly for lhe difference eI found for d given number of experiments /I II IS expressed liS II pen:enluge 
of probrtblhty of Ihe zero hYPolhesls Ie Ihe probablhlY Ih II Ihe difference d IIself differs slgmh~ lOlly from zero The rehdbllllY of Ihe d vdlues (Ihelr difference from Lero) WdS ~,-cepled .IS slgmficdnl 
If" WdS In Igreemenl Wllh Fischer s 2nd criterion of prob Iblhly namely 95% prob~blhty (P = 0 95) 

The values or" which differ slgmficuntly from zero (P ., 0 95) Me bold faced 



~ .... 

~ 

Mal/ Ty/ 
Antisera Rdmon Kfar !Icss/7 

Yucaipa 134 ±O 35 142 ± 024 
n ... 4 n ... 3 

P =097 P =097 

Robm 260±064 213 ± 0 40 
/I =4 n ... 4 

P =097 P =095 

PLOC 108 ± 0 63 I 06±0 16 ., 
n =3 n =3 

P=077 P =099 

IIdncd1 161±071 J 02 ± 0 02 
" =4 /I =2 

P >087 P >096 

Ty/Kfar Hess -013±045 046 ± 037 
Ion n = 3 n ... 3 

P =021 P ... 065 

4Ch/H liS IV 077 ± 0 66 140 ± 0 98 
n ... 10 n =3 

P =0 74 P =070 

The deslgnallOns are as for Table 2 
M ± SO-dveruge cI with sl mdard devi Ilion 

Table 6 Cro~s III lesl Wllh hr Icll ~Inllns ISO I lied In 1979 

Viruses 

Ty/ TYI Ty/ 
Ty/ Ty/ Ty/ Bell She1nm Sde YJIV Sde Y01V C egrel/ 

Kfdr Hess/lOA Kfllr Hess/lOR Rurglld 170 15fT 15/C Rdmdl a.m M±SO 

-OI4±041 I 12 ± 0 32 086 ± 0 25 028±0 19 019±030 004 ± 110 -028 ± 0 27 
n =3 II =5 " =4 ,,=3 " =8 n =4 II =3 o S4 ± 0 22 

P =021 P =098 P =096 P =073 P = 0 43 P ~006 P =0 58 

101 ±053 204 ± 053 240..!: 052 200 ± 0 85 151 ± 0 75 190 ± 057 
11=3 " =4 /I =4 " =4 n=8 " =4 NO 19S±0 18 

P .. 080 P =097 P =098 P =099 P =099 P =086 

-071 ±070 104..!: 0 S8 122 ± 0 67 -020±13Q 040 ± I 28 060 ± 0 33 
n =4 /I = 3 1/ '" 4 "NO n =6 If ... 11 • 1/ =3 056 ± 0 25 

P =061 P =079 /'> =084 P =008 P =022 P =079 

083 ± 0 34 21S±019 192±060 169 ± 0 46 099 ± 0 60 146 ± 0 26 008 ± 0 08 
n =4 n =6 " =4 /I =4 " = 8 If = 4 If = 3 IS3±028 

P ... 090 P >099 • P = 0 95 P =096 P =085 P =099 P =050 

018 ± 0 40 -072±071 026 ± 0 13 -023 ± 050 029 ± I 12 
/I = 3 0 /I =4 " =3 n = 10 ,,: 8 NO 002±015 

P =033 P =061 P =082 P =0 37 P =023 

-101 ±034 017 ± 0 87 0271:073 -0471:064 -044 ± 152 027 ± 057 
n =5 n =7 II = 7 NO n =8 /I = g ,,= 3 012±027 

P =096 P =0 IS P =030 P = 0 49 P = 0 23 P =033 



Table 7 Cross HI leSI wllh Israth mains Isol~ ltd 10 1980 
Viruses 

Viruses 
Chi Ty/ Tyl Tyl Tyl ChI Tyl Tyl • Mishmerci Tyl Bell Sht~nm Ty/ Bear Tuy,. Tyl N.hla ChI Be.r Tuvla Mlshmcrcl Ty/ N.hla Ty/ Cool Anuscnl BCII Herul 589 NeOI MordahHI .ws Rosh Tsurrm 676 Krar H.rulz 687 Hatsav ,52 80) Shalva 812 Sdc Moshc Shluhol MtSD Yucaipa -052 t066 057 ± 0 3S 06O±050 017 t 0 38 066±093 -022 ±032 0&3 ± 0 39 1.32 t 0 42 0 46 ± 0 23 -006 +0 S4 006 ± 0 39 -0 19±042 -026±Ol4 o 10 ± 0 27 0 09 ± 0 36 11-3 II -4 " -3 II -3 ,,-3 11-3 11-6 n-4 n-6 II _4 II -3 ,,-5 II -3 " -J II -4 023 ± 012 P -049 P -079 ,0 - 0 6S ,0 .. 0 27 ,0 -044 ,0 .. 0 44 ,0 -083 ,0 > 0 98 ,0 -090 ,0 -054 ,0 -021 ,0 -C3u ,0 .. 061 ,0 -021 ,o-O:U Robin 062±013 242 ± 0 78 122±029 180 ±O 3S 155±0~0 .. 043 ± 0 27 1.92 t 048 J J7 t I 08 1 OJ t 0 S7 IIIt026 056 ± I 28 136 = I 08 o 6S ± 0 55 029tO 14 1.30±031 II .. 3 II -4 II - 3 " -3 ,,_ 4 ,,-3 II -4 n - 4 II - 3 11.3 "" ) II _ 4 

II -) II -) n-3 I 38 ~ 0 22 ,0 -08. ,0-095 ,0 -095 ,0 -096 ,0 -095 P -075 P -096 ,0 -09S ,0 -096 ,0 -095 P -044 P -070 P -065 ,0-083 ,o-09S PLOC -018±055 113±051 020±029 I_'~ ± 0 39 068±084 -02)±017 052 ± 0 60 118±074 019±OSO 098 ± 0 86 071 ± 0 78 -069±026 -031±022-026±015 018::026 n-3 II _4 11-) n _4 ,,-) 
II - 3 

n _ 4 
" .. ) II -6 ,,-3 

"" 3 
,,-) " -) ,,- J II -) u.>o:!:u 16 ,0 - 0 21 ,0 _089 ,0 _044 ,0 -096 ,0 -049 ,0 -070 ,0 - 0 '4 ,0 -074 ,0 - 029 ,0 - 0 61 P -054 ,0 -089 P _070 P -077 P -041 Hancda 040±070 180±023 101±023 177 ± 0 29 184 ± 0 34 o oe ± 0 48 180 ±O 26 J 01 ± 0 82 1.50 ± 0 24 094±031 152 ± 0 36 122 ± 0 41 -056 t 0 75 008tOSS IISt034 " -3 ,,-7 II -6 ,,- ) " _4 " -3 ,,-6 II-S n - 8 " -6 n _4 ,,-6 n-3 ,,- 3 " _4 117±023 P -039 ,0>099 ,0 - 0 99 P .. 099 P -099 ,0 -0 14 ,0 >099 ,0 -098 ,0 ~ 099 ,0 -097 P -097 P -097 P -044 P -007 ,0 -096 Ty/l<.rar Hess -147± I 00 097 ± I 08 014±071 o 6S ± I OS OOO± I 00 -I 90±0 78 007 ± 0 92 -06O±066 07S±068 -096t058 -06O±072 -I SS±066 -030±069 -096±100 006tOSS lOB ,,-3 I " -7 n _4 " -6 " -3 II -) 11-8 ,,-5 II - 9 n-S II _4 " _7 ,,-S "" ) II-S -038 ±O 22 1' .. 0 73' ,0 -061 ,0-015 ,0 -042 I' - 0 87 P .. 008 ,0 -058 ,0 .. 0 70 ,0 .. 084 I' - 0 52 I' .. 0 94 P -029 I' - 0 58 I' .. 0 07 CbIHalSlY -040±068 021t080 021±1I8 -059 ± O)S -065±112 -159±09S 0)3 ± I 07 104 ± I 26 -008tOSI -01)±062 -106+133 -2J2=018-167±032-088±1)46 ~ " -3 ,,- 8 " -7 " .. 8 ,,-5 ,,-5 n - 6 11_7 0 " .. 9 n-8 11-6 " _4 ""S n -7 -OS4±024 I' - 0 39 ,0 .. 023 ,0 -0 IS P - 08S ,0 -042 ,0 084 P -022 p .. 0 SS ,0 -0 IS P .. 015 P .. 054 ,0 > 099 ,0 >099 P -089 

~ 

~, 



Table 8 Cro~~ III le~1 Wllh hrll:h ~Irllns I~ollh:d III 1981 

Vlru~es 

Tyl Ty/ Tyl 
Chi Tyl Tyl Tyl TYI 11.11~.tv Cooll 1Ilb.tv H.tb.tv 

Anll~crd Pel.thl.t Eln TSUllm Tsor.t T.tlnu Cluel Dell Ylllh.tk T4 Dell Alf.t T6 T8 M±SD 

YUC.tIP.t I 11 .. :£t0 38 -016 ± 0 50 -040±032 ~077±071 -023±020 043 ± 0 41 o 10±032 027 ± 012 
" =4 ND /I =4 II = 3 11=3 11=3 II =6 II =6 II =5 005 ± 0 21 

P =095 P =022 P =065 I' =061 I' =077 P =064 P =022 P =091 

Robin 263 ± 0 S4 296 ± 0 70 219±071 018 ± 0 II -018 J: 0 20 1 19 J: 0 27 200 ± 0 60 133 ± 0 26 255 ± 0 57 
II =3 II = 3 II =4 II = 3 II = 3 II = 3 II -= 4 II =6 II = 3 I 6S ± 055 

P =096 P =095 P =0 9S P = 0 75 P =054 I' =095 P =09S P >099 P =095 

PLOC 189 ± 0 67 321 ±054 134 ± 0 67 -006 ± 0 23 o 29 J: 0 60 - 0 36 ± 0 52 031±029 -003±042 000 ± 0 30 
II = 3 II =3 II =4 II = 3 11=3 II = 3 II =3 II =6 II =4 013 ± 0 42 

P =089 I' > 0 96 P =088 P =021 I' = 048 I' = 0 44 I' =061 I' = 0 08 

Huned.t 301 ± 019 :z 78 ± 0 66 188 ± 0 S9 093 ± 013 032 i 0 66 157 ± 0 S9 I HI ± 020 141 i 0 44 o HII ± 023 
II = 3 II = 3 II =4 II = 3 II = 3 11 = 5 II =6 II =6 II =7 162 ± 0 29 

P >096 P =095 I' "" 0 9S I' > 0 96 I' = 0 33 I' = 09S P >099 1'=0,)11 I' =099 

Ty/Kf.tr lIess 165 ± 0 65 340 ± 0 61 021 ± I 47 -021 ±097 -231±161 I 18 ± 0 84 143 ± 0 62 161 ± I 50 -027 ± 0 78 
lOB II = 6 /I = 3 II = 5 II =: 5 /I = 3 II = 3 " =9 /1=6 /I = 3 074 ± 0 54 

P =095 P =096 /' = 0 07 P =0 IS P =0 70 P = 0 70 P = 0 95 I' = 0 68 P =021 

Ch/H.tlsuv 145 ± 0 S4 102 ± 0 30 014 ± 050 -094 ± I 06 042 i 2 20 017 ± 0 52 0711073 006 ± 0 34 017tOl4 

.~ 
II = S II =7 II =7 II = S 11=5 II =4 II - 3 II = 12 II = 10 036 ± 0 23 

~, 
P -095 I' .. 0 99 p ... 0 23 p .. 0 58 I' ... 0 15 P sa 0 22 1' ... 0 6S P -015 P .. 074 

-1:~ 
The dcslgnullons Me .. 5 for T .tble 3 

L_ ~~~ 
f. 
1"~\, 
~~ ~~ \.t, 
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Table 9 
mraJiftl1 
~L;st o£ the APMV-2 stra1ns 1so1ated 1n 1994 

V I R USE S ABBREVIATIONS 

APMV-2/Ch1cken/Israel, Hadera/1545/94 3 Ch/Hadera/1545 

2 APMV-2/Ch1cken/Israel, Hadera/2058/94 3 Ch/Hadera/2058 

3 APMV-2/Turkey/Israel, Hatsav/2470/94 4 Ty/Hatsav/2470 

4 APMV-2/Turkey/Israel, Hatsav/1441/94 5 Ty/Hatsav/1441 

5 APMV-2/Turkey/Israel, Hatsav/1442/94 5 Ty/Hatsav/1442 

6 APMV-2jTurkey/Israel, Hatsav/822/94 5 Ty/Hatsav/822 

7 APMV-2/Turkey/Israel, Hatsav/2986/94 5 Ty/Hatsav/2986 

8 APMV-2/Turkey/Israel, Hatsav/2264/94 5 ry/Hatsav/2264 

9 APMV-2/Turkey/Israel, Ramot/1852/94 5 Ty/Ramot/1852 

10 APMV-2/Turkey/Israel, Ramot/513/94 5 Ty/Ramot/513 

11 APMV-2/Turkey/Israel, Ramot/1750/94 5 Ty/Ramot/1750 

12 APMV-2/Turkey/Israel, Ramot/1956/94 5 Ty/Ramot/1956 

13 APMV-2/Turkey/Israel, Ramot/37/94 5 Ty/Ramot/37 

14 APMV-2/Turkey/Israel, Ramot/2369/94 5 Ty/Ramot/2369 

15 APMV-2/Turkey/Israel, Ramot/40118/94 5 Ty /Ramot/40118 

16 APMV-2jTurkey/Israel, Herut/2161/94 7 Ty/Herut/2161 

17 APMV-2/Duck/Israel, Herut/1344/94 7 Dk/Herut/1344 

18 APMV-2/Duck/Israel, Herut/1750/94 7 Dk/Herut/1750 

19 APMV-2/Imper~al sandgrouse, T-A Zoo/3191/94 5 Imp sgr/Zoo 

====================================================================== 



Table 10 11ty o£ the APMV-2 stra2ns 2so1ated 2n 1979-81 

E S 

~'t~~ __ ~ 5!'>, 

~1 ~l' APMV-2jMallard/Israel, Ramon/4/T/79 1 

2 APMV-2jTurkey/Israel, K£ar-Hess/7/T/79 3 

3 APMV-2/Turkey/Israel, Kiar-Hess/l0A/E/79 3 

4 APMV-2/Turkey/I~rael, Kiar-Hess/l0B/E/79 3 

5 APMV-2/Turkey/Israel, Be2t-Shear2m/170/L/79 4 

6 APMV-2/Turkey/Israel, Sde-Yoav/15/C/79 9 

7 APMV-2/Ch2cken/Israel, M2shmeret/589/L/80 10 

8 APMV-2/Turkey/Israel, Rosh-Tsur2m/596/80 10 

9 APMV-2/Turkey/Israel, Bear-Tuv2a/676/E/80 10 

10 APMV-2/Turkey/Israel, Kiar-Harutz/685/E/80 10 

11 APMV-2/Turkey/Israel, Nahla/687/B/80 10 • 

12 APMV-2/Turkey/Israel, Bear-Tuv2a/752/B/80 11 

13 APMV-2jCh2ckenjIsrael, M2shmeretj803/Kj80 11 

14 APMV-2jTurkeyjIsrael, Nahla/812/80 

15 APMV-2/Turkey/Israel, Tsora/830jBj81 1 

16 APMV-2jTurkeyjIsrael, Talm2-Eh2elj837/B/81 1 

17 APMV-2/Turkey/Israel, Hatsavj4T/81 1 

18 APMV-2/TurkeyjIsrael, Hatsavj6T/81 3 

HA act2v2ty 

Nat2ve Heated 

64 48 

64 <2 

64 2 

32 2 

128 <2 

16 4 

64 <2 

16 <2 

32 <2 

16 2 

256 <2 

16 16 

16 <2 

16 <2 

32 <2 

64 <2 

64 4 

128 <2 

============================================================================= 



Table 11 Thermostab~l~ ty of the APMV-2 stra~ns ~solated ~n 1994 

VIRU-SES 

~-===---================================================================== 
~~ ..... ~~ ... (!i. .a .. ~ 

-:f~.; -
.. e-~ 

HA actl.vl.ty 

~-- Nat~ve Heated 
~~ ============================================================================ 

, , 
1 APMV-2/Chl.cken/Israel, Hadera/1545/94 3 32 <2 

2 APMV-2/Chl.cken/I~rael, Hadera/2058/94 3 256 256 

3 APMV-2/Turkey/Israel, Hatsav/2470/94 4 64 64 

4 APMV-2/Turkey/Israel, Hatsav/1441/94 5 64 <2 

5 APMV-2/Turkey/Israel, Hatsav/1442/94 5 64 <2 

6 JrMV-2/Turkey/Israel, Hatsav/822/94 5 16 <2 

7 APMV-2/Turkey/Israel, Ramot/1852/94 5 64 <2 

8 APMV-2/Turkey/Israel, Ramot/513/94 5 32 32 

9 APMV-2/Turkey/Israel, Ramot/1750/94 5 256 256 

10 APMV-2/Turkey/Israel, Ramot/1956/94 5 64 <2 

11 APMV-2/Turkey/Israel, Ramot/2369/94 5 128 <2 

12 APMV-2/Turkey/Israel, Ramot/40118/94 5 128 128 

13 APMV-2/Duck/Israel Herut/1344/94 7 32 <2 

14 APMV-2/Duck/Israel, Herut/1750/94 7 25B 256 

15 APMV-2/Imperl.al sandgrouse, T-A Zoo/3191/94 5 32 <2 
============================================================================= 

r 
; 

q1 



Table 12 Hemagglut~nat~on-elut~on pattern of the APMV-2 stra~ns 
~solated ~n 1994 

-====================~====================================================== 

V I R USE S RATE OF ELUTION 

============================================================================ 

1 APMV-2/Ch~cken/Israel, Hadera/1545/94 3 Non-eluter 

2 APMV-2/Ch~cken/Israel, Hadera/2058/94 3 Non-eluter 

3 APMV-2/Turkey/Israel, Hatsav/1441/94 5 Non-eluter 

4 APMV-2/Turkey/Israel, Hatsav/1442/94 5 Fast eluter 

5 APMV-2/Turkey/Israel, Hatsav/822/94 5 Non-eluter 

6 APMV-2/Turkey/Israel, Ramot/1852/94 5 Fast eluter 

7 APMV-2/Turkey/Israel, Ramot/513/94 5 Non-eluter 

8 APMV-2/Turkey/Israel, Ramot/1750/94 5 Non-eluter 

9 APMV-2/Turkey/Israel, Ramot/1956/94 5 Fast eluter 

10 APMV-2/Turkey/Israel, Ramot/37/94 5 Moderate eluter 

11 APMV-2/Turkey/Israel, Ramot/2369/94 5 Fast eluter 

12 APMV-2/Turkey/Israel, Ramot/40118/94 5 Non-eluter 

13 APMV-2/Duck/Israel, Herut/1344/94 7 Fast eluter 

14 APMV-2/Duck/IsraeI, Herut/1750/94 7 Non-eluter 

15 APMV-2/Imper1aI sand grouse , T-A Zoo/3191/94 5 Non-elnter 
============================================================================= 

t • 



Table 13 

Identification of the isolates as APMV-4 

===================================================================== 
HI TEST with ISOLATES 

REFERENCE VIRUSES 
0-9 C-25 T-27 

APMV-1 APMV-1/NDV/LaSota 20 10 40 

APMV-2 APMV-2 I chicken/California/Yucaipa/56 <10 <10 (10 . 
APMV-3a APMV-3/turkey/Wisconsin/67 <10 (10 <10 

APMV-3b APMV-3/parakeet/Netherlands/449/75 10 10 10 

APMV-4 APMV-4/duck/Hong Kong/03/75 320 320 160 

APMV-6 APMV-6/duck/Hong Kong/O199/77 <10 <10 <10 

APMV-7 APMV-7/dove/Tennessee/4/75 <10 <10 (10 

APMV-8 APMV-8/goose/Delaware/1053/76 (10 (10 (10 

APMV-9 APMV-9/duck/New York/22/80 <3,0 (10 (10 

APMV-? • APMV-? Ipigeon/Otaru/76 (10 <10 (10 
====================================================================== 

* Serotype APMV-5 CAPMV-5/budgerigar/Kunitachi) was not used in 
the studies since it was not available 



Table 14 HEMAGGLUTINATION INHIBITION CROSS REACTION 

VIRUSES 
ANTISERA ------------------------------------------------------------------------------

NOV APMV-4 C-9 C-25 T-27 
======================================================================================== 

o 3 23 + 0 98 3 53 ± 0 91 3 35 ± 0 78 1 18 ± 0 54 

NOV n = 5 n = 5 n = 5 n = 5 

P = 0 97 P = 0 97 P = 0 99 P = 0 91 
----------------------------------------------------------------------------------------

4 58 ± 0 98 0 -2 38 ± 1 12 -0 33 ± 1 26 -1 25 ± 1 53 

APMV-4 n = 3 n = 5 n = 6 n = 6 

P > 0 99 P = 0 91 
----------------------------------------------------------------------------------------

o 46 ± 1 16 o 45 ± 1 46 o o 91 ± 0 40 a 04 ± 0 41 

C-9 n = 5 n = 6 n = 6 n = 5 

----------------------------------------------------------------------------------------
o 01 :!: 0 55 a 03 ± 0 83 -0 06 ± 0 69 o -0 63 + 0 72 

C-25 n = 5 n = 5 n = b n = 6 

----------------------------------------------------------------------------------------
1 10 + 0 73 1 05 ± 1 37 -0 18 ± 0 21 a 80 ± 0 58 o 

T-27 n = 5 n = 6 n = 6 n = 6 

P = 0 79 

• Upper figure J ISod mean Ydlue (wllh stdnddnJ error) onog of the r~tlo between hOmlll0b-ous dnd hetcrolobouS HI tures when d given ~nllscrum WdS the Sdme forth~ two comp~rc:d 
Ylruses n IS d number of experiments lor edch p~lr of ~omp.lred Ylruses P I~ !>tudcnt 5 co.:fficlem of prob .. b,hty for the found dllTerence J lor d glycn numb~r a. expenments II U 15 
expres~ed ~s .. percemdgc of prob .. b,hty of the £ero hypOlh~~I~ I e the probdbduy th .. t the ,hllerencc J It.~lf .. hllers slgOlhcdntly from £ero The n.hdbdlty 01 the J \.Ilu~. (th~lr 
dllTerence from £ero) W.lS dcceplcd ... SlgOlficdnl If II w ... m dbreement Wllh F.~her ~ ~~cond .. rltenon of probdbdllY ndmely 95·~ probwb.hty (P = 0 95) When th~rc WdS no cross 
redC!lYlly belween Ylru~e. the J vdlue IS uprc~~~d ... mhnlty (CJJ) 



Table 1 5 :Recovery of separate VIruses from mn:ed Isolates by theIr treatment WIth APMV reference antIsera. • 

- ISOLATE 

51-152 

28-83 

29-86 

AntIserum used for the treatment 
of the Isolate 

anu-NDV 

antI-APMV4 

anu-NDV 

anu.-APMV-2 

anu-NDV 

anu.-APMV-2 

* after passagmg of the antIserum-treated Isolate 

HI WIth APMV annsera* 

antI-NDV anu-APMV-4 ann-APMV-2 

<120 1320 

1640 <120 

<120 1320 

1 160 <120 

<120 1320 

1 -1-80 <120 



Table 16 

~SSIFICATION OF ANTI-NOV MONOCLONAL ANTIBODIES BY THEIR REACTIVITY WITH 
PROTEINS OF STRAIN AUSTRALIA-VICTORIA IN ELISA AND ANTIGEN-CAPTURE ELISA 

TESTS ., 

================================================================= 

No 

MONOCLONAL 
ANTI130DY 
CLONE 

ELISA 
TITER 

MA13s REACTIVITY IN ANTIGEN-CAPTURE ELISA 
(per cent) 

----------------------------------------
M (15C9)*** 

================================================================= 
1 34Cl0 1_10000 100 16 a 
-----------------------------------------------------------------

42B3 1:5000 100 o a 
-----------------------------------------------------------------
3 28E7 1 5000 100 a a 
-----------------------------------------------------------------
4. 2408 1 1000 100 a o 
-----------------------------------------------------------------
5 3E2 1 5000 100 a a 
-----------------------------------------------------------------
6 14F11 1 5000 100 a 2 
-----------------------------------------------------------------
7 28C10 1 10000 100 4 a 

8 3002 1 5000 100 6 a 

9 3E3 1 5000 100 4 a 
---------------------------------------------------------------~-
10 2G7 1 1000 100 a a 

11 385 1 1000 100 1 

12 6E4 1 2000 6 100 2 

13 6E6 1 2000 3 100 3 

14 lFJ 1 10000 10 100 a 

15 1D2 1 1000 3 100 5 

16 1F10 1 5000 a 100 a 
-----------------------------------------------------------------
17 4F11 1 5000 7 100 a 
-----------------------------------------------------------------
18 1509 1 10000 a a 100 
-----------------------------------------------------------------
19 38El0 1-10000 3 2 100 
-----------------------------------------------------------------
20 15F2 1 1000 a a 100 
-----------------------------------------------------------------
21 2509 1-10000 3 100 
-----------------------------------------------------------------
22 4303 1 5000 a a 100 
-----------------------------------------------------------------
23 1307 1 1000 o o 100 
================================================================= 

* 
** 
*** 

30C2 is a representat~ve MAB from a pane~ qu~~f~ed as ant~-HN 
by RIP test 
1F2 ~s a representat~ve MAS from a pane~ qu~~fied as ant~-F 
by RIP test 
15C9 ~s a representative MAB from a pane~ qu~ified as anti-M 
by RIP test 
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Fig 1 Structural polypeptides of the PMV-2 ViruS Isolates I 2, 3-parts of the figure 
representmg different expenments, L, H1'I, NP, Fl and M-structural viral polypeptides, 
Act-actIO A and B are desIgnations of the two groups mto which the Israel! Isolates could 

be dlstnbuted 
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FIg 2 Gra.~~llc dIsplay of antlgemc relationshIps between prototype and Israeli reference 
PMV-2 Vlruses 



1=19 3 

Isolatl.on of HA agents from domestl.c and feral bl.rds l.n Kenya 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PLACE DATE 

No 1 ISOLATE 1 AVIAN 1 ORGAN/ of of 1 PASSAGE 1 

No 1 SPECIES 1 SWAB 1 ISOLATION 1 ISOLATION 1 No ----1---------1------___ 1 __________ 1 ___________ 1 ______ - ____ 1 _________ 1 

1 KRC62 Chl.cken Cloaca KARIOKOR 24 06 94 ") ... 
2 KRC63 24 06 94 2 
3 KRC64 24 06 94 " '"' 
4 KRC65 24 06 94 2 
5 KRC74b 24 06 94 2 
6 KRC75 24 06 94 ") ... 
7 KRC81b 24 06 94 2 
8 KRC83 24 06 94 ~ ... 
9 KRC92 24 06 94 2 

10 KRC93 24 06 94 3 
11 KRC97 24 06 94 2 
12 KRC98c 24 06 94 J 
13 KRC101 07 07 94 2 
14 KRC102 07.0.7 94 ~ 

15 KRC103 07 07 94 2 
16 hRC106l. 07 07 94 -.. 
17 KhC108 07 07 94 2 
18 KRC109 07 07 94 .. 
19 KRC114 07 07 94 2 
;'0 KPC12 07 07 94 
21 KhC123 07 07 94 2 
22 KRC125 07 07 94 ... 
2~ KRC126c 07 07 94 2 
24 KRC127b 07 07 94 J 
25 KRC128 07 07 94 2 
26 KPC131 07 07 94 .., .. 
27 KRC1:':b 07 07 94 ~ 

'"' 
.. 8 KRClJ4. 07 07 94 ;. 
29 KnC131) 07 07 94 2 
30 KRC1J7 07 07 94 J 
~1 KRC1~9 07 07 94 2 
J;' }<"RC14' 07 07 94 I .. 
33 KRC14 ~ 07 07 94 2 
J4 KRC14i 07 07 94 2 
35 KhC149 07 u7 94 2 
36 KRCl50 07 07 94 .. 
37 KF\C1S1 uS 07 94 1 
.:18 KRC15~a 08 07 94 J 

39 KRC181 08 07 94 2 
40 KRC184 08 07 94 .. 
41 KRC213 14 07 94 ") .. 
4..: KRC2..:1 14 07 94 2 
43 KRC223 14 07 94 2 
44 KRC236 14 07 94 1 
45 KhC2~7 14 07 94 2 



FIg 3 (Continuation) 

Isolat~on -of HA agents from domest~c and feral bl.rds ~n Kenya 

---------------------------------------------------------------------
46 KRC238 Ch~cken Cloaca KARIOKOR 14 07 94 .2 
47 KRC.239 14 07 94 1 
48 KRC242 14 07 94 2 
49 KRC244 14 07 94 .., .. 
50 KRC250 14 07 94 2 
Sl KRC251 19 07 94 3 
52 KRC252a 19 07 94 4 
5J KRC257 19 07 94 2 
54 "RC2b3 19 07 94 1 
55 KRC267b 19 07 94 4 
56 KRC270 19 07 94 2 
57 KRC279 19 07 94 .2 
58 KRC290 19 07 94 2 
S9 KRe322 21 07 94 ... .. 
60 KRC362 21 07 94 2 
61 KRC457 09 08 94 3 

62 KBC1 KABETE 18 09 94 2 

63 A3Y4a Lung/Tra 1S 06 94 2 
64 1\457 Man:ow KE1UCHO 17 07 94 3 
65 A458a 17 07 94 3 
66 1\400 17 07 94 2 
67 A4.62 17 0"" 94 4 
68 1\466 Lung/Tra NAIROBI 18 07 94 2 
69 A554 Marrov. NAKURU 12 08 94 " .. 
70 47C' Cloaca KERUGOYA 29 09 94 2 
71 sse NAKURU 29 09 94 .2 
72 62C KERUGOYA 29 09 94 ... .. 
73 63C 29 09 94 ,., .. 
74 6bC 29 09 94 2 
75 76D Duck 29 09 94 .2 

76 DV 14119 2 Lung/Tra KIAMBU 07 04 92 2 
77 Dv93/93 Lung/Tra 04 06 93 1 
78 DV103/94 Lung/Tra 01 09 94 2 
79 DV107/94 Lung/Tra 14 09 94 1 
80 DV21195 Cloaca 27 01 95 1 

81 TD1 Duck THIKA 29 09 94 ., .. 
82 TD2 29 09 94 1 
83 TTL Turkev 29 09 94 1 
84 TT2 29 09 94 1 
85 TT3 29 09 94 1 
86 TT4 29 09 94 1 
87 TC1 Ch~cl(en 29 09 94 1 
88 TC2 29 09 94 1 
89 TC3 29 09 94 1 



Fig 3 (Continuation) 

IsolatJ.on of HA agents from domestic and feral birds in Kenya 

---------------------------------------------------------------------
90 KWC1 KAWANGWARE 02 06 94 1 
91 KwC3 02 06 94 1 
92 KWC10 02 00 94 2 
93 KWC11 02 06 94 I. 

94 KWC13 02 06 94 1 
95 KWC19 02 06 94 1 
96 KWC21 02 06 94 2 
97 KWC22 02 06 94 1 
98 KWC23 02 06 94 2 
99 KWC30 02 06 94 2 

100 KtJC43 02 06 94 1 

101 KLC2 KALOLENI 14 06 94 .... 
"" 

102 KLC3 14 06 94 -, .. 
103 KLC5 14 06 94 2 
104 KLC15 14 06 94 1 
105 KLC16 14 06 94 1 
106 KLC17 14 06 94 .... 

"" 107 KLC1S 14 06 94 2 
108 KLL19 14 06 ~4 

109 t{LC20 14 06 94 2 
110 KLC21 14 06 94 -... 
111 :<LC::::2 14 06 94 1 
11", KLC3J 14 06 94 I. 

113 WCl WESTLANDS 18 06 94 2 
114 WC.! 18 06 94 3 
115 WC3 18 06 94 2 
116 WCS 18 06 94 1 
117 WC8 18 00 94 2 
118 WC10 18 06 94 1 
119 WC15 18 06 94 2 
120 WC16 18 06 94 2 
121 WC20 18 06 94 2 
12.! WC21 18 06 94 -.. 
123 WC24 18 06 94 2 
124 WC;'6 18 06 94 2 
125 WC28 18 06 94 2 

126 KTC1 Turkey NAIROBI 15 12 94 1 

127 Cloacal Duc~ RUARAKA 20 11 94 .... .. 
128 LST ChJ.cken Lung/Tra/LJ.en CHUKA 21 11 94 .. .. 
129 Trachea Trachea EMBU 20 11 94 2 



Fig 3 (Continuation) 

Isolat~on of HA agents from domest~c and feral birds 1n Kenya 

130 K1 W~ld b~rd Cloaca 15 02 95 '\ .. 
1~1 K2 15 02 95 2 
132 K3b 15 02 95 2 
1:3 K6 15 02 95 2 

134 K8 15 02 95 1 
1':5 K9 15 02 95 2 
136 Kll II 15 02 95 ., .. 
137 K12 15 02 95 1 
138 K13 15 02 95 2 
139 K14 15 02 95 2 
140 K16 15 02 95 2 
===================================================================== 

., 
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FIQ 4a SDS-PAGE analYSIS of the NDV polypeptldes ~Australla-Vlctorla =~r~ln} 

I mmlanOpreCI PI tated by monoclonal ahbodles (lane 1-lfl) from 1 ysates of VI

rus-Infected BHV-21 cells labelled wIth [SSJ-methlonIne Lane (a) molecu

lar weIght markers; Lane (b) ~SJ-methlonlne-Iabelled vIrus-lnfected cell 

lysate. Lane (c) C3HJ-glucosam~ne-labelled vIrus-Infected cell lysate. 

MAS clones: 1 - 34CI0, : - 42B3, :! - :SE7, 4 - 24CS, 5 - :E2, 6 - 14Fll, 

7 - 2SCI0. 8 - :OC2. 9 - :E:, 10 - 287. 
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Flg.4b. SDS-PA6E analYSIS of the NDV polypeptIdes (AustralIa-VIctorIa straIn) 

Immunopreclpltated by monoclonal atibodies (lane 1-7) from lysates of VI

rUS-Infected BHK-21 cells labelled wIth esSl-methIonlne. Lane (a): molecu

lar weIght markers; Lane (b) (~$SJ-methIonlne-labelled VIrUS-Infected cell 

lysate: Lane (c). r3 HJ-glucosamlne-labelled VIrUS-Infected cell lysate. 

NAB clones' 1 - 3B5. 2 - 6E4, 3 - oEo. 4 - 1F:, 5 - 102, 6 - 1F10 , 

7 - 4F11. 

. no 
t 

.. • 
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FIg"~C SDS-PAGE analysIs of the NDV polypeptIdes (AustralIa-VIctorIa S~raln) 

Immunopreclpltated by monoclonal atlbodles (lane 1-0) from lysates of VI

rUS-Infected BHK-21 cells labelled WIth ~SJ-methlonlne" Lane Ca)" molecu

lar weIght markers; Lane {b} C35SJ-methlonlne-labelled vIrus-Infected cell 

lysate MAB clones: 1 - 1~C9, 2 - 79Eln. : - 15F:, 4 - :SC9, 5 - 4:C9, 

6 - 1:C7 
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Flg ~d. SDS-PAGE analysIS o~ the NDV polypeptIdes (Austral I a-VIctorl a =~raln) 

Immunopreclpltated by monoclonal atlbodles (lane 1-10) ~rom lysates o~ VI

rus-lnfected EHK-21 cells labelled wlth C.:tHJ-'Jl'..Lcosamlne Lane (a): r3 HJ-glu

cosamlne-labelled vlrus-lnfected cell lysate 

NAB clones: 1 - ~4C10, 2 - 42E~, 3 - 28E7, 4 - 24CB, 5 - 3E2, 6 - 14F11, 

7 - 28C10, 8 3E:, 10 - 267. 11 - :B5. 1: - ~E4. 1: - ~Ec, 

1..1 - 1F: .. 15 - 1D~. 10 - 1F10. 17 - 4Fll 

BEST AVAfLABLE COpy 



, 
i, 
" 

~ 

Fig 5 E PIT 0 r E rl S S I G H tl E t~ T S IJ F n tI T I - f1 

t1 0 t~ I) C L n N n L n t~ T I B 0 [.1 I E S 

IIJmUlIWWU9III_lIIInlaitmlruaIDIOOiUIDIDlRtIRlDlUmmmmmIlIIIlIMUDllllmnmldnnmmIImIBlRmlnmlnnnDnulillIDIBlIIIUI~.IIJII!IIIIIMIIRIO_IIIIIIIIDIIlII.IIIIIIIIIIIIIID. 

Lotlre+1ng B 1 0 + 1 n ~ J a + e d n n t 1 bod y 
====~=========================================================================== 

On+l
genIc 
sl+e On t-lbod'=.l 

1 " 3 ~1 S (, 7 

_IDIDIIIIIIIIIIIIJ_mmmmIDIMlmmWRIIIIMIBIDIBIIIII n~lIIIIlIIiU'li\n!1llillmnmllllMliIIU 1 + " ~51i1;"""". r- + + I 

+ + 

+/-+ + , 

rS3o:j""11 

+ 

+ + + 

.... 
'- r16g21 + + + 

3 r 150::9) + + 

"1 r;:Sc91 l: + + + ~ I 
5 12~dO) + + + + + 

b (15fJO I I + + 
.., 1<12.::;31 + 

g ( ~Od'll + 

" r25bl11 + 

11] I': =lbl I ~/-

11 (15f31 +/-

12 (15fc:.1 + ,,-
I 

13 11SF'11 +,..-

8 9 In l1 12 13 1.::1 15 

amntIBmlIDmUBIIDlIMdnlHBl1l111 IiiMIIBIliIIllIllI_IMWIUIIDDLlIIUmIIIIIIIBIIIIIIIlDDI 

+/- 1 

1 

1 

1 

+/- 1 2 

2 

~ + + + + + + 3 

+ + + + + + + 3 

+ + + +, - + - + .. 3 

+ + + + + + + -I '3 

+ + + + + + 
+ :-1 3 

+ .. + .. .. + 3 

+ \ .. + + + + + 1 3 

1 'I I 13. r' I + + + + + + + + J - I 3 

1:' I Je J J'" I - - - - - - + - - of"- + - ~ + + + 3 "1 

lummmlWml __ lIIIllam __ MnnlMlnlsmlllllll~mmmlmIIll!IDIlItmHllDlllmllWmmmll_._._llllmdI!IJIIIlIIlBumnmnlMlammlDlmll1lBlllM 

+, >(,0' COttr'=" tIl 11::011 J + '- J 50-f)0'" C"ttpe i 1 + 1 "1'1 J <5n' COllpet 1 t Ion 



Fig 6 Immunoprec~p~tat~on assay w~th monoclonal ant~Dod~es aga~ns~ 

F prote~n of ~he NTIV ~Austral~a-V~ctor~a stra~nl 

HN 

F 

2 345 6 7 

5DS-PAGE ana~ys~s of ~ne NDv po~ypep~~Qes ~mmunopreclF~~a~€Q b j rncnc

clonal ant~bod~es from lvsates of v~rus-~nfected BrlK-21 cells laDelled 

wl~h [~5S)-me~nl0n~ne 

Lane A molecular we~ght markers 

La~ne B - (~5S]-me~n~onlne-~abel~ea v~rus-~nfec~ea cell lysate 

Lane C - (~H]-g~ucosamlne-label~ed v~rus-~nfec~ea cel~ ~fsa~e 

MAb clones 1 - Fla 2 - Fl 2a 3 - F2a 4 - F2c, 5 - F2d 

6 - F~a 7 - F~c 



FIg 7 Epitope assignment; of antl-rlN monoclonal antlbodies 

B lot 1 n y 1 ate d Ant 1 bod y 
CompetIng =====================================================--============================== qenlc 

AntIbody HNla HNlb HNl :a HNI ~b HNI 2c HNl 20 HNl ~e HN:a HN~b HN~a HN4a HN4b HN4c H~6 

HNla 

HNlb 

HNI ~a 
I 

HNl :b II + 

I 
HtH ~c I + 

hNl :d
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I t 
HNI _ 

H~Ca 

Hr~3a 

HN4a 

Ht440 
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+ 

+ 

"'" 

+ 

+ 

+ + + + +/-

+ + + + +/-

+ + + + + T 

t I +/-

+ + + + + + + 

T T + + + + + +/-

+ + + + + + + +/-

T T + + T + + 

T + + + + T + 

T + + + + + + 

8 
+ 

+ T + 

+ + + 

8 

T Ollt c.::impet. tIon T- 511-oUt CDmpetl tl on. - 15111 competl t1 on 

SIte 

I -

1 -

1 :: 

1 ~ 

4 

4 
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FIg 8 Immunoprec~p~~a~~on assay w~~n monOCLonaL an~~bOQle3 aga~n3~ 

HN pro~e~n of the NDV ~Austral~a-V~ctor~a s~ra~n) 

SDS-PAGE anaLYs~s of ~he NDV pOLypep~~Qes ~mmunoprec~p~ta~ed oy mono

CLonaL ant~bod~es from lysates of v~rus-~nfected Bh~-21 ~ells laoelled 

w~~n [J5S]-me~n~on~ne 

Lane ~ - molecular we~qht markers 

Lane B - [J5S]-me~n~on~ne-LabelleQ v~rus-~nfec~eQ ceLL Lf3a~e 

Lane C - (3H]-qlucosam~ne-labelled v~rus-~nfected cell lysate 

MAb CLones 1 - HrHa 

6 - hN3a 7 - hN4a 8 - hN4c 9 - HNSa lU - hNl 2e 



Fig 9 EpItooe ~sslgnmen!5 of antl-HN monoclonal antIbodIes 
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Fig 10 

Enders-Ruckle v~rus (Av~an para~nfluenza-2 v~rus) 

~ FASTN (ap50.seq, 1633 bases versus v~ral l~brary) 
================================================================== 

ENSBL 9/90: Mumps v~rus HANA (97.3% ~dent~ty ~n 1294 NT overlap 

l' AACCTCAC . . . . . . . . ... 
41" ATGATTTCTCCATCGGCAATCCACTCAACATGCCTAGCTTTATCCCAACTGCAACCTCAC 

9 1 CCAATGGTTGCACAAGAATTCCATCCTTTTCTTTAGGTAAGACACACTGGTGTTACACAC .. ....... . ... . .... ... . . . .. .. ......... .. . · . . . . . . .. ..... ... . . . .... .... ...... .......... . 
01" CCAATGGTTGCACAAGAATTCCATCCTTTTCTTTAGGTAAGACACACTGGTGTTACACAC 

69' ATAATGTAATTAATGCCAACTGCAAGGATCATACTTCATCCAACCAATATGTTTCCATGG · . . .. ......... . . .. .. ........ . · . · . . . . . . . . . . . .. ... . .. .... · . . . . . . . . . . . . .. .... .. 
61" ATAATGTAATTAATGCCAACTGCAAGGATCATACTTCATCCAACCAATATGTTTCCATGG 

29' GGATTCTCGTTCAAACCGCGTNAGGGTATCCCATGTTCAAAACCCTAAAAATCCAATATC · . . . . .. .... . . . . · . . . . . . . . . . .. ... ......... . · . . .. ... ... . . . . · .. · . . . . .. . . ... ...... . 
21" GGATTCTCGTTCAAACCGCGTCAGGGTATCCCATGTTCAAAACCCTAAAAATCCAATATC 

89' TCAGTGATGGCCTGAATCGGAAAAGCTGCTCAATTGCAANAGTCCCTGATGGTTGCGCAA .. .... . .. . · . . . . · ..... . .. . · .. . . .. . .. ... . . . . . . . . . . · . . .. . . .. . . . . . . 
81" TCAGTGATGGCCTGAATCGGAAAAGCTGCTCAATTGCAACAGTCCCTGATGGTTGCGCAA 

49' TGTACTGTTACGTTTCAACTCAACTTGAAACCAACGACTATGCGGGGTCCAGCCCACCTA · . . . . . .. . .. . · .. . ....... . :::::.a::::-.- ::::::: :::: · . .. .. · . . . . 
41" TGTACTGTTACGTTTCAACTCAACTTGAAGCCAACGACTATGCGGGGTCCAGCCCACCTA 

09' CCCAGAAACTTACCCTGTTATTCTATAATGACACCATCACAGAAAGGACAATATCTCCAT .. ...... .... . . . . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . .. .. . .. . . .............. . . . . . .. ... . . .. .. 
01" CCCAGAAACTTACCCTGTTATTCTATAATGACACCATCACAGAAAGGACAATATCTCCAT 

69' CTGGTCTGGAAGGGAATTGGGCCACTTGGGTGCCAGGAGTGGGGAGGGGAATATATTTCG 
.. :. : !'.:: : :: .. :r: -e::.::::::· :. ::e .::. .:: . . . . 

61" CTGGTCTTGAAGGGAATTGGGCTACTTTGGTGCCAGGAGTGGGGAGTGGAATATATTTCG 

29' AAAATAAGTTGATCTTTCCTGCATATGGGGGTGTCTTGCCCGATAGTACACTAGGAGTTA .. .. ...... .. ... . · . . . .. .... .. .. . . .. .... .. · . . . . . . . 
21" AAAATAAGTTGATCTTTCCTGCATATGGGGGTGTCTTGCCCAATAGTACACTAGGAGTTA 

89' AATCAGCAAGAGAATTTTTCCGGCCCGTTAATCCATATAATCCATGTTCAGGACYACCAC · ... . .. . .. · . .. . .. . . .. . . . . .. · . . ... .... .. . ..-· ... · . . .. .. . . . . . . . . 
81" AATCAGCAAGAGAATTTTTCCGGCCCGTTAATCCATATAATCCATGTTCAGGACCACCAC 

49' AAGAGTTAGATCAGCGGGCTTGGAGATCATATTTCCCAAGATACTTCTCTAGTCGAAGGG 
::: :- : : .: :.t . . . . . . . . 

41" AAGAGTTAGATCAGCGTGCTTTGAGATCATATTTCCCAAGATACTTCTCTAGTCGAAGGG 

09' TACAGAGTGCATTTCTGGTCTGTGCCTGGAATCAGATCCTAGTTACAAATTGCGAGCTAG · .. .. . . .. .... .. · . . .. .. . ... . · . . . · . .. . · . . . . . . . . · - . .. .... 
01" TACAGAGTGCATTTCTGGTCTGTGCCTGGAATCAGATCCTAGTTACAAATTGCGAGCTAG 

69' TTGTCCCCTCAAACAATCAGACACTGATGGGTGCAGAAGGAAGAGTTTTATTGATCAATA .. .... .. . .. · .. .. .... .. . . · . ... . . . : . . . . . . . . · . . . . . · . . · . . . · . .. . · . . . . 
61" TTGTCCCCTCAAACAATCAGACACTGATGGGTGCAGAAGGAAGAGTTTTATTGATCAATA 



Fig 10 
C ()h f:I nu e( run...,. 

.. . .. .... . ... . . . . . . . . . ... . . . .. .... ...... ... . .. .... ...... ... . . . . . . . . . . . . .. ....................... . 
21" ATCGGCTATTATATTATCAGAGGAGTACTAGCTGGTGGCCGTATGAACTCCTCTATGAGA 

789' TATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCCTGGATACCTATAT · . . . . . . .. ........ .. . . . . . . . . .. . ............. ...... . · .. .. ............. ........ . ..................... ..... . 
1381" TATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCCTGGATACCTATAT 

849' ATTCATTCACTCGTCCTGGTTCGGGCAACTGCAGTGGTAAAAATGTATGCCCANCAGTCT 
.. .. . .... z.. 11- ••• •••••• • • • • • • • • • • • • • •• • ••••• .. .. . .. ·1··· ~ . . . . . .. . . . . . . .. ..... ... ...... . 

1441" ATTCATTCACTCCTCCCGGTTCGGGCAACTGCAGTGGTAAAAATGTATGCCCAACAGTCT 

909' GTGTATCAGGAGYTTATCTTGATCCCTGGCCATTGACTCNATACNGCNACYAATNAGGCA · . . . . . . . . . . . . ... . .. .. .~. . . .. ... . . .... · . ...... . . . .. . ........ . . . ~ . . . . . . . . . . . . . . . . . . . . . . 
1501" GTGTATCAGGAGTTTATCTTGATCCCTGGCCATTAACTCCATACAGCCACCAATCAGGCA 

969' TTAACAGAAATTTCTATTTCACAGGTGCACTGCTAAATTCAAGCACAACNAGGGTGAATC · . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . .. .. ....... .. · . . . .. ....... ..... . . . . . . . . . . .. ........... ...... .. 
1561" TTAACAGAAATTTCTATTTCACAGGTGCACTGCTAAATTCAAGCACAACCAGGGTGAATC 

1029' CTACCCTTTATGTCTCTGCCCTTAATAATCTTAAAGTTCTAGCCCCATATGGTACTCAAG · .. ..... .. .............. . .. .............. ...... . · .. .. ....... ......... ... . . . . . . . .. ... ..... ... .. . 
1621" CTACCCTTTATGTCTCTGCCCTTAATAATCTTAAAGTTCTAGCCCCATATGGTACTCAAG 

1089' GATTGTTTGCATCATACACCACAACNACCTGCTTTCAAGATACCGGTGACGCTAG-GTGT · . . . . .. .. ... . . . . . . . . . · .. ........................ .. . • • • • • • • • • • • • •• •• !i. •••• . . . . . . . . .. .... .. ~ . . . 
1681" GATTGTTTGCATCATACACCACAACCACCTGCTTTCAAGATACCGGTGACGCTAGTGTGT 

1148' ATTGTGTCTATATTATGGAACNAGCATCGAATATTGTTGGAGAATTCCAAATTCTACCTG · .. ..... ... ... .. ............. . .. ..... ... .. - .-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... ......... . 
1741" ATTGTGTCTATATTATGGAACTAGCATCGAATATTGTTGGAGAATTCCAAATTCTACCTG 

1208' TGCTAGCCAGATNNNCCATCACTTGAGTNGTAGTGAAYGNAGCAGGAAGCTTTATGGGCG .. .... . . . ... . . . . . . . . . . .. . . ...... . . .. ... . . . . . . . . . . .. .... . . . . . . 
1801" TGCTAGCCAGATTGACCATCACTTGAGTTGTAGTGAATGTAGCAGGAAGCTTTATGGGCG 

1268' TGTCTCATTTCTTATCGATTA~~z~~~ · ... . . . . . . . . . . · ... .. .. . . . . . . ':'l$~r 
1861" TGTCTCATTTCTTATCGATTA 

li-l'QII'.J 

TGAGATAT 

S-ta rt ()/ L gene 

MUMMPSHN 3/90, Mumps v~rus HN mRNA for hemagglut~n~n, 92.3% ~dent~ty 

l' AACCTCA ... ~ .. . . . - .. 
541" CATGATTTCTCTATCGGCCATCCACTCAACATGCCTAGCTTTATCCCAACTGCAACTTCA 

8' CCCAATGGTTGCACAAGAATTCCATCCTTTTCTTTAGGTAAGACACACTGGTGTTACACA 
.. :: ::: .:::::-.::::::. ···of: .. :::.:::::::: .. ~::.::. 

601" CCCAATGGTTGCACAAGAATTCCATCCTTTTCTCTAGGTAAGACACACTGGTGCTACACA 
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Fig 10 
"7n/-t'nucrt'lon 

76' CTCCTCTANGAGATATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCC .. ..... . ... .. . .. . . . . . . . . . .. ....... . .. . . . , · . . . . . . . .. . .... ... . . . . . . . . . . .. .. ... . ... .. .. 
381" CTCCTCTATGAGATATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCC 

836' TGGATACCTATATATTCATTCACTCGTCCTGGTTCGGGCAACTGCAGTGGTAAAAATGTA 
· . . . . . . . .. ...... ... . . . f·· .. , .. . ..... ,. . .. . .. · . . .. ....... ... ... ... . . . .. .. ....... . 

1441" TGGATACCTATATATTCATTCACTCGTCCTGGTTCAGGCAAATGCAGTGGTGAAAATGTA 

896' TGCCCANCAGTCTGTGTATCAGGAGYTTATCTTGATCCCTGGCCATTGACTCNATACNGC 
...... ft·,,·· .. , .. , ................ , 0' ... , .. · . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. .. . 

1501" TGCCCAATTGCTTGTGTGTCAGGGGTTTATCTTGATCCCTGGCCATTAACGCCATATAGC 

956' NACYAATNAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTGCTAAATTCAAGCACA .. .. ... .. .. .............. ......... .. " .. . .. . .. .. . .. · . .. ....... ... . .. .... ........ . . . .... ... . . . . . . . . . . . . .. 
1561" CACCAATCAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTATTAAATTCAAGCACA 

~016' ACNAGGGTGAATCCTACCCTTTATGTCTCTGCCCTTAATAATCTTAAAGTTCTAGCCCCA 
· .. ,. ·t- ...... .... . ....... , ....... -, ...... . .. . . .. ... . . . .. . ...... . ...... .. .. . .... . 

621" ACCAGAGTAAATCCTACCCTTTATGTCTCTGCCCTTAATAACCTTAAAGTACTAGCCCCA 

076' TATGGTACTCAAGGATTGTTTGCATCATACACCACAACNACCTGCTTTCAAGATACCGGT · . . . .. . ....... ,.. ....... ~ .. ....,... .... ... .. •••• • •••••• ••• y •• ~ •• y ••••••••••• ... ..... ... .. . ... ........... . . 
.681" TATGGTACTCAAGGACTGTCTGCCTCGTACACCACAACCACCTGCTTTCAAGATACCGGT 

.136' GACGCTAG-GTGTATTGTGTCTATATTATGGAACNAGCATCGAATATTGTTGGAGAATTC 
::~::,.:,.: : : ::: f": :::::: : _:: .. :::,_:::-:::-::. 

1741" GATGCCAGTGTGTATTGTGTTTATATTATGGAACTAGCATCGAATATCGTTGGAGAATTC 

195' CAAATTCTACCTGTGCTAGCCAGATNNNCCATCACTTGAGTNGTAGTGAAYGNAGCAGGA 
: .. ::::-.: :-:-:: ,:: f· : : : : : : : : : . . f: :: .. . . . 

801" CAAATTCTACCTGTGCTAACCAGATTGACTATCACTTGAGTAATAGTGAATGCAGCGAGA 

J..861" GGNNCTACNGGNGT 

C 

Start cf L.11.. 11e, 
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Fig 11 

Enders-Ruckle V1rus (Av1an para1nfluenza-2 v1rus) 

,SAR FASTN (ap50 seq, 1633 bases versus v1ral l1brary) 
==================================================================== 

MUMHN Mumps V1rus hemagglut1n1n-neuram1n1dase, 91.8% 1dent1ty 

l' AACCTCACCCAATGGTTGCACAAGAATTCCATCCTTTTCTTTAGGTAAGACACAC · ,. .. .. · . . . . . . . . .. . r . . . . .. . . . . 
601" ACTGCAACTTCACCCAATGGTTGCACAAGAATTCCATCCTTTTCTCTAGGTAAGACACAC 

56' TGGTGTTACACACATAATGTAATTAATGCCAACTGCAAGGATCATACTTCATCCAACCAA 
:: ·t:f -:-. ·-f:· ..... :::::. ·i ::: 

661" TGGTGCTATACACATAATGTGATTAATGCCAACTGCAAGGATCATACTTCGTCCAACCAA 

116' TATGTTTCCATGGGGATTCTCGTTCAAACCGCGTNAGGGTATCCCATGTTCAAAACCCTA 
:: .:: :: .:.: .: .. :. f::::·:· ::::::- ,.: ·f:-

721" TATGTTTCCATGGGGATTCTCGTTCAGACCGCGTCAGGGTATCCTATGTTCAAAACCTTA 

176' AAAATCCAATATCTCAGTGATGGCCTGAATCGGAAAAGCTGCTCAATTGCAANAGTCCCT . . ... ... . . ... . . . . . . . . . . . . . . . . . . . . .. ..... . .. .. . ... . . ..... .. ......•.... . ........ .. . 
781" AAAATCCAATATCTCAGTGATGGCCTGAATCGGAAAAGCTGCTCAATTGCAACAGTCCCT 

236' GATGGTTGCGCAATGTACTGTTACGTTTCAACTCAACTTGAAACCAACGACTATGCGGGG 
: .:: " :: :: : : : : .. : : : f: .. : : : : : : : : , .. : f: : : . : : : : . : : . 

841" GATGGATGCGCAATGTACTGTTACGTCTCAACTCAACTTGAGACCGACGACTATGCGGGG 

296' TCCAGCCCACCTACCCAGAAACTTACCCTGTTATTCTATAATGACACCATCACAGAAAGG 
.. :: :: :::- f·::· ·:·:f:·· ::::: f 

901" TCCAGCCCACCTACCCAGAAACTAACCCTGTTATTTTATAATGACACCGTCACAGAAAGG 

356' ACAATATCTCCATCTGGTCTGGAAGGGAATTGGGCCACTTGGGTGCCAGGAGTGGGGAGG 
· . . .. .. 

• • 0 

. , ,. : : . : , 
961" ACAATATCTCCATCTGGTCTGGAAGGGAATTGGGCTACTTTGGTGCCAGGAGTGGGGAGT 

416' GGAATATATTTCGAAAATAAGTTGATCTTTCCTGCATATGGGGGTGTCTTGCCCGATAGT 
:t: o : f:o , ••• 0 , 

1021" GGTATATATTTCGAGAATAAATTGATCTTTCCTGCATATGGGGGTGTCTTGCCCAATAGT 

476' ACACTAGGAGTTAAATCAGCAAGAGAATTTTTCCGGCCCGTTAATCCATATAATCCATGT 
· . . C' • • ,. .. :t o 00 f' :0:: , t 

1081" ACACTCGGAGTTAAATTAGCAAGAGAATTTTTCCGACCTGTTAATCCATATAACCCATGC 

536' TCAGGACYACCACAAGAGTTAGATCAGCGGGCTTGGAGATCATATTTCCCAAGATACTTC 
:f :: .-, -::: f··::,:· -t: , , 

1141" TCAGGACCACAACAAGATTTAGATCAGCGTGCTTTGAGATCATACTTCCCAAGTTACTTA 

596' TCTAGTCGAAGGGTACAGAGTGCATTTCTGGTCTGTGCCTGGAATCAGATCCTAGTTACA 
:{ .. : {': .. : :. :::,: : .. : .. 

1201" TCTAATCGAAGAGTACAGAGTGCATTTCTTGTCTGTGCCTGGAATCAGATCCTAGTTACA 

656' AATTGCGAGCTAGTTGTCCCCTCAAACAATCAGACACTGATGGGTGCAGAAGGAAGAGTT · . . .. .. .......... ...... . o · . . .. . . . . . .. ...... . o • 

1261" AATTGCGAGCTAGTTGTCCCCTCAAACAATCAGACACTGATGGGTGCAGAAGGAAGAGTT 

716' TTATTGATCAATAATCGGCTATTATATTATCAGAGGAGTACTAGCTNGCNGCCGTATGAA 
.: .:,.-: ... :-.:-:::::-,::::, :.-, 

1321" TTATTGATCAATAATCGACTATTATATTATCAGAGAAGTACCAGCTGGTGGCCGTATGAA 

if 



,. , 

, , 

Fig 11 
Cc7nr"J7U a ?flO I? 

76' CTCCTCTANGAGATATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCC . . .. . .. . .. .. . . . .. .... .. . . . . .. . ... . . . . . . . . . . . . . . 
.... 381" CTCCTCTATGAGATATCATTCACATTTACAAACTCTGGTCAATCATCTGTGAATATGTCC 

836' TGGATACCTATATATTCATTCACTCGTCCTGGTTCGGGCAACTGCAGTGGTAAAAATGTA .. . ..... .. . . . ... , ., . . . ... . ,. . .. . ... . .. . . . . . . . . . . . . . . .. 
1441" TGGATACCTATATATTCATTCACTCGTCCTGGTTCAGGCAAATGCAGTGGTGAAAATGTA 

896' TGCCCANCAGTCTGTGTATCAGGAGYTTATCTTGATCCCTGGCCATTGACTCNATACNGC · . .. ".". .. , .... ,- ... . . . ... ..." . . ,. . ... . .. . . . . . . . . ... . . . . . . . . . . . . 
1501" TGCCCAATTGCTTGTGTGTCAGGGGTTTATCTTGATCCCTGGCCATTAACGCCATATAGC 

956' NACYAATNAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTGCTAAATTCAAGCACA 
e._: .: ::_:.:::._ :: ::: .... :::. ".:.. ::. a:. 

1561" CACCAATCAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTATTAAATTCAAGCACA 

1016' ACNAGGGTGAATCCTACCCTTTATGTCTCTGCCCTTAATAATCTTAAAGTTCTAGCCCCA . .. , .. ~. .. . · .. . .. , . . .. . . . . . . . .. . . . . , ... . . . ... ,. .. . 
1621" ACCAGAGTAAATCCTACCCTTTATGTCTCTGCCCTTAATAACCTTAAAGTACTAGCCCCA 

1076' TATGGTACTCAAGGATTGTTTGCATCATACACCACAACNACCTGCTTTCAAGATACCGGT 
: :::: ::.::: : f . ~: .. t : : V· .... : : : . : : . : : : : : 

1681" TATGGTACTCAAGGACTGTCTGCCTCGTACACCACAACCACCTGCTTTCAAGATACCGGT 

1136' GACGCTAG-GTGTATTGTGTCTATATTATGGAACNAGCATCGAATATTGTTGGAGAATTC 
:-f": ,::f: :: ::-, :- . . :-: ·:f:· ::: 

1741" GATGCCAGTGTGTATTGTGTTTATATTATGGAACTAGCATCGAATATCGTTGGAGAATTC 

1195' CAAATTCTACCTGTGCTAGCCAGATNNNCCATCACTTGAGTNGTAGTGAAYGNAGCAGGA 
· : : . : : :: , . : . f .. : : : f: : ..: . :t; 

1801" CAAATTCTACCTGTGCTAACCAGATTGACTATCACTTGAGTAATAGTGAATGCAGCGAGA 

1255 1 AGCTTTATGGGCGTGTCTCATTTCTTATCGATTA 
, .f: f' ••• : •• .. t 

1861" GGNNCTACNGGNGTGTCTCAATTTTTATCGATTA 
~-=fi 

CAGAANNGGC 

Start cj £.:lCI7t:. 



l? 
IL-

l 

1 - 70 

Fig 12 

ENDERS-RUCKLE virus (ERV) - Mumps Virus (MuV) alignment 

L Gene 

95 9% identity in 340 bases overlapping 

nGGCCAGAAnnGGGCCOCTAAATGAGATATTCCTACCCGAAGTACATTTAAACnnCCCCATCGTTAGATA ERV 
111111111 I I 11111111111111 II 1111 II 111111111111 11111111111111 

AGGCCAGAATGGCGGGCCTAAATGAGATACTCTTACCTGAGGTACATTTAAACTCACCCATCGTTAGATA MuV 

71 - 140 TAAGCTTTTCTACTATATATTGCATGGCCAGTTACCAAAnGATTTGGAGCCAGATGACTTGGGCCCATTA ERV 
I I I I I I I I I I I I I I I I I II I I I I I I II I II II I II II I I II II 11111 11111 II I I I I II I I II II I I 

TAAGCTTTTCTACTATATATTGCATGGCCAGTTACCAAATGATTTGGAGCCAGATGACTTGGGCCCACTA MuV 

141 - 210 GCAAATnAGAATTGGAAGGCAATTCGAGCTGAAGAATCCnAGGTTCATGCACGGTTAAAACAGATCAGAG ERV 
111111 11111111111111111111111111111111 1111111111111 1111111111111111 

GCAAATCAGAATTGGAAGGCAATTCGAGCTGAAGAATCCCAGGTTCATGCACGTTTAAAACAGATCAGAG MuV 

211 - 280 nAGAACTCATTGCAAGGATTCCTGGTCTCCGGTGGACCCGCTCTCAAAGAGATATTGCCATACTCATTTG ERV 
11111111111111111111111111111111111111111111 II II 11111111111111111 

TAGAACTCATTGCAAGGATTCCTAGTCTCCGGTGGACCCGCTCTCAGAGGGAGATTGCCATACTCATTTG MuV 

281 - 340 GCCAAGAATnCTTCCAATACTGCAAGCATATGATCTTCGGCAAAGTATGCAATTn ERV 
111111111 1111111111111111111111111111111111111111111 

GCCAAGAATACTTCCAATCCTGCAAGCATATGATCTTCGGCAAAGTATGCAATTG MuV 



Fig 13 

HUSAR FASTN 

~IGNMENT: MUMNPLGZ. Mumps V1rus nucleocaps1d (NP) mRNA 
7.7% 1dent1ty 1n 544 bases overlapp1ng 

====================================================================== 

l' GCNGGGANACNAGGNGGG .. .... .. .. .. . . . . .. ..... ... 
1321" GAGGTTACTCAGCTTATTGACAGGCTTGCAAGGGGCAGAGGTGCGGGGATACCAGGTGGG 

19' CCTGTGAATCCTTTNGTTCCTCCAGTTCAACAGCAACAACCTGCTGCCGTATATGCGGAC · ........... . .. .. . . . . . . . . .. ........ . .. . ... ... . .. .. ............ .. . . . . . . . . . . . . .. ... ..... ..... . .. 
1381" CCCGTGAATCCTTTTGTTCCTCCAGTTCAACAGCAACAACCTGCTGCCGCATATGAGGAC 

79' ATCCCNGCATNGGATGAATCAGATGACAATGGTGATGAAGATGGAGGCGCAGGATTCCAA · .. .. . .... . . .. . ... .......... .. ..... .... . · . . . . . . . ... . . . . .. ... . . .. .. ... . . .. . 
1441" ATTCCTGCATTGGAGGAATCAGATGACGACGGTGATGAAGATGGGGGTGCAGGATTCCAA 

139' AATGGAGNACAAGYACNAGCTATAAGANNNGNAGGTCAAACTGACTTTAGAGCACAGCCT · . ... ... ... .. . . ..... ... .. . · . .. . . ... ..... . · . .. .... . .. . . .. . ... . 
1501" AATGGAGCACAAGCACCAGCTGCAAGACAGGGAGGCCAAAATGACTTCAGAGTACAGCCA 

199' TTACAAGATCCAATTCAAGCACAACTTTTCATGCCATTATATCCTCAAGTCAGCAACATC · .. . . ... .. ... . . . .. ..... . .. .. ... . . . . . . · . .. . ... ....... ... ...... ... .. ........... . . . . . . 
1561" CTACAGGATCCAATTCAAGCACAACTTTTCATGCCATTATATCCTCAAGTCAGCAACATC 

259' CCAAATAATAAGAATNATCATATCAATCGCATNNNNNGGCTGGAAAACCAAGATTNATNA .. . . . . . ... . . .. . . . .. . .. . · . . ..... . . ... . .. . ... ... . .. . ... . 
1621" CCAAATCATCAGAATCATCAGATCAATCGCATCGGGGGGATGGAACACCAAGATTTATTA 

319' CGATACAACGAGAATGGNGATTCTCAACAAGANGCAANNNGCGAACACGGAAACACTTTC · .. .... . . .. .. .. . . . .. ... . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. .. ... . . . . . . . 
1681" CGATACAACGAGAATGGTGATTCTCAACAAGATGCAAGGGGCGAACACGGAAACACCTTC 

379' CCAAACNNNNCCAATCAAAACGCACAGTTGCAAGTGGGCGACTGGGATGAGTAAATCACT . . . . . . .. .. ... . .. .. · . . : : : . . . . . .. .. . . ... . . . . . . . . . . . . 
1741" CCAAACAATCCTAATCAAAACGCACAGTCGCAAGTGGGCGACTGGGATGAGTAAATCACT 

439' GACATGATCAAACTAACCTCAATTGCAAGAATCCTAGGACAATCNANGCCACAGCTAACT ... . .. . . . .. . .. . . . . . . . .. .. . . . ..... . . .. ... . . . . . . . . . . . . : : . 
1801" GACATGATCAAACTACCCCCAATTGCAATAACCCCAGGACAATCTA-GCCACAGCTAACT 

499' GC?C~;C;A;N~;~C:C~TT~~;~TTNA~;~;~r~ CTAGGCCCGGAAAG 

GCCCAAATCCACTACATTCCATTCATATTTAGTCTT AAAAAA 1860" 
-=<=----------- ---------=>=--r"qrA loy Pol.y-R 

Putat1ve END of the NP Gene START P Gene 



FIg 14 

AV1an mumps-11ke V1rus (ArouV) 

HUSAR FASTN 

ALIGNMENT' MUMMP 12/89' Mumps v1rus, M1yahara stra1n, P gene 
90.8% 1dent1ty 1n 87 bases overlapp1ng 

====================================================================== 

421' TGGGATGAGTAAATCACTGACATGATCAAACTAACCTCAATTGCAAGAATCCTAGGACAA AMuV . . . . . . . .. .. .. .. .. . . . . . . . . .. .. .. ...... . 
1" CCAATTGCAATAACCCCAGGACAA Mumps 

481' ~~~;c;~~;;:~~~;;;;~~c~~c~~~~~;~~:~~~~~~;~;~~ 
25" TCTA-GCCACAGCTAACTGCCCAAATCCACTACATTCCATTCATATTTAGTCT 

-=<=------------=<=----- /(."t~I".9~flIC ~rI'M Putat1 ve END of the NP Gene 
541' AAAA 

ffY: cortcel1.s'us ::> 

AMuV 

Mumps 

84" AAAA CT AGGCCCGGAAAGAA TTAGTTCTACGAGCATCGACACAATTATCTTGATCGTGTT 
-----------------=>=-

Putat1ve START of the P Gene Mumps V1rus 



Fig 15 Sequence of the port10n of the APMV-l/Show p1geon/Israel/1831/84 
V1rus obta1ned by annea11ng w1th a pr1rner to the F gene of the NDV 

AGnAACTCAC ACAATCnCCT CCannTTCTC TGGCTnAGAA CAGAATnaAG cAGCTGAGAT 

GTTGTGTTTG TTGCGTTTGT GGGGTCACnA CTTnAGtCCG TAGTGCAGCA AncGcAGCCA 

GGAGCCAGAT GtGCGCnCCn aAGATGGtAG ACTTCGAtAT GATCCTCCaA GyATnATCTT 

TCTTtnnGGG aACaATnATC aATGGAtACA GGaAGnAGaA TTnAGGTGTG TGGCCACnAG 

tcaaGAtAGA yACGAyAyAT gGGcaGGTCA TTgGGCAGCn ACATGCTGCT CAAGCAGaGA 

TTTCACATGA TGTCATGTTG AGnGAGTaCa AGAGTTnATC TGCCCTtGAA TTtGAGCCAT 

GTATAGAATA TGACCCtgTC ACCAATCtAA GTA1GTTTTT AAAGGACAAG GCAAtnGCAC 

ATCCGAAAGA TAACTGGCTC GCCTCATTnA GGCGGAACCT TCTCTCTGAG GACnAGAAGA 

AACAGGTAAA AgaGGCAACC TCAACTAACc GCCTCTtGAT AGAGTTCTTA GAATCAAAtG 

ATTTTGATCC AtAtAAGGAG AtGGAAtACT nGACAACCCT tGAGtACCTA AGAGACGACA 

GTGTGGCGGT ATCGTATTCA CTCAAGGAGA AGGAGGTGAA GGTtAATngG CGGATTTTCG 

CTAAGTTGAC AAAGAAGTTA AGGAACtGCc aGGtAATGsA AcAcGGGATT CTAGCTGACC 

AGATTGCACC TTTTTTCCAG GGAAATGGGG TCATTCAAGA TAGCATATCC TTGACTAAGA 

GTAtGTTAGC GATGAGTCAA CTGTCTTTTA ACAGCAAtAA GAAACGTATC ACTGACTGCA 

AGGAGAGGGT TTCCTCAAAC CGCAATCATG ATCCGAAGAG CAAGAATCGT CGAAGAGTCG 

CCaCTTTTAT CACGACTGAC CTGCAAAAGt ATTGTCTTAA CTGGAGATAT 



Fig 16 

1 ' 

A11gnment between the APMV-1/Show p1geon/Israel/1831/84 
(APMV-1/P) and the L gene of NOV 

(FASTN program HUSAR, 84 0% 1dent1ty 1n 954 NT overlap) 

AGNAACTCACACAATCNCCTCCANNTT APMV-1/P 

1021 AATCGGCCTCCTCCCCAATGATATAGCAGAATCCGTGACTCATGCAATAGCTACTGTATT NDV 

28' CTCTGGCTNAGAACAGAATNAAGCAGCTGAGATGTTGTGTTTGTTGCGTTTGTGGGGT--

]081 CTCTGGTTTAGAACAGAATCAAGCAGCTGAGATGTTGTGCCTGTTGCGTCTGTGGGGTCA 

86' --CACNACTTNAGT-CCGTAGTGCAGCAANCGCAGCCAGGAGCCAGATGTGCGCNCCNAA 

1141 CCCACTGCTTGAGTCCCGTATTGCAGCAAAGGCAGTCAGGAGCCAAATGTGCGCACCGAA 

143' GATGGTAGACTTCGATATGATCCTCCAAGYATNATCTTTCTTTNNGGGAACAAT~ATCAA 

1')01 AATGGTGGACTTTGATATGATCCTTCAGGTACTGTCTTTCTTCAAGGGAACAATCATCAA 

'03' TGGATACAGGAAGNAGAATTNAGGTGTGTGGCCACNAGTCAAGATAGAYACGAYAYATGG 

1261 CGGATACAGAAAGAAGAATGCAGGTGTGTGGCCGCGAGTCAAAGTGGATACAATATATGG 

263' CCAGGTCATTGGGCAGCNACATGCTGCTCAAGCAGAGATTTCACATGATGTCATGTTGAG 

1321 GAAGATCATTGGGCAACTACATGCAGATTCAGCAGAGATTTCACACGATATCATGTTGAG 

323 NGAGTACAAGAGTTNATCTGCCCTTGAATTTGAGCCATGTATAGAATATGACCCTGTCAC 

1381 AGAGTATAAGAGTTTATCTGCACTTGAATTTGAGCCATGTATAGAATACGACCCTGTCAC 

383 CAATCTAAGTATGTTTTTAAAGGACAAGGCAATNGCACATCCGAAAGATAACTGGCTCGC 

1441 TAACCTGAGCATGTTCCTAAAAGACAAGGCAATCGCACACCCTAACGATAATTGGCTTGC 

443' CTCATTNAGGCGGAACCTTCTCTCTGAGGACNAGAAGAAACAGGTAAAAGAGGCAACCTC 

1501 CTCGTTTAGGCGGAACCTTCTCTCCGAAGACCAGAAGAAACATGTAAAAGAAGCAACTTC 

503' AACTAACCGCCTCTTGATAGAGTTCTTAGAATCAAATGATTTTGATCCATATAAGGAGAT 

1561 GACTAATCGCCTCTTGATAGAGTTTTTAGAGTCAAATGATTTTGATCCATATAAAGAGAT 

563' GGAATACTNGACAACCCTTGAGTACCTAAGAGACGACAGTGTGGCGGTATCGTATTCACT 

1621 GGAATATCTGACGACCCTTGAGTACCTTAGAGATGACGATGTGGCAGTATCATACTCGCT 

623' CAAGGAGAAGGAGGTGAAGGTTAATNGGCGGATTTTCGCTAAGTTGACAAAGAAGTTAAG 

1681 CAAAGAGAAGGAAGTGAAAGTTAATGGACGGATCTTCGCTAAGCTGACAAAGAAGTTAAG 



(~~. 
~~ oJ '\-

F~ 16 Cont1nuat10n 

683' GAACTGCCAGGTAATGNAACACGGGATTCTAGCTGACCAGATTGCACCTTTTTTCCAGGG APMV-1/P 

1741 GAACTGTCAGGTGATGGCGGAAGGGATCCTAGCCGACCAGATTGCACCTTTCTTTCAGGG NDV 

743' AAATGGGGTCATTCAAGATAGCATATCCTTGACTAAGAGTATGTTAGCGATGAGTCAACT 

1801 AAATGGAGTCATTCAGGATAGCATATCGTTGACCAAGAGTACGCTAGCGATGAGTCAACT 

803' GTCTTTTAACAGCAATAAGAAACGTATCACTGACTGCAAGGAGAGGGTTTCCTCAAACCG 

1861 GTCTTTTAACAGCAATAAGAAACGTATCACTGACTGTAAAGAAAGAGTATCTTCAAACCG 

863' CAATCATGATCCGAAGAGCAAGAATCGTCGAAGAGTCGCCACTTTTATCACGACTGACCT 

1921 CAATCATGATCCCAAGAGCAAGAACCGTCGGAGAGTTGCAACCTTCATAACAACTG}CCT 

92~' GCAAAAGTATTGTCTTAACTGGAGATAT 

1981 GCAAAAGTACTGTCTTAATTGGAGATATCAGACAATCAAACTGTTCGCTCATGCCATCAA 



Fig 17 

Sequence of the genome portl0n ~MY=lLR~£~ng E~geonLIs£~§lL~l1~~ 
753 nucleotldes 

I\CtACTGTTA TACTCACAAC GtATTll"TTGT CTGGCTGCAG AGATnll"CTcA CACTCACATc 

AAt.ACTnAGC ACTTGGTGTG CTTCGGACAT CTGCAAcaGG naGGGtATTC TTTTCtACTC 

TGCGTTCCAT CAATTnAGAT GACACCCAAA ATCGG}\AGTC TTGCAGTGTG AGTGcAACTC 

CTCTAGGTTG TGAtATACTG TGCTCCAaAG TCACAGAGAC TGAAGAAGAG GATtATAagi: 

nAGTnnCCCC CACATCAATn GTGCACGGAA GGTtAGGTTT tgACGGTCAA TACCATGAGA 

AGGACTtAGA CATTACAGTC fTATTTAAGG ATtGGGTGGC AAATnnCCCG CCllCnGGGAn 

gCGGATCTTT yAttAAygAC CGyGyAyGGT TCCCAGTTyA CGGaGGGCTA AAACCTAATT 

CGCCACTAGC CaCTGCACAA GaaGGGAAAt AyGTAAyATA CaAGCGCTAT AATAACACAT 

nCCCCGATGG ACAAGAAtAT CAAATCCGGA TGGCTAAGTC TtCGTACAAG cCtGGGCATT 

CGGTGGAAAG CGTGTACAGC AAGCCATCTT ATCtA .... :CAAA GtGTCAACAT CTTTAGGTGA 

GGACCCGGTG TTGACTGTTC CGCCTAATAC AATTACACTC ATGGGGGCCG AcgGAGTTCT 

CACAGTAGGG ACATCTCATT TCTTGTACCA ACGAGGGTCT TOGTATTTOT OCCCTGOCTT 

ATTATATCCT ATGACAGTCT ATAACAAAAC Gnn 



Fig 18 

Al~gnment of the sequences port~on of the APMV-1/show plgeon/1B31/B4 port~on with the 
HN gene of the Newcatle d~sease v~rus, B9 5% ldentlty ln 754 nucleot~de overlapp~ng 

1 ACTACTGTTATACTCACAA APMV-1 lsolatl=-

601 CGGTTGCACTCGGATACCCTCATTTGACATGAGCACCACTCACTACTGTTATACTCACAA NDV reference 

20 CGTATTATTGTCTGGCTGCAGAGATNACTCACACTCACATCAATACTNAGCACTTGGTGT 

661' TGTGATATTATCTGGTTGCAGAGATCACTCACACTCACATCAATACTTAGCACTTGGTGT 

BO GCTTCGGACATCTGCAACAGGNAGGGTATTCTTTTCTACTCTGCGTTCCATCAATTNAGA 

721 GCTTCGGACATCTGCAACAGGGAGGGTATTCTTTTCTACTCTGCGTTCCATAAATTTAGA 

140 TGACACCCAAAATCGGAAGTCTTGCAGTGTGAGTGCAACTCCTCTAGGTTGTGATATACT 

781" TGACACCCAAAATCGGAAGTCCTGCAGTGTGAGTGCAACCCCTTTAGGTTGTGATATGCT 

200 GTGCTCCAAAGTCACAGAGACTGAAGAAGAGGATTATAAGTNAGTNNCCCCCACATCAAT 

841 GTGCTCTAAAGTCACAGAGACTGAGGAAGAGGATTACAAGTCAGTTACCCCCACATCAAT 

260 NGTGCACGGAAGGTTAGGTTTTGACGGTCAATACCATGAGAAGGACTTAGACATTACAGT 

901 GGTGCACGGAAGGCTAGGGTTTGACGGTCAATACCATGAGAAGGACTTGGACACCACAGT 

320 CTTATTTAAGGATTGGGTGGCAAATNNCCCGGGAGNGGGANGCGGATCTTTYATTAAYGA 

961 CTTATTTAAGGATTGGGTGGCAAATTACCCAGGGGTGGGAGGAGGGTCTTTTATTGACGA 

380 CCGYGYAYGGTTCCCAGTTYACGGAGGGCTAAAACCTAATTCGCCACTAGCCACTGCACA 

-1021' CCGTGTATGGTTCCCAGTTTACGGAGGGCTCAAACCCAATTCACCCAGTGACACTGCACA 

440 AGAAGGGAAATAYGTAAYATACAAGCGCTATAATAACACATNCCCCGATGGACAAGAATA 

1081 AGAAGGGAAATATGTAATATACAAGCGCTATAATAACACATGCCCCGATGAACAAGATTA 

500 TCAAATCCGGATGGCTAAGTCTTCGTACAAGCCTGGGC-ATTCGGTGGAAAGCGTGTACA 

1141 CCAAATTCGGATGGCTAAGTCTTCATATAAACCTGGGCGATTTGGTGGAAAGCGCGTACA 

5S9 GCAAGCCATCTTATCTATCAAAGTGTCAACATCTTTAGGTGAGGACCCGGTGTTGACTGT 

1201 GCAGGCCATCTTATCTATCAAAGTGTCAACATCTTTGGGTGAGGACCCGGTGCTGACTAT 

619' TCCGCCTAATACAATTACACTCATGGGGGCCGAOGG---AGTTCTCACAGTAGGGACATC 

1261 TCCACCTAATACAATTACACTCATGGGGGCTGAAGGCAGAGTTCTCACAGTAGGCACATC 



FIg 18 (Continuation) 

Al~gnment of APMV-1/show p~geon/1831/84 sequenced RNA port~on wlth the HN gene of the 
Newcatle d~sease Vlrus 

676 TCATTTCTTGTACCAAOGAGGGTCTTCGTATTTCTCCCCTGCCTTATTATATCCTATGAC APMV-l ~solaT.e 

1321 TCACTTCTTGTACCAACGAGGGTCTTCATATTTCTCOCCTGCTTTATTATACCCCATGAC NOV reference 

736 AGTCTATAACAAAACG 

1381 AGTAAATAACAAAACAGCTACTCTTCATAGTCCTTATACGTTTAATGCCTTCACTCGGCC 



Fig 19 

APMV-3aITurkey/Wisconsinl65 

===================================================================== 
HUSAR FASTN Program, 962 bases versus EMBL viral library 
===================================================================== 
The best score is with NOV (Miyadera strain) fusion (F) gene, 47 4' identity 

Alignment the sequenced piece of APMV-3a/Turkey/Wisconsin/65 and NOV F gene 

I' 'rl'ATACCCGAOTGTG'I'GG'l'CA-A 

961" CTCGTCTGTAAGCACAACCAAGGGCTTTGCCTCGGCACTTGTCCCAAAAGTGGTAACACA 

23' GAAGGGAGTAATAATTGAGGGAATGOTTAAGAGTAATTGTATAGAATTGGAACGAGATAT 

1021 H GGTOGGTTCTGTGATAGAAGAACTTGACACCTCATACTGTATAGAGACCGATCTGGATTT 

83' AA'rl'TGCAAGACTATCAACACATACCAAATAACTAAGGAAACTAGAGCATGCTTACAAGG 

1081- GTATTGTACAAGAATAGTGACATTOCCTATGTCTCCTGGTATTTATTOCTGTTTGACCGG 

143' TAATATAACAATGTGTAAGTACCAGCAGTC-CAGGACACAGTTGAGCACClXXfl"1"l'ATTA 

1141" CAATACATCGGCTTGTATGTATTCAAAGACTGAAGGTGCACTT-ACTACGCCATACATGA 

202 CATATAATGGAGTTGTAA'rl'GCAAATTGTGATTTGGTATCATGCCGATGCATAAGACCCC 

1200 CTCTCAAAGGCTCAGTTATTGCAAA'rl'GCAAGATGACAACATGTAGATGTGCAGACCCCC 

262' CTATGA'rl'ATCACACAAGTAAAAGG'rl'ACCCTCCTGACAA'rl'ATAAATAGGAANNNATGT 

1260' CGGGTATCATATCGCAAAATTATGGAGAAGCT-GTGTCTCTAATAGATAGGCACTCATGT 

322' ACCGAGTTGT-CGNGGATAATTTAATTTNAAATATTGAAACNAACCATAAC1~"rIUA'rl'A 

1319" AATGTCTTATCCTTAGATGGGATAACTTTGAGGCTCAGTGGGGAATTTGATGCAGCTTAT 

381' AACCCTACTA'rl'ATAGATTCACAATCCCGGCTTATAGCTACTAGTCCAT-TAGAAATAGA 

1379' CAAAAGAATGTCTCAATACTAAATTCTCAAGTAATAGTGAC-AGGCAATCTCGATATCTC 

440' TGCCCTTATTCAAGATGCGCAACATCACG---CGGCTGGCCC1"l'C'l"l'AAAGTAGAAGAAA 

1438" AACTGAGCTTGGGAATGC-CAACAACTCGATAAGTAATGCTTTGAATAAGTTAGAGGAAA 

497' GCAATGCTCACTTATTAAGAGTTACAGGGCTGGGCTCATCAAGTTGGCACATCATACTTA 

1497" GCAACAGCAAACTAGACAAAGTCA-ATGTC-AGACTGACCAA-----CACATC-TGCTCT 

557' TA'rl'AACATTGCTTGTATGCACCATAGCATGGCTCATTGGT-'rl'AT-CTAT'rl'ATGTCTG 

1549" CA'rl'-ACCTATATCGTTTTAACTGTCATATCtCT1trl"lTG"rGGTATACTCAGCCTGGTTC 

(--- Ty/Wisc 

(--- NOV (EMBL) 



Fig 19 

Continuation 

615' CCGCATl'AAAAATGATG-AC'l'CGACCGACAAAGAACCTACAACCCAATCATCGAAOOGCG 

1608" TAGCATGCTACCTGATGCACAAGCAAAAGGOGCAACAAAAGAOCTTGTTATGGCTTGGGA 

674' GCATTGGGGTTGGATCTATACAATATATGACATAATGNGCCGOCTGTATATCANNNCCAA 

1668" ATAAT-ACCCTAGATC-AGATGAGAGCTACCACAAAAGCATGAATGTAGATGAGAGGC-A 

734' GTATCGNNNCCTCCCACCATCCTCNNOOCCGOOACTAGCAGCACAGGAAGTAATCAGTl'A 

1725' TAGGCATCCCCAACCGCAAT-TTGTGTGTAAATTCTGGCAGC-CTGTCA---ATCAGAAG 

794' CAGTGGCATAGCAGTCCCATGTTGAGACACACAGTAOCCCTAGTl'TCTAGTAAANNNCCG 

1780" AAT TAAG AAAAAA CTACCGGGTATAGATGAOOAAAGGGCAATAT 

The END of the The START of the HN gene of NOV 
F gene of NOV 



Flg 20 A11gnrnent of APMV-3a/turkey/W1scons1n/65 versus 
APMV-3b/parakeet/Netherlands/1975 

X 10 20 30 40 50 
CATAGTGTgCAAAGGyAkCsGACsaAgtCTcTCtgnTCywGAcabaGGCGwCGyaCACyA 

GAnACAGAAGttGGTGAGnnAC 
X 10 20 

• 
70 80 90 100 110 

CCCrnwAATAakt-bAGpCCGACATAGCAyCAATcaGGtAcATGCAGGcGGCCCTAGtagG 

CCTTCCTCAAaTnAAGACTGAnATtGCTTCGATTCGGAACAtGCAAGCAGCTTTGGAAGG 
30 40 50 60 70 80 

120 130 140 150 160 170 
TcAAATTAgCATGATAAGGATaCTCnGACCCCnGCaACaACacAGAGTCATCCCTAAATA 

ACAGCTCAGnArGATTCGnAnATtGGAtCCAGGA-AACTGTTCGGAATCATCACTCAAtG 
90 100 110 120 130 

180 190 200 210 220 230 
CCCTCCGCAACMCtgGAAATcGGGCTCCAGTAGtGATTTGCGGACCGGGCgaCCCTCACC 

CGCTGAGAGGCtTCAGTGCnAAGGCACCTGTnATTGTGaGTGGTCCAGGAAATCCCAATC 
150 160 170 180 190 

240 250 260 270 280 290 
GCAGTCTGATCAAAAGCGAGAACCCGACTATCTGCCTGGATGAACTAGCtCGGCCAACTC 

AATGCATCAGCCAAGGCTCATCCACCACAATTtGCCTGGATGAGTtAGCCCGGCCTGTGC 
210 220 230 240 250 

300 310 320 330 340 350 
AAGCCAACAGTCCTCCAAAATCTCAAGATAACCAAaGGGATcTtTCCGCTCAACGACACG 

CAAATCCtAtACAGGTGAAACTTCAAGATGATCAGAAGGACCtATCTGCACAGCgACATG 
270 280 290 300 310 

360 370 380 390 400 410 
CAATCACAGCTCTGCTAGAAacCCgCGTTGCACCcGGACCTAAGAGAGATCGCCTGATGG 

CT-TCATtGCATnACTCgAaACcAGaAnncC-CCCGGACCAAaACGtGACAAATnACtGT 
330 340 350 360 370 

420 430 440 450 460 470 
AAATgGTAGTAGCAGCGAAATCAGCAAGTGATCTCATCAAAGTCAAGAGAATGGCAATTC 

CATtgGThGCAATtGCAAAgACTGCAAGhGATThAATCAAGAThaAGAGAAtGGCA----
380 390 400 410 420 430 

TW/W1SC 

Pk/Neth 



FIg 20 Conhnuahon 

480 490 500 510 520 530 
TTGGTCAAtAAACCGAcTcAGCACCACATnGTCTGTGACTCTACACTTGTGCGGCAAACC 

---GTCCTCGGCCAGhGAhATCACCChATGGCAACcAGGCTACAAATGTAAGCAGTTTCC 
440 450 460 470 480 490 

540 530 560 570 580 
AAcATTGAccTCcAAAcAcTT--------TTcTGcAGTAcGcAAGGcTTAAcAcAATcAG 

GATATGTACCG~ATCAATAACACnACCCCTTCCGCAAAAGCAAGCGCGAGATGACACACT 

500 510 520 530 540 550 

600 610 620 630 640 
CAGCATGCATATCGAGCGGCCCACCCTCACAACCCATCTAGCTCTCTTATTTTATCTATT 

CAGCTTnACCAATTCTAGCTTCACTAAGCAGGTG-ATCTGACCATCTGGCTTTACTTCC-
560 570 580 590 600 

660 670 680 690 700 
GCTTTATAAAAAACnAAAATGATTATAACTAAAgAATCTCAACAATTTGCAATGATAACA 

GCTTTATAAAAAACTCCTAGATCTAACATGGAGGCAGACCGAGCTAAtGCgGAGGGAGTA 
620 630 640 650 660 

720 730 740 750 760 
ACACCATACGATCACTAGGGGCGGACGAAATAACCCAAGGACCAATCTCCGAGTCCAGGC 

CACAnngGGAATCAAAggA 
680 

780 790 800 810 820 
CAGACACAGGCAaCCCATcAGCAcAgAGCCAAGCAACCAAAAtgGCAGCACACCCcA 



Fig 21 Sequence of the port1on of the APMV-3a/Turkey/W1scons1n/65 V1rus 
obta1ned by annea11ng w1th a pr1mer to the F gene of the NOV 

CATAGTGTgCAAAGGyAkCsGACsaAgtCTcTCtgnTCywOAcabaGGCGwCGyaCACyA 

CCCmwAATAaktbAGpCCGACATAGCAyCAATcaGGtAcATGCAGGcGGCCCTAGtagGT 

cAAATTAgCATGATAAGGATaCTCnGACCCCnGCaACaACacAGAGTCATCCCTAAATAC 

CCTCCGCAACTCtgGAAATcGGGCTCCAGTAGtGATTTGCGGACCGGGCgaCCCTCACCG 

CAGTCTGATCAAAAGCGAGAACCCGACTATCTGCCTGGATGAACTAGCtCGGCCAACTCA 

AGCCAACAGTCCTCCAAAATCTCAAGATAftCCAAaGGGATcTtTCCGCTCAACGACACGC 

AATCACAGCTCTGCTAGAAacCCgCGTTGCACCcCGACCTAAGAGAGATCGCCTGATGGA 

AATgGTAGTAGCAGCGAAATCAGCAAGTGATCTCATCAAAGTCAAGAGAATGGCAATTCT 

TGGTCAAtAAACCGAcTcAGCACCACATnGTCTGTGACTCTACACTTGTGCGGCAAACCA 

ACATTGACCTCCAAACACTTTTCTGCAGTACGCAAGGCTTAACACAATcAGCAGCATGCAT 

ATCGAGCGGCCCACCCTCACAACCCATCTAGCTCTCTTATTTTATCTATTGCTTTATAAA 

AAACnAAAATGATTATAACTAAAgAATCTCAACAATTTGCAATGATAACAACACCATACG 

ATCACTAGGCGCGGACGAAATAACCCAAGGACCAATCTCCGAGTCCAGGCCAGACACAGG 

CAACCCATC AGCACAGAGC CAAGCAACCA AAATGGCAGC ACACCCC 



aAGACaTGCA 

GGgTTTCGGA 

TCGTCGCGcA 

TTCACAATAC 

CTGTCATAtG 

tGTAAGGATG 

AGGAAATAAA 

ATAACCTAAC 

ATATTCATGA 

I\ATATTCCAC 

AAtCTTCAGG 

nCCCACAGGA 

Fig 22 

Sequence of the end-portion of the genome of 
~fMV-3a/Tu£key/W~sconsin/67, 695 nucleot~dess 

AAACAGAGaA GGCGTACACC ATCTGAAACC ACTCaAAAGG TGCGCAGAAT 

TTGGACTCTA CwATCTTTbG GGCCCTACAA TAGTGGTCGA ATTAACTGGC . ., 
CTCACTCGCT CCAGGGATTC TTCTCCAGTG AGAGACTsGC TTGCTCCTAT 

a ACCCACATG TCGGwCAACt GATTTGGGCA CATGATGTTT CAATAACAGG 

ATAATATCTG AaCTTGAGAA AAAGadAGCT TTGGCCATGs TGCACCTCAC 

CAGTTGCTAT CAATACTACA ATAAAGGAGT TGGTTCCTTT CCGCThGTTC 
/ 

TcACTCACTG CCGCCAGCTT ACCACTAGTA ACAAATnACA ACCATCA~ 

AAACCAAAwG CAtGCACCTA ACCTTCTGGG TTGAAtGAGA AGCTTGGATT 

TnAGCTAACA CGAATTtATT GCTTAAATTG CTTATACCGG TAATAACTCA 

TAACCAAATT TAATTAAAAA tATtAATAAT sATnAGCAAC ATCCGATCGG 

GGCGGAAGGn CnACcGCCAC AAnnnnCCpC CACACCAGGC GGGnCCGnnn 

CnGGCCACAC CAAACAAAGn nnnnn 



, ' 

FIg 23 

Sequence of the end-portion of the genome of 
&PMV-3a/Turkey/W1scons1n/67, fluorogram 

---- ~~ ~ - - -----------~---------------

il\lJf.' 

BEST AVAILABLE copy 



Fig 24 

APMV-3b/Parakeet/Nether1ands/449 175 

================================================================= 
DP5 Program Open reading frame (ORP) of P gene 687 bases . ================================================================= 

Amino acid sequence 

1 G ANA CAG AAG Tl'G GTG AGN Aoo arr car CAA ATN AAG ACT GAN ATl' GOT 
??? G1n Lys Leu Val ??? Thr Leu Pro G1n ??? Lya Thr ??7 I1e Ala 

49 TOG AT!' eGG AAC ATG CAA GCA GOT Tl'G GAA GGA CAG CTC AGN ATG ATT 
Ser I1e Arq Aan MET G1n Ala Ala Leu Glu Gly Gln Leu ??? MET Ile 

97 eGN ANA 'M'G GAT COA GGA AAC 'l'GT TOG GAA TOA TOA CTC AAT GeG m'G 
Arq ?7? Leu Aap Pro Gly Aan eya Ser Glu Ser Ser Leu Aan Ala Leu 

145 AGA GGG TTC AGT GGN AAG GCA car GTN ATT GTG AGT GGT OCA GGA AAT 
Arq Gly Phe Ser Gly Lya Ala Pro Val Ile Val Ser Gly Pro Gly Aan 

193 OCC AAT CAA TGO ATO AGO CAA GGO TOA TOO ACC AOA ATT TGO CTG GAT 
Pro Aan Gln eya I1e Ser Gln Gly Ser Ser Thr Thr Ile eya Leu Asp 

241 GAG TTA GCO eGG COT GTG COA AAT COT ATA OAG GTG AAA OTT CAA GAT 
Glu Leu Ala Arg Pro Val Pro Asn Pro Ile Gln Val Lys Leu Gln Asp 

289 GAT CAG AAG GAC CTA TOT GOA OAG eGA CAT GCT GTe ATl' GCA TNA CTC 
Asp G1n Lys Asp Leu Ser Ala G1n Arg His Ala Val I1e Ala 7?? Leu 

337 GAA ACC AGA ANN NCC COG GAC CAA AAO GTG AOA AAT NAC 'l'GT OAT TGG 
Glu Thr Arq ??? ??7 Pro Aap Gln Aan Val Thr Aan ??? eys His Trp 

385 TNG OAA 'M'G OAA AGA m'G CAA GNG ATT NAA TOA AGA TNA AGA GAA TGG 
??? Gln Leu Gln Arq Leu Gln ??? Ile ??1 Ser Arg ??? Arq Glu Trp 

433 OAG TOO TOG GCC AGN GAN ATe ACC ONA TGG OAA COA GGC NAC AAA TGA 
Gln Ser Ser Ala ??? ??? Ile Thr ??? Trp Gln Pro Gly ??? Lya TER 

481 AAGOAGTTTCCGANATGNACOGAATOAANAAOACNACCOCTTOOGOAAAAGNNAGCGCGeGNC 

544 OACAOACTNAGCTTNANOAATTCTAGCTTCAONAlGOAGGTGATCTGACCATCTGGCTTNACT 
TATA box i 

607 TCCGCT ~ AAAAAA CT CCTAGATCNA ~ATGGAGGCGGNCCGAGCNAATNGAAGAG 
Poly-A Ooncensus? 

-(=----------------- -------=)-
Putative END of P gene Putative S1!RT of M gene 

666 AGNAOACAAANGGGGGTCGGGG 686 

1:/1 



FIg 25 

PMV-3/Sw1ne/Nazareth/80 

=========================================a=a====================== 
HUSAR PASTN 668 bases versus EHBL viral library 
================================================================== 
The best score is with Mumps virus, Miyahara strain, P gene, 48.1' identity 

ALIGNMENT the sequenced piece of PKV-3/Swine/Nazareth/80 and mumps virus P gene 

I' ACAGAAGTTGGTGAGN 

841 M ATGGATGCTOGCCTGOAACATOTTGAACAAAAGGTGGACAAGGTGCTTGCACAGGGCAGC 

17' AcccniUCTCAAATNAAGACTGANATTGCTTCGATTOGGAACATGOAAGCAGCTTNGGAA 
· · . 

901 M ATGGTGACOOAAATAAAGAATGAATTATCAAOAGTAAAGACAAOACTAGOTACAATTGAA 

71' GGAOAGCTCAGNATGATTOGNANATTGGATOCAGGAAACTGTTCGGAATOATOACTOAAT . . .. . . . . 
961 M GGAATGATGGOOACAGTAAAGA'l'CATGGATCCTGGAAACCOOACAGGGG'l'CXJCAGTTGAT 

137' GCGCTGAG---AGGGTTCAGYGGYAAGGCAOOTGTNATTGTGAGYGGTOOAGGAAA'l'CXXJ . . . . . . . : · . . . .. ,. . 
• • • III • 

1021- GAGCTTAGAAGAAGTTTTAGTGATCATGTAAC---AATTGTTAGTGGAOOAGGAGAT--G 

194' AATCAATGCATCAGOOAAGGC'l'CA'1'OOAOOAOAAT'l'TGCCTGGATGAGTNNGCDJNGCOT . . . 
1076- TGTC-AT---TCAGCTOOGGTGAAGAAOOOACACTGTATTTGGATGAACTAGCGAGGCCT 

254' GTGOCAAATOCNANAOAGGTGAAAC-TTCAAGA---TGATCAG--AAGGACCNATCTGCA 

1132- GTCOCAAAGCCCCGTCCTGCAAAGCAGCCAAAACOOOAAOOAGTAAAGGATTTAGCAGGA 

308' CAGOGAOATGCTG-TCATTGCATNACTCGAAAONAGNANNNOOCOGGAONAAAACGTGAO . 
,. II •• 

1192 M O-GGAAAGTGATGATAAOTAAAATGATC-ACTGAOTGTGTGGOOAATOOTCAAATGAAGO 

361' AAATNACTG-TCATTGGTT-GCAATTGCAAAGACTGCAAGTGATTNAATOAAGATNNAGA . . . . . . 
1250- AG~I1rrGAGCAAOGATTGGCAAAGGCCAGCAOOGAGGATGOTCTGAATGATATCAAGC 

425' GA-ATNGOA-GTCOTCOGCCAGTGATATCACOOTATGGOAACNAGGONACAAATGNAAGO .. . . . . . 
1310· GAGAOATCATAAGAAGOGOOA-TATGAACTOAOOAGGAACAOOAGACT-CACGGGAAAAT 

483' AG'I-rroooATATGTACCGAATCAATAACACNA(XXXf.n'CCGCAANAGNNAGOGOOCXiNOO 
: • • •• : 543' 

1368" OOACAAACTGAAAGOCACAATGATI'OOC'l"G'tl"I'AATAAAAAAAAAAAAAA 1417 M 

-<=--------------=)-
END of the P gene of Mumps (Miyahara) 



Fig 26 

ALIGNMENT OF APMJ-3blParakeetlNetherlandsl75 687 BASES 
VERSUS PMV-3blSW1ne/Nazareth/80 668 BASES 

a==============================================================~====== 

NUCALN Program 

X 10 20 30 40 50 
ANACAGAAGTl'GGTGAGNACCX1l-I00I'CAAATNAAGACTGANATJ.'GC1rl'CGA'I."l'OOGAAC Pk INeth . . . .. .. . . .. ... . . . . . . . 

CAGAAGTrGGTGAGNAcxx;rlu:rrcAAATNAAGACTGANATl'GCTTCGA'I."l'OOGAAC Sw INaz 

61 ATGCAAGCAGCTTTGGAAGGACAGCTCAGNATGATTOGNANATTGGATCCAGGAAACTGT Pk . . . ... . 
ATGCAAGCAGCTTNGGAAGGACAGCTCAGNATGATTOGNANATTGGATCCAGGAAACTGT sw 

120 TCGGAATCATCACTCAATGCGCTGAGAGGGTTCAGTGGNAAGGCACCTGTNATl'GTGAGT Pk . . . .. . . . . . .. .. 
TCGGAATCATCACTCAA'l'GCGC'l'GAGAGGGT1'CAGYGGYAAGGCAOOTGTNATTGTGAGY Sw 

rs 1 GGTOOAGGAAATOOCAATCAATGCATCAGOOAAGGCTCA'l'CCAOOACAATTTGCCTGGAT Pk 

GGTOOAGGAAATCCCAATCAATGCATCAGCCAAGGOTCATCCAOOACAATTTGCCTGGAT Sw 

241 GAGTTAGCOOGGOCTGTGOOAAATOCTATACAGGTGAAACTTCAAGATGATCAGAAGGAO Pk . ... . .. . . . 
GAGTNNGCCCNGCCTGTGOOAAATOCNANAOAGGTGAAACTTCAAGATGATCAGAAGGAC Sw 

301 aI'A'l'CTGCACAGOOACATGCTGTCATl'GCATNAcrro:;UAOOAGAANNNCCCXX;GAOOAA Pk . .. 
CNA'1'CTGCACAGOOACATGCTGTCATTGCATNACTCGAAACNAGNANNNOOCCGGACNAA Sw 

361 AACGTGACAAATNACTGTCATTGGTNGCAATTGCAAAGAC'l'GCAAGNGATTNAATCAAGA Pk 

AACGTGACAAATNACTGTCA~AATTGCAAAGAC'l'GCAAGTGATTNAATCAAGA Sw 

421 TNAAGAGAATGGCAGTOCTCGGOOAGNGANATCACCCNATGGCAAOOAGGCNACAAANGN Pk . 
TNKAGAGAATNGCAGTOCTCCGCCAGTGATATCACCCTATGGCAACNAGGCNACAAATGN sw 

481 AAGCAGTl-l'OJGANATGNACCGAATCAANAACACNAOOOOTI'CCGCAAAAGNNAGCGCGC Pk 

AAGCAG1~~ATATGTACCGAATCAATAACACNAocccn~~AANAGNNAGCGOGC Sw 

541 GNOOACACACTNAGCTTNANCAATTCTAGCTTCACNAAGCAGGTGATCTGAOOATCTGGC Pk 

GATGACACACTNAGCTTNAGCAATTCtAGCTTCAaI'AAGCAGGTGATCTGACNATCTGGC Sw 

601 TTNACTTCCGCT TAAG AAAAAA CT CCTAGATCNAANATGGAGGOGGNC Pk/Neth . 
TTNACTl'CCGCT TAAG AAAANA CT CCTAGATCNAANATGGAGGTAGAC Sw/Naz . . .. . . .. . 

OCTAT TAAATAAAAAA AA GCAOOAACACAA Mumps/SBL 



FIg 26 
"-

Continuation 

661 CGAGCNAATNGAAGAGAGNACACAAANGGGGGTCGGGG 687 Pk/Neth . . . 
~-AATGGNNGAGTACACAN 668 Sw/Naz 

NUMBER OF MATCHED BASES=624 

Percentage of homology MINIMAL = 93 4' 



~"t~~~'}~~~~r 
\'"\ t'" '1 ... ). .... ~ .. 

, . 
• I~ 

AAGACAATng 

TGGAGACTCA 

AATATCAGAC 

TCTTAAACAA 

TTOTgaGCAG 

AOTcAGAGTg 

aP.GCGcACca 

GAATTnATTn 

AAbAAAAnaC 

Gnnnn 

FIg 27 

Sequence of the END portion of the genome of the 
~~HV-6/duc~LHong K~ns/D199/77r 545 nucleot~des 

CCGCGCGTGC AACCAAGGAA CATATTGCAT CTACATAT AG TTAGACTTAT 

ATGTCCAATG TAAGGAGACT AGTACCTCTG CTAGATAAGG GCTTTATAGT 

ATGTATAGTG TGAAAGATTT CTTGAGAAAA ACTGAGTCCC CCTAAGTACT 

GOnaGGOAAG AGOGAGATTG OACACOTATT TGAGAtAGAG TCnAAGAThA 

GGcapAGATn AAGAAnATTT TGmAgACAAy ngGGATTGTG GCTAAAgnGc 

ATOTOTOOAA OOTTGCACcA TTTgAATTCT GGACTGTggA CgCGCAhcCt 

aOTnGCOGTG ACGATTnATG yAATCCTTGA tATGAAGnaC naATCATTTG 

ACTTCCCGAA ATcACCCAtA GnCCGGAATC GATACCGGAG ATtATTTTTn 

CTGGAAAGTC nAcnAGGATc ATAGTCAAAn AGCTtATGAT TyCCTtgTTT 



\ 

l __ 

Fig 28 

Sequence of the END portion of the genome of the 
&EMV-6/g~£k/HQng KQng/D199/77, fluorogram 

j r 

BEST flVAILABL£ COpy 
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FIg 29 

PMV-7/Dove/Tennessee/77 

==================================================================== 
HUSAR PASTN Program 971 bases versus EMBL viral library 
====================================================~=============== 
The best score is with Human parainfluenza virus type 2 matrix (M) gene, 50 9' identity 

Alignment the sequenced piece of PMV-7/Dove/Tennessee/77 and PIV-2 M gene 

l' GTGCCAGCGGGTATGCTGACATTGGGOCAAATAAGGACCAATATAGACOCGGAOGAAA <--- Dove/Tn . . . . 
361" CCATAACAGCATGCATGATGAAGCTAGG----ACCTGGTCCAA-ATA-TTOAGAATGCAA <--- PIV-2 (EMBL) 

59' TTGGAGAGGCATGCT-TGGGACTCAA----AGGGAATGCTAAAAAAG-GAGC-GGCAAGT 

415" A'lUl'AGTGCTAAGATCTCTGAA'l'GAAT'rol'ACGTAAAAGTCAAGAAGACA'l'CAAGCCAGA 

112' GAGGAGAAGATAGTATTTAGCATTCTGGAAAAGCCTOCCGCCCGGGGGACTGCA--CC'l'G . . .. 
475" GAGAGGAAG-CAGTG1~~-GAATTAGTTAACATTCCAACTTTATTGAGAGAACATGCTCT 

170' TAGTACAAGAAAGGGGCTTAATGGCTAAAGCAGAAGGATCAATCAAATGCCCAGGTAAGA 

533" TTGCAA!CGCAAAATG-TTAGTATGCTCTGCAGAAAAATTCCTCAAGAAOCCGTCAAAGC 

230' 'l'GATGAGTGAAATl'NACNACTCATTTAGAGTAATG1~~'GTGAGTATCACAATGCTGGATA . 
592" TACAAGCTGGA'lTI'GAGTATGTATACATACCAAUl~TMUl'CCATTAC-ATACTOACCA 

290' ATCAGAGCCTA-TACAGAGNACCAACAGOCATCAGCTCGTTCAAAAATAAAGCTCTATAT 

651" CGAAATCTGAATTACCAAGTGGCCAGACCTATOOrl'AAGTTCAGATCACGctrr-Itrl"GTAT 

349' TCTATl'CAGTTAGAGGTATl'GarGGAAGTTGA'l'GTG-AAGCCTGAGAGCCCCCAG-TGTA 
· · 711" AGCATl'CATTTGGAATTAATOOl'-GAGATl'GCTATGCAAATCTGACTCCXXX;rtGA'l'GAA 

407' A-ATTTCTA-GCAGACCAGAAAGG--GAAGA-AAGTTGCTTCTGTA'l'GGTTCCATCTCTG 

770" ATOCTACAATGCAGACAGAACAGGTOGGGGATGCCTOGCATCAGTCTGGATOCATGTA'l'G 

462' CAA--TTCTAAAAAGACGAA'l'GOCAGYNGGAAACCGAGATCATTAGAGGATATGAGAAAG 

830" TAACATTCTGAAAA-ACAAAAG-CATCAAGCAACAAGGCAGAGAATCATA'lTl'CATAGCT 

520' NAGGTCCGAGATATGGGAATCAAAGTGTCTCTGGCCGACCTTTGGGGOCCTAOGATCATC 

888" AAGTGCATGAGCATGCAGCTGCAGGTGTOCATTGCAGATCTTTGGGGACCAACAATCATA 

580' GTCAGGGCCACAGGGAAGATGAGTAAATATATGCTAGGATTTTTCTOTACCTCAGGGACT 

· 948" ATCAAATCATTGGGTCACATCCCCAAGACTGCAC'l'TCCTTTTTTCAGCAAAGATGGGATT 

/ 
Itt> 



I , Fig 29 

Continuation 

640' TCATGTCATOOAGTAACAAAGAGTl'CACCAGATl'TGGCAAAAATATl'A'l'GGTCA'l'GCTCA ... . .. 
1008" GCCTGTCATOOATl'ACAAGA'lG'l1O"tCCOOTAATCTAGCAAAATCACTGTGGTCAGTl'GGA 

700' AGCACNATNATCAAAGCAAA'l'GCCATl'G'tI'CAAGGGTCAG-TCAAAG'l'OOATGTOOTGAC 

1068" TGTGAGATAGAATCTGOCAAGTTGATACTTCAAGAATCTGATCTTAAT-GAGCTAATGGG 

759' OCTOGAAGA---TATOCAAG'l101CCAGTG----CTGCAAAAATCAAC--AAATNAGGAAT 

1127" OCAOCAGGAOCTTATCACTGATAAGATTGCCATl'AGATCAGGTCAACGGACATl'TGAGAG 

810' AGGGAAGTTTAATOCATTTAAGAAATA-AAGTCATATGCAGATTAAAATTTGATCAA--G . . . . 
1187· GTCCAAATTCAGCCCATl'CAAAAAATATGCATCAATTCCAAACTTGGAAGCCATCAACTG 

867' ATTGGTCTTAGCA-AACTTAACTGAACTGTAATl'ATAAAANAOCTC-AGTAAAATGCTAA .. 
1247· AATGCTC-CAGCATCTGAGAATAGAACCACAATCAAGTCATACTACTAGTCACTATACAA 

925' TGAATCAGTGGATGATATTGAATNAGCAGATTGAAAATTAAAGAAAC . . 
1306" T-AATC~----ACAAT-TTTAGTCAACTGATTACCAAGATGTTATCATAGGTCCGAACTG 



Fig 30 

APKV-ilDove/Tennessee M Gene mRNA-sense ORF 

Seauence dov-d-3v si3~ var~ant Dov-d-3v trv 
Length 971 

'f'::-ame 1 
----------------------------------------------------------------

Range Nuc!.. Lengtn PolypePt~de Length Type of orf 
----------------------------------------------------------------

1 to 834 834 278 5'end-Ter 

5'
~~~~~~~~~~~~~~~~~~~~~~ 
Val Pro Ala Gly HE: Leu Thr Leu Glv GIn lle ArQ Thr Asn lle Asp Pro Asp Glu lle Gly Glu 

~ - . 
GOA TGC TTG GGA ere \~A GGG AAT GOT AAA AAA GGA GOG GOA AGT GAG GAG AAG ATA GTA TTT AGO 
Ala Cys Leu Gly Leu Lys Gly Asn Ala Lys Lys Gly Ala Ala Ser Glu Glu Lys lle Val Phe Ser 

~Tl' oro GAA AAG CC'l' ~ GCC CGG GGG AOT GCA COT GTA GTA OAA GAA AGG GGC Tl'A ATG GCT AAn 
lle Leu Glu Lys Pre P::-o Ala Ar9 Gly Thr Ala Pro Val Val GIn Glu Ar9 Gly Leu MET Ala Lys 

~~~~~~~~~~~~~~~~~~TTT~~~ 
Ala Glu Gly Ser lle ~ys Cys Pro Gly Lys MET MET Ser Glu lle ??? ??? Ser Phe Ar9 Val MET 

TTT GTG AGT ATC AC\ ~':'G CTG GAT AAT CAG AGC CTA TAC AGA GaA CCA ACA GOO ATC AGC TOG Tl'O 
Phe Val Ser lIe Th::- ~7 Leu Asp Asn Gln Ser Leu Tyr Arg ??? Pro Thr Ala lle Ser Ser Phe 

UA AAT AAA GCT C'!'; :-~:- TCT AT! CAG TTA GAG GTA TTG OTG GAA GTl' GAT GTG AAG cc:r GAG AGO 
Lys Asn Lys Ala Le~ ::-=- Ser lle Gln Leu Glu Val Leu Leu Glu Val Asp Val Lys Pro Glu Ser 

CCC OAG TGT AAA TT7 ~~ GCA GAC OAG AAA GGG AAG AAA GTT GCT TCT GTA TGG TTC CAT CTC TGC 
Pro Gln Cys Lys P~e ~e_ Ala Asp Gln Lys Gly Lys Lys Val Ala Ser Val Trp Phe H~s Leu Cys 

AAT TOT AAA AAG ACG 
Asn Ser Lys Lys Th::-

GAT ATG GGA ATC ~~A 
Asp MET Gly lle Lvs 

l. l.--.-
1.:::::_ -----1..:--

GCC AGY NGG AAA COG AGA TOA TTA GAG GAT ATG AGA AAG NAG GTC CGA 
Ala Ser ??? Lys Pro Arg Ser Leu Glu Asp MET Ar9 Lys ??? Val Arg 

TCT CTG GCC GAO OTT TGG GGC COT ACG ATC ATC GTe AGG GCC ACA GGr 
Ser Leu Ala Asp Leu Trp Gly Pro Thr lle lIe Val Arg Ala Thr Gly 

AAG ATG AGT AAA TA7 ;::-: CT~ GGA 'lTI' TTC TOT ACC TOA GGG AOT TCA TGT CAT CCA GTA ACA AAG 
Lys MET Ser Lys Ty::- ~ Leu Gly Phe Phe Ser Thr Ser Gly Thr Ser Cys His Pro Val Thr Lys 

~~~~~~~~~~~~~~~~~~~~~~ 
Ser Ser Pro Asp LeL ~~ Lys lle Leu Trp Ser Cya Ser Ser Thr ??? lle Lys Ala Asn Ala lle 

~~~~~~~~~~~~~~~~GTT~~~~~ 
Val Gln Gly Ser Val ~~ Val Asp Val Leu Thr Leu Glu Asp lle GIn Val Ser Ser Ala Ala Lys 

ATC AAC AAA TNA GGrt ~~~ GGG AAG TTT AAT COA TTT AAG AAA TAA AGTCATATGOAGATTAAAATl'TGATCA 
lle Asn Lys ??? G~y :~~ Glv Lvs Phe Asn Pro Phe Lvs Lvs END .. . . ., -
AGATTGGTCTTAGCAAA~~~ G]ACTGT~T ~ AAANA CCTCAGTAAAATGCTAATGAATCAGTGGATGATATTGAAT 

'D:ll AAAAN-A-

NAGCAGATTGAAAATTAJL~~~~~~ - 3' 



Fig 31 Sequence of the port1on of the APMV-7/dove/Tennessee/75 
correspond1ng to the 5' port1on of the F gene 

ACCTcAGTAAAATGCTAATGAATcAGTGGATGATATTGAATnAGCAGATTGAAAATTAAA 

GAAAACCTTATGAGGGCGAATGAGCTTAGATGATTTAATAAAGGAGACTAATCCAACATT 

TCCCTCAAATTAACAAAATCAGAAAGTAAAAAGAnnnGGAGCAATGAGAGTACGACCTTT 

AATAATAATCCTAGAGCTTTTGAGTTGCTGTGGATAATATTCTACCCGTAATTGGCTTAG 

ACAATTCAAAGATTGCACAAGCAGGTATTATCAGTGCACAAGAATATGCAGTTAATGTGT 

ATTCACAGAGTAATGAGGCTTACATTGCACTGCGCACTGTGCCATATATACCTCCACACA 

TCTTCTCTTGTTTCCAGGATTATCAACACATACATACAACGATcAAAACAtATTCTCACC 

AATtnAGGATCAAATnACATCTATAACATCGGCGTCAACnnnCCCTCATCAAGATTnGCA 

GGATnAGtAGTCGGtGCAATCGCTCTCGGAGnAGCGAnATCTGCACAAAbnACtGCAGCC 

GTGGACTCACAAdGGCAnAGCAGAACGCTCAAGAAAbAAtACGATkACGyGATTCTATCC 

AAAAtACtATcAATGCTGtGAATGACATAACAGtAGGGTTAAGTTcAATAGGAGtAGCAC 

tAAGCAnnGTCcAAAACTACTTGAATGATGTGATAAACCCTGCTCTGCAGaaCCTGAGCT 

GCcAGGTTTCTGCATTAAACTtAGGGATCCAATnAAATCTTTATTTAACCGAAATTACAA 

CtATCTTTGGACCGCAAATtACAAATCCATCATTGACCCnATTGTCAATtnaGGCAT TAT 

ACACCCkAGsAGGAGAnnACCTGATGCAATTTCtAACgAGGTATGGCTATGGAGAGACgA 

GtGTgAGCAGtATTCTCGAGTCAGGACtAATATnAGCACAAAThGTATCTTThGATAAAC 

AGAnnsGCATTGCAAtATmGyAcGTCACATTACCATnAATTGCGACTCTTTCCGGTTCtA 

GAGTTACcAAATTGATGTCAGTtAGTGTCCAAACTGGAGTtGGAGAGGGaTCTGCTATTG 

TCCcATcATA CGTtATTCAG CAGGGaacAG TAATAGAAGA AttA 



FIg 32 

Sequence of a genome portion of AP'MV-7/Dove/Tenn~~~~~~r 
1215 nucleot1des 

AGGAACCTGG AGACnnGGTA GAGTCCTTAC GATTCTATTA GATGTAGTGA TCATTATTCT 

CTCTGGGTGA TTGCTCTGAT TTCATTGGGT CTGAAGCCAG GTGAGAGGAT CATCAATGAA 

GTCAATnGAT CTATCCATAA TCAACTTGTT CCCTTATCGG GGATTACTTC CGATATTCAG 

GCAAAAGTCA GCAGCATATA TCGGAGnAAC TTGCTAAGTA TCCCACTACA ACTTGATCAA 

ATCAACnAGG CAATATCATC ATCTGCTAGG CAAATTGCTG ATACAATCAA CTCGTTTCTC 

GCTCTGAATG GCAGTGGAAC TTTTATTTAT ACAAAATTTA TACAAATTcA CCTGAGTTcG 

CAAATGGTTT CAATAGAGCA ATGCTTCCCA ACCCTAAATC AAAGCTTAAA TATGCTAACA 

CCTGGTAATC TAATTGAATT TACTAATTTn ATTCCAACTC CAACAACAAA ATnaGGATGT 

• ATCAGAAtAC CATCATTTTC AATGTCATCA AGTCACTGGT GTTATACCCA TAATATCATT 

GCTAGTGGAT GTCAGGATCA TTCAACcAGT AGTGAATACA TATCGATngG GGTTGTTGAA 

GTGACTGATC AGGCTnnCCC GAACTTTCGG ACAACTCTTT CTATTACATt AGCTGATAAT 

CTAAACAGAa AGTCATGTAG CATTGCAGCA ACTGGGTTCG GGTGtGATAT ATTAtGTAGT 

GTTGTCACTG AGACAGAAAa TGATGATTAT CAATnaCnAG AACCGACTCA GATGATCTAt 

GGAAGATTAT TTTTtaatGG CACATATTCA GAGaTGTCAT TGAATGTGAA CcAAATGTTC 

GCAGATTGGG TTGCAAATyA TCnAGCAGTT GGATcAGGAG yAgAGTyAGC AGATTTTGTC 

ATTTTCCCAC TCTATGGAGG TGTTA1V\~Tc ACTnnaACCC TAGGAGCATC TTTAAGCCAG 

TATTACTATA TTCCCAAGGT GCCCACAGTC AATTGCTCTG AGACAGATGC ACAACAAAyA 

GAGAAGGCAA AAGCATCCTA TTCAOcACCT AAAGTGCTCO AAATATCTGG GCTCAGGCAG 
• 

TCGTTAGGTG CAATAAATCT GTe A ATCTTG CAAATTCATG TGAAATtCTG ACATTnnAnA 

CnaGCACTAT GATGATGGGT GCTGAGGGAA GACtCGTGAT GATAGGAAGa ATGCTATACT 

TTnAATGCGA ACGAT 



FIg 33 
Alignment of the sequenced portion of the APMV-7/dove/Tennessee/75 with NOV HN gene. 

49 6% identity in 1215 overlapping 

1 AGGAAOCTGGAGACNNGGTAGAGTCCTTACGATTCTATTAGATGTAGTGATC APMV-7/dove/Tn/75 

121 AGAGAATGAGGAAAGAGAAG-CAAAGAACA--CATGGCGCTTGGTTTTCCGGATCGCAGT NOV reference 

53 ATTATTCTCTCTGGGTGATTGCTCT-GATTTCATTGGGTCTGAAGCCAGGT-GAGAGGAT 

178 CTTACT-TTTAATGGTAATGACTCTAGCTATCTCCGCAGCTG--CCCTGGTATATAGCAT 

111 --CATCAATGAAGTCAATNGATCTATC---CATAATCAACT-TG--TTCCCTTATCGGGG 

235 GGGGGCCAGTAOGCCGCGTGACCTCGCAGGCAT-ATCGACTGTGATCTCCAAGACAGAGG 

163 ATTACTTCCGATATTCAGGCAAAAGTCAGCAGCATATATCGGAGNAACTTGCTAAGTATC 

294 ATAAGGTTACGTCTTTA---CTCAGTTCCAAGCA-AGATGTGATAGATAGGATATATAAG 

223' CCACTACAACTTGATCAAATCAACNAGGCAATATCATCATCTGCTAGGCAAATTGCTGAT 

350 CAGGTGGCCCTTGA--ATCTCCGCT-GGCGCTACTAAACACTGAATCTATAATTATGAAT 

283 ACAATCAACTCGTTTCTCGCTCTGAATGGCAGTGGAACTTTTATTTATACAAAATTTATA 

407 GCAATAACCTC-TCTCTC-CTATCAA-ATCAACGGGGCTGCGAATAATAGCGGGTCTGGG 

343 CA-AATTCACCTGAGTTOG--CAAATGGTTTCAATAGAGCAATGCTTOCCA--ACCCTAA 

464 GAGCCTGTTCATGAOCCAGATTATATOGGGGGGATAGGCAAAGAACTCATAGTGGACGAC 

398 ATCAAAGCTTAAATATGCTAACA-OCTGGT-AATCTAATTGAATTTACTAATTTNATTCC 

5~4 ATTAGTGATGTCACATCATTTTATCCTTCTGCATATCA-AGAACACTTGAATTTCATCCC 

456 AACTCCAACAACAAAATNAGGATGTATCAGAATACCATCATTTTCAATGTCATCAAGTCA 

563 CGCGCCTACTACAGGATCCGGTTGCACTOGGATACCCTCATTTGACATGAGCACCACTCA 

516 CTGGTGTTATACCCATAATATCATTGCTAGTGGATGTCAGGATCATTCAACCAGTAGTGA 

643 CTACTGTTATACTCACAATGTGATATTATCTGGTTGCAGAGATCACTCACACTCACATCA 

5~6 ATACATATCGATNGGGGTTGTTGAAGTGACTG-ATCAGGCTNNCCCGAACTTTCGGACAA 

703 ATACTTAGCACTTGGTGTGCTTCGGACATCTGCAACAGG-GAGGGTATTCTTTTCTACTC 

635 CTCTTTCTATTACATTAGCTGATAATCTAAACAGAAAGTCATGTAGCATTGCAGCAACTG 

762 TGCGTTCCATAAATTTAGATGACACCCAAAATCGGAAGTCCTGCAGTGTGAGTGCAACCC 



Fig 33 (Continuation) 

Al~gnment of the sequenced portion of the APMV-7/dove/Tennessee/75 
wlth NOV HN gene, 49 6% ldentlty ln 1215 overlapolng 

695' GGTTCGGGTGTGATATATTATGTAGTGTTGTCACTGAGACAGAAAATGATGATTATCAAT 

822' CTTTAGGTTGTGATATGCTGTGCTCTAAAGTCACAGAGACTGAGGAAGAGGATTACAAGT 

755' NACNAGAACCGAorcAGATGATCTATGGAAGATrA'r"trr"tI'AATGGCACATATTCAGAGA 

882" CAGTTACCCCCACATCAATGGTGCACGGAAGGCTAGGGTrTGACGGTCAATACCATGAGA 

815' TGTCATTGAATGTGAACCAAATGTTCGCAGATTGGGTTGCAAATYATCNAGCAGTTGGAT 

942" AGGACTTGGACACCACAGTCTTATTTAAGGATTGGGTGGCAAATrACCCAGGGGTGGGAG 

875' CAGGAGYAGAGTYAGCAGATTTTGTCATrTTCCCACTCTATGGAGGTGTTAAAATCACTN 

1002" GAGGGTCTTTTATTGACGACCGTGTATGGTrCCCAGTTTACGGAGGGorcAAACCCAATr 

935' NAACCCTAGGAGCATCTTTAAGCCAGTATrACTATATTCCCAAGGTGCCCACAGTCAATT 

1062' CACCCAGTGACACTGCACAAGAAGGGAAATATGTAATATACAAGCGCTATAATAACACAT 

995 GCTCTGAGACAGATGCACAACAAAYAGAGAAGGCAAAAGCATCCTATTCACC-ACCTAAA 

1122" GCCCCGATGAACAAGATTACCAAATTCGGATGGCTAAGTCTTCATATAAACCTGGGCGAT 

1054' GTGCTCCAAATATCTGGGorcAGGCAGTCGTTAGGTGCAATAAATCTGTCAATCTTGCAA 

1182 TTGGTGGAAAGCGCGTACAGCAGGCCATC-TTA---TCTATCAAAGTGTCAACATCTTTG 

1114 ATrCATG-TGAAATTCTGACATTNNANACNAGCACTATGA---TGATGGGTGCTGAGGGA 

1238' GGTGAGGACCCGGTGCTGACTATTCCACCTAATACAATTACAorcATGGGGGCTGAAGGC 

1170' AGACTCGTGATGATAGGAAGAATGCTATACTTTNAATGCGAACGAT 

129B AGAGTTCTCACAGTAGGGACATCTCACTTCTTGTACCAACGAGGGTCTTCATATTTCTCC 

APMV-7/dove/Tn/75 

NOV reference 



Fig 34 Sequence of the port1on of the APMV-8/Goose/Delaware/76 V1rus 
obta1ned by annea11ng w1th a pr1mer to the F gene of the NOV 

ACCTAnGCCG CAGGGAAGAC AGTACACGAC ATGCACAATA CTATsACGGT nnCCAGCAAT 

CAAtAAAGtg GATsAATCAC TATATgAGGA ATsAAAbAGG ATAACAATsA TgpATCCAAT 

TTCCTAATkA TAAAggvksG CTTgAAAGGy bATbGACGaG tcggGGGCGA AAtCTTGCCA 

CTbAGTCtGC AGTCAATCTt AGAATCTACA TATTGAACgA TGGGTCAAAb ATCAGTAtAT 

CTAATgAgAG CGcgCTATT 

Fig 35 Sequence of the port1on of the APMV-8/Goose/Delaware/76 V1rus 
obta1ned by annea11ng w1th a pr1mer to the HN gene of the NOV 

AAAAGsGGnC AATGCACTAC TACAAAATCC TAAGATAGAT GCATTAGTTT CAaAnCTCTA 

CTTCACcaCc AGACGTGTTC TATCAAACCT CAGATCAnGn GATAAGGCT AGATCATATAT 

nGAnTTGCTA CACTGAGGAC TCGGGAnGT 



Fig 36 

Sequence of the genom~c portion of the APMV-4/Duck/New Yo!.~a.Q., 
778 nucleot~des 

GAnATAnnCG AAgcAGAAnn AGGATATnnn CgncnCTacC ATAnCAGGGA GAacAgCTGG 

TAAcgacnAC tACCtCAATA ATCCTaAAAA CTGCAGGTAA TACAAaAGGA TcAGCCTATA 

GGGAGCTTCA ACAATCGTTA GAAAAaannn cGyAAGCAAC AnTGAGCAAT nCTCcAgcgA 

CAATCTCGCC CnTGATCaTC AAGTGCATTC TACCCGnAGC GCATCTtTCC TCACCGTyCG 

yaAGGCATAn GTTAynTTAT yTCTGGAGCT AACnGGAGta CCACtnCCCC ACTCAGCAGA 

nyTTGnTACG CTAGTCCtAT CCAGACCATG GAACnnAnbA TTGCAGAGAC TCGCCAGAAG 

TACtgAGGAT GAAGgAGCTA GGTGCGaACn TCCACGCGAC TCTAGATCAC TCTCGACCAA 

TAnnGGCTTT gATCCACCCG GAGACTTtAG CATGGCTAAC TGATCTGTCT ATAGGGGTAT 

CTATCTCTAG Al'TtAGAGGA ATAGAAnAGa naGnATCTCG CCTGCTCCAT GACAATAGAG 

AGAAATTTTG 'T'ACACTTGTT TCTCAGATTC ATGAAGGATt GTTCGGTGGT GnaGG1\GGGG 

TTCGGAATAA TCTGTCACCA GAGTTTGAAA GTTTGCTCAA TGGAACnAAC TTCTGGTTtG 

GCGGGAAATA TTCAAACACA An ATTcACTT GGCTTCACAT TAAACAATTG CAGAGACATC 

TTATACTCAC AGCGCGTATG AGATCTGGTC AGCACTTACA TCCAATnaaG CATACAGG 



FIg 37 

Alignment of the sequenced port1on of APHV-9/duck/New York/SO wlth NOV L gene. 
50 5% ldentlty in 657 nucleotlde overlapplng 

61 TAACGACNACTACCTCAATAATCCTAAAAACTGCAGGTAATACAAAAGGATCAGCCTATA APMV-9/duck/NY/BC 

1 AAGTGGCAATGAGAT NOV reference 

121 GGGACCTTCAACAATCGTTAGAAAAAANNNCGYAAGCAACANTGAGCAATNCTCCAGOGA 

16 ACAAGGCAAAACAGCTCATGGTAAATAGTAOGGGTAGGACA-TG-GCGA-GCTCC--GGT 

181 CAATCTCGCCCNTGATCATCAAGTGCATTCTAOOCGNAGCGCATCTTTCCTCACCGTYCG 

71 CCTGAAAGGGCA-GAGCATC-AGATTATCCTACCAGAGTCACACCTGTCTTCACCATTGG 

241 YAAGGCATANGTTAYNTTATYTCTGG-AGCTAACNGGAGTACCACTNCCCOACTCAGCAG 

129 TCAAGCACAAACTACTTTATTACTGGAAATTAACTGGGCTACOGCTTCCTGATGAATGTG 

300 ANYTTGNTAOGCTAGTCCTATCCAGACCATGG-AACNNANA-TTGCA-GAGACTCGCCAG 

lS9 ACTTOGACCACCTCATTCTCAGCAGACAATGGAAAAAAATACTTGAATCGGCCTCTCCTG 

357 AAGTACTGAGGATGAAGGAGCTAGGTGCGAACNTCCACGCGACTCTAGATCACTCTCGAC 

249 ATACTGAGAGAATGATAAAACTCGGAAGGGCAGTACACCAAACTCTCAACCACAATTCTA 

417 CAATANNGGCTTTGATCCACCCGGAGACTTTAGCATGGCTAACTGATCTGTCTATAGGGG 

309 GAATAACCGGAGTACTCCACCCCAGGTGTTTAGAAGAACTGGCTAGTATTGAGGT~~G 

477 TATCTATCTCTAGATTTAGAGGAATAGAANAGANAGNATCTCGCCTGCTCCATGACAATA 

369 ATTCAACCAACAAATTTCGGAAGATTGAGAAGA-AGATCCAAATTCACAACACGA-GATA 

537 GAGAGAAATTTTGTACACTTGTTTCT-CAGATTCATGAAGGATTGTTCGGTGGTGNAGGA 

427 TGGAGAACTGTT-CACAAGGCTGTGTACGCATATAGAGAAGAAACTGOTGGGGTCATOOT 

596 GGGGT-TCGGAAT-AATCTGTCACCAGAGTTTGAAAGTTTGCTCAATGGAACNAACTTCT 

486 GGTCTAACAATGTCCCCCGGTCAGAGGAGTTCAACAGCATCCGTACG3ATCCGGCATTCT 

654 GGTTTGGCGGGAAATATTCAAACACAANATTCACTTGGCTTCACATTAAACAATTGCAGA 

546 GGTTTCACTCAAAATGGTCCACAGCCAAGTTTGCATGGCTCCATATAAAACAGATCCAGA 

714 GACATCTTATACTCACAGCGCGTATGAGATCT--GGTCAGCACTTACATCCAATNAAGCA 

606 GGCATCTGATTGTGGCAGCTAGGACAAGGTCTGCGGCCAACAAATTGGTGATGCTAACCC 



Fig 37 (Cont1nuation) 

Alignment of the sequenced portion of APMV-9/duck/New York/BO with NOV L gene, 
50 5% ~dent~ty ~n 657 nucleotide overlapping 

772' TACAGG 

666 ATAAGGTAGGCCAAGTCTTTGTCACTCCTGAACTTGTCATTGTGAOGCATAOGAATGAGA 

• 

I 



FIg 38 Sequence of the port10n of the APMV-?/P1geonjOtaru/76 V1rus 
obta1ned by annea11ng w1th a pr1mer to the F gene of the NDV 

ATTOTCATATCAGATGTATTACcTCCGAGTGATTGGTAAOACTAACATTGTCATGTACAT 

CCAAACTOTTATTAAOCGAAbACCGATCCTTCAATTGGCAACACTTGCGTTGACTATTTC 

ACACOAGACAGTCTACCACAGAGGCGTGAGAAAAGACTTGTGTTAOAOCCAACACAACCA 

TATGTGTCTGCAATAGATTACATTAAATCGGCCAGAGAATTCATCATAAGAGGTGTAAAT 

AATbACCTTGGGATGATTGAAGCGGGTTATGACAGTGGATATAACATATTTGACTACCTT 

GAGGGAGACTTATCTAAGAAGAtvvATnAGCTGATGGCACGGCGACTTTGTCTCTTAACC 

ATTCTGTCTGGTAAGAAGCTGAATCTTCCACtGATTAAGGGGTATGAGCCTATTGTGAAA 

TGTAA.U'lCC'l"l'ACGOAGtTCTTACAGCAAGCATCAGATCAAGGGTTTo\TTAGtagngnc 

ATTGTACAATTGGCAATCACTCCCAAAATTCTGACATACCCAACAAACTTATATTATATG 

ATOCGGAAGACTCTgAGCATTATACnATcCaGAGAGGACACCAACCTOATAATnaCCTCT 

ATGTACGAAACTGAGGTGTATCAAAGATcAGATTbAGCAATAACATCTAAGOATGCAGTT 

OTTGaCCCATTGAATOCTCGCCCTATCTTGATAACAGAGGAGATtATATTTgATCOTTTT 

GACTTGCATTcACCTGTGATCTTAAGCAGACATgAGCTAGATCTCCTAGGTCCTCcATGT 

TCACAAGTCAGTGATCCCTTATCAAAAbACTTGCATAGACCAATCGGCACTGCATCTACA 

AGTtGGTACAAAACGaCCGCACTTCTTOCATGTGATATCCTACGgAggAgggCCCwAGGT 

TnaAGCCTTtACCTAtGtGAggGGAGggGGAGhAGwAtGOCTTGTATTGAGGACGCTTTT 

CCAGCTGAGACAATTtATTACAATTnATACTTTTCAAATGAAbacnnccCTCCTCAAAGA 

AAtATTGGACCnATGCCAACTcaATTCTGTTCnAGCACTGTAtACCAGAACTwAACTGCA 

GGCAnaCCCtGTCTCTCGGGTTnGTTnAACAATtCCAAGtACtAtGGAAtgAGAATTCtG 

AtGAAACnGAtATCTCATCGATnAGCnGnGnGAATTTCAtAnGTCAAnpGGtACCTCTCA 

ATTnAtGCCACTtACTTCAtGCTGATCTAGATCtACnAGTTsAGaCdCCCAGAGnGGTTn 

GGnACTCanGCTtaACsAAsAgATTCATgATgGCCACAAAnOgGTsAAAAAgAGGnGGAC 

ATTsGGTAAT bAAGnbAbAb GGnAGbGAbG AGnnGCnGCT bAG 



Fig 39 A11gnment between the APMV-?/P1geon/Otaru/76 (P1geon/Otaru) 
and the L gene of NOV 

====================================================================== 
HUSAR FASTN Program, 1358 bases versus EMBL v1ral 11brary 
====================================================================== 
The best score 1S w1th NOV L gene, 49 3% 1dent1ty 

1 ' ATTGTCATATCAGATGTATTACCT <--- P1geon/Otaru 

4441' CTTATTTGAATATGCAGCACTTGAAGTGCTCCTCGACTGTTCTTACCAACTCTATTATCT <--- NOV (L gene) 

25' CCGAGTGATTGG-TAAGACTAACATTGTCATGTACAT-CCAAACTGTTATTAAGCGAAAC 

4501' GAGAGTAAGAGGCCTAGAC-AATATTGTCTTATATATGGGTGATTTATACAAGAATATGC 

83' CGATCCTTC-AATTGGCAACACTTGCGTTGACTATTTCACA-CGAGACAGTCTACCACAG 
• 

4560" CAGGAATTCTACTTTCCAACA-TTGCAGCTACAATATCTCATCCCGTCATTCATTCAAGG 

141' AGGCGTGAGAAAAGACTTGTGTTAGAGCCAACACAACCATATGTGTCTGCAATAGATTAC 

4619" TTACATGCAGTGGGCCTGGTCAACCATAACGGATCACACCAACTTGCAGATACGGATTTT 

201' ATTAAATCGGCCAGAGAATTCATCATA-AGAGGTGT-AAATAATNACCTTGGGATGAT-T 

4679" ATCGAAATGTCTGCAAAACTGTTAGTATCTTGCACTCGACGTGTGATCTCCGGCTTATAT 

258' GAAGCGGGTTATGACAGTGGATATAACATATTTGACTACCTTGAGGGAGACTTATCTAAG 

4739" TCAGGGAATAAGTATGATCTGCTGTTCCCATCTGTCT---TAGATGATAACCTGAATGAG 

318' AAGATNNATNAGCTGATGGCACGGCGACTTTGTCTCTTAACCATTCTGTCTGGT--AAGA 

4796" AAGATGCTTCAGCTGATATCCCGGTTATGCTGTCTGTACACGGTACTCTTTGCTACAACA 

376' AGCTGAATCTTCCACTGATTA-AGGGGTATGAGCCTATTGTGAAATGTAAAATCCTTACG 

4856' AGAGAAATC--CCGAAAATAAGAGGCTTATCTGCAGA-AGAGAAATGTTCAGTACTTACT 

435' GAGTTCTTACAGCAAGCATCAGATCAAGGGTTTATTAGTAGNGNCATTGTACAATTGGCA 

4913' GAGTATCTACTGTCGGATGCTGTGAAACCATTACTTAGCCCTGATCAGGTGAGCTCTATC 

495' ATCACTCCCAAAATTCTGACATACCCAACAAACTTATATTATATGATGCGGAAGACTCTG 

4973 ATGTCTCCTAACATAATTACATTCCCAGCTAATCTGTACTACATGTCTCGGAAGAGCCTC 

555' AGCATTATACNATCCAGAGAGGACACCAACCTGATAATNACCTCTATGTACGAAACTGAG 

5033' AATTTGATCAGGGAAAGGGAGGACAAGGATTCTATCCTGGCGTTGTTGTTCCCCCAAGAG 



Fig 39 Cont1nuat10n 

615' -GTGTATCAAAGATCAGATTAGCAATAACATCTAAG-GATGCAGTTGTTGACCCATTGAA 

5093 CCATTATTAGAGTTC-CCTTCTGTGCAAGATATTGGTGCTCGAGTGAAAGATCCATTCAC 

673' TGCTCGCCCTATCTTGATAACAGAGGAGATTATATTTGATCGTTTTGACTTGCATTCAC-

5152 CCGACAACCTGCGGCATTTTTGCAAGAG-TTAGATTTGAGTGCTCCAGCAAGGTATGACG 

732' CTGTGA-TCTTAAGCAGACATGAGCTAGATCTCCTAGGTCCTCCATGTTCACAAGTCAGT 

5211 CATTCACACTTAGTCAGA-TTCATCCTGAGCTCACA---TCACCA-AATCCGGAGGAAG-

791' GATCCCTTATCAAAAACTTGCATAGACCAATCGGCACTGCATCTACAAGTTGGTACAAAA 

5265' ACTACTTAGTACGATACTTGTTCAGAGGAATAGGGACTGCATCCTCCTCTtGGTATAAGG 

851' CGACCGCACTTCTTGCATGTGATATCCTACGGAGGAGGGCCCNAGGTTNAAGCCTT-TAC 

5325 CATCCCATCTCCTTTC-TGTACCCGAGGTAAGATGTGCAAGACACGGGAACTCCTTATAC 

910' CTATGTGAGGGGAGGGGGAGNAGNATGGCTTGTATTGAGGACGCTTTTCCAGCTGAGACA 

5384 TTAGCTGAAGGAAGCGGAGCCATCATGAGTCTTCTCGAACTGCATGTACCACATGAAACT 

970' ATTTATTACAATTNATACTTTTCAAATGA-AACNNCCCTCCTCAAAGAAATATTGGACCN 

5444 ATCTATTACAATACGCTCTTTTCAAATGAGATGAACCCCCCGCAGCGACATTTCGGGCCG 

1029' ATGCCAACTCAATTCTGTTCNAGCACTGTATACCAGAACTNAACTGCAGGCANACCCTGC 

5504 ACCCCAACCCAGTTTTTGAATTCGGTTGTTTATAGGAACCTAC\GGCGGAGGTAACATGC 

1089' TCTCTCGGGTTNGTTNAACAATTCCAAGTACTATGGAATGAGAATTCTGATGAAACNGAT 

5564' AAGGATGGATTTGTCCAAGAGTTCCGTCCACTATGGAGAGAAAATACAGAGGAAAGCGAC 

1149' ATCTCATC-GAT-NAGCNGNGNGAATTTCATANGTCAANNGGTACCTCTCAATTNATGCC 

5624 CTGACCTCAGATAAAGCAGTGGG-GTATATTACATCTGCAGTGCCCTACAGATCTGTATC 

1207' ACTTACTTCATGCTGATCTAGATCTACNAGTTNAGACCCCAGAGNGGTTNGGNACTCANG 

5683 A-TTGCTGCATTGTGACATTGAAATCCCTCCAGGGTCCAATCAAAGCTTACTAGATCAA-

1267' CTTAACNAAAGATTCA----TGATGGCCACA!ANGGGTNAAAAAGAGGNGGACATTNGGT 

5741' -TTAGCTATCAATTTATCTCTGATTGCCATGCATTCCpTAAGGGAGGGCGGGGTAGTGAT 

1323' AATNAAGNNANANGGNAGNGANGAGNNGCNGCTNAG 

5800 CATCAA-AGTGTTGTATGCAATGGGATACTACTTTCATCTACTCATGAACTTGTTCGCTC 


