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_ I EXECUTIVE SUMMARY

The scientific purpose of the project was to study antigemc and genetic properties of avian paramyxo-
viruses (APMYV) which, apart from a well known Newcastle disease virus (NDV) — the main threat to the
poultry all over the world — mclude 9 antigenic serotypes of rather recently i1solated viruses This group of
viruses 1s of high practical importance for mternational development (both for mdustrial and less developed
countries) and, at the same time, reveals a number of problems of mtrigumng scientific mterest Since the
proposal was submitted 1 1987 but, by AID decision, was started only in August 1992, some new devel-
opments 1n the field had to be taken mto account. Accordingly, new topics were mcluded and new trends
were considered, 1 particular, substantial emphasis was done to the studies on the genetic level using the
RNA sequencing technology The work was carrted out according to the six mam objectives 1) Compre-
hensive virological and serological surveillance of domestic and wild birds aiming the 1solation of new na-
tive APMVs, 2) Comparative studies on the APMV hemagglutinin-neuramimdase (FIN) basic properties
functional activities and antigemicity studied by means of polyclonal antibodies, 3) Preparation and charac-
ternization of monoclonal antibodiecs (MAB) agamnst envelope protemns of APMV-1 (NDV) and APMV-2
(Yucaipa) viruses, 4) Usage of the MAB panels agamst the APMV-1 envelope protemns for antigeruc char-
actenization of the natrve NDV 1solations, 5) Sequencing of different genes of different APMYV serotypes
6) Apphcation of mathematical modehng approach for elucidation of antigenic kinslip and phylogenetic
relationships between different APMV serotypes In the limats of the objectives 1 & 2, the following topics
have been studied (a) antigemic and functional charactenzation of a collection of APMV- 2 ("Yucaipa-
hike") viruses 1solated m Israel dunng the epizootics mm 1979-81 and then, after about a decade of silence
from sporadic 1solations from domestic and feral birds, (b) the first 1solation and 1dentification 1n Israel of
APMV-4 serotype 1solated from wild ducks, (¢) APMYV 1solation and identification 1n the cases of mixed
mfection of avian hosts by APMV-1 with APMV-2 and by APMV-1 with APMV-4 viruses (c) antigenic
charactenzation of Enders-Ruckle virus (ERV), an APMYV 1solated after serial propagation of "normal”
chick embryo fibroblasts In the limits of the objectives 3 & 4, the MABs against the envelope protein frac-
tion of APMV-1 and APMV-2 were prepared, m the case of the APMV-1, the specific MAB panels agamnst
the HN, fusion (F) and matnx (M) envelope protemns were established and charactenized, the non-
overlapping groups and antigenic mapping being determined, and the MAB-mediated analysis of the NDV
strams 1solated 1n Israel from domestic and feral birds was performed In the limits of the of the objective 3,
the direct sequencing and 1dentification of the sequenced preces of virion RNA corresponding to the APMV
different serotypes was achieved Namely the APMV-1 (portions of the HN and L genes), APMV-3a (por-
tions of the P and L genes) APMV-3b (P and M genes’ portions), APMV-6 (L gene’s portion), APMV-7
(M and HN genes’ portions), APMV-9 (HN and L genes’ portions), as well as APMV-8 (two not yet identi-
fied portions), and APMV-?/pigeon/Otaru (not yet wdentified portion), Besides, the swine PMV and the
ERYV of avian origin appeared to be very closely related genetically to the virnses belonging to the avian
APMV-3b and to human mumps virus, respectively These are the most important findmgs having sigmifi-
cance for the problems of host specificity to viral mfection, viral pathogemcity and persistence The identi-
fication of a portion of the HN gene of the APMV-1 1solate from a racing pigeon diffening from classic
NDV by host specificity 1s an umportant fact having significance for potential finding of a specific genomic
locus responsible for the of virus host specificity and pathogenicity The sequenced pieces of different
APMYV genes are a basis for thewr further comparnison on the genomic level The sequence alignment and
identification were done via computer connection with EMBO (European Molecular Biology Organiza-
tion), Heidelberg DataBases Bank The collaboration appeared to be effective Namely durmng the visit of
the Principal Investigator (PI) to the Nawrobi University, more than 120 viral agents 1solated during the pre-
vious year were 1dentified as NDV the virological and ecological surveiliance was carried out in lakes Na-
kuru and Bogoria where 5 NDV were 1solated from flamingoes that 1s of significance from the ecological
and epizootiological pomts of view Durmg the two consecutive vasits to Isracl with the Kenyan 1solates,
the CI participated m the experiments on the native viruses’ identification, and studied the brochemncal,
genetic, and immunological methods used 1n the PI’s lab The pace of the research was m accordance with
the work plan, although the mclusion of new objectives made 1t necessary to ask the AID authornties for
an additional year for the project performance



_' II INTRODUCTION

The proposal was submutted mn 1987 and, by some circumstances, the date of August, 1991 was determined
by A I D as the starting pomt of runming the project Dunng this period (between the submission of the
proposal and the start of the project) new developments 1n the field, mcluding those published in the world
and some data obtamed m our lab, had to be taken mto account when realizing a techmical work plan Vir-
tually, all the objectives, winch were m the ongmal proposal, have remamed but some new topics were
mcluded and new trends were considered This was expressed 1n certain changes in the research strategy
(redistnbution of prionities for certamn objectives) Namely, much more emphasis was done to the studies on
avian paramyxoviruses on the genetic level using sequencing technology Besides, new viruses, which were
of especial mterest to some tasks of the research, were mcluded mnto the studies Therefore, certain modifi-
cations included mto the work plan were realized 1n the execution of the project and reflected respectively
m the present report During the last two years of the project’s performance, some new developments ap-
peared to be that was depending on the sumultaneously performed work on the collaborative studies with
Kazakhstan carried out 1n the limts of the project also supported by A I D The results obtamed m the
lumats of both the projects were m agreement that permitted to make some general conclusions, especially
m the field of viral ecology, concerming the global (intercontinental) spread of paramyxoviruses

III RESEARCH OBJECTIVES

The following objectives have been ongmally proposed
1 Comparative studies on the basic properties of the APMV HN functional activities

2 Comprehensive comparative studies on direct antigen-antibody binding (ELISA, RIA) and functional
(HA and Nase) mhibition cross reaction tests using polyclonal antibodies against all the APMV serotypes

3 Preparation of monoclonal antibodies agamst HN antigen of some selected APMYV serotypes and com-
prehensive comparative studies on direct antigen-antibody bindmg (ELISA, RIA) and functional (HA and
Nase) mhibition cross reaction tests using the panels of the monoclonal antibodies

4 Probing different APMYV serotypes with antibodies to polypeptides expressed from cloned HN gene do-
mamns of NDV search for "common", "serotype-spectfic”, "conserved" and "variabie" APMV antigemic

s

determinants and their assignment on the genetic level

5 Application of mathematical modeling approach for the elucidation of antigenic kinship and phyloge-
netic relationships between different APMYV serotypes

The objective #5 has been started to be performed since 1987 when the ongmal project proposal was sub-
mitted and m general the most of the work was performed before the official approval of the project
1991 Ths kind of work, which was possible to be carried out without substantial financial support was
done 1n collaboration with mathematician Prof N Riushe Besides, some new topics were mcluded and new
trends were considered. This was expressed 1n certain changes m the research strategy (redistnbution of
priorities for certain objectives) Namely, much more emphasis was done to the studies on avian para-
myxoviruses on the genetic level using viral gene sequencing technology Besides new viruses, which
were of especial interest to some tasks of the research, were included mnto the studies

In accordance with thus, the following objective has been mcluded, namely

6 Sequencing of APMVs’ different genes, In the case when full genes are sequenced, determmation of
open reading frames, mitiation and termination points, consensus sequences, and 1mtergenic reglons, amino
acid sequences and potential glycosylation sites (for hemagglutinin-neuramunidase and fusion glycopro-

teins)



IV RESEARCH ACCOMPLISHMENTS

1 Viruses Used In the Studies

The whole studies were based on the set of the selected viruses, which mcluded prototype and refer-
ence APMYV strams as well as local isolates The 1mitial set of viruses which were mtended to be studied

according to the ongmal proposal, were as follows

Last of the APMY serotypes

Serotype Full designation Abbreviation
APMV-1 APMV-1/NDV/LaSota NDV
APMV-2 APMV-2/chicken/California/Yucaipa/56 Yucaipa

vanety a APMV-3a/turkey/Wisconsm/67 Ty/Wisc
APMV-3

variety b APMV-3b/parakect/Netherlands/449/75 Pk/Neth
APMV+4 APMV-4/duck/Hong Kong/D3/75 D3/HK
APMV-6 APMV-6/duck/Hong Kong/D199/77 D199/HK
APMV-7 APMV-7/dove/Tennessee/4/75 Dove/Tn
APMV-8 APMV-8/goose/Delaware/1053/76 Goose/Del
APMV-9 APMV-9/duck/New York/22/80 Duck/NY
APMV-? APMV-%pigeon/Ctar/76 Pigeon/Ot

* Serotype APMV-5 (APMV-5/budgengar/Kunitachi) was not used m the studies since 1t was not avail-
able

The new viruses mcluded mto the studies were as follows

1 APMV-1/Racing pigeon/Isracl/1831/84 1831
2 APMV-3c/Swine/Nazareth/80 Sw/Naz
3 Enders-Rueckle virus (Avian Mumps-like virus?) AMuVvV

The 1st one from the above new viruses was a representative of the stramns which were 1solated during
the panzootics amongst racing  pigeons which burst out 1 Sudan m 198% and spread all over n North
Africa, Middle East, including Israel, and Europe This virus falling to the same serotype with Newcastle
disease virus - the mam threat to the poultry - excited apprehension m the whole world that tme as a
potential danger to the poultry Therefore, 1t was of high imterest m the limits of the present studies to -
clude this virus 1nto the studies

The 2nd virus was 1solated from swine durng the surveillance of the Arabic pig farms mn Nazareth in
1980 and 1dentified 1n our Ia (Umt of Molecular Virology, Division of Avian Diseases) as a paramyxovirus
similar to the avian paramyxovirus of the serotype 3, namely 1t was antigemcally very similar to APMV-3
prototype strain APMV-3/parakeet/Netherlands/449/75 (Lipkind et al, 1986) Such close similanty be-



tween an avian and a mammalian viruses could bear a hope to find out some specific sites responsible for
the host specificity thé Tompanson of both the viruses at the genetic level (sequence alignment of appro-
pnate gene portions) could reveal these sites

The 3d virus was 1solated i 1960 i Tuebmgen, Germany, from "normal" chick embryo cell mono-
layer culture That time this virus was 1dentrfied as a paramfluenza virus of serotype 2 This virus having
been passaged m chick embryonated eggs was forwarded to me by Prof Rudolf Rott mn 1990 for a proper
antigemc and genetic identification

In addition to the viruses which have been in use m the lumits of the project forty three more viruses
belonging to the APMV- 2 serotype were employed They included the prototype stran APMV-2/ chi-
cken/Califorma/Yucaipa/56, 1lreference strains (one of them has been 1solated i Kenya), and 33 local
viruses, the majonty of which were 1solated from turkeys and chickens durmg 1979-81 epizootics 1n Israel
(see the below lList) Simce these viruses had been 1solated consecutively during about 2 5 years and in-
cluded feral birds, too, this umque collection was very mnteresting for the aims of the present project con-
cermng ecological and epizootiological aspects

List of the reference PMV-2 strains and the local PMV-2 viruses 1solated mn Israel n 1979-81 which
were used m the studies

VIRUSES ABBREVIATIONS
Reference strains

1 A PMV-2/chicken/California/Yucaipa/56 Yucaipa

2 APMV-2/finch/North Ireland/Bangor/73 Bangor

3 APMV-2/robin/Hiddensee/19/75 Robin

4 APMV-2/cut-throat weaver/Senegal/PLOC-9/76 PLOC

5 APMV-2/manmkin/Japan/Haneda-35/76 Haneda

6 APMV-2/finch/England/347/76 England

7 APMV-2/turkey/Ttaly/F/77 Ttaly

8 APMV-2/Sturnus contra/Indonesia/3589/79 Indonesia/3589

9 APMYV-2/Sturnus contra/Indonesia/3650/79 Indones1a/3650

10 APMV-2/gadwall/Kenya/80 Kenya

Local 1solates

1 APMV-2/Mallard/Israel, Ramon/4/T/79 1 Mal/Ramon

2 APMV-2/Turkey/Israel, Kfar-Hess/7/T/79 3 Ty/Kfar-Hess/7

3 APMV-2/Turkey/Israel, Kfar-Hess/10A/B/79 3 Ty/Kfar-Hess/10A
4 APMV-2/Turkey/Israel, Kfar-Hess/10B/B/79 3 Ty/Kfar-Hess/10B
5 APMV-2/Turkey/Israel, Burgata/116/B/79 4 Ty/Burgata

6 APMV-2/Turkey/Israel, Beit-Shearim/170/L/79 Ty/Bext-Shearim/170
7 APMV-2/Turkey/Israel, Sde-Yoav/15/T/79 1 Ty/Sde-Yoav/15/T
8 APMV-2/Tutkey/Israel, Sde-Yoav/15/C/79 1 Ty/Sde-Yoav/15/C
9 APMV-2/Cattle egret/Israel, Ramat-Gan/9/T/80 9 C egret/Ramat-Gan
10 APMV-2/Turkey/Israel, Bert-Herut/584/B/80 10 Ty/Beit-Herut

11 APMV-2/Chicken/Israel, Mishmeret/589/L./80 10 Ch/Mishmeret/589
12 APMV-2/Turkey/Israel, Neot-Mordehai/593/80 10 Ty/Neot-Mordeha:
13 APMV-2/Turkey/Israel, Beit-Sheanm/595/80 10 Ty/Beit-Shearim/595
14 APMV-2/Turkey/Israel, Rosh-Tsurim/596/80 10 Ty/Rosh-Tsunm
15 APMV-2/Turkey/Israel, Bear-Tuv1a/676/B/80 10 Ty/Bear-Tuvia/676
16 APMV-2/Turkey/Israel, Kfar-Harutz/685/B/80 10 Ty/Kfar-Harutz

17 APMV-2/Turkey/Israel, Nahla/687/B/80 10 Ty/Nahla/687

18 APMV-2/Chicken/Israel, Hatsav/734/B/80 11 Ch/Hatsav/734

19 APMV-2/Turkey/Israel, Bear-Tuvia/752/B/80 11 Ty/Bear-Tuvia/752
20 APMV-2/Chicken/Israel, Mishmeret/803/K/80 11 Ch/Mishmeret/803



21 APMV-2/Turkey/Israel, Shalva/810/B/80/11 Ty/Shalva

22 APMV-2/Turkey/Israel, Nahla/812/B/80 11 Ty/Nahla/812
23 APMV-2/Turkey/Israel, Sde-Moshe/813/B/80 11 Ty/Sde-Moshe
24 APMV-2/Coot/Israel, Shiuhot/868/5/80 12 Coot/Shluhot
25 APMV-2/Chicken/Israel, Petahia/817/B/81 1 Ch/Petahia

26 APMV-2/Turkey/Israel, Emn-Tsunm/818/B/81 1 Ty/Em-Tsunm
27 APMV-2/Turkey/Israel, Tsora/830/B/81 1 Ty/Tsora

28 APMV-2/Turkey/Israel, Talmi-Ehiel/837/B/81 1 Ty/Talm-Ehiel
29 APMV-2/Turkey/Israel, Beit-Yitzhak/846/C/81 1 Ty/Bext-Yitzhak
30 APMV-2/Tutkey/Israel, Hatsav/4/T/81 1 Ty/Hatsav/4/T
31 APMV-2/Turkey/Israel, Hatsav/6/T/81 3 Ty/Hatsav/6/T
32 APMV-2/Coot/Israel, Beit-Alfa/5/T/81 3 Coot/Beit-Alfa
33 APMV-2/Turkey/Israel, Hatsav/8/T/81 6 Ty/Hatsav/8/T

After a decade of “silence” (no APMV-2 [“Yucaipa-like’ ] virus was 1solated 1n spite of the wide sur-
velllance) some new 1solations appeared to be picked up both from domestic and feral birds Accordingly
the following viruses were mvolved into the studies

List of the APMV-2 strains 1solated 1n 1994

VIRUSES ABBREVIATIONS
1 APMV-2/Chicken/Israel, Hadera/1545/94 3 Ch/Hadera/1545
2 APMV-2/Chicken/Israel, Hadera/2058/94 3 Ch/Hadera/2058
3 APMV-2/Turkey/Isracl, Hatsav/2470/94 4 Ty/Hatsav/2470
4 APMV-2/Turkey/Isracl, Hatsav/1441/94 5 Ty/Hatsav/1441
5 APMV-2/Turkey/Israel, Hatsav/1442/94 5 Ty/Hatsav/1442
6 APMV-2/Turkey/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 Ty/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-2/Turkey/Israel, Herut/2161/94 7 Ty/Herut/2161
17 APMV-2/Duck/Israel, Herut/1344/94 7 Dk/Herut/1344
18 APMV-2/Duck/Isracl Herut/1750/94 7 Dk/Herut/1750

19 APMV-2/Impenal sandgrouse, T-A Z00/3191/94 5 Imp sgr/Zoo




2 Basic Properties of the APMV Hemagglutinin-Neuraminidase Glycopro-
tein

2 1 Thermostabihity of hemagglutimn-nenrammdase (HN) glycoprotemn of the APMYV prototype
stramns

In the hmats of this objective, the functional thermostability of hemagglutimn-neuramnidase (HN)
glycoprotern was exammed Hemagglutinating (HA) and neuramimdase (NA) activities were determmed
before and after the heating the virus preparation at 56° C for 1 hr Since the thermostability 1s very often
°used as a convenient marker 1t was valuable to use mn the studies the sumplest virus preparation which 1s
the ordmary virus-contaiming allantoic fluid. Therefore, the thermostability was determuned in both allan-
toic virus and punfied virus preparations 1n order to elucidate the possible influence of components of al-
lantoic flurd on the thermostabihity The results are presented m Tab 1

2 2 Antigenic charactenzation of Enders-Ruckle virus (ERV), an APMYV isolated after serial propa-
gation of "normal"” chick embryo fibroblasts

This virus was 1solated 1n 1960 m Tuebingen Germany from "normal" chick embryo cell monolayer
culture (Enders-Ruckle 1960) That time this virus was 1dentified as a paramfluenza virus of serotype 2
Antibodies against this virus were found 1n many poultry farms i Germany using the same test (Wagner &
Koesters 1965) However this identification was done m mcomplete way without performing a proper
cross-reaction test. Therefore, the virus was forwarded to me by Prof Rudolf Rott i 1990 for a proper an-

tigemuc and genetic identification

The antigemc charactenzation of the ERV was carnied out first by means of hemagglutimation mhiba-
tion cross-reaction test usmg polyclonal antisera and then by means of ELISA using monoclonal antibodies
(MAB) agamst hemagglutinm-neuramumdase (HN) of human parainfluenza virus serotype 2 (PIV-2)
which were kindly gifted by Dr Claes Orvell

The experiments with polyclonal antisera have shown that the ERV 1s much closer antigemcally to the
group NDV-mumps virus than to the PIV- 3 virus The expertments with MABs agamnst PIV- 2 have shown
that none of 12 MABs agamst HN glycoprotein of PIV- 2 react with ERV

Then taking mto account the closeness of the ERV to mumps virus it was decided to employ the panels
of MABs against mumps virus  (strain SBL) which also were provided by Dr C Orvell m ELISA with
ERV It turned out to be that 50 MABs agamnst five viral protemns [HN, fusion (F) matnx (M), nucleopro-
temn (NP) and phosphoprotem (P)] reacted with ERV (Tab 2)

In order to elucidate whether the ERV (or ERV-like viruses) 1s spread amongst the domestic bird
population mn Israel an extensive serological surveillance has been carned out. The methodical approach
consisting 1n blocking of binding of certain anti-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 1n Israel were
positive 1n thus tests This mdicates the presence m the field sera of antibodies that can bind to mumps virus

(Tab 3)

Thus the above results have indicated very close relatedness of the ERV to the human mumps virus
Since this was an extravagant conclusion genetic characterization of the ERV usmng sequencing technology

was undertaken (see the paragraph 3a)

2 3 Functional properties of the HN of APMV-2 (“Yucaipa-like”) viruses

These properties included some the HN thermostability and enzymatic activity and electrophoretic mo-
bility of all the viral structural properties of APMV-2



231 Property of elution from red blood cells

Dunng the preluminary studies, 1t was noticed that several 1solates showed rapid elution after HI tests
had been done More systematic evaluation of this phenomenon revealed considerable variation among the
strains and 1solates tested (Tab 4) Of the reference strams tested, only Haneda and Bangor showed full
elution which occurred within 4 hours others showed either no elution after 24 hours or only partial elution
at this tme Thrty-three field 1solates were also tested and these showed considerable heterogenerty 1n
terms of elution (Tab 4) Most of the strains (23) were partial or moderate eluters, but five 1solates were
non-cluters and five classed as fast eluters

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

Punfied preparations of 16 of the Israeh 1solates were subjected to SDS-PAGE 1n comparnison with the
Yucaipa and NDV/Ulster viruses (Fig 1, parts 1, 2, 3) The overall polypeptides patterns of the 1solates
were sumilar to each other consisting of the same number and approximate size of polypeptides (the lines
between the L and HN proteins m the Fig 1, part 1, are probably impurities) but differed from the reference
Yucaipa virus 1n migration rate of most the polypeptudes However, more detailed examination revealed
shght differences amongst the 1solates which were expressed 1n the position of the Fo, and the M proteins
and the band density of the HN protemn. By these mdications, all the studied viruses can be distributed into
two groups The group A mcluded viruses whose Fy glycoprotein mugrated faster, the M protemn mgrated
slower and the density of the HN protemn band was significantly lower as compared to the respective values
of the viruses belonging to the group B (Fig 1, paris 1, 2, 3) The difference in the HN band density 1s most
clearly demonstrated 1n the case of Ty/Neot-Mordehal (Fig 1, part 1), Ty/Beit-Sheanm (Fig 1, part 2), and
Mal/Ramon (F1g 1, part 3) viruses where the above low density of the HN protem 1s combined with the
higher density of the NP and M bands (tugher if compared with the respective bands of the viruses belong-
mg to the group B) The group A mcluded the viruses Ty/Kfar-Hess/10A, Ty/Kfar-Harutz, Ty/Neot-
Mordehar, Coot/Shiuhot (Fig 1, part 1), Ty/Sde-Yoav/15/T, Ty/Beit-Sheannm/170, Ty/Bear-Tuvia/752
(Fig part 2), Mal/Ramon and Ch/yMishmeret (Fig 1, part 3) The group B mcluded the viruses Ty/Shalva
C egret/Ramat-Gan, (Fig 1, part 1), Ty/Sde-Yoav/C/15, Ty/Bear-Tuv1a/676, Ch/Hatsav (Fig 1 part 2),
Ty/Nahla/687 and Coot/Beit-Alfa (Fig 1, part 3) The full list of the reference and Israeli "Yucaipa-hke"
viruses 1s presented i the previous report.

2 4 Antigenic heterogeneity by HN antigen amongst the APMYV-2 (“Yucaipa-hke”) viruses

A large number of "Yucaipa-like" viruses have been 1solated up to eighties (Fleury and Alexander,
1979, Fleury et al , 1982) Therefore, 1t was considered mmportant to mvestigate the antigenic relationships
between these "reference" viruses to enable assessment of the significance of differences that may be de-
tected within the Israch 1solates Consequently, at first, the antigemic differences amongst the reference
strains have been studied, that being a basis for the comparison of the nich collection of the APMV-2 1s0-
lates from the local reservoir This gave the basis for the conclusions of high ecological, epizootiological

and phylogenetic importance

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

Ten reference and two Israeli APMV- 2 viruses and antisera agamnst four of the reference (Yucaipa,
Robin, PLOC, and Haneda) and the above two Israch strams which included the first 1solate made at the
beginning of the ep1zootic m April 1(71 (Ty/Kfar-Hess/10B) and one 1solated at the peak of the epizootic m

November 1980 (Ch/Hatsav) were used 1n these experiments
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The cross reactivity was expressed as difference between the homologous and heterologous hemagglu-
tination mhibition (HI) fiters expressed m dual log It can be seen (Tab 5), that the two selected Israeli 150-
lates did not differ from each other by the cnterion of cross reactivity all the reference viruses were inhib-
ited at high levels by each serum and the degree of the cross reactivity varied considerably so that amongst
these strams no one was sumlar to each other For example, for Yucaipa, Robin, PLOC and Haneda vi-
ruses whose antisera were also used m the tests and, hence, the two-side cross reactivity could be deter-
mmed and quantitated, the parrwise companson showed no similanity between the four strams In the case
of two paws, Yucaipa-Robin and PLOC-Haneda, one-sided asymmetric cross reactivity was observed
when anti-Yucaipa serum against Robin and anti-PLOC antiserum agamst Haneda were used there was no
difference between homologous and heterologous HI titers (d 15 close to zero) while when anti-Robin se-
rum agamst Yucaipa and anti-Haneda serum against PLOC were used then the difference 4 was more than
3 log 1n the former case and more than 3 log i the latter one (Tab 5) In the case of Yucaipa-Haneda pair,
there was two-sided asymmetric cross reactivity In the other pawrs related to these four viruses, there was
symmetric cross reactivity, the 4, indication being m the range between 1 and 2 log, These four stramns
also differed n the pattern of their cross reactivity with the Israch 1solates For example, PLOC showed no
difference with Ty/Kfar-Hess/10B virus and low one-side asymmetric cross reactivity with the Ch/Hatsav
1solate Robin showed one-side asymmetric cross reactivity with both the native 1solates Yucaipa showed
difference with both the native strams displaying two-sided (Ty/Kfar-Hess/10B) and one-sided (Ch/Hat-
sav) asymmetric cross reactivity, Haneda showed symmetric (Kfar-Hess/10B) and one-side asymmetric

(Ch/Hatsav) cross reactivity (Tab 5)

For the other six APMV-2 reference viruses against which there was no antiserum and, hence, two-side
cross reactivities could not be determined, a companson could be made only with respect to therr HI titres
with antisera against the four reference viruses (Tab 5) According to this criterion, some regularitiescan
be noticed Namely, all the viruses show stmular relationship to Robin (line 2), the difference between ho-
mologous and heterologous HI titers (4 ) ranging between 14 and 3 4 log, The same pattern was seen
with Haneda with 4, ranging between 1 and 2 5 log, (lne 4), the stramn Indones1a/3650 being the only 1s0-
late not differing from the homologous virus At the same tume, all the viruses showed antigemic sumilarity
with the PLOC virus, 4 being statistically non-significant (close to zero) Yucaipa virus showed simularity
with England, Italy Indonesia/3589 and Indones1a/36350 (no significant difference of 4 from zero) while 1t
differed from Bangor and Kenya Both the antisera against the two Israch viruses showed smmulanty with
the viruses Italy, Indones1a/3589 and Kenya wath the other reference strains there were different combina-
wons Ty/Kfar-Hess/10B did not differ from the reference stramns, except, Bangor Ch/Hatsav showed dif-
ference also with England and Indones1a/3650 strains

Thus, summanzing the above data, 1t can be concluded that viruses Robin and Haneda are similar by
two-way cross reactrvity while the viruses Bangor and Kenya, on one hand, and Italy and Indonesia/ 3589
on the other hand, are simular according to the less strong criterion of the spectrum of antigemc relation-
ships (one-side cross reactivity) with the four viruses (Yucaipa, Robin, PLOC and Haneda) Bangor and
Kenya by the same criterion are stmular to the PLOC virus and show sigmificant difference from Yucaipa,

Robin and Haneda

2 42 Antigenic heterogeneity amongst the APMV-2 viruses i1solated in Israel

These studies offered a umque opportunity to detect antigemic vanations 1 detailed dynamics and,
thus reveal evolutionary pathways, this being one of the objectives of the research. During the reported
peniod, the studies concerming the antigenicity of above viruses were fimshed and supplemented with the
studies on characterization of two other properties of these viruses, namely, the electrophoretic mobility of
their protems and another functional property — the rate of elution of the viral particles pre-adsorbed upon
the red blood cell (RBC) surface The latter property 1s a complex one depending on both viral enzymatic
and receptor-binding activities
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2421 Isolation and ldenyt_icatlon of the APMV-2 viruses isolated in Israel in 1979-81

Up to 1979 no avian paramyxovirus other than NDV had been 1solated m Israel. Systematic surveil-
lance of wild and domestic birds for mfluenza viruses was begun 1n 1979 and as a consequence of these
studies a PMV- 2was 1solated m January 1971 from mallard ducks (4nas platyrhynchos) migrating imto
Israel (Lipkind et al 1982b) During the winter of 1978-71 a semes of respiratory disease problems oc-
curred on turkey farms in Israel and had appeared to spread The disease was characterized by signs rang-
mg from mild rales to severe respiratory distress mncluding conjunctivitis, nasal discharge, sinusitis and
pneumonia, egg production was severely affected in breeder flocks Morbidity usually approached 100%
while mortality varied from 5% to 90% (Lipkind et al 1979) In March 1971 several hemaggiutinating
(HA) agents 1solated from outbreaks of the disease were 1dentified as avian PMV of the PMV- 2 serotype
Since that time mvestigation of the disease m turkeys and surveillance of other birds has resulted n the
1solation of more than 70 PMV- 2 viruses from all parts of Israel (Lipkind et al 1982c) However experi-
mental infection of turkeys by the 1solated Yucaipa virus did not caused clear clmcal symptoms uniess the
mfection by the Yucaipa virus was combined with some bactenal or mycoplasma agents which were also
1solated that time from affected turkey flocks (Heller et al 1984)

The majornity of the 1solates were obtained from turkeys but 1solations have also been made from do-
mestic fowl (Lipkind et al 1982c) coots (Fulica atra) [Lipkind et al 1982a] and cattle egret
(Ardeola 1b1s) [Lipkind et al 1981]

Such a nich collection of the viruses 1solated consecutively i the same geographic area from domesti-
cated and feral birds offered a umque opportunity to detect antigemc vanations in detarled dynamics and
thus reveal evolutionary pathways which 1s one of the objectives of the research.

Tharty-three viruses of PMV- 2 serotype 1solated n Israel from domestic and wild birds duning epizo-
otic of a respiratory disease 1 1979-1981 were studied comprehensively 1n comparison with a set of refer-
ence PMV- 2 viruses using cross reaction hemagglutination inbition tests The results demonstrated sig-
nificant heterogeneity amongst the local isolates There was no significant correlation between the differ-
ences found and chronology of 1solation of the viruses For more defimtive conclusions about antigemc
heterogeneity of the Yucarpa-like 1solates 1n association with ecological epizootiological and phylogenetic
aspects some additional viral properties are to be studied

2422 Antigenic heterogeneity amongst the APMV-2 viruses 1solated n Israel in 1979-81 hemagglutination
mhibition cross reaction tests

The results of HI tests with the field 1solates are distributed according to the year of 1solation within
1979-81 m Tables 6, 7 and 8, respectively

Although there was a considerable heterogeneity among the field strains, certamn regularties 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 stramns showed differences 4 > 1 Mal/Ramon, Ty/Kfar-Hess/10B
Ty/Burgata (Tab 6), Ty/Nahla/687 (Tab 7) and Ch/Petahia (Tab 8) For the rest of the stramns 4 fluctu-

ated around zero

For Robin and Haneda antisera, the values of the 4 demonstrated a generally higher difference In the
case of ant1i-Robin antiserum, 12 1solates showed high difference (2 0 <d < 3 0), the Ch/Nahla strain having
shown 4, =3 37 + 1 08, 11 isolates showed the moderate difference (1 0 <d < 2 0) and the rest (10 1solates)
showed low or no difference In the case of the anti-Haneda antiserum, 5 1solates showed high difference
two of them having shown 4 > 3 0, 16 1solates showed moderate difference and the rest (10 1solates) — low

or no difference
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In the case of the anti-PLOC antiserum, 10 1solates showed moderate difference, one 1solate showed 4
=3 214 0 32 and the rest (22 1solates) - low or no difference

Thus evident heterogeneity amongst the Israeli strams revealed by the cross reactivity with reference
antisera was 1 contrast to the results mamifested by HI tests with two antisera agamst two selected Israeh
viruses, m which case the values of d, showed no sigmficant difference from zero The only exceptions
were Ch/Petahia and Ty/Em-Tsurim stramns which showed significant difference from the homologous vi-
ruses (d > 1) with both the antisera and Coot/Beit-Alfa and Ty/Kfar-Hess/7 stramns which showed sigmifi-

cant difference with one of the antisera.

In some cases the 4 indication had negative (statistically significant) values which meant that the het-
erologous HI titer was higher that the homologous As such a phenomenon was observed usually with all or
most of the six reference antisera reacted with any virus, this mught reflect a particular sensitivity of the
viral antigen to antibodies, which has been known as the phenomenon of "avidity” The 1solates Ty/Nahia/
812 and Ty/Sde-Moshe (Tab 8) are the best expressions of such avidity

2423 New isolations of APMV 2 ("Yucaipa like") viruses in Israel from domestic and feral birds after decade of silence

During the execution of the project, n the peniod of March - July, 1994, there were cases of muld respi-
ratory disease mn turkey and chicken farms with low mortality Cloacal and tracheal swabs taken from sick
birds were stored frozen till July 1994 and then propagated through chick embryonated eggs The 1solated
hemagglutinating agents were 1dentified as APMV-2 (prototype sttain - APMV-2 /Chicken/Yucaipa/Cal-
fornia/56) on the basis of hemagglutmation mhibition and neuramimdase mmhibition tests Most of the 1so0-
lations were related to the cases occurred 1n May, 1994 In July, 1994, a similar syndrome was observed m
a duck farm from where the APMV-2 ("Yucaipa-like") viruses were also 1solated During the same penod,
the Yucaipa-hke virus was 1solated from an imperial sandgrouse (Pterocles onentalis) kept mn Zoo of Tel
Aviv Umversity The 1solates are lhisted m the Tab 9

The pont of importance was companson of the above-described APMV-2 viruses (1solated 1n 1994)
with the APMV-2 viruses 1solated during the epizootic 1979-81 In the present report, both the groups of
viruses were compared by the thermostability of therr hemaggutmns and by the rate of elution from red
blood cells

The results on the thermostability are presented at the Tab 10 & Tab 11 It can be seen that the ratio
of the thermostable stramns 1s  significantly higher amongst the "new" (1994) 1solates as compared to the
“old’ (1979-81) 1solates (404 agamnst 114 respectively)

The clution rate of the "old" stramns (Tab 12) was compared with the corresponding results concerning
the new stramns (Tab 12) The comparison has shown that the ratio of non-eluters 1s significantly igher
amongst the "new" 1solates as compared to the "old" ones (60% against 15%, respectively)

2 4 3 Discusswon and conclusions Ecological and evolutionary enigmas en-
dermnic source or "itmport"®

The antigemc mterrelationships which have been displayed graphically (Fig 2), show close elatedness,
almost 1dentity (1n the hmuts of serological criteria), between the two Israeli 1solates and the PLOC virus In
general, the PLOC virus has the most close relatedness with the other members of the graph from 5 possi-
ble interconnections, two designate close relatedness, two - moderate, and one - low The Robin virus has
moderate cross reaction with 3 viruses and low with two others Haneda virus displays two moderate and
three low relations and Yucaipa virus shows only one moderate (with PLOC) and four low relationships
Thas picture 1s compatible with the theonies concerning the presence of the "common" and "serotype-spe-
cific portions on the genomic and, correspondingly, the antigemc level (Liplund & Shihmanter, 1986)
and the notions of "con-served” and "vanable" regions (Nishikawa et al, 1983) and "stramn-specific” epi-
tope on the NDV HN molecule recogmzed by monoclonal antibodies (Torio & Bratt, 1(84) In accordance
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with this, one can speculate that amongst the PMV- 3viruses used m the studies the PLOC virus has the
largest "common" portion while the Yucaipa virus has the smallest

The close relatedness of the Israeh 1solates to the PLOC virus 1s supported by the data on the PLOC's
relationships with all the other Israch 1solates (Tab 6, 7, 8) On the basis of the above data, 1t can be sug-
gested that the PLOC virus 1s the ancestor of the Israeh 1solates or both have the common ancestor from
whom they have not dnfted far away 1n a fan-like direction. From the ecological point of view, the relation-
ship of the Israeh 1solates with PLOC virus would be expected since Israel 1s on the migratory route of
passerine travehing from Europe to West Africa

However, the main objective of the studies was an attempt to find out whether the antigemic drift could
occur durning the epizootics and could be revealed by analyzing antigenic heterogeneity among the conse-
cutvely 1solated viruses The heterogenerty was demonstrated by different parameters

Farst, the detailed comparison of two Israeh 1solates which were selected as "native reference” viruses -
Ty/Kfar-Hess/10B and Ch/Hatsav - with the reference APMV- 2 strans revealed difference between them
although the direct companson of both did not show significant difference 1n cross reactivity However the
two viruses clearly differed from each other by their cross reactivity with the other PMV-2 Besides, there
was no parallehsm between the two viruses m their cross reactivity with the PLOC, Haneda, and Indone-
s1a/3650 viruses Such a phenomenon when there 15 no sigmificant antigemc difference between two viruses
but they differ by the spectrum of therr cross reactivity with some other viruses has been described earlier
(Lipkind & Shihmanter, 1986, Lipkind et al , 1986)

It 1s not possible to arrange the 1solates m an order displaying consecutive accumulation of changes
along with the time axis, which could demonstrate an antigemc dnft According to the dynamics of 1sola-
tions of different antigenic vanants, it seems that the 1solates did not derive from a certamn ancestral strain
as a result of consecutive changes but there was a co-circulation of a number of APMV- 2 variants which

appeared at the very beginning of the epizootic.

This suggestion 1s supported by the results on the hemagglitination-elution pattern (Tab 4) On one
hand, there 1s a certain connection between antigenicity and hemagglutination-elution pattern, namely, four
from the five non-eluter viruses are those belongmng to the group 4 from which three were 1solated m 1979
But thus 1s the only one clear correlation on the background of flat randomness However, to some extent, a
chronological relationship can be seen m the groupings of strains on elution ability in that the earhier 1so-
lates were non-cluters and fast eluters appeared in 1980 (Tab 4) However, some stramns isolated m 1980
and even 1 1981 were moderate eluters Moreover 1t was noticed that duning passaging the elution prop-
erties of certain strains were changing On the basis of these data, we suggest that within the population of
the APMV- 2 viruses there should be two sorts of virions m respect to their elution-hemagglutination prop-
erty - "non-cluter" and “fast eluter” particles In accordance with this, all the spectrum of the found differ-
ences should be due to different proportions of "non-eluter” and "fast eluter" particles mn the heterogeneous
viral populations of the corresponding strains This 1s one more mdication that during the studied period
(1979-1981) 1n the avian population m Israel there was co-circulation of different vanants, differing at

least, by antigemcity and elution-hemagglutination properties

The distribution of the 1solates by the PAGE pattern of the viral protem migration rate also has re-
vealed no correlation with the previously described grouping of the 1solates by both antigenicity and elu-
tron-hemagglutination pattern Namely, 1f comparing the grouping by PAGE pattern with that by antigenic-
1ty 1t can be seen that both the groups A and B (PAGE pattern) include the viruses belonging to different
groups quahfied by antigemicity and some viruses belonging to the same groups quahfied by antigemcity
may belong to different groups qualified by PAGE The same situation can be seen if companing the
grouping by PAGE with that by elution-hemagglutination pattern. Namely, most of the viruses (5 from 9)
belonging to the group A are moderate eluters (Ty/Kfar/Hess/10A, Ty/Neot-Mordeha, Coot/Shiuhot,
Ty/Bear-Tuv1a/752 and Mal/Ramon), but two viruses are partial ehuters (Ty/Kfar-Harutz and Ty/Beit-
Shearim), one 1s a non-chuter (Ty/Sde-Yoav/15/T) and one 1s a fast-eluter (Ch/Mishmeret/58), the group B
mcludes Ty/Nahla/687 which 1s a non-cluter, on one hand, and C egret/ Ramat-Gan whach 1s 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 1s that the PMV- 2 viruses 1solated mn Israel during the
peniod 1979-81 demonstrate heterogeneity by antigemcity of the HN glycoprotemn, elution-hemagglutina-
tion pattern and PAGE protem mugration pattern with no evident correlation between the three indications,
1¢ the grouping of the 1solates by any of the above criteria does not coincide with each other Together
with thus, there is no evident correlation between the above parameters and the chronology of the virus 1so-
lations Thus 1s a basis for suggestion that during the epizootic there was a co-circulation of different var-
ants of the PMV-2 virus varying by at least three different properties which were not necessarily combined
The most striking fact in this respect concerns the viruses Ty/Sde-Yoav/15/T and Ty/Sde-Yoav/15/C which
were 1solated from tracheal and cloacal swabs, respectively, taken from the same mdividual turkey and
which differed by antigemcity (Tab 6), elution-hemagglutination (Tab 4) and PAGE protein migration
(Fig 1) patterns In addition to these facts, there have been some observations on changmg elution-
hemagglutination pattern along with the consecutive virus passaging

In connection with this, the minguing question 1s whether such wide heterogeneity of the Israch
APMV- 2 1solates 1s a result of remarkable vanability of a hypothetical imtially homogeneous virus  which
would cause the epizootic and be the ancestor of all the varying 1solates, or the causative viral factor was
heterogeneous (consisted of heterogeneous vinon population) from the very beginning of the epizootic
The above-described expermmental evidence demonstrating the heterogenerty among the early isolates sup-
ports the latter hypothesis This, i turn, leads to two alter-native suggestions

1 The APMV- 2 virus had been circulating in the local avian reservorr long before the beginmng of the
described outbreak, which means that 1t, was enzootic rather than epizootic Enzootic ongin of the local
APMYV- 2 1solations would explamn evolutionary antigemic and other biological changes, which led to ac-
cumulation of the corresponding variants In such a case there should be a certam "provocative” factor
which would "wake up" the "sleeping" enzootic PMV- 2 virus Turkey rhinotracherus (TRT) pneumovirus
would have been such a provocative factor the disease was diagnosed by chimcal syndrome 1 1978, the
viral agents were 1solated 1n 1980 and were identified as TRT i 1987 (Weisman et al , 1989)

2 The APMV- 2 virus was brought into the local avian reservoir from "abroad" (real epizootic) proba-
bly via migrating birds but the "mmported" virus was already heterogeneous

The choice between the two alternatives 1s due to the existing ecological evidence According to 1t,
dozens of HA agents 1dentified erther as mfluenza viruses or APMVs were 1solated before and after the
epizootic with no APMV- 2 among them although massive surveillance and swabbing of domestic and feral
birds began before the epizootic and went on m the same mtensity after it This 1s not compatible with the
first alternative while fully agree with the second one Since the Mal/Ramon virus has been the earhiest Is-
rach PMV- 2 1solation preceding the epizootic mn poultry, 1t i1s tempting to speculate about inter-species
transfer of the PMV-2 virus from wild mugrating to local domestic birds However, m such a case, the
Mal/Ramon virus was not a pure genetic ancestor but was mrtially heterogeneous

The hypothesis about the mitial heterogeneity 1s compatible with the views about rapid evolution of
RNA wviruses (Holland et al, 1982) and mucro-heterogeneity of RNA genomes (Stemhouer & Holland,
1987) based on the quast-species concept, (Eigen et al, 1(81) According to these views, the multiple mu-
tational changes are not evolved sequentially but are diverged from a common ancestor and, hence, to-
gether with the mam gene sequence, there 1s a "quasi-species" mutant distribution (Eigen and Schuster
1979, Eigen et al, 1981) These rapidly mutating subpopulations can remam remarkably stable under
certan conditions of replication but when the conditions are suddenly changed, the equilibrium between
the virus mam populatton and multiple subpopulations becomes disturbed resulting 1 selection of a  cer-
tain subpopulation(s) which become(s) the mam one(s) This has an 1mage of extremely rapid evolution and
an acute outbreak of a virus disease 1s an effective factor for such rapidity

The above considerations are relevant not only to the heterogenerty of the local PMV-2 1solates but to
the reference PMV-2 viruses as well since 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 1solates by the above three
criteria which  were not correlated with each other There was no significant correlation between the dif-
ferences found and chronology of 1solation of the viruses The results indicated that there may have been
simultaneous co-circulation of different PMV-2 stramns 1n the local avian reservorr at the beginning of the
epizootic rather than temporal accumulation of varants as a result of antigemc drift of an "ancestor" virus
which caused the mitial mnfection

The 1solatton 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" virus which had been preserved somehow m  the natu-
ral reservorr In this respect, the comparison of the ‘new" and "old" viruses 1s of high importance

On one side, 1t has been shown (Lipkind at al , 1995) that there may have been simultaneous co-circu-
lation of different strains at the begimming of the epizootic rather than temporal accumulation of vanants as
a result of antigenic doft of an "ancestor" virus which caused the mitial infection. The same situation
seems to have place m the case of the "new" 1solates Also amongst the 1solates there was a combination of
the thermostable and thermolabile strains, on one hand, and fast eluting and non-cluting strains, on the
other A typical example of the mitial heterogenerty was the occurrence of two duck APMV-2 1solates
picked up m the same place at the same time and sharply differed by the thermostability and the rate of
elution. It 1s also of interest that these two properties were not unequivocally connected namely both
non-cluting and fast eluting  viruses could turn out to be erther thermostable or thermolabile

On the other side, a certamn dufference between the "old" and the "new" populations could be suspected,
namely, both the populations, being heterogeneous, sigmficantly differed by the ratio of the strains char-
actenized by either thermostability or the rate of elution amongst the whole populations

Therefore, a pomt of the high importance 1s the antigenic and genetic companison of the newly 1solated
"Yucaipa-like" virus strams with those 1solated dunng the eprzootics 1979-81 Since then, there was no 1so-
lation of the "Yucaipa-like" virus tll 1994, although massive continuous surveillance was carned out and
plenty of various other viruses have been 1solated including other APMV serotypes and mfluenza viruses
The above-discussed problem of ecological and epizootiological importance about whether Israel 1s an en-
demuc source of Yucaipa virus, or this virus 1s "immported” via migrating birds would get another source for
elucidation In accordance with thus, the antigenic, genetic and phylogenetic studies on comparison of "old"
and "new" "Yucaipa-like" viruses 1solated m Israel together with reference stramns, are now mn progress

2 5 The first 1solation of APMYV serotype 4 (APMV-4) 1 Israel antigenic peculiantres of the local
1solates

Cloacal and tracheal swabs taken from 36 wild mallard ducks shot by hunters i Northern part of Hoo-
lah Valley (Upper Galilee) were propagated through chick embryonated eggs One hemagglutinating (HA)
agents from tracheal and three from cloacal swabs were 1solated All the 1solates possessed neuramimdase
actrvity proving therr belonging to erther ortho- or paramyxovirus fanuly Double immunodiffusion test
with antiserum agamst mfluenza virus nucleoprotein antigen gave negative result hemagglutination mhibi-
trion (HI) test with reference anti-sera agamst all the mue serotypes of avian paramyxoviruses (APMV)
showed that one of the i1solates was Newcastle disease virus (NDV) while the three others showed positive
results with antiserum agamst prototype stramn (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 chick antisera pre-
pared agamnst the 1solates the cross reactivity between the 1solates and the prototype strains was found to be
asymmetric Besides the 1solates as compared to the prototype virus showed more closed antigenic related-
ness to NDV (Tab 14) Thus 1s the first 1solation of APMV of serotype 4 n Israel
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2 6 Isolation of two different APMV serotypes m the cases of mixed mfection of domestic and feral
birds m Israel -

2 6 1 Mixed infection by APMV-1 and APMV-2 viruses

Amongst the Yucaipa-like viruses 1solated :n May 1994, there was one 1solated from turkey (desig-
nated as APMV-2/turkey/Herut/24-70/94) which was mhubited also by anti-NDV antiscrum Besides, there
were two more Yucaipa-like 1solates (APMV-2/chicken/Hadera/28-83/94 and APMV-2/turkey/ Hat-
sav/29-86/94) which became be inhibited by the anti-NDV antiserum after two passages through embryo-
nated eggs A mixed mfection by APMV-2 (Yucarpa-like virus) together with APMV-1 (NDV) was sus-
pected This was proven by the experiment on treatment of the 1solate by erther anti-NDV or anti-Yucaipa
virus antisera followed by the propagation of both the portions of the treated 1solate through embryonated
eggs (Tab 15) After mcubation, the yielded viruses were 1dentified as NDV (from the portion treated with
the anti-Yucaipa antiserum) and as Yucaipa virus (from the portion treated with anti-NDV anti-serum)
Such separate 1solation of APMVs from single 1solates proved mixed mfection of poultry farms by two
viruses Conversion of isolates mtially identified as APMV-2 virus mto those identified as APMV-1
(NDV) as a result of the propagation can be explaned by the prevalence of the NDV i the multiplication
rate mn the embryonated eggs as compared to APMV-2

262 Mixed infection by APMV-1 and APMV-4 viruses

One of the hemagglutinating (HA) agents 1solated from wild mallards (Anas plathyrrhynchos) n Feb-
ruary 1994 caught m village Beerun (Negev desert) showed negative result n HA mhibibon (HI) test with
the reference anti-NDV antiserum. Then, the wide HI test using reference antisera against all the APMV
serotypes was performed The results have shown mhibition of the isolate by antiserum agamst APMV-4
serotype (the prototype stramm APMV-4/duck/Hong Kong/D3/75) Consequently, the 1solate was dentified
as APMV-4 and designated APMV-4/mallard/Israel-Beerim/51-152/94 For a proper identification of the
isolate by HI and NI mhubrtion cross reaction tests, chicken antiserum agamst the 1solate started to be pre-
pared using the allantoic virus after the 3d passage of the mmtial 1solate However, the chickens inoculated
by this virus preparation fell sick displaying neurological symptoms charactenistic for Newcastle disease
Then, the virus used for the iImmumzation was checked m HI test in parallel to the ongmnal 1solate (before
the passaging) The results have shown that the original virus still had the serological properties of the
APMV-4 serotype while the 1solate after two passages acquired the /property to be inhubited by the ant1-
NDV (APMV-1 serotype) Then the mixed mfection by APMV-1 and APMV-4 was suspected In order to
prove 1t, the treatment of the mtal 1solate by either anti-NDV or anti-APMV-4 antisera followed by the
propagation of both the portions of the treated 1solate through embryonated eggs was carried out After
mcubation, the virus yielded from the portion treated with the anti- APMV-4 antiserum was 1dentified as
NDV and the virus yielded from the portion treated with anti-NDV anti-serum was 1dentified as APMV-4
(Tab 15) The "conversion” of the 1solate mtially identified as APMV-4 virus mto that 1dentified as
APMV-1 (NDV) m the process of propagation can be explamed by the prevalence of the NDV i the
multiplicatton rate in the embryonated eggs as compared to the APMV-4

Discussion and conclusions to 2 6 The fact of the mixed infection of burds by two APMV  se-
rotype may occur to be of hugh epizootiological and pathogemic importance Double APMV infection mn
poultry may be followed by the mterference phenomena resulting 1 erther facthtatton of or hindrance to of
mfection and clmical syndrome development. The occurrence of double 1nfection in poultry farms where
anti-NDV vaccination 1s a loyal routine has serious consequences One of the questions of the immediate
practical importance 1s that whether the NDV component i the mixed mfection originates from the vac-
cine strain. tasks If thus 1s not the case and the NDV component has nothing to do with the vaccine strain
there 1s another problem how NDV overcomes the vaccination. In this  respect the role of the accompa-
nying second APMV may be decisive and become an obstacle for successful vaccination. As far as the
double mfection m the wild mallard 1s concerned, the NDV vaccmation 1s out  of question, the NDV
component of the 1solate 1s evidently virulent and the epizootiological importance of these findings 1s to

be elucidated
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27 Virological Surveillance and Serological Identification of the Hemagglutinating Agents Isolated
m Kenya

2 71 Field surveillance of avian population poultry and feral bwrds

The work described here 1s a part of the studies led and carried out 1n Kenya by Prof Phulip N Nyaga
and his team The mitial objective of this part of the studies to be performed 1n Kenya in the hmuts of the
CDR project was as wide as possible surveillance of domestic and wild birds 1n the country 1n attempt to
1solate APMVs Only then it would be possible to carry out comparative studies on the local 1solates 1n-
cluding therr antigemc and genetic characterization using modern techmiques

The part of the studies mcluded mto the present report covers the work which was done only on do-
mestic birds chickens (mostly), turkeys and ducks The materials taken from the birds for virus 1solation
were mostly cloacal and tracheal swabs and sometimes some organs (lungs, trachea, bone marrow and
lien) The studies were performed within the period June - December 1994 The geographic distribution
covered the Nairobr district (including Kalolem, Kabete and Westlands), Kanokor, Kerugoya, Kawang-
ware Kericho, Kiambu, Nakuru, Embu, Thica, Chuka and Ruaraka

The swabs and homogemzed organs were treated by antibiotics and passaged through 10-11-days-old
embryonated eggs In the case of embryo death, allantoic flud was harvested and examined 1n hemagglu-
tmation (HA) reaction If the embryos were ahve the moculated eggs were mcubated up to six days post
moculation and then the allantoic flmd also was harvested and exammuned m HA reaction. The positive
fluids, designated as HA agents, especially those bacterially contaminated, were sterihized by filtration
through the Millipore membranes (45 um pores), passaged once agamn and examined m HA reaction
(proof of the viral nature of the HA agents)

As a result of this surveillance, 121 hemagglitinating agents were 1solated and passaged (Fig 3)

2 72 Serological identification of the hemagglutinating agents Isolated in Kenya in 1994 from domestic
birds

The studies camied out i Kenya during the reported year wclude 1dentification of more than 120 he-
magglutinating (HA) agents which were 1solated by the CI, Prof Plulip N Nyaga and his team from do-
mestic birds within the Central districts of Kenya m 1994

The 1dentification of the above HA agents was carried during the visit of the PI to Kenya in March-
May 1993, using reference antisera against all the APMV serotypes

The results have shown that all the 1solates turned out to be NDV The main task was to mvestigate
specific differences and peculiarities of the local Kenyan NDV 1solates as compared to the Israeh 1solates
and the NDV reference strams For this aun, the preparation of chicken antisera against some of the local
1solates was mriated which 1s i progress

273 Field surveilllance performed during the visit of the PI to Kenya in 1995 and isolation of hemag-
glutinating agents

Duning the visit of the PI to Kenya, field surveillance was carried out m two places 1w safan Lake
Nakuru and safart Lake Bogoria The mam objective was attempts to 1solate APMVs from feral birds
flammgoes (Phoemcopterus ruber), mn particular According to ecological data, each season flamingoes can
choose different lakes In accordance with this, i lake Nakuru there were very few flamingoes while n
the lake Bogoria there was massive residence (although the previous year the picture was opposite) The
matenials mcluded faecal droppings, feathers and lake water samples were transported to the Department
of Pathology and Microbiology 1n the Kabete campus and stored in -20 C
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The materials were propagated in chick embryonated eggs and after passaging five HA agents were
established According to prehmunary identification with the reference APMV antisera which were brought
to Kenya by the PI, the 1solates appeared to be NDV All the 1solates from the flamingoes as well as some
1solates of 1994 from domestic birds have been transferred to Israel by the CI m fall 1995 for final identifi-

cation.

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

31 Preparation of monoclonal antibodies agamnst viral envelope protemns of NDV and
Yucaipa viruses

The basic hybridoma technology (Kohler & Milstemn, 1975) has been used, according to the specific
schedule directed to paramyxoviruses (Orvell & Grandien, 1982) Preparation of the panel of monoclonal
antibodies against each virus included the followmg stages

3.1.1. Preparation of punified virus matenal and its fractionation nto envelope and internal viral
proteins

(a) Preparation of the purified virus including the following stages clarification of allantoic flud, pelleting
of the virus, sucrose gradient centnifugation of the resuspended virus, final pelleting and resuspension.

(b) Crude fractionation of the virus proteins imnto envelope and internal protemn fractions carned out by
treatment of purified vinons with the non-tomc detergent octyl-a-D-glucopyranoside (octyl-glucoside)

3 12 Immunization of BALB/mice with the viral envelope proteins

BALB/c muce were inyjected, first, intramuscularly and, then (2-% months later), intrapenitoneally by
the same envelope protems fraction. The amimals were sacrificed % days after the first booster
and spleen cells were prepared

3 13 Production of hybridoma cell nes

The spleen cells were mixed with the BALB/c myeloma cell hne mn a serum-free medium. After
washing and appropriate mcubation the cells were distributed to mdividual wells of microplates and after
additional incubation the clones were screened for antibody activity by ELISA techmique Antibody-pro-
ducing clones after further passaging m the microplate wells and, then, mn tissue culture flasks, were 1n-
jected into syngemic BALB/c mice, and ascitic flud was obtained from mdividual mice 2-5 weeks later

3 14 Determunation of antibody activities of the clones obtained by ELISA assay

All the clones obtained were titrated by ELISA, hemagglutination mhibition and neuramimidase mhibi-
tion tests and according to their activities were distributed 1nto three groups strong, moderate and weak

monoclonal antibodies
3 15 Determunation of the MAB isotypes
Ths study was camed out using mouse monoclonal typing kit (The Binding Site Co ) and according
to the protocol supphied by the company The studies mcluding 23 MABs have shown that all of them
belong to the IgG, class, 17 MABs having 1sotype G1, and 6 MABs having 1sotype G2a

The prevalence of the 1so-type G1, 1s m agreement with the published data (Orvell & Grandien, 1982)
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32 Charactenization of monoclonal antibodies (MAB) agamnst NDV Establishment of the
MAB panels

The MABs were prepared against Australia-Victona stram of NDV by fusing spleen cells from NDV-
immmumzed BALB/c mice with the mouse myeloma cell ine SP2/0 (see the previous Annual Report) The
viral envelope fraction obtained by octyl-glycoside treatment of purified virus preparation and containing
hemagglutinin-neuramumdase (HN), fusion (F), and matrix (M) viral proteins was used for the immumza-
tion. The MAB-producing hybridomas were screened and 1solated by ELISA test of cell culture medium
samples and the MABs were produced m ascitic flmmds The MABs were characterized by (a) radioim-
mune precipitation assay using double labeling of viral protens and glycoproteins with ammo acid and
carbohydrate precursors, (b) antigen-capture ELISA test and (c) Western blot analysis Three MAB panels
against HN, F and M proteins have been established which included 10, 7 and 15 MABs, respectively (Fig
4a, 4b 4c, 4d) These MABs precipitated single viral polypeptides were positive 1n antigen-capture ELISA
test (Tab 16) but were negative 1n the Western blot, the latter suggesting that the viral antigemc epitopes
were denatured by SDS during polyacrylamde gel electrophoresis

These MAB panels will be used for antigenic characterization of strams 1solated i Israel during the last
decade from different avian hosts as well as for revealing the hypothesized epitopes common to other
APMVs this bemg one of the main aspects underlying the working hypothesis

The further characterization of the MAB panels was carnied out by two directions determmation of
the MAB 1sotypes and determination of the non-overlapping groups of MABs within each of the three
panels anti-matrix, anti-hemagglutinm-neurammmdase and anti-fusion MABs

321 The MAB panel against the matrix (M) protein determination of the non-overlapping groups

A panel of 18 MABS agamst the matrix (M) protemn of NDV was obtained and therr specificity towards
the M protem was proven by radioummune precipitation assay, Western blot (in non-denaturating condi-
tions) and antigen capture ELISA test Further studies were directed to antigemc epitope mapping of the
M protemn by means of this panel The epitope charactenization was performed by competitive antibody-
binding assay (Orvell & Grandien, 1982) by means of labeling of each MAB with biotin-amidocaproate-
N-hydroxysuccinimide ester (Guesdon et al, 1979 At least, 5 clear groups non-overlapping or partially
overlap pmg have been determined, each including 4, 1, 1 8 and 1 MABs  respectively (Fig 5) affilia-
tion of the 3 remaming MABs was not clear Most of the MABs showed asymmetric competitive binding
which 1s not due to the differences n antibody avidity, this phenomenon could be explamed by structural
pecuhianties of certain epitopes of a respective group, this causing asymmetnic steric hindrance for binding
of the compared overlapping MABs All the above MABs turned out to be mduced by structural epitopes
formed 1n condttions of tertiary  structure of the native M antigen.

322 The MAB panel against the fusion (F) protein determination of the non-overiapping groups

Nine from ten MABs of the panel have precipitated the F protein (Fig 6) This was proven by combi-
nation of the MAB binding to the lysate of the NDV-infected cells Iabeled by erther amino acid or carbo-
hydrate precursors One MAB did not precipitate any of the viral protems from the lysate and its specific-
1ty was determined by means of the antigen-capture ELISA and competitive binding assay The Western
blotting examination showed no binding of all the MABs with any of the viral proteins, this proving the
structural nature of the eprtopes which were mactivated as a resuit of their denaturation

Before performance of the competitve binding assay with biotin- labeled MABs for the F protein map-
png, the saturated concentrations of the MABs were determined by the modified ELISA (Nishikawa et

al, 1983)
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The competitive binding assay (Fig 7) revealed two non-overlapping regions The first region mcluded
two non-overlapping sites (site 1 and site 2) and one site (site 1 2) overlapping with the stte 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 F1 2a spectfic to  the site 12 The
MAB:s F2a, F2b, F2¢ and F2d specific to the site 2 competed with each other and, besides, with the MAB
F1 2a. The MABs F3a, F3b, F3c and F3d specific to the site 3 competed only with each other

All the defined F protemn antigemc sites were highly sensitive  to the denaturing agents, that fully con-
siding with the iterature (Russell et al , 1990)

Thus, the prepared MAB panel against NDV F protein  made 1t possible to delineate three non-over-
lapping antigenic sites  that 1s compatible with the published data. Namely, amongst the published results
concerning characterization of MABs agamst NDV F  protein (Russell & Alexander, 1983, Meulmans et
al 1987 Abeneset al, 1986, Umino et al, 1990) there are two reports describmg rather large MAB
panels permitiing antigemc mapping of the F protein (Abenes et al , 1986, Umino et al 1990) The for-
mer studies describe 3 antigenic sites revealed by the competitive binding test but 4 sites  revealed by the
selection of MAB-resistant mutants (one of the above three sites was spht mto two non-overlapping sites)
The latter paper like ours describes 3 antigenic sites There-fore, it seems that the presence of three non-

overlapping antigenic sites 1s characteristic  for the NDV

The F protemn of paramyxoviruses 1s accounted as antigemcally stable (Abenes et al (1986, Russell
et al, 1990) In particular, the analysis of the published data on NDV concerning the relation between the
stable and variable epitopes has given the following account m the case of the F protemn 504 of the epi-
topes were stable as compared to the 384 i the case of the HN protem (Russell et al , 1990) However, the
presented results are rather mn a certain contra-diction with such conclusion namely, contrasting differ-
ences mn the stability were observed 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 companison
of the obtained data with those by Abenes et al (1986) shows that the number of the stable epitopes n
the latter publication was significantly lugher (four from six) than m our studies (two from nine) The rea-
son for such discrepancy 1s probably due to the fact that our collection of the NDV  strains used 1n the

studies was considerably hgher (63 agamst 17)

The data having demonstrated a sigmficantly higher vanability of the NDV F protemn, as opposed to
the accepted views about 1ts rather high stability should be taken mto account m anti-NDV vaccination

policy

323 The MAB panel against the against hemagglutinin-neuraminidase (HN) protein determination
of the non-overlapping groups

The panel of 14 MABs against HN protemn whose specificity to the HN was determined by ELISA was
exammed by radioimmunoprecipitation assay using double labelmg with [*°S}-methiomne and [*H]-
glucosamune of the virus growing mn the NDV-infected 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 mn the ymmu-
noblotting test if the test was performed 1n reducing condittons, this proving the structural nature of the
epitopes which were mactivated as a result of their denaturation. By performing the immunoblotting test
i non-reducing conditrons, 1t was found that 13 MABs from the panel reacted with the protemn having
electrophoretic mobility corresponding to the MW 51-56K while 3 of them reacted also wath the protem
having electrophoretic mobility corresponding to the MW 69-72K and only one MAB reacted with the
protemn of MW 69-72 only  Such phenomenon was described by Samson et al (1986) who provided the
explanation that 1n reducing condittons the HN forms two conformational 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 1 the previously described with the anti-F MABs, before performance of the competitive bind-
ng assay with biotin-labeled anti-HN MABS, the saturated concentrations of the MABs were determined

by the modified ELISA (Nishikawa et al , 1983)

The competitive binding assay (Fig 9) revealed 6 mam groups The group 1 mncludes two MABs -
HN1la and HN1b - highly competing with each other and with the adjacent group 1 2 and not competing
with all the other MABs The group 2 includes 2 MABs which totally inhubit each other and ail the
MABs of the group 1 2 Thus, the above MABs reveal upon the HN protein three closely located antigenic
sites from which the sites 1 and 2 are non-overlapping while the MABSs to the epitopes of the site 12
react with both the epitopes of the site 1 and the site 2 The rest of the MAB panel - 5 MABs - are distrib-
uted within 3 groups designated as group 3 (1 MAB), group 4 (3 MABs) and group 5 (1 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 asymmetric way, € g they 1nhibit to the
binding of the MAB HN4a with the antigen while the MAB HN4a has no mfluence on the ability of the

labeled MABs HN4b and HN4c to bind to the antigen.

The MABs specific to the sites 1 and 1 2 mhubit the viral hemagglutinating (HA) activity without 1n-
fluence on the neuramumdase (Nase) activity Contrary to 1t, the MABs specific to the site 2 mnhibit the
Nase activity without mfluence on the HA activity The MAB specific to the site 3 - HN3a - mtubit both the

HA and Nase activities

Thus, the prepared panel of MABs against the HN  protemn reveals upon the HN glycoprotemn 5 non-
overlapping antigenic  sites and one site (HN1 2) overlapping with sites 1 and 2 This panel 1s the nichest
one from those descnibed 1n hiterature

324 The MAB-mediated analysis of NDV strains isolated In Israel from domestic and feral birds
analysis of contrasting variability amongst the strains

Twelve reference strains and 51 recently 1solated Israeh strams of NDV have been studied by means of
3 panels of MABs agamst hemagglutinm-neurarmmdase (HN), fusion (F) and matnix (M) viral protems
contaming 10, 7 and 6 MAB:, respectively The MAB-producing hybridomas were prepared against Aus-
traha-Victona (AV) stramn of NDV by fusing spleen cells from NDV-immmunized BALB/c mice with the
mouse myeloma cell line SP2/0 The viral envelope fraction was used for the mice immunization. The ref-
erence strams mcluded velogemc, mesogenic and lentogemc ones 1solated within 1933- 1970 penod from
domestic fowl The natuve NDV strains have been 1solated recently (1984-1994) from various avian spe-
cies mcludmg poultry (chickens and turkeys), feral (wild and show pigeons, starlings, gulls eagle, cattle
egret), water-fowl (mallards and coots), and cage (parrot) birds The antigenic and/or functional relatedness
between all the above NDV strains was examined by the pattern of therr binding to each MAB belonging
to erther panel The binding was measured by ELISA techmque

The results revealed two contrasting indications amongst different stramns a wide spectrum of variabil-
1ty against stable conservativity in the MAB binding patterns (Fig 4) Some of the "stable” stramns did not
differ from the homologous AV NDV although the gap between the dates of their 1solations reached more
than 50 years There was no correlation between the MAB binding pattern and the strain pathogenicity,
host specificity, geographic location and chronology of 1solation. Together with this there was no strong
correlation between the data related to different panels for example some stramns could be grouped ac-
cordmng to the binding pattern with MABs belonging to the HN panel but this grouping was not compati-
ble with the results related to the other panel(s) On the background of the diverse varations, some of the

NDV epitopes turned out to be highly conserved

DISCUSSION The described combination of the MAB panels against all 3 varal envelope proteins
and 6 3reference and native stramns of NDYV 1s a solid basis for the analysts of NDV antigenic epitope pat-
tern and vanability All the MABs, except 3 anti-M ones, were proven to be distinct According to the
Western blot test, all the MABs appeared to be primed by conformational epitopes Simmlar results have
been described (Samson et al, 1988 Yusoff et al 1988) Among all the panels, anti-M MABs showed a
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igher stabihity and anti-F MABs showed a hugher vanability as compared to anti-HHN MABs The latter 1s
rather 1 contrast to the results 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 binding pattern and the strain pathogemicity, host speci-
fictty, geographic locatton and chronology of isolation 1s m accordance with the literature (Torio et al.
1986, Russell et al, 1990) However, such contrasting combination of high vanabihty wath stable conser-
vativity among the NDV strains 1s a umque pont of the present studies Namely, some of the "stable”
stramns did not differ from the homologous AV NDV although the time gap between their isolations 1s

more than 50 years

4 Sequencing of APMV genes

This became to be the main effort that started from the orgamzation of the expenimental set-up for the
sequencing studies

41 The strategy

The strategy of the research was based on the direct sequencing of APMV vinion RNAs by "gene
walk” tactics using synthesis of complementary DNA on the virion RNA matnx by means of reverse tran-
scriptase reaction and the sequence determunation by the dideoxynucleotides cham termination method by
(Sanger et al 1977) The principal difficulty of the chosen strategy was that NO part of the genome of
avian paramyxoviruses except NDV has been sequenced so that imtial imformation needed for the synthe-
sis of the first pnmer 1n 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, Ishuda et al 1986, Jor-
genson et al , 1987, McGinnes & Morrison, 1987, Wemers et al , 1987, Yusoff et al, 1987 McGinnes et
al, 1988, Gotoh et al , 1988, Schaper et al, 1988, Mullar et al , 1988) Namely, the data of 1% different
strains have been studied (Sakaguchu et al, 1989, Toyoda et al , 1989) The alignment of the respective
sequences showed a number of genomic portions m which there was no sequence differences between the
compared viruses and which, hence, could be considered as “conserved” parts Based on the assumption
that these "conserved parts" could be common not only to different strains of NDV but to some other se-
rotype(s) of APMV, m general, we have ordered the first primers complementary to the genommc viral
RNA (1e m mRNA-sense) mn some of such "conserved" parts belonging mostly to the HN and the F
genes Thus, we hoped to use these pnmers for "fishing" the assumed conserved portions in certain  other
APMV(s) The expeniments, mdeed, have shown that mn several cases the annealing of certain viron
RNAs with heterologous prumers 1solated from vanous APMVs did occur followed by the subsequent
synthesis of cDNA complementary to the virion RNA Thus resulted in  determination of some sequences
m the case of several APMVs Some of the fluorographuc pictures of the sequences were difficult to read
because of either very fant bands, or mterference with additonal sequence(s) Therefore, it needed a long
exposure of fluorographic films and more than one vanant of reading By overcomung these obstacles, the
sequences of certam porfions of APMVs have been obtained so that the next steps could be performed by
real "gene walk" manner using homologous primers The corresponding consequtively sequenced por-
tions were aligned using NUCALN software program which resulted in  getting longer sequences Then,
after 2- 3steps of the "gene walk" the found sequences could be transferred via E-mail to the European
Molecular Biology Orgamization (EMBQ) DataBank m Heidelberg (through the Institute of Virology, Mar-
burg Umiversity, Germany) for companson  with all the viral sequences stored in the DataBank, the pro-
gram FASTN being used The viral sequences of the EMBO hibrary (EMBL) which showed the best
1dentity scores were aligned with the analyzed pieces and the highest percentage of homology was the
basis of the APMV gene 1dentification. The next step was deterrmnation of the open reading frame
(ORF) winch, first, supported a proper gene portions' :dentification putafive determunation of trascriptional
and translational parts (imtation and termination codons), intergenic regions 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 hemagglutinmn-neuramimidase and fusion glycopro-
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teins) and some other s_pecxal sites (cleavage etc )

The principal difficulty of the chosen strategy was that no part of the genome of avian paramyxovi-
ruses, except NDV, has been sequenced, so that imtial information needed for the synthesis of the first
prumer 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, Ishida et al, 1986 Jorgenson et
al, 1987 McGinnes & Morrison, 1987, Wemersetal, 1987, Yusoff et al, 1987 McGinnes et al , 1988
Gotoh et al 1988 Schaper et al , 1988, Millar et al 1988) Namely, the data of 1% different strains
have been studied (Sakaguchl et al, 1989 Toyoda et al , 1989) The ahgnment of the respective sequences
showed a number of genomic portions m whach there was no differences and which, hence, could be con-
sidered as con-served parts Based on the assumption that  these "con-served parts" could be common not
only to different strains of NDV but to some other serotype(s) of APMV, 1n general, we have ordered the
first pnumers complementary to the genomic viral RNA (1 ¢ m mRNA-sense) m four such "conserved parts”
belonging to HN gene and  1n eight parts belonging to the F gene Thus, we hoped to use these primers
for "fishing" the assumed conserved portions 1n certamm APMV(s)

The expennments, mndeed, have shown that mn several cases the annealing of certam primers with het-
erologous virion RNAs 1solated  from various APMVs did occur followed by the subsequent synthesis of
c¢DNA complementary to the virion RNA Thus resulted 1n determmation  of some sequences in the case
of 1831, Pk/Neth, Sw/Naz, Goose/Del and Dove/Tn viruses Some of the fluorographic pictures of the
sequences were difficult to read because of etther very faint band, or mterference with additional se-
quence(s) This was a result of annealing of heterologous pnimers and RNAs Therefore 1t needed a long
exposure of fluorographic films and more than one vanant of reading

4 2 The methodical approach

It has been decided to carry out this part of the studies using the "gene walk" strategy of the direct se-
quencing of virion RNAs, using synthesis DNA on the virion RNA matnx by means of enzyme reverse
transcriptase and the sequence determination by the di-deoxynucleotides chain termination method by

(Sangeretal 1'77)
The studies included the following steps

A Inoculation of chuck-embryonated eggs by virus
B Harvesting of the allantoic virus and its titration.
C Punfication of the virus
a) clanification of allantoic fluid,
b) pelleting of the virus from the allantoic fluid by ultracentrifugation
c) sucrose gradient ultracentrifugation of the resuspended pelleted virus, collection of the virus- containing
band, its homogemzation and nltrasonic treatment,
d) final pelleting of the virus by ultracentrifugation,
€) ultrasomc treatment of the purified virus preparation
D Isolation of viral RNA using protemase K and phenol-chloroform treatment of the purified virus
preparation.
E Punfication of synthesized olygonucleotides (primers) by means of Sephadex columns
F Sanger's reaction
a) annealing reaction between virion RNA and primer;
b) synthesis of DNA upon the virnon RNA matrix annealed with appropniate primer using reverse tran-
scriptase, normal and di-deoxynucleotides and S labelled ATP,
G High voltage electrophoresis of the products of the sequencing reaction and processing of the gels
a) fixation and drying,
b) fluorographic exposition,
¢) development of the exposed films
H Reading of the sequence data
I Computation of the sequence data.
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4 3 Sequencing of particular APMVs’ genes

4 3 1 Enders-Ruckle virus (ERV)

The mam problem of the direct sequencing of an unknown virus - the choice of the mitial primer was
solved by using the imtial mmformation about 1dentification of ERV as avian paramnfluenza of serotype 2
(PIV-2) Therefore, the recently published data on sequencing of hemagglutimin-nenramumdase (HN) gene
(Precious et al, 1990) and nucleoprotemn (NP) gene (Koevamees et al,, 1989) of PIV- 2 virus were em-
ployed The choice of the respective primers was done on  the basis of those portions of the corresponding
genes which showed maxamal homology when the sequences of 3 closely related viruses PIV- 2, SV5
and mumps viruses (Precious et al, 1990, Elango et al 1989) have been compared, 1 e the portions of the
above genes with identical sequences for all the three viruses were chosen for the synthesis of primers
The sequencing reactions were successful, and several "gene walk" steps usmng then homologous primers
were per-formed The cormresponding sequenced portions were aligned usmg NUCALN software  pro-
gram which resulted m getting a resulting pieces of 1633 bases m  the case of the primer to the HN gene
(HN-L portion) and 615 bases, n  the case of the primer to the NP gene (NP-P portion) These pieces
were sent via E-mail to the European Molecular Brology Orgamzation (EMBO) DataBank mn Heidelberg
(through the Insttute of Virology, Marburg Unmiversity, Germany) for compartson with all the viral se-
quences stored 1 the DataBank, the program FASTN bemg used. The best 1dentity scores with hgh per-
centage of homology with ERV appeared to be m the case of different strams (SBL, Enders and Miya-
hara) of mumps virus the differences between ERV and mumps viruses were within  usual stram-specific
differences (Fig 10 & 11) Together with this, according to the alignments between the compared ERV
and mumps virus sequences, 1t was possible to determine the localization of the sequenced pieces within
the viral genome Namely, 1t appeared to be that one prece 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 13) and the 5' part of the adjacent P gene (Fig 14) [all the gene portions’ designations are done m
the "mRNA sense"] In this case, the sequence portions had to contamn non-translational down-stream por-
tons of the HN and NP genes, respectively, and non-translational up-stream portions of the P and L
genes, respectively The above conclusion could be clearly demonstrated by the results on the determina-
tion of open reading frames (ORF) and amuno acid sequences 1n both the portions Namely, the termmat-
g codon, down-stream transcription part, TATA-box, and poly-A tal of the end of HN and NP genes
respectively on one hand, and, putative mtergenic regron and consensus sequences of the beginming of the
L and P genes, respectively, on the other hand, can be determuned This work 1s now 1n progress

Thus the partial direct sequencing of ERV vRNA showed high percentage of homology with different
strains of mumps virus m certamn portions of NP (85-92%) P (79-84%) HN (92-97%) and L (92-95%)

genes

On the basis of these data, together with the results on antigenic characterization, the ERV was identi-
fied as avian mumps-like virus (AmuV), that having been accepted by the International Commuttee on Vi-
rus Taxonomy

4.3.2. APMV serotype 1, APMV-1/racing pigeon/israel/84

4321 HN gene

Annealing of virion RNA of this virus with a primer synthesized on the basis of a "conserved” portion
of the HN gene of NDV gave clear result. The "gene walk" was performed and, after 4 steps a sequence
of a portion of 75 3bases was determined which (Fig 15) Using the above described HUSAR Program,
this portion was shown to have a hugh per cent of homology (84%) with the Newcastle disease virus (Fig

16)
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4322 L gene

Annealing of virion RNA of this virus with a primer synthesized on the basis of a "conserved" portion
of the F gene of NDV gave clear result. The “gene walk" was performed and, after 4 steps, a sequence of a
portion of 948 bases was determuned (F1g 17) Quute unexpectedly, while using the HUSAR Program de-
scribed 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 NDV (Fig 18) The reason for that may be
due to the presence on the L gene of the above APMV-1/racing pigeon/Isracl/84 virus of the sequence
which has a hugher degree of complementarity to the selected primer as com- pared to the conserved part
of the F gene on the basis of which the prmer was selected

4.3 3. APMV serotype 3a, APMV-3a/turkey/Wisconsin/65

4331 Pgene

Anneahng of virion RNA of this virus with a primer synthesized on the basis of a "conserved" portion
of the F gene of NDV 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, 1t was possible to determune that this sequence
belongs to the P gene, but the alignment of this sequence with the P gene of any PMV was not obtamed
However, using the Nucaln Program, this sequence was compared with the sequence related to the APMV-
3b/parakeet/Netherlands/441 which was obtained by means of the same mrtial primer and 1dentified as be-
longing to the P gene This comparison showed good alignment between both the sequences, which sup-
ported the conclusion that the found sequence concerns the P gene (Fig 20)

4332 F gene

Annealing of virion RNA of this virus with a primer synthesized 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 determined
which, by using the above-described schedule, was 1dentified putatively as a portion covering the 3' part of
the F gene and  the start of the adjacent down stream gene which could be potentially erther HN or SH
(small hydrophobic) gene (Fig 21) The ORF determination 1s In progress

4333 L gene-the END of the genome

Annealing of virion RNA of this virus with a pnmer synthesized on the basis of a "conserved” portion of
the HN gene of NDV gave a clear result and after three steps of "gene walk" a gene portion was obtamed
which turned out to belong to the end of the whole genome (Fig 22, Fig 23) The comparative analysis
(alignment) of the portion could not be performed because of the small size of the portion

434 APMV serotype 3b, the prototype virus APMV-3b/parakeet/Netherlands

Annealmng of virion RNA of this virus with a primer synthesized on the basis of a "conserved” portion
of the HN gene was very poor After a long exposition 1t was still very difficult to read unequivocally the
obtamed sequencing fluorograph and three varying pnmers were synthesized according to different read-
mg versions Fnally, the "gene walk" was performed and, after two steps, a sequence of 687 bases was
determuned which, by using the above-described schedule, was shown to have the highest homology with
the P (phosphoprotem) gene of human mumps virus Accordingly, by aligning with reference gene the
determimed sequence was 1dentified putatively as a portion covering the 3'-part of the P gene and the start
of the adjacent M (matnix) gene The ORF has been determuned, and termnating codon, TAAG-box,
poly-A tail, mtergenic region and consensus sequence were putatively detected (Fig 24)
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4.3.5. The PMV-3/swine/Nazareth/80 antigenically simiar to the
APMV-3b/parakeet/Netherlands/75

The same primers as those used m the case of the APMV-3b/parakeet/Netherlands/75 were used suc-
cessfully and the obtamned sequence of 669 bases was shown to have the lighest homology with mumps
virus P gene (Fig 25) Both the viruses avian APMV-3b/parakect/Netherlands/75 and the mammalian
PMV-3/swine/Nazareth/80 turned out to be very closely related to each other (Fig 26)

436 APMV serotype 6, APMV-6/duck/Hong Kong/75, L gene - the END of the genome

Annealing of virion RNA. of this virus with a pnmer 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
which also turned out to belong to the end of the whole genome (Fig 27, Fig 28) The comparative analy-
s1s (alignment) of the portion could not be performed because of the small size of the portion.

437 APMV serotype 7 prototype virus APMV-7/dove/Tennessee/75M gene

4371 Mgene

Anneahing of virion RNA of this virus with a primer synthesized on the basis of a "conserved" portion of
the NDV HN gene was rather poor Finally after three steps of the "gene walk", a sequence of 971 bases
was determuned which, by means of the above-described schedule, was shown to have the highest homol-
ogy with the M (matnx) gene of human paramnfluenza virus, serotype 2 (PIV-2) [Fig 29] Accordingly
the determuned sequence was 1dentified putatively as a portion covermg the 3'-part of the M gene and the
start of the adjacent F (fusion) gene The ORF was determined and the termunating codon TATA-box
poly-A tail, mtergemc region and con-census sequence were putatively detected (Fig 30)

4372 F gene

The sequence which after the usage of the imtial primer was determmed as belonging to the M gene
(see Annual Report No 3) was further studied using the "gene walk" strategy Since the previous piece
was shown to have the highest homology with the M (matrix) gene of human parainfluenza virus, serotype
2 (PIV-2), the start of the adjacent F (fusion) gene was planned to be deterrmned Afier 5 steps of the 'gene
walk' a piece of 1124 bases was determined (Fig 31) which makes about 2/3 of the F gene

4373 HN gene

Anneahing of virion RNA of this virus with a pnimer synthesized on the basis of a "conserved" portion
of the NDV F gene gave clear result. Finally, after four steps of the "gene walk" a sequence of 1215
bases was determuned (Fig 32) which, by means of the above- descrnibed schedule was shown (paradoxi-
cally!) to have the highest homology wath the HN (hemagglutinin-neuraminidase) gene of NDV (Fig 33)
Alignment showed that the sequenced portion belong to the muddle of the HN gene The continuation of

the "gene walk" experuments 1s In progress

438 APMV serotype 8, APMV-8/goose/Delaware/76

Annealmg of virion RNA of this virus with two primers synthesized on the basis of "conserved" por-
tions of the HN and F genes was poor After a long exposition, 1t became possible to read the obtamned
sequencing 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 determimation of the homology by the HUSAR Da-

taBank.
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439 APMV serotype 9, APMV-9/duck/New York/80, HN gene

Annealing of virion RNA of this virus with a primer synthesized on the basis of a "conserved” portion
of the F gene was poor However, after a long exposition, 1t became possible to read the obtamed sequenc-
mg fluorograph and to proceed the "gene walk" strategy After two steps, a sequence of a portion of 779
bases was determmed (Fig 36) which, by using the above-described schedule, was shown to have the
ghest homology with the L (polymerase) gene of NDV (Fig 37) The comparative analysis of both the
viruses 1s under studies

4310 APMV undeternuned serotype, APMV-?/pigeon/Otaru/76, L gene

On the basis of a "conserved" portion of the NDV F gene and the corresponding primer, the anneahing
of virion RNA of this virus with a primer synthesized on the basis of a "conserved" portion of the F gene
of NDV gave a clear result and after five steps of "gene walk" a portion of 1361 bases was obtained (Fig
38) By means of the HUSAR Program, 1t was possible to determune that this sequence showed maximal
homology with the L gene of the NDV virus (Fig 39)

5. Impact, Relevance and Technology Transfer

The scientific impact of the project 1s due to the fact that paramyxoviruses as the main representatives
of the negative strand viruses with nonsegmented genome possess some unique peculiarities concermng
structure and function of their genome and properties of their protemns, HN glycoprotemn, mn particular To-
gether with ths, these viruses are of high practical importance The PMVs include pathogens for human
such as mumps and paramnfluenza, apart from respiratory syncittal and measles viruses belonging to other
genera of the famuly Paramyxoviridae (there are views about association of measles-like viruses with some
latent infections having causal connection with multiple sclerosis)

In accordance with this the studies on the basic knowledge about HN of the recently 1solated APMV
serotypes have been an important part of the project impact. The genetic part of the project, namely, data on
the nucleotide sequencing of certain genes of the prototype strams of different APMV serotypes 1s the first
results of such work which contributed to the establishment of the APMV taxonomy and to better under-
standing of phylogenetic relationships amongst different APMVs and between the APMVs and the other
paramyxoviruses These data would provide also some practical apphication of the results mn the field of the
vaccine and diagnostics development, namely, in preparation of polyvaccine agamnst APMVs and probes
for group-specific and serotype-specific diagnostics

The usefulness of the findings for the collaborating country 1s due to the fact that the APMVs apart
from NDV whose economuc mmpact 1s very high, have been 1solated quite recently and, hence, the knowl-
edge about them 1s scanty, while they may be a potential threat for poultry However, they present a very
lucky experimental model for studying antigemc and functional properties of the HN glycoprotein - a key-
factor of the PMV antigemcity and pathogenicity The virological surveillance performed in Kenya, which
1s the first one m the country made evident impression upon the Nairob: Umversity authorrties, which fa-
cilitated performance of the scientific activities of the CI The collaboration, hence, has strengthened the
Department of Vetermary Pathology and Microbrology The budget allocated to the Department permutted
to purchase the necessary equipment. The personnell (M. Macharia, BSc, and J Kassuti, BSc, have ac-
quired the necessary expenience m the course of the performance of the project The present project 1s the
first CDR-supported project m the Umiversity of Nairobi, that strengthenng 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
depending on the stmuliZneously performed work on the collaborative studies with Kazakhstan carned out
1 the linuts of the project also supported by A I D The results obtained 1n the limits of both the projects
were 1n agreement that permitted to make some general conclusions, especially in the field of viral ecology
concermng the global (intercontinental) spread of paramyxoviruses

6. Project Activities and Outputs

Mutual travels of PI and CI were realized m the following way The travel of the PI to the Umversity of
Natrob1 was realized m Apnl-May 1995 During this visit, new techmiques for the APMV diagnostics and
1dentification were established m the collaborating labs, and all the HA agents 1solated earlier were 1denti-
fied Besides some field expeditions for the collection of swabs and other matenals from feral birds were
undertaken. Then, there were two visits of the CI to Israel — 1n 1995 and 1996 During those visits, CI was
busy 1n the studies on newly 1solated viruses using all the modemn techniques used 1n the PI's laboratory

Participation i the scientific meetings
The results of the were reported on the following meetings

The IXth International Congress of Virology, Glasgow Aug 8-13, 1993

The 3d Congress of the European Society for Vetennary Virology, Immunology and Viral in-

fections, Interlaken, September 4-7, 1994

The Annual Meeting of the Israel Society for Microbiclogy, Rehovat, February 14-15, 1994

The 1st Conference of the Israel Society for Biochemistry and Molecular Biology, Ramat-Gan, Israel,

March 21-22, 1994

The Annual Meeting of the Israel Society for Microbiology, Haifa, February 6-7, 1995

The local Meeting at Nairobi Univercity May, 1995

The Annual Meeting of the Israel Society of Microbiology Jerusalem February 5-7 1996

The VII™ 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, Tanzania, Dar-a-Salam, 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 1% International Symposium on Turkey disease, Berlin-Stegliz February 19-21 1998
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Publications
In reviewed periwdicals and books

1 Shihmanter, E , Alexander, D, Weisman, Y, Collns, M. & Lipkind, M (1995)
Anngenic and functional charactenization of avian paramyxoviruses — serotype 2 (APMV-2, "Yu-
caipa-like") 1solated from domestic and wild birds 1 Israel ecological and evolutionary conclusions
In Immunobiology of Viral Infections (Editors M Schwyzer, M Ackerman, G Bertoni, R.
Kocherhans K. McCullough, M Engels, R. Wittek & R. Zanom), pp 460-463

2  Panshm, A, Shihmanter, E , Orvell, C, Weisman, Y , & Lipkind, M. (1995)
Charactenization of Newcastle disease virus field strains by means of 3 panels of monoclonal antibod-

1es analysis of vanation regulanties
In Immunobiology of Viral Infections (Editors M Schwyzer, M. Ackerman, G Bertons, R
Kocherhans, K. McCullough, M Engels, R. Wittek & R. Zanom), pp 475-478
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Lipland, M., Alexander, D , Sluhmanter, E , Wersman, Y & Collins, M. (1995)

Antigemic heterogenerety of avian paramyxoviruses of serotype 2 ("Yucaipa-like") isolated from do-

mestic and wild birds n Israel
Comparative Immunology, Microbwlogy and Infectious Diseases, 18 189-207

4

Shuhmanter, E , Wetsman, Y & Lipkind, M. (1995)

Isclation of Yucaipa virus m Israel
Vetermnary Record 137 276

5

Shihmanter, E , Weisman, Y & Lipkind, M., (1995)

Antigemc characterization of avian paramyxoviruses serotype 4 1solated from wild mallard (4dnas

plathyrinchos) m Israel.
Veterinary Record 137 641-642

6

Shihmanter, E , Weisman, Y , Manwell, R, Alexander, D & Lipkind, M. (1997)

Mixed paramyxovirus mfection of wild and domestic birds 1n Israel.
Veterinary Microbwlogy 58 73-78

7

Panshin, A., E Shihmanter, Y Weisman, C, Orvell & M. Lipland (1997)

Antigemic eprtope mappmg of matrix (M) protemn of Newcastle disease virus (NDV) by monoclonal

antibodies (MAB), contrastng variability amongst NDV strains
Comparative Immunology, Microbwlogy and Infectious Diseases, 20 177-189

8

Panshin, A, E Shihmanter, Y Weisman, C, Orvell & M. Lipkind. (1998)

Vanability of antigemic epitopes of the fusion protem of Newcastle disease virus

Comparative Immunology, Microbwlogy and Infectious Diseases, 21 51-63

In Proceedings of scientific meetings

1

Lipkind M., H -D Klenk, C Orvell, E Sthmanter, A. Panshin, R. Rydbeck, Y Weisman & R.

Rott (1993)
Antigenic and genetic identification of Enders-Ruckle virus an avian paramyxovirus

Proceedings of the IXth International Congress of Virology, Glasgow, Scotland, pp 117

Shihmanter E , M. Lipkind & Y Weisman (19%4)
The first 1solation of avian paramyxoviruses of the serotype 4 from wild mallard ducks wintering

1n Israel
Proceedings of the Annual Meeting of the Israel Society for Microbiclogy, Weizmann Institute of

Science, Rehovaot, Israel, February 14-15, 1994, pp 123

Panshin A , E Shuhmanter, C Orvell, M. Lipkind & Y Weisman (1994)
Monoclonal antibody-mediated analysis of Newcastle disease viruses isolated mn Israel from do-

mestic and feral birds
Proceedings of the Annual Meeting of the Israel Society for Microbiology Weizmann Insatute of

Science, Rehovot, Israel, February 14-15, 1994, pp 121

Shihmanter E & M. Lipkind (1994)
Close genetic relatedness of a mammalian paramyxovirus 1solated 1n Israel to avian paramyxovi~

ruses
Proceedings of the 1st Conference of the Israel Society for Biochemustry and Molecular Biology,

Ramat-Gan, Isracl, pp 245

Shhmanter E , M. Lipkind, D Alexander, Y Weisman & M. Collins (1994)
Antigemic and functional charactenization of avian paramyxoviruses serotype 2 (APMV-2, Yu-
caipa-like) 1solated from domestic and wild birds mn Israel ecological and evolutionary conclu-

sions
Proceedings of the 3d International Congress of the European Society for Vetenmary Virology, In-

terlaken, Switzerland, p P8-8
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11

12

13

14

15

Panshin E Shrhmanter, C Orvell, M. Lipkand & Y Wersman (1994)

Charactenization of Newcastle disease virus (NDV) field strams by means of 3 panels of mono-
clonal antibodies (MAB) Amnalysis of vanation regularmies

Proceedings of the 3d International Congress of the European Society for Vetennary Virology, In-

terlaken, Switzerland, p P8-13

Shihmanter, E & Lipkind, M. (1995)

Direct RNA sequencing of avian paramyxoviruses sequence of 2 genomic portion covenng matrix
and fusion genes of avian paramyxovirus, serotype 7

Proceedings of the Annual Meeting of Israel Socrety for Microbiology; Haifa, p 101

Panshin, A, Sluhmanter, E , Orvell, C, Weisman, Y, & Lipkind, M. (1995)

Antigenic epitope characterization of matrix (M) protem of Newcastle disease virus (NDV) by
monoclonal antibodies (MAB), contrasting vanability amongst NDV strains

Proceedings of the Annual Meeting of the Israel Society for Microbiology; Haifa, p 106

Shihmanter, E , Weisman, Y & Lipkind, M., (1995)
Isolation of Yucaipa virus m Israel after decade of silence endemuc source or mmport?
Proceedings of the Annual Meeting of Israel Society for Microbiology, Haifa, p 116

Panshin, A., Shihmanter, E, Orvell, C, Weisman, Y & Lipkind, M. (1996)
Mapping of antigenic sites on the hemagglutimn-neuramimdase (HN), fusion (F) and matrix (M)
protems of Newcastle disease virus (NDV) by means of new panels of monoclonal antibodies

(MAB)
Proceedings of the Annual Meeting of the Israel Society _gf Microbiology, Jerusalem, pp 19

Nyaga, P N, Kassity, J, Machana, J, Smbmanter, E , Panshun, A. & Lipkind, M. (1996)
Antigenic charactenization of avian paramyxoviruses (APMYV) 1solated m Kenya from different
avian hosts (the results of Isracl-Kenyan collaborative studies on APMYV ecology)

Proceedings of the Annual Meeting of the Israel Society of Microbiology, Jerusalem, pp 19

Panshin A., Shihmanter E , Orvell C, Weisman Y & Lipkind M. (1996)

The two-antibodies sandwich ELISA (TAS-ELISA) modified for the determunation of antibodies
agamst avian mumps-hike virus (AMLV) m field chucken sera.

Proceedings of the VIIIth Internatonal Symposium of Vetermary Laboratory Diagnosticians, Jeru-

salem, Israel, pp 42

Panshin A., Shuhmanter E, Orvell C, Weisman Y & Lipkind M. (1996)
Vanability of antigenic epitopes of the fusion (F) protem of Newcastle disease virus (NDV) Pro-
ceedings of the Xth International Congress of Virology, Jerusalem, Israel, pp 163

Panshin A & Kostyukov M (1996)
Assay modifications for determunation of specificity of Newcastle disease virus (NDV)-primed

monoclonal antibodies (MAB)
Proceedings of the VIIIth International Symposium of Veterinary Laboratory Diagnosticians,

pp 18
Panshin A., Shihmanter E , Orvell C, Weisman Y & Lipkmd M. (1997)

Functional properties of hemagghtimm-neurarmmdase (HN) glycoprotem of Newcastle disease vi-
rus (NDV) Operational delmeation of HN antigen eprtopes by means of 2 new panel of mono-

clonal antibodies (MAB)
Proceedings of the Annual Meeting of Israel Society for Biochemstry and Molecular Biology, Tel-

Aviv, pp 20
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16 Shihmanter E, Panshm A, Orvell C, Weisman Y and Lipkind M. (1997)

Are there nattve-NDYV strains penetrating the vaccme barnier?
Proceedings of the Annual Meeting of the Israel Society of Microbiology, Tel Aviv, pp 96

17 Panshm, A, E Shihmanter, Y Weisman, C Orvell & M. Lipkand. (1998)
Dehneation of antigenic eprtopes on the micleocapsid protemn of Newcastle disease virus by means

of a new panel of monoclonal antibodies
Proceedings of the Annual Meeting of the Israel Society of Microbiology, Tel Aviv, p 10

18 Panshin, A, E Shihmanter, Y Weisman, C Orvell & M. Lipkind (1998)
Delineation of antigenic epitopes on the hemagghitnin-neuranumdase and fusion glycoproteins of

APMV-2/Yucarpa virus by means of monocional antibodies
Proceedings of the 1* International Symposium onTurkey Diseases, Berhn, p 14

19 Shihmanter E , Panshin A., Orvell C, Weisman Y & Lipland M. (1998)
Monoclonal antibodies analysis of avian paramryxoviruses serotype 2 (Yucaipa-like) strains 1solated

from poultry 1n Israel
Proceedings of the 1% International Symposium on Turkey Diseases, Berlin, p 13

7. Project Productivity

Mainly, all the proposed goals have been accomplished, although there was a certamn shift m priorities This
was due to the above-mentioned fact that the proposal was submtted i 1987 and, by some circumstances,
the date of August, 1991, was determmned by A. I D as the starting point of runmng the project. Dunng
this period (between the submussion of the proposal and the start of the project), new developments 1n the
field, mncluding those pubhshed in the world and some data obtamed m PI’s lab, had to be taken nto ac-
count. In fact, all the objectives, whuich were m the onginal proposal, have remaimned but some new topics
were included and new trends were considered. This was expressed 1n certain changes in the research strat-
egy (redistribution of prionities for certamn objectives) Namely, much more emphasis was done to the stud-
1es on avian paramyxoviruses on the genetic level using sequencing technology Besides, new viruses,
which were of especial imterest to some tasks of the research, were included mto the studies Therefore,
certain modifications mcluded mnto the work plan were realized i the execution of the project.

Requests for A. L D or BOSTID Actions

First of all, many thanks for cooperation

The only suggestion for a better assistance of AID/SCI or BOSTID staff in promoting the project pro-
ductivity concerns a more efficient reaction (at least mn 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 1 December 14
1992 An acknowledgment letter from A. L D dated by January 4 1993 was delivered to the PI on October
18 1993 and the postmark upon the envelope m which the letter was enclosed showed "OCT 12'93" That
means that the time reaction ("stumulus-response”) peniod was about 10 months from which the way from
Washimngton to Israel took 6 days The conclusion is that the rest of the ime (10 months mnus 6 days) the
responding letter was traveling within the A. I D area. Besides m thus letter 1t was written “erther a mem-
ber of our staff or a member of the NAS/BOSTID staff will be m contact with you once the report 1s re-

viewed" Since then nobody has been 1 contact with PL

32



8. Future Work

Dunng the execution of the project, close and mutually beneficial connections have been estabhished be-
tween the collaborating mstitutions, which provided current collaboration after official expiration of the
project Ths 1s based on the conttnuous work on the comparative studies on the APMYV 1solations made 1n
Israel, Kenya and Kazakhstan. The latter country 1s still under current support of the A LD — CAR pro-
gram. The studies will be concentrated on the establishment of new techmques m the Collaborating mstitu-
tion. The results obtamned are planned to be submutted to local and international meetings The comparative
studies provide a umque opportunity to achieve some scientific conclusions of transcontinental transfer of
viruses by migrating birds, that being of hugh ecological and epizootiological importance
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ANTIGENIC AND FUNCTIONAL CHARACTERIZATION OF AVIAN
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ABSTRACT

Thurty-three viruses of APMV-2 serotype isolated in Israel from domestic and wild birds during epizootic of a
respiratory disease 1 1979-1981 were studied comprehensively 1n comparison with a set of reference APMV-
2 viruses using (1) hemagglutination mhibition cross reaction test, (2) elution-hemagglutination pattern, and
(3) pattern of migration of viral proteins 1 polyacrylamide gel electrophoresis The results demonstrated
considerable heterogenerty amongst the local isolates by all the three criterta By the 1st criterion the 1solates
could be distributed 1nto 4 main groups, according to the relatedness to different reference APMV-2 viruses

By the 2nd critenion, the 1solates differed strikingly from those showing very fast elution kinetics up to those
showing the absence of elution By the 3d criterion, all the 1solates could be distributed mto two groups
differing by the position of the F and M proteins and the band density of the HN protein However there was
no correlation between the distnbutions of the 1solates made 1n accordance with the above three criteria

Besides, there was no significant correlation between the differences found and the chronology of 1solation of
the viruses The results indicated that there may have been simultaneous co-circulation of different APMV-2
strains in the local avian reservorr at the beginning of the epizootic rather than temporal accumulation of
variants as a result of antigenic dnft of an "ancestor ' virus which caused the imtial infection Analysis of
ecological evidence permuts to suggest that the initial APMV-2 virus was transferred into the local avian
reservorr from ‘abroad” probably via migrating birds and the "imported” virus was already heterogeneous

Since the earliest Israeli APMV-2 1solation preceding the epizootic in poultry was that from wild ducks 1t 1s
tempting to speculate about mterspecies transfer of the APMV-2 virus from wild migrating to local domestic

birds

INTRODUCTION

APMYV-2 viruses (prototype APMV-2/chick/Califormia//Yucaipa/56 [Bankowsk: et al,
1960]) have been shown to be widespread all over the world having been 1solated both from
domestic and wild birds (Alexander, 1982, 1986, Goodman & Hanson, 1988)

The first 1solation of APMV-2 virus 1n Israel was done in 1979 from mallard ducks (Lipkind
et al, 1982b) Soon after, many poultry farms in Israel were affected by a respiratory
disease characterized by signs ranging from muld rales to severe respiratory distress
mcluding conjunctivitis, nasal discharge, sinusitis, pneumonia and drop in egg production

Morbidity approached 100% while mortality varied from 5% to 90% Investigation of
poultry farms and surveillance of feral birds has resulted in 1solation of more than 70 APMV-
2 viruses from all parts of Israel from turkeys, chickens, coots (Fulica atra) and cattle egret
(Ardeola ib1s) (Lipkind et al , 1981, 1982a, 1982c)

The topic of the present work was to compare properties of selected Israeli isolates with
reference viruses

MATERIALS AND METHODS

Ten reference APMV-2 viruses and 33 native isolates were used 1n the studies The latter
were 1solated and identified as described (Lipkind et al , 1979, 1982a, 1982b, 1982c)
Hemagglutination inhibition (HI) test was done as described (Lipkind et al ,1979) Staustical
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treatment of the HI test data was performed as described (Lipkind & Shihmanter, 1986,
Lipkind et al , 1986)

Structural polypeptide analysis was done by polyacrylamide gel electrophoresis (PAGE) as
described (Alexander and Collins, 1981)

Virus elution from red blood cell was estimated as described (Spalatin et al , 1970)
According to the estimation, the viruses were placed into 4 groups as follows non-eluters
(no elution after 24 hr), partial eluters (incomplete elution at 24 hr), moderate eluters (full
elution at 24 hr) and fast eluters (full elution within 4 hr)

RESULTS

HI Tests Amongst the reference viruses, the cross reactivity varied considerably The
Israel: 1solates showed substantial heterogeneity 1if tested by antisera against some reference
viruses, includimmg Yucaipa virus This heterogeneity was 1n contrast to the results obtained
with antisera agamst two selected Israeli viruses In some cases, the heterologous HI titer
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 might reflect a particular sensitivity
of the viral antigen (the phenomenon of "avidity")

Elution properties There were considerable vanations i elution rate among both the
reference strains and the 1solates As to the reference strains, only Haneda and Bangor
behaved as fast eluters, the others showed either no or only partial elution after 24 hr Thurty-
three field 1solates showed considerable heterogeneity Most of the strains (23) were partial
or moderate eluters, five 1solates were non- eluters and five classed as fast eluters

Structural polypeptides Punfied preparations of the native 1solates were subjected to
SDS-PAGE m comparison with the Yucaipa and NDV/Ulster viruses (Fig 1) The overall
polypeptide patterns of the 1solates were sumilar (the same number and approximate size of
the protems but differed from the reference Yucaipa virus 1n mugration rate of the major
polypeptides However, more detailed examination revealed shight differences amongst the
1solates which were expressed in the position of the F and the M proteins and the band
density of the HN protein By these indications, all the studied viruses can be distributed into
two groups The group A included viruses whose F glycoproten magrated faster, the M
protemn mugrated more slowly and the density of the HN protein band was significantly lower
as compared to the respective values of the viruses belonging to group B (Fig 1)

DISCUSSION

The library of the Israeli APMV-2 1solates (more than 70 1solates) used 1n the present studies
1s a unique one since most of the isolates were obtained during the 3-years-long epizootic
which spread through most of the poultry farms 1n the country This epizootic was under
continuous virological observation and was accompanied by a wide surverllance of feral
birds Such kind of ecological experiment permutted observation of the general dynamucs of
the epizootic and enabled potential assessment of possible antigenic variations

The graphic display (Fig 2) shows close relatedness, almost identity (by serological
criteria), between the two Yucaipa virus showing low relatedness This picture 1s compatible
with the theories of the "common" and "serotype-specific" portions on the genomuic level
(Lipkind & Shibmanter, 1986) and the notions of "conserved" and "variable” regions
(Nishikawa et al , 1983) and "strain-specific” epitope on the NDV HN molecule recognized
by monoclonal antibodies (Iorio & Bratt, 1984) In accordance with this, one can speculate
that, amongst the APMV-2 viruses, "the Yucaipa-like” PLOC virus has the largest
"common" portion while the Yucaipa virus has the smallest

.



462 Shihmanter et al

g ey

& E TR

b § Ay
cg‘%gé’ A~ //

S & § ~ £ 2
§ 5 £ 5 £ & £ v \
§$&§Fs§5 5

S [ o YUCAI ——— ———— ——]
F§5585F 8 ) e

*\
\'\

N
el
HN — -—-‘.&wa N
3 \ U 4
s

| 4
M - e ws

Reiatedness Symmetric  Asymmetric

\/
\

[=]

Y
)

———mm_sSugme AR High — .-.,
A B B B A Moderate — SSu———
Low —

Fig 1 (left) Structural polypeptides of selected APMV-2 1solates L, HN, NP, F and M - viral proteins A

and B - designations of two groups (see the text)
Fig 2 (night) Graphic display of antigemc relationships between reference and native APM-2 strains
Yucaipa, Haneda, Robin and PLOC - reference APMVs, Kfar Hess (1979) and Hatsav (1980) - Israeh 1solates

The following conclusions can be derived from the reported data

1 APMV-2 viruses 1solated 1n Israel during the period 1979-81 have demonstrated wide
heterogeneity by antigenicity of the HN glycoprotemn, kinetics of elution and PAGE protein
migration pattern with no evident correlation between the three mdications

2 There 1s no strict correlation between the above parameters and the chronology of the
virus 1solations On the basis of these conclusions, two suggestions are proposed

1 Durning the epizootic there was a co-circulation of different vanants of the APMV-2 virus
varying by the above properties

2 Wide heterogeneity of the Isracli APMV-2 1solates 1s not the result of the evolution of one
hypothetical ancestor but the viral factor causing the epizootics was heterogeneous from the

very beginning

Alternative hypotheses

1 The causative factor of the epizootic was endogenous, 1¢ the "resident” virus has
undergone mutation(s) and the combination of the onginal virus with 1ts mutant(s) 1s the
cause for the observed heterogenety

2 The causative factor of the epizootics was "unported” to Israel via mgrating birds and the
"imported"” virus had already been heterogeneous

3 The observed heterogeneity 1s a result of a combination of an endogenous ("sleeping")
virus with the "imported” ("alarmung”) viras
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ABSTRACT

Seventeen reference strains and 37 recently 1solated Israeli strains of Newcastle disease virus (NDV) have been
studied by means of three panels of monoclonal antibodies (MADs) agamnst hemagglutinin-neuraminidase
(HN) fusion (F) and matrix (M) viral proteins, contaiming 10 7 and 6 MAbs respectively The MAb-
producing hybnidomas were prepared against Australia-Victonia (AV) strain of NDV by fusing spleen cells
from NDV-ummunized BALB/c mice with the mouse myeloma cell line SP2/0 The viral envelope fractuon
was used for the immumization The reference strains mcluded velogenic mesogenic and lentogenic strains
1solated within 1932-1970 from domestic fowl The native NDV strains have been 1solated recently (1984-
1994) from various avian species including poultry (chickens and turkeys), feral (wild and show pigeons,
starlings gulls eagle cattle egret), waterfowl (mallards and coots) and cage birds (parrot) The anuigenic
and/or functional relatedness between all the above NDV strains was examined by the pattern of their binding
to each MADb, measured by ELISA techmquae The results revealed two contrasting indications amongst
different strains a wide spectrum of variability against stable conservation mn the MAb binding patterns
Some of the stable strains did not differ from the homologous AV NDV although the gap between the dates
of therr 1solations reached more than 50 years There was no correlation between the MAb binding pattern and
the strain pathogenicity, host specificity geographic location and chronology of isolation Together with
this there was no strong correlation between the data related to different panels for example some strains
could be grouped according to the binding pattern with MAbs belonging to the HN panel but this grouping
was not compatible with the results related to the other panel(s) On the background of the diverse vanations
some of the NDV eprtopes turned out to be highly conserved

INTRODUCTION

A plenty of strains of Newcastle disease virus (NDV) 1solated all over the world from
various avian hosts hughly differing by virulence and some other biological properties do not
vary by classic serological tests Use of monoclonal antibodies (MAD) has revealed
significant differences 1n subtle antigenic structure Topological and operational delineation
of NDV proteins by means of MAD panels has found a number of nonoverlapping groups of
antigenic epitopes of certamn viral proteins (Jorio et al 1986, Iorio et al 1989, Russell et al

1983, Nishikawa et al 1986) which permitted to classify both reference stramns and field
1isolates (Meulemans et al 1987, Russell et al 1990) Since the groupings were made using
different MAD panels and different NDV strans, a unified mapping of NDV proteins 1s
lacking Therefore, inclusion of new MAD panels and NDV strain sets 1s of importance In
the present studies, three panels of MAbs against HN, F and M proteins were used for
comparison of NDV reference viruses and native 1solates

MATERIALS AND METHODS

Seventeen reference strains and 37 native strains of NDV 1solated in Israel during 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 Hybridomas
producing MAbs induced by the Australia-Victoria (AV) strain of NDV were prepared as
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described (Orvell et al 1982) Indirect enzyme-linked immunosorbent assay (ELISA),
Western blotting test, and antigen-capture ELISA were performed as descrtbed (Orvell et al
1982, Samson et al 1986, Lietal 1994) Radioimmunoprecipitation assay was carried out

using erther [358]meth10nme or [3H]glucosamme labeling of proteins of NDV (Australia-
Victona strain) in the primary chick embryo cell monolayer culture as described (Nishikawa
et al 1986) with some modifications (Umino et al 1990)

RESULTS

Ten MADbs precipitated viral protemn of molecular weight (MW) 72K, and seven MAbs
precipitated protein of MW 54K, both being labelled by [35SImethionine as well as

[3H]g1ucosa1mne and corresponding to the hemagglutinin-neuraminidase (HN) and fusion
(F) viral glycoproteins, respectively Six MAbs precipitated protem of MW of 36K labelled

only by [35S]methionine and corresponding to the viral matrix (M) protemn (Fig 1) In
antigen-capture ELISA test each type of MAbs was bound only to those cell lysate fractions
which were precipitated with the same MADb< but rot to the other two fractions In Western
blot, none of the MAbs of the three paneis bound to the lysate treated either by reducing
agents or by high temperature (data not shown) Thus, three panels of MAbs reacting
specifically with the HN, F, and M proteins, respectively, were established

All the MAbs were used for characterization of the reference strains and native field 1solates
of NDV In the course of these studies, a further characterization of the MAbs within each
panel has been achieved The latter resulted 1n proving that all the MAbs belonging to the
panels of anti-HN and anti-F MAbs were mdividually different and, hence, not relating to
identical epitopes As to the anti-M MAD panel, three MAbs from 6 were indistinguishable
by this criterion, 1 e reacted with all the 56 viruses, indicating that anti-M MAbs against at
least 4 epitopes could be discerned Stability of both HN and F glycoproten epitopes varied
in wide limits as opposed to the M protem epitopes which were much more conservative

As to the viruses' characterization based on the spectrum of their binding to all the MAb
panels, extremely contrasting differences amongst the viruses tested were found, varying
from stable conservation to high varability For example, on one hand, there were 4 viruses
which reacted with all the 23 MAbs exactly as the homologous virus AV these viruses
included three reference stramns 1solated from chickens in 1940, 1948 and 1970 as well as an
Israel: virus 1solated from cattle egret 1n 1986 On the other hand, two Israeli field strains
1solated from chickens during the same year drastically differed by the spectrum of reaction
with MADs belonging to all the three panels There were difficulties 1n attempts to distribute
the strains by any crniteria No definite correlation between the MAb binding pattern and the
strain pathogenicity, host specificity, geographic location and chronology of isolation was
found Together with this, there was no strong correlation between the data related to
different panels

For example, some strains could be grouped according to the binding pattern with MAbs
belonging to the HN panel but this grouping was not compatible with the results related to
the other panel(s)

DISCUSSION

The described combination of the MAD panels against all three viral envelope proteins and 54
reference and native strams of NDV 1s a solid basis for the analysis of NDV antigenic epitope
pattern and vanability All the MAbs, except three anti-M ones, were proven to be distinct
According to the Western blot test, all the MAbs appeared to be primed by conformational
epitopes Simular results have been described (Samson et al 1988, Yusoff et al 1988)
Among all the panels, anti-M MAbs showed a higher stability and anti-F MAbs showed a
higher vaniability as compared to anti-HN MAbs The latter 1s rather in contrast to the results

\
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46K ;

32K

Fig 1 Radiommmunoprecipitation of NDV (AV) proteins from labelled virus-infected cell lysates by MAbs
related to the following panels A Anti-HN MAbs B Anti-F MAbs C Anu-M MAbs Lane 1 MW
markers Lane 2 [35S]-methionine-labelled virus-infected cell lysate Lane 3 [3H]-labelled virus-infected cell
Iysate All the other lanes relate to the panels of MAbs which precipitated the corresponding viral proteins
from the [35S]-methionine-labelled virus-infected cell iysate -
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obtamned in the other labs (Abenes et al , 1986, Meulemans et al 1987, Russell et al 1990)

On the background of the diverse variations, some of the NDV epitopes turned out to be
highly conserved

The absence of correlation between the MAb binding pattern and the stramn pathogenicity,
host specificity, geographic location and chronology of 1solation 1s 1n accordance with the
Iiterature (Torio et al 1986, Russell et al 1990) However, such contrasting combination of
high variability with stable conservation among the NDV strains is a unique point of the
present studies Namely, some of the "stable" stramns did not differ from the homologous AV
NDV although the time gap between their 1solations 1s more than 50 years
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The geometric mean D vinviparus burden in the group treated
with moxidectin 28 days before infection was 2 (99 0 per cent
reduction) and no lungworms were detected at necropsy in any of
the calves treated topically with 1vermectin 28 days before chal-
lenge (100 per cent reduction) The difference between the treated
groups was not significant (P>0 10) and the geometric mean bur-
dens for both groups were significantly less than the control group
(P<001)

These results indicate that ivermectin admimistered by topical
application and moxidectin administered by subcutaneous 1njec-
tion provided virtually complete protection agamnst remnfection
with D viviparus for at least 28 days after treatment Against O
ostertagr the efficacy of vermectin 28 days after treatment was
>99 per cent and that of moxidectin was 86 per cent The period
of sustained activity with endectocides can have practical benefits
including the continued grazing of heavily contaminated pastures
even where a disease outbreak has occurred (McMullin and others
1992) and the development of strategic control programmes such
as the 3 8-13 programme for 1vermectin (Taylor and others 1985
Armour and others 1987) Data from this study can be of use n
the design of such programmes to provide optimal parasite control
with minimal use of endectocides
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Antigenic characterisation of
avian paramyxoviruses serotype 4
1solated from wild mallard
(Anas plathyrinchos) n Israel

E Shihmanter Y Weisman M Lipkind

I eterinam Record (1995) 137 641 642

AVIAN paramyxoviruses (APMV) apart from the well known
Newcastle disease virus (NDV) nclude a number of other viruses
which on the basis of serological tests have been placed mto nine
recognised serotypes (Alexander 1980 1982) Different antigenic
mter relationships between the representatives of these serotypes
have been found and the establishment of supergroups has been
attempted (Alexander 1982 Lipkind and Shihmanter 1986
Russell and Ozdemir 1989)

The APMvs of serotype 1 (including classic NDV and APMYV 1
1solated from racing pigeons) and serotype 2 (includmg original

E Shihmanter Y Weisman M Lipkind Duvision of Avian Diseases
Kimron Veterinary Institute PO Box 12 Bet Dagan 50250 Israel
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TABLE 1 Examination of the isolates in haemagglutination inhibition
(H1) test with NDV antisera

Isolates HI titre
NDV 480
C9 20
C25 20
C35 240
T27 40

HI titre 1s expressed as a reciprocal of the highest dilution of the NDV antt
serum the precise calculation was done using the system of crosses accord
ing to Horsfall and Tamm (1953)

TABLE 2 Examination of the 1solates in haemagglutination inhibition
test with antisera against all reference APMV serotypes

Isolates
Antisera against APMV serotypes Cc9 C25 T27
APMV 1/NDV/Australia Victoria/32 10 10 20
APMV 2/chick/Yucaipa/California/56 <10 <10 <10
APMV 3afturkey/Wisconsin/65 10 20 <10
APMV 3b/parakeet/Netherlands/449/77 <10 <10 <10
APMV-4/duck/Hong Kong/D3/75 160 240 320
APMV 6/duck/Hong Kong/D199/77 <10 <10 <10
APMV 7/dovefTennessee/4/75 10 10 <10
APMV 8/goose/Delaware/1053/76 <10 <10 <10
APMV 9/duck/New York/22/80 <10 <10 <10

The same designation as that for Table 1

Yucaipa and the other Yucaipa-hike viruses) are well documented
and have been regularly isolated all over the world from various
avian families (Gallinaceae Passeriformes Anatidae Colum
bidae Rallidae Ardeidae) However isolations belonging to some
other serotypes are more rare so that some serotypes are repre
sented by a prototype strain which 1s an nitial and only 1solate
such as APMV 6 APMV § and APMV 9 The presence of different
representatives of each serotype makes 1t possible to study the
APMV s taxonomy ecology host range and evolution Therefore
ecological studies aimed at revealing the occurrence of different
representatives of each APMV serotype are important

Israel 1s located on the main flyway of birds migrating from
eastern and central Europe (west branch of the flyway) and west
ern Siberia and central Asia (east branch) to south east Africa Up
to now dozens of NDvs APmV 2 (Yucaipa like) and APMV 5 virus
es have been 1solated 1n Israel from different species (Lipkind and
others 1979 1981 1982a b ¢ 1984 1985 1986 1987)

The serotype APMV 4 1s represented by the prototype stran
APMV-4/duck/Hong Kong/D3/75 1solated from domestic ducks in
Hong Kong m 1975 (Shortridge and Alexander 1978) Since then
APMV 4 viruses have been 1solated predominantly from feral birds
1n Europe (Ottis and Bachmann 1983 Tumova and others 1984)

The first isolation of APMV 4 from feral migrating ducks m
Israel and 1ts serological identification 1s described here

Cloacal and tracheal swabs were taken from 36 birds shot by
hunters 1n the northemn part of the Hoola Valley Upper Galilee
The swabs were propagated through chick embryonated eggs One
haemagglutinating agent from tracheal and three from cloacal
swabs were 1solated All the isolates possessed neuramimdase
activity proving they belonged to etther the ortho or paramyxo
virus tamily Double immunodiffusion tests with antiserum
agamst mfluenza virus nucleoprotein antigen gave negative
results Haemagglutination nhibition (H1) tests with reference
antt NDv serum showed that only one of the 1solates was inhibited
by this serum (Table 1) The other three 1solates were examined
with reference antisera agaimnst the other APMV serotypes They
showed positive results with antiserum against the prototype virus
APMV 4/duck/3/Hong Kong/75 (Duck/3/HK) of APMV 4 serotype
(Table 2) The neuraminidase inhibition test performed usmg the
ant1 APMV 4 reference antiserum supported the relatedness of the

above three 1solates to the APMV 4 serotype (Table 3)
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TABLE 3 Examunation of the isolates in neuraminidase inhibition (NI)
test with APMV-4 antisera

Isolates NI titre

APMV-4 340
Cc9 302
Cc25 240
T27 108

Neuraminidase inhibition tires are calculated according to Palmer and
others (1975)

However when hyperimmune chick antisera against these 1so-
lates were prepared and used in a comprehensive cross reaction HI
test some differences between the native 1solates and the proto-
type virus were revealed (Table 4) In this experiment an onginal
approach was used for statistical treatment (Lipkind and
Shihmanter 1986 Lipkind and others 1986) Namely the value of
the cross reactivity was designated as the difference (ratio) d
between homologous and heterologous titres expressed m log,
The results showed different cross reactivity of the reference pro
totype strain and the native isolates m relation to NDV the cross
reactivity of the reference virus with NDV was symmetrical while
that of the native 1solates was one-way asymmetrical Further the
1solates showed closer antigenic relationship to NDv than the pro
totype virus There was a signmficant difference between the virus
1solated from a tracheal swab and those isolated from cloacal
swabs (Table 4)

Thus this s the first isolation of APMV 4 in Israel Antigenic
comparison of the local APMV-4 1solates with the prototype strain
revealed an indirect difference expressed by their different anti-
genic relationship towards the third virus (NDV) Such an anti-
genic relationship has been described in various other APMV
serotypes (Lipkind and Shihmanter 1986 Liphind and others
1986) As to the antigenic difference found between the cloaca-
ongmated and frachea-ongmated 1solates 1t may be supposed
that there 1s a selection pressure on multiplication of hypothetical-
ly heterogeneous virus populations n respiratory and mtestinal
epithelial cells The phenomenon of asymmetrical cross reactivity
may be an ndication of substantial differences in the viral anti-
genic structure as has been demonstrated using a mathematical
modelling approach (Lipkind and Rishe 1988 Rishe and Lipkind
1990)

TABLE 4 Haemagglutinin inhibition cross reaction test between all the
isolates and APMV 1 and APMV 4 reference viruses

Viruses
Antisera NDV APMV-4 c9 C 25 T27
NDV 0 323+098 353+091 335+078 118+054
n=5 n=5 n=5 n=5
P=097 P=097 P=099 P=091
APMV4  458+098 0 —-238+112 -033+126 -125+153
n=3 n=5 n=6 n=6
P>099 P=091
c9 046+116 045+ 146 0 091+040 004+041
n=5 n=6 n=6 n=5
C 25 001+055 003+083 -006+069 0 -063+072
n=5 n=5 n=6 n==6
T27 110+073 105137 -018+021 080058 0
n=5 n=6 n=6 n=6
P=079

Upper figure d in each cell 1s a mean value (with standard error) of log, of the
ratio between homologous and heterologous HI titres when a given antiserum
was the same for the two compared viruses n I1s a number of experiments for
each pair of compared viruses P 1s Student s coefficient of probability for the
found difference d for a given number of expenments n It 1s expressed as a
percentage of probability of the zero hypothesis 1e the probability that the
difference d itself differs significantly from zero The reliability of the d values
(their difference from zero) was accepted as significant If it was in agreement
with Fischer s 2nd criterion of probability (P = 0 95) (Lipkind and Shihmanter
1986)
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Acute encephalopathy and
hyperammonaemia 1n a horse
without evidence of liver disease

T S Mair, R D Jones

Veterinary Record (1995) 137 642 643

HEPATIC encephalopathy 1s a neurological syndrome which can
accompany advanced decompensated liver disease of all types
and/or extensive portal systemic shunting The condition has been
recogmsed m horses 1n association with many different causes of
hepatic failure 1ncluding both acute and chronmic liver diseases
(Pearson and Craig 1980 Byars 1983 Hillyer and others 1993

Messer and Johnson 1994 Zientara and others 1994) The syn

drome 1s associated writh the toxic effects of hyperammonaerma
although other substances mcluding mercaptans gamma

ammobutyric acid and short cham-fatty acids are probably also
involved m the pathogenesis of encephalopathy Ammonia 1s pro

duced 1n abundance 1n the intestinal tract especially the caecum
and colon by the bacterial degradation of luminal protems amino
acids and endogenous urea This ammonia diffuses into the portal
circulation and 1s transported to the liver where 1t 1s normally
converted to urea by the Krebs Henseleit urea cycle (Dimsk:
1994) Hepatic encephalopathy n part reflects the failure of this
mmportant detoxification process because of extensive lhiver cell
necrosis or direct entry ot portal blood mto the peripheral circula

tion via portosystemic shunts This report describes the unusual

T S Mar R D Jones Bell Equine Veterinary Chmc Mereworth
Maidstone Kent MEL8 5GS
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ANTIGENIC EPITOPE CHARACTERIZATION OF
MATRIX PROTEIN OF NEWCASTLE DISEASE VIRUS
USING MONOCLONAL ANTIBODY APPROACH
CONTRASTING VARIABILITY AMONGST NDV
STRAINS
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Abstract—A panel of 15 monoclonal antibodies (MABs) against matrix (M) protemn of Newcastle
disease virus (NDV) was obtained and the specificity towards the M protemn was proven by
radioimmunoprecipitation assay and antigen capture enzyme hnked mmmunosorbent assay
(ELISA) Further studies were directed to antigenic epitope mapping of the M protein by means
of this panel The epitope characterization was performed by competitive antibody-binding assay
by means of labelling each MAB with biotin {3] At least three clear non overlapping and two
partially overlapping groups were deterrined each including four one eight one and one MAB
respectively All the above MABs appeared to be induced by structural epitopes formed in
conditions of tertiary structure of the native M antigen Twelve reference and 51 recently 1solated
local NDV strains have been studied by means of this MAB panel several lineages having been
revealed The high stability of some epitopes and different varability of the others was
demonstrated No correlation between the above hineages and some other properties of the studied
NDV strains (host specificity date and place of 1solation) has been found € 1997 Elsevier Science
Lid

Kev words Newcastle disease virus matrx protemn antigenic epitopes monoclonal antibodies
radioynmunoprecipitation assay

Resume—Un panel de 15 anticorps monoclonaux (MAB) contre la proteine M du NDV a ete
obtenu et leur specthicite contre la proteine M demontree par radio unmuno precipitation et par
ELISA capture Des travaux supplementaires ont ete effectues pour obtenir une carte epitopique
de la protetne M en utilisant ce panel La caractensation epitopique a ete faite par essar competitif
d attachement des anticorps par marquage a la biotine de chacun des MAB Au moins trois groupes
independants et deux groupes avec un recouvrement partiel one ete determines chacun
comprenant quatre un huit un et un MAB Tous ces MAB se sont reveles induits par des epitopes
de structure formes dans des conditions de structure tertiarres de | antigene M natif Douze souches
locales 1solees recemment de NDV ont ete etudiees par ce panel d anticorps monoclonaux La
grande stabilite de certains epitopes et la variabilite relative des autres a ete demontree Aucune
correlation entre les proprietes de ces hignees et celles des souches NDV n a pu etre trouvee © 1997

Elsevier Science Ltd

Mots clefs Virus de la maladie de Newcastle matrix proteine epitopes antigeniques anticorps
monoclonaux radio immuno precipitation
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INTRODUCTION

Matnx (M) protein the smallest (3440 kDa) of six structural protems of
paramyxoviruses, forms an internal viral envelope embracing viral nucleocapsid and
adjomming 1t to the internal part of the viral envelope [4] The primary structure of the M
protein was deduced from the nucleotide sequence of the corresponding M gene that has
been determined for certain paramyxoviruses [5-7], including Newcastle disease virus
(NDV) [8 9] These studies revealed the remarkable genetic stability of the M protemn

Although there 1s no evidence for any enzymatic activity of the M protemn 1ts role n
the assembly of different viral components has been demonstrated [10] The central
localization of the M protein between the integral envelope of glycoprotemns and the
internal core proteins, on the one hand and its crucial role 1n virus assembly realized via
physicochemical connections with the other viral proteins on the other hand, suggest a
comphcated (for a rather small protemn) structural arrangement providing different
functional activities Within a virion, the M protein molecules are associated with lipid
membranes [11-14] envelope glycoproteins [15-17] and nucleocapsid [18], in addition
there 1s a strong predilection for association of the M-protein molecules with each
other {18 19] In contrast to other paramyxowviral protems which accumulate only 1n
cytoplasm of the infected cells, the M protemn of the NDV has also been detected in the
nucleus [20-22] These different functional activities must be reahzed wia particular
M protern active sites responsible for specific coupling between the corresponding loct 1n
the envelope and core viral protemns, and certan spectfic mtracellular sites [22]

It 1s reasonable to expect that this functional burden associated with the structural
orgamization of the M protein 1s connected to 1ts antigenic pattern which could be revealed
via MAB-mediated analysis In this respect, however, different results have been described
Two non-overlapping sites, one of them mcluding three partially overlapping epitopes
have been obtained using a panel of eight MABs against D26 strain of NDV [23] Another
group of authors [21], using a panel of five MABs against Austrahia-Victoria NDV strain,
has found three non-overlapping sites A third group of workers using a panel of six
MABs aganst Ulster NDV strain has described three partially overlapping antigenic sites
on the M protein of the Ulster NDV strain {24]

In contrast to the envelope glycoproteins, the M protein and core proteins of the NDV
are not exposed to significant immunological pressure [25] Antbodies agamst these
proteins possess neither virus-neutralizing nor protective capacities both w tiro and mvno
and do not inhibit significantly any known functional viral activities [24 26] At the same
time antigenic variations of the M protein of different NDV strains have been revealed
using panels of anti-M MABs [21 23] In the present studies a panel of 15 anti-M MABs
extended antigenic characterization of the M protein by detailed epitope mapping and by
using a considerably larger ibrary of NDV strams including conventional reference strains
as well as local 1solations from domestic and feral birds

MATERIALS AND METHODS

Reference viruses

The Australha~Victona (1932) stram of NDV (obtained from M A Bratt University
of Massachusetts, Worcester MA, U S A ) was used for the production of MABs The
other reference NDV strains (Herts, Komarov, Texas, Mukteswar Itahen LaSota
Hitchner, Roakin Warwick Queensland, Eastwood) were obtained from D J Alexander
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(Central Veterinary Laboratory, Weybridge, U K ) Propagation of the viruses was
performed as described earlier [27]

NDYV local field isolates

Fifty-one NDYV strains have been 1solated in Israel durning the last decade (1984-1994)
from both domestic and feral birds The former included chickens (3 1solates), turkeys (6)
and Chinese ducks (1) The feral birds included waterfowl, like mallards (15) and coots
(2), sea birds, hike gulls (5), passerine birds, like starlings (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 1solated from cloacal and/or tracheal swabs, 1n some cases post mortem
material was used for 1solation The field samples treated by antibiotics were inoculated
into the allantoic cawvity of the 10-11 day-old chick-embryonated eggs, which were
mcubated until embryo death or until the period of 6 days’ post-inoculation The
haemagglutinating (HA) agents serologically identified as NDV had undergone a minimal
number of passages (usually one to two) through embryonated eggs 1n order to accumulate
an amount of virus of high titre for a virus stock stored at —70°C The virus purification
was carried out by differential centrifugation through sucrose density gradients [28]
Protein quantitation was done using Coomassie Protein Assay Reagent (PIERCE)

Hybridoma production and MAB screeming

MABs were prepared by fusing spleen cells from NDV-immumzed BALB/c mice with
the mouse myeloma cell line SP2/0 The viral envelope fraction obtamned by
n-octyl-D-glycoside treatment of the purfied wvirus preparation and containing
haemagglutimn-neuramimdase (HN), fusion (F) and the M viral proteins was used for
the immunization of mice as described previously [1, 2] Screeming of the MAB-secreting
hybridoma clones was performed by indirect enzyme-linked immunosorbent assay
(ELISA) using purified virus as antigen and haemagglutination inhibition test as described
previously [2] Selected MAB-secreting hybridoma clones were i1noculated into
pristane-primed BALB/c mice Ascitic flurds were collected 1-2 weeks later

MAB chaiacterization

The MABs were characterized for specificity by radioimmunoprecipitation assay (RIPA)
using labelling of wiral proteins with [**S]methionine, immunoblot analysis (IB) and
two-antibody sandwich ELISA (TAS-ELISA) RIPA were performed as described
previously [2] IB was carried out as described by Samson [29] The TAS-ELISA was
performed as described by Li er a/ [30], with some modifications Accordingly an anti-M
MAB of high avidity was chosen, purified by means of the Kit PURE (Sigma
Immunochemicals St Lows, MO U S A) and used for coating Dynateck plates at a
concentration of 20 ug/ml After incubation for 2 hn a hunud atmosphere and washing the
blocking buffer containing neutral bovine serum albumn (3%) Tween 20 (0 05%) and
PBS was added After a 2 h mcubation followed by washing with 0 05% Tween-PBS
solution, 50 ul per well of the antigen (viral lysate) solution in the blocking buffer was added
After mcubation at 37°C for 1 h and washing, the sandwich ELISA was used for MAB
detectton The MABs to be detected were labelled with biotin and added to the sandwich
ELISA n two-fold dilutions After 45 min incubation at 37°C and washing, the ExtrAvidin
TM-peroxydase solution (BioMakor, Rehovot, Israel), prepared according to the kit
recommendation, was added The further steps were performed as described previously [2]
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Competitive binding assay

Competitive binding assay was carried out according to Nishikawa ez a/ [23] with some
modifications, namely, the use of biotin-labelled (instead of peroxydase-labelled) MAB
and, correspondingly, ExtrAvidin TM-peroxydase [3]

Determmation of MAB 1sotype

Isotypes of the monoclonal antibodies were determined by Ouchterlony immunodiffu-
sion test using Mouse Monoclonal Typing Kit (The Binding Site, Birmingham, UK )

RESULTS

Characterization of the MAB panel

The MAB panel was first characterized 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 titres of the other
10 MABs were 10° By the 1sotype examnation, all of them fell into the same
mmmunoglobulin (Ig)-G class the majority being related to the IgG1 subclass

The MABs were examuned for their specificity towards M protein by means of three
tests RIPA (Fig 1) TAS-ELISA (Table 1) and IB (Table 1) Both the RIPA and the
TAS-ELISA demonstrated clearly that all the MABs were directed against M protein
It should be noted that all the MABs were negative in mmmunoblots and 1n the
haemagglutination mnhibition test (Table 1)

Antigemic mappmg of the M protemn

Antigenic mapping of the M protein was carried out by reciprocal competitive binding
assay In preliminary experiments, saturating doses of the MAB were determined as
described by Nishikawa et a/ [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) ncludes two non-overlapping sites (sites 1 and 2) and one

Table 1 Immunological properties of the MAB to NDYV strain Austraha Victona
Two antibody sandwich ELISA

MAB Class/subclass HI titre ELISA M HN F 1B RIPA
Mila 1gG1 <8 +3 +2 neg M
Mlb IgG1 <8 +3 +3 neg M
Mic 1gG2a <8 +3 +3 neg M
MIld 1gGt <8 +3 +3 neg M
M1 2z 1gG1 <8 +3 +3 neg M
M2a 1gG1 <§ +3 +2 neg M
M3a 1gG2a <8 +3 +2 neg M
M3b 1gG1 <8 +2 +3 neg M
M3ic 1gG2a <8 +3 +2 neg M
M3d 1gG1 <8 +2 +2 neg M
Mie IeGl <8 +2 +2 neg M
M3f 1gG1 <8 +2 +2 neg M
Mi3g 1gGl <8 +2 +2 neg M
M3h IgG2a <8 +3 +2 neg M
M4a 1gG1 <8 +3 +3 neg M

Class/subclass of MABs were determimed by Mouse Monoclonal Typing Kit (RK008 The Binding Site)
HI utre Haemagglutination mhibition test performed as described previously [27]
IB Immunoblot, ELISA and two antibody sandwich ELISA were performed as described in Matenials and Methods

—
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Fig 1 Radiommmunoprecipitation of NDV wviral proteins by MABs [*S] labelled virus lysates
were subjected to immunopreciprtation with MABs the immune complexes were collected on
protetn A bacterial adsorbent (Sigma) electrophoresed and autoradiographed Immunoprecipitates
of MABs were electrophoresed 1n lanes numbered as follows Mla M1lb Mlc Mld Ml 2a M2a
M3a M3b M3c M3d M3e M3f M3g M3h M4a (lanes 1-15 respectively) reference anti M
MAB:s (lanes 16 17 and 18) anti-HN MAB (lane 19) anu-F MAB (lane 20) control mouse ascites
flurd [BroMakor] (lane 21) MW markers (lane a) and [*S}-methionine labelled punified virus
(lane b)
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site (site 12) overlapping with sites 1 and 2 The second region (B) includes two
asymmetrically overlapping sites (sites 3 and 4) Asymmetric overlapping here means that
the MAB against site 4 inhibits the binding of three MABs to site 3 while the MABs against
site 3 do not inhubit MAB binding to site 4

Four MABs spectfic to site 1 (M1a, M1b Mlc and M1d) and one MAB specific to site
12 (M1 2a) competed with each other but did not compete with the rest of the MABs
In addition, the MAB M1 2a competed with all the MABs specific to the site 1 as well
as with the MAB M2a specific to site 2 while MAB M2a competed only with MAB M1 2a

Eight MABs were specific to site 3 From these, seven MABs (M3a, M3c M3d, M3e
M3f M3g and M3h) showed a certain asymmetry in the cross-reactivity with each other
1n reciprocal competition test (Fig 2), while MAB M3b did not show any asymmetry

The MAB M4a (directed against site 4 of M protein) was distinctive from the other
MABs, namely, the labelled MAB M4a was not blocked by any other MABs of the panel
while this MAB itself significantly 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)

Antigenic structure of the M protemn of different NDV strains

The above MAB panel was used for antigenic characterization by ELISA of 62 NDV
heterologous strams, including 11 reference strains and 51 field 1solates As can be seen
in Figs 3 and 4, two antigenic sites, site 1 and site 4, are remarkably conserved Namely,
three (M1b, Mlc, and M1d) of the four MABs specific to site | and MAB M4a, the only
one specific to site 4, reacted with all the studied NDV stramns Of the four MABs specific
to site 1, only MAB Mla showed a negative reaction with four of the 62 viruses

MABs specific to site 3 showed diverse patterns On one hand, the epitope M3g was
remarkably conserved like the above conserved epitopes of sites 1 and 4 In contrast
three epitopes, M3a, M3f and M3h showed definite vanability These MABs showed
negative reactions with 35-45 out of the 51 native 1solates and with 34 out of the 11
reference viruses The other four epitopes, M3e, M3d, M3b and M3c, displayed
imtermediate patterns Namely towards the reference viruses, the respective specific MABs

Biotiaytated antibody
Competmg §{ M1a M1ib Mic Mid M12a M2a M3a M3b M3c M3d M3e m3f M3g M3h Mda | Anhigenic

antibody site
Mia + + + + + +/ 1
Mib +* + + + + 1
Mic + + + + + +f 1
M1d + + + + + 1

M1 2a + + + + + + 12
M2a I+ + 2
M3a + + + + + + + + 3
M3b + + + + + + + + 3
M3c + + + + +f + + + 3
M3d + + + + + + + +/ 3
M3e +f + + + -+ + + +/ 3
M3f +/ + + + + + + + 3
M3g +/ + + + + + +* + 3
M3h + + + + + + + + 3
Mda + + +/ - + + + + 4

Fig 2 Epitope assignments of anti M MABs [+] > 60% compeution [+]50-60% com
petition [ ] < 50% competition
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MONOCLONAL ANTIBODIES AGAINST M
Date of
VIRUSES fati Site 1 Site 1iSite 2 Site 3 Site 4
Mi1b Mic M1d Mia [M32__M3e M3d_M3b _M3c_M3a M3f M%
REFERENCE STRAINS .
Australia-V/Fowl 1932 1
Herts 1933 2
Komarav 1940/ || ]
Mukteswar 1940
'Italien 1945 L} L B S ] [
La-Sata 1948 wlll Lol |
[Hitchner 19478 ! [
Texas 1948 ] L Ll
[Roakun 1949 [ [ ] -
‘Warwick 1966
Queensiand 1966
Eastwood 1870
NATIVE ISOLATES
1984
11987
11199 LI
11894 |
31834 pis L]
51994 [l wlll = | |
21991/ L} L] £ _| BSE) [}
2.1994 RECH | RS L] 8
2.1994| | [. ] | EESCEE G
4 1984 [ B | || L]
41984 Eon b ]
5 1984, | |} ] il
2 1986|
2.1988 |l | el |
12.1888 ™
Wild pigeon/442 3 1980 |
|Show pigeon/1759 111893 kot ] B Fred
Show pigeon/1863 11 1993 3 kas ki i
Show pigeon/1760 11 1893 s B el (ERE 83§ L.
wild pigeon/45133 5 1994{MM 1 sy L]
Starling/22¢c 12.1985 L . il (2]
stamngﬁzms 12 1985 [ EEC ] [ ECC e
Starling/34¢ 11986/ ] { | | L R
Caat/2272 219g6/ MM W || [} $% e WY el
Coot/2735 4 1986(M N . == EnRss I e
Guli/2493 119N/ BN N S (S BN W e ol 50Y DR 5
Gull/2596 11991/ (N | B N e e il S| - |
Gull/2388 11931 || ol * - | SR - |
Guil/2491 119910 L BN ] ol BN 5 exoal |
Gull/2492 119910 ] S L = | ]
Mailard/35c 41990 [N - il [V k2]
Mailard/2264 18994 ] ol | ol [SUN (9N
Mailard/52156 11984 P { . | BRSNS R
lMa]lard/2163 21994 | Wl | Reo . ) SRR |
Mallard/56161 2 1994, [ ] Exy
Mailard/1750 21994 ] | || Kot ||
21994 [ | | R M s A |
2.1994/ . SR OSS sey 8%
Mallard/47144 21994/ C Riid ~ Ny SN Owe mm
Mallard/53172 21994/ [ R &) R | ]
Mallard/720 2199/ (IS tecme SN EEc RS Y e [ |
Mallard/50150 2 1994|m [ ] - B SN ECTEGT [
Mallard/55164 21994 [ L BN cEl | LI T L]
Mallard/1648 21994/ | HE AN W E s ¥ IseY 39 N L}
Malilard/ 1854 PREC] B BN BN [ W (Y | (s |-
|Eagle/1823 4 1984, . e | L AN B~ |
Cattie egret/2210 2 1986 | B BN N E O B e A e e
Love Bird/51164 119940 |Sme ] W B R sy G S (|
Peacoch/1234 2.1994 5 o B B L]
Parrot/40119 2 1994/ [ I T T S 3 (ESN (el |
C duck/2575 S1s94/NNN NN _(WEN NER NN jcSY /B W BN [ Em [wud (wey | - |

Fig 3 Reactivities of MABs with the reference strains and native field 1solates of NDV Reactivity
of each MAB with different NDV strams 1s expressed as a percentage of their binding (measured
by ELISA) to the respecttve strains n relation to that of the homologous (AV) strain The values
represent the average of three separate experiments Ascites fluids were used as the sources of
antibodies Ml > 50% of MAB binding to the antigen of a heterologous virus related to that of
a homologous virus sl 30-50% of the binding -10-30% of the binding ["J- < 10% of the
binding The values of 30% or more are considered to indicate positive binding the values less
than 30% are considered as negative binding
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showed the same pattern as the above-described MAB specific to the ‘vanable epitopes
while, towards the native 1solates, these MABs were closer to those which were specific
to the conserved epitopes

As for site 2, there was only one MAB (M2a) which was similar to the MAB specific
to the vanable’ epitopes In addition, there was one MAB (M1 2a) specific to the site
which according to the overlapping results (Fig 2), occupied an intermediate position
between site 1 and site 2 Thus, the corresponding epitope appeared to be conserved

DISCUSSION

The panel used 1n the present study includes 15 MABs, 1 ¢ more than any other of the
panels of the M protem-specific MABs that have been described previously [21, 23, 24] By
using the avidim—biotin system 1nstead of the commonly used peroxydase technique, a
higher sensitivity for the competitive blocking test was achieved This provided a clearer
determination of the M-protein antigenic epitopes and a better distinction between the
antigenic sites

The competitive blocking test revealed two non-overlapping regions 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)] Thus situation, when there are two
non-overlapping sites but there 1s an "mtermediate’ site that overlaps with either of these
non-overlapping sites, has been described by Iorio et o/ [31] for a panel of MABs against
the HN protemn The second region included two overlapping sites [Fig 5(B)] site 3
represented by eight epitopes and site 4 represented by one epitope

There 1s a certain hierarchical difference between our classification and that by
Nishikawa et a/ [23] The latter considers two ‘major non-overlapping antigenic sites’ the
first corresponds to a group of rather homogeneous MABs while the second was

100 " e g e A > o
e
o __ . - AV o
90
- 24
8+~ — | T T - _ n

A
s — - | | B . A | — B
) .. _’I_ - - - — | __ A —
_ ! ]
M3 M3t

% p sillv NDV strains
g
1
N\
|
|
|

i 0
Mia Mib Mic Mid M1.2a M2a M3b M3c M3d M3e
Monocional antibodies against NDV M protein

M3g M3 Maa

Fig 4 Relative (percentage) number of NDV strains recogmzed by particular MABs
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Abstract—Thirty three viruses of PMV 2 serotype wolated in Israel from domestic and wild birds
durning epizooty of a respiratory disease 1n 1979-1981 were studied comprehensively in comparnison
with a set of reference PMV 2 viruses using cross reaction hemagglutinauon mmhibition tests
= elution-hemagglutination pattern and pattern of migration of viral proteins n polyacrylamde gel
* electrophoresis The results demonstrated considerable heterogeneitv amongst the local 1solates by
~! the above three critenia which were not correlated with each other There was no significant
correlation between the differences found and chronology of isolation of the viruses The results
inchcated that there mav have been simultaneous co circulauon of different PMV 2 strams in the
- local avian reservoir at the beginming of the eptzoouc rather than temporal accumulation of
variants as 1 result of antigemic dnft of an ancestor virus which caused the mmual infection

ar

Kev words Yucaitpa virus antigeniaity hemaggluunatuon-elution viral protemns ecology

Resume—Trente trois souches de virus serotype PMYV 2 1solees d otseaux domestiques et sauvages
durant une epizooue de tmaladie respiratoire pendant la periode 1979-1981 ont ete etudiees
comparativement avec un panel de souches PMV 2 de reference par linhibition croisee de
[ hemaggluunation le modele d elution-hemagglutination et la migration des proteines virales dans
polyacrviamide gel electrophorese Une heterogeneite marquee a ete demontree parmmu les souches
locales selon ies criteres examines ne montrant aucune relation avec la chronologie de | 1solation
des virus Les resultats obtenus indiquent la possibiite d une co circumiauon simultanes des
differents virus PMV 2 dans le reservorr avia ie local des le commencement de | epizooue plutot
qu une accumulauon graduee de va~ants due a des changements antigemques d un virus

ancestral qui fut lmitiateur de tinfection
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Mots clefs Yucaipa srus antigenicite hemagglutination—elution protemnes virales ecologie

INTRODUCTION

< recent years there have been numerous i1solations of paramyxoviruses (PMV) from a
ariety of avian species [2-4] and wiruses from 4 of these serotypes have been shown to
"ect turkeys PMV-1 (NDV), PMV-2 ( Yucaipa-like ), PMV-3 and PMV-6 [4] Viruses
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of the PMV-2 serotype serologically related to the first isolate PMV-2/chicken/
California/Yucaipa/56 [8], have been shown to be widespread among turkeys in North
America [2] Viruses of this subtype have also been isolated from wild and captive birds
particularly, passerine species, in most major areas of the world {24, 9, 12-15, 20 28, 32]

Up to 1979, no avian paramyxovirus other than NDV had been 1solated from birds ir
Israel Systematic surveillance of wild and domestic birds for influenza viruses began in
1978 and, as a result of those studies, a PMV-2 virus was isolated in January 1979 from
mallard ducks (Anas platyrhynchos) migrating into Israel [26] Dunng the winter of
1978-79 a series of respiratory disease problems occurred on turkey farms in Israel and
appeared to spread The disease wds characterized by signs ranging from muld rales to
severe respiratory distress mcluding conjunctivitis, nasal discharge, sinusitis and pneumo-
ma, and egg production was severely affected in breeder flocks Morbidity usually
approached 100% while mortality varied from 5 to 90% [23] In March 1979 several
hemagglutinating (HA) agents 1solated from outbreaks of the disease were identified as
avian PMYV of the PMV-2 serotype Since that time investigation of the disease n turkeys
and surveillance of other birds has resulted in the 1solation of more than 70 PMV-2 viruses
from all parts of Israel [27) However experimental infection of turkeys by the isolated
Yucaipa virus did not cause clear chimical symptoms unless the infection by the Yucaipa
virus was combined with some bactertal or mycoplasma agents which were also 1solated
at that time from affected turkey flocks [16]

The majority of the isolates were obtained from turkeys, but 1solations have also been
made from domestic fowl [27], coots (Fulica atra) [25] and cattle egret (Ardeola this) [24]

It was the object of the work descnibed in the present paper to compare characterstics
of a selection of the PMV-2 1solates from birds in Israel in order to detect any variations
among the 1solates

MATERIALS AND METHODS

Viruses

Well-charactenzed PM V-2 viruses were used as reference viruses and these are listed in
Table | Field isolates were obtained as described {25-27] Thirtv three isolates were
exarmined and these are also hsted in Table 1

All the viruses were propagated in embryonated fowls eggs as descrnibed [23]

Serological tests

Hemagglutunation (HA) and hemagglutination inhibwion (HI) tests were done 2S
described [23] Antisera were prepared in chickens as described by Alexander and Collins
{5] The mmoculation of 5 chickens was carried out in an 1solation box and the sera obtained
after booster were pooled Field sera from sick turkeys were also used

Statistical treatment of the data of HI tests was performed as described [21 22] The
treatment was performed because of considerable fluctuations in the numerical data of HI
titers m vanious expeniments It was found, however, that the fluctuations 1o the
corresponding values for cross reactivity (differences between the values of homologous
and heterologous titers) were substantially less Therefore, the value of the cross reacuvity
designated as a difference 4 between homologous and heterologous titers expressed 25
log,, was used for statistical treatment based on the ¢-test [38] The Student’s probabuitty
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f the reference PMV 2 strawns and the focal PMV 2 viruses isolated 1n Israel which

Jfo were used in the s udies
== Viruses Abbreviauons
— Reference Strains
v wcken;Cahfomm/Yucaxpa156 Yucaipa
/North Ireland/Bangor/73 Bangor
y_zlmbmexddensce/ 19775 Robimn
2jcut throat weaver/Senegal/PLOC 9/76 PLOC
nnikin/Japan/Haneda 35/76 Haneda
2ffinch/England/347/76 England
2furkey/Maly/F(77 Italy
2/Swrnus contra/Indonesia/3585/79 Indonesta/3589
2/Siurnus contra {Indonesia/3650/79 Indonesia/3650
“v.2/gadwall/Kenya/80 Kenya
Israel Isolates
“-v 2Mallard/Israel Ramon/4/T/79 | Mal/Ramon
~1 2fTurkeyfIsracl Kfar Hess/7/T/793 Ty/Kfar Hess/?
€V 2fTurkeyfisrael Kfar Hess/10A/B/79 3 Ty/Kfar Hess/10A
£V 2/Turkey/Israel Kfar Hess/10B/B/79 3 Ty/Kfar Hess/10B
(V 2/Turkey/lsrae! Burgata/116/B/79 4 Ty/Burgata
{V 2fTurkey/Isracl Beit Sheanm/170/L/79 4 Ty/Bet Shearim/170
fV 2/Turkey/Israel Sde Yoav/1$/T/799 Ty/Sde Yoav/15/T
€V YTurkey/Istael Sde Yoav/15/C/79 9 Ty/Sde Yoav/15/C
Y 2/Cattle egret/Israel, Ramat Gan/9/T/80 9 C egreyyRamat Gan
§V-2/Turkey/Istael Bert Herut/584/B/80 10 Ty/Bent Herut
[V 2/Chicken/israel Mishmeret/$89/L/80 10 Ch/Mishmeret/589
7 2fTurkey/Isracl Neot Mordehai/593/80 10 Ty/Neot Mordehas
7 fTurkey/Isracl, Beit Sheanm/595/80 10 Ty/Beit Shearim/595
» IV YTurkey/Israel Rosh Tsunm/596/80 10 Ty/Rosh Tsunm
PmV YTurkey/Israel Bear Tuvia/676/B/80 10 Ty/Bear Tuvia/676
PMV 2(Turkey/Israel Kfar Haruiz/685/B/80 10 Ty/Kfar Harutz
“PMY 2fTurkey/Israel Nahla/687/B/80 10 Ty/Nahla/687
“PMYV 2/Chicken/Isracl Hatsav/734/B/80 11 Ch/Hatsav
“PMV 2/Turkey/Israel Bear Tuvia/752/B/80 11 Ty/Bear Tuvia/752
!):.IPMV 2/Chicken/lsrael Mishmeret/803/K/80 11 Ch/Mishmeret/803
& PMV 2/Turkey/Israel Shaiva/810/B 80,11 Tv/Shalva
& PMYV 2/Turkey/Isract Nahia/812/B/80 11 Ty/Nahla 812
3 PMV 2/Turkey/Israel Sde Moshes813/B,80 11 Ty/Sde Moshe
PMV 2/Coot Israel Shiuhot/368,S/80 12 Coot Shiuhot
s« PMY 2/Chicken/Israel Petahia/817/B/31 | Ch/Petalma
“8. PMV 2Turkey/Isracl Ein Tsunim/$18/B:S1 | Tv/Ein Tsunm
™7 PMV 2/Turkey/Isracl Tsora/830/B 81 1 Tv/Tsora
a PMY 2/Turkey/Israel Talm Ehel/837/B/81 | Ty/Taim: Ehsel
> PMV 2/Turkey/Israel Best Yitzhak/846/C/81 1 Ty/Bent Yitzhak
§ PMYV 2/Turkey/Isract Hatsav/4/T/81 1 Ty/Hatsav/a/T
<l PMV 2/Turkey/Israel Hatsav/6/T/81 3 Ty/Hatsav/6/T
32. PMYV 2/Cool/Israel Beut Alfa/5/T/813 Coot/Bert Alfa
23 PMYV 2/Turkey/israel Hatsav/8/T/81 6 Ty/Hawsav/8/T

:
A

7 the differences d for a given number of experiments n was calculated The
. Of the d values (therr difference from zern) was accepted as significant if 1t was

-Ament with Fischer s second criterion of probability (95% probabiity 2 =0 95)

»

-} In this case, the cross reactivity between two viruses X and Y was considered

 Principles of statisucal treatment [38), were apphed to two-sided asymmetric
£lvity (cases displaying one-sided asymmetry evidently did not need any staustical

="2tric if the difference d, (when anti-X serum was used against both the viruses)

.;-antly different from s (when ant1-Y serum was used agamnst both the viruses)
—— v& estimation of the difference by the d indication was as follows d < l—low
*®, 1 < d < 2—moderate difference, d > 2—high difference

3
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Structural polypeptide analysis
Structural polypeptides were analyzed by polyacrylamide gel electrophoresis under

reducing conditions in the presence of sodium dodecyisulfate (SDS-PAGE) as described

by Alexander and Collins 5]
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Virus elution from red blood cell
Elution of the wiruses from RBC was estimated as described [37] According to the

estimation, the viruses were placed into 4 groups as follows Non-eluters which showed no
elution after 24 h Parual eluters which showed only incomplete elution at 24 h Moderate
eluters showing no elunon or mcomplete elution at 4 h but full elution at 24 h Fasr efuters

which showed full elution within 41
RESULTS

HI tests with reference PMV'-2 viruses
A large number of * Yucaipa-like viruses have been described up to now [14] and 1t

was considered important to mvestigate the antigenic relationships between these © refer
viruses to enable assessment of the significance of differences that may be detected

ence
within the Israel isolates Ten reference and 2 Israeli PMV-2 viruses and antisera agamnst

4 of the reference (Yucaipa Robin, PLOC, and Haneda), and 2 Israeh strains, which
included the first 1solate made at the beginning of the epizooty in Aprnl 1979 (Ty/Kfar-

Hess/10B), and one 1solated at the peak of the epizooty in November 1980 (Ch/Hatsav)
were used n these expenments
It can be seen (Table 2), that the 2 selected Israeh 1solates did not differ from each other

by the criterion of cross reactivity
Ty/Kfar-Hess/10B _0 75+068
Ch/Hatsav T017+087

All the reference viruses were mhibited at high levels by each serum and the degree of the
cross reactivity vaned considerably, so that amongst these strains no one strain was similar
to another For example for Yucaipa, Robin, PLOC and Haneda viruses, whose antisera
were also used 1n the tests and hence, the two-sided cross reactivity could be determined

and quantitated, the pairwise companson showed no similanty between the 4 strains In
the case of two pairs Yucaipa—Robin and PLOC-Haneda one-sided asymmetric €ross

reactuvity was observed when anu-Yucaipa serum against Robin and anu-PLOC ant-
serum agamnst Haneda were used there was no difference between homologous and
heterologous HI titers (d 1s close to zero) while when anti-Robin serum against Yucaipa
and ant-Haneda serum agamst PLOC were used then the difference d was more than 3
log, mn the former case and more than 2 log, in the latter one, namely

Yucaipa 013 +024
Robin  338+046

and
PLOC 0324027
Haneda 238+020
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Tauble 2 Cross HI test with | l'e;E'nc TtV ey BY o T
Viruses = - 1
Tyl
Indonesiu Indonesta Kflar Hess Ch/
Anlisera Yucupa Robin PLOC Haned s Bingor Fogland Taly 3589 3650 Kenya 108 Hatsav
Yucupa 0 0134024 1374£017 1024021 1594051 096 £07 094035 034£017 0394039 1194021 0894024 046+023
n=4 n=06 n=9 n=4 n=4 n=4 n=13 n=J3 n=4 n=1l n=6
P=03 7 >099 P>09 P =095 P=072 P =093 P=082 P=058 P =099 P=099 P =090
Robin 3384046 201+001 1894045 2224035 2574030 163+039 2064012 135+032 3234045 1713107 2034057
0 =4 0 n=2 u=3 n=1 n=1 n=3 ne=3 n=13 n=13 n=_ n=4
P>099 F>099 P =095 I >096 P>096 P=095 P>096 P =095 P>099 P=095 P =096
PLOC 188+030 095+076 0321027 0661017 0621033 0544052 008+02) —0264091 131063 0484050 0191050
n=6 n=73 0 n=17 n=4 n=3 n=4 n=4 n=13 n=13 n =10 n=6
P>099 } =065 P=072 P =097 P =082 P =06l P =022 P=02] P =083 P =066 P=029
Haneda 2541029 168+£029 2384 020 240056 1444022 1424020 1014017 079+083 25040218 2021018 1504024
n=9 n=13 1 =7 0 n=4 n=13 n=4 n=13 n=4 n=4 a=12 n=4
P>099 P =097 F>099 I =098 P =098 rFr>099 P=09Y P=054 P>099 P>099 P>099
Ty/Kfar Hess 108 206 £05! 128 047 1294068 1014059 168+06! 1224105 0194046 0594114 —~066+050 —-0144056 075+ 068
n=9 n=>5 r =8 n=9 n=35 n=5 n=13 n=13 n=3 n=3 0 n=9
P>099 P =095 P -0488 P =087 P =095 P =096 P=027 P=033 P =068 P=014 P=070
Ch/llatsav 2264057 197£079 0981043 (471060 0671028 150041 ~0184+030 010+£072 1404052 140 + 052 1234080 017 +087
n== n=6 n =10 n=11 =1 u=4 n==6 n=§ n=8 n=4 n=17 0
P >099 P=095 | =095 P =097 P=09s 1 =099 P =042 P =008 P =097 P=077 P=015

Upper figure o in e 1ch Lol 1s the mean value (with standard e ror) of log, of the rwtio betwcen homologous wnd heterologous 111 titers when a given untiserum was the same for the (wo viruses compared
#15 the number of experiments for cuch pair of compirud viruses Pas Student s coeflicient of probabihty for the difference o found for u given number of experiments o 1t 1s expressud s i percent ige

of probubiny of the zero hypothesss te the probability that the difference o saclf differs sigmblic intly trom zero The rehabihity of the f values (their dificrence from zero) wis accepled as signheant
of it was 10 agreement with Fischer s 2nd criterion of probibibity nmely 95% probibihty (# =0 95)

The values of o which differ sigmfic intly from zero (P 2 095) vre bold Mwed
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194 Michael Lipkind et af

(Table 2) In the case of the Yucaipa—Haneda pair, there was two-sided asymmetric cross
reactivity, namely

Yucaipa _ 102+021

Haneda 2354029

In the other pairs related to these four viruses, there was symmetric cross reactivity, the
d indication bemng in the range between 1 and 2 log,

These four strains also differed in the pattern of their cross reactivity with the Israel
isolates For example, PLOC showed nc difference with Ty/Kfar-Hess/10B virus and low
one-sided asymmetric cross reactivity with the Ch/Hatsav 1solate, Robin showed one sided
asymmetric cross reactivity with both the native 1solates Yucaipa showed a difference with
both the nauve stramns displaying two-sided (Ty/Kfar-Hess/1G8) and one-sided
(Ch/Hatsav) asymmetric cross reactivity, Haneda showed symmetnc (Kfar-Hess/10B) and
one-sided asymmetric (Ch/Hatsav) 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 deterrined, a comparison could be made
only with respect to thewr HI titers with antisera against the 4 reference viruses (Table 2)
According to this criterion, some regularities can be noticed Namely all the viruses show
a simular relationship to Robin (hine 2), the difference between homologous and heter-
ologous HI tuters (4) ranging between 1 4 and 3 4 log, The same pattern was seen with
Haneda with 4 ranging between | and 2 5 log, (line 4), the strain Indonesia/3650 being
the only isolate not differing from the homologous virus At the same time, all the
viruses showed antigenic similarity with the PLOC virus, 4 being staustically non-sigmifi-
cant {close to zero) Yucaipa virus showed simularity with England Italy Indonesia/3589
and Indonesia/3650 (no significant difference of d from zero) while it differed from
Bangor and Kenva Both the antisera agamnst the two Israeli viruses showed similanty
with the viruses Italy, Indonesia/3589 and Kenya, with the other reference strains there
were different combinations Ty/Kfar-Hess/10B did not differ from the reference strains,

except, Bangor, Ch/Hatsav showed difference also with England and Indonesia/3650

Thus summanzng 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 Indonesia/3589 on the other hand, are similar according to the less strong
criterion of the spectrum of antigenic relationships (one-sided cross reacuvity) with the
four viruses (Yucaipa Robin PLOC and Haneda) Bangor and Kenya by the same
criterion are similar to the PLOC virus and show significant difference from Yucaipa

Robin and Haneda

HI tests with Israelt PMV -2 solates
The results of HI tests with the field 1solates are shown, according to the year of 1solation

during 1979-81, 1n Tables 4-6
In general, there was a considerable heterogeneity among the field strains However

certain regularities can be noticed

With Yucaipa antiserum only 6 of 33 strains showed low, although significant, difference
d > 0 from the homologous titers, of these 5 strains showed differences 4 > | Mal/Ramon
Ty/Kfar-Hess/10B Ty/Burgata (Table 3), Ty/Nahla/687 (Table 4), and Ch/Petahia

(Table 5) For the rest of the strains < fluctuated around zero
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Table 3 Cross HI test with Isracll strains isolated In 197 Wi B g
Viruses Ry 1
P [ Y
Ty Ty Tyl Fy 1R
Maly Tyf Ty/ Tyl Tyl Beit Sheanm Sde Yoav Sde Youv C egrel/
Antisera Ramon Klar Hessf7 KO Hess/I0A Kfar Hess/108 Burg 170 15/T 15/C Ram Gan M+ SD >
Yucaipa 13440135 1421024 0144041 1120032 086 £025 0284019 0194030 0G4 £ 110 —-0284027 2-
n=4 n=13 n=3 n=35 n=4 w=3 n=4 n=4 n=3 0541022 .
1 =097 I =097 P =021 P =098 I =096 P=07} P =043 P 5006 P =058 ';.:.:
Robin 2601064 21341040 101 £t 053 2041053 2401 052 200+ 085 151075 1904 057 E
n=4 n=4q He=3 n=4 n=4 n=4 n=8 n=4 ND 1954018 2
P =097 P=095 P =030 P=097 I =098 I =099 P=099 P =086 qg
. 3
PLOC 1084063 1064016 —-071 070 104 £058 {224 067 ~-020 %136 040+ 128 060+ 033 2
w=13 u=13 n=4 n=3 "=4 ND n=6 n=4 n=13 0564025 ~ lf
P=0T1 P=099 P =06l P=0m P =084 P=008 P=022 P=0T9 £
n
<
Haneda 1614077 3021002 G830 215+ 019 1924 060 1694046 099 + 060 146 £ 026 008 +008 B
n=4 n=2 n=4 n=6 n=4 n=4 n=8 n=4 n=13 1531028 ;
P>087 P>096 P=090 ! >099 P =095 P =096 P =085 P =099 P =050 S
TyfKfar fless —013+4 045 0461 037 018 +040 072407 026+013 -—-0234+050 0294112 é
108 n=3 n=3 n=13 0 n=4 n=3 n =10 n=8 ND 0021015 5
P =021 P=065 P=033 P =06 P =082 P =037 P=023 <
g
a
ACW i Tntsav 0774066 1404098 1014034 01741087 027407 -047+£064 0444152 02714057
Rl a3 nes n=1 n=17 ND n=2_8 n=8 n=13 0124027
Pl -0 w096 Pa=1S P=030 P=049 P=02) P=033

The design ihons are a5 for Table 2
M £ SD—aver e o with st indutd deviation
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Table 4 Cross HI test with
Viruses
Chy Ty Ty
Ty/ Mishmeret Tyt Bert Shearim Ty Bear Tuvia Ty/
Anusera Beit Herut 589 Neot Mordaha 595 Rosh Tsunm 676 Kfar Harutz
Yucaipa ~052=-066 057+03> 060+050 017+£038 066+093 —~022+032 063+039
n=73 n=4 n=13 n=73 n=3 n=3 n=6
P =049 P=079 P =065 P=027 P=04 P =044 P =083
Robin 062+073 242%+078 122+029 180+035 1.55 =050 043+£027 192+048
n=3 n=4d n=3 n=3 n=4 n=3 n=4
P =035 P =095 P =095 P =096 P=095 P =075 P =096
PLOC -018+05 113+051 020029 1.33+039 068+084F —023+017 052+060
n=3 n=4 n=13 n=4 n=3 =3 n=4
P=021 P =089 P=044 P =096 P=049 P=070 P =054
Haneda 040+070 1.80+023 10107 177+029 184+034 008+048 180+02%
n=3 a=7 n=6 n=3 a=4 n=3 n=6
£ =039 P2>099 P=099 P =099 P=099 P=014 P>099
Ty/Kfar Hess ~-147+100 097108 014+071 065+105 000+100 —190+078 007+092
()] n=3 =7 n=4 n=6 n=3 n=3 n=8
P=073 P =061 P=015 P=042 P =087 P =008
Ch/Hatsav -030=068 021+080 021 =118 ~059+<038 -~065+112 ~159+095 033+107
n=3 n=8 n=7 n=3§ n=> =35 n=6
P =039 P=023 P=015 P=035 P =042 P =084 P=022

For Robin and Haneda antisera, the values of 4 demonstrated a generally higher
difference In the case of anu-Robin antuiserum 12 isolates showed high difference
(20<d<30), the Ch Nahla strain having shown d =3 37+ 108, 11 solates showed a
moderate difference (1 0 < d < 2 0) and the rest (10 solates) showed little or no difference
In the case of the anti-Haneda antiserum, 5 1solates showed high difference two of them
having shown 4 >3 0, 16 1solates showed moderate difference and the rest (10 1solates)
little or no difference

In the case of the ant-PLOC antiserum, 10 isolates showed a moderate difference one
1solate showed d =321 £0 32 and the rest (22 1solates) little or no difference

This evident heterogeneity amongst the Israely strains revealed by the cross reacuvity
with reference antisera was tn contrast to the resuits manifested by HI tests with 2 anu-
sera agamst 2 selected Israeli viruses, in which case the values of 4 showed no sigmfi-
cant difference from zero The only exceptions were Ch/Petahia and Tv/Ein-Tsunm
strains which showed significant difference from the homologous viruses (¢ > 1) with both
the antisera and Coot/Beit-Alfa and Ty/Kfar Hess/7 strains which showed sigmificant
difference with one of the antisera

In some cases the 41ndication had negative (staustically significant) 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
thus mught reflect a particular sensitivity of the viral antigen to antibodies, which has been
known as the phenomenon of avidity The isolates Ty/Nahla/812 and Ty/Sde-Moshe

(Table 4) are the best expressions of such avidity
Elution properties
Dunng the preliminary studies 1t was noticed that several 1solates showed rapid elution

after HI tests had been done More systematic evaluauon of this phenomenon revealed
considerable vanation among the strains and 1solates tested (Table 6) Of the reference

Isr
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i
“1ed n T980 —
— ~Viruses
F
/—-
o Ty/ Ch/ Ty/
ch/ Bear Tuvia  Mishmeret Ty/ Nahia Ty/ Coot
sav 752 803 Shaiva 812 Sde Moshe  Shiuhot M =SD
~—77023 —006=054 006039 —019+042 —016+024 010027 009+036
n:5 n=4é4 n=3 n=35 n=3 n=3 n=4 0233+£012
<P w090 P=054 P=021 P =036 P =061 P=027 P=022
f03+°57 111+02 056+128 1364108 065+055 029014 1.30+031
fopiayt n=3 n=13 n=4 n=3 n=3 ne=3 138+£022

=096 P =095 P=044 P=0T70 P =065 P=033 P=095

194050 098086 071078 —069£026 —031+022-026+015 018026
a6 n=3 n=3 n=3 n=3 n=3 n=3 036%016
rpw=029  P=06l P =054 P=089 P=070 P=077 P=04

150024 094031 1.52+036 1222041 -056+075 008+058 115+034
T a=§ n=6 n=4 n=6 n=3 n=3 n=4 117£023
P09 P=097 P =097 P =097 P =044 P =007 P=09%
:30,75-3-_068 ~096+£058 ~060=072 ~1355+066 ~0,0+069 —096 =100 006+055
< a=9 n=$ n=4 n=1 n=3 n=3 n=23 —-038+022
~p =070 P =084 P=052 P=09% P=029 P =058 P =007

~008:051 —013+£062 ~106=133 ~232+018—-167=032~-088+036

= 0 n=9 n=38 n=6 n=4 a=5 n=17 -054+024
N P=015 P=015 P=054 P>09 P>099 P=089

-

3

ssted, only Haneda and Bangor showed full elution which occurred within 4 h

: zd erther no eluuon after 24 h or only partial elution at this ime Thirty-three
* tes were also tested and these showed considerable heterogeneity 1n terms of
Table 6) Most of the strains (23) were partial or moderate eluters but 5 1solates
“eluters and 5 classed as fast eluters

al polypeptides
N preparations of 16 of the Israell isolates were subjected to SDS-PAGE in
“an with the Yucarpa and NDV/Ulster viruses (Fig 1 (1) (2) (3)] The overall
mude patterns of the 1solates were similar to each other consisung of the same
'f and approximate size of polypepudes (the lincs between the L and HN proteins
*1(1), are probably mmpurities) but differed from the reference Yucaipa virus in
ton rate of most the polypepudes However more detailed examination revealed
“ifferences amongst the 1solates which were expressed in the position of the F, and
Proteins and the band density of the HN protein By these indications, all the studied
% can be distributed mnto 2 groups Group A included viruses whose F, glycoprotemn
24 faster, the M prater; migrated slower and the density of the HN protemn band
.nificantly lower as compared to the respective values of the viruses belonging to
" B [Fig 1(1) (2) (3)] The difference in the HN band density 1s most clearly
~trated 1n the case of Ty/Neot Mordehar {Fig 1(1)] Ty/Beit-Sheraim (Fig 1(2)]
Mal/Ramon [Fig 1(3)] viruses where the above low density of the HN protein 1s
Jned with the higher density of the NP and M bands (hugher if compared with the
Llve bands of the viruses belonging to group B) Group A included the viruses
far-Hess/ 104, Ty/Kfar-Harutz Tv/Neot-Mordehat Coot/Shiuhot [Fig  1(1)],
..Eﬁ-Yoav/ 15/T, Ty/Beit-Shearim/170 Ty/Bear-Tuwia/752 [Fig 1(2)], Mal/Ramon and
- -'meret [Fig 1(3)] Group B included the viruses Ty/Shalva, C egret/Ramat-Gan,
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Table 5 Cross M1 test with Istaeh siruns sobuted 1 1981
Virusiy
Ty/ Tyl Tyl
Chy Ty/ Ty/ Ty! Tyl Hatsav Cootf Hatsav Hatsav
Antiscra Pethia Lin Tsurim Tsora Talms Thad Bt Yazhok 14 But Alfa Té T8 M4 SD
Yucaipa 1174038 -016 050 —-0401032 -0771071 -023102 043 4041 010032 0274012
n=4 ND n=4 n=3 n=3 n=13 n=6 n=6 n=3 005+021
P=095 P=022 P =065 } =06) P=07 P=064 P=022 P=091
Robin 2631+054 296+ 070 2191071 018+01) 0484020 1194027 2001060 1334026 255+057
n=13 n=3 n=4 n=1 n=3 n=3 n=4 n=6 n=3 1654055
P =09 P=095 P =095 P=075 P =054 b =095 P =095 P>099 P=095
pLOC 1894067 3251054 1341067 -0064021 0201060 0364052 031 £029 -003+042 0004030
n=13 n=3 n=4 n=1J n=J n=3 n=3 n==6 n=4 073 +042
P=034Y P>096 P=088 P=021 P=048 P=044 P=061 P =008
Haneda 3nN+019 278 4 066 188 £059 09341013 0321066 1574059 181£020 141+ 044 088+023
n=1 n=3 n=4 0=} a=13 n=3 n=6 n=6 n=1 1624029
P>096 P =095 P=095 P >096 P =033 P =095 P>099 P=098 P-09%
Ty Far ess 165 + 065 3404 061 021 147 -021+4097 -2311161 118 £ 084 143+ 062 161150 -02741078
on n=6 n=13 n=5 n=93 n=13 n=13 n=9 n=6 n=13 074+ 054
P =095 P =096 I =007 P =015 P =070 P=070 1 =095 I =068 I =02}
Ch/Huwsuv 145+ 054 1024030 0143050 -094 1106 0424220 017+052 071073 0061034 0174014
n=3 n=1 n=1 n=5 n=93 n=4 n=8 n=12 a=10 0364+023
P =095 P =099 P=023 I =058 P-01Ss P=022 P=005 P=015 P=0M14
The desipnations are as tor Table 3
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Table § Hemaegiuvtnauon—elution pattern of PMV 2 viruses
Viruses Non ¢luters Partial eluters Maoderute efuters Fast eluters
Reference  Yucaipa Robin Haneda
PLOC England Bangor
[taly Indonesia/3589
Indonesta/3650
Kenya
Israch Ty/Kfar Hess!7 Ty/Beu Sheanm/[70 Mal/Ramon C egret/Ramat Gan
Ty/Kfar Hess/ 103 Ty/Sde Yoav/15/C Ty;Sde Moshe TyiBeit Herut
Ty/Burgata Ty/Kfar Harutz Ty,Shalva Ch/Mishmeret; 589
TyiSde Yoavs 15T Ty/Bear Tuvia/676 ChyHatsav Ty/Nahla/812
Ty;Mahlas687 Ty/Ewn Tsunm Coou/Bert Alfa ChyPetatna
Ty/Tsora Tv/Klar Hesss10A
Tv/Talm Ehiel CootsShluhot
Ty Bewt Yuzhak ChyViishmeret;803
Ty/Rosh Tsurtm Ty/Bear Tuvia/752
Ty/Hatsav/6:T Tv N2c Mo-dshat
Ty/Hatsav/8/T Ty/Hawsav/4/T

Ty/Best Sheunms59>

Expianations are mn the text

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

DISCUSSION

PMV-2 viruses were 1solated from various avian spectes including domestic and wiid
birds [2 3 4,12 13 14,20,9,32 28 15] Anugenic differences between different 1solates
were clearly noticeable at the very beginning, so that the descripuon Yucaipa-/ike
viruses was used {30 29, 1]

The library of the Israeli PMV-2 1solates used in the present studies i1s 2 unique one from
several points of view Most of the isolates were obtained during the epizooty of the
so-called “turkey disease which spread through all the poultry farms 1n the country This
epizooty was under the continuous observation of the Department of Avian Disease of
the Kimron Vetermary Institute and was accompanied by a wide surveillance of feral birds
This resulted in accumulation of more than 70 PMV-2 isolates from various hosts—
perhaps the largest collecuon for a single countrv in the world Such an ecological
experiment with continuous surveillance and virus tsolation permutted observation of the
general dynamucs of the 3-year-long epizooty and enabled potenual assessment of possible
antigenic varations

The anugenic variatons detected however were difficult to quanutate because of the
absence of steady reference background Indeed the reference PMV-2 viruses used the
studies showed multiple antigenic vanations (Table 2) However certain regulanties can
be noticed even on such unsteady ground Namely in general the PLOC virus showed
lesser differences from the other viruses when anu-PLOC anuserum was used the
difference by 4 indication was sigmificant only with 2 viruses (Yucaipa and Bangor) from
the 12 viruses used in the studies (Table 2) These antigenic differences were however
one-sided asymmetric Besides, the PLOC virus showed no significant difference in the
cross reactivity with the Israeh Ty/Kfar-Hess/10B virus and its difference from the other
Israeli 1solate—Ch/Hatsav—was mimimal (less than 1 log,) and one-sided asymmetric
(Table 2) In contrast, Rotwn and Haneda wiruses demonstrated marked vanability
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*q showed a sigmficant difference betwesn Roomn aad the other viruses
1.5 (Table 2) Similar results were obtained with anti-Haneda serum with
- "of Indonesia/3650 wirus, 1n most cases, the cross reactivity was sym-
~. wirus showed, 1n most cases, asymmetric cross reactivity and large
“aters from the viruses whose antisera were used 1n the studies Of the
- -25 whose antisera were not used in the studies, the most prominent was
~showng difference by d values with antisera against all the viruses used n
Table 2)
:femc mterrelationships, which have been displayed graphically (Fig 2),
*-+=dness, almost identity (in the lmits of serological criteria), between the
‘es and the PLOC virus In general, the PLOC virus has the closest related-
her members of the graph from § possible interconnections, 2 designate
1ess, 2—moderate, and 1—low The Robin virus has moderate cross reacuon
“and low with 2 others Haneda virus displays 2 moderate and 3 low relations
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and Yucaipa virus shows only 1 moderate (with PLOC) and 4 low relationshups This
picture 1s compatible with the theories of the ‘common and “serotype specific’ por-
tions on the genomic and, correspondingly, the antigenic level [21] and the notions of
“conserved ’ and “‘variable” regrons {31] and ‘stramn-specific ’ epitope on the NDV HN
molecule recognized by monoclonal antibodies In accordance with this, one can speculate
that amongst the PMV-2 viruses used 1 the studies the PLOC virus ha, the largest
“common” portion while the Yucaipa virus has the smallest

The sumularity of the Israell isolates to the PLOC wirus 1s supported by data on the
PLOC’s relationships with all the other Israeh 1solates (Tables 3-3) From the total of 33
Israel: isolates, a significant difference by 4 indication was shown 1n only 2 cases with
Ty/Beit-Shearim/595 (Table 5) and Ty/Emn-Tsunim (Table )

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-like direction From the ecological point of view, the relationship
of the Israeh 1solates with PLOC virus would be expected since Isruel 1s on the migratory
route of passermnes travelling from Europe to West Africa

However, the man objective of the studies was an attempt to find out if antugenic dnft
could occur during the epizooty and could be revealed by analyzing antigenic heterogeneity
among the consecutrvely 1solated viruses The heterogeneity was demonstrated by different
parameters

Firstly, detailled comparnison of 2 Israeli isolates which were selected as *“native
reference’ viruses—Ty/Kfar-Hess/10B and Ch/Hatsav—with the reference PM V-2 strains
revealed differences between them although direct comparnson of both did not show
significant difference 1n cross reactivity (Table 2)

Ty/Kfar-Hess/10B 075+ 068
Ch/Hatsav T017+087

However, the 2 viruses clearly differed from each other by their cross reactivity with the
other PMV-2 Namely, Ty/Kfar-Hess/10B showed two-sided cross reactivity while
Ch/Hatsav showed one-sided asymmetric cross reactivity with Yucaipa virus Besides,
there was no parallehism between the 2 viruses in their cross reactivity with the PLOC,
Haneda, and Indonesia/3650 viruses Such a phenomenon, when there is no sigmficant
antigenuc difference between 2 viruses, but they differ by the spectrum of their cross
reactivity with some other viruses has been described earher {21, 22]

Secondly, there were several 1solates which showed various differences from the native
reference viruses, namely, Ch/Petalia, Ty/Emn-Tsunm, Coot/Bent-Alfa (Table 5) In
addiuon, there were vanous differences between the isolates n their pattern of relation-
ships by d indication with the 4 reference PMV-2 viruses whose antisera were used in the
studies On the basis of these patterns, 1t was possible to distribute the majonity of the

1solates mto 4 groups

Group 1

The pattern of the relationships—significant differences between the isolates and
the Robin and Haneda viruses, but no difference with Yucaipa, PLOC and the
“native reference” viruses This i1s the most representative group containing the following
10 1solates Ty/Beit-Sheanm/170 (Table 3), Ch/Mishmeret/589, Ty/Neot-Mordehas,
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;—.Harutz, Ch/Hatsav, Ty/Bear-Tuvia/752 (Table 4), Ty/Tsora, Ty/Hatsav/4/T,
~av/6/T and Ty/Hatsav/®/T (Table 5)

2
attern of the relationships—no difference between the 1solates and any of the 6
-¢e (including “native reference™) viruses The following 6 wiruses fall into this
fTy/Kfar-Hess/10A (Table 3), Ty/Ben-Herut, Ty/Bear-Tuvia/676, Ty/Nahla/812,
bMoshe (Table 4) and Ty/Beit-Yuzhak (Table 5)

3

I}attem of the relationships—differences between the isolates and Haneda
i virus with no difference concerning the other 5 reference viruses The following
_all mnto this group Ty/Sde-Yoav/15/C, Ty/Sde-Yoav/15/T (Table 3), Ty/Rosh-
v Ch/Mishmeret/803, Ty/Shalva, Coot/Shluhot (Table 4) and Ty/Talmi-Ehiel

=

2D

2

-

--ttern of the relationships—significant differences between the isolates and
*. Robin and Haneda viruses with no difference from the other reference viruses
s solates fall into this group Ty/Kfar-Hess/7, Ty/Kfar-Hess/10B, Ty/Burgata
), and Ty/Nahla/687 (Table 4)
tes which did not fall into these groups are heterogeneous in various
ans of the relationship patterns It i1s possible, for example to form another
1cludxn° 3 isolates having shown differences namely with the native refer
~cgs Ch/Petahia, Ty/Em-Tsurim and Coot/Beit-Alfa However, the latter
Lffer from each other bv their relauonships pattern with the other reference
the antigenic differences some of the strains showed sigmificantlv high
alues of the 4 indication [(Ty/Nahla/812, Ty/Sde-Moshe, Ty/Bear-Tuvia/676
%, Ty/Kfar-Hess/10A (Table 3)] We consider this fact as an expression of
18]
sue results have demonstrated wide and multiple antigenic heterogeneity amongst
£s with no clear picture of regular anrigenic evolution (dnft) However certain
m the heterogeneity pattern exprussed in a relautve prevalence of the above-
d groups of antigenic variants during the 3-year-period of observation can be
= ~mely, 3 out of the 4 viruses of group 4 were 1solated during the first quarter
en only 1 such virus was 1solated 1n 1980, and nothing 1n 1981 At the same
J 1 virus from the total of 10 belonging to group 1 was isolated 1n 1979 while
. —£s were 1solated i 1980 and 1981, respectuvely From the viruses belonging
»only 1 was 1solated 1n 1979 and 4 and 1 were then 1sola ed n 1980 and 1981
“y» and from the viruses belonging to group 3, 1 was 1solated i 1979 and 4 and
n 2 1solated 1n 1980 and 1981, respectively Thus, the viruses of group 4 evidently
3‘;1:3; in the epizooty while the 1solation of the viruses of group 1 was distributed
<81
T among the viruses 1solated in 1979, there were already representatives of all
Z part from some other variants which are not included n those groups It
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has not been possible to arrange the 1solates in an order displaying consecutive accumu-

lation of changes along with a time axis which could demonstrate an antigenic dnift

According to the dynamics of 1solations of different antigenic varants, 1t seems that the

isolates did not derive from a certain ancestral strain(s) as a result of consecutive changes

but that there was a co-circulation of a number of PMV-2 vanants which appeared at the
very beginnming of the epizooty
This suggestion 1s supported by the results on the hemagglutination—elution pattern
(Table 6) On the one hand, there 1s a certain connection between antigenicity and the
hemagglutination—<elution pattern, namely, 4 from the 5 non-eluter viruses are those
belonging to group 4 from which 3 were isolated 1n 1979 But this 1s the only clear
correlation on the background of flat randomness However, to some extcnt a chronologi-
cal relationship can be seen in the groupings of strains on elution abuity n that the earlier
1solates were non-eluters and fast eluters appeared 1n 1980 (Table 6) However some
strains 1solated 1n 1980, and even 1n 1981, were moderate eluters Moreover 1t was noticed
that during passaging, the elution properties of certain strains were changing On the basis
of these data, we suggest that within the populauon of the PMV-2 viruses there should
be two sorts of virions in respect to their elution-hemagglutination property—

‘ non-eluter and “fast eluter parucles In accordance with thus the entire spectrum of

differences found should be due to different proportions of non-eluter and fast eluter
parucles in the heterogeneous viral populations of the corresponding strains This i1s one
more ndication that during the studied period (1979-1981) in the avian population n
Israel there was co-circulation of different vanants differing, at least 1n anugenicity and
elution—-hemagglutination properties

The distribution of the 1solates by the PAGE pattern of the viral protemn migration rate

has also revealed no correlation with the previously described grouping of the 1solates by
both antigenicit, and elution-hemagglutination pattern Namely, 1f comparing the group-
mng by PAGE pattern with that by antigenicity 1t can be seen that both groups A and B
(PAGE pattern) include viruses belonging to different groups qualified by antigenmcity and
that some viruses belonging to the same groups, qualified by antigenicity, may belong to
different groups qualified by PAGE The same situation can be seen if comparning the
grouping bv PAGE with that by elunon—hemagglutination pattern Namelv most of the
viruses (5 out of 9) belonging to group A are moderate eluters (Ty/Kfar/Hess/10A
Ty/Neot-Mordehai, Coot/Shluhot Ty/Bear-Tuvia/752 and Mal/Ramon) but 2 viruses are
paruial eluters (Ty/Kfar-Harutz and Ty/Beit-Shearim), | 1s a non-eluter (Ty/Sde
Yoav/15/T) and 1 1s a fast-eluter (Ch/Mishmeret/589) group B includes Ty/Nahla/687
which 1s a non-eluter on the one hand, and C egret/Ramat-Gan which 1s a fast eluter on
the other hand [Table 6 and Fig 1 (1) (2) (3)]

Thus, the general conclusion from the studies 1s that the PMV-2 viruses 1solated in Israel
during the period 1979-81 demonstrate heterogeneity by antigemicity of the HN glyco-
protein, elution—hemagglutination pattern and PAGE protein mugration pattern with no
evident correlation between the three indications, 1e grouping of the solates, by any of
the above criteria, does not comncide with each other Together with this there 1s no evident
correlation between the above parameters and the chronology of the virus isolations This
suggests that during the epizooty there was a co-circulation of different vanants of the
PMYV-2 virus, varying by at least three different properties, which were not necessarnly
combined The most striking fact 1n this respect concerns 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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respectively, taken from the same individual turkey and which differed by antigenicity
(Table 3), elution-hemagglutination (Table 6) and PAGE protein mugraton (Fig 1)
patterns In addition to these facts, there have been some observations on changing
eluuon—hemagglutination pattern together with consecutive virus passaging

In connection with this, the mtriguing question s whether such wide heterogenerty of

the Israell PMV-2 1solates 1s a result of remarkable vanability of a hypothetical mitially
homogeneous virus, which would cause the epizooty, and be the ancestor of all the varying
1solates, or the causative viral factor was heterogeneous (consisted of heterogeneous virion
population) from the very beginming of the epizooty The above-described experimental
evidence demonstrating the heterogeneity among the early isolates supports the latter
hypothesis This, in turn leads to two alternative suggestions

(1) The PMV-2 virus had been circulaung in the local avian reservorr long before the

tre o 8

beginning of the descnbed outbreak which means that 1t was enzootic rather than
epizootic Enzootic onigin of the local PMV-2 1solations would explain evolutionary
antigenic and other biological changes which led to accumulation of the corresponding
vartants In such a case there should be a certain ‘ provocauve factor which would
“wake up the sleeping™ enzoouc PMV-2 wirus Turkey rhinotracheins (TRT)
pneumovirus would have been such a provocative factor—the disease was diagnosed
by clinical syndrome in 1978 the viral agents were 1solated 1n 1980 and were identified

as TRT m 1987 [41, 42)

) The PMV-2 virus was brought mnto the local avian reservoir from abroad (real

epizooty) probably via mgrating birds, but the ‘mmported wvirus was already
heterogeneous

The choice oetween the two alternatives 15 due to the existing ecological evidence

According to «hat, dozens of HA agents idenufied erther as influenza viruses or APMVs
were 1solated before and after the epizooty with no PMV-2 among them, although massive
survetllance and swabbing of domestic and feral birds began before the epizooty and went
on in the same ntensity after it This 1s not compauble with the first alternative but
corresponds tu the second one Since the Mal/Ramon virus has been the earhest Israeh
PMV-2 1solation preceding the epizooty m poultry, 1t 1s tempting to speculate about
Interspecies transfer of the PMV 2 virus from wild mugrating ro local domesuc birds
However n such a case the Mal/Ramon virus was not a pure genetic ancestor but was
Inttially heterogeneous

The hvpothesis about the mmtial heterogeneity 1s compatible with the views about rapid

evolution of RNA viruses [17] and microheterogeneity of RNA genomes [39] based on the
Quasispecies conicept {11] According to these views, the multiple mutanonal changes are
Dot evolved seauentiallv but are diverged from a common ancestor and, hence, together

* with the main gene sequence, there 1s 2 “quasispecies mutant distribution [10, 11] These
. fapidly mutating subpopulations can remain remarkably stable under certain conditions
% of rephication but when the conditions are suddenly changed, the equilibrium between the
“mam wirus population and multiple subpopulations becomes disturbed resulting in
selection of a certain subpopulation(s) which then become(s) the main one(s) Thts displays
.8n extremely ramid evolution and an acute outbreak of a virus disease 1s 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

1solates, but to the reference PMV-2 viruses as well since they have also shown a wide
heterogeneity according to the above three indications
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DELINEATION OF ANTIGENIC EPITOPES ON THE HEMAGGLUTININ
NEURAMINIDASE AND FUSION GLYCOPROTEINS OF APMV-2/YUCAIPA VIRUS
BY MEANS OF MONOCLONAL ANTIBODIES

A Panshin', E Shihmanter', Y Weisman', C Orvel? & M Lipkind’

1 INTRODUCTION

Yucaipa virus belongs to the avian paramyxovirus serotype 2 (PMV-2) Viral genome
of PMV 2 contains 6 genes coding for 3 envelope proteins matnx (M) fusion (F) and
hemagglutinin-neuraminidase (HN) and three ,core, proteins nucleoproten (NP)
phosphoprotein (P) and ,large, protein (L)} Yucaipa virus 1s 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 glycoproteins of paramyxoviruses play a
key role in the imtiation of infection The lager of the two glycoproteins, HN (mol wait 74
kDa), responsible for mediating the attachment of the virus to the host cell receptor
The second glycoprotein, F protein (mol wait 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 anti-
genic cites on the HN and F glycoproteins of paramyxoviruses 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
Iikely that MABs directed agamst PMV-2 would be useful in grouping or differentiating
between strains of this serogroup In the present studies a panel of 12 anti-HN and 6
anti-F MABs permitted to extend antigenic charactenzation of the HN and F proteins by
detailed epitope mapping

2 MATERIALS AND METHODS

Viruses  The PMV-2/chicken/California/Yucaipa (Yuc) strain kindly provided by Dr
D J Alexander (Central Veterinary Laboratory, Weybridge, UK) was used for prepara-
ton of MABs The PMV-2 strains PMV-2/Ty/Kazakhstan (Kaz), and PMV-2/Broniza
(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/mannikin/Japan/Haneda/35/76 (Han) and PMV-
2/Sturnus contra/lndonesia/3589/79 (Ind), and two local field isolates Ty/Kfar
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Hess/Z/T/79 3 and Chicken/Hatzav/734/B/80 11, were obtained from the collection of
the Kimron 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 period of 3 days post inoculation The hemaggiutinat.
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 punification was carried
out by differential centrifugation through sucrose density gradients  Protein quantifica
tion was done using Coomassie Protein Assay Reagent (PIERCE) _

Hybnidoma production and MAB screening MABs were prepared by fusing spleen 3
cells from Yuc-immunized BALB/c mice with the mouse myeloma cell ine SP2/0 The 3
viral envelope fraction obtained by n-octyl-D-glycoside treatment of the punfied virus 3
preparation and containing hemagglutinin-neuraminidase (HN) fuston (F) and the M v 3
ral proteins was used for the immunization of mice as descnbed previously (Panshin et
al, 1995, 1997) The screening of the MAB-secreting hybridoma clones was performed 3
by indirect ELISA using punfied virus (Yuc and Bron) as antigen and hemagglutination 4
inhibiion test Selected MAB-secreting hybridoma clones were inoculated into pnstane-4
primed BALB/c mice Ascitic fluids were collected 1-2 weeks later SO

MAB characterization The MABs were charactenzed for specificity by radioimmune 3
precipitation assay (RIPA) using labelling of viral proteins with 353-methionine Weste '
blotting analysis (WB), and ELISA with purified HN from Yuc (HN-ELISA) RIPA and 3
TAS-ELISA were performed as described previously (Panshin et al 1995) |B was car-g
ried out as described by Samson (1988) K

Competitive binding assay Competitive binding assay was carried out according to
Nishikawa et al (1987) with some modifications namely the usage of biotin-labeilled 3§
(instead of peroxidase-labelled) MABs and correspondingly ExtrAvidin  TM- 3
peroxydase ( Paton et al , 1991)

Determination_of MAB isotype |sotypes of the monoclonal antibodies were deter-,
mined by Ouchterlony immunodiffusion test using Mouse Monoclonal Typing KIT (The
Binding Site, Birmingham, UK)

Serology tests Hemagglutination (Hl) test was performed according to the standar? :

procedures

3 RESULTS

Specificity of monoclonal antibedies to the envelope proteins of PMV-2

A total of 18 MABs were screened for specificity by immunoprecipitation of PMV-;
2/chicken/California/Yucaipa-infected and [**SImethionine-labeled BHK cell lysates As
it 1s presented in Table 1, twelve MABs were found to be specific for HN glycoprotein 3
(All 12 MABs precipitated HN protein and 11 from them inhibited viral hemagglutinating 38
activity The immunoprecipitates by six other antibodies contained F glycoprotein Toj
determine additional charactenstics of these antibodies, vinon proteins were separated;
by SDS-PAGE, transferred to nitrocellulose membrane, and reacted with MABs All thezs
MABs did not bind the viral protemns at all if Western blotting technique was performeis
according to the standard procedures, in reducing conditions with bailing
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Table 1 Charactenzatlon_of 18 MABs against PMV-2/ch/Califormnia/Yucalpa

MAB  Class/ ELISA -Western RIPA HI
Subclass  virt blotting analy- Titer
HNZ sis?
24c9 1gG1 3’ 3 neg HN (74 kDa) 164
46f3 1gG2A 3 3 neg HN (74 kDa) 1512
46c8 1gG1 3 3 neg HN (74 kDa) 132
6e2 lgG1 3 3 neg HN (74 kDa) 1256
28g3 1gG1 2 2 neg HN (74 kDa) 1256
26d10 1gG1 3 3 neg HN (74 kDa) 12048
22¢11 IgG1 3 3 neg ~ HN (74 kDa) 1512
7c11 IgG2a 3 3 neg HN (74 kDa) 18192
46b8 lgG1 3 3 neg HN (74 kDa) 1512
22g5 1gG1 3 3 neg HN (74 kDa) 164
27e9 IgG1 2 2 neg HN (74 kDa) 1256
209 1gG1 3* 3* neg HN (74 kDa) <18
27g5 IgG1 3 - neg F (51- 52 kDa) <18
24c3 IgG2A 3 - neg F (51- 52 kDa) <18
. 2g8 lgG1 3 - neg F (51- 52 kDa) <18
46¢11 lgG1 3 - neg F (51- 52 kDa) <18
28e8 lgG1 3 - neg F (51- 52 kDa) <18
25d8 lgG1 3 - neg F (51- 52 kDa) <18

Class/Subclass of MABs were determined by Mouse monoclonal typing KIT (RK0O8
The Binding Site)

'ELISA - PMV-2/chicken/California/Yucaipa (Yuc) was used as antigen, 2 ELISA - pu-
nfied HN from Yuc was used as antigen, * PMV-2/Bron was used as antigen, * ELISA -
intensity of reaction with MAB diluted 1 1000 (+3) - A2 (+2) - 2>A,05>1 (+1) -
1>As>05, (-) - A,05<0 5x

‘wB techrique was applied to Yuc proteins which were electrophoresed in reducing
conditions with prior boiling

Competitive binding assay of anti F MABs

The competitive binding assay (Table 2) revealed three non-overlapping MAB
groups (1, 2, 3) and two additional groups (12 and 2 3) MAB 2g8 (12 group) com-
petes with the MABs belonging to the groups 1 and 2 MAB 28e8 (group 2 3) competes
with the MABs belonging to the groups 2 and 3
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Table 2 Epitope assignments of ant-F MABs

Competing Biotinylated Antibody Antigenic
Antibodies sites
27g5 24c¢3 2g8 46¢c11 28e8 25d8
' 27g5 + + - - - F1
24c3 + + - - -
298 + * + . ¥ - F12 !
46¢c11 - - + + - F2
2808 - - - m ¥ F23 i
25d8] - - - - + + F3 - §
bt}

[+ ] ->60% competition, [+/-] - 50-60% competition, { -] - <50% competition

Competitive binding assay with antt HN MABs
Antigenic 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
MABs were distnbuted into eight groups Amongst them there were five non-
overlapping groups (1, 2 3 4 and 5) which included the MABs competing only with
MABs belonging to the same group Besides those there were three additional groups
namely 12 group, containing MAB 46f3 competing with the MABs belonging to the 1
and 2 groups 2 3 group containing MAB 6e2 competing with the MABs belonging to
the 2 and 3 groups 6 group containing MABs 2019 and 27e9 competing with the MABs
belongingtothe 1 12,23 4 and 5 groups Thus at least 8 antigenic sites were de-
tected on HN glycoprotein of Yuc by means of the panel of MABs (Table 3)

S RS L e T IR )
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R Table 3 Epitope assignments of anti-HN MABs
nst:tg:smc Competin Biotinylated Antibody Antigeni
g c
Antibodies sites
? 46¢c8 22¢11 46b8
24c9 - - - HN1
Fia 4663 + - - HN1 2
“F2 46¢8 + |+ - - HN2
Fa3 | 6e2 + |+ + + - - HN2 3
—] ; 26d10 - + + + - - HN3
F3 . 2803 - | - | -+ *+ |+ -~ T -1 ~-1-1-7-
3 22¢t1| - | - | - | -] - -+ |+ -1 -1+1 + 1 HAna
- 7c1t) - - - - - - + + - - - +
22g5| - - - - - - - - + + | + + HN5
46b8| - - - - - - - - + + - +
el Bl HHNHHRRR ==
. five non- 278 + |+ | - j*] - | - | + |+ |+ |+ ]+]+ HNED
ing only with ‘
lonal groups ,' PMV-2 strains characterization
ging to the 1 : The above MAB panel was used for antigenic characterization by ELISA of 7 APMV-
belonging to ; 2 strans, including 5 reference strains and 2 field isolates As it can be seen in Tables 4
ith the MABs ] and 5 five antigenic sites HN protein (site HN1, site HN1 2 site HN3 site HN4 and site
we were de- 3 HNS) and two sites of F protein (site F1 and site F12)- are remarkably conserved

Namely, all the MABs specific to these sites reacted with all the studied PMV-2 strains

MABs specific to the site HN6 showed diverse pattern On one hand, the epitope HN6a
was remarkably conserved like the above conserved epitopes of the sites HN1 HN1

HN1 2, HN3 HN4 and HN5 On the other hand, epitope HN6b showed definite vanabil-
ity the respective MABs showed negative reaction with 3 out of the 7 APMV-2 strains

The other two antigeic sites of HN (site HN2 and site HN3) and three antigenic sites of
F (site F2 site F3 and site F2 3) displayed intermediate attitude Namely, showed
definite vanability the respective MABs 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 ANTI-HN MONOCLONL ANTIBODIES

. 24 46 46 6 28 26 22 7 46 22 27 20

c9 f3 c8 e2 g3 di0cit1cit b8 g5 e9 f9
PMV-2/Broniza + 4+ + + + + + + + + + o+ -
PMV-2/chicken/Califormia/Yucaipa + O+ + o+ o+ o+ o+ o+ o+ o+ o+ - :
PMV-2/Ty/Kazakhstan + 4+ 4+ + + + + + + + + - !
PMV-Zmannikin/Japan/Haneda/35/76 + + - + + + + 4+ 4 4+ 4 P
PMV-2/Sturnus con- + 4+ - + + o+ + + F+ o+ o+ F 5
tra/Indonesia/3589/79

Ty/Kfar Hess/7/T/79 3 + O+ F - o+ o+ o+ o+ o+ o+ o+ o+

Chicken/Hatzav/734/8/80 11 + + + + + + + + + + + +

Antigenic sites HN HN HN HN HN HN HN  HN HN

1 12 2 23 3 4 5 Ba 6b

Reactivity of each MAB with different APMV-2 strains I1s expressed as a result of ther
binding (measured by ELISA) to the respective strains The values represent the
average of three separate experniments  Ascites fluids were used as the sources of an-

tibodies (+) posttive binding (-) negative binding

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

V1 RUSES ANTI-F MONOCLONAL
ANTIBODIES
27g5 24c3 2g8 46c¢11 28e8 25d8
PMV-2/Broniza + + + + + +
PMV-2/chicken/Califormia/Yucaipa + + + + + +
PMV-2/Ty/Kazakhstan + + + + + + )
PMV-2/mannikin/Japan/Haneda/35/76 + + + + + +
PMV-2/Sturnus contra/indonesia/3589/79 + + + + + +
Ty/Kfar Hess/7/T/79 3 + + + + + +
Chicken/Hatzav/734/B/80 11 + + + - - -
Antigenic sites F1 F12 F2 F23 F3

Thus by MAB binding pattern 7 PMV-2 strains presented in table 4 and 5 can be
divide into six antigenic vanants These resuits are compatible with the data pubhshed

by Ozdemir et al (1990)

~4 DISCUSSION

The panel used in the present studies includes 12 anti-HN and 6 ant-F MABs 1€ =
more than the panel described by Ozdemir et al (1990) and Mao et al (1996), which
contained 3 and 10 anti-HN MABs respectively By the usage of the avidin-biotin sY$~
tem instead of the commonly used peroxydase techmique, a higher sensitivity 1 1€

case of the competitive blocking test was achieved This provided a clearef detefm"
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t

;\atlon of the HN and F protein antigenic sites The competitive blocking test revealed
five non-everlapping and tree overlapping sites on HN and three non-overltapping and
two overlapping sites on F Thus, mapping of the HN and F proteins of PMV-2 virus has
shown that these glycoproteins have antigenic structures similar to those at other
paramixoviruses (lorio et al , 1987, Panshin et al , 1997, 1998)

&
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Viruses of the avian paramyxovirus serotype 2 (APMV-2/Yucaipa) have been
shown to be widespread among turkeys Hybrnidomas secreting monoclonal antibodies
(MAB) against the prototype strain Yucaipa were prepared by fusing of spleen cells
from the APMV-2/Yucalpa-immunized BALB/c mice with the mouse myeloma cell line
SP2/0 The viral envelope fraction obtained by n-octyl-D-glycoside treatment of the
purified virus preparation and containing hemagglutinin-neuraminidase (HN) fusion
(F) and matrix (M) viral proteins was used for the immunization of mice The hybrido-
mas were screened for MAB production by ELISA using the punfied virus as antigen
MAB-secreting hybridoma clones were inoculated into pristane-primed BALB/c mice
Specificity of the MABs toward HN F and M proteins was proven by conventional ra-
dicimmunoprecipitation assay Two MAB panels including MABs against glycoproteins
HN (12) and F (6) were obtained

Antigenic epitope mapping of HN and F proteins by competitive antibody-
binding assay was performed with these panels using biotin-amidocaproate-N-
hydroxy-succinimide ester-labeled MABs 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 Thermostability of HA and Nase activitles of HN glycoprbtein
of various APMV-2 (Yucaipa-like) viruses

S T e g S —.
3t rr ittt 1t 2 r -ttt -t 1t

H A activity Nase activity
SErotType = T e e e e e e e e e e e e e m

NT T NT T
Yucaipa  ea <z a2 o
Fincn/Bangor 64 L2 0 3.. 0 074
RobinsHiddensee 64 <2 0 333 0 Go0
Weaver/Senegal 64 16 0 391 0 0as
mannikin/rHdaneda 128 <2 0 315 9 060
Finch/Englana 64 3a 0 547 0 392
Gadwall/Kenya 128 <2 0 188 0 040
Starling/Inaonesia 64 16 0 512 9 385

b



Table 2 Activity of anti-mumps MABs against ERV

clone
687

741

1818
19833
743

1992
2048
2 068
5374
2072
2082
2100
2034
2170
2073
2075
5342
5500

652
673
696
705
2004
728
781
1 806
1990
2 002
2 045
2050
2099
2132
2142
2054
1999

632
680

mouse specificity epitope

1227
1218
549
572
1173
583
614
621
1100

629
637
678
688
624
625
1096
1115

256
258
536
274
676
288
303
546
582
588
610
616
636
650
655
661

697

273
269

HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN
HN

NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP

P
P

HN g

HN 1
HN S
HN 4
HN 9
HN 2
HN S
HN 7
HN 9

HN 9
HN 3
HN 7
HN 8
HN 9
HN-&

NP 1

NP 2
NP 3
NP 3
NP 4
NP 5

NP 6
NP 7
NP 8
NP 9
NP 10
NP 11
NP 12
NP 13

P1
P2

ELISA
mumps ERV Sendal
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -

+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -
+ + -



Table 2 continuation ELISA

clone mouse specificity epitope mumps ERV Senda:
2005 589 P. P3 + + -
2037 604 P P4 + + -
»689 1200 P P5 + + -
2060 617 P P6 + + -
s 703 1247 P P7 + + -
2067 620 P P8 + + -
2069 622 P Pg + + -
1997 675 P P10 + + -
2 654 257 M M1 + + -
¢ 657 249 M M2 + + -
693 263 M M3 + + -
745 291 M M4 + + -
778 299 M M5 + + -
1909 565 M M6 + + -
2119 705 M M7 + + -
2124 706 M M8 + + -
2186 690 M M9 + + -
2102 7083 F F1 + + -
2117 704 F F2 + + -
2159 o664 F F3 + + -
5369 1098 F F4 + + -
5414 1105 F F5 + + -
5418 1106 F Fé + + -
5439 1111 F F7 4 + + -
5518 1119 F F8 + + -
5825 1120 F Fg + + -



Table 3

SEROLOGICAL SURUEILLANCE OF CHICKEN FARMS
USING ENZYME-LINKED IMMUNOSORBENT ASSAY

- (ELISf)
ﬁ; ————————— alace Number of Number of Per cent of
samples positive sera pogitive sera

-I_ Hevel Lahish 836 184 22
2 Tel-Aviv district 68 i1 16
3 Jerusalem district 43 4 g
4 Netania 83 26 31
5 Rehovot 23 i 4
6 Gedera 15 0 0
7  HNegev 105 39 37
8 Golan plateau 27 4 15
Total 1202 269 22
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SERCLOGICAL SURUEILLENCE OF CHICKEN FARMS
[HEMAGGLUTINATION INHIBITION (HI) TESTI

T A — d— ——— e - A —— > - ———— ——— o — o —— - — — - W — vn
e = S M G e ——— - — D —— —— —— . ———————— 1 . _——— —— — — —— AT ETIEEOmTID—=

Place Number of Namber of Per cent of

samples positive serax pecitive sera
Hevel Lahish 851 86 13
Tel-fAviv district 108 g 8
Netania 75 { |
Rehgvot 52 | 2
Negev 31 3 10
Golan platean 41 g 0
Total 958 100 10
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Table 4  Hemagglutination-elution pattern of PMV-2 viruses

Viruses Non eluters Partial elulers Modeiate eluters Fast elulers
Reference  Yucaipa Robin Haneda
PLOC England Bwngor
Italy Indonesia/3589
Indonesia/3650
Kenya
Israeh Ty/Klar-Hess/7 Ty/Beit-Shearim/170 Mal/Ramon Cegret/Rumit G
Ty/Kfar-Hess/10B Ty/Sde-Yoav/15/C Ty/Sde Moshe Ty/Beit-Ierut
Ty/Burgata Ty/Klar-Harutz Ty/Shalva Ch/Mishmerel /589
Ty/Sde-Yoav/15/T Ty/Beat "l'h’vm/(ﬂﬁ Ch/Hatsav Ty/N thla/812
Ty/Nahla/687 Ty{Ein Tsurim Cool/Beit Alfa Ch/Petahia
Ty/Tsora Ty/Kfar-Hess/10A

Ty/Talmi-Ehiel
Ty-Beit-Yitzhak
Ty/Rosh-Tsurim
Ty/Halsav/6/T
Ty/Hatsav/8/T

Cool/Shluhot
Ch/Mishmeret/803
Ty/Bear-Tuvia/752
Ty/Neot Mordehai
Ty/Hatsav/4/T
Ty/Beut Shearim/595
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Table 5 Cross HI test with reference PMV 2 viruses

Viruses
Ty/
Indonesia Indonesia Kfar Hess Ch/
Antisera Yucaipa Robin PLOC [aneda Bingor Englind Inly 3589 3650 Kenya 10B Hatsav
Yucaipa 0 0134024 1371017 1024021 159+051 096074 094+035 034017 0391039 1194021 089+024 0464023
n=4 n==6 n=9 n=4 =4 n=4 n=3 n=3 n=4 n=ll n==6
P=0135 P>099 P>099 P =095 P=0T72 P=093 P =082 P =058 P =099 P=099 P =090
Robin 3384046 200£001 189+045 2224035 257+030 1634039 206+012 1354032 ~234045 173407 2031+057
n=4 0 n=2 n=73 n=13 n=73 n=]} n=73 n=73 n=13 n=28 n=4
P>09 P>099 P=095 P>096 P>096 P =095 P>09 P=095 P£P>099 P=095 P=096
PLOC 188+030 095+076 0324027 066+017 0624033 054+052 008+023 —026 + 091 131+063 048+050 0194050
n=_6 n=3 0 n=17 n=4 n=J3 n=4 n=4 n=3 n=13 n=10 n==6
P>099 P =065 P=072 P =097 P =082 P =061 P=022 P=02 P=033 P =066 P=029
L4
Hancda 254+029 168029 2384020 240056 1444022 1421020 101+017 0794083 2504021 2024018 1504+024
n=9 n=3 n=17 0 n=4 n=173 n=4 h=3 n=4 n=4 n=12 n=_8§
. P>099 P=097 P>099 P =098 P=098 P>099 P=099 P =054 P >099 P>099 P>099
Ty/Kfar Hess 10B 206051 1284047 1234068 101+059 168+061 3224105 019+046 0594114 ~066+050 —-014+056 075+068
n=9 n=35 n=28 n=9 n=35 n=35 n=13 n=3 n=3 n=3 0 n=9
P>099 P=095 P =038 P =087 P=095 P =096 P=027 P=033 P =068 P=014 P=070
»
Chf/Hatsav 2261057 1974079 098+043 1474061 067;1,-028 150+041 —0184£030 0104072 1404052 1404052 123+080 0174087
n =11 n=26 n=10 n=| n=17 n=3§ n=46 n=_§ 1 =8 n=4 n=17 0
P>099 P=095 P =095 P =097 P=095 P =099 P =042 P=008 P=097 P=0717 P=015

Upper figure  in each cell is the mean value (with stand ird error) of log, of the ratio between homolog,ous and heterologous HI titers when 1 given intiserum was the sime for the (wo viruses comparcd
n1s the number of experiments for each pa1 of compared viruses P s Student s coefhicient of probbility for the difference d found for a given number of expertments # 1 15 expressed as 4 percentage
of probpbihity of the zero hypothesis 3¢ the probability th ut the difference o itsell differs signthe tntly from zero The rehability of the o values (their dilference from zero) was accepted as sigmificant
if it was 1 agreement with Fischer s 2nd criterion of prob ibility namely 95% probability (P =0 95)

The values of d which diler sigmificantly from zero (P 2 0 95) are bold fuced



Table 8 Cross 11 test with Isrich struwins isolited 1 1979

Viruses
Ty/ Ty Ty/
Mal/ ° Ty/ Ty/ Ty/ Tyl Best Sheanim Sde Youv Sde Yoav Cegret/
Antisera Ramon Kfar Hess/7 Kfar Hess/10A Klur Hess/10B Burgita 170 15T 15/C Ramat Gan M +SD
Yucaipa 13440135 142+024 —0144£041 1124032 0864025 0284019 01940630 004110 ~028+027
n=4 n=1] n=73 n=35 n=4 n=3 n=48 n=4 n=3 054+022
P=097 P=097 P=02] P =098 P =096 P=073 P =043 P <006 P =058
Robn 2604064 2134040 j01+£053 204 4053 240 1052 200+085 1514075 190+ 057
n=4 n=4 n=13 n=4 n=4 n=4 n=4§ n=4 ND 1954018
P=097 P =095 P =080 P=097 P =093 P=099 P =099 P =086
PLOC 1081063 1063016 —-0714070 104 0358 122+ 067 —020+1 30 0404128 0604033
n=3 n=73 n=4 n=3 n=4 *ND n=6 n=%s n=1 0564025
P=077 P =099 P =061 P=079 P =084 P =008 P=022 P=079
Hanedn 161077 3024002 0834034 215+019 1924060 1691046 0994060 146+026 008 +003
n=4 n=12 n=4 n==6 n=4 "n=4d n=2§ n=4 n=23 1531028
P>087 P>096 P =090 P>099 *P =095 P =096 P=085 P =099 P =050
Ty/Kfar Hess ~0134045 0464037 0184040 -072+071 0261013 —-023+050 0294112
10B ne=13 n=13 n=13 0 n=4 n=3 n=10 n=8 ND 0021015
P=021 P =065 P=013 P =061 P =082 P=037 P=023
4Ch/H sy 0771066 1404098 —1011+0234 0174087 027+073 ~047 064 —044+152 027 +057
n =10 n=3 n=35 n=17 n=7 ND n=2_8 n =8 n=]3 01241027
P=074 P=070 P =096 P=015 P =030 P =049 P=023 P=01]

The designations are as for Table 2
M 3 SD—average d with stindard devition



Table 7 cross HI test with  fsraeli siraims 1solaited n 1980

Viruses Viruses
. Oy ) Tyl Ty Tyt Ty Chy v
Tyl Mishmeret Tyl Bert Sheanm Tyl Bear Tuvia Tyl Nahla Ch/ Bear Tuvia  Mishmeret Tyl Nahla Tyl Coot
Anuscra Beit Herut 589 Neot Mordahw 595 Rosh Tsunm 676 Kfar Harutz 687 Hatsav 52 303 Shalva 812 Sde Moshe  Shiuhot M+ SD
Yucaipa ~0524£066 0574033 060050 0174038 066£093 —~022+032 063+0219 L32£042 046£023 —006+054 006039 —~019+042 —~026£024 0104027 009+0136
A=} amd a=3 ne=} nm)} e} nwb nNed nemé Amd nm3 LR n=3 n=) n=4 0232012
Pw=04y P=079 P =065 PwQ27 P =044 F =044 P =08} P>098 P =090 P=054 P=021 P =gl P =06l Pm027 pPm=022
Robin 0622073 2421078 1224029 1804035 1551000 . 0434027 1,92 + 048 3374108 203+£057 111+926 056128 1362108 065+055 029+014 130 +031
nm=} nwd ) Awm) nm=y awm) nw=4 nmy =3 LRk ] nw=) A=4 n=3 nel n=3 1382022
Pwm08, Pm09S P=095 P =09 P =095 P =075 P =096 P=09s P =096 P =095 P w044 P=070 P =065 P =083 P =095
PLOC ~018+055 1134051 020+029 133 +0139 0683+084 —023+£017 052+060 118£074 019+050 098+086 071078 —069+026 -031£022-026+015018+026
nm=) LEX ] nm) LEE ] A=)} A=} n=4 A=} n=§ n=3 n =) n=] no=3 =2 n=) voexvlb
P =021 P =089 P =044 P =096 P =049 P =070 Pm0ry P=074 P =029 P =06l P =054 P =089 Pw=070 P =077 P=041
Haneda 040+070 130+023 101+023 177+029 184+034 008048 180+026 301082 1504024 094+03 1524036 1224041 —~0564£075 0084058 115+034
n=) nwl Awb nwl w4 A=l nw=§ ne$ aw=B Aamé LK n=6 n=3 a=3 A= 1rzon
P =039 P>099 P =099 P=099 P=099 Pm0l4 P>099 Pm=098  P3099 Pm=097 P =097 P=097  Pm0dd  P=007 P=09§
Ty/Kfar Hess =147+100 097108 014071 0654105 000£100 —190+£078 0074092 —060+066 075+068 —096+058 —~060£072 —155+066 —~030+£069 -096+100 0060355
10B nm=d nwm? n=4 nm=b nm3 Pk A=y nw=s nmy nm5 L L Lk n=3 a=3 n=3  —03x0n
P=073  Pw=06l P=0ls P=042 P =087 P =008 P=0s8  Pm070  Pm0B4  Pm052  Pu09  Pm029 Pm0SE  Pm00]
Ch/Hatsav —-040+ 068 0214080 0214118 <0594038 ~065+112 —i1582£095 033%107 1044126 =008+051 ~013+£062 —106+133 —~2422018-167+032~088+146
ne=) nm=g a=? A= A=l n=S$ nw=g nw? 0 n=9 n=g n =6 ned n=s nml o 034402
P=03 P02  PwllS  Pm085  Pegd2 P 084 P =02 P =055 P=015  P=015  Pw054  P>09 P09 Pe=0g9




Table 8 Cross HI test with Isriel struns 1solued m 1981

Viruses
Tyl Ty/ Ty/
Ch/ Ty/ Tyl Ty/ Ty/ Hatsav Coolt/ Htsav Hatsav
Antisera Petahta Ein Tsuiim Tsora Tatmt Eluel  Bent Yitzhak T4 Bett Alfa Té T8 M +S8D
Yucaipa 11744038 —016+050 —040+032 «077+071 —-023+£020 043+ 041 0104032 0274012
n=4 ND n=4 n=13 n=3 n=3 n=06 n=6 n=35 005+021
P=095 P=022 P =065 P =061 P=0177 P=064 P=022 P =091
Robin 2634054 296 £070 2194071 018+011 ~018+020 119E027 200060 133+£026 2554057
n=3 n=73 n=4 n=1> n=73 n=3 n=4 n=6 n=73 165+055
P=09% P=095 P=095 P=075 P=054 P=095 P=095 P>099 P =095
PLOC 189 +067 3214054 1344067 —-006+023 029 +060 —0364052 031+029 -003+042 000030
n=3 n=3 n=4 n=13 n=3 n=3 n=3 n==6 n=4 073+042
P=0389 P>096 P=088 P =021 P =048 P=044 P =006l P =008
Huneda 301019 278 +066 188 +059 0934013 0324066 157+059 1814020 1414044 088+023
n=3 n=13 n=4 ns=) n=13 n=>5 n=56 n==6 n=1 1624029
P>096 P =095 P =095 P>09% P=033 P =095 P>099 P =098 P=09Y
Ty/Kfar Hess 1651065 340 £ 061 0214147 —=0214097 —231+161 118+084 143 +062 1614150 —-027+078
{0B n=0 n=13 n=>5 n=S$ n=3 n=173 n=9 n=6 n=13 074 +054
P =095 P =096 P =007 P=015 P=070 P=070 P =095 P =068 P=021
Ch/Hatsav 145+ 054 1024030 014+050 —09%+106 0423220 017+052 071073 0064034 0174014
n=35 n=17 n=17 n=>5 n=3 n=4 n -8 n=12 n=10 036+023
P =095 P=099 P=023 P (58 P=0O13 Pa(22 P =065 P=0135 P=074

' The designattons are as for Table 3
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Table 8 ¥ 11st of the APMV-2 strains 1solated in 1994

VIRUSES

ABBREVIATIONS

10

11

12

13

14

15

16

17

18

19

APMV-2/Chicken/Israel, Hadera/1545/94 3
APMV-2/Chicken/Israel, Hadera/2058/94 3
APMV-2/Turkey/Israel, Hatsav/2470/94 4
APMV-2/Turkey/Israel, Hatsav/1441/94 5
APMV-2/Turkey/Israel, Hatsav/1442/94 5
APMV-2/Turkey/Israel, Hatsav/822/94 5
APMV-2/Turkey/Israel, Hatsav/2086/94 5
APMV-2/Turkey/Israel, Hatsav/2264/94 5
APMV-2/Turkey/Israel, Ramot/1852/94 5
APMV-2/Turkey/Israel, Ramot/513/94 5
APMV-2/Turkey/Israel, Ramot/1750/94 5
APMV-2/Turkey/Israel, Ramot/1956/94 5
APMV-2/Turkey/Israel, Ramot/37/94 5§
APMV-2/Turkey/Israel, Ramot/2369/94 5
APMV-2/Turkey/Israel, Ramot/40118/94 5
APMV-2/Turkey/Israel, Herut/2181/94 7
APMV-2/Duck/Israel, Herut/1344/94 7
APMV-2/Duck/Israel, Herut/1750/94 7

APMV-2/Imperial sandgrouse, T-A Zoo/3191/94 5

Ch/Hadera/1545
Ch/Hadera/2058
Ty/Hatsav/2470
Ty/Hatsav/1441
Ty/Hatsav /1442
Ty/Hatsav/822
Ty/Hatsav/2986
Ty/Hatsav/2264
Ty/Ramot/1852
Ty/Ramot /513
Ty/Ramot/1750
Ty/Ramot/1956
Ty/Ramot /37
Ty/Ramot/2369
Ty/Ramot/40118
Ty/Herut/2161
Dk/Herut/1344
Dk/Herut/1750

Imp sgr/Zoo




Table 10 Eﬁ%ﬁﬁggtablllty of the APMV-2 strains 1isolated in 1979-81
3

HA activity

IRUSES -
Native Heated
e
1% APMV-2/Mallard/Israel, Ramon/4/T/79 1 64 48
f&g%%é%ﬁz APMV-2/Turkey/Israel, Kfar-Hess/7/T/79 3 64 <2
e 3  APMV-2/Turkey/Israel, Kfar-Hess/10A/B/79 3 64 2
4  APMV-2/Turkey/Israel, Kfar-Hess/10B/B/79 3 32 2
5  APMV-2/Turkey/Israel, Beit-Shearim/170/L/79 4 128 <2
6 APMV-2/Turkey/Israel, Sde-Yoav/15/C/79 9 18 4
7  APMV-2/Chicken/Israel, Mishmeret/589/L/80 10 64 <2
8  APMV-2/Turkey/Israel, Rosh-Tsurim/596/80 10 18 <2
9  APMV-2/Turkey/Israel, Bear-Tuvia/676/B/80 10 32 <2
10 APMV-2/Turkey/Israel, Kfar-Harutz/685/B/80 10 16 2
11 APMV-2/Turkey/Israel, Nahla/687/B/80 10 ., 256 <2
12 APMV-2/Turkey/Israel, Bear-Tuvia/752/B/80 11 16 16
13 APMV~2/Chicken/Israel, Mishmeret/803/K/80 11 16 <2
14 APMV-2/Turkey/Israel, Nahla/812/80 16 <2
15 APMV-2/Turkey/Israel, Tsora/830/B/81 1 32 <2
16 APMV-2/Turkey/Israel, Talmi-Ehiel/837/B/81 1 64 <2
17 APMV-2/Turkey/Israel, Hatsav/4T/81 1 64 4

18 APMV-2/Turkey/Israel, Hatsav/6T/81 3 128 <2




Table 11 Thermostability of the APMV-2 strains 1isolated in 1994

HA activity

VIRUSES

Native Heated
1 APMV-2/Chicken/Israel, Hadera/1545/94 3 32 <2
2  APMV-2/Chicken/Israel, Hadera/2058/94 3 258 2586
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  AI'MV-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 2586 258
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 7 258 256
15 APMV-2/Imperial sandgrouse, T-A Zoo/3191/94 5 32 <2

T CVREIRIRR gl e 7 A

Ny
>
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Table 12 Hemagglutination-elution pattern of the APMV-2 straims

1solated in 1994

VIRUSES

RATE OF ELUTION

10

11

12

13

14

15

APMV-2/Chicken/Israel, Hadera/1545/94 3
APMV-2/Chicken/Israel, Hadera/2058/94 3
APMV-2/Turkey/Israel, Hatsav/1441/94 5
APMV-2/Turkey/Israel, Hatsav/1442/94 5
APMV-2/Turkey/Israel, Hatsav/822/94 5
APMV-2/Turkey/Israel, Ramot/1852/94 5
APMV-2/Turkey/Israel, Ramot/513/94 5
APMV-2/Turkey/Israel, Ramot/1750/94 5
APMV-2/Turkey/Israel, Ramot/1956/94 5
APMV-2/Turkey/Israel, Ramot/37/94 5
APMV-2 /Turkey/Israel, Ramot/2369/94 §
APMV-2/Turkey/Israel, Ramot/40118/94 §
APMV-2/Duck/Israel, Herut/1344/94 7
APMV-2/Duck/Israel, Herut/1750/94 7

APMV-2/Imperial sandgrouse, T-A Zoo/3191/94 5

Non-eluter
Non-eluter
Non-eluter
Fast eluter
Non-eluter
Fast eluter
Non-eluter
Non-eluter
Fast eluter
Moderate eluter
Fast eluter
Non-eluter
Fast eluter
Non-eluter

Non-eluter
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Tabile 13
Identification of the isolates as APMV-4

A e Sy S M SR S AN R D AN T MR TS LS SEE e WS G NS e S S fm v S S SR M Tt G S Gk S gved SN SN SE emn S S M) S SN M A S A S T - A G S NN S G NP M S G Sy ——
R R P 2 3 R L 2 P 1

SEROTYPE#* REFERENCE VIRUSES = —=—=cmmemecee—ee———-
C-9 C-25 T-27
APMV-1  APMV-1/NDV/LaSota 20 10 40
APMV-2 APMV-Z/ChICKen/California/Yuqalpa/56 <10 {10 <10
APMV-3a APMV-3/turkey/Wisconsin/67 <10 <10 <10
APMV-3Db APMV-3/parakeet/Netherlands/449/75 10 10 10
APMV-4 APMV-4/duck/Hong Kong/D3/75 320 320 160
APMV -6 APMV-6/duck/Hong Kong/D19%/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 <10 . <10 <10
APMV-? * APMV~?/pigeon/Otaru/76 <10 <10 <10
*

Serotype APMV-5 (APMV-5/budgerigar/Kunitachli) was not used in
the studies since it was not available

ee“?::
2
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Table 14  HEMAGGLUTINATION INHIBITION CROSS REACTION

VIRUSES
ANTISERR ---- _—
NDV APMV-4 C-9 C-25 T-27
0 3230 98 353091 33520 78 118 £ 0 54
NDV n==5 n=>5 n==5 n==5
P =20 97 P =20 97 P =20 99 P =10 91
T 4sstoss 0 23112 -033t126 -125%153
APMV-4 n=3 n==5 n==6 n==5
P >0 99 P=2091
T T aet11s oastias 0 091£040  004%041
C-3 n==5 n==5 ns==a n==5
T G ertoss  oo03toss -tosfoes o 0eszo72
C-25 n=>=5 n==5 n==e n==s
T T lzo7s tos+137 -oiscoal  osozoss o
T-27 n=>5 n==a n==a n==5

* Upper figure & 15-4 mean value (with standard error) of log of the ratio between homolopous and heteralopous HI titres when a given antiserum was the same for the iwo compared
viruses #1s 3 number of experiments for each pair of compared viruses P s Student s coeficient of probability for the found difference 4 for 4 given number of experiments #1 1t 1s
expressed as a percentage of probability of the sero hypothesis 1e the probabibity that the diflerence o itself difiess significantly from cera The reftability of the o values (ther
difference from zero) was accepted as sigmificant of 1t was 1n agreement with Fisher s sccond crterion of probability namely 959 probubility (P = 095) When there was no cross
reactivity between viruses the o value 1s uxpressed as inhnity {w)



Table 15 Recovery of separate viruses from muxed 1solates by thetr treatment with APMV reference antisera, +

 Sewann
Es L
VO
o ? Antiserum used for the treatment HI with APMV antisera*
* ISOLATE of the 1solate
anu-NDV  anti-APMV-4 anti-APMV-2
anti-NDV <120 1320 -
51-152
anti-APMV-4 1640 <120 -
anti-NDV <120 - 1320
28-83
anti-APMV-2 1160 - <120
anti-NDV <120 - 1320
29-86
ant-APMV-2 1480 - <120

* after passaging of the antiserum-treated isolate



Table 16

JLASSIFICATION OF ANTI-NDV MONOCLONAL ANTIBODIES BY THEIR REACTIVITY WITH
PROTEINS OF STRAIN AUSTRALIA-VICTORIA IN ELISA AND ANTIGEN-CAPTURE ELISA
TESTS ‘e

o e are o mm o S S R T TEN M TED S M G S o U T A amn Sam S TN S NP NN SER SER G v SN AN SR D SR D S S e i) S D My o S G W S e A A D S " " —
-l i R e e R e S - - 1

MABs REACTIVITY IN ANTIGEN-CAPTURE ELISA

MONOCLONAL -~ (per cent)

ANTIBODY ELISA  —=———ee e e
No CLONE TITER HN (30C2)#% F (1F2)x*=* M (15C9) %%*
1 ascte  t1.1e000 100 16 o
2 a8 1:s000 100 o o
s 2827 1se00 100 o o
4 2408 11000 100 o o
s @2 1so00 100 o o
s 1aF11 1 se00  1o0 o« 2
7 2sci0 1 10000 100 a4 o
s asocz2 15000 100 & o
o asE=s  1so00 100 s« 0
10 267 11000 100 o o a
11 ses 1100 4 w0 1
12 e=a 12000 & 10 2
13 e=s 12000 3 10 a3
ta 1F3 110000 10 10 o
s 1z 11000 3 10 s
16 1Fl0  1sc00 o 10 o
17 aF11  1se0 7 10 o
18 1scs 110000 o o 10
19 asEto  1-10000 s 2 10
20 15,2 1 1000 o o 10
21 2500 1-10000 3 P o0
22 asca  1se0 o o 100
;;-—155;- 1 1000 0 0 100

#* 3002 is a representative MAB from a panel qulified as anti-HN

by RIP test
#% 1F2 1s a representative MAB from a panel qulified as anti-F
by RIP test
##%% 1509 13 a representative MAB from a panel qulified as anti-M

by RIP test
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Fig | Structural polypeptides of the PMV-2 wirus isolates 1 2, 3—parts of the figure

representing different expeniments, L, HIN, NP, F; and M—structural viral polypeptides,
Act—actin A and B are designations of the two groups nto which the Israelt isolates could
be distributed
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Fig 2 Graghuc display of antigenic relationships between prototype and Israel reference
PMYV-2 viruses



Fig 3

Isolation of HA agents from domestic and feral birds in Kenya

! ! ! !  PLACE ! DATE L !

No ! ISOLATE f AVIAN ! ORGAN/ ! of ! of ! PASSAGE !

1 No I SPECIES ! SWAB t ISOLATION ' ISOLATION ! No 1

—— e | e e | . | ot e o o o o o o | R ks 1
1 KRC62 Chicken Cloaca KARIOKOR 24 06 94 2
2 KRC& 3 24 06 94 2
3 KRC64 24 06 %4 S
4 KRC65 ) 24 06 94 2
5 KRC74b 24 06 94 2
6 KRC7S 24 06 94 2
7 KRCS81b 24 06 94 2
8 KRC823 24 06 924 e
9 KRC92 24 06 94 2
10 KRC93 24 06 94 3
11 KRC97 24 06 94 2
2 KRC98¢c ! 24 06 94 3
13 KRC1061 07 07 94 2
14 KRC102 07.07 54 z
15 KRCL103 07 07 94 2
16 KRC1061 07 07 94 z
17 KRC108 07 07 94 2
18 KRC109 07 07 94 o
1% KRC114 07 07 94 2
=0 KFPC1z2 07 07 92 -
21 KRC123 07 07 ¢4 2
2 KRC125 07 07 94 “
3 KrC1z6cC 07 07 94 2
24 KRC127b 07 07 94 3
2% KRC128 07 07 94 2
26 KRC131 07 07 94 2
27 KRC1Z-2b 07 07 %4 S
=8 KRC144 07 07 94 Z
29 KRCl306 07 07 94 p:
30 KRC137 07 07 %4 3
3 KRC139 07 07 94 2
3z KRC141 07 07 %94 2
33 KRC14:2 07 07 94 2
34 KRC141 07 07 94 2
35 KRC149 07 U7 94 2
36 KRC15¢0 07 07 94 o
37 KRC151 ug 07 94 1
38 KRCiS.a 08 07 94 3
3¢ KRC181 08 07 94 2
40 KRC1l184 08 07 94 “
41 KRC213 14 07 94 2
42 KRC2.1 14 07 %94 2
43 KRC223 14 07 94 2
a4 KRC236 14 07 94 1
45 KRC227 14 07 94 2




Fig 3 (Continuation)

Isolationof HA agents from domestic and feral birds in Kenya

- —— - A T A T S T - Tt - — - " T —— - — ————— T — . - " T — S —— — o ——

46 KRC238 Chicken Cloaca KARIOKOR 14 07 94 2
47 KRC239 14 07 94 1
48 KRC242 14 07 94 2
49 KRCZ44 14 07 94 2
50 KRC250 14 07 94 2
51 KRC251 19 07 94 3
52 KRC252a 19 07 94 4
54 KRC257 19 07 94 2
54 aRC263 ! 19 07 94 1
55 KRC267b 19 07 94 4
S6 KRC270 19 07 94 2
57 KRC279 19 07 94 2
58 KRC290 19 07 94 2
59 KRC322 21 07 94 2
60 KRC362 21 07 94 2
61 KRC457 09 08 94 3
62 KBC1 KABETE 18 09 94 2
63 A3y4a Lung/Tra 15 06 94 2
64 A4S57 Marrow KERICHO 17 07 94 3
55 R458a 17 07 94 3
66 AdonD 17 07 94 2
67 Ra62 - 17 07 94 4
68 A466 Lung/Tra NAIROBI 18 07 94 2
69 ASS4 Marrow NAKURU 12 08 94 2
70 47C Cloaca KERUGOYA 29 09 94 2
71 552 NAKURU 29 09 94 2
72 62C KERUGOYA 29 09 94 2
73 63C 29 09 94 2
74 6§6C 29 09 94 2
7% 76D Duck 29 09 94 2
76 DvV141/92 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 DV1i07/64 Lung/Tra 14 09 94 1
80 DvV21/95 Cloaca 27 0L 95 1
81 TD1 Duck THIKA 29 09 94 2

2 TD2 29 09 94 1
83 TT1 Turkevy 29 09 354 1
84 TT2Z 29 09 94 1
85 TT3 29 09 94 1
86 TT4 29 09 94 1
87 TC1t Chicken 29 09 94 1
X:) TC2 29 09 94 1
89 TC3 29 09 94 1

\0b



Fig 3 (Continuation)

Isolation of HA agents from domestic and feral birds in Kenya

80 KWC1 KAWANGWARE 2 06 94 1
91 KWwC3 02 06 94 1
92 KWC10 02 06 94 2
93 KWC11 02 06 94 2
94 KWC1i3 ' 02 06 94 1
95 KWC19 02 06 94 1
96 KWC21 02 06 94 2
97 KWC22 2 06 %84 1
98 KWC23 02 06 94 2
99 KWC30 02 06 94 2
100 KwC4a3 ' 02 06 94 L
101 KLC2 KALOLENI 14 06 94 2
102 KLC3 14 06 94 2
103 KLCS 14 06 94 2
104 KLC1S 14 06 94 1
105 KLC16 ‘ 14 06 94 1
106 KLC17 14 06 94 2
107 KL.C18 14 06 94 2
108 KLL19 14 06 vya <
109 XKLC20 14 06 94 2
110 KLC21 14 06 S4 Z
111 LC32 14 06 94 1
1ic KLC34 14 06 94 2
113 WC1 WESTLANDS 18 06 G4 2
114 wC2 18 06 94 3
118 WC3 18 06 94 2
116 WCS 18 06 94 i
117 wCsa 18 06 94 2
118 WC1i0 18 06 94 1
119 WC15 18 06 94 2
120 WC16 18 06 94 2
121 WC20 18 06 94 2
122 WC2a1 18 06 94 a
123 WC24 18 06 94 2
124 WCZ6 18 06 94 2
128 wC28 18 06 94 2
126 KTC1 Turkey NAIROBI 15 12 %94 1
127 Cloacal Duch RUARAKA 20 11 94 2
128 LST Chicken Lung/TrasLien CHUKA 21 11 94 2
129 Trachea Trachea EMBU 20 11 94 2



Fig 3 {Continuation)

Isolation Bf HA agents from domestic and feral birds in Kenya
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Fig 4 @

Fia 42 SDS-PAGE analysis of the NDV polypeptides Australia-Victoria

STraing

immunoprecipitated by monoclonal atibodies (lane 1-10) from lysates of vi-

rus—infected BHY-21 cells labelled with Eu%]-methlonlne Lane (a)

molecu—
lar weight markers: Lane (b)

B5 51-methionine-labelled virus—infected cell

lysate, Lane {(c} E3H3—g1ucosam;ne—1abelled virus—infected cell lysate.

MAB clones: 1 - J4C10, 2 - 4283, T - 28E7, 4 - 2408, S - TE2, & - 14F11,

7 - 28Cin, 8 - J0C2, 2 - JET, 10 - 2G7.
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Fig.4b. SDS-PAGE analysis of the NDV polypeptides (Australia-Victoria strain)
immunoprecipitated by manoclonal atibodies (lane 1-7) from lysates of vi-
rus—-infected BHK-21 cells labelled with ?‘fS]-methmmne. Lane (al: molecu-
lar weight markers: Lane (h) (35 S1-methionine-labelled virus-infected cell
lysate: Lane (c). [5H]-glucnsamlne—labelled virus—infected cell lysate.

MAR clones: 1 - 3IBS. 2 - 4E4, 3 - oEo. 4 - 1FZ, § - 1D2, & ~ IF10,

7 ~- 4Fll.




Fxgﬁc EDS~-PAGE analysis of the NDV polypeptides (Australia-Vactoria straing
immunoprecipltated by monoclonal atibaodies (lane 1-o) from lysates of vi-
rus—infected EHK-21 cells labelled with @$S]—meth10n1ne. Lane (a)* molecu-~
lar weight markers: Lane (b} (?® s1-methionine-labelled virus-infected cell
lysate MAB clones: 1 - 1309, 2 -~ T8El1O, 3 - 15F2, 4 -~ 25C9, 9 - 47C9,

6 - 707
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Fig 4d. SDS-PAGE analysis of the NDV polypeptides (fustralia-Victoria sirain)
1mmunaprecipitated by monoclonal atibodies (lane 1-10) from lysates of vi—
rus—infected BHK-21 cells labelled with [BHl-glucosamine Lane (a): [OHI-glu-
cosamine—-labelled virus—infected cell lysate

{ - T4C10, 2 — 42BZ, 3 - 28BE7, 4 - 24cg, 5 - 3E2, &6 - 14F11,

>

MAR clanes:
7 - 28C10, 8 - J0C2, 9 - 3ES, 10 - 267, 11 - -85, 1= - 3E4, 17 - aEs,
14 - 1F3, 18 - 1DZ, 1o - 1F10, 17 - 4F11
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Fig 5 EPITOPE ASSIGHHEHNTS nFE aANTI-N
nonwocLnMaL ANTIBOUDLIES
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Fig 6 I[mmunoprecipitation assay with monoclonal antipodies agalnst

F protein of the NDV t(Australia-Victoria strain:

69K

SDS-PAGE anaiysis of tne NDV poLypPept.qesS 1MmUNoprecif.itate

b, mcnc-

=a
clonal antibodies from lvysates 0of virus-infected BHK-21 cells lapelled

with [(435S]1-metnionine

Lane A - molecular weight markers
Laine B - {355]1-metnionine-labeliea virus-infectea cell lysate
Lane C - [sH]l-grucosamine-labelied virus-infectea cell Lysats

MAD clones ! - Fla 2 - Fl 2a 3 - F2a 4 - F2c, 5 -~ Fzd
6 - Fsa 7 - FJ4c



Fig 7 Epitope ass:gnments of anti-N monoclonal antibodies
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Fig 8 Immunoprecipitat.on assay WlTh MONocLonai antiboaies against

HN protein of the NDV (Australia-Victoria strain

69K

SDE~-PAGE anaiysis of the NDV polLypeptiaes lmmunoprecipltated oy mono-
cional antibodies from lysates of virus-infected BHK-21 cells lapelled
witn [455]1-metnionine

Lane & - molecular weight markers

Lane B - [(455]1-metnionine-iabellea virus-infectea ceil Lysate

Lane C - (3Hl-glucosamine-labelled virus-infected cell lysate

MADb ciones L - HNla o — HWID s - HN1l .3 4 - HN: .a S - HN.D

6 - HN3a 7 - nNda 8 - rnhNdc 9 - HNSa Lu - rNl 2e
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F'g 9 Epitope assignments of anti-rM monoclonal antibodies
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Fig 10

Enders-Ruckle virus (Avian parainfluenza-2 virus)

FASTN (ap50.seq, 1633 bases versus viral library)

HNSBL 9/90: Mumps virus HANA (97.3% i1dentity in 1294 NT overlap
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Fig 11
Enders-Ruckle virus (Avian parainfluenza-2 virus)

FASTN (ap50 seq, 1633 bases versus viral library)
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 MUMHN Mumps virus hemagglutinin-neuraminidase, 91.8% 1identity
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s s ezt o 2 se. HE P ' ‘¥ '::::"' ..

TGGATACCTATATATTCATTCACTCGTCCTGGTTCAGGCAAATGCAGTGGTGAAAATGTA

TGCCCANCAGTCTGTGTATCAGGAGYTTATCTTGATCCCTGGCCATTGACTCNATACNGC

. o o« » - . o.‘oo.. - * e ooooo . o c

..-" * o . s 0 . & & ...:. ..'t ".’
TGCCCAATTGCTTGTGTGTCAGGGGTTTATCTTGATCCCTGGCCATTAACGCCATATAGC

NACYAATNAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTGCTAAATTCAAGCACA

.« o - o 0o @ e o a .
- .o ¢ e o & o 0 s

ooooooo . o o
* s 0 “ e o0 s e

.
. ..

.
.

CACCAATCAGGCATTAACAGAAATTTCTATTTCACAGGTGCACTATTAAATTCAAGCACA

ACNAGGGTGAATCCTACCCTTTATGTCTCTGCCCTTAATAATCTTAAAGTTCTAGCCCCA
EEEE 151 SRR PR RN S oo Rz czzfr vz

ACCAGAGTAAATCCTACCCTTTATGTCTCTGCCCTTAATAACCTTAAAGTACTAGCCCCA

TATGGTACTCAAGGATTGTTTGCATCATACACCACAACNACCTGCTTTCAAGATACCGGT

H * s o e & 9 ® s - - . [ 354 3 3 . . e o s s
* e o o . e . s o . - - e - e e st et e o 0

TATGGTACTCAAGGACTGTCTGCCTCGTACACCACAACCACCTGCTTTCAAGATACCGGT

GACGCTAG-GTGTATTGTGTCTATATTATGGAACNAGCATCGAATATTGTTGGAGAATTC
A £ RS ) $e ot . 1T L3t - N

GATGCCAGTGTGTATTGTGTTTATATTATGGAACTAGCATCGAATATCGTTGGAGAATTC

CAAATTCTACCTGTGCTAGCCAGATNNNCCATCACTTGAGTNGTAGTGAAYGNAGCAGGA
Tt s ges NP AR RS S S O T

CAAATTCTACCTGTGCTAACCAGATTGACTATCACTTGAGTAATAGTGAATGCAGCGAGA

.AGCTTTATGGGCGTGTCTCATTTCTTATCGATTAIEIIE” NNNNNGGCCAGAANNGGC
" . ¥ ‘.- - - . " ¥ e . :.m 5

GGNNCTACNGGNGTGTCTCAATTTTTATCGATTAT, “AQAW
TA7TA-Eox

f3ly-A

e
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Fig 12

ENDERS-RUCKLE virus (ERV) - Mumps virus (MuV) alignment
L Gene

95 9% identity in 340 bases overlapping

nGGCCAGAANNGGGCCCCTARATGAGATATTCCTARCCCGAAGTACATTTRAAACNNCCCCATCGTTAGATA
PELERLIEE 0 b R TR b e v e e NN RNARNRNE

AGGCCAGAATGGCGGGCCTAAATGAGATACTCTTACCTGAGGTACRTTTARACTCACCCATCGTTAGATA

TAAGCTTTTCTARCTATATATTGCATGGCCAGTTACCARANGATTTGGRGCCAGATGACTTGGGCCCATTA
IR RN AR RN N RN RN NN R N N AN R RN RN R R AR AR R R R RN EN NN

TAARGCTTTTCTACTATATATTGCATGGCCAGTTACCAARTGATTTGGAGCCAGATGACTTGGGCCCACTA

GCRAATNAGAATTGGAAGGCAATTCGAGCTGAAGRATCCnAGGTTCATGCACGGTTARARCAGATCAGAG
PERLLG S0ttt b e b b R Rt et ittt

GCAAATCAGAATTGGRAGGCAATTCGAGCTGAAGAATCCCAGGTTCATGCACGTTTAAAACAGATCRGAG

nAGARACTCATTGCAAGGATTCCTGGTCTCCGGTGGACCCGCTCTCARAAGAGATATTGCCATACTCATTTG
AR R NN R N N NN N R NN R RN R RN N N R NN RN N RN RN RN

TAGAACTCATTGCAAGGATTCCTAGTCTCCGGTGGACCCGCTCTCAGAGGGAGATTGCCATACTCATTTG

GCCAAGAATNCTTCCAATACTGCAAGCATATGATCTTCGGCAARGTATGCRATIN ERV
RN R N R N RN RN RN R RN N R R R R R RN N R R R RN RN AR

GCCARGARTACTTCCARATCCTGCARGCATATGATCTTCGGCRAAGTATGCAATIG MuV

ERYV

Muv

ERV

Muv

142
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Fig 13

HUSAR FASTN

LIGNMENT: MUMNPLGZ. Mumps virus nucleocapsid (NP) mRNA
7.7% 1dentity 1n 544 bases overlapping

1/ GCNGGGANACNAGGNGGG

1321 GAGGTTACTCAGCTTATTGACAGGCTTGCAAGGGGCAGAGGTGCGGGGATACCAGGTGGG

19/ CCTGTGAATCCTTTNGTTCCTCCAGTTCAACAGCAACAACCTGCTGCCGTATATGCGGAC

® 5 8 068 0 5 0 o0 . - o [ AR EEEX] ® o 8 000 00 - . o - [ * s e
. o e e .0-.‘00.0.-. ¢ o ®© ® 9 0 05 e OB e ¢ o 0 e e 2 0 s 000 . ..

1381" CCCGTGAATCCTTTTGTTCCTCCAGTTCAACAGCAACAACCTGCTGCCGCATATGAGGAC

797 ATCCCNGCATNGGATGAATCAGATGACAATGGTGATGAAGATGGAGGCGCAGGATTCCAA

. . o . . . . s e ° > o 0 ses s . o e o 8 s [ .
oo * s o M- . - .0 s e e o » .o 0 * e o 0 .

1441" ATTCCTGCATTGGAGGAATCAGATGACGACGGTGATGAAGATGGGGGTGCAGGATTCCAA

1397 AATGGAGNACAAGYACNAGCTATAAGANNNGNAGGTCAAACTGACTTTAGAGCACAGCCT

o s o - . . s e e @ . . - . o0
.8 o 8 - - T ee .0... . e o oo.. . e oo . . 0. - ¢ e e

1501" AATGGAGCACAAGCACCAGCTGCAAGACAGGGAGGCCAAAATGACTTCAGAGTACAGCCA

199/ TTACAAGATCCAATTCAAGCACAACTTTTCATGCCATTATATCCTCAAGTCAGCAACATC

- o o - - > s o e » . a . . e s 0 e ® o s 00 . . - [ .o o0 o o
* 0 e 0 . * a0 ® s ° 8 00 LRI ) ¢ e o 0 9 0 -« e .o .oo--oo.-o. e 0 0 LI

1561" CTACAGGATCCAATTCAAGCACAACTTTTCATGCCATTATATCCTCAAGTCAGCAACATC

2597 CCAAATAATAAGAATNATCATATCAATCGCATNNNNNGGCTGGAAAACCAAGATTNATNA

- M s H : . . ¢ o @ . e . . . e .. s
.o . s 0 e - LI P e o 0 L] P

l621" CCAAATCATCAGAATCATCAGATCAATCGCATCGGGGGGATGGAACACCAAGATTTATTA

319’ CGATACAACGAGAATGGNGATTCTCAACAAGANGCAANNNGCGAACACGGAAACACTTTC

- » - e . ts 22 - o ¢ o
.o H 3 . . - . e o 0 e s-n.t'ooo H o » ¢ s o

lie81" CGATACAACGAGAATGGTGATTCTCAACAAGATGCAAGGGGCGAACACGGAAACACCTTC

3797 CCAAACNNNNCCAATCAAAACGCACAGTTGCAAGTGGGCGACTGGGATGAGTAAATCACT

L : LR e o a . o & * e 0 e HESLL - e
e o . s s 0o e . a e o .0 . .. e o

1741 CCAAACAATCCTAATCAAAACGCACAGTCGCAAGTGGGCGACTGGGATGAGTAAATCACT

4397/ GACATGATCAAACTAACCTCAATTGCAAGAATCCTAGGACAATCNANGCCACAGCTAACT

2 - P - : : s . . e 0 o » L L . o e 0o st
. . . e . . o . s P . o 0

iso1" GACATGATCAAACTACCCCCAATTGCAATAACCCCAGGACAATCTA-GCCACAGCTAACT

4997 GCCCAAATCCACNACACTCCATTCATATTNAGTCTT

 ¥AAAAAA CTAGGCCCGGAAAG

- H » 3 e 8 » - o. . 3 LR
. . - o s e . . . o

1860" GCCCAAATCCACTACATTCCATTCATATTTAGTCTT [IRAG

-=<= ———————————————————— =>=—

TATA fox Poly-FA
Putative END of the NP Gene START P Gene
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Fig 14

Avian mumps-like virus (AmuV)

HUSAR FASTN

ALIGNMENT+« MUMMP 12/89+¢ Mumps virus, Miyahara strain, P gene

90.8% 1dentity in 87 bases overlappling
421/ TGGGATGAGTAAATCACTGACATGATCAAACTAACCTCAATTGCAAGAATCCTAGGACAA AMuv
iv CCAATTGCAATAACCCCAGGACAA Mumps
481’ TCNANGCCACAGCTAACTGCCCAAATCCACNACACTCCATTCATATTNAGTCT JAAEF‘ AMuv
efet T TIITIITITLINIIIIIIY .. L33 L.littiicii.i.lipER
25" TCTA-GCCACAGCTAACTGCCCAAATCCACTACATTCCATTCATATTTAGTCTaffAe Mumps
e catergenic region Putative END of the NP Gene
5417 AAAA >
£ concensus
84" AAAA CT AGGCCCGGAAAGAA TTAGTTCTACGAGCATCGACACAATTATCTTGATCGTGTT

Putative START of the P Gene Mumps virus
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Fig 15

AGnAACTCAC

GTTGTCTTTG

GGAGCCAGAT

TCTTtnnGGG

tcaaGATAGA

TTTCACATGA

GTATAGAATA

ATCCGAAAGA

AACAGGTAAA

ATTTTGATCC

CTGTGGCGGT

CTAAGTTGAC

AGATTGCACC

GTAtGTTAGC

AGGAGAGGGT

CCaCTTTTAT

ACAATCnCCT
TTGCGTTTGT
GtGCGCnCCn
aACaATnATC
VACGAYAyYAT
TGTCATGTTG
TGACCCtgTC
TAACTGGCTC
AgaGGCAACC
AtAtAAGCAC
ATCGTATTCA
AAAGAAGTTA
TTTTTTCCAG
GATGAGTCAA
TTCCTCAAAC

CACGACTGAC

CCannTTCTC
GGGOTCACnA
aACGATCGTAG
aATGGAtACA
gGGcaGGTCA
AGnGAGTaCa
ACCAATCtAA
GCCTCATTnA
TCAACTAACe
ATCGAATACT
CTCAAGGACA
AGGAACTCCe
GCAAATGGCG
CTGTCTTTTA
CGCAATCATG

CTGCAAAAGT

TGCCTnAGAA
CTTnAGtCCC
ACTTCGAtAT
GGaAGnAGaA
TTgGGCAGCn
AGAGTTnATC
GTATGTTTTT
GGCGCAACCT
GCCTCTtGAT
nGACAACCCT
AGGAGGTGAA
aGGtAATGsA
TCATTCAACA
ACAGCAAtAA
ATCCGAAGAG

ATTGTCTTAA

CAGAATnaAG
TAGTCCAGCA
GATCCTCCaA
TTnAGGTGTG
ACATGCTGCT
TGCCCTtGAA
AAAGGACAAG
TCTCTCTGAG
AGAGTTCTTA
tGAGtACCTA
GCGTtAATngG
AcAcCGCGATT
TAGCATATCC
GAAACGTATC
CAAGAATCGT

CTGCAGATAT

Sequence of the portion of the APMV-1/Show pigeon/Israel/1831/84
virus obtained by annealing with a primer to the F gene of the NDV

cAGCTCGAGAT
AncGcAGCCA
CyATnATCIT
TCGCCACnAG
CAAGCAGaCA
TTtOAGCCAT
GCAAtnGCAC
CACnACAAGA
GAATCAAALG
AGAGACGACA
CCGATTTTCG
CTAGCTGACC
TTGACTAAGA
ACTCACTGCA

CGAAGAGTCG

2
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Fig 16  Alignment between the APMV-1/Show pigeon/Israel/1831/84

1021
28’
1081
86’
1141
143’
1201
03’
1261
263°
1321
323
1381
383
1441
443"
1501
503’
1561
563’
1621
623"

1681

(APMV-1/P) and the L gene of NDV

(FASTN program HUSAR, 84 0% i1dentity in 954 NT overlap)

AGNAACTCACACAATCNCCTCCANNTT
AATCGGCCTCCTCCCCAATCGATATAGCACAATCCGTCGACTCATGCAATAGCTACTCTATT
CTCTGGCTNAGAACAGAATNAAGCAGCTCGAGATGTTGTGTTTGTTGCCGTTTGTCGGCGT -
CTCTCGTTTAGAACAGAATCAAGCACGCTCAGATGTTCTGCCTGTTGCGTCTGTCGGGTCA
-—CACNACTTNAGT-CCGTAGTGCAGCAANCGCAGCCAGGAGCCAGATCTGCGCNCCNAA
CCCACTGCTTGAGTCCCGTATTGCAGCAAAGGCAGTCACGAGCCAAATCTGCCCACCGAA
GATGGTAGACTTCCGATATGATCCTCCAAGYATNATCTTTCTTTNNGGCAACAATNATCAA
AATCGTCCACTTTGATATGATCCTTCAGGTACTGTCTTTCTTCAAGCGAACAATCATCAA
TGGATACAGGAAGNACAATTNAGGTCTGTGCCCACNAGTCAAGATACATACCAYAYATGC
CGGATACAGAAAGAAGAATGCAGGTGTGTGGCCGCCAGTCAAAGTGCATACAATATATGO
CCAGGTCATTGGGCAGCNACATGCTGCTCAAGCAGAGATTTCACATGATGTCATGTTCAG
GAAGATCATTGGGCAACTACATGCAGATTCAGCAGAGATTTCACACCGATATCATGTTGAG
NGAGTACAAGAGTTNATCTGCCCTTGAATTTGAGCCATCTATAGAATATGACCCTGTCAC
AGAGTATAAGAGTTTATCTGCACTTCGAATTTGAGCCATCTATAGAATACGACCCTGTCAC
CAATCTAAGTATGTTTTTAAAGGACAAGGCAATNGCACATCCGAAAGATAACTGGCTCGC
TAACCTGAGCATCTTCCTAAAAGACAAGGCAATCCCACACCCTAACGATAATTCGCTTGC
CTCATTNAGGCGGAACCTTCTCTCTCAGGACNAGAAGAAACAGGTAAAAGAGGCAACCTC
CTCGTTTAGGCGGAACCTTCTCTCCGAAGACCAGAAGAAACATGTAAAAGAAGCAACTTC
AACTAACCGCCTCTTCATAGAGTTCTTACAATCAAATGATTTTGATCCATATAAGGAGAT
GACTAATCGCCTCTTCATAGAGTTTTTACGAGTCAAATGATTTTCATCCATATAAAGAGAT
GGAATACTNCACAACCCTTGAGTACCTAAGAGACGACAGTGTGGCGGTATCGTATTCACT
GGAATATCTGACGACCCTTGAGTACCTTAGAGATCACGATGTGGCAGTATCATACTCGCT
CAAGGAGAAGGAGGTGAAGGTTAATNGGCGCGATTTTCGCTAAGTTCACAAAGAAGTTAAG

CAAAGAGAAGCAAGTCAAAGTTAATGCACCCGATCTTCCGCTAAGCTGACAAAGAAGTTAAG

APMV-1/P

NDV



683’

1741

743°

1801

803"

1861

863’

1921
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Fig 16 Continuation

GAACTGCCAGCTAATGNAACACGCGATTCTAGCTCGACCAGATTGCACCTTTTTTCCAGGG APMV-1/P

GAACTGTCAGGCTGATGGCGGAAGGGATCCTAGCCCACCAGATTGCACCTTTCTTTCAGGG NDV
AAATGCCGTCATTCAAGATAGCATATCCTTCACTAAGAGTATGTTAGCCATCAGTCAACT
AAATGGAGTCATTCAGGATAGCATATCGTTGACCAAGAGTACCCTAGCGATGAGTCAACT
GTCTTTTAACAGCAATAAGAAACCTATCACTGACTGCAAGCGACGAGGCTTTCCTCAAACCG
GTCTTTTAACAGCAATAAGAAACGTATCACTGACTGTAAACAAAGAGTATCTTCAAACCG
CAATCATGATCCCAAGAGCAAGAATCCTCGAACACTCGCCACTTTTATCACGACTGACCT
CAATCATGATCCCAAGAGCAAGAACCGTCGGAGAGTTCGCAACCTTCATAACAACTCGACCT
GCAAAAGTATTGTCTTAACTCGAGATAT

GCAAAAGTACTGTCTTAATTGGAGATATCAGACAATCAAACTGTTCGCTCATGCCATCAA
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Fig 17

Sequence of the genome portion
753 nucleotides

ARCLACTGTTA
ARTACTNnAGC
TGCGTTCCAT
CTCTAGGTTG
nAGTnnCCCC
AGGACTtAGA
gCGGATCTTT
CGCCACTAGC
nCCCCGATGG
CGGTGGARAAG
GGACCCGGTG
CACAGTAGGG

ATTATATCCT

TACTCACAAC
ACTTGGTGTG
CAATTNnAGAT
TGALATACTG
CACATCAATN
CATTACAGTC
YALtAAYgAC
CaCTGCACAA
ACAAGAAtAT
CGTGTACAGC
TTGACTGTTC
ACATCTCATT

ATGACAGTCT

GtATTATTGT
CTTCGGACAT
GACACCCAAR
TGCTCCRaAG
GTGCACGGAR
TTATTTAAGG
CGYGYAYGGT
GaaGGGAAAt
CARATCCGGA
AAGCCATCTT
CGCCTAATAC
TCTTGTACCA

ATAACAAAAC

PMV-1/Racing plgeon/Israel/1831/84

CTGGCTGCAG
CTGCRAcaGG
ATCGGAAGTC
TCACAGAGAC
GGTtAGGTTT
ATTtGGGTGGC
TCCCAGTTYA
AyGTAAYATA
TGGCTRAGTC
ATCtATCRAR
AATTACRACTC
ACGAGGGTCT

Gnn

AGATNACTCA
naGGGtATTC
TTGCAGTGTG
TGARGAAGAG
tgACGGTCAA
ARATNNCCCG
CGGaGGGCTA
CaAGCGCTAT
TtCGTACAAG
GtGTCRACAT
ATGGGGGCCG

TCGTATTTCT

CACTCACATC
TTTTCLACTC
AGTGCAACTC
GATtATRagt
TACCATGAGA
CCRACNGGGAN
AAACCTARATT
AATAACACAT
CCtGGGCATT
CTTTAGGTIGA
AcgGAGTTCT

CCCCTGCCTT



Fig 18

Rlignment of the sequences portion of the APMV-1/show pideon/1831/84 portion with the
HN gene of the Newcatle disease virus, 89 5% identlty in 754 nucleotide overlapping

601

20

661"

80

721

140

781"

200

841

260

901

320

961

380

1021°

440

1081

500

1141

559

1201

619"

1261

ACTACTGTTATACTCACAA
CGGTTGCACTCGGATACCCTCATTTGRCATGAGCACCACTCACTACTGTTATRCTCACAR
CGTATTATTGTCTGGCTGCAGAGATNACTCACACTCACATCAATACTNAGCACTTGGTGT
TGTGATATTATCTGGTTGCAGAGATCRCTCRCACTCRCATCAATACTTAGCACTTGGTGT
GCTTCGGACRTCTGCARACAGGNAGGGTATTCTTITCTACTCTGCGTTCCATCARTTNAGA
GCTTCGGACATCTGCAARCAGGGAGGGTATTCTTTTCTACTCTGCGTTCCATAAATTTAGA
TGACACCCARAATCGGAAGTCTTGCAGTGTGAGTGCAACTCCTCTAGGTTGTGATATACT
TGACRCCCAARATCGGARGTCCTGCAGTGTGAGTGCARCCCCTTTAGGTTGTGATATGCT
GTGCTCCRARGTCACARGAGACTGARGAAGAGGRTTATARGTNAGTNNCCCCCRCATCAAT
GTGCTCTARARGTCACAGRGACTGRGGAARGRGGATTACRAGTCAGTTACCCCCACATCART
NGTGCACGGAAGGTTAGGTTTTGACGGTCAATACCATGAGAAGGACTTAGACATTACAGT
GGTGCACGGAAGGCTAGGGTTTGACGGTCARTACCATGAGAAGGACTTGGACACCACAGT
CTTATTTRAGGARTTGGGTGGCAAATNNCCCGGGAGNGGGANGCGGRTCTTTYATTARYGA
CTTATTTAAGGATTGGGTGGCAAATTACCCAGGGGTGGGAGGAGGGTCTTTTATTGACGA
CCGYGYAYGGTTCCCAGTTYACGGAGGGCTARAACCTRATTCGCCACTAGCCACTGCACA
CCGTGTATGGTTCCCAGTTTACGGAGGGCTCARACCCRATTCACCCAGTGACACTGCACA
AGAAGGGARATAYGTRAAYATRCAAGCGCTATARTAACACATNCCCCGATGGACARAGARATA
AGARGGGAARTATGTAATRTACAAGCGCTATARTAACACATGCCCCGATGAACRAGATTA
TCAAATCCGGATGGCTARGTCTTCGTACARGCCTGGGC-ATTCGGTGGARRGCGTGTACA
CCARATTCGGATGGCTRAGTCTTCATATAAACCTGGGCGATTTGGTGGAAAGCGCGTACR
GCAAGCCATCTTATCTATCARRGTGTCARCATCTTTAGGTGAGGACCCGGTGTTIGACTGT
GCAGGCCATCTTATCTRTCAARGTGTCAACATCTTTGGGTGAGGACCCGGTGCTGACTAT
TCCGCCTAATACAATTACACTCATGGGGGCCGRCGG~-~AGTTCTCACAGTAGGGACRTC

TCCRCCTAATACAATTACACTCATGGGGGCTGAAGGCAGAGTTCTCACAGTAGGCACATC

APMV-1 1s0late

NDV reference

1%

B
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' Fig 18 (continuation)

Alignment of APMV-1/show pigeon/1831/84 sequenced RNA portion with the HN gene of the
Newcatle disease virus

676 TCATTTCTTGTACCAACGAGGGTCTTCGTATTTCTCCCCTGCCTTATTATATCCTATGAC APMV-1 1s0late

1321 TCACTTCTTGTACCRACGAGGGTCTTCATATITCTCCCCTGCTTTATTATACCCCATGAC NDV reference

736 AGTCTATAACRAAACG

1381 AGTAAATAACAAAARCAGCTACTCTTCATAGTCCTTATACGTTTAATGCCTTCACTCGGCC



Fig 19

APMV-3a/Turkey/Wisconsin/65

HUSAR FASTN Program, 962 bases versus EMBL viral library

The best score is with NDV (Miyadera strain) fusion (F) gene, 47 4% identity

Alignment the sequenced piece of APMV-3a/Turkey/Wisconsin/65 and NDV F gene

1! TTATACCCGACTGTGIGGTCA-A {--- Ty/Wisc

961" CTCGTCTGTAAGCACAACCAAGGGCTTTGCCTCGGCACTTGTCCCARAAGTGGTRACACA {--- NDV (EMBL)
23' GARGGGAGTAATAATTGAGGGAATGCTTAAGAGTAATTGTATAGAATTGGAACGAGATAT
1021" GGTCGGTTCTGIGATAGAARGAACTTGACACCTCATACTGTATAGAGACCGATCIGGATTT
83' ARTTTGCAAGACTATCAACACATACCAAATAACTAAGGARACTAGAGCATGCTTACARGG
1081" GTATTGTACAAGARATAGTGACATTCCCTATGTCTCCTGGTATTTATTCCTGTTTGACCGG
143° TAATATAARCRATGTGTAAGTACCAGCAGTC-CARGGACACAGTTGAGCACCCCCTTTATTA
1141" CAATACATCGGCTTGTATGTATTCAAAGACTGAARGGTGCACTT-ARCTACGCCATACATGA
202 CATATAATGGAGTTGTAATTGCAAATTGTGATTTGGTATCATGCCGATGCATAAGACCCC
1200 CTCTCAAARGGCTCAGTTATTGCAARTTGCAAGATGACARCATGTAGATGTGCAGACCCCC
262' CTATGATTATCACACARGTAAARGGTTACCCTCCTGACAATTATAARTAGGAANNNATGT
1260 ' CGGGTATCATATCGCAAARATTATGGAGAAGCT-GTGTCTCTAATAGATAGGCACTCATGT
322' ACCGAGTTGT-CGNGGATAATTTAATTTNAAARTATTGAAACNARRCCATAACTTTTCATTA
1319" AATGTCTTATCCTTAGATGGGATAACTTTGAGGCTCAGTGGGGARTTTGATGCAGCTTAT
381' AACCCTACTATTATAGATTCACAATCCCGGCTTATAGCTACTAGTCCAT-TAGAAATAGR
1379 ' CAARAGAATGTCTCAATACTAAATTCTCAAGTAATAGTGAC-AGGCAARTCTCGATATCIC
440°' TGCCCTTATTCARAGATGCGCARCATCACG---CGGCTGGCCCTTCTTAAARGTAGAAGAAA
1438" ARACTGAGCTTGGGARTGC-CAACAACTCGATAAGTAATGCTTTGAATAAGTTAGAGGAAR
497" GCARTGCTCACTTATTARGAGTTACAGGGCTGGGCTCATCRAGTTGGCACATCATACTTA
1497" GCAACRGCARRACTAGACAAAGTCA-ATGIC-AGACTGACCAA--——-— CACATC-TGCTCT
557' TATTAACRTTGCTITGTATGCRCCATAGCATGGCTCATIGGT-TTAT-CTATTTATGTCTIG

1549" CATT-ACCTATATCGTTTTARCTGTCATATCTCTIGTTTGTGGTATACTCAGCCTGGTTC




Fig 19

Continuation

615' CCGCATTAAAAATGATG-ACTCGACCGACARAGAACCTACAACCCAATCRTCGRACCGCG

1608" TAGCATGCTACCTGATGCACARGCAARAGGCGCAACARRRGACCTTGTTATGGCTTGGGA
674' GCATTGGGGTTGGATCTATACAATATATGACATAATGNGCCGCCTGTATATCANNNCCAR
1668" ATAAT-ACCCTAGATC-AGATGAGAGCTACCACARAAGCATGAATGTAGATGAGAGGC-A
734* GTATCGNNNCCTCCCACCATCCTCNNCGCCGCCACTAGCAGCACAGGAAGTAATCAGTTA
1725' TAGGCATCCCCAACCGCAAT-TTGTGTGTAAATTCTGGCAGC-CTGTCR---ATCAGAAG
794' CRGTGGCATAGCAGTCCCATGTTGAGACACACRGTACCCCTAGTTTCTAGTAAANNNCCG
1780" AAT TAAG ARARAR CTACCGGGTATAGATGACCARAGGGCAATAT

The END of the The START of the HN gene of NDV
F gene of NDV
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Fﬂg 20 Alignment of APMV-3a/turkey/Wisconsin/65 versus
APMV-3b/parakeet/Netherlands/1975

X 10 20 30 40 50
CATAGTGTgCAAAGGYAkCsGACsaAgtCTcTCtgnTCywCAcabaGGCOWCGyaCACYA

GAnACACAAGEttGGTCGAGnNAC
X‘ 10 20
70 80 90 100 110
CCCmwAATAakt-bAGpCCGACATAGCAYCAATcaGGtAcATGCAGGcCGGCCCTAGtagh

CCTTCCTCAA2TnAAGACTGANATtGCTTCCGATTCGGAACATCGCAAGCAGCTTTGGAAGG
30 40 50 60 70 80

120 130 140 150 160 170
TcAAATTAgCATGATAAGGATaCTCnGACCCCnGCaACaACacACAGTCATCCCTAAATA

ACAGCTCAGNATGATTCGnAnATLGCGATCCAGCGA-AACTGTTCCCGAATCATCACTCAALG
20 100 110 120 130

180 190 200 210 220 230
CCCTCCGCAACTCtgGAAATcGGGCTCCAGTAGLCGATTTGCOGACCGGGCgaCLCTCACC

CGCTGAGAGGC tTCAGTGCnAAGGCACCTGTnATTCTGaGTGGTCCAGCAAATCCCAATC
150 160 170 180 190

240 250 260 270 280 290
GCAGTCTCATCAAAAGCGAGAACCCGACTATCTGCCTGGATCAACTAGCTCGGCCAACTC

AATGCATCAGCCAAGGCTCATCCACCACAATTEGCCTGGATCAGTtACGCCCGGCCTGTGC
210 220 230 240 250

300 310 320 330 340 350
AAGCCAACAGTCCTCCAAAATCTCAAGATAACCAAAGGCGATcTEtTCCCCTCAACCACACG

CAAATCCtAtACAGGTCAAACTTCAACGATGATCACAAGGACCTATCTGCACAGCgACATG
270 280 290 300 310

360 370 380 320 400 410
CAATCACAGCTCTGCTACAAacCCgCGTTGCACCCCCACCTAAGACGAGATCGCCTGATGG

CT-TCATtGCATnACTCgAaACcAGaAnncC-CCCOCACCAAaACGtGACAAATNACLGT
330 340 350 360 370

420 430 440 450 460 470
AAATgCTAGTAGCAGCGAAATCAGCAAGTGATCTCATCAAAGTCAAGAGAATGGCAATTC

CATtgGThGCAATtGCAAAgACTGCAAGhGATThAATCAACAThaAGAGAATCCCA———-
380 390 400 410 420 430

Tw/Wisc

Pk/Neth



Fig 20 Continuation

480 490 500 510 520 530
TTCGTCAATAAACCOACTcAGCACCACATNGTCTCTCACTCTACACTTGTGCGCGCAAACC

---GTCCTCGGCCAGhGAhATCACCChATCGCAACCAGGCTACAAATGTAAGCAGTTTCC

440 450 460 470 480 490
540 530 560 570 580
AACATTGACCTCCAAACACTT~—-—~—~—~ TTCTGCAGTACGCAAGGCTTAACACAATCAG
GATATGTACCGAATCAATAACACNACCCCTTCCCGCAAAAGCAAGCCCCAGATCACACACT
500 510 520 530 540 550
600 €610 620 630 640

CAGCATGCATATCGAGCGGCCCACCCTCACAACCCATCTAGCTCTCTTATTTTATCTATT

CAGCTTnACCAATTCTAGCTTCACTAAGCAGCTG~ATCTGACCATCTGGCTTTACTTCC
560 570 580 590 600

660 870 680 690 700
CGCTTTATAAAAAACNAAAATGATTATAACTAAAgGAATCTCAACAATTTGCAATGATAACA

GCTTTATAAAAAACTCCTAGATCTAACATGGAGGCAGACCCAGCTAATGCgCACGGGAGTA

620 630 840 650 660
720 730 740 750 760
ACACCATACGATCACTAGGGGCGGACGAAATAACCCAAGGACCAATCTCCGAGTCCAGGC
CACAnngGGAATCAAAggA
680
780 790 800 810 820

CAGACACAGGCAaCCCATcAGCACAgAGCCAAGCAACCAAAATgGCAGCACACCCeA



Fig 21 Sequence of the portion of the APMV-3a/Turkey/Wisconsin/65 virus
obtained by annealing with a primer to the F gene of the NDV

CATACTGTgCAAAGCYyAkCsGACsaAgtCTcTCtgnTCywGAcabaGGCGwCGyaCACYA
CCCmwAATAak tbAGPCCCACATAGCAYCAATcaGGtAcATGCAGGeGGCCCTAGLagCT
cAAATTAgCATGATAAGGATaCTCnGACCCCnGCaACaACacAGACTCATCCCTAAATAC
CCTCCGCAACTCtgGAAATcGGGCTCCAGTAGtCATTTGCCGACCGGGCgaCCCTCACCE
CAGTCTGATCAAAAGCCGAGAACCCGACTATCTGCCTCCGATGAACTAGCTCCGCCAACTCA
AGCCAACAGTCCTCCAAAATCTCAAGATAACCAAAGCGAT e TtTCCCCTCAACGACACGC
AATCACAGCTCTGCTAGAAacCCgCGTTGCACCCCCACCTAAGACAGATCCCCTCATCGGA
AATgGTAGTAGCAGCGAAATCAGCAAGTCGATCTCATCAAAGTCAAGACAATGGCAATTCT
TGGTCAATAAACCGACcTcAGCACCACATNGTCTGTCACTCTACACTTGTGCCGCAAACCA
ACATTGACCTCCAAACACTTTTCTCCAGTACGCAAGCCTTAACACAATCACCAGCATGCAT
ATCGAGCGGCCCACCCTCACAACCCATCTAGCTCTCTTATTTTATCTATTGCTTTATAAA
AAACNAAAATCATTATAACTAAAgAATCTCAACAATTTGCAATCGATAACAACACCATACG
ATCACTAGGCGCGCGACCAAATAACCCAAGGACCAATCTCCCAGTCCAGGCCACACACAGG

CAACCCATC AGCACAGAGC CAAGCAACCA AAATGGCAGC ACACCCC

|56



aAGACaTGCA

GGgTTTCGGA
TCGTCGCGCA
TTCACAATAC
CTGTCATALG
tGTARGGATG
AGGAAATAAR
ATAARCCTAAC
ATATTCATGA
AATATTCCAC
AAtCTTCRGG

nCCCACAGGA

APMV-3a/Turkey/Wisconsin/é67,

Fig 22

Sequence of the end-portion of the genome of

ARRACAGAGaR
TTGGACTCTA
CTCRCTCGCT
aACCCACRTG
ATRATATCTG
CAGTTGCTAT
TcACTCACTG
AARCCAARWG
TnAGCTRACA
TAACCAAATT
GGCGGARAGGN

CnGGCCRCAC

GGCGTACACC

CwATCTTTbG
.,

CCAGGGATTC
TCGGwWCAACL
AaCTTGARGAA
CAATACTACA
CCGCCAGCTT
CAtGCACCTA
CGAATTtATT
TARTTAAAARA
CnRCcGCCRC

CAAACAAAGN

ATCTGAAACC
GGCCCTACAA
TTCTCCAGTG
GATTTGGGCA
AAAGadAGCT
ATRARGGAGT
ACCACTAGTA
ACCTTCTGGG
GCTTRAATTG
tATtAATAAT
AAnnnnCCpC

nnnnn

ACTCaRAAGG
TAGTGGTCGA
AGAGACTsGC
CATGATGTTT
TTGGCCATGs
TGGTTCCTTT
ACRRATnACR
TTGAAtLGAGA
CTTATACCGG
SATnAGCAAC

CACACCAGGC

695 nucleotidess

TGCGCAGRAT

ATTAACTGGC

TTGCTCCTAT

CAATRACAGG

TGCACCTCAC

CCGCThGTTC

/7
ACCRTCACOT—

AGCTTGGATT
TRAATARCTCR
ATCCGATCGG

GGGNnCCGnnn
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Fig 23

Sequence of the end
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Fig 24

APMV-3b/Parakeet/Netherlands/449/75
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Amino acid sequence

1 G ANA CAG ARG TTG GTG AGN ACC CTT CCT CAR ARTN AAG ACT GAN ATT GCT
??7? Gln Lys Leu Val ??? Thr Leu Pro Gln ??? Lys Thr 7?? Ile RAla

49 TCG ATT CGG AAC ATG CAR GCR GCT TTG GAR GGR CAG CIC RGN ATG ATT
Ser Ile Arg Asn MET Gln Rla Ala Leu Glu Gly Gln Leu ?7? MET Ile

97 CGN ANA TTG GAT CCR GGA AAC TGT TCG GAR TCAR TCR CTC AAT GCG CTG
Arg 7?7 Leu Asp Pro Gly Asn Cys Ser Glu Ser Ser Leu Asn Ala Leu

145 AGR GGG TTC AGT GGN ARAG GCA CCT GTN ATT GTG AGT GGT CCA GGA AAT
Arg Gly Phe Ser Gly Lys Ala Pro Val Ile Val Ser Gly Pro Gly RAsn

193 CCC AAT CAR TGC ATC AGC CAR GGC TCR TCC ACC ACR ATT TGC CIG GAT
Pro Asn Gln Cys Ile Ser Gln Gly Ser Ser Thr Thr Ile Cys Leu Asp

241 GAG TTR GCC CGG CCT GTG CCR AAT CCT ATAR CAG GTG AAAR CTT CRA GAT
Glu Leu Ala Arg Pro Val Pro Asn Pro Ile Gln Val Lys Leu Gln Asp

289 GAT CAG RAG GAC CTA TCT GCR CAG CGA CAT GCT GTC ATT GCR TNR CIC
Asp Gln Lys Asp Leu Ser Ala Gln Arg His Rla Val Ile Ala ?7?? Leu

337 GAR ACC AGR ANN NCC CCG GAC CAR RARC GTG ACAR AAT NAC TGT CAT TGG
Glu Thr Arg ??? ??? Pro Asp Gln Asn Val Thr Asn ??7? Cys His Trp

385 TNG CAAR TTG CARR AGR CTG CRA GNG ATT NAA TCA AGA TNA AGA GAR TGG
77? Gln Leu Gln Arg Leu Gln ??? Ile 7?77 Ser Arg 7?7 Arg Glu Trp

433 CAG TCC TCG GCC AGN GAN ATC ACC CNA TGG CRR CCA GGC NAC AAR TGA
Gln Ser Ser Ala ??? 77? Ile Thr ??? Trp Gln Pro Gly 7?7 Lys TER

481  ARGCAGTTTCCGANATGNACCGAATCRANAACACNACCCCTTCCGCARARRGNNAGCGCGCGNC
544  CRCACARCTNAGCTTNANCRATTCTAGCTTCACNAAGCRGGTGATCTGACCATCTGGCTTNACT

TATA box .
607 TCCGCT TAAG AARARAAR CT CCTAGATCNA ANATGGRGGCGGNCCGARGCNAATNGRAGAG
Poly-h Concensus?

Putative END of P gene

666

Putative SFART of M gene

AGNACACARRNGGGGGTCGGGG

686

151



Fig 25

PMV-3/Swine/Nazareth/80
R S e S S S R S S N R S R S S S S S S S S N S e TS A T SN S S S S S E S e R EEREEREEEE
HUSAR FASTN 668 bases versus EMBL viral library
st P At 3ttt i 3 P 3 i3t - A+ 1

The best score is with Mumps virus, Miyahara strain, P gene, 48.7% identity

ALIGNMENT the sequenced piece of PMV-3/Swine/Nazareth/80 and mumps virus P gene

1 ACAGAAGTTGGTGAGN !
841" n'rccnmcrccccrccnacmmcucunncsmcncnmmcrmcncnéccciéc

17' RCCCTTCCTCARATNRAGACTGANATTGCTTCGATTCGGAACRTGCAARGCAGCTTNGGAA
901" ATGGTG ROOCMATARAGM'IGM.{'ITRTCMCAGTRABGHCRRCAGI‘RGCI'ACRB’ITGM

77' GGACRAGCTCAGNATGATTCGNANATTGGATCCRGGAAACTGTTCGGRATCATCACTCAAT

961" GGRRTGRTGGOGACBGTMBGRNRTGGRTG?I’&GMAMACAGGGG‘MRGTIGAT

137' G(ISC’IYSAG---RGGGTPCRGYGGYBAGGCRG?TGTNR’ITGTGAGYGGTOCAGGBMTOCX!

1021* GAGGITBGARGARG’I"ITI‘AGTGRTCRTGI‘MG---AR'I'I'GTI‘AGTGGAC!!BGGRGAT-—G

194' BATCRRTGCBTCBGCCABGGGTGRTMAWACM’ITTGOCTGG RTGBGTNNGMGCK!T
1076 TGTC-AT-- -TCRGCI’COGGTGMGRRGGCACAGTGTAITTGGATGMCTAGCEAGGMF
254' GTGCCRAARTCCNANACAGGTGAAAC-TTCAAGA--~TGATCAG--RAGGACCNATCTGCA
1132* éTGOOM\RGCX}CXJGTOCTGCAAI\GCBGOCAAMMAMD:AGTRRhéG ATTTAGCAGGA

308' CAGCGRCATGCTG-TCATTGCATNACTCGAAARCNAGNANNNCCCCGGACNAAARCGTGAC

.

1192* C-GGARAGTGATGATAACTARAATGATC-ACTGACTGTGTGGCCAATCCTCAAATGAAGC
367" RARTNACTG-TOATTGGTT-GCARTTGORAAGACTGORAGTGATTNARTCAAGRTNNAGA

1250" AGG'I‘G'I‘I‘I‘GAGCBP.OGA‘I'I‘GGCARBGGG'JAGGROOGBGGBTGGI‘CTGM\TGATATCRRGC'

425" GA~ATNGCR G‘I‘CXL'TOOGGJRG'IGATATCAOOGI‘A‘I’GGCRACNP.GGCNI\CMRTGNMGC

1310" GAGRCATCRTMGRAGCGCDR—TRTGRAGI‘CAWRGGRACAOCAGAGT—CMSGGBRRBT

483' AGTTTCCGATATGTACCGAATCAATRACACNACCCCTTCCGCAANAGNNAGOGCGCOGNCC

. * e »e : LI 543 d
1368" ocncmwmumccmumnnmm'm\nmnmnmau&au 1417*
-{= =)
END of the P gene of Mumps (Mlyahara)




Fig 26

ALIGNMENT OF APMV-3b/Parakeet/Netherlands/75 687 BASES
VERSUS PMY-3b/Swine/Nazareth/80 668 BASES
-1+t + -t ittty it + ittt -+t 3t it 4+ttt -t 311

NUCALN Proqram

X 10 20 30 40 50
AN RCKGI\RG'I'I‘GGTGAGNACDGI'I‘CCI‘CRM'I'NAAGAC'I'GRNRTI‘GCITOGRTI‘GSGMC Pk/Neth

- H - - 3

. = . .t . L]

CPAGBAG'I'I‘GGTGRGNRCOGPIQ‘JTO&M\TNARGAGTGRN]\TI‘GGHOGRTKXEGRRC Sw/Naz

61 BTGCRAGCRGCTI‘TGGMGGRCRGCI‘CRGNRTGRTTOGNRNATTGGRTCDRGGMRG!‘GT Pk

H . LIRS -
L I L) L]

hTGOM\GCP.GO‘I‘I‘NGGPLRGGPLCBGCTCRGNRTGRTI‘C!GNAN RTIGGRTG}BGGRMCI‘GT Sw

120 TOGGBR'I'CATCACI‘ORRTGOGGI‘GRGRGGGTI’CAGTGGNAAGGOACGTGTNRTI‘GTGBGT PX

TCGGRRTCRTCACI‘CARTGOGC’IGBGAGGG‘ITCRGYGGY RRGGCD.OCTGTNRTI‘GTGAGY Sw
181 GGTOCAGGBRPLTCOCMTCMTGCR’I‘CAGCDAB.GGGI‘CRTCX'JRCXJRCRRTI'I'GOCTGGAT Pk

GGTOCAGGAJ\}\TG)CRR‘IUP.PLTGCB.TCAGCCMGGCTCATOCMX)RGARTPI‘GOCI’GGRT Sw

241 GAGTTAGCCCGGCCTGTGCCARATCCTATACRGGTGARACTTCAAGRTGATCAGRAGGRC Pk

. . ¢ o e
- . .

GRGTNNGOOCNGOCTGTGCX'JBARMRN RCRGG'IGARACTI‘CBRGRTGBTCRGRAGGRC Sw
301 CTRTGI‘GCACRGOGRC}\TGCI‘GTCATIGCRTNRGPCSMRGJAGBANNNOCDGGGACEM Pk
CN RTCI‘GCACRGOGRCBTGGI‘GTCATI‘GCRTNMH‘CGI.ll‘.l.\éNRGN BNNNWOOGGRCNM Sw
361 RRCGTGACARATNACTGTCATTGGTNGCRATTGCAARGRCTGCAAGNGATTINARTCAAGA  PX
MOGTGBCARATN}\CTI‘GTCRTI‘GGTIGCMTI‘GCRARGACTGGAAGTGRTI‘NRATCMGR Sw
421 TNARGAGRATGGCAGTCCTCGGCCAGNGANATCACCCNATGGCAACCRGGCNACARANGN  PX
TNHRGAGAATNGCAGTOGTWG&RGTéRTATC}\OOGI‘ATGGCRPACNRGGCNACI;‘MTGN Sw
481 AARGCAGTTTCCGANATGNACCGAATCAANAACACNACCCCTTCCGCAARAGNNAGCGCGC Pk
RAGCAGTTTCCGATATGTACCGRATCARTAACACN }\OCXJGI'I‘GJGCRANRGNNAGCX-SOGC Sw
541 GNCCACRCRCTNAGCTTNANCAATTCTAGCTTCRCNARGCAGGTGATCTGACCATCIGGC Pk

GATGRCRCACTNAGCTTNAGCARTTCtAGCTTCRCTAARGCAGGTGATCTGACNATCTGGC  Sw

601 TTNACTTCCGCT TRAG RARAAR CT CCTRGRTCNAANATGGAGGCGGNC Pk/Neth
TTNACTTCCGCT TRAG RAAANA CT (.XH‘AGRTCNP.ANRTGGAGGTRGRC Sw/Naz
COTAT TBRATM\BRRR AR GCACGRARCACAA Mumps /SBL

14!
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Fig 26

Continuation

661 CGRGCNARTNGARGAGAGNACACAAANGGGGGTCGGGG 687
NPGCT-~RATGGNNGAGTACRCAN 668
NUMBER OF MATCHED BASES=624

Percentage of homology MINIMRL = 93 4%

Pk/Neth

Sw/Naz
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AAGACAATNng
TGGAGACTCA
AATATCAGAC
TCTTAAACARA
TTCTgaGCAG
ACTcAGAGTY
aBGCGecACca
GAATTnATTn
AADARAANAC

Gnnnn

Fig 27

Sequence of the END portion of the genome of the
APMV-6/duck/Hong Kong/D19%9/77,

CCGCGCGTGC
ATGTCCAATG
ATGTATAGTG
GCnaGGCAAG
GGcapAGATn
ATCTCTCCAA
aCTnGCCGTG
ACTTCCCGARA

CTGGARAGTC

AACCAAGGAR
TARGGAGACT
TGARARGATTT
ARGCGAGATTG
AAGAANATTT
CCTTGCACCcA
ACGATTnATG
ATCACCCAtA

nAcnAGGATcC

CATATTGCAT
AGTACCTCTG
CTTGAGARAA
CACACCTATT
TGmAgACRAY
TTTgAATTCT
yAATCCTTGA
GnCCGGAATC

ATAGTCARAN

CTACATATAG
CTARGATAAGG
ACTGAGTCCC
TGAGATAGAG
ngGGATTGTG
GGACTGTggA
tATGAACNnaC
GATACCGGAG

AGCTtATGAT

545 nucleotides

TTAGACTTAT
GCQTTTATAGT
CCTARAGTACT
TCnARGAThA
GCTAAAgnGeC
CgCGCRhcCt
naRTCATTTG
ATtATTTTTn

TyCCTtgTTT

47



Fig 28

fluorogram

Sequence of the END portion of the genome of the
APMV-6/duck/Hong Kongq/D199/77,
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Fig 29

o~

PMV-7/Dove/Tennessee/77

N R S S N S S e S N S S S R R e S S e S S S T e S e R S e e N S e N N S e e S R RS EESsEsEEss

HUSAR FASTN Program 971 bases versus EMBL viral library

P T T T T L e L I T T T T T e T T T L T Ty o e e et s ey 2 e 2 e e -
P e P 1

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

1'  GIGCCAGCGGGTATGCTGACATTGGGCCAAATAAGGACCAATATAGACCCGGACGAAR  <--- Dove/Tn
361" OCATAACAGCATGCATGATGAAGCTAGG----ACCTGGTCCAR-ATA-TTCAGAATGCAR  <--- PIV-2 (EMEL)
59* TTGGAGAGGOATGCT-TGGGACTCAA----AGGGAATGCTAAAARAG-GAGC-GGCAAGT
415" ATCTAGTGCTAAGATCTCTGAATGAATTCTACGTARAAGTCAAGAAGACATCAAGCCAGA
112* GAGGAGAAGATAGTATTTAGCATTCTGGAAAAGCCTOCCGCOCGGGGGACTGCA--COTG
475" GAGAGGAAG-CAGTGTTT-GAATTAGTTARCATICCAACTTTATTGAGAGAACATGCTCT
170* TAGTACAAGAAAGGGGOTTAATGGCTAAAGCAGAAGGATCAATCARATGCCCAGGTAAGA
533% TTGCAARCGCAAARTG-TTAGTATGCTCTGCAGAARAATTCOTCAAGAACOOGTCARAGO
230" TGATGAGTGAAATTNACNACTCATTTAGAGTAATGTTTGTGAGTATCACAATGCTGGATA
§92° TACAAGCTGGATTTGAGTATGTATACATACCAACTTTTGTCTCOATTAC-ATACTCACCA
290" ATCAGAGCCTA-TACAGAGNACCAACAGCCATCAGCTCGTTCAAAAATAAAGCTCTATAT
651" CGAAATCTGARTTACCAAGTGGCCAGACCTATCCTTAAGTTCAGATCACGOTTIGTGTAT
349° TCTATTCAGTTAGAGGTATIGCTGGARGTTGATGTG-AAGCCTGAGAGCCCOCAG-TGTA
711" AGCATTCATTTGGAATTARTCCT-GAGATTGCTATGCAARTCTGACTCOCCCTTGATGAR
407" A-ATTTCTA-GCAGACCAGAAAGG--GARGA-AAGTTGCTICTGTATGGTTCCATCTCTG
770* ATCCTACAATGCAGACAGAACAGGTCGGGGATGCCTCGOATCAGTCTGGATCOATGTATG
462" CAA--TTCTARAAAGACGAATGCCAGYNGGAAACCGAGATCATTAGAGGATATGAGAAAG
830" TAACATTCTGAAAA-ACAAAAG-CATCAAGCRACARGGCAGAGAATCATATTTCATAGCT
520" NAGGTCCGAGATATGGGAATCAAAGTGTOTCTGGCOGACCTTTCGGGCCCTACGATCATS
888° AAGTGCATGAGCATGCAGCTGCAGGTGTCCATTGCAGATCTTTGCEGACCAACARTCATA
§80° GTCAGGGCCACAGGGAAGATGAGTARATATATGOTAGGATTTTTCTCTACCTCAGGGACT

948" ATCBARTCATTGGGTCAGRTCCCCRAGACTGOAG%HI?PPPTTTCAGCAARGRTGGGETT

M



640°
1008"
700
1068"
759°*
1127*
810’
1187*
867"
1247*
925°*

1306"

Fig 28
Continuation

TCATGTCATCCAGTRACRRAGRGTTCACCRGATTTGGCAARARTRTTATGGTCATGCTCA

GCCTGTCATCCATTACRAGATGTTTCCCCTAATCTAGCARARTCACTGTGGTCAGTTGGA
AGCACNATNATCRARGCARRTGCCATTGTTCAAGGGTCRG-TCAAAGTCGATGTCCTGAC
TGTGAGATRGARTCTGCCAAGTTGATACTTCARGARTCTGATCTTRAT-GRGCTRATGGG

CCTCGARGA~~-TATCCRAGTTTCCAGTG~~--~CTGCRAARATCAAC-~ARATNAGGART

CCAOC}\GGAOGI'I'B.TCAC'I‘GRTM\G}\TI‘GCXJRTI‘RGRTCAGGTORROGGiCl‘\TI'I'GRGiG
AGGGAARGTTTAARTCCATTITARGRARTA-RRGTCATRTGCAGATTAARATTTGATCRA--G
GTOCRBlTI‘Ci\GOOCRTI‘CMMRRTATGCRTCAB,TPOORM;.CPI‘GGBRGOC;.T&M.\GTG
ATTGGTCTTAGCA-ARCTTRACTGAACTGTARTTATAARRNACCTC~AGTRARATGCTAR
RATGCI‘C-O}\GC;TCI'GAGARTBGRBOCRC&A’ECAP.GTCBTRCI‘ACI‘RGTCRC.’I‘RTACM
TGAARTCAGTGGATGATRTTGRATNRGCAGATTGAARATTRARGARAC

T-ARTCR----ACART-TTTAGTCRACTGATTACCRAGATGTTATCATAGGTCCGRACTG

rl

b



Fig 30

APMV-7/Dove/Tennessea M Gene mRNA-sense ORF
Sequence dov-d-3Vv sf3, variant Dov-d-3v trv
Length 971
Frame 1
Ranage Nucl. Lenatn Polypeptide Lenath Type of orf
1 to B34 §34 278 5'end-Ter
§'-

GTG CCA GCG GGT ATG CTG ACA TIG GGC CAA ATA AGG RCC AAT ATR GAC CCG GAC GAA ATT GGA GAG
Val Pro Ala Gly MET Leu Thr Leu Gly Gln Ile Arg Thr Asn Ile Asp Pro Asp Glu Ile Gly Glu
CTC

GCA TGC TTG GGA 13X GGG AAT GCT RRAR RAR GGA GCG GCA AGT GAG GAG AAG ATR GTA TTT AGC
Rla Cys Leu Gly Leu Lis Gly Asn Rla Lys Lys Gly Rla Rla Ser Glu Glu Lys Ile Val Phe Ser
ATT CTG GAR ARG CCT CCCT GOC CGG GGG ACT GCA CCT GTR GTA CRA GAR AGG GGC TTA ATG GCT AAa
Ile Leu Glu Lys Prc Prp Ala Arg Gly Thr Rla Pro Val Val Gln Glu Arg Gly Leu MET Rla Lys

GCA GAA GGA TCA ATC 13X TGC CCR GGT RAG ATG ATG AGT GAR ATT NAC NAC TCR TTT AGA GTA ATG
Ala Glu Gly Ser Ile Lys Cys Pro Gly Lys MET MET Ser Glu Ile 27?2 2?% Ser Phe Arg Val MET
TTT GTG AGT ATC ACA TG CTG GAT AAT CAG AGC CTA TAC AGA GBA CCA ACA GCC ATC AGC TCG TTC
Phe Val Ser Ile Thr M=T Leu Asp Asn Gln Ser Leu Tyr Arg ??? Pro Thr Ala Ile Ser Ser Phe

AAA RAT RAA GCT CT% T30 TCT A CAG TTR GAG GTA TTG CTG GAR GTT GAT GTG RAG CCT GAG AGC
Lys Asn Lys Ala Leu Tv: Ser Ile Gln Leu Glu Val Leu Leu Glu Val Asp Val Lys Pro Glu Ser

CCC CAG TGT RRA TTT TTX GCR GAC CAG AAA GGG ARG RAA GIT GCT TCT GTA TGG TTC CAT CTC TGC
Pro Gln Cys Lys Phe Ze_ Rla Asp Gln Lys Gly Lys Lys Val Rla Ser Val Trp Phe His Leu Cys
AAT TCT RAR RAG ACG 13~ GCC AGY NGG ARA CCG AGA TCA TTR GAG GAT ATG AGA AAG NAG GTC CGA
Asn Ser Lys Lys Thr s= Ala Ser 7?? Lys Pro Arg Ser Leu Glu Asp MET Arg Lys ??? Val Ara
GAT RTG GGA ATC AAX 32T TCT CTG GCC GAC CTT TGG GGC CCT ACG ATC ATC GTC AGG GCC ACA GGC
Asp MET Gly Ile Lvs Tz Ser Leu Ala Asp Leu Trp Gly Pro Thr Ile Ile Val Arg Bla Thr Gly

ARG RTG AGT AAR TRT 12T CTR GGA TTT TTIC TCT ACC TCA GGG ACT TCA TGT CAT CCR GTR ACR RAG
Lys MET Ser Lys T¥T “=T Leu Gly Phe Phe Ser Thr Ser Gly Thr Ser Cys His Pro Val Thr Lys

AGT TCR CCA GAT TTC 31 ARR ATR TTA TGG TCA TGC TCA AGC ACN ATN ATC AAR GCR AAT GCC ATT
Ser Ser Pro Ast Leu X1 Lys Ile Leu Trp Ser Cys Ser Ser Thr 7?7 Ile Lys Ala Asn Ala Ile

GTT CAR GGG TCR GTC 233 GTC GAT GTC CTG ACC CTC GAR GAT ATC CAA GTT TCC AGT GCT GCA RAA
Val Gln Gly Ser Val Zw¥s val Asp Val Leu Thr Leu Glu Asp Ile Gln Val Ser Ser Ala Ala Lys

ATC RAC ARA TNA GGA ITX GGG RAG TTT RAT CCA TTT ARG AAR TAA AGTCATATGCAGATTAAAATTTGATCA
Ile Asn Lys 777 Gi¥ Ils Gly Lys Phe Asn Pro Phe Lys Lys END

AGATTGGTCTTAGCARACTTII T GAACTGTAAT TATA ARRNAR CCTCAGTRAARRTGCTRRTGAATCAGTGGATGATATTGART
TTAT RRRAN-RA-

NRGCAGATTGAAARTTARA3IRR:n . 3¢

%’ﬂ



Fig 31 Sequence of the portion of the APMV-7/dove/Tennessee/75

corresponding to the 5' portion of the F gene

ACCTcACTAAAATGCTAATGAATcAGTGCGATGATATTGAATnAGCAGATTGAAAATTAAA
CGAAAACCTTATGAGGGCCAATGAGCTTAGATGATTTAATAAACCGACGACTAATCCAACATT
TCCCTCAAATTAACAAAATCAGAAAGTAAAAACANNNCCAGCAATGAGAGTACCACCTTT
AATAATAATCCTAGAGCTTTTGAGTTCGCTGTCGATAATATTCTACCCGTAATTCGGCTTAG
ACAATTCAAAGATTGCACAAGCACGTATTATCAGTCCACAACAATATGCAGTTAATCTCT
ATTCACAGAGTAATGAGGCTTACATTGCACTGCGCACTGTGCCATATATACCTCCACACA
TCTTCTCTTCTTTCCACGATTATCAACACATACATACAACCATCcAAAACATATTCTCACC
AATtnAGGATCAAATNACATCTATAACATCGGCGTCAACNINnCCCTCATCAAGATTnGCA
GGATnAGtAGTCGGtGCAATCGCTCTCCCGAGNAGCCANATCTCCACAAAbNACLGCACCC
GTGGACTCACAAJGGCANAGCAGAACGCTCAACAAAbAAtACCATKACGYGATTCTATCC
AAAATLACtATCAATGCTGLGAATCACATAACAGtAGCCTTAACTTcAATACGCGAGTACGCAC
tAAGCANNGTCcAAAACTACTTGAATCGATCTCATAAACCCTGCTCTGCAGaaCCTCAGCT
GCcAGGTTTCTGCATTAAACTtAGCCATCCAATNAAATCTTTATTTAACCCGAAATTACAA
CtATCTTTGGACCGCAAATtACAAATCCATCATTGACCCnATTGTCAATtnaGGCATTAT
ACACCCkAGSAGGAGANNACCTGATGCAATTTCtAACgAGGTATCOCTATGGAGAGACEA
GtGTgAGCAGtATTCTCGAGTCAGCACtAATATNAGCACAAAThGTATCTTThCGATAAAC
AGAnNnsGCATTGCAAtATmGyAcGTCACATTACCATRAATTCCCACTCTTTCCCGTTCLA
GAGTTACCAAATTGATGTCACTtAGTCTCCAAACTGCGAGT tCGCGAGAGCCaTCTCGCTATTC

TCCcATcATA CGTtATTCAC CACCCaacAC TAATACAACA AttA

B



Sequence of a genome portion of APMV-7/Dove/Tenneggee/

AGGAACCTGG
CTCTGGGTGA
GTCAATNnGAT
GCARRAGTCA
ATCAACNAGG
GCTCTGARATG
CAARTGGTTT
CCTGGTARTC
ATCAGAALAC
GCTAGTGGRT
GTGACTGATC
CTRAACAGAa
GTTGTCACTG
GGRAGATTAT
GCAGATTGGG
ATTTTCCCAC
TATTACTATA
GAGRAGGCRA
TCGTTAGGTG
CnaGCARCTAT

TTnAATGCGA

AGACNnGGTA
TTGCTCTGAT
CTATCCATAR
GCAGCATATA
CAATATCATC
GCAGTGGARAC
CRATAGAGCA
TAATTGARTT
CRTCATTTTC
GTCAGGATCR
AGGCTnnCCC
AGTCATGTAG
AGACAGAAAa
TTTTtaatGG
TTGCAAATYA
TCTATGGAGG
TTCCCAAGGT
ARGCATCCTA
CAATAARRTCT
GATGATGGGT

ACGAT

Fig 32

1215 nucleotides

GAGTCCTTAC
TTCATTGGGT
TCAACTTGTT
TCGGRGRAAC
ATCTGCTAGG
TTTTATTTAT
ATGCTTCCCA
TACTAATTTn
AATGTCATCA
TTCARCCAGT
GAACTTTCGG
CATTGCAGCA
TGATGATTAT
CACATATTCA
TCnAGCAGTT
TGTTAARATC
GCCCRCAGTC
TTCACCACCT
GTCAATCTTG

GCTGAGGGAR

GATTCTATTA
CTGARAGCCAG
CCCTTATCGG
TTGCTRAGTA
CAAATTGCTG
ACARARTTTA
ACCCTARATC
ATTCCARCTC
AGTCACTGGT
AGTGARATACA
ACAACTCTTT
ACTGGGTTCG
CAATnaCnAG
GAGaTGTCAT
GGATcAGGAG
ACTnnaBRCCC
AATTGCTCTG
ARAGTGCTCC
CARATTCATG

GARCtCGTGAT

GATGTAGTGA
GTGAGAGGAT
GGATTACTTC
TCCCACTRCR
ATACRATCAA
TACRARTTCR
AAAGCTTAAA
CRACAACRAA
GTTATACCCR
TATCGATNgG
CTATTACATt
GGTGtGATAT
AACCGACTCA
TGAATGTGAA
YRGAGTYAGC
TRGGAGCATC
AGACAGATGC
RAATATCTGG
TGRAATLCTG

GATRGGRAGa

5,

TCATTATTCT
CATCAATGAR
CGATATTCAG
ACTTGATCAR
CTCGTTTCTC
CCTGAGTTcG
TATGCTRACA
ATnaGGARTGT
TAARTATCATT
GGTTGTTGAR
AGCTGATAAT
ATTAtGTAGT
GATGATCTAtL
CcAARTGTTC
AGATTTTGTC
TTTARGCCAG
ACAACAAAYA
GCTCAGGCRARG
ACATTnnAnA

ATGCTATACT

5

€

U



Fig 33

Rlignment of the sedquenced portion of the APMV-7/dove/Tenneggsee/75 with NDV HN gene,

121

53

178

111

235

163

294

223

350

283

407

343

464

398

456

5863

516

643

576

703

635

762

49 6% identity in 1215 overlapping

AGGAACCTGGAGRCNNGGTAGAGTCCTTACGATTCTATTAGATGTAGTGATC
AGAGAATGRGGARAGAGAARG-CARAGAACR--CATGGCGCTTGGTTTTCCOGGATCGCAGT
ATTATTCTCTCTGGGTGRTTGCTCT-GATTTCATTGGGTCTGRAGCCAGGT-GAGAGGAT
CTTACT-TTTARTGGTAATGACTCTAGCTATCTCCGCAGCTG~~CCCTGGTATATAGCAT
—-~CRTCAATGAAGTCARTNGATCTATC---CATAATCARCT-TG-~TTCCCTTATCGGGG
GGGGGCCAGTACGCCGCGTGACCTCGCAGGCAT-ATCGACTGTGATCTCCARGACAGAGS
ATTRCTTCCGATATTCRGGCARAAGTCRGCRGCRTATATCGGAGNARACTTGCTAAGTRTC
ATRRGGTTACGTCTTTA---CTCRGTTCCAAGCR-RGATGTGRTAGATRGGATATATRAG
CCRCTACRACTTGATCRAATCAACNAGGCARTATCATCATCTGCTAGGCRARTTGCTGAT
CRGGTGGCCCTTGA--RTCTCCGCT-GGCGCTACTARRCRCTGRATCTATARTTATGRAT
ACRATCAACTCGTTTCTCGCTCTGARTGGCRGTGGAACTTTTATTTATRCARRATTTATA
GCARTRACCTC-TCTCTC-CTATCRA-ATCARCGGGGCTGCGRATAATAGCGGGTCTGGG
CR-AATTCACCTGAGTTCG--CARATGGTTTCRATAGAGCAATGCTTCCCA-~-ACCCTAR
GAGCCTGTTCATGACCCRGATTATATCGGGGGGATAGGCRRAAGAACTCATAGTGGACGAC
ATCARRGCTTARATATGCTARCA-CCTGGT-ARTCTARTTGAATTTACTAATTTNATTCC
ATTAGTGATGTCACATCRTTTTATCCTTCTGCATATCA-ARGARCRCTTGRATTTCATCCC
AACTCCAACAARCARRATNAGGATGTATCAGAATARCCATCATTTTCAATGTCATCRAGTCA
CGCGCCTACTACAGGATCCGGTTGCRCTCGGATACCCTCRTTTGACATGAGCACCACTCA
CTGGTGTTATACCCATAATATCATTGCTAGTGGATGTCAGGARTCRTTCARCCAGTAGTGA
CTACTGTTATACTCACRATGTGATATTRTCTGGTTGCAGRGATCACTCACACTCACATCA
ATACATATCGATNGGGGTTGTTGAAGTGACTG-ATCAGGCTNNCCCGRACTTTCGGACAA
ARTACTTAGCACTTGGTGTGCTTCGGRCATCTGCARCAGG~-GAGGGTATTCTTTTCTACTC
CTCTTTCTATTACATTAGCTGRTARTCTARACAGARAGTCATGTAGCATTGCRGCARCTG

TGCGTTCCATAAATTTRGATGACACCCRRAATCGGAAGTCCTGCAGTGTGAGTGCRRCCC

APMV-7/dove/Tn/75

NDV reference
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755"

882"

815"
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1002"

935"

1062°

995

1122"

1054°

1182

1114

1238

1170°
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Fig 33 (continuation)

Alignment of the sequenced portion of the APMV-7/dove/Tennessee/75

with NDV HN gene, 49 6% i1dentity in 1215 overlapping

GGTTCGGGTGTGATARTATTATGTAGTGTTGTCACTGAGRCAGRRARTGATGATTATCAAT
CTTTAGGTTGTGATRTGCTGTGCTCTARAGTCACRGAGACTGAGGARGAGGATTRCAAGT
NACNAGARCCGACTCRGATGRTCTATGGRAGATTRTTTTTTARTGGCACATATTCRGAGA
CRGTTACCCCCRCATCRATGGTGCACGGRAGGCTARGGGTTTGACGGTCARTACCATGAGA
TGTCATTGRATGTGRACCRRRTGTTCGCAGATTGGGTTGCAAATYATCNAGCAGTTGGAT
AGGRCTTGGACARCCACRGTCTTATTTARGGRATTGGGTGGCARATTACCCAGGGGTGGGRG
CAGGAGYAGAGTYRGCRGATTTTGTCATTTTCCCACTCTATGGAGGTGTTARARRTCACTN
GAGGGTCTTTTATTGRCGRCCGTGTATGGTTCCCAGTTTRCGGAGGGCTCARACCCAATT
NARCCCTAGGAGCATCTTTARGCCAGTATTACTATATTCCCAAGGTGCCCACRGTCARTT
CACCCARGTGACRCTGCACRAGARGGGARARTATGTAATATACRAGCGCTATRATAARCRCAT
GCTCTGAGRORGATGCACRACRARYAGAGARGGCRAAAGCATCCTATTCACC-ACCTARR
GCCCCGATGAARCARGATTACCRRRTTCGGATGGCTARGTCTTCATATAARCCTGGGCGAT
GTGCTCCARATATCTGGGCTCAGGCAGTCGTTAGGTGCARTRARATCTGTCAATCTTGCRA
TTGGTGGAAAGCGCGTARCAGCAGGCCATC-TTA---TCTATCRAAGTGTCAACATCTTTG
ATTCATG-TGRARTTCTGACATTNNANACNAGCACTATGA~-~TGATGGGTGCTGRGGGA
GGTGAGGACCCGGTGCTGACTATTCCRCCTAATACAATTACACTCATGGGGGCTGARGGC
RGACTCGTGATGATAGGAAGAATGCTATACTTTNAATGCGARCGAT

AGAGTTCTCACRGTAGGGACATCTCACTTCTTGTACCRACGAGGGTCTTCATATTTCTCC

APMV-7/dove/Tn/75

NDV reference




Fig 34 Sequence of the portion of the APMV-8/Goose/Delaware/76 virus
obtained by annealing with a primer to the F gene of the NDV

ACCTAnGCCC CACGGAAGAC AGTACACGAC ATGCACAATA CTATsACGGT nnCCAGCAAT
CAAtAAACtg CATsAATCAC TATATgAGGA ATsAAADAGCG ATAACAATsA TgpATCCAAT
TTCCTAATkA TAAAggvksG CTTgAAACGy bATLGACCaG teggGGGCCA AAtCTTGCCA
CTbAGTCtGC AGTCAATCTt AGAATCTACA TATTCAACgA TGGGTCAAAb ATCAGTAtAT

CTAATAgAG CGcgCTATT

Fio 35 Sequence of the portion of the APMV-8/Goose/Delaware/76 virus
obtained by annealing with a praimer to the HN gene of the NDV

AAAAGSGONC AATGCACTAC TACAAAATCC TAAGATAGAT GCATTAGTTT CAaAnCTCTA
CTTCACcaCc AGACGTGTTC TATCAAACCT CACATCAnGn CGATAAGGCT AGATCATATAT

nGAnTTGCTA CACTCAGGAC TCGCGAnGT

5%



Sequence of the genomic portion of the APMV-4/Duck/New York/80,

GAnATAnNnCG
TAARcgacnRC
GGGARGCTTCA
CAATCTCGCC
yaAGGCATAN
nyTTGnTRCG
TACtgAGGAT
TANnGGCTTT
CTATCTCTAG
AGARATTTTG
TTCGGARTAR
GCGGGAAATA

TTATACTCAC

ARgcAGARNN
tACCtCAATR
ACAATCGTTA
CnTGATCaTC
GTTAYNTTAT
CTAGTCCtAT
GRAGgAGCTA
gATCCACCCG
ATTtAGAGGA
TACACTTGTT
TCTGTCACCA
TTCAAACACA

AGCGCGTATG

Fig 36

778 nucleotides

AGGATATNnnn
ATCCTaAARRA
GARARaannn
AAGTGCATTC
yTCTGGAGCT
CCAGARCCATG
GGTGCGaACn
GAGACTTLAG
ATAGRANnAGa

TCTCAGATTC

CgncnCTacC
CTGCAGGTARA
CGYAAGCAAC
TACCCGnAGC
AACNnGGAGta
GRACnnAnbA
TCCACGCGAC
CATGGCTAAC
naGnATCTCG

ATGAAGGATt

GARGTTTGARARA
AnATTCACTT

AGATCTGGTC

GTTTGCTCRA

GGCTTCACAT

AGCRCTTACA

ATANCAGGGA
TACARaAGGAR
AnTGRGCAAT
GCATCTLTCC
CCACtLnCCCC
TTGCRGARGAC
TCTAGATCAC
TGARTCTGTCT
CCTGCTCCAT
GTTCGGTGGT
TGGAARCnARC
TRAARCAATTG

TCCAATnaaG

GAacBAgCTGG
TcAGCCTATA
nCTCcAgcghA
TCACCGTYCG
ACTCAGCAGA
TCGCCAGAAG
TCTCGACCAA
ATAGGGGTAT
GACAATAGAG
GnaGGAGGGG
TTCTGGTTtG
CAGAGACATC

CRTACAGG

R

N



rig 37

Rlignment of the sequenced portion of RPMV-9/duck/New York/80 with NDV L gene,

61

121
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241

129

300

189

357

249

417

309

477

369

537

427

596

486

654

546

714

606

50 5% 1identity in 657 nucleotide overlapping

TARCGACNACTACCTCARTARTCCTARAARCTGCAGGTAATACARARGGATCAGCCTATR

ARGTGGCRATGARGAT
GGGRCCTTCAACAATCGTTAGARARRANNNCGYAAGCARCANTGAGCARTNCTCCAGCGA
ACARGGCRRRACAGCTCRTGGTRARRTAGTRCGGGTRGGACR-TG-GCGR-GCTCC--GGT
CRATCTCGCCCNTGATCATCAAGTGCARTTCTRCCCGNAGCGCATCTTTCCTCRCCGTYCG
CCTGRARGGGCR-GAGCRTC~RGATTATCCTACCRGAGTCACACCTGTCTTCRCCATTGG
YAAGGCATANGTTAYNTTATYTCTGG-BGCTAACNGGRGTACCACTNCCC&RCTCAGCRG
TCRAGCACRARCTARCTTTATTACTGGRAATTARCTGGGCTACCGCTTCCTGATGAATGTG
ANYTTGNTACGCTAGTCCTATCCRGACCATGG-RACNNANA-TTGCR-GAGRCTCGCCRG
ACTTCGACCARCCTCRTTCTCAGCAGACRATGGARARAARTACTTGARTCGGCCTCTCCTG
ARGTACTGAGGATGARGGAGCTAGGTGCGAACNTCCACGCGACTCTAGATCACTCTCGRAC
ATACTGRGAGARTGATRAAACTCGGARGGGCRGTRCACCARACTCTCRRCCACAATTCTA
CAATANNGGCTTTGATCCACCCGGAGACTTTAGCRTGGCTARCTGRTCTGTCTATAGGGG
GAATRACCGGAGTACTCCACCCCAGGTGTTTRGRAGRACTGGCTAGTATTGRGGTCCCTG
TATCTATCTCTAGRTTTAGAGGARTAGAANAGANAGNATCTCGCCTGCTCCATGACRATA
ATTCAACCARCARATTTCGGRAGRTTGAGAAGA-RGATCCARATTCRCRACACGA-GATA
GAGAGARATTTTGTACACTTGTTTCT~-CAGATTCATGRAGGRTTGTTCGGTGGTGNAGGA
TGGAGARCTGTT-CACARGGCTGTGTACGCATATRGAGARGRARCTGCTGGGGTCATCCT
GGGGT-TCGGAART~ARTCTGTCACCAGAGTTTGARAAGTTTGCTCARTSGRACNRACTTCT
GGTCTARCRATGTCCCCCGGTCAGAGGRGTTCARCAGCATCCGTACGSATCCGGCATTCT
GGTTTGGCGGGARATATTCRARCACRANATTCACTTGGCTTCRCRTTRRRACARTTGCAGR
GGTTTCACTCRARATGGTCCRCRGCCARGTTTGCRTGGCTCCATATARRACAGRTCCAGA
GACATCTTARTRCTCACAGCGCGTATGAGATCT-~GGTCAGCACTTACATCCRATNARGCA

GGCRTCTGATTGTGGCAGCTAGGACAAGGTCTGCGGCCARCARRTTGGTGATGCTAACCC

APMV-G/7duck /NY/8C

NDV reference



Fig 37 (Continuation)

Alignment of the sequenced portion of APMV-9/duck/New York/80 with NDV L gene,
50 5% 1dentity 1in 657 nucleotide overlapping

772' TRCAGG

666 RTARGGTRGGCCAAGTICTITGTCACTCCTGAACTTGTCATTGTGACGCATRCGARTGAGA

|
Y



Fig 38 Sequence of the portion of the APMV-?/Pigeon/Otaru/76 virus
obtained by annealing with a primer to the F gene of the NDV

ATTCTCATATCAGATGTATTACCTCCCGAGTCATTGCTAAGACTAACATTGTCATGTACAT
CCAAACTGTTATTAAGCGAABACCGATCCTTCAATTGCGCAACACTTGCCTTGACTATTTC
ACACGAGACAGTCTACCACACACGCGTCAGAAAAGACTTCTCTTAGAGCCAACACAACCA
TATCTGTCTCGCAATAGATTACATTAAATCGGCCAGAGAATTCATCATAAGAGGTGTAAAT
AATHACCTTCOCATCATTGAAGCGGGTTATCACAGTGCGATATAACATATTTGACTACCTT
GAGCGAGACTTATCTAAGAAGAtvvATnACGCTCGATGGCACCGGCGACTTTGTCTCTTAACC
ATTCTGTCTCGTAAGAACGCTGAATCTTCCACTGATTAAGCGCGGTATCAGCCTATTCTCAAA
TCGTAAAALCCTTACGCAGETCTTACAGCAAGCATCAGATCAAGCGGTTTATTAGtagngne
ATTGTACAATTCCCAATCACTCCCAAAATTCTCGACATACCCAACAAACTTATATTATATG
ATGCCGAAGACTCTgAGCATTATACNATcCaGACACGACACCAACCTCATAATRaCCTCT
ATCTACCAAACTCAGGTGTATCAAAGATcAGATTHAGCAATAACATCTAAGGATGCAGTT
GTTCaCCCATTGAATGCTCGCCCTATCTTGATAACAGACCAGATtATATTTgATCCGTTTT
CGACTTGCATTcACCTCTCATCTTAACCAGACATgAGCTAGATCTCCTAGCTCCTCCATGT
TCACAAGTCAGTGATCCCTTATCAAAABACTTGCATAGACCAATCGCGCACTGCATCTACA
AGTtCGGTACAAAACGaCCGCACTTCTTCCATCTCGATATCCTACGgAggAgggCCCWAGGT
TnaAGCCTTtACCTAtGtGAggCGCGAGggCOAChACWA tGCCTTCTATTCGAGGACGCTTTT
CCAGCTGACACAATTtATTACAATTRATACTTTTCAAATGAAbacnnccCTCCTCAAAGA
AAtATTGGACCNATGCCAACTcaATTCTCTTCnAGCACTCTATACCAGAACTWAACTGCA
GGCAnaCCCtGTCTCTCCGGTTnGTTnAACAATLCCAAGtACTATCCGAALgAGAATTCLG
ATGAAACNGAtATCTCATCCATnAGCNGNGnGAATTTCAtANGTCAARpCGLACCTCTCA
ATTnAtGCCACTtACTTCAtGCTCATCTAGATCtACNAGTTsAGaCdCCCAGAGNGGTTn
CGnACTCanGCTtaACSAASAgATTCATgATgCCCACAAANGEGTSAAAAAgACGGNGGAC

ATTsCGTAAT bAAGnbAbAb GGNAGbGABG AGnnGCnGCT bAG

o
R



Fig 39 Alignment between the APMV-?/Pigeon/Otaru/76 (Pigeon/Otaru)

and the L gene of NDV

HUSAR FASTN Program, 1358 bases versus EMBL viral library

The best score 1s with NDV L gene, 49 3% identity

4441"
25°
4501'
83’
4560"
141°
4619"
201°
4679"
258°
4739"
318’
4796"
376’
4856
435°
4913'
495°
4973
555°

5033

ATTGTCATATCAGATGTATTACCT <--- Pigeon/Otaru

CTTATTTGAATATGCAGCACTTGAACTGCTCCTCCACTGTTCTTACCAACTCTATTATCT <-—— NDV (L gene)

CCGAGTCGATTGG-TAAGACTAACATTCTCATCTACAT-CCAAACTGTTATTAAGCGAAAC
GAGAGTAAGAGGCCTACGAC-AATATTGTCTTATATATGCCTGATTTATACAAGAATATGC
CGATCCTTC-AATTGGCAACACTTCCCTTGACTATTTCACA-CGACACAGTCTACCACAG
CAGGAATTCTACTTTCCAACA-TTCGCAGCTACAATATCTCATCCCCTCATTCATTCAAGG
AGGCGTGAGAAAAGACTTGTGTTAGAGCCAACACAACCATATCTGTCTGCAATACATTAC
TTACATGCAGTGGGCCTGGTCAACCATAACCCATCACACCAACTTGCAGATACGCATTTT
ATTAAATCCGCCAGAGAATTCATCATA-AGAGCTCT-AAATAATNACCTTGGGATCAT-T
ATCCAAATGTCTGCAAAACTGTTAGTATCTTCCACTCCACCTGTGATCTCCCCCTTATAT
GAAGCGGGTTATGACAGTGCATATAACATATTTGACTACCTTGAGGGAGACTTATCTAAG
TCAGGGAATAAGTATGATCTGCTGTTCCCATCTGTCT--—-TAGATCATAACCTGAATCGAG
AAGATNNATNAGCTGATGGCACCGCCACTTTGTCTCTTAACCATTCTCTCTCGT--AACA
AAGATGCTTCAGCTGATATCCCGGTTATGCTGTCTGTACACGGTACTCTTTGCTACAACA
AGCTGAATCTTCCACTGATTA-AGCGCTATCAGCCTATTCTGAAATCTAAAATCCTTACC
AGAGAAATC-~CCGAAAATAAGACGCTTATCTCCAGA—-AGACAAATCTTCAGTACTTACT
GAGTTCTTACAGCAAGCATCAGATCAAGCCTTTATTAGTAGNGNCATTGTACAATTGGCA
GAGTATCTACTGTCOCGATGCTGTGAAACCATTACTTAGCCCTGATCAGGTCACGCTCTATC
ATCACTCCCAAAATTCTGACATACCCAACAAACTTATATTATATGATGCGGAAGACTCTG
ATGTCTCCTAACATAATTACATTCCCAGCTAATCTGTACTACATGTCTCGOAAGAGCCTC
AGCATTATACNATCCAGACGAGCGACACCAACCTCATAATNACCTCTATCTACCGAAACTGAG

AATTTGATCAGGGAAAGGCAGCACAAGGATTCTATCCTGGCGTTGTTCTTCCCCCAACGAG
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Fig 39 Continuation

~CTCTATCAAAGATCAGATTAGCAATAACATCTAAG-CATGCAGTTGTTGACCCATTGAA
CCATTATTAGAGTTC-CCTTCTGTGCAAGATATTCGGTGCTCCAGTGAAAGATCCATTCAC
TGCTCGCCCTATCTTGATAACAGAGGAGATTATATTTCATCGTTTTGACTTGCATTCAC-
CCGACAACCTGCGGCATTTTTGCAAGAG-TTAGATTTGAGTGCTCCAGCAAGGTATGACG
CTGTGA-TCTTAAGCAGACATGAGCTAGATCTCCTAGGTCCTCCATGTTCACAAGTCAGT
CATTCACACTTAGTCAGA-TTCATCCTGAGCTCACA-——TCACCA-AATCCGGAGGAAG-
CATCCCTTATCAAAAACTTGCATAGACCAATCGGCACTGCATCTACAAGTTGGTACAAAA
ACTACTTAGTACCGATACTTGTTCAGAGGAATAGCCACTGCATCCTCCTCT 'GGTATAAGG
CCACCGCACTTCTTGCATCTGATATCCTACGGAGGAGGGCCCNAGCGTTNAAGCCTT-TAC
CATCCCATCTCCTTTC-TGTACCCCAGGTAAGATGTGCAAGACACGGGAACTCCTTATAC
CTATGTCGACGGCGACCCGCAGNAGNATGCCTTCTATTGAGGACCGCTTTTCCAGCTGAGACA
TTAGCTGAAGGAAGCGGAGCCATCATGAGTCTTCTCCGAACTGCATGTACCACATGAAACT
ATTTATTACAATTNATACTTTTCAAATGA-AACNNCCCTCCTCAAAGAAATATTGGACCN
ATCTATTACAATACGCTCTTTTCAAATGAGATGAACCCCCCGCAGCGACATTTCGGGCCG
ATGCCAACTCAATTCTGTTCNAGCACTGTATACCAGAACTNAACTGCAGGCANACCCTGC
ACCCCAACCCAGTTTTTCAATTCCGTTGTTTATAGGAACCTAC SCGCGGAGGTAACATGC
TCTCTCCCCTTNGTTNAACAATTCCAAGTACTATCGAATGAGAATTCTGATGAAACNGAT
AAGGATGGATTTGTCCAAGAGTTCCGTCCACTATGGAGAGAAAATACAGAGGAAAGEGAC
ATCTCATC-CAT-NAGCNGNGNGAATTTCATANGTCAANNGGTACCTCTCAATTNATGCC
CTCACCTCACATAAAGCAGTGGG-GTATATTACATCTGCAGTGCCCTACAGATCTGTATC
ACTTACTTCATGCTCATCTAGATCTACNAGTTNAGACCCCAGAGNGGTTNGGNACTCANG
A-TTGCTGCATTCTGACATTGAAATCCCTCCAGGGTCCAATCAAAGCTTACTAGATCAA-
CTTAACNAAAGATTCA-~-—-TGATGGCCACAAANCCGTNAAAAAGAGGNGGACATTNGGT
~TTAGCTATCAATTTATCTCTGATTGCCATGCATTCCOTAAGGGAGCGCCGGGGTAGTGAT
AATNAAGNNANANGGNAGNGANGAGNNGCNGCTNAG

CATCAA-ACTGTTCTATGCAATGCGATACTACTTTCATCTACTCATGAACTTGTTCGCTC



