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VIRUS CLASSIFICATION AND NOMENCLATURE

By Sir MacFarlane Burnet
Tre W olte and Els.a Holl Instin te for Medscol Re ardd Ueld  ne 4 traliz

Probably there 15 no difference of opmion amongst virologists that were
adequate knowledge of the mterrelationships of viruses avadable an accepted
and workable nomenclature would be a desirable conyenence The same
arguments that have been used 1n regard to bacterial nomenclature are also
appheable to the virus problem A worker actively studying 2 particular group
of viruses 35 usually quite happy to go on using the names that 1n one way or
another become attached to his virus strams He may feel quite at home
with Columbia Sk MM Mengo and encephalomyocarditis viruses
and realize that they are all closely related forms  Far workers i other virus
fields for post graduate students or public health officers for anyone 1n short
who wishes to know the significance of virus investigations without making a
whole time study of virology the position would be much eassier if 2 name as

p as ycob or Cl were available to cover that par
ticular group of viruses and provohe an immediate mental picture of a certan
complex of practically demonstrable quahties An accepted nomenclature 1
shil more desirable when the same virus 1» discussed in several different lan
guages I need not labor thts point nor does 1t seem necessary to look beyond
the Linnean bmomial system for the form of the names that might eventually
be suggested The general of a bmomial 1 for bac
teria and other asexual forms virtually elimimates any other possible system
for viruses BN

1 honever we nould agreg m prncyple that each good species of virus
should have a suitable binormal ami that we class related species n a single
genus we ymmediately come up against the requement which is the basis of
modem systematics that the nomenclature should be based on a classification
with a natural ze evolutionary sigmficance The crux of the matter 1s to
decide what 1s the natural cniterion for deciding which of all the clones of virus
that have been studied are sufficiently alike to justify saying that they are ail
examples of one species

Sometimes this 15 easy I do not think there would be any controversy as
to whether or not mumps and herpes simplex viruses represent good species
Each 15 responsible for a charactenstic human disease that has been known
in essentially 1ts present form for centuries  When any strain of either virus
1s compared with others from different parts of the world the differencesamong
them are tnvial compared with therr common differences from any other
known type of virus

The modern developments 1 population genetics which 1 the hands of
Sewall Wright Dobzhansky and Mayr have led to a much clearer understand
ing of speciation m higher orgamisms are not directly apphicable to agamic
forms  Work on recombination of viruses will have to go vety much further
before we can even consider that the concept of access to a common gene pool
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can exer be added to the current pictore of virus reproduction as wholly clonal
mn character
Nerertheless even wub due regard 1o the highly mutable character of
varuses l{ie essential parasitiem of viruses provides a very effectise method of
isolation and stat of the pe  Perhaps an approach
15 possible if we compare the situatian not so much with the differentiation of
fugher argamsms 1nto specres, but their hugher level differentiation mto genera
families ele  Svstematists agree that the pecics 1s a more precise natural
untt than the genus or any higher category yet ta an outsider there still seems
to be a considerable subjectine element m the decision 23 to what 15 » species
and what 15 a subspeces in certamn groups  Similasly, one cannot escape the
that the higher da cotrespond to o large extent to natu
ral situations and are not sholly creatians for the comemence of systematists
In the most generat terms we might follon Sewall Wright 5 conception of
adaptie peads 1 the field of possible gene combinations to the situation
with parasiic microorgamsins  Tbe virvs of herpes sunplex s the phenotype
of a certawn combmation of genetic units which makes it uriquely fitted to
sanne n a gnen environment (shich n this case 13 not only the human
species but also specual ! physiol | and beh: { aspects of
that pecies) It occuptes an adaptne peak a peal which from the umformity
of natural strains of the virus 15 a sharply powted one  There 15 hawever,
another environmment 1n which the virus can survise mdefimtely under condr
tons not much more specialized than the natural anes  Thiswsz ‘well adapted
expenmental stram  on the choncallantoss of the chick embryo  Here there
15 not only the new tisue hut also the requrements of the expersmenter as
part of the emvironment The required qualities are not usually present ta
the natural virus ard i the first passages on the chorioallantols the genotype
15 1n an adaptne valley  The genotypic change 1s gradual and although the
process has not been anats zed mn detail everything ponts 10 its being essen
tially sumlar to that worked out by Demerec for the adaptation of the staphylo-
coccus to a penselin contamng medm  Random mutations oceur i alf
directions occasionally toward o state better able to cope with the new enva
ronment  Such favorable mutants prosper at the expense of the ongmal and one
eventually becomes the domnant form  From this further mutants can anise
which in therr turn are sull better fitied to multiply freely 1 what was m
tially 1n ab 1 Eventually the species can be regarded as
occupying  new adaptne peak
In higher orgamsms reproducing sexually, the dnersity of f3rms evolving
from a smgle ancestral gene pool (species) may be due to the occurrence of
ene or of ¢ mat ans eg polyplody avnd the re
combinations of the various genetic charactenstics that exist s ithm the Men
delian populations existing at anv particular penod  In microorgan: ms such
. as viruses and bactena rutation 1 the only umportant process so “far deinor;

tics
strably responsible for the devel of ness
< twons zl qughues can occor under laboratory conditions but it has yet to be

shown that thy 15 of any esclutsonary wmportarce  Forall practial purposes
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se have to deal wath clonal evolution, yet the end result 15 stethingly <umular
to that observed i the sexual evolution of higher animals and plants  There
15 the same diversity of creatures and 1t 38 not @ contmuous diversity but a
discont nuous one  There 1s also the same strorg mdicat on of a huerarchuicst
system of discontiauty Ve must assume that the 10 tvpes of esolution
can lead to very much the same end result
Trobably the outstand ng feature of the al o!utronm process m parzsihic
mic 15 the of the few mfuen.a virus
particles mtiate m!ccner\ 1 one mdndual of a sy ceptible huran commumty
and an eprdemic of some thousands of cages esults  Trom the pomnt of view
of the vius we have 2 enes of,precipitate population inereases followed by
In eych mdnidual mifected the pesk population of
varus partictes probably exceeds 107 but it 1s certasaly rate for even 10 of these
14 find op for d When an active epidemuc
15 1 progress oser a prpuious wea we mxgh! concenvahly have 107 vurus par
ticles 1n 2 viable state A Jew wecks later there mav be no viable particies
whateser s this particular enswomment
The evoluti 1 of sex may be regarded as a means of retasmin,, and recans
binsng elements of mutational navelty 1 & more econoraxal fashion than e
possitue with nensexual onanisms  Where numbers of :ndisiduals are varte
ally unhmited mutation rate hih and generation tume 2 few hours at most
there 1 no need fur cronomy to conserve the useful mutation
Tuo evamples of an evolutionany proce s 1n viruses have come sufficenthy
within my own field of wark to mstify a little further discussion of the process
of speciation  The first 15 i regard to the S5t Lows Japinese B, and West
Nile group of encephalific viruses to which ne have recently added Murray
Valley In our hand Murray Yalley and Jipanese B have onfv an meom
flete immunel gical relationshup of much the same charactet as between St
Louss Japarese B and West Nide and T under-tand that Dr Smadel s group
are m general grreement
Although probably tos few strains have been studsed from the various re
gions concerned to allow s 1o be dogmatic 1t seems to me that 1n ths teld
we may have somethmg equisalent tg the provess of geographic specuatson that
oceurs m higher forms  The endemic regione at prewent seem to be ds won
tinuos but there are Loe extremely interesting pownts about the Japanese
B-Afurray Vallev relationship  Japane.e B antibodies have been observed m
Guam and Murray Valley antibodies 1n North Queensland so that there 152
strong susp czon that viruses of the group mav extend continuously along, the
margin of the western Pacfic A detatled serologieal study of the viruses
frem selected punts along that an sught throw a Jut of light on the process of
virus evolut on 1 hould cons der that with these viruces serological charac
er 15 & nonadagive feature the change hemng actidentally as.o sated wath
adaptne modsfications for sure1val in the partirular ecological complex—birds
mo-guitoes ..nd chmate—charactenstic of the different rtgxun:
What might be called temporal evolution may be seen w the changing
character of inflnen.a &  The stock strams SWIS GS PBS {o MEL} and
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F\1 (or CAM) have antigenic quahities that allow very easy separation b;
antt H A tests Were 1t not for the common complement fixation anty eny
they nught well be considered distinct species e

Work done by And 1n my lab y on the lutmin inhib
capacity of human sera from dufferent epidemcs showed much vanation from
serum to serum but the general picture emerged that the majonity of broad
human sera contained antibody agminst infecting strain and against A stramns
that had been solated in past years but very httle aganst ‘future strains
e have put fornard the hypothesis that wfluenza A virus survives 1n our
current crvilization of extensive and active movement all over the globe by a
inually emerging serological ngvelty  Obviously nfluenza has
to moye always through a partially immune population and serological novelty
would be an advantage to survaval except in 1solated communties away from
the main masses of population  The general experience of workers with nflu
enza A 1s that there has been a continuing series of changes in serologreal
character, WS, PR8 and FM1 representing convenient exunples picked out from
a changing continuum Lach new serological type seems to replace the pre
ceding one very rapudly  The first A strain CAM was 1solated 1n Australia in
1946 The epidemics 1 the northern hemisphere in January 1947 were all of
the new type It 151 fine with this hypothesis that Mulder found that CAM
showed & more defimite antigenic relationship to PR8 than did FM1

Tn this view the serological character of mnfluenza A (and probably B) 152
tghly adaptue feature that ntroduces a type of evolutionary change that has
1o clear analogies in higher forms although perhaps a military histonan might
find parallels n the evolution of military weapons and tactics  Perhaps a real
be found m the history of the wheat breeder s struggle to produce

analogy 1s to
strams resistant to rust  New physiological strams of the fungus always seem

to anise to plague him

process of cont

All that I want to underlme 15 that an e Yy P of the
ewstence of a discontinuous range of virus forms 1s possible along lines that
are based on the classical discussions of speciation in higher forms It may be
1 T of the evols \

plete 1terp
loped and accepted I would not excludcythe possibility
to consider some viruses as representtng com
from others but for the time bemg and for
the purpose of nomenclature and classification 1t 1s certainly expedient that
we regard them as iving organisms 1 am not impressed with the contention
that classification must wait indefimtely for even a beginning to be made  The
fundamental techniques of virology are now soundly established and are suffi
cient to provide the solution at least prnciple of the practical medical and
economic problems raised by the exstence of virus disease I do not foresee
any great spontaneous activity in fields of virology that will greatly advance
the hnowledge of systemic relationships Advance will contmue as at present
to be dommated by the need to develop methods of control of virus diseases of
practical importance and by the study of the detals of composition the pro
cesses of infection and multiplication in species specaally favorable for labora

many years before a
of the viruses 1s devel
that 1t may become necessary
pletely dafferent orders of bemng
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tory study  Vaccmua and wfiuenza vituses the T-even group of dysentery coh
phages and tolizcco mosaic virus are the current favontes It may be pes
simusticso to behiese but peither of thooe directions of study eems likely to do
more than add occasional sifehghts on the problem of classsfication and nomen
clature

1 think that a start on the work should be made now and that the function
of this monograph  hould be te provide gusdance as to bow that first step shauld
be made so that at Jeast some progress <an be won ohidated before thse nest
International Cengress of Microlnology convenes

Ay oo attitude would be i hine with the decisions of the Rie Congre 5 but
might be put shightly differently  [alang m the tst instance the viru es
who ¢ hosts are w.. m blooded vertebrates the logieal procedure 1s 1o look over
the whofe range of characters pre ented by the varous clones of uch siruas
as hase been studied ang recorded  Out of that diversity we van <ee certan
groups of viruses that seera much tore closely relvted to one another than to
amy viruses outside of thur own groups  Coodpasture neatly @ years ago
recognized this n regard to the pot viruses and his arguments have been nen
more force since then by the demonstritson of the electron microscopic ap-
pearance of the visus farticle

As a workmg rule 2t mught be sugpested thit viruses falling i one gen
have approvumately sumidar size and appearance 1n electron micrographs and
at least one cammon functional charactenstie  Spretes wi hun the genus might
be defisred as containine 4 strams of symalar serologhal striuture

That worhirg rute tibe any warding rule i Liologiral systematics wall be
subject ta the tndssidusl vpmions of workers mterested in the group bemng
cansidered  Sphiters and fumpers are as hely to appear amangst varnlogists
as amongst ornithologists but this should not make broad agreement inpa
sible

There are some powts of specril difficuity with viruses that need discussion
1 <bali alustrate them only tn terms of anumal viru_es responsible tor human
disease but strlar difficultses wall probably anse m the other major grougs as
welt

The first 15 the mutabihity of v iruses particularly 1n relation to the frequent
necessity of madifysng th vuu before st can be subjected to laboratory study
I have frequently ponted out that the wild trains  of mfuenza A virus
re ponnible for eprdemic mtluenza will nut sltiply sn the allantoc cavity will
not ag 'wunate chicken cells and will not produce lung Jesions m mie  All
these characterntis are these of strains adapted to growth 1 the convem nt
laboratory animat

In tondard systrmatie work 1t 15 understood that when a new name s
gnen ove indo idual spresmien 1s 10 be desigmated the tvpe of the species and
depostted 1n ome ssutatle repository where 1t is avalable for sub sguent stdy
by other systematists  In bacteralogy the type cultuse collections fulfilt ths
requirement I realuze that there may be differences of opunion an the pomt
but I should prefer to see defintin e names attached caly to welt studied vruses
of which a vertam clone can be mamtamed as the type spectmen of the specics
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The nfluenza viruses have heen studied more closely than any other type o
ammal virus and, no doubt the WS stram of Smuth, Andrewes and Ladlay
has much the strongest claim to be type stran of influenza A In my labora
tory Yhavethreestrains all of which I am certain are descendants of the viru
that caused WS s attack of mfluenza in January 1933 The properties of th
three are however extraordinanly dufferent  One 1s peurotroptc in mice an
tno are capable of producing hemorthagic death m chick embryos Th
hemagglutinim of one 15 destroyed by heating to 52° for 30 minutes that of
another has to be heated to 67 C  All obviously duffer greatly from the parent

wild stramn

A definition of the spectes influenza A virus might therefore require a state
ment something lihe the following  Influenza A \irus 1s the agent responsible
for extensive epid; of human infl tudmg that mn Southern England
m 1933 from whach the parent form of the type stram WS now deposited in
X collection of type viruses was isolated  Strains of influenza A virus when
1solated and adapted to allantoic passage have such and such characters i
common with the type stram and produce a soluble complement fixation
antigen reacting with suitable antisera 1n the same fashion as the antigen
produced by type strain WS

Where a well defined human disease has all the charactenistics of a viral
nfection but the virus cannot be studied mn the laboratory, the question of
guving the virus a name 1s perhaps o rather unteal one  The only incony enience
that might be overcome 1s the dufficulty of remembermg what 15 the I'rench or
German for measles and German measles  Outside the human field however
there are animal diseases such as the potlihe diseases of sheep and goats, or
the 1mmense range of plant diseases that have not yet been subjected to full
comparative study for which accepted but provisional names would be a con
sentence The suggestion that a group of provisional names for what have
been termed Imperfectly Anown Viruses should be adopted 15 a reasonable one
provided machimery 1s avalable for the adoption of definitive names when re
lationships hase been clanfied

‘There 15 already 1n euistence a published classification of riclettsiae ammat
plant and bacteral viruses i the last edition of Bergey T am certain that
all virologists who have to deal with animal vuruses agree that there are some
serious musplacements of viruses in that classification which under amv ar
~umstances would have to be corrected On the other hand I am rather
attracted to Holmes s use of the names of trattors and derogatory epithets from
the classics as generic names It 1s going to be very dufficult to find names w 1th
a direct mdication of a distmguishing feature of a genus  The other alternative
of attaching to each genus the name of some v estigator ‘who made a5 out
standing contribution to the know. fedge of the group concerned 15 probably that
most 1n Lime with current bacteniological practice The difficulty of elfphuny
tends to anse as in Holmess 3iyag lla Goodp: s s
acceptable and the possibility of replacing the cony entional -ella termination
by ota foriral genera compounded with proper names might be considered
but one can easly imagme that some appallingly mconventent words for
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example fondstenentola for the pali> viruses would result, of the rule were
followed The form of a name however matters hittle once it has been ac
cepted and used T rorvided tt 35 reasonably euphontous and has some assocza
ti0n with the hustory or character of the graup anything will senve

May I 1 conclu 190 attempt to summanze what I thind, are the problems
on which this morograph should contentrate? In the first place there i
prabably a danger that discussion of the classfication of nd vidual groups may
turn top much on detarls that have no refevance to the general problem
“hight T ask afl contributors to consider to <ome extent ot least whether the
characters of thesr partinlar group can provide leads toward an accertable
general approach?

“The probtems for consideration ate as follans

{1) Is what may be calted the Ruo pr.. cple acceptable =z that forthetune
bemg only thoee groups of viry es that have been extensisely studied should
be regarded as ready {or treatment or i it desyrable that an mternationaily
acceptable name should be attached fo every type of visus that is distinct
enough to require 4 nIme?

{2) If any Lunnean or other nomerclature is adopted, the question of tvpes
for species and genus can hardly be avosded 1 have alreadv given an example
m the form of a tentatne debnpt 1on of mfluenza A vinus to indieate what
exten we difficutires these are in. relaton 1o the mamtenance of type canes of
a virus and their relation to the wid type I can sce no escape from the
deqgnation of & type strain for each valid species and of a type specres for each
geus  Others may feel that 1t mese pedantry ta deny that measles varus for
astance 18 2 valid speties sumply because there are no faboratory strams 1n
exLtence

(3} Can any agreement be achieved as to what are gewen as agamst speene
characters? To what extent must clones of virus differ to be accorded species
rank? The old yuie that the systematists hould as far as po wible disregard

recent  adaptive characiers may be particularly sound i virology  Hast
range angd varulence ate clearly of httle value Tis e
and capacity for tran fer throt gh an mvertebrate host reactivity with cell
surfaces as in influenza \iruses and bactenaphages susceptibibity o mactnva
tion by phvsual and chervcal sgents serological thavacter and tmaily sue
and electron P will 2l need from thss pownt
of view

{4 Should monotypsc genera be allowsble? In the field af anumal vimses
sabics 15 the outstanding example

{5) Where there 1s 2 well-dehned group g the pot v.ruses should poorly
studsed or rather distant tvpes—swine pox and rabbit mytomatesss th the
present example~—be provisiomally mduded or kept outside untid further study
clanfies the position?

(6) How far 15 3t expethient to go 1 regard o hugher level classification of
the viruses s¢ m categones hugher than genus? The most mtere tmg of ail
the problems of tlassincation whetber plant anmal and bactenal vines kave
a common evelutionary ongin or whether even withmn any of the three great
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groups of known viruses there are diverse evolutionary ongins, 1s 1 think too
remote from pi t-day } ledge to justify & 1n this h

May I conclude by suggesting that there are two important reasons why we
should go all out to make a start on virus classification?

The first 1s that any classtfication will act as a stimulus to virologists to try
to better 1t and 1n the process, to consider more deeply the evolutionary sig
nificance of differences between viruses (or any other groups of pathogenic
mucroorgansms) I have held for a long time that such an approach is not
only immensely absorbing as a mental exercise but also desirable for the prac
tical understanding of such diseases as nfluenza and encephalitis

The second 1s that an accepted classification and nomenclature will make 1t
easter for those outside our own group of professional virologists—students

plant pathol and biol g 0 und d our

P
saieace
From the very nature of the evolutionary process any classification must be
mperfect I think 1in the circumstances we should strive for agreement rather
than perfection
Tn one final word I should apologize for building this opening paper almost
wholly around the problems of the ammal pathogenic viruses ~ Nevertheless
apart from questions of ongins the same broad principles apply to 2ll three
and T hope that what T have wnitten 1s not wholly without application

groups,
to plant and bactersal viruses as well



CO\CEPTS OF CLASSIFICATION AND NOMENCIATURF IN
HIGHFR ORGANISMS AND MICROGORGANISMS

Bv Esnst Mayr
The American Museum of Matural Mustory Yew York \ 1}

Tt would be ble to the unbelievably great dwersity of
nature without namwg and classifving the units of which 1t s compo:
Classwication of course 1s not something confined to anrmate nature  We
clasaify books 1n 2 hbrary we classify rocks or gems laws and regulations
types of weather 1n short any variable phenomena

All clasaification snvolves two steps  The first one consists of the definrtion
of umts ther description and the findmyg of dignostic differences between
these umis i short analvsis The second mvolves synthesis namely the
assemblng of the units mto groups and theur arrangement into an hierarchy of
ever lasger groups  We must understand ths process of cassfication if we
are to amve at a sound nomenclature

What 18 the basis of our current system of zoological nomendature®

Systems of Nomenclature

Names are recogntion symbols  In bxobgy they are an mtmntwml lan
guage that mabes the of deta; Names
Sor n gamisms have existed fong before sc:enu[zc names were given Evrn the
most prautine tribes tn Afnica South Amenca or Nea Gutsea have vernacular
names for ammals and plants  They are usually ummnomual expressing dis
tinction such asshurk €'\ robmn or ficker  Beginmings of a binorual nomen
clatyre consisting of a combmation of 2 group name (genern. name) with a
specdying name (specific name) are also sometunes found not only among
p & Linnean authars but even among primitive peaple Tt was however
Lannens who made it the basts of a consistent system of nomenclature that of
bmomual or trmommal nomenclature

Fuery amumal or plant has a scientific name according to this system whih
conspts of two words. The house sparrow for nstance 15 Passer darrestrcus
Patser 15 the genenc and demesticus the specific epithet  The precuse sygntfi
cance of binomuai nomenclature was not enturely clear to Linnaeus nor to most
of s syecessors  In fact 1t 15 mot cleanly understood by manv of our con
temporanes  fhe two names of which a «entific name t composed have
actually oppos te functians The specific name exp emes distm tnes  the
genenc name relationship It 1s evident then that binomnal nomenclature
order to be meaningful must be based on sound classification  Sound classifi
€ation 1 turn 15 founded on a ﬂzamugh Lnowledge of the umts which are to
be classified and rmp are only
through ynprevement of our knowledgz of these umts

The bistory ¢f al) clessification whether dealing muth wazemate obyects o
with orgamsms shows that early atterpts of classincation are based on super
fiera) stmylarsties and very often on single characters while all 1mproy ements of

01
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classification are due to an exer more deeply penetrating analysis and a broad
ening of the basis of classification by mncluding more and more characters
The soundest classtfications ate those butlt on the greatest possible number of
clues  Reciprocally 1t can be stated that, in sound classifications there 15
us‘ua‘ll)" a fair concordance of the various characters ‘The question of the
of ch 18 an tmy one but too broad a subject
to be pursued further m this connection I must refer to more extensne
treatises
The problems of nomenclature that are confronting the virologust are
whether or not the time has come to apply binomunals to viruses and if so on
what principles to base such nomenclature The hnowledge of the higher
ammals was already far advanced when I nnaeus introduced the system of
bmomal nomenclature in zoology In 1758 when this was done nearly all of
the more common spectes of mammals and birds of Europe had already been
precisely defined It 15 well to remember this when attempting to apply the
system of binomial nomenclature to such poorly known organisms as the viruses
are
‘The second step the synthesis of the Jower categories (the spectes) intohigher
categories {genera families and so forth) has lagged far behind the first one
Many of the higher groupings are still very dublous  Although the last North
American species of birds was discovered 1n 1889 we are still n doubt as to
how many genera of North A birds to and are letely 1n
the dark with respect to the delimitation and relationship of famihes  We may
conclude from this that the application of binomral nomenclature requires a
faurly advanced knowledge of the basic umts but 1s not too much interfered
with even by farrly extensne ignorance of the arrangement of the higher
categonies
A precise knowledge of the units to be classified 1> essential but not enough
What 15 also needed i biol 1 cl are classifying les which
help the systematist to devise sound classifications
Two facts more than any others have led to the chief conceptual improve
ments of our system of bwlogical classification  The first 15 the principle of
evolution It 1s now realized that the similanty of orgamsms and of groups of
orgamsms 15 not a freak of nature but 15 due to the fact that similar species and
genera are descended from common encestors The natural system’ of the
then reflects phylog In fact some authors have gone so far
as definmg taxonomy as the scientific classification of the different Kinds of
living orgamsms according to the proved or iferred phylogenetic relationships
This cancept 15 based on the beltef that orgamisms that have descended from
the same ancestor will have more characters i common with each other than
wath any other hinds of organisms It 15 now hnown that this Is not always
the case smce selection may lead to a derable divergence from
the ancestral type For mstance birds and crocodiles are phylogenetically
coser to each other than are crocodiles and tustles or-crocodules and hzards
Yet the conquest of air by Proarts has led to such a dramatic reconstruction of
the avian system that birds are now much more different from crocodules than

the latter are from other reptiles
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‘The theory of evolution has had 1ts man effect on the synthetic processes of
classification the defimition of groups and thewr arrangement 1 an hierarchy
of categones A dufferent biological concept has greatly influenced the results
of the analytical stage of classification namely the defimtion of the umts of
the taxonomist which he calls species I am referning to the concept that the
pracess of sexuality leads to 2 genetic mtegration of natural populations mto
species

Modern studies by systematists ecologists and population geneticists have
made 1t abundantly clear that the species 15 2 unit as wmportant and meanngful
1n biology as the cell or as1s the atom in physics  Infact the species occupres
a central position m the hierarchy of orgamisms  In order to understand the
true sigmhcance of spectes 1t 13 necessary tasay afew word about the brological
meanung of sexuahty The mgmificance of .ewnality 15 genetical  Sexuality
permuts recombinatian of gene complexes and thereby provides an tnevhaustible
store of genetic varniabiity  Modern researches have shown conclusnely that
the most objectie property of species 1s perhaps the gap betneen different
species Tt 1s the place where gene exchange 1s interrupted  Species then ean
be defined as populations that are separated from each other by a reproductive
gap We shall return pre.ently to the definition of species

Sexual reproduction 15 par excellence charactenstic of higher orgam ms par
ticularly of the hugher ammals They nearly alnays linve in a generahed
varable environment with a great complexity of external conditions  High
genetic vanability 1s a great advantage under such conditions  Although the
more extreme vanants will be elimnated by the environment 1n each genevation
the total b will be restored by it as a result
of the sexual process  The greater the varability the greater the opportumty
to utilize the vanabihity of the environment

Tt appears that condition may arise in nature which may place 4 selective
premum on the po! of sexual One such
situation 13 when an empty niche must be filled rapidly and selection pressure
18 very much reduced This 15 true for instance for fresh water plankton
which arnves m previously vacant lakes or for plant hice which m spring have
suddenly available an mexhaustible food supply on freshly developing leaves
The production of parthenogenetic females each of which again produces only
females will lead to a much more rapid filling up of the niche than the produc
tion of 50 per cent females and SO per cent males

In view of the importance of mterbreeding populations for the defimtion of
species it 1s evident that information on the presence or absence of sexuality 1s
of vital importance to the taxonomst It 1s precisely with respect to ths
subject however that mformation 1s still very deficent on viruses What
Tittle information there 15 suggests that sexual processes may be widespread of
fiot univer at among viruses but that there 1 often a temporary ahandonment
of sexual rcpmductmn

Graghog thatoe sl A b e rrdedomy e

now 1n only a few \iruses  In the cases i which 1t was senously looked for
however 1t was nearlv always found The assumption of the widespread
occurrence of sexuality 1n viruses 1s backed also by the following consideration
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Virus stramns fall normally into well-defined groups Influenza A mumps ec
If reproduction was strictly asexual one would expect mutation m the mnde
pendent strains to have such a pronounced centrfugal effect as to cbliterate
eventually all traces of groups The existence of groups indicates that ocea
sional gene exchange between diverging conspecific strains prevents the dissolu
tion of the groups  The frequency of recombination may be very low The
chance that 1t will be discosered f 1t oceurs 1n one of 5000 generations 1s very
small Turth the e of ity may depend on very speabic
1 cond as n parth higher anmals or on multiple
simultaneous infections
In view of the scarcaity of available information however, 1t would be pre
mature to study the ccology of this potential “alternation of penerations ' as
wemay callit  There are vanous factors that might place a selective premum
on temporary asexuality If a new host 1s mvaded 1t 15 highly advantageous
for the virus to reproduce at mavimum speed, before immumity reactions
develop This would favor temporary asexuality Addittonal factors how
ever may play a role  Viruses being adapted to cells of a single host lve n
a much more umform environment than free lining higher organisms ~ Great
genetic vanabihty might be actually a disadvantage with them  Assoon asa
superior that 1s highly viable gene combination 1s found 1t will be advan
tageous to reproduce this supertor gene combination asexually rather than to
try to improve 1t by genetic L ton at the nsk of d it It
very probably that microorganisms have a much Jess complex genetic system
than higher that the gene complexes are fess well * buffered and
that every mutation affects the phenotype more conspicuously than m higher
orgamsms I so there would be a premium in such a system on the reduction
of sexual reproduction and on a nse 1n the rates of growth and reproduction
It 15 possible that i such a system mutability may m part take over the
function of b m higher C the
population size 1n mucroorgantsms and the high number of generations per tme
unit even a low mutation rate can provide ar amount of varuability that might
offer all the needed matenal for selection 1n a slowly changing environment
For all these reasons 1t 18 evident why there s so much (temporary) abandon
ment of sexual reprod: among The classifying taxono
mist then will have to deal both with sexual populations and with asexual
strains or Lines  We must heep this fact clearly in mind when we try to place
nto the which have been defined for sexually re
producing huigher orgamsms
The Meaning of Categortes
The taxonomust classifies his matenal by arranging 1t mto categories  As
stated above the species 1s the basic of these categones, and it 15 therefore
necessary to say a little more about the meamng of the category spectes The
species concept goes back to Plato to whom spectes meant kmnd  This
concept stifl hves outside of biology as for mnstance whena muneralogist speaks
of species of mmerals Trom this onginal species concept arose that of the
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naturalist which was for the first tume clearly expressed by the Britishbotan st
Ray about 1690 This 1s the cancept that was taken over and formalized by
the Swedish naturalist Linnaeus It 13 based on a study of local faunas and
floras 1 which each species 18 usually clearly separated by a defimte gap from
every other specie  Such a clear definstion and separation of spewies occurs
only 1n a local situation at a single ime and this species conrept has therefore
also been referred to as the rondimensional spectes  What 1s more smportant
this species concept 15 based on the observation of interbreeding within the
population that belongs to a species as agamst the lack of mterbreeding detwcen
populations belonging to difierent species  In other words it 1s a concept
strictly applicable only to sexmally reproducing orgamisms  The modern b
ological species defimtion may be stated as follows Species are groups of nler
Breeding natural populations that are reproductscely tsolc ed from o her such
groups  This biological species defimbion 15 the end product of a long concep-
tual evolution It 15 a far cry from the marphological and typologieal species
concept of Linnaeus and the early taxonomusts

The {sevual Sp ares  Since interbreeding 1s the ultimate test of conspecifi
aty in the ligher animals and simce this ¢nterion 1s unavatlable 1 asexually
reproducing organisms 1t 1s evident that the species concept 1 difficult to apply
to such forms How should the taxonomust treat clones pure lines biotypes
and so-called stramns or stocks® The belief is growmg that most i not all
forms of asexval reproduction are not m the least pnimitive but a denved
condition  Alf such asexually reproducing lines will terminate sooner or later
either by extmction or by fusion with another Iine through a sexual process
There 1s mtuch evt lence that many of these hines are started by single mutations
"To admit such hines as full spewies of equal standmg with the species of hugher
orgamsmswould bevery confusing  The solution that appeals to me most 15 to
consider all asexually reproducing descendants of a smgle sexual species as a

collective specie This would melude all stramns that one ther ongin to
mutation with the exception of polyplods In practice 1t may be rathet
dufficult to establish the relationship of such stramns and 1t may be necessary
to adopt a provisional solution until the final relationship 1s estabhshed  Smce
in such asexual stramns many of the so called species entera are subject to
mutation the final decision will have to be based on an evalnation of the
multiphaty of characters among which the serological ones are to be given
special weight

The binowal nomenclature has a well-defined significance in biology and 1t
15 not permssible to give binomuals to bilogical entities that do not deserve
them It s advisable to employ a vemscular momenclatare cambmed with
symbols and numerals to designate all situations that are not fully understood
The geneticasts have proven that it 1s possible to name tocks and strang
accurately without recourse to binomuats

The subspectes 15 the only category below species level recognized by the
taxonomusts It has a very definite meaning i systematics A subspecies
a sexual species consists of groups of interbreeding local populations that are
taxonomically di tinet from other such groups  The differences between sub-
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species are usually due to local selective factors not completely compensated
by gene'ﬂow" Subspecies n free living ammals are, therefore charactenstically
definable In an nterruption of gene flow 18 often

caused by host segregation  The subspecies of parasites are therefore, nor
mally host races The subspecies concept 1s closely connected with the popt
lation concept of the sexual species  No one has as yet succeeded i establish
ng subspecies 1n asexual species

The 1artely 15 a concept linked with the morphological typologieal species
concept of Linnaeus  Any desiation from the species type was described as
varety, no distinction being made between individual vanations and local
races  Since 1t has become customary to apply the term “subspecies’ to local
races, the term ‘ variety s used by zoologists more and more for indrvidual
varants within populations A trend in the same direction 15 recognizable ;n
botany, although many plant taxonomists still use the term variety mter
changeably for geographical races or for indivrdual variants It 15 possible
that the term  vanety’ would be suitable for a designation of strains and clones
within asexual species

The genus 15 a group category It compnses a group of sumlar or closely
related species  In view of the fact that species are not evenly distnct from
each other, but are often found i clusters of closely related ones more or less
distinct from another cluster of related ones the genus 1s based on an objective
phenomenon of nature  There 15 no objective crterion of generc difference
available however comparable with the criterion of nonuaterbreeding 1 the
case of species  The delimutation of genera 1s therefore subjective While1t
1s the function of the species to denote distinction 1t 15 the function of the
genus to denote association  As mterpreted by the biologist the genus denotes
relationship  The generic name has as its function the relief of the memory
by grouping the almost wnfintte multitude of specific names  The genns has
been defined as follows A genus 15 a systemalic category wncluding one specres
or a group of spectes of presumably common phylogenehic origin separated by o
decided gap from other simslar groups  The Iistory of the taxonomy of the
Iugher orgamsms shows that it )s advantageous at the begnming to have
large genera  If it turns out that they are composed of highly heterogeneous
elements they may subsequently be split

The greatest practical difficulty in virology appears to be that of rankmg the
recogmzed umits and groups  When units are to be grouped an author will
have to determme carefully whether he is dealing with strams that are members
of a collective species or whether he 1s dealing with spectes that are members
of agenus  The choice between these two alternatives 15 likely to be the most
difficult problem m 1 arus taxonomy

* Rules of Nomenclature

Finally a word about rules of ure Perhaps the logists can
Jearn from the experiences of the zoologists  Three pomts have become very
Jear to me  One 1s that every name whether of a lower or of a hugher cate
gory, must be clearly based on an objectre type Methods of investigation
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are continuou ly changig and unless objertwve types are deposited it 15
1mpas ible to re examune at 4 later date the untt on which 2 name 15 based

The second pomnt 1s that it would be most advisable to shuft the responsibitity
for names from individuals to either national or mternational committees I
this 3s not done there 15 1he dan,er that 2 most unserertific race w) § develop
by authors, all over the world trying to get credut for new names  Let there
be an offial hst of suentiic names of viruses and let the author apply to the
comnuttee to bave certain names placed on thus bist the committee being o to
peak, the author of each name  Let there 2lsa he g rule that no sclentific
nante can be used e a publication unless 1t 15 on this official bst  In zoology
such a procedure unfortupately 1s not possible 1 view of the millions of
eusting species  Such a procedure nught however be feasible m virology

Finally having an offictal ist will chmnate the greatest stumbling block of
stabuity m nomendature mamely the rule of prionty The never-ending
turmost i 2oological nomrenclature produced by this unfortunate prmnaple can
be eliminated if an official List of vahid names ba ed on vell-defined umts 15
made the tnal arbiter of all names  This would help to attan tability the
altimate object of all nomenclature



VIRUSES THAT REPRODUCE IN PLANTS AND INSECTS*

By L M Blackt
Brooklyn Botansc Garden Brooklyn \ §

There eusts a group of viruses that probably links some plant and ammat
wviruses very closely together The members of this group multiply both 11
their animal vectors (insects called leafhoppers) and m the plants they infect
Therr eustence forecasts a time when the current primary divisions of the
virus world into those attacking bactena plants or anmmals may have to be
revised or abandoned i favor of some other basic classification It 15 not the
purpose of this paper to propose any such drastic action at this tume The
primary division of viruses mto bacteral plant, and anumal groups 1s useful
at present and 1s ikely to continue to be so for some time to come

It seems appropniate in this monograph, however ta review the evidence on
this topic because 1t has an important bearmng on our outlook on virus relation
ships because 1t has been a controversial subject for several years and because
the evidence 1s scattered in a variety of publications

In the discussions of experiments bearing on the problem of virus multipiica
tion m both plants and ammals only considerations that seem to me to have
a cntiwcal bearing on the question will be dealt with  These will be discussed
whether or not they have been raised before  On the other hand some con

d that have beenad d but that do not seem pertment to the main
question will be treated very briefly or omitted

‘There are four viruses {rice stunt virus Frachlinea oryae (Holmes) ™ aster
yellows virus Chlorogenus callistephs Holmes clover-club-leaf virus Aureogensis
clartfolum Black and wound tumor virus Aureogenus magnirena Black) for
which evidence of their increase mn hosts belonging to the plant and ammal
kingdoms has been obtamed  All four are viruses transmitted from plant to
plant by leafhoppers in which they undergo a long incubation penod (at Jeast
ten days for rice stunt virus 1¢ at least nine days for aster yellows virus 2 about
three weeks for clover club leaf virus ¥ and at least 13-15 days for wound tumor
virus4)  Inall of these the ability of the vector to transmt the virus persists
for long periods often for Iife after the incubation period 1s completed without
the vector having any further access to virus from plants Oman?® histed 22
plant viruses transmitted by leafhoppers and more are known today  Prob
ably many of them have the ability to grow i both thewr plant hosts and
1nsect carrers

Etpersments with Rice Stunt Virus  The first evidence of this sort was
adduced from studies on the virus causmg nice stunt 1n Japan  This virus was
the first plant virus demonstrated™ to pass through the egg of its mnsect vector
to the progeny  Using the vector Nephofettrx apicalts Motsch var cnchiceps
Uhl Fukushi'®* 1 demonstrated that the virus from a smgle mfective female
could be passed through the egg to six succeeding generations without replen
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ishment fram plants  Froore 1 shows Fukushis dagram of the descent of
infectrve and noawmfective progeny from the single infective femzle u ed to
begin s most significant esperiment  Only one infective male the first was
used 1n this experiment and Fukusm had already shown that the v trus did not
pass 1o the progeny from the male parent  He msured that the msects 1 the
expenment obtamed no virus from plants by removing eack mdividual to 2
fresh bealthy rice plant Ory a satna L at the moment of ats hatching from
theegg  Fuluy he¥states that no tnatances v ere observed 1n which ssrubferous
sects emerged from eg,3 deposited m mfected plants by virus-fres females
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The newly hatched nymph was usually kept on the first plant for five days
and then translerred to a fresh healthy young rice plant on each surceeding
day untilstdied None of the nsects in the expeniment mnfected plants earber
than nwne days aftes hatchmg  Therefore 1o virus could have been introduced
into and recovered from the fir t plant on which each msect fed for five days
Tt 15 most improbable that virus could have been obtamed from any of the
subsequent plants supporting the wmsects for 2 smgle day for the follor iag
teasons Fukushi s data indicate a mimmum incubations period m plants of
1x days {most incubation penods were between nine and 13 days)  Since 1t 1»
the g neral experience that snsects can recover virus from plants only 2 day or
50 before the appeatanre of symptoms 1t ~ems unlihely that Fukushs s insects
ould have mtroduced virus into 2 healthy plant and recovered wirus from it i
asingle day even though Storey™ showed that mawze streak virus Fractilines
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mardis (Holmes) McKunney could be recovered, m rare mstances by non
viculiferous insects feeding on the same leaf as miective 1nsects during pertods
of one or two days  The vector, morcover, does not seem to acquire the virus
readily from rice plants #

Fukusht s experiment lasted for 374 days and during this time 82 mfectne
leafhoppers, m six generations derived from the onigmnal female infected about
1200 nice plants  Fubushi considered that his findings demonstrated mult:
plicatton of the virus of rice stunt in its msect vector Bawden® constdered it
improbable that the virus multiplied, and he advanced many arguments agamst

this P Tulushi d these in detail  Bawden? ? retterated
his positton It 1s not appropriate to enter mto a detailed discusston of this
controversy here Muchofits d wth evidence that cannot d

the main pont at issue namely whether the amount of virus mn the female
leafhopper with which Fukush: began his classical experiment No § was suffia
ent to produce 21l the infections 1n subsequent generations without multiphica
tion 1 the leafhopper In this connection, Bawden? correctly pomts out
that a single leafhopper egg might eastly contan enough virus to produce m
fection 1 the more than 1000 rice plants mentioned by Fukusht

A study of Fulushis data however 1s more impressie than indicated by
the total number of infections produced  The total number of infected plants
could have been greatly increased if the feeding periods had been shorter than
aday as shown by data 1n his table 7% and table 30 !* which demonstrate
transmission 1o successive periods of less than one day  These considerations
however are not asimportant as the mummum dilutton of the starting quantity
of virus attamed m his expeniment  Fuhush: did not estimate this but caleu
lations based on the information avatlable m s papers are summarized m
7apLE 1 They show that the virus present in the leathopper with which he
started his experiment No 5 underwent an estimated mummum dudution of
1 563000 It should be remembered that this 1s a mmmmum dilution figure
Several factors certanly make the actual value considerably higher The
systematic errors mentioned below as reducing the caleulated mummum dilu
tion of the clover club leaf virus m a sumlar experiment apply equally well
here The most important underestimation however results because Fuhusht
only reported the numbers of progeny he picked from plants at time of hatching
and these numbers are much loner than the number of eggs one would expect
a single female to Jay Tt 1s quite ikely that the actual dilution attuned by
Fukushi in the sixth generation 1s of the same order of magmtude as that
obtaned at the same pomnt i a similar experiment on clover club leaf virus
(see below) The diution in the sixth generation 1n that case was at least
10
If one assumes values eshmated to give a mnimum number of virus particles
likely to be found in a leafhopper or its egg one obtams estimates of the order
of 10° particles for the leafhopper and 10 particles for theegg  These estimates
are based on the assumption that the egg wesghs as hittle as 1/100 of a leaf
hopper weighing one mg, that the msect tissues contan as Lttle as one past
+irus per mulion parts of issue by weight (¢f with proportions of plant viruses
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1 plant estracts bibhograpbicol reference 3 table $4) and that bt virus 15 a5
lazg as the largest Lnown plant virus {potato yellow-dwvarf virus  dsreogenus
testans (Holme<) Black] with a particle weghing approtumately 490 X 10°
molerutar werght unts ™ Assumung valses estimated to give a mauimum
number of 1uus patticles Iikely to be found w a leafhopper or its egg one
obtams estimates of the order of 102 for the leathopper and 107 for the egg
These estimates are bised on the ascumption that the egg weighs as much as
1/10th of a leafthopper weighmg one g that it contains as much as one part
virus per 100 ports of msect t sue by weight and that the virus has a particle
vith wei ht equivalent to a molecdlar weight as low as 6 000 000

As the ddution att.ined 1 Fukushi s expeniment was probably at lea t 1078
then assuming the minynura fgures for the namber of virus partides at the
start of hus experiment the ability of the i rts to tnfect plants sould have
shown a progressive declme  Assurung on the other band maxiraum nambers.
of virus partices 1t 15 uncertamn whether progressive declne o miertive ability
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would have appeared  Fukushi has very good mformation on th mfectivity
of the msects since he transferred each one to a fresh test plant each day as
longasithved  Histable 31 shows conclusively' that the percentage of plants
wnfected showed no progre~ ive dechne \vnh dilution of the ongmal virus por
4 the p g~ of 1nfective leath Tt should
te pomled out that although FuLushn dxd noL clearly indicate why the expen
mment ended with the sixth generation 1t1s clear that it did not end because bis
leafhoppers becume nonviruliferous

Dsperimens anth Clover-Club-Leaf Virus When the clover-club leaf virus
was disrovered and found to pass through the egg of s vector 4galliopste
notella (Say) toa hugh proportion of the progeny 7 an esperiment hke Fukushi s
was carned out® I planmung the expeiiment with cloy er<lab-eaf virus an
effort was made to profit by the earher work of Fuktsht  In particular an
attempt was made to determine the total number of progeny from each female
and the proportion that was mfectnve o effort was expended 1 tryieg to
see how many plants could be mfected by any parteatar msect since the
coitical mformation desired was whether or not the .ect wa wfectne  From
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the start, precautions were talen agamnst the acadental termmation of the
expeniment  Reserve colonies were maintaimed 1n each generation and the
virus-bearing females were outbred to virus free males from a stock colony to
prevent debility due to inbreeding

The experiment »as begun when a virus-bearing female lesfhopper weighing
17mg was mated with a virus-free male, and the parr was caged on a Grmm
alfalfa plant Medicago satira L As will be shown later, Gnmm alfalfs 1
smmune to the caver-club leaf viris  The alfalfa plant was grown m soil that
had heen steamed to Ml need seeds ‘The female produced 4" nymphs of
which 2§ were tested mdividually on a senes of four cnmson-clover plants,
Trnfolsum L and then discarded Fifteen of the 21 produced
sfechions  On the average therefore the virus in the onginal female had been
diluted approumately 1 3010 each of her progeny  The 21 remamung progeny
were each placed on an alfalfs sceding and when they became adults, the
females were mated to virus free mafes  The virus has 2 Jong incubation
penod 1n cumson clover and 1n each generation insects had to be mated before
any wmfectivity data were obtained on thewr sibs  In this and <ubsequent gen
erations, the parr that produced the greatest number of progeny was cho.en to
contiue the main line of descent  This was done 1n order to have a basis for
selection that was independent of virus concentration and also to secure the
greatest dilution possible  Usually, about 30 pairs of wnsects were mated 1
each generation

From these add ! paws four y famihes with more progeay
than others and close to the mam hne usually were held i reserve  These
supplementary families were discarded as soon as 1t was known that vitus was
present 1n the mam hine of descent  In each generation a sample of 2bout 15
progeny from each of these five famlies ordinanly was tested mdividually on
crumson clover to determine the fraction that was infectne  With some ex
ceptions, each of these msects was fed on each of three plants for three weeks
Another sample of about ten nymphs from each of the same five famltes was
distnbuted one nymph to each of 2 number of seedling alfalfa plants to
provide females for continuing the line

The expeniment was confinued for more than five years through twenty one
generations of tnsects grown only on immune alalfa nithout loss of nfectvity
TaBLE 2 presents the data for only the main le of descent  The didution of
the ongnal virus assuming no multiphcation n the msects exceeded 1 28
X 10"

This dilution 2s 2 most conservative estimate because 1t does not allow for
systematic errors underestimating the dilution of the virys  For example 1t
does not allow for virus remaming m the mothers, for deaths among the progeny
before they were counted or for the fact that other data clearly showed that
the tests of the progeny did not reveal all those that were catryng virus ~ As
an Mustration of the fective fractions as revealed by the tests vere real, the
famulics with the largest number of prageny n each generation should have been
free of virus many more times than they were Alo several females from a
farmly were sometimes saved and produced progeny that were tested Usually
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all produced mnfective progeny A case m point 18 the mamn hne family in gen
eration 19 Only one of ten msects tested was infectve (TaRLE 2) but five
aister insects which had been saved for progeny produced mfective offspring
These expetiments were controlled m several ways The clover plants on
which samples of insects from the mam hine were tested were matched i each
generation with at least as many crimson-clover control plants on which esther
no nsects or virus free msects had fed  None of these plants became diseased

Tanre 2
Catcoraren Mintuou Drourion or Crover CLUB LEAY VIRUS DURING PASSAGE THROUGH
TiE EGG OF 118 INSECT VECTOR YOR 21 GENEZATIONS

Recprocal 141t
C mt INmb Epogeny| Ilct tytest
¢ B T2
1 42 15/2 30 30
2 101 1. 40 12X 1
3 35 31 81 X 100
4 54 9/1: 32 2 638 X 102
3 © 31 12 256 X 10°
6 20 9/ 53 109 568 X 10*
1 104 6/1 4 71 801 856 X 10°
3 106 15/20 & 574 414 818 X 100
9 64 /2 10 574 414 848 X 10¢
10 173 /1 79 453 787 729 X, 1
1 83 62 25 6 932 X 100
12 31 21 6 680 681 594 X 100
13 52 071! ot 630 681 594 X 108
14 59 1/ 6 408 408 95¢ X 1f
15 1 " 26 106 186 328 X 100
1% o 11120 33 350 414 835 X 10
17 e it 15 $25 672 327 X 102
18 50 2/1 7 367 935 629 X 1
19 107 171 1 404 729 192 X 1
0 128 /1 & 259 076 633 X 10t
2 105 171 1 284 929 351 X 1
or2 § % 10%
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Smee none of the pots i which the cag 4 alfalfa plants were grown ever
produced weedsthe alfala was the only source of food for the insects  After
theee plants had been freed of leafhoppers they were tested for the virus by
means of wsects from one of two colomes  The leafhoppers in these colomes
had been obtained virus free m one case by heat treatment and i the other
by selection from insects collected 1n the field To date virus-free msects
after feeding on the alfalfa plants which provided the only souree of food for
the mam line of descent durmg the five years have failed to infect any of 830
clover plants whereas comparable msects after feeding on club leaf clover have
mfected 169 of 607 test plants  Dunng the time of these experiments there
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had been no  spontancous appearance of clover-club leaf virus i cither of
the two stocks of nom iruliferous nsects

It was concluded that dilutirn of the virus present in the ongmal female to
at least 1 28 X 10°* without loss of mfectivity, must mean that the virus
multiplied 1n the msect vector during its five year stay on immune plants It
has already been pomted out that 10% virus particles approximate the max
mum number Lkely to occur in a leafhopper Even a mass of hydrogen
weighing the same as the original female (17 mg), contains only about 51
X 10* molecules

Evidence, which Bawden® considered 1n his book (p 93) as being inadequate
to demonstrate multiplication of this virus in 1ts vector, was not presented’ as
evidence of such muttiplication, but only as evidence for transnussion of the
virus through the msect egg  On the basis of the evidence for transovanal
passage of the virus through many generations, Bawden? mnserted an addendum
to this section of hus book (p 104), stating that the clover-club-leaf virus
seemed capable of maintaining tself ndefinitely m 1ts 1nsect vector

Expersments with Aster Yellows Vsrus  Three entirely different type of ex
periments have produced evidence that aster yellows virus multiphes i on of
1ts vector insects

Loss of Infectivily 1n Heat Trealed Insects Kunkel™ showed that infective
aster leafhoppers Macrosteles divssus (Uhl) after being kept at approumately
32 C for varymg numbers of days were unable to transmit the virus when
returned to temperatures of about 24 C  Eventually however they usually
regamed thewr mfectivity at the lower temperature without fresh access to
virus  The period of their mability to transmut was roughly proportional to
the length of time they were held at high temperatures unless they were held
at the hgh temperatures for 12 days or longer 1n which case they lost the
ability permanently TaBLE 3 compiled from Kunhel s data #* # yllystrates
these conclusions convincingly despite some trregulanty 1n the results This
irregulanty eusts chiefly i comparisons of data denved from different expen:
ments carried out at different times and may very well reflect vanations 1n the
starting concentration of virus or 1 some other condition that varied from
experiment to expertment  Compansons of data withm experiments reveal a
conststent pattern

Kunkel also showed that if mnsects were heat treated while undergoing
natural incubation periods the effect was greater than if the msects were
already mfective hunkel mterpreted these results as meaning (1) that heat
treatments of 12 days or more destroyed the virus 1n the imsects completely,
{2) that heat treatments for shogter periods destroyed virus m prepartion to
the temperature and duration of treatment and (3) that the time required
for nfectivity d an mduced penod m which the
virus once more multiplied to an infective concentration  The greater effect of
the treatment on msects mn which varus was still undergoing incubation was
attributed to a lower virus content 1n these insects than mn wmfective ones

In 2 number of ways Kunkel strengthened his mterpretation and obtamed
evidence agamst the hypothesis that the heat treatments were affecting the
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insects rather than the virus  He showed that the virus could be mactivated
1n penwinkle plants ¥ inoa roses L by treatment in 2 hot room at 3542 C
for two weeks or by immesson of plants m o water bath at 4045 C forafew
hours ‘The leafhoppers could be grown through their complete Life cycle at
35 C 1n what appeared ta be a normal manner® Furthermore leafhoppers
freed of virus by heat treatment were readily rerdered infechive agan by
feeding on diseased plants

Bawden' 2 ® considered that there were so many po sible alternative ex
planations of these results that 1t would seem extremely premature to regard
them as evidence for the mltiplication of the virus in the vector  In view of
F unkel s own work. and other evidence presented below there would seem to
be little doubt that Kunkel s nterpretation 15 correct

Titration of Virus Content of Insects During the Ingubation Pertod A second
type of experiment® also mdiated that aster yellons varus myltiphies i 1ts

Tasie 3
Ferects oF HEAT Trratwests Ov AsTER YRILOws ViRus IN Macrosieles dimsus (URL)
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msect vector A large virus-lree colony of Macrosteles dimsus was maintamed
on healthy aster plants Callistephus chinensis Nees for six days  None of
the.e aster plants berame diseased  The colony wa then fed on plants af
fected with aster yellous for one day ard subsequently tran ferred at frequent
wtervals to healthy aster plants The colony mfected none of these plants
{or 16 days but infected each of two plants on wiuch it fed on each of the
following 14 days Countwng the day on which the msects fed on diseased
plants as the first day 1wo samples of 50 msects each were withdrawn at
random from the colony ¢n the second fourth eighth twelfth and siteenth
days and tested for varus at different dilutions Uninoculated msects and
nsects mocglated with juice from tnsects which had been fed all thewr lives
on asters wath yellows were mcluded as controls *
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The results reproduced 1n TABLE 4 1ndicate multiplication of the virus 1
the nsects at least a hundredfold betseen the second and twelfth day of the
mcubtion pegod It should be pointed out that duning this time, the source
nsects were mamntaned on susceptible aster plants, none of which became
diseased It was impossible therefore for the nsects 1o have introduced
virus into these plants and to have withdrawn virus from them, after its multt
plication 1n the plant host

Since these results were published three add [ exp of the same
sort have been carned out by the wnter In some the msects which were
titrated for virus wcrease during the incubation period were mamtamed on
rye Secale cereale L which 1s immune to aster yellows virus  Altogether
seven expeniments of this type were performed  Only two of the expenments
gave good results but w aff of them the results were consistent with those o
TABLE 4 1n showng an mcrease of virus during the mcubation period

Taste 4
TRANSMISSION OF ASTER YELLOWS VIRUS BY Corowies or Five LEarnorrers Inoctiasen
Artovs DueTions of Juice Frou INsects FED 0% DISEASED ASTER PLANTS
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Bawden? ? has claimed that 1n these experiments the number of mfections
obtamed at higher dilutions 1s usually greater than that obtamed at Jower
dilutions  In spite of derable variation the published results with aster
vellows virus and many unpublished experiments by the wnter show a decrease
1m number of infected msects with increasing dilution  Thus objection probably
would not have ansen if the wniter had published the results of his experiments
1 greater detail For example the data on the twelfth-day titration 1n the
above exp published produced 1 TABLE 4 wndicated that more
infective msects were obtamed by moculation with juice diluted to 10~ than
10-2 The data on which the figures of TASLE 4 are based are presented m
TABLE 5 Study of this table reveals that, in this particular case the best
comparison between these dilution 1s to be found m the results on the first lot
of test plants  These results showed that, at dilution 10-* 11 out of 14 colomes
were mfective whereas at dilution 1073, only 11 out of 18 colonues were mfec
tne although about twice as many msects, moculated with dilution 10
survived the test period of one week. as survined 1n the group mocubsted with
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dilution 10~ The mfections on the <econd [ot of test plants (and consequently
the combined data for both Iots of test plants) are greatly weighted m favor of
dilution 107 as corapared with those of dilution 10°2 because of the much
better survival of msects njected with the former dilution It frequently
happened m these experiments that the mortality was higher when msects
were injected with the more concentrated suspensions of insect juces  Actu

ally therefore the one apparent exception in TABLE 4 to 3 decrease n infecine
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wsects with dilution 15 not. an exception but 1s due to incomplete presentation
of the data i summary fori
Allhough Bawden® (page 95) contended that this technique was madequate
mn virus he {page 96) accepted the
dm (7ABLE 4 and other data) as mdicating the source (insects that had fed
ail their hves on diseased a ters) used to xoculate control wsects was nicher in
virus than the nsects being fitrated (insects that had fed on diseased a ters for
one day) The virus content of the latter source was Joser than that of the
former because a smaller proportion of them had picked up virus  This was
indicated by the fact® (page 130) that only two out of S0 msects 1n one of the
fatter groups transmutted the virus when tested individually for two days on
asters  Kunkel 2 etensis ¢ experiments has shown that many of the 1n ects .
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do not pick up virus after one day of feeding on diseased plants and some do
not pick 1t up even after one weel. of feeding an discased plants

The general valdity of the techmque used 1 the titration experiment for
obtaning a measure of virus c has been established P
on wound tumor virus® reproduced 1n TABLE 7 Here the loganthms of the
percentages of infective insects when plotted agamst the logarithms of dilutions
107 to 10~%, were found to fall close to 2 straight me

To tuy hnowledge, the only explanation other than multwplication for the
results of these expertments 15 the one mentioned 1n the original pubfication®
dealing with them namely that the virus may be present 1n more readilly
dwpersed form at one ttme 1n the incubation period than at another It
should be remembered however that there 1s no evidence to support this
nterpretation

Incidentally Runkel™ has pointed out the existence of an interesting correla
tion between the lengths of the mcubation penods m the insect and the plant
for a number of viruses

Experiments on Sertal Passage of Aster Y ellous V 1rus through ¢ Vector The
techmique of transferning the virus by mnjection into leathoppers v as used by
the writer m each of the four years 1939-1942 to carry out an experiment on
serial passage from vector to vector on a large scale  Only negatnve results
were obtamed More recently however, Maramorosch® has succeeded m
using the msect mjection technique described above te pass aster yellows virus
from vector to vector 1n senes without replerishment of virus from plants.
Starting with 100 viruliferous aster leafhoppers neighing 140 mg  he employed
a microsyringe to mject virus free msects with measured amounts of known
dilutions of the source leafhoppers It was calculated that the virus was
diluted approximately 10 at each passage Betneen passages the mjected
msects were hept on caged plants provided with excellent dlummation at &
constant temperature of 25 € This was probably important in the success of
his experiment  Durning the first sixx passages the myjected mnsects were Lept
on rye which 15 immune to the varus for 30 days and the survivors then were
tested individually on susceptible asters for two days before being used as a
source of virus for subsequent pa .ages Dunng the last four passages the
wsects were hept for long perods on asters and were transfesred to fresh
healthy plants three times a week, m some cases and every five days 1n the
other cases  Virus could not have been replemshed from the rye plants fed
on by the msects because rye 1s unmune

The immunity of rye to aster yellows virus which was established by Kun
Lel ® has been repeatedly tested and was retested by Maramorosch m these
experments  The rye plants never develop symptoms of the disease and
virus cannot be recovered from plants on which mfective msects have fed
Virus could not have been replershed from the aster plants fed onby the nsects
1m the semes because Kunkel 2 and Maramorosch?®® showed that the rummum
wncubation perod m asters was nme days and Maramorosch ® showed that in
sects could not recover virus from plants until the seventh day after mocula
tion  Despite Storey s evidence of rare recovery of maize streak virus by non
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virubiferous vector msects feeding on the same leaf as wfective msects dunng
periods of one or two days it seems most mprobable that the msects m Mara

morosch s experiment obtamed aster yellows virus from plants during the
course of the experiment  The dilution of origmal virus used for mjection m
the tenth passage was 10~ (TABLE 6} yet tests ndicated that there was just
as much virus present at this passage as i the first passage  The successful
1neculation therefore attamed m the tenth passage with a final dilution of
104% 1n terms of the ongmnal virus provides convinaing evidence that the virus
multiphed in the wsect

Experimentsuuth 11 ound Tumor Lirus Maramorosch s successful serial pas

sage of a plant virus through 1its leafhopper vector has been confirmed by
Black and Brakke?® who used wound tumor virus and a somewhat different

TABLE 6
SERIAL PASSAGE OF ASTER Y E1LOWS VIRUS THROUGH THE ASTER LEAYHOPPER
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evpenimental plan  In their expenments the original source of virus was 60
adult leafhoppers of the species Agallia consiricta Van Duzee  An extract of
these leafhoppers was prepared 1n a buffered saline solution and various dilu
tions of 1t were mjected mto virus free leafhoppers Most of the mjected
msects were kept on immune Grumm alfalfa for two weeks and then tested
mdividually for infectinity on susceptible crimson clover plants for one month
Other msects njected with the more concentrated solutions were kept for a
month on alfalfa plants 1n cages free of meeds These msects were then used
as a source of virus for succeeding passages  Using the weights of the leaf
hoppers the total volumes of the dilutions mjected and the proportions of the
myected msects used as a source for further passage 1t was possible to calculate
the dilution of the onigmal source of virus at each transfer The results ob
tained during seven passages are summarized briefly i TABLE 7 It 15 obvious
that the ongmwal virus source was diluted to about 1072 whereas the concen
tration of virus an the wmsects at each passage attained approuimately the same
level
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The mamunity of alfalfa to wound tumor v 1rus was carefully tested® Plants
were grafted with pieces of tumor mnduced by the virus 1n sweet clover Meltlofus
alba Dest  Such plants failed to develop symptoms of the disease after exght
and one half months and vector msects fed on them failed to pich up virus
In other tests genetically marked mfective female leafhoppers were kept on
the same alfalfa plant with virusfree females of a different marhing  Although
the mfective and virusfree females and their progeny fed on the same plant,
only the progeny from infective females prosed mfectve  The experiments
proved conclusively that a small percentage of progeny receved virus from
thewr mothers through the egg and provided evidence that the alfalfz was
mmmune  Most of the alfalfa plants used m the expeniment were themselves
tested for virus by means of virusfree msects and 1 tno separate tests the

Tante 7*
Sermr TRANSMISSIOV OF WOUND-TOMOR Vixls TnROUGH AN InsECT Vecror (fgella
consirscta) GRowN on TMAUNE ALFALFA
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results indicated their immumty to the virus These expertments provide
convincing evidence for the multiplication of wound tumor virus n one of sts
msect vectors

The logarithms of the percentages (r4B1E 7) of infectne leafhoppers mocu
lated by mjection were directly proportional to the loganthms of the virus
concentration Only the results with dilution 107 were somewhat out of
lne ‘The method used 1 this expertment was essentially the same as that
used by Black® 1 hus titrations for imncrease of aster yellows virus duning the
meubabion period i the Jeafhopper

Studies on Curly Top Virus (Ruga verrucosans Carsner and Bennett) Itis
necessary to consider the beaning that expeniments on curly top virus® ¢ have
on this whole question  Bawden has placed much emphasss on this evidence
1 hus treatment of the problem It 13 quite possible that curly top virus does
not multsply in tts 1nsect vector Crrculsfer fenellus (Baker) while a number of
other leajhopper viruses do It 1s true that the ingenious and extenswve ex
periments of Freitag and of Bennet and Wallace failed to provide evidence for
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multeplieation of curly top virus m tts vector  Thew e sults pusufy the state
sment of Bunnett and Wallacet that of there 15 any maltipheation of the virus
m ke Jeathopper 1t 15 rot sufficient to mamtan the orxgmal virus conteat
The possiility hawever that curly top virus undergoes hamited muttiphication
1n the msect esther systemscally or m local lesions and 1 subseguently lost
was nut ebrmated and this 1s 8 most dafficult possibelty to resolve It should
e recogmzed that certam lines of evtdence  uch as the loss of mfective ability
by msects wregu'anity of transrisson or even fadure to transrat dusmg the
whote bfe of the insact are not et so far as the guestion of wultiphcation
of virus 1n the vectar 1s concerned because these phenomena occur with some
of the above viruses demonstrated to multip’y m ther \ectors Tt shoald be
remembered also that nany auimals recover from repeated mfections by the
SAME VIFUS
Duscussion Of the four agen  discussed above whih grow in their 1z ect
\ectors arly two {thuse caasing aster yetiows and wound tumor) have been
passed throuyh hlrers that wil retoin small bautena ® @ “There 15 inve doubt
that all of them are viruses  Sedimentation stu Jies of the wound tumor agent
clearly place 1t i the size renge of the viruses % The.e agents have long been
considered viruses by plant pathologists on the basis of the symptoms they
produce 1 plants and their fransm wn by wsects or by geafts Mo efforts
o cultvate them on cell free Mediz ar to Wertdy them under the hight micro-
scope bave been uccessil  Ther ability to srultiply i plants hus rarely brep
que tioned  The aster yellow and wound tumor viryses have been trans-
mtted by grafting as a matter of m P s and
clover-ciub-leaf virus was passed through 30 seral passeges v penwinkle
{Vinca vo ea L ) »ithout the intenenton of msects®
The different tvpes of evidence sbtuned 1n stuli s on rice stunt aster
sellows cla er clubnleaf and woand tumer leave no doubt that these viruses
mmultsply m both plants and am tuts  Bewruse leafhoppers suck up ptant juices
ang not imtact plant cells rnultiphcation of the viruses m host plant cells m
the msects mtestinal tracts seerrs most smprobable  Mortover 1n some of
e expenments wited above part cells imolved are immane to the virus 1
questior  Virases ate hot known to multpty w cellfree med.a and there: ao
reasun for assurmng that the e da  The only ogual site for thew multyhiea
fon 1> 0 the cel's of the smsert or In certan structures presumed ta be sym
bont that are cummonly present I certain se ¢ cells At present there:
no evidenre thal wauld resobve this last queston  Whether these viuses
multiply i the wect wells or 1n the presumed symbionts however they have
been shovn to grow 1n more widelv separated argamsms 1 the phylogenetic
sense than any other vwuses  They esther bridge the gap between plant
viu es and ammal viruses of the gap betveen plant viruses and those of
TICTOCTEANL 1as
It seen probable that these viruses are actually both plant and ammal
viruse  that the specd ay of therr insect tranmussion ss determned m part
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at least by ther ability to multiply 1n the msect 1n question and that the
wncubation persod 1n the leafhopper 15 1 part, a measure of this multiphcation
There would seem to be little doubt that multiplication of the virus m the
vector explains the frequent ability of these insects to remain infective throush
out their whole life once they begin transmuttmg virus
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Discussion of the Paper

¥ C Bawoen Rothamsted Expersmentsl Station Horpend n Englard Some
prople had unhesitatimgly concluded from eazher work that certam plant viruses
multsply = thewr muect vectars  To them Dr Black s monumental study of
clo er clubleaf virus 10 Agalhopsis nore’ln may seem less impo tart than it
does to those ke myself who consider that .1l the earlier wotk had other
equally plausible interpretations  Ihs were the first resyits that seem un
egunoea’ butnow 3s he has shown in hus paper there 13 convinang evidene
that clover club-leaf 15 not the only vitus that maltiples 1a bath plants and
wmsects  This fact 15 relevant to the subject of our monograph for twe differ
i reasons  Fust it demonstrates clearly the artificulity of erec ng tavo
nomie barsiets between viruses surply because they are foand i duferent
kmds of orgamsms and it emphasizes the snadviability of adopting awy
sepazate systems of nomencluture or classihration 3¢ the \iamses that are
studied i ansmals bacteria or flonenng plants  Secondly it ilustrates the
difficulttes in eparable from any attempt to derve a ‘natural  or phylogenetic
<t dicatwn of viruses for 1t $hoxs that wiruses may have ongmated w
souzces remota from those i which they are currently most waportant ard
most studied  On the a sumption that pathogens will often be most virulent
w tecently acquured habutats 1 have previously suggested that plausible
sources of plant viruses be m the muect pe ts that are thew symptomiess
“ecters, bt that tht engin could not be senously considered unitl thers was
gaod evidence that these msects ould support the multiplication of the viruces
they transmut  Dr Black bas nov provided this important evidence



PROBLEMS OF VIRAL NOMENCLATURE AND CLASSITICATION

By Francs O Holmes
The Laboratories of the Rockefeller Inststute for \edseal Research Mew York & 3

Classification of viruses would be a much easier task than it 1s today or than
1t has been in the past, if all the viruses that have been mvestigated were
equally wellknown  The fact1s howexer, that some y truses have been studied
both extensively and mtensively, whereas others rarely have been subjects of
research since they were first discovered  Adequate reasons evist of course
to account for the discrepancies  Viruses have been studied more or Jess m
proportion to their ndrvidual availability, economrc and public health sigmfi
cance to man and ease of manipulation 1n the laboratory  In some cases one
factor has been decisive  In other cases combmations of factors have mfly
enced the amount of research

It 15 obvious that unequal avatlabibity of viruses for study has caused some
mequalities 1n our present knowledge about them A few viruses have attaed
such widespread distnibution as to be found now 1n every contment  Others
still occur only in more or less restricted areas  Naturally those characterzed
by wide distribution have been available for repeated studies by many m
vestigators  In most cases those of narrow distribution have been studied
less intensnely and much less often though there are notable exceptions such
as marze streak virus in the plant-disease field and my<oma virus n the animal
disease field

Great differences i the economic and public health significance of mdividual
viruses naturally have had profound effects on research  Widespread epiphy
totics epizootics, and epidentics have encouraged mvestigations of some viruses
such as equne encephalitis and influenza viruses m the amimal and human
disease telds and spatted wilt virus m the plant-hisease field  The relatine
msignificance of losses caused by certamn other viruses has discouraged their
study However natural this may be 1t 1s to be regretted at least mn those
cases n which a lack of balance within the field of virology has been a result

Adaptability to the techmques that have been used thus far in research has
characterized viruses very unequally  Properties that have facllitated use m
laboratory expenmentation have tended to make some viruses well known
As examples may be cited tobacco mosatc and tobacco necrosis viruses among
those causmg disease m plants and influenza vaccma and poliomyelitig
viruses among those affecting antmals and man  Properties that have tended
o limit usefulness for exhaustive studies have discouraged mvestigation of some
other viruses  As examples may be mentioned locust witches broom virus m
the plant disease field and human wart virus m the human disease field

Perhaps 1 part because of the unequal study of mdividual viruses, natural
groups did not become recogmizable for some years after study of mdividual
viruses was begun  Gradually however, 1t became evident that viruses having
one charactenistic 1n common tended to have other charactenstics m common
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also  T'hus concept supplred a basis for attempts to formulate & natusal ystem
of classification,

Inthe plant luea ¢ field  large proportion of viruses thatproduse virescence
m flawets ate known to have leathoppers of the famidy Cirad R dae as thew
msectvertors Al virt.es of this group that have been tested are charactenzed
also by fon thermal tsbdity  The, agree m consistent nduct 013 of stenhiv
mafected hostplants  Inmestoftharhort  they tend tabregk the dormancy
of amliary buds  They usually prevent the derelopment of normal pigments
in affected floners though the flo vers may contam chlorophyil sn parts not
pormally green In almost all hosts afected leaves hecorne undormly chlorot
1c 2 though uccasional ho ¢ plants remam relatnely green  In mo ¢ host
plants also aflected branches s sume a more neatly vertical posston than s
permal although exceptiaral species are nach les affected than the average

Vimuses that produce mottlin,, type diseases m plants are charactered on
the other hand by aplud vectors These aphid transmitted viruses ave more
stable to heat 1¥an are viru s of the above mentioned leafhopper transnutted
group  They do rot break the dormancy of avllary buds por do they induce
stenity or virescence in flawere  Affected branches contmue to form approx
1mately normal angles with the stem  Affected fohage 15 not unsformly chio
rot ¢ but typicatly 15 mottled though vewral mardar gs or niectatye lesions may
appear or there may be an almost complete Iach of obvious disease v pecin
cases

The tvo batural groups of plant di ease viruses thus suggested have come
to be knorh by names of indu ed dis ases  Thus we speak of the vellows
disrase group and of the wosaw disease group of viruses  These groups
bowgver are pot dafferentiated sowely or even prmupally on the bass of
induced syreptoms  Like all other vieal groups the) are based on the taxe
nomye coneept of type  Each small group us fored by assembling around
one virus de ignated as type of 1ts genus alt other known wirases that clo ely
sesembee 1t Tho € not at 2lf closely resembling the type of one group are
taken to be types of to be members of other generz simdazly formed  Larger
groups are formed hkews.e by assembluig araand one genas taken 2s type of

ts famly all other recoguied genera that clearly fesemble ot

The probatabity that any vius assined ta a Supposedly naturat generic
group has been corrertly placed theke may be estimated i general by the

proport on of its chazacteristics that agree nefi wath the charactenstics of the
virus that was taken as type for the genuws  The fact that much has been
trarned of mduced diseuses and relatavely httle about some other charactensucs
ef the vicuses has led of courss to an undue consbicuousne s of wnforration
about types of mndueed disease and i the plart-disease field 1# 1v only the
nformateon about arthroped vertors that he 1 any way nvalled thts body of
mformation

gereral Brmly establshed for plant- viru es 15 the mutual
exclu neness of tran mission by aphids leathoppers white flies and rhmps
\a sing'e virus 13 knawn to be transmtied by tao of these four vector classes
A few viruses 1t 1s true have propertie  uch that 4 varety of isects transout
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them more or less mcudentally  For example, potato spndle tuber virus 1
transmitted by grasshoppers beetles, and true bugs as well as by aphds,
This virus 15 transmitted also by hnnes used 1 cutting seed preces from
tubers and by simple contacts between the freshly cut seed preces The high
concentration of this vieus in plants that it mfects probably explains transms-
ston by some of the leaf-eating nsects and by mechameal contacts The fact
remains howerver that evolution of many other viruses seems to have been
largely dependent on thew association with such msects as aphids leafhoppers
white flies or thnps A hugh degree of speciahization for these \ ectars has been
develaped  Evidenice has been found that some viruses that multiply i plants
and produce diseases m these hosts also multiply m thesr ansect vectors al
though they have not been shown to produce obvious diseases i the wmsects
We cannot be sure that 1y estigations 1n the future will fa)] to disclose varuses
that can be transmitted both by aphids and by leafhoppers, by white fes and
by thrips or by some other combination of two types of vectors m the four
groups that have been mentioned We have only the hnowledge that some
claims concermng parrs of such vector types have been made i the past but
that a2l of these thus far have not been confirmed on more careful tavestig
tion It seems probable that such painng of vector types if 1t exists s a raze
and exceptional occurrence and not at all a usual phenomenon  On this ac
count 1t seems feasible 1 attempting classification of 2 virus to place consider
able dependence upon the type of vector, when this 1s known

Unfortunately we do not know the arthropod vectors for nearly half of the
recognized plant-disease viruses In contrast ta this, something 1s known of
natural or expenmental induced diseases m all cases  We need not conclude
that the viruses for which no vectors are known actually lack insect vectorsm
nature  In some cases techntcal difficulties may have delayed the discovery
of approprate vector species  Inothers httle or no effort may have been made
to identify vectors Naturally 1t has been necessary to depend on whatever
other mformation was available to assign the less well-charactenized v truses to
appropriate groups pending discovery of thetr vector relationships

The attempt to classify some viruses ding to thewr natural
without the benefit of mformation on thewr msect vectors, has repeatedly per
mitted predictions as to the type of vector that might be sought with the
greatest chance of success  Before the vector of tomato big bud virus was
Lnown 1t was clear that a cicadellid leafhopper should be expected to be its
transmutter  This was because tomato big bud virus was regarded as belonging
to the true yellows-disease group and all viruses known to be transmitted by
msects 1 this group of viruses had been shown to have cicadellid leafhoppers
as their veetors  The vector subsequently found for this virus was Thamnotet
5ix argenlale Evans a ccadelhd leafhopper as had been espected  Many
attempts have been made to find & vector of sandal spihe disease virus 1 India
This virus also appears to belong in the true yellows-disease group  In recent
years two dellid ppers have been suspected of transmitting 1t In
both 1nstances the number of observed transmissions has been small and
further studies mght well be made It may be predicted however that one
or bath of these suspected species or at any rate some acadelhd Jeafhopper ot
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leathoppers =il be found on further study to be the natural transmutters of
thisvirus  In orth Amenica Jocust watches broom viru and potato witches’
broom vinus have as yet no secognized vectors but also are regarded as mem
bers of the typical yellows-disease group It may be predicted with consider
able confidence that they ate capable of bewng transnutted by some species of
leathopper almost certamly of the famuly Cicadelhdae  Should they be re
ported as being transmutted by an aphid a white fy ora thnps we shoutd be
ust.fied 1 concluding that the report requires further mvestigation before
betng accepted at face value  In fact ve mught conclude tentatively that the
report w.s probably tn erros

Ths possibility of using our growing knowJedge of wiral relationships as a
gude to research through prediction of vector tvpes and some other charag
tenistics of varuses 18 one of the most valuable gains from natural classification
and repays n past at least the experditures of effort and patrence that are
required to deal with the many problems tll remaming 1 this field of mvests
gation It may be admutted freely that ervorssnour present cor ceptsof natuzal
relationships may lead occa tonally to predictions that witl not be ju tified by
subsequent 1sestigation  Each uch outcome hovever may be epected to
irad to wmp m our pted thus mereasing the
probability of carrect predistions w future wosh

Many of the troublesome problems of viral tasonomy anse from our st}
lumited knowledge Can we overrome the hand .aps imposed by duferences
w avalability econormic and public health sigmficance to man and ease of
mampulation of mdividuat viruses?  If not we must expect to continue to
expenience and tolerate some mequalities tn development i different parts of
the feld covezed by the suen.e of virology

A muth lazger number of viruses than we recogruzr today probably will
become hnown wm future years  Groups of which we now lnow many repre
sentatnves will then be stil} Jarger and perhaps will come to be  wbdwided tnto
easly 3 subg This m all probability will he the fate of the
mMosaic group among plant-disease viruses and the pov group among ammal
doease viruses  Subrtantial groups of close relatives may come to be recog
n1zed as all ed to most of the viruses that seem to stand alone at the present
trme although ote may remam ssolated as evolutionary remnants It s not
ea y to refer potato spindle tuber virus to any large group today but the dis
cavery of ather viruses has 1ng properties more or less simifar may on the nhale
be antiapated  Potato pandte tuber virus may thus come to be looked upon
25 an eatly known reprecentattve of a temporanly neglected natural group
In the same wav potato leafrolt 20d sugar beet yellow viruses stand sowewbat
apart from others that are aphud transmutied  They do not imduce typical mot
thing type diseases as many aphud transmetted virw es do  Other viruses
sumslar to these ma, come tu be recognized in the near future and 1t may then
seem s yprising that so fittle stuur was given to such 4 group of virues in the
cours~ of eaher years Rabies virus seemed to stand alene m an earber viey
but a recent revision by Ansell assoczates it with three other vy es those
causing Augeszly s diwease Boms disease and Bwamba fever

few viruses that are regarded today as distinet from each other probably
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will be recognized m the future as closely related strains of single varuses
This happened recently 1n the case of citrus quich-decline virus of North Amer
1ca tnsteza virus of South America, me disease virus of the Gold Coast
Afnca and grapefrt stem pitting virus of South Africa which seem to repre
sent merely geographic strains or 1solates of a single viral species ! Such
occurrences may oppose the trend to larger numbers of recognized species but
they are unlikely to reverse it For many years the recogmition of groups of
strams has been highly satisfactory for most of the viruses that are capable of
acting as good antigens when injected into the blood stream of ammals such
as rabbits  Serological identtfication of related strams has heen supplemented
by immunological studies based on so-called protection tests n which mtial
mfection by a relatively mild stram of virus protects agamst subsequent 1
creased damage on moculation of already mvaded tissues with a severe symp-
tom stram of the same virus It 1s still an unsolved problem whether viruses
that have appeared to lack antigenicity can be treated 1 such a nay s to
obtamn specific antisera  If no progress can be made 1n this direction there 15
still the possibility that some process may be found to supplement the sero-
logical and immunological procedures in the identification of viral strams  In
some measure the study of extensive expertmental host ranges has filled such
aneed for 1t has been observed that hnown related strams tend to have identt
cal or almost 1dentreal hosts whereas unrelated strams ordinanly differ sharply
m this respect

New types of viruses and as yet unrecognized kinds of arthropod vectors
may be found m the future  These may tend to bridge the gaps that separate
some natural groups at present Ve may confidently expect that a recompense
for any confuston caused by the discovery of novel types of truses or vectors
will be found 1n the increase m adequacy of the available information and m
the consequently more complete classification that can be attamed Obvi
ously some groups will appear unrelated so long 3s we yemam m 1gnorance of
mtermediate types

It has been pownted out more than once that the desirabihity of the bmomal
form of nomenclature for viruses should be considered without respect to the
appropriateness or lack of approp of pted cl Mod:
fication of tentative groupings formation of new groups and perhaps elimma
tion of old groups can be put into effect whenever they seem justifiable Bt
nomial nomenclature has amply proved 1ts value for representing changing
views of natural relationships

Investigators can assist the effort to assign new viruses to appropriate places
1n the taxonomic structure whether or not they themselves desire to take any
active part in the classification of viruses if they will provide distinctive com
men names both for the viruses that they may study and for the diseases that
these viruses induce A difficult problem 1s presented when an mvestigator
refers 1n a prelimnary paper for example merely to a new virus affecting
one or another host species  If no binomual 1s applied faidure to suggest <o
much as a common name leaves a new v irus without any differentiating appel
jation under which 1t can be discussed As 2 munimal requiement a di-
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pinctive disease name greatly facihitates further handling To choose an ex
ample from the plant-disease field the suggestion of such 2 name as peach
phonv disease permitted the causative viras to be discussed under the name
“peach phony disease virus  whereas a paper referrng to a new virus causing
abnormal growth habit 1 peach trees would not provide for the construction
of a common name for the causative virus It 15 less important that such a
pame should be appropriate than that 1t should be of a form adaptable to use
for the causative virus and especially that 1t should be distinctive  When
one disease has been called pea mosaic 1t 1s hardly sufficient to refer to a
second viral disease of somewhat similar charactersstics as  a new pea mosaic
disease  because the vausative virus 1s not thus provided with a distmetne
comumon name It would be better if some other feature of the new disease
could be idicated It 1s feasible to call the new disease pea mottle  pea
streak  or ashas been done mone case  pea enation mosaic  Each of these
disease names provides for the formation of a distinctive common name for the
causative virus

A problem that disturbs some who have given attention to the taxonomy of
viruses has to do with what now seems to be an artificial separation between
groups of yiruses that attack hugher plants those that affect amimals and those
that attack bactena  The viruses causmg diseases 1n ngher plants were stud
1ed primanly by plant pathologists those affecting ammals by vetermanans
and medical mvestigators and those affecting bactena by bacteriologists
Lack of known relationships between viruses of these three great classes may
be attrbutable m part to lack of common background among their 1nyest:
gatars  Probably not enough 1s known yet about resemblances between mnd:
vidual viruses 1 these separate groups to predict whether there may be taxo
nomuc overlapping when the groups are better known It must be pointed out
however that these groups may remain separate mdefinitely  Thexr evolution
has been dependent on such distinctive hosts that repeated mutations and
selections m them could have produced profound effects Little evidence
might remain of any relationships that possibly existed between them m the
remote past

G

D! 10n of mv probably has led to & distorted
concept of the range of vanation in viral types If North America were as
little studied for viral diseases as 15 most of Asia we should know but little of
the now well studied yellows-disease group of viruses What groupings will
be equally obvicus when the Asiatic viruses have been thoroughly studied we
cannot now predict  If the continent of Afnica had not been the site of exten
stve mvestigation of viral discases we should have only a httle knowledge of
white fly transmussion of viruses which has been mvestigated elsewhere only
n Asiaand South America  Future studtes m Central America and 1 northern
South America may disclose as yet ummagimed types of vectors and of viral
deases

‘Viruses that have been studied extensively to date have 1n most cases forced
themselves on the attention of mvestigators by therr destructiveness It 15
not surprising 1f our hnowledge of the field s consequently only partial
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Such vsruses as Bennett’s dodder Intent mosase vieus whach induces no obvious
disease 1n the only recognized natural host Cuscnfe californtca Chosy, and
Theiler s mouse pohomy elitss virus, which produces spontaneous flaceid panal
ysis of hund legs 1 1ts hosts only rarely may be more common than we sealue
at present

The active study of viruses has been carned on now for a ittle more than
filty years In contrast to this attempts at recogmtion of natural groups
among viruses have been relatively recent It seems reasonable to suppose
that improvements through revision of ewsting classifications may requre
many more years than have already elapsed  Jf however revisions continue
to appear at the present rate progress should be rapxd  Eathest revisions
of course were largely in the plant-disease field These were published by
W D Valleau Unwersity of Rentucky, H H McKinney, United States
Department of Agneulturet ¥ Eybanks Carsnerand C W Bennett, Ruverside
Calforma® and Pierre Lumasset, Versalles I'rance® Later revisions and
additions 1 the ammal-disease field were published by David Sompolinskv
Copenh 7 Edward A Stemh Unnersity of Calforniz® # I A Mer
chant and R A Packer Iowa State College ¢ and M Ansel, Paris! A con
tinuatton of this senes of revisions without decrease of average quahity wil
ensure steady improvement

It 15 not at ali essential that classification of v iruses m natural groups should
be entirely accurate and successful from the first Perhaps however, some
adverse entiasm of what has been accomplished thus far has been based en a
vague feeling that success can be, and should be achieved at once  1f in first
attempts however two dissimilar viruses are grouped together this fact will
soon come to the attention of speciahists workmg with them and there wifl be
a tendency for the mistake to be corrected  Even if two symular viruses are
separated 1 their imtial classification a less easily recognized error the dis
crepancy 1s likely to be noticed sooner or later and an improvement of classi
fication introduced through revision It would seem unnecessary and imprac
tical to expect complete and correct treatment of all natural groupings on
therr first formulation

Repeated revisions may be needed to attain a reasonably satisfactory deline
ation of groups of viruses as they occur in nature The attention of 1nvestt
gators honever has been focused now on sunilanties and dissumilarities among
the viruses with which they work  This has been a natural result of the eatly
attempts at scientific nomenclature and classification for viruses Tt was what
had been anticipated and desired

Biblography

Annales de e

f AnseL M 1950 Virus
mune ¢t comparée 35 221-234

2 Carsnix E & C W Bewwerr 1943 Nameand classfication of th curly top virus
Scence 98 385-386

3 LiaseeT P 1948 La systématique desvirus phytopathogines  Annales des Epiphy
tes M 283-295

4 McRowvey HUH 198 Geners of the plant viruses  J Wash Acad Su 3¢ 139
158



Holmes Nomenclature and Classification 421

S McKroovey H H 194 Desciptions and revisions of sneﬂ!sgﬂ:lcs of viruses i the
genera Mormor F acimes. and Calls ash Acad 2 379
6 Packex R A 1950 Vetermary o rology and Viology 4th ed 631862 T
R Nraciar £d Tows Siie Coll Pred “Aunes Tong
7 Sowrouxsey D 1948 Smitsom Byemebetandelse hos v og bund  Ln oversigt
for den danske 1 775-785
3 Srl:{mmvs B A, 198 Nemenclature and chsslicanon of msect viuses Bact
ev
o Semons B oA 1919 Prnciples of Insect Pathology 1Ist ed  417-545 (esp
419-423) “McGraw Hill
10 Vaizesv W D 23240 Classification and nomenclature of tobacco viruses  Phytopz

logy 830
11 Wattace J M 1951 Recent developments tn studies of quiek d chne and related
d seases Phy!op:th Togy 41 785-793



THE NATURE O VIRUSES IN RELATION TO NOMENCLATURE

By James Johnson*
Depariments of Hortsculture and Plant Pathalogy U nserstly of escomsin Madison W

The need of a satisfactory system of virus nomenclature has interested our
laboratory simce 192> at which time the use of a numbering or lettermg sys-
tem for indeung the plant viruses was suggested In the following years 2
number of systems were proposed by various workers  These have been sum
marnized and discussed m an article published 1n the Tydschnft over Planten
ziehten 1n 19497 The conclusion reached n that review was that we need fo
know more about the true nature and relationship of viruses before we proceed
further i classification and nomenclature  Thus 15 still the situation and con
sequently I wish to devote this paper to a discussion of the nature of viruses

Although we have numerous discussions and reviews on the nature of viruses
few data are atmed directly at a solution of the problem  This may have re
sulted indirectly from the complexity of the subject and the confusion m our
munds that has anisen from the various viewpomts presented m the Jast two
decades Perhaps we lean oo greatly on the enormous contributions of chem
stry physics genetics 1 efc to our unde ding of the charac
teristic of the viruses It 1s possible that all these details may Jead us astray
from the over all analysis of the entire complex

The early bachground of the subject 15 suggestive 1n this comnection  If
we concenve of a brlliant scientific mind centered on a new subject, but un
confused by many perhaps irrelevant, later opintons we have a sitwation
worthy of our consideration  Such & man i the feld of viralogy was the noted
Dutch botanst and bacteriologist Dr Martimus Willem Beyerinch  His paper
ona Contagium vivum flndum  as the cause of tobacco mosatc published 1n
1898 2 should be read by everyone interested in the nature of a virus  His
expenments were convincingly conducted and remarhably modern in concep
tion and performance  His reasoning therefrom was clear and relisble and his
pubhication 15 2 classic today He was satisfied that the mosaie disease was
not caused by mucrobes but by a contagious living fluid - These conclusions
have not been far advanced to this day Ve would all do well to stop and
consider how Benerinck would react to our present theories on the nature of a
virus now that we have more of them

Another early worker and thinker on this subject whose opinions we cannot
afford to 1gnore at this cnitical stage m nomenclature, 1s Lrwin Baver who
later was recognized as an authority on genetic yesearch Publishing m 1904
on the etwology of infectious variegation ’ he came to the positwvely stated
conclusion that there 15 a typically mfectious disease for which 1y ing organ
1sms cannot be considered as causative agents 3

A sumlar conclusion has become obvious to numerous other workers with a
vartety of plant and ammal varuses since that time  That vng microorgan
1sms may be so small as to be mvisible under the light microscope 1s readily

D dAgquts sz
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concennzble but leads to no <atefactory conclusion 1 view of other known
facts about virus behavior Tt 15 guite as Lkely that some lrsang particles are
mwsible tnder the electron micro (ope

Tt 15 pot ymphed that we are m a tate of unnecessary confusion regarding
the nature of viyses at the present time Al that 15 defimtely known s basic
1o a final solution of the problem  The rapid arcrease m the number of de
scrbed viruses and the diffecentiation of viruses and vicus strams 13 for ex
ample essential to the correct undesstanding of thexr nature  In other words
1t 35 rot saficient to understand the fobacco.mosaic virus or the small pox
virgs only  An explanation «f their nature must fit all the true plant viruses
or all 1} ¢ true ammal viruses or better stul both virs groups It as quite
1nconcervable that we are dealing here with two or more separate and distinct
classes of isease m view of therr numersus mmilaribes

When discussing a irus 1t 15 necessary to regard it as rafectious and of
nfectsous 2s contaung lving matter Benennck humselt showed that an
extremely small amount multsphied 1n one plant and sabsequently transferred
10 other plants could merease to enormous amounts Reproduction and
graw th were evidence of 1ts fiving nature  Whether or not the flind contaned
particulate bodses was not clearly e<tablished from present-day points of view
Though microbes could be ehminated and the fijtrates were obviously stenfe
on anv svnthetic med 2 that were used the obhgate parasues to be found
among the higher organisms demonstrated the need for caution

The electron mirroscops opened & new field for resesrch and specylation
Certam y there were rod-shaped particulte bodses 1 the tobacco mosaic virus
which because of their mall s.e could pas through bactena proof filters but
wh h catdd nat be cultured on sypthetic media  Many shapes aad sies of
particles have been reported an many other viryses a8 by Wychoff m 1948°
Conclusm & procf that such particles are the causal agent rather than the result
of the diease apparently remams o be established *

The cheical hypothe es range over a considerable ares of conceptions as to
the type of virus actvitv  Stud es on virus punification or punified virus pro
teins have occup ed most of the attention of the chemiste Tt would be difft
cult to concerve of virus except as Pro eiraceous particles or { molecules of
protopla m o eytop'asm either of the host or of foreygn pamsits orgr
Sume disagreement may be expected as to the actual purity of a virus or its
freedom from other forms of protem or Iiving matter since putification re) es
@ by precpitation or other methods not com
pletely satisfactory '

It s> sigmuficant however that the trend of the chemical tmestigations has
been developing more and more towatd the host protein refations and the con
clusion of several plant virus workers has had a stroubzting mfluence on our
thoughts on the subject  In the anmal virys fiedd as well wotkers such as
D J Baver* have found evidence that viruses may be formed by the consersion
of normal cell con tituents

In view of recent trends of thought [ should like o present the viraplism
hypothesis i this paper ¥ This 35 an urusual eppartunity to obtain criteisms
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and comments, whick ha~e bren altogethier too rare i the quarter of a ety
since this hvpothests was first promulgated

Tutst of all 3t may be taken for granted that any other satssfactory expln
tion for the onigin and nature of viruses would naturally eliminate further con
sideration of the viroplasm hvpathess  Consequently, major research an
thought have been guen in recent years, to the other hypotheses, especnl]
those that mvolve o physical and chenueal explanation of the ohserved fack
As far as we can see wto the future of the subject there 1s room for the v
plasm conceplion, which fits an unu.ual number of facts that are kaown sbo
viruses and which has 'few bridges to cross ¥ albest some my olve unknown o
uncertam hnes of biologicat behaviar

The vuraplasm hypothesis assumes that certam ¢y toplasmic components ¢
normal o7 healthy wdividyals, especially I img protem molecules, may be intre
duced {as by sucking insects) mto certain other normal mdivsduals usual)
related forms and, when certain conditions v olving utual compatibihty &
fuffilled may combsne wath the host ¢y toplasm multiply, and thereby ot
an abpormality within the cell, 85, for example cytoplasaue mclusions  The)
may bt capable therefore, of yielding symptoms in some and, mos
wmportant ma) be capable of transference to other susceptible hosts by th
proper means

That cy toplasmic combination or adsorption ocours toa remarkable degree
i d by the of virus inactnation n vaire by forey
proteans  Some protemns do not inactnate others and sull others create a bos
reaction which although 1t creates a systemle disturbance comparable to as
allerme response 13 not capable of continued transfer  The actual synthes:
of 2 typrral virus disease by a combiration of known normal eytoplasmie cont
ponents has not been posstively accomplished  The detarl and routine worl
necessary to such attempes s obviously great considenng the number of pos
sible combinations and the possible methods of transfer that may be used
‘bringing compatible cytoplasm together nithin andiidual cells  Furthermore
the ougm of some of out common viruses may be obscured by the accidentat
proxumty of now extinct specres vendering the expenmental demonstration
mpossible

The mstial successful union of plasms needs ta be a rarely occurting phenom
enon, othernise virus diseases would be rampant  The varoplasm concept fits
the known conditions and requsrements of a virus such as mvisbihity or small
sue filterabihtv, molecular proten physical and cherucal properties
dormant persistence and renewabtlity as n seed and vegetative parts used
wn propapation ef¢  Most mmportant 1s the inhentable stability of a virus
T this respect It defiaves Difke dactenaf celly sporvs sveds or cells e gemarn!
Minor \arations or stravn dilferences occur 1n each minidual virus hsghly
suggestive of gher forms of lving matter  One of the many favorable fea
tures viroplasm passesses 15 that it need not assume the de noo ongm of 2
virus though it must admattedly, still hurdie the barner of subsequent transfer
by means otber than graftage

‘There are many common phenomena m nature that basically seem gumie ss
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obscure as the virovlasm hypothesis  Though the behawvior of inhentance or
the result of sexual fertihization 18 well understood the union of the germ plasm
and subsequent growth often from two different species 15 fantastically com
plex and unpredictable  The union of cytoplasmic molecules perhaps 1s more
easily compared to asexual unions such as occur n graftage chuneras sym
bosis parthenogenesis allergies efc  Much of the support however for the
‘behavior of normal cvtoplasm may be found m virus behavnor 1tself once we
have overcome the dogma m pathology that ind are the
basis of all mfections

Although we have made at least one serious attempt to synthesze a virus
dusease by transferrmg normal cytoplasm from 122 speciesrepresenting 50 genera.
of legumes to the common bean by the i |l means the
probabilities of realization seemed too remote and it was discontmued Ve
&id honever stcure a Tesponse m 100 per cent of the trials with Tangier pea
to bean but this was finally interpreted as an allergic response

Recently we have attempted a method of attackimg the problem that 1s
comparable to & method of analysis rather than synthesis of the component
factors mducmg different types of symptoms

For this purpose we have used the well known and widely studied yellow
tobacco-mosaic virus strams  These strams are regarded as mutants of 2
green mosalc stramn  though the frequency of such 15
and the origin of the strain may be more remotely obscured m the past than
has been commonly believed  Thus virus strain may be regarded 1 any case
as a typically good virus 1 1ts charactenistics and behavior It is somewhat
unstable in the sense that the yellow symptom expression 1s varied by a number
of especially light and

For many years we have been puzzled by the observation that we have
never been able to secure a yellow strawn that yielded yellow symptoms only
despite mnumerable single lesion isolation cultures  Mfd green symptoms
always developed prominently under favorable conditions for their expression
The frequent uncertamty and untehability of single lesion 1solations are recog
mzed and considered but paradovically 1t 1s clear that many other pure
stramns of the tobacco-mosaic virus may be isolated quite easily m this manner
For exanple a green strain of virus may be readily freed from the yellow symp
tom 10 this manner though absolute freedom from the yellow character 1s not
always easily demonstrated except by especially favorable hosts and environ
ment for its expression  The carmmon yellow strams as well as one or more
of the mild green stramns regularly produce local necrotic lesions on Nicottana
syhestrss and not on Nicohang acuminaia One of the yellow strans howeyver
yields only systemic symptoms and not lacal lesions on Vicoliana sylvestris
Separation of the mild green and let us say common yellow types of symptoms
ate therefore apparently not separable on NMicoftana sylrestras on the basis of
necrotic reaction alone as was formerly believed Using a combmation of
hest yaseephloliny wnd evnonment hovever v possivle 1o sulmte @ 1old
green stram from the yellow factor though the yellow factor cannot be sepa
rated from the green stramn Ve have done this frequently on \icohiana
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tabocum that reacts systemucally to both the struns i question 1 the ylor
types are grown at 40 C for three to six or more day s soon after mocuhaten,
the yellow factor vl remain Jocalized and the green stram wil} besome svs
temic in the new leaves and consequently, may be freed from the sellow factr
by transfer  Et should be explamed that’ after systemc tmvasion has ocoured,
4 temperature of 40°C 15 by ne means unfavorable to the yellow factor  Ths
sounds suspiioush e simple strun <eparation or induced mutatson &t
would be superficial to assume mutation here since the green strain vas alresd
preent  The sellow factor s elimmated  Hence we are comnced that 5o
components rather than strams were present in the beymning  The yellow
symptom 15 5 factor or precussor that must be assocated with the gree
strun m order to multiply and express stself The method I have desaibed
1s pot the only way that such separations occur  They may be noted m the
greenhouee and n sature, but complete separation free from possible mixture
of virus and the yellow factor, 1s not easy to assure aithough they are partly
resy for the app fugher bility of this stram of tobacco-mosdic
Altogether it seems possible that the yeliox form apparently mutates to tht
green more {requently than the green form does to the yelloss but mutaton
should rot be assumed nhen separation i a Joical explanation  Furthermore
itseem reasonable 1o believe that ne do not actually have a pure yellow stram
but that the factor that produces yellaw 1s only associted with the muld green
stram and 15 m effect a part of the host cytopham  Thus we have a we't
hnown 1rus from which ve have separated one component which s related
to the host and 15 not 2 umt an wself capable of mndependent evpression  That
other yellow stzains of Viru.es are of 3 sumilar nature is often suggrsted by thew
behavior mn nature It remans to be ascertained whether otber components
of viruses may be separated n such & way that no virus remains even though
the {reatment has not been sufficiently drastic to destroy the respective com
ponents

1t would be desirable to submit the viroplasm hypothesis to more intensne
and extensine research than has yet been devoted to st Part of ats interest
fies 10 the falure of other hypotheses to explain satnfactonly the nature of a
virus  Certamly we should not need to seeh an unknown kangdom of matter
to explain the hnown facts

The Latn bmomzal system of nomenclature of plants and ammals n gen
eral fests not so much On sis own merits as on the fact that it 1s a comvement
way of denotng classification  When we use 3t for viruses, the nature of
which 1s regarded as unknown we may fusther the confusion of classification

of viruses
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THE RIO CONGRLSS DECISIONS WITH REGARD TO
STUDY OF SELECTED GROUPS OF VIRUSES

By C H Andrewes
Aat anal Institute for Medial Research London England

The fifth International Congress of Microbiology, held at Rio de Japewc
m August 1930 gave eerious conasderation to the question of virus nemen
clature  This was discussed by a section of the Congress dey oted to Taxonomy
by the 1 1 C on N L and s Vims Subcomruttee
and by s Judical Commission These commuttees made vanous declia
tions and recommendations  The decision which Y am particularly to duscus
1 this paper was to designate five groups of better understood ammal veruse
for spectal study  With them n the first mstance, an attempt would be mad

o

to discover the applicability of certam p ples to fi and perhap
provisional binom:als would be suggested for them  The varuses i questior
were the tymph ! group (Chlamyd, ), the msect

pathogenc viuru.es, the pot group, the wfiuenza group, and the arthropod
borne encephalitis viruses  For each group of viruses a conventr was ap
pomted with instructions to select one or two other workers with speesd
expenence in that field  These small commuttees were to formulate propesals
for treating thewr particular province of the virus field to get the views of ather
worhers in that field to report to the mam virussubcommttee and, eventually
10 the Sixth International Microbiofogscal Congress to be held in Rome 1 1953
You may well wonder why at was decided to attack the problem piecemeat
and ¥ rust, therefore describe the background of this plan of attack In
quines wiuch I caried out before the Rio Congress made st clear that virol
ogists were greatly divided as to the wisdom of applying to viruss binorant
names i the Linnaean sense  Questionnaires were sent to about 120 emment
vieologists all over the world  Replies were recerved from 46 plant virologists
and 38 ammal from 23 The were worded so
a8 to aflow expression of all shades of opmion which was rather difficult to do
1 the case of the Phytopathol I Society s g Two
out of three ammal virologsts thought that binomials should be apphed at
some time but only one m five wanted to do so mmedutely  If left alore
they would have done nothing about st Plant pathologists were very evenly
divided a5 ta whether binomuals could be usefully applied to plant varuses or
not  They might have gone on mndefinitely difienng from each other peace
ably or othersise But Dr Holmes threw into the area a nomenclatorat
bomb-shell which made serzous discession and o possible an agreed decision
of a matter of urgency The posttion regardimg ammal viruses 18 this The
largs majonty of expenenced workers are to say the least, doubthul of the
wisdom of applying bmomals to viruses now, but 88 per cent are opposed to
the supgested Hofmes names Bereys Marnual howerer has a large
crculation and some beginners in the virus held feel that they are m the fore
front of progress if they use the names m the latest edition  They do not
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know that more experienced workers regard the Holmes classification as dis-
astrous  Sucha situation inewstably leads to serous confusion  Itis there
fore mcumbent on all of us even those who are not convinced that bnomal
nomenclature 15 good to attempt to deal witb this problem mn an orderly man
ner A latsse faire attitude was well enough lor plants and animals dunng
the evolution of the p les of ) but 1t 15 not
good. enough where Hsa question of suddcn\y menting a codified system
for all the viruses agents of mterest ta so many

Here came the difficulty however The large majonty of animal virologists
will not accept Holmes s names nor would they I imagme accept at this
moment any other set of names which might be propounded by any individual
On the other hand u few are pressing for bmomals for at least some ammal
viruses and what 15 more 1mp the plant d to
have .ome sort of orderly nomenclature in their field It v\ouXd seem ad
vigable to avoid at all costs having the plant and ammal viruses treated m
diametnically opposite ways A compromise seems difficult to reach Dr
Black chairman of the plant virus section of the International Virus Subcom
mittee finds lns members n such violent disagreement that he treats them as
two separate units a pro- and an antt bimomial group each of which presum
ably meets separately and comes to enanmous deaisions  This seems to me
a policy of despair for it 15 unhkely that any unammous decision thus reached
will commend atself to plant pathologists in general

1 mamntain that amimal virologists are superior to their botanical colleagues
In possessing a greater genus for compromise  If we cannot agree to name afl
Viruses or to name no viruses why not meet each other half nay and name
some viruses? This 18 what our subcommuttee proposed at Rio I should
mention here that with the exception of Dr Bitancourt no plant virologists
were present at Rio and able to take part in these discusstons A majonty of
those who answered my questionnaire was oppased to a piecemeal attack
Presumably however many would prefer such a solution before a surrender
1o those holding wholly opposite views

The piecemeal attack has certain advantages The subject 1 so vast .o
difficult and 1n many parts so poorly understood that no one man could
possibly cover 1t adequately nor could panels of experts survev the field within
a short period Vet mdefimite postponement of deaision seems undesirable
Certain groups of viruses are much better understood than others 1 refer
especially to the five groups of ammal viruses already mentioned FEach i a
faurly compact well-defined group  There 15 hope that each small study team
wall be able to decide on what viruses to imclude how 16 apply to them the
prinaples of classification how to subdivide them into gentra and what names
to bestow on such genera and the species therem 1 thimk that at present
there can be no sense m trymng to clasaify all animal viruses mto farmbhes or
mto any taxonomic group higher in rank than the genus  We do not knew
enough  There will be time enough for that when a start has been made with
lesser groups

May I indicate how I feel that we should deal with these virus groups?
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First note should be taken of the eight principles of dlassification suggeste?
by our subcommttee at Rio  These will be of vary g wrportance i differst
groups  Thus morphology resistance to physical snsufts, tropum forepithend
tissues, and aplitude for forming welusion bodies are properties of specsl
nterest 1n the pox group  QOn the other hand, size natorad routes of trany
mussion and immunological properties wall be particularly ymportant azorg
the halitss viruses  Exp of the different study teams will show
which properties are of most general use In the discussions at Rio 1t %
felt that one of Holmes 3 mustakes was to base far too much on fssue tropisns
and svmptomatoloyy  Knowledge of the lability of these propertses {yelion
fever 15 3 good example) should show that ther value is very humted 1 gathes
that many plant pathologists feel equally strongly that thew unpottarce b
been magnified out of alf reason i Holmes 3 classfication of plant virsses.

Then the study groups will have to consider nammng the wmates of ey
menagenes  Here they can feel free to nccept or reject any name whethe
previcusly proposed by Dr Holmes or anyone else  The Rio Congress,
plenary session 1y passed o i that d of the
starteng date for saentthe nomenclature of vrtuses should be deferred to the
next Corgress  VMost of the virologists whom T arcularized felt that a vahd
starting date should be sorne date to be decided w the future (42105 20)  Thert
was no difference of opiion here between plant and summal viwologsts 3t
1 perfectly feasible for the study groups to propo.e names provisionally and
for the sixth or any subsequent International Congress to vahdate these or
other names later on as from a fixed date  Untid then thev would have no
status m nomendlature

It raxy be wrged that names should be put fornard by mdniduals as 1
normalle done m other felds There are however precedents for group
action of such 4 kind  IF a fixed future date for vabidsting names 15 nat de
cided upon, wne shall forerver be tied regarding priorty of names for most
anunal viruses to Holmes s names T have no guarrel with Holmes's speaific
names a3 names provided they are recognizably appheable to particular viruses
If they are not the study groups could get matters night by re-describing the
species under the tame name I do feel however that most of bus genera
bear so httle relation to natural groupmgs that st + ould be far better to forget
about them  Thetr descriptions are n any case so shetchy and tenuous as to
be postuvely mmmodest

X shall discuss the separate groups very briefly, as ather papers will deal
with them in this monograph

Psittocosss Lymphogranifoma Group {Chlamydo.oaceas) To be dealt with
by Dr Rake this forms quite 2 natursl group, lying as do the nckett=ae
between the bacteria and the more typical viruses It 1s @ matter of great
difficulty upon whith agreement will be hard to chitve to deusde swhether to
draw the bactersum vires boundary between the bactera and the nchettsme
betveen the ncheltsime and the psittacous group or between these hast and
the typical viruses I suggest that 1t mught be the best plan to group and
name the wiruses concerned but to leave open for the present the question
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of their whereabouts s the scheme of thmps It 10 perhap not a vahd argy
ment but keepg them with the trse vicue  sould have the great advantage
of permitting more freedom as to nomendatore and freedom to drop the
M ' lomph

The Pox Group  Thus 15 agasn a faly natural group—Sir Mucfarlane Bur
ret s patticular care m the Rio plan—though there may be difficulties about
placing ¥arwcella and Zoster  Goodpasture s genenc name Borveliofs seems
amethiny definite to start from

The It fluena Group wclading Mumps Fowl plague Mewcastie Disease
and Tnfluenzas & B and probablv C scems sery homogeneous to these study
g remzpglutmation  Recent distovesy of hemagglatmation among nearo
tropic viruses may mahe the group harder to define Iyom a chimoan s powmt
of view the wnfections concerned do not Jook at ald alihe (Folmes scatters the
members among three genera)  “evertheless of we Jook 8t e stabibity ard
other fundamental properties a8 well as relations to red cell Lurfaces T think
we shall find that the group i a natural one

The Insec Pahogemc Veruses I only on morphological grounds these
seem to stand apart from others  There 1s no rsk of confosion with msect
transmtted vinuses of vertebrates ar plants  Dr Stewhaus seems very wise
1 ugersting that some knowledge of morphology showld be msisted upon
before new names ate p oposed though 1 differ fram lum i not regarding ali
Holmes s names as be.ng worthy of preservation in the mterests ¢ stabihty

Tne irthropod Borne En eplolt s Teruses The e are perhaps dealt with
le s readtly than the other four groups  They have to he differentiated on the
one hand from the mouse encephabites vizuses of the FA and simglar types
and from the EM C (encephalomyocarditis} group  The Mengo virus of
this group seems 1o have bern mnsect borne O the other hand they show
many sumifanties i physical properties to the siruses of yellow fever and
lymphocytic chonomemngitis

At present [ see anly twna «dys m which ammal and plant pathologists can
be induced 1o adopt a commoa line of achion  One planis to agree that binomial
nowendature 15 at present unsustable for any viruses The other s for all
eoncerned to build an formdations of a consmistency rather nearer to that of
zack than of aud  Some of ve i the field of ammal vwuses gre starting
with agents of whose properties we do know g bittle 1 plant s srologists adopt.
a sumtat course and begin to classify and nume only the sgents whose minnsic
nonpathologieal properties hase been studied then we can march along
together  Mowever 1o gne the otber plant viruses the imperfectly known
wiruses nonoffictal binom.als alonguide the more official otes nould i my
view wreate temnble confusion

In view of the vano.s other papers presented here Ishould 3 e 1o emphasie
that we may be discussing two guite different things in the field of virus nomen
clature  Furst there 13 Lanorunal nomenclature of the Lioean type whuch
falls under the rules of the I 1 Microbiological Code of N
and the control of the International Nomenclature Commttee and its Judical
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G Secondly, d workers, for thewr own convenience, my
decrde on & numencal or other system for naming certain classes of vir ey
but such arrangements aze mn n different class from those under the Interns
tional Code  Perhaps, the International Commattee could be mduced to gee
1ta blessing 16 such systems, but T do not think 1t has yet felt them to be withw
s province
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ADVANTAGES OF THL LINNFAN BINOWIAL SY»TEM
FOR PLANT VIRUSES

By P Lumasset

Yersenles France

Agreement on a system of vins nomenclature capable of ending the
ewsting confusion has become absolutely necessary 1 shalt not disenss the
well known history of virus pomendature  The ¢ seatizl pont 1s 10 ecarmne
the actual smc of the question and to choose befneen the diFerent solutions
proposed todas

For naming meses soms viro\agsts favor the unbversat adoption of Frglish
name selected m a uaable manner  Others prefer numencal systems like
thse presented by Johneon and K M Smuth  In these sy eme 2 virus 15
designated by the name of the host plant folloved by a number  The suc
cesssve number correspond to the chronological order of the discovery of he
different viruses  Instead of uang the whole name of the bo t plint K M
Smith takes only the Tatn name of sts genus  Some authors ibe Faweett
and Bennet, have proposed keeping K M Smuths prinople of designatin,
each virus by the Latin nawe of the host pant® followed by a specthe Latin
name replaciny, the sumber for example Solansme vastens Faweett for patato-
vellow-dwarf virus and Viotigwa urns ado’hersus Bennett for tobauco
mo-arc virus  Famally many virelogmts would ble to follow Holmes sho
first uggested 2 Latm Linpean system m whad the virus speures Would be
put together 1n gesera according to the presumsed affimbica  Holmes toed to
2pply his nomenclature to aft viruses  Hig genenic dnawons and bus ola sifi
wttion hase been entirued but this should not cause prejudice to the prmaple
of Linnean somenclature

Personally T thunk that ;he rusz ehm syszcma mentiwned {nomenchiture

usmg Enghsh terms m and have to he
eimmated  The v e of Engh.,n n)mendz!uxe docs not seem el advised
Thus prineiple 13 out of date since the are based on sy

s

naw knowi to be of hittle speaific value and on the names of host plants very
often chosen i an arbitrary Manter  “oreover the names proposed m thus
system are really the names of tae diseuses and are applied 1o the pathageme
agent orlv eeondanly by the addition of the term ‘virus

The numencal systems have been very L #ful hut besides the meonvenience
due to the use of rambers they unf> tunstey have the doadvantags of im
po mg the npd frame of an empincal ol sification Such a dasubcation
Tlaces different viruses together accordup ta 1hc senes of host plants chasen
¥t an arbiirary manner as w Foghsh Thes 53 tem absolutel
prevents the progressive establi hment of a taxonomy based an the real affn
ities of the visuses ko M Sruth himself sdmutted that numencal nomea
Uatore nod evome dosdite T System was 280pted by many woflers and

nzum mofm hostel oy b odf Jowedby®d & wr WEwrf omesc tre
Chowed b’ T’ S0 8 T G o
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for a tume it vorl ed well enough  However the continual discovery of mew
viruses not anticipated by the present water at least has tended to make th
system unwicldy and 1o ereate difficulties i remerbering which pumber refers
to which \ius when many siruses are imobed * *

Fawoett’s beonett’s and similar romenclatures Ive the same diadvz
tages smce they impose the same empumcal classification However they
affer the advantage of ehmunating numbers  Morcover Bennett proposed bis
namcnf!atun as somettung temporary and suggested ubstituting a Linnean
ora ! noreencl ding to whether the \truses became recog
ruzed s fnng things of chenucal compounds

Now we ought to consider Lunnean nomenclature, which scems to have veal
advantages i companson with the other systems

Defimbion and Adrantoges of Iinnesn Nomencature This nomenclatore
used for naming ali bning things 18 characterized by the use of Latm and by &
bmany structure The tust term of the binomial represents the pemes the
second the speaies

Linnean binomsals became prevalent duning the esghteeath century, before
the discovery of the prineaples that have been uscd for the establishment of a
taronomy based on natural affimties  Thew flexibihty facdutated 2l trans
formations of the classincation  The generc term spphed to a umt small
enough to averd its disintegration, 8 vesult which would have produced ver
important changes 1n the terminolopy  On the other hand it was wide enough
ta 2voud the d b of the speafic d When the pns
aple of the sut of characters nas estabhshed by Antoine Laurent de
Jussien it nas easy to put together m famabies supposed to be natural the
genera of fugher plants seattered m the artificsl Linnean system {these
famties were first calied orders) Some modifications were made only it
cases where the onginal formation of the genus was weong  Then divisions
were made  Some spectes were taken from the ongmnal geaus and supplied 2
nen genenc sppelation

Thas shaws how unnecessary 1t 18 fo wait to be able to classify most of the
viruses actording to thewr real affinities before applying Linnean nomenclature
“The bactenologsts undertoud that perfectly, and they did not hesitate to use
this fature aithough the ck proposed for bactena are very
questionable even today

“The Linnean nomenclature seems to be 2s wseful in virology as i botany
and zoology 1t 1s the only one which permuts placing the different wiruses
topether according tu thexr supposed affinties snd leaving out hittle by little
artficial or empracal dassications  Latim is very comentent for that pur
pose having been established by & long tradation, vhichit seems unmise to give
up  Since it 1 a dead language, the terms used are forus ven far from every
day e and can be adapted more easidy to the destgnation of a nev pbect
without joohmg strange oz evample Jet us take the ca ¢ of Baalius subilis
The Englsh translation of subfils which 18 not funny 1 atsell, 15 *sgbtle of

2 KM Sura 191 RecontAdv  esy the St dyof Pla t4 use Zodad 208 Blakguom Phib
r
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sad  which makesuslaugh It would be easy to find similar examples show
ing that of ving languages are well adapted to a nomenclature of common
names devoid of any scientific character none of them would be smted to a
Linnean nomenclature

Linnean nomenclature has many advantages It makes possible the group-
1ng together of different viruses according to their affinities in the higher frames
of classification It makes 1t possible to bring together all viruses having
similar properties This synthetic work 1s useful even if many genera later
appear to be heterogeneous and have to be divided which has happened many
times in botany  For example some genera of mosses are now considered as
families or very neartyso ¥ mally if the terms are carefully selected bmomal
nomenclature should help the memory not test it as the use of numbers does

The use of Lmnean nomenclature however presents some objections
‘These are of unequal value and we now have to examme the most important
objections to see if the disadvantages do not outweigh the advantages

(1) It 13 not certasn that plant tiruses or at least some of them ave hving things
If all plant viruses were living things Linnean nomenclature would have to be
adopted without any discussion  If we suppose however that the chemical
nature of most of them will be estabilished m the future the use of names
simpler than those resulting from their very complicated structure will still be
necessary  Infact thisisnow the case for vitamins and enzymes  Therefore
we do not see why Latin binomials should be discarded for this reason  Today
they are used exclusively for nammng hiving things but there are no reasons for
not extending thexr use to viruses which have many similanties nith hving
matter The knowledge of thewr chemical nature would only permut laymng
the basis of their systematics with a stnctness and accuracy unknown today
m bology

{2) The concept of spectes and still more the concept of genus and family 15
difficult to establish tn wirology  This objection 15 the most serious one that
can be made especially in regard to the genenc concept which 15 the comer
stone of the Lmnean edifice We have to admt however that 1t 1s not
pecubiar to viruses although it 13 very mmportant mn this case  The same dif
ficulty although less marked has been found in bacterology As soon as
morphological characters become less important affimties are more difficult
to determme  Personally I think that this method can gue satisfactory re
sults in virology if 1t 1s wisely restricted to the best known viruses for example
those nhuch have been observed with the elect; roscope and w hose ph
chemical properties have been determmed with precision  The prmciple of
subordination of characters which 15 the basis of any good classification cer
tamly 1s still valid for the virus scale  This principle draws on the morpho-
logical entersa first Indeed I think that the form and dimensions of the
particles have a very special importance  They are certainly the visible ex
pression of fundamental differences in structure  The largest viruse are likely
to have a membrane and an elementary wternal structure This character
stparates them from smafler viruses which Go not present such entena
Withun this last category the round or elongate shape should indicate important
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diffesences  Therefore, I think that the morphologieal enterns are capabie
of providing & good basis for separating the natural famibies  Amon, the
well known plant viruses three categories can be distsrguished viruses con
sistng of (1) very farge particles (potatoy eow-dnast virus), (2) smab, dov
sated particles (tobacco-mosme virus), (3} small round particles {tomato-
bushy stunt visus)  In each family the distmction between genera wosld b
based on some secondary morphological details (small differences 1 the &
mensions) and on phy sicochemncal properties

One problem worth discussing 13 the importance that should be gnen to the
mode of transmission  In the hast edition of Tus manual Banden pomted ot
that from a taxonomic powt of view, too great wmportance should not be
attached to mechancal transmussion  because the factors that ihibit that
transmisvion rmay be very vamable m different cases It seems to be tne
howerer that viruses showing affinities are transnutted by s ector wmsects be
longing to the same zoolegical group {leafhoppers, aphids, theps ee)  Ths
character should be taken into considerstion at the family Jevel or, withu the
famls, at a higher fesel than the genus  For defimtion of the genus atsclf
other characters bke the presence or sbsence of an mcubation period or the
effect of fasting would be better used i combination with the precedmg enterts

Speaific characters can be established on the basis of cross premunity ard
cross serolagical tests cheched by the study of the most smportant physico-
chemical properties {tempemture of mactivation length of storage without
! 2t 20 C  filterabilty and er ) The mode of trans
mission also should be the same  The cnterion of premumity should be re-
ciprocal to mvoid the effects of nonreciprocal antagomsm as 1t 1s furmshed m
one mstance, by severe-eich virus and the potatovirus Y As Kohler pamnied
out 1t shouli be noticed that o this eriterion 15 valid when positne 1t would
not be safe to draw final conclusions about the absence of affinsties betueen two
siruses when premunity tests are negatne  To be sigmficant any study has
to be checked many times and one can get very good evidence with pro
mumty tests only when mechamical transmission 1s possible

When serclogieal tests are possible they are of very great interest  The
different virus strains belongmpg to the same species must have 3 common
antigenic group but cach one may differ by sts own small antigensc fractions
When two viruses have x small antigemc group m common they should be
considered as distsnct species closely related especially if this concluzion 18
supported by other secondary characters * This 15 the case with fobacco-
mosaic vizus and the ribgrass mosaie wirus {Holmes)  The common antizemic
group 15 reduced, and both viruses differ m thewr aminoe avid content and m
the presence m the nbgrass virus of methione and hustidine which are absent
1 tobacco mosuie Vitus

(3) The properties of wany viruses ere sot well huoun enough fo make 1! pos
s1ble to snlegrale them i @ natural classifeation 1t1s true that thisattempt ata
natural taxonomy can be apphed now only to very few vinmses namely the
ones obsersed with the electron mucroscope whose fundamental properties

£t abould be painted ot O 3 1H toos serslogical lagonscn notbe bl tely onbied cted
forth genus bec us (w0 lonely bcl fedepec m yremonsbiyh  wollecates tu wib taatg cvalse
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have been determmed  The number of well known s 1ruses 13 mcreasmg daily
however and 1t now seems very necessary to build the framewotk of a clas.
sification where they can be placed one by one  The less well known viruses
can be grven a temporary binormal and placed 1n a sectton apart clearly labeled
TImperfectly Anown Viruses  Bawden proposed an analogous suggeston 1
the last edition of his book (page 276)  The taxonomy of such viruses would
be definitely artificial like the classification of the Fungs tmperfect In my
optnion  the Holmes nomenclature would be very well suited for that wse
1t 15 based on symptoms and methods of transmissien and 1s descnptne
mnemonic and ready for use  If necessary, it 1s possible to modify ks evvtem
m some ways to lessen shghtly its artificial character and as a result, to enabe
1t 10 express some probable affimities
(48) The form of some vireses could be an artifact produced during the exrec'iop
Tt has been suggested that rod shaped viruses may be formed by the 2gzrezatin
of round shaped elementary particles  Some good electron microscope photo-
graphs made by Johnson permut us to postulate such elements even if they do
not demonstrate their autonomy In that case the morphological entena
mught be questioned T think however that even if we suppose that all the
hlamentous viruses are made of small round particles jouned together (and
this 18 far from sure) such an extraordinary mutual affimty of the particdee
suffictent to make us think that it involves special properties  Thenotimofz
tod shaped virus would be changed to the notion of a hnear colony Tie
family of rod shaped viruses Baculaceae * would be defined 1n another ra=cer
but would Leepstsvalue At the very most a saission would be made fxeway
shown by further work that m some cases the rods were formed of eleze- sry
particles and m others by a chan of elementary round bodies  Serf grq.
SI0NS Are COMMON 10 taxonomy
(5) Stnce there are not many cntenia 1 wall be difficull 10 mogine Zorge
binomsals  This 1s a real difficulty but 1t does not seem 10 urmreg  %fe
Let us take the example of rod shaped viruses  We can tmagine the e 7 ¢
Baculaceae with a type genus Becudus  For namimg other genera t.» gampy
Bacillus and Bactersum  already used i bactenology are exciir 77,
name Fustis can be used to name viruses looking Like Buuluxlr_:)_-fmz
by some properties  Capillus may designate very long and fex i wrguq
but very soon 1t 1s impossible to find other words expressing the ¥ sl
We may then choose a name which remnds one of a symptom T gt
this symptom 13 specific or very {requent As a name for a pey ¥y v
also choose the name of a late virologist? In that wmanner -t g b 2
small arctic plant (Linnaea Soreahis) was dedicated to Linnasrt T g 54
passible to use mythological names
The specific hame may recall a very 1mportant host plazt €3¢ o, s
for tob: virus) or a kable and frequent svey w 2 pzo
wervellusirans for dahlis mrosaic virus) It thes cise we caazma g, | yem
clearing exists only i dahlia and 1s not constant  In rexz~ 7 gozme
for th to be wid dand Fof exzrgin 2pppir =
S T

Allth names wdb  rem aamples 5d
tIhgenm m o th

l
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azes the name of Geramum sanguneuns on the pretext that there are e
whute mutants, or the name of Companula rotundifolia Whose leaves e ol
elongated except for two or three round enes at the bottom that are diffict
to see

Fimally 1t 15 also possible to use names of localises  Tomato-spotted it
virus has been well named Lethenm austealiense by Holmes Tn the same way
tobacca necrosss can be designated Per usior rofhamsteds * Anthars’ names
can be used here also of employed with moderstion

On the whole_and i spite of seal diffirulties, T think. that o mzmdm amourt
of imagination from the myentor, and a folerance from those who only entscoe
should permit tmding names for alff the “mmperfectly hnown wviruses
not entirely satisfactory these would be practical and easy to use

Coclenon 1 hope 1 have shown that & Lmnewn romendlature has vosy
wmportant adiantages and that, by suppresswon of all evnony ms and homonyzms
it pernuts progress, httle by Little, foward a naturs] csufication  Evendf
vus classificstion cessed to be biological and became entuely chemicl
there would be no reasan for aband, this Latin I It would
be only something new in the history of scrence

I have discussed the Gbgections which appear fo me to be most aoportant
$o show that the disadwantages of Lisnean nomenclature although read 1
<ome cases do not outweigh the advantzges In the absence of a perfect
solution 1t 1 wise to choose the best or, 5t least the best among the bad onety
and {am confident that the proposed system w il appear excellent orice 11327
use
1t seems to me that 1 s necessary now to build the framework of 5 natural
classification 11 which 1t Wil at onee be posaible to place the best known viruses
For the imperfectly known viruses I perconally, thinh that Holmess das
sication could be adopted as it 1s how or with some mochfications

Thet rm Porewrsar dasbeen hos algtetall theoldedecsbe bame foks? n Holimes aome ilatur  Tod
spec & adese commemorsles L5 impuetant w sk don b £ wus LR cm ted




POSSIBI ITIES OF GFNERIC CLASSIFICATION IN RICFETTSIAE
AND VIRUSES

By Geoffirey W Rake
The Squbd Ins stute for Wedwcof Resca ¢k New Brunser k 3 J

1 ym no taxonomist I know hitle of the formal Jaws and printiples govern
mg dassification It scems therefore foolhardy for me to attempt to defend
the adoption of generic classification antong the viruses and nichettsie groups
whoee classineation éven into species 15 to be debated 1n this menograph  If
the classification wto speies gnd famibies 1s diffirult that wto genera 1s much
mare so It 15 here that two distiret and often fiercely opposed varieties 1n
the speues Homn sap ens appear~the Jumpers and the splitters  fn no other
part of taxonomy 15 the denmtion and delumtation so properly to be con
sidered much as an art a3 soence 2 matter of compromise between the
twa iy entersa for g t into higher than species
namely convemence and refationship

There 13 0o golden rule for the ¢nitena of geness even 1 zoology or batany
Sunce n these fields there eusts the greatest possible divergence of opiman
as to the proper dehumtation of genera how can I hope to satysfy more than 2
small proportion of my readers at thus time?  JFalian Huvley has detwed the
problem of systematics 15 being that of defecting evolution at work  If yon
agree with me as I must assume vou do that the evolution and therefore the

ysiematus of viruses and neketswe do not differ essentially from those of
smumals or plants then aur prablem 3 that of Jecsding at our awn particular
moment 1 the flow of tume where the gaps have become sufficiently wide ta
allow the charactenzation of species but not tow wide 1o aflow melusion with o
4 genus  When the Linnagan <ystem 15 vsed the two names serve this very
purpose  the spevies mdicating width of gap suflicient to support specsfic
defuntion while the genus mdicites a degree of scoulanty ard thus presumesd
teiavonshup such as to bind the species fogether  For thus reason perhaps
above all others 1t seems to me that if we agree that the tume 15 npr to use
any systemati. form of nomenclature that form should be the Lmnaean system
In that, I am i complete agreement with our Charrman  To me, nomencls
ture is ysefud only of 2t helps us to ncrease and bring together rur Lnowledge of
wirs es and nchettsae  Of all the proposed methods of nomenclature the
Linnacan systers when wntelligently apphed 15 the only one whach does so

1t has been panted ont abete that genenic classification 15 m a large degree
an aft  VWithin the genus must be placed such  pecies as are presumably
of common arign while the separation of one genus from another depends upon
the exi tence of 2 definite gap It 29 clear that particularly m early stages of
knowledge genera with only one specie are possible but with wcreasmg
knowledye the size of such a genns should grow  The reduction of genera to
100 small units with ore or two speces 2315 the tendency of ome classifists
15 to destroy much of the vajue of the Linnacan sy tem  In the higher anumal
m nphalogs al aumslanty is ane of the mawn cntena used tor the segregation of

4y
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species Mto gerera  Fuen i zoological clasuificatson however while mpwd
relationship 18 & prime coiferson that of convenence 1¢ , the use of ciss i
tion as an aid to reference 15 only shightly less inportant m the lection o
genera

Cur Chairman has pomited out that s usable dassification and nomenclsae
would be 5 great converuence to virologssts particulatly tn gowg from on
language to another  Among the virusos and the nekettae, whatever ther
evolutionar story there appears to me o exist the same type of discontas
continutty as oceurs in hugher animals presenting those degrees of difference
sufficient for the selection of geners  Where such degrecs of wmianty ad
difference do wdeed exist among viruses and nickettsiae the conyentence fole
guned from undertaking now the prehumnary steps in clasufication shald
entirely overcome the objection of imperfect hnowledge  Exen i thos telds
i which clasaification and Linnaean ature are fumly bhished and
mvatuable tools knowledge 15 still imperfect and will fong contnue to be s,
but o start must be made somenbere

The f morphology i the claasnfi of hugher anmals has
been ponted out shove  In the smaller world of the viruses and ncketisue
with a few exceptions we do not yet have tools of sufficent delicacy or the fult
Inowledge by which to make use of the toolswe have to rely on marphological
stmianty for genenc selection  Other enteria must be considered  Perhaps
the most umportant of these are size serological character chemseal and
physical characters, tisswe tropism, and wnvertebrate transmussion m that
order  But this must be at present and for some time to come a matter for
discussion

With all of the above 1n mund 1t seems clear to me not only that genenc
chssification 15 possible both for nchettsiae and for viruses but that it 5
desizable Ve may argue asto whether the Misagawonellss are rickettsie of
viruses (a pomnt to winch I hall return later i another paper) and we mav
deplore the clumsuiess of the name m our Apglo-Saxon ears (a5 I do} RBut
even the most carping crrtics have agreed that the agents of the paittacoms
lymphograruloma group are indeed “a group  sufficently separate and dis
tinct to be set apart from other groups” In fact these agents prosent a
degree of simalanty m morphology, Suze, serologienl character chemical {tme
torial) and physical character, and tissue tropusms as to bind the different
spectes together aud separate the genus by a sufficient gap from other forms
“That there are transitional speciea whose exact classitcation 15, 1n the hght
of our Lnowledge uncertam or imposssble _hould be 2 matter of no more

i t to us as vatol than the simafar situztion 38 to zoo'ogiats
and botanists

Even among the agents agreed upon by all as being virsses 3t seems o me
that we do not have to go beyond the Borreliola, the pox vieuses to find 2 group
of viruses with ail the neces.ary cntenia for genenie classheation  As most
of my readers will remember this genus was suggested by Goodpasture 20
jearsa,e Inmy mund such ck 1on was and 1s dable and good

In my ormion the pomt .enously to be debated is whether we should admit
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mono-specific genera I would belisve that 1n some cases 1t may be desirable
because of convenence and because of the presently unperfected state of our
knowledge T am not however certain of Homo seprens var sphtter Ibe
Leve that with such exceptions and they should be few two or more species
within 2 genus are likely to serve what to my mind 1s the greater purpose of
classification that of codification and thereby clanfication of knowledge

Tu conclusion then I have set out certam entena for genenc classification
and have pomted out that such clasmfication 1 toa degree an art a com
promise between and sc
1 have wdicated certan 0 be dered m the classifi of
viruses and nckettsiue which may be added to the largely morphological
consideration of 2oologists and botamists  Finally I have indicated that
when such critersa and charactenstics are considered certain groups of nickett
siae and viruses Present at this time all the features necessary for genmenc
dassification




CRITERIA T'OR A BIOLOGICAL CLASSIFICATION OF BACTERIAL
VIRUSES*

By Mark H Adams
New York £ns ernty Co lege of Medscane Ve York \ 3

Swce the appheation of the Linnean bwemual nemenclature to g
arganisms 1s generally admitted to have been of value to the biological scientes
1t seems wevitable that this nomenclature will be extended to melude the
siuses  The appl of at 1 logy homeser mphes tht
exustence of adequate cratena for defining the genus category and the specrs
category At the present time there re no generally recognuzed enters bt
determiming whether tno irus stramns should be considered as tnp yanetes ol
a single species or two speaes 1n the same genus, of LIvg species n dufferent
genera Ve feel therefore that the use of trv il names for virus strams should

be 4 untd an adeqy 1 basas for a biclogrcal classifics

tion can be developed  Untdl then, & purely practical name such as “cols

dysentery phage TS” should prove ad to d ap lar stram
of bactenal virus

For those dm developuag a biok 1 el as toz

! d key, the following critera for the biologicat

purely

lasstheation of bacteral viruses are proposed  These suggestions are based
on the proneerng work of Burnet and on further mformation avulable in 1951
and are of course, subject to modification or elimination as the result of
further laboratory work It 1s hoped that they may be a stirulus 1o further
work clatifying the taxomomue relationships among the bactenal viruses

Serological Cri'ersa

The partial or complete neutrahzation of the mfectivity of one vsrus by the
antiserum to a second virus mdicates a fauly close biological relationshup be
tween the tnp viruses  Absence of detectable neutrabization howeser does
not preclude a close biofogical relationship sirce arcumstantual evsdence 1a
dicates that serclogical speaficity may alter through mutations The pos
sibihity of false conclusions must be recognized drawn from serologcal seac
tions due to contamunated reagents  For mstance the phage stochs used for
antibody production my contam & second phage dernved from z Iy sogenie host
bacterum (carryiny a latent virus)  To be defimtive the serolopical retation
shup should be independent of the host § on which the phage
stochs have been grown  Complement hxation and agglutination reactions
provatly are jess reheble tham wewtmtzanon of wnfectity  becwuse of the
danger of Lontamation of the virus stochs with extraneous nonviral antigense
matersals such as hort cell antigens although this danger can be mitigated by

hserption of the swath host cell waterial

The value of serclogrral relatronshup as an indicator of biologacal relationship
¥ s demonstrated by the extenstve worh of Bumet! with the colt dy sentery an

Adedby gratf mthe? O alFoundst nf I fantlePamly s loc
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(4) Osmotic shock (Anderson)

(5) Sonic vibration (Anderson? )

(6) Heat (Burnet¥)

(7) Low salt concentration (Adams™)

(8) Inactnvation on drymng (Kohn's)

(9) pH stability range (not yet appled to bacternl 3 iruses)

(10) Surface inactivation (Adams'®)
None of these mactiation methods has been studied over a very extensne
range of bactersal viruses so 1t 15 impossible to state at present, the relatie
mportance of each to taxonomy  All of them are easily studied however and
only the somic generator may not be generally available to research worhers
Further work will be required to decide which of these properties are most
useful i virus classification
(B) Spectfic Growth Requirements of the Varus Burnet? showed that certam
groups of closely related viruses shared a requirement for calcium 1on  The
host cell and other unrelated viruses multiplying on the same host cell grew
very well in the absence of calium T the present this is the only nutnitional
requirement of viruses which has been extensn ely mvestigated but 1t seemste
1 rel 1

be a useful ind of biolog p The calcium requisement
has not been conclusively demonstrated to alter by mutation
(©) Multsphety Re of Ultraviolet Inactiated Baclersophag

cotered by Lursa*®  When a susceptible host cell 1s mfected with a single, ultra
violet mactivated phage particle the host cell 1s hilled but the virus does not
multiply When a simlar host cell 15 infected with two or more inactrvated
virus particles virus multiphcation occurs 1 a proportion of multiply infected
host cells which depends on the dosage of uvltraviolet ight used  Multiphety
reactivation occurs with the members of the T2 T4 T6 serolog:cal group and
with T> and 1tsserological relatives but not with the T3 T7 group or with T1
and 1ts serological relatives so the pk 15 lated with the serol ]
grouping of the coli phages  Whether 1t occurs with other phages 1s not known

(D) The Occurrence of Parallel Mulanonal Patterns  ‘The only case of this
kind that has been studied so far 1s the mutation from r+ to r studied by
Hershey ' This mutation occurs at a rapid rate in the members of the T2
T4 T6 serological group of coh phages but does not occur with the rest of
the T coli phages It seems probable tbat other mutational patterns of
diagnostic significance will be found

(E) Other Physiological Properties Peculiar o Certain Groups of Phages
It seems probable that intensive research wall uncover additional examples of
biological properties of diagnostic significance  The phenomena of Iysis from
without (D k) lysis mhb %) and host Lilling by ultra
iolet inactivated phage (Luna®) may be examples of such properties  Only
more extensive studies can tell how useful such properties may become to phage
taxonomy

Because of the dearth of morphological characteristics m viruses 1t seems

ble that physiological ch 1stics such as those enumerated above

nill be used m wiral taxonomy as morphology has been used m the case of
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higherorgamsms ~ The cnitena are since hereditary
varieties are certamly the result of physiological vanation  Many of the physt
ological charactenstics mentioned are subject to change by mutation and this
imterferes with the use of single properties as taxonomic cnitera It 1s thus
mutability however that has generated the bewildering array of phage vane

ties whichare knowntoday P bly themore closely related ate two virus
stramms the fewer will be the m their physiol 1

Tt 15 quite smpossible at present to express such xe]almnshxps m a quantitative
manner  More precise knowledge of the of gical properties

pt
will permit a choice of the more constant charactenstics as taxonomic criteria

Resulis of Maxed Infection as a Taxonomc Criderson

The simultaneous mfection of 2 single host cell with virus particles of tno
different strans each capable of multiplying m the host by stself may result
m exther of the following phenomena (a) mutual exclusion m which the mixedly
mfected host cell hberates one or the other mfecting virus but not both and
(b) muxed bursts in which the muxedly mfected host cell Liberates both mfecting
virus types and often new types resulting from recombination of genetic ele
ments dertved from both infecting virus strams

These phenomens have been investigated so far only with the T sertes of
col1 phages and their close relatives but the results have been clear cut and
unequivocal

1f the two infecting virus strams are unrelated by the serological criterion
the result of mixed mfection mvarably has been mutual exclusion  Of the 21
paurs of viruses that can be formed of the seven phages of the T system four
mvolve paurs of serologically related viruses  Of the 17 unrelated virus pairs
all but two have been tested by mized mfection and all of these were found to
demonstrate mutual exclusion *# Mutual exclusion has also been demon
strated between phage T5 and the serologically unrelated prophage of the
lysogenic stram K12 of Lscherichia cols after ultraviolet actrvation ™

In sharp contrast are the results of mixed mfection experiments mvolving
pars of serologically related viruses Mixed mfection with the serologically
related virus paws T2-T4 T2-T6 and T4-T6 resulted 1n mixed bursts and
recombmation of genetic characters* *  Similar observations have been made
with the virus pairs T5-PB7 and T1 mutants® The T2 T4 T6 group 15
serologically untelated to the To-PB pawr and neither 1s related to T1  There
fore withm the membership of each of three distinct serological groups of calt
phages (all that have been tested) mixed mfection has resulted m mixed bursts
and genetic recombmation  These observations must be extended before it
15 safe to male generalizations but 1t 13 mdeed suggestive that Burnet® has
reported genetic recombimation following mixed infections with members of
the serological group A of the influenza viruses If genetic recombination
should prove to be a general phenomenon foliowing mixed mfection with pawrs
of closely related varuses 1t would be a finding of great importance to the
taxonomy of viruses

A major problem 1 tavonomy has been the defimition of species with the
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(4) Osmotic shock (Anderson't)
(5) Sonic vibration (Anderson'?)
(6) Heat (Bumett)
(7) Low salt concentration {Adams')
(8) Inactiation on drymng (kohn')
(9) pH stability range (not yet apphed to bacferial yiruses)
(10) Surface inactivation (Adams'®)
None of these mactivation methods has been studied over a very extensive
range of bacterial viruses so st 1s impossible to state, at present the relative
importance of each to taxonomy  All of them are easily studied however and
only the sonic generator may not be generally available to research workers
Further work will be required to decide which of these properties are most
useful 1n virus classification
(B) Specific Grouth Requsrements of the V1rus  Burnet? showed that certin
groups of closely related viruses shared a requirement for caleum 1on  The
host cell and other unrelated viruses multiplying on the same host cell grew
very well in the absence of caleum  To the present this is the only nutritionat
requirement of viruses which has been extensnely mvestigated but it seems to
|

be a useful mdi of biol 1 p The calcum requirement
has not been conclustvely de d to alter by
(C) Multspliaty Reactrration of Ul let Inactinated Bacteriophage Dis

corered by Luria® When a susceptible host cell 1s mfected with a smgle ultra
violet mactnvated, phage particle the host cell 1s killed but the virus does not
multiply  When a simular host cell 15 mfected with two or more mactnated
virus particles virus multipheation occurs 1n a proportion of multiply imfected
host cells which depends on the dosage of ultraviolet hght used  Multipheity
reactivation occurs with the members of the T2 T4 T6 serological group and
with T5 and its serological relatives but not with the T3 T7 group or with T1
and 1ts serological relatives so the pt 15 with the i! 1
grouping of the coliphages  Whether 1t occurs with other phages 1s not known

(D) The Occurrence of Parallel Mutational Patlerns  The only case of this
Lind that has been studied so far 1s the mutation from r+4 to r studied by
Hershey ¥ This mutation occurs at a rapid rate m the members of the T2
T4 T6 serological group of coli phages but does not occur with the rest of
the T col: phages It seems probable that other mutational patterns of
diagnostic sigmificance will be found

(E) Other Phystological Propertses Pecubiar to Cerlain Groups of Phages
1t scems probable that intensnve research will uncover additional examples of
brological properties of di ¢ pt of lysis fram
without (Delbruck™®) lysis mhibstion (Doermann'®) and host klling by ultra
violet mactivated phage (Lurial) may be examples of such properties  Only
more extenstve studies can tell how useful such properties may become to phage
taxonomy

Because of the dearth of morphological charactenstics in viruses 1t seems
mevitable that physwological characterstics such as those enumerated above
will be used 1n viral taxonomy as morphology has been used m the case of
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adequately charactenzed virus strams as types for each new species proposed
It 1s hoped that some machinery for mamtanmg and distributing type cultures
and type antisera will be set up before general adoption of a bmomial nomen
clature for viruses

1t would seem more profitable m the immediate future to extent the tech
niques already worked out with the enteric phages to as many different kinds
of bactenal viruses as possible rather than to attempt 2 classification of these
orgamsms based only on prescnt fragmenm.ry l\nowledge Such extensive
work might well uncover add of greater value
than those suggested here
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development of entera to distinguish species from races, varieties and other
subspecific categonies  This problem has been exaggerated wm the cast o
microorganisms because of the Jack of any enterion for defining the lumts ofs
spectes  Such 2 entenion based on the occurrence of mterbreeding has becore
widely accepted for sexually reproducing orgamsms T o groups of organsrs
that are physiologically incapable of breeding must be placed in differext
species swhereas two groups of habityall d or
potentially capable of mtetbreeding 1f geographical barmers are overcore,
are included nithm the same species ®  This eniterion 15, of course tot 3
plicable to asexual organistms  In the case of vicuses howeser, mixed infection

folloned by genetic b 15 logous to breeding m b
organisms since both are methods for the interchange of genes Therefore
the of genetic b between the tno virus strams may be

taken as evidence that they are genetically compatible and should be mcluded
1 the same species  Conversely the occurrence of mutual exclusion s anale-
gous to physiolopical sevual 1solation in higher orgamisms and wnould mdsate
that the virus strains concerned should be placed m different species  The
apphcation of this criterion to vsruses 1s dependent on the availability of 2
suttable common host stramn for the mixed infection expenments  The faflure
to find a common host for two virus strams would be analogous to geographical
1solation among higher orgamisms and would indicate nothmng with respectto?
possible relationship of the two virus strains By these critena phage strains
T2 T4 and T6 would be saneties 1n one species while strams To and PB
would be varieties 1 ¢ second species

Not all enitena listed above would be applicable to all pairs of +truses to be
tested for possible relationship  Therefore 1t 15 tentatnely suggested that
simular conclusions draren from critersa Iand I Tand I or Iand IV or from
any three categories, would conststute adequate evidence for placmg two virus
strans m the same species or for excluding one of them from the species

The adoption of a bmomual nomenclature myvolves the recogmition not only
of the species category but also of the genus  There seems fo be no natural
way of defining the genus category among bacterial viruses  One possible solu
tion proposed by Holmes * 15 to lump all species of bacteriophage into one
genus  This suggestion defeats one of the principal ams of classification
that of com ey mg nformation through the choice of categories It also creates
a rather unwieldy genus contaiming 1 the proposal of Holmes 40 species
A possible criterion for thegenus category 15 szeand morphology mn the electron
microscope  This valuable research tool has been rather neglected by phage
workers but from what 1s already known the phages vary enormously in size
and shape from one strain to another A more extensne survey of morphology
among known strams of phage should mdicate whether this cnterion 15 2p-
phicable to the definition of the genus category  Inany case 1t 1s more destrable
to postpone the adoption of a binomual nomenclature for viruses until such
time as some generally acceptable defimition of the genus category may be

proposed
The application of these critena to phage taxonomy will depend on setting up
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Bawden (1939 1943) was probably the first to call the attention to the
simularity of the situation of the imperfectly known viruses and that of the
imperfect fungt He remarked that a classification of fungi on systematic
lmes was attempted long before all the members could be placed i one or the
other of the mamn groups  Those insufficiently known were placed m a group
apart and clearly labeled Fungi smperfecti He concluded that there seems
to be no good reason why viruses should not be treated s|mlhﬂ) and proposed
that the viruses that are not be tly put
1 a group together  They should have 2 name chosen to show that this 1s the
reason for putting them there and not that thewr properties are sufficiently
known to be certamn that they are closely related

In his latest discussion of this subject Bawden (1950) again stresses that
many viruses will remain unclassifiable for a long tune and to avoid a spurious
air of knowledge with 1ts possible repercussions on research we should dassify
only those about which we have a reasonable amount of mformation  The rest
should be set apart provided with names suitably chosen to stress our ignorance
of thewr properties and they shobld remain 1 Jmbo until there 1s enough hnowl
edge to justify thewr removal

Valleau (1940) recommended that the viruses that appear to be found on only
a single host for which relationships are not known and for which there are no
well defined characters be placed in some catchall genus In this class he
placed the majonity of viruses b Holmes s genus Afarmer and many of those
Tisted m Holmes s supplement I1I already cited  He supgested that masmuch
as Holmes made no attempt to define the genus Marmor 1t might be defined
as meluding viruses causing diseases usually characterized by persistent mot
tlmg or necrotic spotting on some genotypes and which have not been suff
ciently studied so that their relationships to other recognized viruses are hnown
Vallean later suggested (1941) that more than one genus could be established
for those little known viruses and remarked that the group he proposed 1s
comparable to the very useful Fung smperfects of the fungi

As we have already seen McKinney (1944) recognized that the sit genera
of hus classification that have been transmutted only by tissue union or by pro-
longed contact of tissues may have to be transferred to appropriate genera or
to new genera as their vectors are discovered or as mechanical transmission 15
effected e stated that the six viruses that fall in this category fulfll the
purposes of the single temporary group suggested by Valleau (1940)

Quite recently Limasset (1948) espoused the 1deas of Valleau and Bawden
He suggested that mmperfectly known viruses be grouped provisionally m an
artificial faruly he called the Imvectorae comparable to the mpetfect
fung: on artifical groupmg of fungt the sexual stage of which 15 unhnown
Such viruses could not be legitimately mcluded m a great natural family for

this would suggest relationships that would tater be likely to reveat them
selves as maccurate  In the Intectorize he proposed that the genera be dis-
ingushed on the basis of symptoms induced on the host a5 for exsmple the
genus Psendomarmor for those that cause mosaics Chlorophthorafor the yellows
and Rumocortsis when there is a shelling of the bark of the host He would
also place m this group such viruses as A anus sacchart the hypothetical cause




DISCUSSION OF THE PROBLLM OF IMPERFECTLY ENOWY
VIRUSES*

By A A Iitancourtt
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Thus discussion was prepared with plant viruses ;n mind It 15 hoped tht,
to a great extent, it wall apply also to animal and bactenal viruses

It 15 generally recognized that only an extremely small number of vinuss
are sufficzently known to furnish the bases of a natural classification I
most of the schemes that have been proposed the lesser Lnown viruses have
been 1gnored or have been set apart from the main classtficaion  Johosm
and Hoggan (1935) have hept out of therr classification 69 plant viruses ot
which sufficient nformation was not yet avatlable to allow them to be defintely
placed i their key  They hsted a large percentage of those hnown at that
tume 1n such a way as to indicate some of the chief diagnostic features thit
were lacking

Holmes (1939) has histed 1n supplement ITI of his handbook §1 suues
about which little was known and for which he did not provide a Latm name
In hus last and more ambitious treatment (1948), he grouped 40 species 1n the
genus Warmor 1n what he called a  Miscellaneous Mosarc Virus Group
These species stand 1n need of reinvestigation to determine additional properties
and possible relationships to preceding groups of AMarmor

McKinney (1944) ltmated himself to the description of the type spectes of the
18 genera of hus classification  However he places six of them that have been
transmtted only by tissue unton or by prolonged contact of tissues and which
therefore have unknown intrinsic properties m each host reaction group m
which they occur He suggested that those viruses may be transferred to
appropnate genera or new genera may be established as the vectors are dis
covered or as transmisston by expressed jce 1s effected

Other authors hke E M Johnson (1930) Quanjer (1931) and Valleau
(1940) have restricted their treatment to the systematic arrangement of only
those viruses with which they were familiar

In spite of this cautious attitude the fact 1s that i many mstances imsuffi
ciently Anown viruses have been included in these schemes thus suggesting
relationships that may later prove noneustent, when the advance of knowledge
wll provide better characters for thewr classification For mstance Holmes
(1939) has placed 1n the genus Marmor the virus of Abutilon mosaic  Even
though he later (1948) removed the species together with several other ones
to a separate group of miscellaneous mosaic viruses 1t still remains mn that
genus which contams moastly viruses transmitted by aphids  The discovery
that the same or a closely related disease 1s transmitted by white flies (Orlando
and Siberschrudt 1945) casts some doubt on the appropriateness of this
classification

Inthprogram {(h anf ence wh hid m ogph b od th xpres ¥ o mpefrciom sed
S eeth Lt v sl Pt adid ] blethstmis indm wble Th Engt b phrase
Imperfectly Know Yruses sthrefre bittdinth t twh e 1t red

leomm tsof Drs L M Bla k K. Silberschm dt M Kramer

Te s plea  toacknowledgeth b lpf
SRS Pl wh T k(;ddf;re dul'm e o



Bitancourt Imperfectly hnown Viruses 451

among them  Furthermore this fact does not imply that a classification based
ou the characters of the imperfect stage may not eventually lead to a patural
or phylogenctic arrangement of its members It has been pomted out by
several authors that frequently there 15 a simlanty m asexual structures
among fungt considered to be closely related as judged by their perfect stage
(Bessey 1950) In fact 1t 1s probable that m all cases m which fung: from
different famulies or orders of the sexual stage have been described 1n the same
form genus the mycologists have been misled by superﬁcml resemblance  The
system of the Fungr tmperfects 1 thus bl and a better
knowledge of the asexual fructifications may lemd eventually to a natural
system parallel to that of the sevual stage

Even if this were not <o mycologists could not do without 1t because of its
great practical value  There are now probably well over 20 000 species of the
Fungs smperfects which as far back as 1931 were already divsded mto 1331
form genera (Bessey 1950) Inasmuch as a great many fung are known so
far n therr impetfect stages only or are found most of the tume m nature m
asexual forms of fructifications the mycologist confronted wath the necessity
of wentifying 2 newly found fungus would be entwrely at a loss if he dod not
have the help of the practical system of classification of the Fungs umperfects
Nor can this sy stem be considered as a provisional one the asexual stage ceasmg
to be known by i1ts name among the imperfect fung1 and no longer mcluded m
that gronp once the perfect stage has been discovered  In fact for practical
reasons 1t 15 desuable to retam this name among the Fungy vmperfect: smee
1t would be sought there in attempts to :dentify 1t unless the perfect stage were
found along with 1t (Bessey 1920)

Returning to the viruses we can now draw a parallel of the situation of the
wmperfectly known ones and that of the Fungs umperfectr  There 1s no such
thing as an imperfect stage m the viruses although the possibility of crosses
and recombinations of characters in the bactenal viruses (Hershey and Rotman
1949) points to some sort of primative form of sevual reproduction which might
some day serve as the basts for a natural classification of the viruses While
the name Fungs tmperfect: however refers to the fact that their classsfication
15 based on the characters of the smperfect stages the truth 1s that because m
many cases the perfect stage actually eusts but has not yet been found the
connatation has become that of imperfectly known entities

Several authors have suggested that the classification of the Imperfectly
Enown Viruses be treated n a way sumlar to that of the Fung: smperfecti
Thus seems well warranted

What should be the basis of the classification of the imperfectly known
viruses® The aim being that of a practical system with the mam purpose of
enabling the 1dentification of newly found viruse most of the crticisms of
the existing systems based on symptomatology are nat vahid here  Besides
there 15 Little else on which to found the classification because by defintion
little 15 known of the intrinsic properties of these viruses especially 1f the group
15 t0 contam mainly those that hate not been transmtted by other means than
grafting or prolonged tissue contact  Admttedly such a classification w1} not
show true relstionships It has been nightly observed that a classification
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of sereh of the sugar cane, and other vituses of which the existence 1 st
uncertin

Except for Mchinney who placed the imperfectly known viruses along st
the better hnown ones m each host reactson group un which they ocaur &
of those wuthors have thus stressed the necessity of settmg apart this o
siderable group of viruses It 1s quite appropriate, therefore that a placefo
the treatment of the imperfectly hnown siruses should have been mcluded
m thismonograph  Inasmuch as this has been mspired by the similar situation
obtaing in the fungs st seems worthw hile to start this paper with a very bref
descniption of the classification of the fungi

As pointedly stated by Bawden (1950), the taxonomy of fungt was attempted
long before a1l the members could be assigned to genera or families the uncer
tamn ones being placed m a section apart and clearly labelled Fungs amperfects
With the progress of mycology and the recognition of a sexual form of repr-
duction 1n all the known divistons 1t became plain that Just as 1n other grovps
of the plant and animal hingdoms the best characters for the establishment of
a phy logenetic classification were those of the sevual stage also sometimes called
the perfect stage A great many fungt however are hnown only m asexusl
forms of reproduction or fructifications the so-called imperfect stages or 1
perfect forms  The older my cologists were not aware of the distinction between
the <exual and asevual stages and named many fung: after thewr imperfect
forms In order to facilitate therr classificatiod, 1t has been necessary to group
them mn a systematic based on the hology of therr fructifica
tions This 15 not a natural or phyl 1c cl Itis By a
practical system which incidentally, shows that contrary to the assumption of
some of the discussions on the taxonomy of viruses a classification does not
necessanly have to be a natural one to senve 2 useful purpose

Under such 1 scheme the genera are no longer natural groups and the
my cologists have comned the name form genera to distinguish them from
the natural genera of phylogenetic classifications  The same fungus may thus
have several names one for each of its asexual fructifications and one for the
sexual stage  The fungus that causes the rust of Soldanella with 1ts four names
Aecrdiol; Idanellae Aecrd Idanellae Uredo soldanellae and Puccinia
soldanellae, one for each hind of 1ts fructifications 15 an extreme case of this
form synonymy which must be di hed from pure

Due to the artificiality of the cl. of the Fung: tmperfect: one
form genus may often contamn species pertainmg to different famuies or orders
m the natural classification of the sexual stage The genus Gloeosportum
for example has species from different orders of the Ascomycetes such as the
Sphaenales Pezizales, and Mynanguales  On the other hand species of the
same perfect getes B for msomoe e aserva! froctefastisrs windk
owing to differences in structure have been assigned to form genera m the
Mol Tut \} and Mel: of the Fungs tmperfects

In <pite of those shortcomings no mycologist would ever think of eliminat
mg the Fungs imperfects from the classification of fung: because 1t 15 well
understood that it 1s a practical classification, the main purpose of which 1s to
assist 1n the wdentification of fungi not that of showmng true relationships
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new names for genera showmg some resemblance to or derved from older
genera by adding suffives ike oudes odes opsis elle tna to the older name
In the case of the form genus Sphaeropsis for mstance the name wdicates a
stmilarity of structure of 1ts asexual fructification a pycmudium with that of the
sexual stage or perithecium of the extinct genus Sphaersa  Theorder Sphaerop-
sidales and the families Sphaerodaceae and Nectrodaceae have been named
according to a similar criterson  More often than not however the suffixes
have been applied to perfect forms and merely connote the resemblance

1n the case of the imperfectly known viruses however there 1s o reason why
a convement suffix might not be chosen to mdicate that the genus 1s prov
sional * and applies to httle known viruses that cannot be mcluded m one of
the genera of the natural classification  This at least seems a possible way
of fulfifling the recommendations of Bawden {1950) that the names of the 1m
perfectly known viruses be suitably chosen to stress our ignorance of thexr
properties  Thus 1nstead of Afarmor or Pseudomarmor as suggested by Val
ieau and Limasset respectively a virus nducing mosaiclike symptoms would
be called Marmorodes and would be mcluded together with the genera Aero-
genodes Corsodes Nanodes Rimocortiodes and Adelenodes m the family
Marmoropsidaceae  Other famblies would be Chlorogenopsidaceae Annulop-
sidaceae S: d. and Lethopsidaceae  Obviously
many of the genera from which the mmperfect genera would thus be denved
will for a long time remain without species and will be put aside for the
time being  These viruses will be retuned to the natural classification if
enough becomes known about them to put them back there on firmer grounds
than they were ongmnally

The fleubility of sucha nomenclature 1 obvious  Its provisional nature will
be expressed by the suffix and there will be little necessity of changing names
until the species 1s put into the natural classification

Something should now be said about the authonties for the virus names m
the imperfectly known viruses and m this connection Johnson s apt remarks
(1949) deserve reproduction here  The authorty given for the virus name 1s a2
matter worthy of careful consideration  Under the Latin Bmomial System
the final anthority 15 traditionally the person who apphes the new name At
the present stage of virology this may impose a considerable handicap to both
the old and the new students of the subject The mclusion of the authonity
for the first reliable description of the varus i question regardless of the nomen
clature apphed would not be burdensome It would add greatly to quick
recogmtion of the identity of the virus even if the Latn name offers little m
this direction  the exact form of the technical name of a virus under the
International System of Virus Nomenclature (ISVN) awaits final decision by
the Virus Commuttee of the International Botamcal Congress

Johnsonadds The authority for the first adequate description 1s to be shown
followed by the authonty for the name of the virus such as ISVN

In with such a d. the dit known virus
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based on symptoms 15 m fact, a classification of diseases, not of thew aoents
and that symy re Iy varuable, mil 1toa oAbl
by the variety and growth stage of the host at the time of 1nfection, the en
vironmental conditions and other circumstances (Johnson, 1949) et
those factors are duly taken into consideration sy mptoms very often wil
define a virus quite well  The reactions the bactena induce 1n suttable sib-
strates are extremely vaned  Nevertheless they are used for the determm
tion of man) genera and species because 1t 15 always easy to speafy deary
the nature and condition of the substrate Symptoms are the reactions 11
duced by the virus 1n the lining substrate of the host  There s no reason nby,
with better hnowledge of the hosts’ reactions at the microscopical as wel
as the macroscopicat Jevel the proper choice of symptoms on differential hosts
wmoculatedat a given stageof growth, will notserve as adequate critena allowing
for an unambiguous characterization of viruses Just as i the case of the
Fungs tmperfect: the classification of the imperfectly known viruses although
mostly based on symptoms will be perfectible and 1n many cases wall indicate
naturalrelationships  But agawn asin the Fungs tmperfects thisisnot the most
important requisite or purpose of such a classfication

It would therefore secm that a classification such as Holmes s scheme 1mits
latest form (1948) mght well senve as the basis for the creation of a separate
group of the imperfectly hnown viruses with a convement nomenclature, as
will be explained later Thus there would be, in the beginning two almost
parallel classifications, one for the best known viruses and another one for the
hittle known ones but this parallelsm will soon be lost as the progress of our
knowledge will cause rapid changes in the natural classification of the well-
Lnown viruses and much slower ones m the imperfectly known viruses

What trruses should be mcluded in this category 7 Obviously the mejority
of the viruses known today and especially those of which the only known mede
of transmission 1s grafting or prolonged tissue contact should be included
‘They w1l be excluded from patural classifications due to the Jach of hnowledge
of their intrinsic properties the mdispensable characters mn schemes aiming
at the sk of true rel hips between their members  They will
thus be separated from closely stmilar better known viruses already placed 1n
the natural c! 1on but this mconvenience wilt be d by an ade
quate nomenclature as we shall sce presently

On the other hand, as recommended by Fawcett (1940) no suspected virus
should be given a name merely from observation of certain symptoms or effects
m nature that resemble virus diseases until 1t had been concluswvely proved
that 1t 1s transmssible from plant to plant by budding grafting use of insect
vectors mechamcal or other means It would serve no useful purpose to
melude even among the imperfectly known viruses hypothetical entattes such
as the suspected agent of the sereh disease of sugar cane (Limasset 1948}

We are now ready to consider the question of nomenclature There are no
provisions or recommendations in the International Rules of Botanical Nomen
clature (Bnquet 1935) to differentsate the names of form genera from those of
the perfect genera and this 15 regrettable MMy cologists have often established
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Nordernskiold mhis History of Biology remarhs that  Aslongasmans
knowledge of nature 18 hmited to what he can observe in hus immediate vicmty
he has little dufficulty 1n controllng the objects of his knowledge but when s
range of vision widens there arnes the wresistible need for combmung the
dividual object that have been observed under general expressions which serve
to fix the Lknowledge of them and to mpart 1t to others

The conference on which this monograph 15 based was called because col
lectively we felt that the time had come when we needed to survey the agents
with which we work and to canvass the knowledge and opinons of the group
m order to determine whether or not we are workung with the same things and
meaning the same agents when we use certamn terms By grouping related
things together we are certar to avene at a better understanding of them

One of the distmguishing charactenistics of the scientist 3s hus desire and
need to classfy Classfication however need not be mtuabstic  Its only
Justification 1s usefulness It 1s not holy writ but merely an mtelligent guide
to the good life scientifically  We should not lose sight of the fact although
1t 15 commonly done that systems of classification are created by man not by
God and subsequently are subject to all the faults and inconsistencies that
will always attend mans creative efforts  Nature 1s not a system of peatly
arranged pigeon holes but 15 rather a series of continuous spectra in which one
group shades and blends at the borders with its adjacent neighbors

In the nckettsiae 1t appears that a rather solid foundation already exists
upon which to build further subject of course to varous alterations that will
be necessitated from tume to fume as our knowledge concerning the basic
properties of these agents increases I believe that the eight basic cntena
suggested by the virus nomenclature commuttee at the Rio conferen ¢ and
more recently ated by Andrewes 1 hus lecture on  Viruses and Linnaeus
apply just as well to the classification of rickettsize as they do to viruses  Here
T wish to pause a moment to pay tribute to one of the eminent scientist of cur
time a man who unfortunately has been given too little credit at least in
this country This man 1s Dr Da Rocha Lima the distinguished Brazian
scientist who named the causative agent of typhus fever Rickettsia prowa ki
after the Amencan and Austrian scientists who died of typhus feser while
studymg its emlogy It was Dr Da Rocha Lima who also made the much
more ly proving the togi_al and
etiological xdenmy of the mus’xtl\e agent of typhus fever

As Steinhaus has stated  Ricketisia proua ekis 15 the geno type speces
and 1t has been so accepted by all workers mn the field It forms the basic
nucleus about which discussion of the group m eneral and of the genus
Ruckeltsia speaifically should be centered
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of the infectious mottling of Cifrus, for mstance, first described by Petrs m 1931,
should be named Yarmorodes stahcum (Petri) ISUN 1f approved by the Vs
Commuttee of the IBC

I hope that the virologists who mught eventually be tempted to establsha
complete scheme for the classification and nomenclature of the imperfectly
Lnown viruses along the lmes which have just been roughly traced or other
wise will follow Johnson s recommendations They should refrain from pub-
lishing their complete system in final form but imstead they should unselfishly
submut 1t for the approval of the International Committee ~ In the event that
this committee approves such as classification, 1t will be considered as the final
authonity for the name of the viruses thus described
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CLASSIFICATION OF RICKETTSIAE PATHOGENIC TO
VEI RATES

By] D W A Coles
Divissons of Veler n ry Services Department of Agrsculture Onderstepoort South Africa

At the commencement of this paper 1t 1s necessary to present my creden
tials so that you may know how much wrportance to attach to my statements
Obviously no one person can be an undisputed authonity on all aspects of all
the Rickettsioses and 1t would be 1dle to pretend that some at least of my
behefs will not be challenged

My interest m the rickettsias during the past 20 years has amounted to no
more than & hobby owmg to my preoccupation with other duties T dis-
covered the richettsias associated with and probably responsible for conjunc
tivitis and keratitis of the sheep ox goat and fowl I found the very large

and harmless oceurning often in the con

junctival epithelial cells of the sheep ot and goat I was able to show that
the conjunctival mclusions reported by Uhlenhuth and Bomg 1 cases of hog
cholera had nothing to do with this disease but were nickettsias probably
causing an mdependent conjunctivitis I also described the first cases of
paittacosis or ornithosis m pigeons

I think that Ihave s sound dge of Ricketisia
R cams R boms R ovna the orgamsms found m the monocytes of pigeons
by Canham and the mclusions of trachoma and swimming bath conjunctrvitis
I have <een many cases of South African tich bite fever of man and know a
little about Rickettsia pyyperr assuming this spectes to be vaid  Some years
ago 1 Oregon I was fortunate enough to be able to examine dogs suffering
from salmon powsoning and recently I have studied a few excellent smears
and sections containing the rikettsias furmshed by Cordy I have only a
superficial hnowledge of Coxiella burnelis Ricketisia prowa cku R typha R
rickettsn the nckettsialike orgamisms associated with tick borne fever of sheep
and the etwological agent of enzootic abortion of ewes

Having made these claims I must hasten to confess that I have done no
serological work on any of the nchettsias and have relied almost entirely on
Giemsa as a stan  Rightly or wrongly I feel that no stan can equal 2 good
brand of Giemsa for revealing alt the details of morphology By now you must
be pamnfully aware of my defects Perhaps the only saving grace 15 that I
have not studied or worked 1n a water tight compartment but have taken an
terest m many representatnve mdividuals of that large and fascinating com
munity of very small and very parasitic parasites known as the nickettsias

The Nature of Ricketisias

It 13 surely unnecessary to argue that these structures are not reaction
bodies produced by viruses The most rational conception of them seems to
be that they are very pleomorphic and highly specialized bacter:a that mul
tiply ;n or tn intimate association with hving body cells that are not erythro
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Concerning the nomenclature of siruses I find myself 1 agreement wid
Andrewes m that we must gne full credit to Holmes for at least havm,
stured the animal virologists to take an interest in virus tzxonomy, 6t
though we do not agree suth hus classification  The nevt ten papers and the
which follow in contrast to the preceding ten papers are devoted to discus.ca
of the classification of specific groups of viral and rickettsial agents  Tsholl
hke to remund the contributors that Linnaeus i attempting to classify Bacers
s Systema Naturae ’ renounced the task and apparently with an outburt
of temper assigned these minute organisms to the class Vermes to whichke
gave the name ‘Chaos  Choss sfusorsorum 1 hope that the final resultsel
these papers will not be Chaos Chaos tirus

Many of the properties that have been so useful to the botamsts and
zoologists are quite beyond us, and we must seck new and different bases
appropriate to the agents we are attempting to classfy It matters Jes
what we call this or that virus or group of viruses than what we elect to accept
as the basic properties by which these indsviduals and groups are to be reco
nized

Regardless of what scheme or system we ultimately adopt we shall, mall
likelthood go on calling viruses 1n our daily worl. by the same names we have
used 1 the past, but n our recording and reporting some names with reco”
nized meat and meamng ean certamnly help to dispel and avord some of the

fi 1n the most int 1y worked fields of research
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stamn purplish red with Giemsa though many of the smallest bacillary forms are
blue

The exact color of rickettsias i a colony 1s not alnays easily discernible
if there 18 a fairly compact matre  Thas trouble anises m the case of R. cams
for example where the matnix 1s acidophilic and usually dense and purple  The
scant; hilic matrix m presents no i Neither does
the glycogen contaimng matrix of the trachoma imnclusion so long as it s
stamed with Giemsa  The nature of the matrix may be of assistance in classify
ng rickettsias but at present operates only m the case of the genus Chlamy
do oon

Richettsuas occur in more or less well-defined colonies 1n which the granules.
may be alike or even greatly dissimilar  In some species as many as 10 to 20
colonies may be seen m one cell  The position assumed by a colony n a cell
may assist i the process of dentification  In trachoma and mclusion blen
norrhoea the colones cap the nucler of the conjunctial epithelial cells  In
heartwater they adjom the poles of the nucle: 1n the elongated endothelal
cellsof the capillanies  In the conjunctival epithelial cells of fowls the rickett
sms tend to congregate round the periphery but whether they prefer the mar
gnal zone of a cell or are repelled by 1ts nucleus 1s unknown  Colonses of R
bousand R cants often push so hard agamst the nucleus that they Lie 1 marked
depressions on the surface  When situated like this the colonies are remums
cent of the gametocytes of Leucocytozoa snugghng wnto the nucle: of immature
Teucocytes

We have already given some indication that the kind of cell parasitized 1s of
considerable diagnostic value To what has been said we may add that
2 llo psitiacs has 2 p for foam cells just as Rickettsia coms
R bowis R ovma and Canbam s orgamism have for monocytes and the causal
agent of salmon powsoning for reticulo-endothelal cells of the lymph glands
tonsils spleen and thymus

Tt 15 most nsky to attempt the cl of nckettsis by
only a few The d could be baffled by bemg
asked to report on half a-dozen smears from 2s many sheep suflering from heart
water Probably pleomorphism 1s manifested to the greatest extent by the
rickettsias responsible for heartwater psittacosis and conjunctyitis of sheep
and least by the members of the genus Ruckellsia

Though I am coms inced that granules of one type may give nise to granules
of other types I have never been able to satisfy myself that anything Like a
definite lfe cycle eusts

Furthermore I believe that nickettsias never occur m the guise of large
homogeneous plaques These plaques are very probably colones m which
the dentity of the individual granules has become lost as a result of intensive
staming particularly of the matrix

Much s T dislike crtiazing the opirions of others I think it 1s necessary
to challenge the statements made m North and Central Africa on the question
of certan imtial bodies Donatien has described and illustrated so-called
mitia} hodies of Rucketisia conjunchivae 1n the conjunctival epithelnal cells of




458 Anmls New York Academy of Scrences

cytes It flebamble whether they may be said to be degencrate owinglo
their ex Y P )s I prefer stmply to call them bic
tena, and leave the choice of humiliating adjectives to later mvestigatas
Also Af we acknowledge that they are bacteria there 13 no pomt in relemg
to them any longer as viruses  Before the facts are overlooked, ne mu2t
mention that the are le, porulating, non acd fast and
gram negative and that they stam rather lightly with the usual aniine dys
Perhaps [ am wrong, but I can see no justification for sepatating the Cham
dozoaceae from the Rickettsiiceae merely because none of the former hav
been shown to depend on arthropods for thewr transmission  Would webe
right to refuse to put Trypanosoma equsperdum, not only i the genus Tryp s+
soma but even in the family Trypanosomidae simply because horses become
fected as a result of cortus and not due to the bites of tsetse flies? Inanv
system of classification morphological considerations must surely come fint
and, so far, I have failed to discem any possible dividing hne betneen the
Ruckettstaceae and the Chlamydozoaceae It 1s easy to put a single colory
of orgamsms staned with Giemss under the microscope, and defy anybody to
wentify them ay Coxielle burpetss Cowdria ruminantsum, R cams R
or one of the accepted causal agents of salmon “posonung’ ovine enzoott
abortion psittacosis trachoma and conjunctivatis of cattle  While we are cn
this question 1t 15 as well to remember that Coxrella Surnelis does not rely too
exclusnvely on arthropod vectors for its transmussion  If we are gong to
diide nckettsias on the basis of arthropod and nonarthropod transmussion,
what are we goung to do with the causal organism of salmon “poisoning’
ahich has been so mconsiderate as to select 2s its natural carner the small
mtestinal fluke Troglotrema salmancola After weighmg the pros and cons 1
believe that we should abolish the famiy Chlamydozoaceae In any case
the name 1s misleading, owing to 1ts ammal tamt
The individual granules or rickettsias vary m sr.e from munute coccord forms
of about 02 ¢ to relatively large oval orfing shaped bodies of approumately
24 The degree of pleomorphism s astounding and we also find large and
small bipolar forms moderately large and small bacilary and coccat forms
end horse shoe boomerang open ring, and trangular forms The granules
frequently stain umformly but some have relatrsely clear centers Many
rickettsias mamifest narrow chromophobic halos Probably all genera but
one are ch d by the desel at some time or other of bipolar
and small coccal and bactllary forms  So far the exception the large appar
ently nonpathogenic genus found m different parts of the world seattered
diffusely m the conjunctival epithelial cells of sheep cattle, and goats, seems
to occur only as large oval mitial bodies 2 p1n diameter  Further study may
convince us that even this largest member of the commumty of richettsias
oceastonally exists as a smaller organism
The larger nickettsial granules are sl bodies the smaller elementary
bodies Between are the mtermedimte forms Generally speahing bl
bodies stain blue with Giemsa, but many of the largest granules of Coudria
yummanitum for instance take on a reddish hue  Elementary bodies usually
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Proposed Classificatton of the Keckettsiacede

(1) Rukettia  This genus shra'd include ergansms wath anysgent factors
common nith J7 feus strams whetber they are transmitted by arthropods
not  Tresumabhy the genuswoll mclude P prova chn R tvphn R rickett
t R conortt R lsutsugamusht ard probably R akare
(D teuela  The only hnron spraes s U burnelis
(3} Coudria € rumtantown 15 the only recognized specis
) Erlicdiz Vald speces seem to be £ ceme E baie and L oning
anhams pigeon orgamsm pratably  hould be included Other possible
ndudates are the causal agent of t <k borne fever of sheep and the nckettsta
wnd by Donatsen an 1 Gavot to produce a fatal suwne discase 1 North Afnca
sembhing heartnater of rummants
1t has Leen suggrsted that the nuhettss of salmon  posoning  may be an
rliciia ¥ cannot agree
() Chlamyds poa  Lecause thiy name implis membership of tte anumal
—inglom I prefer to call the genus Proua shia of this s permussible  The
genus 15 re erved for the oransms responsible for trachoma and snclusion
Wennorrhoea  They do not grow m eggs  The matris of the mclusion con
tamns ghoogen
(&) Miye,aconcdls Dr Mever s rore capable than I am of dealing with
this penus I showld however e to male sure of the mcluswn of the harm
hss antestinal nchettsia recently descrihed by Laher in catves as vell as the
cau al agent of ovme enzootic abortion  \bso 1t mught not be out of place
to question the wisdom of cparatuy, o pithosss from psittacssis when mter
mednte niesof arus aretobe foord  Led ont Jids the same view
(2} Celestata € conpimcts ae 1 the onlv dehaute pucses
{8) “Veu Gents  This 15 necessars to provide a bome for the rery large
harmless nchetts found wn the conjunctival epathebum of sheep goats and
cxtle  There ss no crossammumty betwen st and C compunctinae
Latd mose 15 hnown about them 1 consider that Rickettne quin anz the
supposed v patho,Fate ochettsias of the compunetnal emthelinl cells of the
av Lot 7y, fast andposs bly the dog and the caustlagentof salmen posm
mg cannot be as sgned with certamey to any particular penera  Rickett
51 festoquard: 1s most probably Rickellsia conquncirnae surs \Whetder there 15
such an otganism as Rikedlsia orium seems to be open to doubt  hareff s
bodses definttely ase not richettsias
In this short pace | have enlravored 1o over 3 wode et and T realie
only 1o nelf that the tasl has been purformed imperfectly  There has been
ne pace for the Janguage of diplomacy and T trust that my dopmativm has
not been tahen too much amiss
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sheep as sphenical homogeneous masses 5 to 20 x m dumeter and stamug
light red with May Grunwald Giemsa I am very famthiar with these bakoo~
lihe structures that also often repose 1n depresstons on the surface of &
nuclens  They hne nothing to do with any nckettsin but future researd
m1y prove that they are colontes of a new member of the pox group
Donatien and Gayot reported similar large, round reddish bodies Sto s
m stg, 1 association with richettsial comunchinitis of pigs and Malbrat
followed suit by describmy identical melusions of 2 1o 10 g 1 dameter i the
conpunetival eptthelial cellsof dogsin Brazzavalfe Y have not seen these her
mclusions m pigs and dogs myself  Obs sously, they constitute an irterestiy
field for study
Hasng trodden gently on the foes of others, I must mdulge 1 a httle sl
criticism It was not very xensible to name the organtsms assocated wib
conjunctivitis in the vanous domestic ammals, Reckellsia congsinc'icee 0%
R conpuncieae coproe and so on, because people has e been musled mto al'os*
g alf these to the genus Colenole  There 15 much sundlanty between the
pposedly path 2 al rick s of the ox, goat, py and foxl,
but that of the shesp 15 1n 2 category all of 1ts own and reminscent 1 some
ways of Miyagauar s pr thes and In others of Coudria rumnentism Al
though all the avaslable evidence ponts to these eye richettsias of the ot goat,
p1g and fowl ag different spectes probably of the same genus I feel that further
research should be undertaken in the hight of recent experience I had virtually
no success i infecting healthy eyes of fowls merely by droppmg infected Jack
ryma) secretion wito them but the disease was produced readily by rubbing
a pledget of cotlon wool suflly over the wnflamed conjunctiva and then, Just
as firmly, over the vmer surface of the eyeld  Likewnse it 1s almost impossible
to infect one ox from apother  Cross infection expermments ought to be carred
out mvolving vigorous rubbirg of the diseased and healthy conyun tival mem
hranes before refuting the possbility of tno or more of these rickettsias bemg
the same  Serological fests also may be feasible
The conjunctival epithelial nichettsias of the domestic amals thus fall
nto at least three genera  Tarst we have the established genus Colesiola the
only hrown species of which 13 Colesiola conpunciiae  responsible for conjunc
tivitis of sheep  Then we have to find genenc and specific nares for the very
large and apparently noapathogeme nchettsias found m the conjunctival
epithelium of sheep ~ For the time being, at may be comvenient to regard the
sumilar organisms occurnng 1n goats and cattle as members of the same species
Fmally we shall probably have to create one genene and four speerfic names for
the other conjunctival nchettsias affecting the ox pig goat, and fowl but there
15 no frantic hurry for suchaction  The old desenptive names such as Rk #f
sta congunelrzae s, wiil serve our purpose for the tine being
Before suggesting a tentatne classification of the nckettsias T shounld ke to
question the desrability of refying on filterat as 2 citerton Provided
the attendant cireumstances are nght, a small proportion of the mmute coceal
and bacillatv forms may he expected to pas through  Fortunately, no harm
tius respect has been occasioned and the genus Coxselle will remamn even
though we donot refer again to the property of hlterabihty
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NOMENCLATURI OF THI RICKRETTSIACI AF PATHOGEANIC T0
VERTEBRATES

By Cornelus B Philip
Federal Secursty tgence Public Heilth Servce Natsonal Institutes of Health \ahonal
Vicr bt logreal Institute and Rcky Vountain Laboratory Hamlion fonlans

In recent years names for nickettsial agents of ammal diseases too frequenth
have been published without regard to prior proposals or to accepted and
reasonable systematic procedures  Any author for protection and endurance
of his own proposals should piy attention to these essentials of standard
practice It 15 mevitable that not all newly proposed names for nickettsil
agents can have equinalent mitial charactenizition and that laboratory dm
wcal and eptdemiological imformation will be 1n various states of completeness
for older names often depending on the professional interests of early mestt
gators It 15 also inevitable that opinions of specialists on the group will van
concernmg, systematic levels (specihic and supraspecific names) that should b
recognized on technical as well as nomenclatonal grounds  This can be ex
pected sice st 15 comparable 1o what has happened 1a the past systematx
orgamzation of other so-called higher biological groups Too often nomen
clature has been considered as an end 1 itself and not asa tool for reference to
a given group of biologically similar orginisms  Especally applicable here 1s
Andrewes s (1951) statement * Systems of nomenclature are for man s comen
1ence and cannot hope to be wholly logical as to represent faithfully the evolu
tion of all livang things * It 1s pertment to add that the systematist must
set up artibranly 2 compariinely static system of specific epithets to represent
what are m effect the dynamic and changing results of exolution among mem
bers of a given group n other words we univordably accept Ricketlsta pro-
wa ekt R rickeltsiae and R Isutsugamusht as of tatonomic categorical equna
lence 1n spuite of biological evidence that they are not precisely on the same
evolutionary plane

The mcreasmg facility of laboratory methods and diagnostic aids for daffer
entiating and comparmg the biological charactenstics of rickettsial agents has
been responsible for some synonymy but carelessness in systematic practices
has also resulted in too great a proportion of mvahdated rickettsial names
This leads to confusion discredit to sound nomenclatural practice in general
and the understandable impatience among medical and technical personnel
which results m perpetuation of colloqual and often cumbersome common
names 1n different languages Newvertheless there 1s no adequate substitute
for the precise biblographic reference to the nickettsial agents of disease pro
vided by application of the binomial system and there 1s no question of s
utility as applied to this group of pathogens

The writer 1s not proposing a system of classification for this group of agents
but 15 reviewing names already 1n the literature (notably by Pinkerton 1936
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1947 Philip 1943 Steinhaus 1946 Macchiasello 194/ Amgstem 194, Bengt
son 1948} and their systematic relationships with some personal opinion as to
application of prionty and categoncal Jevels. Certain difficulties that have
delayed general p of a stmilar . for the viruces were
discussed at the confe on which this ph 1s based and elewb
‘There are equally evadent flans 1n the numerous definitions that =eek to deade
where the boundary between the nichettsias and the vuruses should be drawn
Andremes {1951) has most recently reviewed this problem and his goal of
keeping our feet on ‘the solid ground of practical comventence 15 laudable
The wnter 15 not qualified to discuss this controversial border line ueld and
will confine humself strictly to discusston of agents now clas ihed m Pmkerton s
family Rickettsuceae under the recent concept of Bengtson (1948)  However
since the goal of systematic stabilization 1s closer for this group than for the
viruses 1t 1s lus opimon that any recommendations regar ling the setting of a
luture date of validation for bmomial names of viruses should either exclude
the presently concerved nchettsias or accept the present valdly published
Tickettaial binormals with enginal dates and authors

The genus Rickeilsta was first proposed by da Rocha Lima (1916) for the
agent of European or epidemic typhus fever with Ricketisia prowa ekit as the
only species  Nomenclatonually therefore 1t 15 monatypic and other agents
assimed to the genus depend on subsequent opnions of the enlarged or re
stncted charactenstics of the genus with relation to the genotvpe species
Piterton (1947) Andrewes (1931) and Pake at this Conference in particular

we discussed entena for such estimation  Not only were later-discoyered
typhus ke arthropod borne agents included but withm a decade apparsently
simular types of organisms with no known pathogematy for vertebrates were
found to be symbuoticatly associated with vanous artbropods and these nere
L0 assigned to Rickeltsia as reviened among others by Condry (1976} and
more recently by Stemhaus (1946)  The latter author has logically pointed
out that contrary to some opmon pathogemiaty for vertebrates should not
be a restrictive attnbute of the genus and Cowdry has stated  The batance
tetaeen symbiosss and parasitism 1s 3 dehicate one which may be upset by
factors largely unhnown referring to forms 1n the hyman flea the sandfly and
the mosquito  Swnee intimate association with arthropod tissues 13 nother
attribute i most modem definitions that follows the character of the genotype
species there may be mere reason for supraspecific separation of agents ongin
ally as sgned to Recke I51a which parasitize conjunctival epithelum or elements
of crculating blood of severat hinds of vertebrates includmg birds and fishes
often wathout apparent need fot arthropod mtervention

Much imformation 1s still laching for satisfactory comparatuve cla sification
for manv of these organisms  Rake (1948) has transferred some of them to his
genus Colesiola and Bengtson (1948) has provsionally treated others 1 ap-
Penduces to her system of Richettsaceae  One of these R canrs Donatien and
Lestoquard was designated as genotype when Moshhovsky (194/) phit off hus
new genus Ehrlichia and erected lus family Fhrlichiaceae m which family he
also placed Cordria pummantrum (Condry) Moshkovsks of bovine heartnater
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and hs  Ehrlichia (Ruckelts1a) kurlors * (the parasitic nature of which 1 mon-
cytes of gumea pigs and other ammals has been questtoned, but which he
suggested should have an arthropod vector) It should further be mentionsd
that he provided a tentatne classification of what he termed the “cytotropic
viruses of the Chlamydozoa Rickettsia Group  Although he states that the
heartwater agent ¢ dilfers from the classical Richettsize and agrees with the
organisms of the famuly Ehtlichiaceae m 1ts dimensions n sensibility toward
the action of the sulfonamide drugs and especually 1n 1ts aptitude to provoke
the formation of vacuoles in the host cell, including the aggregated elementary
bodies representing the parasite * he goes on to rawse Condria ‘to the rank of s
genus intermediate between the families Riclettsiaceae and Ehrlichuaceze  ?
The p of his apr synony g the earher Y
yagawanella (misspelled Mytagauanella) Brumpt of Lymphogranuloma vene
reum with his subgenus Ekrlichia 13 not of concern here, but the respective
genotype species are not accepted as congenenic by Rake (1948)

Though there appears to be justification for accepting Ehrlichia for R. boris
and s tick bome relatives the mcomplete information about these agents
would not appear to warrant separation on a famuly level 1n spute of parallel
action by Rake (1948) in transferring Ricketisia congunctirac to Colesiofan gen
1 Chlamyd Moshkovshy T deration of such hagh level sphit
ting morphologieal similanties of the intracytoplasmic ‘inclustons’  mor
ulae * or spherical colomes of tightly packed rods of even R prowa ekst tself
obsenied by Mooser (19452} and others in resistant hosts should be recalled.
Tt would seem more rational, at present, for those desining supragenernc group-
1ngs here to place Rickeftsia and Coxella 1n a Tribe Rickettsiaceae and Elrhickia
and Coudria mn a Tribe Ehrlichieae

If Moshhovshy s family Chlamyd, were to be abandoned as hashis
Ehrlichaceae and the elements now in Chlamydo.con and Colesiota returned to
the Riclettsiaceae under the tnibal conception they would be assigned logtcally
erther to the above latter Tnibe or perhaps another erected m which no arthro-
pod relationship 1s accounted for This however would eltmnate one of the
few remaming restnctive characters of the fanuly namely, the arthropod
vectorship

Such a course 1s not followed 1n the system below pending more complete
knowledge to Justify it The entire group had been placed in the Class Schizo-
mycetes (Stembaus 1946) although this category was left unassigned 1
Bergeys Manual (1948) because of the still uncertain taxonomic affinities

of these organisms

Qeder RICKETTSIALES Buchanan and Buchanan 1938
Famitly RICRETTSIACEAE Pinkerton 1936
Genus I Ruckelisic da Rocha Lima 1916 (type genus of famly) Syn
Strickersa Stempell 1916% Fossilts Megaw (1943) (provisionally pub
lished and therefore not valid under Rule 12)
g0 daprces ted  Rcketp provasch & RochaLum byov amonth, T tte f

Stempell
i g @ b beaeverocked ol nE 4 0P €% Leomhs  Tequestbar
Intrac’ 1Comm t  ppres ¢(Phlp1952)



Pluhp Ruchettsweear Pathogentc to Vertebrates 487

Subgenus A Rickettsta Phiip 1043 A typical subgenus 15 required of
other subgenenc narmes are to be used (Rule § of e Code}
Species 1 proua chu da Rocha Lima (genotype species by monotvpy )
Syn  Strsckersa jurgenss Stempell 1916* R kawo da Rocha Lima
1930 R exanthemotolyphe Kodzma 1932 R grous chivar pro
wa.cks Dinkerton 1936 R. prows ehu subsp prowee.ckis Thilip
1943 Roaleplenca Vesntesillas 1943 {Louse borme epidemic
or Enropean typhus and rectudescent w Ball s disease |
Spectes 2 fyphs (Wolbach and Todd 1970) Philip 1943 Sy F
manchuriae Kodama Takahashtand Rono 1931 (not mendchursae
Macchvello 194/} R moosert Monterro 1931 & exanthematofebss
Kodamy 1932, B municols Montewo and Fon eca 1032 R
“murina or fitchers Megan 1933 (7 mvahid Rule 12) R pro
wieki Yar moosers Pinkerton 1936 R prova ek subsp ypht
Phitip 1943 X smuring movsers Vemtemitas 1944 {Flex bome
murmne or endenuc typhus §

Mooser (1948) has taken vigorous exceptaon to the passibiity that Wotbach
and Todd could have d.stinmuished pathelogscally epiderme from munne typhus
@ propos.ng the name Dermacen rozenus typhein 1920 Thi, s true but as he
humself adets {194sb p 74) over a decade passed with much refidement
methodology before 1t n.s realued that “exscan typhus  was m reality a
mixturs of both  When Wolbach and Todd thought they w ere describng and
Sgurmg 2 dufferent agent than Old World typhus  there 1s mo proof that they
actally did not study some cases of epdemic { Mexican  as they thought)
fyphus which 1s prachically the same reasorung by which Hayashis Thetlerto
fswsugamusiu I the same year 1s pow accepted also by genenc transfer as the
Prwt speific name for the agent of tsutsugamushe disease  There wosld be
much more doubt of the alternatne of synonymeang D i3ph with R pro-
we.ehss (of which the authors were cognizant) and even the Jatter was only
adequately characterned after much rehinement af techniques It may even

flea borne as Moose has postulated i severa! artic’es while the former

may become epidermic ke by secondary louse passage Tt ere 18 som= expent
mental support for the

Subgenus B Zinserre Macchavello 1947 (tedaced from genus herensth}

The wnter 1s scarcely d that the ch of bicubtid

mite transmrission and QXK <erology are more thap peafic but

Stewhaus (1916) constlers 1t to have characteristus sufficratly

dufesent from the type peces R prowawrkis o narmant gning it a

gevenc differentration  and Macchiuietio so trexted 1t Topnuag

and Stepard (1047) consider the umque difference from ail other

nckettsias of sepatation 11 the titerzone during ether treatment s

of spectfic value but this probabiy strengthens the supraspeaif c

diffecentsation
Species 3 trudsugarrusks (Hays bt 1970 genus Thederso) Opata 1931
Ye first used comt of Ruke 'sis gamusht bat pro-

posed 1t tndependently for strans be was studying rot as &
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reviser of Hayashi s name (Subgenotype species by monotypy)
Syn R ortentahs Nagayo Tamya Mitamura and Sato 100
R akamushs hawamura and Imagawa 1931 R onentahs vt
schitfiners Amaral and Monteiro 1932 R megaus Amaral and
Monteiro 1932, R megauer var fletchers Amarat and Monter
1932 R tsutsugamushs orientahs Kawamura 1934 R peends
typhs Vervoort 1938, R sumatranus Rovwenaar and Wolff 1939,
Dermacentroxenus ortentalts Moshkovshy 1945, R ortenlalis var
troprca Hayahawa and MHolan 1917 [trombiculid mite bome
tsutsugamushs disease or scrub typhus]

R mppona Sellards (1923) has generally been discredited because of art-
fiewl cultnation since the strain has been fost and it was the only spears
(therefore monotype) mentioned by da Rocha Lima (1930) 1n erecting hs
genus Rickettsiondes 1t will be dufficult to 1ssignany further species as congenent
with R mppomea  If this should ever be remstated in synonymy of R
Isulsugomushs then Rickellssordes would take precedence over Zinssera

Subgenus C Dermacentroxenus Wolbach 1919 (genus reduced to sub-
genus by Plulip 1943)  Treated as full genus by Pinkerton (1936),
Stemhaus (1946) and others but completely synonymuzed by
Brumpt (1922) and Bengtson (1948) Its subgenenc acceptance
appears warranted for the growmng group of nchettsial agents cap
ble of parasitizing the nucler of certain host cells Topping 2x
Shepard (1947) have reviewed laboratory evidence for this as3

subgroup  All but one species are tich borne
Specses 4 rickettss (Wolbach 1919 Dermacentroxenus) Brumpt 1972
(subgenotype species by monotypy 1n onginal genus) Syn R
Brasiliensis Monterro 1931 R fyphs Amaral and Montewro 1933
(not Wolbach and Todd 1920) Dermacentroxenus rickellss ¥ar
bra thensts Pinherton 1936  [Tich borne agent of American spot
ted fever |

Since Amaral and Montewro were mistaken 1 assigning R Iyphs to eastern
type <potted fever this does not constitute correct prior revision of genenc
status

Species > conorss Brumpt 1932 Syn R blancs Caminopetros 1933

R megaur var pypers Mason and Alexander 1939 D comort

Stetnhaus 1946 [Tick borne agent of fitvre boutonneuse South

African tick bite fever and probably Kenya typhus and Indiza

tick typhus}

Species 6 australes Philip 1950 [Agent of North Queensland tick

typhus ik transmassion 1s presumed, hut not proved |

Spectes 7 akars Huebner Jellison and Pomerantz 1946 [dermanyssia®

rite borne richettsualpoy] Philip and Hughes (1948) pomted

out the relationship of this subgenencally while several recent
cases have been reported with Oy serology (Rose correspond
ence)
Subgenus tncertae sedis
Species 8 guilana Schmmke 1917 Syr R wolkynica Jungmann
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Genus ITII  Coudria (Moshhovshy) Moshhovshy 1947 (Rule 16 antedstes
Bengtson 1948 first proposed by Moshk as subgenus 1945) Sy
Mcollea Macchuavello 1947 (genotype species wentical) Even f
prior date of actual publication of the latter could be shown shichs
doubtful 1t could not supersede the subgeneric name for the same
type species the author also placed R cams D & L under this genus
Macchavello further proposed a genus Cowdryna for a group of msect
symbionts 1t 15 beliecved even if vald, this name would fall by
homonom; since this slight orthographic vanant would be confusing
and hardly conserved under Rules 25 (4) ‘note” and 27 of the
Bacteriological Code  Its questionable differentiation from TF olbachis
Hertig and many wregulanties 1n included specific epithets are rot
within the scope of this paper
Species 1 rumimanhium (Cowdry 1925) Moshhovshy 194/ (genotype

species by monotypy) Syn R. rumnanfsum Cowdry 192
[T1ck borne heartwater of ruminants |

Genus IV Coxtella (Philip) Phulip 1948 (Rule 16 first proposed as sub-
genus 1943 d B 1948 but d 1n second print
mg) Syn Burnetia and subgenus Dyera Macchiavello 194+ (geno-
type species of all identical furthermore Djera 1s mvalid simce only 2
typical subgenus  Burnefia could contain the genotype species under
Rules 5 and 20)

Species 1 Burnetts (Dernch 1939) Philp 1948 (genotype species by
ongmal designation) Syn R urmels Dernch 1939, R di
porica Cox 1939, R (Coxtells) burnets Phihp 1943, R burnes
var americana Anon 1942, R burnels var caprima Cammopetros
1949 R burnefs var hen.erling Rausche and Shens 1951 [Con
taminative and somettmes tich borne agent of Q fever]

The obsersation of Topping and Shepard (1947) that this 1s distinctrve m not
providing 2 soluble antigen when processed with ether would appear to be of
generic significance  However Ormsbee (to be published) has produced small
amounts of a soluble antigen from C burnefn: during ether treatment

Discusston

Tt has not been possible m the time and space allotted to discuss more that
nadentally the biological reasons for the above systematic arrangement but
in the mam they have already been provided by Pinkerton Stemhaus, Bengt
son, and others It 1s believed a compact group of related agents 1s retam
1 Rickelisia while separating more distantly related spectes mto three other
genera  Mooser (1945b) has discussed the reasons why customary vector
reference to louse borne epidemicand flea borne  endermic typhus are only
relative terms but he further emphasized the nickettsial species differences
Thus was further reiterated by Topping and Shepard (1947) who review ne¥
laboratory evidence bearing on classification of pathogemic richettsias

In vies of the tendency toward refinement of supraspecific concepts as nﬂ;
information accumulates 1t 13 pertment to reterate that an author shoul
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meure 13 propoesing new genera f bibhographic reference 1s facilitated rather
than complicated by superficial rais n,, of specsfic entersa to genenc levels so
that a defistton of the genus Rickettyta might ultunately become only a char
actenzation of two close species—R prows ek and R fyphe  Whale there are
plenty of examples of bacteriologmcal genera containmg only a sgle species
tacluding two o this paper there 1s 3 definite decrease m refrrence utslity as the
point 18 approached where every speaies of a family becomes a separate geaus
through continved revision  The value of subgenera becomes more apparent
under such tendencirs  Certawnly researchers contemplating proposal of any
rew pames would do well to consult exther the Bactenologteal Code fBuchanan
§t Jobn Brocks snd Breed 1948) or someone famdiar with 1t to insure vahitty
of such proposals

The question of arthropod assoczation would seern a more fundamental con
sudrration 1 the taxonomic composition of this family than pathogentcity for
vertebrates  \Whate Andrewes (1951) bas stated  the cla s of wflectsve sector
1s probably not fundamentally amportant for antmal viruses  Bengtson {1948/
bas followed Megaw (1942} in groupirg or Leymg the nickettsiae au ording to
the vectors  The spectrum af nonpathogenic symbionts 1n arthropods i1s much
broader than for pathogemc forms m parasitic species and there are several
nonpathogenic sparies described exen 1n vectors of rickettsal pathogens  Sie
the tune of Mcolle 1t has seemed Jomeal that the genotype spooes had s
evolationary ongn an a pamasitic arthropod  The more prumin e adaptation
would appear to be in acartne hosts  There may weli be questinn therefore
of the congereracy of agents with piunly no such assocation at feast at ~ome
stage m thewr propagution  This does not mean that such an obviously nickett
sl agent as that of North Queenstand tick typhus should be excluded until
(be arthropod vector relationshup 13 proven ror yet Q fever which 1 alo
adupted to extra arthropod dissenmation but it does give a more ratsonal basis
for b b level eparation of such forms as Colesiota canyunctisae {Coles) Rake
and Miyogauanella spp

The quabitatne differences on 2 peaific Jevel such as the lak of antigeric
hamogeneity of strams of R fsutsugamush teviewed by Toppug and Shepard
(194:) compared to the homogeneity of patates of R provawck and of &
typhs ate to be expected just as i other systematized biological groups which
we consiler on the same categoncal although not evolutionaey level Such
considerations strengthen sathes thin weaben the utiity of the biomal
system for general reference of the richettsial agents even though it is entirely
Poslle o reviewsr some decades hence might suggest that the Rarp and
Giltam strams of the first actually cepresent taxeoemic subspeaes, unce
serologically they appeas about as far apart as R prevostis and R tvph It
would not be easy far such a reviewer to explan how bus twa ub pecics could
tnfert, diffrand seavthars of s s Tapanese famaly contracting the disease
01 the same farm tn succe.sne years (Philip 1947 TADLE 3)  The utllity of
£:bepecaes based on lack of antigeric homogereity ar on duffererces ol senattn
1ty of ant zens a3 1 Q ferer 1s bot apparent at present
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It 15 hoped that the review of richettsial classification offered above 15 ne ther
too racical nor too conservative to furmsh the utihity desired for adequate
taxonomic reference to prthogens in vertebrates that are at least presumed to
be arthropod borne while showing some 1dea of natural relationships as far as
present tnformation permuts

Summary

The famly Richettstaceae pathogenic for vertebrates and arthropod adapted
on the basis of present technical and nomenclatonal mformation 1s considered
to compnise four genesa—Ruckeltsiz Ehrlichia Coudria and Coxeella  Seven
spectes f1ll nto three subgenera of the first namely Rickettsia (Ruckelts o)
proua ek (genotype species) R (R) typht R (Zinssera) tsutsugamisk R
{Dermaceniroxenus) rickelisis R (D) conortt R (D) australis and R (D)
akary plus three wnceriae sedis—R quinlana R (?) meloplage and R sus
Ehrhiclia contams E cans (genotype species) E borts E (?) omng and E
(?) kurlors  The other two genera re monotypic for Coudria rumtmant ant
and Covtella burnetis respectively  Many nimes are included in synonymy
partly 1t 1s panted out because of mnattention to the Bacterological Rules of

\omenclature
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O THE NOMENCLATURE AND CLASSIFICATION OF INSECT
VIRUSES*

By G H Bergold
Laborat ry of Insect Path tagy Souls Ste Marie Onta o Canada

Vires diseases of msects have been knovn and studied intensively sree
sbout the muddie of the nuneteenth cenfury and such famous bactenologiats
s Pasteur and von Prowazeh were among ther eatly wvesugators  The
recent develuproent of biop ! methods d 2 new search for the
nfectious agrnt et before having hnowledge of solation of ans msect
vaus Holmes (1948) adopted some names from the bterature inverted several
pew ones and classtfied them wnto tho genera with fue and one peaes re
spectneh This was based on unentica! awceptance of tnadeq ate descrrptions
of symptoms of ds 2 ed insects  Stewhans (1940) realized the undeiraby th
of this ntuation and since in the meantime several s wtuses had beer wolated
and described (Besgold 1947 1948 19482) he partially corrected the s tuation
11 a forther improvement Stemhauns (19492) accepted tno genera Borreling
{mith si¢ species) and Mforator {wath one speaies) from Halr os and added tno
rew ones Podllgtelia (with o e species) and Bergaldeg (with five speoes)

What 15 the geperal feeling about naming and cla Hhirg nsect iruses?
At present there 15 absolutehy no necessity far daung so Vet a surt ha
been made and we no+ have mtensne hnowledye of suveral jnsect viruses
The relatively he hly differentiated morphology of mnsect viruses with thesr
corpheated deyelopment and multipheation evrles ind eate that they are
orgaonms (Bergold 1950)  The use of bmomuls therefore is justified

For the descraption of genera and sprcies sexen of the e1ght < exia proposed
by the varus subrasumittee at the Difth Tnternxtianal Congress for Microbiology
1 Rio de Janeizo 1n 10 0 {Andrenes 1951) can be well apphind Cri erion 1—
Mompholugy and methods of teproductin are quite ob for msect
virses {Bergold 1930 10522 1903} Criferion 2—Chemical composition and
pysal rroperties may be smportant  Investigatians of base ratios of the
aucle ¢ 20ad of ey esal msect s truses (W21t 1952) mdicate differences betneen
wuuses from different hosts Crifersa J-5—Immunological properties <us-
2eptibility 1o phy sical and chemical agents and natural meth s of tran<aus.ton

Ve not been insestigated mtensively Criterson 6—Hfost tissue and cell tro-
DTS a7t very important chatacters of mset varnses which are probabhy the
masthos pecfir of all known viruses Crs erion 7—Pathology (including i
clusion bod formation) 15 alse of great sigmficance since sue ard shape of the
irkssion beedies 2re valuable chasacters for distinguishing the genesa Craterson
~Symptomatalogy 1s practieally of no value

Forall these rensons natmun,, 2ud classifsing sneect viruses (not d setses )
3y be ¢couraged, under the following con fitions

(1) An s sect vargs must Be isolated and demanstrated by the electron
froscape before anv name or classtication i apphed

ConrWtion \a, 4, Doviswon of Forest B olegy Sosence Servic Dept of Agricglions Ostava. Caon
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(2) Mo tentative ’ or “provisional ' names or groups should be establisied
until the virus itself his been demonstrated no matter how obvious any
symptoms of disease may be Such tentatne proposals only confuse the
student and annoy the expert

(3) Description u{ a genus should be concise and be based mawmly on the
varus atself

If these three conditions are accepted, the genera Paillofelie and Moretr
have to be dropped  The genus Parllotella 1s based on hght microscopic b
senations 1n 1926 by Paiflot (1926) of small granules less than 0 1 i dumeter
mn diseased larvae and pupae of Pierts brassicae (L) Polymorphic inchuin
bodies were also present  Steinhaus (1949a) 1s not certatn whether Paillot saw
the actual virus 2nd justified his acceptance of a virus speces, so madequately
described 1n the following words  “In order to precene contuuity however
1t 1s suggested that at least for the time being all those pecies of msect sirves,
which have been previously recognized as such by Holmes m Bergey s fansd
of Determinative B logy be d and retaimed even though some of
them may not as yet have been seen with the electron microscope ot dtmon{
strated by a determination of thewr physical properties  In the cast o
Moralor a possible virus discase of honey bee larvae, the situation 1s een
worse (White 1913 1917) Nothing has been seen, even with the light mere
scope neither inclusion bodies nor virus particles There 1s not even &
dence of infectivity o)

For these reasons and furthermore as nomina dubia (Art 63 of the code
the genenc names Parllotella and Morator must be rejected o

This leaves the genera Borrelina and Bergoldia  The generic name Borm l‘;"
was ongmally suggested by Paillot (1926) for the causatne agent of three &
ferent diseases (1) Borrelina bombycss (= Borrelina bombyces Pailot) ‘?I“[‘[‘!'l‘b
the polyhedral disease of Bombyt mors (2) Borrefna preris (= Plléh:nc
piens (Paillot) Stemhaus), causing a disease of Prerss brassicae @) o
tenized by polymorphic nclusions i the cytoplasm of host cells ("11'1155t T
demonstrated) (3) Borrelina brassicae (= Bergoldia brassicae (I’ﬂlllm?j ‘m,
haus) causing the granulosis diseasc of Prerss drasscae (L ) (sirus not cem o
strated) The fact that the ongmnal description of the genus Borrehna K‘:i
by Paillot (1926) was such that 1t could be apphed to the agents of three o
ferent diseases 1y ahdates the description for any one of them Furtherm .
the description of Borrelina dombycrs 1s not adequate  As the causatne al;!;o.
Paillot {1926) described minute granules visible under the dark field (!;1973)
scope 1n blood and tissue of diseased insects  Glaser and Cow drs{d arat
however found that granules similar to those seen 1 blood of disea od e
are also present m the blood of healthy ones  Steinhaus (1919) accep e
name Borrelina bombycts from Holmes on the assumption that Paillot has ate
the wirus  Yet imtensne mmvestigations carned out by the author mcmm
that 1t 1s very difficult to adentify virus particles i diseased silkworm s
even with the electron microscope

The following names have been proposed for the causative agent of ﬁ;:;’gl;n
worm Jaundice Micrococcus bombycrs (Béchamp) Cohn 1872 mggl‘ghlmy
polyedricum Bolle 1894 Micrococeus lardarsus Rrassilstschih 18
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soom bombyas von Provazel 190: Crystall plasma ¢ hednoum ¥ e

el 1918 Borrehing bombycrs Tarlat 1976 Sim e all the de nonns n

furh the above natmes are hased are madequate there vas ror fustitsegtr n it

lnlmes to choose Borreling violating the rule of yrnorts  Therefore i fer

s onescotns the ger ral confusion the name Borveling 1 vrjerted ari e

sefy new natoe now p opased

Almost all the knowled e we have a2 present of insctyvir € 2 laet o

rus parks les leberaled from polshedral bodres or L3psules + @ p tinany o}

[ paticles «en tn the serum  The firet to asume that pet bedr 1 ¢

te carmiess of the mfertious agent was Bolle (18243 Hr ¢ <ilesed he

dratbedy s amwultipheation form and restng stage fa por 2 2y Wb Fe
tmed Sfwrosporsdism polyedricum  Polle {19990 wmesti at { riny !

» palvhedral bodies and was the first to find rhat they dissch nttcelhal o

3t jaeof thr laryze aswellasinseveratallab and s 31 Upewfrstun g

¢ ehserved that the polyhedra consist of 2 rotnal prasslated wr uw '

nighes peripheral by er surtvunded by a thin membrar B lle, el tiv

1¢ polyhedral bod es are proten i nature and conter n by ud sut ter W

The autbor considers that these fundarertal resuits Yoired Iy B B ¢

3yaarsage which provided the basis for the final wolaty 0 i denty g

[tnsect vinases {Bergo'd 1947} desenve the namir s theperu w h hog ¢

B nxwme Microrporrdium polyedriim Bolic ha to berex 1t 14 vy

wbignum {Axt 62 of the code) The author therefore pr s~ th nime
Balle stomen morum = Horreliny Patllot

1t shou'd Le mentroned m this conpection that altl oo heba 2 n gt t
e dots apply to the virus frld w0 prionsty date for virus names ba ber «
{Conference on Virus and Prchetrsn! Classfication ar 1 Non o latore Ney
York January 1952%) Trercfore no published vires namres asc s tuath

&t present,

Inaddton to the penera Bollea nom nov and Bergoldia Steankau  theauth ©
woult ke to propnse a new genus Swmitha ges mom t v the phencal siruses
recently wolated and demonstrated by K 3 Soth and B W ¢ Ve
(Smuth and Wickoff 1900 1951

The desctiptions of the gevera Borreling Tanllet (= Bollea Tergoth ant
Borgliia Steanhaus gien by Stemhaus (19359 19491 can beompre od ¢
View of our present knowledge

For separation of the genera cruena one it aniseven uf the Rio plin ate
S sent but diferences on the other crten mav be jreernt and utf be
wlyded fatar  In the descnpts n of a spe s there s httie hope that am
sect virus mas be defined by amy smgle entens n These wal often be mvee
Brp ug of some properties m some peaes  We do nat Lnow at presct
whethor expetience 1n and the nules of the geaeral el of Puzubiology can be
30p'ed 1o the conespt of the vinus peeies

The method of descnbing the yirus peowes gven b Stewthaus (191) 10490
d by the author (belon) 18 quite unorthodox and vers long It oot
etals vt by seem 10 be of dubious volue at preseat bt mas beof impostance

Thalsth Confrens oo wh b hut trosck b bk
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n the future  Nevertheless the author proposes that, pending further knos
edge which wall enable one to set a precise borderline for the separation of vins
species the eight cntena of the Rio plan be adopted as a basis for a stapdard
desenption  In that way deletion and addition based on advances mn knowt
edge can be easily applied and the vahdity of the Rio plan can be checked
The gencral application of a standard method may also help to coordmate, and
standardize research m different laboratonies  This would provide an easer
means for companson and a better understanding of viruses than solated
research groups could othermise achieve

A prehmnary attempt 1s made in TABLE 1 to campare the important chant
ters of msect viruses by applying the Rio plan  From this attempt it caabe
concluded that insect viruses so far examined do not duffer greatly in respect
to entena (5) and (8) These two cntena mght, therefore be omtted m
future descriptions  This 15 also true for criterion (4) 1f the clusion bodes
contaiming the virus particles are compared although further research may
ndicate differences if the free virus particles are treated with different reagents
1t 15 to be expected that serological im will reveal add, Lyaluatle
duifferences between virus species  As a whole TAptE 1 ndicates that mset
\irus species can be defined only 1f several characters are considered and that
single ones may be of httle or no value

It should be noted that the author purposely rejects the family Ber
relinaceae Holmes and the ‘sub-order Zoophagineae Holmes (Holmes 1949)
1t was generally agreed at the ¢ Conference on Virus and Richettsul Classfa
tion and Nomenclature January, 1952* mNew York that, for the time bewg
noattemptsto classify viruses in general should be made above the genus fevel
since we have no knowledge of their phylogenetic relationship

Comparning the characters of the species m the genus Bollea [for evample
their differences 1 multiplication (number of rods i a bundle)] one might
consider that the dufferences are above the species level  That would meant ﬂl]’[’
sub-genera genera or new sub-families should be established  Yet such d
ferentiation should be postponed until more knowledge has been accumulat ¢

The author proposes the following descriptions for the genera and species ®
nsect viruses

DEScrIPTIONS OF GENERA AND LisT OF SPECIES

Genus Bollea nom no = Borreling Paillot 1926
Vizuses mostly rod shaped with dimensions of about 20-70 X 200-400
mu } occurning usually n numbers within dense polyhedral sha}::{d
mcluston bodies (polyhedral bodies) of about 05-15 p 1 et -
Virus particles often carry the deselopmental membrane whxdlbg“_’e
the appearance of thick straight rods Developmental mem! 0‘:1'1 .
easilly shed Viruses multiply and develop and poly hedral b ;
form 1n the cell nucle of msect larvae and occasionally of isect Pl;P‘v‘”
Type Species Bollea bombycrs (Paillot) comb nor = Borrelina Bom?}
Paillot 1926

fre o whechth mom graph 3b s
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Speces Bolles ficien (Holmes) comb now = Borreling efficiens Holees
1933

Bollea reprimens (Holmes) comd o~ = Bosreliea reprimens
H 1948

Bollea oletine {Stevhaus) comd nor = Borrehna olethnia
Stenhaus 1902
Bollea campeales (Stenhaus) comb no~ = Borrina compecles
Stehzus 194%
Bollea peremptor (Steanhaus) comd o= = Borrelina peremp or
Stewhaus, 1949
Bollea fumiferana spec non
Geous Bergoldia Stemnhiaus, 1949
Viruses mostly tod shaped ith dumensions of about 30-/0 X 100~
400 mp* without and 50~100 X 200-300 my with the developmeantal
membrane  Occurring usually singly 1n dense elbpsoudal shaped in
clusion bodics {capsules, granules) of less than t u length  Virus
particles normally cacry the developmental membrane guing the
appearance of thick wsually shightly cunved sausages Davelop-
mental wembrane not eauly shed  Viruses multaply and develop
ard inclusion bodies form 1 the cytopla.m and/or cell nucles of teect
Iatvze and occa 10nally of wsect pupae
Type speaes  Bergoldia calypta Stembaus 1949
Spectes 1 Bergoldia daboa Stembays 19493
Bergoldsa lathehice Stewnhaus, 19492
Bergaldia thempsoma Stanhaus 1919
Bergaldia ehstorhabdion Wasses and Stewhaus 1931
Bergoldia nosodes Hughes and Thompson, 1923
Genus Smithua gen mov
Virw ¢s mo.tly phencal with a dametes of about 63 r} Occurnng
m numbers 1n dense pulyhedralshaped inclusion bodies (polyhedral
bodies) of about 0 5-15 s diameter  Viruses multiply and decelop
snd polyhedral bodses form 1 the cell nucles of wsect burvas
Type specws  Smthia rofunda spec non

DesCRIPIONS OF TUE SPECIES

Gerus Bollea nom #i0v = Borvelina Patlot 1926
Bollea bombyces (Padlot) comb nor = Borrelng bombyuss Pallot 19°6 Type

s

) Morphology and Methods of Rg:‘xiu.lwn 1 inus rod-haped sveragrg
bout 2 9'm lo g and 40 myu 1 dizmeter  Rods surroanded by a thn (n
2134} mrmbrane and cousist of sceerst phencal subunits A sie-der pro-
ra0n (3hout (0 X 10 mu) exterds from one erd of the vod  Virus develeps
fom amalt spheres (sbout 2040 my 11 durieter) athin s denelopmental mem
Btk iy and wad 1o Gat of Eova proxs alowing tor powble aee prcied i Sfereat
Jarisheke ety das 100 Larviecnd e the x.:;mg::vx;:‘-nwﬂﬂ .
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brane usually nto one rod hut sometimes mio 1 bundle of tao Develapr
stages of virus infrequent in poly hedra

(2) Clemical Compostiton and Plivsieal I ropertses Virus particles suspe 1
well in distitled water  Virus contuns about 14 per tent mtrogen 1.3 pe
cent phosphorus 14 per cent desoxymbonucleie 10 1o nbenucec aat
Q01 per cent won vem little or no Ipoids or carhohydrates  hatio of ade
mine + thymune to guanine 4 ¢ytosine 1 3 Vmunn ack] content of virus fn
frer cent of total nitrogen) ystine 4 cvstene 04 aspartic acd £1 ghutamie
aad 37 <ennc 64 gliane 5% threomne 6 8 alinmed # tyrosme 24 meth
omne 18 histudine 14 lysine 30 arganine 184 valine 24 Jencine - ssolew
cine + phenylalanine 76 proline 23 nucleic acsd 161 unaccounted for %4
Possibly no tryptophan

Virus faurly Jis n the ult: 1{ d ation constart
swp 1871 Seedberg diffusion constant 14 215 X 107* speaific voleme 04/
Larticle weight about 456 X 1077, or 2/6 X 10" g /mole

(3) Immunological Iroperties \wrus and polyhedril protans huve hyh
antigee actinity  Both e serologically unrelated to lost but there m1y e
some relationship between virus and polyhedral protein

(4) Susceptibiity to Physical and Chennicl \gents  Actnity ol virus »
reduced or lost after freezing boiling drying, or treatment with ultrasonics
ethylalcohol ether alkalis acids and calciem on In 2queous su pensionat
4 ¢ the virus 1s stable for several weehs  Virus pasticles enclosed within
the polyhedra stored dry or wet retain their actiaty for many years

(») Natural Vethods of T Vsrus 15 b d from lana to
farva by contaminated food and to the next generation va the e, s

(6) Host Tissue and Cell Tropisms  Bombyt mors (I ) (I epndoptera Bom
byaidae) silhworm (HIGURL 1) Vyrus usually attachs the Iinval stages seldom
the pupa  Virus and polyhedral bodies develop only sn cell nucler of most
organs including blood cells but not 1n gut cells  Transmussion to other msect
species not clanfied

(7) 1 athology Inciuding Inclusion Bdy Formation % irus ciuses sihworm
jaundice (Synonyms geallume grosserre Gelbsucht I etisucht 1 olyeder Krank
Je) 1D intralymphal about 4 X 1078 g free virus/lana per os about
5 K107~ 1 X 10~ g or 600000 1 200000 polyhedry! bodies/lana  De
stnction of cell nucler of most organs with formation ¢f enormous numbers of
voly hedral bodies which usualh kil the larva o pup but not the adult
Period 1rom nfection to death 6 $ days depending on v1rus dose and tem
perature  \irus can evist 1 latent form in the Dost for sevetal generationt

Tolyhedral bodies are resistant to putrelaction processes and are nsofuble 1n
water and alcohol but dissohe n weak alkals and aculs  They are fauly
umform 1n size (about 5 4 in diameter) and shape and are crystailine rhombo
dodecahedra  They stan after 1c1d or alkaline treatment with fuchsin B“m“l‘
and tron hrematoxylm  They consist of about > per cent Virus particles and
about 9> per cent of vers homogeneous polyhedral protem  Virus purticles
are hiberated from polyhedral bodies by dissolving the latter (> mgm /m!
10 0006 4 \a COy + 00> ¥ NaCl  The polyhedral protein has a mulecllklll
wieght of 278000 (s, 1285 D, 312 X 107) and sphts reversibly 1y alkah
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treatment to 60 5 (1,6) and wrreversthly to 20 230 (1/18) with sedimentation
constants of 3 16 and 149 Svedberg diffusion constants of 480 X 107 2nd
G80 X 1077 respectively  The polyhedral protemn contams about 157 per
cent mtrogen 0 06 per cent phosphorus which may not belong to the molecsle
and 000> per cent aron  Amuno acid content (in per cent of total mtrogen)
cystine + cysteme 06 aspartic acid 7 6 glutamic acid & ¢ serine 30 ghane
32 threomne 2> alanine 34 tyrosine 32 methiomne 2.3 hustidne 49 lysie
113 argimne 110 valine 51 leucne + 1soleucine ~ phenylalanine 1
proline 29 tryptophan 3 2 not accounted for 9.3 per cent

(8) Symplomatelogy No external symptoms of the discase until about
two days before death Lanae become swollen the integument becomes
opaque 1n spots shiny 1n the white race and yellowish n the yellow frace
The integument breahs very readily releasing a yellowssh white hiquid of 2
crem Iike consistency  compnsing chiefly polyhedral bodies larvae often
still mottle at this stage of the discase

Fertinent I tterature Aoki and Chigasaki 1921 Bergold 1943 194 198
19431 1950 1952 19+2a 19521 1953 Bergold and Iredrich Irebs 1947
Bergold and Pister 1948 Bolle 1898 Cratia and Padlot 1937 Holoway and
Bergold 1943 Paillat 1925 Steinhaus 1949 19491 Vago 1951 Wellington
1952 Wyatt 1932

Bollea effciens (Holmes) comb nov = borrelina ¢fictens Holmes 1988

(1) Morphology and Methods of Reproduction  \irusis rod shaped a\trlati“:o
about 350 X 565 mu  Morphology and methods of multiphication stml :hm
those of B bombycis  Many more virus particles 1n the developing stage i
i B bombycis  Bundles with two rods quite frequent some bundles contd
probably four rods by

(2) Chemical Compostron and § hnsical 1 roperlies Ratio of adenne e
mine to guamne + cytosine 094 Virus polydisperse 1n the u\lr:lcfdﬂﬁmnl
having three different heavy components probably representig U'CM; el
morphological forms ~ Sedimentation constants s- 1800 2800 and 3 gt
berg  Diffusion constants (mean of 3 components) 23 X 104 Pﬂ"‘&;“% o
greater than that of B bembycis probably about 116 X 107 ¢ of
g /mole

(3) Immunological Properties  Nothing hnown

(1) Susceptibilrly to Ihﬁ.nml and Chemcal igents Virus particies md‘);t;i
within the polyhedra stored dry or wet retain their infectiity for m‘any )[;ml

(>} Natural Methods of Transmission  The sirus 15 transmutted from
to larva by contamnated food and to the next generation t1a the tggsd rers

(6) Host Tissue and Cell Tropsms ~ Lymantria monacha (L) (Leprdop!
Lymantrudae) Morne nun moth otherwise as B bombyers o

(7) Pathology Including Inclusion Body Formation Virus causes i
krankhei! (Synonyms W spfelsucht ¥olyeder Arankhert mun moth d\\:ﬂmm
moth polyhedrosts)  LDgo intralymphal and per os not accurately def “Bellea
because of nterference by latent disease of test msects otherwise as
bombycts  Penod from infection to death about 13 to 15 days Stiopm

Polyhedral bodies not regular 1n size and shape About 25 t0
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diameter ureoular tetrahedra or cubes Virus liberated by dissolving the
polyhedra (> mgm /ml ) m 0 006 3 Na COs+005 ¥ NaCl Thehomo,en us
polyhedral protem has a molecular weight of 336000 (s 1278 D 35 % 107 ¢
and splits reversibly by alkalme treatment to an unstable component (%,
and ureversibly to 18240 (1{g) with sedimentation constant of 138 Syl
berg and diffusion constant of 698 X 10~ The polyhedral protemn « rtam
zbout 13 6 per cent mitrogen and 0 04 per cent phosphorus  The latter may n 1
belong to the molecule

(8) Symptomatology No external symptoms at all until discrsed linac
disintegrate ligud flowing out from such larvae 1s browmish white 1 vased lar
vaemigrate to tree tops (1 1pfeln)

Tertwent Literature Bergold 1943 194 1948 1952 10 % 133
Bremdl 1938 Bremndl and Jirovec 1936 E cherich and Muwapma 1911
Esthench 1913 homarek and Brendl 1923 1923 Prel! 1926 T evner Au t
1949 19492 Stemhaus 1949 19492 Wyatt 1952

Bollea reprimens (Holmes) comb nor = Borvelina reprimens Holmes 1045

(1) Morphology and Wethods of Reproduciion Virus 15 rod shaped averig
g about 364 X 41 myu  Morphology and multiphication very smlar to
B bombycisand B efficiens  Many virus particles in vatious des eloping  ta,es
Rods may develop singly or m parrs but usually m bundles of four or possibly
more within the developrental membrane

() Chemical Compositin and Physical Properiies Virus contains about
13 per cent mitrogen 13 per cent phosphorus and about 14 per cent desoxy
rbonucleic acid  Ratio of adenine + thymine to guanine - cvtosine 0 /1
Virus polydisperse m ultracentrifuge showing three components representing
Probably the chfferent hol i forms constants 2500

100 2nd 4000 Svedberg diffusion constant (mean of 3 components) 1 />
X107 speerfic volume 074 particle weight of mature rod about 6> X 1077
8 or 393 X 10 g /mole

() Immunological Properties Nothing hnown

(3) Susceptibility to Phystcal and Chemucal Agents \irus particles enclosed
within the polyhedra stored dry or wet retain their mfectnyity for many years

) Natural Methods of Transmission The virus 15 transmitted as B
bombycrs from larva to larva by contarmimated food and to the next generation
a the egg

(6) Host Tissue and Cell Tropsms Porthetna dispar (L) (Iepidoptera
Lymantrudae) gypsy moth othernise as B bombycts (FICORT 2

0} Palkology including Incluston Bodv Formation  \ trus causes poly hedro
%S of gypsy moth caterpiflar (Synonym  Wilt disease gypsv moth “l‘:l
Piyeder Ryankhert) LD, mtralymphat arouni 10 g free virus lana an
2705 approuimately 101 g or about six million poly hedra larva hul‘thcs:
Brutes have not been accurately determined because of mlerﬁ:’nnte by Om;en
dstase of test meects  Pertod from infection to death 10 to 17 davs — Other
Hiseas B bompycrs

Polyhedral bodies of vary ing sizes from 1 (o 10 av
¥egular form with no predomunant shape  Othersie

eraging about 3 & and
as B bmbscts \arus
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Ierated by dissoly n,, the polyhedra (> mym ml) n OO 1 \a(
+003 ¥\aCl  The I omogenous polyhedral prtenta amleuls ¢ph
26000(s 1257 D418 X 107) and splts revers bly to 4

U meverstly to 13 360 ('13) vth sed mentaton onstan [ 3t
135 edberg and d fius on constants of 6 05 X10r7ani8 4 x 1 |
ely  The polvhedral prote n conta ns about 1 4 per e t e

out 0045 per cent phosphorus b ch may not belon, toth m e

(8) Syn pomaolog No ext rnal symptoms at al unt {1  «d
snterate and a bro nsh htel quilflo sout

Tetnent 1 terature Bercold 1943 194 1945 19481 1) 1 4 1

3 Brenilani Jrovec 1936 ( laser 191> (la ranl (ty [
rohws 149 104)y Wyatt 1052

Blieadlelly a (Ste nhaus) conb o — Boprel a letlr aSent u |4

() Morgl logva 1 ¥etlolsof Reprd o \ru srod 1ax il

Oma  Occurr ng 1n bun lles of se eral members each

{2 () T tdle nformat on ava fal le

O) lost Tss ea dCell Tropsns  Prode o pract a Crote Iy 1
fhalen fae (\octy dae)) Western yello  str ped irmy orm

O Pallogy 1 grds, Bofy Fornalo  \rus auesy ! lel
$s Tohhelra appear to have four or £ e sdes hensee n uln a |
M€ 25p ndameter 1than averige of tbout 3 p Ceneral |1 pert es jrob
ally smlar to those of B bon b cs

@ Sympomatol gy TInfected hr ze lose appet e tecome sluw sh
m ment may turn reld sh bro n 1 efore death | dy contents s ntegrate
noa dark atery mass  t! n the ntegument

Pe tnent | terature Ste nlaus 1949 19492
Bleacampe fes (Ste nhaus) omb o Rorrel 3 campeole Stenhaus 114

) Morpl logv a d Metiols of Reprol 1o\ rus rod shape | averag ng
T ox mately 300 X 40 mg Occurr ng ntunlles of se eral memters ex }
Y Uem atCo posto a dllys al Ivopertes Rat  falenne + thy
M 0¢ to guan ne - cytosne 13>

O} Tmm ¢ ol g ¢t Propert es o nformatona alatle

WS sep bl yi 1) scala ICle al fge s Most of the physcal
and chem ¢] agents v hel destroy lactera alo letry the vrus Ticr
PRteD athn the polytelra the v rus retans ts nfect ty £ rat least
ayear

G Na ral Ve a5 of Tra sn sso \rus
4nab contam nate | food

(6) llo;r Tssca dCell Tropsns C1

Pea I er fae) Alfalfr catery tar

() Latral ¢ ,)d 1gr [I, I fvF rma n  Viruscruses poliedro-
+5oMt e alfalfa catery Tar (Synonyms W1t twacs 1) Lerod Immhln
con 1 Jesth alout seven Tays P 1 hedra appear ¢ have 3 ¢ 5 Tos when
¥n noutl e vary consdersthy n hape Ssel 14 thana crpecl 1o
b rus Tberted 141 <ol ng polyhe I (> mgm mt) n 00K ¥ Na CO; +

tran m tte 1 from {ana t

plllceer TemeBE] (Leg
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00> I NaCl  Most of the general properties of the poly hedra are essentully
the same as those described for B ombyers

(8) Symptomatology  Infected larvac show loss of appetite and decreaced
actisity  The normal green color of the larvae changes to a pale vellwshor
gravish green body becomes very flacaid

Pertinent 1 iterature Steinhaus 1948 1949 19492 Wyatt 1922
Bollea peremptor (Stenhaus) comd now = Borreling peremptor Stewhaus 19%%

(1) Morphology and Methods of Reproduction \irus rod shaped avem g
about 270 X 30 mu  Occurring in bundles of several members each

(2) and (3) \o information avallable

{4) Susceptibilaty to Physical and Chemical Igents Most physcal and chem
cal agents which destroy bactena also destroy the virus

(5) Vatural Methods of Transmssion  Lattle information avarhable

(6} Host Tisswe and Cell Tropisms 1 hrygamdia califormica Yack  (Lep
doptera Dioptidie) California oakworm

(7) 1 athology wncluding Inclusion body I ormation  \ rus causes poly hedro-
sis of the Californin ocakworm T olyhedra appear to have from 3 » sides when
seen i outhne and vary considerably n shape  Size ranges from 10-33#
wn diameter with an average of 1bout 2 1 "

(8) Symptomatologn  Infected larvae become sluggish in moyement an! m:
their appetite  \atural coloration becomes less mtense recenthy dead lana
may assume a pink or reddish color

Pertinent I uterature Steinhaus 1949 19491

1

Ballea funuferana spec nov

(1) Morphology and Vethods of Reproduction  \irus s rod shaped a\rrlaru;a
about 260 X 28 mu  Morphology and methods of multiplicrtion smt 3bun
those of Bollea bombrers  Severalvirus particles in the deseloping stage
dles with two rods quite frequent

(2) Chemical Cm:tlpan[mn and IInsical Properties  \irus mmdle[sp;u:};::‘:l
well in very dilute athali (about 00001 ¥ N\a CO;) but not in dxsuh s
Werght ratio of mtrogen to phosphorus 16 The phosphorus of the i
bound as desovynbonuclec acd  Ratto of adenine + thymtne :;g;malt
+ cytosine 095" Particle weight about 208 X 1072 or 176 X 10°¢

(3) Immunological I roperties  \othing known

) Sluuplxbllfly to I’h{ﬂml and Chemcal fgents \irus particles e‘nd:'::sd
within the polyhedra stored dry or wet retun thewr infectin ity for mﬂ"]m)‘:x ©

(2) Natural Vfethods of Transmussion  \irus s transmutted from
larva by contaminated food and to the next generation tia the eges ) @ep

(6) Host Tissue and Cell Traprsms ~ Choristoneura fumiferans {Clem
doptera Tortricidae) Spruce Budworm otherwise as b dombras he ol

(7) 1athology wncluding Inclusion Body Iormation  Vitus c:lus':ng! Ti5s
hedral disease of the spruce budworm I Djo intralymphal abou o s
X 107 g free virus/lana  Period from infection to death about
Virus can exist i latent form in host  Otherwise as B dombycrs

Polyhedra of varying size about 10-2 5 in diameter and of |r;e
but tetrahedral forms are frequent  Only about 1 5-2 per cent o t

gular shape
hexr weisht
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represents the v rus part cles  These are | berated by 1 of 4 hey t o4
(Smgm /ml) n003 1/ Na CO +00> ¥ \aCl The e htra 1
to phosphorus of the polyhedral prote 1 1s about 200 but the ph i um
not belong to the molecule
(8} Symploma ology o external symptoms untl abou o 1
death  Lar ae become s ollen and some hat | ghter ncolo L |
out from d s ntegrated larvae  h te to Ightbro n cons t ¢ h 1
hedral bod es
Pertnent L terature Bergold 1950 1951 19525 1) 3 W 1

Cenus Bergold a Ste nhaus 1949
Bergold a calypla Ste nhaus 1949 Type Spe

(1) Morphologya d Me hods of Reprod cto  \rus's of |
about 257 my long and 41 mu ndameter Therol ae u
thn (nt mate) membrane and cons st of spher cal sub un A
L uson (about 30 X 10 mu) estends from one end of the ro  k
retan the de elopmental membrane wh ch g esthema e
curved appearance  \ rus develops from a smalsjl re |
mental membrane uvsually nto one rod but occas onall n |
3 rus de elop ng stages qu te f equent

(2) Clem cal Compos tora d Plyscal Fropertes \ rus u
nell ndstlled ater Only desotyr bonucle c acd s pres
aden ne - thym ne to guan ne -+ cytosne167 Y rusno ervh v
0 the ultracentr fuge probably because of presence of ar aus morg to 1
stages  Sedimentat on constant 1324 § edberg  1fluson  on tan 3

X107 Part cle we ght about 435 X 10~ g or2 0 X 1 g mole

Q) Imm  olog cal ropert es  Noth ngkno n

B Swep b yto Plyscala dClem cal 1ge s\ rus part les enclose |
® hnthe capsules stored dry or et retantheracty ty for many years

() \a ral Velods of Tra smsso  \ rus s transm ttel from fana to
™a by contam nated food and to the next generat on t a the eggs

(6) Uost Tss ¢ a dCell Trop ms Caor amu aa(Hbn) (Lep !y
tera Tortr ¢ dae) (rrcure 3) The 1 rus usuall attacks the lanal stages
and oceas onally the pupae  De elopment of rus and caj ules usually n
loplasm of most organs nclud ng bloo ! cell tha vacuoes [ ary ng
$2{up10%0 4 1n d ameter) b ch fuse together The ¢ vacuoles break hen
] wall ruptures an | enormous numbers of cafsu es are [ berated into the
M Transm sson to otler nsect peces doubtful

O Palology s 14 ¢Idso Indvionao \ u causngtleAap

4 hra ket (Synonym granul ss capsule 1scase} 1D 1 tralymyial
20 per o5 not accurately determ ned because of nterference 1y latent d ceace
P U6t nsects  Destruct on of cells of m st organs b { rmat n of enorm us
fumbers of capsules usuall result ng i death of the pupe 1 mum? n
fect on to death not accurately letermnel \ rus cinex t nlatent I rm

* s eral host generat ons

Capsules are rti stant to putrefact on prixcesses anlare n luble n leer
andalcohol but 1ssol e e halkal a lac 1 Theyare tyeryunfm

H
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00> 3 NaCl  Most of the general properties of the polyhedra are essentulh
the same as those descnibed for B bombrers

(8) Symptomatology  Infected larvae show loss of appetite and decreaed
actiaty  The normal green color of the larae changes to a pale vellowishor
gravish green body becomes very flaccid

Tertinent Iiterature Stemhtus 1948 1949 19492 Wyatt 192
Bollea perempler (Steinhaus) comd nor = Borrclina peremplor Stenhaus 194

(1) Morphology and Methods of Reproduction  Virus rod shaped averaging
about 270 X 30me  Occurning in bundles of several members each

(2) and (3) No mformation avulble

(4) Susceptibrlity to Physical and Chemical Agents Most physical and chem:
cal agents which destroy hactena also destroy the virus

(5) Vatural Methods of Transmssion  Ittle information available

(6) Host Tissue and Cell Tropisms  Phrygamdia californica Yack {Tep
doptera Iioptidae) Californa odhworm

(7) £ athology sneluding Incluston Body I ormafton  \1rus causes polvhedro-
s1s of the Californa oakworm  Folyhedra appear to have from 3 > sudes when
seen 1n outline and vary considerably in shape  Size ranges from 1032p
m diameter with an average of about 2

(8) Symptomatology  Infected larvae become sluggish 1n moyemen! "
their appetite  Natural coloration becomes less intense recently dead lana
m1y assume a pink or reddish color

Tertinent Literature Stetnhaus 1949 19401

t and lose

Bollea fumiferana spec nov

(1) Morphology and Methods of Reproduction N urus 1s rod shaped a‘";”:\:g
about 260 X 23 mu  Morphology ind methods of multiphcation simt -
those of Bollea bombacrs  Several virus particles i the developing stage
dles with two rods quite frequent

{2) Chemical Composttion and I hysical Praperties
well in very dilute alkali (about 00001 ¥ \a COy) but not 1n ds
Weight ratio of mtrogen to phosphorus 16 The phosphorus of anme
bound as desoxyribonuclerc acd  Ratio of adenine + thymine :;g‘;molt
+ cytosine 095 Particle weight about zos X 10ty or126 X 102

(3) Immunological I roperties  “othing known

@ s,mpnb,fuy 1o Physical and Chemical Lgents  \irus particles ‘“"f;;d
within the polyhedra stored dry or wet retawn their infectiity for mm‘]ﬁr’\n 0

(5} Natural Methods of Transmusston  \irus 1s transmutted from
larva by contammated food and to the next generation va the €ges ) (iep

(6) ITost Tissue and Cell Tropisms ~ Choristoneura fumiferand (Clem
doptera Tortricidae) Spruce Budworm otherwise as B bombycts the poly

(7) 1athology sncluding Inclusion Body Formation  Virus causing the {50,
hedral disease of the spruce budworm 1D tntralymphal abou 10 days
X 10 g free virus/larva  Penod from infection to death about
Virus can exist in latent form m host  Otherwise as B dombycrs Lar shape

Polyhedra of varying size about 10-2 5 4 i diameter and of lrreghu et
but tetrahedral forms are frequent  Only about 1 5-2 per cent of their

d
Virus particles suspen
stilled water
the wirus



Bergold Insect Viruses (]

represents the virus particles  These are hberated by dissohing the p 1
(ymgm /ml ) n003 A Na CO,+ 00> U NaCl Theweightrats 1 ¢
to phosphorus of the polyhedral protein 1s about 200 but the pt 2 | r
not belong to the molecule

(8) Symplomatology o external symptoms unul about tv it
death  Larvae become swollen and somewhat hghter m col>r 1 4 1]
aut from disintegrated larvae white to hiht brown consist ng, <l wefl
hedzal bodies

Pertinent Literature Bergold 1950 1951 1957h 19 3 Wyaut 1)

Genus Bergoldia Stemhaus 1949
Bergollia calypta Steinhaus 1949 Type Speaies

(1) Morphology and Vethods of Reproduction  Virustsrol haped « eraging
about 257 mu lony and 41 my n diameter The rods are surrounded by a
thin (tntimate) membrane and consist of spherical snb umits  \ slender pro
trusion (about 50 X 10 my) extends from one end of the rod  Rods usually
retam the developmental membrane which gnves them a wider and shightly
tuned appearance  Virus develops from a small sphere within a develop-
mental membrane usually into one rod but occastonally mto 4 bundle of t1o
Virus developing stages quite frequent

(2) Chemtcal Composttion and Physical Properties  \rus particles suspend
#ell in distilled water  Only desoxyribonuclerc acud 15 present with rato> of
adenine + thyrmine to guanine - cytosne 16/ Virus not very homo,eneous
In the ultracentrifupe probably because of presence of various morphelogial
stages  Sedumentation constant 1324 Svedberg diffusion constant 248
X 10 Tarticle werght about 435 X 1077 g or 20 X 10*g mole

) Immunological Properties  “othing known

(4) Susceptibility to Physical and Chemeal Ageuts  \irus particles endlosed
within the capsules stored dry or wet retam their wctnity for many years

() Natural Methods of Transmussion \irus 1w tran mutted from fana to
lina by contaminated food and to the next gencration tra the eggs

(6) Host Tissue and Cell Troptsms  Lacoccta murinand (Hbn ) (Lepacrp-
tera Tortriadae) (rroure 3) The virus usually atticks the hirval stages
ad oceasionally the pupae . Development of virus and capsules usally in
©ytoplasm of most organs nchuding bload cell  within vacucles of varying
2 {up 10 20 4 1n diameter)  hich fuse topether  These sacules break when
«ell wall ruptures and enormous numbers of c?IyszI;s‘nrc Uberated into the
eum  Transmission to other mnsect species doubtiu

() Pathology tncluding Inclusion b xdy I ormation  \1rus QUSINE the Mﬁl
#0345 Rrankhet (Synonym gramulo s crpsule A case) 1 D ntraly mphal
and per o5 not accurately determuned becau e of interference by latent di east
ntest msects  Destruction of cells of most rgns by formation ¢f ltrf\rrmnu:.
umbers of capsules usually sesulting 1m death of the pug e Leroxd from in
fection to death not accurately determined  Varu can ext tn hatent form
for several host generations

Capeules are resistant to putrefacts n

pro ¢ se~ 1nare meoluble in water
andalcohol but dre olve 1n wetk alkalis and 2l

Thes are notren un Hm
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i size but usually ellipsmdal with v erage dimenstons of about 360 X 230 mu
They consist chiefly of the homogeneous capsule protein with only about tho
per cent of virus particles  Virus particles hiberated from capsules by de
sohving, the latter (> mgm m!) n 003 ¥ Na CO; 4 00> ¥ \aCl Theaap
sule protemn hs a molecular weight of about 300 000 (sedimentation constant
118 Svedbers, diffusion constant 278 X 107%) and sphts by alkaline treat
ment to components of about 60000 with sedimentation constant of 34>
Svedbery,

(8) Symptomalology o external symptoms of the discase until two davs
before death when lanae become swollen and some hat lighter in color - The

dwts b

| o th
W AT Cpel 6 G g™ M) Sh 1 IpECE
th
nte,ument breaks readiy and a mlky white hquid flows out thick wi
capsules 100
Tertinent Interature Bergold 19481 1950 1952 193 Stemhavs
19492 Wyatt 1952

Bergoldia dabora Steinhaus 19492

(1) Morphology and Methads of Reproduction \1tus rod shaped 1veraging
approumately 340 X 40 mg

(2) to (5) Lattle information available (Lep

(6) Host Tissue and Cell Troptsms — Pendroma margarilosa (Haw)I o
doptera  Noctuidae) Vanegated Cutworm Virus and granular nci L(‘]SSUE
{Synonym capsules) particularly visible 1n cytoplasm of host cells fat
especally affected
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() Pohology nlud g Inlso Bodv Forme o 1\ ru wn a4
foss Granular nclusons ell psodal  th average d mens n u
X 20mu solube n eahalkal Vru partcesarelte telbh
gramues 00> 3/ Na CO + 002 ¥ NaCl

(%) Sympomaology T oo three day after nfe on h
food than mormally yeman maller than normal larvae h
langu d appearance but thebod 2 lremansrelat el rm

Fert nent L terature Ste nhaus 1949 194)a Ste nhau Hugt 1
[28)

Berg ldalahe oStenhau 14
(1) Morphology o d Melods of Reprod o \
ab ot 300 X 40 my
() to (> Lttle nformitona 1 lable
6 o T ssuea dielt Trop sms Ju o acoe a Hul
Nymphal {ae) Buckeye  Granu es {capsules eem fom
ofhos cells Other sesmlar to Berg id adabo a
() Pakology 1 g Inl son Body Torma v
los Perod f m nfecton to death 6 to 12 da
elipsodal  tha erage d mens ons of 450 X 30 mu 1sso [N
Vieus part cles are | berated by d ssol ng t ¢ ranues n "N
8) Symp oma ology D seased lar ae shov | ttle exte m
ase usually change to brown h color an 1 lose mo t of he m |
“i’en tent Lterature Stenhau 1040 1949a Stenlaus | |
9

Bergold a then p o a S enlaus 14

) Mo phal gy a d Uelols of Reprd o Vrus i laped a emgn
pp ox mately 70 X 40 my
@ t0(5) L tle nforma on ava al e
(6 Hos Ts5 ea 1Cell Tropsn Es g ¢ ca raca (Drury) (Lep doptera
t lae) Salt marsh caterp llar
(YPahology 11 gI Iso Boly korna o\ rus causng granu
b 5 Cranules (capsules) ell podal tha craed mensons of about 400 X
Oms Solot e nlo concentrat ons of Na CO

()5 npomaol gy Dseased lar ae sh  no evem s mptoms leal
L eare flacc 1 and soft

Te nent L terature Ste nhaus 1 4)

A

Be gald a cl storfabd 0 Wasse an1$ e nhaus 1951
(1) orplology and Me Jods of Reprod  n \ rus rod shaped a era ng
“bp ox mately Zgoyf) X 30 my \I/orphlf)'l anlmult plato sm L’.\r('lhov:
O Bergold a calypa De elog ngstagesantenjt le elof mental memt canes
Present
D105} Litle nformat on ava able ,
oD fo T ysueand Celt Trop sms  trg r o ace
“Plera Tortr ¢ Jae) Red banded leaf 1o ef

a a(Walker) (Lep
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(7) Pathology sncluding Incluston Body Iormalton  \irus causing gy
losis granules (capsules) etlipsoidal with average o of 31> X 160
my dissohve in weak alkah  Virus particles are liberated by dissolving the
granules n 004 3 Na COs + 00> i NaCl

(8) Symptomatology  The green and yellow green of the healthy larve
changes to a straw color to whitish 1n diseased lanae

Pertinent Iiterature Wasser and Stemmhaus 1951

Bergoldia nosedes Hughes and Thompson 1951

(1) Morplology and Methods of Reproduction  \irus rod shaped averagn
approumitel 260 X 63 mu  Morphology and multipheation simlar to
those of Bergoldia calvpla and Bergoldia clistorhabdion  Developing stages
and empty developmental membranes pre<ent

(2) to (5) I1ttle information available

(6) Host Tissue and Cell Troprsms  Sabulodes caberata Guenee {Lepidop-
tera Geometndae) Omnnorous Iooper Virus attacks paticularly the fat
tissue  grapules appear to form mn the nucleus and not n the cytoplasm as
they appirently do n the type species Bergoldia calypta

(7) Yathology tucluding Inucluston Body Iormafton  \irus causing granu
losts Period from mfection to death vanes considerably with most of the
mortalty occurnng 1n 10 to 20 days after mfection  Crantles (capsules)
elliposidal with average dimenstons of 345 X 140 my  Varus particles ate
liberated by dissolving the granules 1n 01 3 \a COy 4 005 M \aCl

(8) Symptomatology Ihseased Irvae become somewhat mottled n ap-
pearance  The green integument becomes blotched with white and a chalky
white arer appears along, the ventral side

Tertinent Literature Hughes and Thompson 1931

Genus Smithia gen sot
Smuthia rotunda spec nor Type Species

(1) Morpholagy and Uethods of Repraduction Virus sphencal with &t
average dameter of about 6> mp * internal structure discernible some Virus
particles have a thin straight tul or protrusion about 0 mu long and 10 mg
in diameter similar to that of the \irus rods 1 the genera Bollea 2nd Bm{”“;"
Such sphenical particles with a tail are sumilar m appearance to the tadpole
shaped bacteriophages T'requently four or five spheres are contiguous fnfrmr
inga beaded rod occasionally denser rods are seen of about the length l.:fhoul
to stx spheres hined up i 4 row  These rods seem ta disintegrate nto 5P E‘r,e
cal virus particles  Empty tube shaped and filamentous membranes ¢
found

(2) to () Lattle information available e

(5) Vatural Methads of Transmussion  The virus 1s transmtted from f‘s
to lana by contammated food and from generation to generation t1& the ;EE)

(6) Host TissueandCell Tropism  trchiatilhica L (Lepidoptera Arctudae,
thof mpohhdalbed E47

M motstk fmlet m grash pps dbyih
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Cream spotted Tiger moth (prcure 4)  Development of vir 1+ 11
bodies only 1 cell pucler of the host larvae as in the genu 7

(/) Pathology ancluding Incluston Body Formation N rno 1w
bedrosis  Destruction of cell nucler with formation of ¢ 1 '
polyhedra  Virus can exist in latent form in the host 1
ofvanous shapes and range from about 05 to 4 p i diamet ¢\
are Iiberated by dissolving the polyhedra n wetk alhal 1t
ferently from the polyhedra of the genus Bollea They fr
peces which show very charactenstic sphencal cavities tr n

g
ad

h,
e
ek

'3

" com oot Lwgyd | omen |
/e “x‘év'“n'“’" ftA+ 4 @) §h Ip 4 my

1l virgg Daticles had shipped oyt Occasionally the mprint of + taipole
™ can be sten  Section through the polyhedsa show & charutersth
e ‘(ltd Structure
%) Symplomatology  No nf lable
gy o mnformation vailal
Pertinent Literature Sruth (1951) Smith and Wychoff (190 1 1)

In addtion 1, \ruses there are mamy more known
frm 1 ‘m: . l::\:b;,\,,e,,mfgmmd i (Bird 1921)  Steinhaus utm;
SHmates that about 100 poly hedzal di ases are known at present “ﬁ:‘n
of these viryses have been isolated and described but no mmc:{ “:‘b“{ -
Rbsbed There are aluo some doubtful cases of virus dieases CeeriEl 0

Plees (Rennie 1927 Wewer 194%) and Orthoptera (L revorre
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need more mvestigation  Since the techmaque of solition of certam mseal
viruses s well established 1t 15 10 be expected that many mare will be descriled
in the near future It 15 ko hhely that new genera of tnsect viruses wil be
established

The 1mportance of a virus type culture collection for an efficient nomen
clatural system was emphastzed at the Conference on Viral and Richettsul
Classification and Nomenclature 1n New Yark January 1952 Insect vinuses
are an wdeal subject for that purpose since the virus particles do not lose they
infectvity for many vears when they arc stored enclosed within the inclusion
bodies

In conclusion the author would like to mention a propocal which was dis-
cussed by the virus sub committee 1 Kio concerning the formation of a con
mittee to be consulted by an author and which would hare 1 the respon
sibality of numing and classifying new viruses It may go too far to formulate
thisasarule  Yet 1uthors should Le mited to discuss such problems before
publication with the members of an mternationa] commttee of three to fse
experts in their field At the Conference on which this monograph is based
Mayr (p 391) suggested a sumilar plan by proposing that  virolo,sts ould
avoid many of the nomenclatural difficultees of the zoologists if they would 2s-
sign the authorship of therr scientific names to national or international com
mittees and charge them with the responsibility of issumng a hist of offcul
names  The author 1s very much in fasor of any such attempt and hopes
that all virologists will t1he the evcellent 2dvice of Frnst Mayr very senoush
In many cases 1t would be much easier and more satisfactory to sohea P"’bf‘"d‘
in that way before rather than after publcation Such cooperation woul
help to prevent the present confusion 1 the clssification of such groups3s
bactenia fungr and in<ects
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TAXNONOMY OF INSECT VIPUSES

’ By Edward A Stembaus

' Labontory of Inuect Potho'og s Diswslon of Brological Camueol Callege of Agricullure Umivrsniy
of Cal forma Berkeley Calsfernia

4Athough there is evidence that viruses unassocated with demonstrable

Ldeon bodes do cause mfection m msects the best known msect viruses

toduy 2r those charactetized by the presence of exther polyhedral or granular

watuswns wm the infected cells of the hest  These viru.es constitate & group
¢ agents 1 many ways distmet from most other animal viruses and from
part viuses  Theyr Jocatien withm the polyhedral or the graxule ke mclu
Jou, the occurrence of many of them m umfurm bundles of scveral virus
Particles each or tegularly as mdividual Tods and thewr relatively farge sze
{geaerally about 40 radlumacrons m width and from 2 0 to 360 muwms ron
tergth), 2id 1n dutmguishing, them from most other viruses  Thus distret €
ves. and the rapid progress being made 1 demon tratmng them has erbhar ced
the vred and de e to arrange them accordmg to some scuntifically vabid vet
&~ emert system of nomenclature and classification

Adkuonledging eazher contributions made tosard the nomencluture und
thefication of mavet viruses T attempted to take & step 1 the diwertion of
Shaming & satisfactory tasonomit arrangement of these agents with the pub-
Snaon 1 1949 of certatn provisional concepts alang this hne  The foremast
el classification of viruses ot that fune as aov vas that presented by
Halres {1918) 10 the itk edstion, of Bergey s Hanual of Delervtnis ¢ Bat
lnddozy o my 1049 paper certam errors wesknesys <nd 1nadeguacies i
e Hoanes treatment of the imsect viruses wera recognred and poated out
%t 1 dd acknowledge and accept the thes:s that the buormal systew of
W menclature eould be apphied to properly described msect viruses ax reltas it
ud ta rckettsse bactera and other microorgamsms  Despate mitwa) and
2 duing midd dusagreerment m some quarters I remam commnced of the
ity of this position

Bt dfficutaes with regard to vires nomenclature have been greathy amels
& ed smer the recent adoption of the International Bacteriodogical Code of
\omtachature There appears to be general agreement that the Code as
batrd therein Jeptumately canotrms viruses as sell as bacterw and related
SRS Vost of the duficulties at least as far as the mSect siuses are
@ ctmed, be wuth matters of classifica tion and phylogenets ssrangement A

P toward sols ing the problems of clasnfication has beent made haweser

U wthave every reasan to belirye that by the gradual proresses of esolution
:}u“m}"'&by edict we can attam the taxonomic goals we seeh  The tendency

By bartenologuts and varologists eepecially those who disdam svstem
63 todemand 8 ngd completed and final chassificatian and hst of narwes of
& 3015 wuth whuch they work refircts 2 lack of appreciation for the slow
¥ bl sevisiomal process by whith such wforsatian and hnonledg et D'"df
N tblihed.  Atso to be guarded agunst 13 any tendeney on the past o

2t orgarizations and commttees (a5 3 alusble 23 these bodies

547
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be for refereeng and for providing guidance 1 taxonomic procedures) arb
tranly to delay or present individual mitiatne and thoughtful contributions
mvirus systematics® by mstituting blanket restnctions without regard to pos-
sible evceptional areas where real advance may be made  Nor should scientiic
Journals be influenced by such bodtes to refuse publication of adequately aod
properly described species of viruses It 13 because workers at our Iaboratory
have felt that many insect viruses can be adequately treated from a tavonome
standpomt that we have desctibed new genera and species of these agen.s
In no sense have our proposals been p { with the that they
are final or that our methods and conclustons should be taken as generalizations
applying to ammal and plant s iruses as a whole

In virus taxonomy as m all other branches of systematics se must avad

the common error of confusing 1 (the naming of ), classt
ficatson (the ranking and orderly of } and identif
(determmung the 1dentity of given org: with deseribed While
closely related these disciplines are nevertheless separate and distmet  That
lature without ¢l 13 possible cannot be denied  That nomen
clature within groups of viruses that cannot be adequately described or defined
1ly 15 wise and Uy sound 1s apother matter  The naming

ta
of viruses and thewr mnto ups of phylog
cance constitute areas of activity and scholarly consideration quite apart from
that of identifying viruses The proper identification of an organism €22
require as much shall and be as difficult a procedure as ascertamntng 1ts propet
taxopomic position n a system of classification  Unfortunately as regar
the bacteria for example 1t 1s frequently easter to describe the orgamsm as 2
new species than to identtfy 1t with one already descnbed  Let us bope that
the same practice will not prevail in the case of viruses a4
We must also keep i mind the ultimate objectn ¢ or purpoese m namng ”:;
classifyng hving orgamisms  To most authonties this ebjective 1s to provice
nternationally recogmzed names for orgamsms and to reveal the phylogeny
ancestry or mterrelation of species m such a manner as to gamn a Z"gm
understanding of any particular orgamsm that concerns us With this une er‘
standing as a basis 1t 15 possible to make vahd taxonomic and bm\a‘;]lrz;I
generalizations concerning closely related orgamsms Knowng mto W “:o
group an orgamsm naturally falls and the basis of its sulanty and relahgﬂ
other organisms enables us to comprehend or predict 1ts own properties thor
actenstics 1nherent nature and potentialities more readdy and more
oughly Not to recognize these transcending goals of systematics 15 to "
the of an factory and faulty structure built o
I 1 3

d: of
As s to be

> been
expected newer knowledge concerning the msect viruses has
Aable  Whl tlux
ht oste s bly be d th grow ds f w t guntlm ref ct ary pule
¢ ST e T ATl e e
r e F s
Sumped ‘book Th Mea'ing 4E° 1 & (157U CemiyFres low p 2 Cp peaber 00
th m facts ds pe t 1o what gthymehtevent By eybyh famed
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brought forth smce the time my prmapal proposals were advanced The
enture field of virus systematics has recened new and erttical attention from
many quarters and 1t might be added from systematists and nonsystematists
alike It behooves us therefore to examume here the taxonomuc status of the
msect viruses m light of these new developments  Of particular concem 15 the
matter of the critena to be used 1n determining the limuts of the various tax
onomic categores (particularly genus and species) mto which the mnsect viruses
fall It may be emphasized that we are concerned here only with those viruses
that cause mfection and disease exclusnvely m mnsects Those varuses that
cause disease 1n other amimals or m plants and are transmutted by msects are
not included o referred to n this discussion

Critersa for Species

Tt would be unnecessarily redundant to review here the numerous well known
arguments concerning what constitutes a species of virus Instead let us
briefly consider the matter of ascertaning whether or not what we know about
insect yiruses enables us to gamn some sort of a concept as to what constitutes a
species within this particular group of agents

Atpresent there are 15 named species of insect viruses  Approxmately one
hundred apparently distinct diseases of msects have been described as caused
by viral agents  Whether or not each of these diseases ts caused by a distimnet
spectes of virus 1s not known but 1n any event 1t 1s probable that a considerable
number of separate viruses 18 mvolved To judge from those insect viruses
that have been wsolated and described 1t 1s apparent that 1t 15 not easy to
provide 2 defimtion of a species that will be applicable to all cases or that will
please everyone Without the tool of cross fertility which 15 available to
tatonomusts studying sevually differentiated organisms 1t 15 obvious that at
the present time we are forced to rely on other less direct methods of delumt
Ing a species  The 1dea that a species of virus should consist of a group of
Indwiduals having many characters m common and differmg from all other
forms of hfe m one or more sigmificant ways would I imagine be generally
accepted  The difficulty arises i attemptmg to decide Just how much dffer
ence must eust between two viruses before one 1s Justified in considering them
s two distinct pecies  In spite of the difficulty m armvang at a generally
acceptable definition of a species and remembenng that the category 15 a
taxonomic concept and not a concrete entity it 1s becoming increasinghy clear
that at least apparent or so-called species or other orderly groups need to
be established 1f any progress toward a logical classification of the viruses 1 to
be attamed

Whatever the nature of the characters or criteria used for classifving viruses

they wdeally should be characters or properties of the viruses themselves  Ttis
fobe hoped that some day the equnalent of the am of modern taxonomy to
consider characters determimed by one or a definite number of genes acting in
2 known manner may 1 effect be realized for viruses  Such attnbutes as
those having o do with symptomatology pathology and even inclu 1on body
formation while of possible great value m the identification of viruses through
the diferentiation of the diseases they cause are not strictly characters of
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viruses and hence canmot with accurate Jogsc be used i a major vay to
classify the viruses themseles accarding to species  In other words 1t s
the viuses not the diseases that we are endeavonng 10 ddas v This should
not rean, hogeser that descriptions of virus species or geners need to be
devod of any seference to f S5y i 1 or pathelogical Setts
which may sccompany the usual activity of the virus  Most maects uffering
from polyhedroses, far example show symptoms which, m general, are different
from those seen w msects sufferng from granuloses Krnowledge of these
differences makes 1 guess as to the generic identdication (i one accepts the
present classificution) of the causative virus much mare refuable and warth
vhile  Itis 15 because most of the polyhedroses exhitut symptoms fanly
uniform m appearance and farly distinct from most other visus infections A
sumilar sttwatson exists among the granulases  Clearly, it <eems to me sack
eriterts as these concerned with morphotogy, methods of reproduction chemucat
compes tion  physial praperties i 1, and ) 1 p

and =u.ceptitality to physical and chemical agents—in other words the leadirg
cnterta agreed on by the Virus Sub of the ¥ t Commuttee
ou Bactenal Nomenlature (Andrewes, 931)~<hould constitute the hasisof 2
classification of viruses

When 1t cames to cassfy g the msect viruses a» 10 species, we meet head-bn
many of the same problerns confronting speciahists 1 otber groups of viruses
Tn the case of thove 1 1m.e8 causing polyhedroses and granuloses, the worph!
ogy of the mdnadual virus rods 1s ordinanly so uniformly sundar that ths
cnitenon 15 of hittle value i differentiating species within each of the two ge e
comerned It presents a situation similar to that found 10 the bactenad famly
Frterobactenaceae 1 which the morphological differencesare usually not great
enough to be of materal aid 1 differentiating speres  In the &ase of the
polyhedrons viruses some ight help may be found 1 distinguishimg <pecies
by the number of indmsdual virus rods characteristicatiy found in each bundle
It 1 possible that further tatonomic value may he reshized m certase forms ob
served by Bergold as well as by ourselves and which Bergold (19-0) mterp ¢t>
as ‘probably stages of multipheation”

For some of the mect viruses we have a faw hnowedge of thewr
composition and physical properties 35 well as meager smformation conrerusg
their senstivaty to physical and cheroeal agents  Unforsusnately, s wiorms
tion 1 proving of lamited value m separating speowes masmuch o5 there hase
been revenled @ et onl wumor vapations i these Qualites snee they are
assocrated sith the dufferent msect Virusee  Very probubly one of the safet
eniteris to use m differentizting these vinses will be that based on s:mlogxz?
and immunolopcal differences  Very Iittle work Tas been done tnvnrtf; ﬂ'dcz
mining the 1ntigeme makeup of msect viruses from a comparstive standpow
The rewards of such a study undoubtedly wil be great and signhicant peen

A matters tand therefore, the pnmary criteron that by weelf bﬂ:dm: 3
fastly relable m diferentiating the Msect vin es at what may be o0 e
the peoes level 15 o physwlogical one pamwdly pathojematy of, m:a N
curatelv bost specificaty It 18 Jasgely on ¥ basis that the e st

the four presently recogniced genera of msect vinwses are distgushe

emical
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grally such a criterson has its hinutations and can be used only 5o faras it
sepresent a stable quality of the virus It was preaely for this reason that

of the numerous vyruses (as tepresented by recor Jed virus infections) haoan to
mfect mserts the wister, i 1049 recogm ed or described and named only six
polyhedrosss viruses and five granulosis viruses  Most of these viruses as wefl
28 certain viry es described since then are known ta hase dusinct patterns of
patbogemcity as determmed by cross infectivity tests and differunt host spec

ficties  The relatnely high degree of host speatficsts shown by the hnown
msact urses 3s a valuahble tasonomic attribute but there 15 no certamnty
whatever that ail wsect viruses will show this marked speaificrty (ndeed there
are srdications that at least some msect viruses wan bring abut mfection 1
wsects other than their natural host ) or that 1amants having wider host
songes will not appear  For those spectes that we have recygnized however

the pecificity, as far as the different msect ha ts are concerned appears to
be sufficiently .trong to gve 1t the stabilitv fequired  Obsioush af will be
mprachieable to run infectinty tests nith each potentulfy new speuies of virus
m aid the hosts of already deserbed peaes and to test all the prevesusly
descnbed ttuses i the host m which each new virus s discosered  There
appears {0 be ro reason to doubt that mast of the msect viruces presently

recoznized assalid spectes are 1o fact distmet  Before many more new species
{ tarhy among the poly hedrosis and the gramuloss 1 iruses) zne described

however trstere in 2iditton to ho t peafiaty and appinable at the pecies
Ievel will Rave to be ustd

Criterie for Genera

Sinre probably 1 15 generally agreed thit a penus 1s es entiatly 2 proup of
related speaes .4 parated from other such groups I's a distinct gap * the first
diffieulty we meet 1n deciding on the bouadaries af @ genu of viruses ¢cincerns
the magattude of the differences requised to separate one gewy of speues (2 ¢
ape genus) from another  Furthermore Just hoe clocely refated must the dif
ferent pecics be to qustify thess wiclusion m the same genus? It 15 fo be un
dcﬁmad of course that the recagition of MoACIYDIC £oNCEL MEGAses eXira
polztion from po IC genera

I the chs:%i:t:g; of msect vire es advanced by the 2uthar in 1947 four
genera were recognized largely un the bass of the mospholory and natute of
mnclasan bodies formed nhen the latter nere present The genus B rrelina
Fallot (Ser prazes § and * FrvRes 1-12) mouded tho  strudes causmy
msect disases characterized by the presence of marr or less umformly shaped
polyhedral metusions in the nfected cells of the host A vtrus assox sated with
palymorphic nctusions (annular [ hencat globort an elonyated steu tures)
of very irregular shape an tspe and found m the cytop fasm of the mfected cells
of the host was placed 1 the geaus Padlotelle Stewhans so far a monatypic
genus The genus Rergoldia Stemhaus (See PLATFS 1 and 4 prerREs 13 22}
»88 sepresented Ly those vinmes caasing nsect distasss characterized by the

nu o
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presence n lrge numbers of very small but microscopically yistble granular
mclusions 1n the mfected cells of the host A varus clumed to be the cause of
a disease 1 the larsa of the honeybee 1 which no visible pathological mclusion
body of any hind 10 produced w1s retatned m the genus Worator Holmes where
1t was placed by Holmes mn 1948  Thes 1s alko a monotypic genus The
descriptions of these genera 2s presented 1n 1949 (Stewhaus, 1949h) were
intentionally made broad and extensn e to permit the inclusion of the mevitable
subgenenic diffcrences and santions to be found m future new species It was
felt that not enough concerning the charactenstics of the members of the
different groups of insect viruses was hnown at that time to generalize at the
generic level  When considered 12 folo however each of the descriptions was
made adequate to distinguish the vanous genenc groups  Reviston and aug
mentation of the descriptions were expected as new hnowledge was forthcoming
Certam features of this arrangement of genera are not entirely satisfactory
from the viewpoint of ideal systematics  In the first place as already stated
in a previous paragraph the separation of the genera Borrelina Bergoldia and
Paillotella largely according to the type of inclusion body produced does not
strictly speahing constitute a separation according to distinct characters of the
viruses themsehes True the different hinds of tnclusion bodies probably
represent and are a reflection of baste differences i virus actnity and the
three types of incluston bodtes so far recognized do appear to represent three
naturally distinct group>  \exertheless 1t 15 a groupm,, based on entities that
are not in themselves infectious agents (1¢ vsruses) Furthermore appar
ently not all msect viruses are associated with recogmizable mclusion bodes
Holmes has made one of these which was clammed to cause sacbrood mn the
honeybee the type and only species of the genus Horafor It 15 ot to be
expected that all nonincluston viruses will be found to be so umformly similar
as to warrant their mclusion m a smgle genus  There will probably have to
be several genera of msect viruses not associrted with inclusions  How these
genera would be distmguished remams to be seen  The sigmficant thing 15
that all genera could not be separated on the basis of the morphology and
pature of inclusion bodies This siturtion howeser should not present m
ur ble duffi fats bered that vtlues of taxonomic characters
need not be constant from group to group A gien character i one group
does not necessanly have the same value in another group  T'urthermore the
possibahity should not be ruled out that some of the noninclusion viruses cnus\‘r-g
diseases 1 msects may be more closely related to certain viruses outside the
family Borrelinaceae (1 to viruses not affecting insects) than to other msect
VIruses
A further disquieting feature of the present generic ciassiicat
\iruses has to do with the vahdity of the genera Patllotella and forafor .
neither mstance has the type species of these monotypic genera been pury eU
and 1ts morphological properties accurately determined Paillotella P'”ﬂ !
(Paillot) Stemhaus the type and only species of the genus Paillotella e
onginally named Borselina paeris by Pallot m 1976 Apparem)yl‘aﬂhg vs‘ a
darh field microscopy saw 1t In jarvae of the cabbage butterfly of ;;dp;
) Prens brassicae (Linn ) Morator aelatulae Holmes  the cause of sacbr

om of the msect
in
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the horeybee 3 smel fera Linn ar  cons dervd the tvpe puc esof the genus
Yorg or was so named hy Holmes 10 1998 Ingr sous putle atins [ have
recognied thest viruses [ r mar y because of £ ¢ ¢ npw rtance an representing
obviou Iy different virus types andtogro k fra mtruatenof gejre
us) proposed names untl waser dee n ab b make relitng to the
poston or to the vahd ty of the spe » vt 1 Ths rew,ntion sas
offered merely as a temporary expuient §} {1t hat auton should tx
ewr ted nouppres ngthenamesanltiat t o he s mowhat jressmpty

oustodu 2 as matters then stood  Toan bh | em«d neither apecses
1 felt that thewr temporan retent v 11 m tatemeyt of 1942
to the effect that ney pecesof n ¢ t n ancd nh atter the
v sus stself has been demonstrated a n o t et enfrty by
accepted phys <al or « saal means {(In trsmirreisons that
Brrel @ brassecac Fatlot aseet neta / 2 [ dloty Inaur
Lboratory wr have ass gned ne va fr & hch atlesst
have been demonstrated with the ele 1 and }ose prrumate
size an | shape Pase been sacluded n ¢ Bt

Whether or not the posit n it | t . fell Haani
Moratur} rema ns 2 gustifabil one s 1 T ument \ matters
stand at present at Goes not aj x5 fa4 t v oatewactl,
could be accomy ! shed by sujjre n e uwhattnoat
{ ast 10t the case of Yoral racat | T MrEUT TG
the demonstration of the m 1ph 1 “ @ ri ta name
Treony po sTe value nretar m, ) £t b the spe
cies 1 eact of the t o penera tu K ® ~ b Heremt
from the otber and from thowe  n < s 2orrel o and Jergold o
The \irus mature of Pollotela per # wa ¢ wdencel by
the presence of small part les { I r tan Badit A4
1262 19%6b) described as e n & 0c t 1ore Tleejam
dles v ere virtually as well demon tr tet e m ipost Iswenls
Tallot m the casr of slhrorm u 1 1l awl fowed @ bombrers
{tne tvpe spec es of the genus Besr 1 w0 ft e + 1 ser Huphes 136
that the smlf part cles seer ;1 lsease L B n b Faovt but questt red
by Claser and Cosdry 190 aec b2 L 3 te le sro omd har
actenstcof hnongalybedrs 1 o¢ Thatl inte {Ue uzeof
thexe part cles d Jers from tle e hownt ebar Mg soPateur
Jtsrgmy ev of the smprotat $1 falt o e oll urate mocure

mepts of very small paut les 4 $rh tdtn ¢ 3 e met) wlused 1y
EX ot Thus fle spe th mame propeee Lin hm pieort base s quirett
itonaleali bty Fusthermore ne fall t exrbodbis B ered o b mby
“sani Brrelt @ g ens nabout e same i at I yre na b mbves
bad beun retamied for the s by 1m yirus theze appeared to be some just taa
frn for retain ng Qe spect  ef thet pas3 {1 tle wsthe ¢ tuterhy Wml
Becawse of ts extremety phzn gh o Jawn b desand the s manner o
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senus B rrel 1 3 (where 1a lotantH lm s) adilaett R ohe hxn(lﬂucpg
by the procenne of tyy col priybedl ncls B an 11t € had tobe sep o
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from the genus Borreling  Since there was no previously established genus
to which 1t could be transferred, 1t became necessary to propose a new one
Paillotella for which 1t would become the type species by monotypy Thus
this cabbage butterfly virus inadequately described by Paillot and still awast
g further elucidation, became Parllotella prens (Paillot) Stenhaus (1949a)
In a scnse, there 15 an alternative to either completely accepting the two
genera i question or completely abandoning them  That 1s the tno gener
and their type species might tentatively be assigned to a Gemera e Spectes
Incertae Sedrs group or possibly to an even larger assemblage mcludmg not
only mscct viruses but uncertam species from all groups of ammal viruses
Such a designation as that of Imectoriae as proposed by Limasset (1948) o
thatof Imperfectly Knoun ¥ truses as proposed by B at this M b
(page 448) might be considered At least, this mght be the temporary fate
of Patllotella prerss and 1t 1s hereby suggested that thus species be retamed for
the time being under the designation Genus et Species Incerlae Sedis  In the
absence of clear cut data concerning the morphology of Morator actatulae
however 1t appears justifiable to suppress the name  Should the sacbrood
virus ever be morphologically demonstrated and properly described there
probably would be no reason why at least the specific epithet proposed by
Holmes could not be resurrected It must be pointed out however that an
wmsect virus not associated with inclusion bodies has recently been 1solated
(Stemnhaus 1951, Wasser 1952), and that this sirus has been placed tentatnely
tn the genus Moralor Wasser (1952) has proposed for it the name Moralor
nudus  In hght of the dearth of systematic data pertainmg to Vorator acla
tulae the genus could be reconstituted with Morator nudus as the type species
We can be reasonably but not absolutely certain of the validity and stabiity
of the genera Borrelina and Bergolfia as distinguished by their type species
The question may be raised as to just how inclusive these genera are to be
Whether or not a granulosis virus may occur m polyhedral inclusions or e
rersa 1s not known A final answer to this question probably awats more
information concermng the genesis of the two types of inclusion bodies
Smuth and Wyckoff (1950 1951) suggested that some of the po]yhedmsés
siruses are spherical in shape  If their observattons are confirmed or expande ]
certain taxonomic revisions will m all probability be required of morphological
charactenistics of the virus are to be given the taxonomic ymportance one m:]ghl
expect If the sphencal forms are not placed 1n a new genus the possib e(;l).'
of the genus Borrelina being divided mto two subgenera should be consnde[r e
The taxonomuc position of the virustike bodies observed m the blood o |
house cricket by Gregotre (1921) 15 hkewnise uncertamn in spite of some th‘ne
blance to the granulosis viruses A simlar taxonomic uncertainty 4:oncer;st -
agent described as a virus by Dutly and Gooden (19:0) who dxsco\eri b‘am
diseased grubs of the Japanese beetle Popillia japomica Newm gn our Sulk}
tory electron micrographs of infectious material Landly supplied by Dr )
dth ewg us Smika 10
PR ol M et o L dm z«etl:‘:zzﬁwdylg 4 podd ;}::l:al
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showed the presence of bodies approuimating nichett e 1n 1ze and  uper
hewlly at least bearing no clear relation to any of the known msect \iruces
Similar obsers ations have been made recently by Willis and Martignon (1952)
1n the case of diseased Malolontha 1ulgorts F

Iligher Categortes

The possibility at this time of establishing ba 1c cntena for cateeories of
msect viruses above the generic level appears to be a rather remote one At
least this seems to be the case if we adhere to the prncsple of dassifuing w1
ruses on the basts of their own charactenistics rather than on manifestations of
ther activaty  The present expedient places the n ect viru es tn the family
Borrelinaceae suborder Zoophagmete on the basis of the tvpe of ho t they
mfect  According to Holmes s system the suborder Zoopha,ineae ncludes
those viruses causing infection 0 ammals  To the family Borreliniceae 1
assimed those antmal viruses inducing diseases 1n insects as exclusie hosts
To be sure such host selecttvity may represent or be a retlection of basic
phvsilogical properties of the sirus but st probably 1 not the type f charac
terization that we would use if we knen a)l there 1 to know about the ongn
evolution and phylogenetic relationships of viruses

t must be remembered however that untess we nsist on the unreasanable
goal of a final and perfect classification we must be willm,, t» accept from
fime to time rational expediencies and lo,ical arrangements even thou h pro-
sisional of we are to obtamn any practical usefulness or convenience from the
classification we construct  Accordingly until genuine § hylogenetic relation
ships between msect viruses and other \iruses are shrwn to exvist at the family
level or below T see no valid reason for not provisionally accepting the familiat
desygnation Borrelinaceae to include the msect viruses It would appear that
atleast the poly hedrosis and the granulo 15 viruses fall s thm the broad bound
ary of what probably constitutes a family  Whether cr not the lmits of this
fanuly should be extended to melude viruses aflccting arthropod other than
Hewapoda will have to be considered 1f and when viruses are £>und m such
ammals  Holmes (1948) mcludes the word arthropods 10 hi charactenza
tion of the family  Viruses causing polvhedral wilt and other diseases
arthropods  In hus hey to the family howeser hs charactenization reads

Inducing diseases 1 insects as exclusive hosts  Perhaps the entire charac
ferization of the family Borrehinaceae as grven by Holmes may for the time

g and on the basis of present knowledge be restated 1mphy as  Varuses
€ausing infections m insects  The phr ¢ and other arthropod  could
be added at 1 Jater date of viruses that belong m the family Borrelma eac arc
found 1n these ammals

Turther Plylogenclic C nsuderations
One feature pertaning to the meect viruses that has mtrigued workers 1n
this field 15 the Limitation of hnown infections by these agents almost exclu
suely to those msects in the orders Lept loptera Tivmenoptera and ina vers
few 1nstances Dimtera  Almost 90 net cent of the poly heidroses and granul »es
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occur m Lepidoptera  Although the phy logenetic relationships between the
various nsect viruses are onty madequately known 1t 1s of mterest to examine
the phylogenetic relattanships of their insect hosts for whatever light these may
cast mn the direction of the eventual classification of these agents Tor ex
ample 1t 15 thought provohing to reahze that the phylogenetic gap betneen
the noctwds (T eprdoptera) and the sawtlies (Hymenoptera) both of which are
subject to virus infections 1s considerably greater than that betseen the sus
ceptible noctuids and the apparently msusceptible phycitids (both Lepidop-
tera)  This and other similar examples mdicate that phylogeny of the host
spectes 15 not the entire common denommator to the phylogeny of the viruses
Curcory examunation points to at least one other possible factor that having
to do with the mnsect s nutritional ecology and the probable relation this has
to the host to-host transmussion of the virus It 1s probably no acaident that
the great majonty of those insects subject to poly hedroses and granuloses like
the noctuids feed on the surface of leaves and fohage Very few virus dis
eases are known among those msects which feed within plants or Iike many of
the phycaitids on stored food products A polyhedrosis has been reported (by
Lotmar 1941) in the lana of the webling clothes moth Tneola buselliella
(Hum )  That all the so-called polyhedra this worker observed 1n this wsect
actually represent a sirus infection needs confirmation  Attempts by Smith
and Wychoff (1951) to demonstrate virus particles within certain of these
bodies were unsuccessful Turthermore contrary to the situation with any
other known potyhedrosis i which the mclusions are formed within the nucler
of the mfected host cells Lotmar reports that the poly hedra also occr in the
cytoplasm of midgut epithelial cells the nucler of which remain normal That
many sied mclusions not contaimng virus particles may occur i the ¢yto-
plasm of celly of 1pparently normal healthy larvae 1s indicated by the finding
of poly hedralthe mclusions tn the cy toplasm of midgut epithelial cells of healthy
lanae of the vanegated cutworm 1 eridroma margartiosa (Haw ) by Mauro
Martignon working 1n our laboratory  Dr Lotmar hindly sent our laboratory
representatn e shides of sections of the diseased Tuneola lanvae Emmlrl;anon
of these shdes showed polyhedral bodies m the nucle: of cells of the adipose
tissue entirely sumilar to those characteristic of polvhedroses  Shides s}w\]vmg
the poly hedralthe bodics 1 the ¢y toplasm of the cells of the gut ﬂ“éhe ‘“l:‘:
were not so convincing It 15 possible that they represent secretory most
or some other nonvirus phenomenon  T'urther observations and e‘perlfmﬂ“r:
tion mcluding fectnity tests need ‘t’o ble n%ad]e before the matter of n
toplismuc poly hedral mclusions can be clarified
c’Inpnny e cInt)\uth an exception or two 1t would appear that typlmlrf"[’z
hedroses and granuloses otcur prmanly m those wmsects lhn‘f?ndor?ehﬁblt
feeders while closely related msects that do not have this type of fee ]sg Why
generally are not known to suffer from these types of virus m‘em?ln,s n the
such diseases have not been reported from all neli studied leaf ggdfmbledl}
orders Iepidoptern and Hymenoptera can only be Q“Csscd‘ be discovered
many more examples of these types of virus 1nfections remain o‘ st
In these nsects  The fact that none of these dicases have been u;l l prob
coleopterous leaf feeders as the chrysomelids 1> also interesting  In
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abil ty the nutntional factor {ar | the accompanying, fact r of easy transm:
siots 10 those maewts feeding on open feases) 15 aly one of a complex of factors
that might determine a host s susceptbility or msus f tbat ty

In this connection it woul 1 be of interest to leterm ne the relatnve frequency
«ith which a partcutar virus disesse occurs a2 | ¢ cular i eef (wnth a wide
foud or ost plant range) fecdin,, on eachof s} styla (s In other words
vl a poly hedeosis of & granujosis be foun! 1 jual frequen y 1 msects of

3 patt cular <pecies freding an each of itsma | stytints or dne- the disease
oceur mure frequently when the tsect feed 1t alar ne of sts how
plants?
Re apituls

In the foregomg discusson am atteryp bt made 1) to danfy the
uh ectiees of pomenclature and thas 1 pestan ¢ the anse 1
wiruses (%) to explim further the bass (¢ m  pr pesals concernmng
wsect viruses made by the quther m 140 we ¢ si~evamme the cotena
that appear to be valid 1n establisht ,a ~at 1 7 1t su 5 eof theansect
Viruses

It would appear that the wlimaete |t puspse to be cought m
dlassitying the msect yiruses shauld be t 1 e 1 lasical taxonomy
tgeneral namely to ascertun the ! 4 ster late ot peciesmsach
a nay as to obtnn a greater unler tand i ¢ poof und hnosied.e ot
them an{ their place mn nature By h o o 1} Bracnm grog a
particadar virus paturslly folls ard tsrlt ther russ 3t R proper
1es characten facs mherent natere an! 1ot n be m e essly and
more thorouyhly comprehended andge bl to w3 bum o merereadily

Tn 1949 I propased largels out fiee t ard fihe lissteatr n

of the 1nsect viruses as had teen proscstetis H ome £ ¢ rnat tme the
grouping of the meect vituses nas Mt A« < nT os¢ nheepng sk
the Tacts as they were knovn 1y pe jlea e dh rha. ik thest agents
Th's revison was suggeste d un Jer .ty ¢ nthat € rejrest 1 m am sens
& fnal concept  Ensten] the [ropusal 1 av mercly anatt wpt to brng the
nomen lature and classf catm £ ths grovp  f anehts 13 dme vath 1 lat was
ko 1 of their properties an relationsh s Tt w15 expe ted that numerous
further advancements alon, theee lmes w uld be m Je 35 ur hoowiedye
sruses 1n reascd  Preference 11 wndi ate Ltor the ¢ { the Lin mual svstem
of nomenchutute for the msect vy e anf b shll remansac w cton of the
suth r

The wniteria 1 ercn proposed for s hurg the sect siruses are pot
1 eantly different from tto 1 fted iy thes rus subcorrm ttee of the inter
Mtk naf comemutee on ba tenad n menctuure  WRAL wppxar to be the most
vai L eatena nclule morgh | gy mcthws { reproduction  hemicat campion
s1n physial properties wr § ¢ 3t and @ purabRRY properiies s ep-
10ty 10 phywical v chot cal sgentsan § toad i ted estent 1 flerentiall o ¢
susceptd bty Such quales as veptime and gatholz il & e chaneey
#hle of value in differentntng (e weases v

chararters wpon whi h 1 satefa t v cls 1aten of e struses themelves
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can be based  Unfortunately only rarcly 1s there sufficient nformation at
hand to follow these critena in a perfect or ideal manner Occasionally how
ever 1tis possible to gather enough data and information to differentiate certam
species and genera and to be reasonably certtn as to ther disunctness In
these mnstances 1t appears logical to name and describe them tavonomucally

According, to the concepts presented n this paper the names of the msect
viruses® (their descriptions have been pubhshed previoushy) may be hsted 1
resume as follows

Order Virales Breed Vurray, and Hitchens 1944
Suborder Zoophagineie Holmes 1948
Family Borrelinaceze Holmes 1048

Genus Borrelina Pullot 19261
Species  Borreltna bombycrs Pallot 19761 (Tvpe) (FicUREs 1 and 2)
Borrelina efficiens Holmes 1948 (rreures 3 and 4)
Borrelina reprimens Holmes 1948 (F1ourES 5 and 6)
Borrelsna olethria Steinhaus  1949b (pscURES 7 and §)
Dborrelina campeoles Stemhaus 1949h (FIGURES 9 and 10)
Borrelina peremptor Steinhaus 1949) (FIGURES 11 and 12)

Cenus Bergoldis Stemnhaus 19492
Species Bergoldia caly pta Steinhaus 19492 (Type) (FIGUREs 13 and 14}
Bergolda dabora Stemnhaus 1949h (FoURES 15 and 16)
bergoldia lathetica Stenhaus 1949b (rrcURES 17 and 18)
Bergoldia thompsonia Stemhaus 1949D (FIGURES 19 and 20)

Bergoldia brassicae (Pallot 1926a) Steinhaus 19492
Bergoldia chistorkabdion Wasser and h: 1901 (¢IGURES 23

(3
and 24)
Bergoldia nosodes Hughes and Thompson 1951 (piouzEs 71 and

22
Genera ol Spectes Incertac Sedis
Cenus Pallotella Stemhaus 1949 Type)
Spevies Pasllotella prens (Laillot 19263) Stewnhaus 19492 (Type

Cenus  orator Holmes 1948
Spectes  Moralor gelatulae Holimes 1948
Wodator undus Wasser 1942
Although for most of the |
tertological Code of Nomenclature may serve as & gul )
sification on the other hand are great and seemmgly Ommzl;?emlstmbe:;ﬁ‘:a
us however to 1voud the trap of despair ho;)ﬁlessne(sis . :ra S netne a5
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CRITICISM OF BINOMIAL NOMFA CLATURE AS APPIIED To
PLANT VIRUSFS

By F C Bawden
R thamsted Ixperimental Station orpenden Herts Fugland

The title of my paper was provided for me, so that I am unsure what s
mificance to attach to some of the words and phrases  For example more than
one type of bainomal nomenclature has been applied to plant viruses and the
word cnticssm  can also have more thin one meanng I thuak T am probably
safe in assuming that I am expected to cniticrze the Linnean type of nomen
clature exemplihed by armor tabacs I rather than the older (for plant
sieuses) and more widely used sernacular type of bmomual, exemphfied by
tobacco mosarc  Tor reasons that need not be gone 1nto now, I also ima e
that the word cniticism 15 meant to carry 1ts most common current usa ¢ of
adverse eriticism even perhaps of carping rather than its orginal and wider
usage of evaluation  Nevertheless I'shall try to give 1t ats wider meaning
although I'evpect many will consider I shall not trv hard enough  Therefore
I'may as well begin as I shall end by saying that T think we should be very
unune row to adopt Latin binomuals for plant s iruses

T seach thus conclusion only reluctantly because T am a biolo,ist, and so
Latin binomuals have an attractnvely familur arr - Also a system of namin,
that can reveal some attribute peculiar to a species as well as its relatwnship
to lthe species sets a standard of usefulness not easily reached in other ways
It ts excelled only by the names used in worgansc chemistry but it 15 vam for
the bialopist to seeh the precision of identity carnied by such names as sodum
chlonide  That binomuals now often farl to achieve therr mattmum usefulness
because many nimes have no descriptive sigmficance and many users sre
sgnorant of Latin 1 a reflection on the users and no fault of the system  There
1» no need for me to extal the virtues of the system, however  The facts spesk
for themselves  Since 1t was first fully developed by Linmaeus m 1753, ts use
for plants and antmals has become so firmly established that 2 change 15 almost
unthinkable It 1s perhaps worth noting, howeser that Latm bmowu's
despite their evident ments have not come into general use for things olheé
than orgamisms and the early attempls to apply them to human ajments ar
munerals soon failed M

The very success of Latin binomuals wath plants and ammals may s
have militated agamst their more generaluse  Certainly 1t 15 one reasod why
I think they should be avoided with viruses ot feast fuca tme  The a5 010—;

generic narme and specihe epithet now carsies with it from the dns;nﬂcnl!‘lg:bk

plants and ammals imphications of relationsheps that are wholly unjus S for
from our present knowledge of viruses Thus need not have hap}”ne’m’

spectes and genus could have been regarded simply as lesels of sumbiniy

) f ideas L art, and mammate

applying g 1ly to thei sl of lhey’ are

ects no less than to that ol Ir ly
M} Z:];‘\cmlly applied but formally they have been apphed only to organisms and
538
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omsequently have come to carry meanings imphat 1 the accepted method of
dassifying erganusms  For better or worse this method 15 the umque ong
wluth phylogeny bas come to be all unportant and for budmg penera from
proes famubes from genera and orders from famulies natursl relstionships
and evclationary ongins tahe precedence  After Dr Mayr s aholly adm..able
Toper, there 35 fortunatelv, no need for me to emphasize the fact which serms
tahasebeen overlooked by many virus workers  Tnred<yy only that without
any koowledge of the phyloprny of viruses we have nu right to adopt a system
of nomenclature that suggests we do have such Fnowled, e
Agun this emphasis on evolution reed net huve hoppened  Tlants and
aumals could be classsfied 1n vanous other ways anl to the famer few
s Biations conld be more futde than the biohhg s naturad one Al
Lunaeus ks ed before Daraim and mad s classtication without consude g
nchton  This however 15 no reacon for arguing that vurus workers hould
now do mmitarly  We are m the post Darvinian ey Lut our relevant Loowt
dge of s truses 15 1n the pre Linnean stage of huowledge on plan s and ammals
Although Lannaens prouped arbitranly so that mamy of has groupngs have
bee abandoned others have nat  Hhs groupings have suraived darge's he
e Linnaeus had sdvantages demed to the sirus worher Lang gross
morphological characters as Lases for grouptng und sef aratir  inesstably meant
that ke often selecte  magdr evolutionary trends { rsuch esen s as charg oy
the numbers of carpels call for many combined ey henges events uniikely
to happen frequently The persistence of the Limnean wstum 3 largeh
attributable to the fict that it could be adapted to showwng the  family tree
relation Wips that have come to dominate bivlogical «fassinca tion
€3¢ seems to me onf)y one logical srgument for numung viruses on the
Linnean system 7t 1 that the system 15 not only used but 2lso worls well
sithbacteria and that viruses are simalar fo tacteria  Fhnow tou httle about
bactenalogy to comment on the success of the nomendature but 1 do Lnow
that atmost every time 1 want to rail 2 bactenum sorething that was sccept
atle the fast time I used 3t the genenc rame hs altered  Alse to keep
workers informed not onlv are vast handbooks needed but alsoan intemational
bulletin that 1s published quarterly  This docs nat il me mich ontidence that
te system will morh, <moothly with viruses which have even fener intnnue
ehanacters an which to decrde refationshsps bl
Nor 18 there anything substantial tn the argument tht viruses resemble
bactery Tt s true that the tvo can canse mulsr syndromes and rane sumdar
pdemological problems  Also present evidence suggests
of dlﬂmnof ‘“J;sbm» atmost Bver the size range between the smabes
orgwms and normal protems and ene schoct of thought derives e
fram Tathogeme bactens by a progressive loss of form and function  Ulty
Zately thus dea may be proved comect but it 18 now an unsnb«z{\«z‘x;mx
and others squally as ylausible can e advanced  There s ind 3 r,m
Teson to assume that all swruses bave amilar ooy | A pme when w ; y
€onf ting theories cun reasonably be held seems ngulstly Mappropnate (or
opting & wniform standardued nomentiature 1 rom aurreet knowledge on
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the nature of some plan
organisms  Thewr n‘:nm:t‘:;uasl?’ ::ts s::ms :x T it they are degenerte
protemns of normal cells  Are o t: o 20 e the macromalecthr nudes.
dectding whether a uut:leoproteu:\rizcennlézear;i‘at:‘:]g E:my la?s ?Ememn for
phage to be demied one  to be awarded one aft et S moffs pro-
iradistion? Or are w6 to gie Tape after activation by ultraviolet
compone;ntsh of cells that aregmdmdu:\ll;l?;;z};};z a:(l) x:z?ﬁgﬁ?\-ﬁi{:
names of the same Linds as their pare; 5
adwvised to leave viruses with their g:ammn;nn;g:;:sm\s:m;u:i{e‘;?“l oo
tenstons at grouping into genera, and also avoid these anhward cons quenes

Supporters of Latm binormials often nax eloguent over the yirtues ce q:::dml
a:::is P::) ble man* l?temanjun:d language I shall not labor the p;ml th:t

Ple now Latm than und:

for I have much sympathy with the plea whent s mazoz;ar:::;éazg:gﬁ
consistent enough to mnsist that descriptions of types are also recorded n Latin
H virus workers are so misguided as to adopt Latin binomuals however th
will 1 bly follow the b: logists and while d ding Latin nam:sy
will aceept desertptions in other languagesas vahd  This reduces the argumcnty
1o nonsense for an iwdvidual who cannot be expected to understand a name
m English French Spanish or Chinese, 1s apparently expected to be able to
reach hus identification from details recorded at length i these languages

There 15 another reason why I think we would now be wrong to tie oursefves
to a formal system of 1 We would dately be bound by
complicated rules of nomenclature at a time when virus research needs as much
freedom as possible  Those who think that Latin binomsals are best should be
encouraged to experiment with their method but we should Leep the nay open
for testing other methods as well and avord systems that »ill mevitably lead
to many changes and occupy the time of many people to make them

The mam purpose of a name 1s to act as a label for unequi ocal reference
If 1t can do more than this (as the bmomual names undoubtedly can when fully
applied to appropriate subjects) well and good, but let us remember the pnime
Junction of 2 name  Artrcle 4 of the International Rules of Botamical Nomen
clature 1930~193> reads * The essential pomts m nomenclature are (I} ©
a1m at fixity of names (2) to avoud or reject the use of forms and names which
may cause error or ambigwty or throw sclence mto confusion * Pomt (I
would not seem to be fulfilled any better by Latn binomuals than by common
names Tabacco mosaic virus has remamed m constant use for mote than 30

years without causmg any great confusion whereas three Latn bmomuals
Marmor tabacs, Musteum tabacy, and Baculus tabacr have been proposed sice
1939 Let us take sarmng from our bactenological colleagues who have had
longer expenience of Latm bmorals  Crown gall bactenum 15 a mame that
has been a constant label and carried an unambiguous meaning for plant
pathologists for nearly 50 years whereas the generic name in the Latin ‘binomal
has changed from Baclertum to Pseudomonas, ta Be il'us to Plylomonas and
lastly (at least if Tamup to date) to Agrobacterum  All these changes were
no doubt justifiable but they do not exactly fulfill pont (1) of Artxcle 4

)
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The desirability of p names 15 d n Article 14 which reads
Ao one may change a name {or combmation of names) without <emous
motives 4nd 1n the accompanving Recommendation 11} wh ch reads

Chang s ; womenclatare should be made only after adequate taxontoruc
studv Tt may be significant that Article 1, and Pecommendation {17 are
omitted from the rules as prsted in Bergey s 36 wal of Deltrrmnoti ¢ Boc
lerealogy the only standard manual that has yet used Latia bino™ul names for
wruses 1t s g ! the orutted R d: that I think wirus
workers should constder carefully  Can anyone seriously mamiam that viruses
Bave recaned enough tavonomc study to justdy a complete chanpe of nomen
tature? Tt mndeed less empha 15 on pomenclature and more on taxonony
thst 13 needed I anyone doubts this ore look at Heimess genera of plant
viruses should be enough to convimce hum ot only do viruses about whose
minnaic properties nothing 18 hnown get the same generic name (at lea.y thy
does not conflirt with knowledge) but so do many viruses that are known 10
a8t widely both m thew wtemsic properties such as morphology chemieat
tonstitytion 2nd physicochemical behavior and m pruperties that may of may
00! be mtnawc such 23 method of transmssion host range and pathogenaaity

Before we can classily viruses let alone give them names that suggest they
tave been grouped on natural relstionships we need to deade what enterts
uetobeused  This i what people should be busy g to do rther than

Inventing new names however imgemous and attratisve theee may be A
Ls m translation of @ common name may sound more leamned aad exact than
the otyginal but 3t 1s sll 3 common name O % hat appears to be the mam
Pritaple by which bimomuat names have <o {1t been apphed 1o siruses cus
parsley and the cow oak would probably hind themselves m the same genus
Perhaps sharmg the generic name Bos o doubt botanists would make many
oomments about dervmg genera for such reasams bat they can be summazued
:gf.qualely with this example by saymg that the name srems 10 tack a final

Although T sincerely hoped that the schemes of nomenclsture and clasuca
tion that were put t:'ma;cﬂy Smith and Holmes would nat be adopted 1y
Wrus workers nevertheless 1 weicomed theie appearance becaute 1 assumett
they would encourage ar irritate workers to consuler taxonorm) Mmore cxrefally
than has been usunt hutherto  This assampion has proved enturtly unfounded
Without doimg & hand s tarn more to dertify the virus sith which they sre
@cemed workers who follow the binomual nomenclature merly gie it 3
sty name 1 wil quote one typical example from a recent number of
Phplopatology whick contaned a paper deshiog with a discawe of fullers
sl (Dupsgcus fultonum L) The suthor described symploms on a fex

5, s aare fo transmot the cause by sap woculatian and lm -
%0 Ypeces of apds  From this he then stated that it s belioved that ;
texsel mosaze dusease 18 caused by a hitherto undescribed plant vitus b ‘:n
the binomu) farmor dipsacum 18 proposed  Trasgae & m“‘:‘;’x“‘ ol w‘!
FEumlarly finding a dueased teasel and gritng evience lb"b < caue v
*udbome and then stating that 1t was bebeved tobe causd by 2 hatheer
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undescribed fungus for which the name Prucctma teasls 18 proposed ’  And
now, 1f your 1maginations are sufficiently vivid, 1magine what his mycalogical
colleagues would say I can see no reason why virus workers should accept
standards that would not be tolerated by workers m other disciplines It 35
our duty to treat such pretentiousness with the scom 1t deserves In the old
days of virus research, we might even have demanded datz about filterabihty
or absence of a wisible path before ad. 4 b as evidence
of a virus disease and then the cause would certamnly have receved some such
name as  teasel mosaic virus' or “teasel virus 1°  These names express the
position exactly & virus that infects teasel and may be distinct from any
previously deseribed, but may equally well be a stram of one already named
In other words names that fit the hnowledge about the thmgs named

I trust that my emphasis on the desirability of common names for plant
viruses will not lead anyone to conclude that I think all 15 well with virus
nomenclature and that nothing needs domng  This 1s far from the truth and
more often than most, I have bemoaned the chaotic state we have reached
It 35, ideed distressmgly obvious that virus nomenclature does rot fulfill
pomt (2) of Article 4 of the rules for 1t contams many examples of errors and
ambigutties and of “science bewng thrown ito confusion  The chaos how
ever has not arisen pnmanly because of the type of nomenclature but because
of the way 1t has been used or rather misused  Long after 1t was well estab-
lished that some viruses have wide host ranges and occur in stramns that cause
different syndromes, workers continued to behave as though a previously un
described was adeq for claimmng and naming a nen virus
Most of the errors could have been avorded had a wider range of more cntical
tests been made before a name was applied  There 1s no excuse for the scores
of synonyms that have been applied 1n the last 20 years to such vmxsle; o;s
tobacco mosarc, potato X, and cucumber mosaic when unequn ocal methods
of dentification exssted but remained unused A change 1n the type of :;;1::1
clature 15 not gomg to reduce the chaos  The anly way arder wﬂ.ldbe a huere
1s by workers approaching their 1dentifications more critically an :I:u tlzum ly
than they have hitherto A change to Latm names now can only m: 1eIen OE:
worse by creating another lot of new and unnecessary synuny;r(;sdw -
prime need 15 to reduce synonymity My plea 1s not that we shou Ictm e
but that we should do what 15 most likely to produce a useful resu P

ed by weighmng anchor and sailing

lost m a fog there 1s nothing to be gawed by weighmg 4 ‘sooner by
steam ahead 1 the wrong duwection  The journey 1s likely to ex;) N
staymg put until the fog clears and some accurate beanngs ;:anls e ecerta
For virus nomenclature the bearings of prime mmportance are tes! "
whether climeally distingwmshable varuses are related strams or nof ©apants of

Fortunately, there 15 now good reason to think that gm“p”;ngnson pornted

d type viruses will not be too difficult  As James Jol Huatle

strams around type fro are often more valual
out more than 20 yeats ago tests of stability i w od] e cam now add
than symptoms as bases for identification :ut todstl;] e ety applicable
the more speaific one of serological relationship B;‘ e eed more examples
one of mutual antagomsm No doubt as these tes
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«i be found where they are not fully rehable but there 13 alreads enough
evdence that they apply sufficently widely to get nd of rrost of the synonyms
that now conluse the bitesature  The vahdity and usefulnes of these tests was
recoguzed by Holmes i deciding his <pecies exem though putting togethez tno
duscally dferent strams that are serologically related or murually ntagomust ¢
smetimes meant conflicting with the bases an whi b the gerus or family was
ereted. Indeed he performed a vexy useful service by proving strairs wnder
one specific name as far as was possible on published evidence  Where s
skeme fails however 1s 1 adoptirg the bumomaal nomenclzture fur this de
mands groupings at the peneric Jevel and there s nat enoug® knowledge to da
this This fact 15 only t00 evident from the heterogeaetty oF Holmes § genera
Wecan group at the spectes level but we cannat vet Lo beyond this with any
degree of confidence  Lacling eny hnowledge of the wmtrasc properues of
rist viuses whether we hike 1t or not we must he apl tters and not lump-
us o we are to avoud false names  Holmes wasa lumper par excellence
10 such an extent that a geaeric name hke Marmor carries no meaning at all
The problem of fumping 1 best po ed by asking what urus not serologically
related 10 $obacco mosaic vicus 1s moast nearly related to 11> Tt 1s unansner
hle but I could mabe out a better case for patato vius % whirh Hotmes
#laces m a separate Family than for most that he places ; the same genvs
Ttseems to me that a binonwal namen tature for viruses cart be norked only
# most of the genera are monospecific and what 1 to be gared by that? Or
wem ht work the second and thied names of a trnoma! romenrlature using
4 stndard form, sxy Phytovrus for the first Then tobzcen mosaic and
fomatp aucuba mosase virases could be respectively Phytorus paracrysiahy
at wdgare and Phytoweus pargersatalss var aneuba and cucumber iy 3
Phyloirus paracrystalis var cwcumis  Suttable pecific and vanetal names
<ould readaly be given to other siruses and thew more studied strans but the
6ily benefits apparent to me are that such names are less hikely o get trans.
Lited 2nd ook, mote smpressty ¢ thats current ones plus the po<sibisty thst the
Heotity of the namer will be handed dawn to postenty  Agasnst these minor
benedits can be set the wruplicst separation of plant vinwes from those affecting
stumals 2 separstion that has never bad any sound taxonomic basts ‘md fools
E‘L:: Iess tenable now that some v truses have been shown to multiph @ both
Plaats and
amrs om:isw share with co~mon names the virtue that they suggest
20 false relationshups and leave open opportumities for expenmenting with
Y&0us forms of Tt ¢ bnormiat fature almost hm‘mﬂ‘)
s fota detailed know lod of the i properbies of s iruss becaure only
fom these can a classircation be bult that peficcts natural relationships an
Solutinary trends Ve are beginnang to learn something ‘M:‘ the mmﬁ'“c
Pofiertios of o few plant +aruses. hut 1t wilt be long before e ﬂ{-“"' ;“Y; mg
e gt the majonty and e know almost nothing abous ongins. Ve do Faw

o wt mto groups of viruses with like
v 12 encaurage the AT e thea dvorder and arrange
it ¢ kevs 20 ' rlification
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are probably the most urgent need Many years ago Johnson and Hoggan
showed that such keys do not require a binomal nomenclature and can lead
to groupings as homogeneous as any families or genera since propounded
Free from the shackles imposed by Linnaean names, we need not be prevented
from malung groups by ignorance of intrmsic properties for we can, without
misleading other biologists, select any convenent feature  Symptoms host
ranges, vectors, methods of prevention or cure, all such types of behavor could
provide bases for useful groupmg

Without genenc names, the groupings arranged for wentification Leys can
duffer widely from those arranged for other purposes There can be several
kinds of classification based on different criteria, to smt the purposes of people
interested 1n viruses for dufferent reasons  For each, 1t 1s necessary only to
decide what purpose the classification 1s to serve, and then to group accordingly
Many people are concerned with viruses i many different ways and few will
be helped m any practical manner by a phylogenetic classification  No other
type d a it of Latin ¢ ls which should be restricted
to that type Such a classification of viruses 15 hikely to be long delayed but
tins 15 no reason to despatr of doing anything now  On the contrary 1t should
be a stmulus for seeking dufferent types of classifications By all means let
us resolve to put our house m order, but w.e must not pretend we can do some
thing that we cannot  Nor 18 there any need for the pretense when we czn
probably do something much more useful




PSITTACOSIS GROUP

By K F Meyer
Guerge Williams Hooper Foundation Un verssiy of Califo wss San Francisco Cal f

The pandemic of human psittacosis i the early thirttes mitwated the pro-
ductnne the ¢y ponsible for
this mfection  Simultaneously mn Britan Amenca and Germany small coc
cod bodies were seen 1n switable stamed smears of infective parrot or human
tissues  Since these bodies could not be cultivated and do pass through coarse
bactenological filters they were classed at trst as agents morphologically
related to Bactertum tularense or to the Richettsme  The pleomorphism ex
pressed 1n bipolar or coccal forms of varying sizes prompted Leymthal (1950)
to propose the name  M1crobactersum multiforme psittacosts  The word mul
tforme  was not enturely appropriate for the pleomorphism 1s in no way more
pronounced than that ordimanly seen m smears prepared from other small
bactena  Since arthropods do not act as vectors thename Riche tsta pstuacs
offered by Lillie (1930) was Lkewise not acceptable Thu  the problem of
nomenclature and classification arose nearly ?0 years ago when the virus was
first described and 1t has plagued the microbiologst ever since

In order to avord any premature decision the workers in this tield called the

lementary bodies d with mfections  Levinthal
ColesLihe (L CL) bodies’ This tentatie nomenclature had the great
advantage that 1t avoided the word psittacosis ongnally ginen m 1897 by
Morange to the human disease followng contact with parrots or parahects
How madeq the name 15 und: d may be seen i the
proposal to apply the provisional term pseudopsittacosis to thowe atypical
pueumonas caused by ‘pmittacosisike agents of undetermined ontgin

‘There appeared to be no urgency for tamperng with the name L C L bodies
utll Findlay MacKenzie and MacCallum (1938) postulated the existence of
& defintte Ife cycle analogous to that of the psittacosis parasite for the granu
locorpuscles demonstrated by Miyagawa and his associates (1933) m lympho.
granuloma venereum infections  Subsequently lm s}l‘udles r.'ln the d::}or;w
mental cycle and other properties of the agent of lvmphogranuloma ven:

Rake and Jones (1942 pmpf) reviewed the sork of Thygeson (1934) on tra
@oma and melusion blennorrhea While these agents were subjected to
Ystematic comparative studies others morphologically similar to the agem?

nd 1n psittacosis o ormthosis were isolated from the pulmonary (15!"5\1 o
tparently normal mice (Gonnert 1941 1947 N\igg 1947 Karr 1943 R
224 Eaton 1944) from cats suffering from a distemperlike diease (Daker
{199) 4nd from the pneumonsc lesions i certam enses of atypical preu
momz (Eaton

Tt o(f mlere:: :1; x:ogl\’elzhnl these 1solitions were doubtless favored by the
Rewgrition that an muce the intranasal route of inoculation is far more sensitive
fot detecting the 1.C L agents in secretions and in ts ues than the n.rsl!ar:un(

Ptrapenitoneal or ntracerebral route ongnally emploved by the students o

hii
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these infections  The ability 10 produce pneumomia 1n experimental mfections
2nd the fact that the agents frequently were associated with pneumomitis m
the disease d the iy to such an extent that the
nomenclature was promptly enriched by the term “pneumomtis group” of
vral agents  Indistinguishable morphologically, but shghtly different antt
genteally, agents from the type strams of the classical Ppstttacos:s parasite used
for companson were mvarably described as ‘pneumonitis viruses when
epidemiologeally the source of the human mfection or Winess could not be
determined At that time 1t was not appreciated that Ppreumomtss 15 the
localizing sign of a chmeal mnfection with a psittacosis ormithosis or related
agent m man and mammals but not m birds  Thousands of autopsies on
parrots parakeets pigeons ducks cananes and other birds spontaneously
diseased or evperimentally infected by the nasal route have failed to disclose
primary uncompheated pneumonic lesions
Then another property of the large viruses nas smgled out and chosen m a
proposed classift I d by the ability of certam strams of L CL
agents to produce memingitis and paralysis in mice and pigeons some anthors
were prompted to select the tropism of the parasites and to refer to them as
or meningo-p prc viruses (de Gara and Furth
1948)  Although the bram of the paralyzed Colombian opossums contamed
no mfective agent the cause was described as a menmgopneumonitis virus
because 1t produced or m mice, depending on the route
of mfection (Roca Garcfa 1949)  There 15 doubtless ment in selecting tissue
tropism for identifymg and separating the members of 2 group of wmfective
agents  All the parasttes morphologcally similar to the L C L bodies produce
a pneumonitis in the laboratory mouse when mnjected by the mtranasal mutef
This 15 also a property of the agent isolated from the itestmes and fecesbo
apparently healthy calves (York and Baler 191), anjd the parasite which by
ats 1 mn the epithelial cells of fetal cotyl causes aboxt;ogn |J)n
ewes (Stamp et af 1950 McEwen ¢ ol l?ial Bamel‘l‘ ax::ﬁi;gam:m
ver 15 1n mice and oc
:!: ‘;“;:mup o famuly characteristic that manifests itself only W"mﬂ]‘rl‘: P}"”‘t}‘l‘:
of entry 1s the upper respiratory tract  Furthermore the mfection ! ug! i
respiratory tract does not yemam confined to the respiratory tmt ;{snmd
transfer to the spleen and Iner 15 the rule  This mfection cznnr el
upon to separate the members of the group of Castaneda posif ;v:“es the
bodies The agents of murine pneumomitis of enzaotic abortion 7;1 et
Hled S F vurus 1solated from cases of human pneumonitss an
so-ca & nial route rarely if ever
pneumomtis parasite when mov:ulatlehd hYﬁﬂ(lE mtm;apml“ o the bese for
apparent infection even though they m: s
E::}S;Cleda’?sp Exceptions have already been encountered At l:;sllr!;:';::ﬂ;:w
neumonthis stramns that are virulent for mxch:JY the ;gzg;ua}{os + ond fissue
been wolated (de Burgh ot of (345 E‘xiftxhe ey bkt} :;ey cannot be relied upon
tropism may be useful for quich identification bu e LCL body
to separate the members of the group of Castaneda p

agents
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In summary the avaisb'e facts permit definite  ncly ons Dun z the
pst 0years elaborate and pawmstabing studies have ponted ut the eq tence
of mfective agenty whach share striling sinmdarites 1 morphol  1c and binctona)
cnctenstics  Afthough they are respanstble for frank and fatent mtections
o the anmmal kingdom 1fcluding man they are el witted and have i
crmon certain antigenic compinents evidenced in h omIp rent hixation
cossmmunity and neutralizabon tests especally m therr sa-called toue
poperies  There 15 no difficulty i deciding that they shoul  be classed inta
on¢ groap characterized by the following properties  1Fey are clawnely larpe
mravtes and are readily stamed with simple basaph b dyts therefore fre
quently ealed Castaneda positne  Thev form farge basephube mclusicns n
endothelal and eprthelizl cells  They grow well n the volk sac of embryonated
558 They infect 2 wide host range and produce preumonstis i the laboratery
moust when mtroduced by the iatranasal route  Certam members of the
goup produce what stems to be an endatoun  These appear (o be anti
penteally related although dustu ctions are duscermble  Thes are su ceptible
1 the action of the new chemotherapeuti. drugs

The problem 12 to find an af propriate name ¢ this groun  Endlzssso! tions
batbeenadvanced  Desgnations from cytomicrohe  fde € ara and Furth
1988)t0 trackoma hosis-{y mph loma vene
foum group  have been proposed  Dependent entirely on the pecuity of
special werest of the desymator the sequence of the genus names 1 shifted
The cphthatmologsst deseribes the trachoma petttacosis ymphogranuloma ve
sereum group and the logast puts the ks rphogranytoma before the
pstlacosts  Thus yuggling of a long worded des gnation of a grotp of wfective
2oty has even [ed to sbbreviations such ay  patfacasad sinuses causing
buman preymonitis  The word means parrot ke This usage 18 obsioudy
mabormation The workers who know most about this group have alaays
felt that st 12 semantically reprehensible to drag in the parrof eiery Gme an
sgert that forms basophtli elementary bodies of a cestsin st¢ shape and
ftaming properties 13 1salated  To end all of this ursatisfacton and jarmng
roenclature the termmology of Moshhovehy (1945) nas adopted 1n 194%
1 the famuly name Chlamy dozoaceae and the genus mame $fivgaandls
et ade part of Bergey's System It may be helptul to future develoy ment

the tsxanomy of viuses to consxler tus provocative terminology and
dssifcation from several particufarly the tustoricat pomntsol view  To clear

e way and 10 gun strength for this presentatin it s only propes o quote

8¢ dlovung e from he exccient book by Beton Towme MacCabhr

& 3Start Hasns (1900) | trus and Richettsal Discases

“Recently \msh(xmx), {1945) has suggested that the C:sunn(;)‘\«:‘\\‘e

Y0 should be guen the genenc pame of Inggawaraid B ‘,‘, e

Chams dozagceae and this suggestion has unfortumatels beca 1Jof'”‘h v ""l‘

™ponXle for Bergey s Manual of Determmative RacteroloR 8 ro!

Prposed bere 10 adopt Moshhoyshy § elas tication

Mconding 10 \nf}rg»:es Tipo0) the Filth Internations] ¥cret ﬁwm cMn‘
54t Rio de Janarro tn August 190 pamed Bve welldefined groug
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viruses  The ‘ psittacosis 1y mph group” (Chlamyd
wncluded as 1t had recewved attention by Moshkoy sky‘(1945) and b Rak: ::
the 1948 Bergey s Manual This dectsion to shorten the des)gn.m};n of the
’f\gfﬁfﬁ step mm the ng}'xt direcuon but the retention of the family name
Representatives of “the far e viruses related
parasites have been the su%)ect of p ™ b Cait;tnedn poi“:‘ : q£o<
psittacosis by Bedson (1932, 1933) and Bedson and B]and°(1932 1938) fo;’
lymphogranuloma venereum by Rale and Jones (1942, 1944), a’nd for the
feltne virus by Wetss (1949, 1950) and Moulder and Wess (1951a-¢) A lfe
cycle imolving Jarge and small forms, an apparent envelope or linutmg mem
brane, relative ease of cultivation, and therr susceptibib
ptibiity to chemotherapy
place them for the time being by themselves  The newer electron microscope
pretures show their morphologic resemblance to the nckettsie, although the
elementary bodes of the psittacosis agents are coccord and sphencal, never
rod shaped (van Rooyen and Scott 1949 Kurotchkin ¢f al 1947 Hemnmets
and Golub, 1948), but they differ from nchettsiae m that none of them have an
arthropod host  Furthermore, old (Yanamura and Meyer, 1941) and new
{Burney and Golub, 1948 Moulder and Werss, 1951b) investigations wdh
cate that the | and the feline p viruses are apparently
dependent on tissue survival and a hugh level of host cell metabolism for thew
multipheation  Recent work fally confirms the early observatians of Zumsser
and Schoenbach (1937) that nchettsiae grow best in cells 1n which metabolie
activity has almost ceased In cuch embryos the rate of multphication of
typhus nckettsiae 13 mathin ble hirmts myersely I to the rate
of host-cell respiration (Gre:ff f ol , 1933, Greuff and Pinlerton 1945, 1948)
Moreover the published record indicates that nckettsize possess minnsic
enzymes of some complexity suggesting the partial metabolic mdependence of
these orgamsms (Bovarnick and Snyder, 1919, Wisseman ¢ of  1951), whie
prelinminary search for sumilar enzymes in the agent of felme pneumonitis have
faled (Moulder and Weiss 1901a) If these differences which mnclude the
ibihity of the p: virus to b acd are confirmed
the agent of the 'f ph ! group may have to
be placed 1n the virus fold  The differences hetween the psittacoss {ympho-
granuloma venereum group and the rickettsise are rapidly being extended at
the basic level of metabolc requurements of the parasite  Thaugh these duffer
ences are marked the present class grouping presented i Bergey s Manual 18
acceptable as 2 workmg relationship, but may require change as greater wde
d of nick e may be d
" The next step 1m :omgxg a descriptnve and correct termmology for the
psittacos:s Jymphogranuloma. venereum group requues consideration of the
ly name Chlamydozoaceae
fa?n };907 to 1912 {:m Prowazeh united, under the name of Chlamydozos, 2
known disease

f te mtracy toplasmic bodies unlike any previously
B nte. which e 4 qﬂiﬁ)emfaedter had seen m the conyunctival epithelal

agents which he and
c:gl!s from trachoma  Those who lved through this period and saw the orgin3
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prepasations vividly recall the diseuss ons carnied on then over the term  The
you.ge protozoologusts fully realied slmost mmmedistely that the de wmauon
—mxtle {chlamys xAdurs) anumals {zoa fwa)~—tvas 3 mptake o the Grst
plaze the basophshc bodes ate not protozoa ard 11 the < ond the so-calied
mantle or capsule ss formed not by the microbe or agn L by the cad

Alert eyte’ogists soon recogmized that the nclusios body coas.s.s of three
parts (1) the so-called * plastin bke substance a densatne of the cell ov'or
Plasrs, (2) the parasites and (3) the structureless matnx ™ shich the ele
meutary bodies are embedded  Voreoser 1 arger wnclu«ions the plastin 23
nnly seen and the sub tawce which 15 termed matnx 15 £ot reited to the
dementary bodies. It 13 merely the medigm 1 which the elementany bod €5
autiply just as 3t 15 ;n molluscum contagiotum  The plastia substance ap-
parntly represents the defensive mechamsm of the host ce 1 and the nutritee
medum used by the paraste (Halberstaedrer 1917)

In Moshiovsky’s chapter on the deselopment of Cldamydo o2 ard m the
diseussion of the relationship of elementary and mmtsal bodies be says

The further study of this problem soon led 1o a considerable samphncation
elthe agents of the Chlamydozon group and about their relation to the affected
el Already m the Wfetsme of Pronazek 1t was eluadsted that the products
o the reaction of the cell the obligatory presence of which ground the parasite
wis thoupht s a charactenstic peculiarity of this group of microbes cn alsa
Yeabsent Lipschutz 1919, pomted out the paradouesltty of that areum
St ce that Just m trachoma, nhich sered to Prows ek as 2 proto vpe of
(Ehimydyzonc infections no‘cloak (chlamys) of protoplasmic ongin 15 formed
334 that on the basis of Lindner s work the mclusions of Provazek Halberstaed
ershould be cansdered as naked aggregates of bodies of the agents which was
scknowledged also by Prowazeh By fhat by the way fails of also the bants
I the name (N mydoros  [Ttalics mune ]

Notwithstanding this definite concl the name  Chlzmydowsa  was
retumed by him and there 18 every reason to fear that it will now be perman
1ty adopted m pawung and elassifymy a group of cytoparssites that are §3r
:ner waderstood st this time and have been far more carefully studied than

9% of t-achomia or inelusion conjunctiitas

Reemblance in morphologieal Td tuetonal properties of the elementary

bas been used to place viral agents of ophtbalmology iaterest :“‘“r the
Pttacosis lymphogranuloma, vencreum group It may be beeay tree® :’:j
12 question the <oundness of the pillars 07 »hich this relationship 13 bas
Tt lsct howerer that the ‘plaques’ gne a positive ghyoogen reattion {Ruce
1956) 1 rarely stressed  The early views pased on hmted ob*tr\nlt:ons that
POt members of the group respand to chemotherapy wh the s °‘“""“k
2 54 bave faled to withstand the test of time  The true pazttacosss G -:
Pewnoms memngopreumonttis opassum A and eVt entenitys axend 3:{1:;
Seabitive to the drygs i e The low complement fxation tx‘!;;! Ri .

e Shaffer and Thygeeon (1947) math <12 of 1div lu:isl : tﬂ:\o:“
aboms gt melusion biennorthea sa the presence of 3 W""{“c 3’"& e
TOW venereym antigen (Lygrinum) ate ROL DECEIIN peabie.
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amination of ths problem usIng a psittacosis zntigen, the sera from ten tra
choma pateents from Arkznsas, tested at the Hooper Foundation, did nat give
significant complement fixation reactions The sera of only one patient fired
complement ma dilutionof 1 8 This patient had stage 1T trachoma  Three
of five sera from patients with acute trachomn tnfections observed 1 Gallup
New Mevico, reacted i a difution of 1 16 and one reacted 1n a dilution of 1 2
The recent literature 1n particular from Denmark where Iymphogranaloma
yenereum is 2 rare disease places or tecord the mportant fact that positre
complement fixation reactions wath Ly granum antigen 15 often found 1n the
absence of infection (Reyn, 1921}  Sumilar observations have been made n
Holland by Dekling (1949)  The specificaty of these reactions has not as yet
been eraluated and consequently, the low titers of fixation with sera from
trachoma patients apparently do not necessanly Pprove antigenc relationships
to the psit Iymph I venereum group  If such a relationship
really ewsts 1t rmght be expected that i cases of trachoma the Fre: test would
be positive but reported and unreported observations mdicate that the re
action 1s negative (Rake e af, 1942)

Trachoma differs from the psittacosis lymphogranuloma viruses 1 host
range ease of cultnation antigenic relationship, and chemucal reaction products
mducedinhostcells  These diffe are to d
tion of (1) any designation extended from trachoma to psittacos:s and lympho-
granuloma seneream viruses and (2} the anitary (genenc) refationship of the
wclusian conjunctnitides with the psittacosis and lymphogranuloma viruses

The famsy name ‘Cblamydozoaceae ' was mistakenly assigned to trachoma
Since the agent of this infection 1s not a mantle animal,’ the poorly chosen
name should not be perpetuated by applywng 1t to the complex group of the
large cytomicrobes that have nothing i common with protozoa Regard
less therefore of any other objections agarnst this famuly desygnation i 15
clearly unjustified, at this time to bring the pstitacosts lymphagranuloma
\enereunt viruses mto this famuly under a name given the sgent of trachoma
because 1ts relationship to the large better-defined group 1s questionable  An
appropriate designation should be selected on the basis of the pooled opion ;!f
expenienced taxonomists of an mternational body as soon as distinctive family

cteristics become more clear cut
Chi\li:l‘ t‘}:c \efled and open displeasure which can be voiced agatast the family
name Chlamydozoaceae * can be vored with equal force agamst the gen:xs
name Miyagauanelle * The explanatory sentence n Bergey s Manual justt
fymg this term makes 1t clear that it was adopted Igecause the l“xeﬂc};1 plm:e
sitologist  Brumpt n a footnote to an article on Rndxett'sm ntracel tu au
stomacale (Rickettsia culicas n sp) de Culer faligans (1938), enlb;sn; l?m:;
acknowledged the courtesy extended to hum by Professor Miyagawa by sl ;5 8
im the mtracytoplasmic lndus;«:nsi ﬁe dxscovzx:g mn diverse specim

hogtanuloma venereum m the following W

1}’{?}1 c%ée ce dermier genre (Miyagawanella) POurl 1 ;SP?C;\:‘ i‘i’l"‘lﬁz‘;g;':‘“a
3 lomatosian sp agentédu bltllz:;\ chimatique d"“; ;,o’:;: o pdvipvien

aratiu >
# mc;;;é;; ;?::;SS: };;efgcy s Manual (p 1115) that the genus nas named 3
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ho or of Profes-or Miyagawa (the Japanese bactertologist whe m 1935 firt
grew the type spectes m the chick embryo) though perfectly true does not
redect the ongmal reasons expressed by Brumpt for <o identifsing 1t Actwally
there ts _ome doubt about who first saw the elen ntary todies responsible for
hymphogranuloma venereum  Gay Prieto (1427) descmbed mal' corpuscles
Lsorfess 1n dumeter which differed from the Gamma Fasre bodies By
showmg that sonte of the cytoplasmic corpuscles are Castaneda positne Fird
Lay {1933} proved more conclushvely than Gav Pneto the relationship of thee
bodies to the virus of cimatic bubo  Full credyt must be gnen to Mivagana
and hus associates {1935) for d m filtration that the
presence of these bodies paralleled mfectivity but thys fact had been established
for the peittacos:s varus three years before 1 1032 1w .5 left to bindlay and
hes ascoctates (1933) however to suggest a poss ble -ycle of development
similar to that described by Brdson and Bland {1932) {of the psittsco 15 virus
Inf2ct the systematic studses of these sorhers rccrued <evesal years before
Miyagina descrbed the elementary bodies of Iy mphogra=wlome  Histoncal
abjectivaty leaves hittle doubt that the elementary bodies assocusted with pasrot
fever were observed and properly mterpreted before thowe of the senerea)
diseate  The more common colloquial nomendlature potta co slymprogran
dloma group, credite this sequence  Accepting this p emise it s further
important to pote that Burnet (§934) first g ropagated the Aunfralian psitacous
s1rus on the choro alfantoic membrane  These cultss ation studies pere further
f;;;’;p«i by Fortner and Dlaffenberg (193%) and Ly Bumet and Rountree
3
All these fz¢ts cast doubt on the advisabality of <clecting the ¢y toparasste of
tmphogranuloms s the type species wht h icludes viruses distributed widely
throughout the ammal kingdom  Atthough no entenon for clas dfymg the
embers of the group has vet been unanimousty accepted as vahd t must ve
belore 1t 15 that the elementary bocies responsible far psittacosss m
Uinds and man were the frst well-defined meember of the group It 18 theres
furt anly ause 1o resist applying the faws of pronty to a name crested 1 an
pach when know ledge concerning the members of the group ¥as wcomplete
A genus that has members infective for birds rummants rodents mansupisls
203 man should not br burdened by the name of an tavestigHtor who recog
nued bt a few of the properties essential for the dascication of any K?"’P
The noncommital uee of & proper name 1§ considered g referabie {n view of the
*' ot and tissye range of the members of the group) to a nare ymph i
®litionshup to + b genus or to 8 hyman dwease Dy cpstor e estly
mvestpatar of the b ey 5 bodies a5 fective agents deerves
Tt s wame w tradetionally reflected in the termnology
ven here one o5 confronted by dilemmas
Diccosery and description of the nee of minpte STAm TEE © m‘;‘;
bactlary bodies sn yfected parrots by Lesmthal (Apnl § 1930% in "’;”‘” b
b specumens by Cotes (Apot 12 1990}, and n parret snd huran Lewscs By
Tale (Aped 11 1930} mere obsously sumultancous Trew evolopae felatgl
47 10 pattacoss was not definitely established by e drsmﬂ{mn‘\g -
Prealy mentioned through the thirties st was fu tomany 13 yies
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causattse agents of psitta «
about the cy s o cpas as ‘L CL bodies” After the armval of news
psn;mcosxs d\:m;s, the former name was silently dmppedand s relaton to the
n search of a possible solution
cgorl to leam the!iome hustoriea] d i:or‘ the prol;lfe;n of }cjmﬁ?lfgy ba nd ’;’ an
about the psittacoss-lymphogranuloma ven 1 e basic facts
2
elementary bodues, the hterature an these wmr;’:;:i:up Obeastaneda posve
The following has been learned g been read eritically
As early a3 1930, 1n 2 report submutted b
y Sir Geor
'ter of Health, the Right Honorable Arthyr Gxten“rgst:;x"gac;lo;;oe:h 291;(;“ :s.:
Pact Il—Aetiology—Expenmental Observation on Psittacosts,” Bedson and
w e‘sI:tr{]x make thys sigmficant statement (p 88) ! "
ethaps the most interesting observation bearng on th
it
virus 18 the presence of munute bodies, but quite dcﬁnﬁc nucroe—om :::n:fl I?Es
bodtes 1 vinlent materal = :
es n virulent matenal both filtered and unfiltered  We have oursclves
st:i(;’:i’cu;em “dmti]; from an ex;mmatmn of a considerable amount of materal
» ormed the opuion that there 15 a defimty
number and the virulence of matenal ¥ elihte corelation between thee
Then by January, 1932, Bedson had proved (1) that the “elementary bodue:
of psittacosis” are Castaneda positive, (2) that the virus1s ﬁltemb[er:sm;y may bes
punfied by fi 1 fug as d by b hs, (3)
that the washed virus particles are speafically agglutinated hy:an anti psittaco
sts serum, and (4) that they fix complement in the presence of such 2 setum In
rapid succession Bedson and Bland (1932) and Bedson (1933) saw the relation
ship between the diverse forms of the psittacosis agent and the different stages
of mfection and wete the first to realize that this virus passes through 2 de
velopmental cycle Shortly thereafter, Bedson (1935 1937) conducted the
basic studies that established the value of the complement fixation test i the
dignosisof psittacons  Finally, Bedson (1936, 1937) proved that the psittaco-
18 virus contamns two antigens one labile and readily destroyed by, the other
resistant to, boding
Tt was Bedson who furnished the first adequate proof that the elementary
bodues cause psittacosss It would therefore seem appropriate that Professos
S P Bedson’s name be assoctated with this group  The name Bedsonto 1s here
proposed as a genenc htle for all the agents now grouped under the name

psittacosis viruses of avian human and mammahan ongin  The ultimate
el Jogy for the ¢y top sponsible for fymph

an
wloma 1 enereum should be deferred untl the biologic properties of a greater
number of strains from a greater number of sources have been studied  Certatn
differences mn staimng reachion equire further eluaidation  The elementar}
bodies of lymphograngloma venereum though Castaneda positive give 1o
teaction by the Feulgen method (Robmow and Bland, 1938) while the psitta
cous virus 15 positive by both methods Reported differences noted with two
strams (one European and another Amenc‘nn), vn;h‘respe‘ct to ;mmu:og::::
roperties, as apprased by <ro: amaty tests An of propaga
’?n the yofk :acp pm;y or ’;my ot be sigmficant. (Lépine and Sautter 1949)
Whether a generic name should be nsed to cover the psittacosis and the lympho
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grewloma viruses 53 defimtely another matter far di cussion and a Lozl
decon mi ht well awazt the result of further vork

There 35 2o need to dwell further on the Junitations of the presert listung of
pears of lage viuses presented mn Bergey s classification A0 amabvse
the results brought to hight by the varnious techniques employed i the wdentsty
catirm and classification of members of the psittaco 15 grovp furnishes ample
wamrg against the bhasty ereation of mew <pecies  Netther hot or fic ue
topism vor ensitiity to drugs 8 a dependable property tr classin atin
% group Relunre may ultimately be placed o an ge i hfferences
epecally the so-called touc properties  For example there arc nd ratinns
153¢ sera tpes revealed by toxin antstoxin peutraliation ests ruav break up
the species ommuthosis

One alsa sonders whether it ts accurate fo single out the Lo 1 s Lo o
or San Francisco virnses as separate distinct penies  If this 1> lone <ame
place bas to be fourd for the irus wolated by Yeutrian and M Exsn 94
2.4 for the ore 1solated by de Gata and Turth (1948)  The fir trametan
vestiatotsobserved s Adelasde Australia four Cases of severe cute atyparal
preumonia A pattacostslike agent was solated but becus.e of the absears
e auy endence of an avian source of virus they heatated to rarie the aqent
& thwgh pathogemiaity tests placed the wvuus with the TRy virulent
Putlicosis strams Y eatman and McFain emphasized that it wa wopossik ¢
fo ehmmnate brsef contacts with birds 1 & country where psittacoss 1s 2 Tathe
comman mfection: amang parrots  Actording to de Gara snd Furin 1% po
tent whose autopsy furnished a puittacosts virus kne v that he had not heen
eontsct with bueds  Wisely, no stfempt nas made to chsten this s
¥k sceording to the published recard resembles the strams ysclated from
Peeons Symla gbservatinns are cortmuously made by those sho svs r3ts
ally woculate mice with tusues from patients with poegmonutss A 1 sule
wrdlants wath avian strams 15 more marked than differences recorded for
'{rms Isolated fram the same specwes of bteds  Cla< ibication of uch strans
%074 be defarred until sound criterta for & txxonomse approach have heen
worked out

At the exthest passible moment consideration must be given hosever to th
Py diosen dificult to-promounce terminology of clas ificatton adopted from
B eifortunate treatise of Moshhavshy

Summary and Recommendations

Toe large Bular p {1} responsible for diserse  pontaneous
S"m wnd latent nfections i burde, marmals and may (2) seadid stawed

T basophile dues, (3) antigemenlly rested as evilenced 1 complement
£y and toan ) wests (1) cxpat’e of produc
B2 preutnoritae ia the Iaboratery mouse when mitraduced by the tatearass}
™1 (5) growing well an the yolF sac of the emt nonsted e ard {67 xus
TP to the action of certuin chematherapeutic agerts—form 2 & ekt
;"r £0up  Stnce the hanie charactenstis of this group werT Fecogs
312 the agent responsible for psittacoss sad nat until cevenal yeart la er
T AL of omrhomtoclom venerenm  the rroun o 1 be des guated e
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psittacosis lymphogranuloma venereum
group  The mvestigator B
sponsible for the elueadation of the morphologic, physmlogxc,gan(r)lruur;is:;omc
grogcmes of tins group should be recognized, and the nomenclature propnsixd
df;migse}é!\uv;l;‘y an(:, unf;:rtur;atel), adapted m the Bergey System should be
e eniterna for placing in this group the known agents and
others that may be discovered should be defined by an mtematfon:j ;:lou;:};
:pzx;l::;sbinmﬂur‘\;:h these parasites 'The creation of a family genera and
e
spec :msysr ::er xonomists should be deferred until further know ledge Jus
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THE LYMPHOGRANUID\IA PSITTACOSIS € Lour

By Geoffrey Rake
The Squibb Inshiuic Jor ‘Medico! Research \er Brunuxk b 7

As will become clear 1t 18 T opinion that f viruses and nchetisu® are to
Yeseparated then the group I shall discuss belongs with the latter rather than
i the former 1 have ginen Jong consideration 1o the clasification and
pomenclature of this group of agents and of certain otbers related to them
Todeed such consideration may be sard to date from the tune when ™Y col
Je gues Shaffer and McKee, and T first obtamed abundant amourts of the
ament of lymphogr.mulom by g8 culture and came to realuze is relationship
1o the agent of psittacosis That 15 now 12 years ago  Asthis relationhip
tecame clearer and as other members of the group became wsolated an charac
tenzed 1t became obous to many of us worhing with these agents that ther®
would be a considerable cont enence 1 3 sutable nomenclature “eould be found
1nd that such comenence might suteeigh the relative \mperfection of hnowl
edge on which classification and therefore such " omenclature could b¢ ba

Accordingly & group of mvesuEALOrs if tins ficld chuefly Amencan begana
study of the matter  Doctor T F Meyer whowpsper aleo included 1 this
morograph (p 545) was on¢ of the group It <00 ‘became clear that to ob-
tam unanumity of opipion 1 such a group »as fraught with great Aifficulty
Tndeed after long stoving sufficient unammity had not been obtamned to allow®
ke publication even of & tentative and sheleton system

Meannhile two events occulT The first was the publication by \Moh
konky 10 1945 of a systen of clasafication and nomenclature for this grovp
ol agents and of others which to am appeared related? Incommo? with the
general thnking i Furope he classified these agents b the IEREUSE
secon] event was the deassion by the authors of Bergey S A\fanual to mclude 18
ew nect and shostly forthcomng edition ‘both the Fhettsne rd the yaruses
The present author was mited €0 N dertake the clasafication and nomen
clature of the lymphogranuloma peittacosss group for the ne
x1s mdicated to hum that a tentatin® opinton of the edutors of
Yt these agents with the Tichettsiac o mot with the Virses Thas opmon
oncded and sl comades wath that of the eriter but frankly 1t 18 O0¢ of
e ponts on which the abortine Amenca? committee R3S Lnal
Three opinions were held within that committee 35({
vrues (2) that they were nchettsiac and (3) that the matter was of 1o 3
nh"kunce e o thare was o good Fe1s0n 80 dmmgul;‘\ ‘uf‘:(?: s and
nekettsie at least at any high 1ot el wathin 8 system of € sticaty

Since as T have e above 1belived sl bebine that the sgents
e closer to the rickettsiae than 10 \aruses fet M€ occup
reeertation in Justfying such an opmon In
‘i‘“m\' of the u ualls observed form
thaped nekettsiae and the coccard Chlamvioroaceae (Lot
1hall drscues with you below) However gen

s the first part of this

<5
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developmental stages withim the host cells and many of the ea
development are morphologically closely similar forytbe tra g;z;;?}; e‘
::3," b show marked blances between nckettsiae and ;
ol s‘: :;“ @ 1;‘“‘:“2“513’1)' in the appearance t1 both groups of a centre
conmection nlsomnc:e::::y fmmba ‘\;;H-deﬁned limmting membrane
varjous coll y on th::x::gz ic pl 52 morh by she present aul
p of mult of the agent of lympl
loma on the one hand, and molluscum contagiosum on the ather, withm {
cell The eathest stages of multipheation of the agent of Iy mphograi
senereum within the yolk cells of the developing chick embryo hav
studsed and binasy fission (with first pars, then tetrads and later, o
has been cleatly demonstrated ¢ While the exact detuls of multypl
of the virus of moll are not yet lable 1t 1s clea
1n common with other viruses the fundamental details are different tk
tose nucleic and desotypentose nucleic acids are altered throughout the
plasm and maorphologicatly, one can distinguish the appearance of
previral umits ®
In tissue tropism the Msvag llae resemble the Rick 1
predilectson for the yolk cells of the chich embryo over all other tissues
host  No viruses share this predilection  Tinctornal reactions of the Cl
dozoaceae are almost identical with those of the Rickettsuceae—evide
chemical similanty  On the other hand they are completely different
of the viruses  In size, the Chlamydozoaceae are of a size comparable t
of the Richettsiaceae (when allowance 15 made for shape), and are not
larger than the Jargest vituses the Borreliola or poxes
Antigemcally there are certamn resemblances to the Richettsiaceae
tralizing antibodies are hard to produce in hugh titer and passive prot
by serum transfer 1s not usually hughly successful A more strung 1
blance fies m the possession by ali agents of the two groups so far adequ
examuned of a tou companent different from bacterial exo- or endo-tox
from the toxic components described for certam viruses particularly ¢
wiluenza group  There 15 not space to discuss other features of the an'
antibody pictures presented by these agents This has been discussed
where
Funally one should draw attention to the susceptihty of the Chlan
zo3ceae to chemotherapeutic agents  Among the viruses such susceptil
does not exist except for the group of l-defined preumotropic agents re:
sible for a typieal viral pneymonia 1n man, cotton rat pneumonta, and grey}
pneumoma 1n mace  On the other band the RxcLett;mceae shaxl-e wit
Chlamydozoaceae a susceptibility, of greater or lesser degree to almost :
the antibiotic and synthetic drgs most effective for antibactersal gemo
apy This, 1t seems to e, must wdicate a most fundamental differenc

hich, 1n the pre
metabolism between these agents and the viruses, a gap which,
state of our knowledge must oblige us either to use this group of ag;ms
hink between yruses and richettsiae or compel us to separate them from
viruses and place them with the nckettsiae 1 prefer the latter course

Granted that the Chlamydozoaceae belong with the nckettsiae theti it
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ratural to follow the system of classification set up for the latter Thus over
2 petnd of years has Leen the Linnacan system Mo hhovsky  system for
the Chlimydozoaceae {with a few corrections for obvious errors and wore
adbtions to include later knowledge) was therefore apphicable anl the rules
of tzzonomv made 3t mandatory to adopt it The cla incaton ho 1
note § was the result T have no hiking for mo t of the nares which are
Jarticularly dissonant and clumsy to our ears but this 1s no rea on to 1 card
them

Tro further pomts should be made concerning ths classiheatin shi b v
shat was published in the 6th edition of Bergey s Manud It will be noted
that the coceord agents first described by Coles 2s responsible for conjun tatis
m attle and poultry are classified under the Chlamydozoa eae as a rew
grous Colenola Formerly they had been regarded as belonginz t the Rick

Chlamy t{oznareac

f
Chlamydo aon (%ein

i
€ trackomatiy C ocul gematale Ce g t wet rae gal s

Mayaga.an s

|
Wkmphsg onnl mats | 31 orm thor |31 bomch pwe mows MY |

3 opnttsc M poeomomie Vol LA

Figuee

ttuceae  Their rechyssification 18 believed justined not only on morhalogy
al grounds but atso on the basis of tissue tropt ms  Prodifectin for (ke
fouactial tissues 13 shown by seseral of the Chlam dozoaceac mubuding the
15 of trachoma and mnclusion blennorthoea m which no ather 1 Jos are
tected and also those of Iy mphogranulomy \enereum and feline presroeitis
7o, the Mayagazranellae
¢ other paint to be discussed briefly 18 the problem of class naatwn vnd-;‘n
Ue Miyaproanelloe Tt will be noted that exght pecies are Tistend Th'tn t
of some of theso particularly perhaps U il tole co srered :\s} 0t et
may be questianed  Further tvestigition man well I |. ul(ln::
eces o not exist but that the described diferences are enfs o e
! Such Iack of complete clanty 1. i my opinien 1o r:uuv;tvr el ::1
Wundertake clas wication at this e Such cla sherton ¥ ot ot
Wanactive undertaking open to change at any time that new evijer \':\‘m! ™
¥ Yachange 3t should m leed terve to point to aress of L certanty a
MIentine to further mvestyatin
“ertan pecies suggested 1n AICLEF

1 may doppanatel B fluture
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hnowledge 1t has become apparent that two new species
publication of the sixth edition of Bergey’s I\Ianu:fle mus?lliz";;l::ssm%f::
are the agents responsible for salmon disease, and 3f bous {Baker) the agent
of diarthea 1n calves®® and possibly also a prime etiological agent 1 bovine
mastitis

In conclusion the cl of the lymph sittacosts
of agents has been discussed  Reasons have been adwancecf for ;‘I)acmggrﬁl:
agents nith the nickettsie rather than with the viruses  Sufficent knowledge
has been accumulated about the vanous members of the group to make 1t
possible to discuss them both as species, and under the division mto three
genera  Some pomts of uncertanty remawm, but these are not sufficient to
argue against classification at this time  The classification published 1n Ber
gey s Manual has been sufficiently clear and useful to allow two new species
to be characterized and named as sepatate species since the manual was pub
Lished
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THE NOMENCLATURF AND CLASSIFICATION OF THF PON
CROUP OF VIRLSFS

By G John Buddingh
1 aSutel o ySholef Medic ¢ SewOrleans La

Treit nalv the pot siruses have been contidered to represent a cleatly
defined yrou;  Edward Jenner s wavestigations mte the ratute of the varola
va cinte Pw red the affn ty whch cxsts between smallpox and cowpor
The nam  { Henderson Bollinger Guarnsery, Borrel P'aschen von Prowazek
L psctut rin and Ledingham to mentsn but a few recall rescarches
frem wh n epts were derned that proved to be bas ¢ in the development
of kn wied  regarding viruses and viral dimeases  These class cal tvest g2
tions were on rred with the natural b log caf phenomenon | resented by a
group fd crse d eases which have the pov as a common mandestation

The tara tenste papular eruption 18 the prod; feature
otser 1 the diseases produced by the viruses of the pox group  Cutaneous
ef te um parastued € ther exclonively or dunng the eruptive stage of the

fo wusjrocess The prohferative response of susceptible ep thel um which

inj £ v the Lisic constituent of the typ cal pock 18 essentual v the same
e h te pox discrses  Ihe parastized cells charactersuically contatn sn
ra  + mi inclusions which have come to be accepted as pathogromomic

) serve 19 Listinguish each fror the others I uts own chamctenstic man
ner ea b tvpe of melusion body 15 composed Hy of maller
pat les the elementary bodien tl e mfectious umits the virus itsell

W1t narrow Imuts of size and shape there 1 a remarkable ur form ty
amony, the ¢lementary bodwes of the pox s ruces  They react chanctenst allv

ertr n stumng methods, especaatly O ¢ silhver preey] tation of impregnation
methd of Morotow ® This reaction suggests 1l ¢ presence of [ysaalant or
it em al features shared m common by the members of the pox group

Tt e forego ng con.iderations proswded entern for Goodpasture s properal to
as 0 a proenc anlapee e nomenclature to members of the poxgrrup? Tle

genen 1erm Lorrel ofs wos introdveed $t recopnued Borrel s duo eny (n
jot ftheypeat ¢ granulesof [ wlpot antap hed d rectly to the elementary
bodies [hesufe ntswanu ed smalestpart cle " and thus the small par
¢ les [ Bornel

e spea ¢ tetm a1y devied indicates that the mammabian pos viniees

proe mably sepresent mod fod stryns of the same pecses Where pecessan
A’WW ¢ or vancty name for v ruses of relsterd strans waka tted  Thuc
# 7 i reniclature was propesed Borrel 22t rilae homr riz Bowre ta2

v tErvd drerinaceqw e lae rege pear Bwracasar
Porre oa mid i and Borre wa o um 18 was suzpes o that

L accrpted as the (Y7C £ wcses

- found curtent sccentance fa Bergey s Drterm wa we
Werthe or t t 2 e term Bagre » tacrac stoutd
# Varses of the Pos Croup tneluc mg dive
wete promarny o weondsn sy msof the
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knowledge 1t has become apparent that two new s
publication of the sixth edition of Bergey s l\fanuzl:‘lc c:;st;llsbceo::[xdegdsm’c;hzl::
are the agents responsible for salmon drsease, and 3f pons (Baker) the agent
of diarrhes 1n calves? and possibly also a prime etiological agent 1 bo%'me
mastitis

In conclusion the ¢l 1on of the lymph \! groy
of agents has been discussed  Reasons have been advanced for placing thl:
agents with the nickettsiae rather than with the viruses  Sufficient knowledge
has been accumulated about the various members of the group to make 1t
possible to discuss them both as species and under the division 1nto three
genera  Some pomts of uncertamty remam but these are not sufficient to
argue against classification at this time  The classtfication, published m Ber
gey s Manual has been suffictently clear and useful to allow two new species
to be charactenzed and named as separate species since the manual was pub-
lished
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THF NOMF\CLATURF AND CLASSIFICATION OF THF PO\
GROUP OF VIRUSES

By G John Buddingh
Lewsnana Stite L wsrernsiy Schook f Medic ne New Orleans La

Traditionally the pox viruses have been considersd to represent a clearly
defined group  Fdward Jenner s investigations into the nature of the vanola
vacanne disclosed the affinity which exists between smallpos and cowpox
The names of Henderson Bollinger Cuarmien Borrel Paschen von Prowazek
Lipschutz Gordon and Ledingham to mention but a {ew recall recarches
from which concepts were dertved that proved to be basic i the development
of knowledge regar ing, viruses and vual diseases  These classical 1nvestima
tions were concetned with the natural biological phenomenon presented by a
group ot diverse dm-ases nhlch have the pot as a common mamimamn

The eruption 18 the p feature
observed in the dxsm-rs pmduced by the viruses of the pm group  Cutaneous
epithelum 1t parastized esther exclusively or dunng the empmc stage of the
infectious process  The f © response of 1 which
comymises the basic constituent of the typical pock 18 mcnmn\ the same in
¢ach of the pot divegees  The parasitized cells charactenitxally contan m
tracytoplasmic inclusons which have come to be accepted as pathogmomonic
and senye to distinuish each from the others  In its own charactenstic man
mes exch type of inclusion body 15 compased essentially of smaller orginized
particdes the elementary bodies the infectious units the sirus ttse f

Within narrow hmuts of swe and shape there v 2 remarhable uniformaty
among the clementary bawhies of the pox vinuses  They react charactenstiealhy
10 certain staminy, methods especially the silver preapitatu n or arpregnation
method of \Morosow ! This reaction supgests the prewence of §hymcal and or
Biochemical features shared 1n common by the members of the pox group

The foregong con wlerations provided cnitena for Coodpasture 3 propeal to
as ign & generic ar apecihic nomenclature 1o members of the poxgm p? The
genenc term Borrelt ta was introduced Tt recognuzed Botrel s diven ey tn
1903 of the speeahic granutes of {>wl pox and a) nhed directly 1o the elementany
Uslies Theeulix s amonified smallestparticle  and thus tte seiall pare
tickes of Borrel

e speahic terminol vy devseed indhicates that the mamralian pit virues
fresumably reprewnt modified struns of the same peexs Where recesan
a swlent o of sanety vame for viruset of related strans was ad ted  Thus
the lhiwing nomenclyture was proposed Breelt fa ranelae &owams 2 wreling
rarsdae boris Forredto a sanclae equs Breds la anelse pores Porrer ataa
dae wum foerelt am uses and Fowve s crem It way sumgec od that
Tan) pac virus be aceey ted as the Lype praes

This nowendature has founl current acceptanee 1y Beegey s Determrn sze
Bacterts! gv1th o) 19497 Whethet trnat ¢ term ore bla cae sl or '
drarate a m re tnclu e famady af Vimaees (f the Pax Croup 1 v, o s
exves chart terized i geneni) by diserete porun of seemvdan b aw el te

LY
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nature of macules papul

pules, yesicl
welusion of some 21 w xdd; dn erzse:: ll]:xsut:]x:s" o Inghly debatable  The
species 1nto a rather loosely desygnated catego mammalian and avian viral
)g;g the intent of the original propasal 40Ty AMposes assumptions far be

e use of Borrel s name imphed
bodies 1n this case those of fm\lppt)‘( pl;l;on(tiy ?[ dsconery of the clementar
that Bust, of Ediburgh, made ci ordon! presented acceptable evidence
recognized the elomen !i y h;d e o sfcrvatxons n 1886, which mdicated that he
nth 1y bodies of vaceniz and implied their etiolo,

e disease  The designation Burstia paschen: was th pical role
ama virus* It would seem that in this case pmms ‘sk::s %rt;)posed for vae
gil‘Otl;zS;’;:ffm; lhte ge?enc nomenclature  Goodpasture :'clas:xml :ei‘t;::t::(::;

ectivi
be considered toy ]35:\};; ﬁ)oe]a!:gri:? ; frﬂ‘;nomted reusions of loul poc mght
this group of vizuses P y 1 the designation of the nomenclature for
A defimtne classification of the viru
ses to be
%:)uld perhaps begm with the genus Borrelsofa as included J“;) u:}j pox group
e cntena which were esta
can be applied with goo:l e‘?lli‘:ega:n;:igs?c‘ggotrhzxu;r? snpecl‘c‘s g
attributes of the elementary bodies of variola \accmcmu i‘:\vl pﬂell:;csng:;:sd
cum contagiosum served to distinguish these viruses as a separate group
These distinctions were {1) morphelogical (2) the reaction to Morosow’s silver
s;nml {(3) the presence 1n d cells of cytopl: i of which
the elementary body constituted the essential .
and ymmunological reactions component. and (3) serologe!
‘The electron microscope has discovered detaus of me
orphology which t
the vahdity of the ongmal classification  Under the r&nd:tﬁ’ns ;np::e}:ip‘;;
thlf‘ technique of visualization the viruses of vanola vaccinis, fowl pox and
L. appear to be r lar and more or Jess bricklike
3% By the same means the viruses of Tia and 1nf
appear to have the same shape  Measurements indicate that r
at relatyyely narrow
dimensional limits characterize these six viruses their combined average range
extendimg from 210 to 264 by 302 to 322 mu?®
There 15 no available report indicating that the vrus of ectromeha can be
visualized by means of Morosow's stam  Vacania vanola, fowl por mollus
cum ¢ f my react identicalfy to ths method
and are practically wdistinguishable from one another on this basis It s
quite likely that ectromehia virus possesses the same properties
Varicella and herpes zoster virus also have been shown to be brich shaped
1t electron my 1 These yiruses are of a defimtely smaller dmen
sional magmitude averaging from 197 t0 221 mg  They are not visuahized by
Morosow s stan By means of Paschen’s method for stamng elementary’
bodies vancells can be visualzed by ordmary microscopy but 1ts evidently
i These V1

smaller size distinguishes 1t defimtely from 1arola and vacania
furthermore characterized by the fact

ruses hike that of herpes s mplex, are

that p d cells contamn lear rather than mtracytoplasmic mclt
sioms  The cutaneous eruption which they nduce 35 1 several essentials
different from that mduced by the pox vruses The lesions are essentially
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¢ rather than pepular and thesr tistological charactenstics sharply

:{:‘:A;msh them from 51‘5 pot It appears rather donbiful that 2 ;mgle mz]:l(z
phological feature {that of a brichlike shape) should suffice to melude vancel
and berpes zoster withmn this group

Latle f any difbeulty encountered 1n assigning different types of viruses
10 thns group on the basis of the intracy toplasmic mclusions that they mduce
' para ttuzed susceptible cells This particular attnbute common to this
group of viruses should be ‘mamtamed 2 a fundamental enteron on which a
dassthcation 15 erected  Perbaps more than any other atinbute 3t denotes
‘behasionsms of the parasite 1 relation to the host cell which gare speafically
Sefimine The stological charactenstics of the iclusion bodies nduced by
the ox greup ate pathogrameruc for each species and stram  There 15 suff
cient evidence to accept the conclusion that these structures m each case and
each m ats peculiar way, are essentually composed of elementary bodies repre
#rtin, i3 Fowlpox cow pox moltus-
cum contagiosum  ectromehia vacuma vanolz and infectsous myzomatoss
tach meet the oy hological entenon by the ytopl
wclusion body

The question of the specifiaty and sigmficance of the tranuclear melusions
described as charactenstic for vanola and so-called paravacciuz, should be
kept m su pense for the time bemg  More careful study will be required to
armse 8t a defite conclusion as to whether or mot the mntranuclear inclusion
o vanola actually sepresents parasituzation of the nucleus by the virss 2
chance infection with an unknown s or 2 d e
ey o o e sy bt 3 et e
wheration 1 0t regard ly ntiated to warrant its serious con

Serclogieal reactions whereby the antigeme com
an be more of less stnctly de);mcd, pnse‘gen\ the S;g:m;z:nmlmorgamm
¢stablishing classifieations * Although they rarely seeve to desi ur;; m;:ms for
:nmc:‘:f P:n unuri:ng €omponent common {0 an entire genus s;fen;c: :ntirl:e“l:

1ps are of ought out with considerable nicety  These circums

o 2pply to the pox group  Specific serologieal and immunological E’&JIC;S

ences dustmetly separate the va -mm
Tious spenes
OF COMIMOT ANYITEMC component T e sl

ts have been found to eust bet,
c‘l:“qin:;e;l n!n:c I}?;r;d: yi artolae Baﬁdw(a malluser Bmelwlaw«:i;h ea;g:ct‘he:
omatosts 1T
Ferus 1 denived on the basis of the nthers l:::f:;);v;:d:! i??:tbizc?nsc?s‘c‘:
5!

Cons derable serologueal ey ade X
nce has been presented
:—l“ ):x:ﬂimlv b:lmm\ certamn embers of \hep m;m:mal:x}:x gxd:smo?tmtes o
e m‘ : :}:h;hwﬁl example of this relatonshap By mtan:r:;h o
Iques mvestizations of hed s
$rrmer 1 vass for the sernlomen) dz;eﬁcx.'m ur;mln)a?mfmhﬁ:‘\; ;hbmh;d ;
tes  Fur

Teertate thes ba
e ntroduced at least two new subspecies or vaneties to ths

S"’; r
Tom the myestimations of Dy !
- owar™ and MeCa
went that the natunally OCTLITINE arus of cowr;?n E:ﬁl‘vﬁt s aute
recent years
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nature of macules papules vesicles or pustules ?9 15 Tughly debatable The
wclusion of some 21 widely divergent, human mammalan and avian vira)
species mnto a rather loosely designated categary imposes assumptions far be
yond the mtent of the ongmal proposal

The use of Borrel s name 1mphed priority of discovery of the elementaty
bodies 1n this case those of fowl pox  Gordon® presented acceptable evidence
that Buist, of Edinburgh, made observations in 1886, which mdicated that he
recognized the elementary bodtes of vacema and wmphed their etiological role
m the disease  The designation Buuistia paschens was thus proposed for vac
cni virus * - It would seem that, in this case prionty should be gnen to the
proposal for the generic nomenclature Goodpasture s classical demonstration
of the infectvaty of the 1solated and fractionated inclusions of fowl pox® mght
be considered to yustify the prionty in the designation of the nomenclature for
this group of viruses

A defittre classification of the viruses to be mcluded m the pot group
should perhaps begn with the genus Borreliota as d d by Good!
The cnteria which were established 1n assigning the three species to this genus
can be apphed with good effect for mclusion or exclusion  VWell recognized
attributes of the elementary bodies of variols vaccinz fowl pox and mollus
cum contagiosum served to distinguish these viruses as a sepamte' group
‘These distinctions were (1) morphological (2) the reaction to 'Momsow s s\]l]wa:
stain (3) the presence 1n p d cells of cytopl. D‘!‘v 1 1
the elementary body constituted the essential component and (4) serological

d immunologieal reactions
anThe e!ectrongmlcmscope has discovered details of morphology which su}:ip&;rl
the validity of the orginal cl:Lsshlﬁmt\on (f]nder ;be ‘:;:mnlso‘l:};sx! zmyi'

ises of variola
thus techmique of vxsuahfptxr tweb‘:ru v anc; e esa baklie
& the same means the viruses of Ti an
appe:g}(o ha: the same shape  Measurements indicate that r;hﬂ::ly :1:;‘7&‘:
dimensional himits characterize these s;; 2\ mlsfs, thew combuned averag
ding from 210 to 264 by 302 to mu
cx}le'}’:er:%s :u avallable xepo};t mdicatmg that the vires of ectromelia czrﬁ'}):
Vaccinus, vanola fon) pox mol

visualized by means of Morosow s stamn  Vaccmuz, s to this method
cum contagiosum and mnfectious myxomatosts react ldentxc: (}h S tes Tt
and are practically mdistmgwishable from one anothc‘: omes
quite likely that ectromelia virus possesses the same p r“lf'e to be brick shaped

Varicella and herpes zoster virus also have been i?:ﬁn?tely naller duen
m electron micrographs 1° These viuses are of aTh ot youalized by
s1onal magnitude, averaging from 197 to 221 mu i f?; Stammng clementary
Moroson s stam By means of Puschen s metha copy but its evidently
bodies varcella can be visualized by ordmary m‘"—“’z \Pn)::cmm &t These Vi
smaller size distingwishes 1t defimtely from varola az;m o ertzad by the fact
zuses like that of herpes simpler are iurthtmor; ; intracytoplasmic mely
that A cells contam mt 3 ralhe(ri t ar:s ol essentitls
sions  The cutaneous eruption which they i ”C;_he Jesions are essentially
different from that induced by the pox viruses
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vesicular rather than papular and thew hutatogt al charactesists sharphy
div inguish them from the pox It appears eather doubtful that a smgle mor
phological feature (that of = brickhl ¢ shape) should ~uffice to wclude vancells
and berpes zoster within ths group

Lattle of anv difficulty 15 encountered m wssignang shifferent types of vrruses
tothus group on the basts of the antracvioplasmic welusians that they induce
w parasited susceptible cells  This particular attnbate common 1 th
group of viruses should be mamtawed as a fundamental erterion on whicha
classificztion 15 erected  Terhaps more than any sther attmhute st denotes
behavsorsms of the parasite 1w sefation to the host cell shich are speatcally
Crfimine  The hustological charactenstics of the mclusion bodies induced by
the pox group are pathognomonic for each species and traw  There s suff
«tent evidence 10 aceept the conclus o1 that these structures n each case an
each m s peculiar way are essentinlly comprsed of elementary bodes, repre
seotmgintracellular apgregations of swuspartices  Fowlpox cov pot mollus-
cum contagiosum ectromelis vacoma sarola and mfectious mysomatosis
aach meet the cy hological cntenon ey & ¥y the intracy topt
nclusion body

The question of the specincsty and significance of the mtranuclear metustons
described as charactenstic for vanol ard so called parava cne sbould be
kept in suspense for the time betng  More careful tuds vl be required to
amie at a definite conclusion as o whe her of not the intranue ear ncluson
of vanols actually represents parastization of the nucleus by the virus &
charce nfection with an unknown arcimpanving irus or a degereratine
change indured by variola ;fection  The existerce of paravaccma as 2 defi
nite entity has not been sufficently substantiated to warzant it serious con
sideration am thus regard

Serologial reactions whereby the antigenss. components of a microorganism
can be mose o less stowtly defined presens the most satisfartary means for
establishing classifications  Although they rarely srie to de ynate the pres
ence of an antigentc component common to an entire genus species mterrela
tonstups are often brought out with wons:derable meety  These circumstances
ko apply o the pox group Spertfic serological and immunolugict differ
enees distinetly separate the vamous speces  As yet 50 Cross pmmunLation
© tammon antigenit components have been found to exist between the species
designated as Borrelota tartelar Borrehiota molluses Borrdl ot asmum and the
‘s of mirctigus myxamatos.. Thewr speaficity as distinct sp cies w the
enus 15 denved on the basis of the other eritena whick have been discus.ed

Considerable sezological evidence has been presented which demonstrates the
<loe affimty betmeen certatn members of the munmalan poves  Vanola znd
‘acoinia preseat the classical example of this efationsiup By means of ewer
ani more exact techmnues imvestigations of recent yeass have established &
firmes basss for the meal ck of the o poves Far
thermore they have mntroduced at Jrast two new subspecies or yarieties to ths
gou

Frgm the mvestigations of Dowmie * and McCarthy and Do mie ¥ 1t 1 quite
&vident that the naturally ocrurmng Virus of €0 vpox wolated in recent years
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Tepresents a type or vane
onxl’y are anhgigfc dlﬁerentcyesd(llse‘:ocxgsg:aevmtht mt‘}(li fm}“ e
charactenstics of mclusion bodies defi e minar wath the
s definite distmctions are evident
Ectmmel.l? or mouse pox has been shown by Burnet and Stone and Burnet
and LBoaLe to be related serologically to the mammahan potes  Cross-
ant and crogs lization reactions have demonstrated the
relationship of this stram to the group Fenners studies on the natursl
history of ectromelia have mdicated that this mfection serves as a good model
for the study of the pox diseases
The carefully conducted expersments of McCarthy and Dowme ¥ in which
cross neutralization of dufferent strains by means of antisera prepared agamst
each strain was measured by the ‘pock counting” techmque of Burnet sene
as a begmning of the solution of the problem presented by the mterrelation
ships of the mammalan poves  The studies of Horgan and his associates” on
the relationships between various strams of vanols and alastim are quite
suggestive of the ewstence of a vanety of antigenic patterns whuch typify the
human pox viruses  Continued efforts in this direction should bring out clearer
delineations  There 1s at least, suffcient evidence to justify a defimte dis-
tinction to be made between variola and alsatrim keepmg m mind that very
likely each represents groups of strains  There are however, msufficient data
available to implicate unresery edly antigenic strain differences to pathogenicity
thereby accounting for the numerous climical varieties of human smalfpot
Careful deratton leads to the concl that the strams of vacoma
virus generally used m prophylaxis against smallpox should be considered as
a distinct separate subspecies They differ in sex eral respects from the natural
cowpox virus which Downie has recently characterized Exact knowled,¢
regarding the actual ongin of most commercial vacama strains 1s not obtain
able There 1s good reason to believe that some of them can be traced back
1o strams orginally 1solated by Jenner but there 1s not sufficient acceptable
evidence to prove this without question  The considerable variety of empincal
methods whereby the vaccnia of commetce has been maintamed since Jenner s
day, has resulted n the establishment of what must be regarded as essentially
artifical or at least laboratory stramns  Presumably they have one attnbute
1n comrmon, in that they are relied upon to mduce human vaccnia by shuch
prophylaxis against smallpox 1 established
This admutted varation m the characteristics of eisting strains of vacemt
sirus used throughout the world for smallpox vaccination emphasizes t‘ge
desirability for the establishment of eniteria that would determime the qualb]
cations of a type’ or ¢ reference  stram Well controlled and reproducible
bie for determimng whether or not & gie?

laboratory procedures are avaifa
ks duction of antibodies capable of reacting with of

stram stimulates the pro
neutralizing vaniola virus It would be difficult at present to decide wl{:ethce!
or not the persistence of a given Tevel of antibody over a given period o ]!u:t
would be imdicative of adequate protection agamst vanola It 1s at :;n«
™ obvious that strams propagated i 2 smx.;lchhssurl:l of a single hOst::;or:] e
rous passag!
eneous Thus vaccmnia propagated through nume: 9
g :}‘z‘;grw allantons oy er many years becomes tighly dermotropic producing @ mik
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supesBeal mfection 1n man aud 1 vabbits * Such strams pressmably do not
Bect the mmune mechanism as profoundly 2a do those which are more hetero-
geneous 1 thewr anfectsvity for celts of various types® #

In this vegard woeful sgmorance exists  Only a few suggestions might be
hazaded to mdicate what & type strun of vaccinia should be Ihe Tt should
be propagated in calves, 1. 1t should first of all be vacumn  Fresumably it
should be reguiarly enhanced by fortfication by passage throwh mun and
the rabbit Tt should possess o degree of hetetogenerts 1n that sts irfe tnaty
15 7ot restncted to epdermal eputhelium but should alsy avolve mesodermal
fibroblasts  There 1s good reason ta belwewe that 5t should 1nace a teansttary
st detesmined by wolating the virus from the pharynx dunng the early
sta rs of the induced disease

It 15 not possible to undertake a consuleration of the nurnerous aspects of
s problem in the avaiable space aliotted  Without consderatle cacetully
planned expenmental work 1t does nat seem frasible to establish the cntern
that would charactesize a type stran of sacunix The frt requicement
that must be met 15 to outhine the problem 1 sts numerous speuts  This
would definstely require a conference of thse qualified by evpenience tho e
concerned with the practical sspects | manutacture and thote concerned with
the broad imphicatiaas of presentive meds e

The position of other members of the mammalian pox sroup fos the time
being must be accepted as tendatne  The more ecertly drveloped espest
meatal techauques have not heen applied 10 rabbit poy swre pox sheep pos
gost pox and hosse pot  There 15 good reason 10 begeve that in the event
thisisdone these viruses will fall mta the categomy a strains o7 subspe les, as
ongnatly desgnated by Coodpasture  Ther noal cassification  tosever
hould awmt more definitive smyvestigation

Arong the bird poxes at lrast three vane ses {fowl pox pigeon pox and
anary poc) are recognied  Certan dtint t differences 1 pathogenesis and
species susceptibihity eust beteen them  No defimtnve work has as yet been
done to dferentiate them antimmcally by serologieal apafyss  For the tune
beug these three strains perbaps should be cmsidered as & single species
withaut sharply defired subgroups

The foregoing considerations yresen
somewhat evised nomenglature and

¢ a ba s for the follovtsg enlarged andt
assification of the varuses of the pox

group
Genns Borvebiota Gwdpml:'t . “
Man and Ammals  They wduce dis
Yirises of the Typucal Po Dx:eafz\wd s eruptions  The varus particles ap-

jlar €u!
:;s ;}:;ac::nz;dl:ye 15:{;:: mcrographs with dunensions from 240 to 264
by 30210 32 Ku ey are yisble by ardinaty miCee COBY i Smesr prepara
T0ms 5amed by Motosow s sier me “The virus p»athdes constitute the
ot y of the intracytoplasaue ;;:dus‘xons w xc}: iimra terwze ;imm
d orrel & origmal P of the
stezed cells  Thr st‘“:;‘ai;n;cd;e;u( fowk por Thesuffix wle the Latun
md!penﬁn: n?:fug:e osfrr:] Xek st Creck fetter sigies smallest particle  and hence
the smal] particles of Borrel
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‘The type species 15 Borreliola aram Goodpasture
Key to the species of genus Borreliolg
(1) Borrelota tartolae the mammalan POX viruses
Subspecies or strains
() Borrehota varolae hommms major, classical smallpox
(b) Borrehota varsolae homms mnor, alastnim
(c) Borrehota tarolae 1aceama vacomn
(d) Borreliota tarwolae boms, naturally occurnng cow pox
(e) Borreliola 1ariolae eclromelia mause pox
(£) Borreliota tariolac orium, sheep and goat pox
(g) Borrelota rartolae porcy swine pot
(h) Borreltota 1ariolac equs horse pox
(2) Borreliola molluscr moll
(3) Borrehots arum fowl pox pigeen pot canary pot
(4) Borrehota myxomatum infectious myxomatosis of rabbits
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INTLUPNZA VIRUS CROLE

By Sir MacFarlare Ban et
The 3 adutr omd Elost s § Dot ute For Medual & ¢ & Sebt ne 1ufaba

In distussing the estent of this group w1 e eritenre for differentishion of
species wathm 1 we must accept the practr d nc ¢ sty of usiig strams which
have been adspted to laboratory passage 1 rmudn m the aflantorr arity of
the chick embryo  In the influenza A peoup tth the wdd virus cannot
be maintaiwed and stulied s its onginal stz w1t 03t n arordipats amoant
of labor

1 shalt consider that thesu are siv spe 1 wath ufiniert charactersstis m
common to jastify thew betny, combmed m anel gr 1p although subsequent
study ma) demand that two or exen theee jeirs | @ crested to contam them
Tre visuses are influenza \ snfluenzr B mump  Ncwcastie discase of fasls
fon] plague, and wlluera © (T canc e gnman ¢ asan for groupig them
together 15 that all ndapted strams w 1lequate 1 erdration egglulimate
chucken oulls the virus partidde steelf bou , the aglutating agent  Adsorp-
tun of the virus o the cell surface 1 1 o vwe ‘oluned by complete or
pactis] elution by the enzymic autzer f the s an the celf receptor  In the
ase of fve of the viruses the ubatrate wn be Foun to be of mutoprotem
<haracter and the enzvinie mechane [ sunslar rature  Influenza C on
presrot knowledge appears to utihee a diflerent subsizale

Other features are

{1) The virus unsts are of approumatelv equat se Al bow sphenr.l
wiuts and with the exception of mumps viru  all have been shown to gne
rise to filamentous forsms

(2 All are readuly destroved by ether and by surface active sgento such as
sounm desory chelate

{3) Ali multrply 1n the cavities of the chick embryo Wberating latge amounts
of yarug nto the furd

Newcastle disease aud mumps varuses differ sigmircantly feors the others
thewr reactson with the red cell  Botb under appropriate conditions are hemo
1/tic and both can combune fmly wath the celt surfice so that they camnot be
detached by immune serum or the receptor destroymng enzyme ot 3adrio chol
722 ‘They also daffer in theur bissue tropums though 1t must be recogmzed
that hgh cancentsations of Nenwastle disea-e virus produce pulmonary lesions
mmie  Although no apprcuble s irus rltrphication eceurs the lesions are
produced by what seems to be the same mechamsm as 2 responsible for the
tmtiation of mfection by imfluenza strauns m the same ituation  Yor thee
10 viruses 4 pew genus may be 'm;d;d zm;;umy but for the time Lemg
th ers of the gro

e O Aninencs o Dt Francs It el tat
Dr Holmes pame Torpera might be adopted for the genus T shalf leave the
808 estian, of spetyic names to Dy Andrewes
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POSSIBLE CLASSITICATION OF THE ARTHROPOD BORNE
ENCEPHALITIS VIRUSES

By W McD Hammon

2 of Epdemiclogy and /;xmam;:f’pﬁ':ﬁfﬁf Schoo of Pubhc Hesth Unsamsiy

Together with an associate m Calfornia, Dr Willam © Reeves, the author
antroduced to the literature! the term ‘arthropod borne viral encephalitides
now widely used m the classification of neurotropic viruses  This term ap-
patently has served a useful purpose, although pethaps only ad tnierim At
the International Congress of Microbiologsts at Petropolis Brazl in 1950
this group of viruses was one of those selected by the Virus Subcommuttee of
the International Nomenclature Commuttee as possibly bewng ready for more
formal classification and the apphcation of the Linnean nomenclature In
this paper an attempt will be made to review current knowledge of this group
of viruses as 1t might apply to classification  This will be done with consider
able brewity, since two eminently quahified scientists wall discuss the same sub-
Ject m this monograph

The present descriptive group title the  arthropod borne encephalitis vt
ruses 1s based on climcal and epid it 1 centera haliis and a
natural arthropod sector Names appled to individual viral agents m the
group ave generally geographical and, i some wstances mclude the name of
the first mammahan host recognized to be affected by the disease (the horse)
even though by present knowledge it 15 not usually the primcipal vertebrate
host in the biological ¢y cle of the virus Thus the host name does not appear
to be particularly appropriate at present  Examples of these types of names
are St Lows and Japanese encephalitis (geographical) and western eastem
and Vi lan equine encephalomyelitis {; phical and host pame) In
some other possible members of the group not yet known to produce encephals
t1s through natural means of infection the generic name of the arthropod host
from which the wirus was first 1solated 1s used mstead of a geographical name
1¢ Anopheles A Anopheles B and Wyeomyta viruses 2 efc Loupmg Al virus
an exception bears the name of the disease 1t produces i sheep and o con
form to pattern, might have been named Scotch ovine encephalitis or enceph

1S
alof!n;x);zlrltumtcly the exact extent of the arthropod borne encephaliis group
cannot be delineated at pxesex:t since, for many virtises p;as;l::l); b:&gﬂg;:grﬁi
oup certam fund f ER: ly Ja

i::“g; ‘2; the clinical dusease the agent may produre m matore & 'm:( t}:
ertebrate host or hosts mcluded m the natural mfection or disease spec! ﬂ; a
the arthropod vector or whether such a vector euists  The fol]l]o:ﬂtnsg 5::5 ‘l;
of agents possibly be]iongjng 13 th: arthropod borne viral encephalifa
cation, are suggested for consideration snce

[6)] “Ihose defimtely gclceptametaso;;ncllxlr;g:;i ::3: hear{lclel;:l‘xﬂaclzl ‘ﬁ,:gu::umlly

ability exists

fl::gég%r :x:rithg;:d \ec{or 1e western eastern and Venezuelan equine
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5t.losts Japanese Russun louping ot and Catdorn types  MWe aze wniting
3 3efs of papers at this moment* b which we beleve furnishes adequate evs
dence to support the incly 1o of the Californu virys i this graup It should
benoted that all of these, with the evception of loupng ¥1 carry geographcat
BIMES

{21 These possibly belonging 1n the group but about whuch adequate hnowl
edve 1s Licking for definite chs tfication A very lirge numbur of viruees £l
o this uncertan classification These can Le considered 1 five general

groups,

{2) Arthropod-denved s iruses that produre rocephalitt m certaw fab
oratory anumals but whose naturat host and tyix of firg e produced m
them 15 nature are unhtovn te  Semks Forest ® Bumamwera® Ntaga
#  These also camn geographical names

(b) Those related serologically to the &t Lowr Japanese Wext “ile group
with knosn arthropod vectors and producittg encephalits m Jaboratory
smmals but normally not producyy, encephatitis m man re sellow fever
aaddingue® ‘These were named 11y, befare thew eprdemioiogy was under
stood and carry ehnically descriptive nomes

¢} A goup of viruses of small size wrd ether 7e wtant all losely selated
or Wentieal wmmunclogically # ! These viruse were ssolated from pri
mates, marspials probably from rodents and twice from mosquitoes  One
buman infection was encephabitic 10 type and encephalomyelttis 1 ¢ gu
Laely produced an 2 number of laboratory ammals  Rodent are presumably
the prmaipal host at Jeast w this country @ This varus camplex is known
as tre Columbra SK MAl-encephalomy orarditis Mengo group  These wilt
be considered sepatately by ather authors 1 ths movograph and probably
do not bebing e this proup but being encepbalitc wenic and haviny, been
solated from apsquitors thev cansior be excluded from prebmsman, con
siderston

{8 Wemust give some consideration for purpases of proper chassification
1o a muscellaneons group of antmal viruses that may regularty or undes
Tt conditions produce encephalits 1n Wharatory ammals ard are ap-
Dareatly transmitted naturally by asthropods  They are neurotrope o
though not n their natara) hosts and are arthropod transmtted  Twe ex
2mples of this proup are kit Valley fever and Cotarado tri fever  hen
fan 18 infected with these viru es a denguelike disease oecurs 5o far no
mmmunologic relation 15 recognuzed between theoe ant the forrs which wan
be definutely classied an the arthirapod bore groap  Frese viruses also
aarry gepgraphical names 1 conformity with tae gensral patsern

(2} Visues of another groun requnirg consideration cause encephalitis
1 certain Izboratory ammals and have been woluted from noneriephal te
natural human mfections but, although su pected are 7ot ve Lnoem to be
atthropod borve  Ore of these VLest Nude uiras 1s related smmunoloyreally
10 the arthropod borne Tapanese St Louis group ™ ard has been experimen
lly transmatted by mosquitces ™ Anather virus at prevent Lelonging 1
thie M defined groap 15 Ruawbs fever virus ¢ These agam are gedgraph
e names
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. Thefe are still other viruses with defimte neurotropism but certamly not
P on arthropod t Should this factor alone exclude them
rom longmi sl.?url:: same genus or iubdassxﬁtztmn of some type? Or does
1% q to
classification? Should the present cI1nxco-epxdens:f)‘lggxacsalac::csel;tfo:r&lf:;?l
:):;‘:Iledegxccepl?x:xs serve as la basis for classification at all? What weght
ould pl on immunologic groupmgs such as dengue yellow fever and
t Louis Japanese West Nile groups? Finally, on what cniterson or group of
critena should we attempt further classification? The followtng hist, 1 oFder
of preference or weight has been suggested by the international subcommittee
and discussed previously i some detail 1o a paper by Andrenes 1
(1) Morphology and methods of reproduction
(2) Chemiea] composition and physical properties
(3) Immunological properties
(4) Susceptibility to physical and chemical agents
() Natural methods of transmission,
(6} Host, tissue and cell tropisms
(7) Pathology mcluding mnclusion body formation
(8) Symptomatology
Unfortunately we have at present so little nformation on most of these
points that further attempts to formahze the classification of this group seem
unwise at this time  For example certam of the viruses are immunologically
related and this permuts some groupuig It also mvolves, however mclusion
of yellow fever and dengue with St Louts and Japanese B and also West Nile
which so far 1s known to produce encephalitis only in laboratory ammals and
15 not known to be arthropod borne  The Columbi SK MM EMC Mengo
group are of smaller s1ze than most of the others and have a recognized greater
resistance to certam cheraicals to heat to lyophilization and to pH changes
which strongly suggests they should not be included with the others
The sizes of the viruses we have been considerng among those most hhely
to belong in this group vary greatly, ranging from Japanese encephaliis 18
m 8 as calculated by one worker to California virus which we estimate to be
between 60 and 125 mu ¢ Several of these viruses have not yet been visualued
by the electron microscope and size estimations either have not been made by
any method or estimations from different laboratories faif to show reasonable

correlation
“The methods of reproduction of these viruses are essentially unknown

Certamly httle or nothing 1s known about chemical composition of many
members of the group and those that have been studied require further in
vestigation after better techmuques b(;corfne nvm[ab{f . ) ey

Studies on physical properties aside from morphology are also comp
o ot e of value 1n classification as are studies

madequate for most of the vxrui]esthto be ! c
hysical and chemical agents
O e ot 1 have been discussed and madeguacies 1

Natural methods of transmission
these data are obyious although encouraging Progress i bemng made ot
Host tropisms form a field which has recenved a comparatnely large arnn
of study for some members of the group and we find great vanation €ver
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tween closely related agents by other erntera  This infirmation therefore 1s
of hittle mid to clasufication Lpon what host howd we phice greatest empha
sis from the standpomt of cfa sification? Alan appears to be An ununy ortaut
and actidental or aberrant ha ¢ for most of these viruses from 5t Lowts and
western equine encephalitts to jungle veltow fever o ibhv he i completely
resistant to wfection with some of the viuses ' ted  Horse also are umm
portant biologeeal hosts even for some of those named equire encephalomyelitis
viruses but this mammal may be an mmportant ho ¢ for other viruses  Whle
birds appear to be the most unpostant bic‘oyt al 1ot for a number of these
viruses theymay neverthele ¢ notbe susceptible t any cli wal disease resuit
mg from natural wiection as i estern cquine ard St Lows infections ¥
Redents sheep or monkeys may be the he { o Lreitest biofopac umportance
m others of the group  Cluch ecbrvos ard mice appear to be susceptible to
wfechion with all but there are great differer os  usceptibality and specaat
adaptatian procedures may be required hefore w m 1 irsers can be propagated
, these ammals  According to routes st nceulat on suxceptiblity of anwmals
850 differs marledly even betseen losids related viruses i the groap

Regarding tiscus tropisms  these viruses \arv frum pantropism to what ap-
pears to be relatnyely strict neurotropism

The pathology 1n the beawns of laboratory st s s rither trd gl sunslar
with destructtve and mflammatory § stons and ne sl ot incly 1o bodies
except for yellaw fever

S; Y} waries widely dependmg on the host and there 1s rothirg
ptbognomarnc far the group

Thus except for (1) immunolagre relationstagy intich wath very few excep-
tions, make the total group under consuderation completely unzefated) and (2)
the epiderntolomealclincal groupung (which wmites the group with rerlan
Iumiations and uncertmatiess a atable knowledpe does rot permat farther
m eligent chassification

In conclusion aithough to accomplish sorrethin, more constructne would
Bave gnen great satisfaction 1t appears that the folloning statements best
describe the present status

(1) Present classification and nomenclature although unperfect anl wrom
piete do not 1n themsehes Jead to confusion £ncourige multiphrity of sames
or Irad to inept termnology Mo t af the names have been apphed m a sefa
trvely systematic way on the bass of av adeble hnowledge

{2) Much more specific kpov ledge than 15 avalable at preseat would be
neces .ty before smprovemert or change could be made m classification

{(3) Attemptng classificatson nor inte famuy  geous and specie would
sply make obvious v essertial future changes more dificult to efiect s &
catt unnecrssary corfusion and difirutty durng the apparently i tuved
transiten

{4} Present general group
tpidemiingte purpose and uncertain fringe
{m or out) with tune

{5} Fucther tatensne epideniolog

cassificatinn erves 2 vseful Qiucal buslogie
grours wifl find their proper places

1¢ field ani fundamentad laboratory study
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Is essential to discover suitable criteria for a rational and basic concept of
better classification

(6) The classification suggested for these viruses by Holmes appears to have
been very premature and should not be used

Discussion

Now after having fimshed my formal and rather brisf presentation I should
lihe to ndulge 1n a httle less formal discussion

Previous authars have empt that any ¢l 10n should
be based primardy on fundamental properties of the viruses themselves such
as hology chemical p and physical and immunological proper
ties and ! on the diseases they produce or the hosts that happen to be sus
ceptible T believe 1t will be obvious to all of you by now that those varuses
I have been requested to consider are grouped together because (1) they pro
duce one type of disease encephalitis (2) they happen to have an arthropod as
one of a <eries of hosts and (3) possibly also because man 1s occasionally a
vicimized host  If we consider these known charactenstics by which this
group was established as factors of mimmal importance for switable binomal
classification, do we know enough about the virus particles, themselves to
entitle us to clussify them together and to exclude others?  Most certamly, ne
do not know enough to place them 1n suitable relation to each other 11 order
to classify them with any certamty by genus  We can of course, pretem} nz
have knowledge we do not have and set up a hypothetical 1dot with clay eet
to be gilded with latimzed codification  Let us remember, however, that pa‘r
of this will remain as a record of our p ption of msight th
the evolution of these orgamsms  This classification would be set up mt}‘;; e
full knowledge that 1t would crumble time and agamn as scientific know usgt:
replaced guess work  We have been assured repeatedly by our sy 5“":;“ 4
that this binomual system 1s flenble and that changes are to be expect L
can readily be effected  Out of necessity many scientists h“ek beer;e;oc ]
to mdulge repeatedly m this type of pretentious display t:if al ng:ng ;o e
phylogeny  Bimomui classification became necessary u; ar e; <:l S et
organization out of chaos where literally thousands of tnn;dv o hsteiba
1sted for the same plant insect, or bird of more or fess wor! mb et
tson which was known described, and associated with local nameih y S nson
and lay amateurs alike  What necessity, however 1s there for su bepobsen o
1w the held of arthropod borne encephalitis \iruses w]lnth fi:hundred e
only with an electron microscope and are handled by on I}; a o emtfe st
cully tramed scientists at most 1a a much smaller 1'\Eim1 tl‘r 1o date
tutions where there 1s access to mternational scnem{n c i ehmof the varuses &
there 18 1n most mstances only one common nan;lc for ;:Aec The progress o
the group after sutable translation of a geograp mdmarture from our usual
science wn this field does not appear to demand any ;};unt us and the follow
saentific caution to bwild gilded clas footed wmages ’;’) o e pase then to con
g generations 1n future reviews of the hiterature editely and becaust of 8
sider defimtne classification ta be undertaken um?h the Joneses?’ 1do not
clamor from our own ranks try to heep up Wi

B
\
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beliere this to be the case among workers m thes spenific group  Instead we
are considuring this pesuble need at the request of 2 few of our anmal sirus
brethren who themslerves are bring pressed to fall m line by groups vho auty
ally do find their field m & chaos of common names and who quite possibly
need biomul classtheation at €1 time  In so far as my field 1s concermed
the question appears to e to be Wil binomut dassification help to reduce
confusion n th  group at this time s ¢ 181t needed?’ and rot ¥ this groap
ready for such classification?  In erther case my an ver at this moment 15
No bat the amser 15 much more emphatic to the fizst questwn I sre no
reason to go through the action of putting oat a fire 1n my yard where none
extts just because my neighbar 1s engaged m putting out 2 real one m his yard
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ON THE NOMENCLATURE AND CLASSIFICATI
ON OF
ARTHROPOD BORNE ENCEPH ALITIDES

By Pierre Lepine
Vorus Rescarch Divisson Pasteur Instiute Parss France

Dunng the last few years the problem of the nomenclature of the vyruses
has been brought up frequently and from many different sources It came to
a head and crystallized with regard to the suitability of making use of the
Lmnta‘n svstem of classification by bwomal denomination Ve have fo

that classifi and de 100 are, as concepts quite distinct
although they are closely linked and related The question of denommation
15 after all of secondary importance if the usual names apphed to the viruses
and if the terms by which they are commonly designated are sufficiently clear
not to allow for any confusion  Nevertheless new names have been proposed
for rechnistening the known viruses These have been accepted by some and
rejected by others sometimes even with indignation  Thus mndwectly they
have awahened the interest of academic bodies 1n the classification of the ui
ruses resulting 1n the conference on which this monograph 1s based

The changing of the ongmal names for Latm names with binomal keys
though of terest, would be justified only if based on the prelimmary estab-
lishment of 2 logical classification 1¢ 1f one could delimt evactly among the
different genera each one being clearly ditinguished from every other one
so that 1t would be possible to recognize the related indiidual species within
the blished f L. One sees therefore, that the choice of names 15
1m 1tself, a futile question and that 1t should be rawsed only after complete
agreement has been reached with regard to the basic principles of a classifica
tion
Ener since Linnaeus succeeded 1n mtroducing a logical order (culminating
a classification) i the description of the vanous botanical species and later
of those of the amimal kingdom all attempts at classification 1n hiology have
made use of the principles set forth by him

If one exammes the work of Linnaeus one percenves that fus classification
rests essentially on phylogeny  This means that starting from paleontology
which deals with the reconstruction of the extinct species of the animal and
vegetable hingdoms 1t retraces the genealogical tree of existng species :mdI
1n this way establishes the groupings and the connections of the mdmdu:\l
species with regard to therr present tine relationship and to their origmal
common ancestry

Consequently 1n o
famihes of hiving beins

rder to establish 2 Lmnean classification 1¢ o gro![l)p
gs and establish their relationships 1t Elnesessazy tl;usc
ed ant
ble to distinguish the pnmitive species from those more evolv
:o be m a pos;g:on to recogmze not oaly the relationships between the pr;rs::t
groups but also to determne which amongst them preceded the othaexsaf o
ologically, so that the successive ramtfications dersied from the ongn
&
may be traced
ny for the mgher species of the plant and anmm:
574

al hingdoms such an under
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takmg ss relatnely eusy m that use s made of the precise Anovledge whiwh s
gathered thraugh the study of evolution the problem 1s quits dufferent and
much more dificult nhen one has to deal with the more elementary bewngs
sarh as bacteny

A recent paper by Vinogradshy® mghtly catied attention to the duffie Ity
which eusts even for the bactersa + huch we Lnow best to establuh biotypes
or type speues and to reragmze the ecological tvpes derned frum the funda
mentul type species i order to establLh a notural classtfication

I, from the very beginning one encountess such problems m the study of
bacteria and monoceltutar muraorganisms (sowe of which have been cultured
ard used m espersrents i the Jaboratory for nearly a century alloving us to
follow them durirg a very great number of generations ard to determune thewr
charartert tics at leisurey what then must be the difficulties pethaps insuper
able that we must overcome i attempting to establish a system of classihca
tion of the viruses®  ¥n addition when speahing of viruses we wust not forget
the tnces.ant pla tiaity of th r fundamentat characterntic  and the fact that
they most often appear to us as a scratch collection of unmatched species rather
than 21 2 display of well-ordered family groups

Just plain commtont sen » however s sufficent to rccogmz,c amangst the
several hundred viruses in which we are m
viruses affectin, man thost agents exhibating a sufciently gze:xt amlogy (eg
1 thesr pathogenic poner thew tissular affuuties thewr physical and morpho-
Togsal charactersstics the pathological leswons which they cawse and finally,
m tte ymmupological reactions which they mduce) to be conmdered as being
dufferent members of the same group or of the same famly

It was for this reason that the comm .on whach met i Petmpohs Brazil
1n 1950 on the occasion of the Fafth Congre s of M
dermed 1t opportune that an attempt be made to clasafy cmam groups of
viryses and that the results of these trals snould be put on the 2genda of the
next Congress scheduled to take place 1 Pome m 1853 1y order that they
mav serve as a basts for discussion

Amongst the groups of vruses to be considered  the neurptrepe viruses of
the arthropod borne encephalitsdes huve b en retawned  As a matter of fact
Auring these last few year  the research work done on the neurotropie v es
has brought to light the ever mnczen ing ymportance of a certan number of
these viruses which are maostly encountezed in the hot temperate zones and
which are the agcms of crcepha.lxl:s of sk rh the pa!hcgcmc and c‘m:ual m
dinsd 4

it

of which hme been obsened fora Xmg time while athcrs have been xecogmzfd
mare recently present the {llowing charactensties i comman

{15 The dueases pre.ent s easonal chavacter with an mcsdence wore marked
for the rural or sems rural than for the usban population

(3) The aliness 13 amtwted by a febn e phase durwg the course of which
there 13 a wvirerma Amongst a number of the wfected persons 1t does not
pass beyond thes stage and the neurotropim of the virus tematns latent

(3) Follonmg the disease with or without symptoms convalesent sera
shaw speafic antibodhes allowing a retrospective diagnoms
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(4) The varus 15 transmatted by one or se
or mtes, the epidemiology of lh); dlsm:e 1::;;1 ::‘lﬁ}:;xdesd T;;stqﬁxeu;i‘ :uisr
80 The v 1 ropsted et e 7t

211
plicated and m which the vector mscn{:‘. ;I:;sc}a;lexn‘:e}:ﬁhedjf;;mﬁ;ml:ncvgn
::JS‘“";!;:SH;‘ owrs (YOder}ts and bards) and the susceptible anmal (Rorse or
el intervention of man into this cycle 1s accidental bewng at times
of circumstances disturbing the normal cycle of transmission such

:l:] ‘:h:rstl;zs;:;\;uon of one species of mosquito by another follow mng soxl wmiga

(6) The vitus has an average particle swze of 15-30 ma It s easdly grown
in the embryonic chichen tissues  The susceptible laboratory ammal 1s the
mouse which presents an phalitis after ‘bral l The
pathology shows d d halitic fesions s ith more or less matked
Pyenolic lesions of the cells of the hippacampus major but without nuclear or
protoplasmic speaific inclusions

‘To sum up, these arthropod borme encephalites which one may also qualify
a.[s;;e.;s{sor:al form a vast group which appears 10 be coherent and sutable for
classification

The world wide extension of these encephalites and the particular charac
tenstics they show on the different continents atlow their provisional placing
into four mam geographical groups  These are the Americon group the best
Lnown untilnow the Far Easlern group, represented especially by the Japanese
B encephalitis the Eurasiatic group which spreads from Sibena to Scotland
and lastly the Afrecan group the study of which has been started only recently

Without the need of recalling the history of the research work done on the
encephalitides 1t 15 easy to recognuze the followmg primcipal varuses i the
groups described above according to the different diseases which they cause

(1) American Gronp  (a) YWestern equune encephalomyelitis (b) Eastern
equne phal liis (c) V lan equ halomyelitis (d) Ar
gentinan equme encephalomyehitis (f this mu
ezuelan type) and (e} encephalitis of Sant Lowss

(2) Far Eastern Group Type B encephalitis of Japan to which must be
connected the encephalitis of Manchunia and apparently also the Australon
<\ disease as well as the disease caused by the recently recognized Murray
Valley virus  As a matter of fact the vast terntory of this encephalitis
stretches far beyond the 1slands of the Japanese Archipelago smce 1t mcludes
the northern coast of Australia the western islands of the Faciic the northern
and eastern areas of Manchuris and the far-eastern part of Sibena :

(3) Eurasiabic Group (a) Russian spring summer encephalis, the are:cge
which becomes intermingled on 1ts eastern boundary with that of the ]L‘Pﬂme
B encephalitis while the western hrmit of this Eurasistic grovp 3 ’“Pﬁfml,
by the encephalitis of Moravia® and probably by the encephalitts o

me D
st be separated from the Ven

the nature of which 15 stll indetermumnate and (b) The louping if ;f] S‘f‘{‘“:d,

which scems to be spreading throughout the rest of the Butish Isles

but which has not been met 5o far on the European continent o have less
(4) AfricanGroup Itappearstous at the present tyme at least to
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homogenesty It wncludes togetbe with authentic encephalitogemc viruses
ather viruses the neurotropic alfintty of which was discovered secondardly or
15 man fested mn labaratory sntmals only
A typical example of our kno led,e concerming these last named virases 15
shown by the findings of th research worker of the International Flealth
Divison of the Rochefeller Foundation at the laboratory of Entebbe m
Ugmda Mne  They were eehung to find the virus of the yungle yelion fever
amiong the mosquitoes aud ended up by 1solating the Mengo s urus € the patho
genie role of which for man was dissovered by chance s a result of a Jaboratary
contarmation o a somewhat stiular way the suruses of Buamba Fever
Semhks forest Buryvamwers ¢¢ and a virus to whah we shall have to refer
agam the West Mile varus ¥ were wolated from mosguitos
In addition 1o the viruses already chamactenzed a few strains of viruses have
been ssolated in the Belgan Cengo or 1n Freach Equatoral Afnea under duffer
entterms of names or starting from cases labeled as poliomy elitss transmussible
ta rodents  These are actually hetg studied but the findings are as yet
unpublished It seems that everal amongst them are antigenically selased to
certawmn of the already recogmzrd viruses but that othezs extubit certam differ
ent characterstics, which do not pecmut thess classifivation at the present time
Thisd vien of the h of the viruses of th p
should be understood as 2 sumphified table of our present day knowledge Itis
only a rough draft which one zught make use of a3 a bass far classification
1 ne seed. to elucidate this problem and tonarre st down by an inmunoloy,
cat study of the defimtion of the species or the groups we note the difficulties
that iummediately copfront us
Wuth regard to the American vauses amongst which the dafferences appear
sharply at fir t ight the dicovery of 3 grandparent virus ® zases the
presently unsohied problem of the relationship of the Saint Lows encephahtrs
to the Western and Eastern equine encephalommyelttes  Although stf naot
clearly dentined the exusténce of certam encephalomyelites 1 the equatonal
zome {notably thase i French Gurra) ™ and scme of the wolated strams of
Brazl and Columbia far mstance the Theus varus ¥ which later presented
arprsng fogical with the Afrian and Tar Easters v
ruses ¥ opens the question of the wterrelation.bip of these viruses
Now there 1 the question of the relationshup which has just been established
on the basis of cros ed smmumty betw en the virus of the Smnt Lows enceph
aliis an ] that of the eprdemic kerato conjuntiviis* ¥
Concerning the Furasatic group the comjlete crossed smmumty between
the loupang il anl the Pussun spnng summer encephalis is well known
sice the work of Casals 2nd Web ter™ ¥ evarthelees nevher the chnal
charactenstacs ror the eprderalogical data converning thess two viuses permt
u» to consider them as bemg one and the same
Tt was especsally the study of the African encephalitis group aad the unet
pe ted 1# ults obtawned therefrom that have radically changed our notions
upon which any con truchion sonid have been attempted It 18 not necessary
to rrcall that the Mengo sirus has catsed w man as vell as m the antmal 2
complete ceass mmusuty with the £ C varus of the Champanzeet” and of the
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rat,™ with a poliomyelitisiike d
1945 and 194611 the. Ph\hppmese'aas:d(g::lf eehed the Amencan soldirs o
pohomyehitis® | All these warmes belong m.{m[lesﬂlhe MM strawm of the mouse
that of the encephahitides from which he  to 2 different group from
Mengo virus we should therefore withdraw the
On many oct
On many sh::sl::;s the West :;1: virus has been found mdAfnm among
Egypt by Melnch gt the gnd notably
pogl}x’ram}i'bodlts mn lfe:‘litlf’alcxinl: e }L}r‘ne that they mese domng resasch on
P berng much y ren 1S VITus Tnust therefore be considered
We agm cl:: prln?rlc adely spread than heretofore suspected
mpletely unaware of the si
encountered outside Africa 2 but Casal;i:)oﬁ“c::lmx:\ (;fyseﬂ‘lz o M‘i antibodies
t;o:lhtcsts that mlcg vaccinated agamst the Japanese B enc’e’p%’ax;lllt)xse ‘::l?xilﬁt:?i
at the same time but to a lesser degree anty
en’clg};:halms, agaunst the West Nile vﬁ’us and a‘;(lixzi :tf: lInl;!g\:: cwizlx;n t Lows
dem;s:dhm tend to ¥Er thel lhmits of the groups an:: species we have en
the relationships noted by some authors Ide .\Iezki::{:z o;vse‘a"[::gttl?f?:oz?
lished) between the above mentioned viruses and the viruses such as the ‘:M'
Dengue and Yellow Fever of which there can now be no uestxos foihelr
being included n the true encephalitides E "
lh:xl‘n ::)?:rl:swn‘ as we have tried to show, * there ewsts around the world m
iperate zone a contnuous belt of seasonal encephalitides transmutted
by the mvertebrates  These encephalitides form a vast family of afflictions
the terntories of which are more or less mterlocked  Although they often
appear as having a complete climeal and epidemiological autonomy  they are
nane the less inked by varmble degrees of antigenic power and sometumes by
2 complete cross-tmmunity
1t 1s easy to suppose that the remote ongin {and for certam ones the actual
resenvoir) of these viruses 1s to be found 1n the tropical zone
The transmussion by arthropeds and more particularly by the ticks the
presence of immunologtcally related diseases symmetncally disposed m relation
to the equator (forexample the case of the Amencan equine encephalomy elits)
the fact that the least differentiated viruses or those presenting the wd st
spectrum of antigemc refationships (the case of the vires Mengo Test Nile
Ttheus efc) are met with n the tropics permut assigning to the seasonal en
cephahtes of the temperate regions a tropical ongin which 1s far from one of
the least interesting of the aspects of the problem they give e to
These d are of a fund 1 mterest for the ep logy, the
immunology and the basc study of the 1 aruses under consideration but 1 our
opmnion they make premature all attempts to classify this group of viruses
logically
“The framework which we might make use of today for classifying viruses oo
1mmunolog:cal and other grounds 1s totally different from that to be expect
a few years hence just as it has been modified today as compared to a fe
-, yeats ago At the present tme the progress of research 15 advancing 3

)
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npdly that ene cas without any fear of contrudiction affittm that any atiemg
to classify too ngidly, on the gruund that there 152 genealogy of the visuses an
a relation hip betnesn them would only lead to radical changes n & ver
short tuve

o matter how snteresting the questian may be no matter how logical it ma
seem toestableh a ¢l sication of the viru e of the encephalites our presen
wabihity to delimit the group and to deacly <eparate the different specse
crrapels toe to ash that the estabhishment of a classcation should be adjousne
to some tune s the future

In the field of varns research we are til .t the stage of explorers entering
airgn fatest which offers to our amazerent the discovery of plants and flo ves
Lelopging to new vareties and unknown spectes  Let us not demand of ou
research wotkers the cold anstenty and the unchangeable frames of the bof
amsts who wark upon plants and fowers long dried betneen the pages of
hethanum
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RELATIONSHIPS BETWEEN ARTHROPOD BORNE VIRUSES BASED
ON ANTIGENIC ANALYSIS GROWTH REQUIREMENTS,
AND SELECTIVE. BIOCHEMICAL INACTIVATION

By Albert B Sabm
The Children s Hosputal Rescarch Foundgtion Deportment of Pediairics Unuersity of incunns
Cincinnats Ohio

Although T hesitate to become 1nvolved 1n the taxonomy of viruses, I shall
present a summary of the relationships within a specific group of vicuses which
may serve as a basis for classification ato famly, tribe, genus, and species I
shall begin by regarding all animal viruses that are arthropod borne 1 nature
as belonging to a single family  ““Arthropod bome * 15 used here 1 the sense
thit the virus increases m amount after a switable imcubation penod in the
atthropod host  This defimtion 15 antended to exclude \iruses that may be
transferred only passively by arthropods such as trachoma, which 15 trans-
ferred by flies  From this famly, I shall next select those viruses that by
gradocol membrane filtration, have been found to have a size of 15 to 2> my
and regard them as constituting a single tnbe within this famly  Using size
as one cntenion for the classfication of viruses 18 m 2 sense comparable to
the use of morphology in the classification of bacteria

Under natural conditions some of the viruses within this tnbe are assocrated
with systemic diseases ¢ g, yellow fever, dengue, and West Nile fever whde
others are chiefly noted for the encephalitis they produce eg Japanese B
(Jap B) §t Lows (SLE), Russtan Spring Summer (RSSE) loupmg all “}:;;ir:
equme (\WEE) eastern equine (EEE), and Venezuelan equmne encep! 1;
{VEE) After mtracerebral inoculation howeser all of these viruses can ;r:;t
tiply mn the neuranes of the mouse and to & varying extent, also i (bosdfo e
Rhesus monkey Antigemic analysis, growth requrements and bxc;l Iem}lm ”
reactions have been commonly used for bactenal classihcation, an L ol "
continue this exercise in taxonomy by showing how similar or refated pros
dures can be used to subdivide this tnibe of viruses into at least t\;; gzm;emarc

Anligenic Analysis The ten viruses tentatn ely included mn 8 .;':e o
all sufficiently distmet antigemeslly to permat specific ldenhﬁcz;t:t}zln Res
exception to this generalization may be found 1n the C?Ee o tnfmn iy be
louping 1l viruses which are so closely refated thnts d ErEl[\ o ousts
possible only by quantitative cross immumty ‘:ests]a c;wreznt;w fover dengut
1n this group have been found to be antigenically related 3  those seven sl
West Nde Jap B SLE, louping il and RSSE  For stz:;e I;) ot neu
ruses the antigemic relauonshx;:is llmve bsen demonst{ﬂ-L d 7y means ond

[iz1n; l fixing an s vary 1
o ot iy by sompleent e anodes e iumebe
extent and may be described as major, mnor reclprocz £ sonue animals more
minor relationships can be demonstrated with the ser;\ o costa tmes
readily than with those of other ammals of the same PQ“h oncentrated C
after the antigenic stunulus but not at o! ven vIruse
antigens but not with others of lesser pol
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do not possess the same antigens but are hnked together by & chain of cormon
antigens  Thus theyells fever dengue West Nie and Jap B viru es possess
2 common antyen most readdy demonstrable by the complement fixation test
with roncentrated _ntigens and specul sera Thus common antigen was not
found 1n the stram of SLE tested  This SLE varus however 13 Iinhed to the
group by possessitg & commion antigen wath the West Nide 2nd Jap B viruses
The loupmg Ut virus which 15 very closely refated to 1f not adentical with the
RSSE winzs has been reported to possess a munar relationstup with the West
“sevies Mo antigerue hnk has been found betneen the WEE EFE VEE
and the seven siruses just mentioned  Although the possibality of a mwnor
antigenic hnk betseen the WEE EEE and VEE viruses has bot as yet Leen
mestigated thoroughly it ss clear that these three viruses stand apart from
the other seven
Growth Requirerrends  The factors required for viral muluplication, shether
they be specific sub tances eszyme s,stems or meteboli, puthways are sup-
phed by the host  Accordingly the pathogematy of 2 viras or its host range
reflects 1ts growth requirement It 15 also known that there may be a grada
tion i the prowth factors upplied to viruses by vanous hosts  Some hosts
are completely yasuttable and perrnt ro mullipheation of virns others appear
to be vefractory but actually permut the virus to mudtip y at a low fevel nhich
15 msufioent to kil or anjure the ho t while stall others supply ah optimum
redm for viral multiphcation tesulting m the severe darvage to the host
which 15 the usual basis for mrluding 2 given host 1w the pathegenie spectrum
of a virs  The hagh pathogeniuty for the nervous system of guinea pigs and
rabbits Lmformly extibited by tte WEE EEE and VEE vuruses senes to
wparata them from the seven other v truses m thus group which are nat patho-
gewe for these ammal 1 the usual sense although they may multiply to 2
himuted extent X have recently discovered a genett factor m the PRI stran
of mrce whech inhibts the mul af the seven \viruses men
tioned but not of the WEE EEE and VEE viruses or of 2 large number of
others tested  Exten sve tests with the 17 D stram of yello# feveron Fy Fy
and vanous types of backhero s progeny have yielded data which mduate that
the anherztance of this multipleation regulating factor s Mendehan wm charac
ter There b shill anather way 1 which 1t can be shown that a growth factor
which s required by the members of this group of seven viruses s not essential
far the WEE, LEE and VEE proup As slbmo rats merease m age from
seven 10 21 days they Jose therr susceptibilty to mtreacerebral mfection with
the SLE and Jap B viruses but not with the WEE EEE and VEE viruses
It hus been shawn that the SLE wirus shil multiphes i the brain of the 2
sistant ofder rats hut at a 1000-times lower level than 1 the bram of the
veven day-old susceptible rats Mature rats ate also remstant to wfecnon
with the yeflow fever dengue We t Nie Touptng ol and RSSE y.ruses
Selectie Brochemcal Inaetitahion The biochenascal reactins that are use
ful 1n the classification of bactena are functions of the microargansms o therr
products T wish to ate here a bchemucal reaction that although not a
function of the virus or of its growth products can destrov selectively the
viruses belonging ¢o the group which includes the viru es of yellow fever Jap
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B e, but not the WEE virus  Duning the course of a study on the ants
poliomyelitic properties of human milk we discorered a large variety of anty
viral factors which are seereted at various times m human mlk but are not
detectable 1 the serum of the mdividual  Among these antwiral factors vas
one which after incubation with the viral suspensions at 37°C , destroyed
large amounts of the Jap B SLE West Nile dengue and yellow fever viruses
but was without efiect on the WEE and certain other viruses tested Stll
another antiiral factor i human mill associated with the pid fraction and
resistant to heating at 100°C for 30 mnutes, can destroy the WEE as well as
the Jap B yellow fever group of viruses

Thus by antigenic analysis, by the requirement of certamn speafic growth
factors and by selective biochenieal inactivation the viruses of yellow fever
dengue West Nile Jap B, SLL louping ill and RSSE appear to belong to
gether in a single genus despite the fact that they cause different diseases, are
teansmitted by different arthropod vectors and occur mn widely separated
parts of the world  With the possible exception of the louping ill and RSSE
viruses, cach of the other viruses mn this group can be 1dentified easily as be
longing to a distinct species by a vanety of other critera most ymportant of
which 15 antigenic constitution  Dufferences m pathogeaic spectrum host
range arthropod vectors and properties of hemagglutmns can also be demon
strated for each spectes  Sumlarly, one may regard the WEE LEE and VEE
siruses as distinct species of another genus

Now 1t will be nightfully asked by some that if we can supply ertena for
classifying certam varuses nto families, tnbes genera and species should we
not also supply an 1nternatronally acceptable, scientific nomenclature? At this
pomt however I rmust beg to get off the tramm because I think that I already
have gone far past my station



THE CONSACKIE VIRUS GPOULP

LBy Gubest Dalldorf
Detnions | Laboratorses ond Research New Lork State Depa tmentof He b 4lk ay N ¥

It seems to me that doubtless we must have more facts before we can hope
to devise an enduring faxonomy for the Cotsachie Vituses but that without a
provisional classification we are Iikely to waste a good deal of effort ard be
delaved n assaying therr role in nature  We reed 2 umform nomenclature
to understand one another

The name* Covsachie has erved well  Ttisa distinrtnne wo d that Yest
emers at any safe promounte without trouble  There 13 notiing 1 the liter
ature with which to confuse st Tt 15 already well established It does nat
pretend to desersbe the diseases that the Covsachie viruses may mduce or
hypothetical lesions no one has yet seen T suggest v e keep the name for a
geous of viruses

The defimition we ongmally proposed so far has ¢ ithstoud the challenge of
subsequent observatians  The Coxsaclie viruses are selectnvely pathogentc
for wpmature mice and hamsters inducmg w them mecrosis of the keleta)
miseles wath or without esions of the brawn and fat tssues  Styaws are being
epcountered that are less selective for suchling mce than were the ongmal
types but as yet there s no record of freshly ¢ olated strawms that are patho-
gewie for adult amimals  The facts that certam strams may be adapted to
alder anmals that older ammals are more u ceptible following cortisone treat
ment and that hunuted organic lesion may be mduced in older mue by certan
strams donot 1 seems tome senously challesge the propriety of the desnition
They only show bo v much of an alchermst the modern virolomst has become
So far a3 the record goes age usceptibility plus the morbid response m gest
ammals sl tand as a serviceable defimtion

1t 15 weil known of canrse that upmature mice ase mu b more suscephble
thaa zdult ones to many viruses but I know of no virus other than those pro-
duuing Cotsackie lesions that 1s pathogenic only for young arimals and so far
of none that has as strking an age sel rtvtty 1t may nell be that there wall
be others but they are still to be de cnbed  In this connection 1t may be
nated that the leston of fat has never been observed i other crrcumstances
Tt mav be aunte specific

Subdivision of the Covsackie group seems to me to be both de 1eable and
sensibfe  We have long suspected that the dstinction between those stramns

that produce generalned muscle necrosis and those that produce scattered
nu cle necrosia plus encephalomalacia and Jesions of the fat pads mght prove
ta be of practical importance  Anyone vho has norked with bath vaneties
hn ws that the behavior of the sk mace 15 quite dilfferent  Vimitors to our
anymal quarters who have known only ane kird have no diffirulty 1a deviding.
whether thewr strams are 4 s or Bs once they see the two mde by mle  The
tvo groyp hffer an other respects  The GroupA strams ace easily 1 alated
while the € roap B strams are troublesome at times  Sometsmes the latter are
533
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difficult to adapt to mice sufficiently to permut quantitative festing  Group-A
strans are more easily adapted More umportant, there is now substantial
evidence that herpangina 13 associated with Group-A and pleurodyma with
Group-B mfection, and I think we are Justified 1 ncorporating these facts
wnto our classification  They may be but the first such assocations to be
made  In both mstances the clinical pictures are unusually distinctive

Taste 1
Crassiricariov or Tue CoxsACAIE \muses
Representati eatnaln
Group Type Stra s from othe laborat 1ex
Name Nuraber
A 1 TT 48219 | Yale-Easton (2) B-J*
2 b 49190
3 J0e 49191
4 50746 | Minnesota Sy-1 Sy lale-
(Howntt ) “Texas Yale-High Fomnt Dallas
M-B/
5 Polk 5128
(Homtt )
6 CcG 5011
7 wp 50140
g CcCD S010
2 PB 50546
10 NR 30548
B 1 ro 49683 { Yale-Connecticut Se
2 Ohio (Red) 50207
Melnicks
3 Nancs 50531} Washington-518/
Melnucks
4 JVB 51196 ] Powers
s d Rescarch New Y rk Stat D pa traent of

Heagh¥Pe € ltur” Collecton mumber Divi fo_of Laborat
ealt
L &4 S Karan 155 Proc Soc Exptl B I Med % 312
VRowew % ATV Iro 5 1950 T anR portson logy dMed o8 367
wirr B F & U R Brezrup 1950 Poc Soc Exptl B 1 Med 13 %0
¥Suter E A k] T Svve 19N 1950 Froc Soc Exptl Bol Med T 309
Mrmaor, I L 1950 Bull N ¥ Acid. Med '35 M2
fograry $'Edal 19 Proc Soc Exptl Bol Med 75 310
fCuvey E C. ddal 1949 ] Am Med As oc 141 834
AdMyuack J L #tal 1950 J Esptl Med 1118
Bl e e e
s o8 STON AL
~’a.“.‘.m Fs B {)Amu &E F Hr sy 190 J E ptl Med 92 453

Other symptoms that may be due to Coxsachie virus infection seem 10 be
Jess distinctive and more difficult to relate to the vurus ched

It has mterested me to see how differently vanous worhers have a};prm‘:mm
the problem of causal relationship It 15, after all, the old pmbl;;n t: ly
Koch recommended four cnitenz known as Koch s posculateSWhU i’{rx i
Koch's postulates are not all appheable to virus diseases fen St
cussed this problem some years 2go he emphasized the \alge of g.e T e
body titer comcidental with recovery  This has frequently Feen onaple the
of Covsaclie virus infections but may be mcancluf;vé Sa!;{le e, Al
ongmal cases were fected with both pchamyelms and Cox
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Melrick found patients who were not only smultazecusly mfected with bath
but al.o had mereasing antibodies for both  Dottor Huebrer and his asso
tiates have met this problem by statistical methods emphasizing the mport
arce of regulanty of association of infection and disease among cases separated
by ime and place  ‘This1s 3 enntical application of Koch » firt postulate

In Ins famous lecture Foch spoke of another ariterion that was not meer
porated tn the four postulates It was the specal significance of an association
of the suspected patbogen wath the charactenstic Jesson  The ilustration he
used nas that typhord bacifh ssolated from the spleen p oved more than ty
phod baceth ssolated from the feces 1 hope that eventually we shall find
evidence of this kind for certam Covsackse vruses It ma, be most sigmificant

Whatever the outcome we are justified m distnguishiog the two groups
Ve should keep our ey es open for ather group e have not yet encountered
strams that wete not readily grouped

Ve have dentified <erologie types by Arabic rumerals rather than by names
following the of the o fogical Nomen
clature Committee  Ltoup A Type 4 one of the cammon types bas been
found m Texas North Carohna Munnesotz and \ew York Doctar Gear
found it last vear i Souths Africa It seems self-evident that Doctor Gear 1s
helped by the knowledge that hus African wvirus bemg 2 Type 4 15 simslar to
those other Type 4 s that have been found i vanous place~ under sumtae of
dufferent areumstances

Ve have speculated at times about larger groupings of the viruse It
seem to me that consideration might be given 10 a faemly of enteric varuses
the Enteroviraceas with perhaps a tribe of Parwrirae Ve would favor such
an wdentircation rather than the scheme propased by Mollaret but 1 ranses
the fundamental question of whether viruses should be classified m the same
manner as bactera  While T do not subscribe to Mallaret s views which I
fear are at Lest premature 1t v ould be equally justiiable to place the poho
myehtts virases 1n 2 famly of enteric viruses  The poliomyehitis and Cox
sacke viruses are so sumlar that T am frequently reminded of Jacob Henle s
obsen ation that like agents cause hhe disex es It may well be that more
sigraficant resemblances bety cen the two are et to be found

Virtles
Fanuly LNTEROVISA AR Members commonly fourd 1n the feces of infected pe sons and
healthy carie s
Tnbe Taxvovimeaz Of small mze ethe 855t nt re  tapt €o physical and chemual

Genus Cogs thie Ln D) miy path gemc for immature mice and hamsters  Subet o al
afection may octur 10 olde mice IndeSmtely stable at ~ 60 C ard 1 50 per cent
gly colatd C Etherres tant  Reqz i achs ¢ for 7 da s aX coom tesrperature at
F114.0to 80 and for 30 m nutes at 49 C_when su pended m p} 5 ological salt sol stson
contan g 10 per cent beef infus on brotk
o uresp §
S sts Man Egperrmentally o bling w ve and hamsters  Chick embryo (e tan
strans of tus)
Ceographucal d smbution Wocld yade
Seaconal d stnbu,son A d sease of ummee and early falt
Tndu edd sea ¢ Inman fever headache musculas pas nuckol npdity suggesnve of
or n conjuncton with po somyel s or pharyngibs Wth musute herpetdorm lesians
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(kerpangna)  In suckhing mice and hamsters mj opathic paralysis and early death
severe generalized hyahn necross of skeletal muscles creatinuna. Infectinaty of
ouscle far greater than that of brain

Size Readily pass membranes with APD of 30 mx

(z;l‘) Ig least 10 serologically distinct types
oup

Hosts Man Expenmentally, suckling mice and hamsters

Geographical distnbution Pm%ab!y world wide

Seasonal distnbution A disease of summer and early fall

Induced disesse In man often fever headache, acute severe pamns in lower thorax
ot abdomen (epidemic pleutodynis or myalgia) An suckhing mice tremors atama
and paralysis The skeletal muscles commonly undergo foca! to generalized hyaln
necrosis the brain encephalomalacta, the fat pads an umque form of necross.
Muscle and brain of appronmately equal wfectvity  Pancreas reported to undergo
acwnar necrosis 1n both immature and mature mice.

Types At least 3 serologically distinct types



THE CO\SACKIE GROUP OF VIRUSES*

By Joseph L Melmicht
Yale Lns erssiy Schoot of Medscme New Ho en Connect cut

The Cotsachie or C viruses pose an unusual problem in that soon after
their discovery 1t was recognized by both Sickles and Dalidorf* and by our
selvest 3 that these agents eust tn multiple antigenic types the total number
of which remains to be determmed There are a number of laboratories 1n
this country ¥ and abroad!® " engaged i typing strains but there 1 no central
clearing house for the recording and designation of new types nor 1s there
unfarmty as to the methods employed either for classification or for nomen
clature} Furthermore the 1ssue has not yet been settled as to whether we
are dealing with different immunological types of a sigle virus or actually
with different varuses

b have d strams p those strains belonging to
types which have been reported i the literature  The lag between discovery
and Wentification of a new type and s reporting in the hiterature meant how
ever, that care had to be exercsed not to give different antigenic entities the
same designation  This could easily occur with a general numbering system
(as Type 1 Type 2 efc ) 1 which the same number could be assigned by dif
ferent laboratonies to two different virus types I am sure that this difficulty
has led to confusion in the other direction 1n that there must now ewst certamn
distinct types which ate known by more than one name

To avaxd confusion with systems of nomenclature in use by other labora
tones we have adopted a system of clasafication which depends solely on

and a p I system of which depends upon
the area from which the prototype stramn was first 1solated  The antigemc
basis of clas ification in virology 1s tune honored and more stable than any
other

Before continumg with our method of classification based on antigemaity
zlone I should like to comment briefly on the fact that some of the C viruses
&iff ¢ an therr as well as This has been
recognized by Gifford and Dalldorf'® m their classification of the C viruses mto
twa groups based chiefly on the histopatholocat features of disease mduced
by different stramns i mfant mice  In this scheme strains causing only gen
eralized myopathy are classified m Group A and those mducing focal foyop-
athy to ether with lesions of the central nervous system and fat_ ate included
m Group B The results of other studies ® however suggest that the stramns
Luown at present are not clearly divisible mto these two categonies  Instead

they exhubit a gradient of pathogenic activity ranging from the Conn § type
which mduces vanable 1njury to muscle and severe lesions of the central nery
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ous §;
qus. J :!::& i::("] hve; and pancreas, to the Tevas 1 type, which causes severe
orm v l;'\:::t arEnage,tsbut only (;'nrel) lesions of the central nervous sys
s cts intermediat,
d;xcte}ii b}): othl:r Cviruses particularly ﬂl:: :)}l:i:-‘;?:d'l’:f;s:c;‘:m ue;: :fu};:s
of the histologic changes induced by C
changes 1n sheletal muscle were de!eited }’:ﬁlos:fnmml?:z? . ml;w Jestructae
120 strains representing 16 anty, 5 ton by every one of
Ji4 genically different types Certamly sheletat
ml’xlgjc)le 15 the tissue most consustently affected by these agents
fret :s ?:Sl.?b.‘;ni?"uof nl:li:ﬁns u:hmxce has been found to be mfluenced by many
e ot i ing the type and dose of virus the route of mnocula
on, the stratn and age of mice the admustration of cortisone, and the fume
following moculation when tissues are taken for histologic eu‘mmanon In
gur It)y];;]rgg:xf dﬂl;[e‘sc 1‘ amgles make the histopathologic classification suggested
; y cult and less certam than one based exclusiy ely on immuno-
logic cnitenia
pr;rv(:s‘;;;:? to el(}i\e system of nomenclature 1n use m our laboratory we have
ly used the name of the place where the virus was first demonstrated
as the type designation even though we are well aware that many types have
global disttibution  The fact that four of our prototype strams bear the name
Tetas namely Tevas 1 Texas 12, Texas 13, and Tevas 14 1s witness to the
fact that several antigemc types may be prevalent 1n one area  Other proto-
type struns bear names such as Alaska § and Tsrael 7 indicating that these
types have been encountered for the first time 1 specamens collected 1 these
areas The number following the place name 1s the stramn number from a
patticular area  Thus three strains from Connecticut numbers 3 5 and 7
are albhe antigenieally  As the first strain of this type 1solated was Conn §
this strain has been considered a prototype strain

Before we can have a satisfactory system of nomenclature we should bnow
Just what we are naming I shall, therefore consider briefly the methods used
for the immunological classification of C viruses  Conyinemg evidence for the
existence of multiple distinct antigenic types has been obtamed by means of
cross neutralization tests i mice {TABLE 1) 4 by cross complement fixation
tests (FIGURF 1)+ U7 by cross protectton tests m mfant mice born of immunized
mothers® (TABLE 2) * and by cross protection tests i chimpanzees ® ** The
results obtamned by each of these different methods of 1dentifying strans of C
virus have been 1n close agreement ?

Not frequently two types of C virus h:
(or even 1 the same mouse) from specimens af
stools ® One instance 15 on record™ of two C
feces of a single patient  With 1solates contatning multzple C v
zation cannot be demonstrated with any one spectfic type antisel
PRl ST g
uk ‘;w protect T A I

ave been isolated m the same mice
sewage fhies or pooled human
virus types 1solated from the
uses meutral
rum  When
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these tsalates are mvestigated by means of the complement fixation test how
ever reaction with chfferent type speaific antisera indicates the identity of the
stratns contamed 0 the mixture and this may be confirmed by screening the
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mixture through each of these sera to yield a single pure strain (F1GURE 2)
Consequenily when antisera agamst stzaws of these types are used together
complete neutralization of the misture can be achieved  Thus alustrates the
value of utihzing both and fixation for
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the wdentification of new strams of C virus  Had we resorted to neutralization
tests alon  we would have found that serum prepared agamst an solate con
taming two different type strans would neutratize the new 1olate wherea no
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reviously known specific type serum would do so  This vould lead to the
Ermnto\nsy eata%hshnl:nt of mw type (really & musture of two hnown types}
which would show a one way cross with each of the known types in which the
ew serum would neutralze the two previously Anown types },\en when ne
have resorted to the use of both pl t fixation and tests
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difficulties have arisen particularly (as shown in FIGURE 3) when the new 150
late contammed one Lnown and e as yet unidentsfied type ¥

To summanze the results of our typing progeam I should ke to present sore
data from our Iaboratory on the distnbution of different C virus types accord
10g to the area and year where and when the specumen was collected {TaB2 3)
Some strains were 1solated fram samples collected several years before the d.s
covery of the Cviruses these specimens having been stored 1n the frozen state
The C viruses are global in disttibution although all types have not penetrated
to all parts of the world® Some outbreaks have been charactersed by the
1solation of only one type (as in Charleston, West Vrrgina, 0 1951) others by
the 1solation of one predomtnant type (as m Faston Penpsylvan.a, m 1949),8
and stilt other outbreaks 1n which 13 distinct types were recorered (as 1n Texas
n 1948)

Tane 3
DisTriBCTION OF ANTICENICALLY Distiner C Virtses v Materiar COLLECTED IV
ITFERENT AREAS FROM 1942-195)

Antige e Type

N I - o
[y Year | Tiols-|,, zlelel s | o
D EREE
l 81812 (kA3 « { 5
Tevas l1os2 1l _ =
J TSI R Ay o
oo ois | 3437 ¢ 23 5|7
Laston P2 030 | 28 (= a0 i 1] = f -
W\ st [ 8 i e e )
Others liogr-s0] 77 o) 4l sl el 733 5 | 14
Totals (130 [s2] o[ s3a1af o & 10 [ 15 |

would be helpful if we knew more about the distribution of C viruses
rel{\ttmn to human %mase for 1 15 possible that a classification cm;ld be derv;s;g
along these lnes  Even lhﬂ“ghdtgxs iklmgi( of nformation 1s still meages

entarv it has been reviewed hriefly
fmsgt(;‘auns of the Connectscut § tvpe were first recovered from Dnes)l;o{)f“:htg
plenrodyma and from five Tepresentatve patients with gleocyt:n o
cerebrospmnal flud who were acutely )1 but not paralyzed gﬂi“nm( o
prevalence of asephc menmgitis m the summer of 1948 mlN e
Rhode Island ¢ Durmg the same summer, m vaious parts of te e e
antigenically related strans were recovered from eight memzh : el
had acute nonparalytic illnesses associated with pleocytosis otl e ot o
fluid? At the same time a virus of this type »as app:n'enf 3vh|ch el
2 small outbreak 10 New Yorh Citv of acute illnesses somde (t)n e alogt
plevrodynia® A Conn S type of C virus also app;n:ie o b N emotr o
agent 1 an outbreak of pleurodyma which uccufrrc L:va s(,; opsiently I
1947 1n Massachusetts® Thus, this smgle type of virus
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alent durinp the summers of 1947 and 1948 1n New England and New York
and the cause of infection In cases of aseptic menmgutis or pleuradymia

In these early studies relatively few attempts were made to recover the
agent from patients wath other forms of ilness or from healthy wdividuals
Tt1s notesorthy that strams of this type were not encountered among = large
number of spetamens tested 1 Alhany New tork during 1949 % or in Wash
mgton D C duning 1949 and 1950° It was found 1 only one case m New
Haven durmg 1949 and m none duning 1950 and 1951 An Ohio-1 type was
found together with poliomyelitis virus 1n representative patients dunng an
outbreak of summer gnppe  which occurred 1 1947 m Ohio®  Additional
strains of this type have not been encountered since  During 1949 and 1950
m the vieimty of Wash D C sixother lly different C varuses
were isolated from patients with herpangina whch appear to be capable of
causing that syndrome ® * At least two of the latter types (Dalldorf s Type
2 and our Texas 1) have also been recovered from patients with either polio
myehtis or munor illnesses without distinctive features A relation of other
mdividual types of C varus to particufar forms of disease has not been clearly
established although certamn types have been associated with patients simul
taneously infected with pohiomyelitis virus #

In conclusion we feel that C viruses can be clearly classified on an immuno-
logiebasis  Over 160 strams have been classified 1n our laboratory and these
have fallen mto 15 antigencally distinet types  Care must be exerased to
exclude new 1solates contaming more than one type of virus from being set up
as new prototype strams  Further attention should be given to the possible
relationship of human disease to certam C virus types A umiform nomen
clature for the designation of these types 1s desrable and we hope that it wiil

soon forthcommg perhaps as a re ult of the jownt efforts of certain members
of this Conference

Addendum

Snce this paper was presented several reports have appeared that bear on
the charactenzation and classification of Cox.ackle varuses One hundred
and six strawns 1s0lated in Huebner s laboratory n 1949 and 190 were found
to fall into seven antigenically distinct types* The relationships of these
types to the prototype strains used 1n Dalldor! s faboratory® * and m our own
15 shown m TaBLE 4

It would be desirable to learn more of the bidlogial properties of each viral
type  Only certain ones appear to multiply 1 embryonated eggs * ¥ * and
o strains haye been found to produce an extensive destruction of striated
muscle 1 the chick embrvo® % Special strains have been found to multiply
1n cultures of mouse embryonic tissue ® chich embryonic tissue ¥ human em
bryonic and mature tissues ¥ % and immature monkey testis ¢ Actually a
few strams have been 1solated 1n huraan and monkey tiseue cultores from stools
that gave negative tests for C virusin newborn muce It was only after passage
10 tissue culture that these strams became pathogenic for mice #0 ¢

Concerming qther properties of these viruses there are suggestions that all
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prototype strams may not be of the same size (even though ali that have been
studied appear o be of the same order of magnitude)ts ¢ @ 9 apd that one
prototype stramn (Ohio-2) may be ether susceptible 40

The difficulties of a ¢l based on histopathology have been em
phasized i the recent demonstrations by Pappenbeimer and Dalldorf and their
assoczates® # of two lmes of the Conn 5 stram with dafferent nissue tropisms
After serial passages of the stram in Boston (or New Haven) the virus produced
pancreatitis tn mfant and adult mce, whereas 1 Albany the varus failed to
produce pancreaticlesions  Dalldorf and Gufford suggest that the seval braw
to-brain passage of the stramn carmed ont m Albany may aceount for the foss
n the pathogemaity of the varus for the pancreas

Even though there 2re certan marked differences mn the properties of the
Prototype stramns, they appear to have certan antigenic tomponents in com
mon  Thus, they exhibit heterotypic responses mn the complement fixation

Tasre 4

CRassmg Oy Peototyry StRArS ¥ Use 1 Theee LADORATORIES®
P |

I

5 | G B e 1 Easton 2(Type 1)) Group A Typel ) Typel
Spmf | Grouwd Toeed e el P S B
Nancy Group B Type 3 Easton 14 Group A, Type 3 ) Ht .
Texas-l { Group A Typed | Type %}’pcg gmg ﬁ' ;xg Type
e

;3::13 Group B Type 4 Alaska § Group A" Type 10 Hi
Texae 14 Tstael 7 Croup 3, Type 6 |
‘Texas-15 | Group A Type 7 Boston Group A, Type

From Contrenay of ob1s

ed out with chimpanzee and human sera® 4 ¢ (but not with
:ao:tst?mme wera)  This hetimtypxc Tesponse 1s so broad that patents of
chumpanzees mnfected with a so-called Group A ora Group B stram shov cﬂz!!
plement fixing antibod; P to strams & 10 both groups -
far as has been determined similar heterotypic Coxsacke antsbody &xesP;( o
have not been observed 1n patients or chimpanzees with non Cozsatkse

tions
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CLASSIFICATION AND NOMENCLATURE OF THL POLIOMYELITIS
GROUP OF VIRUSES*

By Andrew J Rhodes
Connaught Medical Research Laboralorses Unzersity of Toronte Toronte Canada

The task of the taxonomust seehing to classify the viruses pathogenic to
man and ammals 15 rendered difficult by the fundamental biologie nature of
these agents which are essentially mtracellular parasites  Swce they have,
in general no colonial metabolie, fermentative or enzymatic activities thaty
can be readily detected s tatro, 1t 15 not possible to make use of many of the
properties which are so valuable in classifying bactena Nevertheless, the
tash 15 not :mpossible if the taxonomist adopts sustable crutena for character
wzing the members of this group cnitenia that take into account the mtimate
relationship enisting between host and parasite  Thus, the anmal viruses can
be arranged into families and genera, i the taxonomc sense on the basis of
the nature and distribution of the pathologic changes 1n the host and epidemu
ologwe features  Further arrangement wmto species and subspecies can then
be made according, to the biologic properties of the wmdividual virus agents

The classification of the viruses mtroduced by Holmes (1948) 1s based on
such general prinaiples  Thus pamstaking attempt to mtroduce an orderly
arrangement of the viruses, parallel to that developed over the years for pro-
tozoa plants and animals, has met with a substantial volume of support from
those hest acq! d with the problems and techmques of It
recerved a smaller measure of support from those less familiar with the highly
speaalized field of taxonomy

It 1s the object of this paper to present, against a backgtound of present
Lnowledge of this particular group of agents, a constructwve cnticism of the
classification of the poliomyelitzs group of varuses jntroduced by Holmes ac
cording to {ly accepted proced B St John Brooks
and Breed 1948) for it 15 my firm behef tha)tﬁ this 15 the correct approack to
the problem of armving at an acceptable classification

Fxxx"st 1 shall presenf very briefly opimions regarding the classification of the
polomyehtis group that have been advanced by a number of other workers
both before and after the publication of Holmes

The Polomyelstis Group of Viruses

Dunng the past few years the practice has des eloped vf refernng tcszzr‘!:ﬁ
agents as members of ‘the poliomyelitis group of viruses ' The vmfl 5
have been placed in this group by various worhers are the \u’;:ht; e
poliomyehtis the viruses of Theiler s encephalomyelstis of muce an 1ihe
disease of swine and the Columbia SK and MM viruses of Junge! s of

Discussing first the virus of human poliomyelitss the bmoﬁ:nﬁ:gamre ¥
this agent have recently been defined by the Comrttee 02 s

Inthepreparst notth pager Thy b dso de b e st ne frommy cole 596 D
whoisnow Ag g donne mpreh s e i © (D Hlimes
596
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the National Foundation for Infantile Paralysis (1918) and by Paul (1949)
These worhers have expressed the opmion that the term  poliomyelitis virus

should be used to designate strains of the causal agent of human poliomyelitss
and they have suggested that the chef biologic properties of this virus are as

follows (1) Abihity to produce lestons of ch nature and distnt
m the central nervous system of man (2) Infectmty for primates who develop
clhimeal and {3) One group of strains

known as the Lansing 15 transmussible to mce (4) Small size of the virus
patticles (5} Reststance of the virus to ether

More recently information of considerable value 1o the classification of
poliomyelitts virus has been furnished by the Committee on I'yping of the
National Foundation for Infantile Paralysis (1921)  This work whach follows
up earlier studies of Kessel and Pait and Bodian Howe and Morgan demon
trates that poliomyelitis virus as Just defined ewusts m the form of three
antigeme vaneties or types hnown prowvisionally as the Brunhilde (1) Lansmg
(2) and Leon (3) It of course well known that the members of the
Lansing group are pathogenic to mice as well as primates (Armstrong 1939
Bodian 1949) and that apparently the Leon stramn can also be adapted to
rodents (L1 and Habel 1931) It may be said therefore that the three stramns
duffer from one another nat only 1n antigemec structure but m other properties
as well

‘The second virus that has been placed in the poliomyelitis group 1s that
wolated by Theiler from mice  There are many similanties between the bio-
logic properties of this vims and human poliomyelitis and few would deny that
m any formal classification the two agents should be placed i proximuty
(Theiler 1941 Gard 1943 Burnet 1945 van Rooyen and Rhodes 1948
Jungeblut 1951)

The suggestion has al o been made that the virus of Teschen disease of
swine should be closely associated with the above two viruses as 2 third mem
ber of the poliomyehtis group (Gard 1943)  Although some may feel that
the causal agent of the svine duease has been madequately studied this sug
gestion would also appear to be reasonable

“ore 18 the hup between the virus of human
poliomyehitis and the members of the Columbia SK group  Jungeblut (1921)
has suggested that these viruses be placed 1 a group designated as parapolio-
myelitis virus - along with the human poliomyehitss viruses of the Lansing or
rodent pathogemic variety This parapoliomyelitis  group 15 closely assoct
ated in Jungeblut s classification with human poliomyelitis virus on the one
hand and the viruses of Theiler Teschen disease and Coxsackie infection on
the other 1 for my part do not thmk that the biologic and immunologic
charactenstics of the Columbia SK group warrant placement m such close
prouumuty to the viruses of human poliomyeliis Theiler s disease or Cotsackie
ntection

Classification of Holmes,

‘The above mentioned authors have not attempted a formal classification or
adopted the binormal system of nomenclature and the enly such scheme 1
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eustence 15 that of Holmes (1918) In this classifieation the pohomyelits
group 1s placed in the family Erronacee with the genenic term of Legig, as
shown n TaBLE 1

As defined by Holmes the type species of the genus, L debilitans, comprses
the human poliomy elitis varus and the Columbia Sk MM viruses It wilf be
evident that the genus Legio 1 addition to the virus of human poliomyelts,

Tante 1
Cra smicaTion or Foitouveums Vizes (Howes 1943)
Order V1ealrs Breed Murmay and Hitchens
Saborder 11X Zoophagineae subord nov
Famtly Jics Eﬂmmi_-/am nov
Viuses of the Lncephahtis Group inducing diseases mawnly charactenzed

by effects on nervous tssue

Genug TI Legto gen noy
Viruses of the Poliomyehtis Group often recoverable from feces of the
infected hosts probably because of tnvol ement of same part of the al
mentary teact usually there s also obsious invelyement of some part
of the nervous system  Generc name from Latin Legso an army or legion
‘The type species 18 Legio debiluans spec noo

Species I Legio debdstans spec nor (poliomyelitis Col SK)
11 Lego erebea spec noy {LCM!
T Legso sumulans spec woo_(pseudo LCM)
IV Legio muns spec nov (Theiler)
V_ Legro gallinge spec v {avian encephalom)elibis)
VI Legso suarsorum spec no  {swincherd s disease)

TasLe 2
GENUSs Legto Howurs PROPOSED AMENDMENT

Genus Legte ; " e R
on Viruses causing poliomyehtis in man récoverable from central nerv
Descept system feces m‘;’ \hro’;’\t secrevions producing lesions of characteristic
nature and distnbution i central nervous system of man and primates
some strans also tzansmussible {0 rodents  Genenc name from Latn
legto an army or legion  The type species 18 Legro debilstans
Species® I Legio debdluuans  The type subspecies 13 . debilitons subsp Brun
hilde

1 Legio debalstans subsp Brunhilde
10 Legto debdstans subsp Lansing
TI1 Legio debrlaians subsp Leon

t bepl cdina ewfam Iy together

‘Hommo )

incl ded in Speclea] L fio debilita |
with S s x_‘u“:ml(‘xy taborm viruses (Smhbbura Roe Farcis

Subspecies

r es tiot senously considered previu by as heving much 1
22;‘;1\:; (x:v):)th sf;:: :)rus (LCM, ;seudo LCM avin encep),mlom) ebs and
swineherd’s discase) as well as the Columbia SK and Theiler’s \Ll'usl s
1 suggest that the bologic properties of the virus of hnmnﬂpo d‘f::zchve
first 1solated by Landstemes and Popper (1908, 1909) are sufficient o}(:rdmgly v
1o Justify placing thus agent 1 a genus by wsef Ip ‘:ipos- ac o a
shown m TABLE 2 that genus Legio Holmes be amended so as
single speces only, the cause of human poliomyehitis
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A full deseniption of this genus would inclnde reference to additional charac
teristics such as size resistance to ether growth in tissue cultvre and immuno
logic properties  On the basis of the study of the Commuttee on Typing just
mentioned I propose that the species be divided into three subspecies named
for the Brunkilde Lansing and Leon steams which differ one Irom anather m
immunologic as well as biologic properties and of which full descriptions are
avalable (Am J Hyg 1951 54 19:-196) It s believed that the rankmg
of these stramns as subspecies will be helpful 1n the future  For example thus
arrangement will allow the Listing as individuals of the remawnder of the 100
strams typed by the Commuttee as well as allow for a possible later arrange
ment of these into types and groups Another development that can easily
be taken care of 1s the creation of new species for poliomyelitis viruses grow
g only m tissue culture or for viruses of antigenic composition different
from the Brunhilde Lansing or Leon strams

The type species of genus Legio becomes Legio debihians  The type sub-
spectes of the spectes Legio debiliians becomes Legto debilrlans subsp Bruninlde

Some five spectes 1n genus Legto Holmes remain to be considered and the

TasLE 3
Proposazs rox CLASSITICATION of Seectes II 10 VI v Grsus Legio Howzs
Spees I L. ercbea Constutute a new genus in famly Erronacese to include
IIT L smulans these as scparate speae:
v L ows Constityte a new genus in famly Ervonaceac to anclude

eiler 3 virus (3 Types) and the varus of Teschen disease

as species
YV Logefinae  Place w genus Erro (famly Erronacea )
VI L sus orum  Reject endence for viral nature mconclusive

proposals are shown in TABLE 3 In a detaled presentation of this propasal
1t will of course be necessary to publish descriptions of the new genera

Conclusions

In this brief and I
have considered the problems mvolved m classifying the pohomyelitis group
of viruses The biologic properties of this group of viruses are such that
formal classification presents no particular problem I propose that the clas
sification mtroduced by olmes 1 1943 be amended so as 1o take advantage
of the newer knowledge of the properties of the individual members of this
group Accordingly I propose that genus Legto Holmes now include only a
single species Legio debslitans the cause of human pohomyehtis I also pro
pose that the species be divided into three subspecies named for the Brunhilde
Lansing and Leon strams  The other viruses classified by Holmes in genus
Legio should be dealt with by placement 1n new or exsting genera. or by re
ection
! In the amended classification use has been made of patholog:c and epidem;
ologic features host range at the level of the genus and biologic and immuno-
logic charactersstics at the level of the species and subspecies
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DISCUSSION OF CLASSIFICATION AND NOMENCLATURE
OF THE POLIOMYELITIS VIRUS GROUP

By Hilary Koprowsht
Sectson of Viral and Ruckettssal Rneanll Lederle Labor lecs Div sion Amerscan Cy namd
Company Pearl River N ¥

My tash in discussing the poliomyelitis virus group was made shghtly easier
perhaps by the fact that in 1948 a Commuttee on Nomenclature of the Na
tional Foundation for Infantle Paralysls formed ad koc by the Frst Inter
national Confe on Pol a Proposed P 1 Defi
mition of Poliomyelitis Virus ! The scope of this study was to define the
hmts of the use of the term poliomyehtis virus  The committee did not
regard their report as an attempt at classification of pohiomyelitis virus but
rather as an attempt to remove some of the existng confusion regarding re
strictions applied to the term polomyelitis virus  The principles upon which

the based their stressed the clinical signs host

range 1 disease and b
tual pmpemes of th wvirus

Our Lnowledge concerning the latter was and 15 still very meager For
purposes of classifying the poliomyelitis virus group however one has to con
sider first of all the properties of the causative agent itself rather than the
reaction of the host to the infectious agent Thus in hne with many of the
other authors of this monograph and with the principles agreed upon by the
Fifth International Congress of Microbiology * 1 should Like to consider the
poliomyelitis virus group fram the pomt of view of (a) morphology (b) sus
ceptibility to physical and chemical agents and {¢) mmunological properties
Followmg the suggestion of Sur MacFarlane Bumet one who scans the charae
ters of varlous clones of viruses 1s struck by the possible systematic relation
ship between the agents causing wfantile paralysis of man Theiler s disease of
mice and Teschen disease of pigs My discussion will include th se groups
although our knowledge concerning the last member Teschen disease 1s very
mited indeed

Morphology In TABLE 1 are summarzed data concerning the shape and
size of human pohomyeliti and Theiler s viruses as determmed by electron
microscopy It may be ob.erved that m the two papers quoted the shape of
the poliomyelitis virus particle 1s agreed upon as being sphericat and that the
values obtawned for its size are 25 mp and 20 mp respectively * 4 The particle
size” of mouse encephalomyehitis virus as well as the sedimentation constants® *
are mery close proumity to those of the Lansing stram® ¢ and to those of an
untyped stram nbmned from human cerebral nervous tissue  Recently elec

the hilde and Leon strains of pohiomyehtis
hn\e been published and the size of the Brunhilde particle has been deter
mined to be 20-50 mu (spherical)’® and that of Leon to be 12-15 my (rod
shaped) ¥ although confirming evidence 1s required before these data can be
defirutely accepted  While discussing electron microscopy of the human polio-
myelitis virus one should also bear 1 mind the study of Rhuan ef of * who
601
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observed charactenstic particles in the size range from 6 to 30 mp 1 diameter
obtamned from both pohomyelitts infected and normal central nervous tissue of
cotton rats and mice  Kausche and Bender ¢ and Leyon and Gard; respec
tively, have presented evidence, however, which seems conclusive enough to
consider that the particles observed by these msestigators represented virus
and not components of normal tissue

‘Taste 1
S122 AND SEDDIENTATION CONSTANT OF POLIGMYELITIS AND
Mouse EAcEPuALOMYELTIS VIRUSES

Sed menta
Virus Straln b pe Sz oz | 00 Refereaces
(30
Poliomyelins Lansing | Nearly 12-34 - Loring et al®
spherical | (av 25)
Lansing | Sphengal 20 — Kausche & Bendert
Lansing - — 160 Lonng et ol ®
? - - 150 | Gard
Mouse encephalo- FA Sphencal 28 — Leyon & Gard"
ekt A - - 2 | gt
- — 16011 yon!
;ﬁ — —_ 6?80 Gard & Pederson®

By electron microsc py
1 By shtracestniugstion
‘TasLe 2
Suartrst INFECTIOUS PARTICLE Size or Pouoxypums Mouse
E\CEPRALOMYELITIS AND TESCHEN [IISEASE VIRUSES

A etage pore

iametey Appt
Virus e e o R ferences
Pessze [Retent on

2 | Llford et ol ?
Pobomycies A O R o R ety
58 13 15 (Lot

hts 33 27 913 | Theler
e 30 18 | 10415 | Horstmana®

As d t rmuned by alt afiftrat! a

TABLE 2 summanzes data concerning the particle size of w;]xruscs :‘(“l;:erg
mmed by ultrafiltration It may again be observed that t; e 355145 types
particle size was determmed to be almost the same for the | rlwtro'z i
The smaller values obtained by this method as compared WlC;m‘C iCe o annes
copy can be explaned by the fact that the ultrafiltration techniq
the suze of the _mallest wnfectious particle only

nis
Susceptibility to Physical and Chenncal Age
e ¢ disease and Teschen disease are ether

The viruses of Po}lomye‘)m e [one makes it possible to separate

resistant 1 1 20 3 This charactenstic
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them 2. a group from the viral des and from lymphocytic chorio-
memngitis virus ® the latter of which has been classified rather unhappily as
the same genotype as poliomyelitis in Bergey s Manual  Another character
1stic of the px y and mouse viruses 1s the
of these agents to de iccation '8 # Thus 1f the size of these three types of
viruses 15 accepted to be 10~15 mg or 20-28 mu based on ultrafiltration and
electron microscopy respectively the differentiation of the poliomyelitis group
of viruses from the ather ether resistant virus groups of sumilar size will be
narrowed to the Covsackie viruses and the Columbia SK Encephalomyocar
ditss group

It may br- observed m TABLE 3 that the viuses of Columbia SK-encephalo-

and my are very sensitive to

desxcmnon pmcvdures Accordmg to Dalldori # five preparations of Group A
Type 1 Coxsackie virus last two logs n titer following lyophihzation  On the
other hand lyophilization folloned by benzene extraction (twice) ether ex
traction and rehydration m that order rendered the D2 and Texas strams of

TasLe 3
CraracTeRISTIC PROPERTIES O ETHER RESISTANT GROUPS 0F VIRUSES Snurraw
¢ Size 10 POLIOMYELITIS VIRTS

Vires Semu byt Hemagel 8 ¢

des ceatio "wp REC
Col SK-encephalomyocarditis + *
Coxsackie = -
Pohiomyelitiy +

Mouse encephalomyelitis T

Teschen disease Unknown -

4 Ind cates th § ¢ tems were markedly decreased.

Caxsackie virus still viable for mce Applied to a preparation of the MEF1
stram of poliomyehtis virus of comparable titer the same sequence of proce
dures completely destroyed 1ts viability
All members of the Columbia SK-encephalomyocarditss virus gmup agglt

tmate sheep red blood cells* To my knowledge nobody as yet has been
able to demonstrate specific agglutination of sheep RBC by the poliomyelitis #
2 Theiler s % and Teschen viruses 7 although the GDVII stramn of Thegers
virus was found to agglutinate human Lype Ocells? # Of course one should
bear 1 tnind that future improvements over the present methods of desiccation
may make 1t possible to dry the poliomyelitis viruses successfully and 1t 13 also
possible that & specific hemagglutimation test may be discovered tomorrow for
the poliomyelitis Theiler and Teschen viruses Speafic conditions of the
performance of the test® however may agaw help to distmguish additional
properties of this group of viruses It may also be worth while to notice that
the various strams of Covsackie virus may be found to differ m sensitmaty to
the desiccation procedure  In view of the estremely large membership of
this particulay virus group one should perhaps refram from making generalt

zations based on only a few examples Moreover the dectease 1n tater of the
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poliomy elitis virus preparations immediately after desiccation was found to be
three logs or greater and rarely was the virus viable after storage 1o the Iy
ophifized state

Tmmunological Reactions

With the exception of mfluenza virus there are few, if any, viral agents that
are better represented than human poliomy elitis vitus n the variety of samples
of different ongin  The admirably accomplished task of typmg 100 of such
strains resulted w grouping them m three tmmunclogically distmct tvpes
Type 1 Brunhilde like, Type 2, Lansing Ithe, and Type 3 Leon like® So
far as we hnow there 13 no evidence which would deny the immunological
distinctness of these three types i relation to each other and 1 relation to
other viral agents *

Strams of Theiler’s virus which apparently may be wsolated from a mouse
colony anyw here tn the world, seem to be closely related serologically although
they may quite often duffer in virulence At least no evidence to the contrary
has been furmished as yet  Strams of Theiler's virus are immunolagically un
related to those of human poliomyelitis ™ # 3 tg the Columbia SK encephalo-
myocarditis group,® ¥ or to those of Teschen disease 7

Although many stramns of Teschen virus have been 1solated in Furope and
Afnica ¥ there 15 no evidence avaiable, as yet that these stramns are unrelated
immunologically to each other

chsxd:sgthescy there are very few other charactenstics that would be of
help 1 planning a systematic approach to the possshle classification of lgn};’e
myehtis viruses  Although there are at least two papers dealiny w:u e
chemical composition of arumal viruses, including poliomyelitis varus .
believe the time 1s by no means npe even to discuss this problem until morh
extenstive evidence becomes available I shall refran from dxscufsmg sur:1

enteria as natural methods of transmssion and host, tissue and cell kopxlsus

because although attempts may be made to ascnibe to the human pahotr;ye h °
Theiler and Teschen viruses affimties for a particular host or tissue : ?stsj :
by no means charactenstic T am not qualified to discuss hmo};:a:e :1 ;ES”

lesions of the central nery ous system wmduced by each of the above thr

and m any case I seriously doubt the specificity of these Iesxoll:s oy els

Thus we arrive at the basic question  Is our knowledge of the pol uhzam‘
group of viruses which 1s based on studies by electron ?}l,cmfgggents nd
trifugation ultrafiltration susceptibility to physicat :mdh mlxmmyellus aroup
ymmunological relationships, extensive enough to regard t| t’i po o Many

as readv for taxonomic treatment? The answer obvious yd: T stance
arguments can be furmshed tn support of this negative nl‘tmr‘:l Ew:th T boratory
electron mucroscopy and ultracentnfugation studics de:a ot :y resert matants
adapted strains and there 15 no guarantee that these §h no lxzfvxrus group 10
of the onginal wild strams  Sensittvity of the pol ‘Om):d bove by the 11
desiccation may have been conditioned solely, as mcr!;t‘\onl e e+ o,
hoabenfum hed o tybyChuge 3 S O,
R C I S MU KA T

Theol
fose serol o
ovi € e

phevor 2. B
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adequacies of the present methods and media of lyophtization  The nmuno-
logical distinctuess of human poliomyehtis Theiler s virus and Teschen disease
may have been due to the fact that owing to the mitations of our present
methods and techmques only one antigenic complex of each particular virus
group was studied  Consequently surprises may still be awaiting us m the
future  Finally, the complete lack of knowledge concerning the evolutionary
‘ ustory  of the poliomyelitis virus group fumnishes one more argument which
seemingly disqualifies this group of viruses as a candidate for classihcation
Yet of the question were raised  Is there 2 n ed to classify the poliomyehitis
virus group?  the answer would defintely be in the affirmative for the following
reasons
To a large extent classthcations are created for the convenience of the mves
tigator when the need for a taxonomical order anses  Such a need may be
conditioned by several factors among which the confusion reigning wmn this
particular field should be considered as of paramount importance  More m
vestigators seem to have been attracted to work m the field of the poliomyelitis
virus group than n any other virus groups A few of these investigators m
cluding the authors of Bergey s Manual have conceived their own particular
system of classification and have either created new states of confusion or
added to the eusing ones The need to dispel the present confusion 15 a
strong argument 1 favor of discussion of a tentative classification and perhaps
there 15 one further reason  Pessimistically speabmg I beleve 1t unlikely that
much more will be added to clanfy the problem of classification and nomen
clature of the poliomyelitis virus group if the current trend of mn estigations
15 continued  Comversely 1if an attempt to classify these viruses will make
manifest the meagerness of the entena adopted for classification this n atself
may serve as a stimulus to orient some research in directions that may prove
to be more frustful from a taxonamical pomnt of view
Now turning to the actual classification if we adopt the working rule sug
gested by Dr Burnet that viruses falling m one genus have approumately
similar size and appearance n electron micrographs and at Jeast one functional
charactenstic  then the viruses of human poliomyelitis and Theiler s disease
may be considered as one genus  As mdicated above these pathogens have
been determined to be of comparable size and shape by electron microscopy
and ultrafiltration  Moreover these two groups of viruses plus Teschen virus
are ether resistant are sensitive to presently employed techniques of desicca
nion and were found not to agglutinate sheep erythrocytes The obviously
weak pownts in this argument are those based on electron microscopy and fol
Jowing my previous this field of my should be highly
encouraged with particular emphasis on the study of unadapted wild strams
Recent studies of Enders el af ® on durect tissue culture adaptation of naturally
encountered stramns of human pohomyelitis virus may certamly be considered
as a source of suitable matenal for such experimental purposes  The Teschen
disease virus has not heen as well investigated as the other two members and
1t may be provisionally included mn the genus until further study particularly
by electron microscopy ultimately establishes its position
Species vathin the genus will contain each of the three naturally occurring
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groups human poliomyelitts, Theiler s disease, and tentatively Teschen dis-
ease  Once this 15 2greed upon, the question of name 15 of secondary impor
tance  Tam personally not so enthusiastic about the use of derogatory ep1
thets as generic names as Holmes was I consider that the attachment to the
genus of the name of an mvestigator who made outstanding contnibutions
the field 15 a much better pracuice  Thus 1f we consider the discavery of 2
susceptible experimental ammal in the monkey as the outstanding contnbu

ton® 40 (and our verdict will probably be umanimous), a name associated with
Karl Landstemer should be considered for the genus  although such a name as
Landstesnersoin has been called “appallingly mconventent * *  As seen In TABLE
4 the three species would then be named L levadstss, 1 honor of the mvest

gator who fitst proved the filterabihty and the eo 1ps0 virus nature of human
poliomyelitss virus* L thesders, o name which does not need Jushification, and
tentatively, L klobouks, for the discoverer of Teschen disease I would not
80 beyond the speciation and would provisionally list the three <o-called types

Tante 4
PROPOsED NOMENCLATCRE ¥OR THE POL1owvELtrts VIRUS GRoup

Genus  Landsteineriola
Landstzinersola levadstin
var Brunhide
var Lansing
var Leon
(Viruses of human poliomy elitis)

Landsieineriola theers
{Viruses of mouse encephalomyelitis or Theiler s disease)

Spraes

Landstaneriola klobouks (tentative)
(Viruses of Teschen discase)

of human poliomyelitis virus as varieties The question of definibon of tl:;
species would of course, be raised and perhaps the following may be considert
manswer L levodiin 1s the agent responsible for emdemics of human polo-
myelitis, mcluding the one 1 Baltimore 1n 1939, from which the parent ;tr:::
variety Brunhulde was 1solated the one m Lansing m 1937, from wh e
vanety Lansing was 1solated and the one i Los Angeles in 1937, fral;n vl o
the vaniety Leon was wsolated  These type strams are all deposite dmuml
Viral and Rickettsial Registry U § A Any stram unmunologlwﬂ[}"ll CZM"
with any one of the above type strams will be included 1n the specale; ; E;‘
Similar defimtions may be cowed for L Hetlert, and later for L ; o ﬂ:uans o
Ta offering the proposed classification T should hke to avoid a:h?:: S otle
prionty sice only tt h deration and d of the ot
for taxonomic use can eventually give rise to a rational and usel u‘ dserod s
nomenclature I am well anare that these proposals should be conssI e
as an account of the difficulties T have encountered the wel:;knesse
to try to overcome and the mistakes into which T have fallen ot
nd { enol In ks eupho y, topons & £ il ‘Fm&p}:‘?‘:&m’ H
s

lous. T (5 atrongly o S5est
e et e Tad b tomcsl

1 gueiher fo whom s nem L
eTatre soun
L T T v oFE
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Since I presume that many virus research workers feel siilarly unqualified
as taxonomusts I should hike to close by describng an attempt at cl:
mn an entirely different field by a man as unqualified as many of us are but
whose labors met with success  All of you who zre fanuhar with the music of
VWolfgang Amadeus Mozart have probably noticed that his compositions do
not bear the customanly used Opus number  Instead Mozart s sonatas sym
phomes concerti and opera (s entire phenomenal output) are numbered n 2
smgle sequence and the number of each composition 1s preceded by the capital
letter K K stands for Ludvig von Kochel who classified the works of
Mozart Was Kochel a musician? Not at all Kochel was a botamst a
taxonomust whose only qualification for hus task was famlianty with the prin
ciples of screntific classification and love for Mozart s music  Kéchel s system
15 by no means perfect but thanks to him 2ll of Mozart s compositions have
been unearthed and published and this system 1s now universally used as the
means of 1dentification of Mozart mn concert programs and i all writings upon
the works of the composer Let this example be a consolation to all of us
Love s labor 15 not lost
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VIRUSLES OF THE ENCFPHALOM) QCARDITIS GROUP

By Joel Watren
Department of Bocterialogy Army Medical Service Graduate School Wash ngion P ¢

The viruses commonly designated as Columbia SK MMM encephalomyo-
carditis and Mengo encephalomyelitts (which T shall call the EMC Group™)
compnse a famly of strams the confused history of which affords an example
of the needs for ngd and umformly acceptable standards of ienrtification
and criterna of wdividuality  They afso provide group readily amenable 1o
systematization

In fact there are no specific charactenstics within this genenc group and
the de sgnation of these viruse as separate strains rests m the fina} analyss
on duwversity of engm enly  The worker given four unlabeled contamers of
each of these viru es would be unable to differentiate and tag them usmg an;
of the techniques now at our disposal ~ On the other hand, he would haye mn’;
difficulty distingmishung the famiy from afl other known genera of filtrable
agents by the cnitena of tissue tropism and serological character Therefore
T do not propose to elaborate on the detaus of the vanaus strains byt Tather
10 define the general properts s of the group and try to as,ess the differentyat
value of thewr charactenistics

‘The first of these agents to be 1olated nas recovered from wild oolton sate
which were being used for the pa sage of the Yale SK stram of Pohormye)

virus  The new agent differed antigenically and m 1ts pathogeniaty lm’ &
Yale SK and was designated a8 the Columbia SK virus & sy 1 08
MM vas solated shortly thereafter from hamster bram o 10
lated with human spinal cord and medulia from a fatal cae of ay o, dx}z, nocy
panalytic disease  Because both straws were ongually discovirpd d?”md
cum tances where either known or suspect poliomyelitis-tnfecteg 2y, :1”"
being pas.aged through rodents considerable confusion surroundeg e, "l: was
stap of those strains to poliomyelitis virus and it was thought thyy lton
sented murine variants of the latter  Subsequent study hys fgag , MPPE
evidence of any common antigen between the alimu of the engy VP;'mvde
ditis group and paliomyelitis and although simlar 1n mogt ocar
{hey appeat €0 be wunrelated vinuses P Broertyeg
The encephalomyocarditss (EMC) and Mengo encephalomyyy,
both ongmally 1solated from captive monkeys the former p py, - 3¢5 Were
Mengo virus w Uganda  Subsequently a strain of Mengy vy, + 20d the
from mnosquitors and a wild moncoose caught w the viciniy bnbfamed
compound at Entebbe Uganda tonkey
This wide geographic distribution would implicate a e

and the pathogenests of TMC viruses m the rat would sugyeq ©261C host,

as the natural reservorr  ‘The ocenrrence of protective anty, . <@ rodents

of certain geographic areas and not 1 others lends consideryy, > 2 Wild rats

theory In the tase of one stram Mengo arthropod cap, " &‘nm b

peatedly demonstrated and these may well serve asectory been ;

o n rep
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Humar mfections with the EMC and M,
msx‘a;nces, ;lose proumity to rodents hasesg:ns:\r;l:; have occutted aod, i all
my
-t members t')f ?}e EbSIC group possess the same ant)gmnc cosposmon, a:d
(i anations be
ltr‘:i:z?x :’!lmx}:: medudc wnfective titer, mvasn eness by specific routes and greater
y for certan hosts  None of these vanations however afford:
for stramn dufferentiation, since any one stram manifests cnm::i:er ablmla;flA p
these respects, and since such vanations are readily produced oramoedxﬁcd‘ p l:
a given stran of virus by suitable passage and adaptation  Fo w‘[t
EMC after zepeated mtrapentoneal passage m mice loses much fr : iy
tropism, and reaches high concentrations i the viscera  The pre oo ne!‘xirdo-
rev’;lx;s\b[le by agan passing the stratn vt the CN S processtaty
e followmng mformation might serve as the b,
systematic classification of the aggcnu m the El\};c g::)];pfor @ scheme for the
g;nw h;smc to be determunted
ectes Names to be determmed {(common na
MM virus, Encephalomyocarditss v u'us(, Mengo en;;;falo?:;::&uvﬁv:ﬁ;v
. Brochemscol Propestses The virus 13 a sphencal pacticle, 25 to 30 we w
having a sed constant of ap 1y 150-10- Tt
retains 1ts mfectiv ity for long periods at sub zero temperatures 1 50 per cent
glycenne or 11 00> molar glycine, but not in the lyophiized state  Its ther
mal inactivation temperature 1s 60°C for 30 munutes It 15 absorbed to, and
8%‘5“:;‘1:: sheep ervthrocytes at 4°C at an optimal NaCl concentration of
Hosis  Isolated m nature from cotton rat, hamster, mongoose rhesus mon
Ley, chumpanzee and mosquitoes of the genus Zaentorkynchus ~ Speaific antt
bodies found n several species of wmid rats, monley and man Experimental
infection i mouse rat hamster cotton rat gumea g rabhut, rhesus monkey
and embryonated egg
Experymental Disease (Host, mouse strain, mouse adapted)
Minamal sncubatron persod, 18 hours after intracerebral moculation
Susceptible routes all common routes
Infectinty range Intracerebral LD 50 per cent 1s 107 to 10~ ¢
Intrapenitoneal LD 50 per cent 15 10~ to 10~ ¢
Chincal a rapidly progressing polioencephalitts sith amumals showng i
fled coat and paralysis but usnally without coar.e tremors ot conjunch
val hemorthage  Ammals of all ages are susceptible and die m coma
without convulsions
Palhological the essential lesions are nflammation and necrosis of sheletal
and cardiac muscle and a diffuse policencephalomyebtis affectiog the
entire central nervous system
Other Host Responses of Dufferential Significance Gunea pigs and monkeys
Tun 3 variable course from paraly tic fatal disease to napparent mfection
Y ! Diffe All bers of the genus cross react by c10ss
peutralization, and complement fixation and ‘hemagglutination 18
The genus 1s not kngwn to contain any antigen 11 “common with

protection,
hibition tests
other viruses
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ana! Informahon 1t will be noted that the wmportant differential genenc
t serve to d this group from other known viruses

are

(1) Small siz¢ and reactivity with the surface of the erythrocyte

{2) A verv broad host range ncluding perhaps arthropods

(3) High mfectivaty titer by peripheral routes i a wide vanety of aduft bosts
and chmcal disease 1 these hosts
Charactenstics other than locale which could be employed for stramn differ
entution have not been encountered m our expenence

A word 13 1n order regardmng the title encephalomyocarditis for the group
This was selected as an mtenm descriptive designation at a time when the
identity of that particular stram with the (previously 1 olated) Columbia SK.
and MM wviruses or Mengo virus was not suspected It 15 admttedly
a cumbersome term and one devord of respectability on a prionity basis  On
the other hand 1t appears more deseriptive than any of the four and free of
confusing associations with other vimsagents  Inats favor let it be saxd that
1t will be readily expendable when an alternative title 13 selected

In conclusion I wish to pomt out the desirability of the acceptunce of at
least a tentatne scheme of virus and rickettsial groupings without further
delsy  Ttis beheved that 1f we can establish generaand specieson an accepted
basis of characterization and differentiation the names by which these groups
will be called will evolve sts generss out of the needs of werkers and teachers
for some convement uﬂe by which to deslgnate the groups  While indwidual

feclings are as b MacFarhm
Burnet has stated Pmb:bly the ding feature of the y
process m parasitic 15 the e of the individ: 1

am sure this applies also to vuologxsu 1n search of a nomenclature



THE VIRAL AND RICKETTSIAL REGISTRY, USA

By Joseph E Smadel

Department of ¥ srus and Rucettsial Diseases Army Medcol Service
Graduate School 1 asksngton I3C

The Viral and Ruchettsial Regstry provides the only public ammal virus
distributing center now tence P will be d
prumartly with the orgamzation and mamtenance of the Regstry and with ats
possible contributions to the virolagical field
Much of the travaal which accompamied the burth of the Viral and Richettstal
Regustry 1s neglected i the following which are taken from the
Foreword of 1ts Catalog published 1n 1950* ¢ The Viral and Rickettsial Registry
nas instituted to £ill the growing need for an avadable stock of documented
viral and nickettsial agents It was formed by a confederation of mvestigators
m the field who agreed to contribute free of charge for one year the specimens
needed to create a functionmg distnbution center The present List of varal
and nckettswal agents  includes those  mo t commonly used 1n research
and teachmng  Without the encouragement and support of the Society of
Amencan B logists and the C on A Type Culture Col
lection of the National Research Couneil and the willngness of the Amencan
Type Culture Collection to assume the burden of serving as a repository and
distnibutton center the Regustry would not have been possible  The actual
cost 1n fabor and money of mamtaining the viral and rickettsial strawms of the
Regstry and of preparing the specimens for distnbution cannot be estimated
but 1t 15 safe to say that 1t would be beyond the capabulities and budget of any
sigle organization  The Regstry, therefare can exist anly solong as m\c;fx
gators i the different research laboratones are willing to contribute therr
Lnowledge effort and interest toward 1ts advancement The parhcnpantsb u:
the Registry clude not only those who are actually supplymg speclmensd uf
also those who have helped 1 vanous ways The group 1s compose rl;(
representatives from most of the l:\borat(;)nes m the Umted States where wor
d rickettsial agents 15 pursue
onA‘;“?}Eemtxxme of 1its fcni:mon the contributors to the Registry ehsub[xschr&:d
certain guidmg policies which are not mentioned above  Some ?f tl ‘esexa‘lvs o
{1) The ap of the sub tee for the selection of tllxnealg N
approve and recommend the mlC:’Obl:ll agetnts t:)hbe mc!u‘dcd‘x:wte whf:c KA
The b of the 1 agents 1n the lyopl
g:zs\ble or 1n other wstances, 1n glycerm or 1n dry 1ce (i3) ;Tsh;’:};;’f;gi:
reasanably kigh fee for each specimen i order to prosde fun 15 by persons
tenance of the collection am% t)o 'I(:lhxsmuzge mdlsg‘:‘ang;elo’;l‘;c;em{ed e
with only ca ual mnterests () The entermg 1n et data on therr path
mation on the passage history of the agents and sufficie o the stam
to enable the neophyte to establish and mam .
og:}‘tceltl};h): ;::ftﬂyc:r of operation  the contmibutors decided to oon;yu:: :h
The tal gofthe Virl dRcktts IR g tryls v 181 o v est! mth Az n
Collects 3o MBS e LN W Wesh gto $ O C
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Regstry and additional policies were evolved These included (1) The m
vestigators who onginally contributed .amples of a gnen stram agreed to
assumme responsibiity for reassaying apnually any materil remawing at the
end of a year or to supply the distnbuting center with new matenal  This
was to be done without financial recompense (2} ‘The vestigators also
agreed to be ble for the of designated strans untdl such
time as they notified the Regstry to the contrary  These strams were to be
kept as close as possible to the passage witially placed in the Registry

Since the Regwstry operates on a collaborative hasis and since virologists
seem ta be wnusually individualistic people 1t 1s not surprising that there have

TasE 1
ViaL avn ch:msm. Acgnrs CURRENTLY Avuunu ™ ViRaL
RICKETTSIAL REGISTR

ViRUSES
Colorado tick fever  Encephalitis West Nile virus
Coxsacks apanese Puttacosis (6 BC)
Connerticut § ussian Ly mphngmnulom venereum
Ihgh Fomt St Lows Ornythosis (P-
Nancy Eastern equine \[emngopnmmomus
Ohio-1 Western equine Mouse pneumonit s
Dengne Venczuelan equine Feline poeumontis
Herpes smplex Fncef halomyocardita Vacane viras
Lymphocyn: choromemn fouse neurotrop ¢
Chorioaltantoie
T by e
B wirus TO
Influenza FA Yellow fever (17 D)
A (PRS) Pohomyehtis Fbroma.
A prime (FM1) Lans'ng Mytoma
B (Lee) Brunkulde Fowlpo;
C (1233} Rabies 'Llryngolnd\exus
Swi e St ect Newcastie
Mumps Fuzed Foeamona vieus of mice
RICHETTEIAL

Epidemuc typhus Rocky Mounta n Spotted  Q fever
e er
Mur ne typhus Ruckett alpox Vole nckettya

been dwvergences of opinion on certamn points  Tor example there 13 Jack of
unanumuty as to whether the Remistry should serve as a depository for any
agent which a contnibutor may wish to provide or whether it shoull restrict
its facilities to a group of agents of speaial importance tn research and teaching
Up to the present the rajority continues to favor the latter course  Another
question which has repeatedly ansen 1 the discussions of the contrbutors
centers around the feasibility of supplying standardized antisera against the
agents in the collection It has been the consensus that this would Le most
desirable  However no suitable means for obtaining such a supyly of sery
has been forthcommg and the contnbutors have not thought that they coul 1
a sume this additional burden

The great majonty of the contnibutors to the Registry have Lren voufernus
n expressing thew dishike of any of the avadable binomial systems Hf nemen
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clature for varal agents, msisting that all strains be bListed m the catalog under
therr common names The agents currently avaiable mn the Registry for
distnbution by the Amencan Type Culture Collection are given In TABLE 1

During the first year of its operation, the American Type Culture Collection
distributed 110 viral and rickettsial specimens from the Registry  Dunng the
second year, the number was 149 Since 1ts organization the ten most fre
quently requested agents have been herpes simplex, lymphocytic choriomen
ngitss mfh A poliomyelitss {Lansing) virus of mice, murne
typhus vole nichettsia mumps nickettstalpov, and western equine encephalo-
myeliis  Up to the present only two agents listed 1 the Catalog have not
been requested

The Registry was orgamized onigmally for the benefit of mvestigators and
teachers in the United States  There has been a small but increasing demand
for specimens by virus workers outside of the United States These requests
have caused <ome admuustrative troubles to the Amencan Type Culture
Collection 1n the form of ry-exchange and ¢ ton problems but
these can be solved  Until the requests from other countries become numerous
the contributors sl probably be willing to supply materals for distnbution to
therr foreign colleagues  If the overseas demand becomes excessive, the or
gamzation of one or more virus-distributing centers m other parts of the world
will be warranted

One mught reasanably ask whether the Viral and Rickettsial Registry has
accomplished anything beyond the provision of a utilitarian exchange mart for
virologists It 13 my opimon that even the process of developing the Registry
had an appreciable effect on the thinking of the contributors It creal:ld a:
opportumty and 2 demand for re-examination of the histories of the viral an

tant use It diffused hnowledge about the

nckettsial agents that were 1n cons e
need for maintaimng the classical strams under stabilizing conditions wﬁ: h
would minimize the rate of appearance of vanants Jl“ ‘urthermore, for Ltl‘xew sf
time a number of the b were with the - IDIS
mamtaming and distnibuting a viral agent that was not far remnre r;r; pr
susceptible native host and which had undergone the mmimal nuomc id
alterations usually accompanying & long series of amma] passages  Ons
anticipate an increasing application of these prneiples 1n future wor ent

This has been a rambling historical account of an umque exp:m e
wiralogy  The story has been purposely abbresiated  Perhaps cer beon pre
lengt};’y and heated d:scussmns‘abmung the contrilautgrus sh::rl‘?ell::; Zwemcm
sented m some detail mstead of bemg summarized as one oreneem

onever the important thing s not the

o mt‘s‘cif \Illelwmly;uotp l:?l‘l‘xex}-‘ the fact thatpsufﬁcnent wnammty prevaded to
arr‘::le at workable policies and to establish a functioning orgamzation




PLANT VIRUS TYPF CULTURE COLLECTIONS

By H H McKinney
Bureau of Plant Industry Seds and dgriculiural Engineering Agricudtu al Research
Admtmst ation U S Department of Agriculture Betselle Maryland

Any nomenclatural system mu t be based on types Only when 1t 1s 1m
possible to preserve the types becau e of the nature of the maleml should a
system be based entirely on drawings and

Lunacus and some qf the eather botam ts were avare of the difficulty of
miking 2 truly complete wnitten de.cniption of all of the characters of a
seed plant species  They recognized that at feast the floral and fohar organs
of each species should be preserved 1n herbana to be made available for study
by many mvestigators over the years The importance of this system was so
clearly evident that practically all taxonomusts since Linnaeuss time have
preserved their types when the nature of the matenal permutted

With the growth of the genehc concept and the resultant realization that
the species 1s not fixed but of many genotypes there has developed a
need for the preservation of the hving germ plasm of numerous genetic types
of many wmportant species  To this end plant breeders and geneticists pre
serve many of their seed stocks X reservation has become so extensive and so
mmportant in the United States that plans are being made for the development
of a suitable large scale storage facihity to care for important seed stocks and
to permt the penodlc e culture of stocks before lheu visbility 15 exhausted

and p have long recog
nized (he need for maintaning aportant <pecxes and strains 1 culture as
evidenced by the many culture collections n laboratores throughout the world

Although the type concept d largely with consid of the
species 1t 1s evidently no less important for varieties and strams  Furthermore
the pi of types s not only by mterests but

by many other scientific and technical interests as nell

Among the students of the plant viruses 1t 1s not uncomman to hear objec
tions to the mauntenance of type collection. on the ground that many of the
viruses are hnown to mutate and therefore will not remain stable  Obviously
this objection begs the question Mutation has become a recogmzed attnbute
of living matter and we must learn bow to deal with it A practice of gang
back to nature for a virus eath time we wish to study 1t will hinder progress
m studies directed towards the resolution and proper underctanding of those
biological physical and chemical that remam sta
ble ta provide a sound basis for classification

Wethods for Preserving the Plant ¥iruses

Viruses that cannot be transmitted by manual methods of woculation ate
maintained 1n the hving plant whereas many of the viruses transmussible by
manual methods may be carried for varying periods in the extracted plant
yuice and m the dead tissues  The tobacco-mosaic virus most of its mutants
and certoan of 1ts allied viruses can be preserved for many years m air-dned

615
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tissue and usually i extracted plant Juce, when stored at room temperatures
A few other viruses can be preserved for a few months to year m this manner,
but most of the viruses that can be transmutted by manual methods of 1mocula
tion require specal treatment for preservation Many of these relatively
unstable viruses remamn viable for several months or more n extracted plant
Juice stored 1n a frozen condition

Viruses should be carried tn stored preparations whenever possible, as their
continuous culture m living plants 15 not only costly but also increases the
chances for mutation and for contaminatians from outside sources Although
old preparations sometimes reveal a virus that was not known to be presentn
the onginal colony 1t appears that these are only trace contammants which
possess relatrvely high survival charactenstics  Some mutants may be de
tected n this manner however In some cases the symptoms induced by an
old preparation differ shightly from those induced by the ongmnal culture
suggesting that the onigmal culture was composed of two or more very simtlar
strams some of which did not survie storage An understanding of this
problem depends on the perfection of methods for the accurate identification of
strans that differ only shghtly and are essentally compatible in the plant

In appraising preservation methods 1t should be pomted out that most
iruses stored m frozen plant juices or m frozen moist tissue lose ther
viabihity rather quickly 3f by aceident, the preparations become thawed and

b d tolak ry temp On the other hand, properly dehydrated
virus preparations tend to lose their viabihty slowly when subjected to labora
tory temperatures

Working with the relatinely unstable viruses of potato vembanding mosic
and potato Canada streah Dykstra and Du Buy? found that these viruses
remamed highly active for at least four months when the plant juices were
extracted i an atl of CO, then lyophilized and stored in sealed glass

held at room temperature
tu:’ffn};mg with potato }:ezrus % Berchs! found that the viability nas Rm}?:g
for at least a year m solutions containing from 40 to 60 per cent glycerne, l‘: o
stored at 30 C or at room B:rcdl\s sp y tests wtl
yvembanding mosaic virus were not conclusie

po’trn(:oﬂ hoted e(tgent the author has explored the preserving posslbﬂnsws on:
glycerine, toluene dioxane and medicinal mineral oil with a few vu'usecu! o
these tests {resh virus mfected leaves nere used Tobacco leaveshw:freuc o
strips about two cm wide but grass leaves were mtact  The frei rel:sslxghdy
placed i the chemical in stoppered bottles, and stored at tempemluceme .
above freezng  To prepare the tissues for assay, the excess g r)"l Cved with
sentaved by rnsing the tissue n water the mmneral o was “anon
toluene and the dioxane and the toluene were removed by CV&F}’]":VD o TABLE

sl sbtaned i b el prpymton o

1 of the prep with the other table

slvhe;uthe gy cennated preparations were tested It will be rsl}r::s k“lss‘::f:uwt}'
that the tobacco ringspot virus and the tumip mosaic virus bons that were
1n the glycennated preparations than they do ‘“I:heﬂl]"fepz?s erved also that
dehydrated by means of CaCls and Anhydrone w
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10 days exposure to laboratory temperatures re duced the viability of the po
tato sesnbanding virus and depleted that of the tobacco nngspot virus  Ten
days are about the maxsmum tim for transport through the muls in the Umted
States  Thus, a virus preparation that dees not remarn viable for thy jength
of time at laboratorv temperatute s will require dry 1ce packaging

The method of dehydeation of plant viruse tn sitw by chemeal desiccants
was described briefly by the author® ¢ ¥ for several vinuses that axe quite
uastable under ordinacy conditions  Some additions! mformation has been

collected since those reports  The method now used 1s described here 1 <ome
detas]

BLE 1
Resorts or Tue Prrsems aTioN gz Cerray Yawrse B8 L2ar Tissce
; . e Ctatm
J— Bbyar 1 d
Prepaea- -l & rdy
A tom o 218 v vt
L5512 the (et
N o
Cucumber mosa E] I s o 575 - -~
Potato ve abanding tosaie 39 7 w0} 375 -
Powa ovewrbend apmosa | 363 |8 O 5% - -
Tobaceo nngspat 32 '6351 100 05 |- -
Tobacco nagspat w150y 545 Py —
Tohacco nng pot 3275 0,00%4s per ~ 1103 per
t | omt om
To mp mosa ¢ 6 (8 0|13l per —  Sdles pe
| m o
Whest gellow mossc (st | 380 @ - /57 -~
bome” type)
Tlow abyi by
g Ciempermt VY TR T Now Byl ory s e

e ¢
muum.:smmnmxu e et ar e irdel Sty ot o e ey
i
Lt umbe fphos boomg fecton 40 4 svmas or
Jn s um!km!‘ hnu::c i Tt B A kBl d "o wmi? ool Sl
it 5 et

P o sy v " B 0 b he drychem e mithod dacissd s seed 5
caaaand for Tooa

The Dry-Chemica’ Metiod of Dendration  Fresh wirus mfected immature
leaves are collected and processed as quckly as posmble Witk large Jeaves
such as those of tobacco the rid nibs are removed and discarded  The remam
ng tisee 1 cut w steps about 2 em wide by means of shears  These stnps.
a e then chipped into short preces of uregular size Crass leaves are chipped
into lengths of about ove hall mch  Fresh, pranular CaCly 18 quikly spread
over th bottar of an alurunum baking pan which 15 7 inches nide 11 inches
long and 134 mches desp  The weight of the CaCl wsed 15 double the weht
of the water 1n the tissue  The weight of water m suceulent tissue such as
tobac o leaves 15 figured on the banis of 95 per cent of the neight of the fresh
tisue  Wath Jews-succulent tis ue uchas gra sleaves the basis 15 75 pex cent

wire sureen support with the ends bent downmard one-half wch s pleced
over the Cal, and a cotton gavze 15 placed on top of the screen  Not more
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than 50 grams of the chpped tissue are spread evenly over the gauze A pece
of window plass which 15 cut to fit the top of the pan, serves asa cover The
edges of the gliss and the pan are sealed by means of fresh, high grade, one mch
zinc oxide surgieal tape  The pan s placed m a refrigerator with the tempera
ture shghtly above the freezing pomt
‘The tissue can be removed from the pans in five to seven days and placed m
bottles that have been prepared 1 advance Two-ounce, screw top bottles
with 24-mm openings are preferred These take No 5 rubber stoppers
Stoppers are made of soft rubber that does not harden at temperatures near
freezmg  These stoppers are superior to the types of screwcaps fested In
each bottle 15 placed about 08 gram of reagent grade anhydrous magnesium
perchlorate (Anhydrone) and another 08 gram wadded 1 a small square
(3 by 3 inches) of Klecnex tissue paper brought together at the corners and
wired tightly with soft copper or won wire  The bottles are tightly stoppered
Two bottles usually accommodate the dried tissued from 50 grams of fresh
leaves ‘The wad of Anhydrone 1s removed with tweezers from the bottle just
before the tissue 1s mtroduced  The free granules of Anhydrone remain 1 the
bottle, and the wad of Anhydrone 1s placed on top of the leaf tissue
The bottles are filled by means of an aluminum funnel with a shortened tip
that 1s about 22 mm n diameter The gauze and leaf tissue are carefully
Ifted from the desiccating pan, and spread around the inside of the funnel
cone With a spatula the tissue 15 removed from the gauze  An aluminum
rod, ane fourth mch 1 dameter, 1s used to push the tissue out of the funnel
and to pack the tissue m the bottle Alumnum 1s used to prevent static
electricity trouble All operations are completed as rapidly as possible to
reduce mosture absorption by the dehydrated tissues and by the chemicals
Anhydrone 1s more effective than CaCl for taking up traces of water and
tests with the tobacco ringspot virus have shown that viability was extended
when the CaCl; was folloned with Anhydrone In order to obtamn results
quickly a test was conducted at 267 C Two uniform samples of rmgfspot
Jeaf tissue had been dehydrated for 63 days over CaClaat 11 C  One of the
priparations was contintted with fresh CaCly  With the other, the Cag[g uas
replaced with fresh Anhydrone  Both were contiued at 11 C At the henzh
of 2> days the desiccating agents were removed from both prepnmtxonszgvrc
were then placed mn tight contaners, and kept at a temperature near
for 31 days except that they were sampled for assays on the 15th day The
The assays on the 15th day were made on 1250 cm 2 of tobaceo lea‘leslesnons
preparation that had been processed with CaCly induced 10 locnl i
the one processed with the Anhydrone, mduced 248 Iocal ke
whertas P 1 from the respective
Assays made the 31st day gave mg%gs of 0 fa':dbi cz;‘?::ves hother 2353y
being tested on cm ? of tol
Eip:x?;leo?}z ;:}t’day 5!1 2 sample from the CaCly prepatation, which si’:d E::':
held near 11 C throughout ttfxe c;ltu-e {aemd of the test This asszy
cm? of tobacco leaves
1281 locs) 1eslor:&1e: :fé anhydmnc and of caol storage temperatare are dm‘{
The advantag; fy of the tobacco TRgspo
indicated in the results of these tests The actiity
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virus holds up remarkably well at 267 C however when the processing
meludes Anhydrone

“Throughout these studies 1t has been observed that viruses are weally achve
or mactive when moisture acaidently enters the contamers n an amount
sufficsent to cause the tissues to lose the marked crispness charactenstc of
properly dehydrated preparations

Tasze 2
TeE PresERvATION OF CERTAIN Prawt Viguses v Curprrp Lear Tissve
DEAYDRATED BY MEAss 0z Carciux CHLORIDE AND ANEYDROTS
MAGNESITY PERCRLORATE. (ANEYDROYE)

Time tored
AR Cle Cultur pt t Actinity
¥ f Mo
Agropyron mostte (¥ ellow oias
strain) 163 ] Agropyront | = | 8 | Wweak
Alfalfa mosmc {57 [ Tobacco 5 {6 | thea
Barley stnpe mosa ¢ (false stnpe) 214 Wheat = ] 834 | Stron
Brome mosne 198 | Brome 1 [ = | Stong
Celery mosaic (Southern) 3 | Tobacco 6 | — | Weak
ymber mosaie {Dool ttle) 27 T bacco 6 ~— | Moderate
st mesuic (Apwal stran) 37 | oot 2 846 | Yery wesk
Oat mosa ¢ (Eye=pot stramn) 324 QOats - | 10} Moderate
Potato veinbanding mosaic 74 | Tobacco 11 51 Moderste
Potato ve nbanding mosa ¢ TS Tobacca 2 23 [ Inact: ¢
Potato X mosaic ECDmman) 139 | Datura} 4 { 47| Strong
Potato X mosaic {Ring pot type) | 140 | Tobacca 4 | — | Strong
Potato X mosarc (Severe] 46 | T tacco L {134 { Steon,
Potato X mosa < {Severe) 46 | Tobacca 3 | 4" | Inactive
Potato X mowaic (Varulent) | 93 |[Tobeco 4 | 7% | Strong
Tobacco etch 63 | Datura§ 4 | =" Strong
T bacco nagspot (Tobacco-Price) | 101 | Tobaceo 4 | 3% | Strong
Tobacco nngspot (Soybean Allr gron); 130 1 T bacco 4 | 17| Stong
Tobacco stréa | 208 |Tobacce | — {14 | Stromg
Tarmip mosa ¢ 249 | Turmp 213 | Veymeak
Wheat mosaic rosette (Soil borne
ype} 1 | Wheat 3 Very weak
Wheat streak mosaic 190 \Wheat 2 [ 2821 Moderate
Wheatyeliow mosaic (Soul bornetyps) 13 | Wheat 3 | 84| Moderate

D bydration

A trag w e ttemperst rerang g hghtly bov end bel w frec ung
In bouh W fnge tomiad cecrum to

Th regul ¢ 18
tas es powt biefor 10 C. When
esing

b e
' el B iy T m e w1 Sphir b1 Vs frat” Vecied
el o e { e om e re b 4G

A¢ gy gemt

B et

Dy Iomen

Tagix 2 hists & nsmber of viruses that are being carned m dehydrated feaf
tissue  In addition to these mony tests mndicate that the Viuruses of turnip
mosaic the oat mosaics and wheat mosaic fosette are espectally difficult to
presenve by dry chemcal dehydration  Itis possible that higher mitial titers
of these viryses may be obtawed i more susceptible host plants than those
used, It 1s also quite possible that the preservation time of all viruses would
be extended if the tissues were dehydrated m the absence of oy gen and
storage of the deh d were at

Although phosphorus penterude remayes traces of water more completely
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than does Anhydrone, no safe and convenient way has been found to use this
very dangerous chemical  Activated alumina, color mdicator grade may have
some advantages over Anhydrone On the other hand, the results with the
present method of dry-chemical dehydration 1 siu show that with very
modest facilities 1t 15 possible to mantamn several of the relatnely unstable
viruses with much less effort and expense than 1s possible by the method of
continuous culture m growing plants  Dehydrated preparations of cucumber
mosaic virus tobacco nngspot virus and tobacco streak sirus have been
transported by railway mail withn the Umited States, and all remained viable
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GENERAL DISCUSSION OF VIRUS NOMENCLATURE

By Sir MacFaslane Burnet
The Walter and Eh o Hall Insiitute for 3ledwal Rescarch 3felbourne Ausiralia

Tt seems that the participants 1n the Conference on which this monograph 1s
based generally agreed that a satifactory cias ication 13 desirable but were
alwo vy conscious that there are important gaps m the knowledge required
for such a classification

The attendance at the Conference was atmo { fully representative of virolo
gists from the Umited States and Canada and there was a sufiicient representa
tion frar other parts of the world to justify considerab'e weight bemg attached
to the conclusions and attitudes It s therefore deswrable that any maller
grougs at wdividuals presenting taxonamic proposals m the virys field should,
bear them m mund  We should ask spectficelly that (1) i any revis on of the
Bergey classification of viruses full use be made of the work of the ectional
subcommittees which were appornted to deal with certam groups of viruses at
the Rio congress and which are expected to teport at the Rome mecting 1n
1953 and that (2) the.s virologusts who w.ll be present at the Rome meeting
be gwded not oniv by the reports of the ubcommitiees but also by the publ
cations ansme from thys Conference

1 believe that the opimon of the majon'y favars the view that Lirmean
buoruals of dehmitive statu can be apphed to certam groups of virases eher
10 or in the ymmedite future It 15 also evident that defimitive names
shoald no yet be adopted for many viru #5  An) nam  gaven those v.ruses
should carry some indication that the names are provisional enly ‘These
conclusions seem to be clearly apphcable to the ammal viruses and with
symewhat le<s clanty to the plantvirase  Dr Adarms s paper indicated that
when the time 1s mpe bacteral viruses may be found divisibie nto speae
that can be ngidly defined by 2 of 1ch and
capaaty to produce multiple mfections  Until wider systemati study can be
made hovever there s insufivent matenal ony hich to suggest the appropnate
enteria. for the definition of genera  No action 15 ealled for beyond the ac
cumulation of relevant experimental data

My general impressions of the more speaibe problems of the ammal viruse

(1) There 15 substantinl agreement 1 regard to the classification of the
Ruckettsiae proper and for thus group 2 valid nomenclature can be regarded
33 having been imtiated by da Rocha Juma

{2) One must have much sympathy with the view that viruses of the psitta
©0°18 group are more closely related to the nchettsine than to the more typical
viruses  Nevertheless this group was one of those chosen for study by the
Rio congre s and it t destrable that the question of 1ts nomendature be left
open untll a denision 15 grven at the P ome congress

{3) There seems to be general hat the developed at

o {the of smait to make & I
Tgard to partirplar groups) s funchommg with yeasomable adequacy It
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