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HUMAN POLICHYSLITIC VIRUS, FAST AXD AZ3INT

First Isclation
The now accepted eticlogie agent of man poliomyelitds was first

demonstrated in 1909 by Landsteiner and Fopper (1)s These workere
susceeded in producing & febrile illness cheracterigzed by flaccid
peralyeis, in a rhesus monkey inogulated intraperitonsal.y with a spinal
cord emulgion prepered from a fatal c¢mse of peliomyelitie, Histow
pathologigel studies of the brain and apinel cord of ;gfgfggiégi;h;igqas
alac of those of seymptometic monkeys sasrificed on the ninstecnth day
after incoulatlon presented a pleture essentially the same as that
engountersd in human cuses.

The next important step in the establishment of etlology was mede
by Flezner and lewie {2) in 1010. These woerkers showed éhat the
transwisscible agent of lLendetelnsr end Fopper was filirable, thus

establishin: ite virus neture. In the same porlse of experiuents it wae

denonstrated that the wmonkeys eculd be infected by 2 variety of routes.

As in the cese of many othey diseasos, there is s minority of
workers not in agreement with the gcomsept of virus eticlogy. Iloremost
smonget the discenters is Rosenow (3), who advanced the theory that
the filtreble forr of a plemorphic alphs hemolytie streptococcus wue
the reepcnsible egent. Along similer linse, several workers {4 - 10)
oheorved the prosense of “globoid bodies” in enriched cultures of
vaterial from poliomyelitis ceses. These observetions were thoroughly
investigated by Logripps (11), who demonetroted that such pardicles

gould be produced in the uninocculated medias by the establishwent of en
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sleotric field, end thet thoy consisted of tissue lipoids. This
evidenas, together with the progressively inereasing knowledge of the
poliomyelitia yirua mﬁﬁakany comgept other thon that of virus etlology
untenable.
Yhysico~chomical Studies

The aizéiﬁnﬁ shape of the virus have been studied by meens of
filtration, sedimentetion and diffusion constenis, end with the electron
microssope. A8 & rosult of th@aabﬁtmdiaa, two different gonsoepts have been
put forward. Gard (12} worlkins with virus isolatoed from fatel hunen cases
in 1945 viewed i%t es & Pilementous particle ia.5 % 580 mu. Blford (17)
end his gomworkers coneluded, on the banip of filtration studies sles
using mman virus, thet the portieles had a minlmum diameter of the order
of 8 -~ 12 mm, liore recently Loring snd his group (15 ~ 18) using the
eleetron misroscope have shown thet the Laneing nad ¥V strains of hnman
poliompyelitie virue are sligh%iy aaymmetriaai #ith on avera e diameter of
2% mu, whilst the Theiler'e and SK strains of wmouse en@eyh&l@my@liﬁia
virue appenr to be fiiamanﬁgua, These latter studies were of purified virus
samples,

The wirus is very susceptible to heat, being destroyed by axpoaurek\
to #° =~ 50° 0, It ie elso killed repidly by ultre-violet light (18).
The lict of agents to which the virus is resistant ineludes frﬁasing,k‘
drying, Roentgen ruye, sonie vibration, end mmerous protoplasmic ‘
poisons (18).\ The virus aiso withatands one percent phenol and fifteen
pereent ether for several monthe at 0° 0., the latter projerty being a
usoful tool for igolation of the virus (19, 20}y The virue may be
preserved in Pifty rereent glycerel fur four to six yerrs (21), end is
relatively stable in the range of pii 4 = 10 (15), lmong the most

successful poliemyeiltis virueidel spents ere mereuris shloride and the
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oxidizing agents, sush as potessium pormanganate (18, 22),
Host=~Rengs Studies
Only primates are susceptible tc the humen straine of poliomyelitis
for purposes of originel isoletion (23, 58). Geveral streing of monkey=
passege virue, sush as the Lansing snd MEFy, have also been adapted to
eotton rats and nige,

Routes of Infection

- There ls muoch confirmed informwation on the site of entry, route of
sproad, and portal of disgharpe of the poliomyelitis virua. Gonflictdng
resulte have sugposted different theories of humen infection. The two
most popular of these impliscte the respiratory amd the alimentary routes,
with the bulk of evidense and present opinion in favor of the latter (23).
Insect~borns infeation has been suspected, but is improbeble ss the virus
has never been demonstrated in the bloodwstremm, To the contrery, virus has

baen recovered from fliee trapped in epidemic creas, o Pinding which is

easily explained by contact with feces and sewege (23).

1

The mejor site of losolisetion of the virus in esymptomatio @arri@ré\)
and in ebortive caces of poliomyslitis is the alimontary trast. Far&lytic{\
oases, in additlon, show invesion of the central nervous system in verying )
éegra@f/ dypertrophy of Feyer's ratohes and degensretive changes in the |
myenterie plemuses heve been deseribed, but their relationship to the
disease is not clear at present, There are no gharasteristie Tindings
exoept in the santral nervoue system. Lesions are found wherever neurons

heve been destroyed by the virus. The nein rescting eelis are lywmphooytes,

plasme cells and meoropheges. There is almost always perievasculer cuffing
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of the neighboring arterioles and v?nules, and fooal areas of inflammation,
sarking the site of neuronsl iajuryJE Sdeme is not a prominont pert of the
inflamnatory process (24), Bodisn and Howe (25) have shown thﬁt the virus
is highly neuromotropic, not reacting with any other elements of naéw@u@
tissue, B0 all the above mentioned changes ers due 4o neurcnal damage.
iwmwens which are atiecked, but not destroyed, undergoe a reversible
ﬁageneratian of their .issl substance. Sush neurons mecaaimnaily show
aaidamhilic intrenusleer inclusions, but there ere none yaﬁha*ncmonis of
paliomgal&tia.‘ Due to itm oxtrome selsetivity, the virus attecks vertain
nerve :enters gnﬁ thelr gonnestions more than others. Thus, terminelly,
the following charesteristic location of lesione (26) and of virue (27)
is found, The main involvement is in the anterior gray colunns of the
spinal sord, and %o a lesser extent in the intermedioleterel wnﬁ posterior
gray columns, There i also on extensive ensephelitia with so aharaetariatia
a dietribution that it is wmore useful in differential ratholeogleal
diegnosis than the cord lesions, Ths sites of sortical involvement are
oonfined sharply to the motor snd promotor snreas, only vory rarely
extending into the sommesthetic srea. 1In the brein stem, the motorbeeila
of the reticular formation, and the vestibular muclei and their cerebellar
connegtions, are affested. | -

The cherscterlstic fleccid paralysis and subsequent disuse atrophy
ere thought by en overvhelming mejority of workers to &é due entirely ic
the destrustion of somatic motor newve supplies (24), This consept im
opposed by Sister Xenny who bellevea that both wussles apd nerves are
primery aites of demage. Her idee hav received some experimental support

from the observations of Qurey (28) and his co=workers, who studied

three fatel cesea of bulbey poliomyelitis and observed theot the respiratory
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mussles were derervated at the neuromyel junaﬁian~within thirty-six hours
after the onset of the iliness,

In the bulbar form death may be due sither to respiratory or to
vasorotor genter perelysis. Asphyxie, csused by laryngeel paralysis
end tracheal obstrustion, produces the ususl nonespecifie palmonary
chenges varying fron edeme and songestion to defioite pneumcvde and
death (29, 0}, Therapy is directed towards ellgviating shoek,

supporting respiretion o¢ relieving obatrustion,

Troatment with rendox pooled sera, econvalesocent poliocmyelitis sera,
and gamus~-globulin have all been tried with disappointing results (31).
Ohemoprophylaxis by means of coating the nesal musosa wit: solutions of
alu, plorie seld, or gzine sulphate prodused siriling protestion in
monjkeys, but humen trial hes egein been unsuccessful. Mok only was there
no prophylectioc effect, but there wae clsc sonsiderable demags done by
extoneive soegulstion nsercsis of the olfactory apparetus of the cetienta
so treated (32, 33). The production of immunity in monkeys by vegeinntion
with insotivated virus hae been the subject of wany studies (354 = 38),
Sodium risinolecte, slumimm hydroxide, ultra-violet light, end formalin
heve been used ss agents for tha proparation of vescines, BDecsuse comparntively
fow animale were used, snd imounity was deternined by chellenge with =
winiznl dose of virus, the velidity of these experiments is apen Lo quesiion,
Furthorzmore such vageinss still contained setdve virus and heve cmused
poliomyelitis in monkeys end in children {39). More resently Forgan (62)
hes reported thet virus insctivated with formelin at 4° 0., end injected
by the intremuscular route, will regulerly produce imunity sgaingt
challenge dosage up to 6000 Lﬂﬁu, without ever scsusing any symptoms of

poliomyelitie in e large series of monkeys.
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In Vitro Cultivetion

Thare»hava been numercus attempts to cultivate the virus of
peliomyelitis in vitro, The apparently suscessful attempite have been
those of Sebin and Oliteky (41) who grow the virus in ths presence of
living nervous tiszue removed from human embryos, and of Znders and his
aosworkers (42) who recently reported propsgation of the virus on non-
norvous tissues derived fror the extremities of humen fetuses. In
both experiments the Lansing wouse-adapted strain wes used and in the
latter case typlesl poliomyelitis was produced in monkeys by tﬁa
injection of sub-oulture meterial,
Attempta at Laboratory Tests

Thers are at present no simple diagnostie procedures for detesting
infestion with the p@liamyelitis virus., lHopen were reised by the
propesed "interference” test of Lepine (43), only to be destroyed by
this worker's later retraction of his former claims (#)s 4t the
present time, the neutralizmation test with the Lansing or HEF& nouse
adapted straine peems to be the nearest approach to e useful tool,
but it is greatly limited by several faetors, amongst which are the
low titer in mise, strain differences, the presence of antibodies in
8 high pereentege of normals, and the reletively long time intervale
and large mmbers of mice required for performense of the testse,

The very recently proposed protamine adsorption flogoulation test
of Roberts (57) shows a greet desl of prowise, sppesring to be reasonably
spoeifio, lHowsver, the results are of a prelimdnary neture and have not

yet been confirmed,
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3 IFLICITY OF JTRAI.E OF HUMAN AND ANIMAL RROSFHALOMYELI

One of the greatest obstacles in the path of poliomyelitis research
has been the leck of knowledge coneerning the differsnces and relation-
ships smong the meny atrains of virus isolated. 4s early as 1910,

Flexner and Lewis (2) observed differences between strains of poliomyelitis
virus, recognising two varietles, one too wesk to incite eny effects in
monkeys, ond the other strong emough to produce paralysis, Similer findings
were made by Leveditd (45}, Worburgh (46}, and cthers.

The firet immunological reports of strain variatian ueling neutraliz-
etion and cross-protestion teete in uonkeys were made by Burnet amd
Neensmara (47) in 19351, These workers were able to demcnstrate definite
differenwes between a virus recovered in Helbourne, fustralie, end
the stendard Rockefeller MV strain., Further confirmation of the
existence of strain differenses; using similar wethods, and a greater
variety of streins came from Weyer (48), Faul and Trask (4%, 50),

Howitt (51), Stimpert and Kemael (52), Eessel, loors and Fait (53),
Lennette and Gordon (54), and Trask, Paul, Beebe, and Germen (55).

Feul end Trask noted that there wes n slight degree of eross—protestion
emong sertain streins with which they worked, suggesting the existemse

of a group relationship., These studies are all subject to the

eriticiem of too few anlmels, and the performanse of homolopous

challenge with minimal effective dosee of virus. The later studies

of Kessel end iait (56, 57) end those of Bodian, Morgen and Hows (58),
using the sane tests as befors, but with greatly expanded ssope and

mmbsrs of animals, have presluded griticism and furnished 2 classification

of the poliomyelitis viruses into three groups. Some workers meintein
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thet such strein difference ia the result of monkey passece, buf the
results of Hessel and 3timpert (56) in 1940 would eppear to disprove
this theory.

Loring, Merton snd Schwordt (14) using the elesiron microssope
demonatrated morphologlesl differences betwsen the Lansing and MV
straina, which were spherical, and the Thellers and 8K strains of
mau#a envsphelonyolities virus; which were Pilamentous. Turified virus
sanples were used throughout the study,.

The wost resent ovidense for strein difference in the poliomyelitis
group of viruses is derived from the floceulation test of Robsrte (60).
This worker naing sight monkey passage strains found thet the Lamsing
and Mﬁ?ﬁ viruses were very slosely related, whilst six other strains

wore unreleted to these. Cross resstions suggested the existence of

sub~groups.

Following the original work of landsteiner snd Tepper (1), there
have been many sush suscesaful isoletions of strains of the poLionyelitis
virus from typlesi ans well =s from sbortive sases, In moet instences,
the validity of such streins end their differemtiation frox murine
encephrlomyslitis viruses hes been estadlished ueing the following
eriteris ouggested by the Cammittec on lomenclature of the lational
Foundetion for Infentile Farslysis (61).
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Oriteria Human Streins Hurine Strains

Sourde st be imvlated from Prom murine material
humen wseberial

Hoat Renge idmited to primates for Limited to rodents and
originel isolation = embryonated eggs -~ will

Some sirains later sdepted not "take” in wmonkeys

1o rodents
@linigal Ferelyois in pan, wonkeys Fepelyeis in rodents
Keanifestations end rodents (there mey be only,

abortive czses)

‘athologleal Spesificslly distributed Brain snd ¢ord lesions
Fanifestations brain and gord lesions not yet standurdized
Immunological ) Useful edjuncts, but neither is

) 7 .
Relations g a2t prosent sufficiently éavglcp@dk

) to erelude strains which satiefy the
“hysicochenieal

firet four eriteria, -

‘ropertiss 3 :

The scommities has slso proposed a temporary system of nomenclature,
The designation *‘Smithaﬁartfordﬂlﬁaw%j Strain® ie illustretive of this
nomensleture and tells the reeder at & glance that the strein wes isclated

from petient Sulth in Hartford, in 1642, and that it had been through
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tive pessages in rhesus monkeys. This method of designetion, although
adnittedly unwisldly, would serva o clarify the literature and will

probabdly be adopted by most workors.

lased

An attempt will be made }:iarein to sumariss in tabular form the
sosential information on the relations of the members of the poliomyelitise
group of viruses. The mm: Por these tables are the neutralization
tests of Kessel and Falt (56, 57), the srose-rrotection studies of

Bodian, Morgan ond Howe (58), and the flosculation tests of Roberts (60).

Group I | Group 11 Group 111

{3runhilde {idd-vest (Lansing Onlifornia({Lleon
B {Frederiok '
BALNNYS  (oudgok i (gsx
{sedgh iapt Coast (FPhiladelphia
(v

Yest Ve, (Per

Galifornia (Wellingford
{Kotter
{Riley Bgypt (i~fx§1"1
(Minneapolis

Hidwiest
UsBe

Egypt (%EFZ
( Broglman
(Yol
Culifornia (O
(op
Y =

® Indiostes partial relationship.
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A QLASSIFICATION OF PR MURING SURAINS OF SADSFHALOMYILITIS VIRUSES

Thellerts Viruses

Group I ()t group II (3) G 313 (i

My 1o Pa
Colunbla 8K &0 Vil
Sohultz variant SENUNR AN I RIL NI NN EAENAINRIORIORBIRERD

FowellwJamieson Veriant The W¥, N¥65, WY reol 11, and 30 strains
. of Jungeblut and Dalidorf appear to
bslong to these groups.

 Prom the foregolng tabls 4t will be seen that all humen steeins
studied to date fall into three imeunclogiselly distinet groups, This
grouping does not seem to be related Lo the geographical srea of primary
igolation. loat of the stwymine belong to Group I, of wiich the
Brunhilde virus is the prototype. Group II streins appear to be
sharacterized by the faet thad they oun be afapted to rodents, o property
not shared by the other groups, Tha prototyps of this group is the
clageio Laming strain. Group III ie represented ‘é_z,r a single member
which differs suffielently from the othors to warvant its sepcration
{56 - 56).

The murine strains also fall into three slasses. Goup I (M)
insludes those which sve highly virulent for many rodeats inoluding
rats, wige, guinea pigs and hamsters. Thoiler's viruses, wiich are all
of low wirulense, fall into Groups II (M) and IXI (M), The one strain
in II (M) wes origineily isolated from the foces of normal mice, whilsh
those of IIX (K} have only been isolated frow the central nervous system

tissues of apparently normal rige,

*$ Refers to lurine groups.
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As Group I Human Streinss These are presented in tabuler form, based on
the work of Bodian, Horgen and Howe (58), supplemented by that of
Kessel end ruit (56, 57).

.03 ¥hore When Yean da'yn ist and

S4rein Source Isclated Isclated for deverity Severest
Yayelysis Taralysis

Branhilde Stool Foeol Baltinore 1539 8 Sev, Legs

Kotter 8400l Illinocis 1942 10 xild Arme or Legs

Frederisk Throat swabs Baltimore 1944 10 ¥ild Arms oy Legs

(abortive)

¥inneapolis OMO Mdnnenpolis 1046 8 Sav,. Legs

Yer oH3 WeVirginia 1540 g Vol Arms

Riley Stool : Chisago 1943 9 Zev, Legs

Sudesk 34001 Baltimore 1543 11 Mild Legs

Bedeh 3400l Baltimore 1041 ©11 Hod. Legs

HBF, | RS ' Oedro, Zgypt 1942 8 Sev, Arme

Brookman  CNS los Angeles 1656 -t vild -

VoK ONg Los Angeles 1935 - iod, -

On = Los Angeles - - -

0p - Los Angeles = - - -

Gu - Los Angeles = - - -

8. Group 11 8

Jhe lensing 3train was soleted in monkeys by Armstrong from the brein and

cord of a fatel omse of bulber poliomyelitis in 19%7. The Fourth ronkey

* Tio data svailable.
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pessage material was suscesafuily passed o eastern cotton rets (63), end
intar ﬁa mice, in both cases retaining the ability to ceause paralytie
symptome and characteristic pathology in menkeys. This strein, decause it
is transcissible in rodents, has been the one most used in experimental
poliomyelitis up to the present time., 4s previously mentloned (pege &)
there have been two umconfirmed glsims of in vitro cultivation.

Suscessful passage to shick~embryos has been claimed by Snright and Sehulits
{6h4) and Fowell and Jamleson (65), but in both gapes the recovered viruses
have subsequently been found to be immunolegieally unrelsted to the
original streins used (65 and this paper) and closely related to natural
murine ensephalouyelitis viruses, and so must bo regerded as conteminents
arising from latent viruses in the mice used for passage.

The MIF; Gtrein was isolated by van Rooyen in monkeye from = fatel sase of

polionyelitis (66). The strain wae studied and later adspted to sotton
reils snd mice by Schlesinger, lorgan and Clitsky (65).

The Y~3K Strein (Yale 3K) wes originsily iealat@dvin‘mcnkeya from the
feces of an abortive ocame of poliomyelitis by Trask, Vigneo and Faul, Later,
Jungeblut and Sandere slaimed to have adepted 4% to cotton rets and mice,
but the rodent pessage strain was no longer virulent for monkeye. Resent
svidencs has indicated that here agein, the material was contaminsted by
B natursl murine encephalomyelitis virus during passage and the orijinal
Y3K strein lost. Additionsl evidence for this conslusion is furnished by
the recont sugcessful adaptetion of the ¥8K etrain to sotton rats and
mios. In this gase, the resovered strain proved to be serclogically
identlenl %o the originael YBE strein end unrelated o the somecslled 8K

strein of Jungeblut and Sanders {66).
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Ihe ¥ (Mixed Virus, “Hoskefelier Mixed®) Strein, Flexner end Lewls

isolated two straine in 1909, Ome was deslgnated es the M4 or weak stredn,
and the other as the X or strong strain, These strains were later pooled
and the mixture redesignated 2s the MV strain (52), which has since been
extencively used in experimentel woerk deapite the fant thed there would
appear to be no gertaindy thet it is a pure strain., Keesel, 3timpert and
Fisk (67) sugpest thot since the strain now produces consistently severe
symptons, the MA strain may have been lost in paseage, leaving the pure
E strain,

In 1945, Tocmey, Frohring end Tekees reported the adaptation of the
HV strain to the sobtion rat (68).
The Wfd, (Wallingford) Strein. This strain was recovered from the medulla
and agim; cord of & fatal sese of poliomyelitis in Los 4ngeles in 1934
by Trask end Paul (55). Severe peralysis is produced about the eighth dey

and ogeurs in both the upper and lower extremitice.

Group 111 Human Streint The Leon Strein wes recovered from the sentral

nervous system of e fotel case of poliomyeiitis im Los sAngeles in 1937,

A very severe parslysic is prodused in the erms about the sixth dey (58),

Unolaesified Humen 34reingt

The AY (Aycock) Staein: This strein wee isoleted by Ayoosk in 1921 from

& case of poliomyelitis in Vermont. It hes since been psssed meny times,
and extensively studied (55),

The WE Straln was isolated in 1931 from the mssopherymm of an sbortive case
of poliomyelitis in Hew Haven by Feul and Trask, snd has been through meny

passages (QQ)T
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The HNew York 1951 (Flexner in was isolated from the medulla and
spinal cord of & fatal case is the New »":'arz‘a: 1631 epidemis.
The Mol Strain was recovered fron the mnépharym of an aboriivc tase of
poliomyelitle in Los Angeles by Feul, Trask and Webster in 1539 (55).

Group I (1) Strains (Vurine Engephelomyelltds)

The 3f Virus was resovered by Jungeblut and Dalldorf from the brain of e
hamster inoouiated with medulis and spinel cord suspension from a human
csase of poliomyelidis, ’L‘h,i:t hemster meteorial, in contradistingtion to
the original mumen material, showed the ability to produse peralysie in
cotton rets, mioe, gulnee pigs, and hamsters, but not in rabbits or
monkeyss This virus reashes the very high titer of lﬂ"n in wice by
the intracerebral route, and is alse effestive intraperitonesliy %o =
dilutien of w"g. The oral route is aleo suncessful (6L), ore
rosently this virus has been adapted to chick-embryos (&4),

The Jolumbia 8K Virup is the previously mentioned (pege 13) 83X virus

of Jungeblut and 3anders, now known %o bear no relation to the Yw3K
strain of poliomyelitis virus. This virus hes slso bee: suscessfully
adapted to chick-embryos (64).

Zhe !owsllmJemisgon Veriamt wes isolated by Fowsll end Jamieson during sn

attempt to propagate the Lansing strein in embryonsted egss (65).

Zhe Sehulte Vsrient was recovered hy Znright and Schultz, in a similar

ettempt to propagate the laneing wirus (64),

Theiler's Viruses: Thie group of viruses was eriginally diseovered by

Hax Thedler in 1934 in the mouse stook at the Rookefeller Instd tute,

Fow York, e designuted them vory deseriptively as spontenscus mouse
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encephelomyslitls viruses. JO (Theller's Uriginel) wes recovered from
the feoes of norma.l sﬁﬁek enimale and from tho breia and spinal vords of
mive showing spontanecus paralysis of the extrewities., Iowe strains are
pethogende ior sotion rets, but ne elraln hes so Dor been found whieh
will infest monkeys, |
FA and G0 VIJ Straios were recovered from broine ond cords of mles during
the sourse of work with oﬂﬁer virusea, but have not so Pfor been ragovered
from the intestinal contente of unige. These ntrains differ from the TO strein
in thet they give rise to encephuiytis as well ms jerelytic sigas, show
shorter lncubation periods, higher ﬁit.er, end greater isfestdviity by
poripheral routes. They are lummunologiceliy unrelated %o the TC strein.
The WF, WY 65, HY Pool 1I, =nd 30 strains rosoversd from wice by
Jungeblut and Dalidorf would sppear to belong to this spontanesus wouse

encephalomyelitis group (61).

@, [The Virus of Teschen's Disgase of Swins hos been proposed for admission

to this group of viruses by Gerd (12}, on the grownds that it showe cerdein
sizdlarities to both Theiler's viruses and the mumen poliomyelitis virus.
dowever, it would cppear that the evidenee ig far too incomplets to

werrant ite inglusion et the present time,
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This virue wee isoleted by Dr. BEdwin W. Sohultz in 1046 - 1947,
Frior to egpwpassage, the virus had been o typlesl low=titer, murine-
edeptod lLansing strein, and had been passed in mice for a periocd of over
four years. Oowetime in 1946, before eg -passege was sttempted, an

unusual ingrease in titer do 16"?

ogeurred. Delieving that the virus had
undergone mutation, Baright and Sehultz (64) cttempted and obtained
propagation in embryonated eggs. Subsequent pethologisel and serologiscal
studies by these workers supported the songept that the agr=pagsage
material wee a Lansing variant.

Criginal eggwpessage was mede using a Chemberiend h§ filtrate of 2 one
percent suspension of infested mcuse brain-gord tissue in halfestrength
Meréin's peptone solution. The Lﬁﬁa of this filtrate wag 10°7 and not
less then 1077 for the unfiltered matorial, Initial passage was made using
0ol 2l of this filtrete via the choriocllantoie route. Subsequent peassages
wore made using the ground heads end neoks of the embryos prepared in one
pereent solution of the same diluent., After the fifth passage, the entire
eubryos were harvested. Of o total of seventy~eight embryos inceulated in
maling fifteen passages, seventy~six percent died betweon the second and
sixth deys.

“bilet the material frow the egg-~pussages retained its high titer in
mice, its infestivity for monkeys wes diminished, OFf six wmonkeys, Pour
of whish were inocculated intrecerebrally with en undiluted L§ filtrate
of a one porcent suspension of Fifth egg-pmsseze matorial, and twe of which

wors inoguleted by the sswe route with undiluted tonth egrepasmsze materisl,
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none developed frenk pareiysis, or weli-defined cord lesione, although ail
the animels developed o definite awiwardness of movement. Une of the
three sscrificed in the first group showed peri~-vasgular cuffing in the
brain, but the fourth enimel of this group recovered without any residusi
manifestations, During this time, control titrations of the L§ fiitrote
werg nede ueing mice and cotion retes end the mﬁe was found to bLe 3.0”5
in the former, and lahh in the latter proup. HNeutralimation tssts
performed by Inright end Schults showed that vhen used in & 10°% diluti-n,
the filtrate from the tenth egs-pessage wes newtralized by an equal
volume of antl-lansing rebbit serum (final serum dilution 1:5), but not
by antiserume ageinet the Columbia 8K strain snd Thellerts 4D ‘E’Eﬁ e¥rain,
In 2 resent porsonal communication these workers expressed a change of
opindion, They now feel thet the variant is more closely relsted to the
Oclunbie 3K than to the original Lansing styain,

- The virus was received in this laborstory in Pebruory 1948, and
wag successfuily passed undiluted to zice and egrs. The material
cbtoined from the first egr-passige made hers wes celled Sohults I, end
thet frorw subsequent og:~passegss wes designeted Sehults II, Sehults

IXT and so on,

EXIARIMENTAL

Swiss louse.
tigthods
It wes first escertained, using Sehultz II diluted 1310 with emtract

broth, that the virus would produce paralysis in one hundred vereent of
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three W fouwr woeks old Swiss wise by the intraserebrel, intyunasal,
intraperitoneal, sulgudanecus, and intravencus routes: The orsld roube
wns alao tried, using food nixed with the 1:10 virus suspension insteod
of weter, with ouffislent suspension used to mare the dosage spprosivetoly
isOocs The ulge were previcusly etarved ond Yhan ohesrved to ses thud
all the foold wes enten within twenty mimutss after the mixture wis made,
OFf & total of sixtesn mico so incoulated only one developed paraiveia,
and four died at irrepuler dntervala withoud baving besase paralyved,
o subsequent use was meds of this roubs sirgs 12 was Felt thet the
one mouss Urobably bedume paralvesd as n resuld of rogurpitation of
vizus inbo the meeal pesseges. 5inos the virme infssted by the
subsutanscus route, further work by the intrevencus route wae nod dons,
because there wne no gardalmby that the forrer wee not the offsstive
route when injestion of the tell veln wan attenpled. |

in the above experimante; and 1n all oubsequent titwadlione in thle
stdy %o voiumes of inoculun used were me folliows:

RS2
Resege by Yarion fouten
IntreserobPal ssiesessvaenservsnoes Gl ml
Intraporftonsal ,.p.cssennevsansine 0030 @l
INBPravonoud ssesscsssssssvsnsrenvas Oull mi
IntPonadtl saesssasvessnnevenssrsse Ox03 md

GPRl cuevenssanscee QPIFOcinctoly 1,00 =i

Piret, & serios of proiiminer; titpations wo mede, weing dilutions

from W™ g0 m"':’. to dotarmins the apironimats titer-rengs in seeh onss,
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Next, the finmal titrations were set up in the reangse indieatsd by the

results of the preliminary tests, and tho combined resulte wers used 1o
caleulate the titers and the Lﬁ% in sach cese, secording to the method

of Reed and Fuench (70) 28 indioccted in Teble II.

IABLS 11
QALOUARICH CF THE PIFTY [SROSNT LETHAL DOSE
{iDgn) BY THE INTRAGERSBRAL ROUTE

Diiubion Desd Survived Sgsowmlation Totals Fraetion Dead
Deed  Survived

1/1,000 6 1 18 ' b 18/19

1/5,000 4 i 12 2 12/14

/7,500 35 2 8 4 8/12

1/10,000 & 6 o 10 - 5/15

1/20,000 1 7 1 17 1/18

Therefore the fifty rereont ID cceurred &t a dilution slightly greater
than 1/7,500, or Ligy e 3.875 (i.es 1/7,500 = 16+973,

ZABLE JXT
QALOULATIOR OF : HAL DOSR BY T8 INTRAPSRITOMZAL RCUTE
Dilutdon Dgad Survived fecumulation Totals Frastion Desd
Deed  Survived

1/5,000 7 1 20 1 20/21
1/17,500 7 1 13 2 - 13/15
110,000 3 8 6 10 6/16
1/20,000 3 2 3 12 3/15

Therefore the fifty percent LD soourred at a dilution slightly lesa then

1/3.3,(30(:‘, [} o mﬁﬂ » &’&0.
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Full Strength 5 o 13 0 13/13
1/10 4 i 8 1 8/
1750 2 3 i 4 4/8
1/160 2 6 2 10 2/12

Therefore the fifty pereent LD oosurred at a dilution of 1/50, or
w% &= 1‘599-

Disoussion

in compering these titers, il should bs teken into consideration
that the intraperitonesl dosage was ton times that by the other two
routes, so for mors correct comparison the titer by this route shouid

be multiplisd by 10. Following is & teble corrested in such mannert

ZABLE Y
QOMPARIS N OF s SFFSOTIVINES3 OF THREE RLUTES OF INOJULATION

BASED COH jiL. DC3E
Boute Iiter of Lbsg
Imtragerabral 1/74500 5.875
Intraperitonesl 1/1,0C0 3.000
Intranasal 1/50 1.6%¢

Henge, the intracerebral route is 7.5 times mors effective than the

intraperitoneal route and 150 times more effective then the intrensssi
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routes. This differease in titer may well be artificial, sinse if
the virus is evenly distributed throughout the enimal following
intreperitoneal inosulation, then the amcunt resghing the brain would
probably be much less than the totel injected. Again the difference sculd
be dus to insomplete pessage of the virus through the blocdebpain
barrier following peripherel administretion, A% the present time the
latter mechenism is not sufficlently well understood te allow for any
morg than gonjecture ss to itis operation in this situstion.’

The suprieing finding thet the Schultz verient would infeet by
peripharal routes, wherses the original Langing strain is effective
only by intracerabral injection, led to the susplelon that the virus
hed either undergons a marked varistion, or that vi‘t. iad become
contaminated with one of the murine emgephnlomyelitis viruses in
transfer previocus to egg=edapleation,

Jeutraligaddon teste with gonvoleseent human poliomyeiitds serume and
rim monk: iomyelitis &

Dospite the popsibility that the dohultz variant was not related
to the origimal Lensing strein, the efficasy ond ezse of the
intreperitonenl route suggested the possibiifty of using it & o
mouse nentralizetlon test for policmyelitis.

Hethods

Neutralization tests wore porformed in the following remner, The
virue was prepesred so that 0.1 ml. contained 50 ww ne titrated by
the intraperitoneal route. The convalescent serums wers diluted

either 115 or 1110, and mived with equal volumes of the virus
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suspension, Extract broth wis agein used as the diluendt. The mixitures
wore insubsted in & 37° 0, water~bath for two houre, ard 0.2 wl.
injected intreperitonsally into Swiss mice of an AVerags age oi‘
three weeks. Oontrol tests with snul-dghulte guinea pig serum,
normal guines pig serum, and in somse ceses normal monkey serum
were included in ewoh series. Four %0 six mice were used for ecch verum
teeted, and further studies were mede wherever the results suggested
the possibility of neutralismetions During the sourse of the
experiments, three separate lots of egg~pussage muteriel were

utilized, esch being previously standardized as to the LD, Animels

50°
dying within the first twenty-four houre following injestion were
disearded; deanth or paralysis nfter this period was token ss the
end-point and usually cdourred within a week, In all experiments

the animals were oheerved for ¢ period of two weoks aPter inoculation,
The ceoasiuvnal failure to sesurs ome hundred percent paralysis in

the control animals was found %o be due t6 the use of enimele clder
then four weeks, rather than to deterioration of the virus, whiczh

wes stored at -5° 2,



fime between onmed

d

Ll e £ '3
of Leme of ‘atient of prralysis end Anigals used
tast ‘ drawiug of serum
i Beleher 1 moe b4
z Hoyton Urlmown bk
3 Sureh 2 wks. &/ﬁ
4 lerris 5 wkee &/h
] Yerren 2 wks, 3/4
& Lemon 3 wks, E;,/!}
7 Jurry Unknown Ak
8 Hord i mo,. }f&
g Hammakor Unknown 3/4
Noyuai Contreols - L4
Immune Jontrols - o/%
Qlt*!Dil"i’i00000Q05%0*i0ﬂQ*Q.Q‘Q!Oﬂbi&lil*ﬁQt!&io-ﬁ«&iv’&
10 Suith 5 mos. 474
1 Klein 2 wiks, a/h
12 Owen 1 mo. Q/&
Normal Controls - by
Imune Comtrols - o/h
CARSLIEARARABRSBEROEBEY S Dih**’ﬁ'ibt.ltatﬂlﬁtl.bt 2p0ssnianons
22 Goalwell 4 yra. &/4
Shelton 4 yra, L4
Pugl 8 yre, 5/*
Thissel 11 yra,
17 Figher 13 yra, i/# b
18 Pabelquist 5 yra. 3/4
1o Jprmacheid S yra. Ly
Normal Jontrols - 3/4
Immmne Jontrols - o/h
ﬁi.t!!‘!ﬁﬁ'.l‘l*ﬂﬁ‘Qi“.i‘lﬁ"’ll’l!“!"‘*‘iit"'I. [T ERTER X¥ T
20 +1llen $ yra. 5/
23. Thillips 5 ¥roe 2/4 #
Fenworthy Aoute btk
23 Cerasten 2 wies, 2/4 =
2k Boklund 3 wkeo 5/h
25 Yolahy 2 wka, 2/h ¢
28 3isson 3 wkas 5/4
28 Riey 2 moa, 1/4 e
Normel Contrcls - 3/4
Immane Controls - /%

ciaﬁltbttitpnisfbo:dofoa»iasqwcacoi»blotctpontagfvaon.-annuw

® Aepresente squivoeal neutralization, ** Represents definites noutralization



TABLE VI (Contd.)

No. Time betweon onset  Animals dead
of Hewe of Fatient of paralysls and Animals used
tost drewling of serum
29 Benson 2 mos. 474
30 Heaton 1 mo. 5/4
31 llarling 5 yre. ‘ 53/4
32 Turner 1 yr. sk
3% Benodst 7 yrs, 3/ %
34  Fieree Unkmosm 2/ v
3% donzales 11 yre. 3/h
36 Jagkson 3 yrs, 3/h
37 Sendickson 10 yrs. 2/h »
38 viller 2 yrs. 474
3¢ Stiliwell 6 mos. 2/4 *
ko Kerr 5 yre, 2/h »
liormal Uontrols = 5/4
Immune Gontrols - : o/h
PEBPHE BI04 ENRARRANPRARDARARF IS VP RS RRO RPN PEERRB RN ISANERDEN
a4 Pedarson 6 mos, 5/%
2 Huger & wkas, Y
&3 Enab & wlke, f’.’f‘j
Lk Wedas & wke. . LYo
5] ¥arasoo 6 uls, 4f5
46 Sauelch 6 wos. 4/5
Hormal Gontrols - v &/
Jmmane Controls - /4
L A R Rl R Y Ry Y Y s iy
by ‘urser 7 yre. 5/5
&8 Follet 1 mo,. 5,/5
@ 33'0‘111 > M‘ 35 bia 5}’5
20 Frice 9 yra. 575
51 Jootd 5 ks, 5/5
52 Brown, G. il yra, 5%
53 Cole 5 yra, 5/%
54 Woodfield 7 wks, 5/%5
55 Koberstein 4 mos. 5/%
56 Burke 3 wka, - 5/5
57 VieFherson 7 wka, 5/5
voth 3 wka, - 5/5
59 Hedges 3 mos. 5/5
Normal Jontrols - bk
Immung Jontrols . - /4

* Represents eguivoeal neutraligation,



From Teble VI it will be sesn that only two of the fiftyenins
serums tested showed definite neutraligstion ss compered with the
normal gontrols., Thess two serume, Fisher snd Rlley, were tested in
dilutions of 1tH and 1110 on three ocvensicns, and the preliminary
reculte oconfirmed (Teble VIi). Seven of the sbove ssrume showed
eguivosel results, end twe, Thillips and Carsten wore seleated at
randon for furdther atudy. Sinee neither showed sny srotection
significantly different frox the controls in these oxponded teste
(Table VII), no further work was done on the other five serums showing

squivoesl neutralisetdon (Pable VI).

Timo betwoen onset Anlunls dead lNormel  lomune

Naze of Fatient of paralysie and imimals used Jontrols  Oontyoles
| o

drawing of sorum i

- deeck

‘ L

Flgher 13 yrs. 7/28 13/18 0/18 |

fley 2 nos. htz20 10/14 /14
Frdllips 5 yra. 11/12 6/6 /6
Garsten 2 whka. /12 6/6 /6

Ab thie time, hyperimumme monkey serums aguinst the Brockman ®,
Eotter #* (both Zroup I humen poliomyelitis viruses) and Lansing
strains wore obtained end tested in the same manner es the humen

serums. The Kotter and lansing antissrume geve no nesutrelizeticon

whateoever, but in the firet experiment the Sroclman entisorum

® Cbtained from Dy, Je PFe Epgsel, ** Obtained from Dr. I My Horgan.
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showed apperent neutralisetion. Leter titrations proved thet this
noutrelizstion was not signifisantly greater then that produced by

normel monkey serum (ses gontrols, Table VIII).

Antiserum : Animale deed Hormal Inmune
Animals used Uontrols gontrola

Kotter 18/22 12/47 /17

Lansing 16/18 9/13 /13

ecﬂmta-itqnooﬁimad;i&tgtpé;tnttiua.’océq&i&»ottgqnvqovtngb't(*&e

Brogkman First
rosults o/h 3/4 o/h

A R Y R NS T T ey s I

3ubsequent
experiments 50/42 2h/28 /30

Finelly the W sirain of mouse encephalomyelitis virus wos obdained #
and tested with the 3ehulbz variant hyperimune serum. The results show

that the two viruses are slosely relatedi-

8
. inimals used
Tept Wles Hormel Qontrola
o/10 12713

% Froum Drs Q. A, Bvans,
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Discussion

In the sourse of these experiments, the Sohultz verient has been
studied with regard to its use as o weans of meusuring antibedy in
serums from hyperimwune monkeys amd convalsscent human poliomyelitis
soses. The virus did not prove to be of velue for this purpose ms it
was neutralised by only two of the sixty-two serums tested, whereas it
hﬁa long been lmown that about sevenby=five pergent of the random
ropulation garry entibodies against the Lameing virus (66)., Thie
obeervation, together with the resultes of the neutrelization tests
with the MM virus support the sonslusions of Schults * snd of Powell
and Janleson (63) thet the egg~edepted varient belongs o Group I (M),
and probebly wes cpguired as o contaminant during mouse pessage previous 4o
oge adaptation. In view of thess sonclusions, it is Pelt that Ffurther
studies of this virus will not be useful for the slusidation of the

properties of the humen poliomyelitis virus.

% Personal communiention.
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Iv.

nisgidon dne V. »

In the first experiment four mise were inoculeted intraperitoneally
with 1.0 ml. of & five rercent suspension of Lansing virus in
physiologieal ealine, Immedictely following injection, they were
sxhaueted by swimming in o tank of ¢old water, At the ond of seven
wacke, all animale weres in apparently good heaith,

In the next trial, twelve and onewhalf percent glyocerin wes added
to the virus suspension, end the following more intensive regime was
adopted: Each wouse received 1.0 ul. of virus suspension twioce daily
for two days, esech dossge being followed by exhaustion zs before.
Twelve days after the first injeotion, one mouse developed paralysis
of one front leg end wae seorificed. Brain, spinel cord, liver,
lung, spleen and gastro-intestinal trect and contents were all removed
and stored ot «~6° 0. fo other mice showed any symptoms up to the
Pifth week at which time the exporiment wes terminated.

In o third experiment, a ten persent suspengion of brain rnd
cord from the parelysed mouse of the previous triel produced parelyein
in five of six mlee into which it was injected inmtreocerebrally in a
dosage of 0.0 ml., but showed ne effect at the snd of the fourth week
in four mige inoculated subcuténecusly with 0,% ml., or in six mige
incgulated similarly with 0.5 ml. of virus suspension containing
five percent glyesrin, followed by exhsustion aa bafore. The liver,

lung, spleen and gustro-intestinal treet (treated for twenty~four
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hours with ether to remove besterial flora) were all tested for
vime sontent by inteecersbrel injeetion of 0,05 ml, of ten
pergent suspension in extract broth. <Cnly one of four nice in the
gestro-in estinal troet group developed reralysim, und subsequent
peapage of the brain and cord to six edditional mice produced
peralysie in all vases.

4% this point, en wneuecessful attenpt wes wede t0 reyeat the
originel produstion of paralysis by intraperitoneal injection end
exhonstion, This result led to the suspieion 4hat we had been
dealing with one of the spontenecus mouse ense holomyslitis viruses,
80 we next prepared an etherised suspeneion of stool frow normal
stock mice and injected this intracerebrally lnte four mice, ons of
which doveloped paralysis in tweniy~four deys, meldng i% highly
probuble that our surmise as o the ummasking of ¢ latent viyus in our

stock mice was corregt.

An Mteupt to Abserd the Lensing Strein om to the Zryihrooytes of

i g Jpecles:

in this etudy, five percent virus suepemsion wos mixed with equal
volumes of washed humen (Type 1V), guinea piz, rabbit and mouse
srythrooytes. The mixtures were incubated in duplicate at room
temperature and at 8% 0, Following incubstion, all tubss were
sontrifugalized and the oupermatant fluid withdrawn. BZash of the
sediments and ea¢h of the supsrnatant fluids was injeoted intra~
eerebrally into four Swise nmice.

The results of this study showed that the virus remained in the

supernatant fluld rother then the erythrooyte sediment, in sll casas,
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C. An &¥tempy to Insctivete the Lansing and MBF, Strains, end the

¢ Varient, wi n_Er 8.

Erythrosytes from two convelescent poliomyelitis patients, four
retients with no history of the disesse, end one guines plig were
washed and added to equal volumes of & five psreent suspenaion of
;.q.r}singviml‘ The mixtures wore incubated ai room temperature for
two hours and them mixed thoroughly and in jeotad iaméambmlly
into 3wies mice, Some apporent insctivetion wes obssrved in two
eases, but the controls were unsatisfaotory and subsequent trials using
the more reliakle HEP, otrain showed that none of the erythrocytee
used exhibited any incctivetion, The experiment was repented using
the Sechults varient under the assumption thet it was a Lanaing |

variant, but nere agein the results were entirely negative.
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