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In men and experimental animsls, the immune mechanisws
associabed with virsl infections appesr to differ from those asscciated
with bacterial infections,

It is recognized, st the onseb, thet to group all viral
infections topether is probably erroneous. 1t is the some s asssuming
that the mechanlsme underlying disease producsed by the pneumsocecus
sre the same as those produced by the tubercle bacillus. That there
doss appear to be a difference between groups of viruses i well
exsmplified by the end-resulis of disense produced by the Enterovirus
EPOUDS.

Poliovirus infections have & potentially lethal end-reault.
Coxsackie and Echovirus infections have inverizbly & benign end-result.
This difference, within & group of viruses possessing almost identical
physicsl snd blolopieal charscteristics, appears of paramount isporiance.
1t sugpests that the difference 1s move elosely ailisd to the immuns
mechanisns of the host rather then to temporal changss ocourring in
the infecting viruses. Additionsl reasons for this statesent will be
given later on in this text,

Furthermore, it is known that specific sntibody ecan combine
with virus and neutralize ite infectivity. This can be demonstrated

with relative ease by both in vitro tests and in vive tests using

mainly laboratory enimels. Houwal deportance is placed on such tests
when considering infection caused by any of the three groups of Entero-
viruses, Howewer, such an sssumption mmy be guite mislesding for it

1s well established that mon is the only nstural hest for the Pollovirus
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types bub bhal some aninals are paturel bosts for meny Zehovirus and
the majorliy of Doxsackle virus bypes.

&ntibody is somebhing tongible and ces be sonvenienbly
aeasured. This, togebther with the fact that 1% coumblines with, and
nevbralizses the infectivity of, & specilic virus have besn the rensone
why humoral factors have bsen considered the predominant wechanism
responsible for vival Lmwunilty. That this asy not be so, has been
impressed uvpen us for bhe folloving recsons: -

{1} The fallure to desopstrete clepuloting sniibodiss in
some Individuals Tollowing & rebtuwrsl or arbiflicisl vives Infection,
or following injection of killed wirus waccines. Such individuals
appear to be no more suscepbtible o virws infsctlons than those
possessing circulaling artibodies. These individusls bave noraal
levele of gamms-globuling can prgéueé entibodics following Lacterdal
infecbions; and show noraal resistence to such backerial infectlons.
Hemmples of such have been geen amongst our own laboratory techalclisns,
nurses and aldes st the Muniedpal Hospilal, YWinnipeg, during tvwo
poliomyelitis epidenmics, and the author's own lmmune status in regard
o eirevlabing antibodies while worltlng with active cuses of infectlon
during two peliogyelitis epldemics.

{2) Individeale suifering from disesses in which dysproteine
semia 1is s feature often lose thelr abllidy to produse & debeclable
level of both bacterisl and viral andiboedies. Duch individuals sppesyr
to be more gusceptible to bacterdal and fungsl infections. Exanples
of dyspreteinsania in which this defect has been commonly reported

include multiple myelone, nacroglobulineanlia, cryoglobulinesmis, or
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sonbinations of the @h?@&,l

(3) 4 case of landry-tuillsne-Barrve disease investigated in
our 3&%@?&%&?3,2 Following previous adeguate antigenic stimulation
with Salk vaeeine, the patienbt, & dson year old boy, responded with only
a low bitre of cireulating antibodles o type 1 Poliovirus,

An Hehovirus Lype 6 was isclated from a ssmple of his cerebro-
spinsl fiuid and was considered a contributory factor in the atiolony
of the syndrome. Only a very low titre of Hcho b antibodies were
detected in the boy's convalescont serum apeclmen,

Paper elecivophorssis revealsd an sssentially normal pammae
globulin level. The u-1 fraction was missing, but this finding was
later shown to be possibly an artefset, Although pavslyzed this boy
sventually recoversd completely and while possessing an essentially
noraal pammaeglobulin level obviously suffered from some immunoloplieal
defeet, ne yeb undetermined.

{4) Bxperimental infections of human wolunbeers with vaccine
strains of Poliovirus show no relationship between the sability %o

subsequently re-infect these individuels, and the level of circulating
antibodies they obtain ﬁ@ll@wiﬂgviﬁfﬁéii&ﬁ.g
{5) Cases of hyyeg&mmﬂglabﬁliaa@mia, who possess marked ganmle
globulin deficiency, show an inereased susceptibility to hacterial
infections, particularly those caused by gram-positive cocel. Yet
these cases are pald to show normal viral resistence, can be vaccinated,
exhiblt a norsmsl teke, bub do not devslop cireulating antibodlies
following such ?ﬁﬁﬁiﬂ&%ﬁﬁﬁ.h

{6) The variety of responses obtained to vaccination by the
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Yaccinis virus wader serbtain delined c@ﬁéiti@ﬁa.ﬁ’é These are as

followss -

may result in -

i) & normal take but & failure to develop destectable

eirculating antibodies.
34} A novmal teke when glven %&ﬁﬁiﬁiﬂ~5&§§n$\g&m&&=

globulin prior to vacelination.

B) Resctions in Individusis with Horwal Usmma~globulin
Levels -

i) The oceurrsnce of generalized vaceinla in children
with no abnormal skin lesions who slowly develop circulating antibodles
and who sventuslly recover.

ii) The oceurrence of generalized vaccinia in children
who have eczesa - shown by two typss of reaction: =
{a) development of aniibody with either recovery or
death
(b) do development of antibody snd when given gemud-
globulin passively may eiiher rescover or die,

) lixperimental Infections in Animals -

1) Cornesl tissue, taken from rabbits immme to vaccinia
and possessing eirculabing antibody, when grown in tissus culture has
been shown to be just as susceptible to vaccinia infection as corneal
tissue taken from & non-immune rabbit. This suggests that eirculating

antibody is the predominant mechanlss of proteection in this inﬁtanc@‘?
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i1) Following administration of Vaceinla virus animals

usy develop complement-fixing, agglutinating or precipitating antibodies
yeb fail to produce any neutralizing a&tih&&i@&.g

{7) Hypogammaglobulinaenic patients appear to possess
jmmunological defivisncies as demonstrated by challenge with various
bacterial asntigens, yet they do not sesm to have an unusual suscepbibility
to tuberculosis. |

However, patients with Hodgkin's Disease often exhibit rapidly
progressive tuberculosis., Furthermere, pabionts with Hodgkin's Disease
ofben fail to exhibit allergle resctions of the delayed type.

The peneralized response of the body Yo virsl infections
includes certain histological features similar to those seen in
diseases possessing a delayed allergy component, for example, tubereculosis.
These features appsar o bs the bodyls response Lo Lissue necrosis or
destruction. These facts are inberssbing, in aw much as they suggest
that delayed allergy may be & fundanentel defence wechaniem which is
independent of, or may precede, the production of cireuluting anﬁihﬁdy.?

{8) The resulis of Policvirus antibody surveys In the literature
support the contention that thers is no sonslsient or proportional
relationship between infection, or resisiance to infection, snd the
level of detectable cireulating neubralizing anﬁﬁhﬁéy.s’lﬁ’ll

7% vemslns that measwrable levels of neutralizing antibody and
the actusl immune stetus of an imdividual are often at varisnce. This |
is besb seen in the phenomena asscoiabed with the varlous facets of

Poiiovirus infections inm woen. It was, thersfore, fell thel an

?i«m@ww\v AN HEMTH SCIENCES LIBRARY

i
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investigebtion inbo this mebier, weing Peliovirus infections in hunsns
as o model, would be advantagsous for the follewing Feasons: -

(1) The potentislly lethal enderesuli of Poliovirus infection
in children and sdults is an ever-present problem of the first
magnitude to all groups in our soclely.

{2) Opal live abtenuated Foliovirus wacceine was belng made
available, and actually belng adminlsbered to, ehildren in @ﬁﬁﬁip%g.
This advent provided an ldesl opporbunity to investigute sctual human
infection with & live virus. This represents an exanple of & wirus
infecting its natural hest. This elivinstes possible false assumpiions
which may arise due to the necessily of tranaposing resulis obbalned
from the experimentol infection of aninals, to thab of humans.

{3} The faci that these ehildven wers sll vaccinated with
killed virus vaceing prior to oral vacolne feeding provided a further
opportunity to compare in 8 llmibed manner the different manifeatations,
if any, between two differenit mebhods of Poliovirus lmmunization.

{4} From our own work in the leboratory, and a perusal of the
literature, it appsared thal the key to the banic wechanisms of
Immunity could very well be found in the differsnces seen between
registence to virus disessos and basterial dissases in gensral. In
addision, the differences sean betwsen the polentially sericus, or even
lethal, end-pesuld of Pollovirus infections on the one hand, and the
invardably benlpgn snde-result of infections saused by the blologically
sindlar Echoe and Coxsackie groups of viruses on the other band,
provide an sven more subble distinction worthy of lavestipstion.

{5) Tne laberatory lests used in Poliovirus anlibody estimations
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measure the sbility of antibody to neutralise ackual virus infectivity.
This eliminates the inconsistencies known to cccur betwsen neubralising,
sonplenent~fixing, preciplisting, snd agplutinabing antibodiss, This
proposed sbudy was thought, slse, to provide an epportunity to
jnvegbipate the relationship of these differsnt types of antibody to
ong another,

This present study arose a8 a consesusnce of the above

penaiderations.



OF POLTOVTRES LNFEOT
S5 A

A consider fachks conperning the sugpesbed
mochanisn of Pollovirus infection in men, together with & cvomparison
of the lmsune vhenomens assovlated with natural infecbion, arbifieiasl
infection with atbemusted live vaceine wirus, and the adeinistration of
killed virus vaceine, mey wiravel some of the apperent inconsistencles
of the role of eclreuvlating antibody in Foliovirue iomunity.

This is & complex problen. The swperimentsl and epldeniclogical
evidence uged Lo support the facts stated in the followlng mechanisn
are of eonsiderable magnibude, but 3t is felt thab a proper understanding
of the problems invoelved cannot be obtained uwnless these are mentioned.
It is the vicus bops, rather than belief, thai this wlll not be boring
to the resder bub may even be of soums inlerest.

In ap abtenpt Lo singdify the probiiem u schemablie diagraw of
the suggested mechanisn of Polioviras Indecbion is shown dn Pilgure 1.

The experimental, epidenielogical and histopeihologicsl stulivs
resulting in the statements made concerning this mechanism will be
spumerated and stress will be laid upon polnts aboul which there is
pone contenbion.

Hueh of the Iundsmental experimental work hoas been done by
he Bo Bsbin. From necsesity, a considereble proporbion of this work
had to be eonfined o higher simlon anlmals, and slwost every point
suggested by Sablp hes been guestioned ab one tlge or ancther by other
yeliable vorkers. It is pow clesy that much of the dispubed material

bas boen the result of the use of different animals, by different
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workers, in thelr experimenbts. Due to the recent widespresd ade-
minletration of live oral virus to husans, the position has now
besn somewhat olarified, most of Jabin's original work has been
vindicated, and the following facis now appear te be &ﬁﬁ&%&i&h&é.ﬁ’lg
{1) The pharyngesl mucose of the chimpsnsee is more
susespbible to infection by Pollovirus types than its intestinal
WICOSA .
{(2) The intestinsl muecoss of the chilmpsnzee 1s mors susceptible
to infection than that of eynomolgous monkeys.
{3) The intestinal mucosa of man is more suscephbible to
infection than that of the ehispansee.
{4.) In both nonkeys and chimpanvees the newrones of the brain
sbem are more vesistant to infection than the nsurones of the spinal
cord,
{5) The neurones of the chimpanzee are mors resistant to
infection than those of the monkey.
Those facts are important because n considerable amount of
the evidence used to describe the probable sepuence of events following
Poliovirus infeetion in man has besen transposed {rem sndmal experimentation.
Figure 1 shows the auggﬁaiﬁd mechanien of natural infection
by the Poliovirus in hwsans. The usual porial of entry of the virus is
the mouth. A1l workers seem to be in general sgreemendt with this
statenent. It appears that the virus does not multiply o the
epitheliuvm of the bucesl muecosa, gums, tongue or nasal mucosa bub
readily sultipiiss in the epitheliuwn ef the thrgat.3*12
It is of interest that pharyngeal mulbiplication cannot be
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produced in volunbeers unless &b leusl one mililon tiesus eulbure
infeotlive doses of the virus are ;iﬁaﬁ.ﬁ’lg Such a high dose can
rarsly be bransmitied during nstural infoction, and yeb in 80 per cont
of Poliovirus infecbions the virus can be isolated Irom the throat
during the first week of the illaess. It is contended that this may
be due to the abilily possesssed by some strains of virus te infect
the phapryngesl bissues wore easily then others. here 18 no sbsolube
Fwaaﬁvtha% this is se, bub 1t does, however, remain a deflulte
possibility.

During the first week aftor the onset of symptons an
individusl is considevsd to be capable of transmibting the virus leo
pthers. becasuse of this, virus of @%éryngaai origin is thought to be
the wain csuse of nabturel transmission. However, studies wilh volunteers
who were fed abbenuated virus show thal petursl bransmission can oocur
qai%% effectively, even when the sourcs of the virus is not ph&ﬁyﬁgaa}.lh’lﬁ
These studies have alse shown bthet orslly sdwlnistered virus may
veproduce well in the inlestinal a?iﬁh&liu& bub not ab all in the
pharynx, in persons possessing & high homotypic antibedy le?el.; This
suggests bhal the surfuce ¢eils of the pharyux are probected by
anbibody present in phavyngeal secrelicus much in the zsaue manner as
it has been shown that pharyngeal seeretions conitainlng sntibody can
protect against influenzal iﬁf&@%ﬁsﬁ.

Tuenty-four bo forty-eight hours afier ingestion of the virus,
iv 8%&?ﬁﬁv%$ wulbiply in the inbestines. The cells in vhieh ithis
malbiplication takes place are g&i& %0 be those of the lysphold tissue,

which is present in considerabls guantity along the whole length of the
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2&%&3&&&@%.16 Sabin, however, says that the virus multiplies firet

4 in the superficial cells of the sucoss and then may further replicate
in the reglomul Iymohold %iﬁau@.lg This apein is & conbentious point
and from the experimenisl ovidence hag certainly not been proven bsyvond
guestion. |

Following intestinal multiplication the virus may then spread,
wia the bloud strean, to the cenbral nevvous system. This appears o
be well supported by experimentsl évideﬁc@ which involves the deisction
of vi%a§§i&'aﬁ appropriste times durlng the infectious cyele. It has
besn well established that spresd from the gud %o the cenbtral nervous
svshen can be prevented by an adequate level of circulating anbibody,
{This éiﬁg@ of the infaeéi@n may be & orucial poind in wany individuals)
The final ouanbity of virus reaching the central nervous system might
possibly be influenced by one or both, of two factors; (a) the amount
of virus present in the blood during the virsemic stage, and/or (b) thé
speed with which the infected individusl can produce an adeguate level
of eireulating neubtralizing antibedy.

Bodian has stabted that ths vivas spreads dirvectiy ﬁhﬁ@ﬁgﬁ
damsred blood vegsels in the intestine or throst amd thus reaches the
sentral neyvous gysbem directly, snd that the sein function of
cireulating anbibody is to pravent inter-neuronal ayr@ad.l? Thia,
however, doés not seen likely because during the TFrancls Fleld Trials
with Salk vaccine snd pooled pams-gleobulin, the sdministration of
gamma-plobulin 2t an opblunsl time should have resulisd in an all-or-none

phenomenos in regard to central nervous sysbem lnvolvesent and subsequent

paralysis. The field trisls did not show this.t® No difference was
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found im the inclidence of nopepsralyiie poliomyslitls betwesn losis

and conbyols. ‘There was, however, significently leses permanent

paralysis and significantly more ninor and Stransitory paralysis in

the treated cases than in the untrsated controls. 16 has been asswsed,
therefore, that the ability of sn infecting virus strain to produce a

high level of virsenis is of great importanve. If the virus roaches

the cenbral nervous systes in sufficient quantity it may cause destruction
of many neurones and subssguently produce permanent paralysis.

Attenuated strains of viruas are kvown to exist which can mudtiply
extensively in the alimentary tract; but produce no sipgnificant viraamia.i?
The smount of virus rsaching the central nervous systes would sppear,
thersfore, Lo be extresely ismportant. Although Sabin and other workers
tend to iﬁcri@iﬁata a difference in virus strains ss beling responsible
for extensive viraemia, this point is highly contentlous and will be
considered later when the characheristics of infecting virus strains
will be discussed.

Clrculating neutraliszing antibody in the blood appsars fo be
responaible only in part for the fmmunity resuliing from a nstural
infac%i@n. The other is most likely a cellulayr immunity. In some
instances the appesrance of circulating antibody i extremely rapid,
being detectable one to two days after the onset of 8ymgt@aa.zg This
may be important, and may be a reflection of the host's immune mechanism
rather than 8 reflection of the virus characteristies. Durlog, or
immediately following, the viraemic stage there is conslderable belief
that tissues other than the gut and central nervous system can support

the sscondary reproduction of infecting virus.gl This point is very
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conbenbious. Obviously during the vivsemic siage, virus ls present
40 all vaseular tlssues in lerge cusnitibles. However, it has been
ghown by aniwal experimentation using monkeys, that following intrae
speular or subcutaneous injection of live virus, secondary viral
reproduction appesrs to take place in the regional lymph nodes. This
has been determined by serial time estimation of the virus titre in
these timsues. This is contentious. It does not confirm virus
reproduction in the nodes, ss reproduction may oceur at the primary
site of inoeulation, but because of drainage to reglonsl nodes appear
there is higher concenbration.

Hpread to the eentral nervous system proper appesrs 1o be
via reglonal perve ganglia. This, spgain, has been shown mainly by
anifual ax@arimﬁﬁta%i@n.al This is used to explain the apparently
greaster frequency of paralysis oceurring in the same 1imb in which an
Incompletely insctivated virus veccine has been injected.

If the virus reaches the central nervous system in sufficlent
guantidies then neurcones oan be destroyed. The extent of this inlection,
and the number of neurones destroyed, debtermines the end-result of the
infection. If 8 large number ars destroyed severe permanent paralysis
or aven death may result. If a fewer number of neuronss ave destroyed
& single susele group may develop permanent weakness but the patlent
regovers and is left with only slight or moderate disability. If only
a few individusl neurones are desiroyed then their correspending
smusels Tibres will degenerate bubt may be so few in number as Lo cause
undetectable olinical manifestations, It is abl this point in the

infectious cycle that Sedian feels cireulating sntibody has iis greatest
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effect. In other words, if sufficlent subibody is present it will
stop interensuronsl spread.

A brosd summary of the process usy be conabrusd as follows: -

{1} Virus enters the host cell bhrough the mouth.

{2) Virus replication may thsn teke place in the tissues of
the alimendary brackb. IT this oceurs, it doss so inverisbly in the
Intestinul tissue and often in the pharyagenl tlssue. The setual cells
in which the virug replidates have nob, ss yoit, been sdeguately
determined. Therse fs 1lttle doubt that free exiobting elrevlabing
anbibody can modify pheryngesl Infection. There le some, bab less
daefinites, svidence that such antibody can modify intestinal infection.

Therse is much o swyy

3

et that inbestinal reslebance o sirsl replication
ig dus to o factor or Lactors olher then antiboedy and as such
vepresants & form of vsllulsy Lmamity.

{3} Following intesiinal muliipllcation the virus may enter

the blood stream, Gilrveulating anilvody may exert ils greatest pro-

{4) The virus then miy, or may nod, veach and infeet cenbral
nervous gystes cells. Yhebther or nobt ib causes minlmel, noderats or
wids-gpread destruction of nsurones ageln appears to depend on bthe
presence of, and the level of, newdbrslizing antibodies In the blosd and
inberstitial tlssuve fluids.

The above is the gost likely and the wsosd wsusl mechanisn of
Foliovirus infection in mun. Obther sschanisms may sxist bul are probably
uneomaon.  An exfaple of such mey be thoss due to initlal Introduction

of the virus peresberaily {nto tissuecs other than the aliuenbory tract.
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1t may be seen that following natural infection both
antibody snd Lissue resistance of the alimentary tract appesy to be
concernsd with the resulbing fmunity, and that eireulailsg snbtibody
is mainly effective in preventing spread from the site of primary
infection %o the central nervons systesm and that 1 may have some
effect in modifying » subseguent re-infection with the same virus type.

In other words, the presence of elreulating andibody can
influence the progress of the infectlon once it has been sstablished
or can influence the progress of a gubseguent re-infeatlion, but appears
to play very little or no part in the prevenblon of the initial
infection.

With these facts in mind 14 may now be advisable to see how
various facets of the process may be modified by (a) prier natural
infection, (b) artifical vaceination both with live and desd virus,

{e¢) varistions in factors concerning the host, and {d) variations in

factors concerning the infeciting virus.



Til. FAGTORS POSSIBLY IRFLUSHCING THE COURGE OF THE THFECTIOUS FRUGESS

in general il may be considerad that for a particular
infectious agent its ability to cause disease, in its natural host,
is dependent mainly on variations in the following: -

{1) The characteristice of the infeching apgent.

{2) The extent and mode of the communicabllity of thle agent.

{3) The charscberistics concerming the host whieh are bolh
pgeneral and specifie.

Virulence is concerned mainly, bub not entirely, with the
characheristies of the virus itself, Poliowvirus virulence, for the
purposes of this discussion, may be effectively defined as the ablility
of the virus to produce disesse in the central nervous systen of man.

Factors concerning the characberistics and comsunicabllity
of the infesbing virus, snd factors concerning the defence mechanisms

of the infected host, will now be considered.

Fagbors &
It has been shown thad bhere are great wvaristions in

pnaturally occeurring siraine of each type of Pellovirus. This has been
shown wxg@rim@nt&ilygz by Sabin, on epldeniolegical gr@uadﬁgg by Howe,
and on the resulis of studies involving the recent mass feeding with
orai ilve ?&ﬁﬁiﬂ@ﬁ.g The more virulent strains (as dewonstrated by
animal incculation, and the paralytlc rate in husan apidenics) do not
produce paralysis in )l individuals infected. There is ne definite
evidence that pew antipenic strains of virus have emerged over the last
few years. & highly neurotrople virus sirain can be avirulent after

oral sdministrabion because it eannot reproduce in the intestinsl tract.
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Some straine fed erally sulbiply easily in the gub, bub if injected
parenterally il to multizly in reglonal lyaph nodes. Haturally
ccaurring strains differ in their capselly to produce disesses, and

there is poor correlation between wonksy neuro-virulence tests of
these straing and thelr appsrent wvirulence in m&mg3’13

Yirus sireins from humans with inappavent infections usually
are of low monkey neuro-virnlense. Yet, atraine from severe epldenics
show no consistent difference in regard to monkey neuro-virulence from
those strains isolsted from patients with inapparent infscbions. This
was shown by the fael that chimpanzess inoculated intra-suscularly did
not develop viraemia, snd did not exerete virus in the faeces. It was
considered that, ae this virus was unable Lo resch the eenbral nervous
system, it was, therefors, probably harmless,

& sirdler vhenomenon vas shown by Pvans who used one highly
virulent strain obbalned from the Chesverfield Inlet culbresk of
epldenie peliomyelitis, and other strains, which were avirulent
epideniclogically, and which were oblsined from healthy Iouisiana
f@gili@a.zﬁ By inosulating the akin of monkeys ib was shown thet the
Chesterfield Inlet strain readily smulbtiplied and spread to the rest of
the body. Ons of the loulsiapa strains, although avirulent epidemio-
lopieally, also mulbiplled snd apresd readily.

In an attempht to correlate nsure~virulence for monkeys ant
mmans with in vitre characteristics many different types of “marker®
tents have been developed. These markers conslst of lsboratory tests
that reveal eertaln characberistics which sppurently are a genstically

deberained funcbion of different vwirus straine. These markers are ag
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followsg: -

(1) "0 Mavkor™

’ . This was the ssrliest perfecied marker,

A Poliovirus strain of low virulence {L.%c. - an stiepuaied straln
derived from ite virulent parent Mahoney strain) failed io produce, or
only prodused small and slowly develoning nlagues @f'ﬁﬁg&nﬁyaﬁiﬁn in
cell suliures under an agsr overlay. Thisz was considered to be a
funcbion of the bicarbonate concentration of the nutrient media. Since
this bime, howsver, some weork done by bthe Fussians has shown that the
sodivs don in the real factor and the *0Y aparksy esn be reduplieatsd
by varving only the sodlun ehlorids Qﬁﬁ&%nﬁ?&ﬁiﬂﬁqﬁ It is zongidersd
to be useful as » genetis marker of atability. Tests on nabtural stralns
show that those producing paralrtie digease ave usunlly "I positive,
Howsver, strains from silent infecbions, i.nm. clinleally sympltomless,
gan be either "M positive or #0% ﬁ@g&ﬁi?%o3’25 Thare 18 no Indication
thet epldenislogleally nild straips are different from naturally

securring virulent strains in regard to the "D warker,

{2) #,8.% ﬁéfkgrg? - $his 1s 2 mavker which is determined on

& stable continuous line of monkey kidney cells and is shown by whether
the virus will or willl not grow omn these cells. Whebher they grow ov
nob, differentiates the virulendb pavent strains frog thelyr laveratory
sub-gbraing,; which have been attenuated by selection and propagatlon
in the laborabory.

Tha *3,8." parker also doos nob show any difference betuesh
naburally occurring sbtraineg isclated from paralytic cases and those
obtained from symptomless corriers in communitles free from clinical

polionyelitis.



{3) mv sagker® - ‘“ﬁmim, able to mulbiply rapidly and
produce high virus yields &b 40P were virulent when injected lnko
BOTREYB . -’mg se are designebed *T positive. Those which gould nod
grow rapidly et 400 were wsaally of low virulence. These ars

designated "M negabive.

(4) mur lark )

‘f*.a*ﬁ;s?:& = Thig is & merker which dilferesndisie

virulendt from ablenusied strains by differenbial abporption and elubion

of thuse stralvns on celluloss coluwns,

- Within some Pollowirus tLypes,
strains exlaet which 41ffsr in the rate st whish they are veatralizad

by homologous and heterclogous sntissra. A moddfied form of this

=iy of incerporabing

A

tost has bean devissd by Wseker snd consishs aln
speciliic sniiserus in an agey overlay followiag infection of an under-
lring monolayer of wonkey kiduney cells by the virus straln uwwler @%@t.sﬁ
The averspe disssbers of the plagues of oytopathogenic effect produced
are taken ap the indieation ss to whether ithe virus iz virulent or not.

Humerous obher markers bave bsen desoribed In bhe 1iterature
but thess have nob been adsguately investipated and a% the poment are
not yet aecephed. A fow of these ars as follows: -

{1} Absorption, at an seld v, and elubion at sn alkaline
i, of wirus strains on sluwsinun hpdroxide @@&.S

{2} Virus strains shown to have a oysitine dependence and
othurs which are inhibited Ly the presence of oys %in@.ﬁ

{3} Bovine snd eguine sera condain certaln inhibitors of

virus infectivity. The difference between various sbrains of virus

in regavd %o thelr sbility to infeed, in the presence of thess serum
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inhibiteors, apparently giva& sone reasonable diffﬁranti&%&aﬁ.g

{4) A human marker has been described which shows that
certain sbrains produce lower placue counts on human tlssues than on
fresh monkey kidney %iﬁ&ﬁﬁﬁ.g

It cap be considered, however, that no individesl in vitro
laboratory marker by itself is a good criterion of virulence. The
best eriberion of virulence is still the wonkey virulence test. Frem
this it does not seen unreasconable to assume that the ipitisl
dharacterletics of an infecting strain of Poliovirus, as debermined

by anismnsl and in vitre laboratory narkers, show no repgulsr or

consistent correlation with the ability of the straln %o produce, or
not produce, paralytic disesase.

Thereflore, the preperties of the virus itself initially
gsannot sccount for the major dilfsrences betwesn those persons who
suffor paralysis following infection and those who do not.

& furtheyr posslbiliiy is that disesse of the central nervous
systom cccurs only in persons in whom the virus rapidly mutates to
greater neuro-virulenes sarly in the stage of intestinal infection.

This 1s conslidersd unlikely for the following r@ag&nsxzaw

{1) Virus obtained from the central nervous system of
monkeys possesses no greater neurc-virulence than virus obtained from
the faeces of monkeys.

{2} Infeetions of cynomolpous monkeys caused hy feeding them
infected brain tissue fail to couse paralysis.

{3) Hany physiological @ta%@é and pathological conditions

appear to Incrosse the susceptibility of infected porsons $o parslytic
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disesse. These same condibiens have no effect on mubabion, as far as
we know. Bwsmples of these ave tonsillectomy, pregnsncy, fatigue,
and parenteral injections.

{4) Certain undetermined environmental conditions increase
the incidence of cages of paralybic poliomyelitis. Hxamples of some
of these are as followss -

A4} Paralyiic poliomyelitis occeurs with a higher incidence
amongest sdulte 1iving in houssholds conbaining young children, then
amonget adults living in houssholds with an equivalent number of
sdulig, Ske32s 3334

B} Une type of Foliovirus csuses a high paralytic rate in
one part of a commnity, sprosds Just as effectively in gn@ﬁh@r part,
and vet hore causes little paralysis. This wes based on 3 study of an
eoidesic that oceurred in & collectlon of ldentliecally housed individuals.
There was & high paralybtie abiack rabte in ons srea and a such lower
rate in another, yet similar, avea. Apparently, the difference in
parslytic rate was not due to prior snbibedy ﬁ%&tﬁ5.3§

C) Paralybic albiaek rates tend to be higher in relatively
small and sharply defined populations. This ls unlikely to be due to
a genetically determined suscepbtiblility. For exsmple, the weasles
epidexic in Fiji in 1875 killed one-rusrter of the populablion. It
would be expscted thal subsecuent severe epldenics of measles would
ocour unbll selection for measles resistance had occurred. Appavenily,

this did not hayﬁﬁﬁ.zg



Vactors Anpertaining to the Host -

These may be divided into twe main proups, cellular and/for

hunmoral,

(1) Celiular Hesistance - This can be pensral or local,
1) Age and Sex
i1) Wubritional stabus
iii) Ceneral health - i.e. fastors affecting, or
predisposing to, disease; or the presence of coineidental disease; or
% chenge in physiclogleal status, e.g. pregnancy.
iv) Reeial origin
v) Temperature of environment
B) Local -
1) Bite and wode of initial 3&?@&@3@&

31} Type of celiular histology ond the physicloglesl
state of the infected cells loeally. Presence opr absence of spaeifie
regaptors, sic. on thess cells.

i1} The ﬁ@&%ﬁ% of eirculating white bloed cells
{2) Humoral Hesistance - This moy be divided inte two parts,

speeifie and non-spscifie, and may be deflined as follows: -

4) Spewific humoral protective substances are speelific
protective {neutralising) antibody.

B} Nonespecific husoral protective substances are sube-
shances which are not specific andlbody. 7They represent part of the
various non-specific mechanisws which constitube the first line of

defence in immunologloslly inexperisnced snimals. These substonces
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may enhance the action of & specific anbibody or act entively on their
¥l

It may be considered that the Inherent resistence of an
anlmal 1s alumost enblvely dependent on the ability of its non-spseific
defences, both cellular and humoral, to cowbat parasibie invasion
unbil such time as ib can produce specific protective anbibody.

It appears that the erux of this whole problem, as applied to
the disesne of poliowyelltis in man, lies in the sbove shabawenb. &
comparison of the differences belween the lmmune reactlons osouwrring
in man followlng nebural infection, artificial infection with live
atbenuabed vaceine snd lmmunlzation wibh dead Polioviruses further
sgeentuates the lmporiance of the p:m'bii@g. This aspect will now be

consldered,
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IV, T DOBNE DESPONSE BUSULLTHG FROM DIFERRERT

This 48 presented in tabular form. (See Table 1). Much of
the evidence Ffrom which 1t has been complled has been discusged
previously. The remaining evidence has besn ohtained from reporis of
experimental studies using the live oral vaecine, These are deseribed
in full in the Froeassedings of the Second Conference on Live Pollovirus
Vaseine, held in Washingbon, D.C., 3p Juns, 1960.

Table 1 demonsteaies -

{a) that the antibody level following antigenie stbadus
ray be high, low, or absent

{h) that the antibody produced by killed virus does not
wauslly protech a person from prisary infection of the intestine

{a} that antibody vroduced by live wirus may only be a
reflestion of an associated ceilular resistance and, by itself, is
uneble to prevent istestinsl infection

{d) that in the majorily of instances, live wvirus infection
resulss in life-long lemunlity, yet many of these cases show no
detechable levels of anbibody.

Why is it then that seme individusls develop serious disease
following an intestinal infectlon and others do not? Antibody levels
ave no veflection of this difference. Yet, s certain level of
eiveulating anbibody is kpows to modify the degres of cenbral nervous
syshen lovolvement snd can prevent paralyeis.

These diserepancies may be explained in s number of ways.

Yhe faet that o owantity of insdegustely neutraliszed virus may appsar
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in the blood may theoretically result {row any of the following: -

{1} & defect in the speed of production of nualitabively
noraal antibody

{2) & defect in the cualiby of anbibody produced

(3) An unuswally large smount of virus rapidly entering the
blood stresm. This sy be the resuit of e¢ither -«

{a) a large nusber of intestinal cells initially infected
by & large number of virugvﬁartieiaﬁ

{b) a moderate number of intestinal cells initially
infected by & moderate number of viral particles bubt which are capable
of rapldly replicating and infecting adjucent cells

{4) The absence of an, as yet, hypothetical factor or Ffactors
capable of restraining virus spread from the appropriste intestinal
ealls, until such Lime as anbibody can reach an adequate neutralising
level. This factor or factors may be hwsoral, completely within the
challenged intestinel eell, be a secretory product of the cell, or be
one of its produects of disintegration.

The mechanism is uwalikely to be a defect in the spesd of
production of gualitatively normal antibody. This is because numerous
cases have been reported of paralysis ocewrring in individuals who have
been fully Salk vaceinated, and who have possessed s pre-disesse
antibody titre of conplderable magnitude. Any subsequent antigenie
stimulus should result in an aceslerated Lamune response and conseguent
protection.

Furthersors, volunteers who were fed atienusted virus have

glven evidence of intestinal infection, as shown by sxeretion of virus
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in eonsiderable gusptities and for some weeks, and yet have produced
no debectable &nﬁibﬁdiaﬁ.

That & large number of c¢slls may be infegited and produce a
large nuwber of virus particles is hardly likely to be the explanation.
This state of alfeirs is often produced by the administration of oral
live vacclineg to volunteers, and yet often causes a more adequste and
more rapld antibody response in these individunls.

The existence of sowme cellular factor involved in resistance
is a definibte possibility. & defect in the oualilty of the anbtibody
oroduced also is a defipite possibility.

Gan these two possibilities be consistent, with one another?
Any suggested nechsnien incorporating these twoe should be able to
explain the other discrepanciss slready mobed. This might be possible
if the following hypothetliesl situabtion existed: - “The presence of a
substance at the cellular level, which iy capable of combining with
the virus and ishibiling its further infeetivily for a shori peried of
time.” This subgbtance might be expested to heve the following
characteristios: -

{1} 1t is most likely produced by the cells infected

{2) It should be present in an arcunt directly proportionsl
to the amount of virns reproducing in those cells

{3) It should be specific in iis reactivity only for the
types of virus which ave capable of infeeting that partieunlar cell,
under conditions of natural infection.

{4} Apperteining to {3) i1 should pessess & protective

slilliby which ls vost marked Tor, or exelusively for, the histeloglesl
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type of eell from whieh it cawne.

{8) 1%t should be of such a size and possess such physical
eheracberistics which will enable it to appesr in detectable
guantities in the circulsting bleod.

ié)viﬁg action should be that of oopbining loosely with the
virne following reproduction of the virus initially in cells of the
alimentary tract. It should be deteetable for such a period of tise
during which the normal sireuisting neutrslizing antibodles have baen
forsed to & detectable lavel.

The possible naturs of this subsiance can only be a
conjecture. It could well be a cell surface receplor substance and
as such may be either livoid, polysuccharide, or protein in nature.

1% may or may nobt be heat labile. If one is to hasard a guess it

wight be suggested that this substance is heat stable., This Is @0
beesuse, i€ this factor is in suy way assoclated with the gualliative
differences often seen belween neutralising antibodies in the laborabory,
the fach that such ceva ave slmost imvariably inactivated at 567C for
half an hour, would favour its being heat etsble.

The readerts Tirst impression of this hypothesis may be that
it is hypothetical to the point of being ridieulous. This mﬁg,viﬁﬁeeé,
ve so. However, & consideration of the following poinls may engender
gome plimmer of faint hope for the writer's redemption.

Tt has been cbserved thal -

{1} Yeutralizing sntibodies appesr to vary in their ability
%o inhibit infectivity of virus. This statenent ls based on observa-

tions that antibodies first produced following infeetion with live
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virus produce o virma-antlibody complex which ds very easily

L3 44, 6
Boleah3 s "his hags bsen cbserved Prom the use of fuwo

reversivle.
different kinds of neubralissbtlon tests on Q@il culture.

In the cytopabhogenic~inhibition (C.F.1.) %esi, neubtralise-
tion of the infeetivity of & wvirus cen ofben be seen Lo cceur for twe
to three days. This neutraliszation may then disappear completely at
the four to six doy reading. Similarly, newlraiisebion by the serum
way be evidenced by an iﬁiﬁi&liy high tdtre sesn on the second day
reading and yebl be wery greatly reduced by the fourth to sixth day
reading. This is teking late consideration the fael that the virus
$itre iteelf may fell and thelt non~infective viral parbticlss uay
utilize neubralizing andivody.

This "low-avldity" typs of anbibedy shows up moat easily in
the metabolic-iohibition, or pil test. This test utilizes the Tact
that an actively metabollising, undamunged esll in euliture will produce
an aeid pH as shown by the colour of an Indlecator incorporated in the
pedia. & cell dassged or Rilled by wirus scebion produces 4 less aeid
media,.

Using this best 14 can be shown thal thess low avidity
anbibedies appeay first following an infection and that during the
convalescent period they may remain ab the sane level or fall, ab the
pame time "high-avidity" neubrallszing antibody has started %o ris@oé7

Abtenuated sbraivs of btsst virus show low-avidibty snbtlbody
the best begause these straine mulbdiply poorly in an acid pﬁ.gﬁ

These poinbe are of fundanmental lmporiange when the following

fasts sre considersds -



{a) Yout survers of neutralizing antibedy lovels
wbilize the C.P.1. best.t8

(b} Some adulis possess low-avidity tyne antibody alone
which can be detsoted only by the pH dest.

{o] Persons nossessing antibodies vrior to s subsecuent
eontact with virus antipen ghow a rise only in the high-avidity type
antibodiss,”

{d) A comparison of the types of anbibody produced
following vaccination of non-Lmaune persons with either live virus op
innctivated virus shows thed in non-immune Individusle the first type
of antibody produced cannot combine irreversibly with the virus. It
alsn shows that the low-avidiby aniibedies formed in nen-immunes are
heterotyple and ean resct with ell three bypes of Poliovirus - & fact
not deponstrated so eompletsly by the high-avwidity type a&%ih@égas
This latter point is of sone luportance as it shows that the debsebion
of these different antibodies s not mersly a reflection of the
sensitivity of the two tests. If this wers so sera conltaining high
titres of hish svidity antibedy should alvays show some level of
loweavidity asntibody following & natural infectdon. This is not so.

{2) Cther laboratory tests capable of visualising the
Poliovizus asntibody combination are the complement-fixation and the
precipitation tests. This latter can be directly visualized or can
be detocted by agar diffusion methods.*? Heither of these tests have
shown 4 consistent rellability in regard to the sstlmation of antibody
levels.

In the complement-{ization iost, in sost instances, guite



30

marked crossing has ocourred between all thres types of Foliovirus
and also considersble erossing between and among the Coxsackie and
Echovivus groupg.

The anbigen wost often used in this test is the supernatant
fiuid from infected human or monkey kidney cells which have subsequently
been disrupted by some physical w@ans.' This sugpests that at lesat
part of the antigen thus produced contains s oroduect of cell dis-
integration, and that this may be responsible for its heterobyple
action.

Furthersore, it has been shown that the degres of somplement-
fixing antibody resvonse in volunteers who were fad the live cral
wirus is related fairly constantly to the bitre of virus excretsd by
that person, and therefore presumably to the number of intestinal cells
infactad.gﬁ This is not so with the neutralisation tests. This is
alss nobt so with snbibody which has been produced by Salk vaecination

51 7% has always besn considered that complement-fixing

in non-lsmunes.
antibodies rise and fall early following disease and that nsubreliszing
antibodies rise slowly later in the convalescent periocd and then remain
for some considerabls time. There appears to be some justifieatlon fov
this statesent in the case of Poliovirus infections, bub the literature
is still emtrecely confused on this point.

{3) It has besn shown that the products obtained from dis-
rupbion of Hela and nonkey kidney sells, both of which were suscepbtible
to Poliovirus infection, were capable of inactiveting Pellovirus
infecbivity, in much the sase manner as ib is insctivated when 1t is

abserbed onto intscht suseepbible cells. Disruption of cells insuscepbible
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to Poliovirus infection produces no such fﬁa&er.ﬁz

This fachor wsas shown to have the following characteristics: -

{a) It was insoluble.

{h) It appeared to be unasgsociabed with cell nuclei.

(o) It was innctivated by fat solvenis, tvypsin, and by
heat at 37°C for 24 hours and st 56°C for half an hour.

{d} I% was specifically sntigenic, i.e. the antlserum to
this factor, when added to cells prior to the wirus being added,
prevented the virus from being absorbsd. If applied afltervards,
however, it did not prevent virus infeetivity.

(e} Lipase and the receptor-destroying ensyme of vibrio
eholera did not affect the faclor.

This adds support t¢ the contention that the product of a
disrupted cell can neutralize the absorpbtion of s virus onto other cells.
These snd other facts suggest that this faetor is eytoplasmic in origin
and is a lipo-protein, possibly in the nature of e cell surface
racepior.

That this has been shown to be insoluble by expsrimental
study does not detract from the possibillity that it may be a fachor
in virus neubvalization following an initial infection, particularly
an infsetion of the intestine.

(L) The existence of another interesting group of substances,
inbimately concerned with viral immunity at a cellular level. These are
the interferons. They sve & group of substances which have bean
shown to proteet tissue eulture cells againet a wide variely of viruses.

They are important and will be consldered st some length.



The first of these substances deseribed was produced by
adding inacbivated Influensza wirum to vhole-chick choricallantole
nanbranes suspended in simple balanced salt s@lutiaﬁa.sg &
sinilar substance has been described which is called "wirus inhibitory
factor®. This appears %o possess charscteristics almost 1dentical
with that of the originally described interfersn and is probably the
Bame ﬁHb@%&ﬁ@@.ﬁ&

I% has been known for & long time that cells infected with
virusss in tissue culbure can reach a stete of chronie infection even
without apbibody belng present. This appesis Lo be an alaost symblotic
state which, in many instances, confers on the cells compdete ilmmunity
to subsenuent infection by the same virus, snd slso to primary infection
by 2 large variety of different viruses,

It has been shown that interferon is produced at a lste
stage of virus infection, using in vitre sxpsriments in ¢sll enliure
with the wesicular sbomatitis virus, tick-bhorne incephalitis viruses,
the Parainfluenzs viruses, Pollovirus and sone Joxsackis ?iruaea.sg’ﬁé’ﬁ?
The same hae been shown by in vive sxperiments with Vacelnls virus in

58 with Influenss virus in fertile henst @gg&,sg and with
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rabbits,

Infiuenss virus in live nlce.
Of dmmediste interest to us is the interferon produced by

the Coxsackie and Polioviruses.

The pertinent charaeteristics of the interferons will now be

ﬁsseribﬁd.él’ég’ég

A) Production -

i) They can be producad by either live or insctivated
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virusg.

41) They san only be produced by living cells left in
gonbaed with & virus for a pericd of time.

431) They oceur enly at a late stage in the Infection
of cells. 7This has been shown by the differential titrs oblalned
between virus end interferon, in regard to the rate ab which each is
produced by infected allantole cells of chick embryos.

B) Aciivities «

1) They will protect cells against a small dose of
infecting viras, elither in culturs or in living animels, 4if given prior
to, oy 8t the same time as, the infecting virus.

11} Yhey will protect cells against s lsrger dose of
infecting virus, either in esll culture or in living animals, only if
given prior bo the infeciing virus.

4ii) They will not combing with the virus, in sny way,
in vitro.

iv) They will best protect eells apgsinst infecting virus
if these ehallenged cells are of the same animal origin as those from
which the interferon itself was produesd. They will protect other
gells but not to such an exbent.

¥) Certain viruses ave wore rvesistant than others to
¢the secbion of the interferonse In general the swall Encephalitis
virusss are very sensitive, the Influsnze and Pox viruses are moderatsly
sensitive, but Fowl Plague and the Herpes Simplex virus are relatively
resistant to lts actlon.

wi} An inberferon is not & self-replicating particle
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bub once it entevs & cell 1t protects Lhat csll for mwost of the
eellls 1ife, unless the cell is caused to reproduce guite rapidiy,
This sugpeste that the interferen is "dilubed ouwl? over many cell

generations.

1) Yhey appesr to be proteins as shown by the
following?: -

{a) Pepsln destroye thelr activity raplidly.

{b) Trypsin parily destroys thelr astivity.

(e} Phay srs precipitated by ssburated smsonium
sulphate solutlon.

{d) Their aciivity is destroyed by shaking with
amylealechelechlorefors mixtures,

{e} They sbsorb to benbonite coapletely, bub
only 25% can be elubed {rom bsntonite at & pH of 9 or above.

{¢£) They show no uliraviclet sbsorption sprectrum
between 260 and 290 millimierons - this suggests that they do not
contain tryptorhan, tyrosine, phenylalanine or nuelele acid eonstbituenta.

{2} They resist treatment with 0.00L woler sodium
periodate ~ a reaction w%igh tests for c&rﬁ@hy@rﬁtéﬁ.

14) size, by gradscol wesbrane filbration, gives an
individusl particle a dismeter of approximately 48 millimicrons, and
it is found to be not dializable, Hoth these factors suggest that the
interferon i & protelin the size of other bislogically active mucro-
molesules. ‘They are known to diffuse freely in and oub of cells in

much the same way as antibody.



114) Inberferons produced by the Iafiuvenva viruses
sre Jdifferent from the Lisetivabed viruses themselves as showvn by
the following: -

{s) They are not ahsorbed onte chick red cells -
virus is absorbed.

{b) They are sedinented by 100,000 g for 4 hours,
wherens Tnfluensa virus can be sadinmented by only 25,000 g in 30
minutes,

{¢) Their activity 4s not affucted by ribonucleass,
desoxyribonuelease, papain, or the receptor-destroying snazyme of
vibrio cholera.

{d} They can be differentiated from Infivensa
virus by their hest lability - they ave destroyed at 60°C for 1 hour,

{o) Antisera against the inactiveled virus used
to produce the interferon doss not neubralize the effects of the
interferon.

iv) Thev retain their activity over a pH range of
from g to 11,

v} They are non-snbigenic sven when mixzed with an
ad juvant.

vi} They do not combine with the virus in vitre.

D) Site of Action -

Feowm the sbove it appears that interferons are
protein products of the cells. The site of thelr actien sppears o
be intracellulsr rather than at the sell surface. This means that

the inhibitory action eceurs at the stage of virus repoduction within



the cell and not by preventing virue adsorpbion e the cell. These
Paets have baen shown by ﬁﬁ%‘f@i&ﬁwiﬁg36§ -

1) the infeotivity of a non-infectious aixture of
interforon snd virus is completely restored by simply diluting the
mixbure,

41) It can be shown that interferons react with hest
gells, This was shown by messuring the rate et which interferons
sdsorb onto chiek fibreblast cells. It wes found that the rate of
develomment of resistence of these cells bo infectien with Pastern
Bruine Incephelibis virus parzllelsd elessly the sbsorption of
ipberferon. The longer interferon was allowed to remain in contaect
with the cells Bhe more resistant to infection they bLscsne and the
more interferon was shesorbed from the fluid. Prolonged snd severe
washing following this stage does not restore susceptibility of the
celle. Therslore, the interferon must enber the cell, Freesing,
thawing and disrupbtion of the eells do not free interfevon. Therelors,
it i elbther metabolized or goes inbte & stage similar to virus elipse.

144) Interfersn does not prevend virus infection by
sltering the absorpbien virvs-coll phase - this has been shoun by the
faet that Sastern Bouine Encephalitis will sbsorb onbo susceptible
cells in the ssme mapner snd in the same cuaptity as it sboorbs onto
interferon breated cells.

iv) Interferon acts by inhibiting intracellular
sctivities of the virus. This is shown by comparing curves of virus
grown on susceptible and interferon-resistent cells. It vas Tound

that resistance depends on durstion of contast of the interferon with
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the cells, and showed that wost virus had psnetrated r@sigtémt eslls
one hour after infectiong because treatwent with lmpume serum at this
time did not effectively reduce the nusber of infectlve sreas obtainable
in a culture,

In respect o these interferons, it is guile resarkable how
similar are thelr characteristics to the so-called "transfer fastor or
fagtors" @eﬁariﬁeﬁ.éﬁ This factor, or factors, ave present in the
leucocytes of hypersensitive individuals and are rasponsible for the
transfer of delayed bypersensitivity Iroam that inddevldunl Lo 5 non-
sensitive régipiant.

4 stimulating and fascinating account of the transfer faciors
con be read in the Ciba Foundation Symposium on Uellular hspechs of
Emmanity.éé The similaribty of the twe groups of substances in many
jnetances is ouite remarksble end is certainly worthy of eonsideration.
The sebions of the twe appear to be completely opposibe, i.e. hyper-
sensitivity is usually deleterious to an individual whereas the prosepce
of interferon would be appsrently advantageous. Hevertheless, il one
considers that the delsyed hypersensitivity whieh oceurs in tubsreulous
infections may be nothing more than s very basic lmaune sechanism, the
differsnces between the two substances is not quite so extreme.

This long, and perhape somewhat tedious, review has revealed
that eertain substances have been reported to wodify virus infections
. ab the cell level. At thig point, the pertinent faets that have been

disclosed will be reviewed and an ipterpretation given of them.
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Ih appears that there Is good ewvidence o wake the following
statenentsy -

{1) Cirewlabing neutralizing antibodliss bo Poliovirusss

Y
sppear o have some influsnce on the progress of an sshablished in-

feetion.

&

{2} Civeulabing neubralising antil

s to Pollovirusss appear
ta modify the host response arising from a subsequent Poliovivus
ra-infentlion.

{3} Cireulabing neubtralizing entibodies to Peliovirusas play
yory 1ittls or ne pard in the process of inisial infsetlon,

{4) Direuwlading anbibody levals bear no conslstent or direct
ralationship to any of the wmethods of Lwaumiby sither in degres ov type.

{5} Tmmunily to subssguent re-infeetion ia humens is longere
lasting and mors adeguate following natural infection, or artificdal
infection with orally aduindstered live attonuated virusss, than
following Jmmunization with dead virus,

{6) Immunizabion with dead Poliovirus vasoine lasits only as
long as elreulabing antibedy remsins. Albhough this typs of lmmunity
protects against central nervous sysbem spread of the virus with its
satjuelae of paralysis, it has 1ittle or no Influence on subsequent or
indtial inbestlnal infection. IL can, however, protect the pharynx
fron such infection 1F the antibody level is high enough to be present
in pharmpeal seorstions,

{7} There is conalderable svidence that the quality of

neubralizing antibodies may not be wvniform. The gualliy of the sntibody
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initlally produced after infechion of the alisenbary tracht with llve
virus differs from that produced by parenterally adulnistered dead
wirus, ‘the guality of first formed anbibody, following sny type of
antigenie stimmlus, also appears Lo depend on whethar or not thers
hos been a previous experience with this antigen.

(7} The virulence of & particular Pollovirus shrain is
more alosely allied to host defence mechanisme bthan to 1bs own
imhersnt chavacberistics.

{9} iaboratory in vive bests in sonkeys and in vitre tests
in cell culbure sysvess bear no constant relstionship to virulence.
However, certain, bub not all, cheracteristics of a particulay straln
of virus may be consbant encugh, even afbver sany serisl possages in
cells, bo label the strain and allow its subssguent Tdentification.

{10) Btrains of attenuated virvus fed orally % volunbeers, and
which spread most resdily to intimate contacis, are also the strains
which produce high lavels of sevum anblibndy.

{11} By inference some non-specific defence mechanism ad the
selliuvlar level appears %o restrain virns activity shortly after initial
infeetion and may vender the bissues affected more resistant to
subseguent challenge by the same or similar virmga The interferons
may be an exsmple of such 2 mechanism.

{12) The actual cell type in vhich the Poliovirus first
selbiplies in the pgasbro~intestinal tract has not yet been established
wibh absolute gertainby.

T+ 1 considerad that three of the foregoing points are

important - namnely,



lating neubrallzing anblibodies play

no part in medifying en initial asetive infeeilion with the Polismvirus,

{2) That the level of oirculst ting neutralizing snbibodies
bears no direct or constant relationship to any of the methods of
domunity either in degree or type.

m

{3) Thet there is sbrong evidence thabl a cusiifabive
diflerence existes bolween neulrelising antibodics and that this
difference ie besh scen bebtysen active Lwpunity due to infeebion, sad
setive lwwanity duz to the sdninisiration of dead wirng enterally.
On the evidence awailable the latter observation appears %o
bo the only manner in which thers is any constepdt assoplobion bobwean

B ol

the leve of neutralizing anbibodies, snd the two main nethods

» % \ &

of produeing lsauaity which are {2} aciive infection =voduced
& : N &

maburally or by ertifical Yeeding, and {b) aduinisiration of dead
virug parenterally.

Fhis azpecht of the groblem brings us direetly te the
£ 2 £ "

investigation contemplated, The exisbting work apperteining to this

aspeed only will now be reviewed.
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The subject saiter consists of the humoral mechanisns of
defonee of san against Pollovirus infection. It iz thought that these
machaniong will be peflected in some way by the presence or absence
in the cireulating blowd of one or sore substances. These subsbtunces
may be dirsctly responsible for an snti-virel asetivity or way Just
reflect an lomuns nechaniss which is predominantly cellular.

the fﬁi&@ﬁiﬁg may he considered as an illustration of this

7 a eellulay secretion, has & direct bactericidel

poinb. Lysozyas,
acbion in blood and body secretions. As far as is known, this is

its only funebion and $ke ascbivity is confiped %o the serun or body
seerstions in question. Un the other hand, amylase, & panereatic or
salivary gland secretion has & primary sction on earbohydrate
digestion in the mouth and the small intestine. Yeb, in ilssue
destruction, involving either the sallvary glands or psncoreas, & wery
high level of amylase ney appear in the blood bud, as far as is known,
has no physiologlical aetion normally dn this situstion.

8o may it be in huasn Pollovirus infecilons. The presence
or absence of a specific substance in the blood may direetly or
indirsctly rafiﬁet the workings of an imwune mechanism. Hence the
roview of this subjeet aust of necessily involive both humoral factors
having s dirset action on the Poliovirus and huworal factors having
ne direct effect.

Classification of Humoral Substances -

Theee cuin be either -

{1) Hon-specific protective substances, obher than protein



anbibodies

{2) dpecific peubralizing proteins, l.e. antibodles.

{3) Substances having no direet sebion on the virus, buk
which are presend or sbsent in varying degrees, and are incidental to
virus-gell inberaction elpevhers.

{(4) Substances, the presence or absence of which, is a
reflection of the gsnebie make-up of the individual in question.

Thase have no direct scblon on the virus itwelf, but may be ssscelated
with & genebic susceptibility or resistance to Poliovirus infections.

L) Nen-Speeifis Protective Substances -

These will be considered only in relation to human virus
infeetions with pardicular siress belng 1aid on the Hnterovirus group.
These substances can slther -

(1) Heutralise the infectivity of the wvirus, or

{2) Inhibit sows other virus achivity, which for all practical
purposes is confined only to the phemonenon of hemaggiutination. Jhe
Enterovirus group are not astive henagpintinators, therefore bhis
facet iz nob of immediate concern.

These subgbances can further be divided into those which are
hest stagle - f.e. will withstand heating at 500C Lo 60°C for one
hal? hour snd a&iil retain thelr activity, snd those which are heat
1sbile. Unfortunstely, the majority of these inhibitors have been
detected in animal sera other tham humsn. Hevertheless, they still
agsume soRe imﬁér%&aae and consist of the following: -

Heat Stable Inhibitors -

{a} %iyid«&eai%ﬁin»iik& substances found in human sers
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whlch Inhibit the infectivily of the Hyxoviruses and ?%iﬁ%&ﬁ@%i&.ﬁg,é@

(b} Lipid inhibitors found in the sera of wice, hamsters,
rabblis and horses which lohibli the infectivity of the Arbor H.
group {B.g. b Louls, Jupanese B, and Hussisn Fer Sasit) of viruses, 0

Heat Jabile inhibilors - These have been reporied to

Inbibit infectivity of the following wirusws -
{2) Vaccinial®
{b) Varigla'®
{c) hous sareoma virus =
{d} Western Hynine Snceplialitis’o
(o) Mumps *
(£) Influeasa A and B9
6

L, X s - ¥
{g) Hewcastle llisease virus!

{h) Herpes ﬁiﬁﬁiﬁﬁ?é

{1} ﬁ@nga&??

{3} Hessles ®

The nature of mest of these non-speeifie proteciive substances
has been poorly definsd. &iﬁ&bﬁrg7? feels that from the limited
investigationa carried out on these substances, they all appsar to be
sindleor to the substence ealled ?r&ga@ﬁia.g@ This assumpbion seems to
the writer to be somewhat premature, varbicularly in visw of the fuct
that there 1ls serious doubt that the substance Properdin exlsts 48 a
distinebly separvaie enbity. The Enberoviruses asnd Adenoviruses are.
not inactivated or their infectiviby inhibited by this substance. They
are, bherefore, of ne lmmediate concerm, yet the substance Properdin 1s

contentious enough to be discussed further.
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Propertion of the Gouplensni-Preperdin Gyaten B2

{a) It im a mrobeln.

£5 w5 & g
S-2 globnailing.

F S B e B TN P -3 P B ey o0 ™ s i iyt zad en
o} It inte G.000 of the Lotal surus probelns.

*

{3 T4 hae o pedinentsilion coelfleient of 18 &,

{8 = 1 Svedberg undb ~ & vabe of fall of a wolscule in an Widrse
sanirifups .

{6} it hes an iscelectrie point of 5.6.

{éz.} it 3w & “&3‘?@3\? soutralized b v ant f&%}ﬁéﬁy,

{s) It is hest Iabile when hoated %o a besperatuss of

569 for one-hslf howr.
This substance 4 sald o neubralize a wide rangs of viruses

%

and bocberda, s 1list of which hes busen glven above and bo which ¢an be
aided the T-baeterioghages of even zm&ia«;sm.ﬁ}

Pilllewer's orliginel desoription showed that the sathoed fov
sstisating properdin way based on Lthe degres bo which couplement
Iraciion i‘,‘;}“ﬁ wus Ionetiveted. Yhis ls becasuse for neubralisablon,
propordin ubilisges all four fracilons of complenent and nesds the
presence of & di-valent esbion, sueh 85 wagnesiue oF HGEINLES.
Fillsser's argunents spinst propepdin belng s mbural entibody present
in 5 low concentration, is based on the fact thed symossn, { & corbo-
hydrate sxtract of the walls of certain types of yesst), when added %o
serun coumbines wilth propordin.  Complesent 1 {@1;2.}, somplenent 2 {%}}E}s
and conplesant &4 iiﬁz‘sﬂ arg nesded bub are wob destroped; wheress

somplenent 3 {633‘3} iz insotivailed. The rvevorse is true, in a trus



antigen-antibody resction which fixes conplement.
. @, e s .y :
Helson, — however, points oub that by the ususl methods of
messuring complement the nuwber of veattive uniis of ﬁgﬁ in husan
serum is only 1715 to 1/20 of the mumber of rvensitive wnlis of QER ox

}é, go that an eouivalent loss of bobh components would sppear ag 8

H
move significant loss of Slﬁ, in addition; loss of 100 bto LOU wnits
of ﬁli and ﬁig would be masked by the ervor of measurement {plus or
minue 506) which is inherent in the classic technique by which these
substances are titrabed. Uy using an anbigen-sntibody systen composed
of bovine albumin end rabbii anti-bovine slbwsin ap a sosplement-Lixing
veaction snd compuring this with the symossn-properdin reactlion, he
found that the same nmusber of units of ¢d1 and ﬁl@,as that of ﬁ13,

were ubilized. Helson feels thai properdin ie not a single substunce
bub & colledtion of low-awidity an%iﬁégiﬁs agaiﬂé% a variety of
polysaccharide antigens. Thess require complement %o bond antibody to
antigen. FPropecdin has not been complebely purified, and the problem
will prebably not be resolved until this ls done.

B) Bumeral Substances sppavently Incidental to Virus Infeetion ~

These may represent & guantitative or guslitative change of
subsbences norsally present inm the serum, or the appearance of & sube
stance not normslly present in the serum. 4 considevation of the
subglances s changes which vceur in serun insedistely following the
eptablishnent of an infection or s stressful situatlon might be of
dnterest. These substences and changes are generally valled the “acute

vhase reagtions”.
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{8) in increase in the erythreeybe sedisentation ?&t@gﬁ

(b} An increase 1n the concentration of fﬁbrimﬁgaﬁﬁé

{e) &n inerease in the concentration of muso-proteins
and probein-bound carbohydrates {gly@$w§?ﬁﬁﬁinﬁjg?

{4} in increase ia;thé concentration of hysluronidase
inhibitor®®

{e) & decrsase in the concentration of iron-binding proteinst?

{£) An ineresse in hagariﬁwpr@aipitabiﬁ~pr@%eiﬂgﬁ

{g} 4n inersase in the concentraiion ﬁf’gﬁmgiﬁmﬁn%§l

{h) The appearance of an abpormal protein, ealled the
G-ranetive @rﬁh@iﬁgg’gg

The mature snd propertiss of the Ceresciive protein deserve
speeial attention. These are considersd next.

(=resetive Protein -~ esn be found in sera obtalned from

wowell 3ﬁéiviﬁaa&ﬁo It wan Tirst discovered in &?3@§é and found

while testing ssrs obbtained from pationts 11l with pneumcceceal
pﬂﬁﬁ&ﬁniae It rescts with a somatic fraction of the pneunmococous
galled somabdie U-carbohydrate, The resction first visualized was that
of precipitation. This was éﬁéx@%@t@é, &g it occeuwrved only in iﬁﬁ
serum obtsined during the acute phase of the disesse. This is unlike
an antigen-antibody rescbion., Furthermore, bhe carbohydrate was found
to forn & preciplitate with scute vhase sers fvom patients with
infectlions other thap preumocccssl prneumonis. It has been isolated in
a relstively purse state by two methods of salt fr&c%ignatiam.?ﬁ’gé

Properties -~ The pneumoccoceus contains o Forsmann snbtigen

vhich, unlike 5. dyserentil, is not the dominant antigen. (The Forsmamn
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sntlgen is an anbigen seouys widely In anlesls and plants. It

is not speelies specific).
e (epsplysaccharide is closely relabed to, 41f nob Jddentiesl
%

with, the Poramusam antigen of the pnowsgcovous,

bn antibody is formed apeinst this substapce in {he acube

glage of mony dizeasey afleebing wan. This sndibedy is cealled the
Cereantive proboeln {D.B.F.), 4 sisilar protein cen be induced in
rabbibs following intensive Dwmunizetion with foreipn prodeins. This
latter probein ie enlled the Ox-protein (CxP), smd will be discussed
later, 91,98

The Pollowing facls have besn sstablished: -

{1} C.1.F, 1s never present in the serws of well persons,
slthough relatlively mlnor pathology nay stimulate its appesrance,

{2} 0.B.P. appears in the blood very culekly {a fow hours)
following any Insult causing tlssue destrucbion. It disappears 1.2 days
after the proveking csuse has been ?@&&Vﬁﬁag?

{3) It sppears novsally in 21l diseanes with assccisbed
draproteinsenia which have been gbudied. These sre - rheupatic fever,
rhewawtold arthritis, hypogammpichulineenlds, the lymphomas, the
devkemisg, snd Hodgkin's Eigﬁaﬁ%,laﬁ

{4} In cuses of sgasueplébulinesszis, although wnable %o
produce elreulsting antibodies, the alfected individuals can develop
refractoriness to bacberial enberoboxing, €.gz. injections of tyrhoid
vaceine, The appesrance asnd disappesrance of refrsctoriness is
paralleled exactly by the appssrance and dissppesrance of C. é.¥'1§1

{5) C.R.P, has been noted to oseur occasionally in the last
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trimester of pregnancy, and it has been sugpested that this msy be
oauged by & foetal-mabernal lwmunological incam9a%ibility.1§g

It i3 pogsible that the appesarance of G.R.P. reflects a
cellular immune mechanism more fundemental bthen, and probably
unassoclated with; snilbody produetion,

In the gﬂgliﬁh Iiterature no evidence has been found
ageribing any viral neutyrallizing abllity bo C.0.F. There is much
literature writien in Hussian on this subjecht. AL the tinme of

writing, this llierature snd 3 translation has bot been obtained.

Hature of C-resetive Proteln -

{a) It is a protein,

{b) ¥t 18 antigeniesnlly distinet from normal human aarum>
proteins.

{e) 1% precipitates with somabie C-polyssccharide of the
pneumococcus only in the presence of ionizable ealeiuvm, The antiserum
{4.C.R.P,) test does not require calcium. This fact is used to suggest
that the C-polysaccharide - (B0, precipitation reaction is not a
trug anbigen-antibody reaction. This, however, is open to marked
ﬁfitiaism.laa

(d) Tts presence can be detected using the following
shenonens: -

(1) Frasipit&tignleﬁ

{(z) Qe&yl&m@nt»?ixatiaalaﬁ

{3) Pnewsnsoccal capsulsar swﬁllinglﬁé
{4) ;at&x.Fixati@nlg?

{5) Agplutination of C-polyszccharide~coated sryﬁhraaytealag
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{e} ¥t 13 said %o contain bhree antigenie %@Eﬁﬁiﬁu@ﬁﬁﬁalﬁg
if serun is sbsorbad with U-polyeaccheride, the components csusing
precipitation with Cepolyssechardde, and hemapgplotination are removed.
Aleso, the Zactor causing precipitabion with A.0.B.P. in agar only, is
removed, However, the absorbed serum will etill show precipitation in
the eapillary tube wi%hyﬁggoﬁa?.

{£) 521t fractionation {ammonium sulphate) of (.E.P. positive
sera has ghown the followings A9

| {1) Tha factor invelved in hemapglubination is in the
gumms=-globulin fraction.
{2) Gx-polyssecharide precipitin ise in a1l fractions
{3) The aptiserus reacting componsnt comes down in the
fraction precipitated by 607 salt cocentrstion {thie is mainly
albusin with gsome o and S-plobulins).

(2) There is no spreesent in three different studies as
to with which serum frsction $.R.7. miprates during slectrophoresis.
This is probably due to the three differsnt antigenic constituents
having different mobilities, wC»3lis112

{h} There is good evidence to support the contention that
the pamms, line recently described using Damuno~-electrophoresis, cone
talng C.H.T.

it is generally accepted that the speeific neubralizing
substances produced by the body following an antigenic stimulus are
composed of motelns, that is, they are the antibodies. From the
previous discussion ib can be seen that non-specific neutraliszing

subslances, or substances produced following & viral infection which
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way have Litble or no direct effect on the virus, also have & proveln
conatituent.

If the bleod can be considersd a mlrrey of the tissuss, and
the substances pertinent to this lnvestipgatlion have a yrobein component,
then investigation of the nrobteins which may apwsear in the serun of
individuals possessing sowe degree of lasmmidy to poliomyelitls, should
be fruitful. AL the same Lims such an dnvestipation would show up
any penetic patbern reflssted by & change in the serus proteins and
which also ey be a reflsction of the immunologlesl integrity of the
individusl in ouestion, Such a situation exists in wice, CGowan has
shown that a particular strain of wice, which he designated ¥ sbrain,
possessed & particulsy Bl globulin. Duriog infections with mouse
tyrhoid this 8~-1 globulin inereaped. He found another new proteln, an
a-l globulin, to be present only in the serum of a strain of mice which
he ealled the 5 sbyain. He also found that differences in concentraiion
of the guowm-globulins were %%F&iﬁwﬁﬁyﬁﬁéaﬂﬁ‘

This now allows us Yo anplifly somswhat the hypobheilecal
mechanisn of polionyelitls lwmunity which may cceur following infection
with the virus in hunans. This can be steted briefly as followss: -

In a non-lemwune individwsl following active infechblon wilth
& Poliovirus there is some mechanism which is capable of vestraining
excassive virus spread until such time ss speelifiec neubraliszing antibody
is present at a sulficlent level Lo permanently neuwtralise the virus,

This mschanisn, o be olfective, mu#t aither be pressnt ab
the eellular site of infection prior to the infection, or be produced

in a matter of & few hows following Infection.



The following substunces will appesr to sallsfy these
eriteria: -

g

{1) fubastsness hfeting ab & Cellular level -

{8} The interferons.
(b} The lipo-probein cell receptor substance desoribed

by Holland and Haelerine

(2} Substances which Combine Directly with Viruses in the
serug -
{a} The proverdin~like substances, Lf these, in fack,
exist al all,

{3) Substunces, & Cuanbitative Change of Uhich s Avparentl

Aneldsotal to Virus Infections -

(e} An inecresse in muso-proteins znd glyec-proteins in
the serum.

(b} An iveresse in cowplement.

{e) & deeresse in the iron-binding proteins of the serum.

{d) 4n inerease in fibrinogen.

{e) The appearanee of C-reachtive protein - never present
noraalliy,.

It is kpown that the neubtralizing abiliby of sera, obtained
from individuals following some antigenie stimulus with Polioviruses,
does not vary lts btitre very sweh following insctivetion of ids
complanent by hesting for one half hour ad §6Qﬁa In view of this, and
knowing that cowmplesent and the properdin-complement system ave
destroyed by such heating, these will not be further considered.

2

When tesbing e entibodies serum is used and nob plasma and
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it is undikely that Dibrincgen bas sny preat effeet in the iniiisl
mechanisns of Pelilovirus nevirelization.
It can be postulated, therafors, thed shovtly afber the

maeh of an infection theve may be gither -

%,

{1} & change in the cuallly or quanbity of humoral substances
normelly prosent in the ssrum, or

{2} The spposrance of substancss nobt rormally present.
From this review it would appear thet the following hoown substances
might ach in this minner: -

{1} The interfevons.

{23 1

Maelarin and Hollsnd,

& lizo-~protein factor deseribed by
rus mueoe and plyco~proteing.

(&) The C-reactive protein.

{5) & guslitative change in the substances defined sa
neubralising civeulating antibodies,

se sbuted, wmosb of ! these subslences are sither pure protein
in nature or contain a probeln and sheuld, btherefore, be detectable by
zone elscltrophoresis or lasswne-slectrophoresis, These two provedures

will now be reviewed and discussed,



Vile EBLaCIHOPHORERIS

Ia 1930 Tiselive deseribed his now classiosl method of
separabing the ?waﬁ@in fractions in serum, by vtilising thelr different
rates of migration in an electrie fielé.lgé ﬁe‘&iﬁ this in & licuid
wediwn and obtained five separate fractions which weore mized at thelr
boundaries but which were quite éiﬁtinat in‘baﬁw3@aa This mothod was
aail&d, thersfore, soving %@uﬁdaﬁy slectrophoresls,

Since that time nuwerous modifications have been introduced,
the main one being the use of a solid or semi-solid anti-sonveection
sedia which enables complete sepsration of the pr&ﬁaiﬁs without the
formation of any boundaries aﬁ@psﬁed‘@f a mixture of these proteins.
The first, and still the msgﬁ populay bocause of ite rgpr@daeibilitg,i
y&é that which wbilized paper as the anti-convection media and wes
first described in 1937.%° The use of & stabilising medium in
slectrophoresis is now called zone alecivophorssis, a tern which was
first coined in 1953,

Humerous methode and wedis have been since described, each
with disadvantages and advantages depending on the nature of the
waterial ultimately desired. However, electrophoresis using agar os
the anti-conveciion media has many advantapes for the purpose we have
in mind. T%These are: -

{1) The rapidity and esse of preparing agar and the simplicity
of the apparatus used.

(2) A stable and transparent gel can be obtained with a Low
concentratlion of agar, if the ager used is very pure.

{3) The gel containe a high proportion of fluld (99%). This
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VILT, IMHUNO-BYOTEorioniats
If pabbite, horses, or obhoy aninmals are Imeunized with haman

sorupn they will produce antibedles. These wlll veast by forming
precipitation arce when allowed to diffuse tewards one snother, In
agay. Thus, the human serum in cuestion behaves ap an anbigen, and
the animal antiserum in cuestion behaves ss an antibody. If the
hunan serzz, as anbigen, is eie@tﬁaphsrﬁﬁed In agar and 1t is
separated into its voarlious fractions, and then if allowed to resch
by precipitstion with anlmal anti-human sers, s lerge number of srcs
will be forsed whiesh ore considered o represent distinctly different
antigeniec constituents of the huwan serun. These different constituenis
ecan further be identified by their specific resction with speeific
antibodies, sowmebimes by defining their chemical nature with special
staing, and sometimes by demonsirating the presence of ensymatie
aetivity. 4 substance car only be debected by a specific precipita-

tion reaction if it is an anbigen or at lsast a hapben. The

reaction
in immuno-slectrophoresis is highly specific and hipghly sensitive, only
a few micrograms of the ssuples ars gufficient if miecro-immuno-
electrophoresis is used.

Principles of JTmmuno-Blectrophoresis -

The substance to be analyzed in solubtion is separated in an
wleetric fleld. As soon as a sufficient depree of separation has been
obtained, an imaune serun conbtalining precipitating sotibodles is
allowed to diffuse inte the gel from 2 trough cub along the line of axls of
the electrophoretic migration. ¥hen an antipen meets its specifiec

antivody & precipltate is formed ia the shape of an asre. Sinee each
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lessens the absorption of proteins to the agsr. This is & disadvantags
possessed by peper and starch - @.p. in starch macromvlecules ofben
£811 to migrate st all.

(L) Only 1ys§x§mﬁ116 and fib?iﬁag@nll?

of nigration in sgax. All other substances tested wigrate in the same

have shown anomalies

sanner as in a completely linuid medium,

{5) Agar when dried is completely clsar and provides a
favourable optical denslty for cuanbditetive studies followling stalning
of the bands,

{6) antigen~antibody precipitates can take place following
electrovhoresis.

The disadvantages of using sger are thabt the preparation of
the material itself s difficult to standardize, and the chemlcal
structure of agar is unknoun amd, in fact, sesms to vary from day to
day.

By this method the serum proteins can be divided into the
five clnssical fractions with comparative esse. Thase fractions are
albuning O-l, #-2, B, and g&m&anglaﬁﬁliﬂa as originally tersed by
Tiselius, With certalin modifications, the B snd ganma fractions can be
further subdivided snd this will be discussed later in the text.

Principles of fleetrophoresis -

A protein particle will move in an slectric field in
proporbion o bhe following! -

{1} Its net surface charge - & factor depanding on its
inhevent nature and the type snd pH of the buffer used.

{2) Its size end wolecular welght.



{3} Its shape,

{4} 'The type of anti-convection media used.

{5) The temperature of the lwmediate environment during
electrophoresis,

{6) The stebility of the system during electrophorvesis,

8.g. evaporation of the buffer, passing at the electrodes, and
condensation on the surface of the supporbing nedia.

Using & buffer at pH €.6 all of the serus protelns behave
elesbrically as andons (i.e. they possess a negative surface chasrpge).
The gamma-globuline are those probeins which, by definition, move
the lesst in ap elvcirical field at a pH of 8.6; albumin, by definition,
is the protein which possesses the grestest mobility ab pH 8.6.

Lpay possesses & small positive charge itself, wh@ﬂ’saﬁifiaﬁ,
and this causes a {low of buffer from the anode side to the vaihede
pide of the system. This phenomenon i3 in 8 reverse directlon to the
flow of electricily and is termed electro-sndosmosis. In many systens
it is &n inconvendence, bubl in agar slectrophoresiz it 1s an added
advantage. This factor of sleclro-endosmosis can bs neasured by
following the peth of an uncharged particls such as dextrose.

puffers of low lonice strengbh allow a fast rale of mipration
of the proteins, with 1ittle heat production, but €ause marked diffusion
of the bands.

Buffers of high lonic strength give a amall distsnce of
separabion, a high heat production, but exbremely sharp bands. It has
been found by trial and error that a barbital buffer of pH 8.2 « 8.6

snd an lonlc strength of 0.05 - Q.0754, is the mpst satisfactory.



The Vapious Protein Fructions Obbained

y Elecirophoresis -

¥uch confusion has been caused by compuring the resulls

obtained by slectrophoretic sepsrabtion in the various stabilizing
wedia. & physiologically sctlve substance may mipgrale as a gawas-
globulin on papey bub us & B-globulin in ager. However, an abieapt
will be made to review these and to confine the medla used to agar.
A brief deseripbion will be gilven of the substances known %o be
present in esch band formed in agar.

‘These substances will be deseribed, in order, from thuse
which migrate the fastest in an electrie {ield bo those which mlgrate

the slowest,

(1) m@m@gxi}ﬁglgﬂ

There sre two serun fractions which have a speed of
wigration faster than thet of the mein serum albumin fraciion. These
have been given the name delia-l and delte~2 proielns. JSome workers
have called them pre-sibuning, but there is sowme avidenve that they
are nod identical with pure albusin. Usite-l js o hole-protein
{vompletely protein) which can also be found in cerebral spisal fluid,
Delta-2 13 a lipo-protein whose mobility may vary from one serum to
anobher; its mobility is known bo vary with storsge of the sera,
particularly at room tempersbure. The serus albumin iteelf appears o
be reasonably homegenous snd is representsd by & parrow dense band.
Somebimes a muco-protein which is really an scidie a-~l glyso-proteln
ie found very close %o the albumin fraction. This protein is considersd
to have changed its mobilibty during the course of electrophoresis,

specluen preparation, or during storage of bthe serum. Recenbly, it has
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been shown thal some individusls way possess two albumin fractions
of 4iffersnt avtigenieity. This is, apparenbly, an inherited characier-
istie unassociabed with disesse.

{2) The &Q&gﬁmngg,ma,m&

There are at least three different o-l globulins. The
exact identidy of these is still unknown.

Yhe -2 globulins contain a lurge nuzber of constituents,
which by ilmmune electrophoresis have nusbered ten. Only four of these
have been definitely identified, These four are: - an a~2 macroglobuling
a lipo-prétein, s hapto-globin {s glyeo-protein capable of forming &
econplex with hemagiobin}, and ceruloplasiin {n protein which contalins
copper snd possesses some oxidese sebivity which ls the basis of &
epecific stain used for its identification.

(3) The 6-Globul instidrl2,125,126

The proteins having wobilities which eoincide with the
Bl gi&hulin& comprise ub least four constituenis. Only one hos bsen
tdentified. This is siderophilin, a protein sontainlng iron and
which is thought %o be responsible for the stransport of irvon within
the body.
| The B2 g1§%u1i§$ show two definite components which are
' often paen. ‘Thﬁfﬁ is a suggeebtion that others may be present. The

two often wesn are ocallsd 8-24 and %wéﬁ.lg?

The $~2A globulin has
- only baen desonstrated by lssuno-electrophoresis. Ususlly, on
fmmuno-eloctrophoretograns, the arc formed by the B2k globulin is
masked by the gamma-globuling, but can be rendily visualized if the

sntisers has been adsorbed with pamuseglobulin end the anbl-gamuss

globulins have been removed. This B4 globulin is extremely important
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i“gand it is absent

becsuse 1t is rarely present in the newbova ohild,
in certain peitheloplcal situsilions. The D-2H globulin ean only be
debected in novemal serun 1f the analysis is performed on & largs
volume of the sample. This is becsuse it is present in very low cone
gentration. 1L may be sburdant, however, in ceriain 9&%%@1@3&6&&
conditions. It hes been identified as a meeroglobulin and possesses
3 molseular weilght of 31,000,000,

{4} The Uamsa~Globuline -

The gamma-globuline consist of a group of glebuline
which appear to be anbigenically identicel bub very in their wobilibty,
eatending from the slowest gamse-globulin region to the g-2 globulin
region. These gamss~globuline have been considered to be & fanily of
praﬁ@ims, pub it has been shown that there are mivor antigenic
differences bebween them, They conbsin the majority of slassieal

sntibodieg.

Hosl of the Liplds migrabte with the a-2 globulins in
agar., They are neunally salled, bowever, f-lipoproteins since by using
paper electrophoresis they are found in the P-globulin sone. A wmsll
portion of the lipo-proteins migrate, as has been previcusly staled,
with the seruws albuain and there is the pre-albusin or rapld slbusin

fruction, delsa~-2, which is alse a lipo-proteln.

. e . ) 130
hbnormalities of the Vardous Herun Fracbions -

{1) Abnormal Serum Albunin -
There is a familisr sboormality sssoclsted with serus

albunin deficiency. If serus from these individunls is electrophoresed
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& double are is obbained with ismune serus, one which sorpresponds

bo the normal serun albumin and the other which corresponds to an
el globulin mobility. The two aree are confluent and it is thought
that the seeond sre is due Yo & serun albumin which is only very
slightly modilisd.

2 A

lobulinesmins (Hy,

Thls anvmaly is usually accoupanied by a deficlency
of both -2 plobullins and somebiness by a defliciency of the delia
peotein as well. In some cases which show an imsunologlceal defect
only the -2 globulins are found to Yo defieient and the pamma-globuline
are presenl in sormel titre. The nume, therefore, is unforbumate,
{3

Hultiols Hveloms -

In this disesss the gsmmu-globuling snd the B-24 globulia
are affscted. In anuny osses there is decided increase in the ganma-
globuline of a ecortain mobility. This defeel can bs shown as an
inorease in the fast-woving geema-globuline (3.e. goama~l or G2},
shown 838 & thick band, 0Or, 1% can bake on the sppesrance of an
areessive anount of slow-moving guus-globulin which agaln apnears
a8 & thick band in the slow gamsa-globulin (gamme-2) reglon.

There 1s & third type, in which an additional line can
be asen, which by immno-electrophorvesis Joins onte the pamma-globulin
band., This line is due o the presence of Bence-Jones protein, which
is sonsldered to be composed of incomplete gamma-globulins and can
eppear in the urlne. The Bence-Jones proteins are of interest. They
represent incomplete gammu-globuling and, due to 2 difference in their

anbigenicily, they can be divided into st least three grouns. Hosh



lomune seye contalining antibodies %o normsl humen gerux react only
with one or other of thess groups. This has zade 1t vossible to
dlotinguish ot lesst five or slx differant antipgenic groupings in

the melecule of the pomwe~globulins. In sultiple myeloms the

824 globulin is meerly always either totally absent, or present
in inerensed amounts.
(&)

This syndrome gives o charscheristle picture of a

. . a1
?1&;& {"aldensby onls m*m{imm%}l"

wall-defined band, with one or twe arcs on immuno-elsctrophoresis,
appesring in the sone of D-globulin robilities. This band is

bypical of the type of band given by the B-24 meeroglobulin which

is always present in very swell cwsnbditiss in noreel serum. XNo
pebthologiesl preteins sppesr in this symdrems bub there is sn fnorease
in the normally present 8-24 and thers is often an abnormsl mobllivy
of some of the gomma~-globuline. Often the 8-28 globelin is diminished
or absent.

\ 132
Inflammatory HHasages -

e,
T
S

Hadies on caves of Infesbious hepbbitiz and 2leoholie
eirrhosis of the liver have vevesled ap ineresse in the pamms-globuline,
and the Be2A and B2 g;;},@izrsa},m&. This s often secompaniazd by a
raduction in the msounk of A<l globulina {(this doss not affect
sl philinj. There 1s no change in the immuno-chemlcal properties
wf these proteing. Sinller changes have besn observed in infectious

mononucieosis, the lymphomss, pelvarthritis and sultinle sclerosis.

They appear bo correspond to an jaflummatory vrocess.
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{6) GryeglobulinsléB

These appear sometimes in cases of myeloma, sometimes
in cases of macroglobulinaemia and somebimes with just straight
inflammetion. When isclated and purifisd tﬁaa@ show immuno~-chemical
characteriatics corresponding to the gamma-globulins. DSometimes,
however, they are macraglébnlin&; these are called cryo-macroglobulins.
They appear to contain, or to consist of, B-2M globulin.

(7) Other Pathological Conditions -

Because so little is known about the actual constituents
which can be feuﬁd.in pormal serum it is very difficult to define the
changes which ocecur in mény described pathologiecal conditions, ﬁoﬁev&r,k
the following have been noted: -

{a) Extremely abnormal diagrams found in lipoid nephra&islé&
shown by a decrease in seruam albumin, B-24 globulin, and especially
the gauma-globulins. The -2 globullns are increased.

k{b} In cases of acute disseminated lupus erythematosis
an increase in the gamma~globulins ogeurs, bub more particularly, a-
considerable loss of B-24 globulin, which returns to normal during
remissions of the diseasaalBs

(e) In lymphatic leukemia anomalies of the gamma-globulins
may also be observed. In cancer no characteristic changes have been
observed so far, except some cases in which the glyco-proteins are
increased.lsé

{d) C-reactive protein, which is of particular interest
to us, appears ln most acute inflammétary and traumatic states. It 1s

said to be a globulin which is always absent from normal serum but



62,
which e¢an be detected with the ald of & epecial immune serum and id
is sald to migrate with the B-globulins by one worker, bub others

cloim that this protein is in the a-2 globulin region, others that it

is in the a-1, and some say that 1t even migrates with the albumin,.
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VILT, IMHUNO-BYOTEorioniats
If pabbite, horses, or obhoy aninmals are Imeunized with haman

sorupn they will produce antibedles. These wlll veast by forming
precipitation arce when allowed to diffuse tewards one snother, In
agay. Thus, the human serum in cuestion behaves ap an anbigen, and
the animal antiserum in cuestion behaves ss an antibody. If the
hunan serzz, as anbigen, is eie@tﬁaphsrﬁﬁed In agar and 1t is
separated into its voarlious fractions, and then if allowed to resch
by precipitstion with anlmal anti-human sers, s lerge number of srcs
will be forsed whiesh ore considered o represent distinctly different
antigeniec constituents of the huwan serun. These different constituenis
ecan further be identified by their specific resction with speeific
antibodies, sowmebimes by defining their chemical nature with special
staing, and sometimes by demonsirating the presence of ensymatie
aetivity. 4 substance car only be debected by a specific precipita-

tion reaction if it is an anbigen or at lsast a hapben. The

reaction
in immuno-slectrophoresis is highly specific and hipghly sensitive, only
a few micrograms of the ssuples ars gufficient if miecro-immuno-
electrophoresis is used.

Principles of JTmmuno-Blectrophoresis -

The substance to be analyzed in solubtion is separated in an
wleetric fleld. As soon as a sufficient depree of separation has been
obtained, an imaune serun conbtalining precipitating sotibodles is
allowed to diffuse inte the gel from 2 trough cub along the line of axls of
the electrophoretic migration. ¥hen an antipen meets its specifiec

antivody & precipltate is formed ia the shape of an asre. Sinee each
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antigen foras & sepuwrate band it is possible to determine the number
of constituents in the mixbture. Farticularly when dried, agar is
%r&ﬁépay@m% and thus the ares or bands of sgpecific precipitabion sre
visible and can be recorded. |

Bieotrophoresis should be long enough to cause distinct
separation of each protein fraction. Precipitetion is allowed %o
cocur in webt chembers mainbteined st a constant temperature. The time
that elapses before the precipilates appear and the degree of
survatbure of the bunds depend on a3 pupber of factors: -

{l} The swmount of antibady present in the imsune serum.

{2) the sime and shaps of the ankigen molecule.

{3) The tempsraiurs

(L) The relative cusntities of antigen and antibody present.

{5) The distance between the antigen and the lomune serum.

A8 & rule, the first precipitate appears wibthin 24 hours and
is completely developed in four to five days.

Ihe Advantages and Disadvantases of this Hethod -

The prinelpal disadvantages ares - éa} the use of agsr, &
reagent which is difficult to stendardize; (b) the imaune serwn used
may net conbaln sntibodies agualuost all the consbtituents of the
mixbure studied; (e¢) only soluble substences can be identifisd.

The advanbages that lmmuno-electrophoresis possesses over
straight ager electrophoresis and paper slectrophoresis are as
followss - (a) several constituenis with similar or identicsl mobilities
san sbill be ié@a%ifiéﬁ because they produce different specific

precipitation aves; (b) & aixture can be examined without any preliminary
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trestment; {c) complete samalysis can be performed on & very small
sample, 8.g. 0.0L ml. with the miero-methed; {d) esch constituent
is characterized by two different oriteria, i.e. its mobility and iis

anbigenic speeificity.



IX. IOCATION OF ANTIBODIES

TR AR AR

This is most confused. The use of different anti-convection
media, the uﬁé of different methods of separetion, the use of different
terminology, and a failure to define the conditions under which serum
samples were stored, have all added to the present chaotic state of
the literature. An atbempt will be made to elarify this somewhat.

For the purposes of this disecussion the following terms are
defined: -

(1) Electrophoresis - That method using agar as the anti-

convection media, i.e. agar zone electrophoreslis.

{2) Frotein Fractions - Those which can be resolved normally

by the use of agar eleetrophoresis. In general, they are defined by
using the original criteris of Tiselius,

These are, in descending order of mobllity,using a
barbital buffer of pl 8.6 ~

(2) The Albumins - (they possess the greatest mobility)

(b) The c-~l and a-2 globulins,

{(¢) The B~1 and B=-2 globulina. The B-2 region is that
fegicn lying vetween the pasma-globulin peak and the main elassical
8 region {B~1). This is not identical with the P-2 region described
by Laurel,137wlieh is & slower moving B-~band produced by adding calcium
ions th the buffer used in paper electrophoresis methods. The
B-lipoprotelin, whiclh by paper electrophoresis is in the B-2 band, is
not present in the B-2 repion obtained by agar slectrophoresis, Other
names given to this band have been "gamma-l"; "IV, #M", and "X¥,

(d) The gamma-globulins - (they possess the least mobility).
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These will Include all proteins in human sera wvhich are antipenieally
sinilar. Thelir nobility, alons, iz not used in this definition.

They can be demoustrated,by lmsunologiceal methods, fo extend from the
slow a~region (u-2) to the slow gesma-region. In this respect, the
Prammaeglobuling” is reslly a misnomer.

{3) Antibodies -~ Serum proteins which show a specific
active biclogical resekivity with substances antigenic to hununs.
This reaction is usually of & protective nature but may sometinmes be
haraful, i.9. aubo-iopune antibedies, anti~-insulin anbibodias,
incompatible dsv-anbibodiss, ste. Thess proteins uwsually have the
following charscteristicss -

{a) Their specific sotivity 4s not significently
influenced by heating at 56%C for one half hour.,
{b) Their activibties can be visuslized by one or more
of the following methods -
1) Neutralivation of infectivity of the homologous
infective antigen.

1i) The fixavtion of complement following union with

homologous antipgen.
131) Precipitation with homologous antigen.

iv) Agglubination of homologous anbigen.

v} Inhibition of apgiutination snd/or lysis of
erythrocybtes by antigen (bhis actlon may be active or passive, on the
part of the antigen).

vi) Producing or augmenting lysis of particulste

organisns.
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vii) Augmenting phagooytosis, of particulate antigen,
by viable leukooybes.
v1ii) Other methods which emable deteedion of anbigen-
antibody resctions considersd biclogieally specific. s.p. fluorescent
tagging, radioactive imolops tapgging, conpglutination, ete,
{c) The activitiss listed in {b) will oseur ever a wide
range of teupersture (4°C - A40°C) but are usually eptimal at 379C.
{4} Cond

itions of Storapge and Treatment of Serun Frior to

Bectrovhoresis - Often these are not defined. They are important.

drtefactual bands can be formed and sisinterpreted. Studice of these
factorse are an essentlal prereoulsibe to adequate interprstation of
resulbts. This will be discussed later,

(5} Bpecific Froteins - Holo-protein is composed entirely

of protein. Conjugated proteins are those chemiecally united with &
nen-protein substence (presthetie group). They include the following: -

{a) Hucleoproteins - protein plus nucleie acid.

{b) Glycoproteins and mucoproteins - protein plus carbo-
hydrate. Glycoproteins contain less than L% carbohydrate, mucoproteins
more than Af.

{¢) Lipoproteins ~ protein plus lipid.

(d) Phosphoproteins - protein pius phosphorous radieal,

Bearing in mind the above eriteria, there is now sufficient
evidence to say that the various bands contain the follewing sntibodiess -

{1) Albumin - No antibodies definitely found.

(2) g=1 Globulin - Ho antibodies definitely found.

{3) g=2 Globulin -~ Antibodises found but these proteins possess
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an anblgenic specificity characteristic of fast gamma-globulins.
{4) B=1 CGlobulins - Contain eempl@ment.138 e satbisfactory
evidence that they conbtain specifle antibodies.

- (5) B=2 Globulins - (Designated by some as the gamma=l
globulins) - §~2 globulins contain antibody activity (work not yet
cample%ed).lzg B=2h globulins contain the following &ntib@diaszlzg’l&g
cold agglutinins, saline-type RH agglutinins (anti D0 factors),
ischemagglutinins, the "rheumatold factor', lupus erythematosis
factor (only anti-nuclear Pfactor), Wassermen reagin and heterophile
antibodies. I has been sald that the 3-2M globulins carry antibodiecs
especially capsble of reacting with red bloed cells.

(6) Gamma~Clobuling (gamme-2 globulins) - Contain most of

the classical antibodles, snd includes wviral antibodies.

From the above 1t cen be seen bthat mwst, 1f not all,
sntibodies are contained in the gamms-l, 8-24, and 8-2¥ globulins,
The name "immunoglobulins" has recently been given to thesa.lB?

In general, they all increase together in chronie infections.
Diseases associated with dysproteinaemia show a fall in one or movre
of the immunoglebulins, @,g. primary and secondary agammaglobulinemia.
Diseases associated with overactivity of cells derived from the
reticulo~endothelial system (reticulo-sarcoma, macroglobulinemia, the
leukemias and multiple myeloma) give rise to "paraproteins®, which
appear to be complexes formed from one, or even two, of the immuno-
globulins. In these diseases, the immunoglobulinsg showing no "eomplex®
139

formation are usually reduced in quantity.

The establishment of this base-line for the methods used is
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o

sbgelutely necessary. Withoud 1%, nisinterpretabion of results is
Likely snd artefncis mey be consldered to be due % pathologiosl
changes,

The bagis of this study has now been reviswed. It now
rawpins to formulate an experimental approsch. This is as follows: -

(1) o study sers of children, under Wwo yenrs of 0ge,
whe have previously been Jesmnized with Feliovacoine, either live
oral, dead parenteral; or both.

{2} To estimate the level of neubvalizing avtibodles in
bhese sera, by various mebhods, before and alber lmsunisalion.

{3) 7o subject these sers to apar sons electrophoresis
and immuno-glectrophorusls using nicro-methods.

{4) To correlate the chenges, if any, found between the
various serologiesl methods used in the Investigation.

{53 To study the C-reactive protein and its relation to
Foliovirus lmmundty.

By the sbove mesns it Is hoped to unravel some of the
inconsistencies found to exist in humane following o Poliovivus

antigenic stimulus and the subsequent fnmune stabus produced,



A11 the personnel studled were children of both sexes.
These childron had all baen glven desd {Balk-bype) Poliovacoines,
containing Poliovirus types 1, 2, and 3. The schedule of fmaunizatlon
was as folliowas: -

{1) & %otal of four injections was gilven bo all the children
{1so. subeutansouslyl.

{2) The first injection was usuvally glven when gach child

was bebtwesn bhree and six woathe of age. 4 zmall percenbage

{approxinsbely 42} was older, bub ne ohild comsencing the schedule
wag over twalve sonthe of ape. ‘

{3) The Fleat thres injzetions were glven abt one sonth
jnbervals, and the fourth was glvsn al, or later than, seven months
following the thivd lnjection.

{i,) Blood was colleoted from esch shild ab lsast three
waoks after ths fourth injesblon was given.

{5} Tha serus thus obhained was screened for neubralizing
antibodise fo Poliovirus tynes 1 and 3 enly.

{6) By the above mesns the ehildven were dividsd into three
groups for the purposes of this Investigation. These three groups
ware as follows: -

{8} Those who possessed neutralizing antlibodies to bobh
tyves of Poliovirus lower then a level of 1:10 dilution of serusm.
{Vouble negative children)

{b) Those who possessed peatralizing antibodies to only



one btype of Pollovirus lower than o level of 1:10 dilution of serus.
Bingle negeilve children)

{e) Those who possessed neubrelizing snbibodies to both
typos of Poliovirus higher than a level of 1:10 dilublion of serum.
{Bouble positive children)

To the double negative children, orally sdministered live
atbenuatad Poliovirus {oral vaccine) of both types was given. To the
single negative children oral vagelne of an appropriate Yype was glven.
To o few of the double positive children Type 1 or Type 3 oral vaceine
was given allernately, as controls.

Ten days following bhe administratlon of oral vaccine &
rectal swab was teken from eoach ¢hild and an albempb made to isolate
the fed viruvs on bissue culture.

A% an interval of six weeks o more following the adrinistva-
tion of the oral wecine 8 second dloud samople was taken. The second
blood, and its counterpart first blood, were then bitrated in psrallel
to sstimabte the Poliovirug Type 1 and Type I antlbodies present. This
was done by two-fold dilutions, form & lik dilution {when the cusntity
of serum was adequabte) Lo & final dilution of 1:1024, for each sorum
teatead,

Hethods -

The tests carried oub on the sera ebtained from each group
of ehildren are as follows: -

(1) Cytopathopenie~inhibition test (See Appendix 1 and 2)
on monkey kidney cell culture. This was the only procedure used in

the original seresning test. Two and fourcday readings were recorded.
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{2} The Conplenent-fixation test. (See Appendin 1 and 2)
This was done on 8 seleeted nusber of sera,

{3) Apsr zone elecirophoresis - by o nicro-method. (See
sppendix 1 snd 2)

{4} ITmumuno-glecirophoresis ~ by a micro-method. (See
Aprendixz 1 and 2)

{5} The capillary tube C-rsactive protein test. {See
Lppendix 1 and 2)

{&) An fmawo-wleckrophoretlis method of C-resctive probein
sstimation. {See Lppendix 1 apd 2)

The vole of the C-resctive proteln in ibts reachtivity wibh
Polioviruses was lavsstiguled,

Oommerceial Ce-reactive protein and C-reaetive protein
prepared by an ebher-dislysis fractiomation method from 14 huwmen
sera was used. The human sera varied from a 1t te 3* C.BE.P. positive
as shown by the capillary tube method. Tests were done as follows: -

{1) Flectrophoretic howogenelty and ibs comparison with
serun probein bands normally obitained, was estlmated.

{2) Heutralization tests and complement-Tization tests were
perforned on C.R.P. -~ Folievirus sixtures.

{3) Immumno-eloctrophorebic analyeis was carried ocutb.

For the sshke of clarity, all test materials and methods are
1isted in Appendix 1 and Appendix 2. Appendix 1 lists and defines the
source of materials used in bhe preceding tests. Appendix 2 describes
the methods used in performing the various tests.

The number of sers tested in each of the three groupe of
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children sre as follows: -

The totul tested, following fouwr injections of Jalk-type
vaceine (See Appendix 1) was 207. OFf these, 22 {(10.68) were negative
ab a serum dilution of 1:10 for both types of Poliovirus antibodies,

82 (39.6%) were similarly negative for one or both types of Poliovirus
anbibodies. 56 of these latter were Ied the appropriste type or types
of live wvaccine., Of these 56 u Foliovirus type was isolated in 46
(824) from & vesitsl sweb token on the tenth day after feeding.

For the purposes of this study, thoss children who wevre
negative to both types of Poliovirus antibody, who were fed oral wvaccine,
and who obtained & good antibody rise to both types of virus,
consbitubed the first group.

Thése ghildren who were negative to one type of virus antibody,
who were fed oral wvaceine spd who obtained & good antibody response to
the type fed, constitubted the second proup.

Those children who cbitained a good antibody risze to both
virus typss following Sslk vaceination constiliubed the third group.

Five were taken frowm the [irst group, two from the second,
and three from the third., The sera from these ten children werse |
extensively studied. It was fell that these three groups would reflect

most warkedly the existence of any difference in the immune response,
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XX RESULTS AND INTRHFRITA

table II 1ists the ages, in wonths, at which the various
progedures were carried out on the ten children.

Table 111 sumarizes the resulis obtained by the various
tests,

The following can be deduced from these tables (recognizing
the very smsll muber of tests) -

{1) Age slone is not responsible for failure to respond to
Salk wvaceine &s Casss 8, 9 and 10 were of & compsrable age Lo Uases
1 4o 5. 'The mother's sntibody level at the time of birth, unfortunately,
is not known.

Furthernsore, Cases & and 7 show response to Salk vaceine of
one different type only. In thess cusss, this supgests thst failure
te respond is not due to & gensral lmmunological defect on the part
of the child or a defect in the antigenic potency of the vaccine in
guestion (theag ehildren were given waccine, the ssnme babtch of which
produced adequate titres of antibody to both Poliovirus types in other
ehildren). It may, therefore, be a reflection of the passive antibody
levels obtained from the wothsr.

{2) In general rises in the complement-fixing antibody levels
paralleled the rises in neutralizing antibody obtained after feuding
the oral vaccine, 5&% to & lesser extent.

In the children who were not given oral vaccine, the
complenent~fixing antibody levels did not compare with the neubralising
sntibody levels. This supports the contention that some factor othar

then neutralizing antibody is responsible for couplesent fixation
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fallowing acbive cell infectlon., This wmight well be & predusct of
eell disruption.

(3} In many instances the 2-day reading of the neutralization
toste shoved & one-tibe higher neubralisation tikre then the L-day
reading. This suggests that the 2-day reading smay be a more sensitive
reflection of 8 bype of neubtralising antibody.

Of particular intersst in this vespept is the great difference
seen betwesn the 2 and 4~day reading for Type 3 virus, in cases 3, 6
and 7 and for Type 1 virus in case no., 6. OCases 3 and 7 also show a
major rise in complement-fixing antlbodies. Doth of these children
woere fed the appropriats virus,

This sdds further to the contention thab a product of cell
disruption may be responsible, ab lsast in part, fovr c@@ﬁiﬁ@@nﬁ«fﬁx&ﬁi@&.

. The role of Uereactive protein as a participant in any of
the above phenomens was investigated. Table III shows that only the
first serws sample of (ase no. 7 showed a positive capillary tube
reaction for C.H.P. Unfortunately, insufficient sera remained to
perforan complenent~-fixation Lests on the sample. .

Tests were, therefore, done to determine if C-reactive protein
possessed any ability to neutralisze Pollovirus infectivily or to resct
with Poliovirus antigens and bo fix complement,

Commercial C.H.P. was used {0.R.F. - Positest) together with
partially purified C.R.P. obtained from pooled positive sera {(See
Appendix 2). Both types of C.R.P. used separately produced the follow-
ing resulis: -

{1) Using the cylopathogenie~inhibition test on monkey kidney

cells G.R.F. showed & neubraliszing titre to Type 1 Poliovirus of li



on the Z-day reading and of < 1lib on the L-~day reading.

(2} 8y the same test O.H.P. showed a neatralising bitre fo
Type 3 Foliovirus of 1:8 on the Zeday reading sad < 1k on the Lf-day
rosding. |

{3} Using voth Poliovirus Types L and 3 antigens C.RE.F.
fized complement at & dilubtion of lik in sach casge,

{i,} Purthersore, the metabolie~-inhibition test, using
monkey kidnsy cells, showed that U.H.F. ab & dilubion of 1230 neulralized
the infecbivity of Poliovirus Type 3. ALl controls {sera negative to
CufieP. by the capillsry test) showed no neutralization even when used
wrdiluted.

These results are most intevesting. It must, however, be
borne in aind that the originnd dilution of the CLE.F. 1s actually
unknown as, unfortunstely, gquantitation of the precipilate obtalned
during each f{ractionablon procsdure was nol measured. Hevertheless,
visual inspection of the protein density of the bands obtained by zone
electrophoresis appearsd to represent considerable dilution in the
case of bobth the commercial produet and that produced in this laboratory.

4 gommunication reguesting the nature of, and the methed of
production of, the commercial G.1.P. has remained unsnswered. (This
is hardly surprisingl.

Bieckrophoresis and jmauno-electrophorssis with, and without,
specifle absorbtlon rev&allﬁath producks to contain no detectable
gams-globulin (Sse Pig. é%).

This allows at least one asswapbion to be made, namely: -

that there is some fasctor capable of neutralizing Poliovirus lnfectivity
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and also of rescbing with Poliovirus anbigenic msterial to fix
complenent, which is not o gomme-globulin by sny definition. This
factor mway or may not be ddentieal with C.I.P. bub appears to be
agsociated with it.

Inmuno-alectrophoresis is o sensitive method of delacting any
aptigenic differences thob may exist belween proteins. Agar sone
electrophoresis 1s eapable of ssparabting protelns of slullar surface
charge by a degree which cen be detechbed. Howsver, there are numerocus
factors, as sesn by the review of the likeraturs, whiech are sritefactual
and have eaused conslderable senfusion in regerd to inderpretation.

Therefore, prior Lo any gualitative study of sera from
ehildren in the three study proups 1t wia sonsidered necessary to
2stablish & base line in repsrd to the elecirophoresis methods, These
factors were consldered: ~

{1) The effects of the routine trestnent each seruws speeimen
rogelved in the laboratory orlor %o festing. This involved the effects
of storage, freezing and thawing, and heating ab 56°C for one half hour.

{2) The effects of hemolysis.

Fiwve fresh normal sers were studied. The following resulis
are exanples of the effects of each vardsble shown by agar zone eleciro-
phoresis and ilmmuno-elsctrophoresis.

Pigures L and 5 show the porsal bands aspd ares obtained by
both methods of examination.

Figure 6 shows the effects of heabing fresk serum at $6%C
for intervals of one-quarter, one-half and one hour as shown by zone
electrophorasis snd immwno-electrophoresis.

{1) Heating for one-guarter hour has little effect on



2ither nsbhod.

{2} Heating for one-half hour warkedly chunges the 5.2
globulin region as seen by sone electrophoresis, bub it will be seen
that the arce oblulned by lmmuno-electrophoresis ave unchanged,
altheugh much Imwobile protein can be seen sl the applicablon well.

{3} Heating for one hour results in a diminution of the
intensity of the albusina and a-globulln ares, and an apparent
lengbhening of the passa-globulin are.

Figure 7 shows the elfectis of roubine shorage { as
repregented by overnight freesing of fresh serum st -28%, te -30°%C.
and thawing abt room ﬁéﬁ@. for Irom 2-4 hours). This procedure was
carried out three timse on esach serum. The effects are neglijible.

Figure 8 shows the effects of hemolysis on serusm ssaples.
These are: -

(1) #Harked alterations in the P-globulin vegion as shown by
zone eleetrophoresia, and
{4) Littie change in the imwno~electrophoretic patiern.

Yrow the above 1t ean be deduced thats -

(1) Routine storage has little effect on elther sone or
dmmuno-electrophoresis.

{2) Hesting for one-half hour st 56°C causes marked chunges
in zone electrophoresis bub little change in Immuno-alectrovhoresis.

{§§ Heating for one hour changes both,

With this krouledge ab hand the sera obtained before and aiter oral
vageine of cuses 1, 2, 3, 4, and 5 were sbudied.

The resulis can be seen in Figures 9, 10, 11, 12 and 13,
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They sve sssentially sinilar and conslet of the following: -

{1} By zone electrophoresis, the apperent sppearsnce of an
extrs band in the gaoms-l and 8-2 posibions.

{2} & "bowing® of the B-2 are which appears Lo be a fasion
of 8 8-1 arc snd a B-2 are. The fusion suggeste antlgenic identity
and ag such may represent an dncrease in cne of the "bmswmoglobulins®,

The actual signiflcance of this is nob yot known, bubt from
the bage line superiments it would not ssen to be sn artefact bscause
a change apnears in the sons elsobrophoresis bands %ﬂgé%h@r with a
change, in She sane position, of the aros obiained by luauno-elechrophoresis,

Hexb, sera from children who responded well to both virus
types following Salk-type immuniszation were coupared with the sers of
those children who 4id mot respond bo eibher virus types. This
reprasents compering the sers of cases 8, 9 and 10 with the pre-cral
vaceine sera of casss 1, 2 apd 3.

Flgure 14 shows these resulis. Ib can be seen that e similar
difference exishe betwsen these sers as between the sera, before and
afler, of children who responded wall to the oral vaceine. This suggests
that po iumherent defect accounte for the different response seen between
the twe groups of children, but that s tenporal change in the immune
corgditions of the children is mobt likely. This may well be refleected
by the titre of passive antibodies each child possessed at the time of
Salketype vecelnation.

Immuno-electrophoretic studies on Cereactive yrotein proved
interasting. Using commercial C.N.P. and ether-precipitated $.R.P,

certain facts were glesned from sgav-diffusion studies which warrant
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comaant,

Figure 14 shows commercial C.R.P, Positest {(belisved to
be purified C.R.P.) elsetrophoresed in parallel with ether-fraetionated
C.H.FP. and ap albumin conbrol alongside. It can be seen that the
copmerclal product shows a high electrophoretic homogeneity with a
mobllity similar to that of the u-l globulins. The ether-precipitated
G.E.F. i composed of two fractions, one with a wobility of albumin
and one with a woebility of u-l globulin., Both bands represent low
protein concentrations. The electrophoretic pattern of esch frastion
concantrated by freeze-drying is shown as well. %he commercial
Ce.BEePe has a mobdlity slightly less than the ether fraction.

Figure 14 also shows the imuuno-electrophoretic studies of
CollsPompositive and C.H.P.-negabive sera, and commercial C.R.P, -
81l electrophoresed and allowed to reset with anti-0.R.P. rabbit serum.

These show: -

(1) That the rabbit produced A.C.R.P. veacts by a line of
identity with the human serum, both C.R.P.-positive and C.R.P.-negative.

(1ine No. 1). This is a Bl or a-2 globulin.

(2) That the C.R.P.-positive serum reacts by a faint line
{Line No. 2) with &4.G.0.P. and this is in the gauma-globulin region.

(3) That the anti-human rabbit serum and the anti-C.H.P.
rabbit serum react with each other by a strong line which is situated
at the mid-point between the twe, {Line No. 3), and that this line
is interrupted by bands in the B region of the human serum and fuses
with these forming two lines of identibty, one of which further
bifurcates and fuses with ancther human arce in the a-globulin regien.

{Line Ho. 4)
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Thess observations are interesting in as much as the srea
where the lines of ideniity are formed probably represents the ares
contaling C.H.P., bub that there is abt least one other speeific line
of resction with C.H.P. in the fast gamma-globulin area {Line Ho. 2).

G-renctive provein was shown to be unstable following heating
at 569 for one hour and of varisble stability when heated at 56%
for one-half hour.

Pooled comuercial pamma-globulin (Connaught) showed a
3% positive with anti-0.0.P, rabbit serus by the eapillary tubs

method and & strong line of precipibetion by sgar diffusion,
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HIATIVE CORCEUGIONG

The results obtained in this sbudy cannot, by any criterion,
be consldered more than preliminary,

The nuwsbers involved are fow. The varisbles sre nany.

is felt, however, that this work is u start. Hach statement of faet,
arising from this work, has been the result of an experiment which
has been consistently reproducad st leusst three times.

Hence, it appsars that: -

(1) The @é-reactive protein, or & subsiance or substances
closely allied to it, may be vresponsible for some degree of Pollovirus
neutralization and complement-Lixation ss shown by the usual laboratory
tests.

{2) Gross-renctions, usually of & minor degree, shown by
these and other tests may be due to the presence of such & substancs.

{3} At least two precipitetion ares, one in the gamms-globulin

reglon and one in the g-globulin reglon, are produced by lmmunc
electrophoresis of C.R.P.~positive humsn sera agaimst anti-G.E.P,
rabbit sera. The presence of a "deviailon phenomnenon” suggesis the
prasence of & third component.

{L) An ether-precipitation method has been devised for the
precipitation of C.E.P. from human sers in an, &s yeb, incompletely
pure state.

(5) Following adesuate immunization as shown by the presence
of a high level of Foliovirus neubraliszing antibodies an extra band,
in the pamma-l or 8-2 regilon appesrsd in the post~lumunization serum

sample. This was present in post-immunization serws samples when
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“‘i’%u& esrbire wvork described hereln should be repsabed using
lavger nusboere of btest speclamons.  Hore use should be wade of the
slegant end very semsibtive technigue of lmmuno-slesbirophoretic
aoalysis.
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1 SOURGE

1. Honkey kidoey cells ~ kindly supplisd by Connsught Hedical Hessaveh
Labovatories, Toronko. Sent al a 121200 diladion of pucked sells

¢

in propagoting media {0.52 lactelbunin hydrolysate, 2.08 horse serum
in Hanlc's balancBd sall solublon).
2. Complenent-flxation anbigons for Pellovirus Type 1 and Polloviras

%

fype 3 - purchased [rom ¥icrsbiological Assselstes, Balbimore,
Haryland, U.D.A.

3, G-reschive proteln antiserun {vabbii) and Cereactive protein (rositost)
purchased frow Zehieffelin and Co., Hew York 3, H.1.

he Balk-type Vaceine - Diphtheria, Pertussis, Tetanus and inactivated
Foliovirus Types 1, 2 and 3. Adpinistered by Oept. ef Public Heallh,
City of Winnipeg and obtained fron Connsught Hedleal Research
Laboratorios, Teronto.

5, Oral 1live ntionuated Poliovirus Types 1 and 3 {Sabin strains) -

'Y

suppiled by Connought ¥

23

355

edical Hesearch Iaboratories, Toronto.
6. ilectrophoresis Power Pack - Teco ¥Model B-800-2. Hessarch Sguipment
Carporation, Oaklsnd, Gslifornia.
7. Plastic for flectyophovesis migration chawbers - purchased from
Planilab Lid., Winnlpeg.
£, Contrifuge - Intorpational Portable Refriperated Cenlrifuge -
Hedel Ful.=2, Internstionazl Eouipment Co., Hoston, Yass., U.8.4.
9. pPH = Mebur « Deckman Zeromatic,
10, Di-athyl ether - Anaesthetie grade, stored at 490,
1l. ¥thyl Aluohel -~ 95%.

12, 0.012 caleius chloride solution in distilled waber,



HELL A - conttd

13. 0.5 Holar Acebie Aaid
e 0.5 Holay Sodiva Blearbonate selubion in disiilled waler - stored
at 59,

15, Agar - Special Weble (Difoc) 27 for slides and agar blocks in buffer.

14, Buffer — Made up o followst -

2

v Verspolate (Barbital sodiws) 8.0, = 8.5 pus,
L (W) = 11.5 ec.
Distilled {Delonlssd) waler to - 10 ce,

senbs an ionic slrenpgth (1) of 0.05 M.

angd a pi @f Badyo
17. Petroleuam Bthey {(Malllnckrodt Chemlesld ¥Works, Homtresl)
18, Hleroseope Glides -~ 1M z 3% and lantern projection slides {(glass)
31/ % LR
19, Flxabtive - Hade up as followes -
BEthanol {958} - 70 ce. added 4o 100 co. of deicnized
distilled water {70 vols. per cent othencl). Then 5%
Glagial Agatlc acld mede up in above 70 vols. per cent
gthanol.
20. Stain -~ Made up ss Lollows:
Hixed in order - AmldoeBlack 10 B. {Harisco) - O g
Hereurie chloride 5.0 g

- Aeetic feid 8.0 ee,
ietilled water %o 100.0 ¢e.

t

i

Filtered and used.

21. Rinse - 3% aecsbic acid in distilled water.
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Lo Llestrophoreuls -

Glestrophoretic Cell {See Fig. 3} - Made of plexiglass. Albthough

not absoiubely electriecally inerd, it is quite satisfactory. The
box is constructed as follown: - Walls and centre partition are
made of Plexiplass 1/4" thick, and the agar supports are 1/8%
thick. Cementing of pleces is done with a paste made up of small
plecss or shavings of Flexiglass dissolved in echloroform. This
gives an excellent waterproof seal. The elecirodes are made of
platinum wire and coverad with plastic tubing from an I.V. saline
seb. This allows products of "gassing® to travel up the tube and
pravents bubbles forming in the buffer chamber. The slectrode
terminals must be made of 8 non-corrosive material {or slternstely,
the platinum wirs can be psssed directly through the wall of the
chamber and the space sround sealed with Perspex-chlorcform paste).

Preparation of Apar ~ Used both for blocks and for slides. Heat

buffer until moderately warm (approx. 65°C) and for every 100 ml.
of buffer used add 1.0 gms. of Hoble agar. Then heat further until
golution is elear. This is 1€ agar in buffer.

Home of this is used to make the agar bloecks. Some is used
to make the slides. The latter is done as follows: - Some agar is
poured into a convenlent flat container on a bench and allowed to set.
The remaining agar is kepb liquid by gentle heat. The set agar always
finds its own level and thersfore provides a perfectly flat surface
on which to lay the glass slides. The still-liguid agar remaining ie

then poured over the slides in 2 ouantity sufficlent to make a 9 mm.
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thickness when set. This amount depends on the size of the container.
This procedure is always carried out with the container kept in the
‘ﬁ&m@ spot on the bench. Alber the agsr is set the slides are then
covered with buffer snd can be storsd in the refrigerator until ready
for use. Thoy sust be stored for at least 24 hrs, otherwise the

separation of the proteins is not as good.

A groove is moede in the centre of each slide,

1 em. in width and is made by laying & 0.5 em. length of the filter
peper wicks used in the Zpinco paper electrophoresis methed on edge

for about 2 minubes, allowing it to scek up some of the salis snd
water. This lesves s shallow groove which will take approximately
0.005 ml. of serum. This can be sceurately weasured with a ?ip@ﬁt@,

or can be applied with a tuberculin syringe with a #26 bypodermic
needle. The slide ip then left on the bench for about 3-4 minuntes
until the serusm is sbsorbed into the groove. It is then placed upside
down, supported between the apar blocks. The centre cavity of the

agar is then filled with petroleun ebher until the surface of the

slide is completely covered.

Uperation - The cell is now ready to operste. The current should be
adjusted to 25-30 milliamps per 1" widith of spar {(i.e. for one
microseope slide - 25 ma., for two - 50 ma., or for one lantern slide -
100 millismps.}. With the Heco power pack or its equivalent, this
usually means & pobtential difference between the blocks of approxinately
120-140 welts and a running time of aboub 45 minutes. If the voltage

or amperage is lower the run takes longer, eleciro-endosmosis is



APPEEDIX 2 - conb'd

lens, and separation is not as good. Run at constant volbage. The
run may be interrupbed fo replace pebtyolews ether if this has
svaporated too oulekly. This doss no haym orovided the tinme interval
is not too long.

Pixing, Drvine and Stainine - bhen the run is conpleted the slide is
placed lmmediately into the flxmiive. At this polnt one con ses the
coagulabed wrotein lines withoud staining, bubt the less dense lineée
may nob show up too well. The dime here is 30 minvtes.

The next step is dyying the apar strip. %his is igportent
and poor resulis are obtalined when this is not adegustely done. This
in done by covering the agar on the slide completely with a thin
filter paper, and placing in an incubalor for a feow hours at 8 beupe
arature of 37°%C.

Following drying, the siripy ls placed in the stain for l-2
hours. The strip is then placed in the rinse solubion until the back-
ground is pﬁrf@ctly glear. The strip can bhen be mounted as a
permanent preparation and ean be seanned by & densitomeber and
cuantitative studies done,

Jmmuno-Electrophoresiy -

This method is performed in exsctly the same mamner as forv
zone electrophoresis exeept that prior to slectrophoresis, grooves
and wells are mude in the agar slides and following electrophoresis
the agar is not fixed. The grooves and wells are made as follows: -

A groowe is cub in the agar empctly in the centre, in the
long axis of the slide anf for 3/4 of ity total length {this lsaves

1/8 of the length of uncut agsr at each end). The groove should be
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Go0, em. in width, This can easily be dons hy binding two Bard-Parker
gealpel blades togethor, adjiusting the width to 0.1 em. and using this
to oub agar evently. Exactly ab the centre point of the trough and
(.5 em. lateral to it on either side o suall hole is punched in the
apar by using & #16 B.U. hypodermlc nesdle with the point cut off,

The spar from the groove and frow the puneh holes can be
ensily 1ifted oub by wmeans of 5 Tine probe.

The serus to be tested ls placed in the mmeh holes and
electrovhoresed as for zone electrophoresis,

Pollowing electrophoresis the antiserum is placed in the
trough and the slide is placed in & petrd dish in which 2 saline-
soaked plece of coblon guuze is pub Lo keep the atvosphere hwsid.

Fhe dish is kept at room temp. for 2L hrs. in & draught-free ares,
The precipitstion arces should be developed in 2L hra, and are at &
waxinun in 3 days.

Vhen the arcs sre fully develoned the slides are placed in
pormal {0.857) saline and washed in seven changes of saline, ae follows: -

ist day = shanre 3 times

Znd day -~ change 2 times

3rd day -~ chanpe 2 times

This washing elubes out uncomblined excess protein from the
antisﬁ?um ard the precipilation lines only are left. PFellowing wash-
ing the zlides are covered with filter paper and sllowed to dry
thoroughly in & hot alr ivocubstér (379C).

Ones drisd they are then stained as for zone alecirophoresis.
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Conplonent-Tization Toal o
: L3288

The Peropex tray mebhod ls used, as described by Pulten, F.

and Thmbell, K.R.s J, pon. Hicrob., 33 97, 1949. 1007 hemolysis of

the indicator red bleed cells is taken as the end-point, using

2 1/2 mindnal hemolytie doses of comsdement.

Gytopathegenic-Tnhibition Tend -

In general this consiste of testing 2-fold dilutions of
serum against o dilublon of virus known to produce eytopathogenie
@h&ﬁg@gvimﬁﬁlviﬁg rost of a wonolayer of first generation Bhesus
monkey-kidney cells grown on roller tubes,at a four-day resding.
This virus dilution equaled 100 T.0.0.450. The specific methed is
deseribed in “?&@ inboratory Manusly Virus laboratory, Department
of Bacteriology and Immunology, University of Manitobs,

Production of Hebbit Anbi-Human Antisera -

10 ml. of humen serum (in this case from one individusl, but
preferably pooled) is inoculated intrapuscularly into s minimum of
3 rabbits in the folloving manner - no adjuvant is used: -

1ot injection - 3 ml. I.H. in divided doses ~ 3 days later -
3 ml. I.M. in divided doses - then 1 ml. twice a week for 2 weeks.
Rabbits sre then emwsanguinated or 10 ml. removed and further booster
doses of 1 ml. given weekly for the remsinder of the rabbit's 1ife,

Preparation of Purified C-rssctive Protein -

12 human sers were pooled. JTach showed a 1% or 2+ reaction
with 4.0.R.P. by the capillary tube method. Use was made of an

ebher-precipitation wethod of serum protein frsctionation as deseribed

by Kekwick, R.A. and Huclay, ¥.M.s MJ.C. Spee. Report Series, #2086, 1954.
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Total wolune of poolsed gera = 12 an, The serum was ad justed to

pi 5.50 by adding drovwise 0.5 M. HallOq solubion and checking with
the Heckman pH meter. It was then divided egually into four 15 ce.
centrifuge tubss,

The ionic strength was lowered by dilubing sach voluge of
serum with 3 voluses of distilled water at 0YC. in the internatiomal
cenbrifuge. BDiethyl ether was then added to 18.5 vols. per cent
(approz. 2.0 se. of ether to cach 12 cc. of dilute serusm) and the
temperabure was lowsred to -3,590,

This prscipitated the globulins. The tubes were then

 cantrifuged st 1500 r.p.p. for 1/2 br. at <3.5%. The supernatant
conthalned nainly albuming, a-globuline and some S-globulins as shown
by zone sleectrophorssis,

The pH of the supernatent was then adjusted to 5.0 wibh
0.5 H. acebie acid. Then 1/2 vol. of 50% {v/v) ethanol was added
and the temperature lowered to -59C., This preecipitated the albumin
snd C.R.P. This was apun st 1500 r.p.a. for 1/2 hr. and the super-
natant discarded. 7The sediment wes resuspended in 5 ce. of
0.01% ealelun chloride solubion and then dialysed against tap water
ab room temp. for 4 hours. (Ca*’ in tap water causes C.R.P, to
flocculate). C.R.P. = fine floceulate. This was then spun down at
4°C in the inmternational centrifuge, and resuspended in 2 ce. of
normael saline.

Zone elotrophoresis showed this solution to have a protein
component with & mobility simllar to albumin and the a-globulins and

it reacted as a 2+ by the capillary tube method with A.0.R.P.
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TABLE IX

AGE OF CHILDRUN IN MOWTHS AT TIME OF VARTOUS PROCTDUREDS

Case Ho. lst DPT Lth DPP lst Blood Peeding oral 2nd Blood
and P apd P Taken Yaccine Taken

1 5 iz &3 i 16

2 3 i3 iz i3 15

3 4 ig 19 20 22
4 g 1e 18 1/2 20 23

3 3 11 iz 13 i5

6 4 11 1/2 13 15 17

7 3 15 1/2 16 1/2 18 20

8 b 1l 12 - -

9 51/2 13 14 - -
1o b iz i3 - -




TABLE III
ANTIBODY LEVELS AS SHOWN BY VARIOUS SURCLOGICAL TEATS

TYPE X TYPE 11T
T YT Yirus Type | Screen 2 day L day G.F. Sereen 2 day & day Ga.¥. Heetal GuBPe
Number|  Fed | , | Swab
| A<h | <4 4 A 32 16 | 16 Fos. for | A. Neg.
. Ledd <0 gmarl osi2e | 32 | S0 0 ol Sael 3 L tyve s C. Weg.
& b 4 4 A< L <4 O Pos. not Lo Heg.
2 land 3 | {10 G 256 128 4 <10 C 512+ 512+ 16 Typed C. ¥Neg.
' A L4 <4 4 . A <4 < | © . Pos. not i, Neg.
3 land3 | {10 | gsia+| 256 g | N30 0 gsiae] 12 | 16 Typed C. Heg.
, O {h g / A4 4 A b Pos. not L. Yeg.
b land3 | (30 cs512+] 512+ 16 | 0 5124 S12+ | 16 Typed ¢. Hsg.
. il
A4 <h (I A 8 <h & Fos. not Lo Heg.
5 ted3 1 <30 1 gz | 128 i 0 Gsayl s+l 16 Typed C. Neg.
) A<y L4 o | | A28 32 6 |  Pos. for L. TNeg.
6 1 10 1 gs1a+ 128 - 80-330 1 ¢ 32 0 32 1 - | 1yped €. BNeg,
L A 128 128 - ,. L4 32 g 4 Pos. for A. Pos.
7 3 BO-320 ¢ ¢ 128 128 - Cw | Cos124 512+ 128 Type 3 G. Neg.
8 - 320 + - - L 1 320+ - - 18 - Yeg.
9 - 320 + - - 1 & 3+ - - o - Hego
10 - I320 + - i - 0 320 + - - b - Heg.




HECHANISM 1 HECHANISM 2
ORAL BNTRY ORAL ENTRY OF
OF RELATIVALY HANY VIRAL PARTICLES
FEW VIRUS PARTICLES (100 OR HOKS)
(10° OR L8338} O—W—m
ARARK KX X KKK
PHARYNGEAL CELLS (VIRUS IN )
ARAR XX KK A KX INFECTED ETR&%::)&T Lth=Tth)
INTESTINAL CHLLS DAY )
InFECTED (VIaUS IN )
(STOOL 2nd=-14th) .
\L { bpay ) TONSILLAR LYMPHOID
TISSUE

PEYSR'S PATCHES

J

HBGIONAL CBAVICAL

REGIONAL LIMMH ( 7‘ LYMPH NODES
RODES o / /
XAK KA A XAKA e K/
v
BLoop & /
A4
REPLICATION
IN OTHER / AARKN  w STAGE AT WHICH
SH- PRE~EXISTING OR
/ RAPIOLY PRODUCED
/ AWPIBODY IS THEORSTICALLY
WOCRPRINS |- CAPABLE OF N&UTRALISING
REGIONAL NERVE YEis
N CELLULAR DHMUKITY HAS
ITS GREATEST BFFECT
EXTENSIVE  LITTLE
NEURONS  NEURONE
DAAGE  DAMAGE '\ PARALYSIS OF
FEW MUGCLE PIBRES
UNDETSCTABLE
SEVERE  MUSCLE  CLINICALLY
PLRMANENT  WBAKNESS
Pamjfszs PEREANENT
DEATH RECOVERY

FIGURE )

SUGGESTED MECHANISH of POLIOVIRUS INFECTION IN MAN
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FIGURE 2

DIAGRAMATIC REPRESENTATION OF THE
PRINCIPLES OF ELECTROPHORESIS

st csn




.

-
N«W«.WW

e
.
e

FIGURE

PHOTOGRAPH OF

3
EQUIPMENT




”K").‘ X ((’z)(’« X3 | o '

8

@ 4

/

=

1

FIGURE 4

OF NORMAL HUMAN SERUM AND DIAGRAM IL-
LUSTRATING THE IDENTITY OF THE ARCS
OBTAINED
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FIGURE 5

PHOTOGRAPH OF IMMUNO-ELECTROPHORETIC PATTERN OF NORMAL HUMAN SERUM
AND DIAGRAM ILLUSTRATING THE INDENTITY OF THE ARCS OBTAINED




FIGURE 6

THE EFFECTS OF HEATING NORMAL HUMAN
SERUM AT 56° C FOR % HOUR, % HOUR
AND 1 HOUR AS SHOWN BY Z0NE ELECTROw
PHORESIS AND IMMUNO-ELECTROPHORESIS
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FIGURE 7

THE EFFECTS OF ROUTINE STORAGE OF NORMAL

HUMAN SERA AS SHOWN BY ZONE AND IMMUNOw
ELECTROPHORESIS
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FIGURE 8

OF HEMOLYSIS ON NORMAL
AS SHOWN BY ZONE-ELECTRO-
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FIGURE 9

SERUM OF CASE NUMBER 1 - IMMUNO-ELECTROPHORESIS
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FIGURE 10

SERUM OF CASE NUMBER 2 - IMMUNO~ELECTROPHORESIS




FIGURE 11

A FTER

BEFORE

SERUM OF CASE NUMBER 3 - IMMUNO-ELECTROPHORESIS
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FIGURE 12

SERUM OF CASE NUMBER [ « IMMUNO-ELECTROPHORESIS
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FIGURE 13

SERUM OF CASE NUMBER 5 - IMVUNO-ELECTROPHORESIS
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FIGURE 14

DIFFERENCES BETWEEN. SERA FOLLOWING
POOR AND ADEQUATE RESPONSE TO SALK
.VACCINATION
EXAMPLE OF ZONE AND IMMUNO-
ELECTROPHORESIS
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FIGURE 15

STUDIES OF C-REACTIVE PROTEIN
ZONE AND IMMUNO-ELECTROPHORESIS
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