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IWTRODUCTICH

The viruses constitute a group of obligate parasites of living
cells which; in general, show the following characteristicss
1) They do not zrow on artificisl media, 2) they are not visible
andey the ordinsry light micwoscope, 3) they pass filters that |
retain bacteria, and L) they produce disesse in animals and plants.
Collas for the eulbtivation of viruses may be supplied Ly intact suse~
ceptible animals, mmy be derived from enbryonic tissue of the
developing chicken's egg, or from pileces of susceptible tissues.

Por in vitro grﬁpa-;;amim, two general classes of tissues are used!
one is the nminced, surviving, functionmal type described by Maitland
and Maitland (1) and Li end Rivers (2)3 bthe other is the rapidly
growing cell such as is found in embryonic explants or tumors,.

Most vivuses prefer rapidly growing cella bub they may alseo multiply
well in celle which are simply mainbteined in a functional state (3).
For these reasons tissuve culture techiiques have been extensively
utilized by virologiste to further the knowledge of these organisus
and the disexses produced by them.

Harrigon (L) described the first “tissus culture® in 1907 when
he visualized colle growing on a glase slide. He wetched microscop-
ically the development of nerve fibers from fragments of frog neursl
tube suspended in frog lymph. The cultivation of viruses in tissue
eulture wie first attempted by Steinhardt (%) in 1913, and leter
Maltland and Maitland (1) in 1920 who reporied varying degrees of

success in propacating vaccinia virus, Harly preparations consiested



of mixtures of cells not actively metabolizing, such as mineced
aduld tissus in serum and salis. Pollowing these classic experiw-
ments the field has progressed rapidly and the present conplexities

asre veflections of the success which hes been achieved in the pro=

pagation-and shady of many virel and vicketisial ajents,.

TYES OF VIRUSES GROWN

Listed in the following table are most of the medically impore
tant disease producing viruses, the tissue they were gromm in, the
particulay type of study involved and the authors who first reported

thelr cultivation.

TABIE I (lodified from ﬁm&eﬂ)(%}

VIRUS » 1Is3uE STUDY AUTHORS
Adencidal-pharynpenl= tonsil, adenoid P Huebner, Rowe, ﬁ‘u-d
conjunctival agents  epitheliunm E‘amt'h, and Bell (6)
Coxaaciie mouse brain; muscle,P Slater and

intestine Syverton (7)
Dengue mouse brain, P Schlesinger (8)

err enbryo

Japanese B ance;ﬁw enbryonie chiek P&V* Varren and Hough (9)
alitis liver

8%, Louis encephw enbryonic mouse P Syverton and
alitis brain , Berry (10)
Epidemic kereboe # o P Sanders, X. (11)
conjuncitivitis

Bguine encephalow ege embryo P 8yverton, Cox, and

myslitie Olitely (12)



Foot and Houbl

Herpes simplex

Hog cholera

Influenga
Louping i1l
Lymphogranulona
venereun
lisasles

Murps

Hewcastle
Peliocmyelitis
Peittacosis
Rabbit myxoma
Rabies

Serun hepatitis

Yellow fever

Yeeeinia

Varicella and
Herpes zoster

embyyonic guines P Hecke {(13)
pig skin
rabbit brain and P Parker and Hye (1k)
testicle
swine bone marrow P Hecke (15)
and lymph nodes
egg enmbryo » Franeis and

Magild (16)
ezg enbryo P Rivers and Ward (17)
guines pig kidney P Meyer and Anders (13}
and testlicle '
sinced chick P Plots (19)
enuyyo ‘
minced amion, P Weller and Enders (20)
egg eubryo ¥ Beveridge sl Lind (21)
ege embryo P Popacio (22)
enbryonic hungn P Sabir and Oliteky (23)
nervous tissue,
morkey lcidney v Salke (24}
mouse spleen P ‘Bedson and Bland (25)
nononuclear cells P Benjamin and

‘Rivers (26)
rabbit embryo P Kanagaws (27)
brain v Koprowski and Black (28)
winged chick smbyyo P Drake, Henle,

and Btokes (29)
¢hick embwyo, 4 Hasgen and
rabbit testicle, Theller (30)
guinea pig testicle
rabbit corneal P Aldershoff and
tissus Broers (31)
human embyyonic P Woliar {32)

slcin and muscle

P* yvefors to propagation, V¥ to wvaccine
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Several inportant viruses have failed %o grow in tissue cultuve.
Included in this group are those of infectious mononucleocsis,
trachoma, common cold, infectious hepatitis, and epldemic kerato-
conjunctivitis. It is likely that some requirement ie still lacking
e¢ither in the culture medium or in the technigues thus far used in

attemple to propagate these viruses.

OTHER TIPRS OF TISSUE CULTURE STUDIES

1, Antigon Preduction

Immundsing antipzeng or vaccines heve been prepared in
tissue cullure with varying degrees of guccess. Repeated passage
of munps virus in chick embryos has resulted in an sttenuated
atrain which has been used for immunization. The 17D strain of
yellow fever virus has likewise been attenuated in mouse and chick
embrye and employed as an immunizing agent. Complement fixing
antigens have been successfully prepared in $issue culture using
the liela cell for the newly recognised group of viruses called
adenoddal-pharyngeal-conjunctival agents (6)« Generally spesking,
tissue culture offers good opportunity for the preparation of antie

pgensg for dlagnostic testing in viral discases,

2, Imnunity Studies
Tissue eulture virus neutralization is probably the most
extensively used test for immumity. Antibody titretions of serum
may be performed and neutralization indices calculated by the Reid
and Wuench method (33}, Neutralising antibodies prevent the virus
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from destroying cells of suscepbtible tissuvs., Acute and convales-
cent serums ere generally tested sirulianecusly. Details of this

techniqgue will be described.

3. Grawteh Curves
The fact that viruses depend on the viability of the host
cell for their multiplication and their intracellular habitat has
wede then more dAifficult to study than bacteria. However, using
tissue culture methods, growth curves for mumps (20), influenza (34),
and polionyelitis (35) viruses have been described and have added
to our knowledpe ecm@émix:g the mechanism of viral reproduction.

he antibiotics and Germicides

Tissue culture can be readily adapted to determine cellu
lar toxicity and at the same time the bactericﬁ.&al or viricidal
- activity of a veriety of antibliotics and germicides, Herrell and
Heilman (36,37) used explants of rabbit lymoh mode to test cell
toxiecity and Lactericidal action of & sulfonamide drug and two
antibioticss They were also able %o deteruine the antagonistic
action of these substances toward one another and to indicete or

confraindicate their use in treatment of infectiocus discase.

POLIOIYTLITIS VIRUS IN GERERAL

Prior to the work of Enders and co-worikers (33) in 1949, the
in vitro propesation of the virus of poliomyelitis was quite irveg=
ular, The first noteble success in propajeting these agents was
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achieved by Sabin and Olitsky (23) im 1936, when they maintained
the virus for six serisl passapes, obitained an increase in viral
popualation and produced the disease in monkeys with the final

culture material. Nervous tissue from a hunan embyyo minced in

Tyrodet!s solution was useds

1. Ztiology

Little was Imown sbout the etislogicel ageut of police
myelitis, until recently, because of the difficulty in cultivaling
it and the expense of uging monkeys for test animals. The dimecase,
on the obher hand, was well understood wilh respect to ite patho-
genesis, mode of transmission, and production of immunity. Studies
on rhesus nonkteys were done by Landsteiner and Popper (30) as early
a8 1909, These men were the first to transmii peliomyelitis to
morkeys. They used the intreperitoneal roube of injectiom bub
were uwiable to succesafully pass the disease Yo other animals.
Flexner and Lewis (L0) in 1910 succeeded in making serial pussages
by intracranial injection of monkeys with infected material,

2 Dmpunity
Tmmunity to pollomyelitis was yecognized in these same
early studles and subsequent ones. leubtraliselion tests were per-
formed by Flemner and Lewis (k1) (L2) and Landsteiner and Levaditi
(L3) in 1910 when it wae discovered that seruws from monkeye which
had recovered from the experimental disease neutrallised the virus
in vitro. Animels subsequently injected with these mixtures did

not scquire the disease. The knowledpge gained on the experimental



goimal was applied %o buman cages and sinllar Lomundity studies were
done. These tests were not well controlled, however, and often
only cne monkey wag used in an experiment. In spite of the discrep-
ancles and variation found in these eavly studies they formed the
ground work for the later more corefully exscubed investigations
from which the bulk of owr knowledge mas oblained sbout the virue

of poliocnyelitis.

3+ Vaceines

Vaccines against poliomyelitis have been enployed in various:
forms since 1910. Flexner and Lewls (bl) vaccinated one monkey
with a live wirus suspension subcutaneocusly and found that the
animal resisted an intracerebral challenge with the same virus st
& lateor date, Hamy investizators since this time have also used
live poliomyelitis virus as 2 vaccine for experimental anima’s to
determine the degree of immunity produced. However, many monkeys
developed paralytic polionyelitis as 2 reosull of bedng vaccinated
despite the use of suboutaneous or intredermel routes of injection,
The highest antibody titers were produced by intramuscular injection,
generally,; but alse the highest mortality rate (L45). EKolmer (L5)
prepared s vacelne supposedly inactivated by sodium ricinoleate.
When used imtmcuﬁmously, this vacecine did not produce peralysis
in monkeys but in wmost cases protected them fyom intracerebral
challenge with live virus, (L7). When Kolmeris vaccine was twied
on ﬁwmm,v 9 subjects oub of 10,752 developed parslytic poliomyelitis,



in some cases referable Lo the injocted site. Similar results were
observed by Leake (LE) using & formalin treated vaccine. In these
studies no report is given on the levels of autibody response in
the vaccinated group end conseguently little was lesrned about the
effectivencss of the vaceine.

Very recently, a formalinized vaceine has beeh produced, tested,
and found to be safe as well as highly antigenie, thanks te in vitro
methods of srowing large quantities of virus and to strich safeby

tesbing,.

L. Berologic Types of Poliomyelitis Viruses

Bodian (50) took advantage of the observetion thai monkeyw
which survived an attack by one strain of virus could become para-
lyzed by another strain, He conducted experiments in which groups
of animals were vaccinsted with bwo prototype strains, Laneing and
Brunhilde. On intracerebral challenge using twelve other strains,
he found thot one strein (Leon) was unrelated %o either lansing or
Brunhilde, three siraing were identical to lLansing end not Erumhilde,
and eight were related Lo Brunhilde and mot to Lansing. In all cases
he found thel vaccinated moukeys challenged with heterobtypic straing
developad paralysis and those challenged with & homotypic strain
survived. This was excellent evidence tlal tiere exists al least
three andigenie types of poliomyelitis vimso Since tiwse experi.
mente in 1949, all strains of poliomyelitis have been found to fall

into one of three types. Sone well-lkmown prolelype viruses are
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#ranhilde and Mahoney, (type I), Lensing and iBF-1, (type II), and
Lecn and Saulett, (type III).

TISSUE CULTIRE

3
B

Snders and associates have shown that the virus will grow, not
only in newral, but in none-neural tissuss of quite different types.
This series of otservations (30,51,52,53) opened the way for mass
studies of poliomyelitis not limited Ly the tremendous nusber of
experimental animals needed for this work. However, in his first
successful report on unon-neural growth, Enders (38) produced the
disease in monkeys to confirm the resulis of his in vitro experie
menta. Anong the tispues found Yo propagafe the virus of polio-
myelitis, nervous and embryonic human tissue were the most suscepw
tible, bub tesbicular tissues of adult humans and monkeye and monkey
kidney wers also proven useful. Table II (ses following page),
modified {ron Sanders' review (5i), shows the widely divergent
gources of tissucs sugceptible to the poliomyelitis viruses. In
their first succesgsful attempls at growing poliocwyelitis viruses,
Enders and co-workers (33) utilised three types of embryonie tissue
ineluding brain and two non-neural types. Tigsue {ragments were
suspended in a mebrient mediun conteining three parte balaneed
salt sclution and one pert of serum ultrafilirate. They imoculated
these tissues with 0.1 mls of & mouse brain suspension of Lansing
vizuss The nuteient flwld mes replaced every L %o 7 days and new

sub-cultureswre made to fresh tissue every 1 to 3 weeks, An



TABLE II
TISSUR

Human emuryonie

Brain and spinal cord
Skin muscle

Intestine

Adrenal

Kidney

Thyroid

Ling

Heart

Human non~embryouie

Testicle
Kidney
Uberus
Tonsil
Thyroid

Tumors

ﬂbnkgg
Tewticle

Eidney

Huscls

Brain and spinal cord
Lung

Intestine

1

QRIGINAL VIRUS TYPE GROWN

I, IT, end TIX
Iand IT

I and IX

II

II

X

ir

IT

Tand I
I, II, and II1
T and IX

I and IX
IT and 11T

IX
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inerezee in the virus was found in all three types of tissue and
identification was made by neutralization tests with specifie
antigera in nice and mornkeys.

A second paper by these same investigetors (53) described a
phenomenon of cellular destruction of infected tissues which was
called “cytopathogenie effect®. Thisype of cellular degeneration
has since pleyed a prominent role in the isclation and identifi-
cation of viral arents and in antibod; quantitation, Human enbry-
omdc tissues were apain used and the btiseue fragments were guspended
in cultures consisting of fowl plasma plus chick embryo extract.
Infected ‘cultumu uhmn& a decreased respiration as judged by the
elevation in pl of the medium, The usual cellular outgrowth from
tissue frogments did not cccurs Sections were made and varying
degrecs of degeneration were found in the infected cultures as
opposed to e healthy controls, Ilzmune serun from snimals end
humans was found to inhibit the "CP® effect, probably by neutralize
ing the infectivity of the virus. Fention is made of the possibile
ity of using this CP effect to indicate the presence of the virus
in infected tissues and for isclating the virus from the host,
serologic typing of the virus, end screenlng procedures.

Bince these classic experiments, research on the in vitro
growth of policoyelitis virus in none-neural {tlssues has advanced
in three main directions. These may be listed as follows:

1) The use of monkey and human tesbiculayr tissue for
cultivation and isolation of the viruseas and for the detection of
specific antibody (55,58).
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2) The use of the Hela cell for the cultivetion and
isolation of the wiruses and for the detection of specifiec anti-
body (57).

3) The preparation of a vaceine to be used in the pre-
vention of paralytic poliomyelitis {(L9).

Monkey Tissues
8aith, Chambers and Bvans (55,58) presented evidence

for the propagation of Hof and lansing virusee in testicular
tissues of Loth humans and monkeys. With Lansing etrain they
found virus still present after a dilution of 1+10 billion. This
carresponded to twelve fluid changes of culture mediumm. Younger,
Ward snd Salk (56) have given evidence for the propagetion of all
three types of policmyelitis virus in monkey testiculsr tissues.
Roller tube cultures were used by these investigators presumably
for evhancing bthe activity of the virus., With this method, meparate
culture tubes containing tissue freguente suspended in a plasma
clot are inserted in a roller drum which rotates constently, periw
odically bathing the tissue with medius., Virus material may then
be added fo these tuber after sufficient outgrowth of new cells
has occurred. The optimel teaperature range for these bechnigues
is from 35 %o 37 degress Centigrade,

Yonley kidney has also been & very useful substrate for
growing, isclating and typing the policmyelitis viruses. Salk,
et al, (45,59) has employed this mediun for preparing fluids of very
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high virus titer to be used as a vaccines Youngner (60) deseribed
a method by which roller tubep wore prepered from btrypein dispersed
nonkzey kidney cells, He found that higher titers were consistently _
obtained by this method then by mimply using minced tissue fragments,
?rtm the significant observations of Robbine and coe
workers that pil differences ccewr in iofected versus non=infected
¢ells in tissue enlture, a colorimetric tes{: has beon devised for
use in typinge, neutralizations snd isoclations of the poliomyelitis
virug which may be read by changes in pil of the nubrient medium,
Ag meubioned previously, respiration of the cell decreases in ine
fected culbures and with the proper lndicatorx, a vise in pH may be
observed. In healthy cells, on the other hand, an increasingly
scid pH occurs. In testing by this method a difference of 0.2 pil
undt has been stated as being significent when the infected cule
tures are compared with the comtrols (53). The method offers the
advantagéa of being faster and eagier o read but it has also been
found 4o show conpidersble variation in duplicate tests,

Hela Cells

The Hela ecell, isolated md cultivated Ly Gey (62) has
been very widely used as a medium for the growth of viruses,
especially poliomyelitis, in vityo, This cell was derived from a
human epidermoid careinosa of the cervix and has been described as
being especially noteworthy in the following respeétﬂ

1) The cells can be propagated continucusly in tissue
culture.



2) They were derived from human tissue,
3} They remain viable for prolonged periods in gyne
 thetie mediua, |
I) The cells may easily be shipped long distances
without damage.

Syverton and Scherer (57,63) utilized the Hela cell to
grow, isolate, and type poliocuyelitis viruses from several epi-
denics. In addition to poliomyelitis, the lela cell has been
found to support the growth of the viruses of herpes simplex,
vaceinia, pseudorabies, pseudolymphocybtic choriocneningitis, Japanese
B. encephalitis, Eastern equine encephalomgyelitis, and menbers of
the commackie group {61).

When the Hela cell is used to izolate poliomyelitis
virus, a suspension of the cells is purmitied to settle onto the
side of 8 test tube, under aseptic conditions, and allowed %o
grow for a fow days in fluid medium, The suspocted material is
then added and if virus is present, the cells rapidly undergo degene-
rations Immne serum prevents this cellular degenerzil-n by ngulrg
lizing the infectivity of the virus, This fact forms the basis
for the neutralization test &nd also makes possidle the identifie
cation of the serologic type of the virus present. |

A test enploying pil chanpe of the medium as an indicator
of viral activity has not been msde available in the case of the
flela cell,: A personal comunication {rom Dv, Wenney ‘(62;) revealed

thet the cell was quite capriciova and that apeciel {luid medium



would have o be employed with regerdy probably; te the amount of
glucose used, Conseguently, this method has enjoyed 1ittle applie

cabione

Vaceine

The preparation of a suliable vaccine against poliomye-
1litis has been ab lesst partially realized since the observations
of Enders and co-workers that the virus of poliomyelitis could be
grom in vitro. Much higher virus titers can be obtained in vitro
than in the exmperinental animal and this fact is a major reguire-
ment for & succesaful poliomyelitis vaceine.

The National Poundation for Infantile Paralysis, (NFIP)
in the aubumn of 1953, announced their decigion to conduct large
scale field trials to determine whether or not paraiytic poliomie~
litis could be prevented by vaccination: A wsccine developed by
Dr. Jonmas Salk (LY) at the University of Pit‘bsbuég wag useds The
vaceine was prepared from {luid of culbures of monkey kidney cells
conbalning the thwee known types of poliomyelitis viruses which were
inactiveted with 134000 formalin at 36 C. and pii 7, The fimal proe
duct was rendered sterile by filtration. The resuliing meterial
was not used if it was found bo contalin more than 0.3%5agrm/nl of
total mitropen because of the possibility of extraneous immunizing
matorial Leing present. Desaume the virus was grown in menkey
tissue, the guestion arose as to the poasibility of Rh antigens
being present, Bvidence hss since been presented that this is
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wldkcely (59,65). Salk (59) observed that levels of antibody cowld
be sttained which glaulated those found in naturel infections, A
booster injection seven monthe later produced a strildng rise in
the blood antibody titer.

ThE NPIP STUDY PLAN

In the 195L field trial study of the vaceine, the so-called
#placebo control study™ was enployed izi cartain participating areas.
Under thds plan children of the firet, sccond and third grades
wers coubined, one half acting es controls. Vaccine or placebo,
as the case may be, was administered to the children under the same
Lot number ut & code number known only %o the Evaluation Center
would indicate whother any given child was in the coutrol or vaccie
nated group. Any ehild in the study group who might subsequently
develop poliomyelitis could be irmediately identified by the
Byaluation. Center, Also, fanily menmbers and other contacts of
the study nenbers wore taken into consideration in the event of an
outbresk of poliomyelitis. All cases occurring within the study
group were recorded and reported by the local program director,

This information could then be augmented by scrologle testing and
by virus isolations from stool specimens. Of the study group 29
were bled prior %o, Ywo weeks after, and azain ab the end of the
poliomyelitis season. This would provide information relative tos
1) the activity of the vaceine in the vacclaated group and 2) %he
incidence of natursl exposures teo poliomyolitis in the control

EP0UDe
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Ganera}‘ Technlques Used in Testing

Several methods of testing for serun antibodies %o POLiow
myelitis were recomsended by the Bvaluation Center for participating
laboratories (66). Among these ares 1) The monkey kidney cell
netabolic inhibition test of Salk, Younger and Ward. 2) The Hela
sugpended cell method of Syverton. 3) The lela cell statiooary
tube asthod of Syverton. L) The Hela suspended cell color change
method of Steigman. In the first method a suspension of trypein
dispersed nonkey kidney cells is prepared containing 150,000 o
300,000 cells/0.25 ml in & mediun containing mixture 199 (69)

25 mle, 2,08 JaliCOy, 3 ml., horse serum, 2 ml., peni 100ug,
end strepbonyein 0.1 mgn./ml. The serun to be tested 1d mixed with
100 tissue culture doses {TCID 50) of each prototype v'n;m BUIPEN-
sion and allowed %o stand at room tenpsrature for thirty minubes,
After this “aeubralisation period® the suspended cells eira added o
the mixlure and the tests are incubsted at 35-36°C, Within six or
seven daye the tests are cbserved for pii change, Inhibition of
virus effect is indicated at pH 7.0 or less and virus achivity is
shown by a pi above 7.0.

The second method makee use of the Hela cell described
eariier in this paper. Bach serum to be tested is diluted in
Hanks' solution in the following dilutiézwt 13k, 118, 1416, 136k,
11125, 11256, 13512, 11102k, 1320L8, and 13096, To esch of thess
serus dilubions 100 PCID50 of virus is added and the mixture is
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incubated at room temperature for one hour, A suspension of Hela
cells in nitrient fludd is then added to cach dilution in 0,25 ml.
amounte and the {ubes are placed in a slanting position in the
incubator ab 35 to 36 degrees C. Virus controls are set up with
each test and are diluted in half lvg steps in mixbure 199. The |
tests are read microscopically when the virue coatrols show a
TCID=50 of approxinately 100. The actual TCID-50 is then calculated
according to the Reid and Muench formula memtioned previously,

The third method is much the seme as the second excepd
that prepared tubes of Hela cells which have been growing for
several deys are innoculated with the aaera mixture, and
finally fluid medium is added: The fourth amethod, involving pH
changes with lela cells, was sbill under investigation at the time
thie study was being done and had not been roubinely useds The
Hela cell is knowa o be somewhat capricious in respect to testing
by the pil methed and the procedure is not perfected to the point of
widespread use ss yet.

In this laboretory the Hela cell suspension method has
been used with quite favorable resultes for serun miibody testing
and isolations, The prepared tube method using the Hela cell was
also used in isclations and typing of virus from fecal specimens and
will be described later,



EXPERIMRNTAL STUDIRS

STATEVENT OF FROBLEY

To investigate the serum mtibody response in families and
in cases of naturally acquired poliomyelitis occurring in Oregon
and Idsho in 195k, and to correlate these findings with the
isolation and typing of the virus. The studies reported here and
others to be reported later bave been made possible by a gramt
from the IWIP,

MATFRIALS AND MEFHODS

lisla cells

The lela cells used in these studies were oblained frem
Dre Russell Brown, the George Washington Carver Foundation,
Tusktegee Institute, Tuskepse, Alabams. The cells are grown on old
surface of equare, 200 ml. glass, screw-cap bottles and are generally
shipped without nutrient mediuwm to avoid excess sgltation in tran~
sit. Upon receipt of the cell cultures, they erve immedistely
revived Wy adding 10 ml. of mulrient medium under sseptic condi-~
tions. Theoy are then incubated st 35 to 369C with the cell surface
of the bolttle down in oxder that all of the cells are covered Ly
the nutrient fluid. After & day or two under mutrient fiwid, the
cells may be harvested in the following mamners The modiun ig
decauted and the cells are washed tiiree separate times :i.n 10 ml.
aliquols of Hanls! solution $o rid them of any antipoliouyelitis
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viral substances which may have been present in the medivm. They
are then iveated with 0 to 10 ul. of & 0,5% solution of Difco
13250 trypein in sixture 199 for 1/2 $o 1 hour. The trypsin
releases the cells fyroan the glass surface so that they nsy be
foreced through s small bore pipette to bwcal up any cell clunps.
This material is then transferred to 50 ml., centrifuge tubes and
- eentrifuged at 1000 o 1200 R.2.H, for aﬁm’e 10 minubes,; aftex
which tine the supornate is decanted. The cells are then resuse
pended in lanks® solution and centrifuged two successive tines. AS
this poind the cells are resuspended in the nubrient medium to be
uged in testing and may quibe easily be emmercted in & hemocyto=-
meter, The cells are added Vo the mediun in sufficient nusber se
that 1 wl. containg approximately 200,000 cellss 0.25 ml. of the
eoll suspension conteining aboul 50,000 cells is used in testing
seyums for polisyelitis anbibodles.

Yirua

The prototype viruses used in this laboretory were pre-
pared .’m the Oounaught Laboratories, Torontc,; Cenada, The sbrains
used were Mahoney(type 1), MEF-1 (type II), and Saukett (type IXI).
The viruses wers growm in cultures of guspended monkey kidngy frape
ments; were harvested, cultured for bacteria and fungl, and for the
presence of virus B by animal inoculations {(Virus B 18 an infece
tive virus found in the saliva of normal monkeys)s Aliquots of
each virus type wos tested in monkey kidney snd Hela cell tissue
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cultures for infectivity endpoints. Anpoules were then sent to
each laboratory participeting in the poliomyelitis field trials.
The virus suspensions are stored ab «70%C, in order to retein
their potency, In cur laborstory, type IIX virus was found ie
show decreasing infectivity titers so Uwee further passszes of
this strain were made againet Hela eells which raised the titre
from 107345 to approximately 1070+5, The 508 endpoint (ID-50) of
the virus is obtained by doing half log dilubions of the sbtock
material in mixzbuve 199 and placing 0.2% ml. of each dilution in
He Ia cell culiture tubes. The eylopathogenic effect produced by
the virus on Hela cells makes possible ﬁze caleulation of the

50% infective dose by the Reid and Muench method (22)s Qnce the
IDe50 has been determined for a given virumy titrations of 0.1,
0.5, 140y 5.0, and 10,0 ID«50 are used as virus conirols for ezch
test run. The scruns of patients to be tesbed are diluted as men-
tioned previously in Hanks' solution and 0,25 ml. of this dilubion
is incubated for one howr at room Lemperature with 100 ID.50D

(0,25 ml.) of virus. After this period a suspension of lelsa cells
containing approximately 50,000 cells in ‘:1.2% nl. of natrient
mediun is added and the tubes are incubsted ab 35 o 369, When
the virus controls show & titer of approximately 100 ID-50, the
test is read micvoseopically; the cybopathogenic effect of the Hela
esll being the indieator of virel activity. Seruns with protective
antibodies will inhibit this effect and Yhie dilution at which the
gserun no longer protects the cell from the vwirug is the endpoint or

titer of the Borii.
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Stgﬂﬁa:ﬂ Anti-gcra

Antisera were prepared in rhesus monkeys for all three
antigenic types of polionyelitis viruses and were standardized
by the determination of neutralization indices and serum protece
tion temts in monkeys, mice and tissuve cuiture (67), These
geruns wers supplied by Dr, Wennor in dyy form and were reconstle
tuted by adding 0.5 ml. of sterile distilled waters They are
prepared in specified dilutions in Hanks' solution and are included
in each test mun aleny with the virue controls sad test sorums.
0,85 ml. amounts of each dilution are incubabed with 100 ID=50 of
virus and tested in the same manner as the unimown test serums from
capes. The anbisers should showapproxinately the same protcction
titers in cach test run.

Hubrient Medium

Humen adult serum (HAS) is used ss nubtrient hedium for
the Hela cells in both stock cultures of the cells and in testing.
We obtained whole blood in 500 ml. amounts frem the American Red
Cross donor's serviee and separatod ihe serum aseptically. The
gserum was given & number, dispensed into aliquots and stored at
409G, Bach Red Cross serma was screened for sntibodies to poliow
myelitis as it wes needed. Those gera found to contain no amtie
bodies wore subsequently used as mutriont mediun in the tests. The |
sera with antibodiocs were used for our own stock culiures of Hela
cells.

In tost runs and in stool isolations of the virua, 108
HAS {eomtaining no mntivodies) in mixture 199 was employed as



natrient fluid. In sbock cultures LOS DAS in 199 was used.
Cultures ave made of each Red Cross serun {or bacteria and fungl.

Hanles' Solution
Hanks' solution (68), eontalalag glucose and the varicus

salts of sodium, yuﬁauim and magnesium, enploys phenol red as an
:x.ndi.ca or and is weed in tissuve cullure techndlques for washing
tissues and cell euwltures free of extraneous subslances as well as
in diluting serwss for testings

Wixture 199

Syothetic mixture 199 (69) is 2 c:mplex mixtore containe
ing salis, smino acide, vitaming, glucose, nueloia acid cmmormrta
and accessory growth factors, This mixture was found (o suppord
the survivel of chick embryo tissue for four to five weeks wilhout
the addition of any other mxtrients. An initial prowth period,
however, must be initiated by some substance such as sorum oF exu~
dates. IMixbure 199 is used in washing cells to rid them of anti-
viral substances, in preparing trypein solutdeon for harvesting
Hela cell eultures, and in medium for use in tissus culture studies,

Tesl Seruus
The bloods which are yreceived for antibody studies are

centrifuged and the serun is taken off aseptically, numbered, and
stored at -2000, Bofore testing, they are dispensed in 0.6 ml,
amounts, inachivated at 56°C for 30 minutes, and diluted lsk with



Houks? solutions Twofold dilubdons are then made in HNanks!
solution until a mawimun dilution of 1:L096 is obtained. (Very
few seruas werd found to have protetbive antibodies beyond this
range). The serum dilubion is then transferved to three sterile
1bmm, screw cap tubes in 0,25 ml. amounte. Sach of these tubes
is used to test oue prototype virus againgt the perticulsr scrm
dilution put into it. The proper dose of virus and cell suspengion
are subsequently added with the aid of an automatic pipette set
gt 0425 ml. Strict aseptic technique is cbserved in the handling
of all these materiasls to prevent both laboretory infections and
wnm:‘:,mti@.

Virus T&l&t&m From Stools

The isclation of poliomyclitis virus from stool specimens
of cages and contacts forms an integral part of this study. The
stoole were sent to us Ly local health officers from those areas
in Orepon and Idaho where poliomyelitis occurred. They were refrig-
erated when received and processed in the following manney as tinme
permitted {(6h)s

A 208 suspension is prepaved from the stocl meterial in
digtilled water and ground with morter and pestle. This suspension
is centrifuged at about 2000 RPYM for 10 to 15 minutes to throw
domn the ¢rude meterials. The supernate is recovered aml put inbo
celluloid centrifuge tubes and centrifuged at high speed (7000 to
10,000 RPE) for one hour to separate the remaining bacteris from
soluticn. The supornate is azain taken off, this time aseptically,



and put in sterile glass tubes with stoppors: Penicillin and
sizmptamyciﬁ are added to each tube in congentyations of 100 ug
and 500 ug/ml. respectively. 0.1 4o 0.2 nl, of the final stool
sugpension is added to four tubes contalping luxuriant outgrowths
of Hela cells. Nutyient medium is then added cortaining 108 HAS
in 199 and the tubes ave incubsted at 35 %o 36%. If virus is
present in the suspension, degenerative changes leading to complete
destruction of the cell ocours within 2 %o 3 days. All suspected
material is passed in Hela cellys 2 or 3 timee to enable the recovery
of very smell nusbers of virus and in turn diluta out any materials
in the stool toxic to the Hela cell,

Immnologic identification of cytopathogenie sirains of
poliomyelitis virus is sccomplished by ‘::a"ing the previously nentionad
hyperinmne standerd monkey anbisera, represontstive of the three
known types of poliomyelibis virus. Bight tubes are used in each
typing after the mothod Syverten (63) with minor modifications.
Bight culture tubes conbeiming 50-100,000 lela cells firom 3 to 5
daye old are wasched thvee bimes with Hanks' solution and to them
is addedr (a) 0.5 ml. of 10% HAS in 199 %o all tubes, (b) 0,25 ml.
of type I imnune serum to tubes ) and 2, {c) 0.25 ml. of type IT
imme serun to tubes 3 and Ly {4) 0.25 ml. of type III immune
serun to tubes © and 6. (o) 0,25 ml, of normel monkey serum to
tubse 7 and 8 fer control purposes.

The viras material is then added $¢ all tubes in 0.25 ml.
anowrte and they are incubated at 35-36°C. If virus ie 91*&3@::#;
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the cells in six of the eight tubes will be destroyed in from 3
o 5 days. The Lealthy cells in two of the tubes indicabe the
protective effect of the type specific antiscra for the vells and
the immunologic type of the virus.

RESULTS AND DISCUSSION

Durlng the poliomyelitis season of 195, studies were done
on 28 physically diagnosed csses and their families in an effort
$o confirm by laboratory *b-aa'%sing, the often diificult disgnosis of
this disease entity. Thirteen of these cases were congidered %o
be paralyiic and fifteen nm-puraiyﬁi#.» Agube phase blood and
stool specimens were sent by local health officers and a convalescent
blood specimen was received approximately one monbth ht!n By
gomparing the mﬁmht‘ia antibody titers of the acut1 and o=
valescent bloods and by isolating the virus from stool dpecimens,
it wae often possible to determine the eticlogy of a particolar
case, Information relative o the prevalence of & certain type
virus in a given area and a rough measure of the incidence of
sube¢linical infections was obtained. The emphasis here, however,
ws placed on an abttempt to correlate the serologic response with
isolation of virus and the intarpretation of these findings in
meking & laboratory diagnosis of polianyelitis.

Table IV gives an exampls of a ¢lassic serologic response in
a family %o naturally acquired infection with type IT virus. The
paralytic case showed a specific ami‘bo@ rise from 16128 to 1:512
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TAGLE IV

STROLOGIC RESPONSE TO NATURALLY ACQUIRED INFECTION
DY TYPE II POLIGIELITIS VIRUS

SERUM ANTIBODY — TITER
Family I kX3 Iz Virus
Members Relation Acube Conv, Acube Conve Acute Conv, Isclated
Harold cave 0 0 128 512 O O II
Mary  mother 64 2048 L 2ES 64 102
Herwy  father 0 0 5l2 512 0 0
Eathy  sister 0 b L 1024 0 0
Alfred brother H 0 128 256 0 0

H H « H



end confirme the clinical disgnosis. Two other nembers of the
family acquired the infection and manifested characteristic and
homotypic serology. The probles in the mother (Mery) however wag
considerably more complicsted. The same virus (Type 1I) was
demonstrable in her stool specimen and she alsc showed a homotypic
antibody response of 1:h to 1:20L8. Bhe, presumably, was in-
fected with type II virus and constituted 2 subeclinical case.

In addition, non-specific heterotypic antibody increases for types
I and ITI viruses occurred simultanecusly. This poses the guestion
of whether we were dealing with a mixed infection or sn anmunestie
response Yo one virus., The latter iz coueidered to be most likely.
Neveriheless; a rise in titer of this magnitude would be difficuli
o evaluste if the actual virus were not available.

In some of the cases it wes impossible to demonstrute g
specific rise in titer against one virus type. Perhaps the acute
apecinmen wag obtained late in the disease and conseguently, only
a high pealt was observed in the initial serum and en equally high
or decreasing valus in the convalescent sample, In the majority
of the families studied, exposure to other types of poliomyelitis
viruses had occurred at dome time in the past and often titers to
heterotypic strains were higher than %o the one causing the
infection. DBecause of these wvariables, it wms not always possible
to identify the viral type responsible from the serologzy alone.

In thie study, the cases were separated into peralytic and

noneparalybic groups. An atterpt was made Lo arrange the resulis
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in such a way a8 Yo gonfirm or xule out the diagnosis of polioce-
myelitis, It might be noted that the possibility of infection by
other viruses or microworganisms cannot be overlooked. In tables
V and VI following, informstion on the serologic response 1o
poliomyelitis is given for each case and related fanily menbers,
including close contacts. Roman mmerals indicate the virms type
imolated or judged to bae responsible Jfor axy glven laboratory
finding. For purposes of clarity the titration values have been
onitted and an estimete of the diagnostic accuracy of cach pro=
cedure 48 listed. It should be emphasized that a final enalywis
mst also inciude the timing of specimens, the -climu;{ eveluation
of the patient, the waccination status, and whether or nol gamma
globulin wae given. This information was not avallable to us,

The data which were obtained are shown in condensed form in

tables ¥V and VI, These tables muot be qualified as follows:

1) ALl cases were considered to be policmyelitis without reference
to clinical sympboms or to evaluation Ly physiotherapistis.

2) Attempts at virus isolation were confined to the poliumypelitis
group only, and infections due to such agenis as coxmackie, mups,
- herpes, lmqah@c:mic choriomeningitis, and the envephalitides,

mey well have occurred but were not considereds 2) A specific
four fold antibody rise toward a single type of poliocmyelitis
virus was congidered indicative of infection with that iype.

L)} & serun titer of 11512 or greater was used as evidence of
yecent infection, the homotypic wirus belng indicated by a pre=
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dominance of that type in each fanily. Dach table is subdivided
into three categories as follows: firets resulis of virue isolae
tions, @econdy demonsirvetlon of specific antibody rises to the
homotypic or other types, third; presence of antibody in the
serun equal Lo or greater than a dilubiom of 13512. Within each
category the type of virua presumably causing the infection, i#
selected Yy the resulits which were oblained, This evaluation is
given under "Type® in cach category.

Paralytic Cases and Thelr Families., Policmyelitis viruses
were imolated from Z1 of 65 members of the paralytic group and
their families, as presented in Table V. Virus wms obLbtained
fram 7 of 12 {50.3%) of the paralytic cases and 1k of 53 (206.4%)
family menberss These data show that 2 considerable number of the
family members were infected as subslinical cases. OFf the 13
families studied, an etiological agent we isolated frem 9, an
overall percentage of 69+ There ware three families with type I
infections, one with type II, and five caused by type III virus,
In contrast ﬁa the ease with wldch virue could be isclated, a
specific antibody riwe of four fold or greater was encountered
in only three cases and six family members, an oversll incidence
of LS. This may well have been due Lo the timing of the samples,
ap mentioned previously. Using the antibody response as & single
eriterion, there were twe type I infections suggested, two type II,
and three type III. Examination of the table will reveal that the
virus isclations could be correlated with the scrology in only four



wutoedy quecsoTRAnc] of #
SIaqEOw § JO f| WOAY PRSUTOST SNJITA YI 06
(Brequon Arpmey) euog 90K ¥

e/sz  eofE /6 18/9 TV/E So/t2

#3053
: 4] 4] i o o s) £/o & i €T
I Z 1 4 0 0 gom ot ¢ I 2T
Iz Z g I T 0 T 9ff IXIT IIx Tt
3 £ £ 3 0 o o] o/t 2 I 1 %
4 b q . 3 T T 0 96 & 3 *6
3 T 1 Iz 4 T e] 9/ IIr Imx 9
b 0 o i ] an o /T g I ) |
I z 5 3 0 o 0 L/ I i *g
I 6] £ I 4 o} e i *g
i 4 2 A 0 0 o e 11z 14 *
2 £ 1 T L 4 0 9/6 & & %
b 9 T I 1 0 k4 /E 1m 11 2
Iz b 4 L I € A 1 85/ I II i
odly oG oWy Odiy 19305 Armomg  esen *by  Lirowg e84
=QEDYH] AT woaLy msh&m
ZBUF T J0 esuodssy Prog-anocg POISTOST naTA Arpeg
ZTSYT Jo aeyry Thaeg sy Apoqyuy oFoeds Jo adig

SEITINVS §I3UL NV SESVD JLIXTVEVE NI
SHOTLIVIOET SNUIA IV HSHOJSEY XO0UIINY Boig

& FIEVI



32

Jeque #uCe U TII Pue IT eaddy og sswix oryToedg 4

sl slfee sl ofe stfe sb/L

Te30%
b2 0 0 ¢ o 0 4) o 2 1 ST
I o £ 3 0 0 0 st & I L
2 Ut ¢ : 0 0 o Mt 2 IIx *tT
2 z 4 0 0 0 g/c & - *Zt
¢ z 0 11T 1 t  / gfo ¢ : 5
T : € A 0 4] o sfo ¢ z ot
3 1 T : 0 o) (5] €0 1 o *6
i 2 T T ; o 4 e [ *g
T 0 F z 3] o 4 o & i 'L
11 o T 1 0 ‘0 o i 2 *g
I 4} 2 ' 3 z 32 0 0 & 3 *S
I s} T 3 0 0 't} (T | Fl i
i o o Z 0 ) o i H %
P T b4 : © s] 0 T X ¢ *2
A 1 7 A o 0 e} /M 1@ Im i 1
8dly owdly opaig odly tT20% Arumg oses *of Arnwmg esuy

hae =0T 0T WO T
ol ao esuodgey POF~anog POYBTO6T SRITA Arremg
TISIT Jo 29T wnIeg eaTy Apoqryuy PIyroedy Jo 9dfy

SATTINVY EITH]L @IV STSVD DIIXTVEVI~HOH
KL SHOLIVIOSI SnMIA @IV IS0dSil X001l y mamis

IA FHEVL



33

instances. Vhen the grovwp was examined fop scrum mtibcdy titgm
of 131512 or greater, a total of 33 of 62 (53.2%) showed a homo=
tygize response whereas 25 of 62 (40.3%) showed a heterotypie
responsc. A deflinitive diagnosis of type could be nade in five
instances; referable to the serology onlys One type III, two

type II, and two type I infections were sugpested on this evidence
alono. The dada with respect to high serum diters could be correw
lated in four instances with the tﬁpo of virug isolated.

For purposes of cmpnri-.soém, Ywo tables (VII and VIII)
have been pmséx;‘bad, modified from the Sumary Raport of the WIP.
Table VII, involving 670 cases from placebo areas, shows virus
isoletions fvom 627 of the cases. In the cbserved arcas, imcluding
Oregon and Idahoy the figuve was Sl This is to be contrasted
with the 58.3% value obtained in the experinentel studies reported
here, with an overall case-family incidence of 32%.

Table VIIT indicetos cases in vhom a four-fold ar
greater antibody rise wasobiained approximately one month after
infection. In the placebo group, fw instance, 3L.5% of the cuses
showed a definitive yesponse and in the observed group an increase
wag found in 11,05 with en overall value of 39% in both ereas,

In the small ecries reported here, specific antibody rises wers
observed in 25% of the osses and in 14T of the family members,
Under more favorable conditions this figure might have been
highers As a single dlagnostic test, the rise in antibody titer
would appear to be & poor second Yo actual isolstion of the virus,
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is shown proviously, a high titer of antibody is not indicative of
infection by a given type of poliomyelitis virus. The data from
the paralytic cases indicate that an anamcstic response occurred

salnost as frequently as did high titers to the homologous type.

Hon-Paralytic Cases and Thelr Fomili es. Policmyelitis

viroses were isolated from 7 of 75 (9.3%) persons in the noneparaw
lytic case~fanily group. These included 3 of 1L (21%) of the non-
paralytic cases and &4 of 61 (6.6%) of their family members. A
total of 15 fapilies were studied and an etiological agent was
isolated from h of the 15 families, an overall percentage of 26,68,
As for the virus types found, three families were infected with
type 11T and one with type I.

8pecific four-fold or grester antibody rises cccurred in
only 2 of 15 (13%) non-paralytic cases and in 2 of 60 (3.3%)
family members. It would appear from these figures that infection
with other viruses might very likely have been responsible for
gone of the cases. If antibody respouse had been used sa the sole
eriterion of diagnosis, only 2 (families 0 and 11) would have been
detected. A correlation with viruscs imlated exisis in only one
instance. In this group 22 of 75 (20.3%) nenbers showed antibody
titers of 13512 or grester to the homologous virus and 17 of 75
{22.76) to the helerologous type. In seven instances high titers
were sugzestive of infection as followss four of type I, and three
of type 11, However, in only one family did the serology confora
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to the type of virue lsclated. Por comparison, btable VII showe

that 36.7% of the nop-paralytic cases yiclded positive virus
isolations in the placebo areas and L0,8% in the observed arecss.
Thepe figures are approximately 17% higher than in the non-parelytic
cases reported here {ZL.4%).



SUMMARY

The aatibody response to poliomyslitis, together with vixus
isclation studies, were carried out in 13 paralytic and 1Y so-called
nonsparalytic cases and their families. The fiedings obbtained
were used as the sole critevia for establisiing an etiologic éia@--
nosig without considering the clinical status. 4 %tolal of U0
pergons wore exanined. The laboratory data were categorized as
followst 1) The results of virus isolations, 2) The demon~
stration of specific antibody rises 4o the homotypie or heteroe
typic typos of poliomyelitis viruses, and 3) The presence of antie
body titers equal to or greater than a 1:512 serum diludion.
Viruses wore imolated Lfram 58F of parslytic and from A% of nooe
paralytic cases, Isolation figures for family members were 26.48
and $,6¢ respectively, The lower values in the non-paralytie
group are probably due to a higher incidence of infections with
agents other than poliomyelitis., The sresence of virus in the
stools of more than 25% of family contacts of paralytic cases was
& correlary observalion.

Specific antibody rises of foar-fold or greater were observed
in 25% of the paralytic cases and in 1% of their fanily members.
In the non~peralytic growp these fipures were 13.3% and 3.3%
respectively., If antibody response alone was used ss & criterion
for disgnosis, correlation with the type of virus isolated sould
be found in only L members of the paralviiec zroup and in 1 of the
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non-poralybic cages ad their families, In the paralytie group
and their families, serum titers of 13512 or srester were demons
strated & alnat the homotypic virus in 53.27 of the members as
opposed to L0.37 against heterotypic viruses. The non-paralytic
case-family group showed similer high biters o the hamolypie
virus in 20.h% and to the heterotypic in 22.7% of its members. It
appears that the serologic response to infection by poliomyelitis,
as measured by the blood samples wbich were obtained, ls not as
reliable a criterion as virus isolation for a definilive laboratory
diagnosis, In fact the serologic and viral typee did not alwaye
szree in the same porsons. The data indicate some of the diffi-
eulties in establishing an eammct diagnosis of poliomyelitis
infection and point up the necessity of correlating both the
laboratory and the clinical findings.
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