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Abstract:

Antisera were prepared in rabbits against whole Poliovirus I and degraded Poliovirus I protein that had
been produced by treatment of whole capsids with sodium dodecyl sulfate, urea, acetic acid and
2-mercaptoethanol. The antisera were reacted using the Ouchterlony technique with whole and
degraded viral proteins of Polioviruses I, II, III, ECHOviruses 1, 5, 18, 22, and Coxsackie viruses B1,
A9 and A13. When whole Poliovirus I antiserum and degraded Poliovirus I antiserum were reacted
with the whole viruses, precipitin reactions were observed only with the antisera and whole and
degraded Poliovirus I proteins. When whole Poliovirus I antiserum was reacted with the degraded viral
proteins, precipitin reactions indicating identity were observed with Polioviruses I, 11, I1I, and
ECHOvirus 5. The reaction of degraded Poliovirus I antiserum with degraded viral proteins produced
precipitin lines with Polioviruses I, II, III, ECHOvirus 5 and Coxsackie viruses B1 and A13. The data
indicate that the three subgroups of enteroviruses have antigenic determinants based on primary amino
acid sequence in common.

Acute and convalescent sera of human volunteers that had been immunized with one dose of oral,
trivalent, Poliovirus vaccine were reacted with whole viruses and degraded viral proteins. Precipitin
reactions were observed with whole Poliovirus I and II and degraded Poliovirus I protein. The efficacy
of using the double diffusion as a tool in the diagnosis of enteroviral diseases is discussed.
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ABSTRACT

Antisera were prepared in rabbits against whole Poliovirus I
and degraded Poliovirus I protein that had been produced by treatment
of whole capsids with sodium dodecyl sulfate, urea, acetic acid and
2-mercaptoethanol. The antisera were reacted using the Ouchterlony
technique with whole and degraded viral proteins of Polioviruses I,
II, III, ECHOviruses 1, 5, 18, 22, and Coxsackie viruses Bl, A9 and
Al3. When whole Poliovirus I antiserum and degraded Poliovirus I
antiserum were reacted with the whole viruses, precipitin reactions
were observed only with the antisera and whole and degraded Poliovirus.
I proteins. When whole Poliovirus I antiserum was reacted with the
‘degraded viral proteins, precipitin reactions indicating identity were
observed with Polioviruses I, II, III, and ECHOvirus 5. The reaction
of degraded Poliovirus I antiserum with degraded viral proteins pro-
duced precipitin lines with Polioviruses I, II, III, ECHOvirus 5 and
Coxsackie viruses Bl and Al3. The data indicate that the three sub-
groups of enteroviruses have antigenic determinants based on primary
amino acid sequence in common.

Acute and. convalescent sera of human volunteers that had been
immunized with one dose of oral, trivalent, Poliovirus vaccine were
reacted with whole viruses and degraded viral proteins. Precipitin
reactions were observed with whole Poliovirus I and II and degraded
Poliovirus I protein. The efficacy of using the double diffusion as
a tool in the diagnosis of: enteroviral diseases is discussed.




INTRODUCTION

The immunodiffusion technique of Ouchterlony has been used to
study viral diseases since 1953 when Jensen and Francis (22) reported
the presence of a specific reaction with influenza virus. Subse~
quently, numerous animal, plant, and human viruses have been studied
with double diffusion, radial diffusion ana more recently countexr-
immunoelectrophoresis techniques.

This work has been directed in part toward the development of
a rapid, reliable method for diagnosis of viral diseases. Tanaka (47)
demonstrated an increase of specific precipitating antibodies in
patients with adenovirus disease and the influenza virus has been
shown to react specifically with homologous antiserﬁm (18,37,38).
Infeétioﬁs with varicella-zoster have also been diagnosed by double
diffusion in agar (4,49). Brunell developed a procedure using vesic-
ular fluid and crusts which gave a specific reaction with varicella-
zoster and negative results when reacted with vaccinia precipitin
antigens. Diagnosis by immunodiffusion has become available for
viruses in the California Encephalitis Virus group (50) and others
such as myxoma and fibroma of rabbits, canine distemper, lymphocytic
choriomeningitis.and swine fever (30). Counterimmunoelectrophoresis
has been used more recently in the rapid detection of precipitating

antibody for the influenza virus (1).
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Because of the specificity of the reaction between a virus and
its homologous antiserum, relationships between antigenically related
viruses have been demonstrated. Myxoma and fibroma viruses have been
shown to have common antigens (30) and group antigens are present in
adenoviruses (47). immunization of rabﬁits with one injection pro-
duced specific precipitin reactions with individual members of the
California Encephalitis Virus group. However, hyperimmunization pro-
duced sera which would react with all members of the group (50).
Interreactions have also been demonstrated between InfluenzaAA virus
strains with similar envelope pfoteins (38).

The Ouchterlony method has been used successfully in studies
with various enteroviruses: Although it was originally intended to
utilize double diffusion in the diagnosis of enteroviral diseases,
the procedure has not been establishea and most of the information ob-
tained has been used in determining antigenic relationships. Harris
et al. (17) reacted hyperimmune anti-ECHOvirus 8 serum with ECHOvirus
1, Poliovirus I and Coxsackie virus B5, and Middleton et al. (31),
Styk and.Schmidt (45) and Forsgren (12,13) have used double diffusion -
" to detect antigenic relationships between Polioviruses, ECHOviruses
and Coxsackie viruses. These studies have shown_that‘in‘all cases,
the reactions of whole virus with the various antisera were found to
be specific and few cross-reactions were noted except in the most

closely related enteroviruses such as ECHOviruses 1 and 8.
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It.has been demonstrated that pétients with ECHOvirus (6),
'éoxsackie virus (7) and Poliovirus infectioné (12,13) elicit a pre-
cipitin antibody response that is detectable by double diffusion.
However, since the reactions are virus specific, specific anti-whole
virus antiserum for each virus would-be required for diagnosis, méking
this method impractical. BAlthough neutralization tests are more time
consuming, diagnosis of the ECHOviruses is less expensive through the
use of the "intersecting serum pool,schemé”'devised by schmidt et al.
(40). Coxsackie viruses are diagnosed through similar intersecﬁing
schemes, and polioviruses have been classically diagnosed through the
use of the three type-specific hyperimmune Poliovirus antisera in
neutralization tests.

The Ouéhterlony technique has also been used to study the
antiggnic components of differént viruses. . The subunits are produced
by exposing the éérticular virus to various dissociatiné agents. de-
pending upgn the virus being studied. Hoéaka et.al. (19) used ether
to dissociate HVJ virus, hegt was used for mumps virus (9), saponin
for rabies virus (51), pyridine, urea and sodium dodecyl sulfate for
Potato viruses X, S, and M (42) and'sodipm dodecyl sulfate plus
dithiothritol for adenoviruses (23). The resulting degraded viral
proteins were injected into animals and.the antisera were used for

studying antigenic relationships.
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In one instance, Fhat of Potato viruses X, S, and M, the use
of degraded viral protein has been developed into'a useful diagnostic
test (43,44).

Poliovirus capsids have been dissociated in several ways.
The mos; frequently used agents are high concentrations of urea (about
. 50 percent by Volume), guanidinium salts, acetic acid and moderate
concentrations of detergent (1-2 percent). The resulting polypeptideé
have been examined extensively by sodium dodecyl sulfate disc gel
electrophoresis and density gradient centrifugation, but they have
not been used to immunize animals for the purpose of studying anti~
genic rela;ionships among the thfee,subgroups of enteroviruses.

‘ When purified Polioviruses are dissociatéd by_treatﬁent witﬁ
sodium dodecyl sulfate, acetic acid and urea, 4 polypeptides, viral
proteins (VP) 1, 2, 3, gnd 4~ can be demonstfated on sodium dodecyl
sulfate éolyacrylamide gel electrophoresis (34); The four viral pro-

" teins occur in roughly equimolar amounts. The molecular weights of
VP’l, 2, 3, and 4 are 35,000, 28,000 24,000, and 5,000, respectively.
The present study was designea t§ use7degraded Poliovirus I
capsid proteins as immunogens in rabbits. The antisera were used to
compare the antigenic structure of Poliovirus I to members of the
other enteroviral subgroups.
In viral capsomeres, monomers of viral proteins interact to

produce a polymer in a way that involves part of their total surface
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(32). Any antigenic determinant, which occurs in the area of inter-
action between two monomers, is hidden and becomes availabie only upon
disaggregation of the polymer. Antigenic determinants occurring on
the surfaces of both the polymers and monomeré and those which are
created by proper assembly of monomers into polymers are not hidden.
It has been suggested that‘in the evolution of viruses, the most type
specific antigens become located on the outermost parts of the viral
structure (25). Following this concebt, surface antigenic sites
should have developed into highly type-specific antigenic determinants
while internal or "hidden" antigens‘could be common for a certain
group of viruses. The homogeneity of viral reactions with‘cories—
ponding precipitating anfibody,‘such as seen with enteroviruses (12,
13), adenoviruses (47) and influenza viruses (38), seems to bear this
out.

It was beliévedAtﬁat bf dissoéiating the Polioviruses, ECHO-
viruses and Coxsackie viruses with sodium dodecyl sulfate and reacting
these dissociated proteins with antiserum prepared against the Polio-
virus I whole and dissociated capsid prbtein, antigenic relationships
between the enteroviral subgroups may exist that had not been pre-
viously observed. Conceivably, agtigenic-sites common. to all the en-
teroviral subgroups could be exposed by the deaggregation of the viral

capsid.
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Considering these possibilities, it seemed advisable to fur-
ther examine these relationships, therefore the following study was

undertaken.




MATERIALS AND METHODS

Cell Cultures

Two cell lines were used. KB (human carcinoma of the naso-
pharynx) was qbtained from Microbiologica; Associateé and maintained
on Hank;s Lactalbumin Supplemgnted with 10 pe;cent bovine.serum, peni-
cillin (20,000 units/mlj—streptomycin (20,000 ug/ml) and.200 ug/ml
kanamycin (Kantrex, Bristol). VERO (kidney, African Green Monkey)
cells were obtained from the Rocky Mountain Laborator?, Hamilton,
Montana, courtesy of Mr. Jack Cory. The line was maintained on.
Medium 199 with Earle's Balanced Salts (Medium 199/EBSS, Flow Labora-
tories) to which 0.8 percent sodium carbonate, 10 percent bovine
serum, penicillin (20,000 units/ml)-streptomycin (20,000 ug/ml) and
kanamycin (200 ug/ml) had been added. The cells were grown‘in 16
ounce prescription bottles with an area of 88 cm? available for cell
attachment. |

The subculturiné procedure for both cell lines included
treatment with versene-trygsin followed by centrifugation for 5 min-
utes at 400 to 500 revolutions per minute (RPM). Fresh meqium was
added and both lines were subcultured at a 1l:4 expansion ratio. Aver-
age inoculum per bottle consisted of 1 x 10° cells/bottle of KB cells

and 4 x 10° cells/bottle of VERO cells.




Infection of Cells

Two methods were used to idnfect fhe cells. KB monolayers
were infected by adding 6.2 ml of virus spspension containing 1 x 107
plague forming units (PFU) of virus per ml, 20 ml Earle's Lactalbumin
with penicillin (20,000 units/ml)-streptomycin (20,000 ug/ml) and
3 percent bovine serum. The cell sheéts were incubated at 37°C. until
the entire monolayer showed cytopathogenic effect. Tﬂis method was
utilized exclusively for the preparation of all the viral antigens
used in the comparative experiments.

A second method of infection wés used for the preparation of
' the larger amounts of Poliovirus I-necessary for rabbit immunization.
When KB cells had become a complete monolayer, cells were stripped
from the bottle with versene-trypsin. Cells from one bottle were re-
suspended ih 1-2 ml éf Earle's.Lactalbumin giving a final concentra-
tion of cells of 3-6 x 10° cellsbper ml. The pumber of cells in the
total suspension culture was counted by hemocytometer and 15—20*PFU
Poliovirus I/cell was added to the suspension. The suspension culture

was incubated at 37°C. for 6 hours while being constantly agitated at

low speed on a magnetic stirrer (29).

Recovery of the Virus

The recovery of the viruses from the infected cells in mono-

layers or suspension cultures was the same. The infected cells and
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the suspending medium were frozen and thawed 3-5 cycles (-70°C. to
37°C.) to disrﬁpt intact,cells and release virus.

Concentrated viral antigens were prepared from wild type
viruses including Polioviruses I, II,.and IIT, ECHOviruses 1, 5, 18,

and 22, Coxsackie viruses A9, Al3 and Bl, and Adenoviens I which was

_used as a control. These antigens had a concentration of 2.0 x 107

to 2.0 x 10° PFU/ml. They were prepared by pooling.the cell debris
and supernatant fluid from sixteen or more infected monplayers of KB
cells. The viruses were released from intact cells by rapid cycles
of freezing and thawing. The subernatant fluid was centrifuged for
10 minutes, 4°C. at 10,000 RPM (Sorvall Cenﬁrifuge). The supernatant
was removed and centrifuged at 30,000 RPM for 2 hours at 4°C. (Spinco,
Model L). The supernatant fluid was discarded and 1.0 ml of 0.02 M
phosphate buffered saline (PBS) pH 7;2 was added to the viral pellet.

The pellét was evenly suspended in the PBS by drawing -the material

through successively smaller hypodermic needles (16g to 25g). Large
._partiéles were removed from the viral suspension by centrifugation
- at }Q,OOO RPM for 10 minutes at 4°C. The supernatant was centrifuged

- once again for 2 hours at 4°C. at 30,000 RPM. The reéulting clear

viral pellet was suspended in 1.0 ml PBS pH 7.2 and used for subse-

quent precipitin reactions (3).
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Purification of Poliovirus I

Further purification of Poliovirus I was necessary since the
virus was to be used for disruption and rabbit immunization. The'
virus wés layered on a density gradient of cesium chloride
(1.33 gm/ml) and banded overnight by centrifugation (SwW-50 rotor,
40,000 RPM, 4°C., Spinco, Model L). The entéroviruses have a buoyant
density of 1.33 in cesium chloride; therefore, the purified‘virus was
banded on the surface of the gradient. It was recovered with a
syringe and suspended in 1-2 ml 0.02 M PBS pH 7.2. The virus was

dialized overnight at 4°C. with 1000 volumes of 0.02 M PBS pH 7.2 to

‘remove residual cesium chloride.

Purity was determined by ultraviolet spectrophotometry. The
characteristic 260/280 ultraviolet absdrp;ion spectra, with maxima'at
260 and minima at 240, of 1.69 for a péliovirus suspension containing
l.mg virus/ml was obtained (41). Purity was also demonstrated through
the use of electron micrographs taken of ﬁhe purified vi;al prepara-

tion.

‘Degradation of Poliovirus I

Solublizing of Poliovirus I capsid proteins was accomplished
by adding 10 percent acetic acid, 1.0 percent sodium lauryl sulfate
(Sigma Chem. Co., St. Louis, Mo.) (SDS). and 0.5 M urea to the cesium

chloride gradient purified viral suspension. After incubation for
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1 hour a£ 37°C., the viral sample was dialyzed overnight at room tem—
perature against 2000 volumes of 0.01 M PBS ;ontaining 0.1 percent
SDS, 0.5 M urea and 0.l percent 2-mercaptoethanol (Sigma Chem. Co.,
St. Louis, Mo.) (46). The degraded virus was rechecked by ultraviolet
spectrophotometry. The 260/280 ratio was 1.0 with most of the absorb—v
ancy occurring between 220 and 240 nm. The degraded Poliovirus I
protein was.used in the immunization of animals and in precipitin
studies in agar.

All other‘virusés used in the study were degradea in the same
manner and resulting viral proteins were used in comparative precipi-

tin studies with the Ouchterlony technique.

ITmmunization of Animals

Production of antiserum to whole Poliovirus I. Five ml of

infected tissue culture fluid (TCF) (Earle's Lactalbumin ‘containing

3 percent povine serum, penicillin (20,000 units/ml)-streptomycin ) ‘ |
(20,000 ug/ml) and approximately 9.3 x 107 prU Poliovifus I/ml) plus

5 ml of incomplete Freund'é adjuvant was emulsified andlinjected

intramuscularly into a rabbit in four different sites. At the game

time, the animal was given 1.0 ml infected TCF intraﬁenously. Each

week for the next two wéeks each rabbit was given 1.0 m; infected

TCF intravenously. At thé beginning of theuthird week, the initial

procedure was repeated. One week later, the rabbits received a final
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intravenous injection of 1.0 ml infected TCF. Seven to 10 days later
the rabbits were exsanguinated by cardiac puncture. Serum was sepa-
rated from the cells by centrifugation for 10 minutes at 10,000 RPM

at 4°C. (28).

Preparation of antiserum to degraded Poliovirus I pro;ein.
Each rabbit received a total of aépréximately 3.0 mg of degraded
viral protein. The amount of protein was calculated from the spec-
trophotometric reading at 260 nm and the extinction coefficient of

the virus (41). The first two intramuscular injections, given 1 week

apart, consisted of 2.5 ml degraded viral protein and 2.5 ml complete

Freund's adjuvanF‘which had been emuls%fied. These inﬁections were
followed by three weekly intramuscular injections of 2.5 ml degraded
viral protein and 2.5 ml incomplete Freund's adjuvant.. The raﬁbits
were exsanguinated by cardiac puncture a week afterAthe final injec-

tion and the serum was_later used in doﬁble diffusion studies.

Immunization of Human Volunteers

Twelve volunteers, all of which had been immunized with one-
dose of oral, trivalent Poliovirus vaccine within one year, were bled
at day 0. They were given one dose of live, oral, trivalent Polio-
virus vaccine (Orimmune, Léderle) and bled again at the end of 2
weeks. Sera were tested fér activity against all whole viruses and

degraded viral proteins by the Ouchterlony technique.
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Viral Plaguing Experiments

.The plague forming units (PFU)/ml of all Polioviruses and
ECHOviruses used in the study were determined by exposing monolaye;s
of VERO cells in 3 ounce prescription 'bottles for 1.5 hours to 0.5 ml
of a virus dilution which had been made in Medium 199/EBSS to which
2 percent fetal éalf serum and 0.8 percent sodium bicarﬁonate had
been added. After the adsorption period, the monolayérs were over-
layed with 7 ml of a mixture of ha;f 2 percent iqnagar in distilled.
Qater and half double~strength Medium 199/EBSS with 4 percenf fetal

calf serum added. The monolayers were incubated 48 hours for the

‘Polioviruses énd up to 96 hours for ECHOviruses 1 and 5. A second

overlay of 4 ml containing half 2 percent ionagar in distilled water,
half double-strength Medium 129/EBSS, 4 percent fetal calf serum and
1.0 ml of 1.0 percent neutral red pef 100 ml of -overlay medium was

added to the monolayer. The neutral red was dissolved in Medium

199/EBSS and autoclaved for 15 minutes (121°C., 15 lbs. pressure).

:.'"The mondlayers were incubated overnight in the dark at 37°C. and the

plaques were~éounted against a white paper background with conven-

. tional fluorescent room lighting (8).

Plaque forming unit information for the Coxsackie viruses was

obtained from Hsuing (20) and used in the present study.
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Disc Gel Electrophoresis

SDS-po;yacrylamide gel elecfrophoresis was used for- determina-
tion of the molecular weights of the degraded Poliovirué I proteins
(11) . Poliovirus I protein, degraded by the previously described
method was electrophoreses on SDS gels having a final concentration of
10 percent écrylémide plus 0.1 percent SDS (42) . Gels were stained
with 0.025 percent Coomassie brilliant blue (Colab,"Chicago-Heights,
I11l.) and destained with 7.5 percent acetic acid plus 5 percent meth-
anol (5). Molecular weights Qf degréded viral prbteiﬁs weré.estimated
by comparing their mobilities to the mobilities of known proteins
prepared in the same manner. The following proteiﬁs were used:
.bovine serum albumin (BSA, M.W. 67,000), ovalbumin (oval, M.W.
45,000), - chymotrypsinogen (chymo, M.W. 25,000 and ribonuclease (RNase,

13,700)).

Serology

Antisera were titrated for whole virus and degraded viral
: pkoteip aééivity by double diffusion methods. Two-fold dilutions of
apﬁiser&'against'whole Poliovirus I and'against degraded Poliovirus i
proteins were made in 0.02 M PBé pH 7.2. The double diffusion tests
were carried out ‘in 0.9 peréent ionagar dissolved in 0.05 M tris. HC1
pH 7.2 containin5‘0f85 percent NaCl. The serum titrations were placed-

in the smaller outer wells (3 mm in diameter) and whole or degraded
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viral protein was placed in the center well (5 mﬁ in diameter). A
diffusion distance of 3 mm betwéen serum‘and.antigen wells afforded
maximal reactivity without a loss of definition (31).
Controls consisted‘of uninﬁected cells, Earle's Lactalbumin
plus 3 percent bovine serum (TCF), PBS pH 7.2 and disruption fluid
containing 0.1l percent 2-mercaptoethanol and 0.l percent SDS in 0.01

M PBS pH 7.2.




RESULTS

Determination of Purity of Poliovirus I
Antigen Preparation

.Purity of the Poliovirus I antigen preparation was determined
by two methods. Figure 1 shows an eléc£fon micrograph of Poliovirus I
purified by the procedure outlined in Materials and Methods. Since
little cell debris or other non-viral material was observed in ﬁhe
electron micrographs, purity of the virus preparation was corifirmed
by this method.

Another method of determining virus purify was through the
use of ultraviolet spectrophotométry. The virus preparation gave
‘the chafacteristic-ultraviolet absorption spectra witb maxima at
260 nm, minima at 240 nm and a ratio of E260/E280 of 1.69 to 1.72 (41)
(Pigure 2). After degradation was achieved, the virus preparation
was rechecked with ultraviolet spectrophotometry to insgre that the
reaction was complete (Figure 2). A marked'change in the ultraviolet
absorption spectrum indicated that a change in the composition of the
antigen preparation had occurred. The degradation of the viral cap-
sids accompanied by the release of viral ribonucleic acid produced a
spectrum with the maxima a£ 230 and minima at‘260 nm.

Separation of the Subunits with Sodlum Dodecyl
Sulfate Disc Gel Electrophoresis

Previous studies have reported subunits with molecular weights

of 35,000, 28,000, 24,000 and 5,000 when whole capsids are degraded
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Figure 1. Electron micrograph of Poliovirus type 1 purified by the
method described in Materials and Methods x 20,000.
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Figure 2. A comparison of the ultraviolet absorption spectra of
Poliovirus I before and after degradation with SDS,
urea and acetic acid. © = whole Poliovirus I;
O = degraded Poliovirus I protein.
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using sodium dodecyl sulfate (SDS), urea, acetic acid and 2-
mercaptoethanol (46). In the present study, viral capsid proteins
produced by similar aegradation Procedures were separated on SDS disc
gel electrophoresis. Molecular wéights of the subunits were estimated
from an SDS gel electrophoresis molecdular weight curve (Fiéure‘3) con-
structed from data with known protein sténdards (Figure 4). Proteins
with molecular Qeighfsnof 95,000, 80,000( 71,000 and 37,000 were ob-
sexrved (Figure 5).‘ It is thought tha£ incomplete degradation or re-
aggregation méy be responsible for the higher molecular weight
proteins observed in the gel ana thét these may be composed of either
incompletely degraded fragments of viral capsid or proteins composed
of subunits which have reaggregated during thg electrophoretic pro-

cedure.

Titering Hyperimmune Rabbit Antiserum

Tables I and IT show the titers of rabbit hyperimmune sera for
_ whole Poliovirus I and degraded Poliovirus I proteins during the
course of immunization. The titers were performed as outlined in

Material and Methods and were considered as the last dilution to pro-

duce a visible precipitin line in agar.
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Figure 3. Estimation of molecular weights utilizing the SDS gel
electrophoresis system. (Aggregates) aggregated
Poliovirus I proteins, (VPI) Poliovirus I viral
protein 1. Mobility equals the ratio of the distance the
protein migrates to the distance chymotrypsinogen migrates.
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SDS gels of four standards used to construct the molecular
weight estimation curve shown in Figure 3.
C=chymotrypsinogen, R=ribonuclease, O=ovalbumin,

B=bovine serum albumin.
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Figure 5. SDS gels showing the proteins separated from the
preparation of degraded Poliovirus I protein.
Molecular weights of the separated bands of protein
are given in Figure 3.
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Table I. Immunization schedule for the production of anti-degraded
' Poliovirus I serum.. : :

‘ Titer Against Titer Against
Date Material Injected Route Degraded Protein Whole Virus
11/ 4/72 2.5 ml D. virus + I.M. - -
: 2.5 ml CFA*
11/10/72 2.5 ml D. virus + I.M. - -
2.5 ml CFA
11/17/72 2.5 ml D. virus + I.M. Undilute -
2.5 ml IFA**
11/24/72 2.5 ml D. virus + I.M. - 1:2 1:2
2.5 ml IFA a
12/ 3/72 " 2.5 ml D. virus + I.M. 1:2 1:2
2.5 ml IFA
12/11/72 S - 1:4 T 1:2

*  Complete Freund's adjuvant
*% Incomplete Freund's adjuvant

Table II. Immunization schedule for the production of anti-whole
Poliovirus I serum. '

Titer Against  Titer Agéinst

Date Material Injected Route Whole Virus Degraded Protein

6/ 2/72 5 ml TCF* + 5 ml IFA** I .M. - -

1 ml TCF I.V. ‘
6/ 9/72 1 ml TCF I.V. - -
6/16/72 1 ml TCF : I.V. 1:2 1:2
6/23/72 5 ml TCF + 5 ml IFA I.M. 1:2 1:4

1l ml TCF I.v.
7/ 2/72 1 ml TCF I.V. 1:8 1:4
7/10/72 - - 1:16 1:4

* Tissue culture fluid with virus
*% Tncomplete Freund's adjuvant
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Determination of Plaque Forming Units of
Viruses used in the Study

. The plagque forming units (PFU)/ml of each virus used in the
study were determined by plating viral dilutions on monolayers of
VERO cells by'the method previously described. Eéch virus was plagqued
6 times and the average of these data are ihcluded in Table III.

In addition to determining the PFU/ml of each virus, an attempt was
made to compare the efficiency of virus production which occurs whep
monolayers of célls are infected as obposed to the sﬁspension method
of infection described earlier. , It was found that viral production
could be increased 10,000 times by concentrating the cells and infect-
ing them with 15-20 virus particles per cell in suspension culture.
Monolayer infected cells produced 9.3 x lO? PFU/ml while suspension
infected cells produced 1.07 x 1012 PFU/ml.

In order to insure that approximately the same amount of viral
protein would be available for reacting with the antisera in the com-
'-ﬁarative-experiments, it was necessary to react dilutions of whole
aﬁd degradé&iPoliovirus I antigen preparations -with the hyperimmune
. sera érebared against these respective antigens to determine the mini-
mum number of PFU necessary to produce a precipitin line. These data
were used to determine the dilutions of all other viruses used in the
study needed to equal the minimum reactive level of wholg and degraded

i

Poliovirus I antigens (Table IV).
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Table III. Plaque-forming units of the viruses used in the present

study.

Virus ‘ Plaque-forming Units/ml
Poliovirus I ‘ 9.3 x 107
Poliovirus II ‘ 1.3 x 10°
Poliovirus III . 1.5 x 10°
ECHO virus 1 4.4 x 108
ECHO virus 5 1.13 x 10?
ECHO virus 18 - 6.0 x 10°
ECHO virus 22 5.4 x 10°
Coxsackie virus Bl 5.0 x 10°%%
Coxsackie wvirus A9 . 2.0 x 107*
Coxsackie virus Al3 ' 1.0 x 107#

* Values obtained from Hsuing (20).




Determination of dilution of each virus regquired to equal the minimum

Table IV.
reactive number of Plaque-forming units of Poliovirus I as determined
by double diffusion in agar. i
Whole Degraded
Polio- Polio-
virus I- virus I-
anti- anti-
whole degraded
P.V. I P.V. I
No Total active active
Virus PFU/ml PFU/Bohle Bohles -~ PFU/ml PFU .Dil. PFU Dil.
Polio- - :
virus I 9.3 x 107 1.9 x10° 16 3.0 x 10'° 3.7 x 10° 1:8 7.5 x 10° 1:4
Polio=- .
virus II 1.3 x 10®° 2.6 x 10° 16 4.2 x 10*° 1:11 1:5
Polio- .
virus TII 1.5 x 10® 3.0 x 10° 16 4.8 x 10'° 1:14 1:7
ECHO
virus 1 4.4 x 10%® 8.8 x 10° 12 1.1 x 10! 1:28 1:14
ECHO - _
virus 5 1.13 x 107 23 x 10° 18 4.1 x 10° Und 8.2 x 10° una*
ECHO
virus 18 6.0 x 10°®° 1.2 x 10° 30 3.6 x 10° Und 7.2 x 10° ung*
ECHO
virus 22 5.4 x 10%® 1.1 x 10'% 30 3.3 x 10!! 1:90 1:45
Coxsackie
virus Bl 5 x 10 1 x 108 37 3.7 x 10° Und 7.4 x 10° Unax
Coxsackie
virus 29 2 x 107 4 x 10® 18 7.2 x 10° 1:2 Und
Coxsackie ) '
virus Al3 1 x 107 2 x 10° 18 3.6 x 10° Und 7.2 x 10° unag*

* Whole virus antigen preparation was concéntrated two fold by ultracentrifugation
before disruption occurred.

9z
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Reaction of Whole Viruses with Anti-whole
Poliovirus I and Anti~degraded Poliovirus I
Sera )

Approximatel? the same number of PFU/ml for each whole virus
was reacted with whole Poliovirus I antiserum in a double diffusion
system. The only precipitin reaction obtained was the specific reac-
tion between whole Poliovirus I antigen and anti-whole Poliovirus I
serum. (Figure 6). When whole virus antigens were réacted with de- .
graded Poliovirus I antiserum, no cross reactions were seen
(Figure 7). The only precipitin line- formed wés that which occurrea
when whole Poliovirus I was reacted Qith degraded Poliovirus I anti-
serum. No common or "group" antigens were observéd in precipitin
tests reacting either whole Poliovirus I or degraded Poliovirus I
antisera with whole viruses othef than‘Poliovirus I.

These observations did not change when the other virus anti-,
gens were used undiluted giving a consideiable increase in total viral
antigen available for precipitation.

Reaction of Degraded Viruses with Whole

Poliovirus I and Degraded Poliovirus I
Antisera

Initial experiments utilized approximately the same PFU/ml of
each virus as the previously determined minimum PFU/ml required for
degraded Poliovirus I pfotein to react with antiserum prepared against .

it in rabbits. Cross-reactions were observed with degraded
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Figure 6.

Ouchterlony double diffusion test comparing whole
Poliovirus I antiserum to whole Poliovirus I and two
other whole viruses. (AS) whole Poliovirus I anti-
serum, (II) whole Poliovirus II, (I) whole Polio-
virus I, and (III) whole Poliovirus III.
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Figure 7.

Ouchterlony double diffusion test comparing degraded
Poliovirus I antiserum to whole Poliovirus I and two

other whole viruses.

(AS) degraded Poliovirus I

antiserum, (II) whole Poliovirus II, (I) whole Polio-
virus I, and (III) whole Poliovirus III.
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Polioviruses TI aﬁd IIE, ECHOvirus 5 and Coxséckie viruses Al3 and Bl
'(Figures 8-10). The precipitin lines in all cases showed fusion in-
dicating identity. No spurs were present which would indicate anti-
gens with partial iéentity.

When degraded viral proteins were reacted with whole Polio-
virus I antiserum, cross reactions were observed with Polioviruses II
and III and ECHOvirus 5 (Figures 11 and 12). When the virus prepa-
rations were used undiluted, thereby incréasing the protein évailable
for reaction, the Qiruses cross reacting did not change but the pre-
cipitin lines were increased in size. bnce again, the precipitin
lines demonstrated fusion and absence of spurs indicating immuhblog—
ically identical antigens.
Human Acute and Convalescent Sera Reacted '

with Whole and Degraded Virus Antigen
Preparations

Twelve human volunteers, all of which had been immunized
orally with trivalent Poliovirus vaccine within one yeér, were bled.
This serum specimen will be referred to as the acute specimen. They
were given one dose of live, oral, trivalent Poliovirus vaccine’
(Orimmune, Lederle) and bled again in 10 days. The second serum
specimen is referred to as the convalescent specimen. Thesé sera
were reacted with whole and degraded Poliovirus I éntigen preparations

using the Ouchterlony technique. Six volunteers responded with
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Figure 8.

Ouchterlony double diffusion test comparing degraded
Poliovirus I protein antiserum with other degraded
viral proteins (degraded Poliovirus I protein).

(AS) degraded Poliovirus I antiserum, (II) degraded
Poliovirus II, (I) degraded Poliovirus I, and

(III) degraded Poliovirus III.




Figure 9. Ouchterlony double diffusion test comparing degraded
Poliovirus I protein antiserum with degraded Poliovirus I
protein and two other degraded viruses. (AS) degraded
Poliovirus I protein antiserum (A) degraded ECHOvirus 1,
(B) degraded Poliovirus I protein, and (C) degraded
ECHOvirus 5 protein.
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Figure 10.

Ouchterlony double diffusion test comparing degraded
Poliovirus I protein antiserum with Poliovirus I de-
graded protein and two other degraded viruses. (AS)
Poliovirus I degraded protein antiserum, (a) degraded
Coxsackie virus A9 protein, (b) degraded Poliovirus I
protein, and (c) degraded Coxsackie virus Al3 protein.




Figure 1l.
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Ouchterlony double diffusion test comparing whole
Poliovirus I antiserum with Poliovirus I degraded
protein and two other degraded viruses. (AS) whole
Poliovirus I antiserum, (II) degraded Poliovirus II
protein, (I) degraded Poliovirus I protein, (III)
degraded Poliovirus III protein.
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Figure 12.

Ouchterlony double diffusion test comparing whole
Poliovirus I antiserum to degraded Poliovirus I
protein and two other degraded viruses. (AS) whole
Poliovirus I antiserum, (a) degraded ECHOvirus 1
protein, (b) degraded Poliovirus I protein,

(c) degraded ECHOvirus 5 protein.




36
antibodies which reacted with whole Poliovirus I. Three of these had
negative acute sera when reacted undiluted, while antibodies were
present.in the convalescent sepa when reacted untiluted (Figure 13).

Ten volunteers had antibodies in their sera which reacted with
degraded Poliovirus I proteins. In six of these, antibodies were ob-
served only in'the convaleséeng sera (Figure 14).

When the 12 paired sera were reacted-with the other whole
viruses utilized in the study, only 2 were found to react.. Béth of
these reacted with whole Poliovirus II and in both cases, the anti-
bodies were present in the convélescent sera (Figure'lSi.

When the 12 pairea seré were reacted with the other degraded
viral proteins, no reactions other than the previously reported

reactions between the sera and degraded Poliovirus I protein were

cbserved.




Figure 13.
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Ouchterlony double diffusion test comparing immunized

human serums to whole Poliovirus I. (AS) whole Polio-
virus I, (a,b,d, and e) convalescent human serum, and

(c and f) whole Poliovirus I antiserum. The template

on the right is exactly the same except that all human
sera have been absorbed with tissue culture fluid +

3 percent bovine serum and cell fragments.




Figure 14.
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Ouchterlony double diffusion test comparing immunized
human serums with degraded Poliovirus I protein

(a) degraded Poliovirus I protein, (g,h,j, and k) con-
valescent human serums, (i,l) whole Poliovirus I anti-
serum. The template on the right is exactly the same
except that the human sera have been absorbed with tissue
culture fluid + 3 percent bovine serum and cell fragments.
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Ouchterlony double diffusion test comparing convalescent
human serums with whole Poliovirus II. (a) whole Polio-
virus II, (1,2,4 and 5) convalescent human serums, (3,6)
whole Poliovirus II antiserum. The template on the
right is exactly the same except that the human sera have
been absorbed with tissue culture fluid + 3 percent
bovine serum and cell fragments.




DISCUSSION

Treatment of Poliovirus I capsomeres with sodium dodecyl sul~
fate (SDS), urea and 2-mercaptoethanol at an acid pH caﬁses depoly-
merizgtion and produces 4 monomers, VP 1, VP 2, VP 3, and VP-4 with
mélecular wgights of 35,000,'28,000, 54,000, and 5,000, respectively.
In the present study, aggregates with molecular weights of 95,000;
80,000 and 71,000 were observed. It is thought that these are the
result of incomplete degradation ox reaggregation:of the subunits.
One of the contributing factors to reaggregation may be that the
electrophoresis was perfo£med in a system with a pH of 7.1 while
initial degradation and separati;n 6f the Poliovirus capsid subunits
requires an acid pH. SDS (a non—ioniC‘detérgent) breaké electro- -
static, hydrogen and hydrophobic bonds between monomers which results
in loss-of 2° and 3° structure of thg capsid but does not alter the
primary aminé acid seqguence of the ménomers. Urea acts similarly by
also destroying the quarterinar& and tertiary aﬁd Secondary structures
TOf the capsid but leaves the amino acid sequential arrangement intact.
_ 2-mercaptoéﬁh§nol prevents reaggregation of the monomers by reducing
the_digulfidé bonds to free sulfhydfyl groups.

| The influence of the conformation of protein molecules on
their antigenic specificity is well documented (15). There is a
growing list of viruses, which when depolymerized‘by various means,

undergo a transconformation which results either in alteration or loss
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of original antigenic specificity (9,42,48). It is reasonable to
postulate, therefore, that the loss of the native conformation of
Poliovirus I capsids during depolymerization is accompanied‘by the
formation of a set of antigenic sites ‘which give a new immunogenic
specificity to the degraded viral protein. It might be expected that
much of the wholé virus specificity would be lost by alteration of
native tertiarf structure which defines the antigenic deterxrminants
present on the surface of the nucleocapsid. It follows that the dif-
ferent immunogenic specificity of degraded viral protein wouid be due
to new antigenic sites which were non-existent in the previous con-
formational state of the capsid.

)

It has been suggested that in the.evolution of viruses, the
type specific ahtigens'become located on the outermost parts of the
viral structure (25). The enteroviruses are composeq of:three sub-
groups of viruses which are all fairly uniform in molecular weight,
shape, size and buoyant density. They do, howévef, elicit specific

maptibodf rqsponses when they a£e used as immunogens. These specific
- antibodies aré probably formed in response to antigenic sites present
. oﬁ £he surface of the capsid. Internal antigens are likely to be not
as specific because of less pressure for evolution from external con-
ditions. Thus, in a group of viruses, such as the enteroviruses,

antigenic sites which are "hidden" may be similar or identical in all

three subgroups and, in fact, the present study seemed to indicate
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that this was the case. It is also possible that conformational de-
terminants are st¥onger antigens than those‘aictated by primary struc-
ture and these are responsible for the specificity of whole virus
reactions. When tertiary and secondary structure are reduqed‘by de-
polymérization,.antigens consisting of the primary amino acid sequence
become the dominant antigens and these are sufficiently similar to
cause cross reactivity.

In addition to presenting differeﬁt antigenic sites, depoly-
merization has other effects on the immunogenicity of the aegraded
viral protein. Treatment with SDS not only changes ail but the pri-
mary amino acid sequence of the monomérs, it gives the monomers a
high negative charge and alters the shape to round'or ellip£ical,
depénding upon £he molecular weight of the ménomer (36). In this
study, a reduction of molecular weight'frém that found in the whole
capsid to that which is present in the subunits and altération of
.shape and charge dramaticaliy reduced the-immunogenicity of the de-
graded viral proteins. Reduction of molecular weight is not always
sufficient alone to reduce the'antibody response to an antigen, but
when it is coupled with a high negative charge which depresses the
antibody reéponse énd an extreme changé in molecular shape (2)
increased amounts of aﬁtigen are necessary to elicit a detéctable

antibody response. The solubility of the antigen may-also play an
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important role in immunogenicity. Depolymerization solubilizes the
subunits and it has been well documented that soluble antigens are
less immunogenic than particulate antigens such és whole viruses (10).
It was observed in this study tﬁét amounts of whole virﬁs antigen
necessary to immunize a rabbit could be determined in numbers of par-
ticles which comprised sub-microgram ;mounts of viral protein but the
amount of degraded protein reqguired for immunization consisted of
milligram amounts (see Immunization, Materials and Methods) .

Antiserum produced against whole Poliovirus I particles re-
acted in double diffusion with both whole virions and degraded viral
protein. However, the linés did not exhibit fusion which indicated
that different antigegs were involved in both responses. It seems
1ikély that the antigens present on the sﬁrface of the whole virion,
which are reacting with the Poliovirus I antiserum, are tliose dictated
by the tertiary structure of the capsid. However, degraded viral‘pro—
teins do not possess the’same teftiary structure, so antibodieS‘re—.
acting in this case are those which ére formed against sequential
determinants or possible determinants dictated by secondary structure.

Antibodies may be formed in the rabbit against these when they become

~exposed during the enzymatic breakdown which occurs in the process of

¥

immunization (14,26).
When a rabbit is immunized with'degraded Poliovirus I protein,

antibodies, which react with both whole Poliovirus I and degraded
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Poliovirus I protein, are produced. In this instance, however, lines
of partial identity are seen indicating that at 1east_some of the an-
tigenic sites present after depolymerization are also present on the
surface of the intact virion. The cross-reactivity could also be
explained if the whole Poliovirus I and degraded Poliovirus I‘protéin
possessed simila? but non-identical determinants Capaple of cross-
reacting with a cértain population of éntibodies having lower degrees
of specificity (10).

When whole Poliovirus i antiserum was reacted with tﬂe other
whole Polioviruses (II and III), ECHOviruses 1, 5, 18, and 22, and
Coxsackie viruses A9, Al3, and Bl, no reactions other than the homolo-
gous reaétion'with whole Poliovirus I were observed. This indicates
that the conformational sites, as determined by the tertiary struc-
ture, are sufficiently different so fhat antiserum prepared_again;t
one virus is incapable of reacting with surface antigens present on
another virus. While group specificitylhas usually been true of
.b;eéipiﬁin*ﬁntibodies measured by .immunodiffusion (12,13,31,45),
"-in;;a—"gxoﬁp“'éﬁtigens have been observed, particularly in the Polio-
- virﬁses,.when other methods of antibody assay have been used.
Hummeler and Hamparian (21) showed that adsorption of human serum with
Poliovirus II native antigen removed complement fixing antibodies

against Polioviruses I and III, whereas adsorption with Poliovirus I.
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and III native antigens removed only homologous antibody. LeBouvier
(27) found that when Poliovirus I antigen was used to‘immunize rabbits,
precipitin and neutralizing antibodies-for Poliovirus II and III were
produced, and in a group of patients who had Poliovirus infections,
Schmidt and Lennette (39) obser&ed that the rate of heterotypic anti-
body formation was 55 percen% for neutralizing antibodies, 17 percent
for complement fixation antibodies and 21 percent for flocculating
antibodies.

" Reaction of anti-whole Po;ivirus I serum with the other - de-
graded viral proteins resulted iq cross—reactiohs-with Poliovirus II
and III and ECHOvirus 5. The lines fused indicating that similar
antigens were responsible for the precipitin bands. The data indi-
cate that when enteroviruses are depolymerized, antigenic sites
detexrmined by a specific amino acid éequence are common to at least
two of the three subgroups of enteroviruseé are recognized and that
JFhese same antigenig sites either appear exposed on the surface of
ép%ioﬁifusfl or are exposed for antigenic recognition by enzymatic
'35diqestion witﬁin_thé‘animal. Korant (26) ‘and Garfinkle and Tershal
(i4; hayé repoxrted fhat degradation of Poliovirus I capsids  does
occur in vivo. This degradation process may expose sites similar to
those exbosed through artificial depolymerization. -

When degraded Poiiovirus I antiserum was reacted with the

other whole viruses in the study, no reactions except that between
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thgkanfi—sérum and degraded Poliovirﬁs I protein occurfed. This in-
dicates that antibodies produced against the primary gmino acid se-
quence of the monomers are incapable of reacting with the antigens.
when they are polymerized into the normal tertiary structure. Some
or all of the antibody binding sites become obscured due to the cén-
formation of the.capsid. The opposite situation consisting of the
reaction between anti-whole Poliovirus I serum and degraded. viral
proteins gave cross reactions between thé other Polioviruses and
ECHOvirus 5 and seems to be contradictory to the above statement. It
is possible for both conditions to be true if an antigenic determinant
consisting of an amino acid sequenée exposed on the surface of the
capsid elicits the production of an antibody against whole virus
which is capable of reacting with the same amino acid sequence when
it is preéent in the degraded viral bfotein.
When antiserum prepared against degraded Poliovirus I é;oféih

- was reacted with the other degraded enteroviral proteins, cross-
hfeaétion; between Polioviruses II and III, ECHOvirus 5 and Coxsackie
R vi;gseé Bl ana Al3 were observed. The data indicate that probably all
- of'éhe5¢.viruSes contain1an‘amino acid Qequence sufficiently similar
to react with antiboay produced against a primary amino acid'sequeﬁce

present in degraded Poliovirus I protein. Furthermore, since the

lines exhibited identity using the Ouchterlony teéechnique, immunogenic
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aﬁino acid sequenées of Poliovirus I are similar to amino acid se-
éuences produced by degradation of wild type virus members of each of
the subgroups of‘enteroviruseg. This may indicate a much closervaf-‘
filiation of some subgroup members to members of the same or other
subgroups and may with additional study, offer information which
could lead to a more accuraté rearrangement of enteroviruses into more
closely related subgréups;

The absence of precipitin bands in’reactions between whole
Poliovirus I and degradéd Poliovirus I antisera and adenovirus type 1
whole and degraded capsids indicated that cross reactions occurring
within the' enteroviral grbupsvwere specific rather than non—épecific
reactions due to common treatments such és‘viral prodﬁction, purifi-
cation and degradation.-

The studies with human volunteers offered information relative
to the type of immunity elicited in response to oral vaccine and the
efficacy of using immunodiffusion as a toél in the diagnosis of enter-
oviral diseases. Antibodies directed against whole Poliovirus I were
detectable by:double diffusion in 6 of the 12 volunteers, while only
2 peréons produced antibody against any of the other whole viruses
and both of these were in response to Poliovirus II. -Since the vac-
cine was trivalent, a response to Poliovirus III woulq be expected

also but this was not observed. Explanations could be either the
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immune response to Poliovirus IITI consisted primarily of gut immunity
and therefore an undetectable humoral response was generated’or the
challenge of the three types of Polioviruses in 1 dose of oral vaccine
was insufficient to génerate,a‘deteCtabie humoral response in most
volunteers. In either situation, it is impossible to postulate the
value of immunodiffusion as a diagnostic tool. There is information
which indicates that humoral antibody levels detectable by double dif-
fusion occur in active enteroviral disease (24,31,33) and that this
fésponse is specific for the virus involved. Therefore, diagnosis
using double diffusion systems Wouid require specific viral antigens
for each enterovirus unless an "intersecting antigen éool scheme"
baseq on the same principle as the "intersecting serum poél scheme"
developed by Schmidt et al. (40) could be devised which would combine
viral antigens in such a way that the point of intersection in a pré—
determined table would provide information concerning the virus re-
sponsible_gpé?the infection. One problem which would arise. in this
type pf-syétem, would be dilution of the antigen preparation that
would occur when'several viral antigens were pooled. This could pos-
sibly be overcome by afinal high speed centrifugation‘after booling
had taken élace.

The‘experiment reacting human serum with degréded viral pro-
teins was inéonclusive. In 10 of the 12 volunteers, antibody reacting

with degraded Poliovirus I protein was obsérved. ‘In 4 of these,
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antibody was present in both acute and convalescent sera and in the
remaining 6 antibody appeared in the convalescenht serum only. The

reactivity was not absorbed by treatment with cell fragments or tissue

culture fluid with 3 percent bovine serum and would therefore seem to

be specific. However, itiseems unreasonable that a detectable anti-
body level for degraded viral protein woﬁld be sustained over the
period of a year in view of the fact that in rabbits, titers had
dropped to 0 by 1 mon£h after the last injection of degraded viral
protein. When the human sera were reacted with the other degraded
viral proteins used in the étudf, no reactions were seen. The chal-
lenge available from the enzymatic digéstion of_the viral capsids
presented in 1 dose of oral vaccine (about 5 x 10® virions) cannot be
adequate to induce an immune feséonse in view of the fact that milli-
gram quantities were required for rabbi£ immunization.

-Patients with acute enterovi?al diseases may produce anti-
bodieé.againsf'degraded eﬁteroviral proteins but due to the cross-
reaction observed.betﬁeen the three viral subgroups, the value as
a presumptive diagnostie tool seems limited.

The present study may have established an acceptable method
of analyzing immunologic interrelationships of entefoviruses. It
could be expanded through the use of more hyperimmune sera against

various whole and degraded enteroviruses. Information from these
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experiments could establish entirely ﬁew subgroups of antigenically
related enteroviruses. - It has also presentea information.relative
to immunodiffusionlas a tool for diagnosis. Should new antigenically
related subgroups be established dﬁe to additional research in this
area, an immunodiagnostic schen{e, including a presumptive test in-
vqlving subgroup antigens (present on degraded viral proteins) and

a confirmative test involving type specific antigens (present on

whole virus capsids), could be evolved.

4




SUMMARY

Antisera were prepared in rabbits against whole Poliovirus I
and degraded Poliovirus I protein that had been produced by treatment
of whole cgpsids with ‘sodium dodecyl sulféte, urea, acetic-acid and
2-mercaptoethanol. The antisera were reacted ﬁsing the Ouchterlony
technique with whole and degraded viral proteins of Polioviruses I,
II, III, ECHOviruses 1, 5, 18, 22; and Coxsackie viruses Bl, A9 and
Al3. when whole Poliovirus I.antiserum and degraded Poliovirus I
antiserum were reacted with the whole viruses, precipitin reactions
were observed only with the antisera and whoie and degraded Poliovirus
I proteins. When whole Poliovirus I antiserum was reacted with the
degraded viral proteins, precipitin reactions indicating identity were
observed with Polioviruses I, II, III, and ECHOvirus 5. The reaction
of degraded Poliovirus I‘antiserum with dggraded viral proteins pro-
lduced precipitin lines with'Poliovipuses I, I, III, ECHOvirus 5 and
Coxsackie viruses Bl and Al3. The data indicate that the three sub-
groups of enterovi;uses have antigenic determinants based on primary
amino acid sequence in common.

Acute and convalescent sera of human volunteers that had been
immunized with one dose of oral, trivalent, Poliovirus vacciﬁe were
reacted with whole viruses and degfaded viral proteins. Precipitin

reactions were observed with whole Poliovirus I and II and degraded
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Poliovirus I protein. The efficacy of using the double diffusion as

a tool in the diagnosis of enteroviral diseases is discussed.
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