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Poliovirus-neutralizing monoclonal antibodies were prepared against type 1,
type 2, and type 3 wild laboratory (Mahoney, MEF1, and Saukett) and Sabin
vaccine strains. Fifty-five poliovirus laboratory strains and field isolates were
assayed by neutralization index test with a panel of homotypic monoclonal
antibodies. A total of 27 monoclonal antibodies were used. Two categories of
neutralization epitopes were found, i.e., cross-reacting (K), which is present on
almost all strains of the same serotype, and strain-specific (V, variable), either
wild (VW) or Sabin (VS). Several distinct neutralization epitopes were defined for
each of the three poliovirus serotypes in almost every category. The study of
antigenic variation of the Sabin type 1 vaccine virus during replication in human
intestine showed that the VS neutralization epitope may be lost and even replaced
by the VW epitopes of the parental Mahoney virus. A late isolate from a vaccine-
fed infant recovered the complete neutralization epitope pattern of the Mahoney
strain. Upon in vivo virus replication, a different kind of antigenic variation was
also detected in which an epitope lost its function in virus neutralization but kept
its antigenic conformation unaltered. Neutralization epitope analysis demonstrat-
ed that the presence of VS epitopes on a field isolate suggests the Sabin origin of
the strain when the isolate displays the same epitope pattern as the original Sabin
virus, or confirms it when the VS epitope(s) is mutually exclusive of VW epitopes.
The lack of VS epitopes on a field isolate does not rule out its being of Sabin
origin.

Poliovirus is a picornavirus composed of a
naked, icosahedral particle, an RNA' genome,
and four structural polypeptides: VP1, VP2,
VP3, and VP4 (17).

Poliovirus is highly mutable (4), and its broad
antigenic variation reflects its phenotypic varia-
tion during replication in the human intestine
(19). The major inducement for change is exert-
ed upon the virion surface by the selective
pressure of virus-induced antibodies (23).
The ecology of poliovirus, a virus having

humans as a unique natural reservoir, became
more complex 25 years ago, when the mass
administration of live oral polio vaccine was
introduced.

Since then, durable efforts have been made for
the phenotypic characterization of poliovirus
isolates and for the analysis of the antigenic
relatedness existing between wild strains and
virus excreted by subjects that received live
poliovaccine. Using serological methods, it has
been possible to distinguish numerous serologi-
cal subtypes (18, 22, 27, 28). However, because
of the polyclonal nature of antibodies used in
these studies, it has not been possible to provide
unambiguous evidence for the intratypic anti-

genic relatedness of virus circulating in human
communities. Moreover, the antigenic struc-
tures of poliovirus responsible for the induction
of neutralizing antibodies were, until recently,
unknown.
The recent development of hybridoma tech-

nology has allowed a re-evaluation of poliovirus
antigenic variation through the use of monospe-
cific antibodies capable of recognizing neutral-
ization epitopes present on the surface of virus
particles (5, 6, 8-12, 24).
We have developed a panel of neutralizing

monoclonal antibodies against the three sero-
logical types of Sabin vaccine strains (LSc2ab,
P712Ch2ab, and Leonl2alb) and wild laboratory
strains Mahoney, MEF1, and Saukett. All of
these monoclonal antibodies are type specific.
Some, but not all, differentiate wild from Sabin-
attenuated strains. The above-mentioned prop-
erties show that these monoclonal antibodies
identified different epitopes on the surface of
po.lovirus.

This paper reports studies that had as their
aim the analysis of the antigenic variation of
poliovirus by identification and listing of neutral-
ization epitopes. We found that, by using a
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TABLE 1. Poliovirus strains used
Strains Origin and characteristicsa Source

Type 1
P1-3, P1-6 Batches of commercially avail- A. Chippaux, L.A.S. Paris

able type 1 Sabin vaccine
A4-A28, C2-C22, E2-E14, Strains serially isolated from Sa- 0. M. Kew, CDC, Atlanta (22)
F2-F21 bin vaccine-fed children

(A,C,E,F). Figures stand for
days after vaccination (for
more details, see Table 4)

Brunenders Wild laboratory strain B. Larsson, SBL, Stockholm
1342 Wild laboratory strain Pasteur Inst. (VM), Paris
14002/77 "Wild" virus G. C. Schild, NIBSC, London

Type 2
628, 4389, 6139, 8008, 8071 Isolates of Sabin origin G. C. Schild, NIBSC, London
77726, 77728, 77686, 77687, 2- Field isolates from different D. I. Magrath, NIBSC, London

215, 2-316, 2-318, 2-364, 2- countries before the introduc-
375 tion of Sabin vaccine strains

Type 3
106, 116, 119, 132, 285, 20278, Isolates of Sabin origin G. C. Schild and D. I. Magrath,

5229, 11340, 3-12, 158 NIBSC, London (10, 11)
Saukett A, D, G, H, E, Leon Wild laboratory strains of differ- D. I. Magrath, NIBSC, London
ATCC ent origins (21)

3-10, 3-694, 3-1, 3-674, 77692, Field isolates from different G. C. Schild, NIBSC, London
3-715 countries before the introduc- (10, 11)

tion of Sabin vaccine, charac-
terized as "wild" (except for
strain 3-715)

a Strains were classified as "wild" or "Sabin-like" according to their characterization by Ti oligonucleotide
mapping (G. C. Schild, personal communication).

sufficiently large panel of monoclonal antibod-
ies, it was possible to characterize in detail a
poliovirus strain by analysis of the epitopes
simultaneously present on the surface of infec-
tious particles.

MATERIALS AND METHODS
Cells and media. Details concerning cells and media

used in this study have been described elsewhere (5,
6). The mouse myeloma cell line Sp2/O-Ag 14 (26)
(kindly provided by G. Buttin) was maintained in
Eagle minimum essential medium supplemented with
15% heat-inactivated colt serum. Selective medium
was prepared by adding 0.01 mM azaserine and 0.05
mM hypoxanthine to minimal essential medium. For
growth of established hybridoma cells, Dulbecco mod-
ified medium supplemented with 5 or 10%o aseptic calf
serum (Medical and Veterinary Supplies, Slough, En-
gland) was used.

Viruses. Wild reference type 1 Mahoney (Mah), type
2 MEF1 (MEF), and type 3 Saukett (Sauk) poliovirus
strains were kindly provided by A. L. van Wezel
(National Institute of Public Health, Bilthoven, Neth-
erlands). Sabin attenuated type 1 LSc2ab (LSc), type 2
P712Ch2ab (P712), and type 3 Leonl2alb (Leon-S)
oral poliovirus vaccine strains were sent to us by B.
Vacher (Institut Pasteur Production, Manes la Co-
quette, France). The origins of other poliovirus labora-
tory strains and field isolates used in this study are
given in Table 1.

Virus suspensions were prepared and titered on
HEp-2 cells.

Titration of virus suspensions and the standard virus
neutralization test were done by using a micromethod
according to the technique already described (20).

Preparation of labeled, purified virions. Virions were
labeled with [35S]methionine (7) and purified by iso-
pycnic CsCl gradient centrifugation as previously de-
scribed (1).

Preparation and characterization of hybridoma ceUl
lines secreting neutralizing monoclonal antibodies. The
technique used for the construction of hybridomas has
been described in detail in a separate paper (5).
Briefly, splenocyte donor mice were immunized with
poliovirus suspensions containing about 109 50% tis-
sue culture infective doses (TCID50) per ml. Each
mouse received two injections of 0.2 ml of antigen at a
4-week interval, the first intraperitoneally and the
second intravenously. Spleens were harvested 3 to 4
days after the last inoculation. Selection of hybrids
was done essentially according to the technique al-
ready described (3). Hybridoma cell populations were
screened for homologous neutralizing poliovirus anti-
bodies by a microneutralization assay in 96-well mi-
croplates. Positive cell colonies were then cloned by
limiting dilution. Hybridoma culture fluid was used
throughout this study as monoclonal antibody suspen-
sion.

Neutralization index (NI) assay. The titer (VT) of the
reference virus was determined in parallel in the
absence (VTO) and in the presence (VTdA) of each
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TABLE 2. Titers and specificities of poliovirus-
neutralizing monoclonal antibodies

Neutralizing titer (log2)a
Immunizing Monoclonal Wild
poliovirus antibody laboratory Sabin virus

virus

Type 1
Mahoney To 9.5 2.5

Ia 7.5 0
lb 8.5 10.5
Ic 8.0 0
Id 8.0 3.5
Ieb 8.5 9.0

LSc lo 2.0 10.5
la 0 12.0
lb 0 10.0
lc 7.5 6.0
ld 1.0 6.0
le 8.0 10.0

Type 2
MEF Ilo 9.0 0

Ia 10.0 4.0
lIb 10.0 12.5
IIc 4.5 4.5

P712 2o 0 9.5
2a 0 8.5
2b 6.5 10.5
2c 3.5 8.0
2d 6.0 2.5

Type 3
Saukett Illo 10.5 0

IIIa 7.5 9.0
Leon-S 3o 1.0 13.0

3a 11.5 12.0
3b 11.0 13.0
3c 3.0 9.0

a Reciprocal of the endpoint dilution (log2 of hybri-
doma supernatant that neutralized 50%o of one dose of
virus (100 TCID50)-

b This monoclonal antibody, named H3 by Emini et
al. (8), was kindly sent to us by Eckard Wimmer.

dilution of serially diluted hybridoma supernatant. The
NI of each dilution (NIdA) was calculated according to
the formula NIdA = log VTo - log VTdA, where dA
stands for the dilution of hybridoma supernatant. The
NIdA, as calculated above, was taken as the activity of
the respective antibody.
When a virus strain was to be characterized accord-

ing to its antigenic properties, the NI of the virus
(determined against a given concentration of a given
monoclonal antibody) was taken into consideration.
The monoclonal antibody concentration used was the
highest dilution of the hybridoma supernatant giving at
least 3 NI units (NIdA > 3) when tested against the
inducing virus.
Immunoprecipitation. Immunoprecipitation was per-

formed as previously described (2, 13). Mouse ascitic
fluids (25 ,ul) were added to [35S]methionine-labeled,
purified poliovirions. Immune complexes were precip-
itated by using Staphylococcus aureus (Cowan I
strain) and were assayed for radioactivity.

RESULTS
Grouping of monoclonal antibodies. Monoclo-

nal antibodies were raised against wild labora-
tory or Sabin vaccine polioviruses of types 1, 2,
and 3. Hybridoma cell lines were selected by
neutralization of the immunizing virus. Their
neutralizing activity was strictly type specific
(data not shown).
Each hybridoma antibody was tested for the

specificity of its neutralizing activity against
cloned wild reference and vaccine homotypic
polioviruses (Table 2). Accordingly, monoclonal
antibodies which neutralized both wild labora-
tory and Sabin strain were classified as cross-
reacting (K), and those recognizing only the
inducing virus were classified as strain specific
(V), be it wild (VW) or Sabin (VS) (Table 3). A
finer characterization of monoclonal antibody
neutralizing specificities was obtained by testing
them against a battery of different poliovirus
variants, as will be described below. This analy-
sis allowed a more detailed classification of the
antibodies corresponding to the epitope they
recognize. This classification was also given in
Table 3.

Neutralization index as a simple assay for the
differentiation of poliovirus antigenic variants. To
study naturally occurring antigenic variation of
numerous laboratory strains and field isolates of
poliovirus, we investigated whether the NI test

TABLE 3. Grouping of monoclonal antibodies by
neutralizing specificitiesa

Antibodies that were:
Antibodies
neutralizing Type Strain specific (V)
poliovirus

of: (K) Wild (VW) Sabin (VS)

Type 1 lb (K) To (VWa) lo (VS)
le (K) Ia (VWd) la (VS)
lc (K) Ic (VWb) lb (VS)
le (K) Id (VWc) ld (VS)

Type 2 IIb (Ka) ITo (VWa) 2o (VSb)
Ilc (Kb) IIa (VWb) 2a (VSc)
2b (Ka) 2c (VSb)

2d (VSa)
Type 3 lIla (Kc) IIIo (VWa) 3o (Sa)

3a (Ka) 3c (Sb)
3b (Kb)

a Antibodies were grouped on the basis of their
capacity to neutralize homotypic (wild-reference and
Sabin) viruses, according to results recorded in Table
2. The symbols in parentheses represent the name of
the epitope defined by each monoclonal antibody
given according to results shown in Fig. 4. In previous
publications (5, 6, 9), some monoclonal antibodies
directed against poliovirus type 1 were used under a
different name: Io = CJ27, Ia = CJ12, lb = CJ31, Ic =
H84, Id = H8-25, lo = BA12, la = BL25, Ic =
BM55, and Id = BL7.
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FIG. 1. Correlation between the NI and standard neutralization tests for antigenic characterization of

laboratory poliovirus strains. Each virus strain was tested against a set of homotypic monoclonal antibodies by
both NI and standard neutralization tests. The NI of a given type 1 (0), type 2 (0), or type 3 (A) strain was

calculated as the difference of the log virus titer (Alog = NI units) in the absence and in the presence of a constant
concentration of hybridoma supernatant. The antibody concentration was chosen to give at least 3 NI units when
tested against the inducing viral strain. The neutralizing titer of a hybridoma supernatant was estimated as the
reciprocal of the log 2 endpoint dilution that neutralized 50% of a virus dose (100 TCID50). The diagonal straight
line represents the computed linear regression of the recorded values (r = correlation coefficient).

could give reliable results for neutralization epi-
tope analysis.
Because several authors used mainly the con-

stant virus/variable antibody (standard virus
neutralization) test, we performed an experi-
ment in which this method was compared with
the NI test, i.e., the difference of the log virus
titer in the absence and presence of a constant
concentration of antibodies. The results (Fig. 1)
indicated that the correlation between the NI
test and the endpoint titration of neutralizing
capacity of monoclonal antibodies is statistically
highly significant for all three poliovirus sero-

types.
A well-defined concentration of each mono-

clonal antibody which optimally differentiated
between a pair of reference wild and Sabin
homotypic strains had to be established before
the test was carried out. Once this concentration
was determined, it was used throughout this
study. Results of a representative experiment
performed for the establishment of optimal dilu-
tion to be used in NI tests for six monoclonal
antibodies directed against reference wild and
Sabin poliovirus strains of all three serotypes are
shown in Fig. 2. According to these results, we

decided to use in the NI test the dilution of
hybridoma supernatant fluid which differentiat-
ed homologous from heterologous viruses of at
least 3 NI units. Therefore, a strain being neu-
tralized by a certain antibody at more than 2 NI
units was considered antigenically homologous.
Conversely, strains displaying < 2 NI units (in
most cases, no detectable neutralization) were

classified as heterologous.
This criterion of the differentiation is in agree-

ment with the statistical findings shown in Fig.
1, where strains were grouped in two distinct
clusters, clearly separated by NI = 2.00.

Analysis of neutralization epitopes on natural
variants of poliovirus. The possible coexistence
of many different epitopes on a single virion was
further investigated for various poliovirus
strains. For this purpose, poliovirus strains of
different origin (listed in Table 1) were tested
with a large panel of neutralizing monoclonal
antibodies (listed in Table 2). A synthesis of the
results of NI tests for each virus strain with
every homotypic monoclonal antibody is record-
ed in Fig. 3. Results can be summarized as

follows. (i) Our battery of monoclonal antibodies
was able to detect a variable number of distinct
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FIG. 2. Specificity of the neutralizing activity of six strain-specific antipolio monoclonal antibodies.

Supernatant fluids of hybridoma cultures were tested by NI assay against a pair of homotypic (homologous or
heterologous) viruses. The NI were calculated as the difference (A) between the log virus titer in the absence and
in the presence of each dilution of hybridoma supernatant.

neutralization epitopes simultaneously present
on the virion. This number varied from two to
five. (ii) All strains tested, irrespective of their
serotype, confirmed the existence of two catego-
ries of epitopes, i.e., cross-reacting (K) and
strain specific (V). In the case of type 1. an
exception was found for 1 strain of 14 tested
(strain 14002/77) which lacked the K epitope. In
the case of type 2 and type 3 viruses, several
distinct K epitopes were detected: two for type
3, and three for type 2 polioviruses. (iii) There
were several distinct V epitopes, differently dis-
tributed among the various strains tested. (iv)
Differences were found in the epitope number
and distribution among the three poliovirus
types. For type 1 Sabin virus, a unique VS
epitope was found. In contrast, several distinct
VS epitopes were found for type 2 and type 3
Sabin viruses (three for type 2 and two for type
3). The Sabin-specific epitope(s) was mutually
exclusive of the VW epitope(s) in type 1 and type
3 viruses, but not in type 2 strains, where
coexistence of VS and VW epitopes was found in
some cases.
Comparison of antigenic characterization of

poliovirus isolates with monoclonal and strain-
specific polyclonal antibodies. The frequent anti-
genic drift of Sabin vaccine poliovirus strains
upon replication in vaccinees has so far been
demonstrated by using strain-specific polyclonal
antibodies (22, 27). Poliovirus strains serially

isolated from infants at several intervals after
oral type 1 vaccine administration were studied
with strain-specific neutralizing monoclonal
antibodies. The isolates have been previously
characterized antigenically by modified Wecker
and McBride intratypic serodifferentiation tests
with strain-specific polyclonal sera (22). Two
homotypic, strain-specific monoclonal antibod-
ies were used for the antigenic analysis of these
viruses: one recognizing an epitope (VS) specific
of the LSc2ab Sabin vaccine strain (lo anti-
body), and another directly against an epitope
(VWa) specific for wild Mahoney virus (Jo anti-
body). The pre'vious antigenic characterization
of viruses by intratypic serodifferentiation with
polyclonal antibodies was confirmed, with little
exception, by an NI test using these monoclonal
antibodies (Table 4). All 11 strains previously
defined as vaccine-like were found to carry the
LSc2ab-specific antigenic determinant. Similar-
ly, the six strains previously identified as non-
vaccine-like or intermediate no longer possessed
this epitope. Moreover, on the two final isolates
(A21 and A28) of the infant 1, which proved to
be non-vaccine-like in modified Wecker and
McBride tests, the VWa Mahoney-specific neu-
tralization epitope was present. When tested
with a larger panel of monoclonal antibodies (see
Fig. 3), the strain A28 was found to possess all
four Mahoney neutralization epitopes (VWa,
VWb, VWc, and VWd), and two of them (VWb
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FIG. 3. Analysis of neutralization epitopes on nat-
ural variants of poliovirus by NI with monoclonal
antibodies. NI was determined for each virus-antibody
combination as described in the text. Each viral strain
was tested with every homotypic monoclonal antibod-
ies listed in Table 3. Reactions were considered posi-
tive (U) for NI > 2.00 and negative (O) for NI < 2.00
(in most cases there was no detectable neutralization).
Results were grouped together for monoclonal anti-
bodies that behaved similarly for all viruses tested,
thus defining the same neutralization epitope (see
Table 3). Poliovirus strains showing similar neutraliza-
tion patterns with every category of monoclonal anti-
bodies were grouped together.

and VWc) were found on isolate C21 of infant 3.
Neutralization versus non-neutralization epi-

tope. The facility with which a poliovirus strain
can change its neutralization epitopes during in
vivo passages (see Table 4) prompted us to

examine whether an epitope could lose its func-
tion in virus neutralization while still physically
persisting on the viral surface.
To test for this assumption, some type 1

strains serially isolated from the vaccinees were
examined for their reactivity with a panel of
monoclonal antibodies by NI test. Strains nega-
tive in neutralization were tested in immunopre-
cipitation of radiolabeled particles with the re-
spective monoclonal antibodies. The results
(Fig. 4) showed that some epitopes conserved
their configuration even if they lost their role in
virus neutralization. For instance, monoclonal
antibodies that specifically neutralize Sabin vi-
rus (VS) bound to Mahoney but did not neutral-
ize it. Inversely, on the LSc2ab virus, a Ma-
honey antigenic determinant (VWd) was found
that played no role in vaccine virus neutraliza-
tion. Meaningful results were those obtained
with isolates at various intervals after LSc2ab
vaccine administration. The virus excreted early
after vaccine administration (strains A4 and C2)
displayed the same epitope pattern as the origi-
nal Sabin vaccine strain. At 8 and 10 days after
vaccine administration, the Sabin epitope was
still present but was no longer critical for neu-
tralization. Similarly, Mahoney-specific antigen-
ic determinants were also present, but, here
again, not as neutralization epitopes. After 3 to 4
weeks of virus excretion, some (strain C21) or
all (strain A28) of the Mahoney epitopes became
critical for virus neutralization. Epitope distribu-
tion and function on the A28 strain were identi-
cal to those on Mahoney virus, the strain which
originally served for production of the attenuat-
ed LSc2ab Sabin virus (25).

DISCUSSION
Our previous (5, 6, 9) and present results, as

well as the observations of other authors (8, 10-
12, 24) showed that poliovirus-neutralizing
monoclonal antibodies can differentiate sub-
types among strains belonging to the same sero-
type. This finding opens a new approach to the
study of the natural variation of poliovirus upon
replication in human intestine.
Here we have focused our attention on the

identification and itemization of different neu-
tralization epitopes simultaneously present on
the poliovirion. This is of particular interest for
the study of the modifications of neutralization
patterns of Sabin-derived strains after their pas-
sage in humans.
By testing poliovirus strains of various origin

with our panel of neutralizing monoclonal anti-
bodies (Fig. 3), two categories of neutralization
epitopes were identified, i.e., cross-reactive (K)
and strain specific (V). The cross-reacting epi-
topes were type specific and were found to be

Poliovirus strains

I

1
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TABLE 4. Intratypic differentiation of type 1 poliovirus strains serially isolated from vaccine-fed infants by
neutralization index with strain-specific monoclonal antibodies

Source of NI with monoclonal antibodiesb
type1oDsvaccine Label Antigenic character" anti-LSc (Jo) anti-Mah (Jo)poliovirus administration (VS) (VWa)

LSc2ab Reference vaccine 4.50 0.50
Mahoney Reference wild 0 4.75
Infant 1 4 A4 Vaccine-like 3.00 0.75

6 A6 Vaccine-like 4.25 0.25
8 A8 Vaccine-like 3.75 0.25
10 AIO Non-vaccine-like 0.50 0.75
14 A14 Non-vaccine-like 0.50 0
21 A21 Non-vaccine-like 0.50 3.50
28 A28 Non-vaccine-like 0 3.00

Infant 3 2 C2 Vaccine-like 3.50 0
4 C4 Vaccine-like 4.50 1.75
6 C6 Vaccine-like 3.50 0
8 C8 Intermediate 0 0
14 C14 Non-vaccine-like 0 0
21 C21 Non-vaccine-like 0 1.00

Infant 6 2 E2 Vaccine-like 3.00 0
14 E14 Vaccine-like 3.00 f

Infant 7 2 F2 Vaccine-like 4.25 0
21 F21 Vaccine-like 3.00 0

a Viral isolates were previously classified according to modified Wecker and McBride serodifferentiation test
results with strain-specific antisera (22). The infant numbers correspond to those used in the above-mentioned
publication.

b NI was calculated as described in the text. Abbreviations lo, anti-LSc2ab monoclonal antibodies recognizing
the VS epitope; Io, anti-Mahoney monoclonal antibodies recognizing the VWa epitope (mean values of two or
three individual experiments).

conserved on almost all viruses of the same
serotype. For that reason, we call this category
K (constant) epitopes. A different number of
distinct K epitopes was found for each of the
three poliovirus serotypes: one for type 1 (K),
two for type 2 (type 2 Ka and Kb), and three for
type 3 (type 3 Ka, Kb, and Kc).
The strain-specific, variable (V) epitopes al-

lowed us to distinguish between Sabin vaccine
strains and wild viruses. Differences were found
in the V neutralization pattern in the three
poliovirus serotypes. For instance, using four
different monoclonal antibodies, we detected
only one type 1 Sabin-specific (VS) neutraliza-
tion epitope on the LSc2ab virus. The type 1 VS
epitope was mutually exclusive of the four VW
epitopes detected on the wild Mahoney strain.
In contrast, Sabin type 2 virus has at least three
distinct strain-specific neutralization epitopes,
and type 3 has two. In some type 2 and type 3
vaccine-derived strains, the Sabin epitope(s) co-
existed with one or two wild epitopes.

In the case of type 1 poliovirus, four (refer-
ence 12) up to seven (reference 9) distinct neu-
tralization epitopes have been described previ-
ously. Our present observations confirmed the
multitude of distinct neutralization epitopes on
each of the three poliovirus serotypes.
With our battery of neutralizing monoclonal

antibodies, a maximum of five neutralization
epitopes simultaneously present on a virion
were detected. The topological relationship of
these epitopes remains unknown until competi-
tion studies, under way in our laboratory, are
carried out.

It thus seemed worthwhile to try to reveal the
fate of different neutralization epitopes during
human passages of poliovirus and, particularly,
of those epitopes specific for Sabin vaccine
strains. Our results (Fig. 4; Table 4), in agree-
ment with those previously obtained by intra-
typic sero-differentiation with polyclonal anti-
bodies (22), demonstrated that the type 1 VS
neutralization epitope may be lost during multi-
plication of the Sabin virus in human intestine
(isolates from children 1 and 3 in Table 4). This
fact has a direct implication in the determination
of the origin of a type 1 field isolate. For type 1
virus, the situation might be complicated by the
reappearance of the parental Mahoney neutral-
ization epitope(s) during virus multiplication in
humans.

In the understanding of poliovirus antigenic
variation during multiplication in human intes-
tine, the most pertinent finding was that the
same epitope can have alternate functions in the
neutralization of virus infectivity. By performing
neutralization and immunoprecipitation in paral-
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FIG. 4. Modification of epitope distribution and
function upon virus passage in humans. Typ' 1 polio-
viruses serially isolated from two vaccine-fed infants
(strains A and C in Table 4) were tested in neutraliza-
tion (NI test) and immunoprecipitation (see the text)
with a panel of six different monoclonal antibodies.
Antibodies were chosen to include every epitope, as
defined in Fig. 3, i.e., Ic as K; lo as VS; and I, Ic, Id,
and Ia as VWa, VWb, VWc, and VWd, respectively.
The two inducing strains used for raising monoclonal
antibodies (wild Mahoney and attenuated LSc2ab)
were also included in the test as reference viruses. The
presence of an epitope (0) was characterized by an

immunoprecipitated fraction of >20%o (usually >60%).
When an epitope was absent (0), 0 to 2% of the
radioactivity was precipitated. No values intermediate
between 2 and 20% were found. Neutralization epi-
topes (stars) were defined as described above (see the
text), i.e., by NI > 2.00 with the respective monoclo-
nal antibody.

lel (see Fig. 4), we demonstrated that, due to
mutation, an epitope can lose its function in viral
neutralization without modifying its antigenic
specificity. For instance, a surprising result was
the detection on Mahoney virus of a Sabin
epitope in a non-neutralization form, and, con-
versely, on the LSc2ab strain the presence of a

Mahoney-specific epitope which was no longer
critical for neutralization of the Sabin virus. A
more comprehensive picture of epitope variation
was obtained by analyzing some of the strains
serially isolated from vaccine-fed children (see
Fig. 4), using immunoprecipitation to test for the
presence of an epitope and the NI test to exam-
ine its function in virus neutralization. Based on
these results, we concluded that a mutation can
affect a neutralization site in two ways: either by
modifying its antigenic configuration or by ne-

gating only its function in virus neutralization. It

seems, then, that during selection of the type 1
LSc2ab virus from its wild parent Mahoney (25),
some neutralization epitopes (Wa, Wb, and Wc
in Fig. 4) were lost by conformational alteration.
Another epitope, the Wd, retained its conforma-
tion but lost its function in virus neutralization.
Conversely, upon replication in humans, the
LSc2ab virus recovered in some instances the
lost Mahoney epitopes, first in conformational
terms and, finally, in functional terms.

Despite the significant progress made in the
study of the mechanism of virus neutralization
(9, 16), no explanation is available for the mech-
anism by which a viral epitope can conserve its
antigenic configuration while losing its function
in neutralization. Concerning the difference be-
tween a neutralization and a non-neutralization
epitope, the only available observation is that
the reaction of a neutralization epitope with the
corresponding antibody alters the viral isoelec-
tric point from 7.0 to 4.5, whereas a non-neutral-
izing antibody does not induce such a modifica-
tion (9, 15).
One of the main problems of epidemiological

survey of poliomyelitis is to determine the vac-
cine or nonvaccine origin of poliovirus isolates
(29). Several recently published papers have
shown that some of the best methods for identifi-
cation of the genetic origin of poliovirus isolates
are oligonucleotide mapping of poliovirus RNA
(14, 21, 23, 30) and antigenic characterization by
monoclonal antibodies (5, 7, 10-12, 24).
The results presented here show that for the

characterization of poliovirus isolates by neu-
tralizing monoclonal antibodies, some limita-
tions must be taken into consideration, mainly
due to the instability of neutralization epitopes
during intestinal replication of the virus. This
high degree of variability is well illustrated by
the complete conversion of the epitope pattern
of the LSc2ab strain to that of its parental wild
Mahoney virus (see Fig. 4). Consequently, the
Sabin origin of a viral isolate cannot be ruled out
only by the absence of Sabin epitope(s). On the
contrary, the presence of the Sabin-specific anti-
genic determinant(s) would suggest-but not
confirm-the Sabin origin of a poliovirus strain.
The unique VS epitope that we found for type 1
poliovirus was mutually exclusive of wild Ma-
honey epitopes. In this particular case, when the
Sabin-specific epitope was present on an isolate,
the virus could be considered Sabin-derived.
The same could be said for the VSc epitope of
type 2 virus. The situation is complicated in the
case of other type 2 and the type 3 polioviruses
by the possible coexistence, in various combina-
tions, of Sabin and wild-type epitopes.
An important step in the understanding of the

biological significance of poliovirus antigenic
variation during its natural replication would be
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to ascertain whether a correlation exists be-
tween neurovirulence and the presence or ab-
sence on the virus surface of certain epitopes
with or without function in viral neutralization.
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