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Monoclonal Antibodies to Polioviruses
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Summary. A panel of 10 monoclonal antibodies raised to 3 different poliovirus type 1 strains
was tested 1n a micro-enzyme-linked immunosorbent assay and in a micro-neutralization test
against 87 poliovirus type 1 strains. The results, evaluated in a newly developed system for intra-
typic strain characterization, were compared with the results obtained with the classical sero-
differentiation system by using a small number of strain-specific, cross-absorbed antisera. The
new system not only uses results obtained with strain-specific antibody preparations, but also
uses the information obtained with monoclonal antibodies reacting with less unique antigenic
determinants. In a theoretical pattern fitting computer program, each virus strain could be com-
pared with all the other strains for which serological data were stored in the memory of the com-
puter. The results obtained with the new system coincided well with those obtained with the
classical system: all except one of the strains classified as Sabin-like or intermediate in the classical
system scored ‘perfect fit’ or ‘related’ with the Sabin 1 vaccine strain in the new system. Likewise,
all virus isolates classified as Kuwait-like in the classical system scored ‘perfect fit’ or ‘related’
with the Dutch Kuwait-like isolate strain 78-9030.

Although controlled well in developed the very few cases associated with the use of
countries, poliomyelitis remains a major prob- live attenuated vaccines are usually caused by
lem 1n the developing world. In nonvaccinated  poliovirus type 2 or 3 [1]. Precise methods of
populations, epidemics of poliomyelitis are strain characterization of polioviruses are con-
mainly caused by poliovirus type 1, whereas sidered essential for understanding the epi-

demiology and for studies of vaccine efficacy.
Apart from biochemical analysis of the viral
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BA Bilthoven (The Netherlands) oratories [2,3], the most widely used method
— = = — for this purpose is intratypic serodifferenti-
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tions obtained by cross-absorption of antisera
with heterologous virus strains [4]. Recently,
different groups have shown that, instead of
cross-absorbed strain-specific antisera, mono-
clonal antibodies (MoAbs) produced by mu-
rine lymphocyte hybridomas can be used, in-
dicating that high-titered homogenous stand-
ard preparations could become available for
reference purposes [5-7]. Specific MoAbs
which we had raised against the 3 Sabin vac-
cine strains proved to be highly specific for the
reference strains and for vaccine-associated
field 1solates. However, a number of the strains
which were recognized by a cross-absorbed
anti-Sabin serum and therefore characterized
as Sabin-like did not react significantly with
the Sabin-specific MoAbs. This clearly showed
the higher specificity of these MoAbs and 1n-
dicated the need for panels of different MoADbs
to perform the proper characterization on the
basis of a more extensive antigenic mapping|7].

In the present paper the results obtained
with 3 cross-absorbed antisera and 10 MoAbs
tested in a micro-enzyme-linked immunosor-
bent assay (micro-ELISA) and a micro-neu-
tralization test (micro-NT) against 87 different
poliovirus type 1 strains are shown. The clas-
sical system of intratypic classification with a
small number of cross-absorbed antisera 1s
compared with a new classification system
using the results obtained with panels of anti-
body preparations in a theoretical pattern fit-
ting (TPF) computer program.

Materials and Methods

Viruses and Absorbed Antisera

87 different poliovirus type 1 strains were used in
these studies. They were selected and clustered partly
on the basis of their reactivities with strain-specific
absorbed antisera and partly on the basis of geographi-
cal distribution. 7 of these strains were isolated by Dr.

Magrath (National Institute for Biological Standards
and Control, London) from an immunodeficient child
after oral polio vaccination during the period 1961-
1963 [8]. For use as antigens in the micro-ELISA the
respective virus strains were propagated in 75-cm?
monolayer cultures of secondary cynomolgus (Ma-
caca fascicularis) kidney cells. After complete CPE had
developed, the cultures were frozen and thawed twice
and the supernatants were used as antigens after low-
speed centrifugation. These preparations were also
used 1n micro-NT after dilution to 100 TCID350 per
inoculum.

Specific rabbit antisera — anti-Sabin-1-like (anti-
SL), anti-Kuwait-like (anti-K L) and specific anti-polio-
virus type 1 nonreactive with SL strains (NSL) — were
prepared by absorption with heterologous virus strains
as previously described [4]. In brief, specific anti-SL was
prepared by absorption of anti-Sabin 1 serum with
Mahoney virus; anti-KL by absorption of anti-Kuwait
serum with Sabin 1 virus and Mahoney virus; and anti-
NSL by absorption of a mixture of anti-Mahoney and
anti-Kuwait sera with Sabin 1 virus.

Monoclonal Antibodies

A panel of 10 MoAbs which we generated in the
course of previous studies [7] was selected. The MoADbs
were produced by lymphocyte hybridomas which had
been cloned at least twice by limiting dilutions and were
propagated either in syngeneic Balb/c mice by passag-
ing them as solid or ascitic tumors or in cell cultures.
Ascitic fluids or cell culture media were used in dilu-
tions as antibody preparations. MoAbs 14D2 and 17C5
were generated against the Mahoney laboratory strain;
MoAbs 7D7, 5D9, 7D5 and 7E8 against the Dutch
isolate strain 78-9030; and MoAbs 2F4, 3D8, 4E6 and
1D4 against the Sabin LSc2ab vaccine strain. MoAbs
raised against strain 78-9030 were used as cell culture
media: the others were used as ascitic fluids.

Serological Assays

All MoAbs and absorbed antisera were tested in a
micro-ELISA and a micro-NT with all 87 poliovirus
type 1 strains, essentially as previously described [7].
In brief, the micro-ELISA was carried out as follows.
Microtiter trays were coated with a standard dilution
of a bovine anti-poliovirus type 1 IgG preparation as a
catching antibody for the poliovirus antigen, which was
used in excess. The test sample was added and a horse-
radish peroxidase-conjugated sheep anti-mouse 1g pre-
paration was used with S-aminosalicylic acid and
H>O» as a substrate. For testing a MoAb or absorbed
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antiserum with heterologous virus strains, the highest Comparison of Serological Test Results
antibody dilution showing a maximal extinction value by Means of TPF
(E450 nm) 1n the homologous system was determined. To detect similarities in serological reaction patterns

This dilution was also used in heterologous assays.  between two virus strains a TPF computer program
Extinction values (E450 nm) % 103 were used tocompare ~ was developed. The results obtained in either the micro-
the results of different tests. For testing a MoAb ora  ELISA or the micro-NT with the panel of 10 MoAbs
cross-absorbed antiserum with heterologous virus or the panel of 3 absorbed antisera for a certain virus
strains in the micro-NT, the dilution of the antibody  strain were matched with those obtained by testing a
preparation was determined which showed a neutrali-  reference virus strain with the same panels in the same
zation titer of 512 in the homologous system using 100  way. The difference obtained with each antibody pre-
TCIDso. This dilution was used to test heterologous  paration between reference virus and test virus was
virus strains. Micro-NTs carried out with MoAbs were  quadrated and summated with the differences obtained
read after 3 days instead of 5 days to prevent problems  with other antibody preparations. This resulted in a
with incomplete neutralization due to possible low panel of 4 nonfitting values (nfv) per virus strain tested
affinity of the antibodies. against 1 reference strain: (i) a nfv based on the sum-
mation of the differences in micro-ELISA obtained
Classical System of Intratypic Strain Classification  with the 10 MoAbs = Ej¢; (ii) a nfv based on the sum-
Strains were classified into 4 groups on the basis of  mation of the differences in micro-NT obtained with
results with absorbed antisera in micro-ELISA and the 10 MoAbs = Nig; (iii) a nfv based on the summation
micro-NT': (1) Strains with a positive reaction with the  of the differences in micro-ELISA obtained with the
specific anti-NSL and a negative reaction with the anti- 3 absorbed antisera = E3; and (iv) a nfv based on the
SL were classified as NSL strains. (i1) Strains with a  summation of the differences in micro-NT obtained
positive reaction with the specific anti-SL and a nega-  with the 3 absorbed antisera = Ns.
tive reaction with the anti-NSL were classified as SL Based on test results, nfv limits were chosen to clas-
strains. (i11) Strains with a positive reaction with both  sify each of the virus strains tested into one of the three
the anti-NSL and the anti-SL were classified as SL(IM)  following categories of fitting with the reference strain
strains and were considered to be related to Sabin 1  used: perfect fit, related, or nonrelated. For example,
virus. (1v) Strains with a positive reaction to the specific ~ the following limits were chosen when the Sabin 1

anti-K L were classified as NSL-KL strains. vaccine strain was used as a reference:
Perfect fit: Ei10<10 Ni10<<100 E3z<1 and N3<10
Related: 10<E;10<50 100<Ni10<200 1<E3<10 and 10<N3<50
Nonrelated: E10>50 N10>200 E3>10 and N3 >50
Results SL(IM) strains on the one hand and NSL
strains on the other hand. Both SL and SL(IM)
Strain Characterization strains are considered to be related to the
with Specific Antibody Preparations Sabin 1 virus. The specificity of the NSL serum

To assess the specificities of the 3 absorbed was not absolute for NSL strains since it re-
antisera and the 10 MoAbs for the 87 different  acted with some SL(IM) strains in the micro-
poliovirus type 1 strains, they were tested by ELISA and/or micro-NT and also with SL
both micro-ELISA and micro-NT against all  strains in the micro-NT. With the anti-KL
the virus strains. The results of these tests are  serum, KL strains were clearly identified.
summarized in figure 1. MoAbs 14D2 and 17C5, raised to the Ma-

With the specific cross-absorbed SL serum  honey strain, were nonspecific in both test
a clear distinction was made between SL and systems. Also, MoAbs 7D7 and 5D9 raised to
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Fig.1. Intratypic differentiation of poliovirus type 1 strains with absorbed antisera and MoAbs. B = Strains
positive in micro-ELISA (E) or micro-NT (N). [ = Strains positive (black) and negative (white) in micro-

ELISA or micro-NT. Z]= Strains positive in micro-NT after 3 days, negative after 5 days.

= Strains negative

in micro-ELISA or micro-NT. NSL = Non-Sabin-like; KL = Kuwait-like; SL = Sabin-like; IM = intermediate.

KL strain 78-9030 from The Netherlands and
MoAb 2F4 raised to the Sabin 1 strain reacted
with almost all 87 virus strains in both test
systems. In contrast, MoAb 7DS5 raised to
strain 78-9030 reacted exclusively with the KL
and some of the other strains of the NSL
cluster. MoAb 7E8, which was also raised to
strain 78-9030, was even more specific for KL
strains and proved to possess the same speci-
ficity as the anti-KL specific absorbed anti-
serum: both preparations recognized the same
NSL strains. The higher specificity obtained
with the 3 anti-Sabin 1 MoAbs 3D8, 4E6 and
1D4, as compared with the specific anti-SL
absorbed antiserum, is also shown in figure 1
and has been reported previously [7]. On the
basis of these specificities, the specific MoAb
7/E8 could replace the absorbed specific anti-
KL serum for classification of KL strains and

the 3 specific anti-Sabin 1 MoAbs could re-
place the specific anti-SL serum for classifi-
cation of SL and some of the SL(IM) strains.

Strain Characterization with Panels

of Antibody Preparations

We wanted to determine the value of panels
of MoAbs (and/or absorbed antisera) as an
alternative for the use of strain-specific anti-
body preparations for strain characterization.
Therefore, the serological test results obtained
with the different poliovirus type 1 strains were
compared with those obtained with the Sabin 1
vaccine strain and with the Dutch KL isolate
strain 78-9030, using the TPF computer pro-
gram. A selection of the results is shown 1n
table I. Most of the strains which had been
classified SL with the absorbed antisera 1n the
classical system scored ‘perfect fit’ with the
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Table I. Intratypic characterization of a selection! of the 87 poliovirus type 1 strains with the classical system
and with the TPF computer program?

— —_—

Virus code Classical characterization nfv-Sabin 1 reference nfv 78-9030 reference

with absorbed antisera

E N E1o Nio Es N3 E1o Nio Es N3
[.Sc2ab (Sabin) SL SL X X X X — — — =
881 SL SL X X X X — L = =
12141 SL SL X X X X — e = i
12140 SL, SL + + - X — = = 2
12136 SL(IM) SL(IM) + + + X = — = o
Staphorst 22 SL(IM) SL(IM) + + + + — — - —
9770 SL SL(IM) = = + — - — —
Mahoney NSL NSL = — — — — + - —
78-9030 NSL(KL) NSL(KL) — — — — X X X X
576/69/3 NSL(KL) NSL(KL) — — — — X X X X
[.SO-4958 NSL(KL) NSL(KL) — — — — X X X X
104324 NSL(KL) NSL(KL) — — - — X X + X
D268 NSL(KL) NSL(KL) — — — - X -4 X X
L.SO-3868 NSL(KL) NSL(KL) — — — — X X + 3
301/66/3 NSL(KL) NSL - — — — + + — +
314/66/3 NSL(KL) NSL — — — — + + — +

1 Readers wishing full details on all 87 strains tested should request this information from the authors.

2 Results of computer comparisons of the serological data obtained with the 87 strains in micro-ELISA (E)
and micro-NT (N) using the panel of 10 MoAbs (E10, N1o) or the 3 absorbed antisera (E3, N3) and those obtained
with 2 reference strains (Sabin 1 strain and Dutch isolate strain 78-9030) are expressed in the following nfv:
— =‘nonrelated’; + =‘related’; and X =‘perfect fit’. For limits chosen, see ‘Materials and Methods’.

Table I1. Intratypic characterization of 7 poliovirus isolates from an immunodeficient child with the classical
system and with the TPF computer program?!

Virus code Classical characteri- nfv-Sabin 1 reference nfv-1357 (NSL) reference

zation with absorbed

antisera

E N Ei1o Ni1o Es N3 Ei1o Nio Es N3
Aspinall 18X161 SL SL X -+ X X — = = =
Aspinall 3XI161 SL SL + + X X = = & o
Aspinall 1162 SI. SL X X X X o = iz b
Aspinall 181162 SL(IM) SL(IM) + + - X L = ST =
Aspinall 711162 NSL NSL — — — — X X X X
Aspinall 22X162 NSL NSL + + — - X -4 X X

NSL — — — - X X X X

Aspinall 12VI63 NSL

1 Results of computer comparisons of the serological data obtained with the 7 isolates and those obtained with
2 other strains serving as references (Sabin 1 strain and NSL strain 1357) are expressed in nfv as in table I. Different
nfv limits were chosen for each reference strain.

e = — = —
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Sabin 1 vaccine strain in the micro-ELISA and
the micro-NT with both MoAbs (Eio, Nio)
and absorbed antisera (Es, N3). Strains clas-
sified SL(IM) scored ‘related’ with this strain
with MoAbs and absorbed antisera in most
cases. One of the 87 strains (strain 9770) which
had been classified SL/SL(IM) with absorbed
antisera did not show this relationship in Eio
or Nio, although it did score ‘related’ in Es and
N3. A limited number of NSL strains which
did not show a relationship with the Sabin 1
vaccine strain in Nio, Es or N3 did score ‘re-
lated’ in Eio. The analysis of the relationship
of all virus strains with the Dutch virus isolate
78-9030 showed a clustering of ‘perfect fit’
scores with MoAbs (Eio, N1¢) and absorbed
antisera (Es, N3) in both serological test sys-
tems among strains previously characterized
NSL(KL). In the micro-NT a number of other
strains scored ‘related’ to this Dutch isolate
strain with MoAbs (N1o) and absorbed anti-
sera (Ns). The results of the comparison of the
virus isolates from the immunodeficient child
with the Sabin 1 vaccine strain and an NSL
1solate from a paralytic case of poliomyelitis
(strain 1357) are shown in table II. The phen-
omenon of changing gradually from SL via
SL(IM) towards NSL, as was shown with the
classical system [8], was also observed with the
TPF computer program. The virus isolates in-
itially scored ‘perfect fit’ or ‘related’ with the
vaccine strain and ‘nonrelated’ with the NSL
strain. The later virus isolates gave essentially
the opposite score: ‘nonrelated’ with the vac-
cine strain and ‘related’ or ‘perfect fit’ with the
NSL strain. Minor discrepancies were found
between scores obtained with MoAbs and ab-
sorbed antisera.

In the same way, each of the strains could
be checked for its antigenic relationship with
any of the other strains. Also each newly iso-
lated strain may, after serological testing, be

Introduced into the computer system and im-
mediately checked for antigenic relationships
with the other strains.

The nfv limits may also be used to deter-
mine relative fitting values (rfv), which are
defined as follows: rfv=3 nfv/nonrelated
limit. The computer program enables us to
produce a 3-dimensional plot of the rfv of a
certain strain to 3 reference strains. This gives
a rapid visual impression of the relatedness of
a strain to relevant reference strains. An ex-
ample 1s given in figure 2 which, on the basis
of rfv obtained with the micro-ELISA results,
shows that the Dutch isolate strain 78-9030 is
closely related to the Kuwait strain LSO 4958
and not to the Sabin 1 or the Mahoney strain.

Discussion

For the intratypic strain characterization of
poliovirus type 1, some of the strain-specific
MoADbs proved to be valuable tools that may
replace cross-absorbed, strain-specific anti-
sera in the classical system, offering the advan-
tages mentioned above. MoAb 7E8 generated
against the Dutch isolate strain 78-9030
showed the same specificity for KL strains as
a cross-absorbed antiserum developed for this
purpose. With the 3 SL-specific MoAbs (3DS8,
4E6 and 1D4), SL and SL(IM) strains were
specifically recognized. However, a number of
the strains designated SL or SL(IM) on the
basis of their reaction patterns with specific
ant1-NSL and anti-SL cross-absorbed antisera
in the micro-ELISA were not recognized by
these MoAbs (fig. 1), although most of these
strains were recognized by MoAb 4E6 in the
micro-NT.

MoAbs offer a new opportunity to char-
acterize strains not only on a qualitative basis —
the presence of specific antigenic determinants
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Fig.2. Visual impression of the
relatedness between poliovirus type 1

CUWAIT strain 78-9030 and 3 type 1 reference

SABIN

—but also on a quantitative basis, by providing
information about the presence of other less
unique antigenic determinants. For this pur-
pose we designed a comparison system, In
which five main criteria were taken into ac-
count: (1) Observed differences should not be
leveled out by the comparison method. (i1) A
large difference must be considered of greater
importance than a number of relatively small
differences. (i11) There should be a variable 1n-
dicating the extent to which virus strain and
reference strain match. (1v) Slight differences
in titer of antibody or virus preparation do
occur, which makes a real ‘perfect fit’ very un-
likely to occur. (v) The method should be
readily applicable to large numbers of samples
using a cumulating number of reference pre-
parations.

By defining the nfv as the sum of the qua-
drates of the differences in test results, the first

strains (Mahoney, Kuwait and Sa-
bin) obtained by a 3-dimensional
computer plot of rfv obtained with
the micro-ELISA results. Dark box

is formed by rfv of strain 78-9030,
light boxes by rfv of the respective
reference strains.

3 demands are met. The 4th demand 1s met by
setting limits other than nfv = 0 to the “perfect
fit’ classification. Adequate programming and
modern computer systems easily take care of
the 5th demand. The TPF program developed
was tested in more than 45,000 nfv calcula-
tions. The nfv limits resulting from a compar-
ison of the results obtained with the MoADs
in both serological systems with previous clas-
sifications made with cross-absorbed antisera
were then set (see ‘Materials and Methods’).
It should be emphasized that this computer-
ized system, using the results of serological
tests obtained with MoAbs, depends entirely
on the quality and the number of the MoADs
used. We do not pretend to have offered an
optimal panel of MoAbs for this purpose but
have shown that in principle the system may
offer a better alternative for strain characteri-
zation with a small number of specific antisera.
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This 1s because 1t uses both the information
obtained with strain-specific antibodies and
the additional information obtained with
MoAbs of other specificities. Even with the
suboptimally selected MoAbs used in the pres-
ent study, comparison of the different strains
with the Sabin vaccine strain coincided well
with the classical system using the strain-spe-
cific antisera. The system also makes it pos-
sible to compare a new strain with all previ-
ously tested strains accumulated in the mem-
ory of the computer.

Once the distribution of the antibody pre-
parations over the microtiter tray is standard-
1zed, 1t will be possible to combine scanning of
the results and comparison of these results
with stored data to a one-command operation,
which will run a scan and immediately respond
with the best-fitting references.

This system may also be used for intratypic
strain characterization of other viruses where
slight antigenic changes rapidly occur, e. g., in-
fluenza viruses.
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