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Virus-antibody interactions observed by electron microscopy show that new
human papovavirus isolates are antigenically distinct, but share common
antigens.

Several papovaviruses of the simian virus 40
(SV40)-polyoma subgroup have been isolated
from humans in the past 2 years. Most have
been from the brains of patients with progres-
sive, multifocal leukoencephalopathy (PML), a
rare demyelinating disease. The JC virus, iso-
lated by Padgett et al. (5) was originally re-
ported as immunologically distinct from known
papovaviruses, but it has subsequently been
shown that some SV40 immune sera have small
amounts of neutralizing and hemagglutination-
inhibiting activity against JC virus (4). Weiner
et al. (8, 9) isolated papovaviruses from two pa-
tients with PML. These viruses appeared to be
immunologically identical to SV40, but the DNA
of one of these agents has been shown to have
minor differences from prototype SV40 (7).
Subsequent papovaviruses isolated from brains
of patients with PML have resembled the JC
virus (10; and D. L. Walker, In W. Zeman and
E. Lennette (ed.), Slow virus diseases, Williams
and Wilkins, Baltimore, in press). Another
papovavirus (BK) was isolated by Gardner et
al. (3) from the urine of a patient without neuro-
logical disease after renal transplantation.
Hemagglutination inhibition and electron mi-
croscopy agglutination (EMA) studies showed
minor cross-reactions between BK virus and
SV40. Although JC and BK viruses share many
properties, such as morphological identity,
hemagglutinating properties, a common host,
and common antigenic properties with SV40
(2-5), there is no report of a direct serological
comparison between these agents.
This study was undertaken to compare the

antigenic relationships of these new human
agents by using the sensitive EMA technique in
which reactions of antibody molecules and vi-
rions can be observed directly (1).

Viruses used included SV40 and SV40-PML
viruses (cases 1 and 2) grown in BSC, cells; BK
virus grown in Vero cells (provided by K. Shah);
JC virus grown in human, fetal glial cells
(provided by B. Padgett); and M-PML virus, a
recently isolated virus serologically indistin-
guishable from JC virus (10), and extracted di-
rectly from brain tissue by methods previously
described (6). Each virus was tested with acute
and hyperimmune rabbit sera prepared against
the other viruses. Acute sera were obtained 10
days after a single intravenous injection of 107 to
108 virus particles; hyperimmune sera were
obtained 10 days after six weekly intravenous
inoculations of the same material. Polyoma
virus, grown in mouse embryo fibroblasts, and
hyperimmune antiserum to polyoma virus (Mi-
crobiological Associates) were used for controls.
All virus suspensions were treated with Freon-
113, and serum-virus mixtures for EMA were
prepared as previously described (6).
A positive virus-antibody interaction oc-

curred when virions were aggregated into
clumps in which antibody molecules could be
seen cross-linking the virions. The percentage
of the virions agglutinated decreased if anti-
serum was diluted before reacting it with virus.
The background level of nonspecific particle
aggregation for Freon-treated virus suspensions
was found to be approximately 10 to 20 virions
per 500 counted. A standard virus preparation
(approximately 106 to 107 virions) was reacted
with fivefold dilutions of sera, and the titer is
reported as the highest dilution of antiserum
at which 50% of the virions were agglutinated by
visible antibody. At least 30 particles were
counted in each preparation.
The results of the reactions are shown in

Table 1. Reactions with acute sera demonstrate
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TABLE 1. Electron microscopy agglutination reactionsa

Acute rabbit Hyperimmune rabbit
antiserum against antiserum against

SV40 BK M-PML SV40 BK M-PML Polyoma
PML virsLvru_____ virus virus virus virus virus virus virus virus

SV40 ++ ++++ - +±++±++ + + -
SV40-PMLI ±+++ +i+-+ i _ +++ ++- + + _
SV40-PML2 ++ ±±4 - ±I- ±±±4+S4-M2 +++i _ ++ +++ + + + _
BK - _ ++ _ + i4 +-+±+ + ±
Jc - _ _ -44+- + + ++±+ _
M-PML _ _ ++± + + + ++++ _
Polyoma _ l + + + +

a Symbols for reactions: + + + +, 50% agglutination of virions at serum dilutions of 1: 2500 or greater; + + +,
1: 500; + +, 1: 100; +, 1: 20; 4, definite agglutination of less than 50% of virions at initial 1:20 dilution; and -,
no agglutination.

serological identity of JC virus with M-PML
virus and SV40 with SV40-PML 1 and 2. They
also show that JC and BK viruses are antigeni-
cally distinct, establishing three antigenic types
which react significantly only with homologous
type-specific acute sera. Hyperimmune sera
also reacted most significantly with their ho-
mologous antigenic type of virus. A smaller
heterologous reaction of each serum with mem-
bers of the other two antigenic types indicates
shared capsid antigens among these human
papovaviruses. A consistent negative reaction
with polyoma virus shows that this is not a
nonspecific phenomenon. Papovaviruses have
previously been regarded as antigenically dis-
tinct; however, these results indicate antigenic
relationships between all known members of the
SV40-polyoma subgroup of papovaviruses of
primate origin.

This study was supported by U.S. Public Health Service
grants NS08997 and 08838. J.B.P. is a Henry Strong Denison
Scholar for 1972-73.

LITERATURE CITED
1. Almeida, ,J. D., and A. P. Waterson. 1969. The morphology

of virus-antibody interaction. Advan. Virus Res.
15:307-:338.

2. Gardner, S. D. 1973. Prevalence in England of antibody to
human polyomavirus (B. K.). Brit. Med. J. i:77-78.

3. Gardner, S. D., A. M. Field, D. V. Coleman, and B. Hulme.
1971. New human papovavirus (B. K.) isolated from
urine after renal transplantation. Lancet i:1253-1257.

4. Padgett, B. L., and D. L. Walker. 1973. Prevalence of
antibodies in human sera against JC virus, an isolate
from a case of progressive multifocal leukoencephalop-
athy. J. Infect. Dis. 127:467-470.

5. Padgett, B. L.. D. L. Walker, G. M. ZuRhein, R. J.
Eckroade, and B. H. Dessel. 1971. Cultivation of papo-
va-like virus from human brain with progressive multi-
focal leukoencephalopathy. Lancet i:1257-1260.

6. Penney. J. B., Jr., L. P. Weiner, R. M. Herndon, 0.
Narayan, and R. T. Johnson. 1972. Virions from progres-
sive multifocal leukoencephalopathy: rapid serological
identification by electron microscopy. Science
178:60-62.

7. Sack. G., 0. Narayan, K. Danna, L. P. Weiner, and D.
Nathans. 1973. The nucleic acid of an SV40 like virus
isolated from a patient with progressive multifocal
leukoencephalopathy. Virology 51:345-350.

8. Weiner, L. P., R. M. Herndon, 0. Narayan. and R. T.
Johnson. 1972. Further studies of a simian virus 40-like
virus isolated from human brain. J. Virol. 10:147-152.

9. Weiner. L. P.. R. M. Herndon, 0. Narayan, R. T. Johnson,
K. Shah. L. J. Rubinstein. T. J. Preziosi, and F. K.
Conlev. 1972. Isolation ot virus related to SV40 from
patients with progressive multifocal leukoencephalopa-
thy. New Engl. J. Med. 286:385-390.

10. Weiner, L. P., 0. Narayan, J. B. Penney, Jr., R. M.
Herndon, E. R. Feringa, W. W. Tourtellotte, and R. T.
Johnson. 1973. Papovavirus of JC type in progressive
multifocal leukoencephalopathy. Arch. Neurol. 29:
1-3.


