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Extraction of Gamma-Irradiated Tissue (35223)
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Serological studies with arboviruses are fre-
quently carried out with antigens prepared
from infectious tissue by emulsifying in
sucrose solution, precipitating with cold ace-
tone, drying the precipitate, and extracting
the resulting powder with saline. These ex-
tracts, derived from infected brain or liver,
are termed sucrose-acetone (SA) extracted
antigens (1). With many arboviruses, such
preparations are active in both hemagglutina-
tion (HA) and complement fixation (CF)
reactions.

Preparation of SA antigens for agents in-
fectious for man involves potentially haz-
ardous operations that must be carried out
with appropriate precautions. In addition, the
infectivity of the final preparations imposes
limitations on the conditions under which
they may be used. Attempts have been made
to prepare noninfectious serologic antigens by
treatment of the homogenates or extracts
with beta-propiolactone or ethylene oxide
(2-5). Reports from our and other laborato-
ries have shown the usefulness of gamma
irradiation for inactivation of various infec-
tious agents with retension of labile immu-
nizing and serologic antigens (6-9). The ap-
plicability of irradiation to preparation of
noninfectious serological antigens for rep-
resentative arboviruses was therefore investi-
gated.

Materials and Methods. Viruses. The vi-
ruses used in this study are listed in Table I.
The Parton strain of St. Louis encephalitis
was obtained from Dr. A. W. Chappel], Na-
tional Communicable Disease Center and the
others from Dr. W. P. Allen, Fort Detrick.
The viruses were propagated by intracerebral
(ic) inoculation of 2- to 4-day-old Swiss
Webster mice of the Bagg strain.

1 Present address: Medical College of Virginia,
Richmond, Virginia 23219,

Infected tissue. Two- to 4-day-old suckling
mice were injected ic with 0.02 ml of a 10—3
dilution of virus. Moribund mice were sac-
rificed and the brain tissue was harvested by
aspiration into two rubber-stoppered vaccine
bottles kept in a Dry Ice-alcohol bath. For
group C viruses, livers were removed asepti-
cally with sterile forceps. The tissues were
stored at —70°.

Irradiation. One bottle of each pair of tis-
sue samples was exposed to 6.5 X 10% R
from a cobalt-60 source. Preliminary experi-
ments had established this dose as sufficient
to destroy all viable virus. The samples were
irradiated while packed in Dry Ice and re-
mained frozen until both the nonirradiated
and irradiated samples were thawed and ex-
tracted. Tissues were irradiated at the Na-
tional Bureau of Standards through the cour-
tesy of Daniel W. Brown, The irradiated tis-
sues were tested for residual virus by ic inoc-
ulation of a 10% tissue suspension and final
antigen into suckling mice. In no case was
viable virus detected.

Antigen extraction. Nonirradiated and irra-
diated samples of tissue were extracted by
the sucrose-acetone procedure of Clarke and
Casals (1). When sonication was employed to
restore HA activity, the suspension of pow-
der was sonicated in the cold, using a Bran-
son Model W 140D sonifier at 55 W for two
periods of 3 min with a 2-min interval be-
tween. The suspensions were refrigerated
overnight at 4°, sonicated for one 3-min peri-
od, and centrifuged for 1 hr at 10,500g. Each
supernatant was distributed in glass am-
poules which were sealed and stored at
—70°,

Serologic titrations. HA and hemagglutina-
tion-inhibition (HI) tests were performed ac-
cording to Clarke and Casals (1) using mi-
crotiter equipment (10). The hyperimmune
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mouse asctic fluids (HIAF) were adsorbed
with kaolin and goose erythrocytes. Comple-
ment fixation tests were performed according
to the LBCF procedure (11).

Hyperimmune mouse ascitic fluid. HIAF
used in the HI and CF tests were prepared
according to the method of Tikasingh et al.
(12).

Results. Sucrose-acetone (SA) extracts
were prepared from irradiated and nonirradi-
ated tissues of mice infected with 22 rep-
resentative arboviruses. Brain tissues were
used for groups A, B, and Bunyamwera vi-
ruses, and liver for group C. Most of the
extracts were tested for hemagglutination
(HA) activity and for antigenicity in the
complement fixation (CF) test (Table I). In
general, CF activity of the extracts was not
changed significantly by prior irradiation of
the tissues, and anticomplementary activity
was not observed. Such differences as were
encountered between irradiated and nonirradi-
ated extracts probably were no greater than
would be noted in duplicate extracts prepared
by the same procedure.

HA titers of the irradiated extracts tended
to be somewhat lower than HA titers of un-
treated extracts, although in most cases the
titers following irradiation were adequate for
serological studies. With some of the viruses,
however, HA activity was reduced to a low or
undetectable level. Ardoin et al. (13) re-
ported that sonication increased the HA
titers of extracts of certain arboviruses that
otherwise contained low HA activity. Ac-
cordingly, extractions were repeated with
those viruses for which irradiated extracts
had yielded HA titers of 1:80 or less, and
sonication was carried out during extraction
with saline.

Irradiated extracts with acceptable HA
titers were prepared in this way for Chikun-
gunya, Semliki Forest, dengue-2, West Nile,
yellow fever, and Bunyamwera. Middleburg,
Oriboca, and Caraparu, for which extracts
had not been prepared without sonication,
also yielded satisfactory extracts. In those
cases in which comparisons were possible, it
appeared that sonication tended to overcome
the loss of HA activity that accompanied
irradiation, but did not increase the HA
titers of nonirradiated extracts. Sonication
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did not yield active HA extracts for Germis-
ton.

Standard and irradiated antigens for 13 of
the viruses were retested for HA titer follow-
ing storage for 1 to 1.5 years at —70°, All
standard SA antigens showed little or no loss
of HA titer. Among the irradiated antigens
the following maintained HA titers without
significant change: Semliki Forest, dengue-2,
Modoc, West Nile, Japanese encephalitis, St.
Louis encephalitis, Powassan, Zika, Ilheus,
Langat, and Bunyamwera. However, hemag-
glutinating activities of the irradiated anti-
gens for Western equine encephalitis and yel-
low fever were lost during this period of stor-
age.

The specificity and sensitivity of the irra-
diated SA antigens were compared with those
of standard antigens in the hemagglutina-
tion-inhibition (HI) titration of representa-
tive antisera. No cross reactions were noted
between any of these antigens and heterolo-
gous antisera, and sera from animals immu-
nized with normal mouse brain gave no HI
with either the irradiated or the standard
antigens. With homologous antisera, the irra-
diated and nonirradiated antigens gave simi-
lar HI titers, except in the case of the West
Nile system (Table II). In this instance, the
sensitivity of the test was significantly less
with irradiated antigen.

Discussion. It is evident that the irradia-
tion procedure represents a practical method
for preparation of noninfectious antigens for
a representative group of arboviruses,
Sucrose—-acetone extracts of the irradiated tis-
sue were essentially as active in complement
fixation titrations as extracts of untreated tis-
sue, and in most cases contained useful titers
of hemagglutinin without further treatment.
No change in procedure for antigen extrac-
tion was necessary and the treatment left no
anticomplementary activity or other residua
to interfere in serological procedures. In
those cases in which irradiation reduced sig-
nificantly the hemagglutination titers, the
effect could be overcome to a considerable
extent by brief sonication during the extrac-
tion with saline. Evidently irradiation tends
to produce aggregation of hemagglutinin, as
it has been reported to do with certain en-
zymes (14).
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TABLE II. Comparison of HI Titers Using Stan-
dard and Irradiated Homologous SA Antigens.

HI titers®

Antiserum or hyper- Standard Irradiated
immune aseitie fluid antigen antigen
Modoe, lot 1 80 40
2 20 20
St. Louis encephalitis 320 320
(Parton)
St. Louis encephalitis 320 320
(Hubbard)
Japanese encephalitis 40 20
Powassan 10 20
West Nile 160 10
Zika 40 80
Ilheus 80 80
Dengue-2 10 10
Semliki Forest 40 40
Langat 10 10
Bunyamwera 10 10
Oriboca 40 40

“ Antigen contained 4-8 HA units.

Irradiation of the frozen tissue before it is
extracted renders it noninfectious and elimi-
nates the hazards inherent in grinding or
blending infectious tissue. Thus effective an-
tigens that can be used in serological
procedures without hazard can be prepared
in any laboratory equipped for infection and
autopsy of suckling mice or other appropriate
experimental animal.

The noninfectious antigens should prove
useful for epidemiological or diagnostic
studies in public health or hospital laborato-
ries. The general applicability of the irradia-
tion method to all of the viruses that were
studied suggests that it may also be applica-
ble to highly dangerous agents for which non-
infectious antigens would be particularly de-
sirable.

Summary. Gamma irradiation of arbovirus-
infected suckling mouse tissue provided a
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means of inactivating the virus in frozen tis-
sue and allowed safe and convenient prepara-
tions of arbovirus serologic antigens by the
sucrose—acetone extraction procedure. In most
cases the irradiated tissues yielded satisfac-
tory hemagglutination (HA) and complement
fixing antigens following extraction. With
those viruses for which HA activity was re-
duced by irradiation, sonication during ex-
traction of the dried acetone-insoluble pre-
cipitate with saline restored HA titers to
levels approaching those obtained with unir-
radiated tissue. Irradiation avoids the haz-
ards of extraction of infectious tissue, and the
extracts may be used for serological studies
in laboratories not equipped for manipulation
of infectious agents.

1. Clarke, D. H., and Casals, J., Amer. J. Trop.
Med. Hyg. 7, 112 (1958).

2. Finkelstein, R. A, and Sulkin, S. E., Proc. Soc.
Exp. Biol. Med. 95, 112 (1957).

3. French, G. R, and McKinney, R. W, J.
Immunol. 92, 772 (1964).

4, Pennington, R. M., and Gibbs, S. C,, Proc. Soc.
Exp. Biol. Med. 125, 787 (1967).

5. Chappell, A. W,, Halonen, P. E, Toole, R. E,,
Calisher, C. H., and Chester, L., Appl. Microbiol. 18,
433 (1969).

6. Landay, M. E., Wright, G. G., Pulliam, J. D,
and Finegold, M. L, J. Bacteriol. 96, 804 (1968).

7. Polley, J. R,, and Guerin, M. M. Can. J.
Microbiol. 15, 1091 (1969).

8. Reitman, M., Appl. Microbiol. 18, 278 (1969).

9. Wright, G. G,, Swack, N. S., and Mitzel, J. R,,
Proc. Soc. Exp. Biol. Med. 131, 858 (1969).

10. Sever, J. L., J. Immunol. 88, 320 (1962).

11. Casey, H. L., US. Public Health Serv., Pub.
Health Monogr. 74, 31 (1965), Pub. Health Serv.
Publ. No. 1228.

12. Tikasingh, E. S., Spence, L., and Downs, W.
G., Amer. J. Trop. Med. Hyg. 15, 219 (1966).

13. Ardoin, P., Clarke, D. H., and Hannoun, C,,
Amer. J. Trop. Med. Hyg. 18, 592 (1969).

14, Stevens, C. O., Long, J. L, and Upjohn, D,
Proc. Soc. Exp. Biol. Med. 132, 951 (1969)

Received July 27, 1970. P.S.E.B.M,, 1971, Vol. 136.



