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Monkey pox virus was mechanically disrupted by low temperature and high
pressure into soluble and insoluble fractions. Soluble fractions elicited virus-
neutralizing antibodies (1:20 to 1:160) in rabbits, whereas the insoluble (in saline)
fractions did not (<1:5). No infectious virus was detected after the disruption
procedure. Rhesus monkeys immunized with the soluble fraction elicited virus-
neutralizing (1:1,200), complement-fixing (1:16), and hemagglutinating-inhibit-
ing (1:80 to 1:160) antibody titers and were completely protected against monkey
pox virus-induced disease. This model of monkey pox virus subunit vaccine
preparation may prove to be useful in developing an efficacious noninfectious
vaccinia vaccine for use in high-risk individuals.

Although vaccination against smallpox with
live vaccinia virus is a relatively safe proce-
dure, serious complications have been reported
to occur, i.e., generalized vaccinia in immuno-
suppressed patients, postvaccinal encephalitis,
eczema vaccinatum in young children, and a
rare but usually fatal dermal complication, vac-
cinia gangrenosa (12). The preparation of a
noninfectious subunit smallpox vaccine con-
taining immunologically effective viral compo-
nents would be a useful product for these high-
risk individuals.

Previous studies with poxvirus subunit vac-
cines prepared by disrupting vaccinia virus
with potassium hydroxide or sodium dodecyl
sulfate effectively blocked neutralization of in-
tact vaccinia virus and elicited virus-neutraliz-
ing (VN) antibodies in the sera of immunized
rabbits (14). Whereas there was no correlation
between the titer of neutralizing antibodies and
their resistance to challenge by live virus, ani-
mals vaccinated with live virus were more re-
sistant to infection than those immunized with
subunit vaccine, although their sera had lower
titers of VN antibodies (1). Further studies, in
which the structural components were ana-
lyzed by polyacrylamide gel electrophoresis,
suggest that more than a single kind of major
protein is localized in the outer virion coat, but
these were not further characterized as respon-
sible for eliciting VN antibody (5). In previous
studies, Yaba (10) poxviruses mechanically dis-
rupted by high pressure-low temperature treat-
ment (X-press) released structural proteins
that elicited VN antibodies. This led us to in-
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vestigate a method of preparing a subunit vac-
cine from monkey pox virus (MPV).

In the study reported here MPV particles
were mechanically disrupted and separated
into soluble and insoluble fractions. Each MPV
fraction was evaluated for its ability to (i) elicit
antibody production to MPV in rabbits and
monkeys, and (ii) protect immunized rhesus
monkeys against monkey pox disease.

MATERIALS AND METHODS
Virus propagation and vaccine preparation. The

von Magnus (Copenhagen) strain ofMPV was prop-
agated in LLC-MK2 cells as described by Hall et al.
(2).
Two different virus preparations were used to

produce mechanically disrupted MPV vaccine.
These included: a high-speed pellet of MPV and
density gradient-purified virus. The former was pre-
pared by centrifuging stock virus preparations at
60,000 x g for 30 min. For purification, MPV pellets
were suspended in 0.001 M tris(hydroxymethyl)-
aminomethane-ethylenediaminetetraacetate buffer
and purified on a 10 to 40% sucrose gradient by
methods described by Joklik (6).
MPV (virus pellets or purified virus) was mechan-

ically disrupted by an X-press (Ab Biox-Nacka,
Sweden) by methods of Olsen and Yohn (10). After
mechanical disruption, the preparation was centri-
fuged at 60,000 x g for 30 min, and the soluble and
insoluble fractions were separated. The insoluble (in
saline) residue remaining after disruption was hy-
drolyzed with 2.5% sodium dodecyl sulfate-0.7 M
urea-1.5% 2-mercaptoethanol. The saline-soluble
and -insoluble fractions were referred to as XP and
SUM, respectively. When used for immunization of
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rabbits or rhesus monkeys, the protein concentra-
tion of each fraction was adjusted to 10 mg/ml as
determined by the Lowry method (7).

Virus infectivity assay. MPV infectivity was
quantitated by a modification of a procedure de-
scribed by Munyon et al. (9). Briefly, sonically
treated preparations ofMPV were diluted in serum-
free minimal essential medium (MEM), and 0.2 ml
of these dilutions was inoculated on LLC-MK2 cells
growing in 60-mm petri dishes and allowed to adsorb
for 1 h at 36°C. A 5.0-ml amount of MEM plus 2%
fetal bovine serum (FBS) and 80 ,ug oftrypsin (1:250;
Difco, Detroit, Mich.) per ml were added to each dish
and incubated for 48 h. The medium was aspirated,
and the cells were fixed with 2 ml of absolute metha-
nol and stained with crystal violet. The number of
plaques was found to be proportional to virus con-
centration.

Immunization procedures. (i) Rabbits. Five New
Zealand rabbits were immunized subcutaneously
(s.c.) with 0.5 ml of each fraction or whole MPV
emulsified in 0.5 ml of Freund complete adjuvant
once weekly for 3 weeks. Rabbits were bled by car-
diac puncture 0, 7, 14, and 27 days post initial immu-
nization. Sera were heat inactivated at 56°C for 30
min and stored at -20°C until used.

(ii) Rhesus monkeys-immunization and chal-
lenge. Two of the three rhesus monkeys, each weigh-
ing 4.5 kg, were "vaccinated" with the saline-soluble
XP fraction, and the third monkey, unvaccinated,
was used as a control. The two monkeys were each
vaccinated four times, with a 1-week waiting period
after each vaccination. They were initially immu-
nized s.c. with a mixture of equivalent (0.5 ml)
amounts of emulsified XP fraction and Freund com-
plete adjuvant followed by three weekly s.c. injec-
tions ofXP fraction emulsified in Freund incomplete
adjuvant.
Two weeks after the fourth inoculation, the two

vaccinated monkeys and the control monkey were

each challenged s.c. with 0.8 ml of live Utrecht
strain of MPV, grown on chicken chorioallantoic
membranes, containing 8 x 104 6 pock-forming
units. On the sixth day after the challenge, the
three monkeys were again challenged with 8 x 10115
pock-forming units of live Utrecht strain of MPV.
The second challenge was given to assure "ade-
quate" dosage. The three monkeys were observed
daily for 42 days after the first challenge.

After the first vaccination, blood specimens were
collected from the femoral veins of the three mon-
keys on day 0, and additional blood specimens were
collected from only the two vaccinated monkeys on

days 3, 7, 10, 17, 21, and 28. After the first challenge,
all three monkeys were bled on days 3, 6, 9, 16, 29,
and 42. Each specimen was assayed for antibodies by
hemagglutination-inhibition (HI), complement fixa-
tion (CF), and VN tests. The blood specimens from
all three monkeys collected on days 3 and 6 after the
first challenge inoculation were mixed with ethyl-
enediaminetetraacetate and centrifuged. The buffy
coats obtained from the centrifuged blood specimens
were inoculated onto chorioallantoic membranes to
test for the presence of MPV. Scabs of lesions found
on the unvaccinated monkey on day 9 after the first

challenge inoculation were also tested for the pres-
ence of MPV.

Plaque reduction neutralization assay. Stock
MPV was diluted to equal 50 to 100 plaque-forming
units (PFU)/0. 1 ml. Serial twofold dilutions of heat-
inactivated rabbit sera, initially diluted 1:5, were
prepared in MEM medium. Equivolumes (0.5 ml) of
virus and sera were incubated at room temperature
for 60 min. Four 60-mm petri dishes containing con-
fluent LLC-MK2 cells were inoculated with 0.2-ml
virus-serum mixtures and adsorbed for 60 min at
37°C with rocking. Cells were fed with MEM plus 2%
FBS and incubated for 48 h. Cells were fixed and
stained as described previously, and plaques were
enumerated at 48 h postinfection (as a control, di-
luted virus was simultaneously incubated and as-
sayed with the virus-serum mixtures). Titers are
expressed as that dilution of serum which reduced
plaque formation by 50%.

Hemagglutination and HI tests. Hemagglutina-
tion and HI tests were performed according to the
method of Hierholzer and Suggs (3) and Hierholzer
et al. (4).
CF test. CF tests were performed according to the

method of Palmer and Casey (11).

RESULTS
Fractionation of MPV. Table 1 summarizes

the results of the initial evaluation of the im-
munogenicity of soluble and insoluble X-press

TABLE 1. Fractionation ofpurified MPV by
mechanical disruption: analysis of soluble and
insoluble fractions for eliciting VN antibody

Surviv-
ing virus Rabbits VN re- CF re-

Virion frac- infectiv- immu- sponse to sponsetion ity after nizedb MPVr to FBS
treat-
ment"

Untreated 5 x 105 R-29 -1:160 NTd

Disrupted by
X-press

Solublee 0 R-120 1:160 <1:2
Fraction R-122 1:20 <1:2

Insolublef 0 R-139 <1:5 NT
Fraction R-140 <1:5 NT
a Tested on LLC-MK2 cells.
b R-29 was scarified with 5 x 105 PFU ofMPV per

ml and bled 45 days postinfection. All other animals
were immunized with approximately 10 mg of virus
protein per ml once a week for 3 weeks and exsan-
guinated after the 4th week.

c Determined by 50% reduction in plaque-forming
units.

d NT, Not tested.
e Virion fraction soluble in saline after mechani-

cal disruption by X-press.
f Virion fraction insoluble in saline after mechan-

ical disruption.
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fractions from purified MPV. Rabbits immu-
nized with the soluble fraction produced VN
antibody titers of 1:160 and 1:20, whereas rab-
bits immunized with the insoluble fraction elic-
ited VN titers of <1:5. No response to FBS was
detected in the rabbits immunized with the
soluble fraction. No detectable infectious virus
was recovered from either fraction.
Hemagglutination activity of the X-press

fractions. The saline-soluble XP fraction and
the saline-insoluble SUM fraction before treat-
ment with the mixture of sodium dodecyl sul-
fate, urea, and 2-mercaptoethanol did not he-
magglutinate sensitive chicken erythrocytes.
The SUM fraction treated with the mixture

of sodium dodecyl sulfate, urea, and 2-mercap-
toethanol was not determined for hemaggluti-
nation beyond the observation that the fraction
hemolyzed the erythrocytes.
Evaluation of vaccine potential of MPV-

soluble fraction. Table 2 summarizes the re-
sults of the serological responses, virus isola-
tions, and clinical observations of XP-immu-
nized rhesus monkeys subsequently challenged
with infectious MPV. The three monkeys used
in the investigation had no known previous
clinical exposure to MPV and were free of VN,
HI, and CF antibodies to MPV. Monkeys 1 and
2 produced VN antibody titers of 1:1,200 by
day 28 postimmunization. In addition to the

VN antibody, the two immunized monkeys pro-
duced HI titers of 1:80 and 1:160, respectively.
Furthermore, monkey 1 produced a CF titer of
1:16, and the response of monkey 2 was ob-
scured by anticomplementary activity. The two
immunized monkeys remained clinically free of
monkey pox disease, whereas the unimmunized
control monkey became ill 7 days after chal-
lenge with typical monkey pox disease with
lesions that progressed through the maculo-
papular, the vesicular, and the scabbing stages;
it recovered fully from the disease in 3 weeks
(Fig. 1). Viremia was prevented in the immu-
nized monkeys in that no virus was recovered
from blood samples collected 3 and 6 days post-
challenge, whereas virus was recovered from
the control monkey 3 days postchallenge but
was not recovered by day 6. Furthermore, virus
was recovered from the control monkey's skin
lesions collected 9 days postchallenge. Thus,
these results indicated adequate virus chal-
lenge. Whereas the XP fraction elicited an HI
response in immunized monkeys, this fraction
contained no hemagglutination activity.

DISCUSSION
An X-press has been used successfully to me-

chanically disrupt and release structural pro-
teins from vaccinia virus (8) and Yaba tumor
poxvirus (10). At least four structural proteins

TABLE 2. Evaluation of mechanically disrupted MPV vaccine in rhesus monkeys
Titer in:

Day tested Vaccinated monkey 1a Vaccinated monkey 2a Control monkey 3b
VN CF HI Vire- VN CF HI Vire- VN CF HI Vire-mia mia mia

Prechallenge
0 <4 <8 <5 <4 <8 5 <4 <8 <5
3 <4 <8 <5 <4 <8 5 NTC NT NT
7 <4 <8 <5 <4 <8 5 NT NT NT

10 <4 <8 20 <4 s16d 10 NT NT NT
17 <4 <8 40 <4 s16d 40 NT NT NT
21 <4 <8 40 32 -16d 80 NT NT NT
28 1,200 16 80 1,200 '16d 160 NT NT NT

Postchallengee
3 1,400 8 80 _ 1,400 64 160 - <4 <8 <5 +g
6 8,000 32 160 - 2,800 128 320 - <4 <8 5 -
9 1,600 32 160 10,000 256 320 - 14 <8 160

16 500 128 80 5,700 -256 320 20 256 640
29 2,200 128 40 320 256 80 200 256 320
42 1,600 .256 80 9,000 .256 80 1,024 .256 320
a Vaccinated four times with 5 mg (total of 20 mg) of soluble fraction of monkey pox prepared by mechanical disruption

(see text).
b Nonvaccinated monkey.
c NT, Not tested.
d Anti-complimentary at 1:8.
e Monkeys were challenged with 8 x 104.6 pock-forming units of MPV (Utrecht isolate).
f Negative virus recovery.
° Positive virus recovery.
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FIG. 1. Development of pox in rhesus monkeys after challenge with virulent MPV. The nonimmunized
monkey developed facial (A) and abdominal vesicles 9 days postinfection (B). Scabbing developed by 16 days
postinfection (C). Monkeys immunized with the soluble fraction ofMPV developed no pox skin lesions (D).

were released from the mechanically disrupted
Yaba tumor virus, which elicited the produc-
tion of Yaba VN antibody (10). We showed in
this study that mechanically disrupted MPV
also released structural proteins that elicited
the production of HI, CF, or VN antibodies in
rabbits and rhesus monkeys. The rabbits were
immunized with the soluble XP and insoluble
SUM fractions prepared from purified MPV,
whereas the rhesus monkeys were immunized
only with the soluble XP fraction prepared from

concentrated washed virus pellets. In both
cases, all infectious virus was destroyed.
To attainua safe vaccine, many investigators

tested the use of smallpox vaccine composed of
inactivated vaccinia virus, but most concluded
that the inactivated smallpox vaccines were
dubiously effective. Turner et al. (13) compared
antibody responses of vaccines inactivated by
six methods and concluded that "the efficacy of
inactivated vaccines in preventing subsequent
vaccination accidents in man has yet to be ade-
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quately assessed in this country."
In this study the structural MPV proteins

released by mechanical disruption produced
VN, HI, and CF antibodies, and immunized
monkeys were completely protected against
MPV-induced disease.
The results of this preliminary study with an

MPV model suggest that solubilization of viral
proteins by mechanical disruption may lead to
the development of an efficacious virion sub-
unit vaccinia vaccine for use in high-risk indi-
viduals.
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