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¢lutinating strains of enteroviruses for which
this useful property has not yet been dem-
onstrated. Thus far, in addition to the 3
Coxsackie B viruses, we have been able to
confirm the specificity of the hemagglutina-
tion previously reported(1.8.9.10.11) for
only the following tvpes of enteroviruses:
ECHO types 3, 6, 7, 11. 12, 13, 19 and Coe
virus. We have also been able to demon-
strate specific hemagglutination by a strain
of ECHO type 20 (but not the prototype).
ECHO type 21. Coxsackie A types 20 and
24, and several newly recognized enterovi-
ruses which have not been numbered. There
is every reason to believe that this list will
be extended.

Although HI responses observed in chil-
dren infected with Coxsackie B viruses were
relatively type-specific. the occurrence of
heterologous responses in some children with
pre-existing HI antibody suggests that this
degree of specificity will not hold true with
older individuals. Additional data are obvi-
ously desirable on the responses of adults.
time of first appearance of HI antibodies.
and duration of antibody persistence. In
view of the simplicity of the HI procedure
as compared with other serologic tests avail-
able, it would appear that this technic war-
rants further investigation as to its usefulness
for diagnostic and epidemiologic purposes.

Summary. Agglutination of human eryth-
rocytes by Coxsackie B virus types 1 and 5
is reported. Optimum titers were obtained
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with a sedimentation temperature of 37°C
and the erythrocytes of newborn infants. A
hemagglutination-inhibition (HI) procedure
employing Coxsackie B virus types 1, 3, and
5 was used to test paired sera from 25 chil-
dren infected with Coxsackie B virus types
3. 4, and 5. A significant homologous re-
sponse was detected in every case except one.
A few heterologous responses occurred in
children with pre-existing HI antibody to
one or more of the 3 test antigens.

The authors are indebted to Mrs. J. Hovis for val-
uable technical assistance.
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The first report of induced reactivation of
herpes simplex infection in an experimental

* This investigation was supported in part by
grants from Nat. Inst. Health, Division of Allergy
and Infect. Dis, Am. Cancer Soc., and Lillian A.
Margolyes League, Inc.

animal was that of Good and Campbell(1)
who subsequently reported additional ob-
servations of induced herpetic encephalitis in
rabbits which included virus isolation(2,3).
Recently Schmidt and Rasmussen(4) re-
ported the apparent reactivation of herpes
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TABLE I. Reactivation of Herpes Simplex Virus in Rabbit Cornea by Arthus Phenomenon.,

Corneal Arthus reaction

Date and site Antibody Virus
Rabbit No. of infection titer (9/7/60) Date Degree release*
148 2/18/60 (L) 1:128 4/27/60 severe +
6/ 8/60 ” 0
9/ 7/60 minimal +
150 4/13/60 (L) 1:8 6/ 8/60 minimal 0
12/ 7/60 ” 0
151 3/21/60 (I, R) 1:512 6/ 8/60 severe +
9/ 7/60 ? +
12/ 7/60 " +
152 3/21/60 (1, R) 1:512 6/ 8/60 severe +
9/ 7/60 minimal 0
12/ 7/60 moderate 0
153 4/13/60 (1.) 1:128 6/ 8/60 minimal 0
12/ 7/60 ” +
156 7/15/60 (L) 1:128 9/ 7/60 moderate 0
12/ 7/60 severe 0
157 7/15/60 (L) 1:2048 9/ 7/60 severe 0
12/ 7/60 ” 0
158 7/15/60 (L,R) 1:512 9/ 7/60 severe 0
12/ 7/60 ” 0

L = Left eye; R = Right eye.

* Herpes simplex virus recovery by corneal swabbing during the 14-day post-Arthus period.

simplex encephalitis from the latent state in
rabbits by repeated intramuscular injections
of epinephrine.

These reported reactivations of herpes sim-
plex from the latent state in animals all have
the disadvantage of being at an inaccessible
site. The encephalitis induced is frequently
fatal and manipulations and detailed obser-
vations of these animals are technically dif-
ficult. For these reasons, methods for reac-
tivation of healed herpes simplex infection in
the skin or mucous membranes were investi-
gated in this laboratory. Repeated attempts
at reactivation of healed cutaneous herpes
simplex infection in mice, rabbits, and guinea
pigs were unsuccessful. The stimuli for at-
tempted reactivation included epidermal sen-
sitization, artificial fever, local and systemic
hydrocortisone injections, ultraviolet irradia-
tion and intravenous administration of in-
fluenza virus. Attempts at reactivation of
healed herpes simplex in the rabbit cornea
by ultraviolet irradiation were unsuccessful.
The experiments reported here have to do
with attempts at reactivation of healed rab-
bit corneal herpes simplex infection by in-
duction and evocation of local hypersensi-
tivity reactions of the Arthus type.

Materials and methods. The strain of
herpes simplex virus used was isolated in
chick embryo fibroblast cell culture in this
laboratory in 1957 from a labial herpes sim-
plex lesion. A suspension of this virus was
prepared in rabbit kidney cell monolayer cul-
tures. This preparation had a titer of 1073
TCD;o on rabbit kidney cell culture and was
used for initiation of infection and for anti-
body titrations.

Male albino rabbits of 3-8 b weight ob-
tained from Blue Spruce Farm, Altamont,
N. Y. were used throughout these experi-
ments.

Neutralizing antibody titers are expressed
as that dilution of serum neutralizing 100
TCDs of herpes simplex virus on rabbit kid-
ney cell cultures.

Rabbit kidney cell monolayers were em-
ployed for isolation and titration of virus
and for neutralizing antibody determinations,
using appearance of cytopathic effect as an
indicator. The maintenance medium for
these cultures was 2% calf serum in 199.

Results. (Table I). Five rabbits were
infected on the cornea without scarification
by dropping approximately 0.1-0.2 ml of un-
diluted virus suspension (10%-3 TCDyg,) into
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the eye and holding the eyelids closed and
in firm contact with the globe for about 30
seconds. Three animals were infected uni-
laterally and 2 bilaterally. An additional
group of 3 rabbits was similarly infected, 2
unilaterally and one bilaterally. but the cor-
nea was scarified with a hypodermic needle
prior to introduction of the virus.

Within a period of 2-4 days muco-puru-
lent exudate, chemosis and photophobia were
noted in the inoculated eves. Rabbit kidney
cell cultures inoculated with the exudate ex-
hibited cytopathic effect similar to that seen
with herpes simplex virus. The cornea
showed areas of staining when a 29 fluores-
cein solution was applied indicating damage
to corneal epithelium. The acute inflamma-
tion subsided and epithelial repair was com-
pleted within approximately 14 days. fre-
quently leaving residual corneai scarring and
vascularization. Herpes simplex neutraliz-
ing antibody was demonstrable in each rab-
bit so infected. Of 8 rabbits 3 had titers of
1:512 and 3 titers of 1:128; the 2 remaining
animals had titers of 1:2048 and 1.8, respec-
tively.

Beginning 6 to 9 weeks after initiation of
the corneal infection, the rabbits were pre-
pared for a corneal Arthus reaction by a
modification of a technic described by Rich
(5). Each animal received 0.5 ml of horse
serum subcutaneously and 0.1 ml intrader-
mally at 3-5 day intervals until an area of
hemorrhage and edema appeared at site of
injection. These lesions sometimes proceeded
to eschar formation and ulceration. The de-
sired reaction was obtained after 4-5 injec-
tions.

Both eyes of each sensitized rabbit were
first swabbed for the presence of virus, then
a small bleb was raised with horse serum at
the site of corneal scarring in the left eye of
each animal. Within 24 hours, varying de-
grees of reaction were noted, varying from
slight corneal opacity to hemorrhage and in
some instances ulceration and sloughing of
corneal tissue. The acute corneal reaction
usually subsided in 7-10 days. Several in-
stances of deep ciliary flush were noted. De-
gree of reaction closely paralleled amount of
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corneal vascularization present at time of
challenge.

Following the challenge injection of
horse serum into the cornea swabbing for
virus was done, usually at daily intervals, for
a 2 week period. The uninjected right eye
of each rabbit was also cultured for virus.
(Three rabbits had healed herpes simplex
infections of the right eye and 5 had had no
infection of the right eye—Table 1.) Induc-
tion of the Arthus reaction was repeated for
a total of 2-3 times at intervals of 2% to 6
months for each animal. In addition control
cultures were taken daily to 3 times weekly
for a period of 36 days on 5 rabbits, followed
by weekly to twice weekly swabbings and
cultures for an additional 6 months inter-
rupted by one to 2 additional attempts to
induce reactivation. Positive virus cultures
from the challenged left eye during the 14
day period following an Arthus reaction were
regarded as evidence of induced reactivation.
All other positive cultures from either eye
were interpreted as reflecting spontaneous re-
activation.

The results of these studies are graphically
illustrated in Fig. 1. Rabbits 156, 157 and
158 are omitted from consideration here be-
cause virus isolation attempts were entirely
negative in these animals. It is of interest
that these 3 rabbits had been infected using
a corneal scarifying technic while the remain-
ing 5 rabbits were infected without scarifica-
tion.

One rabbit (151) had induced reactiva-
tions on 3 occasions, one (148) on 2 occa-
sions, and 2 (152 and 153) each had one
induced reactivation. In summary, of 19
attempts to induce reactivation, 7 were fol-
lowed by virus release within a period of 1-
12 days. No correlation was noted between
degree of hypersensitivity reaction and inci-
dence of virus excretion provided at least a
minimal reaction was obtained.

When virus release occurred after at-
tempted induction, it was demonstrable for
3-7 days except for one instance in rabbit
148 where it was detected on only one day.
Virus recovery during control study periods
was usually for a period of one day. It is
possible that these periods would have been



REACTIVATION OF CORNEAL HERPES SIMPLEX 631
RABBIT 148 INFECTED IN LEFT EYE; ARTHUS OF LEFT CORNEA X 3
..‘r".'c’:.“é..: !\
Rl | | 00000800 00CT 0 & 0 000 0 [DCIOC Doogoon ool @ p000ad
RABBIT 150 INFEGTED IN LEFT EYE; ARTHUS OF LEFT GORNEA X 2
n“e“lr,",”,é..; ™~
CE oM 00 00 b 000 b 00 O

CULTURE
AT EYE

[nomnoe 0p oo p g 0

avthus @

REACTION 2
o

CULTURE

S 1 {11111 1 é[ll[l oooooo oo @
N 11 Y

RABBIT 152 INFECTED IN BOTH EYES; ARTHUS OF LEFT CORNEA X 3

CULTURE
FTEYE

LEGEND:

[ necarive cutrure

ARTHUS N
REACTION 2
l POSITIVE CULTURE °
CULTURE
L EYE
f- ARTHUS REACTION
CULTURE

RT EYE
L LEFT

RT RIGHT
authys ¢
KLACTION 2
o
CULTURE
LEYE

HORSE SERUM INJECTION
LEFT CORNEA

CULTURE
RT EYE

B L1001
1111 T e

Eﬂﬂl] 11 1

RABBIT 15! INFECTED IN BOTH EYES; ARTHUS OF LEFT CORNEA X 3

G
0 000MpR0OM O

T\
000 o0m i oo 0
RABBIT 153 INFECTED IN LEFT EYE; ARTHUS OF LEFT CORNEA X 2
fom o

1181 R

! v v T T T T T T T T T T T 1
4] 10 20 30 40 50 60 70 80 90 100 O 120 130 140 150 160 170 180 130 200 20 220 230 240 250
D AYS

FIG. 1. Reactivation of herpes simplex virus in rabbit cornea by Arthus reaction.

longer had daily specimens been taken.
There were no instances of recovery of virus
from a previously uninfected eye.

It was noted that in rabbits 148, 151 and
152 where multiple induced reactivations oc-
curred, the responses were noted at longer
intervals after each challenge.

Spontaneous virus release (unrelated to
injection of horse serum) occurred in only
2 of 8 rabbits (151 and 152). These 2 and
2 others (148 and 153) also released virus
after Arthus reactions were induced. Neither
spontaneous nor Arthus-related virus release
was noted at any time in the 4 remaining
rabbits.

Three rabbits (151, 152 and 158) had
healed bilateral infections. Neither induced
nor spontaneous virus release was detected
in rabbit 158. Virus was recovered in each
of 3 attempts at Arthus-induced release from
the left eye of rabbit 151. Spontaneous re-
lease of virus was noted on 6 occasions in
119 control cultures from rabbit 151. These
6 positive cultures were equally divided be-

tween the 2 eyes. Rabbit 152 released virus
once from the challenged left eye after Ar-
thus reaction. Two other attempts at re-
activation were unsuccessful. Spontaneous
virus release was noted twice in 85 control
cultures from this rabbit. This spontaneous
shedding involved the left eye, in which Ar-
thus-induced virus release had occurred.

Discussion. Within an arbitrarily defined
period of 14 days during which time the ef-
fects of the Arthus reaction were presumably
active, there were 7 instances of virus release
following 19 attempts at induction. It is
probably significant that during this same
period virus release was not detected in the
unchallenged corneas of rabbits in which bi-
lateral infection had been induced.

The occurrence of spontaneous reactiva-
tions makes it desirable to extend these
studies before one can state definitely that
local anaphylaxis induces herpes simplex
virus reactivation in healed rabbit corneal
lesions. It seems probable that the isolation
of herpes simplex virus from 2 of 28 excised
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post-infection rabbit corneas reported by
Sery(6) may have coincided with similar
spontaneous reactivation of infection—per-
haps immediately prior to excision.

The repeated isolation of herpes simplex
virus with and without attempts at induction
and interspersed by long periods of absence
of virus release is of considerable interest.
Corneal herpes simplex in the rabbit thus
closely parallels the syndrome of recurrent
human cutaneous, ocular and mucous mem-
brane herpes simplex infection and affords
an accessible model for experimental study.

Summary. Herpes simplex virus was in-
oculated into corneas of 8 rabbits with the
induction of herpetic keratitis which pro-
ceeded to healing. The animals were then
sensitized to horse serum and an Arthus re-
action was induced in the healed cornea.
Herpes simplex virus was repeatedly recov-
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ered in rabbit kidney cell culture from swab-
bings taken from these corneas. This phe-
nomenon was observed 7 times in 19 at-
tempts at induction. While there were sev-
eral instances of spontaneous virus release,
none occurred during the 14 day post-Arthus
period in the unchallenged eyes of animals in
which bilateral infection had been induced
previously.
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Gamma globulin-like paraproteins have
been described in various mouse transplanta-
tion lines characterized by plasmacellular
leukemic(1-6) or myelomatous (7-10) le-
sions. More recently a transplantation line
associated with macroglobulinemia and with
microscopic lesions comparable to those seen
in Waldenstrém’s macroglobulinemia in man
was described(11). This report concerns
the new observation that the paraprotein of
a transplantation line of leukemia appeared
immunoelectrophoretically to be of a type
homologous to the recently described human
beta-2A  (=gamma-1A) myeloma proteins
(12-13). In addition, some of the cells
(“flame cells”) present in the leukemic in-
filtrations resembled those very recently con-

T Supported by grants from Danish State Rescarch
Foundation, and Danish Rheumatism Assn.

sidered to be pathognomonic of human beta-
2A myelomas(14). Degenerative lesions in
cardiac and skeletal muscles similar to those
described in thiamine-deficient mice(15)
were also observed.

Material and methods. Methods of paper-
and immunoelectrophoresis etc. have been
described(5,16,17). For estimation of hex-
ose content of paraproteins, total protein-
bound hexose (anthrone method) was related
to scannings of PAS-stained paper electro-
phoreses of whole sera(18). Ultracentrifu-
gation was performed at 60,000 rpm in an
oil-driven ultracentrifuge (Svedberg type) on
serum diluted 4 times in phosphate buffer,
pH 6.66, containing 0.2 M sodium chloride.
The transplantation line originated in a 28-
months old, untreated (CBA X DBA/2) F,
mouse(19) with enlarged lymph nodes and





