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The elicitation of a sequential production of 7M and 7 S group immune- 
globulins by the infection of guinea pigs with Arboviruses (1) and the 
virus of foot-and-mouth disease (2) has been reported. This pat tern of 
immunoglobulin production also has been obtained by the injection 
of myxovirus vaccine (3) and of bacteriophage (4). The neutralizing 
immunoglobulins for bacteriophage were also shown to have the different 
avidities indicative of the existence of these two groups of immune- 
globulins (5). 

Further analysis of the 7 S group with soluble protein antigens showed 
that  the 7S71 and 7Sy2 immunoglobulins were differentiable not only 
in terms of their physico-chemieal characteristics but also by their ability 
to produce a number of important biological reactions. Thus local and 
general anaphylaxis was primarily attributable to the 7 S~, 1 fraction (6), 
whereas tbe Arthus type reaction, complement fixation, the precipitin 
reaction and hemolysis were produced by the 7Sy2 fraction (7--8). The 
lung sensitization (9) and some passive cutaneous anaphylaxis (10) were 
produced primarily by the 7 Sy1 fraction, but also could be produced 
by the 7Sy2 fraction. When guinea pigs were immunized, the initial 
injection caused an increase in the 7 $72 fraction, but  following a booster 
injection the increase was predominantly in the 7Sy1 fraction (11). 

* This investigation was supported by research grant (AI-05612) from 
National Institute of Allergy and Infectious Diseases, U.S. Public Health 
Service, Bethesda, Maryland, U.S.A. 
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I n  view of this  mul t ip l ic i ty  of roles of the  immunoglobul ins  in  biological 
react ions we a t tempted  to de termine  the i r  possible relat ionships to  in- 
fection wi th  the  herpes simplex virus in  guinea pigs wi th  special reference 

to  i m m u n e  protect ion against  th is  virus. The results which we here shall 
report  appear  to indicate  the  existence of various differences among the  
immunoglobul ins  wi th  respect to the sequence of their  appearance,  the i r  
av id i ty  in  the  virus neut ra l iza t ion  reaction, the  types  of immunological  
t issue injuries  which t hey  produce and  their  ab i l i ty  to  confer passive 

immun i ty .  

Materials and Methods 
Virus and viral antigens. The H strain of herpes simplex virus was here 

used exclusively. The methods for the preparation of the virus and viral 
antigens in rabbit  kidney tissue culture cells were described previously (12-- 
13). For immunization of guinea pigs this strain was propagated in mouse 
brain for 5 successive passages. 

Animals and inoculation procedures. Two sizes of guinea pigs weighing 
200 g and 450 g (obtained from Twin Oak Farm, Moorestown, New Jersey) 
were used. Intracerebral inoculation of 0.1 ml containing a suspension of 105-e 
plaque-forming units (p.f.u.) of the virus was made in the 200-g guinea pigs 
by insertion of the needle into the anterior fontanelle to a depth of 3 ram. 
Intradermal inoculation of 0.1 ml containing I0 s.s p.f.u, was made into the 
clipped skin of the flank or into the foot pad. For immunizing infections 
0.1 ml of Freund's  complete adjuvant  (Difco Laboratories, Detroit, Michigan) 
was added to the virus inoculum. 

Preparation o] speci]ie immunoglobulin. Fifty 450g guinea pigs were 
infected via the foot pad with a dose of 10 ~ p.f.u, of mouse brain passage 
virus in the form of a 20~o suspension of mouse brain. The guinea pigs were 
bled by cardiac puncture 1, 3, 11, 12, and 24 weeks after the infection. The 
sera collected at each of the above-mentioned times were pooled and stored at 
--20~ The TM immunoglobulin was isolated from fresh serum by the Sc- 
phadex G-200 gel filtration method previously described (2). The 7S~,1 
and 7 ST2 fractions were prepared by the procedures described by Yagi et al. 
(14). The pooled sera were dialysed at 4~ in 100 ml amounts against 20-fold 
their volume of 0.035 M Tris(hydroxymethyl)aminomethane (Mann Research 
Laboratories, New York 6, New York) -- 0.005 M phosphoric acid, pH 8.5, 
with three changes of buffer during a period of 72 hours. Gross precipitates 
were removed by centrifugation at 5000 r.p.m, for 30 minutes. The super- 
na tan t  fluid was adsorbed on a 3 X 40-cm DEAE-cellulose column (DE-50 
Whatman,  Scientifica, P.O. Box 1084, Clifton, New Jersey), which was 
thoroughly washed and pre-equilibrated with the above-described buffer. 
Gradient elution was carried out using a mixing chamber containing 800 ml 
of the ~bove-described buffer, into which 400 ml of 0.5 N[ Tris- 0.59 M phos- 
phoric acid buffer, pH 4.0, were introduced. The first 300 ml of eluate, which 
contained the 7 ST2 fraction and the 450th to 800th ml of eluate, which 
contained the 7 S T 1 fraction were then each concentrated by negative pressure 
dialysis to 40 ml. After dialysis against veronal buffer (~ ~ 0.075, pH 8.6), 
20 ml of each of these preparations were placed in a 1-cm-wide longitudinal 
trough in the center of a 1 • 20 • 18-cm starch block, which was pre-equili- 
brated with the veronal buffer and subjected to electrophoresis in a zone 
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electrophoresis apparatus (Buchler Instruments, Inc., Fort  Lee, New Jersey) 
at 50 volts and 5 mA for 18 hours at 4~ The starch block was then cut into 
1 cm-wide sections, which were eluted with veronal buffer. The eluates were 
filtered through a 0.45 micron grid Nalgene membrane (The Nalge Co. Ro- 
chester, New York) and the three eluate fractions included in the respective 
peaks for the 7 $71 and 7S~,2 fractions were separately pooled and stored 
at -- 20 ~ C. 

Virus assay. The microplaque technique of Farnham (15) for herpes 
simplex virus was here used in rabbit kidney tissue cultures. Tenfold serial 
dilutions of the virus were prepared and 0.1 ml of each dilution was inoculated 
into a culture tube. After incubation at 37~ for 24 hours, plaque counts 
were made. A preparation of the soluble antigens of herpes simplex virus 
(12, 13) was heated at 56~ for 30 minutes and 0.1 ml portions of the heated 
material were added to tissue culture tubes which were then referred to as 
antigen-incorporated tissue cultures and used in the procedure which will be 
described later. Infected guinea pig brains were prepared as 20% suspensions 

Table 1 
P r o d u c t i o n  of T h r e e  I m m u n o g l o b u l i n  H e r p e s  N e u t r a l i z i n g  

A n t i b o d i e s  in  G u i n e a  P i g s  I n f e c t e d  w i t h  H e r p e s  S i m p l e x  
V i r u s  v i a  t h e  F o o t  P a d  R o u t e  

Time of s e r u m  col lect ion 
a f t e r  i nocu l a t i on  of v i rus  

(Weeks) 

1 
3 

11 
12"* 
24 

T o t ~  

1:  8*  

1:256 
1 : 6 4  
1:512 
1 : 6 4  

H e r p e s  n e u t r a l i z i n g  a n t i b o d y  t i t e r s  

7S7 1 7S7 2 

1: 2 1: 2 
1:128 1:256 
1 : 3 2  1 : 6 4  
1:256 1:256 
1 : 3 2  1 : 1 6  

71Vl 

1:6 
1:8 
1:2 
1:4 
1:2 

* Figure represents the value of serum pool collected from 50 guinea pigs. 
** A booster injection was ~iven a week prior to collection of serum. 

in Earle's balanced sMt solution, pH 7.2. The virus was t i t rated in 8 tubes 
per each 10-fold dilution and the TCIDs0 determined after 3 days. The brain 
suspensions were extracted with ether and acetone before being used for 
complement fixation (CF) tests (16). The values here given for both the in- 
fectivity and CF t i ter  are those for the 20% brain suspensions. 

Neutralizing antibody titers. Twofold serial dilutions of the sera were 
prepared in Earle's balanced salt solution and 0.4 ml portions of these di- 
lutions were mixed with l0 s p.f.u, contained in 0.2 ml of virus suspension. 
The mixtures were incubated at 37~ for 60 minutes and 0.1 ml of each was 
then inoculated into each of 4 culture tubes. After thus allowing 60 minutes 
for adsorption of the virus by the culture, 0.1 ml of a 3-fold dilution in Earle's 
solution of hyperimmune guinea pig herpes antiserum with a neutralizing 
antibody t i ter  of 1:256 was added to each culture to neutralize free virus. 
The reciprocal of the highest dilution showing a 50% reduction in the plaques 
in comparison with the controls was considered to be the t i ter  of the serum. 
All of the sera were inactivated at 56~ for 30 minutes before being ti trated. 

Biological and chemical agents. The method of preparation of purified herpes 
serum interferon has been described previously (17). The serum obtained 6 hours 
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after the intravenous injection of 10 g p.f.u, of herpes simplex virus was used 
unmodified as the interferon-containing serum. Peritoneal exudate and cells 
were obtained from guinea pigs 24 hours after their intraperitoneal infection 
by washing the peritoneum with 10 ml of Earle's solution and were used im- 
mediately. Purified Escherichia coli endotoxin was obtained from Difco 
Laboratories, Detroit, 
Michigan. Adrenalin 
hydroehloride solution, .o = - 
1 : 1000 Steri-vial, was ~ 
obtained from Park, ~ o 
Davis & Co, Detroit, > r 
Michigan, and hydrocor- 
tisone sodium succinate, 8256 
Solu-cortef, from ~he ~128 
Upjohn Co. Kalamazoo, ~ 64 
Michigan. The 5-iodo- ~ 32 
2'-deoxyuridine (IDU) .~ 16 
was kindly donated by ~_ 
the Smith, Kline and ~ 8 
French Laboratories, z ~ 4 
Philadelphia, Pennsyl- 2 
vania. 

R e s u l t s  

Sequence o/ Immunoglo- 
bulin Production 

FRACTIONS 
Fig. 1. Separation of guinea pig immllnoglobulins by starch 
block eleetrophoresis. The arrow indicates the starting point. 
Peak fractions 8--9 contained 7 Sy 2 and 11--12 contained 7 

S y I immunoglobulin anti bodies. 
I 

Table 1 shows the loCI 

I sequence of production 
of three types of 
g~inea pig immunoglo- ~ ]lC~[[ 
bnlin against herpes ~ 
simplex virus following ~ 
an immunizing infec- ~ld! 
tion via the foot pads. 

An early increase in ~0 .  [ 
serum antibodies w~s 
noted after l week (18), . . o ., serum 
whichwas chieflydueto 8 9 10 11 12 dituti~s 
an increase in the yM 

FRACTIONS 
fraction. Ill the peak Fig. 2. Avidity differences of starch block electrophoresis 
period of ant ibody pro- fractions 8 -12 in neutralization of herpes simplex virus. 
duction 3 weeks after 
the infection the immunoglobulins consisted chiefly of the 7 Sy1 and 
7Sy2 fractions, which showed a 4-fold decrease 11 weeks after the in- 
fection (19). Following a booster inoculation of virus there was a marked 
increase in the 7 Sy 1 fraction similar to tha t  seen with booster injections 
of other protein antigens (11). 
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Fig. 3. Increment of non-neutralizable virus in t i trations in antigen-incorporated tissue 
culture. The arrow indicates the original virus t i ter  105.o p.f.u. Group A shows the effect of 
the amounts of antigens used per tube. In  CF units, 0 - - 0  = 0, O - - O  = 8, m - - m  = 16, 
A - - - A = 32. Groups B and C show increment of non-neutralizable virus upon introduction 
of CF units, 8 (O) and 32 (5 - -- A ), as compared to ordinary tissue culture (U, 0 - - 0 ) .  Group 

A sera were harvested at  3 weeks and Group B and C at  12 weeks. 

T h e  

T a b l e  2 
R e l a t i o n s h i p  o f  G u i n e a  P i g  S e r u m  H e r p e s  N e u t r a l i z i n g  

A n t i b o d y  T i t e r s  t o  P r o t e c t i o n  a g a i n s t  I n f e c t i o n  w i t h  
H e r p e s  S i m p l e x  V i r u s  i n  S k i n s  

Herpes neutralizing 
antibody titers 

N o r m a l  g u i n e a  p i g s  
< 1 : 4  
< 1 : 4  
< 1 : 4  
< 1 : 4  
< 1 : 4  
< 1 : 4  

I m m u n i z e d  g u i n e a  p i g s  
1 : 1 6  
1 : 6 4  
1 : 6 4  
1 : 256 
1 : 2 5 6  
1 : 256 
1 : 5 1 2  
1 : 5 1 2  

Size of herpetic skin lesions after 48 hours 

Virus alono 

94 
28 
19 
38 
38 
50 

I 
A r e a  i n  m m  a 

Virus + vasoconstriction* 

455 
380 
345 
413 
492 
492 

492 
176 
113 

0 
0 
0 
0 
0 

* I n d u c e d  b y  2 ~g  e p i n e p h r i n e .  V i r u s  d o s e  (10S.6p.f.u.).  
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Avidity o/the Immunoglobulins 

A pool of the sera collected 3 weeks after the infection was subjected 
without further processing to starch block electrophoresis and the electro- 
phoretic fractions were tested for their herpes virus neutralizing capacity 
(Fig. 1). The amount of residual non-nentralizable virus was significantly 
different for the different fractions. Thus there was more non-nentralizable 
virus with the 7Sy2 fraction than  with the 7Sy1 fraction (Fig. 2). 
However, the avidi ty of 
the 7S71 fraction was I 
weaker in a pool of sera I collected one week after a 
booster injection (Fig. 3). 100~ - 
I t  is of interest to note 
tha t  the amount  of 
the non-neutralizable virus 
increased approximately 
lO-fold when the virus was ~ 70%- 
t i t ra ted in antigen-incor- | 
porated tissue cultures. >~_ 
With the higher ant ibody 
titers the amounts of 

L J- l % -  
the non-neutralizable virus ~_ 
were relatively small 
(Fig. 3). The sera collected 
1 week after the infection, 
which contained predo. 0.f~- 
minantly the yM fraction, 
also showed a low 
avidity, which is in 
agreement with the 
findings of similar studies 
of bacteriophage neu- 
tralization (5). 

DISAPPEARANCE OF HERPES VIRUS INJECTED 

IN GUINEA PIG SKINS 
^ ,= non-immune 

A . ~ . . &  n o n  - immune 
with epinephrine 

--.. o ~ o  immune 

", " ~  ~ = immune 
~ ' ~  " ~ .  with epinephrine 

I I 
) 1 2 

TIME IN HOURS 

Fig.  4. The  r a t e  of d i sappearance  of herpes v i rus  in jec ted  
in  n o r m a l  and  i m m l m e  gu inea  p ig  skins.  

Local Vasoconstriction as a Limiting Factor 

Since local concentration of immunoglobulins might be an important  
factor in the inactivation of the virus, we next  determined the effect 
of a loeM vascular disturbance on tbe  resistance of the skin to the virus 
(105.6 p.f.u. = 102.6 minimal skin infecting dose). Table 2 shows tha t  
protection of the guinea pig skin was complete when the animal had 
a serum antibody ti ter of 1 : i6 or more, but that when a local vasocon- 
striction was produced simultaneously with the inoculation of the virus 
by the addition to the inoculum of 2 ~zg of epinephrine, those animals 

A r c h i v  f. Vi rusforschung,  Bd. 22, ]~. 3--4 22 
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having serum ant ibody ti ters of 1 : 64 or less were infected, whereas those 
with t i ters of 1:256 or more were protected.  Fig. 4 shows the  different 
degrees of virus disappearance in immunized animals having au t ibody  
ti ters of 1 : 128 and  in normal  guinea pigs in the  presence and absence of 
local vasoconstriction. The studies made in the first 2 hours after in- 
jection of the virus showed a decrease in the  virus in the  immunized 
animals to  below 103 p.f.u. ( =  1 minimal skin infecting dose), whereas 

50Cl 

e2 

u~ 4OQ 

GUINEA PIG SKIN REACTIONS TO THE HERPESVIRUS 

106.5 PFU//O.I ml 

V*E 

V = Herpesvirus 

E : Epinephrine 
2JJg 

~ 300. V" i 
%E 

i!!!i !i!',! _o V+E 

i!!ii iiiili i 

i ~I~I~ ~ 
i o a iliii 

i~i::! 
iiii! 

o iiii!i a N  
DAYS Id 3d Id 3d Id 3d Id 3d 

Immune Hypersensit ive 
Serum Normal  Hyperirnmune 3wks RI, 7days lqL 
N-Ab 
Titer <1:2 i:128~ t:512 1:16~1:64 i:2--1:8 

Fig. 5. Guinea pig skin reactions to herpes virus I0 6"5 p.f.n./0,1 rnl. 

a similar decrease did not  occur in the  presence of a local vasoconstric- 
tion. A small port ion of the  virus remained viable after initial virus 
inact ivat ion in a manner  reminiscent of the persistence of the non- 
neutralizable virus in the tissue culture experiments.  

Degree el Immunological Tissue Injury in the Skin 
Three milliliters of the 7 Sy1 and 7 Sy2 fractions having neutralizing 

ant ibody ti ters of 1 : 128 (CF ---- 1:4) and 1 : 512 (CF = 1 : 128), respectively, 
were each injected intraperi toneally into 2 guinea pigs. After 24 hours, 
0.1 ml of a heat- inact ivated (56~ for 30 minutes) suspension of herpes 
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virus which originally contained l0 s p.f.u./0.1 ml was injected intra- 
dermally into each of the guinea pigs. This ~ r u s  was grown in rabbit  
kidney tissue cultures which contained 10% calf serum as a nutrient 
medium component and was washed three times in Earle 's  solution using 
ultracentrifugation at 100,000X G for 30 minutes. Control antigen was 
prepared by ultrasonication of normal rabbit  kidney tissue culture cells 
(12). An immediate type  reaction at  4 hours after injection in the form 

50G 

40C 

~= 30C 

o 

.-, 20C 

100 

TIME 

Serum 
N -Ab 
Titer 

GUINEA PIG 

m 

4hrs 1 d 

Normal 

< 1~2 

SKIN REACTION TO A HIGH DOSE OF 

HERPESVIRUS 108.8 PFU/O.1 ml 

V : Herpesvirus 
= Epinephrine 2~g E 

V*E 

l 

3d 

V~E 

4hrs d 3d 4hrs Id 3d 4hrs 

Hyperlmmune 

1:128.:,-1:512 

v 

1 
t,E 

Id 3d 

immune Hypersensitive 
3wks RI. ?days P.I. 

1:16--'1:64 1:2~1:8 

F i g .  6. G u i n e a  p i g  s k i n  r e a c t i o n s  to  a h i g h  dose  of  h e r p e s  v i r u s  10s's/0.1 m l .  S e r u m  N - A b  s ig-  
]3]fies s e r u m  n e u t r a l i z i n g  a n t i b o d y .  L e f t - h a n d  a r r o w  i n d i c a t e s  t h e  i m m e d i a t e  t y p e  a n d  r i g h t -  

h a n d  a r r o w  t h e  d e l a y e d  t y p e  r e a c t i o n s .  P . I .  i n d i c a t e s  p o s t - i n f e c t i o n .  

of erythematous and edematous lesions 12 m m  in diameter was observed 
in the animals which had been given 7 ST1 fraction and hemorrhagic 
Arthns type lesions 10 mm in diameter were observed in the animals 
which had been given the 7 ST2 fraction against the virus antigen but 
not against controls. These fractions were negative in precipitin reactions 
and CF titers were less than  1:4 against normal components. 

When active virus (106.~ and 108.s p.f.u.) was intradermally injected 
in normal and immune guinea pigs immunized against the 5th passage 
virus in mouse brain, which was free of tissue culture components, with 

22* 
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and without local vasoconstriction, noteworthy differences in the cu- 
taneous lesion + were observed as shown in Figs. 5 and 6. Important  factors 
in these variations in the cutaneous lesions were the amount of the virus 
and the immune status of the host. As regards the skin resistance, an 
initial vasoconstriction prevented the immediate type cutaneous reactions, 
and the later cutaneous lesions were smaller than those obtained without 
vasoconstriction and involved a combination of erythcma and necrosis. 
With smaller amount of virus there was a complete protection in immune 

i l l  ~ i t  

10~a ~( 

nor 2o 

1( 

101 ~ 10 

t 
' . . . . . . . . . . . .  -~ "8 1 

/ - 

........... -~1-- 

~ / z 
//', ; ~ / /  ~, ~, '1:11 

,,, - i . ~ "  ,,, ?... ' 1 : 4  

1,'2 

I:I 

Hours 
Fig. T. The course of herpet ic  encephali t is  in guinea  pigs. The a r row indicates the point  
of t ransi t ion f rom immunoglobul in-effeet ive to ineffective stages. Virus p.f.u. ( � 9  0 ) ,  
hemolyt ic  complemen t  t i ters (A), body  t empera tu re  ( e - - e ) ,  CF ant igen  t i ters ([~ - - -  [] ) 

and  neutra l iz ing an t ibody  t i ters ( I - - I ) .  

animals. Thus when tested 7 days after the infection there was a delayed 
type cutaneous reaction in these animals, which was most pronounced 
after 24 hours and the subsequent cutaneous lesions were slightly smaller 
than in the controls. Normal guinea pigs showed an initial development 
of erythematous lesions followed by a vesieulation within 5 days, which 
was not seen in any of the immune animals. Two out of 24 hyperimmunized 
guinea pigs with mouse brain passage virus showed weakly positive 
precipitins against normal rabbit kidney tissue culture control antigens. 
However, the skin reaction to these was always less than 4 mm in diameter 
at 24 hours after the challenge. 
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The Course o/Herpetic Encephalitis 
The pr inc ipa l  fea tures  in  t h e  course of t he  herpe t ic  encephal i t i s  in 

t h e  guinea  pigs a re  summar i zed  in  Fig.  7. The  t i t e r  of the  in t r ace reb ra l ly  
inocu la ted  herpes  v i rus  (105.6p.f.u.) decreased to  0 .1% of i ts  or iginal  
va lue  wi th in  24 hours  and  remained  a t  th i s  level  un t i l  50 hours  a f te r  
t h e  inocula t ion .  I t  t hen  increased r ap id ly  to  a p p r o x i m a t e l y  10,000-fold 
t h e  l a t t e r  t i t e r  96 hours  af ter  t he  inocula t ion.  A much  higher  va lue  for 
t h i s  increase  in  t i t e r  was ob ta ined  in  t he  an t igen- incorpora ted  t i ssue  

Table 3. C o m p a r a t i v e  T i t r a t i o n  of H e r p e s  S i m p l e x  V i r u s  in  
I n f e c t e d  G u i n e a  P i g  B r a i n  H o m o g e n a t e s  in  O r d i n a r y  a n d  

H e r p e s  A n t i g e n - I n c o r p o r a t e d  T i s s u e  C u l t u r e s  

Guinea pig No. and Ordinary tissue Antigen-incorporated Differences 
status of brains culture tissue culture 

Fresh brains 5.47* 
4.70 
4.24 
4.84 
3.87 

6.70 
5.88 
5.60 
6.48 
5.70 

1.23 
1.18 
1.36 
1.64 
1.83 

average 4.62 6.07 1.45 

Brains stored 1 4.00 4.70 0.30 
in 2 4.40 4.92 0.52 
50% glycerol 3 4.60 5.00 0.40 

average 4.46 4.87 0.41 

Fresh brains 1 ~1.70 2.30 >0.60 
from 2 ~ 1.70 2.50 >0.80 
ID U-treated 
guinea pigs 

average ~1.70 2.40 >0.70 

* Brains harvested 96 hours after the virus inoculation (105.8 p.f.u.) and 
the values were expressed as log10 of TCIDs0 per ml of 20% suspension of 
the whole brain (32). 

cul tures  t h a n  in  o r d i n a r y  t i ssue  cultures.  Thus  96 hours  a f te r  t he  in- 
ocu la t ion  t h e  t i t e r  was 28.2-fold h igher  in  t he  an t igen- incorpora ted  t i ssue  
cul tures  t h a n  in  t he  o rd ina ry  t i ssue  cul tures  (Table  3). However ,  t h e  
difference was not  so m a r k e d  if t he  in fec ted  b ra ins  were s tored  in  50% 
glycerol  a t  - -20~  for 2 weeks. Complement  f ixing an t igens  also were 
de t ec t ed .  

The virus  t i t e r  d id  no t  show a n y  fur ther  increase af te r  t he  96th post-  
inocu la t iou  hour  and  d e a t h  usuMly occurred wi th in  the  nex t  6 hours.  
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~qeutralizing antibodies usually were detectable in tbe serum 72 hours 
after the inoculation. From the difference shown in Table 3 it can be 
assumed tha t  a substantial amount of neutralizing antibodies was present 
in the brain at an e~rlier stage. In  rabies virus infections in mice a higher 
ti ter of the virus was found when the infected brains were homogenized 

G roup No. 

I- 

2- 
3- 
4- 
5- 

6- 
7- 

Control 8- 

_ 

10-- 
11- 

Survival Time 

ocoooooo 

Q ooooooo 

oooo 

e-e oooo 

. . . . . .  a 0 

0 

Hours 
Fig .  8. Changes  in s u r v i v a l  t i m e  (ST) of g u i n e a  p igs  f r o m  he rpe t i c  e n c e p h a l i t i s  (group  A w i t h  
v i r u s  i n o c u l u m  105"~ p.f .n.) .  E a c h  p o i n t  i n d i c a t e s  t he  t i m e  of d e a t h  (e), or  t he  s u r v i v a l  (O) 
of  a g u i n e a  p ig .  G r o u p  •  was  t he  u n t r e a t e d  c o n t r o l  g r o u p  a n d  t h e  a r r o w  i n d i c a t e s  t he  p o i n t  

of m e a n  ST.  The  h o u r s  s h o w n  be low were t hose  a f t e r  i n o c u l a t i o n  of v i r u s .  
A 1  = i m m u n o g i o b u l i n  ( t i t e r  1 :128)  g i v e n  s u b c u t a n e o u s l y  a t  72 hour s  (ST = 96 hour s ) .  
A 2  = i m m u n o g i o b u l i n  (1 :512)  g i v e n  a t  24 hours .  
A 3  = i m m u n o g i o b u l i n  (1 :512)  g i v e n  a t  60 hours .  
A 4  = I D U  100 m g / k g  g i v e n  e v e r y  24 hour s  for  5 d a y s .  
A 5  = as a b o v e  w i t h  a d d i t i o n  of i m m u n o g i o b u l i n  (1 :128)  a t  72 hours .  
A 6  = h y d r o c o r t i s o n e  120 m g / k g  g i v e n  e v e r y  24 h o u r s  fo r  5 days .  
A 7  = h y d r o c o r t i s o n e  120 m g / k g  g i v e n  a t  72 hours .  
A 8  = c o n t r o l s  (ST = 96 hours ) .  
A 9  = i n t e r f e r o n - c o n t a i n i n g  s e r u m  2 m l  (1024 u n i t s )  g i v e n  a t  24 a n d  48 h o u r s  (ST = 101 

hours ) .  
A 1 0  = p u r i f i e d  s e r u m  i n t e r f e r o n  (1024 u n i t s )  g i v e n  a t  24 h o u r s  (ST = 105 hours ) .  
A l l  = p e r i t o n e a l  e x u d a t e  a n d  cel ls  g i v e n  a t  24 hour s  (ST = 106 hours) .  

with the addition of heat-in~ctivatod virus before inoculation into ordinary 
assay system (20). 

When specific immunoglobulins were injected intraperitoneally 60 
hours after the intracerebral inoculation of virus there was complete 
protection (refer Fig. 8, Group A3). However, when the immunoglobulins 
were administered later than  this (see arrow in Fig. 7) no protection 
by  passive immunization was observable. This point in t ime appears  
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to coincide with the above-mentioned period of abrupt increase in the 
virus titer, which was followed by an increase in body temperature. As 
is shown in Table 4, the 7ST1, 7ST2 and T ~  fractions (*he former two 
obtained 3 weeks and the latter 1 week after an immunizing infection) 
showed differing degrees of protection when administered to the guinea 
pigs 48 hours after their intracerebral inoculation with the virus. 

Group N~ 

1- 

2- 
3- 
4- 
5- 

6- 
7- 

Control 8- 

_ 

10- 
11- 
12- 

Survival Time B 

w 

| 

2b a ~o a'o 

Hours 

= 0 

-~ ~ ~ O0 

~ ~ T 0000 

n~o ,~ 1~o i~o -rim 

F i g .  9. C h a n g e s  i n  s u r v i v a l  t i m e  ( g r o u p  B w i t h  v i r u s  i n o e u l u m  10 ~'~ p . f .u . ) .  
]31 = i m v n l m o g i o b u l i n  ( 1 : 5 1 2 )  g i v e n  a t  72 h o u r s  s u b c u t a n e o u s l y .  
B 2  = b a c t e r i a l  e n d o t o x i n  E .  coli 10 p g / k g  g i v e n  a t  96 h o u r s ,  B 3  a t  72 h o u r s ,  B 4  a t  48 

h o u r s  a n d  B 5  a t  24 h o u r s .  
B 6 = i n j e c t i o n  of  n o n - i n f e c t i o u s  h e r p e s  a n t i g e n  ( t i t e r  1 : 128) i ~ t r a e e r e b r a l l y  24 h o u r s  after  

v i r u s  ( S T  = 100 h o u r s )  a n d  B 7  s u b c u t a n e o u s l y  a t  24 h o u r s  a f t e r  v i r u s .  
B 8  = c o n t r o l s  ( S T  = 118 hou r s ) .  
B 9 = i n t r a p e r i t o n e a l  i n j e c t i o n  of  0.5 m l  of  F r e u n d ' s  c o m p l e t e  a d j u v a n t  a t  24 h o u r s .  
B 1 0  = H y d r o c o r t i s o n e  120 m g / k g  s u b c u t a n e o u s l y  g i v e n  a t  24 h o u r s .  
B l l  = I D U  100 m g / k g  g i v e n  s u b c u t a n e o u s l y  a t  24 h o u r s  ( S T  = 118 hou r s ) .  
B 12 = s e r u m  i n t e r f e r o n  (512 u n i t s )  g i v e n  s u b c u t a n e o u s l y  e v e r y  24 h o u r s  f o r  5 d a y s .  

Changes in Survival Time 

Figs. 8 and 9 show the time of death of the guinea pigs inoculated 
intracerebrally with 105-s p.f.u. (Group A) and 10S.~ (Group B) 
of herpes virus. Those not treated are shown as the control groups A8 
and B8 with mean survival t ime of 96 and 118 hours, respectively. As 
mentioned above, almost all guinea pigs were protected when the immuno- 
globulin was given at 24 or 48 hours but none at  72 hours after the in- 
oculation of the virus (Groups A1, A2 and A3). Inhibition of virus 
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multiplication by IDU (21) was shown by the ti tration results contained 
in Table 3. The latter agent protected 4 of 6 guinea pigs against herpetic 
encephalitis when given in a dose of 100 mg/kg/day during the period 
between 24 and 120 hours after the inoculation of the virus (Group Ad). 
Administration of immunoglobulin 72 hours after the inoculation of 
the virus in addition to IDU (Group AS) did not change the survival 
time. A single dose of 100 mg/kg of IDU given 48 hours after the virus 
inoculation was without effect on the survival t ime (Group B l l ) .  Ad- 
ministration of hydroeortisone every 24 hours after inoculation of the 
virus (Group A6) or in a single dose 24 hours after the inoculation (Group 
B 10) and its administration in a single dose 72 hours after the inoculation 
did not significantly change the survival t ime (Group AT). Herpes inter- 
feron given 24 and 48 hours after the inoculation in a dose of 1024 units 
(17) resulted in survival of only one of 15 guinea pigs (Group A9). Four 
of 8 guinea pigs survived when crude serum containing interferon (512 
units) was given daily for 5 days and a smaller virus inoculum was used 
(Group ]312). When 5 ml of acute peritoneal exudate and cells were given 
subcutaneously, there was an increase in the body temperature to above 
40 ~ C, which persisted for 48 hours, but the survival time was not sig- 
nificantly affected (Group A 11). A protective effect of a high body tem- 
perature has previously been shown in mice infected with encephalomyo- 
carditis virus (22). I t  also can be assumed that  the cells in the peritoneal 
exudate produce interferon. 

The injection of 5 ml of high neutralizing antibody ti ter serum (1 : 512) 
before appearance of symptoms, 72 hours after the inoculation of the 
virus, did not significantly affect survival time (Group B 1). Shortening 
of survival t ime was reported in mice infected with Venezuelan equine 
encephalomyelitis virus followed by treatment with immune serum (23). 

The effects of intr~peritoneal injections of a non-lethal (10 ~zg/kg) 
dose of bacterial (E. coli) endotoxiu 24, 48, 72 and 96 hours after in- 
oculation of the virus were determined in Groups ]35, Bd, ]33 and ]32, 
respectively. Although the animals given the endotoxin 24 hours after 
the inoculation of the virus showed no effect, those receiving it at 48 and 
72 hours after the virus inoculation showed a hyperreactivity to the 
endotoxin (24), but their survival t ime showed no significant deviation 
from the control distribution. The intraperitoneal injection of 0.5 ml 
of Freund's complete adjuvant 24 hours after the virus inoculation had 
no effect (Group B9). 

The intracerebral injection of 0.1 ml of the soluble antigens of herpes 
simplex virus with a CF t i ter  of 1:128, which were heated at 56~ for 
30 minutes and bad no infectivity in rabbit kidney tissue culture cells 
(12--13), 48 hours before the inocldation of the active herpes virus and 
their subcutaneous injection 72 hours before the inoculation produced 
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in each case complete protection. The intracerebral injection of the soluble 
antigens 24 hours after the virus inoculation (Group B6) and the sub- 
cutaneous injection of these antigens at this time had no significant effect 
(Group B 7). 

Discussion 

That the protective potency of an immune serum in vivo is different 
from its potency as determined by in vitro serological tests has been a 
common experience in the case of bacterial pathogens. With a non- 
replicating agent such as diphtheria toxin there is a 3.3- to 6-fold difference 
in L+/Lf ratios between y- and ~-immunoglobulins of diphtheria anti- 
toxin (25). 

Table 4 
P r o t e c t i v e  E f f ec t s  of 7 Sy 1, 7 Sy2  and yM Guinea  Pig 

I m m n n o g l o b u l i n  Herpes  N e u t r a l i z i n g  An t ibod ie s  aga ins t  
H e r p e t i c  E n c e p h a l i t i s  in Guinea  Pigs  

Passively transferred 
antibody titers 

512 
256 
128 

64 
32 
16 

N o n e  

Factor of 
dilution 

1:1 
2 
4 
8 

16 
32 

7Sy 1 

0/6 
O/6 
O/6 
1/6 
a/6 
6/6 

No. died/No, total 

7Sy 2 

o/6 
0/6 
2/6 
6/6 
6/6 
6/6 

18/18 

yM 

6/6 

Note: 50% protection determined by Reed and Muench's method (32); 
7Sy1=1:25.3,  7Sy2=1:8 .32,  then 7Syl :7Sy2=3 .04 :1 .  

I t  has been suggested that  difference in avidity may play a role in 
the differing degrees of protection afforded by different preparations 
of antiviral serum. However, evidence has been presented that  immuni- 
zation with poliovirus in man resulted in the production of antibodies 
which were widely different in avidity and titers, depending on various 
types of poliovirus vaccine used and the time of collection of serum after 
immunization (26). In  addition, a case in which only yM immunoglobulin 
antibodies against poliovirus wore produced has been described (27). 

In regard to herpes simplex virus infection, the results described above 
indicate tha t  differences in avidity are not as great as those in antibacterial 
antibodies and therefore tha t  such differences would not play an essential 
role in protection, except in special cases in which the local concentration 
of immunoglobulin is quite low (28). The 3-fold difference between the 
protective titer/virus neutralizing t i ter  ratio of the 7Sy1 and 7Sy2 
herpes immunoglobulins (Table 4) is of the same order of magnitude 
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as that found in diphtheria antitoxins described above. This difference 
may explain some of the discrepancies in the ability of different antisera 
to protect guinea pigs against virus infections. 

The question of why a potent immune serum fails to afford passive 
protection to animals infectext with nourotropie viruses after a certain 
incubation period also has not been fully explained. Thus although it 
has been shown that  specific immune sera can protect mice from peripheral 
inoculation of herpes simplex virus (29), rabbits from herpetic encephalitis 
(30), monkeys from paralysis produced by poliovirus (31), and mice 
from encephMomyocarditis virus (22), there appears to be a time after 
infection when immune sera cease to be effective (29). 

Our present data indicate that the protective effect becomes inopera- 
tive at about the time of the beginning of the exponential multiplication 
of the virus following the lag phase. I t  appears that  this critical t ime pro- 
tection can be obtained if sufficient immune serum is present to prevent 
the spread of the virus from the initially infected cells. 

Summary 
The relationships of the yM, 7 Sy 1 and 7 Sy2 immunoglobulins to the 

pathogenesis of herpetic skin infections and encephalitis were investigated 
in guinea pigs. The differences in the sequential appearance, avidity and 
secondary response of these immunoglobulins to booster inoculations of viral 
antigen and the types of immunologicaltissue injuries in immunized animals 
were detected. When the immunoglobnlins were purified by chromato- 
graphic and eleetrophoretie techniques there was a 3-fold difference 
between the passive protective potencies of the 7 Sy1 and 7 Sy2 immtmo- 
globulins. However, these immtmoglobulins could protect guinea pigs 
only when they were given prior to the phase of exponential multiplication 
of the virus. 
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