
UNCLASSIFIED

AD NUMBER

AD850331

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; MAR 1969.
Other requests shall be referred to
Department of the Army, Fort Detrick,
Attn: Technical Release Branch/TIO,
Frederick, MD 21701.

AUTHORITY

Biological Defense Research Lab ltr dtd 29
Sep 1971

THIS PAGE IS UNCLASSIFIED



AD

TECHNICAL MANUSCRIPT 519
* ... .....0

* -ooS .o..

INTERACTION OF
116: VENEZUELAN EQUINE ENCEPHALOMYELITIS VIRUS

0*5000*OWITH NEUTRALIZING ANTIBODY:
II. THE PERSISTENT VIRUS FRACTION

Nicholas Na0ho"

1H E L
C O- C d) Lm

se ... (aL '4- E 4)

8/ C -r --

MARCH 1969
. t~L) u C

C-4 a) cr >4 '0

! ' ) 0. .

005*00 0 fA L .Z m0

WJ £CI- 
W- 0 L -V.

**~~ ~ 0505 I- uVLM.
:oo, C V y

DEPARTMENT OF THE ARMY 0 -0
Fort Detrick L I

Frederick, Maryland u- m

. 2-



J

Reproduction of this Publication in whole or in
part is prohibited except with permission of the
Commanding Officer, Fort Detrick, ATTN: Technical
Releases Branch, Technical Information DivisionI
Fort Detrick, Frederick, Maryland, 21701. However,
DDC is authorized to reproduce the publication for
United States Government purposes.

DDC AVAILABILITY NOTICES

Qualified requesters may outain copies of this
publication from DDC.

Foreign announcement and dissemination of this
publication by DDC is not authorized.

Release or announcement to the public is not
authorized.

DISPOSITION INSTRUCTIONS

Destroy this publication when it is no longer
needed. Do not return it to the originator.

The findings in this publication are not to be
construed as an official Department of the Atmy
position, unless so designated by other authorized
documents.

WARM

0i

~e

. ........



S....

DEPARTMENT OF THE ARHY
Fort Detrick

Frederick, Maryland 21701

TECHNICAL MANUSCRIPT 519

INTERACTION OF VENEZUELAN EQUINE
ENCEPHALOMYELITIS VIRUS WITH

NEUTRALIZING ANTIBODY:
II. THE PERSISTENT VIRUS FRACTION

Nicholas Hahon

'..

* ~. b ;i* . . ;t

SExperimental Aerobioloty Diviston
AUROBIOLO & EVALUATION LABORATORIES

Project 13562602AO59 March 1969

I



2

In conducting the research described in this report, the
investigator adhered to the "Guide for Laboratory Animal
Facilities and Care," as promulgated by the Committee on
the Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Respurces, National Academy
of Sciences-National Research Council.

ACKNOWLEDGMENT

The technical assistance of W. Douglas Zimmerman is gratefully
acknowledged.

ABSTRACT

The persistent virus fraction that results from the interaction of
Venezuelan equine encephalomyelitis (VEE) virus with antiviral serum
is an infectious virus-antibody complex (sensitized virus) that can
be neutralized by anti-IgG serum. The quantities of virus sensitized
by VIE antiserum and neutralized by anti-IgG serum depend on the
concentration of these sera. In contrast to the marked temperature
and time dependence of VEE virus neutralization by antiviral serum,
neutralization of sensitized virus by anti-IgG serum is more rapid
(almost complete within I min at 35 C) and less sensitive to temperature.
Evidence that virus sensitization preceded neutralization indicates
that the persistent virus fraction is formed before virus neutralization
has actively begun. Within certain limits, neutralization of sensitized
virus by anti-Ig serum is species-specific. Differences in the ability
of anti-IgG, anti-IgA and anti-IgH sera to neutralize sensitized virus
indicate that the reaction is also influenced by the specificity of
the anti-imunglobulin.

Sensitized virus was partially neutralized by goat antiserum to
monovalent Feb fragments on human Igi and, to a lesser degree, by the
Vc fragment. Sensitized virus was neutralized by an in vitro mixture
of these fragments to almost the same degree as that neutralized by
goat antiserum to intact human IgG. Indirectly, these findings suggest
a role for the Pc fragment in virus neutralization.
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I. INTRODUCTION*

Recent studies on the interaction of VEE virus with antibody showed
that neutralization reaciioas were initially first order and then followed
curvilinear kinetics.' This anomalous behavior, reported with different
animal-virus and bacteriophage neutralization systems, 2-, has been
attributed to a small but definite fraction of a viral population that
resists neutralization even in the presence of excess antiserum after
prolonged treatment. Several hypotheses have been proposed to account
for this phenomenon: (i) heterogeneity of ,iral population .f which
a distinct portion resists neutralization," (ii) aggregation of virus
particles by antibody,"0 (iii) nonavidity of antibody, 6 (iv) dissociation
of the virus-antibody complex," (v) preaggregation of virus in suspension,'3

and (vi) formation of infectious virub-antiody complexes that sterically
hinder attachment of additional antibody.13 In view of supportive
experimental evidence for each of these diverse hypotheses, the possibility
exists that the manifestation of a non-neutralizable virus fraction often
observed in kinetic neutralization tests may involve several factors,
acting either individually or ;oncertedly: e.g., the state of virus, the
quality of antibody, the host cell system, or the circumstances of
neutralization. At present, the phenomenon has not been adequately explained
or the problem completely resolved.

This report describes an attempt to elucidate the phenomenon of the
non-neutralizable virus fraction as it relates to the VEE virus-antibody
system.

II. HATE IALS AND METHODS

A. VIRUS

The source and prer ration of the Trinidad strain of VEE virus was
described previously.i  The attenuated VEE virus strainis was obtained
from Dr. William A. Hankins, Fort Detrick, in the form of a susp. -sion
derived from infected chick fibroblast cell cultures. Both virus strains
were assayed by an imunofluore-acent cell-counting procedure. 4

B. VIRUS ANTISKROM

VEE antiserum was obtained from rhesus monkeys that had been exposed
I month earlier to an aerosol of approximately 1,000 cell-infecting units
(CIU) of virus. Human antiviral serum Was obtahed from a convalescent
patient. Sets were inactivated at 56 C for 30 min.

* This report should not bc used as a literature citation in material to be
published in the open literature. Readers interested in referencing the
information contained herein should contact the author to as-rtaln
when and where it may appear in citable form.
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C. CELL LINES

The McCoy cell line was used routinely for the assay of virus; its
cultivation and maintenance has been described previuasly.' Other established
cell lines and their media for growth were hamster kidney and L-929 cells,
medium 199 with 10% fetal calf serum (FCS); guinea pig lung cells, basal
medium Eagle (BME) with 10. FCS and 0.5. lactalbumin hydrolysate; Chang's
human conjunctiva cells, 109 with 10% FCS. Hamster kidney a7d L-929 cells
were maintained with medium 199 and 5% FCS; guinea pig lung and human
conjunctiva celils with BIE and 5% FCS.

D. KINETIC NEUTRALIZATION PIOCEDURE

Although the reactants and experimental conditions of neutralization
varied; In geniral, a suspension containing 1 x 108 CIU of virus per ml was
mixed with an equal volume of appropriteiy diluted monkey antiviral serum.
Roth reactants were prewarmed to the temperature employed for incubation
(35 C) before mixing. At intervals of incubation, 2 ml of the mixture was
withdrawn from the reaction tube and placed immediately into a vial held
in ice wter to arrest neutralization. Test samples were then diluted in
cold phosphate-buffered saline (PBS), pH 7.1, free of calcium and magnesium
ions, and assayed for unneutralized virus. A control mixture, consisting
of virus and normal monkey serum of toe same concentrations and volumes
as the test mixtures, was employed with each kinetic neutralization deter-
mination. The surviving fraction of virus was determined from the ratio of
unneutralized virus in the reaction tube to the virus titer in the control
tube at the designated incubation time intervals.

I . IINJOLOGICAL RZAGENTS

Normal goat serum was obtained from Pentex Laboratories, Kankakee,
Illinois. Coat anti-monkey games globulin (IgG) serum and goat antiserum
to human, chicken, guinea pig, rabbit, bovine, and mouse lgC were obtained
from kicrobiological Associates, Inc., Bethesda, Maryland. Goat antiserum 4

to human albumin, immoglobulins, and Fab (1&11) and Fc fragments were
obtained from Hyland Laboratories, Loa Angeles, California. Fragments were
prepared by pepsin digestion of anti-IgC serum. All sera were heated at
56 C for 30 min and diluted in PRS.

F. VIRUS SEBSITIZATIOI AN) ASSAY

The ters virus sensitization refers to the interaction of virus with
antiviral serum to form an infectious virus-antibody complex."f! In this
report, sensitised virus is used synonyuosly with persistent virus fraction.
VIE virs vas sensitized by mixing 1 x 10 CIU/ml of virus with an equal
v~lum of a 1:50 dilution of either monkey antiviral servm or of normal
mam*Ay sertm (control) and incubating at 35 C for I hour. Sensitized
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virus, in contrast to unsensitized virus, was susceptible to neutralization
by goat anti-monkey IgG serum. To test for sen irb'ri, treated virus
was generally mixed with an equal volume of a 1:5 dilution of goat anti-
monkey IgG serum and incubated at 4 C for 10 min. A control mixture
consisted of treated virus and normal goat serum. Appropriate dilutions
of test samples were made in cold PBS and assayed for surviving virus.
A reduction (0.3 log, units or greater) of the survivirg virus fraction,
calculated by subtracting the titer (log,, remaining after incubation
with goat anti-monkey IgG serum from the titer (log,,) of the control, was
indicative of virus sensitization.

III. RESULTS

A. MULTIt'LICITf CURVE

Kinetic curves of VEE virus neutralization with different antiscrum
concentrations are linear initially and then undergo a decrease in slope
that may reach a horizontal line.1 4  The degree of this curvature appears
to be dependent on the ratio of serum to virus; it is more pronounced
when the ratio is increased. This dependency was investigated further by
determining the neutralization curve at equilibrium of different
concentrations of serum mixed with a constant quantity of virus (I x 10
CIU/ml). After incubation at 35 C for 2 hours plus 4 C for I hour, reaction
mixtures were appropriately diluted and Assayed for surviving virus.

A multiplicity curve resulted that resembled a kinetic curve when the
logarithm of surviving virus were plotted against antiserum dilutions
(Fig. I). Fros the origin, the multiplicity curve was linear and then
became horizontal, even in the presence of high antiserum concentrations.
The survival of virus being constant at this portion of the curve indicated
that there is a fraction of virus, termed the persistent virus fraction.

that resists neutralization.

B. iACT(S INFLUENCING APEARANCE AND ,MAGNITUDE OF PERSISTENT VIRUS
FRACTION

A report that the persistent fractio.i of virus populations was caused
by aggregated virus1Z prompted an invesrigation to determine whether
the virus preparation used in this study vis siailarly affected. Kinetic
neutralization tests were made with ".10 d.lutions ot monkey antiviral
serun mixed in equal volumes vit. ui4'lttered uirus, sonic-treated (20 kc,'sec,
2 sin) virus, or virus filtered thro jh 0.2-p or 0 .1 -. porosity membraes
(Millipore Corp., bedford, Mass.) in accord with the described procedure.
Appropriate tubes containing normal serus and virus served as controls.
Reactions were carried out in the manner described earlier. Results in
Figure 2 show that neutralization reactions proceeded initially at a linear



1.0

0
4-

w

16

5 10 15 20 25

Serum Dilution, 10-3
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and similar rate with all virus preparations employed. Deviations from
linearity first occurred with both unfiltered and sonic-treated viruses
and resulted in equivalent levels of persistert virus fractions. Although
the linearity of the reactions continued slightly longer with filtered
virus preparations, the persistent virus fraction still appeared. The
level of these fractions was lower, however, than that of the unfiltered
and sonic-treated virus preparations, These observations seem to indicate
that preaggregation of virus is not the dominant cause of the persistent
VEE virus fraction, although aggregation may contribute to the level
of the persistent fraction.

In view of numerous reports attesting to the potentiation of virus
neutralization by antiserum with the addition of heat-labile serum
components,' 1 - °20 these additives were investigated to determine whether
any change in the quantity of the persistent virus fraction resulted.
Kinetic neutralization experiments were made with test mixtures consisting
of 5 x 108 CIU/ml of virus, 1:10 dilution of monkey antiviral serum, and
fresh or inactivated (56 C, 30 min) undiluted guinea pig serum. Control
mixtures consisted of virus, fresh or inactivated guinea pig serum, and
normal monkey serum. Reactants were prewarmed before mixing; the reactions
were carried out at 35 C. Both neutralization curves were linear for the
first few minutes and then deviated from first-order kinetics within 10 min
after the onset of neutralization (Fig. 3). In the presence of fresh
guinea pig serum, the neutralization reaction velocity increased and the
persistent virus fraction was reduced but not eliminated.

It is generally recognized that the fraction of virus particles
surviving neutralization may depend on the cell type employed for virus
assay.21  3 Different host cell systems were used to assay virus to
determine their effect on the quantity of the persistent virus fraction.
A kinetic neutralization test was made in the usual manner using a 1-50
dilution of monkey anti-viral serum; reaction samples taken at intervals
of incubation were then assayed in parallel on five cell lines: M4' oy,
L-929, hamster kidney, Chang's human conjunctiva, and guinea pig lung.
The human conjunctiva cell line was purposely included in the experiment
because it was reported to be less capable of supporting VEE virus
growth.3' Results in Figure 4 show that the kinetic neurralization curves
and the level of the persistent virus fractions were similar with all
host-cell systems. Among the cell systems tested, surviving virus fractions
differed from one another by less than 5% at that portion of the
neutralization curve that reaches a conatant value. Dulbecco et al.3 also
failed to demonstrate any difference in the shape and slope of multiplicity
curves with the limited cell types used for assay of surviving virus. These
findings, however, do not preclude the possibility that the choice of host
cells used in the assay of virus may influence the level of the persistent
virus fraction.
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To determine whether the persistent virus fraction constituted a
gepncically resistant population, surviving virus was passed twice
in'racerebraliy in mice. Parallel kinetic neutralization tests were
performed using a 1:50 dilution of monkey antiviral serum mixed with
parent virus (original virus suspension) or progeny virus (persistent
virus fraction passed twice in mouse brains). A similar test was also

carried out with an attenuated VEE virus strain. Both the parent and
progeny viruses showed almost identical neutralization curves (Fig. 5);
compared with both these viruses, the rate of neutralization of attenuated
virus was greater. A persistent virus fraction was also manifested with
the attenuated virus; however it was lower in quantity than that noted
with the other two viruses- Kinetic neutralization tests performed under
similar conditions with parent or attenuated viruses mixed with attenuated
monkey antiviral serum resulted in neutralization cures comparable to
those shown for the corresponding viruses in Figure 5. These experiments
indicate that resistance of virus particles to neutralization, manifested
by a constant quantity of surviving virus, is not the result of a stable
genetiz mechanism. Experimental results obtained with different systems
of virus-antibody znd host cells support this conclusion.

4 'S'26

The persistent virus fraction incubated at 35 C for 30 min with
additional antiserum of high concentration was refractory to further
neutralization. Similarly, it was unaffected after incubation with
ribonuclease (2 4g/ml). The latter, in agreement with findings with
Newcastle disease virUS,4 indicates that the persistent virus fraction
is not caused by the presence of infectious viral RNA.

C. NEUTRALIZATION OF PERSISTENT VIRUS FRACTION BY ANTI-IgG SERUM

Persistent virus fractions have been observed when lactic dehydrogenase
or herpes simplex viruses were incubated with their respective antisera.13 ''6

These fractions are in the form of infectious virus-antibody complexes
that may be neutralized by goat anti-mouse IgG serum. In a kinetic
neutralization experiment to determine whether these findings could be
extended to the VEE virus-antibody system, dilutions (1:50) of monkey
antiviral or normal serum were mixed with equal volumes of I x 108 CIU/ml
of virus suspension and then incubated at 35 C. Reaction mixtures Were
sampled at different time intervals and assayed for unneutralized virus,
Samples were also mixed with equal volumes of 1:5 dilutions of either
goat anti-monkey IgG serum or normal goat serum to test for sensitized
virus as described earlier. Results in Figure 6 show that the initial
rate of neutralization in the mixture of virus and antiviral serum was
linear and then deviated as a result of a persistent virus fraction.
The quantity of virus that was neutralized by VEE antiserum was
approximately 1.0 log,, unit. Although the addition of normal goat serum
to virus-antiserum mixtures did not alter the kinetic curve, goat anti-
monkey IgG serum significantly reduced the Oersistent virus fraction by

- .I II
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more than 3.0 log,,, units. The total quantity of virus neutralized exceeded
4.0 log,, units. These findings imply that the persistent VEE virus fraction
existed in the form of an infectious virus-antibody complex (sensitized
virus) and that it could be neutralized by antibody not directed against the
virus.

D. PARAMETERS OF NEUTRALIZATION OF CENSITIZED VIRUS BY ANTI-IgG SERUM

To define the conditions of neutralization by anti-IgG serum, the effect
of antibody' concentration on virus sensitization was first investigated by
mixing different dilutions of monkey antiviral serum with 5 x 108 CIU/ml
of virus in equal volumes and incubating the mixtures at 35 C for 1 hour.
Portions of tue mixtures were assayed for unneutralized virus; other portions
were mi:,d with an equal volume of a 1:10 dilution of goat anti-monkey IgG
serum, incubated Lt 35 C for 1 hour, and then assayed for surviving virus.
Normal monkey or goat serR served as controls. The data in Tille I show
that 1:10 dilution of VEE antiserum neutralized the greatest amount of virus
(2.0 logo); the quantity decreased in the presence of higher antiserum
dilutions. The addition of goat anti-monkey IgG serum neutralized 3.7 log,,
units more of virus with both 1:50 and 1:100 dilutions of VEE antiserum.
In the presence of higher VEE antiserum dilutions (1:500 to 1:5,000), where
little virus neutr&lization occurred, more than 1.5 log 0 units of virus were
neutralized by anti-IgG serum. Virus sensitization, therefore, had also
resulted with the high VEE antiserum dilutions. With the 1:10 dilution
of antiviral serum, anti-IgG serum was slightly inhibited in its neutraliza-
tion of sensitized virus. That excess unbound IgG in the reaction mixture
can prevent anti-IgG from reacting with sensitized virus has been suggested
as the cause of the observed inhibition.13  In general, however, greater
concentrations of antiviral serum sensitized more virus.

The effect of dirferent concentrations of goat anti-monkey IgC serum on
the neutralization of sensitized virus was determined by first mixing I x 108
ClU/ml of virus with an equal volume of I:jO dilution of antiviral monkey
serum. Mixtures were incubated at 35 C for I hour to effect virus sensitiza-
tion. In equal portions, sensitized virus suspension was mixed with
different dilutions of goat anti-monkey IgG serum or normal goat serum
(control), incubated at 35 C for I hour, and then assayed for surviving
virus. Results show that neutralization of sensitIzed virus is dependent
on the concentration of anti-IgG serum (Table 2). Greater amounts of
sensitized virus were neutralized with increased concentrations oi anti-
IgC serum. .

The effects of time and temperature on the neutralization of sen'itized
VUZ virus by goat anti-monkey IgG serum were investigated. Virus was
sensitized as described earlier and then mixed with anti-IgG serum. Mixtures
vere incubated at 35 C or 0 C, sampled at prescribed time intervals, and
then as ayed for sjrviving virus. Results in Table 3 show that sensitized
virus was neutralized by anti-IgG serum almost completely within I min at
35 C br*. less rapidly at 0 C.
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TABLE 2. NEUTRALIZATION OF SENSITIZED VEE VIRUS BY DIFFERENT CONCENTRATIONS
OF G(XT ArTI-MONKE IgG SERUWe

Dilution of Surviving Virus
Goat Anti-Monkey Virus Titer, Fraction,

IgO Serua logl0 CIU/ml loglo CIU/Ml

1:2.5 2.4 -4.3

1:5 3.1 -3.6

1:12.5 4.1 -2.6

1:25 4.6 -2.1

1:50 4.7 -2.0

1:250 5.3 -1.4

1:2.5 (normal goat serum) 6.7 0.0

a. Appromimately I x 108 CIU/ml of virus was mixed with an equal volume of
1:50 dilution of VIE monkey antiserua and incubated at 35 C for 1 hour
to effect virus sensitization. Anti-IgG was mixed with sensitized virus
and incubated at 35 C for 1 hour.

75°. i. ':;L a
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TABLE 3. EFFECT OF TIME AND TEMPERATURE ON THE NEUTRALIZATION
OF SENSITIZED VEE VIRUS BY GOAT ANTI-MONKEY IgG SERUfh/

35C OC
Time, Surviving Virus Surviving Virus
min Virus Titer Fraction Virus Titer Fraction

1 4.4 -2.3 4.u -2.5

3 4.5 -2.2 4.2 -2.3

5 4.4 -2.3 4.3 -2.2

15 4.4 -2.3 4.3 -2.2

Control 6.7 0.0 6.5 0.0

a. Approximately 5 x 108 CIU/ml of virus was mixed with an equal
volume of 1:50 dilution of VEE monkey antiserum and incubated at
35 C for I hour to effect virus sensitization. Portions of
sensitized virus were mixed with equal volumes of 1:10 dilutions
of goat anti-moniey IgG serum and incubated (35 C or 0 C) for
prescribed time periods. Both reactants were at the desired
incubation temperature before mixing. Sensitized virus mixed
with 1:10 dilutions of normal goat serum and incubated (35 C or
0 C) for 15 min served as controls. Samples were diluted in
ice-cold PBS and assayed for surviving virus. All data indicate
log'- CIU/ml.

To determine t'e time relati-nship between neutralization and
sensitization of VEE virus by antib0ody, a kinetic neutralization test was
carried out in the usual manner; the concentration of reactants was similar
to that of the preceding experiment. Reaction mixtures were sampled at
different time intervals and assayed for unneutralized virus. A portion
of each sample was treated with anti-IlG serum and then assayed for
sensitized virus. Results reveal that virus sensitization preceded virus
neutralization (Table 4). During the 0 5- to 4-rin incubation time interval
virus neutralization continued but the quantity of sensitized virus
remained constant. Cursory evidernce of these events was observed in the
early sample period of a preceding experiment (Fig. 6). These data suggest
that a major portion of the persistent virus fraction was an entity at the
onset of virus neutralization by antiviral serum. I

I
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AEZ4, SENSITIZATION PRECEDING NEUTRALIZATION
OF VEE ViRUS BY ANTIBODY.-a/

Tim, Surviving Virus Fraction
min Neutralization Sensitization

0.5 -0.3 -.

1 -0,4 -4.3

2 -0.6 -4.3

4 -0.7 -4.3

Control 0.0 0.0

a. Approximately I x 108 CIU/ml of virus was mixed
with an equal volume of 1:50 dilution of VE
monkey antiserum or normal monkey serum, incubated
at 35 C and sampled at designated time intervals.
Samplesn were held at 0 C, diluted in ice-cold PBS,
and assayed for surviving virus. Portions of
undiluted virus-antiserum mixtures were mixed with
equal volumes of 1:5 dilutions of goat anti-monkey
IgG serum or normal goat serum, held at 0 C for

-, - 10 min, and assayed for surviving virus. All data
indicate 1oglo CIU/ml.

b. Normal monkey or goat serum.

The capacit) of gwt anti-IgG aerum of different animal species to
neutralirea virus that had been sensitized by monikey antiviral serum wes
tested. Sensitiz~ed virus was mixed with anti-T~gG serum of different species,I incubated at 35 C for 10 min, and then assayed -Lor surviving virus. Results
in Table 5 show timt maximal neutralization of sensitized virus occurred
with goat aunti-monkay serum and, to a lesser degree, with goat anti-human
IgG serum. That goat anti-human IjG seruim reacting with virus sensitizedIby ao nkey antieerum was capable of cross-neutraliz~ation is suggested. by the
date, Ant1.-I&G serum of other animal species did not significantly neutralize
sensitized virus,

To explore further the cross-neutralization phenomenon, a reciprocal
neittralizatiort test was made by reacting virus that had been sensitized with
either monkey or human antiviral serum with goat anti-monkey or anti-human
TgG serum. Almost complete reciprocity of neutralizat' n of sensitized virus
by homologous and heterologous anti-ISG sera resulted (Table 6). The
exception was virus that had been sensitized with monkey antiviral serum
and reacted with nnti-human IgG serum. The quantity of sensitized viyus

neutralized by this combination was less than that with the other test

c,)mbiations
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TABLE 5. NEUT7ALIZATION OF SENSITIZED YEE ViRUS BY GOAT
ANTX-IgG SMRVT OF DI_7RF 'T SFECIESLi

Surviving Virus

Goat Serum Virus Titer Fraction

Anti-monkey Igt4 3,1 -3.6

Anti-human IgG 5.7 -1.0

Anti-chicken IgG 6.7 0.0

Anti-guinea pig IgG 6.6 -0.1

Anti-rabbit lgG 6.5 -0.2

Anti-bovine IgG 6.5 -02

Anti-mouse IgG 6.5 -0.2

Norma 1 6.7 0.0

a. Approximately I x 108 CIU/ml of virus was mixed with an equal
volume of 1:50 dilution of VEE monkey antiserum and incubated
at 35 C for I hour to effect virus Be itization. Portions
of sensitized virus were then mixed with equal volumes of
1:2.5 dilutions of goat antiserum to IgG serum of -ach
different species and incubated at 35 C for 10 min. Samples
of each mixture were appropriately diluted in PBS and
assayed for surviving virus. All data indicate log,, CIU/ml.

TABLE 6. SENSITIZATION OF VEE VIRUS BY HUMAN tR MONKEY ANTISERUH WITH
CROSS-NEUTRALIZATION BY HOMOLOGOUS AND HETEROLOWUS

GOAT ANTI- IgG SERUIe/

Antiserum for Neutralization Serum
Virus Sensitixation Goat Anti-Human IgG Goat Anti-Monkey IgG

Human -3.6 -3.5

Monkey -1.0 -3.6

a. approximately 1 x 108 CIU/ml of virus was mixed with an equal volume
of 1:50 dilution of vgE unkey or human antiserum and incubated at 35 C
for 1 hour to effect virus sensitization. Portions of sensitized virus
were then mixed with equal volumes of 1:2.5 dilutions of goat anti-human
or anti-monkey IgG serum or of normal goat serum (control) and incubated
at 35 C for 10 min. Samples were diluted in PBS and assayed for
surviv.kng virus.

b. All data indicate log 0 CIU/ml.
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The neut~alization of sensitized virus by different classes of im uno-
globulins was determined by first sensitizing virus with human antiviral
serum and then reacting the virus with different goat anti-human immuno-
globulins. Maximal neutralization of sensitized virus was observed with
ani-IgC serum and, to a lesser extent, with anti-IgA serum (Table 7). Virus
we* not neutralized by either anti-IgM or anti-albumin sera. These results
are similar to those reported by Notkins et al.26 who additionally noted
neutralization of lactic dehydrogenase virus by anti-mouse IgF serum.

TALI 7. NEUTRALIZATION OF SENSITIZED (VEE HUMAN ANTISERUM) VIRUS BY
DIPFERENT CLASSES OF COAT ANTI-HUMAN IMMUNO BULINS./

Goat Antiserum to Surviving Virus
Human Immnoglobulin Virus Titer Fraction

IgO 3.3 -3.6

IgA 4.5 -2.4

IgM 6.9 0.0

Albumin 7.0 0.0

Normal goat serum 6.9 0.0

a. Approimtely 1 x 108 CIU/ml of virus was mixed with an equal volume of
1:25 dilution of VEE human antiserum and incubated at 35 C for 30 min
to effect virus sensitization. Portions of sensitized virus were then
mixed with equal volumes of undiluted goat antiserum to different human
immunoglobulins, albumin, or normal goat serum and incubated at 35 C
for 10 min. Samples were diluted in PBS and assayed for surviving
virus. All data indicate loglo CIU/ml.

To determine whether antiserum to monovalent fragments of IgG has the
capacity to neutralize sensitized virus, the virus was sensitized with human
antiviral serum and then incubated with goat antiserum to either Fab or Fc
fragments of human IgG. A mixture of antisera to Fab and Fc fragments was
also reacted with sensitized virus. Results in Table 8 reveal that antibody
to monovalent Fab fragments was capable of neutralizing sensitized virus.
Antibody to the 7c fragment also neutralized virus that had been sensitized,
but the quantity was 1.0 log,, unit less than that neutralized by antibody
to Fab fragments. The mixture of antisera to both Fab and Fc fragments
neutralixd virus to almost the same degree as intact anti-IgG serum.
I irectly, the evidence suggests that the Fc fragment, devoid of combining
sites but containing structural features necessary for other biological
functions,0 7 plays a role in virus neutralization. These findings, in
relation to available evidence on the neutralization of viruses by IgG
fragments, are discussed subsequently.
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TABLE 8. NEUTRALIZATION OF SENSITIZED (VEE HUMAN ANTISERUM) VIRUS BY
GQ4T ANTISERUM TO PAPAIN-DIGESTED FRAGMENTS OF IgO-/

Goat Antiserum to Surviving Virus
Human IgG Fragments Virus Titer FrActionb/

Fc 6.1 -0.6

Fab 5.1 -1.6

Fc + Fab 3.9 -2.8

IgG 3.7 -3.0

Normal goat serum 6.7 0.0

a. Approximately 1 x 108 CIU/ml of virus was mixed with an equal volume of
1:25 dilution of VEE human antiserum and incubated at 35 C for 30 win
to effect virus sensitization. One part undiluted goat antiserum to
IgG fragments of normal goat serum were mixed with two parts sensitized
virus and one part PBS diluent. Mixtures were incubated at 35 C for
10 mi , appropriately diluted in PBS, and assayed for surviving virus.
All data indicate logl0 CIU/ml.

IV. DISCUSSION

The studies reported here indicate that the persistent virus fraction
manifested when VEE virus interacted with neutralizing antibody was not the
direct result of aggregation of virus particles, heterogeneity of virus
population, infectious viral RNA, or the host cell system employed for virus
assay. Nor was dissociation of the virus-antibody complex a factor,
because previous studies with VEE virus demonstrated that neutralized virus
was not appreciably reactivated under physiologic conditions.1 The fact
that prolonged incubation of virus-serum mixtures in the presence of excess
virus antiserum did not result fn fu,:ther virus neutralization is additional
evidence against a dissociation phenomenon. The level of the persistent
virus fraction was only slightly lowered when heat-labile serum factors
from fresh guinea pig serum were added to virus-antibody mixtures. The
persistent fraction of V39 virus was in the form of an infectious virus-
antibody complex (sensitized virus) that could be neutralized by anti-IgG
seruw, ua antibody not directed and inactive against the virus itself.
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Investigatiou of determinants that may affect the formation and neutrali-
zatioa of the infectious complex showed that the quantities of virus sensitized
by antiviral serum and neutralized by anti-IgG serum increased with higher
concentzations of these respective sera. With the highest antiviral serum
concentration employed for virus sensitization, however, neutralization of
sensitized virus by anti-IgG serum was slightly inhibited. This phenomenon
has been attributed to unbound IgG that prevents anti-IgG antibodies from
reacting with sensitized virus.13 In this study, the reverse situation
was also noted, with high concentrations of anti-IgG serum inhibiting
neutralization of virus by VER antiserum. When virus, monkey antiviral
serum, and goat antiserum to monkey IgG or norml goat serum were mixed
simultaneously and incubated, virus neutralization by antiviral serum was
mrkedly inhibited in reaction tubes containing anti-IgG serum but not in
tubes containing normal goat serum.

Virto sensitized with VEN monkey antiserum was not neutralized by anti-
IgG sera of different animal species. An exception to these findings was the
partial neutralization of sensitized virus by goat anti-human IgO serum.,
Reciprocity of neutralization of sensitized virus (formed with monkey or human
antiviral serum) was almost complete by homologous and heterologous anti-
I4 sera (Table 6). The cross-reactivity is probably the consequence
of a comon globulin antigenic determinant shared by species of the Primate
order. In general, however, neutralization of sensitized virus by anti-IgC
serum appears to be species-specific.

The specificity of the anti-imunoglobulin also af!fected the neutralization
of sensitized VII virus. axiiml neutralization was noted with anti-ISC
serum and to a lesser extent with anti-IgA serum; anti-IgM serum had no
neutralizing effect. Although this suggests that VRE virus was not sensitized
with ISM antibody, additional tests are needed to determine whether virus
can be sensitized with IgM antiviral antibody and then neutralized by anti-
ISM serum before this assumption is warranted. a s

In contrast to the marked temperature and time dependence of V59 virus
routralisation by antiserum,1 neutrulization of sensitized virus by anti-
IgG serum was rapid and less sensitive to temperature. Sensitized VIE virus
was neutralized almost completely within 1 min at 35 C and within 3 to 4 min
at 0 C. Previous studies showed that sensitized lactic dehydrogenase 2 s and
herpes samplex viruses13 were neutralized by anti-ISG serum at 4 C within
1 sin and 15 sec respectively. Differences iii temperature did not signi-
ficantly affect the reaction. Evidence that sensitization of VM virus
precedes neutralization (Table 4) is highly -ertinent to the problem of the
persistent virus fraction. Apparently, a ma.ior portion of the persistent

I virus fraction is forme before virus neutralization by antiviral serum
has actively begun. The foiation of virus-antibody complexes, which are
not necessarily neutral, prior to viral inactivation has been reported in
other virus neatralisatiou system.* 6 °2 s These findings suggest that virus
sensitization in some way prevents additional ant'viral antibody, which is

777,
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necessary for neutralization, from attaching to virus particles. That
aggregation of sensitized VEE virus particles my be a factor in the
inhibition of virus neutralization is not supported by this study or
by findings with other viruses. "

1 29*2u Antibodies to both monovalent
fragments of IgG and intact IgG were capable of reaching and netitralizing
sensitized VEE virus rapidly and effectively. It is also relevant that
monovalent Fab fragments of papain-digested antit'era to influenza or
herpes simplex viruses (not prone to produce aggregates) sensitized
and reduced the neutralization of these viruses by undigested antiviral
sere. 5s '3 0  The neutralization of low concentrations of sen~itized VUE
virus by anti-IgG serum precludes lattice formation as a possible cause
of inhibition of virus neutralization.

Although the quality of antibody participating in VEt virus sensitization
and neutralization was not investigated, it has been postulated that the
persistent virus fraction arises, at least in part, from the presence
of nonavid antibody in antiserum.o*31'a3  This type of antibody can
combine reversibly with the virus surface but does not form a stable
union. Results of a recent study on the properties of both early and late
7S and 19S neutralizing antibodies to herpes simplex virus indicate that
both common and distinctive properties exist in the ability of these
antibodies to sensitize virus for subsequent neutralization by anti-IG
serum or complement. 3  It appears that the quality of aratibody prtici-
pating in virus neutralization reactions could be a factor contributing
to the phenomenon of the persistent virus fraction.

The assessment of individual antibody subunits in the interaction
between virus and antibody has been facilitated within recent years with
the demonstration that antibody molecules my be degrac.ted ensymtically. 3 4

Monovelent Fab fragments of goat anti-mouse serum or goat anti-rabbit
IgG serum have been shown to neutralize, in part, lactic dehydrogenase
viruses and poliovirus.26 respectivftly. The former virus was not
neutralized by the Fc fragment. Although the Fc fragment does not contain
antigen-binding sites and has not been specifically related to antigen-
binding activities,3 limited virus neutralization activity of this
fragment has been reported. 3 s It has been assumed that contamination
with undigested IG or other active fragments is responsible for the
activity exhibited by the Fc fragment. 35, 3  In this study on VIS virus
neutralization, sensitized virus was partially neutralized by goat
antiserum to monovalent fragments of human IUG and, to a lesser degree,
by the Fc fragment. It was also noted that VII virus sensitized with
antiviral human serum was neutralized by a mizxture of goat antisera to
ab and Pc fragments of human WgG (Table 8). Sensitised VIE virus was

neutralized to almost the same degree as that neutralized by goat
antiserum to intact human 1g. Indirectly, thesr i aug .st a role
for the Fc fragment in virus neutralization. Observations by othcrs on
the inability of Fab fragments to establish and mintuin neutralization
of virus3 6 - 3 favor the concept that the Fc fragment may complete the
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structural configuration necessary for antibody to exert its most efficient
it.....ralising power. Effective virus neutralization, therefore, is not only
a function of the antigen-binding site# of the antibody but may depend
on the entire structure of the IgG molecule.3 6

Although the experiments reported here do not clearly define the
mechanism by which neutralization of sensitized virus by anti-IgG serum
occurs, the evidence adds support to hypotheses proposed by others. 1 6 5 2

A secondary reaction is involved in the interaction of anti-IgG with
sensitised virus. Neutralization of the infectious virus-antiserum complex
by anti-IgG is effected by an Increase in size of the complex or the formation
of bridges that cover or block critical Infective site# on the virus particle.
The inefficiency of monovalent Fab antibody fragments to block completely
the reactive site* on the infectious virus-antibody complex may be related
to their reduced size or the need for the ic antibody fragment to provide a
camplete and effective configuration on the complex. Electron microscopy
studies have revealed changes in the size of virus-antibody complexes that
my be related to the valency of Fab fragments.'0 Fractionation techniques

of antibody molecules, the use of anti-IgG serum to assay sensitized virus,
and electron microscopy examinations of virus-antibody coaplexes offer t.he
means for elucidating further the stages and mechanism Involved in virus
neutralization.
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The persistent virus fraction that results from the interaction of Venezuelanf
equine ancephalomyiin (VII) virus vith antiviral serum io an 'fectious virus-
antibod) compla (sensitized virus) that can be neutralized by enti-IgG serum. The
quantities of virus ..nsitixed by VII antiserum and neutralixed by anti- Wg loorils
depend on the coceatration of theme *or&. In contrast to the marked teperature
end timis dependence of VIE virus neutralization by antiviral serusm, neutraliatica
of sensitized virus by anti-IgC serum is more rapid (almost complete within I mm I
at 3$ C) and lars, sensitive to temperature. Kvidonce that virus sensitization
preceded neutralization Indicates that the persistent virus fraction is forotud
W~ore virus neutrallatioa hee actively begun. Within Icertain limits, neutrali-

sation of sendItfzed virus by anti-UGC serum is species-specific. Differences
Is the ability of anti-IW, ati-I&A, and anti-ISgM sera to neutralize sensitized
virus indicat, that the reaction is also influenced by the specificity of the anti-

Sensitized virus was pertially neutralized by Soot antiserum to mofrove lent
Feb fragpients on humn ISO and, to a Lesor degree, by the Vc fragment. Sensitized4
virvo woo neutralized by an in vitro mixture of these fragments to almost the same
degr~ee so that neutrolized by goat antisrum t, intact human WG. Indirectly,
there findiags sougeat a role for the Fc fragment in virus neutralization.
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