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ABSTRACT

The persistent virus fraction that results from the interaction of
Venezuelsn equine encephalomyelitis (VEE) virus with antiviral serum
i3 an infectious virus-antibody complex (sensitized virus) that can
be neutralized by anti-IgG serum. The quantities of virus sensitized
by VEE antiserum and neutralized by anti-IgG serum depend on the
concentration of these sera. In contraet to the mirked temperature
and time dependence of VEE virus neutralization by antiviral serum,
neutrglization of sensitized virus by anti-IgG serum is more rapid
(almost complete within 1 min at 35 C) and less sensitive to temperature,
Evidence that virus sensitizaticn preceded neutralization indicates
that the persistent virus fraction {s formed before virus neutralization
has actively begun. Within certain limits, neutralization of sensitized
virus by anti-1gG serum is species-specific. Differences in the ability
of anti-IgG, anti-IgA, and anti-IgM sera to neutralize sensitized virus
indicate that the reaction is also influenced by the specificity of
the anti-immunoglobulin,

Sensitized virus was partially neutralized by goat antiserum to
sonovalent Fab fragments on human IgG 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
a8 role for the Fc fragment in virus neutralization.
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I. INTRCDUCTION*

Recent studies on the interaction of VEE virus with antibody showed
that neutralization reac.-icas were initially first order and then followed
curvilinear kinetics.> This anomalous behavior, reported with different
animal-virus and bacteriophage neutralization systems,® " has been
attributed to 2 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: (1) heterogeneity of viral populaticrn 3f which
a distinct portion resists neutralization,” ({i) aggregation of virus
particles by antibody,’® (iii) nonavidity of antibody,® (iv) dissociation
of the virus-antibody complex,! (v) preaggregation of virus in suspension,?
and (vi) formation of infectious virus-antivody complexes that sterically
hinder attachment of additional antibody.'® 1In 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 concertedly: 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,

II1. MATERIALS AND METHODS

A. VIRUS

The source ard pternration of the Trinidad strain of VEE virus was
described previously.}® The attenuated VEE virus strain’® was obtained
from Dr. William A, Hankins, Fort Detrick, in the form of a susp. asion
derived from infected chick fibroblsst cell cultures. Both virus strains
vere assayed by an fmmunofluorescent cell-counting procedure.*?

B, VIRUS ANTISERUM

VEE antiserum was obtained from rhesus monkeys that had been exposed
1 month earlier to an zerosol of approximately 1,000 cell-infecting units
(ClU) of virus. Human antiviral serum was obta{~ed from & convalescent
patient, Sera were inactivated at 56 C for 30 min.

* This report should not be used as a2 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~ertain
when and vhere 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 previcusly.! Other established
cell lines and their media for growth were hamster kidney and L-929 cells,
aedium 199 with 107% fetal calf serum (FCS); guinea pig lung cells, basal
sedfum Eagle (BME) with 10% PCS and 0.57% lactalbumin hydrolysate; Chang's
buman conjunctiva cells, BME with 102 FCS. Hamster kidney a-d L-929 cells
vere maintained with medium 199 and 5% FCS; guinea pig lung and human
ceajunctiva cells with BME and 5% FCS.

D. KINETIC NEUTRALIZATION PROCEDURE

Although the reactants and experimental conditions of neutralization
varied; in genera!, a suspension containing 1 x 108 cIu of virus per ml was
mixed with an equal volume of appropriately diluted monkey antiviral serum.
Both reactants vere prevarmed to the temperature employed for incubation
(35 C) before mixing. At intervals of incubation, 2 ml of the mixture was
vithdrawn from the reaction tube and placed immediately into a vial held
in {ce water to arrest neutralization. Test samples were then diluted in
cold phosphate-buffcred saline (PBS), pH 7.1, free of calcium and magnesium
ifons, and assayed for unneutralized virus. A control mixture, consisting
of virus and norma]l mounkey serum of the 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
umneutraiized virus in the reaction tube to the virus titer in the control
tube at the designated {ncubation time intervals.

E. IMMUBROLGGICAL REAGENTS

Normsl goat serum wag obdtained from Pentex Laboratories, Kankskee,
Illinoi{s. Coat #nti-monkey gammm globulin (IgG) serum and goat antiseru=
to humsn, chicken, guinea pig, rabdit, bovine, and mouse IgC were obtained
from Microbtlological Associates, Inc., Bethesda, Maryland. Goat antiserus
to husan albumin, fmsunoglobulins, and Fab (1&11) and Pc fragments were
obtained from Hyland Laboratories, Los Angeles, Californfa. Pragments were
prepared by papafin digestion of anti-IgC serum. All sera wvere heated at
56 C for 30 min and diluted in PBS,

¥. VIRUS SENSITIZATION AMD ASSAY

The term virus sensftization refers to the interaction of virus with
antiviral serus to form &n infectious virus-antibody complex.'® 1In this
report, sensitised virus {s used tynony-oxsly vith persistent virus fractjon.
VER virus was sensitized by mixing 1 x 10% CIU/ml of virus with an equal
volume of a 1:50 dilution of efther monkey antiviral servm or of normal
mookey serum (control) and incubating at 35 C for | hour. Sensitized




virus, in contrast to unsensitized virus, was susceptible to neutralization
by goat anti-monkey IgG serum. To test for sensitizatinn treated virus
was generally mixed with an equal volume of & 1:5 dilution of goat anti-
monkey 1gG 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. MULTIrLICITY 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.'* 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 (1l x 10%
CIU/ml). After incubation at 35 C for 2 hours plus & C for ] hour, reaction
mixtures were appropriately diluted and assayed for surviving virus.

A multiplicity curve resuited that resembled a kinetic curve when the
logarithms of surviving virus were piotted agzinst antiserum dilutions ;
(Fig. l). From the origin, the multiplicity curve was linear and then i
became horizontal, even {n 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 neutralizaztioun.

Lot

S

-rtgen

B. FACTORS INFLUENCING APPEARANCE AND MAGNITUDE OF PERSISTENT VIRUS
FRACTION

A report that the persistent fractior of virus populations was caused
by aggregated virus’* prompted an investrigation tc determine whether
the virus preparatfon used i{n this study uves s.milarly affected. Kinetic
neutralization tests were made with ..iC d.ilutions of monkey antiviral
serum mixed {n equal! volumes with uii'fltered virus, sonic-treated (20 kec/sec,
2 min) virus, or virus filtered thro th 0.2-y or C.l-. porosity membraies
(Millipore Corp., Bedford, Mass.) in accord vith the dercribed procedure.’?
Appropriate tubes containing ncrmal serum and virus served as controls.
Reactions were carried out in the msnner described earlier. Results in
Figure 2 show that neutralization reactions proceeded initially at a linear

S i b s e G
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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 virue fractioms. 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 L
and sonic-treated virus preparations. These observations seem to indicate e
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,®*27-20 these additives were investigated to determine whether
any change in the quantity of the persistent virus fractiom resulted.
Kinetic neutralization experiments were mede with test mixtures consisting
of 5 x 108 CIU/ml of virus, 1:10 dilution of monkey antiviral serum, and
fresh or inectivated (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., Roth 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 f{raction of virus particles
surviving neutralization may depend on the cell type employed for virus
assay.?!~?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: W loy,
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.®* Results in Figure 4 show that the kinetic neurralization curves © g
and the level of the pexrsistent 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 cof the
neutralization curve that reaches a comstant value. Dulbecco ot al.? also
failed to demonstrate any difference in the shape and slcpe of multiplicity
curves with the limited cell types used for sssay 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,

ra# e A TR GO g IR, 1D e bt A T3, B SRt A x umw w N
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FIGIRE 2. Kinetic VEE Virus Neutralization Reactions with Prior
Filtration or Sonic Treatment (20 kc/sec for 2 min) of Virus.
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To determine whether the persistent virus fraction constituted a
gerccically resistant population, surviving virus was passed twice
inkracerebrally in mice, Parallel kinetic neutralization tests were
pecformed 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 attenuatad viruses mixed with attenuated
monkey antiviral serum resulted in neutralization curves 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
genet.: mechanism. Experimental results obtained with different systems
of virus-antibody cnd host cells support this conclusion,*525

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 ug/ml). The latter, in agreement with findings with
Newcastle disease virus,® indicates that the persistent virus fraction
i8 not caused by the presence of infectious wviral 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.'3:16

These fractions are in the form of infectious virus-antibody complexes
that may be neutralized by goat anti-mouse IgG serum. In a kinetic
neutraiization experiment to determine whether these find.ngs cculd be
extended to the VEE virus-antibody system, dilutions (1:50G) of monkey
antiviral or normal serum were mixed with equal volumes of 1 x 108 Ciu/ml
of virus suspension and then incubated at 35 C. Reaction mixtures were
sampled at different time intervals and assayed for unncutralized virus.
Samples were also mixed with equal volumes of 1:5 dilutions of either
goat anti-monkey IgGC serum or normal goat serum to test for sensitfzed
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 a2 persistent virus fractiou.

The quantity of virus that waa 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 persistent virus fraction by

w o U TR S SR R O
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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 ZEZNSITIZED VIRUS BY ANTI-IgG SERUM

To define the conditions of neutralization by anti-I1gG serum, the effect
of antibody concentration on virus sensitization was first investigated by
mixing different dilutions of monkey antiviral serum with 5 x 108 c1u/ml
of virus in equal volumes and incubating the mixtures at 35 C for 1l hour.
Portions of tue mixtures were assayed for unneutralized virus; other portions
vere mir 2d with an equal volume of a 1:10 dilution of goat anti-monkey IgG
serum, incubated st 35 C for 1 hour, and then assayed for surviving virus.
Norms]l monkey or goat sera served as controls. The data in Tahle 1 show
that 1:10 dilution of VEE antiserum neutralized the greatest amount of virus
(2.0 logyy); 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 neutralization occurred, more than 1.5 log,, unitas of virus were
neutralized by anti-Ig6 serum. Virus senaitization, therefore, had also
resulted with the high VEE antiserum dilutions. With the 1:10 dilutiorn

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.!® 1In general, however, greater
concentrations of antiviral serum sensitized more virus,

The effect of dirferent concentrations of geat anti-monkey IgG serum on
the neutraifzation of sensitized virus was determined by first mixing 1 x 108
CIU/ml of virus with an equal volume of 1:50 dilution of antiviral monkey
serum, Mixtures were incubated at 35 C for 1 hour to effect virus sensitiza-
tion. 1In equal portions, sensitized virus suspensicn was mixed with
different dilutions of goat anti-monkey IgG serum or normal goa’t serum
(control), incubated at 35 C for 1 hour, and then asaayed for surviving
virus, Results show that neutralization of sensifized virus is dependent
on the concentration of anti-IgG serum (Table 2). GCreater amounts of
sensitized virus were neutralized with increased concentrations of anti-

IgG serum.

The effects of time and temperature on the neutralization of sensitized
VER virus by goat antf-monkey IgC serum were investigated. Virus was
sensitized as described earlier and then wixed with anti-IgG serum. Mixtures
vere incubated at 35 C or 0 C, sampled at prescribed time intervals, and
thean assayed for surviving virus, Results in Table 3 show that sensitized
virus wes neutralized by anti-IgG serum almost completely within | min at
35 C br't less rapidly at O C,

i
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TABLE 2. NEUTRALIZATION OF SENSITIZED VEE VIRUS BY DIFFERENT CONCENTRATIONS
OF GOAT ANTI-MONKEY IgG SERUMA/

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

IgG Serum log,, CIU/ml log;, 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. Approximately 1 x 108 CIU/ml of virus was mixed with an equal volume of
1:50 diiution of VER monkey antiserum and incubated at 35 C for 1 hour
to effect virus sensitization. Anti-IgG was mixed with sensitized virus
and fncubsted at 35 C for 1 hour.
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TABLE 3. EFFECT OF TIME AND TEMPERATURE ON THE NEUTRALIZATION
OF SENSITIZED VEE VIRUS BY GOAT ANTI-MONKEY IgG SERUMGE/

s C 0C
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 aad incubated at
35 C for 1 hour to effect virus sensitization. Portions of
sensitized virus were mixed with equal volumes of 1:10 dilutions
of goat anti-monkey 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 dflutions of normal goat serum and incubated (35 C or
U 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 the time relati.nship between neutraiization and
sensitization of VEBE virus by antibody, 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-IgG serum and then assayed for
sensitized virus. Results reveal that virus sensitization preceded virus
neutralization (Table 4). During the 0 5- to 4-min incubation time fnterval
virus neutralization continued but the quantity of sensitized virus
remained constant. Cursory evidence of these events was observed in the
early sample period of a preceding experiment (Fig. 6). These data suggest
that a2 major portion of the persistent virus {raction was an entity at the
onset of virus neutralization by antiviral serum,

5
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TABLZ 4. SENSITIZATION PRECEDING NEUTRALIZATION

OF VEE ViRUS BY ANTIBODY&/

Time, - Surviving Virus Fraction

min Neutralization Sensitization
0.5 -0.3 ~&4.3

1 <0.4 4.3

2 -0.6 4.3

4 -0.7 -4.3
Control 0.0 0.0

a,

b.

Approximately 1 x 108 CIU/ml of virus was mixed
with an equal volume of 1:50 dilution of VEE
monkey antiserum or normsl monkey Serum, incubated
et 35 C and sanpled at designated time intervals,
Samples were held at 0 C, diluted in ice-cold PBS,
and asgayed for surviving virus. Portions of
undiluted virugs-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, snd assayed for surviving virus. All data
indicate log,, CIU/ml,

Normal monkey or goat serum,

The capacity of goet anti-1gG serum of different animal species to
negtralizs vizus that had been sensitized by monkey antiviral serum was
t2ated. Sensitized virus was mixed with sati-IgG serum of different species,
incubsted at 35 C for 10 min, and then assayed ior surviving virus. Results
in Table 5 show tHist maximal neutralization of seusitized virus occurred
with gost anti-monkey serum and, to & lesser degiee, with goat anti~human

That goat anti-human IgG serum reacting with virus sensitized

by wonkey antiserum was capable of cross-neutralization is suggested by the
éate, Anti-IzG serum of other animal speciep did not significantly neutralize
sensitized virus.

_ To explore further the cross-neutralization phenomenon, a reciprocal
nentraligation test was made by reacting virus tha¢ had been sensitized with
either umonkey or human antiviral serum with goat anti-monkey or anti-hkuman
Almost complete reciprocity of neutralizat ' -n of sensitized virus
by homologous and heterologous anti~IgG sera resuited {Table 6). The
sxception was virus that had been sensitized with monkey antiviral serum
and reacted with anti{-human JgG serum, The quentity of gensitized virus
neutralized by this combinagion was less than that with the other test
combinations.

.
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TABLE 5. NEUTRALIZATION OF SENSITIZED YEE ViRUS BY GGAT
ANTY-IgG SERUM GF DITFERENT SPECIESZ/

Surviving Virus

Goat Serum Yirus Titer Fraction

Anti-monkey Ig6 3 ~3.6 g
Anti-human IgG 5.7 T~1.’0
Anti-chicken IgG 6.7 8.0

Anti-guinea pig IgG 6.6 -0.1

Anti-rabbit Igsé 6.5 -0.2

Anti~bovine IgG 6.5 -0.2

Anti-mouse IgG 6.5 -0,2

Normsl 6.7 0.0

a. Appraximately 1l = 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 1 hour to effect virus se 1{itization. Portions
of sensitized virus were then wmixed 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
agsayed for surviving virus. All data indicate log,, CIU/ml.

TABLE 6. SENSITIZATION OF VEE VIRUS BY HUMAN OR MONKEY ANTISERUM WiTH
CROSS~NEUTRALIZATION BY HOMOLOGOUS AND HETEROLOGOUS
GOAT ANTI-IgG SERUMB/

Antiserum for Neutralization Serum
Virus Sensitisation Goat Anti-Human IgG Goat Anti-Monkey igG
Humﬂ -306 '3.5
Monkey -1.0 -3.6 )

a. Approximately 1 x 10% CIU/ml of virus was mixed with an equal volume
of 1:50 dilution of VEE monkey or human antiserum and incubated at 35 C
for 1 hour to effect virus sensitization. Portions of sensltized virus
vere 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 dilured in PBS and assayed for
surviving virus.

b. All data indicate log,, CIU/ml.
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; The neutvalization »f sensitized virus by different classes of immuno-
globulins was detérmined 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

~ anti-IgG serum and, to a lesser extent, with snti-IgA serum (Table 7). Virus
- wag not neutralized by efther anti-IgM or anti-albumin sera., These results
are similar to those reported by Notkins et al?® who additicnally noted
neutralization of lactic dehydrogenase virus by anti-mouse IgF serum.

TABLE 7. NEUTRALIZATION OF SENSITIZED (VEE HUMAR ANTISERUM) VIRUS BY
DIFFERENT CLASSES OF GOAT ANTI-HUMAN IMMUNOGLOBULINS2/

Goat Antiserum to Surviving Virus
Buman Ismunoglobulin Virus Titer Fraction
Igé 3.3 -3.6
IgA 4.5 -2.4
Igi 6.9 0.0
Albumin 7.0 0.0
Normal goxt serum 6.9 0.0

a. Approximately 1 x 108 CIU/ml of virus was mixed with an equal volume of
1:25 dilution of VER 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 dats indicate log,, 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 Pab and Pc fragments was
also reacted with censitized virus. Results in Table 8 veveal that antibody
to monovalent Fab fragments was capable of neutralizing seneitized virus.
Aatibody to the Fc fragmeot also neutralired 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
neutraligzed virus to almost the same degree as intact anti-IgG serum.
Indirectly, the svidence suggests that the Fc fragment, devoid of combining
sites but containing structural {eatures necessary for other biological
functions,®” plays a role in virus neutralization. These findings, in
relation to available evidence on the neutralizetion of viruses by IgG
fragments, are discussed subsequently.
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TABLE 8. NEUTRALIZATION OF SENSITIZED (VEE HUMAN ANTISERUM) VIRUS BY
GOAT ANTISERUM TO PAPAIN-DIGESTED FRAGMENTS OF IgGa/

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

Fc 6.1 -0.6

Fab S.1 -1.6

Fc + Fab 39 -2,8

IeG | 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 3U min
to effect virus sensitization. One part undiluted goat antiserum to
1gG fragments of normal godt serum were mixed with two parts sensitized
virus and one part PBS diluent. Mixtures were incubated at 35 C for
10 min, appropriately diluted in PBS, and assayed for surviving virus.
All data indicate log;, 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
agssay. 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.! The fact
that prolonged incubation of virus-serum mixtures in the presence of excess
virus antiserum did not result in further virus neutralization is additional
evidence against a dissociation phernomenon. 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 VEE virus was in the form of an infectious virus-
antibody complex (sensitized virus) that could be neutralized by anti-IgG
serul, ua antibody not directed and inactive against the virus itself.




Investigation of determinants that may affect the formation and neutrali-
zation of the infectious complex showed that the quantities of virus sensitized
by antiviral serum and neutralized by anti-IgG serum increased with higher
concentrations of these respective sera, With the highest antiviral serum
concentration employed for virus sensitization, however, neutralization of
sensitized virus by anti-IgC serum was slightly inhibited. This phenomenon
has been attributed to unbound IgG that prevents anti-IgC antibodies from
reacting with sensitized virus.!® 1In this study, the reverse situation
was also noted, with high concentrations of anti-IgG serum inhibiting
nautralization of virus by VEE antiserum, When virus, monkey antiviral
serum, and goat antiserum to monkey IgG or normal goat serum were mixed
simultaneously and incubated, virus neutralization by antiviral serum was
msrkedly inhibited in reaction tubes containing anti-IgG serum but not in
tubes containing normal goat serum,

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

The specificity of the anti-immunoglobulin also afifected the neutralization
of sensitized VEE virus., Maximal neutralization was noted with anti-IgG
serum and to 2 lesser extent with anti-IgA serum; anti-IgM serum had no
neutralizing effect. Although this suggests that VEE virus was not sensitized
with IgM antibody, additional tests are needed to determine whether virus
can be sensitized with IgM antiviral antibody and then neutralized by anti-
IgM serum before this assumption is warranted.?®

In contrast to the marked temperature and time dependence of VEE virus
neutraligation by antiserum,! neutvulization of sensitized virus by anti-
IgC serum was rapid and less sensitive to temperature. Sensitized VEE virus
wap 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®® and
herpes simplex viruses!® were neutralized by anti-1gG serum at 4 C within
1 min and 15 sec respectively. Differences iu temperature did not signi-
ficantly affect the reaction., Evidence that sensitization of VEE virus
precedes neutralization (Table 4) is highly jercinent to the problem of the
persistent virus fraction. Apparently, a msfor portion of the persistent
VEE virus fraction is formed before virus neutralization by antiviral serum
bhas sctively begun. The focrmation of virus-antibody complexes, which are
not necessarily neutral, prior to viral inactivation has been reported in
other virus nestralization systems.?®'® These findings suggest that virus
sensitization in some way prevents additional antiviral antibedy, which is
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necessary for neutralization, from attaching to virus particles. That
aggregation of sensitized VEE virus particles may be a factor in the
inhibition of virus neutralization is not supported by this study or

by findings with other viruses.}"*2¢+2Y Ant{ibodies to both monovalent
fragments of IgG and intact IgG were capable of reaching and neutralizing - e
sensitized VEE virus rapidly and effectfvely. It is also relevant that g
monovalent Fab fragments of papain-digested antisera to influenza or -
herpes simplex viruses (not prone to produce aggregates) sensitized

and reduced the neutralization of these viruses by undigested antiviral
sera.®®:3° The neutralization of low concentrations of sen.itized VEE
virus by anti-IgG serum precludes lattice formation as a possible cause
of inhibition of virus neutralizatiom.

Although the quality of antibody participating in VEE virus sensitiszation
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.®*>1:32 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 19S5 neutralizing antibodies to herpes simplex virus indicate thsat
both common and distinctive properties exist in the ability of these
antibodies to sensitize virus for subsequent neutralization by anti-IgG
serum or complement.33 It appears that the quality of autibody partici-
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 may be degrad:ted enzymatically.’*
Monovalent Fab fragments of goat anti-mouse serum or goat anti-rabbit
IgG serum have been shown to neutralize, in part, lactic dehydrogenase
virus®® und poliovirus,3® respectively. The former virus was not
neutralized by the Pc fragment. Although the Fc fragment does not coantain .
antigen-binding sites and has not been specifically related to antigen-
binding activities,®® limited virus neutralization activity of this
fragment has been reported.’® It has been assumed that contamination L
with undigested IgG or other active fragments is resgonsible for the BRI
activity exhibited by the Pc fragment.>®'3® 1In this study on VRE virus SR
neutralization, sensitized virus was partially neutrelized by goat
antiserum to monovalent fragments of human IgG and, tc & lesser degres,
by the Fc fragment, It was also noted thar VEE virus sensitized vith
antiviral human serum was neutralized by a mixture of gost antisera to
Fab and Pc fragments of human IgG (Table 8). Sensitized VER virus was
neutralized to almost the same degree as that neutralized by goat
antiserum to intact human IgG. Indirectly, thess vziulis suggost & role
for the Fc fragment in virus neutralization. Observations by othurs on
the inability of Fab fragments to establish and maintain neutraliza:ion
of virus®®-3" fuvor the concept that the P¢ fragment may completae the
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structural configuration necessary for antibody to exert its most efficient
rn._-raliging power. BEffective virus neutralization, therefore, is not only
a function of the antigen-binding sites of the antibody but may depend

on the entire structure of the IgG molecule.?®

Although the experiments reported here do not clearly define the
mschanism by which neutralization of sensitized virus by anti-IgG serum
occurs, the evidence adds support to hypotheses proposed by others,®:35:26
A secondary reaction is involved in the interaction of anti-IgG with
sensitized virus. MNeutralization of the infectious virus-antiserum complex
by anti-IgGC is effected by an increase in size of the complex or the formation
of bridges that cover or block critical infective sites on the virus particle.
The inefficiency of monovalent Fab antibody fragments to block completely
the reactive sites on the infectious virus-antibody complex may be related
te their reduced size or the need for the Fc antibody fragment to provide a
complete and effective configuration on the complex. Electron microscopy
studies have revealed changes in the size of virus-antibody complexes that
may be related to the valency of Fab fragments.*® Practionation techniques
of antibody molecules, the use of anti-IgC serun to assay sensitized virus,
and electron microscopy examinations of virus-antibody ccaplexes offer the
means for elucidating further the nttgea and wechanisms involved in virus
neutralization.
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g The persistent virus fraction that results from the interaction of Venexzuelan
squine encaphalomyelitis (VEE) virus with antiviral serum {s an ' fectious virus-
antidody complux (sensitized virua) that can be neutralized by anti-IgC serum. The
quantities of virus sensitized by VEE antiserum and neutralized by ant{-IgC serca
depend oo the concantrstion of these sera. In contrast to the marked temperature
and time dependence of VIE vitus neutralization by antiviral serum, neutralizaticn
of sansitised virus by snti-IgC serua ts wmore rapid (almost cowplete vithin | min
4t .33 C) sand less sensitive Lo temperature. Evidance that wirus sensitizatfon
preceded ncutralizstion indicates that the persistent virus {raction is formed
before virua neutrelfzation has actively bagun. Within certain limits, neutrali-
sation of sensitived virus by anti-I1gG sexum {s species-speciffc. Differances
in the ability of sati-IgG, snti-IgA, and anti-IgN sera to neutralize sensitized
virus indicate that the reaction fs alsc fofluanced dy the specificity of the anti-
imminoglobultn,

Sensitized virus was pertially oeutralized by goat aatiserua to monovelent
Fad fragments on humen IgC and, to a lesser degree, by the Vc fragment. Seasitized
Yirue was neutralized by an {n vitro mixture of these frigments to almost the same
degree as that nsutrslized by goat antiserum t. iatsct humen IgG. Indirectly,

o

thers findings euggest & role for the Fc fragment in virus neutrslizatioce. .
4. Key Vords Beutralicers Sensi f{vity
Wenesuslan equine ence lomyelitis virus Anttserums Hoet virus relstiocoa
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