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Abstract

Intravenous immunoglobulin (IVIG) is used to treat or prevent severe viral infection, especially cytomegalo-
virus (CMV) infections. IVIG was characterized to understand its interaction with CMV-infected cells. IVIG
retarded CMV spread and reduced virus yields depending on the neutralizing (NT) antibody titer. Immediate
early protein synthesis was reduced by IVIG in 3 to 15 h, and IVIG specifically reduced the ratio of 66/68k
protein synthesis among immediate early proteins in an NT antibody-dependent manner between 4 and 8 h after
infection, indicating that antigenic modulation of CMV-infected cells by IVIG reduced viral protein synthesis
and virus production. The half-life of antibody bound to CMV-infected cells was 3.8 h. NT antibody titers to
varicella-zoster virus (VZV) and CMV in IVIG were dose dependently absorbed by cells infected with VZV
and CMV, respectively, but the antibody titers to CMV and VZV, respectively, were not affected. NT antibody
in 0.3 mL of IVIG (15 mg) was specifically absorbed by 108 CMV-infected cells and 107 VZV-infected cells,
suggesting that the NT antibody in IVIG might be inactivated by one-tenth of a similar volume of CMV-
infected or VZV-infected cells. Various antiviral activities of IVIG may contribute to control and alleviation of
CMV infection.
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Introduction

Cytomegalovirus (CMV) infection is one of the most
devastating complications of birth (15,17,20,24,27,40,44),

and it is also closely associated with rejection of transplanted
organs (8,25,29). Maternal antibody prevents measles and
varicella infection and alleviates CMV infection in neonates.
Immunoglobulin (IgG) neutralizes viral infectivity with and
without complement and mediates antibody-dependent cellular
cytotoxicity (ADCC) toward infected cells (49). Thus, intra-
venous IgG (IVIG) is used to treat severe viral infections, es-
pecially CMV infections in congenitally CMV-infected (26)
and immunosuppressed patients, such as transplant recipients
(38,39,52). Although treatment with hyperimmune globulin did
not significantly modify the course of primary CMV infection
during pregnancy (19), CMV-specific hyperimmune globulin
lowered the risk of maternal–fetal transmission and amelio-
rated the disease sequelae (31). Prophylactic administration of
IVIG or valaganciclovir and IVIG benefits transplant recipients
(6,12,23,30,32,48).

To characterize the role of anti-CMV antibody, we
compared the neutralization (NT) of varicella-zoster virus
(VZV) and CMV with and without complement and found
that both NT activities were enhanced by the complement.
The NT antibody titer of IVIG toward VZV and CMV was
enhanced about three to six times by the complement (49).
Antibody to VZV showed ADCC toward VZV-infected
cells, but anti-CMV antibody failed to show significant
ADCC toward CMV-infected cells. Thus, we showed the
functional role of IVIG in the NT viral infectivity of VZV
and CMV but contrasting results on ADCC between VZV
and CMV infection in vitro. VZV-infected cells were effi-
ciently eliminated by ADCC, whereas CMV-infected cells
were not and may not be a target of ADCC. A rise in an-
tibody against viral early antigens in the presence of anti-
CMV antibody was observed in renal transplant recipients
as assessed by immunofluorescent antibody (47) and im-
munoprecipitation (36), and this indicates the possible
modification of CMV replication in the presence of anti-
CMV antibody.
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Antigenic modulation has first been reported in measles
virus-infected cells treated with anti-measles virus antibody,
and its treatment modified viral protein expression and lo-
calization (9–11). Anti-CMV antibody in IVIG showed the
modification of viral protein synthesis, reduction of virus
production in anti-CMV-treated infected cells and this may
correspond to antigenic modulation in CMV infection.

In this study, we focused on the interaction of NT antibody
of IVIG with spread of CMV infection, the modification of
intracellular viral protein synthesis, and CMV-infected cell
surface by observation of ADCC and reduction of NT an-
tibody by adsorption with the respective infected cells. The
half-life of antibody absorbed by CMV was determined. The
results on the fate of IVIG may contribute to an under-
standing of the use and role of IVIG in the treatment of
CMV infection.

Materials and Methods

Cells, viruses, and antiserum

Human embryonic lung (HEL) cells were propagated in
Eagle’s minimum essential medium (MEM) that was supple-
mented with 10% heat-inactivated fetal bovine serum (FBS) and
maintained in the same medium with 2% FBS. Human lung
cancer A549 cells were grown in MEM with 5% FBS (33,37,49).

Towne (21) and AD169 (4,35) stains of CMV were
propagated in HEL cells, and cell-free virus was obtained by
rapid freezing and thawing of infected cultures and stored at
-70�C. AD169 strain was used for virus growth; viral pro-
tein synthesis in the presence of IVIG and Towne strain was
used for ADCC, absorption of NT antibody, or a half-life of
IgG bound to CMV-infected cells. A549 cells and HEL cells
were used for the VZV NT test, and HEL cells were used for
the CMV NT test. VZV was used for ADCC, absorption of
NT antibody, in contrast to CMV.

The original Oka strain of VZV was propagated in HEL
cells and stored as a cell-free virus in SPGC medium
(phosphate-buffered saline [PBS] containing 5% sucrose,
0.1% sodium glutamate, and 10% FBS) (37,45) at -70�C.

Venoglobulin IH, an IVIG preparation for intravenous
administration, was purchased from Japan Blood Product
Organization Co.; its IgG concentration was 50 mg/mL.

Infectious center assay

HEL cells (in 25 cm2 plastic flasks) were infected with
0.001 plaque-forming units (pfu)/cell of AD169 strain for 1 h.
After being washed three times with maintenance medium,
the cells were incubated in maintenance medium in the
presence or absence of IVIG (NT 1:64 to CMV) or various NT
titers. The cells were trypsinized and suspended in 2 mL of the
maintenance medium at the indicated times, and 0.2 mL ali-
quots of serially diluted cell suspensions were inoculated on
the HEL monolayer (60 mm plastic dish) and overlaid with
the nutrient agarose medium. After 2 weeks of incubation, the
cells were fixed with 5% neutral formalin and stained with
methylene blue. The numbers of infected cells forming pla-
ques were counted under a binocular microscope.

Virus production in IVIG-treated cells

HEL cells in 25 cm2 flasks were infected with Towne strain
at 2 pfu/cell and incubated in the absence or presence of IVIG

at various NT titers for 72 h. The cultures were washed three
times with maintenance medium, subjected to freezing and
thawing three times, followed by centrifugation. The virus
titers of their supernatants were determined in HEL cells by
the plaque assay.

Immunoprecipitation of radiolabeled CMV proteins
and SDS-PAGE

Isotopic labeling and immunoprecipitation, followed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), were based on the procedure previously used
(34,36). HEL cell monolayers (100 mm plastic dish) were
infected with mock or 2 pfu/cell of AD169 strain for 1 h. IVIG
was dialyzed with MEM without methionine before use. The
cells were incubated in the presence or absence of antibody
with an NT titer of 1:64 or various other titers and labeled with
30 lCi/mL of 35S-methionine (>1,000 Ci/mmol; GE Health-
care, Tokyo, Japan) in the maintenance medium without
methionine for 3 h. As the effect of IVIG on the ratio of 66 and
68k CMV proteins was obvious, the ratio was analyzed by
using cells labeled 4 to 8 h after infection.

After three washes with PBS, the labeled cells were solubi-
lized in 4 mL of RIPA buffer (20 mM Tris [pH 8.0], 150 mM
NaC1, 1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS,
1 mM phenylmethylsulfonyl fluoride) by sonication in an ice
bath, and the cell lysates were clarified by centrifugation at
100,000 · g for 2 h at 4�C. One or 10lL of serum was incubated
with 400 lL of each antigen at 4�C overnight, and immune
complexes were separated after addition of Protein A Sepharose
(GE Healthcare, Tokyo, Japan) and analyzed by SDS-PAGE.
Molecular weight markers used were from an Electrophoresis
Calibration Kit (GE Healthcare, Tokyo, Japan).

Antibody-dependent cellular cytotoxicity

ADCC was examined as previously reported (49). Briefly,
male Hartley guinea pigs (3 weeks old) were purchased from
Sankyo Labs Service Co. Ltd., Tokyo, Japan. Guinea pig
splenocytes were used as effector cells. Spleen cells were
treated with hemolytic ACK buffer (150 mM ammo-
nium chloride, 10 mM potassium hydrogen carbonate, 1 mM
EDTA), washed twice with PRMI-1640 with 10% FBS, and
resuspended in PRMI-1640 with 10% FBS at concentrations of
2 · 107 and 6 · 106 cells/mL. VZV-infected HEL cells, which
showed 40–60% cytopathic effect, were removed from flasks
with 0.1% EDTA-0.05% trypsin and resuspended in PRMI-
1640 with 10% FBS at a concentration of 2 · 105 cells/mL.
CMV (Towne strain)-infected cells were similarly suspended
in PRMI-1640 with 10% FBS at a concentration of 2 · 105

cells/mL. We examined the effector-to-target (E:T) cell ratio of
100:1 and 30:1 in the ADCC assays to VZV- and CMV-
infected cells with guinea pig spleen cells, and the E:T ratio of
100:1 showed better activity to VZV- and CMV-infected cells
as previously reported (49). Aliquots of 0.1 mL of target cells
(2 · 104 cells) were dispensed into round-bottomed tubes. IgG
and/or 0.2 mL of effector cells was added to target cells to give
the IgG concentration of no IgG, 1:25 and 1:100 dilutions and
the E:T cell ratio of 100:1. The tubes were incubated for 4 h at
37�C in 5% CO2. At the end of incubation, 0.2 mL cell sus-
pensions were subjected to infectious center (IFC) assays to
examine the number of infected cells. ADCC was expressed as
the mean – standard deviation of six samples. All animal
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experimental procedures conformed to the National Institute of
Health Guide for the Care and Use of Laboratory Animals and
the Experimentation Guidelines of the University of Toyama.

Fate of IgG bound to CMV-infected cells

The fate of IgG bound to CMV-infected cells was exam-
ined by Western blot analysis. CMV-infected cells at 48 h
after infection with 5 pfu/cell and uninfected cells in six-well
plates were treated with 10 mg of IVIG for 2 h, washed three
times, and incubated with MEM with 2% FBS. The cells were
serially harvested 0 to 72 h after removal of IgG, and the amount
of IgG bound to the cells was detected by Western blot analysis
with HRP-conjugated rabbit anti-human IgG gamma-chains
(Dako, Denmark). The amount of IgG detected by Western blot
was determined with an HRP-conjugated anti-human IgG sec-
ond antibody using chemiluminescence (Chemi-Lumi One L
chemiluminescence detection system, Nakalai) quantitated us-
ing ImageQuant software (GE Healthcare Life Sciences) with a
Fujifilm LAS-4000 imaging system.

Residual NT titer of IVIG after mixing with infected cells

Three hundred microliters of IVIG (15 mg of IgG) was
mixed with 0 to 9.6 · 107 Towne strain-infected cells or 0 to
3.51 · 107 VZV-infected cells and incubated for 1 h at 37�C.
Then, the mixtures were centrifuged at 3,000 rpm for 10 min
at 4�C, and the supernatants were examined for their NT
antibody titers to CMV and VZV.

NT tests were performed as previously described (33,34,
43,49). Briefly, solutions of CMV (Towne strain) and VZV
containing*200 pfu/80 lL were mixed with equal amounts of
twofold serially diluted samples, and the mixtures were incu-
bated at 37�C for 1 h. Eighty microliters of diluted globulin
sample-virus mixtures were inoculated into HEL cells for
CMV and A549 cells or HEL cells for VZV in six-well plastic
dishes. Then, the mixtures were incubated at 37�C for 1 h to
permit adsorption of non-neutralized virus. Nutrient methyl-
cellulose medium was overlaid on the monolayers, and incu-
bation was continued for 12 days for CMV and 7 to 8 days for
VZV, until the plaques were large enough to count. The neu-
tralizing activity was expressed as the reciprocal of the highest
dilution of the concentration necessary to reduce the number of
plaques by 50% (IC50).

Statistical analysis

The ADCC assessed by residual plaque formation was
analyzed by one-way ANOVA followed by the Bonferroni/
Dunn method, and the differences were considered signifi-
cant if p values were less than 0.05.

Results

Spread of CMV in presence of IVIG

Figure 1A shows the spread of infection in the presence
and absence of IVIG (NT 1:64) as assessed by the IFC
assay. The number of infected cells began to increase at 48 h
after virus infection in the presence or absence of antiserum.
Because the number of infected cells was not affected by the
NT antibody for a maximum of 48 h, the spread of CMV
was retarded and the presence of IVIG suppressed the in-
crease in the number of infected cells more than the absence

of IVIG. The spread of CMV infection was suppressed in an
NT antibody titer-dependent manner, as shown in Figure 1B.
Suppression of intracellular virus production by IVIG was
evaluated, and IVIG was shown to reduce the virus yields to
about 1% in an NT antibody titer-dependent manner. Thus,
IVIG suppressed the spread of infection and virus yields in an
NT antibody titer-dependent manner.

Effect of IVIG on CMV protein synthesis

As shown in Figure 1B, intracellular virus yields were
suppressed by anti-CMV antibody (IVIG) when the effect of
antibody on CMV protein synthesis was analyzed in the
presence and absence of anti-CMV antibody. The time course
of viral protein synthesis is shown in Figure 2A. CMV stim-
ulates cellular macromolecular synthesis of proteins (16,42).
This was taken into consideration for the identification of
CMV-specific proteins. The immediate early protein syn-
thesis was reduced by anti-CMV antibody between 3 and 15 h,

FIG. 1. Growth of CMV in the presence or absence of
antiserum. (A) The final antibody titer used was 1:64 in the
NT test, and the spread of CMV infection was assessed by
an IFC assay. The solid line indicates the number of CMV
infectious centers that grew in the absence of antiserum, and
the dotted line indicates that of CMV infectious centers that
grew in the presence of antiserum. (B) Effects of NT anti-
body titer on CMV replication at 72 h and spread of infec-
tion were assessed by a plaque assay (solid line) and IFC
assay (dotted line), respectively. CMV, cytomegalovirus;
IFC, infectious center.
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and the ratio of 66 over 68k was reduced in IVIG-treated cells
(Fig. 2A). Anti-CMV antibody specifically reduced the 66k
immediate early protein synthesis versus 68k protein in an
NT-antibody-dependent manner between 4 and 8 h after in-
fection (Fig. 2B).

ADCC of IVIG toward CMV-infected cells

Figure 3 shows the comparative ADCC of anti-CMV anti-
body and anti-VZV antibody in IVIG against CMV- and VZV-
infected cells. Our previous study showed that an optimal
condition of ADCC was the E:T ratio of 100:1 and an IgG
dilution of 1:25 and 1:100. IVIG alone had no effect on the
plaque number. The residual number of VZV-infected cells
treated with splenocytes was reduced to 60% of that of the
control, indicating that the reduction was due to natural killer
(NK) cell activity. The residual number of VZV-infected cells
was further reduced to 35% by the addition of anti-VZV anti-
body in IVIG and splenocytes, indicating that 25% of infected
cells were eliminated by the ADCC of anti-VZV antibody.

The effects of splenocytes and anti-CMV antibody in
IVIG on CMV-infected cells were assessed by CMV plaque

formation. Treatment with splenocytes reduced the residual
number of CMV-infected cells to 80% of that of the control
(Fig. 3A), and a further significant reduction of the residual
number of infected cells was not observed with IVIG, in
contrast to VZV-infected cells (Fig. 3B). Thus, in contrast to
VZV-infected cells, ADCC of anti-CMV antibody in IVIG
was not observed in CMV-infected cells, as previously re-
ported (49).

Fate of IgG bound to CMV-infected cells

CMV-infected cells and uninfected cells were treated
with 10 mg of IVIG (IgG), and the amount of IgG in the
cellular fraction was visualized by Western blot analysis

FIG. 2. Time course of CMV protein synthesis in the
presence or absence of antiserum. Viral proteins were la-
beled with 35S methionine in the presence or absence of
antiserum at the indicated time period (h) after infection and
immunoprecipitated with IVIG. (A) IVIG (-) indicates that
the cells were grown and labeled in the absence of antise-
rum, and IVIG (+) indicates that the cells were grown and
labeled in the presence of IVIG at NT antibody titer of 1:64.
(B) Effects of antibody titer of IVIG on the viral protein
synthesis in CMV-infected cells 4–8 h after infection. The
66k protein was reduced by the increase in anti-CMV an-
tibody titers, but 68k protein was not influenced.

FIG. 3. ADCC against CMV-infected cells (A) and VZV-
infected cells (B). CMV-infected cells with 133 plaques
(n = 6) and VZV-infected cells with 128 plaques (n = 6) were
expressed as 100% as the residual infected cells, and the re-
sidual infected cells in the various treatments were expressed
as the percentage + SD. ADCC assays were performed in the
condition at the E:T ratio of 100:1 in both infected cells and no
IVIG and its dilutions of 1:25 and 1:100 based on the results in
the previous report (49). Common observations in CMV- and
VZV infection were no effect of antibody alone and signifi-
cant reduction of plaques by splenocytes, corresponding to
NK cell activity. In contrast, splenocytes with IgG (ADCC)
significantly reduced plaques in VZV-infected cells but not in
CMV-infected cells, as previously reported (49). * and **
indicate a p-value less than 0.05 and 0.01, respectively.
ADCC, antibody-dependent cellular cytotoxicity; IgG, im-
munoglobulin; VZV, varicella-zoster virus.
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(Fig. 4). A small amount of IgG was bound to uninfected
cells but disappeared quickly. In contrast, CMV-infected
cells absorbed IgG, and IgG in the cellular fractions of
CMV-infected cells was decreased in a time-dependent
manner, as shown in Figure 4A. The half-life of IgG bound
to CMV-infected cells as determined by the decay curve in
the Western blot analysis was 3.8 h (Fig. 4B).

Absorption of IgG by VZV- and CMV-infected cells

Figure 5 shows the profiles of adsorption of NT activity of
IVIG by infected cells. Addition of CMV-infected cells dose
dependently reduced the NT antibody titer to CMV but did
not change the antibody titer to VZV (Fig. 5A). In contrast,
the addition of VZV-infected cells dose dependently re-
duced the residual antibody titer to VZV but did not reduce
the antibody titer to CMV (Fig. 5B). As NT antibody titer in
IVIG was eliminated after treatment of the respective in-
fected cells with no reduction in NT antibody titer of the
other virus, absorbed antibody would be specific to the re-
spective infected cells. These ratios of infected cells and the
amount of IVIG would indicate the amount of IVIG needed
to cover the corresponding amount of viral antigen on the
infected cell surface. The anti-VZV antibody in 15 mg of
IgG needed 1.17 · 107 VZV-infected cells to eliminate the
NT antibody, and the anti-CMV antibody required 9.6 · 107

CMV-infected cells at 48 h after infection. About 10 times
as many CMV-infected cells as VZV-infected cells were
needed to completely abrogate the NT activity of 15 mg

IgG, indicating that target NT antigens for CMV infectivity
might be less expressed on the cell surface than those for
VZV infectivity.

Discussion

One study showed that the antibody response to CMV
proteins in bone marrow transplant recipients was similar to

FIG. 4. Fate of IgG bound to CMV-infected cells. Western
blot analysis of heavy chain of IgG in the cellular fraction of
CMV-infected and -uninfected cells shows the specific
binding of IgG to CMV-infected cells. (A) The amount of IgG
bound to CMV-infected cells, as quantitated by Fujifilm LAS-
4000 imaging system, decreased with time. (B) The half-life
of IgG bound to CMV-infected cells was 3.8 h.

FIG. 5. VZV- or CMV-infected cells and IgG (15 mg)
from IVIG were mixed, and the residual NT antibody titer
was determined. (A) Addition of CMV-infected cells grad-
ually reduced the NT antibody titer to undetectable levels,
but the NT antibody titer to VZV did not change. Photo-
graph shows the amounts of CMV-infected cell pellets used
for absorption of IVIG, and the supernatants were used for
the NT tests. Thus, CMV-infected cells similarly reduced
the NT antibody titer in IgG (IVIG 15 mg) without effects
on VZV NT titer, and 9.6 · 107 infected cells absorbed the
NT activity of IgG. (B) Addition of VZV-infected cells
gradually reduced the NT antibody titer to undetectable
levels, but anti-CMV NT antibody titer was not affected.
Photograph shows the amounts of VZV-infected cell pellets
used for absorption of IVIG, and the supernatants were used
for the NT tests. The NT antibody titer of IgG (IVIG 1 mg)
to VZV-infected cells was lost at 1.17 · 107 infected cells.
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that of the natural infection of normal individuals (51).
Antibody responses to CMV proteins were reported in
congenital and perinatal infection (28) and in CMV mono-
nucleosis (13). However, the appearance, duration, and titer
of the antibody response to viral glycoproteins has been
reported to be different in individuals when studied by using
viral glycoproteins captured by monoclonal antibody (14).
Antibody rises against viral early proteins were observed in
active CMV infection (7) and in antibody responses to the
immediate early protein of CMV in renal transplant recipi-
ents (36).

The effects of IVIG on the spread of CMV and protein
synthesis in the early stage of infection were examined and
showed that immediate early proteins were affected by the
presence of antiserum. In this study designed to clarify the
effects of IVIG on CMV-infected cells, antibody bound to
CMV-infected cells was evaluated in vitro, and the half-life
of bound IgG was determined.

IVIG treatment reduced the spread of CMV infection and
intracellular virus production, and viral protein synthesis of
the ratio of 66/68k was reduced, indicating that antibody
bound to CMV-infected cells modified protein synthesis and
suppressed the spread of infection and virus production.

Antibody to viral protein bound to infected cells modifies
intracellular viral protein synthesis, and this modification
is designated ‘‘antigenic modulation’’ (9,10,18,33). Anti-
measles virus antibody eliminates viral antigens in the in-
fected cells, and after removal of the antibody, viral antigens
reappear in the cells. Anti-VZV antibody treatment of VZV-
infected cells was limited compared with neutralizing anti-
glycoprotein H (gH) monoclonal antibody (43), anti-gH
neutralizing monoclonal antibody to VZV eliminated anti-
gen expression, and the treated infected cells became non-
infectious (33). However, anti-VZV polyclonal antibody in
IVIG failed to render VZV-infected cells noninfectious,
possibly due to the low NT activity (33). Antigenic modu-
lation is known to function as therapeutic tools, such as
Rituximab (anti-CD20 antibody), to a variety of malignant
and autoimmune disorders (2,3,46). Antigenic modulation
by antibodies has been reported in a variety of fields, but its
exact mechanism in the modulation of protein synthesis has
not been clarified. This antigenic modulation by anti-CMV
antibody might have modified intracellular virus production
by the presence of antibody in the culture medium, as shown
in Figures 1B and 2.

NK cell activity against CMV-infected cells was ob-
served, but significant ADCC activity was not detected.
These results are consistent with our previous study (50).
Both NK cells and ADCC toward VZV-infected cells were
observed, and 60% of infected cells were eliminated by
ADCC, indicating the importance of interaction of IgG with
the infected cell surface. Thus, CMV-infected cells were
resistant to ADCC and CMV-infected cells expressed the
target antigen for IgG antibody as well as viral Fc receptors
(1,5,22,41). The Fab portion of IgG binds target antigens,
and the Fc portion binds viral Fc receptors, resulting in a
little outward-directed Fc portion exhibiting an ADCC ef-
fector function, as illustrated in Figure 6.

The activity of IgG bound to CMV-infected cells de-
creased with time, and the half-life of bound IgG was 3.8 h.
The amount of IgG bound to infected cells also decreased
with time, and the infected cells recovered binding activity

with addition of fresh IgG at 24 h after removal of IgG. Thus,
CMV-infected cells continuously absorbed NT antibody and
recovered IgG binding activity after 24 h (data not shown).

Fifteen milligrams of IgG was bound to 108 CMV-
infected cells and 107 VZV-infected cells at 48 h after in-
fection. The fact that VZV-infected cells needed a smaller
volume than CMV-infected cells may indicate that less
antigen is expressed in CMV-infected cells than VZV-
infected cells. This, in turn, indicated that estimation of the
CMV- or VZV-infected cell number might be possible by
the administration of IVIG. Antibody might be specifically
absorbed by the infected cells, and the resultant NT antibody
titer might be used to estimate the number of infected cells
or the magnitude of infection in the body.

NK cell

NK cell

CD16

CD16

Viral Antigen

VZV-infected cell

Viral Antigen

CMV-infected cell

ADCC

vFgR vFgR

Failure of ADCC

A

B

FIG. 6. Schematic presentation of the difference between
ADCC against VZV- and CMV-infected cells. (A) ADCC
was exhibited against VZV-infected cells through the bound
IgG on the cell surface and with NK cells as the effector. (B)
CMV-infected cells express vFccR on the cell surface. Anti-
CMV antibodies recognize viral glycoproteins expressed on
the CMV-infected cells, but the vFccR binds to the Fc
portion of the antibody (IgG). Thus, the Fc portion of IgG
bound to viral proteins was captured by the vFccR, and the
Fc portion lost the binding to Fc receptors of NK cells.
Consequently, CMV-infected cells interfere with the inter-
action of the Fc portion of IgG with Fc receptors of NK
cells, leading to ADCC by the vFccR. vFccR, viral Fcc
receptor.
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IVIG reduced the spread of infection and virus production
by antigenic modulation of CMV-infected cells. Interaction
of IgG with VZV-infected cells reduced the number of in-
fected cells by ADCC, but significant ADCC activity toward
CMV-infected cells was not observed. Circulating antibody
may react with virus particles, circulating soluble antigen,
and lysed cell fragments in addition to the surface of in-
fected cells in vivo. Ten times more IgG bound to VZV-
infected cells than to CMV-infected cells, indicating that
CMV-infected cells expressed less viral antigen on the in-
fected cell surface than VZV-infected cells. The half-life of
IgG bound to CMV-infected cells was 3.8 h. Less virus-
specific antibody binding or less viral antigen presentation
on the cell surface and the escape from ADCC showed the
immune evasive nature of CMV-infected cells than VZV-
infected cells, although IVIG inhibited spread of CMV in-
fection and a reduction in CMV production. Low level of
virus-specific antigen expression on the CMV-infected cells
and absorption of NT antibody might contribute to the im-
mune evasion of CMV infection.

Thus, we characterized the antiviral function of IVIG and
contrasting functions of IgG against CMV-infected cells and
VZV-infected cells. Anti-CMV IgG antibody showed anti-
CMV activity to virus production and possibly spread due to
antigenic modulation in this study. These activities of anti-
CMV antibody against CMV-infected cells may alleviate
CMV disease in patients with CMV infection by limiting the
spread of infection and reducing virus production, in addi-
tion to neutralization of virus infectivity by neutralizing
antibody in patient serum.
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