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Summary 

Human serum specimens containing respiratory syncytial virus 
(RSV)-specific neutralizing antibody were found to prevent the 
formation of syncytia when applied to HEp-2 tissue culture 
monolayers which had been infected with RSV 12 h previously. 
This was evidenced by the demonstration of RSV -infected cells 
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without any syncytia formation in the monolayers treated with 
RSV antibody-positive serum. On the other hand, widespread 
syncytia formation was observed with antibody-negative control 
serum. The inhibitory effects of RSV antibody progressively 
declined when applied beyond 12 h after infection. Protection of 
the monolayer against syncytia formation occurred only in the 
presence of antibody and was quickly lost after the serum was 
removed. The titer of antisyncytial antibody correlated with the 
titer of neurtralization antibody. 

Abbreviations 

RSV, respiratory syncytial virus 
CPE, cytopathologic effects 
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PBS, phosphate-buffered saline 
MEM, minimal essential medium 
TCIDso, 50% tissue culture infectious dose 

Respiratory syncytial virus is a common pathogen among 
children (9). It can infect infants despite the presence of passively 
acquired maternal anti-RSV antibody (16). In addition, repeated 
infections have been documented among antibody-positive in
dividuals (1). Although RSV-specific antibody does not appear 
to prevent infection, evidence suggests that it may reduce the 
severity of certain forms of RSV illness (6, 7, II , 15). 

The exact role of antibody in RSV immunity has remained 
poorly defined, in part, because the individual antigenic com
ponents of the virus have not been clearly defined. In a very 
recent report by Walsh and Hruska ( 17), the 70-kDa glycoprotein 
of RSV was shown to be responsible for cell fusion; the fusion 
protein could be inhibited in tissue culture by monoclonal anti
bodies produced by immune murine spleen cells that had been 
fused with myeloma cells. The purpose of the present investiga
tion was to study human serum for the presence of an antifusion 
or antisyncytial effect. The results indicate that clinical RSV 
infection leads to the appearance of an antibody which prevents 
syncytia formation . 

MATERIALS AND METHODS 

Collection and processing of serum. Blood was collected from 
eight normal, healthy female and male adults who ranged in age 
from 20 to 50 years, and from two infants each 4 months old . 
In addition , five cord blood specimens were available. The blood 
was allowed to clot at room temperature for I h and at 4•c for 
an additional hour before centrifugation at 2000 rpm at 4•c for 
20 min. The sera were heat-inactivated at 56·c for 30 min and 
stored at -7o·c until used. 

Preparation of the virus. The Long strain ofRSV was prepared 
in HEp-2 tissue culture monolayers. The infected monolayers 
were incubated under minimal essential medium with 2% 
chicken serum at 37•c in a humid environment with C02 until 
90% of the surface exhibited CPE as seen with the light micro
scope. The infected cells were harvested after two freeze-thaw 
cycles and then sonicated. The suspension was clarified by cen
trifugation at 2000 rpm at 4•c for 10 min. The supernatant fluid 
was aspirated, pooled, and frozen at - 7o·c. The titer of virus in 
the pool was 1.5 x 106 TCID50 when assayed on HEp-2 tissue 
culture monolayers. 

Neutralization test. A standard technique was used (6). Briefly, 
I X 103 TCID50 of stock virus were incubated with an equivalent 
volume of various dilutions of serum for 2 h at room tempera
ture. Two-tenths of I ml of the mixture was inoculated on 
monolayers of HEp-2 tissue culture cells, adsorbed for 2 h, and 
then washed before overlaying the tissue culture with MEM with 
2% chicken serum. The monolayers were examined daily for 
cytopathic changes and until the virus control exhibited CPE in 
90% of the monolayer cells. The antibody titer was defined as 
the highest serum dilution which prevented CPE. 

Detection of RSV antigen by immunofluorescence. Tissue cul
ture monolayers of HEp-2 cells were prepared in eight chamber 
Lab Tek slides (Miles Laboratories Inc. , Naperville, IL}. The 
monolayers were infected with 3 x 103 TCID50 RSV and incu
bated as before. At various times after infection, the monolayers 
were washed with PBS and fixed with chilled acetone for 15 min 
at 4•c. The slides were air dried and stored at -7o·c until 
stained. Prior to fluorescence staining, the slides were rehydrated 
in PBS. Bovine anti-RSV serum (Burroughs-Wellcome Co. , Re
search Triangle Park, NC) that had been diluted I :5 with PBS 
was placed on the infected cells and incubated for 60 min at 
37"C in a humid chamber. The monolayer was then washed 
three times with PBS and stained with fluorescein-labeled rabbit 
antiersum to bovine immunoglobulin (Burroughs-Wellcome 
Co. , Research Triangle Park, NC). After incubation for 30 min 
at 37"C in a humid chamber, the slides were washed as before 

and examined for RSV-specific fluorescence in single cells or in 
syncytia. 

Determination of the antisyncytial effects of immune serum. 
Sera from individuals with and without neutralizing antibody to 
RSV were heat-inactivated. In certain experiments, the antibody
positive sera were pooled. The neutralization titer of antibody in 
the pool was I :64. In order to evaluate the effects of immune 
serum on syncytia formation , monolayers ofHEp-2 tissue culture 
cells in 24-well Linbro plates were infected with 3 X 103 TCIDso 
RSV, covered with MEM with 2% chicken serum, and incubated 
at 37•c. This liquid overlay was removed and replaced with 
human serum diluted in MEM at specified times after infection. 
Controls included infected monolayers without human serum. 
The end point of the assay was defined as the time at which CPE 
involved 90% of the cells in the virus control monolayer. The 
titer of antisyncytial antibody was defined as the highest dilution 
that prevented syncytia formation . 
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Fig. I. Temporal relationship between virus titer replication, detec
tion of RSV antigen by immunofluorescence, and the appearance of 
cytopathologic effects. 3 x I 03 TCID50 RSV were inoculated onto mono
layers of HEp-2 tissue culture and incubated at 37"C in a humid C02 
atmosphere for 60 h. At various intervals, the monolayers were examined 
for I) CPE by light microscopy, 2) presence of RSV antigen by fluores
cence (FAT), and 3) infectious virus. The CPE and FAT changes were 
graded from no change(-) to marked changes(++++). The numbers in 
parentheses depict the number of experiments; for each experiment, 
quadruplicate samples were tested . 

Table I. Effect of RSV-immune serum on syncytia/ormation at 
various times after infection• 

Time of addition of 
serum after infection (h) 

0 
6 

12 
18 
24 

Presence of syncytia after 
incubation with serum 

+Antibody 

± 
+ 

-Antibody 

+ 
+ 
+ 
+ 
+ 

• Immune and nonimmune sera were diluted I :8 in MEM and applied 
at various times after infection. The end point of the assay occurred 
when the virus control monolayer exhibited 90% CPE. No syncytia(-), 
nonsyncytial morphologic changes (±), syncytia (+). Immune serum 
prevented syncytia when applied up to 12 h after infection . 
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RESULTS 

Respiratory syncytial virus replication was first evaluated with 
serial studies of immunofluorescence, cytopathologic changes, 
and infectious virus production. As seen in Figure I, RSV antigen 
was first detected by fluorescence at 16 h. The earliest detectable 
fluorescence, however, was rather indistinct (±), and it was not 
consistently positive until 20 h. The initial fluorescence that was 
seen represented single cells; fluorescent syncytia were first noted 
at 30 h. Cytopathologic changes were visualized by light micros
copy as early as I 8 to 20 h. These changes were limited to 
differences in size and shape of cells. More characteristic mor
phologic changes were detected at 24 h. Syncytia were clearly 
visible at 36 h. By 48 h, changes in fluorescence and CPE were 
marked. Infected monolayers began to detach from the surface 

at 60 h, while noninfected control monolayers remained intact. 
The curve depicted in Figure I represents the amount of infec
tious virus present various time. Twelve hours after inoculating 
the monolayer with 3 X 103 TCID50 RSV, new virus production 
was demonstrated. The rate of virus replication began to plateau 
at 48 h with approximately 6 X I06 TCID50/ml, a 2 X 103-fold 
increase over the input dose. 

Effect of RSV-immune and non immune sera on syncytia for
mation (Table 1 ). Immune and nonimmune sera were identified 
by screening serum specimens for RSV-specific antibody by a 
neutralization antibody test. Pooled immune serum had an 
antibody by a titer of 1:64 while pooled nonimmune serum had 
no measurable antibody. Immune serum prevented syncytia 
formation when applied as late as 12 h after infection. This 
correlated with the time of new virus formation but preceded the 

Fig. 2. Pattern of RSV immunofluorescence in monolayers covered with immune (A) and nonimmune serum (B). The monolayers were stained 
48 h after infection . The immune serum prevented syncytia formation ; single cell fluorescence can be seen. Extensive syncytia can be identified in 
the monolayer covered with nonimmune serum. X 1000 magnification. 
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earliest morphologic changes described in the previous para
graph. Nonimmune serum did not prevent syncytia formation . 
Similar results were obtained with immune serum that had been 
prepared in rabbits. Furthermore, immune serum which had 
been adsorbed with RSV antigen lost its ability to prevent 
syncytia formation. Thus, RSV -specific antibody appeared to be 
responsible for the inhibitory effects. 

In order to be certain that RSV had infected the monolayer 
protected by immune serum, the serum was removed and the 
monolayer was washed with PBS, fixed in acetone, and stained 
sequentially with bovine anti-RSV serum and fluorescein-labeled 
rabbit anti-bovine serum. Examination of the stained monolayer 
demonstrated single cell fluorescence which documented infec
tion as well as a lack of cell-to-cell spread of the virus (Fig. 2A ). 

In contrast, fluorescent staining of the infected monolayer 
covered with nonimmune serum revealed extensive fluorescence 
of synctia (Fig. 2B). 

The duration of immune serum-induced protection of infected 
monolayers was next studied by removing the serum from the 
monolayers at various periods after application. As seen in Table 
2, immune serum had to be present for 12 or more h in order to 
prevent syncytia formation. 

Determination of antisyncytial and neutralization antibody 
titers. Individual sera from five cord bloods and five adults were 
next studied and compared. The individual antisyncytial and 
neutralization antibody titers appeared similar (Table 3). The 
geometric mean titers for antisyncytial and neutralization anti
body of cord sera were 5.2 and 5.4, respectively. The results with 
adult sera exhibited the same pattern. The geometric mean 
antisyncytial antibody titer was 5.6 while the mean titer of 
neutralization antibody was 5.4. A correlation coefficient for 
both types of antibodies was 0.66, p < 0.05. 

DISCUSSION 

The role of antibody in immunity against RSV is incompletely 
understood. It is known that immune serum contains an anti
body which can neutralize the infectivity of the virus. It is shown 
here that immune serum also has the capacity to prevent syncytia 
formation in RSV -infected HEp-2 tissue culture mono layers 
when applied 12 or fewer h after infection. The protective effects 
of serum persist as long as the serum remains in place for 12 or 
more h. These results suggest that immune serum can prevent 
cell-to-cell spread of the virus and continues to exert a protective 
effect as long as it remains during the course of infection. In the 
presence of immune serum, the infection remains restricted to 
single cells, as evidenced by the immunofluorescence study de
picted in Figure 2A. The degree of antisyncytical effect correlates 
with the titer of neutralization antibody. Nonimmune serum 
does not manifest antisyncytial or antiviral activity; thus, the 
protection was not secondary to a nonspecific serum factor. 

Table 2. Duration of RSV immune serum-induced protection 
against syncytia formation* 

Period of serum contact 
with infected tissue cultures (h) 

2 
4 
8 

12 
>12 

Presence of syncytia after 
incubation with serum 

+Antibody 

+ 
+ 
+ 

-Antibody 

+ 
+ 
+ 
+ 
+ 

• Immune and nonimmune sera were diluted I :8 in MEM and applied 
to RSV-infected monolayers 12 h after infection . The sera were removed 
at various times. The end point of the assay occurred when the virus 
control monolayer exhibited 90% CPE. No syncytia (-), syncytia ( + ). 
Immune serum protected the monolayer against syncytia formation 
when it had been in place for 12 or more h. 

Table 3. Neutralization and antisyncytial antibody titers in cord 
and adult sera* 

Antisyncytial Neutralization 
Donor antibody antibody 

Cord 
I 1:8 1:16 
2 1:64 1:32 
3 1:32 1:64 
4 1:64 1:64 
5 1:64 1:64 

GM (IO!ll) 5.2 5.4 
Adult 

I 1: 16 1:16 
2 1:32 1:32 
3 1:64 1:64 
4 1:64 1:64 
5 1:128 1:64 

GM (log2) 5.6 5.4 

• GM, geometric mean . 

The results from the present study further imply that RSV 
infection induces an antibody that is directed against cell fusion 
or a fusion protein. In this respect, RSV resembles other para
myxoviruses including measles, mumps, and SV5 (3 , 12, 14). A 
specific fusion protein has recently been identified in RSV ( 17). 
Choppin and Scheid (3) have emphasized the importance of 
fusion protein in the pathogenesis of viral infections, i.e. virus 
entry into cells and cell-to-cell spread. Consequently, antibody 
to fusion protein would appear to be potentially important in 
immunity. Experimental data with SV5 infection in tissue culture 
has shown that antifusion antibody prevents infection as well as 
cell-to-cell spread ( 12). In contrast, antibody to other surface 
glycoproteins of the SV5 virus such as hemagglutinin-neuramin
idase was only able to neutralize the virus and not prevent cell
to-cell spread ( 12). Clinical experience with measles vaccine has 
further emphasized the importance of antibody to fusion protein 
in immunity. The earlier measles vaccine was a formalin-inacti
vated preparation that produced significant titers of HAl anti
body but failed to provide long term protection and often resulted 
in the development of severe atypical disease (4). Norrby et a/. 
( 13) demonstrated that immunization with formalin-inactivated 
measles virus failed to induce hemolysis-inhibiting antibody, e.g. 
antifusion antibody, whereas immunization with live attenuated 
virus did. Thus, formalin, in all likelihood, inadvertently de
stroyed the fusion protein. 

These findings may help to explain the failure of early RSV 
vaccines to induce protection. As with the initial killed measles 
vaccine, the formalin-inactivated RSV vaccine succeeded in gen
erating a good antibody response as measured by the neutrali
zation and complement fixation tests; however, those vaccinated 
experienced more severe RSV disease upon exposure to natural 
infection (2, 5, 8, 10). Currently, the experience with inactivated 
RSV vaccine would appear to mirror the experience with measles 
vaccine. In order to test this theory, experiments are now under
way in our laboratory to evaluate the antisyncytial capacity of 
serum raised in animals immunized with formalin-inactivated 
RSV. 
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Summary 

We have studied a 17-year-old girl with lactic acidosis (3-18 
mEqfliter) and progressive muscle weakness since 9 years of age. 
Morphological findings in muscle were of a typical ragged red 
myopathy with multiple collections of bizarre mitochondria, some 
containing paracrystalline inclusions. 

The carnitine content of serum and muscle was normal, as 
were the activities of carnitine palmitoyltransferase, carnitine 
octanoyltransferase, and carnitine acetyltransferase in the pa
tient's muscle. Measurement of the enzymes of oxidative phos-
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phorylation in both crude muscle homogenates and mitochondrial 
fractions showed close to normal activities of cytochrome c 
oxidase, succinate dehydrogenase, and A TPase. In contrast, suc
cinate cytochrome c reductase activity was greatly reduced in the 
patient, being 0.035 J,Lmol/min/g tissue in whole muscle (controls 
1.16 ± 0.47 J,Lmol/min/g tissue) and 8 nmol/min/mg protein in 
the mitochondria (control, 340 nmol/min/mg protein). Rotenone
sensitive NADH-cytochrome c reductase was also undetectable 
in the patient's mitochondria. Spectral analysis of cytochromes 
showed decrease of reducible cytochrome b to 16% ofthe control. 
These results indicate a defect of ubiquinol-cytochrome c reduc
tase or the cytochrome be. segment (complex III) of the electron 
transport chain. Antibody-binding studies of the individual com
ponents of complex III showed additional deficiencies of core 
proteins I and II and peptide VI, indicating a more widespread 
defect of complex III than was evident from spectral analysis 
and enzyme activity measurements alone. 

Urine organic acid analysis after fasting and following a me
dium chain triglyceride load showed unusually high levels of 
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