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ing that glucose phosphorylation was not a
factor in uptake inhibition.

Discussion. Previously it was shown that
the rates of growth and glucose catabolism of
yveast were affected immediately when cells
were transferred from H.O to D.O or from
D,0 to HsO, whereas the half time for equili-
bration was at least 10 minutes(1). From the
results presented here, it is possible to ac-
count for the rapid response to changing the
isotopic composition of the suspending medi-
um., The glucose, and to a lesser extent,
phosphate uptake processes were shown to be
sensitive to D-O inhibition independent of
metabolic effects. Since transport systems are
located on or near the cell surface, uptake
would be affected almost immediately when
cells are transferred to D.O or H.0, result-
ing in an abrupt change in the rates at which
glucose and phosphate enter the cell. This,
in turn, would cause a rapid alteration in the
rates of both growth and glucose catabolism.
In addition to affecting rates of growth and
metabolic activity, it is likely that uptake in-
hibition would cause physiological imbalances
within the cell and thus lead to further meta-
bolic disturbances.

Summary. Deuterium inhibited uptake of
glucose, potassium, and phosphate. Potas-
sium uptake inhibition was probably due to
the depressed rate of glucose catabolism in

Identification of the Antiviral Substances in Nasal Secretions.

IDENTITY OF NASAL ANTIBODY

D»0. Glucose and phosphate uptake inhibi-
tion was due to direct isotope effects on the
transport processes. Uptake and the effects
of D,O on uptake were the same for deu-
terio-glucose as for ordinary glucose. Results
of experiments on the effects of DO on sor-
bose and glucose transport indicated that
these sugars enter the cell by different mecha-
nisms. It was concluded that the immediate
effects of D,O in depressing the rates of
growth and glucose catabolism were due to
inhibition of glucose and phosphate uptake.

The author is indebted to Dr. J. J. Katz, of Ar-
gonne National Laboratory, who generously sup-
plied the deuterated glucose and to Mrs. L. S. Winn
for skilled technical assistance.
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Over the years, investigations of local im-
munity of the respiratory tract have led to a
search for antibodies or antibody-like activity
in respiratory secretions. Substances capable
of inhibiting proliferation of viruses have
been described repeatedly in respiratory mu-
cus(l) although the nature of the inhibiting
substances has not been clearly elucidated.
Primarily on the basis of experiments show-
ing very little anti-influenzal activity when
incubation of nasal secretions and virus was

carried out at 4°C, Burnet et ¢/(2) suggested
that the virus inactivating substance was dif-
ferent from serum antibody. Francis studied
nasal antibodies to influenza in humans and
found a positive correlation with serum titer,
and certain biochemical and serologic charac-
teristics which suggested the active material
to be similar to serum antibody(3). Fazekas
St. Groth found that influenzal immunization
of mice produced a parallel response of se-
rum and nasal antibodies(4). He also demon-
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strated transfer of circulating antibody into
bronchial washings of mice following intra-
peritoneal inoculation with immune serum
(5). These results suggested a serum origin
of respiratory antibodies.

The present studies were undertaken to
investigate the capacity of human nasal se-
cretions to neutralize a number of different
viruses and to attempt identification of the
neutralizing substance. Evidence will be pre-
sented that the neutralizing activity is associ-
ated with y1A-globulins in these secretions.

Materials and methods. Subjects. Ten
adult male laboratory workers contributed
normal secretions. Three other men and one
of the normals were studied during periods
of respiratory disease. Three patients with
chronic bronchitis, in remission, were also
tested.

Collection and processing of nasal secre-
tions. In preliminary trials, the use of cotton
plugs, stimulation of nasal mucosa with sodi-
um carbonate and washing of nasal cavities
with distilled water were found to be less
satisfactory for collection of nasal secretions
than saline washes. The following technique
was used throughout these studies. With neck
hyper-extended and glottis closed, 5 ml of
sterile 0.15 M saline solution was instilled
into one nostril by pipette. The solution was
then forcibly expelled through the nares into
a clean beaker. Washings were collected sev-
eral times daily for several days; the secre-
tions from each man were then pooled and
frozen at —20°C. Nasal washings were then
prepared for assay of antiviral activity. After
thawing, the specimen was shaken vigorously
with glass beads, centrifuged at 500 g for 20
minutes, dialyzed overnight against distilled
water, and concentrated by lyophilization.
After rehydration with distilled water to one-
tenth the initial volume, total protein was
determined by the sulfosalicylic acid method
(6). Specimens were adjusted to a final pro-
tein concentration of 150 mg% =+ 15 mg%.
All samples were found to be free of hemo-
globin by the guaiac test.

Cell cultures* and viruses. Rhesus monkey

* Purchased from Microbiological Associates, Inc.,
Bethesda, Md., and Flow Laboratories, Rockville, Md.
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kidney cell cultures were used for tests with
influenza, parainfluenza, polio and Coxsackie
viruses. HEP, cultures were used for adeno-
virus neutralization tests; diploid human em-
bryonic lung cultures were used for ECHO
28 and rhinovirus antibody determinations.
The viruses were standard strains used in
this laboratory, each with multiple cell cul-
ture passages. Influenza Ap/Japan/170/62
was obtained from Dr. J. A. Morris as allan-
toic fluid and was adapted to tissue culture;
ECHO 28 and rhinovirus 1059 were obtained
from Dr. M. Mufson.

Technique of neutralizing tests. Prelimi-
nary studies had indicated that concentrated
fresh nasal washings were invariably con-
taminated with fungi or bacteria. Heating at
56°C for 30 minutes sterilized them and
comparative titrations showed no loss of vi-
rus neutralizing capacity upon heating. Heat
inactivated concentrated nasal secretions, or
serial 2-fold dilutions of serum were mixed
with an equal volume of virus fluid contain-
ing 30 to 300 tissue culture infective doses
(TCID 50). Following 1 to 3 hours of incu-
bation at room temperature, 2 culture tubes
were inoculated with 0.1 ml of each mixture.
Tests were read 2 to 5 days later. Hemad-
sorption served as the indicator for myxovi-
ruses; cytopathic effect for the other agents.

Immunoelectrophoresis of nasal secretions
and sera. The method of Grabar and Wil-
liams(7) as adapted to microscope slides by
Scheidegger (8) with minor modifications was
used. Horse anti-human serum (AHS) was
obtained from Dr. Elmer L. Becker. Goat
anti-human y1A-globulin antiserum (Lot
G206, Hyland Laboratories, Los Angeles,
Calif.) produced a single line in immunoelec-
trophoresis against normal undiluted human
serum. (In one preparation in which serum
(human) was diluted 1:20 a faint alpha-
globulin arc was noted in addition to the
y1A-globulin line.) Goat anti-human y2-glo-
bulin antiserum (lot GP 11-63, Hyland Labo-
ratories) produced a single line in Ouchter-
lony plates when tested with undiluted nor-
mal human serum, but by immunoelectro-
phoresis against serum diluted 1:20, a cross
reaction with y1A-globulin was observed.
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FIG. 1. Relation of nasal antibody to serum neu-
tralizing titer.

Results. Neutralization of viruses by nasal
secretions. Neutralizing activity against 2 or
more of the 8 viruses tested was found in
each of the 10 normal nasal washings (Table
I). That this activity was specific was sug-
gested by the fact that no 2 specimens neu-
tralized the same viruses and that the activ-
ity against closely related viruses varied; for
instance, nasal secretions of 3 subjects (#1,
5 and 10) reacted differently to influenza A
and A, viruses. In addition, neutralization
of a number of different animal viruses was
observed; e.g., myxoviruses, enteroviruses,
rhinoviruses and an adenovirus were neutral-
ized by 2 or more secretions. Seven persons
with respiratory illness also showed antiviral
activity in nasal secretions or sputum (Table
II).

The relationships between serum neutraliz-
ing antibody titer and nasal antibody, tested
simultaneously, are depicted in Fig. 1. With
few exceptions a high serum titer was associ-
ated with virus inactivation by nasal secre-
tion; absence of serum antibody was associ-
ated with lack of nasal antibody in most
cases. However, 5 patients with undetectable
serum neutralizing antibody to ECHO 28 vi-
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rus (<1:2 or <1:5), and one patient with
no demonstrable influenza A,/62 antibody in
serum (< 1:5), were found to have antiviral
activity in nasal secretions. No significant
differences between normal and diseased per-
sons were observed.

Immunoelectrophoresis of secretions. Prop-
erties of the virus neutralizing substance in
normal nasal secretions suggested it to be
protein. Thus, activity was retained follow-
ing heating at 56°C for 30 minutes, freez-
ing, dialysis and lyophilization and was de-
stroyed by boiling or trypsin digestion for
one hour. Secretions were characterized fur-
ther by immunoelectrophoresis. In Table I
are listed the protein components found in
normal nasal secretions demonstrating speci-
fic antiviral activity. All specimens contained
albumin, alpha and yl1A-globulins. One speci-
men (Subject #8) contained trace amounts
of y2-globulin. Tt is of interest that y2-glo-
bulins were rarely found in nasal secretions
from normal persons and when present could
be identified by the present techniques only
in trace amounts.

Similar studies with secretions obtained
from persons with respiratory illness are in-
dicated in Table II. Albumin was found in
all of these specimens but the alpha globulin
precipitin arc was absent from specimens 1A
and 1B. Gamma 1A-globulin was found in
all cases; v2-globulins were noted in secre-
tions from 4 patients with rhinitis (#1A, 1B,
3 and 4). Purulent nasal secretions from
other patients with acute respiratory disease,
not shown in the Tables, routinely contained
y2-globulins, and often several B-globulins
were identified. Fig. 2 illustrates the im-
munoelectrophoretic appearance of nasal se-
cretions from normals and an individual with
respiratory disease.

The beta-globulin of normal secretions was
identified as a ylA by its typical immuno-
electrophoretic migration. This was confirmed
by precipitation with specific goat anti-hu-
man ylA antiserum. By the Ouchterlony
double diffusion system (Fig. 2D) a reaction
of identity between serum ylA-globulin and
the yl1A-globulin of normal nasal secretions
was observed.
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FIG. 2. Immunoelectrophoresis of nasal secretions.
wells; trough contains horse anti-whole human antiserum (AHS).

A. Normal nasal secretions in both antigen
B. A composite figure showing

in upper well nasal secretion obtained during respiratory infection; lower well has a normal human
serum; trough contains AHS. C. Upper well contains normal nasal secretion, diluted 1:2 with
saline; bottom well contains undiluted normal serum. Trough is filled with goat anti-human y1A-
globulin antiserum. D. Ouchterlony plate in which. well 1 holds sputum, wells 2 and 4 contain
normal human serum, wells 3 and 5 contain normal nasal secretions, well 6 contains human «2-
globulin, and center well is filled with specific ¥1A antiserum.

Absorptions to remove immunoglobulins.
Since normal nasal secretions contained ylA-
globulins predominantly and y2-globulins in-
frequently, it seemed likely that the antiviral
substance in these secretions was related to
their yl1A-globulin content. A number of ex-
periments were performed in which the y1A-
globulin was removed by absorption of the
secretions with specific ylA antiserum.

Equal volumes of secretion and antiserum
were incubated 24-48 hours at 4°C; precipi-
tates were removed by centrifugation (500 g
for 20 minutes). An aliquot of secretion
mixed with an equal volume of 0.15 M saline
was treated similarly. Since the goat anti-
serum was toxic to rhesus kidney cell cul-
tures, the neutralization tests were modified
by washing the serum-virus mixture from
each tissue culture tube after allowing one

hour for free virus to adsorb to the mono-
layer.

Following absorption of normal nasal se-
cretions or sputum with ylA antiserum, all
detectable neutralizing activity against para-
influenza type 3, Echo 28, Coxsackie A9,
polio type 1 and influenza A2 viruses was re-
moved (Table IIT). However, influenza anti-
body was not removed from nasal secretions
of 2 patients (#5 and 6) with acute respira-
tory disease. Treatment of these 2 specimens
with y2 antiserum resulted in loss of anti-
influenza activity. Absorption of a normal
nasal secretion (#2) with y2 antiserum re-
sulted in complete removal of the trace
amount of y2-globulin present and partial
removal of the ylA-globulin. There as no
loss of Echo 28 antibody but there was a
significant reduction of Coxsackie A9 and
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TABLE III. Removal of Immunoglobulins and Antiviral Activity of Respiratory Secretions by Absorp-

tion.
Control ~1A absorbed ~2 absorbed
. N*  Globulin N  Globulin N  Globulin
Patient Type of specimen Virus tested titer  content titer content  titer content
1 Nasal, normal Parainfluenza 3 1:1-1:2 ~1A,42 <1:1 y2 NDi ND
ECHO 28 1:16 ” <1:1 ” ND ND
2 Idem Idem 1:16  41A,42+ <1:1 ~2+ 1:16 1A=+
Coxsackie A9 1:4 ” <1:1 ” <1:1 ”
Polio type 1 1:1 » <1:2 » 1:2 ”
3 Sputum, bronchitis Parainfluenza 3 1:2 v1A <1:1 0 ND ND
4 Idem Influenza A, 1:1 ~1A <1:1 0 ND ND
5 Nasal, ARDt Idem 1:4 v1A, ~2 1:4-1:8 ~2 <1:1 y1A
6 Idem ” 1:4-1:8 ND 1:4-1:8 ND <1:1 ND

* N = Neutralizing antibody.
+ = Trace amount.

polio 1 antibody. That this was not due to
incomplete precipitation of high titered anti-
body is shown by the fact that absorption
removed 8 or more units of polio 1 and Cox-
sackie A9 antibody but none of comparably
titered antibody to Echo 28 virus. This sug-
gests that the antibody to Echo 28 virus was
composed primarily of y1A-globulins, where-
as that to polio 1 and Coxsackie A9 was a
mixture of y1A- and y2-globulins. An alter-
nate explanation for the patterns of absorp-
tion for subject #2 is that absorption with
y2 antiserum selectively removed the polio 1
and Coxsackie A9 but not the Echo 28 anti-
body. Although additional absorptions with
y2 antisera were not performed this explana-
tion hardly seems likely. Finally, immuno-
electrophoretic analysis of the yl1A and 2
antisera showed good specificity of the for-
mer and partial cross reaction of the latter.

Discussion. The present findings suggest
that the antiviral substance of normal nasal
secretions is predominantly yl1A-globulin,
closely related or identical to serum ylA-
globulin. During acute inflammatory condi-
tions y2-globulin is almost always present in
nasal secretions and in this situation it ap-
pears to be the predominant antiviral anti-
body. Because of the specificity of the anti-
viral activity in individual secretions and its
removal by anti-globulin absorptions the ac-
tive substance does not appear to be an inter-
feron such as that described in throat wash-
ings in acute influenza(9). Although albumin
and an alpha globulin have been detected in

t ARD — Acute respiratory disease,

} ND — Not done.

almost all respiratory secretions tested these
have not been associated with the antibody
activity in subsequent studies in this labora-
tory using gel filtration separation(10).

The presence of numerous serum proteins
in nasal secretions obtained during respira-
tory infection has been previously described
by Anderson, Riff and Jackson(11). Their
failure to detect yl1A-globulins in normal na-
sal secretions may reflect the use of a less
potent anti-human antiserum (AHS) than
was used in the current studies. The horse
AHS used in their studies detected 12 to 14
distinct antigenic components in whole hu-
man serum; the horse AHS used in the pres-
ent studies detected over 25 components.

Remington and Vosti(12) have also de-
scribed the occurrence of albumin and B82A
(y1A) globulins in normal nasal secretions
possessing hemagglutinins for tetanus toxoid
and streptococcal M protein. The precise
identification of the active component was
not established. In a study of normal human
tracheobronchial washings, Keimowitz found
high concentrations of B82A (ylA)-globulins
in comparison to albumin and vy2-globulin
(13). Together, while not defining the activ-
ity of various globulin components, these ob-
servations support the present studies by in-
dependent confirmation of their presence in
respiratory secretions.

The mechanism by which the yl1A-globu-
lins appear in normal respiratory secretions
remains to be established. The quantitative
studies of Chodirker and Tomasi(14) have
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demonstrated that ylA-globulin is present
normally in several body secretions in rela-
tively greater concentration than in serum.
These authors have postulated a selective
process of concentration and transport of
vl1A-globulins from the serum into these
fluids. If this is indeed the case, the anti-
body in normal respiratory secretions may be
derived directly from humoral antibody. Evi-
dence has been presented recently, however,
that the ylA-globulin found in local secre-
tions may differ in antigenic characteristics
from the ylA-globulin of serum(15). This
would suggest that modification of the y1A-
molecule occurs during transport to the local
site or, that a change in the molecule is pro-
duced by local enzymes, or that local pro-
duction of y1A-globulins occurs.

Finally, it is known that in allergic indi-
viduals certain ylA-globulins behave as rea-
gins (skin sensitizing activity) in both serum
(16) and nasal secretions(12). Whether, in
combining with viruses i# vivo ylA-globulins
from normal persons behave similarly is un-
known. However, if they do possess reaginic
activity, it is tempting to speculate that this
reaction may contribute to the altered vascu-
lar permeability characteristic of respiratory
infections. Further studies of this problem
and that of the relation of the antibody in
nasal secretions to immunity are currently
in progress.

Summary. Antiviral activity of nasal se-
cretions was studied using 8 different viral
agents and secretions collected from 10 nor-
mal adults and 7 persons with acute respira-
tory symptoms. Neutralizing activity of na-
sal secretions correlated well with the pres-
ence of serum antibody to each virus tested.
Immunoelectrophoretic preparations and im-
munoglobulin absorptions revealed y1A-glo-
bulin to be the predominant immunoglobulin
found in normal nasal secretions although
trace amounts of y2-globulin were occasional-

IpENTITY OF NASAL ANTIBODY

ly found. In secretions from normals, anti-
viral activity was primarily associated with
the y1A-globulins. During acute respiratory
infections a larger number of serum proteins
were detected in nasal secretions and anti-
viral activity was predominantly of the vy2-
globulin variety.

The authors are indebted to Wilbur Burnette,
John Cope and Mrs. Sarah Brown for technical assis-
tance. We wish to thank Drs. John L. Fahey and
Elmer L. Becker who provided some of the antisera
used.
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