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After experimental infection with Mycoplasma pneumoniae, 42% of 67
volunteers developed a threefold or greater rise in antibody in nasal secretions as
measured by radioimmunoprecipitation. Development of' an antibody increase in
sputum was detected more of'ten, i.e., in 73% of the volunteers. Each of' the anti-
body increases involved immunoglobulin (Ig) A. Twelve rises in IgG antibody
were detected in the specimens which exhibited a rise in IgA antibody. In almost
every instance the rise in IgA antibody exceeded that seen with IgG antibody.
Analysis of the response to experimental challenge with M. pneumoniae of volun-
teers with different levels of preexisting respiratory tract IgA antibody suggested
that this secretory antibody was related to host resistance to M. pneumoniae
disease. Further, respiratory tract IgA antibody appeared to be more directly re-

lated to host resistance than was antibody in serum.

During infection with Mycoplasma pneumo-
niae the site of' localization of the organism
appears to be superf'icial, involving only the
epithelial layer of the respiratory passages (8).
Studies in hamsters performed by Fernald and
Clyde (11) suggest that local respiratory tract
immune mechanisms play a greater role in
resistance to the organism than do systemic
immune mechanisms. Taken together, these
findings suggest that evidence of specit'ic M.
pneumoniae immunity should be demonstrable
in the respiratory tract or its secretions. Previ-
ous attempts to demonstrate local antibody to
M. pneumoniae in the respiratory tract of
experimentally infected volunteers failed, prob-
ably due to the relative insensitivity of' the
methods employed (2, 10, 20). However, Biber-
feld and Sterner (3) reported the presence of
immunoglobulin(Ig) A, IgG, and IgM antibodies
in bronchial secretions of patients with lower
respiratory illness due to M. pneumoniae, by
use of immunofluorescence and complement
fixation techniques.

This report describes the development of' M.
pneumoniae antibody in nasal secretions and
sputa of a significant proportion of volunteers

'Present address: Institute for Medical Microbiology, 63
Giessen, Schubertstr. 1, Germany.

after intranasal inoculation of the organism.
These antibodies were found to be predomi-
nantly of the IgA class. Furthermore, the pres-
ence of such antibody prior to challenge ap-
peared to be correlated with resistance to ill-
ness. The possible implications of these findings
to the problem of immunoprophylaxis of M.
pneumoniae inf'ections are discussed.

MATERIALS AND METHODS
Volunteers were healthy adult male inmates of the

federal prison system or the Texas Department of
Correction. The two studies included in this report
were conducted to evaluate two ditf'erent preparations
of' killed M. pneumoniae vaccine in man. The f'irst
study was performed in 1965-1966 and has been
described in detail previously (20). The inactivated
vaccine used in this study was prepared from a culture
of' the FH strain of' M. pneumoniae grown in a
medium consisting ot' a chemically defined solution of
amino acids and vitamins enriched with a chloroform
extract of egg yolk. The organisms were inactivated
with Formalin and then concentrated by centrituga-
tion. Twenty-two men, 16 vaccinees and 6 controls,
were examined for local antibody prior to and at
various time intervals after challenge with wild-type
M. pneumoniae. Wild-type challenge was performed 6
weeks after the first of two injections of' inactivated
vaccine. Three of the vaccinees developed pneumonia,
two developed febrile respiratory disease, and one de-
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veloped afebrile respiratory disease. In the unvac-
cinated control group two developed febrile respiratory
disease and one developed afebrile respiratory disease.
The second study was performed recently (1971).
Forty-five men, 23 vaccinees and 22 controls, were
studied for their local immune response after chal-
lenge with wild-type M. pneumoniae. Wild-type chal-
lenge was performed 4 weeks after the injection of
inactivated vaccine. In this study two vaccinees
developed febrile respiratory disease and 6 developed
afebrile respiratory disease. In the control group of
unvaccinated volunteers, six developed febrile respi-
ratory disease whereas three had an afebrile illness. In
the second study the vaccine was prepared by growing
M. pneumoniae on the glass surface of 5-liter Povitsky
bottles (23). The medium contained bovine serum
fraction instead of horse serum. The cell sheet adher-
ing to the glass surface was washed several times and
scraped into distilled water. The organisms were then
inactivated with Formalin.
Organisms and cultural conditions. M. pneumo-

niae strain PI 1428 in its second passage on artificial
medium was used as the challenge inoculum. The
same organism suspension was used in both studies.
The growth medium has been described in detail
previously (6). M. pneumoniae was grown on the glass
surface of 5-liter Povitsky bottles containing 500 ml of
medium, and the organisms were harvested after
incubation at 37 C for 11 days by scraping the cell
sheet into the broth medium. The suspension was
distributed in glass ampoules and stored at -70 C
until used. Volunteers were inoculated into the naso-
pharynx with 106 to 107 colony-forming units of this
strain.

Collection and processing of specimens. Nasal
secretions and sputa from the first study were col-
lected and concentrated by lyophilization as de-
scribed elsewhere (16). The nasal washings in study 2
were concentrated using Sephadex G200. The concen-
trated specimens were adjusted to approximately 10
to 20 mg of IgA per 100 ml (as determined with serum
IgA standard).

Ig determinations. IgA, IgG, and IgM in nasal
secretions and sputa were determined by use of the
radial immunodiffusion method of Mancini et al. (17).
Serum standards were used as reference. The diffu-
sion plates and standards were obtained from Meloy
Laboratories, Springfield, Va. The mean level of IgA
was 32.5 mg/100 ml for sputa from study 1, 21.2
mg/100 ml for nasal washings from study 1 and 15.2
mg/100 for nasal washings from study 2. IgG levels
were 19.6 mg/100 ml for sputa from study 1, 26.4
mg/100 ml for nasal washings from study 1, and 0.9
mg/100 ml for nasal washings from study 2. The
reason for the low levels of IgG in the second study is
not understood. Levels of IgM were low in each
instance: 1.2 mg/100 ml for sputa from study 1, 4.5
mg/100 ml for nasal washings from study 1, and < 1
mg/100 ml for nasal washings from study 2.

Antisera. Antisera to human IgA, IgG, and IgM
produced in goats or sheep were obtained from Meloy
Laboratories. The specificity of the antisera was
determined in Ouchterlony double diffusion tests by
use of whole human serum as antigen (18). Antiserum
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to whole human serum produced in a burro was also
used. The antisera to human IgA and to whole human
sera were shown to contain antibody to secretory IgA
in double diffusion tests by use of purified human
secretory IgA obtained from pooled, concentrated
nasal washings as an antigen. The purified nasal IgA
was kindley supplied by J. C. Perkins, formerly of The
National Institutes of Health, and A. Jackson of
Meloy Laboratories. Anti-IgG or anti-IgM did not
show a precipitation line with the purified secretory
IgA. The potency of the Ig antisera was assayed in a
preliminary manner by immunodiffusion in agar. The
IgA antiserum produced a visible precipitin line when
diluted 1:32 and tested against purified nasal secre-
tion IgA. Similarly the anti-IgG produced a precipitin
reaction when diluted 1:16 and tested against human
IgG (1 mg/ml). The anti-IgM was active at a dilution
of 1:32 when tested against human IgM (1 mg/ml).
RIP test. The method for determination of radi-

oimmunoprecipitation (RIP)-antibody to M. pneumo-
niae has been described in detail previously (H.
Brunner and R. M. Chanock, Proc. Soc. Exp. Biol.
Med., in press). Briefly, '4C-oleic acid- and "4C-pal-
mitic acid-labeled M. pneumoniae organisms were
filtered (450-nm pore size membrane filter, Millipore
Corp.) and diluted to an activity of 500 to 1,000 dpm
per 0.025 ml. Fourfold dilutions of nasal secretions or
sputa were prepared in microtiter plates, and these
diluted materials were incubated with 0.025 ml of
labeled antigen for 60 min at 37 C and overnight at
4 C. Antigen-antibody complexes were precipitated
by a 1:4 dilution of antiserum to human IgA, IgG,
IgM, or a 1:8 dilution of antiserum for whole human
serum. After centrifugation of the precipitates at
1,000 rpm for 10 min, the radioactivity remaining in
the supernatant fluid was determined. The antibody
titer was defined as the highest specimen dilution
giving a 33% binding of antigen. Each specimen was
tested in duplicate. Titers of secretions were calcu-
lated on the basis of 20 mg/100 ml of IgA.
MCT. The mycoplasmacidal test was based on the

complement-mediated mycoplasma killing reaction
originally described by Gale and Kenny (14). Details
of the method were published earlier (5). For the
study of large numbers of specimens which were
available in small volume, the test was adapted to
microtiter equipment. To 3 fourfold dilutions of the
test specimen which were prepared in 0.05 ml of'
tris(hydrochloride)aminomethane - ethylenediamine-
tetraacetic acid-saline (TES)-buffered saline contain-
ing divalent cations and 0.1% gelatin, 0.1 ml of a fil-
tered (450-nm pore size membrane filter, Millipore
Corp.) suspension of M. pneumoniae organisms was
added. After incubation for 60 min at 4 C, 0.05 ml of
prediluted guinea pig serum which served as the
source of complement was added and the plates were
incubated for 120 min at 37 C. After vigorous shaking
0.1 ml of the reaction mixture was removed and di-
luted 1: 100 in ice-cold TES-buffered saline to stop
the reaction. After an additional 10-fold dilution,
samples of each mixture were inoculated in triplicate
on agar medium. The plates were incubated at 37 C
for 8 to 12 days, and the number of colonies was

counted by use of a dissecting microscope at a mag-
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nification of x 25. Test specimen alone (in the highest
concentration used), fresh guinea pig serum alone,
and diluent alone were included in each assay as con-
trols. Based on the average number of viable organ-
isms in the controls, the extent of killing by test
serum in the presence of complement was deter-
mined. The highest dilution of the best specimen
which produced a 0% decrease in viability was cal-
culated after logit transformation.
CF and MI. Complement fixation (CF) and metab-

olism inhibition (MI) procedures for measurement of
serum antibodies were performed as described previ-
ously (25, 26).

RESULTS
Adequacy of anti-globulin antisera em-

ployed in RIP reaction. As shown in Table 1,
RIP test performed with sera and nasal secre-
tions from volunteers infected with M. pneumo-
niae (study number 2) yielded different anti-
body titers for IgG, IgA, and IgM. The predomi-
nant serum RIP antibody was found in the IgG
fraction, whereas the antibody activity in nasal
secretions appeared to be mainly IgA. These
findings indicated that the IgG and IgA antisera
were sufficiently potent for use in detecting
these immunoglobulins by the RIP technique.
Similarly, the IgM antiserum was capable of'
detecting IgM with M. pneumoniae specif'icity.
Antibody in respiratory tract secretions.

M. pneumoniae antibody was detected in the
majority (74%) of convalescent respiratory tract
secretions tested. Antibody was also found in a
smaller proportion (43%) of' acute phase speci-
mens. Consistent with the data shown in Table
1, most of the antibody activity was associated
with IgA; each of the nasal secretion or sputum
specimens which contained antibody activity
had demonstrable IgA antibody for M. pneumo-
niae. IgG antibody was detected in 23% of' 233
nasal secretion and sputum samples tested, but
only 5 of these specimens contained IgM M.
pneumoniae antibody.

TABLE 1. Representative titers of IgG, IgA, and IgM
antibody in serum and sputum as detected by RIP

using anti-globulin antisera

Anti-globulin Pre Post Pre nasal Postused in RIP
seu seu seto nal

procedure serum serum section

Volunteer A
Anti-IgG 8,192 32,768 < 2 < 2
Anti-IgA 128 128 2.8 32
Anti-IgM 64 64 < 2 < 2

Volunteer B
Anti-IgG 4,096 65,536 < 2 < 2
Anti-IgA 16 < 16 < 2.0 10.0
Anti-IgM 32 64 < 2 < 2

After experimental challenge with wild-type
M. pneumoniae, 42% of 67 volunteers developed
a threefold or greater rise in nasal secretion RIP
antibody during convalescence (Table 2). De-
velopment of' an antibody increase in sputum
was observed more frequently, i.e., 73%. A
threef'old increase was considered signif'icant
because 12 replicate assays of a single nasal
secretion yielded RIP antibody titers which
varied less than twofold; the 95% conf'idence
limits for this replicate assay were 1.15-fold. In
addition, variation in replicate assays of several
secretions performed on different days was
never more than twof'old. Previously, a similar
reproducibility had been demonstrated for RIP
serum antibody.
Each of the 43 antibody rises observed in

nasal secretions or sputum involved IgA.
Twelve rises in IgG antibody were detected in
the specimens which exhibited a rise in IgA
antibody. In almost every instance the rise in
IgA antibody was greater than that seen with
IgG. In no instance was an IgG antibody rise
detected in the absence of an IgA response. A
rise in IgM antibody was not detected. The
specificity of' the antibodies detected in post-
challenge nasal secretions and sputa was further
investigated by attempting to block antibody
activity by incubation of' secretions or sputum
with mycoplasma broth, containing horse serum
and yeast extract, prior to performance of the
RIP test. This approach was taken since the
volunteers were challenged with M. pneumo-
niae organisms grown in broth containing horse
serum and yeast extract. Conceivably, the chal-
lenge inoculum could have stimulated anti-
bodies against horse serum or yeast extract
proteins. In addition, the RIP antigen could
have contained horse serum or yeast extract
antigens adsorbed to the surface of M. pneumo-
niae organisms, although this is unlikely since
the organisms were grown on glass and were
washed extensively. Nevertheless, the secretory
antibodies which developed after challenge
could have been directed against horse serum or
yeast extract protein rather than M. pneumo-
niae. For this reason we incubated five postchal-
lenge sputa and three postchallenge nasal secre-
tions with an equal volume of a 1:10 or 1:20
dilution of complete mycoplasma broth for 1 h
at 37 C, and then for 18 h at 4 C, thus providing
an excess of horse and yeast proteins for absorp-
tion of antibodies against these antigens. As a
control, the nasal secretions or sputa were
preincubated with buff'er for 1 h at 37 C, and
then for 18 h at 4 C. After the 18-h incubation
interval the nasal secretions or sputa, now
diluted 1: 2, were tested by the standard RIP
procedure. In no instance did prior absorption
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TABLE 2. Secretory-antibody response to experimental infection with M. pneumoniae

No. with >3-fold
increase in IgA anti- Geometric mean titer Serum MI antibody

body in
Inactivated

Study M. pneumoniae No. of Nasal secretion Sputum Geometric mean
vaccine prior men No. with titer
to challenge Nasal Sputum 4-fold

secretion Prechal- Prechal-r
lne chal- leng chal- inra enPrehl chal-lene

nggeege lenge lenge

1 Yes 16 4 10 1:1.4 1:2.3 1:3.3 1:20.4 15 1:1.8 1:51.3
No 6 3 6 1:1.6 1:2.8 1:2.8 1:19.5 6 1:1.0 1:61.0

2 Yes 23 11 1:2.2 1:8.5 8 1:10.7 1:24.8
No 22 9 1:1.5 1:4.3 20 1:1.4 1:15.4

TABLE 3. Representative antibody responses of volunteers infected with M. pneumoniae (PI 1428 passage 2)
(study 1)

Antibody titer (reciprocal)a at indicated week after experimental
infection with M. pneumoniae

Volunteer Specimen Procedure
Before infec- 1 2 3 4

tion

1 Sputum RIP (IgA) < 2.0 NSb 2.4 45.7 NS
RIP (IgG) 2.0 NS 2.0 4.0 NS
MCT < 2.0 NS < 2.0 < 2.0 NS

Serum MI 48 64

2 Sputum RIP (IgA) < 2.0 11.4 9.4 3.8 53.3
RIP (IgG) < 2.0 4.7 < 2.0 < 2.0 < 2.0
MCT < 2.0 < 2.0 < 2.0 < 2.0 < 2.0

Serum MI 2 24

3 Nasal secretion RIP (IgA) < 2.0 2.5 < 2.0 10.0 < 2.0
RIP (IgG) < 2.0 < 2.0 < 2.0 3.2 < 2.0

Sputum RIP (IgA) 7.0 14.0 17.8 45.7 NS
RIP (IgG) < 2.0 4.4 7.2 < 2.0 NS
MCT < 2.0 < 2.0 < 2.0 < 2.0 NS

Serum MI 3 24

4 Sputum RIP (IgA) NS < 2.0 38.8 301.2 NS
RIP (IgG) NS < 2.0 4.4 < 2.0 NS
MCT <2.0 <2.0 <2.0

Serum MI 1.5 128

a Antibody titers adjusted to 20 mg of IgA per 100 ml.
b No specimen.

with mycoplasma broth reduce the titer of
secretory antibody as measured with antiserum
against IgA or whole human serum. These
findings suggest that the secretory antibodies
which we measured after experimental chal-
lenge were directed against M. pneumoniae
antigens.

Representative antibody responses of the vol-
unteers in the two studies are shown in Tables 3
and 4. IgA secretory antibody responses were

usually more pronounced in sputum than in

nasal secretions. Of interest was the dissocia-
tion of systemic and local respiratory antibody
responses shown by volunteers 3 and 8 in Table
4. These men developed a nasal secretion anti-
body rise without an accompanying serum anti-
body response.
As shown in Table 3, MCT antibody was not

detected in sputum. This supports the view that
IgG and IgM antibodies to M. pneumoniae were
not present in appreciable concentration in
sputum since antibody measured in MCT is
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TABLE 4. Representative antibody responses of
volunteers infected with M. pneumoniae (PI 1428

passage 2) (study 2)

Reciprocal of preinfection (above) and
4 weeks postinfection (below)

antibody titer
Volunteer

Nasal secretion Serum

RIPa (IgA) RIP (IgG) CF MI

1 <<2.0 <2 4 <2
16.0 < 2 128 64

2 5.0 < 2 16 16
12.8 < 2 16 16

3 2.6 <2 64 12
17.7 < 2 64 16

4 2.8 <2 32 <2
32.0 < 2 > 128 16

5 <2.0 <2 32 <2
10.0 < 2 16 24

6 6.4 < 2 128 64
6.6 < 2 128 24

7 <2.0 <2 16 12
7.0 < 2 32 24

8 <2.0 <2 32 12
13.2 < 2 32 6

9 <2.0 <2 4 <2
7.6 <2 64 6

10 <2.0 <2 32 <2
8.9 <2 64 12

aT_ _:L_ :_ 1- 1 s_ > -_ T Ap 10asal
per 100 ml.

mean titer of antibody in nasal secretions
showed a more pronounced increase which con-
tinued over the 4-week observation period (Fig.
3). The increased reaction of the anti-whole
human serum may have been due to its stronger
antibody activity as compared to the anti-IgA or
IgG serum.
Role of local antibody in protection against

M. pneumoniae disease. After the develop-
ment of the RIP test it was possible to assess the
role of local antibody in resistance to M. pneu-
moniae disease. For this type of analysis we
used the data obtained from the second volun-
teer study, since prechallenge specimens were
not available from all participants in the first
study. After challenge with 106 to 107 colony-
forming units of virulent, wild-type M. pneumo-
niae, 42 of 45 volunteers became infected. The
men who became ill tended to have lower nasal
IgA antibody titers than the volunteers who
failed to develop disease (Fig. 4). (P < .01;
Wilcoxon-Mann-Whitney-test) (15). The volun-
teers from this study were divided into two
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4

complement dependent and therefore should be
primarily of the IgG and IgM classes.
As shown in Fig. 1, the geometric mean titer

of IgA antibody to M. pneumoniae in sputum
increased during the first 3 weeks after infection
and apparently decreased thereafter. IgG anti-
body was detected in some sputa, but an
increase in geometric mean titer was not ob-
served. The values in the figure represent geo-
metric means obtained on the 22 volunteers of
the first study. Figures 2 and 3 represent the
data obtained on the nasal washings from study
1. As shown in Fig. 2, IgA antibody to M.
pneumoniae in nasal secretions increased dur-
ing the first week, remained at this level for the
following 2 weeks, and showed a tendency to
decrease thereafter. When an antiserum to
whole human serum was employed to precipi-
tate antigen-antibody complexes, the geometric

FIG. 1. Geometric mean RIP titer of IgA and IgG
M. pneumoniae antibody in sputum at indicated time
after experimental infection (study 1).
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FIG. 2. Geometric mean RIP titer of IgA and IgG
M. pneumoniae antibody in nasal secretions at indi-
cated time after experimental infection (study 1).
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FIG. 3. Geometric mean RIP titer of total M.
pneumoniae antibody in nasal secretions at indicated
time after experimental infection (study 1).
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FIG. 4. Prechallenge RIP titer of IgA M. pneumo-
niae antibody in nasal secretions of volunteers in

study 2.

approximately equal groups of men, one with
low serum MI antibody (1:8 or less) and the
other with high serum antibody (> 1: 8). These
groups were then subdivided into subgroups of
men with low (<1:3) or high (>1:3) nasal
secretion antibody. Men with low levels of RIP
nasal antibody ( < 1: 3) developed M. pneumo-
niae disease with higher frequency than men

with a high antibody titer ( > 1: 3), irrespective
of serum titer (Table 5). The correlation of nasal
antibody with resistance was significant for the
group of men with a serum antibody titer of 1:8

or more (P = 0.04; Fisher exact test). In
contrast, a correlation of serum antibody with
resistance was not evident (P > 0.30). These
findings suggest that local IgA antibody, as
measured by the RIP test, was related to
resistance to M. pneumoniae disease.

Correlation of rise in local antibody with
disease. There was also a correlation observed
between the occurrence of illness and the devel-
opment of a local secretory antibody response as
shown in Table 6. Men with M. pneumoniae
disease developed a rise in local antibody signif-
icantly more frequently than men who failed to
become ill.

Correlation of nasal secretion RIP anti-
body and serum CF and MI antibodies. Vol-
unteers who possessed nasal secretion RIP
antibody also tended to have serum CF and MI
antibodies (Fig. 5 and 6). Individuals with high
levels of RIP antibody generally had high levels
of serum antibodies.

DISCUSSION
Although reinfection with M. pneumoniae

occurs with appreciable frequency under epi-
demic conditions, the decrease in incidence of

TABLE 5. Relationship of preexisting antibodies in
serum and nasal secretions to resistance to

experimental challenge with M. pneumoniae (strain
PI 1428, passage 2)

Serum MI antibody titer
RIP (IgA)
antibody <1:8 > 1:8
titer in
nasal No. No. No. No.

secretions with without with without
disease disease disease disease

< 1: 3 ;9 9a 55 75
> 1:3 1C 5c od gd

a, b c. d Significance values: a vs b, P > 0.3; c vs
d,P> 0.3;avsc,P = 0.18; bvsd,P = 0.04.

TABLE 6. Relationship of clinical response to M.
pneumoniae to development of local nasal secretion

IgA antibodya

No. of men with indicated response
in nasal IgA antibody titer after
challenge with M. pneumoniae

Clinical response (PI 1428 passage 2)

Rise (>3-fold) No rise

Respiratory tract 12 3
disease

No disease 8 22

a p < 0.01 (Chi square with Yates correction).
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M. pneumoniae disease which occurs with in-
crease in age after the third decade suggests
that infection stimulates host defense mecha-
nisms which are relatively effective in protect-
ing against this type of illness (13, 24). In the

experimentally infected hamster, M. pneumo-

niae localizes on the surface of the ciliated
respiratory epithelium of the bronchi (8). Inva-
sion of the lung parenchyma does not appear to
occur. This type of superficial infection suggests
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that the most effective protection would be
provided by immunological defense mech-
anisms which operate at the epithelial surface of
the respiratory tract. For this reason, it was not
surprising to detect IgA antibody for M. pneu-
moniae in respiratory tract secretions. Previ-
ously Biberfeld and Sterner (3) had described
the presence of antibody in sputum after natu-
ral infection with M. pneumoniae. These anti-
bodies were detected in IgA, IgG, and IgM
globulins in comparable amounts, and for this
reason the possibility that the sputum speci-
mens were contaminated with serum could not
be excluded. In the present study significant
increases in antibody activity in nasal secretion
and sputum were predominantly in the IgA
class of globulins. These results are in good
agreement with the nature of the local respira-
tory tract antibody response to viruses (9, 19,
21, 27).

Failure to detect M. pneumoniae antibody in
respiratory tract secretions in previous studies
can be attributed in part to the relative insen-
sitivity of the methods used when compared to
the RIP procedure (2, 10, 20). In addition, the
test methods previously used included the me-
tabolism-inhibition antibody assay which
measures complement-dependent antibody.

In the present study an increase in local IgA
antibody was detected after experimental infec-
tion of a majority of the volunteers studied.
Furthermore, analysis of the response to experi-
mental M. pneumoniae challenge of volunteers
with different levels of preexisting respiratory
tract IgA antibody suggested that this secretory
antibody was related to host resistance to M.
pneumoniae disease.

Fernald et al. (12) recently reported that
hamsters infected with M. pneumoniae devel-
oped a peribronchial mononuclear cell response
in the lung which involved primarily IgM-con-
taining cells although some IgA-containing cells
were seen. Subsequently this was followed by
the accumulation of non-immunoglobulin-con-
taining mononuclear cells which were inter-
preted as a cell-mediated immune response.
Our findings are not necessarily at variance
with those of Fernald et al. since antibodies
produced by IgM cells in the respiratory tract
are probably destined for circulation in serum.
In contrast, the product of IgA cells would be
expected to be found primarily in the local
secretions of the respiratory tract. In any case,
at this point is is not possible to decide whether
cellular immunity is more important than that
associated with local secretory antibody. It is
clear, however, that secretory antibody is cor-
related in some manner, either directly or in-

directly, with resistance to M. pneumoniae dis-
ease.

lf local antibody does not kill M. pneumoniae
how could it be effective in protecting the host?
We have suggested previously that the organism
damages lung tissue by the production and
release of H202 (7, 22). This type of epithelial
cell damage is made possible by the ability of
the organism to adsorb to the surface of respira-
tory epithelium and thus H202 can be delivered
directly to the target area without inactivation
from extracellular catalase and peroxidase. In
this situation antibody might have an effect by
preventing adsorption of organisms onto the
respiratory epithelium. This type of effect has
recently been described for certain oral bacteria
which attach to the buccal epithelial surface
(28). It is also possible that IgA antibody might
be opsonic and aid in phagocytosis of M.
pneumoniae. This possibility is rather unlikely,
since IgA does not appear to be efficient in
opsonization (4).
Our findings in this study have several im-

plications to current efforts for the prevention of
M. pneumoniae disease by immunoprophylaxis.
First, the existence of a local secretory IgA M.
pneumoniae antibody system in the respiratory
tract offers additional hope for the success of a
live vaccine. Presumably, attenuated live orga-
nisms introduced into the upper respiratory
passages should be able to stimulate a local IgA
antibody response. Second, the correlation of
local antibody with resistance to M. pneumo-
niae disease suggests that this type of antibody
should be measured when experimental vac-
cines, live or inactivated, are being evaluated
for evidence of antigenicity. It is likely that the
RIP measurement of local antibody will provide
a helpful new parameter to vaccine evaluation.

ACKNOWLEDGMENTS
H. Brunner was supported in part by a fellowship from the

Deutsche Forschungsgemeinschaft, Bad Godesberg, Ger-
many.

The work of R. B. Couch was performed at Baylor
University under the support of Public Health Service re-
search contract PH 43-68-963, from the Infectious Diseases
Branch, National Institute of Allergy and Infectious Diseases,
Bethesda, Maryland.

LITERATURE CITED

1. Bellanti, J. A., M. S. Artenstein, and E. L. Buescher.
1965. Characterization of antiviral activity in serum
and nasal secretions. J. Immunol. 94:344-351.

2. Bellanti, J. A., C. B. Smith, H. W. Kim, J. Mills, J. L.
Gerin, R. H. Parrott, and R. M. Chanock. 1969. Serum
and local respiratory antibody responses following
infection with Mycoplasma pneumoniae or respiratory
syncytial virus, p. 183-194. In D. H. Dayton, Jr., P. A.
Small, Jr., R. M. Chanock, H. E. Kaufman and T. B.
Tomasi, Jr. (ed.), The secretory immunologic system.

VOL. 8, 1973 619



BRUNNER ET AL.

U. S. Government Printing Otf'ice, Washington, D.C.
.3. Biberf'eld, G., and G. Sterner. 1969. Antibodies against

Mycoplasma pneumoniae in bronchial secretions. Acta
Pathol. Microbiol. Scand. 76:646-647.

4. Bienenstock, J., and D. Y. E. Perev. 1972. Immune
mechanisms of' mucosal resistance. Med. Clin. N. A.
56:391-402.

5. Brunner, H., W. D. James, R. L. Horswood, and R. M.
Chanock. 1972. Measurement ot' Mycoplasma pneumo-
niae mycoplasmacidal antibodv in human serum. J.
Immunol. 108:1491-1498.

6. Chanock, R. M., L. Hayflick, and M. F. Barile. 1962.
Growth on artiticial medium ot an agent associated
with atypical pneumonia and its identif'ication as a

PPLO. Proc. Nat. Acad. Sci. U.S.A. 48:41-49.
7. Cohen, G., and N. L. Somersom. 1967. Mycoplasma

pneumoniae: hydrogen peroxide secretion and its possi-

ble role in virulence. Ann. N.Y. Acad. Sci. 143:85-87.
8. Collier, A. M., W. A. Clyde, Jr., and F. W. Denny. 1969.

Biologic ef'fects of Mvcoplasma pneumoniae and other
mycoplasmas t'rom man or hamster tracheal organ
culture. Proc. Soc. Exp. Biol. Med. 132:1153-1158.

9. Fazekas de St. Groth, S., and M. Donnellev. 195).
Studies in experimental immunology of inf'luenza IV.
The protective value of' active immunization. Aust. J.
Exp. Biol. Med. Sci. 28:61-75.

10. Fernald, G. W. 1969. Local immune mechanisms in
respiratory inf'ection due to MVcoplasma pneumoniae,
p. 215-227. In D. H. Dayton, ,Jr., P. A. Small, Jr., R. M.
Chanock, H. E. Kauf'man and T. B. 'I'omasi, Jr. (ed.),
The secretory immunologic system. U.S. Government
Printing Off'ice, Washington, D.C.

11. Fernald. G. W., and W. A. Clyde, Jr. 1970. Protective
effect of vaccines in experimental Mycoplasma pneu-
moniae disease. Infect. Immunity 1:559-565.

12. Fernald, G. W., W. A. Clyde, Jr., and J. Bienenstock.
1972. Immunoglobulin-containing cells in lungs of

hamsters infected with M)ycoplasma pneumoniae. J.
Immunol. 108:1400-1408.

13. Foy, H. M., G. E. Kenny, R. McMahan, A. M. Mansy, and
T. J. Grayston. 1970. Mycoplassma pneumoniae. J.
Amer. Med. Ass. 214:1666-1672.

14. Gale, J. L., and G. E. Kenny. 1970. Complement depend-
ent killing ot Mycoplasma pneumoniae by antibody:
kinetics ot' the reaction. J. Immunol. 104:1175-118:3.

15. Halperin, M. Extension ot' the Wilcoxon-Mann-Whitnev
test to samples censored at the same t'ixed point. 'J.
Amer. Stat. Ass. 55:125-138.

16. Kim, H. W., J. A. Bellanti, J. 0. Arrobio, J. Mills, C. D.

Brandt, R. M. Chanock, and R. H. Parrott. 1969.
Respiratory svncvtial virus neutralizing activity in
nasal secretions t'ollowing natural int'ection. Proc. Soc.
Exp. Biol. Med. 131:658-661.

17. Mancini. G., A. 0. Carbonara, and J. F. Heremans. 1965.
Immunochemical quantitation ot antigens by single
radial immunodit't'usion. Immunochemistry 2:235-254.

18. Ouchterlonv, 0. 1948. In Litro method f'or testing the
toxin-producing capacity of' diphtheria bacteria. Acta
Pathol. Microbiol. Scand. 25:186-191.

19. Rossen. R. D., J. A. Kasel, and R. B. Couch. 1971. 'I'he
secretory immune system: its relation to respiratorv
viral infection, p. 194-238. In J. L. Melnick (ed.),
Progress in medical virology, vol. 1:3. S. Karger, New
York.

20. Smith. C. B., R. M. Chanock. W. T. Friedewald, and R.
H. Alf'ord. 1967. Mycoplasma pneumoniae infections in

volunteers. Ann. N.Y. Acad. Sci. 143:471-48:3.
21. Smith, C. B., R. H. Purcell. J. A. Bellanti, and R. M.

Chanock. 1966. Protective ef'f'ect of antibody to parain-

fluenza type I virus. N. Engl. J. Med. 275:1145-1152.
22. Sobeslavskv, O., B. Prescott, and R. M. Chanock. 1968.

Adsorption of Mycoplasma pneumoniae to neuraminic

acid receptors of various cells: possible role in viru-
lence. J. Bacteriol. 96:695-705.

23. Somerson, N. L., W. D. James, B. E. Walls, and R. M.
Chanock. 1967. Growth of My coplasma pneumoniae on

a glass surtace. Ann. N.Y. Acad. Sci. 143:384-:389.
24. Steinberg, P., R. .J. W'hite, S. L. Fuld, R. R. Gutekunst.

R. M. Chanock, and L. B. Senterfit. 1969. Ecology of
Mycoplasma pneumoniae intections in marine recruits
at Parris Island, South Carolina. Amer. J. Epidemiol.
89:62--7:3.

25. Taylor-Robinson, D., R. H. Purcell, D. C. Wong, and R.
M. Chanock. 1966. A colour test for the measurement of

antibody to certain mycoplasma species based upon

the inhibition of acid production. J. Hyg. 64:91-10)4.
26. Taylor-Robinson, D., N. L. Somerson. H. C. 'I'urner, and

R. M. Chanock. 196:3. Serological relationships among

human mycoplasmas as shown by complement-tfixat ion
and gel diffusion. .J. Bacteriol. 85:1261-127:3.

27. Tomasi, I'. B., and J. Bienenstock. 1968. Secretory
immunoglobulins. Advan. Immunol. 9:1-96.

28. Williams. R. C., and R. J. Gibbons. 1972. Inhibition of

bacterial adherence by secretory immunoglobulin A: a

mechanism ot' antigen disposal. Science 177:697 -699.

620 INFECCF. IMMUNITY


