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Immunofluorescence has proved useful in 
the identification of mycoplasmas and detec- 
tion of antibodies against them (1-3).  For 
Mycoplasma pfieumoniae, the indirect fluores- 
cent antibody test has been found to be 
highly specific and high fluorescent anti- 
body titers to M .  pneumoniae have been cor- 
related with resistance to clinical illness (4). 
The purpose of this study was to develop 
antigenic preparations for a variety of myco- 
plasma species which would be both reliable 
and convenient to use in fluorescent antibody 
tests. Two methods of preparing mycoplasma 
antigens for fluorescence tests have thus 
far been reported. One, as described by Liu 
( S ) ,  employs frozen sections of chick embryo 
lung infected with M .  ifmeumoniae. In the sec- 
ond, and most commonly used precedure (6),  
mycoplasma colonies growing on agar are 
transferred to microscope slides and fixed in 
a hot water bath. The Liu technique employ- 
ing egg-grown antigens is technically difficult 
and time consuming; the procedure utilizing 
hot water fixation gives nonspecific fluores- 
cence primarily because of the presence of 
contaminating agar. 

Broth-grown mycoplasmas have been shown 
to adhere to glass surfaces ( 7 ) .  We have 
exploited this property by using glass cov- 
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erslips on which mycoplasmas have been 
grown for use in both direct and indirect 
fluorescent antibody tests, Our method elimi- 
nates (1) the necessity of transferring agar- 
grown organisms, ( 2 )  centrifugation to con- 
centrate broth-grown mycoplasmas for smear 
preparations, and ( 3 )  the use of chick em- 
bryos. 

Materials and Methods. Medium. The 
broth medium has been described previously 
(8),  but was modified to contain 3.0% PPLO 
Serum Fraction. Briefly, the medium con- 
tained PPLO broth base, Eagle’s minimum 
essential medium, yeast extract, glucose, 
phenol red, HEPES buffer and PPLO Serum 
Fraction A. 

Organisms. The sources of human myco- 
plasma species used in this study have been 
described elsewhere (9). The strain of M. 
puZmonis, a rodent species, was supplied by 
Dr. Nelson at  Rockefeller University. 

Reagents. Mycoplasma antisera conjugated 
with fluorescein isothiocyanate were sup- 
pIied by Richard Del Giudice at  Baltimore 
Biological Laboratories (BBL) , Baltimore, 
Maryland. Guinea pig complement, anti- 
human and anti-rabbit globulins (caprine) 
conjugated with fluorescein (isothiocyanate) 
also were obtained from BBL. Some human 
sera containing M .  pneumoniae antibody and 
unlabeled rabbit antisera for the human my- 
coplasmas species were purchased as “refer- 
ence serums for CF antigens” from Robbins 
Labs, Chapel Hill, North Carolina. Other 
human antisera containing antibody to M .  
pneumoniae were kindly supplied by Dr. Rob- 
ert Chanock of NIH;  Dr. Joseph Tully of 
NIH generously donated human serum con- 

44 1 



442 IMMUNOFLUORESCENCE OF MYCOPLASMA COLONIES GROWN O N  COVERSLIPS 

taining antibody to M .  horninis ( 10, 11). Rab- 
bit hyperimmune antiserum to Mycoplasma 
orale type 2 was obtained from Microbiologi- 
cal Associates, Bethesda, Maryland. Phos- 
phate-buffered saline (PBS) at pH 7.8 was 
used for diluting antisera and reagents. 

Inoculum for coverslips. Representative 
strains of each mycoplasma species were 
grown in 25 ml of medium contained in a 6-oz 
prescription bottle (8 ) .  Cultures were incu- 
bated at 37' until a confluent layer of orga- 
nisms was obtained. The culture fluid was de- 
canted, and the layer of organisms attached 
to the glass was removed by scraping. The 
organisms were suspended in 1 ml of myco- 
plasma broth medium. 

Attachment of mycoplasma to  coverslips. 
Sterile coverslips were placed in a disposable 
tissue culture dish (60 X 15-mm Falcon) con- 
taining 5 ml of mycoplasma broth medium. 
After addition of 0.1 ml of mycoplasma sus- 
pension to each dish, cultures were incubated 
at 37" and examined daily with an inverted 
microscope. When fermenting mycoplasmas 
were grown on coverslips, the pH of the 
broth was closely monitored for potential 
correlations between colony adhesion an ac- 
idity. In  all cases, the coverslips were re- 
moved when they contained colonies large 
enough to be readily visible under low-power 
microscopic examination ( 1 OOX ) . The cov- 
erslips were air-dried and fixed for 3 min in 
acetone. Prior to use, each 9 X 22-mm cov- 
erslip was sectioned with a diamond point 
into 12 to 14 pieces. A microscope slide was 
used as a straight edge for the sectioning 
procedure. After staining, as many as 36 sec- 
tions were mounted on a single standard-size 
slide as a matter of convenience in grading 
fluorescence. 

Coverslips were examined with a Reichert 
Zetopan fluorescent microscope using a Bino- 
lux ultraviolet light source (Mercury vapor 
arc bulb HBO 200) and OG4 and KG2-5970 
filters. Serum titers were defined as the reci- 
procal of the highest dilution giving an une- 
quivocal positive reaction (bright green 
fluorescence). All tests were performed in 
duplicate and included positive and negative 
control antigen coverslips and control sera. 
For comparative purposes, smears were made 

of the same organisms grown in broth and 
concentrated by centrifugation. 

Staining with fluorescein con jugate. Direct 
test. Coverslip preparations (sections) were 
placed in wells of a disposable plastic tray 
(Model No. 965C Linbro Chemical Co., New 
Haven, Conn.) and 1 drop of fluorescein- 
conjugated antiserum was evenly distributed 
over each coverslip section. Trays were cov- 
ered with plastic sheets cut to size and placed 
in a humid atmosphere at  37" for 30  min. 
After removal of excess conjugate by suction, 
coverslips were washed three times with 1 ml 
of PBS. As a counterstain, 1 drop of 1:200 
dilution of eriochrome black (12) was added. 
After 10 sec, the coverslips were washed in 1 
ml of PBS, inverted, and mounted either wet 
or dry in 1 drop of elvanol ( 13). 

Blocking test. Sera were placed on the cov- 
erslips, incubated for 30 min at  37" and 
washed with 1 ml of PBS. The rest of the 
procedure was as described above under direct 
test. 

Indirect test. Appropriate dilutions of sera 
were spread evenly over coverslip prepara- 
tions and incubated at  37" for 1 hr. After 
three washes with PBS, a 1 : 10 dilution of the 
conjugated antiglobulin was added. After in- 
cubation for 1 hr, the preparation was 
washed, counterstained with eriochrome black, 
and mounted as described above. For con- 
trols, known positive and negative human 
sera were used for M .  pneumoniae and M .  
hominis. Commercially obtained hyper immune 
rabbit sera were used for other mycoplasmas. 

Results. Preparations of seven mycoplas- 
ma species grown on coverslips were evaluat- 
ed for their adequacy as antigenic prepara- 
tions for fluorescent tests. Of these, six con- 
sistently produced satisfactory colony densi- 
ties. One species, M .  salivarium failed to pro- 
duce colonies of sufficient size to fluoresce 
distinctly when grown in the manner de- 
scribed. With this organism, smears obtained 
by centrifugation of broth cultures were 
found satisfactory for homologous reactions. 
The incubation time required to produce ade- 
quate colony size and even distribution on the 
coverslips varied among the species and 
ranged from a minimum of 1 day for M .  
pneumonicle and M .  pulmonis to a maximum 
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TABLE I. Direct Fluoresceiit Aiitibody Test  with Human and R:c t Mycoplasinas Grown on Coverslips. 

Rabbit antisera 

M .  M .  M .  M .  M. M. M .  
Organisms (straiii) ptieumoniae orale I orale II horninis f ermentans salivarium pulmonis 

M .  pneumoniae (FK) 80" <2.5 2.5 2.5 <2.5 2.5 2.5 
M. orale 1 (CH19299) <2.5 20 <2.5 2.5 2.5 2.5 <2.5 
M .  orale I1 (CH20247) <2.5 <2.5 80 2.5 <2.5 2.5 <2.5 
M. horninis (V27S5) <2.5 <2.5 <2.5 20 2.5 <2.5 <2.5 
M. ferrnentans (PG18) <2.5 <2.5 2.5 <2.5 20 <2,5 <2.5 
M .  pulntonis (N3) <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 10 

'I Reciprocal of fluorescent antibody dilution. 

of 5 days for the others. In  the case of M .  
pneumoniae and M .  pulmonis, it was observed 
that the coverslips must be removed before 
medium pH falls below 6.7 otherwise colonies 
do not adhere to the coverslips. When cov- 
erslips were harvested before a fall in pH 
below 6.7, the colonies of these acid-producers 
adhered as strongly as the others, permit- 
ting thorough washing without loss of antigen. 

Coverslip preparations were used to test 
for cross-fluorescence among six species. 
Species-specific reactions were detected at  
dilutions between 1 : 10 and 1 :80 (Table I ) .  
Cross-reactions between species were minimal 
by the direct test, with positive fluorescence 
occurring only a t  serum dilutions of 1:2 .5  or 
less. 

With both the direct and indirect staining 
procedures, there is a clear distinction be- 
tween the weak fluorescence of heterologous 
reactions and the bright-green fluorescence of 
homologous reactions. Figure 1 illustrates this 
contrasting fluorescence in the direct test. 

TABLE 11. Indirect Fluorescent Antibody Test 

On the left (Fig. 1A) a coverslip-grown anti- 
genic preparation of M .  pneumoniae has been 
reacted with fluorescein-tagged antiserum to 
M .  horninis (but not counterstained). The 
colonies fluoresced with a dull yellowish- 
green. Subsequently, the same slide was 
washed and stained again using conjugated 
homologous antiserum (Fig. 1B).  The colonies 
fluoresced bright green (4+) indicative of a 
specific reaction of the antigen with the homoll- 
ogous antiserum. 

Commercially prepared rabbit antisera 
were used for positive controls in the in- 
direct test. The sera had been heat- 
inactivated for use in complement-fixation 
tests. Even when used undiluted, these sera 
were nonreactive. After the addition of one 
part guinea pig complement to three parts 
control serum, strongly positive species- 
specific reactions were obtained with these 
same sera (Table 11). For all antigens, titers 
obtained with homologous antisera were at  
least 4-fold higher than heterologous sera. 

with Human Mycoplasmas Grown oh Coverslips. 

Antisera 

Human Rabbit 

M .  pneumoniae M .  hominis M .  f ermentans 
C-F serum C-F serum C-F serum 

Known Known with with with 
Organisms (strain) negative positive complement complement complement 

~~ ~~ 

M .  pneumoniae (FH) <2.5" 20 1 0  2.5 <2.5 
M .  lzominis (V2785) <2.5 40 <2.5 40 <2.5 
M .  f ermendans (PG18) NDb NDb <2.5 2.5 20 

Reciprocal of fliiorescent antibody dilution. 
ND = not done. 
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FIG. 1. A. Method: direct test; antigen: coverslip-grown colonies of M .  pneumuniue ; antiserum: 
conjugated M .  huminis ; fluorescence: dull yellowish-green (+) ; magnification: X 312. 

Interpretation of fluorescence. The inten- 
sity of fluorescence and serum dilution end- 
points were consistent and reproducible for 
duplicate coverslip-grown preparations of all 
organisms in both the direct and the indirect 
tests. Fixed coverslip preparations showed no 
loss in antigenicity after 1 2  months of stor- 
age at  4'. 

In all tests, the negative controls were 
found to fluoresce with an intensity of grade 
0 - 1+, and positive controls were graded 3 - 
4+. All test specimens which fluoresced in 1 
- 2+ range were repeated for confirmation. 
Less than 8% of test specimens stained by 
the indirect method and fewer than 7% of 
those stained by the direct method required 
repetition. In the blocking test, however, 40% 
of all readings required retesting to obtain 
agreement among four or more samples be- 

fore interpretation was deemed reliable. A 
difficulty encountered with smear prepara- 
tions in both direct and indirect procedures 
was the difference in staining characteristics 
of small colonies compared to large clumps 
of mycoplasma. On the same smear, large 
clumps fluoresced brightly a t  serum dilution 
end-points 2- to 3- fold higher than individual 
colonies or small clumps. As a result, the 
determination of serum dilution end-points 
with smear preparations as antigens was 
equivocal. 

Discussion. The utilization of coverslip- 
grown antigens in the direct immunofluores- 
cent test provides a relatively rapid and sim- 
ple method for identifying mycoplasma. 
Moreover, use of coverslip preparations for 
the indirect test appears to be a practical 
means of screening human sera for evidence 
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B. Method: direct test; antigen: M .  pneumoniae (same slide as Fig. l A ,  re-stained) ; antiserum: 
conjugated M .  pneumoniae ; fluorescence: bright green (4+) ; magnification: X312. 

of an individual’s experience with mycoplas- 
mas. The indirect test required only 0.3 ml of 
conjugated human antiserum to determine an- 
tibody levels for six mycoplasma species. 
Smear preparations of these same organisms 
required a much larger antigen sample (an 
entire coverslip) with an attendant greater 
expenditure of reagents. The large sample is 
necessary since colony distribution is 
uneven and antigenic material may be missing 
over large areas of the coverslip surface, 
The advantages of our modification of the 
indirect test do not extend to the blocking 
test, however, since a positive reaction re- 
quires an unequivocal Idemonstration of the 
absence of fluorescence. This required the 
visualization of unstained colonies which was 
found to be difficult and time consuming. 

Titer end-points in the indirect test were 

found to be slightly, but consistently, lower 
than those obtained by fluorescent techniques 
employing smears or agar-grown anti- 
gens. Although this might have been due to 
conservative grading of fluorescence, it’s 
more likely because the fluorescence of 
larger colony aggregates is more striking 
than that of smaller colonies. With smear 
preparations, it was even possible to obtain 
two separate serum dilution end-points 
related to colony size. Antibody titers based 
upon fluorescence of small colonies were simi- 
lar to titers obtained with coverslip-grown 
preparations. However, larger clumps on the 
same smears gave titers 4-fold higher. This 
colony size factor seems to influence the 
serum dilution end-point of potent antisera 
only. Both the smear and coverslip techniques 
were capable of detecting serum dilution end- 
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points as low as 2.5. 
The technical advantages of preparing an- 

tigens by direct growth on coverslips may be 
summarized as follows: (1) rapid growth with 
a high yield of antigenically reactive orga- 
nisms, ( 2 )  concentration of organisms on glass 
coverslips without centrifugation, (3 )  growth 
on coverslips produces colonies which are 
small, uniform in size, evenly distributed, and 
which stain with uniform fluorescent in- 
tensity, (4) antigen preparations are free of 
metabolic products, medium components, cel- 
lular debris, and other contaminants, ( 5 )  
cross-reactivity is minimized, ( 6 )  commercial- 
ly prepared conjugates can be used without 
further purification, and ( 7 )  there is an 
economy of reagents. 

SUWZWZQY~.  A technique is described for em- 
ploying coverslip antigenic preparations of six 
species of mycoplasmas in immunofluorescen t 
tests. When grown directly on coverslips in 
broth media, the colonies produced were small, 
uniform in size, evenly distributed over the 
coverslips, and fluoresced uniformly with a 
high degree of specificity. These factors re- 
duced the size of antigen samples required for 
the unequivocal demonstration of serum dilu- 
tion end-points with an  attendant economy 
of time and reagents. Direct growth on cover- 
slips simplified the preparation of antigens 
and eliminated the introduction of media com- 
ponents or other contaminants into the prepa- 
rations. The resultant purified antigens ex- 
hibi ted minimal cross-reactions between spe- 
cies, retained their reactivity after pro- 
longed storage, and were adaptable to batch 
testing. Utilized in the direct fluorescent test, 

coverslip grown antigens provided a simple 
and relatively rapid means of identifying 
mycoplasmas. Their use in the indirect test 
appeared to be a practical means of screening 
human sera for evidence of immunologic ex- 
perience with a variety of mycoplasmas. 

The authors wish to thank Mrs. Cathy Owens for 
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