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Many problems of studying the Eaton
agent of primary atypical pneumonia have
related to its limited host range and the lack
of convenient methods to indicate its pres-
ence in a test system. The indirect fluores-
cent antibody procedure was adapted to lo-
calization of the agent in the chick embryo
by Liu(l). More recently Chanock, ef al.
(2) have demonstrated that propagation in
tissue culture systems is possible; they were
unable to visualize the agent directly, how-
ever, and it was necessary to subculture the
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sorship of Commission on Acute Respiratory Dis-
eases, Armed Forces Epidemiological Board, and
was supported in part by Office of The Surgeon
General, Dept. of the Army, and by a grant from
Robert Hamilton Bishop, Jr. Endowment Fund.

t This investigation was completed during the
tenure of a Postdoctoral Fellowship from Nat. Inst.
of Allergy and Infect. Dis,, US.P.HS.

tissue culture materials in chick embryos
with application of Liu’s methods to identify
the agent. This report concerns successful
direct localization of Eaton’s agent in tissue
culture. The data to follow amplify the ob-
servations of Marmion and Goodburn(3)
which have suggested a relationship between
the agent and pleuropneumonia-like organ-
isms.

Materials and methods. The Mac strain
of Eaton’s agent, obtained from Dr. Chien
Liu and passaged 8 times in chick embryos
in this laboratory, was used in these studies.
Rhesus monkey kidney cell flask cultures
were obtained from Microbiological Associ-
ates, removed from the glass with 0.25%
trypsin, and resuspended in growth medium
(Hanks’ BSS 90%, inactivated calf serum
10%, lactalbumin hydrolysate 0.5%, penicil-
lin 1,000 units/ml). Secondary monolayers
of these cells were prepared on 6 X 22 mm
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FIG. 1. A secondary monkey kidney cell monolayer 6 days after inoculation with Eaton’s
agent. Rounded, granular growths are distributed at random over surface of culture. Fluores-
cent antibody technie. X430.
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coverslips in screw cap tubes, and before in-
oculation the fluid was changed to a special
maintenance medium (Eagle’s medium with
double amino acids and vitamins 95%, inac-
tivated chicken serum 5%, l-glutamine
0.025%, penicillin 1,000 units/ml, and suf-
ficient NaHCOj; solution to approximate pH
7.4). Infected chick embryo lung suspension
was centrifuged 1500 rpm for 10 minutes to
clarify, dilutions were prepared in mainte-
nance medium at 4°C, and tubes were inocu-
lated to contain a 10-2 final dilution of the
stock agent. After various periods of incu-
bation in stationary racks at 32°C the cover-
slips were harvested, air-dried at room tem-
perature, fixed in acetone for 10 minutes, and
stained with either the indirect fluorescent
antibody technic as previously described(4)
or an intensified Giemsa method(3). Anti-
sera were obtained from a serum collection
of primary atypical pneumonia cases occur-
ring in the Cleveland area in 1947-48, or by
immunization of rabbits with stock agent as
described by Liu(l). Previous titrations
using infected chick embryo lung sections
(4) revealed that the human convalescent
sera contained antibody at dilutions of 1:320-
1:640, while the rabbit antiserum had a titer
of 5120.

Results. Observations of unfixed cultures.
Under the conditions imposed the onset and
character of cytopathic effects were variable.
The changes consisted most often of the de-
velopment of plaques of yellowish, granular,
refractile cells with ultimate retraction and
detachment from the glass. In some experi-
ments these changes could be seen as early
as 4 days, while in others they were not ap-
parent until 10 days following inoculation of
the cell sheets; at times no specific changes
could be seen as late as 14 days, by which
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time the picture was often confused by the
emergence of simian agents. It became ap-
parent early in the course of these investiga-
tions that this method of detecting the pres-
ence of the Eaton agent was unreliable, and
attention was turned to the use of the indi-
rect fluorescent antibody technic.

Observations by means of fluorescent anti-
body staining. Coverslip cultures were har-
vested at various times following inoculation,
and stained with sera known to contain fluor-
escent-stainable antibody against Eaton’s
agent. Antiserum dilutions of 1:10 were pre-
pared in phosphate buffered saline (pH 7.2)
and inactivated by heating at 56°C for 30
minutes. Controls for the reaction consisted
of the following: 1) infected and uninocu-
lated cell cultures stained with known-nega-
tive antisera (human acute or normal rabbit
specimens) ; 2) cultures inoculated with nor-
mal chick embryo lung suspension stained
with human convalescent serum or rabbit
antiserum; and 3) normal and infected cul-
tures stained only with the fluorescein-con-
jugated goat antirabbit or antihuman globu-
lin solutions.

The changes to be described were seen in
infected cultures stained either with human
convalescent sera or rabbit antiserum, but
not in any of the control systems. Begin-
ning at 2 or 3 days after inoculation, and in-
creasing until destruction or degeneration of
the cultures at 14 days, brightly stained,
rounded, granular structures were evident.
The appearance of an intact culture 6 days
after inoculation is illustrated in Fig. 1. Fig.
2 shows an infected monolayer after 10 days’
incubation, at which time partial destruction
of the cell sheet had occurred. The plane of
focus of these structures under high magni-
fication revealed them to be at the surface

FIG. 2. A partially destroyed cell sheet, 10 days after inoculation, with brightly stained
structures on edges of cells and upon cytoplasmie processes. X430.

FIG. 3. A large mass of antigenie material oceurring 10 days after inoculation, which is
composed of a cluster of smaller rounded units. X430.

FIG. 4. Companion culture to that in Fig. 1, stained by the Giemsa method. Pink, granular
structures are seattered across the surface of the large cell in the ecenter of the field with periph-

eral aggregation. X200.

FIG. 5. Companion culture to that in Fig. 2 showing partial destruction and retraction of
cell sheet. Clusters of the rounded structures seen earlier are present (C), and all eells in the
field now show evidence of infection. Giemsa stain. X200.

FIG. 6. A single rounded cell bearing a colony on cell wall, The finely particulate nature of
the growth is just discernible. Giemsa stain. X900.
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of cells, in intercellular spaces, on the edges
of cells at the periphery of the monolayers.
and upon long cytoplasmic processes of cells
(Fig. 2). They were always in direct asso-
ciation with cells, however. These struc-
tures seemed fixed to the cell sheet since they
did not wash off during the multiple agitated
rinses of the staining procedure. Late in the
course of infection much larger aggregates of
fluorescing material were present after stain-
ing (Fig. 3), but these were composed of
clusters of the smaller, rounded units. Cells
were frequently seen which contained min-
ute specifically-stained particles: it was im-
possible to determine if these were intracy-
toplasmic or on the surface of the cells. Be-
cause of the difficulties of visualizing fine de-
tail with the fluorescence microscope, study
of companion cultures stained by the Giemsa
method was undertaken for further evalua-
tion.

Obsecrvations by means of Giemsa staining.
Changes comparable to those seen with the
fluorescence microscope could be found by
examination of infected cultures stained with
an intensified Giemsa procedure (Fig. 4 and
5). These changes were not seen in either
normal secondary monkey kidney cell cul-
tures or in cultures inoculated with normal
chick embryo lung suspension. Study of the
alterations with the oil immersion objective
revealed that the rounded structures associ-
ated with cells were composed of forms near
the limit of resolution which stained light
pink, and appeared to be predominantly
rounded in shape (Fig. 6). Clusters of the
minute forms averaged 10 u in diameter as
measured on photographic enlargements with
appropriate corrections for degree of magni-
fication, or more directly by use of a cali-
brated ocular micrometer.

Discussion. It has recently been shown
that growth of the Eaton agent is inhibited
by gold salts, and that minute cocco-bacilli
are present in. infected chick embryos in
areas corresponding to those containing the
fluorescent-stainable antigen(3). This in-
formation coupled with the size of the agent
(5). range of antibiotic sensitivity(3), and
the agent’s stability characteristics(6) all are
quite similar to those of the family of pleuro-
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pneumonia-like organisms (PPLO). The
data presented revealed the development of
extracellular growths in colonial configura-
tion after inoculation of secondary monkey
kidney cell cultures with Eaton’s agent. The
serological reaction of these colonies was in-
distinguishable from that of the same stock
agent identified in the chick embryo. Carski
and Shepard(7) have demonstrated PPLO
in tissue culture systems using the fluorescent
antibody technic, and their descriptions are
strikingly similar to the findings with Eaton’s
agent reported above. This accumulated
evidence strongly suggests that the Eaton
agent is a member of, or shares many prop-
erties of, the genus Mycoplasma.

The methods described make possible ex-
perimentation with the agent directly in tis-
sue culture without the need for an additional
indicator system. Work is now in progress
to evaluate application of these technics to
further study of the growth and other biolo-
gic characteristics of the agent.

Summary. The Eaton agent was localized
in secondary monkey kidney cell cultures by
means of fluorescent antibody staining em-
ploying either human atypical pneumonia
convalescent sera or rabbit antiserum.
Morphologic study of material stained by the
Giemsa method revealed the occurrence of
extracellular growths resembling colonies
with an average diameter of 10 micra. These
findings plus other characteristics of the
agent summarized suggest an intimate rela-
tionship to organisms of the genus Myco-
plasma.
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