
INFECTION AND IMMUNITY, Dec. 1971, p. 757-763
Copyright C 1971 American Society for Microbiology

Vol. 4, No. 6
Prinited in U.S.A.

Immunopathology of Experimental Mycoplasma
pneumoniae Disease

WALLACE A. CLYDE, JR.
Departmeiits of Pediatrics and Bacteriology, School of Medicine, University of North Carolina, Chapel Hill,

North Carolina 27514

Received for publication 11 June 1971

Experimental Mycoplasma pneumoniae pneumonia in the Syrian hamster re-
sembles natural disease of man and is characterized by peribronchial round cells
as well as exudates in the air passages. The nature of these intralumenal exudates
was analyzed to assess host-parasite interaction at the respiratory epithelial surface,
where infection with the mycoplasma is concentrated. Cells recovered by tracheo-
bronchial lavage revealed changing patterns during the course of experimental
disease; free macrophages decreased, polymorphonuclear leukocytes increased, and
rosettes of epithelial cells surrounded by leukocytes appeared. Studies on formation
of the rosettes in vitro with M. pnewnoniae, sera, and cells suggested that comple-
ment-dependent immune phenomena were involved. The cellular events were maxi-
mal by 2 weeks after inoculation of normal hamsters. When previously infected
animals were challenged, the course of infection was shortened, peribronchial in-
filtrates appeared rapidly, and development of exudates was both exaggerated and
accelerated. These findings suggest that leukocytes entering the pulmonary paren-
chyma and lumen participate in the immune response to M. pneumoniae and con-
tribute to host protection.

In studies on the pathogenesis of Mycoplasma
pneumoniae disease, the Syrian hamster has
proven to be a useful experimental model (3).
Intransal inoculation of this animal results in a
sequence of pathologic (6) and immunologic (8)
changes resembling those occurring in the natural
human disease. Although the mycoplasma loca-
lizes superficially on the respiratory epithelium,
the most typical lesion is peribronchial infiltration
with lymphocytes and plasma cells. However, a
variable degree of exudation occurs within the
tracheobronchial tree. Since the most direct inter-
action between host and parasite is at the epithe-
lial surface, analysis of events at this site during
the course ofexperimental disease has been under-
taken. This investigation was stimulated by evi-
dence that protective immunity against M. pneu-
moniae may be mediated by local rather than
humoral mechanisms (9).

This report concerns dynamic changes in the
character of cells recoverable from the pulmo-
nary passages during the course of experimental
M. pnewnoniae disease. The results reflect events
occurring in the lung parenchyma and provide
indications of local immune phenomena.

MATERIALS AND METHODS
Organisms. All experiments utilized a virulent M.

pnewnoniae strain, PI 104166, which has been char-

acterized previously (9). A pool was prepared in
Hayflick's broth medium (10) representing the sixth
passage after isolation from a subject with pneu-
monia. Samples of log-phase culture, containing
approximately 107 colony-forming units (CFU)/ml,
were stored at -70 C until needed.

Animals. Young male hamsters weighing 100 4
15 g were- obtained from a local supplier and main-
tained in an isolated room. Uninoculated control
animals of the same age included in all experiments
were cultured for mycoplasmas and studied for evi-
dence of pneumonia; no organisms or abnormal
pulmonary histology were found. Procedures used
for inoculation, quantitative cultures, and histological
examination have been detailed elsewhere (6).

Serology. M. pneumoniae antibodies were measured
in hamster sera by complement fixation by using
reagents and a microtitration procedure described
by Fernald (8).

Collection of pulmonary cells. Animals were anes-
thetized with sodium pentobarbital, and the tracheas
were exposed immediately and cannulated with a blunt
19-gauge needle. Two milliliters of phosphate-buffered
saline (PBS; 0.01 M, pH 7.2) were injected through
the needle and immediately withdrawn, resulting in
approximately 75% recovery of the original volume.
It was anticipated that this procedure would yield a
sample of "free" cells from the lower trachea, bronchi,
and larger bronchial branches. A sample of the cell
suspension was mixed with a drop of concentrated
acetic acid, and total cells were counted in a hemocy-
tometer chamber. The remaining cells were sedimented
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at 500 X g for 10 min, PBS was decanted, and smears
of the cellular material were prepared and air-dried
for cytological examination.

Cytological methods. Replicate smears of material
from each animal were fixed and stained by three
methods to enable cell differentiation by both morpho-
logical and histochemical criteria. Techniques used
were: (i) hematoxylin and eosin after fixation in 95%
ethanol (15); (ii) methyl green and pyronin after
fixation in absolute ethanol (14); and (iii) the acid
phosphatase method of Barka and Anderson (1) after
fixation in formalin (4%,) with calcium chloride
(1 ) for 2 hr at 4 C. The staining reactions of various
cell types were identified by preliminary study of
hamster blood, bone marrow, and lung sections.
Hamster leukocyte morphology differs from that of
many other small animals, as described by Stewart,
et al. (13). Experience with pulmonary cell suspen-
sions revealed that small macrophages were difficult
to differentiate from the larger lymphocytic cells, since
both showed cytoplasmic pyronin staining. Accord-
ingly, definitive differential cell counts were made by
using the acid phosphatase-stained smears. Cells
were counted as macrophages only if they revealed a
strongly positive reaction; the other cell types en-
countered were either negative or very weakly positive
for acid phosphatase by the method used. Differential
counts, based on examination of at least 200 cells,
were performed under code by the author. Changes in
cell numbers were considered significant only if they
differed from normal mean values by at least two
standard deviations (see Table 1).

Procedures for in vitro studies of cell interactions.
Normal respiratory epithelial cells were obtained by
incubating excised hamster lungs, filled with 2 ml of
0.01% trypsin (Difco, 1:250) in Hanks solution (pH
8) through a tracheal cannula, at 37 C for 15 min.
The fluid recovered was centrifuged for 15 min at
500 X g, and the cells were resuspended in 2 ml of
PBS. Mycoplasmas were sedimented from log-phase
culture by centrifugation at 15,000 X g for 30 min
and then were resuspended in PBS. Equal parts of
organism and epithelial cell suspensions were com-
bined for 30 min at room temperature and then cen-
trifuged at 500 X g and washed thrice with PBS
to remove the bulk of unadsorbed organisms; the
product contained about 105 cells and 105 to 106

CFU of mycoplasma per ml. Normal hamster leuko-
cytes were prepared by gravity sedimentation, for 30
min., of heart blood collected in four parts of 3.8%c
sodium citrate solution and mixed with an equal
volume of 3% Dextran-250 (Pharmacia) in normal
saline. The leukocyte-rich plasma was aspirated and
centrifuged lightly, and the cells were resuspended in
PBS. This provided a final cell concentration of
about 107/ml. Fresh normal hamster serum was ob-
tained from heart blood clotted and separated at 4 C
on the day of each experiment. Portions of the serum

were inactivated by heating at 56 C for 30 min. The
M. pneumoniae antiserum was a pool of sera taken
from six hamsters 4 weeks after infection and was

heated at 56 C for 30 min before use.

RESULTS
Initial experiments were designed to determine

the quantity and character of cells recoverable by
pulmonary lavage of normal hamsters, thus pro-
viding baseline data for interpretation of changes
occurring during the course of experimental M.
pnewnoniae pneumonia. The significance of these
changes was suggested by additional studies of
organism-host cell interactions in vitro and by
examinination of the response of previously in-
fected hamsters to challenge inoculation.

Studies in normal hamsters. Pulmonary lavage
was performed on a group of 10 normal hamsters,
and the total and differential cell counts were
determined for each animal. The data permitted
calculation of mean values and an estimate of
normal variations which could occur (Table 1).
By using 2 ml of PBS as the lavage fluid, approxi-
mately 100,000 cells/ml could be recovered. The
cell types were designated by morphological and
histochemical criteria and included (in order of
frequency) macrophages, lymphocytes of various
sizes, polymorphonuclear leukocytes, and plasma
cells. Variable numbers of single and clustered
ciliated epithelial cells were found in most prep-
arations but were not included in the cytological
analyses. The reproducibility of the data was
indicated by results from many additional normal
animals serving as controls in other experiments
to be described.

Cytologic changes during NI. pneumoniae infec-
tion. A number of hamsters were inoculated intra-
nasally with approximately 106 CFU of a virulent
M. pneumoniae strain. At intervals, groups of six
animals were anesthetized with sodium pento-
barbital, and pulmonary lavage was performed
to determine the number and types of cells pres-
ent within the air passages. Heart blood was
obtained for serological study, and then the lungs

TABLE 1. Cytology of lower respiratory tract
secretionis il the ntormal hamster

No. of cells/ml'
Cell type

Alean Range (4e)6

Macrophage .............. 60 46-74
Small lymphocyte ........ 22 9-35
Large lymphocyte 14 7-21
Polymorphonuclear ....... 3 1-5
Plasma cell 2 0-4

Total ................... 101 82-122

a From pulmonary lavage with 2 ml of phos-
phate-buffered saline. Values expressed X 10g.

I Calculated from data on 10 normal animals.
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TABLE 2. Experimental Mycoplasma pneumoniae
disease in the Syrian hamster

Day post- Infectiona Pneumoniab Comple-
inoculation ment

+/No. Amt +/No. Degree fixation5

1 6/6 5.3 0/6 0 0.7
3 6/6 7.0 1/6 1.0 0
5 6/6 7.6 1/6 1.0 0.3
7 6/6 7.9 4/6 1.9 0.8
9 6/6 6.7 4/6 2.5 0.8
15 6/6 5.9 3/6 1.7 2.5
21 6/6 6.3 5/6 1.6 3.2
28 5/6 4.3 5/6 1.6 2.7
42 0/6 0 0/6 0 3.2

a Number infected/number inoculated; amount,
logio colony-forming units per gram of lung
(geometric mean).
bNumber with pneumonia/number inoculated;

degree; mean score for positive animals each rated
at 1 to 4+.

c Geometric mean titer, log1.

were removed aseptically and divided for quan-
titative culture and histological examination. The
data shown in Tables 2 and 3 are from an ex-
periment representative of several which were
performed.
The course of mycoplasma infection and the

evolution of pulmonary pathologic changes indi-
cated in Table 2 are characteristic of the model, as
reported previously from this laboratory (3, 6, 9).
All animals were infected, and maximum replica-
tion of the mycoplasma occurred by day 7. Evi-
dence of pneumonitis was seen as early as 3 days
but reached a peak 2 to 3 weeks after inoculation.
By 6 weeks, both infection and pneumonia had
cleared.
During the first 9 days after inoculation, the

number of cells recoverable by pulmonary lavage
(Table 3) was within or near the range established
for normal animals. On day 15, the cell yield in-
creased almost fourfold; the counts remained ele-
vated through day 28 but returned to normal
levels by day 42. Changes in total cell count thus
corresponded with the development and clearing
of pneumonia.
Examination of the nature of the cells showed

several additional findings (Table 3). Macro-
phages, the most abundant cells in the normal
hamsters, were sharply reduced in the first several
days after inoculation and did not return to the
normal range until day 28. Increases occurred in
the numbers of lymphocytes at 3 to 5 days and
again at 15 days, with the larger, more differen-
tiated forms predominating. Polymorphonuclear
leukocytes, which were rare in the normal
hamster, accounted for much of the cell elevation
on day 15.
An additional feature was noted in examination

of smears of the endobronchial contents (Fig. 1).
After the first week of infection, organized cellular
formations were recovered with increasing fre-
quency (Table 3). These consisted of epithelial
cells surrounded by variable numbers of poly-
morphonuclear leukocytes. Based on the observa-
tions that the mycoplasma is intimately associated
with the respiratory epithelial membrane (4, 5)
and the appearance of rosettes corresponded to
development of early serologic responses (8;
Table 2), the possibility of immune phenomena
was suggested. This was explored by analysis of
the way in which presumed constituents of the
rosettes interacted under controlled conditions
in vitro.

Studies of cellular interactions in vitro. A series
of substitution experiments was designed (Table
4) to evaluate the participation of epithelial cells,

TABLE 3. Cellular composition of lower respiratory secretionts durin2g experimental Mycoplasma
pneumoniae pneumonia

No. of cells at various times postinoculationa
Cell type -

1 day 3 days 5 days 7 days 9 days 15 days 21 days 28 days 42 days

Macrophage. 18.2 6.1 18.0 17.5 9.2 29.5 32.6 56.4 45.6
Small lymphocyte. 10.6 6.5 15.5 6.0 1.4 48.1 26.8 17.8 19.0
Large lymphocyte. 38.2 54.5 89.4 32.0 12.6 117.3 55.9 74.5 19.3
Polymorphonuclear

leukocyte.8.9 3.2 30.4 41.0 55.9 176.0 59.5 32.5 2.0
Plasma cell.. 5.3 3.5 4.4 1.0 0.6 7.6 3.9 1.8 3.1

Total .............. 81.2 73.8 157.7 97.5 79.7 378.5 178.7 183.0 89

Rosette figures......... 0 0 0 0 2.3 2.0 0.8 0.5 0

a Mean number _1 cells per milliliter 01 p pae-Iu:ere_saiine ue ior rns-cnea Mean number of cells per milliliter of phosphate-buffered saXlne used or trans-tractiea
(data from same animals shown in Table 2). Values are expressed X 103.

lavage
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FIG. 1. A cellular rosette, consistinig of a central epithelial cell surrounded by polymorphonuiclear leukocytes,
from trans-tracheal lavage ofa hamster inoculated 2 weeks previously with Mycoplasma pnieumoniae (hematoxylini
and eosin). Bar = JO lAm.

TABLE 4. Initeractioni oj Mycoplasma pneuimoniae in vitro with hamster sera, leuikocytes, anzd respiratory
epithelial cellSa

Componentsb

Serum iNo. of rosettes produced (per ml)
Leukocytes Mycoplasma Epithelium- __________

Immunec iNormal

+ ± + + + 6 X10' -13 X103
(Fresh)

+ + + + + I1X10 - 3 X103
(Heated)c

+ + + + -0
+ + -I + 0

(Fresh)
+ + + - I + 0

(Heated)
+ ± A-- 0
+ A- + + 0

(Fresh)
+ -+ + + 0

(Fresh)

a Incubated for 60 min at 4 C.
bSymbols: (+) 0.1 ml of component present; (-

saline present.
c Incubated for 30 min at 56 C.

M. pneumoniae, leukocytes, and M. pneumoniae
antiserum and fresh serum factors in the forma-
tion of rosette figures. One-tenth-milliliter
amounts of the components to be studied were
combined and incubated in small glass tubes.
Drops of the suspended material were then re-

-) component absent, 0.1 ml of phosphate-buffered

moved for rosette enumeration in a hemocytome-
ter chamber and preparation of slides, which were
stained with Wright's solution.

Rosette figures were produced in vitro (Fig. 2)
which were identical to those occurring in vivo
during experimental M. pneunoniae disease.

760 CLYDE



MYCOPLASMA PNEUMONIAE DISEASE

FIG. 2. Rosette similcar to that depicted in Fig. I prodiuced in vitro by initercactioln of Mycoplasma puienmtitoniic,e
sera, anid cells (Wriglht's staini). Bar = 10 .mn.

Serial studies altering incubation time and tem-
perature revealed that the figures formed readily
between 37 and 4 C but that they disappeared
rapidly at 37 C. The results in Table 4 summarize
three experiments conducted for 1 hr at 4 C.
Maximum rosette production required both

antiserum and fresh normal serum; counts up to
130,000 rosettes ,ml of suspension were obtained.
Heating of the fresh serum consistently dimin-
ished the number of rosettes (below 30,000,/ml).
No true rosettes were seen if either immune
serum, mycoplasmas, or epithelial cells were
omitted from the reaction mixture. Occasional
figures which were counted in control suspensions
as rosettes proved to be leukocyte clumps when
the stained smears were examined.

Studies of reinfected hamsters. To investigate
the functional significance of the cytologic
changes described above, additional experiments
were performed by using hamsters reinfected with
M. pnewnoniae. A group of normal animals was
inoculated with virulent organisms and main-
tained for 3 months to allow complete evolution
of the experimental disease. They were then chal-
lenged with M. pneumnoniae and sacrificed at
intervals in groups of four to six for pulmonary
lavage, quantitative lung culture, and pathological
examination. Controls included normal animals
(boarded for 3 months) inoculated with the chal-
lenge organisms and experienced animals inocu-
lated with sterile broth medium.
The results are summarized in Table 5. It was

possible to reinfect animals that previously had

experienced M. pneumnoniae disease; however,
growth of the organism was limited, and both
frequency and degree of infection were minimal
by 2 weeks. Most of the animals developed peri-
bronchial round cell infiltration within 3 days
after challenge. There was an immediate and
marked mobilization of phagocytes into the pul-
monary passages, and rosette formations ap-
peared after 3 days. These pathologic changes
appeared earlier and were more marked than
those occurring in animals infected for the first
time (Tables 2, 3, and 5).
Two observations in control animals complicate

interpretation of the experiment summarized in
Table 5. The immune (previously infected) ani-
mals, though clear of mycoplasma infection, in-
cluded two animals (of a group of six) with ab-
normal pulmonary histology consisting of a small
focus of round cells near major bronchi in each
animal. Although lymphoid collections are fre-
quently seen in the lungs of rodents, this is un-
usual in the hamster (6, 7); accordingly, the
changes were classified as a minimal degree of
"pneumonia." The changes in mycoplasma-chal-
lenged immune animals at day 14 were identical
and could represent a background upon which the
more acute effects were superimposed. The inocu-
lum used for initial infection and challenge of the
animals was a broth culture of M. pneurnoniae,
and the possibility exists that some of the effects of
challenge could represent sensitization to medium
components, especially horse serum. Immune
animals challenged with sterile broth revealed
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TABLE 5. Respolise of haisters recovered from Mycoplasma pulelumiooliaecilectioni to reiniociulatiol

Animal status" Sac

Immnune
(no challenge)

Immune
(virulent orga-
nisms)

Immune
(broth medium)

Normal
(virulent orga-
nisms)

Normal
(broth medium)

Infecti.)nb Pneumonia" Total no. of No. of rosettes

crlaceycl lAmt . cels lavaged 1produce(l (per ml)day

N0/6 Amt + 'No. I)egree

0 0/6 2/6 0.5 137.0 0

1 5/6
2 5/6
3 5/6
7 6/6
14 2/6

3 0/4

3 6/6
7 6/6
14 6/6

3 0/4
7 0/4
14 0/4

4.1 6/6
3.3 6/6
4.2 6/6
4.6 6/6
1.4 2/6

6.1
6.4
6.7

2.7 1,010.3
2.8 605.7
2.2 842.3
1.3 307.7
0.5 197.0

4/4 2.0

0/6 0
1/6 0.5
A /A i) ID/D

0/4 0
0/4 t)
0/4 0

250.5

162.0
314.0
505.0

127.0
141 .0
97.0

0
0
4 X 10
0
0

0

0
0

3.3 X 10

0
0
0

aImmune animals infected 3 months previously; challenge inoculum in parentheses.
I Number infected/number inoculated; amount, logio colony-forming units per gram of lung (geometric

mean).
c Number with pneumonia/number inoculated; degree, mean score for positive animals each rated at

I to 4+.

occurrence of some peribronchial round cells and
mildly elevated cell counts in the pulmonary pas-
sages; rosette figures were not produced. Thus,
some reactivity to the medium was reflected cyto-
logically; however, these changes were of less
marked degree than those seen in animals chal-
lenged with the mycoplasma culture.

DISCUSSION
Evidence accumulated to date in various ex-

perimental model systems indicates that M.
pneumoniae is an extracellular parasite (2, 4-6,
11). Although infection appears confined to the
respiratory mucosa, there is intimate parasitism
of host cell membranes achieved by a specialized
attachment device of the organism (5). In this
relationship, the mycoplasma is protected from
the muco-ciliary clearance mechanism of the air
passage but can damage epithelial cells and stimu-
late host immune responses. The lymphocytes and
plasma cells which infiltrate the lamina propria
probably mediate initial immune defenses. How-
ever, the interface between host and parasite is at
the lumenal surface.
The studies reported describe and quantitate

cellular events occurring in the tracheobronchial
tree during the course of experimental M. pneu-
moniae disease and provide collation with the

microbiology and several parameters of host
response. "Free" macrophages, which were the
predominant cells recovered by lavage of normal
hamsters, were reduced in number throughout the
period of maximal infection. This suggests that
the process interferes with normal release of these
phagocytes, possibly by their activation and fixa-
tion in the involved tissues. The appearance of
increased lymphoid cells in the exudate cor-
responded to the peribronchial round cell infiltra-
tion and anteceded development of detectable
serum antibody. Polymorphonuclear leukocytes
were most numerous when the disease process
reached its peak, including initiation of serologic
responses, which suggests the occurrence of im-
mune phagocytosis.
The leukocyte-epithelial cell configurations

noted in the tracheobronchial exudates have no
exact counterpart in other infectious diseases. The
cellular formations resemble the rosettes of sys-
temic lupus erythematosus, which occur when
sera and leukocytes of certain patients are allowed
to interact in vitro. Although the hamster rosette
phenomenon could be reproduced with organisms
and components from normal animals, further
study is needed to define its exact nature and
significance. The data suggest that rosette forma-
tion involves elements of complement activation,
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leukocyte chemotaxis, immune adherance, and
phagocytosis, accompanied by lysis of infected
cells.
A relationship between immune events and the

tracheobronchial exudates is suggested by the ex-

periments involving reinfection of hamsters. The
cellular responses evoked by second contact with
M. pneumoniae were both accelerated and exag-

gerated relative to first infection. This included
the early appearance of cellular rosette configura-
tions, suggesting rapid mobilization of necessary
opsonins. In association with these changes,
pulmonary infection was not prevented, although
its course was significantly shortened. Peribron-
chial round cell infiltration evolved more rapidly
after challenge inoculation but qualitatively was

similar to that seen in naive animals.
Atypical pneumonia in man is often accom-

panied by sputum production, and the material
washed from the hamster lungs in these experi-
ments may represent a crude counterpart. Fre-
quent references in the clinical literature attest
that purulent sputum often occurs in cold hemag-
glutinin-positive pneumonia, but detailed cyto-
logical studies have not been reported. Pilot
studies of sputa from young adults with pneu-
monia suggest that cellular rosette formations like
those reported for the hamster occur in natural
M. pneumoniae disease but not in infections by
several other etiologic agents (W. A. Clyde, Jr.,
unpublished data). If the frequency and specificity
of this observation can be confirmed with addi-
tional data, a simple diagnostic technique is sug-
gested. Specimens of this type could also be useful
for assessing the interaction between M. pneu-
moniae and human respiratory cells (5, 11).

ACKNOWLEDGMENTS

This work was conducted under sponsorship of the Commission
on Acute Respiratory Disease, Armed Forces Epidemiological
Board, and was supported by ithe U.S. Army Medical Research

and Development Command (contract DA-49-193-MD-2189).
W. A. Clyde, Jr., is the recipient of Public Health Service Research

Career Development Award l-KO3-AI-9676-08 from the National
Institute of Allergy and Infectious Diseases.

LITERATURE CITED

1. Barka, T., and P. J. Anderson. 1962. Histochemical miiethods
for acid phosphatase using hexazonium pararosanilin as

coupler. J. Histochem. Cytochem. 10:741-753.
2. Clyde, W. A., Jr. 1961. Demonstration of Eaton's agent in

tissue culture. Proc. Soc. Exp. Biol. Med. 107:715-718.
3. Clyde, W. A., Jr. 1968. An experimental model for human

mycoplasma disease. Yale J. Biol. Med. 40:436-443.
4. Collier, A. M., W. A. Clyde, Jr., and F. W. Denny. 1971.

Mvcoplasma pnieumoitiae in ham-ster tracheal organ cul-
ture: immunofluorescent and electron microscopic studies.
Proc. Soc. Exp. Biol. Med. 136:569-573.

5. Collier, A. M., and W. A. Clyde, Jr. 1971. Relationiships
between M)ycoplasma pneunontiae and humlan respiratory
epitheliumn. Infec. Immun. 3:694-701.

6. Dajani, A. S., W. A. Clyde, Jr., and F. W. Denny. 1965.
Expetimental infection with M) coplasnia p,teunt,oitiae
(Eaton's agent). J. Exp. Med. 121:1071-1086.

7. Dolezel, J., and J. Bienenstock. 1970. Immunoglobulins of
the hamster. Can. J. Microbiol. 16:727-731.

8. Fernald, G. W. 1969. Immunologic aspects of experimental
M!coplasnia piseumo,,iae infection. J. Infec. Dis. 119:255-
266.

9. Fernald, G. W., and W. A. Clyde, Jr. 1970. Protective effect

of vaccines in experimentail M!rcoplasnta piteutmzoltiae disease.
Infec. Immun. 1:559-565.

10. Hayflick, L. 1965. Tissue cultures and mycoplasmuas. Texas
Rep. Biol. Med. 23:285-303.

11. Hers, J. F. Ph. 1963. Fluorescent antibody technique in

respiratory diseases. Amer. Rev. Resp. Dis. 83 (no. 3,
part 2): 316-333.

12. Marmion, B. P., and G. M. Goodburn. 1961. Effect of an

organic gold salt on Eaton's primary atypical pneumonia
agent and other observations. Nature (London) 189:247-
248.

13. Stewart, M. O., L. Florio, and E. R. Mugrage. 1944. Hema-
tological findings in the golden hamster (Cricetus auratus).
J. Exp. Med. 80:189-196.

14. Taft, E. B. 1951. The problemi of a standarized technique
for the methyl-green-pyronin stain. Stain Technol. 26:205-
212.

15. U.S. Armied Forces Institute of Pathology. 1960. Maniual

of histologic and special staining techniques, 2nd ed.

McGraw-Hill Book Co., Inc., New York, p. 25-30.

VOL. 4, 1971 763


