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Mycoplasma pneumoniae is an important
cause of human lower respiratory tract infec-
tion and is the only mycoplasma associated
definitely with disease in man. The mechan-
ism by which this organism produces its pa-
thology is unknown. Recently it was sug-
gested that the quantity of peroxide secreted
by M. pneumoniae and the tendency to ad-
sorb to tracheal epithelium may be factors
mediating virulence (1, 2). Since a reduction
in M. pneuwmoniae virulence, with dimin-
ished pathogenicity for volunteers and ham-
sters, has been seen after subcultivation in
artificial media (1, 2), an attempt was made
to derive related pairs of virulent and attenu-
ated strains by successive passage so that
their biological characteristics might be com-
pared. Using such pairs of virulent and atten-
uated strains, based on pathogenicity for
hamsters, a quantitative measurement of
peroxide formation and cytadsorption was
therefore undertaken to assess the relatedness
of these phenomena to virulence.

Material and Methods. Media. Cultivation
utilized Hayflick’s medium (5) containing
70% Difco PPLO agar or broth, 20%
unheated horse serum, 10% aqueous yeast
extract, 1% dextrose, penicillin G (1000
units/ml), and 0.004% phenol red indicator
(broth only).
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Mycoplasma strains. Organisms studied
were derived from two parent strains of M.
pneumoniae, both from patients with atypical
pneumonia. M129-B6 had been isolated in
this laboratory and passed six times in broth;
Mac-K, isolated by M. D. Eaton and sup-
plied by C. Liu, has been passed 78 times in
chick embryo, 21 times on agar, and 123
times in broth.

A derivative of M129-B6 was produced by
169 serial passages in broth (M129-B169).
Mac-K was passed eight successive times in
hamsters (Mac-H106) by intranasal inocula-
tion with 0.2 ml infected hamster lung as a
10% w/v suspension in 0.85% NaCl with
0.02 M phosphate buffer at pH 7.2 (PBS). It
was then passed four times in broth. A single
pool of each strain containing approximately
5 3 10% colony-forming units (CFU)/ml was
prepared and used for all animal inocula-
tions and in vitro studies. All strains were
identified as M. pneumoniae by their glycoly-
sis and by the antiserum disc inhibition tech-
nique (6). The pools were free of contamina-
tion by other microorganisms.

Measurement of virulence. Virulence was
determined by the method of Dajani et al.
(4). The severity of pneumonia produced in
hamsters 14 days after intranasal inoculation
of log-phase M. pneumoniae broth culture was
studied histologically and the intensity of
infection measured by counting CFU/gm of
lung. Pneumonia was defined as a peribron-
chial or peribronchiolar round cell infiltra-
tion. A strain was considered virulent if an
inoculation of approximately 5 X 10° CFU
produced pneumonia in at least 80% of ani-
mals (7).

Cytadsorption and cytadsorption inhibi-
tion. The parent and derivative strains were
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compared using the method of Sobeslavsky ez
al. (2) who demonstrated an equivalence
between adsorption of erythrocytes and
tracheal cells to M. preumoniac. Colonies of
M. pnewmoniae on Hayflick’s agar were over-
laid with chicken red blood cells (RBC’s),
incubated 15 min at 37°, washed, and ob-
served microscopically for degree of hemad-
sorption. Susceptibility to the effects of he-
madsorption inhibitors was compared by
treatment of the M. pneumoniae colony ad-
sorption receptors with sialic acid (N-ace-
tylneuraminic acid, General Biochemicals) or
gastric mucin (Wilson Laboratories) in sev-
eral concentrations prior to overlay with
chicken RBC’s. The inhibitory effect of re-
ceptor-destroying enzyme (RDE, Microbio-
logical Associates, titer 1:800) on hemadsorp-
tion by the pairs of organisms was evaluated
by pretreatment of the chicken RBC’s with
RDE (2).

Measurement of peroxide formation and
inhibition. A modification of the technique of
Sobeslavsky and Chanock was used (1). M.
pneumoniae colonies grown for 5 days on
3-ml aliquots of Hayflick’s agar in 60 X 15
mm plastic petri dishes were overlaid with 1
ml of a mixture of 3% thrice-washed sheep
RBC’s and 0.8% Difco Bacto-agar in PBS at
45°. Plates were then incubated at 37° in an
atmosphere of 5% CO0:-95% air, and ob-
served for hemolysis every 24 hr. To compare
hemolysis produced by different strains in
the presence of a peroxide inhibitor, dilutions
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of beef liver catalase (Worthington Bio-
chemical Corp.) were incorporated into the
blood-agar overlay. The hemolytic zone and
colony diameters of 20 colonies of each strain
were determined for each catalase dilution
48 hr after overlay using a microscope mea-
suring engine reading directly in microns. For
the purpose of strain comparison, peroxide
formation was quantitatively expressed as the
“hemolytic index”: the ratio of hemolytic
zone diameter to colony diameter.

Results. Virulence of parent and derived
strains. The effects of intranasal inoculation
of hamsters with the four strains are summar-
ized in Table I. All animals became infect-
ed. The intensity of infection, measured by
the mean CFU/gm of lung, was the same for
all strajns, within the range of experimental
error.

Histologic pneumonia was produced by
Mac-K in 4/9 (44%) of animals; the mean
severity of pneumonia as defined in Table I
was 1.0, or mild. Its derivative, Mac-H106,
produced pneumonia in 12/12 animals, with
a mean severity of 2.3 or moderate-to-exten-
sive. Thus, a fully virulent strain was derived
from an attenutated strain by repeated- pas-
sage in a susceptible host. M129-B6 produced
pneumonia in 6/6 animals, with a mean sever-
ity of 2.3. Its derivative, M129-B169, was
found to be completely attenuated, causing
no pneumonia in 9 animals. Having two sets
of M. pneumoniae pairs, each consisting of a
virulent and attenutated strain of common

TABLE I. Effects of M. pneumoniae Strains on Hamsters.

Strain®
Mac M129
Inoculation result K H106 B6 B169

Infection

Positive/no. inoculated 9/9 12/12 6/6 9/9

Mean CFU/g lung 6.0 X 105 6.5 X 10° 2.4 X 10° 3.2 X 10°
Pneumonia

Positive/no. inoculated 4/9 12/12 6/6 0/9

Severity® 1.0° 2.3 2.3 —_

¢ For derivation, see text.

> 1 = One area of definite pneumonia; 2 — At least two areas of definite pneumonia; 3 = All

bronehi involved.

¢ Mean severity in pneumonia-positive animals.
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TABLE II. Comparative Hemadsorptive Activity of Virulent and Attenuated Strains:
Effect of Interfering Agents.

Hemadsorption®
Mae M129
K H106 B6 B169

Inhibitor (Attenuated)® (Virulent) (Virulent) (Attenuated)
None ++++ ++4++ ++++ 0
RDE

1:16 +++ +++ +++ 0

1:8 + + + 0

1:4 0 0 0 0
Sialie acid

1% +++ ++++ ++++ NDe

2% + 0 +++ ND

4% 0 0 0 ND
Gastric mucin

1% + + + ND

3% + + + ND

5% 0 0 0 ND

* -+ = 2-5 RBC’s adherent to every colony; +- = less than 2/3 colony obscured by RBC's;
-+ -+ = more than 2/3 colony obseured; +-4 -+ = entire colony obscured.

® See Table 1.
¢ Not done.

origin, presented the opportunity to evaluate
the quantitative relationship between viru-
lence, hemadsorptive activity, and hemolytic
activity.

Hemadsorptive activity of virulent and at-
tenuated strains. When homologous strain
pairs were compared by measuring their he-
madsorptive activity, one attenuated and
both virulent strains exhibited the same
marked degree of hemadsorption, as summar-
ized in Table II. The other attenuated
strain, M129-B169, showed no hemadsorption
on repeated testing with chicken, human,
sheep, guinea pig, horse, or monkey RBC’s.
Hemadsorption of 1-10 hamster RBC’s to
colonies of this strain was occasionally seen.
The avidity of the three hemadsorbing
strains for RBC’s was then compared by
measuring their residual degree of binding
after either exposure of colonies to sialic acid
or gastric mucin, or pretreatment of RBC’s
with RDE. As seen in Table II, all strains
demonstrated the same degree of hemadsorp-
tion in the presence of inhibitors except for
M129-B6, which was relatively resistant to

sialic acid. These observations confirm the
findings of Sobeslavsky e¢ ¢l. (2) that he-
madsorption by M. preumoniae colonies can
be blocked by treatment of their receptor
sites with substances containing N-acetylneu-
raminic acid or by pretreatment of RBC’s
with reagents which destroy neuraminic ac-
id-containing binding sites. The present
work, however, indicates that possession of
intense hemadsorption is not a quality unique
to virulent strains of M. preumonice and
that homologous virulent and attenuated
pairs may hemadsorb to an equal degree.
Nevertheless, the loss of hemadsorbing activi-
ty appears to be inconsistent with virulence,
and may even preclude it. Also, as suggested
by the data for hemadsorption inhibition by
sialic acid, it is possible that equally virulent
strains may vary in cytadsorptive activity.

Hemolytic acitvity of virulent and attenu-
ated strains. The hemolysis of RBC’s over-
laid on colonies of M. preumoniae has been
shown to be due to peroxide elaborated by
that organism (8). To assess the relative
ability of the virulent and attenuated strains
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TABLE III. Comparativé Hemolytic Aectivity of Virulent and Attenuated Strains:
Effect of Catalase.
Hemolytic index*
Mac M129

Catalase K H106 B6 B169
concentration® (Attenuated) (Virulent) (Virulent) (Attenuated)
0 10.23 + 1.18 9.01 + 0.89 6.01 + 1.48 6.58 + 0.78
2000 U NDe ND 4.39 + 0.86 4.22 + 0.62

4000 U 3.63 + 0.75 3.00 = 0.42 ND ND

® Mean ratio of hemolytic zone to colony diameter + 1 standard deviation.

® Units of catalase per milliliter of overlay.
¢ Not done. '

to produce peroxide, the magnitude of their
hemolytic activity, as well as the quantity of
enzymes necessary to block this activity,
were measured. As summarized in Table IIT
there were no significant differences in the
hemolytic activities of corresponding virulent
and attenuated pairs. However, both strains
of Mac had a higher hemolytic index than
did the M129 pair, indicating that quantita-
tive differences in peroxide formation may
exist between strains of M. pneumoniae, but
are unrelated to virulence or degree of atten-
uation.

Further evidence that virulence does not
depend solely on peroxide formation is sug-
gested by the equivalent amounts of catalase
required to effect equal inhibition of hemoly-
sis by homologous pairs (see Table III).
Other experiments conducted to determine
the minimum concentration of catalase neces-
sary to block all visible hemolysis likewise
showed that hemolysis by homologous pairs
underwent complete inhibition in the presence
of identical concentrations of catalase. Con-
trol preparations utilizing catalase inactivated
by heating at 56° for 20 min showed no such
inhibition .2

3 The use of peroxidase to substantiate this quanti-
tative study of peroxide formation appeared less
specific on theoretical grounds, since peroxidase ca-
talyzes the oxidation of substrates by peroxide to a
far greater extent than it acts upon peroxide direct-
ly. Introduction of the variable of substrate oxida-
tion, not a factor when catalase is used, would make
the measurement of hemolytic activity in the
presence of peroxidase a less accurate indicator of

Discussion. The phenomenon of virulence
variation must be considered when M. pneu-
moniae strains are undergoing evaluation for
pathogenicity-associated markers. The exist-
ence of this variable could be inferred from
studies in which laboratory attenuation ap-
peared to occur (3, 4); it is possible that
variations in virulence also occur among wild
strains. Such a variable might be of great
importance in antigen analysis, in the stimu-
lation of antibodies in experimental animals,
in human vaccine production, and in the use
of strains to challenge vaccine protection. Vi-
rulence is an ## wivo phenomenon; previous
discussions relating to it the characteristics of
peroxide formation (9) and cytadsorption
(10), demonstrated iz vitro, have not ex-
plored the possibility of variations in viru-

peroxide formation. Experiments using an overlay
containing horseradish peroxidase (Nutritional Bio-
chemicals) rather than catalase produced extremely
variable hemolytic zones from colony to colony.
Whereas a plaque of intact RBC’s was ordinarily
seen over the colonies of control and catalase prepa-
rations, possibly indicating an endogenous protective
mechanism against the eflects of peroxide, this was
absent in the presence of peroxidase. Similarly absent
was the characteristic greenish band of RBC’s at
the outer margin of hemolysis. Instead, a thin
ring of intact RBC’s persisted around every colony
in the midst of the clear hemolytic zone, in the
approximate position otherwise occupied by the
missing plaque margin. These striking departures
from the appearance of both control and catalase
preparations suggest the necessity for caution in
interpreting measurements of hemolytic activity of
M. preumoniae based on peroxidase inhibition.
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lence of the M. pneumoniae strains in ques-
tion. Using the hamster model, marked differ-
ences in virulence have now been demonstrat-
ed in two well-characterized strains. It has
then proved possible to derive a virulent
'strain from the attenuated parent by re-
peated passage in a susceptible host, and to
attenuate a virulent strain by repeated pas-
sage in artificial media. Comparison of perox-
ide formation and cytadsorption by these
pairs has shown no greater activity in the
virulent strains, although the isolated loss of
cytadsorption was associated with a loss of
virulence in one case. Thus, cytadsorptive
activity and peroxide formation can vary in-
dependently. The theory that pathogenesis
follows a sequence of organism adsorption to
respiratory epithelium and then direct dam-
age by peroxide (2) is plausible, but the
present studies indicate that these, either sin-
gly or together, are not entirely responsible
for virulence.

It is suggested, therefore, that while this
sequence of cytadsorption and peroxide
formation may be necessary for M. pneumo-
nige strain virulence in a susceptible host,
other important direct mediators of virulence
exist and must also be present simultaneous-
ly. Accordingly, certain other biological char-
acteristics of these virulent and attenuated
pairs have been the object of an investigation
to be reported subsequently.

An apparent difference between virulent
strains in peroxide formation and cytadsorp-
tion has been noted. These, along with viru-
lence, now provide three markers for strain
variation among M. pneumoniae isolates, and
raise the possibility that other characteris-
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tics may also vary. Although of doubtful val-
ue for taxonomy, such subtyping may be
useful in the further understanding of M.
pneumoniae biology, host-parasite interac-
tion, and epidemiology.

Summary. A study of the relationship be-
tween virulence, peroxide formation, and
cytadsorption in M. pneumoniae was under-
taken. Two pairs of homologous virulent and
attenuated strains were derived by passage of
parent strains in animals and artificial
media. Comparison of their cytadsorptive ac-
tivity and peroxide. formation by measure-
ment of hemadsorption and hemolysis re-
vealed variations between heterologous
strains, but no differences consistently re-
lated to virulence. The existence of addition-
al mediators of virulence is suggested.
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