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Interferon was induced in mice after intraperitoneal inoculation with four
different mycoplasmas. Peak levels of between 100 and 300 U of interferon per ml
were attained by 6 h postinfection with each of the mycoplasmas except
Mycoplasma arthritidis, which induced higher titers (400 to 11,800 U/ml) by this
time. A fifth mycoplasma, M. pulmonis, induced interferon inconsistently and at
a later (72 to 96 h) time. Mycoplasmatales virus MVL51 and sterile mycoplasmal
broth did not stimulate interferon production in vivo. All of the mycoplasmas
and MVL51 failed to induce interferon in murine spleen cell, peritoneal exudate
cell, or peripheral blood leukocyte cultures. Preinfecting the mycoplasmas with
MVL51 or treating the organisms with trypsin or dilutions of specific antisera did
not enhance their ability to induce interferon in vitro.

Recent studies from these laboratories (18,
19) have demonstrated the induction of inter-
feron in ovine leukocytes by several species of
Mycoplas ma. Numerous investigators had pre-
viously shown that mycoplasmas failed to in-
duce interferon in chicken embryo (21, 28),
mouse L (1), hamster embryo (20), and human
embryonic kidney (1) cells. The possibility was
considered that the ability of mycoplasmas to
induce interferon may not be restricted to ovine
reticuloendothelial, lymphoid, and blood cells
in vitro. The present studies, therefore, were
conducted to determine whether mycoplasmas
could induce interferon in mice or in murine
cells.

MATERIALS AND METHODS
Cells and media. The mouse L cells used origi-

nated from cloned continuous lines (L929) obtained
from the American Type Culture Collection cell
repository (Rockville, Md.). Fetal lamb kidney cells
were prepared as has been previously described (18,
19). The cells were maintained in Eagle minimal
essential medium containing 10% (vol/vol) heat-
treated (56 C for 30 min) fetal calf serum (GIBCO,
Grand Island, N.Y.), 100 U of penicillin per ml, 100 jg
of streptomycin per ml, and 25 jg of tylosin tartrate
per ml (19).
Animal viruses. The Herts strain of Newcastle

disease virus (NDV), donated by S. Baron (National
Institutes of Health [NIH], Bethesda, Md.), was
propagated in embryonated chicken eggs that had
been injected by the allantoic route and titered 3.5 x
109 plaque-forming units (PFU) per ml when assayed

'Present address: Harvard Medical School. Department of
Medicine, Massachusetts General Hospital, Boston, Mass.
02114.

on primary chicken embryo cells (19). Detailed de-
scriptions of the vesicular stomatitis virus (VSV) (19)
and the encephalomyocarditis virus (24) pools and
their assay have been reported.

Mycoplasmas. Reference cultures of and antisera
to Mycoplasma pneumoniae M710-001-084 and M.
pulmonis M717-001-084 were obtained from the NIH
by courtesy of M. F. Barile (Food and Drug Admini-
stration, Rockville, Md.). The virulent M. pulmonis
strain JB, obtained from J. G. Tully (National
Institute of Allergy and Infectious Diseases, Bethesda,
Md.), was used for the in vivo studies. M. arthritidis
strain 158 plO resulted from an animal passage experi-
ment (5). The mycoplasmas were grown in mycoplas-
mal broth (Difco, Detroit, Mich.) supplemented to
final concentrations of 20% (vol/vol) horse serum, 5%
(vol/vol) fresh yeast extract, and 1,000 U of penicillin
per ml (4, 9). Acholeplasma laidlawii strain U2,
originally isolated in our laboratories (19), and A.
laidlawii strain BNI-Nalr, obtained from J. Maniloff
(University of Rochester, School of Medicine and
Dentistry, Rochester, N.Y.), were cultured as pre-
viously described (18, 19).

Mycoplasmal suspensions were titered for col-
ony-forming units (CFU) by methods previously out-
lined (19). The identity of the various mycoplasmal
species used in this study was confirmed by the
growth inhibition test (22) using NIH reference anti-
sera.

Mycoplasmatales virus. Pools of Mycoplasma-
tales virus MVL51. donated by J. Maniloff, were
prepared and assayed on lawns of A. laidlawii strain
BN1-Nalr as described by Liss and Maniloff (14).
The A. laidlaoii was removed from the viral sus-
pension by successive passage through a 0.22-,um
and a 0.1-,um membrane filter supported in a Swinny
holder (Millipore Corp.. Bedford, Mass.).

Interferon induction in mice. Six-week-old female
Swiss Webster random-bred albino mice (Simonsen
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Laboratories, Gilroy, Calif.) were used for these exper-
iments. Animals were injected intraperitoneally with
0.2 to 0.5 ml per mouse containing 1 x 10' to 5 x 10'
CFU of A. Iaidlawii strain U2, 8 x 10' to 1 x 1010 CFU
of A. laidlawii strain BN1-Nalr, 1.4 x 109 to 2 x 10'
CFU of M. pneumoniae, 6 x 108 to 1.3 x 1010 CFU of
M. pulmonis, or 5 x 10' to 2.6 x 10'0 CFU of M.
arthritidis. Mice were injected with MVL51 at a
concentration of 2 x 10' PFU per mouse. Serum for
interferon assays was collected from blood samples
obtained by cardiac puncture at timed intervals.
Controls consisted of serum from uninjected mice and
animals injected with NDV (0.1 ml of the viral pool
resulting in 3.5 x 10' PFU per mouse) or mycoplasmal
broth (0.2 to 0.5 ml per mouse).

Interferon induction in murine cells. Peripheral
blood leukocyte cultures were derived from the blood
of Swiss Webster mice by the following procedures.
Mice were bled by cardiac puncture using heparinized
syringes. Ten-milliliter portions of the blood pooled
from several mice were carefully layered onto 2.5-cm-
high columns of a 16:10 ratio of a 1.5% aqueous
solution of methylcellulose (Methocel MC, 15 cen-
tapoises; Dow Chemical Co., Midland, Mich.) to
sodium diatrizoate (aqueous hypaque sodium, 50%
[wt/vol I; Winthrop Laboratories, New York) in plas-
tic 50-ml conical tubes (Falcon Plastics, Oxnard,
Calif.) (15). After 90 min of incubation at 37 C and
gravity sedimentation, the top layer of leukocyte-rich
plasma was removed. The combined leukocyte prepa-
rations were centrifuged at 200 x g for 10 min, and the
cell pellet was treated with a 0.83% (wt/vol) NH4Cl-
tris(hydroxymethyl)aminomethane (Tris) buffer so-
lution (3) for 15 min to lyse residual erythrocytes.
After centrifugation, the leukocytes were resuspended
in RPMI 1640 media (GIBCO) supplemented with 100
U of penicillin per ml, 2% (vol/vol) heat-inactivated
human plasma, and NaHCO3 as a buffer. Cell viabil-
ity, as detected by trypan blue dye exclusion, was
approximately 96%.

For spleen cell preparations, mice were sacrificed
by cervical dislocation and the spleens were removed
and placed in complete RPMI 1640 media. The
spleens were teased with sterile forceps and the cells
were filtered through a sterile, stainless-steel wire
mesh. After centrifugation at 200 x g for 10 min, the
cell preparations were treated with Tris-buffered
NH4Cl, centrifuged, and resuspended in complete
RPMI 1640 media. Cell viability was approximately
90%.

Peritoneal exudate cells were harvested from mice
that had been injected intraperitoneally 5 days previ-
ously with 2 ml of sterile thioglycolate broth (Difco).
After centrifugation, the peritoneal exudate cells were
resuspended in medium 199 (GIBCO) supplemented
with 20% (vol/vol) heat-inactivated fetal calf serum,
100 U of penicillin per ml, and NaHCO, as a buffer.
Viability of the peritoneal exudate cell preparations
ranged from 82 to 90%.

All of the murine cell preparations were suspended
to a final concentration of 2 x 106 cells/ml in their
respective media. The cells were infected with the
various mycoplasmas at an inoculum ot 0.5 CFU/cell
and with NDV or MVL51 at a multiplicity of infection

of 1.0 PFU/cell. Controls consisted of uninfected
murine cells with and without sterile mycoplasmal
broth. The infected cell cultures were distributed in
2-ml portions into glass culture tubes and incubated
at 37 C in 5% CO2 and humidity. Samples were
harvested and assayed for mycoplasma as has been
reported (19).

Interferon assay. Interferon samples were har-
vested as previously described (19) and were assayed
by the 50% plaque reduction technique on mouse L
cells, with VSV as the challenge virus (24). An
internal, laboratory reference interferon preparation
was included with each assay and consistently titered
between 3,000 and 6,000 U/ml. The international
reference mouse interferon obtained from NIH titered
approximately 350 U/ml in our system as compared
with the designated titer of 500 U/ml. Since occa-
sional interfering activity was observed with serum
from uninfected mice at dilutions of less than 1:50, all
negative results were expressed as < 1:50.

RESULTS
Induction of interferon in mice. Four of five

different types of mycoplasmas were capable of
inducing interferon in mice after intraperitoneal
inoculation (Table 1). The two strains of A. laid-
lawii and the strain of M. pneumoniae induced
peak levels of interferon of approximately 100
to 300 U/ml by 6 h post-inoculation. M. arthri-
tidis appeared to be a more potent inducer of
interferon than the other mycoplasmas, induc-
ing from 400 to 11,800 U/ml by 6 h. Reducing
the inoculum size of M. arthritidis resulted in
progressively lower levels of interferon in the
serum of mice obtained 6 h after injection
(Table 2). M. arthritidis at a concentration of 6
x 106 CFU still induced 150 U of interferon per
ml, whereas 6 x 105 CFU did not induce
detectable levels. Although M. pulmonis did
not induce interferon in the first 48 h in any of
the four experiments, 280 U/ml was observed in
the serum at 72 h in experiment 2 and 80 U/ml
at 96 h in experiment 4 (Table 1).

All of the mycoplasmas except A. laidlawii
strain BN1-Nalr have previously been demon-
strated to induce interferon in sheep leukocytes
(18). In additional experiments, A. laidlawii
strain BN1-Nalr has been shown to be unable to
induce interferon in blood leukocytes from dif-
ferent sheep donors, in contrast to its ability to
stimulate interferon production in mice.
The peak production of interferon induced by

NDV in mice is known to be at 6 h (24). In three
separate experiments, serum samples from
NDV-infected mice contained between 1,650
and 16,450 U of interferon per ml by this time.
Interferon was not detectable in the sera of mice
after injection with M)ycoplasmatales virus
MVL51 or mycoplasmal broth.
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TABLE 1. Interferon production in mice after intraperitoneal inoculation with mycoplasmas

Inducer

Acholeplasma laidlawii strain U2

A. laidlawii strain BN1.Najr

Mycoplasma pneumoniae

M. arthritidis

M. pulmonis

Mycoplasmatales virus MVL51

Newcastle disease virus

1
2
3
1
2
3
1
2
3
1
2
4
5
2
3
4
5
1
2
1
2
3

a Hours postinoculation.
'No sample taken.
C Sample taken at 2.5 h after mycoplasmal inoculation.

Serum interferon level (U/ml of serum)

6 12 24 48
_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

100
300
<50
260
340
240
<50
230
220

11,800
3,400
500
400
<50
<50
<50
<50
<50
<50
1,650
6,600
16,450

<50
<50

290
150

260
110

3,750
160
80

<50
<50
<50
<50

<50
_5

<50
<50
<50
<50
90

<50
<50
100
<50
100
90

<50
<50
<50
<50
<50
<50

<50
<50

<50
<50

<50
<50

<50
<50

<50
<50
<50
<50
<50
<50

TABLE 2. Interferon production in mice 6 h after
intraperitoneal inoculation of serial dilutions of M.

arthritidis in broth

Amt of M. arthritidis Serum interferon level
inoculated (CFU/mouse) (U/ml of serum)

6 x 109 3,400
6 x 108 700
6 x 107 165
6 x 106 150
6 x 105 <50

The mycoplasma-induced antiviral substance
in the serum of mice was characterized as

interferon by the following criteria: (i) inactiva-
tion by trypsin treatment; (ii) resistance to pH 2
for 24 h at 4 C; (iii) no detectable activity in
fetal lamb kidney cells; (iv) stability at 56 C for
30 min; (v) activity against both VSV and
encephalomyocarditis virus in L cells; (vi) ina-
bility to inactivate VSV directly; and (vii) lack
of activity in L cells treated with dactinomycin.
Absence of interferon production in myco-

plasma-infected murine cell cultures. In re-

peated experiments, the five mycoplasmas used
in these studies failed to induce detectable
levels of interferon through 3 days of incubation
in murine peripheral blood leukocyte, spleen
cell, and peritoneal cell cultures. All of the

mycoplasmas replicated in the mouse cell cul-
tures as witnessed by a rise in mycoplasmal
titers over the 3 days of infection. As a control,
known inducer of interferon, NDV induced from
100 to 700 U of interferon per ml in the mouse
cells by 24 h post-inoculation. No interferon was
detectable in uninfected murine cells or in cell
cultures inoculated with MVL51.
Attempts were made to enhance the ability of

mycoplasmas to induce interferon in murine
cells. The possibility was considered that a
Mycoplasmatales virus might increase the in-
duction of interferon by mycoplasmas. There-
fore, the mycoplasmas were infected with
MVL51 at a multiplicity of infection of approxi-
mately 1 PFU per mycoplasma, incubated at
room temperature for 1 h to allow adsorption,
and added to the mouse peritoneal exudate or
spleen cells. Identical numbers of untreated
mycoplasmal and viral suspensions were con-
currently tested as controls. Interferon was not
detected in these infected cell cultures over 3
days of incubation.

Other investigators have demonstrated that
treatment of M. pulmonis with trypsin (12) or
specific antiserum (11) greatly increased the
ingestion of the mycoplasma by murine macro-
phages in vitro. Therefore, in these same experi-

---F-
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ments the various mycoplasmas were cen-
trifuged at 27,000 x g for 25 min at 4 C and the
mycoplasmal pellets were treated with 100 ,ug of
a trypsin sodium citrate-potassium chloride
solution for 15 min at 37 C. After recentrifuga-
tion, the cell pellets were resuspended to the
original volume in mycoplasmal broth and
added to the mouse peritoneal exudate or
spleen cell cultures. In addition, all of the myco-
plasmas with the exception of A. laidlawii strain
BN1-Nalr were treated with a 1:50 and 1:500
dilution of specific antisera for 15 min at 37 C
and added to the mouse cells. Neither of these
mycoplasmal treatments resulted in the induc-
tion of interferon in the murine cell cultures.
Recently two types of mouse interferon, types

I and II, have been distinguished by differences
in their properties of characterization (29).
Studies were performed to demonstrate whether
the mycoplasmas were inducing the production
of acid-labile, type II interferon in the murine
cells that was being inactivated by the treat-
ment at pH 2 during the standard assay proce-
dures. Serial dilutions of non-acid-treated, 72-h
samples from each mycoplasma-mouse cell
combination were assayed for interferon. Inter-
feron was not detected in any of these samples.

DISCUSSION
The data presented indicate that three differ-

ent species of Mycoplasma and Acholeplasma
can induce interferon in mice. These results
demonstrate that animal species other than the
sheep (18, 19) are capable of producing inter-
feron in response to mycoplasmal infection.
Peak levels of interferon were detected in the
serum by 6 h postinfection, confirming earlier,
unpublished data of W. R. Stinebring and J. S.
Youngner (personal communication) in which
low levels of interferon were induced in mice
6 h after intravenous inoculation of M. pneu-
moniae. However, other investigators have
recently shown (B. Fauconnier and J. Wro-
blewski, personal communication) that an
Acholeplasma species isolated from plants in-
duced peak titers of circulating interferon in
mice by 48 h post-inoculation that were compa-
rable with the titers observed in our study by 6 h
post-inoculation.
The present results show that the kinetics of

the interferon response to mycoplasmal infec-
tion are quite similar to that observed with
nonreplicating viral inducers of interferon in
mice (2, 24). This suggests that similar mech-
anisms of induction of interferon in vivo by
these agents may be occurring.
M. pulmonis induced interferon in the serum

of mice inconsistently and at a delayed time
period (72 h in one experiment and 96 h in

another) when compared with the other myco-
plasmas and NDV. Although titrations of the
mycoplasmas were not performed on the serum
samples, it is possible that the late induction of
interferon by M. pulmonis is the result of
replication of this mycoplasma in mouse tis-
sues. Further studies need to be performed,
however, to determine whether mycoplasmal
replication or other mechanisms are responsible
for the late induction of interferon.
The failure of mycoplasmas to induce inter-

feron in murine peripheral blood leukocytes,
spleen cells, and peritoneal exudate cells is of
significance, especially in view of the ability of
mycoplasmas to induce interferon in sheep
blood leukocytes (18, 19) and spleen cells (un-
published data). In this regard, other studies
have shown that tilorone hydrochloride can
induce interferon in mice but cannot stimulate
interferon production in mouse cell cultures (7,
25). Similarly, the interferon response induced
by endotoxin in vitro is undetectable (26) or
relatively low (8) compared with the levels of
interferon induced in vivo (23).

Several possible factors may be involved in
the inability of mycoplasmas to induce inter-
feron in murine cells. First, it is reasonable to
postulate that the cultural conditions used in
these studies may not have been ideal for the
induction of interferon by the mycoplasmas.
However, all of the mycoplasmas replicated in
the cell systems, indicating that the cultural
conditions provided sufficient nutritional re-
quirements for the organisms. The tissue cul-
ture media used in these experiments are also
known to support optimal growth and func-
tional capacity of macrophages (27) and lym-
phocytes (16). As evidence for this, NDV rou-
tinely induced between 100 and 700 U of inter-
feron per ml in these cells.
Whereas the mechanism of interferon induc-

tion by mycoplasmas remains unknown, pres-
ent information does not suggest a correlation
between the induction of interferon and either
attachment to cells or ingestion of the myco-
plasmas by cells. For example, it has been
shown that M. pulmonis attaches to murine
cells (B. C. Cole, unpublished data) and can be
ingested by mouse peritoneal macrophages (6,
11) more readily than is M. arthritidis (6). Both
of these mycoplasmas failed to induce inter-
feron in mouse cells in vitro, and only M.
arthritidis regularly induced rmiouse interferon
in vivo.
Attempts were made to enhance the capacity

of the mycoplasmas to induce interferon in
vitro. Treatments of the mycoplasmas with
trypsin and specific antisera, which have been
shown to increase the ingestion of M. pulmonis
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by murine macrophages (11, 12), failed to result
in interferon production in spleen or peritoneal
exudate cells. Furthermore, preinfecting the
mycoplasmas with Mycoplasmatales virus
MVL51 or using the virus alone did not lead to
the induction of interferon in the murine cells.
These studies do not eliminate the possibility
that further attempts at varying the cultural
conditions and altering the mycoplasmas may
lead to interferon production in mouse cells.

In comparing the present results with those
published earlier (18), it is clear that some
specificity is operative in that those species of
mycoplasma that induce high or moderate lev-
els of interferon in one host do not necessarily
induce similar levels in another host. Whether
this phenomenon is related to specific adsorp-
tion sites on the animal cell, to ability of the
mycoplasmas to penetrate or replicate in the
host cell, or to some other mechanism remains
to be determined.
The induction of interferon by mycoplasmas

in vivo may have significant implications in
host resistance to viral infection. Data concern-
ing the effects of mycoplasmas on the suscepti-
bility of the host to viral infection are limited.
Investigations have shown that dual infection
with mycoplasmas and animal viruses produce
a more severe disease in avian (10, 17) and
porcine (13) hosts. The possible effects of myco-
plasma-induced interferon production on viral
pathogenesis remain to be elucidated.

ACKNOWLEDGMENTS
We thank D. Isackson and L. Golightly-Rowland for their

excellent technical assistance.
This investigation was supported by Public Health Service

grants Al 10217 and AI 12103 from the National Institute of
Allergy and Infectious Disease, and AM 02255 from the
National Institute of Arthritis, Metabolism, and Digestive
Diseases. J.C.O. is an investigator for the Howard Hughes
Medical Institute.

LITERATURE CITED
1. Armstrong, G., and K. Paucker. 1966. Effect of myco-

plasma on interferon production and interferon assay

in cell cultures. J. Bacteriol. 92:97-101.
2. Baron, S., and C. E. Buckler. 1963. Circulating interferon

in mice after intravenous injection of virus. Science
141:1061-1063.

3. Boyle, W. 1968. An extension of the 56Cr-release assay for
the estimation of mouse cytotoxins. Transplantation
6:761-764.

4. Chanock, R. M., L. Hayflick, and M. F. Barile. 1962.
Growth on an artificial medium of an agent associated
with atypical pneumonia and its identification as a

PPLO. Proc. Nat. Acad. Sci. U.S.A. 48:41-49.
5. Cole, B. C., J. F. Cahill, B. B. Wiley, and J. R. Ward.

1969. Immunological responses of the rat to Myco-
plasma arthritidis. J. Bacteriol. 98:930-937.

6. Cole, B. C., and J. R. Ward. 1973. Interaction of
Mycoplasma arthritidis and other mycoplasmas with
murine peritoneal macrophages. Infect. Immunity
7:691-699.

7. DeClercq, E., and T. C. Merigan. 1971. Bis-DEAE-fluore-
none: mechanism of antiviral protection and stimula-
tion of interferon production in the mouse. J. Infect.
Dis. 123:190-199.

8. Finkelstein, M. S., G. H. Bausek, and T. C. Merigan.
1968. Interferon inducers in vitro: difference in sensitiv-
ity to inhibitors of RNA and protein synthesis. Science
161:465-468.

9. Hayflick, L. 1965. Tissue culture and mycoplasma. Tex.
Rep. Biol. Med. 23:285-303.

10. Heishman, J. O., N. 0. Olson, and C. J. Cunningham.
1969. Transmission of Mycoplasma gallisepticum,
Newcastle disease, infectious bronchitis and combina-
tions in a three-phase broiler house. Avian Dis. 13:1-6.

11. Jones, T. C., and J. G. Hirsch. 1971. The interaction in
vitro of Mycoplasma pulmonis with mouse peritoneal
macrophages and L-cells. J. Exp. Med. 133:231-259.

12. Jones, T. C., S. Yeh, and J. G. Hirsch. 1972. Studies on
attachment and ingestion phases of phagocytosis of
Mycoplasma pulmonis by mouse peritoneal macro-
phages. Proc. Soc. Exp. Biol. Med. 139:464-470.

13. Kasza, L., R. T. Hodges, A. 0. Betts, and P. C. Trexler.
1969. Pneumonia in gnotobiotic pigs produced by
simultaneous inoculation of a swine adenovirus and
Mycoplasma hyopneumoniae. Vet. Rec. 84:262-267.

14. Liss, A., and J. Maniloff. 1971. Isolation of Mycoplas-
matales viruses and characterization of MVL1.
MVL52, and MVG51. Science 173:725-727.

15. Main, R. K., M. J. Jones, and L. J. Cole. 1969. The mixed
leukocyte reaction adapted to inbred mouse strains, p.
323-333. In W. 0. Rieke (ed.), Proceedings of the third
annual leucocyte culture conference. Appleton-Cen-
tury-Crofts, New York.

16. Phillips, S. M., C. B. Carpenter, and J. P. Merrill. 1972.
Cellular immunity in the mouse. I. In vitro lymphocyte
reactivity. Cell. Immunol. 5:235-248.

17. Ranck, R. M., L. C. Grumbles, C. F. Hall, and J. E.
Grimes. 1970. Serology and gross lesions of turkeys
inoculated with avian influenza A virus, a paramyx-
ovirus and Mycoplasma gallisepticum. Avian Dis.
14:54-65.

18. Rinaldo, C. R., Jr., B. C. Cole, J. C. Overall, Jr., J. R.
Ward, and L. A. Glasgow. 1974. Induction of interferon
in ovine leukocytes by species of Mycoplasma and
Acholeplasma. Proc. Soc. Exp. Biol. Med. 146:613-618.

19. Rinaldo, C. R., Jr., J. C. Overall, Jr., B. C. Cole, and L.
A. Glasgow. 1973. Mycoplasma-associated induction of
interferon in ovine leukocytes. Infect. Immunity
8:796-803.

20. Singer, S. H., M. F. Barile, and R. L. Kirschstein. 1969.
Enhanced virus yields and decreased interferon pro-
duction in mycoplasma-infected hamster cells. Proc.
Soc. Exp. Biol. Med. 131:1129-1134.

21. Smirnova, T. D., and G. Y. Kagan. 1971. The effect of
mycoplasma-viral infection of the primary culture of
chick embryo cells on interferon production induced bv
Langat virus. Zh. Mikrobiol. Epidemiol. Immunobiol.
48:54-58.

22. Stanbridge, E., and L. Hayflick. 1967. Growth inhibition
test for identification of Mycoplasma species utilizing
dried antiserum-impregnated paper discs. J. Bacteriol.
93:1392-1396.

23. Stinebring, W. R., and J. S. Youngner. 1964. Patterns of
interferon appearance in mice injected with bacteria or
bacterial endotoxin. Nature (London) 204:712.

24. Stringfellow, D. A., and L. A. Glasgow. 1972. Hyporeac-
tivity of infection: potential limitation to therapeutic
use of interferon-inducing agents. Infect. Immunity
6:743-747.

25. Stringfellow, D. A., and L. A. Glasgow. 1972. Tilorone
hydrochloride: an oral interferon-inducing agent. An-
timicrob. Ag. Chemother. 2:73-78.

1300 INFECT. IMMUNITY



INDUCTION OF INTERFERON IN MICE BY MYCOPLASMAS

26. Subrahmanyan, T. P., and C. A. Mims. 1970. Interferon
production by mouse peritoneal cells. J. Reticuloen-
dothel. Soc. 7:32-42.

27. Wasley, G. D., and R. John. 1972. The cultivation of
mammalian macrophages in vitro, p. 101-137. In G. D.
Wasley (ed.), Animal tissue culture. Williams & Wil-
kins Co., Baltimore.

28. Yershov, F. I., and V. M. Zhdanov. 1965. Influence of
PPLO on production of interferon in virus-infected
cells. Virology 27:451-453.

29. Youngner, J. S., and S. B. Salvin. 1973. Production and
properties of migration inhibitory factor and interferon
in the circulation of mice with delayed hypersensitiv-
ity. J. Immunol. 111:1914-1922.

VOL. 10, 1974 1301


