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Transitional forms and round bodies of Haemophilus influenzae were identified in
sputa from patients with chronic bronchitis who were receiving penicillin therapy
for H. influenzae infections. In vitro growth of L forms of this organism was induced
by penicillin and glycine and was studied for comparison with development in vivo.
Variant forms demonstrated in sputum were similar to variant forms observed in
penicillin-induced L colonies. Recurrence of infection after cessation of therapy was
related to reversion of persisting L forms to bacillary forms. That these forms were
derived from H. influenzae was established by direct staining with fluorescein-
labeled specific antibody. This demonstration that transitional forms and round
bodies of H. influenzae occurred in vivo suggests that L forms of bacteria may be
significant in chronic or recurrent infections.

The in vivo production of L forms of bacteria
has been suggested as a factor predisposing
towards the development of recurrent or chronic
infection (4, 10, 16); however, few direct demon-
strations of the occurrence or persistence of these
bacterial variants in vivo have been made.
Wittler (18) described the conversion of Bordetella
pertussis to L forms in the lungs and peritoneal
cavities of mice; Carey, Muschel, and Baron (1),
the formation of protoplasts of Salmonella and
Shigella in peritoneal cavities of experimental
animals; Guze and Kalmanson (5), the persist-
ence of Streptococcus faecalis protoplasts in the
kidneys of rats with enterococcal pyelonephritis;
and Mortimer (14), the isolation of L forms of
group A streptococci from mice killed by strep-
tococcal infections. Recently, Gutman et al. (4),
studying patients with chronic renal infections
and pyelonephritis, isolated L forms or proto-
plasts from filtered urine specimens. They ob-
served variant forms most often in patients on
antibiotic therapy and found that bacteriuria
resulting from the parent strain recurred within 1
week after cessation of therapy.

Haemophilus influenzae is the organism most
frequently associated with persistent infections of
the bronchial mucosa in patients with chronic
bronchitis, and recurrence of infection is common
after seemingly successful antibiotic therapy (15).
H. influenzae is prone to pleomorphism in an

unfavorable environment and can readily be
converted in vitro to L-form growth by inducers
such as glycine or penicillin (2). Since penicillin
is used often in treatment of chronic bronchitis,
it is possible that conversion of the organism from
bacillary forms to L forms or protoplasts could
occur in the lungs of patients under such therapy.
The studies presented here were undertaken to
determine whether L forms or protoplasts of
H. influenzae are induced in the respiratory tracts
of patients with bronchitis during treatment with
penicillin. The conversion by penicillin and
glycine in vitro was also studied to identify stages
in conversion from and reversion to bacillary
form for comparison with development in vivo.

MATERIALS AND METHODS

Organisms. All strains of H. influenzae used in these
studies were isolated from sputa of patients with
chronic bronchitis who were hospitalized at the
Veterans Administration Hospital, Madison, Wis.
Bacillary inocula for induction media consisted of
6-hr Levinthal broth cultures of the test strains.

L-form induction media. Trypticase Soy Agar (BBL)
plus Levinthal broth (2:1) produced a soft agar which
proved suitable for development of Haemophilus L
colonies without additional salt or sucrose, and was
used as the base for all induction media. Penicillin was
added in concentrations ranging from 15 to 50 units
per ml before pouring media. Penicillin gradient
plates were prepared by adding either 1,000 or 10,000
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units of penicillin per ml to grooves cut across the
center of hardened base medium in 5-cm petri dishes.
Glycine was added to the base medium at a concentra-
tion of 1.59, (w/v).

Observation of cultures. Induction media were
spread with 1 drop of bacillary inoculum and incu-
bated at 37 C in a CO- incubator for periods from 7 to
30 days. Microscopic observations of plates (10 X ob-
jective) were made at frequent intervals during the
growth period. Periodically during the incubation
period, the agar block transfer technique described
for pleuropneumonia-like organisms (PPLO) by
Klieneberger-Nobel (8) was used to subculture L-form
growth to fresh induction medium for continued
propagation of L colonies, to base agar plus 109,
sucrose or to Levinthal broth plus 209, sucrose as
stabilization media, and to chocolate-agar or blood-
agar (both made from Trypticase Soy Agar plus 109,
sheeps’ blood) with a Sraphylococcus streak for de-
termination of reversion to bacillary form. Agar
blocks were stained with azure II-methylene blue for
detailed microscopic examination, and slide impres-
sions of L-form growth were stained with Gram stain
and with specific fluorescein-labeled antibody.

Demonstration of L forms induced in vivo. Sputa
from patients at the Veterans Administration Hos-
pital, who were treated either intramuscularly with
methicillin or orally with ampicillin for H. influenzae
infections, were obtained frequently during and after
the course of therapy. All specimens were cultured
directly and after serial saline washing according to a
technique previously described (9). Duplicate smears
of each specimen were made and stained with Gram
stain and with specific fluorescein-labeled antibody.
During the course of this study it was found that, by
attaching a narrow strip of masking tape down the
center of a slide, half the smear could be stained with
Gram stain and the remainder with fluorescent anti-
body, thus allowing a single smear to be examined by
both methods.

Fluorescent-antibody (FA) studies. Immune serum
for FA studies was prepared in rabbits by intravenous
injections of H. influenzae vaccine. This vaccine con-
sisted of a suspension in 0.69, Formol-saline of 18-hr
chocolate agar cultures of 10 strains of H. influenzae
isolated from patients with bronchitis. The v globulin
fraction of the antiserum was separated on columns
of Sephadex G-25 and diethylaminoethyl (DEAE)
cellulose, conjugated with fluorescein isothiocyanate,
and freed from unconjugated fluorescein on a Sepha-
dex column by use of procedures described by
Smithies and Olson (17).

This fluorescein-labeled ~ globulin stained H. in-
fluenzae in smears of cultures and in smears of sputum
specimens with 4+ fluorescence at dilutions of 1:10
or 1:2, and showed essentially no nonspecific staining.
The 1:2 dilution proved best for staining transitional
and L forms, probably because they do not react as
avidly as do parent forms with antisera prepared
against whole cells (3).

Appropriate controls were performed to demon-
strate the specific avidity of the conjugate for H. in-
Auenzae. In indirect staining procedures in which un-
labeled rabbit antiserum and fluorescein-labeled anti-
rabbit v globulin (BBL) were used, H. influenzae was
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stained when unlabeled specific antiserum, but not
when normal rabbit serum, was used in the first step
of the staining procedure. The staining of H. influenzae
by the specific conjugate was blocked by prior applica-
tion of unlabeled specific antiserum. « Streptococci,
Neisseria, and fusiforms, all commonly found in
sputum, were not stained by the specific conjugate in
either culture or sputum smears.

All smears for FA staining were air-dried and heat-
fixed before staining and were examined with a Zeiss
GFL fluorescence microscope. Photomicrographs
were taken by time exposure on Kodak high-speed
Ektachrome film.

REsULTS

Development of penicillin-induced L forms in
vitro. At 18 to 24 hr after inoculation of penicillin
gradient plates, visible growth had occurred to
within 5 to 8 mm of the penicillin groove. Direct
microscopic examination revealed confluent bac-
terial growth along the edges of the plate. Nearer
to the groove the growth became very pleomor-
phic and filamentous and contained a scattering
of the round bodies described by Dienes (2).
Numerous round bodies were visible within the
5- to 8-mm zone of inhibition, but the number
decreased considerably 2 to 3 mm from the
groove. Subcultures from all areas to chocolate-
agar or blood-agar showed reversion to bacillary
growth. Gram and FA stains of slide impressions
showed small bacillary forms at the periphery
intermingled with a few elongated, bizarre forms.
Nearer the groove, serpentine forms, elorigated
bacilli with large swellings (transitional forms),
and round bodies were predominant (Fig. 1a);
within the zone of inhibition, only round bodies
were evident (Fig. 1c). All forms showed specific
staining with FA (Fig. 1b and d).

Between the 3rd and 7th day after inoculation,
typical L-form colonies with a dense center and
lighter periphery developed from some of the
round bodies and were most abundant within 5
mm of the penicillin groove. A few colonies,
however, did not appear until after 2 to 3 weeks
of incubation. Figure 2a shows L colonies and
isolated round bodies in the zone of inhibition
merging with an area containing numerous round
bodies. Examination of agar blocks stained with
Azure II-methylene blue showed the typical
L-form morphology of large and small round
bodies growing into the agar (Fig. 2b and c).
Gram-stained slide impressions of the L-form
colonies showed many bizarre forms and amor-
phous debris, although some of the fragile round
forms did survive the staining procedure. FA
staining seemed less disruptive, since more intact
large and small round bodies were observed in
these preparations.

Level of antibiotic was important in deter-



FiG. 1. Morphological variants of Haemophilus influenzae at 24 hr on penicillin gradient plates. (a) Serpentine
forms, transitional forms, and a few round bodies near the zone of inhibition. Gram stain, X 440. (b) FA stain o
forms in (a). X 440. (c) Round bodies within the zone of inhibition. Gram stain, X 440. (d) FA stain of (c). X 440.
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FI1G. 2. (a) Zone of inhibition on a penicillin gradient plate at 72 hr showing typical L colonies and isolated round
bodies of Haemophilus influenzae merging with numerous round bodies. Direct microscopic observation, X 100.
(b) Azure Il-methylene blue stained agar block from within the zone of inhibition at 72 hr. X 160. (c) Higher
magnification of (b) showing greater detail. X 440. (d) Stained-agar block of glycine-induced L colonies at 7 days
showing a portion of a large colony. Note greater pleomorphism of form than in (c). X 250.
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mining the degree of conversion to L forms. L-
. form colonies did not develop on induction
medium containing 10 or 15 units of penicillin
per ml, but pleomorphic growth consisting of long
and swollen bacilli was observed. At levels of 20
to 35 units per ml, numerous round bodies
developed in 24 hr and scattered L-form colonies
were identified after 3 to 21 days of incubation.
These results correlated with tube dilution
penicillin sensitivity determinations; though most
strains were inhibited by concentrations of 6 to
12 units per ml, 100 to 200 units per ml was
necessary for bactericidal activity.

On glycine induction medium the development
of L-form growth was similar to that induced by
penicillin. Within 24 hr the inoculum converted
to round bodies which were generally larger than
those induced by penicillin and which lost viability
more rapidly. L-form colonies, many very large,
developed from a relatively small proportion of
these round bodies in 5 to 7 days. Stained-agar
blocks showed the dense centers of large and
small round bodies but more pleomorphism of
form than was apparent in penicillin colonies
(Fig. 2d).

L-form colonies were successfully retained in
the L form when transferred to penicillin (greater
than 20 units per ml) or glycine induction
medium. The only exceptions were transfers of
glycine blocks to glycine medium, and these
failed consistently, undoubtedly because of the
toxicity of the increased glycine concentration.
Addition of a penicillin groove to glycine medium
did not increase L-form colony yield when
inoculated with bacillary inoculum, nor did it
promote stabilization of the L form when inoc-
ulated with penicillin-induced L colonies.

Transfer of L colonies, none of which had been
in L phase for longer than two transfers on induc-
tion medium, to sucrose stabilization medium or
to Chocolate Agar or blood-agar resulted in
reversion to bacillary growth. Viability and ability
to revert persisted in some of the L colonies for
as long as 30 days. The large round bodies which
did not develop into L colonies reverted to
bacillary growth in sucrose medium and choco-
late agar but seemed to lose viability after 5 to
10 days, glycine round bodies being less hardy
than those induced by penicillin.

The facility of H. influenzae for conversion to
round bodies and L colonies in the presence of
penicillin or glycine was confirmed. Of 14 strains
investigated, all produced round bodies and L
colonies on glycine medium and 13 produced L
colonies on penicillin medium, the 14th producing
round bodies only.

Demonstration of transitional forms and round
bodies in vivo. Pleomorphic and transitional forms
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(elongated forms with large swellings which
develop into round bodies) and round bodies of
H. influenzae similar to those seen during the
development of L colonies in vitro (Fig. 3a) were
identified in Gram- and FA-stained (Fig. 3b)
smears of sputa from seven patients being treated
with ampicillin or methicillin for H. influenzae
bronchial infections. Three patients were care-
fully followed before, during, and after penicillin
therapy. Before therapy, these patients were
producing purulent sputa which showed numer-
ous polymorphonuclear leukocytes and tiny
gram-negative bacilli on microscopic examina-
tions. Saline-washed samples of these sputa
yielded pure cultures of H. influenzae. By the 2nd
day after initiation of therapy, numerous pleo-
morphic gram-negative bacilli (Fig. 4a), identified
as H. influenzae by FA staining (Fig. 4b), were
seen in the sputum smears. Sputum at this time
was still copious and purulent, and cultures
yielded numerous colonies of H. influenzae.

Between the 3rd and 5th day of therapy,
sputum purulency decreased, cultures showed re-
duced numbers of H. influenzae colonies, and
sputum smears revealed transitional forms and
round bodies (Fig. 4c), the origin of which was
established by FA staining (Fig. 4d). By the 7th
or 10th day, when therapy was usually terminated,
sputum purulency had markedly decreased and
only occasional round bodies which stained
specifically with FA were identified in smears
(Fig. 4e). Cultures showed few colonies of H.
influenzae in two cases and were negative in the
third.

Relapse with return of copious purulent sputum
containing numerous H. influenzae organisms
occurred in all patients whose sputa showed
transitional forms and round bodies during
therapy. In one of the three patients followed
closely, this occurred 2 days after cessation of
therapy, in another, 20 days after, and in the
third, 6 days after. In each case, the antibiograms
of the organisms before therapy and at relapse
were identical.

DiscussION

The demonstration that transitional forms and
round bodies of H. influenzae occur in vivo
suggests that L forms of bacteria may be signifi-
cant in chronic or recurrent infections. The
forms induced by penicillin in vivo were similar
to forms in L colonies induced by the same agent
in vitro. Round bodies in L colonies remained
viable and could revert to bacillary growth after
as long as 3 weeks. It is, therefore, not unreason-
able to suggest that the round bodies induced in
vivo remained viable during the time after cessa-
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FiGg. 3. (a) FA-stained impression of in vitro penicillin-induced pleomorphic forms. X 250. (b) FA-stained
smear of sputum showing similar forms induced in vivo. Arrows point out representative transitional forms and

round bodies. X 250.

tion of therapy when the patients were appar-
ently free from Haemophilus, and that they re-
verted to bacillary form when the respiratory-
tract environment was favorable, thus allowing
infection to recur.

Isolation of a few colonies of H. influenzae
from sputum in which only a few round bodies
but no bacillary forms were identified micro-
scopically may have been the result of reversion
of these forms in vitro. That recurrence of infec-
tion was due to bacillary forms persisting in
bronchial epithelium rather than to reversion of
the round bodies cannot be discounted without
thorough examination by culture and FA tech-
niques of tissue obtained by bronchial biopsy in
a similar study. Such specimens would obviate
the difficulties encountered in thorough micro-
scopic and cultural studies of sputum which is
grossly contaminated with the flora of the naso-
pharynx. Specific FA staining is of critical im-
portance in identification of the variant forms,
because Gram-stained smears of spinal fluid,
sputum, or other body secretions often show
round bodies and bizarre forms that are cellular
fragments or other artifacts.

May and Delves (13) suggest that H. influenzae
is able to survive extended ampicillin therapy and
to cause relapse when it is stopped because the
ampicillin level in bronchial secretions decreases

as inflammation subsides and before all organisms
are killed. The organisms thus survive in the
sputum, inaccessible to the antibiotic, and rein-
vade the bronchial mucosa when therapy is
stopped and antibiotic has disappeared from the
tissues. May and Delves did not consider the
possibility of L forms maintaining infection.
However, the techniques used by these authors
involve homogenization of sputum with pan-
creatin and shaking before bacteriological
evaluation. We have found that so rigorous a
procedure destroys the integrity of the fragile
transitional forms and round bodies.

The protoplasmic forms discussed here repre-
sent not the stable L forms but transitional or
unstable L forms. Apparently, the pathogenicity
of these unstable L forms depends upon the
ability to persist and revert, and, thus, to initiate
infection. Sputum purulency decreased with
disappearance of bacillary organisms and was
negligible when only round bodies were evident,
indicating lack of intrinsic pathogenicity of the
Haemophilus L forms. This is in accord with
earlier reports on pathogenicity of L forms of
other bacteria reviewed by Klieneberger-Nobel
(8). Stable L forms of pathogenic bacteria are
not pathogenic unless the organism produces
potent endotoxin, whereas unstable L forms are
able to initiate infections by reverting to bac-
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F1G. 4. Development of Haemophilus influenzae L forms in sputum of patients treated with penicillin. (a) Elon-
gated bacilli seen after 2 days of therapy. Gram stain. X 970. (b) FA stain of sputum seen in (a). X 440. (c)
Transitional forms on 3rd day of therapy. Gram stain. X 970. (d) FA stain of transitional forms in sputum as in
(c). X 440. (e) Arrows point out representative round bodies present after 10 days of therapy. Gram stain. X 440.

terial form. However, McKay, Abelseth, and
Vandreumel (11) recently reported the produc-
tion of pneumonia in pigs with protoplasts of
H. parainfluenzae, and they suggested that
protoplasts may have pathogenic significance.
The development of large bodies or proto-

plasts from bacteria can occur under a variety
of conditions (2, 3) that may involve either inter-
ference with cell wall synthesis, as with anti-
biotics such as penicillin and cycloserine, or lysis
of the cell wall by agents such as lysozyme, phage,
and antibody and complement. Conditions that
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do not allow optimal growth, such as low pH,
lack of a required nutrient, or presence of toxic
substances, may also act as inducers with some
organisms. In most instances, these round bodies
can either revert to bacilli or develop into L
forms, depending on the environment to which
they are transferred. Since H. influenzae readily
shows pleomorphism and swelling under adverse
conditions and since the human respiratory
tract apparently provides an appropriate environ-
ment for L-form survival, it is possible that
transitional L forms of this organism could be
induced in vivo by factors other than the pres-
ence of antibiotic. Wittler (18) noted that trans-
formation to L forms in vivo of intranasally ad-
ministered Bordetella pertussis was more rapid
and complete in specifically immunized mice
than in the nonimmune. Kalmanson and Guze
(7) related the persistence of penicillin-induced
protoplasts in rat kidney to immune response.
May (12) has shown that 859, of patients with
purulent sputum due to H. influenzae have
serum antibody against this organism. Could
this antibody promote occurrence of Haemophilus
L forms in vivo?

Hatten and Sulkin (6) have recently shown
that Brucella L forms occurred intracellularly in
tissue cultures of Brucella-infected hamster kid-
ney cells. H. influenzae is frequently seen within
polymorphonuclear leukocytes and macrophages
in stained smears of sputa from infected patients,
and these cells are known to contain leukozymes
which are capable of inducing protoplasts of
gram-negative bacteria (3).

Investigation of the effects of antibody, the
influence of the intracellular milieu, etc., on the
induction and persistence of H. influenzae L
forms in vivo, together with a thorough search
for L forms within bronchial tissue of chronically
infected patients, would provide a greater under-
standing of the significance of L forms in chronic
or recurrent infections.

ACKNOWLEDGMENTS
We express appreciation to Edna Cree and J. M. B.
Bloodworth, Jr., for their cooperation and encourage-
ment, James Young for photographic assistance, and
Elisworth Snyder for helpful discussions.

LiTERATURE CITED

1. Carey, W. F., L. H. MuscHEL, AND L. S. BARON.
1960. The formation of bacterial protoplasts in
vivo. J. Immunol. 84:183-188.

INDUCTION OF H. INFLUENZAE L FORMS

2

1445

. DiEnEs, L., AND H. J. WEINBERGER. 1951. L forms
of bacteria. Bacteriol. Rev. 15:245-288.

3. GunsaLus, . C., anD R. Y. STaNIER. 1960. The

10.
11.

12.

13.

14.

15.

16.

17.

18.

bacteria, vol. I, Structure. Academic Press,
Inc., New York.

. GutMaN, L. T., M. Turck, R. G. PETERSDORF,
AND R. J. WEDGEWOOD. 1965. Significance of
bacterial variants in urine of patients with
chronic bacteriuria. J. Clin. Invest. 44:1945-
1952.

. Guzg, L. B, AND G. M. KALMANSON. 1963. Per-
sistence of bacteria in “protoplast” form after
apparent cure of pyelonephritis in rats. Science
143:1340-1341.

. HatTEN, B. A, anD E. S. SuLkiIN. 1966. Intra-
cellular production of Brucella L forms. J.
Bacteriol. 91:285-296.

. KaLmaNsoN, G. M., anD L. B. Guze. 1964. Role
of protoplasts in pathogenesis of pyelonephritis.
J. Am. Med. Assoc. 190:1107-1109.

. KLIENEBERGER-NOBEL, E. 1962. Pleuropneumonia-
like organisms (PPLO): mycoplasmataceae.
Academic Press, Inc., New York.

. Larinski, E. M., E. D. FLakas, anp B. C.
TAYLOR. 1964. An evaluation of several methods
for culturing sputum from patients with bron-
chitis and emphysema. Am. Rev. Respirat.
Diseases 89:760-763.

McDerMoTT, W. 1958. Microbial persistence.
Yale J. Biol. Med. 30:257-291.

McKay, K. A., M. K. ABELSETH, AND A. A.
VANDREUMEL. 1966. Production of an enzootic-
like pneumonia in pigs with “protoplasts” of
Hemophilus parainfluenzae. Nature 212:359-
360.

May, J. R. 1965. Antibodies to Hemophilus influ-
enzae. Lancet 2:386.

May, J. R., AND D. M. DELVES. 1965. Treatment
of chronic bronchitis with ampicillin. Lancet
1:929-933.

MORTIMER, E. A., Jr. 1965. Production of L forms
of group A. Streptococci in mice. Proc. Soc.
Exptl. Biol. Med. 119:159-163.

OrIg, N. G. M., anD H. J. SLUTTER. 1961. Bron-
chitis. Royal Van Gorcum Ltd., Assen Nether-
lands.

SMaDEL, J. E. 1963. Intracellular infections. Bull.
N.Y. Acad. Med. 39:158-172.

SmrTHIEs, L. K., AND C. OLsON. 1964. Correlation
of immunofluorescence and infectivity in the
developing bovine cutaneous papilloma. Cancer
Res. 24:674-681.

WITTLER, R. G. 1952. The L forms of Hemophilus
pertussis in the mouse. J. Gen. Microbiol.
6:311-317.



