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Conditions have been developed that permit highly efficient conversion in
vitro of all serogroups ofNeisseria meningitidis to the b-form. During the course
of the studies, optimal parameters for cultivation and propogation were deter-
mined and compared with those found in studies done by previous workers on
meningococci. The plasma expander polyvinylpyrrolidone (PVP) (molecular
weight, 40,000) has been incorporated into the medium as an osmotic stabilizer.
A method is outlined for removing toxicity (due to impurities in PVP) reported
in some earlier studies done in this laboratory. Light and scanning electron mi-
croscopy of the L-form inductants and of a stable b-form have shown character-
istics distinctive among the strains observed. Finally, the effects ofboth cell wall
and other antibiotics were studied. It was shown that cell wall antibiotics other
than the commonly used potassium penicillin G could induce N. meningitidis to
the b-form, using the PVP-stabilized medium base. Furthermore, the antibiotics
vancomycin, colistin, nystatin, and trimethoprim, used at the concentrations
found in commercially prepared Transgrow formulations, did not adversely
affect meningococcal L-form induction. The system described herein will hope-
fully serve as an effective tool, specifically in the study of "aseptic" meningitis
and possible meningococcal L-form etiology and, more generally, in evaluating
the ability of bacterial L-forms to cause disease.

Since Klieneberger-Nobel (11) first de-
scribed L-forms ofStreptobacillus moniliformis
in 1935, numerous studies of such bacterial var-
iants have been undertaken. Recent interest in
b-forms centers around their possible role in
clinical disease states (3, 8-10, 12-14). In the
case of meningococcal meningitis, an increase
in recurrent disease cases, high carrier rate,
and an unorthodox and problematical epidemi-
ological picture suggest the possible involve-
ment of L-form variants ofNeisseria meningiti-
dis. With this in mind, the present work was
initiated to develop a more efficient system by
which meningococcal L-forms could be studied.

Previous in vitro studies on the bform induc-
tion of meningococci have used the penicillin
gradient technique, originally described by
Sharp (22) for induction of streptococci and sub-
sequently adapted to the pathogenic Neisseriae
species by Roberts (20, 21). More recently,
Bohnhoff and Page (6) studied experimental
infection of mice with both parent and L-form
meningococci. Stewart and Wright (23, 24)
worked on the adaptation ofN. meningitidis b-
forms to agar-free medium and their storage.
All of these studies were done using the gra-

1 Present address: Department of Public Health, 3224
Troost Ave., Kansas City, Mo. 64109.

dient induction techniques developed by Rob-
erts, in which sucrose serves as the osmotic
stabilizer for the b-form.
By incorporating polyvinylpyrrolidone (PVP)

into the L-form induction medium as the os-
motic stabilizer, Lawson and Douglas (16) have
established cultural conditions that allow
highly efficient conversion of Neisseria gonor-
rhoeae strains to the L-form, including several
found to be noninducible in a sucrose-stabilized
system. The present communication describes
development of conditions that allow highly ef-
fective in vitro conversion ofmeningococci to L-
forms.

MATERIALS AND METHODS
Organisms. Bacterial strains used in these stud-

ies were obtained from the Neisseria Repository,
Naval Medical Research Unit no. 1, University of
California, Berkeley. Twenty-four N. meningitidis
strains were used in L-form induction studies (see
Table 1). Scanning electron microscopic (SEM) stud-
ies were conducted on two of these strains. A stable
N. meningitidis L-form (group A parent) was uti-
lized for work with a defined liquid medium. This
strain (M-1244L) was originally isolated and in-
duced to the L-form by Bohnhoff and Page (6) and
was adapted to broth growth by Pribnow et al. (18).
Meningococcal strains were identified by: (i) Gram
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stain and morphology; (ii) sugar fermentation of
glucose and maltose but not sucrose, lactose, levu-
lose, and mannitol; (iii) positive oxidase reaction
with N,N-dimethylphenylenediamine hydrochlo-
ride; and (iv) agglutination with specific rabbit anti-
serum (prepared by the Neisseria Repository). No
serogrouping of the L-phase variant was performed
by this laboratory. It had previously been adapted to
stable L-form growth at the time of receipt by the
Neisseria Repository.

Maintenance and storage of organisms. Cultures
of parent meningococci were grown in Mueller-
Hinton broth at 37 C. Routine dilutions were made
in the same broth medium. Storage of meningo-
coccal strains was accomplished by storage in
tryptic soy broth (Oxoid) with 6% (wt/vol) lactose at
-70 C or by lyophilization in the same suspending
fluid. The meningococcal L-form was adapted to
grow in tryptic soy broth with 5% (vol/vol) horse
serum. Hence, stocks were maintained in this
medium, and storage was performed as in the case
of the parent organisms.

Media. Meningococcal growth and viable counts

TABLE 1. Characteristics ofN. meningitidis strains
studieda

No. of Drug sus-
pass

ceptibil-
Serogroup Strain no.b from origi- ityc (m of

nal isola- azine/d00
tion ~ml)

A M-135 >10 R 10
A M-131 3 R 10
A M-132 3 R 10
B M-136 >10 S 0.1
B M-290 3 R 10
B M-414 3 R 10
C M-137 >10 R 10
C M-127 unk S 1
C M-299 unk R 10
D M-623 unk S 0.1
D M-618 unk S 0.1
D M-1057 unk S 0.1
E M-112 4 S 1
E M-138 3 S 10
E M-845 4 S 1
X M-405 >10 S 0.1
X M-569 unk S 0.1
X M-429 unk S 1
Y M-406 unk R 10
Z M-407 unk R 10
Z M-102 4 S 1
Z M-2497 unk S 0.1
W-135 M-603 unk S 5
29E JM-521 unk S 1
A-L M-1244(L) unk R 10

a unk, Unknown; R, resistant; S, susceptible.
b Neisseria Repository strain numbers.
c Unless otherwise noted, all strains susceptible

to ampicillin, cephalothin, chloramphenicol, eryth-
romycin, kanamycin, penicillin G, streptomycin,
and tetracycline at concentrations used with the
BBL Antibiotic Sensidisk system.
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were obtained by culturing of the organisms on me-
dium consisting of Mueller-Hinton medium (Difco,
Detroit, Mich., or BBL, Cockeysville, Md.) with 5%
(vol/vol) defibrinated sheep erythrocytes; this me-
dium will be designated MHBA. The basic compo-
nents of the L-form induction medium consisted of:
(i) brain heart infusion broth with p-aminobenzoic
acid (BBL, Cockeysville, Md.); (ii) 5% (vol/vol) heat-
inactivated (56 C for 30 min) horse serum certified
for growth of mycoplasma (Microbiological Associ-
ates, Richmond, Calif.); (iii) 1% agar (Difco) or Iona-
gar no. 2 (Consolidated Laboratories, Chicago
Heights, Ill.) for solidification; and (iv) 100 units of
potassium penicillin G per ml (Squibb). Stabiliza-
tion of b-forms was achieved by incorporation of
either 10% (wt/vol) sucrose (Mallinckrodt Chemical
Works, St. Louis, Mo.) or 7 to 8% (wt/vol) PVP,
pharmaceutical grade (Plasdone C, K-30, GAF
Corp., New York, N.Y., or PVP-40, Sigma Chemical
Co., St. Louis, Mo.), into the agar medium. These
two media will be referred to, respectively, as su-
crose L-medium (SLM) and PVP L-medium (PLM).

L-form induction procedures. Lyophilized parent
strains of N. meningitidis were reconstituted into
Mueller-Hinton broth. Dilutions of this concen-
trated suspension were prepared and allowed to in-
cubate at 37 C for 12 to 24 h. Freshly poured agar
plates were inoculated with appropriate samples of
the freshly grown cultures and spread evenly with a
glass rod. Induction media plates were incubated at
36.5 C for 4 to 6 days in a moist, air-tight chamber
flushed periodically with a 10% C02-90% air gas
mixture. Viable count plates were incubated for 1 to
3 days under similar conditions.

Microscopy. Sterile membrane filters of 0.45-/im
pore size (Millipore Corp., Bedford, Mass.) were
placed on freshly prepared PLM. Appropriate dilu-
tions of parent meningococci were inoculated onto
the membrane filters and the surrounding agar ma-
trix. Plates were then incubated for 6 days at 36.5 C
under the conditions specified above. SEM speci-
mens were fixed and otherwise prepared according
to the methods developed by Bibel and Lawson (4,
5). Examination of SEM samples was performed
with a Cambridge Instrument Co., Ltd., Stereoscan
electron microscope, operated at a voltage of 20 kV.

Antibiotic studies. These plates were prepared
with varying concentrations of several antibiotics
(see Tables 3-6). Accurate dispensing of the agar
base medium, necessary for maintenance of proper
antibiotic concentrations, was achieved by use of a
Cornwall pipetting device. Meningococci and the
stable L-form variant were grown in Mueller-Hin-
ton broth (with supplemental horse serum in the
case of the latter) for 18 to 24 h before inoculation.

RESULTS
L-form induction. Table 2 summarizes the

induction frequencies obtained on SLM and
PLM. Potassium penicillin G was incorporated
into the media in amounts sufficient to yield
final concentrations of 100 U/ml and served as
the b-form inducing agent in both cases. The
horse serum concentration used was varied be-
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TABLE 2. L-form induction ofN. meningitidis
strains

% Induction to Iforb
Serogroup Strain no.

SLM PLM

A M-139 0.66 7.4
A M-139 5.5
A M-132 20.8

B M-136 1.5 24.6
B M-290 21.0
B M-414 65.0

C M-137 25.0 80.0
C M-127 6.3
C M-299 68.4

D M-623 0.4
D M-1057 0.6
D M-618 40.0

Y M-112 50.0 66.7
Y M-138 65.0
Y M-845 44.5
Y M-406 0.67 50.0

X M-405 37.4
X M-569 85.7
X M-429 82.0

Z M-407 O.OC
Z M-102 100.0
Z M-249 80.0

29E M-603 0.38 90.0

W-135 M-521 0.07 20.0
a Percent induction to L-form = b-form frequency

= (total b-form PLM or SLM colony-forming units
per milliliter/total parent colony-forming units per
milliliter) x 100.

b In the presence ofpotassium penicillin G, 100 U/
ml.

c Did not induce to the b-form.

tween 1.0 and 20% (vol/vol) in the PLM system.
Induction frequencies obtained with 5.0% (vol/
vol) horse serum were higher than those ob-
tained at lower serum concentrations, but fur-
ther increases did not appreciably affect induc-
tion. Previous in vitro induction systems for the
Neisseriae species (6, 7, 17, 20, 21, 23, 24) used
candle jars to provide extra CO2. Lawson and
Douglas (16) have demonstrated that gonococ-
cal L-forms can be induced at frequencies up to
100% under conditions in which a 10% CO2-90%
air mixture was used. Consequently, meningo-
coccal L-forn induction was tried with five dif-
ferent gaseous mixtures (air alone, candle jar,
5% C02-95% air, 10% C02-90% air, and 15%
C02-85% air). Under strictly aerobic conditions

without supplemental C02, no induction to the
L-form occurred with any of the five strains
tested. With candle jars (approximately 2 to 3%
C02) and with the 5% C02-95% air mixture, two
strains induced at levels under 0.015%, whereas
the remaining strains tested did not induce at
detectable levels (under 0.000001%). With
higher concentrations of C02, much more favor-
able results were achieved. The data presented
in Table 2 are averaged values obtained with
the higher C02 concentrations, since no detect-
able differences could be shown between results
obtained with 10 or 15% C02. Furthermore,
some enhancement of L-form induction in the
SLM system was seen when the latter gas mix-
tures were used instead of candle jars. The
frequencies obtained with SLM were higher
than those reported by others (21, 23).
Osmotic stabilization. Table 2 clearly shows

that the incorporation of PVP as an osmotic
stabilizer resulted in much higher L-form in-
duction frequencies than previous workers
have achieved with meningococci using su-
crose-stabilized systems. However, not all sam-
ples of PVP were equally effective. Lawson and
Douglas (16) originally used Plasdone C, K-30
(GAF), in their work with gonococci. Subse-
quent investigation revealed that PVP-40,
pharmaceutical grade (Sigma), was superior to
the GAF product in the PLM system. However,
new batches of PVP-40 were found to be some-
what inhibitory even for growth of meningo-
cocci. This toxicity was not apparent for the
initial gonococcal L-form experiments but was
reported by Bacigalupi and Lawson (2) in their
defined L-phase induction medium studies.
Accordingly, steps were undertaken to elimi-

nate this toxicity. Ashwood-Smith and Warby
(1) have shown toxicity in untreated Plasdone
C, used as a cryoprotective agent for bacteria
and erythrocytes. A modification of their tech-
nique was used. We prepared a 30% (wt/vol)
solution ofPVP-40 in distilled, deionized water.
A batch dialysis of the PVP solution was then
performed against carboxymethyl-cellulose
(0.70 meq/g capacity, coarse grade) and diethyl-
aminoethyl-cellulose (0.93 meq/g capacity,
coarse grade). Both ion exchangers were pre-
pared at a concentration of 5 g/10 liters of deion-
ized water. This was followed by further di-
alysis against frequent changes of deionized
water. All procedures were carried out at 4 C.
The resultant solution had effective PVP con-
centrations ranging from 7 to 10% (wt/vol),
measured by the method ofAshwood-Smith and
Warby (1). The base constituents of PLM were
then added and the medium was autoclaved.
Group D growth and inducibility. Two ofthe

three group D meningococci induced at levels
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below 1.0% in the PLM system. It was found
that initial viable counts recovered from lyophi-
lized cultures were lower among all the group D
organisms than among members of other sero-
groups, and their growth on noninduction me-
dia was slower (at least 2 days of incubation at
36.5 C was necessary, as opposed to 24 to 36 h).
Furthermore, the L-forms that developed were
very small and showed granular morphology.
Group Z prototype strain induction. One of

the 24 strains tested (M-407, group Z) failed to
induce to the L-form in the PLM system. Three
different forms of penicillin were tried in at-
tempts to produce L-forms (potassium penicil-
lin G, ampicillin, and carbenicillin). These
were incorporated into the induction media
(SLM and PLM) at four different concentra-
tions (1, 10, 100, and 1,000 U of potassium peni-
cillin G per ml and 1, 10, 100, and 1,000 lug of
each of the other two derivatives per ml).
Breakthrough occurred on the plates with 1 ,ug
of ampicillin per ml, but no L-form induction
was ever detected.

Colonial morphology and microscopy. Gen-
eral colonial morphology ofthe induced L-forms

of meningococci was typical of such cell wall-
less variants. However, strain and possibly
serogroup variation was noted among the L-
form colonies induced, especially on PLM.

Bibel and Lawson (4) have reported that dif-
ferences in streptococcal L-form colonial mor-
phology were enhanced when the organisms
were grown on membrane filters (Millipore
Corp.), according to the method of Wyrick and
Gooder (25). Samples of parent group A and
group Y meningococci were inoculated onto
membrane filters (0.45 Am, Millipore Corp.)
laid on the surface of PLM. Growth was suffi-
cient after 5 days of incubation to allow exami-
nation. The colonies were fixed, dried using the
critical point method, and coated with gold in a
vacuum evaporator. They were then examined
with the scanning-beam electron microscope (4,
5, 12). Figure 1 is a SEM photograph (x10,000)
of the edge of a group A meningococcus L-form
colony; on the left, one can see detail of the
membrane filter. The colony consists of mainly
pleomorphic large bodies about 2 ,um in diame-
ter. At higher magnification, x22,000 (Fig. 2),
granules of 0.2 ,um in diameter can be detected

LI lW N
FIG. 1. N. meningitidis, serogroup A, M-139; SEM, x 10,000; induced L-form colony.
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FIG. 2. N. meningitidis, serogroup A, M-139; SEM, x22,000; induced L-form colony. Note blebs and
granular material on the surface of the large bodies.

covering the entire surface of the larger bodies;
again, note that the surface of the membrane
filter (seen on the left border of Fig. 2) does not
contain any granules. The group Y L-form col-
ony, shown at x 5,700, could easily be distin-
guished from that ofthe group A meningococcal
L-form (see Fig. 3). Figure 4, a closer view of
the group Y colony (x 20,000), reveals the pres-
ence of very fine filamentous material and
ovoid large bodies about 2.5 ,um in diameter.
The small blebs and granular material seen in
the previous example are also seen here.
The remaining micrograph (Fig. 5) shows the

colonial morphology of a stable group A menin-
gococcus L-form. Clearly, this organism lacks
the small granules seen with the freshly in-
duced L-form colonies. Large bodies range from
1.0 to 5.0 ,tm in diameter and are often pitted.
Close examination reveals much cellular col-
lapse and empty membranous debris. Such
large, empty shells have also been noted when
examining wet mounts ofboth broth- and agar-
grown colonies of the stable, broth-adapted b-

phase variant. Magnification in this photo-
graph was x 10,000.

Antibiotic studies. After establishing our
penicillin induction technique, the effect of
other antibiotics on b-form induction of menin-
gococci was evaluated. Table 3 shows the effect
of two antibiotics not in the penicillin group.
With cephalothin, L-form induction occurred
both with and without penicillin. With the sta-
ble L-form culture, excellent growth was
achieved at concentrations of cephalothin up to
100 ug/ml. In contrast, with novobiocin, no L-
form induction occurred with or without peni-
cillin. The data presented with the group C
meningococcus as parent were typical of results
obtained in induction experiments carried out
with representatives of each serogroup. Fur-
thermore, growth of the stable L-form was af-
fected in a similar fashion to that of the bacte-
rial form (Table 4).
The antibiotic studies were concluded by test-

ing the effects of vancomycin, colistin, nysta-
tin, and trimethoprim, used in selective pri-
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mary isolation media for the pathogenic Neis-
seriae. It has been shown by Bacigalupi (per-
sonal communication) that these antibiotics,
used in the concentrations found in Transgrow,
inhibited the L-form induction process in the
gonococcus. The source of inhibition ofN. gon-
orrhoeae was vancomycin; this has also been
reported for some gonococcal parent strains by
Reyn and Bentzon (19). In contrast, vancomy-
cin has no significant inhibitory effect on L-
form induction of the meningococcus (Table 5).
Table 6 shows that growth of the stable L-form
was also unaffected. Similarly, no inhibition of
either L-form induction or L-form growth was
ever observed with colistin, nystatin, or tri-
methoprim (Tables 5 and 6).

DISCUSSION
In recent years, investigators have increas-

ingly considered the involvement ofbacterial b-
forms in certain chronic disease or carrier
states (3, 8-10, 12-15). Studies on the meningo-
coccal L-form and b-forms of other pathogenic
Neisseria species have been limited in the past
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by the relatively difficult and painstaking tech-
niques required for successful production and
propagation and the resultant poor L-induction
frequencies. Previously reported systems have
always used sucrose as the stabilizing agent for
the L-variants. This paper presents a system
for the production and propagation in the pres-
ence of penicillin of these L-forms by using the
plasma expander PVP as the stabilizer. The
induction frequencies obtained with this sys-
tem are significantly higher than those
achieved in past investigations on N. meningi-
tidis.
The optimal growth requirements ofN. men-

ingitidis L-variants were found to differ some-
what from those reported by Roberts (20, 21).
Growth of the L-form was found to be very poor
in the commonly used candle jars (unlike that
of the parent meningococci). Highly successful
L-form induction required an atmosphere with
CO2 concentrations of 10% or higher. These
conditions were also found to increase the fre-
quency ofL-form induction in the sucrose-stabi-
lized medium used as our control system.
Lawson and Douglas (16) and Bacigalupi and
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FIG. 3. N. meningitidis, serogroup Y, M-406; SEM, x5,700; induced L-form colony.
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FIG. 4. N. meningitidis, serogroup Y, M-406; SEM, x 23,000; induced L-form colony. Note appearance of
very fine filamentous material and surface blebs.

Lawson (2) have shown that PVP serves as an
excellent osmotic stabilizer for gonococcal L-
form induction work. The toxicity problem re-
ported in this paper was not encountered by
Lawson and Douglas working with the gonococ-
cus in a complex gonococcal induction system.
However, it is clearly evident both in the de-
fined gonococcal system and in the work pre-
sented here. Furthermore, preliminary results
indicate that clinical isolates ofN. gonorrhoeae
are similarly susceptible to PVP toxicity. Toxic
samples of PVP apparently contain a wide
range of molecules (molecular weight, 1,000 to
200,000); Ashwood-Smith and Warby (1) have
proposed that the presence of low-molecular-
weight acidic material in commercially availa-
ble PVP was responsible for toxicity to their
pseudomonad. Because of the strong autolytic
enzyme systems present in the meningococcus
and the lack of a rigid cell wall in the L-form
their susceptibility to these toxic molecules
may be much more evident than found with
other organisms.

Roberts (20) found that L-inductants from
different parent strains and different L-forms
from the same parent strain vary; again, only
partial agreement can be expressed here. Colo-
nial morphology of L-forms induced from the
same parent usually appeared the same and
could almost be called characteristic of that
particular strain when viewed under a dissect-
ing microscope. However, inducibility ofpartic-
ular strains did vary. Group D parent orga-
nisms grew at a much slower rate than any
other meningococci tested. It was consequently
much more difficult to produce L-forms from
these strains. Furthermore, the induced group
D L-colonies remained very small, even after 10
days of incubation. One strain of meningococ-
cus tested, prototype group Z, strain M-407,
failed to induce to the L-form in our PLM sys-
tem. Perhaps the use of other cell wall antibiot-
ics, such as cephalothin, will permit induction
of this strain. Interestingly, we noted that dif-
ferentiation between two strains of meningo-
cocci of separate serogroups was possible with

1062 CHIN AND LAWSON
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FIG. 5. N. meningitidis, stable L-form, serogroup A, M-1244L; SEM, x10,000.

TABLE 3. Effects of cephalothin and novobiocin on
parent growth and L-form inductiona

L-form inductionb
Concn Paren-

Antibiotic Concn tal Without With(pg/ml) growth6 penicil- penicil-
lin line

Control (none) NA 4+ NA 4+

Cephalothin 5.0 - 3+ 2+
10.0 - 4+ 2+
50.0 - 4+ 2+

100.0 - 4+ 2+
250.0 - 4+ 1+
500.0 - 4+ -

Novobiocin 1.0 4+ -

2.5 2+ - -
5.0 1+ - -

10.0 - - -

15.0 - - -
20.0 - - -

200.0 - - -

a +, Greater than 2.5 x 107 colony-forming units (CFU)/
ml; 3+, greater than 107 CFU/ml; 2+, greater than 5 x 106
CFU/ml; 1+, greater than 105 CFU/ml; +, greater than 104
CFU/ml; -, no growth; NA, not applicable.

b N. meningitidis, group C M-137.
c In the presence of potassium penicillin G, 10 U/ml.

TABLE 4. Effects of cephalothin and novobiocin on
growth ofa stable L-form ofN. meningitidise

L-form growthb

Antibiotic Concn (,ug/ Without Withml) penicil- penicil-
lin line

Control (none) NA 4+ 4+

Cephalothin 5.0 4+ 4+
10.0 4+ 4+
50.0 4+ 3+
100.0 2+ 2+
250.0 2+
500.0 1+ +

Novobiocin 1.0 3+ 3+
2.5 2+ 2+
5.0 1+ 1+

10.0 - -
15.0 - -
20.0 - -

200.0 - -

a 4+, Greater than 2.5 x 107 colony-forming units (CFU)/
ml; 3+, greater than 107 CFU/ml; 2+, greater than 5 x 106
CFU/ml; 1+, greater than 105 CFU/ml; +, greater than 104
CFU/ml; -, no growth; NA, not applicable.

° N. meningitidis, group A, stable L-form, M-1244L.
c In the presence of potassium penicillin G, 10 U/ml.
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TABLE 5. Effects ofVCNT inhibitor antibiotics on

parental growth and L-form induction ofN.
meningitidisa

N. meningitidis group A, M-
139

Antibiotic
Concn
(mg/ml) Parent Lform Linduc-

arowth induc- tion fre-
growth tion" quencyc

Control (none) NA 4+ 3+ 12.8

Vancomycin 0.5 4+ 3+ 12.0
1.0 4+ 3+ 9.0
2.0 4+ 2+ 8.3
3.0 4+ 3+ 8.0
5.0 4+ 3+ 8.75

10.0 4+ 3+ 10.0

Colistin 1.0 4+ 2+ 4.9
2.5 4+ 2+ 4.7
5.0 4+ 2+ 5.0
7.5 4+ 2+ 5.0

10.0 4+ 2+ 5.0

Nystatind 2.5 4+ 2+ 5.4
5.0 4+ 2+ 5.3

12.5 4+ 2+ 6.1
50.0 4+ 2+ 2.3

Trimethoprim 1.0 4+ 3+ 9.6
2.0 4+ 3+ 10.8
3.0 4+ 2+ 5.0
5.0 4+ 2+ 4.8

a 4+, Greater than 5 x 108 colony-forming units (CFU)/
ml; 3+, 5 x 107 to 5 x 108 CFU/ml; 2+, 107 to 5 x 107 CFU/
ml; NA = not applicable.

b In the presence of potassium penicillin G, 10 U/ml.
c Percent = (L-form colony-forming units per milliliter/

parent colony-forming units per milliliter x 100.
d Nystatin concentrations expressed as units per milli-

liter.

the use of SEM; Bibel and Lawson (5) reported
a similar variation among streptococcal L-form
colonies grown on membrane filters (Millipore
Corp.).

Barbuti (3) has investigated the possibility
that N. meningitidis L-forms are responsible
for "aseptic" purulent meningitidis cases. How-
ever, he used sucrose-stabilized media in at-
tempts to isolate the organisms and failed. He
further does not include any data on the effect
ofvancomycin, colistin, nystatin, and trimetho-
prim on the meningococcal L-form. In this com-
munication, commercial vancomycin, colistin,
nystatin, and trimethoprim were used without
reducing recovery ofL-forms ofthe meningococ-
cus. The ability to induce and propagate L-

forms of N. meningitidis in the presence of
antibiotics known to affect peptidoglycan bio-
synthesis will hopefully allow workers to effi-
ciently and effectively study the meningococcal
L-form and evaluate its possible role in persist-
ence of infection, treatment failure, and in
aseptic cases of meningitis.

TABLE 6. Effects ofVCNT inhibitor antibiotics on
the growth ofa stable L-form ofN. meningitidise

N. meningitidis L-
form growth, group A,

Concn(ggl M-1244L
Antibiotic Concn (lg/ml) Without With

penicil- penicil-
lin lib

Control (none) NA 2+ 2+

Vancomycin 0.5 2+ 2+
1.0 2+ 2+
2.0 2+ 2+
3.0 2+ 2+
5.0 2+ 2+

10.0 2+ 2+

Colistin 1.0 2+ 2+
2.5 2+ 2+
5.0 2+ 2+
7.5 2+ 2+

10.0 2+ 2+

Nystatinc 2.5 2+ 2+
5.0 2+ 2+

12.5 2+ 2+
50.0 2+ 2+

Trimethoprim 1.0 2+ 2+
2.0 2+ 2+
3.0 2+ 2+
5.0 2+ 2+

4+, Greater than 5 x 108 colony-forming units (CFU)/
ml; 3+, 5 x 107 to 5 x 108 CFU/ml; 2+, 107 to 5 x 107 CFU/
ml; NA, not applicable; VCNT, vancomycin, colistin, nysta-
tin, and trimethoprim.

b In the presence of potassium penicillin G, 10 U/ml.
c Nystatin concentrations expressed as units per milli-

liter.
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