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Amenorrhoea is rarely caused by organic disease in the hypo-
thalamus and the pituitary, but is often associated with certain
general disorders, with dietetic errors resulting in either an
increase or a loss of weight, and with psychological and
environmental changes.

Treatment of amenorrhoea depends on its cause, and the
determination of this requires full investigation, which should
generally include bacteriological examination of the endo-
metrium to exclude tuberculosis.
The prognosis is good in cases of secondary amenorrhoea,

menstruation returning in 6000 of cases irrespective of
treatment.
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Further Studies of Agents Isolated from Tissue Cultures Inoculated
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The presence of a cytopathic agent in human-embryo-kidney-
cell cultures inoculated with passage fluid from human
leukaemic bone-marrow was reported by Negroni (1964) and by
Inman et al. (1964). The presence of a mycoplasma (pleuro-
pneumonia-like organisms: P.P.L.O.) in these cultures has since
been demonstrated by Grist and Fallon (1964) and Girardi et al.
(1965). The present paper is a preliminary report of attempts
to characterize this mycoplasma and to determine its relationship
to the original cytopathic agent.

Materials and Methods

Tissue Cultures.-Tissue cultures of primary rhesus-monkey
kidney, primary human amnion, primary human embryo,
continuous baby-hamster kidney (BHK21-C13 line of
Macpherson and Stoker, 1962), and the " Bristol " line of HeLa
cells were prepared in Glasgow by the standard methods of the

Regional Virus Laboratory, Ruchill (Grist et al., 1965) ; inocu-
lated cultures were maintained in Eagle's medium with 1 %
fowl serum in order to avoid inhibitors found in calf, horse,
and sheep sera.
Mycoplasma Culture Media.-The media used were those

described by Lemcke (1964) or Chanock et al. (1962). Where
these media were used to grow mycoplasmas for immunization
of rabbits, normal rabbit serum was incorporated in the medium
instead of horse serum. For the study of glucose fermentation
1% of the sugar was incorporated in the solid medium together
with indicator.

Haemolysis of Mammalian Erythrocytes.-This was tested by
layering blood agar on to colonies on solid medium (Somerson
et al., 1963).

Serological Tests.-Tissue-culture-neutralization tests were
carried out as previously described by Negroni except that the
cultures were incubated stationary at 360 C. Complement-
fixation (C.F.) and gel-diffusion (Ouchterlony) tests with rabbit
antisera against standard strains of mycoplasma and against
tissue cultures containing the cytopathic agent were performed
as described by Lemcke (1964, 1965). C.F. tests with antiserum
prepared against the mycoplasma strain CW were performed
by a modification (Grist et al., 1965) of the method of Brad-
street and Taylor (1962) with suspensions of antigen which
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FIG. I.-Mycoplasma in sectioned, ultracentrifuged pellet derived from broth culture infected with agent CW. Fixation: Kellenberger.
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FIG. 2.-Extracellular mycoplasmas in section of human-embryo-kidney-cell culture infected with agent CW. Fixation: Palade.
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FIG. 3.-Mycoplasmas in negative contrast preparations derived from broth cultures infected with agent CW.
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FIG. 4.-Mycoplasmas in negative contrast preparations derived from broth cultures infected with agent CW.
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had been heated at 56' C. for 30 minutes. Growth-inhibition
tests on agar were performed by the method described by Clyde
(1964), but the inoculum was adjusted to give discrete colonies.

Electron Microscopy.-The techniques used were those
previously described (Inman et al., 1964) except that some

preparations from broth cultures of mycoplasmas were fixed by
the technique used by Kellenberger et al. (1958).

Isolation of Mycoplasmas

Material from human-embryo-tissue cultures inoculated with
marrow from patient CW (Negroni, 1964) was inoculated into
primary rhesus kidney, primary amnion, and continuous
hamster-kidney cultures in an attempt to find a suitable system

more convenient than human embryo. Transmissible cytopathic
effects (C.P.E.) appeared in the inoculated rhesus-monkey-
kidney and hamster-kidney cultures in three to five days-that
is, as quickly as in primary human-embryo cultures. The
amnion cultures remained normal in appearance, but blind
passage after 14 days caused C.P.E. after nine days in further
cultures. The C.P.E. was basically similar in all tissues
incubated in the stationary position. In monkey-kidney cultures
it appeared first in the central part of the monolayer near the
bottom of the tube as a granularity of the cells with retraction
to form a hole in the monolayer. The effect spread peripherally
from this area, with stripping of the monolayer and desquama-
tion of cells, while the medium became very acid. Since the
C.P.E. could be inhibited by 0.6 utg. of tetracycline, 8 yUg. of
chlortetracycline, and 1.75 jtg. of kanamycin per ml., infected
tissue-culture fluid was inoculated on to solid mycoplasma
medium. After incubation at 37' C. for seven days many

typical mycoplasma colonies were seen in these cultures. A
similar organism was isolated directly on solid medium from
human-embryo-tissue-culture fluid derived from patient PT
(Negroni, 1964) and also from a pool of human-embryo-tissue-
culture fluids from several isolates which was found to contain
106 colony-forming units per ml. Subsequently mycoplasmas
were also isolated by Dr. B. E. Andrews, of the Virus Reference
Laboratory, Colindale, from tissue-culture fluids derived from
each of the leukaemic patients mentioned by Negroni (1964) and
stored at -70' C. since 1961. Mycoplasmas were not isolated
from the control tissue cultures which have so far been
examined.

Strain CW was grown on mycoplasma media and was shown
to give rise to the C.P.E. described above when reinoculated
into rhesus-monkey-kidney-tissue culture. The biological and
serological characteristics of this strain were examined in detail.
One of the strains isolated by Dr. B. E. Andrews, derived from
patient IG, was compared serologically with CW by several
methods. Four other of Dr. Andrews's isolates (derived from
patients RD, KH, PT, and from a different passage of IG)
were compared in gel-diffusion tests only.

Characterization of Strains of Mycoplasma

1. Biology

(a) Identification as a Mycoplasma.-The organisms isolated
on agar were identified as mycoplasmas on the following
criteria: the colonies on solid medium had the typical "fried
eggs" appearance and the embedded centres could not be
removed by scraping the surface of the medium with a wire
loop; they stained with Diene's stain and retained the stain;
they did not show bacterial forms on microscopical examina-
tion; they failed to grow in the absence of serum and did not

produce bacterial forms when grown in antibiotic-free medium.
(b) Fermentation Reactions.-Both strains CW and IG

fermented glucose, a property shared by two mycoplasmas
isolated from man, M. pneumoniae and M. fermentans.
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(c) Haemolysis of Mammalian Erythrocytes.-Strain CW
produced /3-haemolysis of guinea-pig erythrocytes after 48
hours' incubation at 370 C. when these were applied as a 4%
overlay in P.P.L.O. agar. This property is shared only by
M. pneumoniae of the mycoplasmas isolated from man.

(d) Antibiotic-sensitivity Pattern.-By a disk-diffusion
technique the mycoplasma appeared to be sensitive to tetra-
cycline 10 ,tg., colistin 50 jtg., kanamycin 10 ,ug., and chlor-
amphenicol 10 jug. It was resistant to streptomycin 10 ptg.
and erythromycin 10 jug. On solid medium containing anti-
biotic the mycoplasma was found to be resistant to penicillin
500 ttg./ml. and to cephaloridine 32 jsg./ml.

(e) Growth in Tissue Culture.-In addition to primary
0 human embryo, rhesus monkey kidney, human amnion, and
continuous baby-hamster kidney, Bristol HeLa cultures were

also susceptible to C.P.E. caused by strain CW.
(f) Resistance.-Infectivity of fluid cultures of CW was

destroyed by overnight refrigeration at 4' C. with equal volumes
of ether or by incubation at 440 C. for one hour. The organism
survived incubation at 410 C. for one hour.

2. Serology

(a) Tests with Rabbit Antisera to Standard Strains of
Mycoplasma.-The results of titrating strains CW and IG
in CF tests with antisera to 17 different serological types or

species of mycoplasma are shown in Table I. Strains CW
and IG did not react significantly with 16 of the 18 antisera
used, the level of cross-reaction being less than 1/32 of the
homologous titre in each case. With antisera to two strains
of M. pulmonis, Ml and Kon, from rat and mouse lung
respectively, both strains gave higher levels of cross-reaction.
With antiserum to Ml they reacted to 1/8 of the homologous
titre and with antiserum to Kon to 1/2 of the homologous titre
although the latter was low (160).

TABLE I.-Complement-fixing Titres of Mycoplasmas CW and IG from
Tissue Cultures with Antisera to Standard Mytoplasma Strains

Antiserum to HomolosTitrewith Titre with StrainsAntiseumto Homologous Strain cwI

M. pneumoniae (FH)
M. salivarium (B3) .. ..
M. orale (837).
M. fermentans (G2) 640-10,240 < 20 < 20

M. laidlawii (Laidlaw
A

M. caprae (pp. goat)
M. gallinarum (fowl)
A36, non-pathogenic avian (AM)
M. hominis, type 1 (H34) .. 2,560 < 20 20
Navel .. .. .. .. 5,12Q < 20 40
M. hominis, type 2 (PG27) .. 1,28 <20 20
M. mrycoides (Gladysdale) .. 1,280 < 20 40
M. bovigenitalium (PG11) .. 2,560 < 20 20
M. agalactiae (agalactia) .. 640 < 20 20
M. gallisepticum (T) .. 2,560 20 20
M. neurolyticum (KSA) .. 10,240* 80* 160*
M. pulmonis (Ml) .. 1,280 160 160
M. pulmonis (Kon) .. 160 80 80

*Antiserum known to contain antibody to medium constituents.

In gel-diffusion tests CW and IG were tested against antisera

to all the species represented in Table I except M. pneumoniae,
which did not precipitate with homologous suspensions. Both

strains reacted identically and gave precipitation lines only with

antisera to Ml and Kon. Three precipitation lines were formed

in each case. Two of these seemed identical with homologous
lines and one was different. Four of the other strains isolated

by Dr. Andrews were indistinguishable from CW and IG in

their precipitation reactions with antisera to Ml and Kon.

In growth-inhibition tests on solid medium, strains CW and
IG were inhibited by antiserum to Ml, the inhibition zones

being 2 mm. from the edge of the disk to the rim of growth of
the mycoplasma. This serum gave inhibition zones 3-5 mm.

wide with Ml and Kon (see Table III). No tests were done
with Kon antiserum.

C
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The results suggested that the mycoplasmas CW and IG were
the same and that they were related serologically to strains of
M. pulmonis. They were not related to 16 other serotypes or
species of mycoplasma from man, rats, mice, poultry, cattle,
goats, and sewage.

(b) Tests with Rabbit Antiserum HL Prepared Against
Tissue Cultures Containing Cytopathic Agent.-Antiserum HL
was one of the antisera prepared by Negroni (1964) to a strain
of cytopathic agent derived from patient RD and used in tissue-
culture-neutralization tests. Strains CW and IG were titrated
by C.F. tests against this antiserum and the corresponding pre-
immunization rabbit serum. At the same time antigens of 15
other species of mycoplasma, including M. pulmonis, were
titrated against these two sera and against their homologous sera
as controls. Only strains CW, IG, and the two strains of
M. pulmonis, Ml and Kon, gave a rising titre with antiserum
HL compared with the pre-immunization serum (Table II).

TABLE II.-Complement-fixation Tests with (a) Antiserum HL Prepared
Against Tissue Cultures Containing Cytopathic Agent and (b) Anti-
serum Against Mycoplasma CW Grown in Broth

Titre of
Antigen Pra- Pre-
of Strain immunization Antiserum immunization Antiserum

Serum HL* HL* Serum CWt CWt

CW < 20 20-40 < 20 1,024
IG < 20 20-40 NT NT
Ml 20 80 NT NT
Kon <20 80 <20 256

NT Not tested.
* C.F.T. in tubes (Lemcke, 1964).
t C.F.T. in plastic trays (Grist et al., 1965,.

In growth-inhibition tests, strains CW, IG, and Ml were all
inhibited by antiserum HL, the zone of inhibition being approxi-
mately 2 mm. wide (Table Idl. The results with Kon were
equivocal, with a narrow zone of inhibition surrounding disks
impregnated with both -immune and pre-immunization serum
as well as a control disk without serum. The results suggested
that the antiserum HL, prepared against tissue cultures con-
taining cytopathic agent, contained antibody specific for the
mycoplasmas CW and IG. The presence of antibody to CW
was further confirmed by neutralization tests in rhesus-monkey-
kidney cultures both with the tissue-culture fluids containing
cytopathic agent and also with mycoplasma CW. This serum
neutralized approximately 103 tissue-culture infective doses of
each agent.

TABLE III.-Inhibition of Growth of Mycoplasma Strains CW, IG, and
M. pulmonis by Antisera HL, CW, and Ml

Zone Diameter Around Filter Paper Disks
Impregnated with Serum

Strain Serum Serum SerumStrain ~~~HL GW Ml

immunization Immune itmunization Immune Immune

CW .. .. 2-0 mm. - 6-0 mm. 2-0 mm.
IG .. .. NT 2-0 mm. NT NT 2-0 mm.
M. pulmonisfMl - 2-0 mm. - 2-0 mm. 5 0 mm.

strains IKon 1-5 mm. 1 5 mm. - 15 mm. 3 0 mm.

-= No inhibition.
NT = Not tested.

The fact that two strains of M. pulmonis were the only other
mycoplasmas which reacted with antiserum HL also suggested
some antigenic relationship between the tissue-culture strains
and M. pulmonis.

(c) Tests with Rabbit Antiserum Prepared Against Myco-
plasma Strain CW Cultivated in Broth.-This antiserum was

titrated against CW, Kon, and M. pneumoniae antigens by
means of the C.F. test described by Grist et al. (1965) as com-

pared with the other C.F. tests which were performed by the
method of Lemcke (1964). The immune serum showed a con-

siderable rise in titre compared with the pre-immunization
serum for both CW and Kon, the rise for Kon being one-
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quarter of that for the homologous strain (Table II). There
was no rise in titre for M. pneumoniae. In growth-inhibition
tests on solid medium, strain CW and M. pulmonis strains Ml
and Kon were inhibited by immune but not pre-immunization
serum from the rabbit immunized with CW (Table III). As
noted by Clyde (1964), the zone width varied with the inoculum,
but those obtained with an inoculum giving discrete colonies
were 6 mm. for CW, 2 mm. for Ml, and 1.5 mm. for Kon.

Neutralization tests in rhesus-monkey kidney showed that
the immune serum neutralized 103-10-l tissue-culture infective
doses of strain C.W. and of the cytopathic agent contained in
the tissue-culture fluids from which CW was isolated. It also
neutralized pooled fluids from cultures derived from a number
of leukaemic patients.

Gel-diffusion tests carried out with serum CW showed the
formation of lines against homologous antigen, one of which
seemed to be identical with the one line formed against Kon
antigen.
These results agree with those observed with the other anti-

sera and demonstrate the partial relationship of CW to M.
pulmonis. They also show conclusively that the cytopathic
effect observed in tissue cultures could be neutralized by
antiserum to the mycoplasma alone.

3. Electron Microscopy

Electron micrographs of virus-like particles in pellets from
ultracentrifuged cell cultures inoculated with passage fluid from
leukaemic bone-marrow have already been published (Inman
et al., 1964). Since then the mycoplasma CW has been
examined electron-microscopically both in sectioned material
and in negative contrast. After fixation by the technique of
Kellenberger et al. (1958) typical mycoplasmas were identified
in sections of pellets ultracentrifuged from broth cul-
tures (Special Plate, Fig. 1). Abundant extracellular myco-
plasmas were observed in human-embryo-kidney-cell cultures
infected with the agent (Special Plate, Fig. 2).
The appearance of the mycoplasma in negative contrast pre-

parations derived from infected broth cultures is shown in
Figs. 3 and 4 (Special Plate). The size of the cells varied
greatly, but they were generally between 90 and 1,000 myk in
diameter. The length of the filaments was also very variable, but
their diameter, with the exception of the terminal swellings, was

always of the order of 75 mjt. In this type of preparation the
cells and filaments had a limiting membrane and an outer
diaphanous coat.

A fuller description of the morphology of the mycoplasma
will be given in a later paper.

Discussion

The evidence presented suggests that mycoplasmas with the
same biological and serological characteristics were present in
all tissue cultures showing the C.P.E. described by Negroni
(1964). They were present at the earliest passage examined
(13th). Control preparations showed no C.P.E. Controls from
the same passage experiments as those in which a C.P.E. was

seen were not available for mycoplasma culture, but cultures
from those later passages of control material which have so far
been examined have proved negative for mycoplasmas. All the
evidence to date points to the mycoplasma having been solely
responsible for the C.P.E., especially as it can be prevented by
antibiotics.

The mycoplasma strains CW and IG are serologically
unrelated to any mycoplasma hitherto reported as being isolated
from man. There is, however, a partial antigenic similarity
between CW and IG and the rodent mycoplasma, M. pulmonis.
Experiments to be published elsewhere show that M. pulmonis
can cause a C.P.E. like that of CW in certain types of tissue

390 14 August 1965 Leukaemia-Fallon et al.
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culture. Nevertheless these mycoplasmas are not completely
identical with M. pulmonis, and it cannot necessarily be inferred
that they are of rodent origin and hence merely contaminants,
especially as serological cross-reactions between mycoplasmas of
diverse origin are known to occur (Card, 1959; Taylor-
Robinson et al., 1963; Lemcke, 1964, 1965).

It may be argued that as the strain of mycoplasma isolated
from each tissue culture inoculated with leukaemic bone-
marrow was apparently identical with CW this could well
represent contamination, especially as the only previously pub-
lished description of a mycoplasma isolated direct from the
bone-marrow of a patient with leukaemia (Hayflick and
Koprowski, 1965) showed it to be completely different from
CW. However, the human-embryo cells, derived from 59
embryos over a period of four years, were inoculated with
marrow at different times. Furthermore, cultures inoculated
with marrow from only eight leukaemic patients showed a
C.P.E. and the presence of a mycoplasma, whereas cultures
inoculated with bone-marrow from a further 18 cases of
leukaemia and also those from 33 patients without leukaemia
showed no C.P.E., nor were virus-like particles seen in those
examined in the electron microscope.

Organisms seen in the electron microscope in both cell-free
and human-embryo-kidney-cell cultures had morphological
characteristics typical of mycoplasma (Domermuth et al., 1964).
Reassessment of the electron microscope studies of the original
infected human-embryo-cell cultures (Inman et al., 1964)
suggests that mycoplasmas were seen but unrecognized as such.
This was probably due in part to the preparative techniques
employed, which were inappropriate for the preservation of
mycoplasmal ultrastructure.

It is often impossible to distinguish between viral and myco-
plasmal elements in electron micrographs. There is as yet no
morphological evidence to show whether the small particles
(average diameter 72 m/,) seen in the cytoplasm of the original
infected cells and ultracentrifuged pellets (Inman et al., 1964)
were in fact virus, as was originally believed, or small myco-
plasmal elements. A study of the antigenic properties of these
" virus-like " particles is in progress to investigate their possible
association with the mycoplasma.

Finally, what is the relationship of this mycoplasma to
leukaemia ? Other studies have shown thaat mycoplasmas may
be isolated direct from the bone-marrow of patients with
leukaemia (Hayflick and Koprowski, 1965) and from tissue
cultures inoculated with leukaemic bone-marrow (Murphy
et al., 1965). Moreover, it has been shown that a higher propor-
tion of patients with leukaemia are without the blood-group-I
antigen than is the casse in the normal population (McGinniss
et al., 1964) and that mycoplasmas may alter I receptor-sites on
erythrocytes (Schmidt et al., 1965). However, the relationship
between the mycoplasma isolated from tissue cultures and the
disease in the patients whose bone-marrow was inoculated into
these tissue cultures remains obscure. If the mycoplasma
originated in the bone-marrow it may be quite unrelated to the

patients' disease, or it may be secondary and represent infection
due to failure in the patients' defence mechanisms. Finally,
the mycoplasma infection could form part of a sequence of
events which, in some individuals, is, associated with the
development of leukaemia.

Summary
Mycoplasmas were isolated from tissue cultures inoculated

with bone-marrow from leukaemic patients.
All cultures which showed a cytopathic effect contained

mycoplasmas.
There was no evidence of mycoplasmas in control cultures.
The mycoplasmas isolated seemed biologically and serologic-

ally to be of one strain which was different from any previously
reported as being isolated from human sources although there
was some relationship to a rodent mycoplasma, M. pulmonis.
Mycoplasmas cannot readily be distinguished from viruses

electron-microscopically.
The relationship of mycoplasmas to leukaemia is not yet

clear.

We thank Dr. B. E. Andrews, of the Virus Reference Laboratory,
Central Public Health Laboratory, Colindale, for examining tissue
cultures inoculated with leukaemic marrow and for providing us with
subcultures of the mycoplasmas isolated therefrom.
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