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PREFACE AND ACKNOWLEDGMENTS 

This report is an attempt to bring together some of the more impor

tant opinions and facts concerning Pleuropneumonia-like organisms (PPLO) 

with regard to their relationship to other forms of life and their path

ogenicity. This report is not a complete representation of either of 

these facets, and is not intended to be so. I hope to point out however, 

what, after reading a certain amount of the literature dealing with 

pleuropneumonia-like organisms, I find to be areas of disagreement and 

confusion. 

Many more studies are available in the literature than I have cited. 

In dealing with the pathogenicity of these organisms in animals for 

example, I have concentrated mainly on studies of avian PPLO. A great 

deal of work has been done in this area because of its economic impor

tance which in turn amply highlights the problems and knowledge in the 

field of PPLO as animal pathogens. 

Du.e to the controversial nature of many of the aspects of PPLO, it 

would be wise for the read~r who does not already have a certain amount 

of knowledge concerning PPLO to read this paper and consider its contents 

with an open mind, care.fully analysing the information presented. 

I would like to express my thanks to Dr. Herbert L. Bruneau, my 

advisor, for his help on this report and all through my graduate work. 

Also very deserving of my thanks is Dr. Edward Grula, whose helpful 

criticism and technical assistance were a great help to me. His patience 

with my errors and generous assistance at all times were invaluable to me. 
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CHAPTE'.t?' 

INTRODUCTION 

In t!re last~ several years, m"'nY investigations, have l'J,een made to 

determine the relationship of piteuroJpneumonia-Iike orge.nisms (PPLO) to 

other forms of JLif'e, and to determine their significance a-s pathogens of 

anim,a]s; and men. In the c·ourse of this work, many unique and sometim:es, 

frustrating problems peculiar to the study of these organisms have arisen. 

Many of" these prob'1.ems· remain unso].ved. 

The first question which demands an answer is what are PPLO'Z' .Are 

they related to bacteria or viruses? .Are they some aberrant form of 

bacteriaJI.. growth which he.s 'become established:, and' which has now evolved 

to the point where they are a stable and separate life form? What are the 

reasons for the controversy in this area? Many :prominent workers have 

attempted to answer th-ese questions, and the work of several investigm· 

tors relating to this matter will Tue reviewed in the following chapter. 

The problem of the pathogenicity of these organisms is extremely 

im,portan:t 'fuecause these organisms have Toeen im.plicated as the probabJle 

cause of several economically im:portant animal diseases. In fae,t, much 

of what we now know about PPLO has been derived from studies of PPLO as 

ea.uses: of these diseases in animals which have economic importance. PPLO 

have also been cultured from humans, and are suspected to be the causaJL 

factor of several human diseases. In attempting to determine the patho

genicity of PPLO in these different instances, investigators, have found 



that again, they are faced with unexpected difficulties. Because of 

the difficulty of culturing these organisms and accurately identifying 

different types, it has proven extremely difficult, especially for the 

earlier investigators, to fulfill Koch's postulates. 

In the following chapters, the experiments and results of several 

investigators will be presented which will more clearly illustrate the 

extent of the difficulties faced in this area. Special attention will 

be given to the reasons for some of the controversy and to several of 

the outstanding problems in this field. 
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CHAPTER II 

PPLO IN RELATION TO OTHER LIFE FORMS 

Before attempting to achieve some eoncept of the relationsh:Lp of 

PPLO to other forms- of life, it would be well for the reader to be aware 

of the morphology of these organisms. Although a large number of studies 

have been:made coneerning the morphology of PPLO, !'J grea~ deal of con• 

troversy remains-. Two major concepts of PPLO morphology have evolved 

over the years which are almost d'irectly opposed to each other. 

One of these important concepts is clearly described by Freundt 

(1960) in an artiele in which he gives: a description of the development 

of the organism. of bovine pleuropneumonia. The methods used in observ• 

ing these organisms is,of great importance in answering the question of 

their morphology. The method of ob·servation used' by Freundt ( 1960) 

involve~ the use of a square of agar containing PPLO colonies upon which 

several! cotton fibers.and a drop of water were pll.aced. This is then 

covered with a coverslip. 

Using this technique, the following developmental sequence can be 

observed. The beginning of development is an elementary body which has 

a diameter of ap1roximately 250 to 300 mil~imicrons. Extending from 

this elementary body are found one or more very fine branching filaments 

which are reportedly Freundt (1960) as being optica:il.Iy homogeneous. A 
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strue-ture of:'appro:ximately the same size as the elementary body which is 

refrerred: to as a terminal body is always. found at the end of these fila

menta. The function of the terminal body is that of a center of growth 

from which more f'iJJaments- will arise. Freundt aJiso stat:es that, UA 

true lateral lb:ranching· characterized by the ap!)arently coenocytic out

growth of ]ateral Toranc:hes from the stem filament, oceurs fair]!.y fre

quently." 

Next in the sequene:e of growth is· the dev:eI.opment of ehains whic:h 

begins when the filaments are seen to e.ontain uniform spheriealL bodies 

that appear t:01 be highly refractile. Constrictions: 'begin to appear in 

the filament which serve to separate the syhericalL bodies and div:i.de 

the filament into a series of coccoid bodies which, aecord~ng to Freundt:, 

are new elementary 'bodies. Drawings: of' some of the eJLectromnicrographs 

presented' 'by Freundt showing stages in this s:equence are shown on the 

next page, (Freundt, 11960). 

The 0,piposing view concerning: the morpho].ogy of these organisms is 

base~ up:on o1b,servations of PPLO using· a diff'erent technique. According 

to Lie'bermeister ( 1960), a, confusing picture of the m:orpho].ogy and 

multipil.icatiion of these organisms, b"as been presented over the years 

mainly bec:ause of two things-. First of all, these organisms, are inher

ently difficult to observe bec:ause of theil:' small size. Under the light 

micro.se0>p:e it i.s difflicult to observe these organisms. The siZ',e of the 

smallest object which can be resolved by the light microscop.e is approx

imate]y 0.2 microns. PPLO are often as small as 250 mil.limicrons. 



TABLE I 

A BRANCHING FILAMENT OF 1'1YCOPLAS1\ifil 1'1YCOIDES 

Approximately 
3 

microns 

A. filament with 
endomycelial 
elementary bodies 

Approxi:m.em ly 
0.5 

microns 

~ Elementary body 

Terminal body 

1 

~ Endomycelial elementary 
bodies 

Constrictions in coenocytic filament 

(Freundt, 1960) 
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Second, although it is well known by investigators in the field that 

these organisms do not possess a cell wall, and hence are very fragile 

and easily distorted, many investigators still use methods of observatii.im 

which probably alter the appearance of these organisms. 

Liebermeister used the techniques of agar fixation and agar filtra

tion, which he claims does not distort the appearance of PPLO. He 

observes a simpler morphology, which from the electron micrographs 

he presents, and from his discussion, appears to include bodies which 

vary in size and shape, the predominant shape being more elliptic than 

round. His pictures do not show the presence of any filamentous struc

tures. As a sort of control, Liebermeister also compares his observa

tions using the electron microscope to observations using similar tech

niques with the light microscope. He explains the presence of filaments 

observed by other workers as artifacts due to mechanical deformation of 

these fragile organisms. He contends that the pressures produced by 

lowering the objective into the oil on the coverslip is sufficient to 

produce fluid pressures which cause distortion of these organisms. 

Relative to multiplication of these organisms, he merely states that they 

seem to grow by a sort of sprouting, (Liebermeister 1960). 

In answering the objections to the techniques he uses, Freundt (1960) 

brings up what appears to be an important consideration. While admit

ting that his technique does cause fluid pressures to arise and flow 

along the strands of cotton placed under the coverslip, he asks the 

question, why, if these pressures are all exerted in one direction, that 

branching filaments are seen. How are these branches formed by pressures 

that flow in only one direction, (Freundt, 1960)? 



The question of the morphology of these organisms is complex and 

difficult to solve. It seems that better methods of observing these 

organisms :wriu!'.r:' be needed. Until a technique of observing PPLO is 

developed which is reliable, the controversy will not be settled •. 

Relation to Bacteria 

7 

The answer to the question as to the relationship of PPLO to other 

life forms is important for many reasons. Since, as will be shown later, 

these organisms are pathogens of both animals and humans, it is impor

tant that we have as clear an understanding as possible of the nature of 

these organisms. What are these organisms, and where do they belong in 

the evolution of life? Our ideas concerning these organisms have con

tinually changed as we have learned more and more about them. At pre

sent, the major efforts in research along this line are directed towards 

determining the relationship of PPLO to bacteria. 

One of the most important factors leading to the development of the 

concept that bacteria and PPLO are somehow related concerns the L-forms 

of bacteria. The L-forms of bacteria can be induced to form from normal 

bacteria by growing the bacteria in the presence of penicillin or some 

other antibiotic which interferes with the synthesis of rigid cell wall 

material, (Lederberg, 1956). Dienes (1960),presents a table which gives 

a fairly good idea of the similarities and dissimilarities of PPLO and 

L-forms. 

Many papers have been written concerning attempts to establish the 

relationship between PPLO, L-forms, and bacteria. The following studies 

are representative of some of this work. 
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TABLE II 

SIMILARITIES BETWEEN PPLO AND L-FORMS OF BACTERIA 

Both are simple organisms without apparent internal structure. 

Physical properties such as softness, mechanical fragility, and instability 
in distilled water indicate the lack of a rigid cell wall. 

Cultures of both contain organisms varying in size from small granules 
to large round bodies. 

Agar colonies of both have characteristic appearance and structure. 

Response to antibiotics of both, especially to penicillin, is similar. 

Inhibition of growth by antibodies in the absence of complement occurs 
in both types of organisms. 

DISSIMILARITIES 

1-forms are not well adapted to grow on any of our present media and 
usually grow under narrowly defined physical conditions. Few of the 
transferred organisms produce progeny. 

The colonies and the individual organisms in them are usually larger 
than those of PPLO. 

1-forms have been observed only in the laboratory, not as independent 
organisms in nature • 

.Many strains of PPLO grow as well as bacteria on various media. The 
cultures are often less pleomorphic than those of L-forms. In the cul
ture of some strains, long branching filaments develop. 

(Dienes, 1960) 

In 1954, McKay and Taylor report the reversion of what they had 

termed PPLO to a Gram-variable rod. The PPLO had been cultured in egg, 

and was associated with such avian diseases as chronic respiratory disease 

and infectious sinusitis of turkeys, (McKay and. Taylor, 1954). McKay and 

Truscott (1960) later present data indicating the spontaneous reversions 

of avian PPLO to Hemophilus gallinarum. They also report the reversion 

of avian PPLO caused by saline extracts, and the reversion of PPLO to 

Hemophilus gallinarum caused by the addition <t' DNA extracts from 
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Hemophilus gallinaru.m. Their reversion experiment involving the DNA 

extracts is graphically shown on the next page. 

McKay and Truscott state that their experiments do not prove that 

PPLO and L-forms of bacteria are the same. The authors also contend that 

more attention should be given to bacterial genetics in the solution of 

this problem. According to McKay and Truscott, 

"Binding proof to establish the relation of PPLO to 
bacteria will have to consist of the reversion of a 
classic strain of PPLO to a bacterium., reliably establishing 
the relationship of each, and finally producing the PPLO from 
the bacterium.," {McKay and Truscott, 1960). 

Another report concerning the relationship of L-forms and bacteria 

was presented by Phyllis Pease in 1962. In this experiment, a coryne-

bacterium. of vaginal origin was cultured on Difeo PPLO medium upon which 

was placed a piece of filter paper which had been soaked in a solution 

of penicillin. After two days, colonies of L-forms appeared. These L-

form colonies proved to be unstable, however, when attempts were made 

to subculture them upon the same medium, but without penicillin, these 

organisms reverted to a form of corynebaeterium. When subculturing was 

attempted on media containing penicillin, these organisms did not usually 

survive beyond the second subculture. 

In some cases however, subcultures of these pure L-forms gave rise 

to a filamentous type of organism which was not affected by subsequent 

subculturing on a medium ~ot affected by subsequent subculturing on a 

medium not containing penicillin, and which resembled Streptobacillus 

moniliformis. The author ran serological tests comparing the original 

corynebacterium, Stroptobacillus moniliformis, and a hum.an strain of 

PPLO, designated as Mvcoplasma hominis Type 1. She interpreted serological 

findings as indicating a correlation between these organisms. The author's 



'rABLE III 

REVERSION OF PPLO 

PPLO culture VI (original) 

Plated on solid media (S.M.) 
Typical PPLO 

Ten egg passages f (allantoic 

illantoic fluid 

route) 

I 
Broth( medium (B.M.) 

CULTURED ON S.M. 
PPLO 

21 hours incubation 

B. M. 

I Incubated 6 hours 
CULTURED l°N S .M. 

B.M. 
Incubated 
3 hours 

10 

' Fourth egg passage 

' Cultured on S.M. 

PPLO DNA containing extract 
'added , 

PPLO 

ill egg passages were made 
from allantoic fluid at 3 
day intervals. 

Incuba ed J hours 

PPLO PPLO PPLO 
(cultured on S. M.) 
72 12 J 

hours 
First egg 
passage 

Cultured on S .M. 
iversion 

PPLO + li• gallinarum 

(McKay and Truscott, 1960) 
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interpretation of these data is 'fpJell represented by her statement that, 

'"The purpose of this paper :is to sh0vr that iStreptobaciJ_lut.: 
m£.u.iliformis represents a semi-stable fo:cm inter·mediate 
between the L-stage and the Gram-positive bacilliary form of 
a corynebacterium, 11 (Pease, 1962). 

A report which clears up some of the confusion in this area and 

wh1ch should provide a better background from which to interpret the data 

presented in reversion e:iq::>eriments was published by H. H. Hartin in 196L~. 

Although not dealing with PPLO directly, the author does present valuable 

information concerning L-f'orms which must be clearly understood before 

an overall concept can be formed. 

In his 1.,rork 1, }Jartin studied the difference in the cell walls of 

Proteus and various L-forms produced by the use of antibiotics. The 

author makes the distinction that spheroplast L-f'orms are organisms which 

retain a G-,rall of mucopolymer material. Organisms which have lost all 

traces of cell 1-,,rall material, he calls protoplast L-forms. Some of the 

1-forms studied by the author ·1,rere unstable; that is, when placed upon 

media not containing penicillin, they reverted to normal Proteus-like 

organisms. Others however, which did not revert to normal PY'oteus-like 

organisms were found to deV(,lop in some cases fron1 the unstable L-forms. 

The unstable forms retain a mucopoly:mer cell wall 9 but the mucopolymer 

seems to lack organiz,ation into a rigid structure. Concerning this fact 

and its probable caus-s, the author states, 

nrt is significant that mucopolymer containing stable 
L-forms ariE;e fror:1 the particular type of unstable L-form 
occurring in J"r9t~i· In the latter organisr,1s the conse
quences of penicill:i.n action observed in other bacteria, 
namely inhibition of mucopolymer synthesis and autolytic 
removal of mucopolymer from cell walls are def:i.ni tely not 
operative. Here the penicillin seems to act more specific
ally, presumably by preventing the formation of certain 
cross linkages ·r,dthin the mucopoly:.r.er which are indispens
able for the establishment of shape and mechanical stability, ii 
(1: .... I,•' , • 1 965) ·J.. li • 1'18.r Cll1 ~ -· • 
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In this study, the author worked with both mucopolymer synthesizing 

stable L-forms and with stable L-forms which did not produce any muoo

polymer. The author contends that the problem which now must be solved 

is how is it possible that the reversible condition caused by the peni

cillin can become established as a permanent hereditary trait. 

What can we conclude from the data presented by these several authors 

dealing with the relationship of PPLO to other life forms? A quick review 

may bring things more clearly into focus. 

PPLO and L-f orms resemble each other in several ways. Their colonial 

and individual morphology is similar, and neither has a rigid cell wall, 

(Dienes, 1960). McKay and Truscott report a carefully controlled exper

iment in which an avian PPLO seems to have reverted to Hemophilus 

gallinarum. Pease presents data which she claims shows that Strepto

baeillus monilif ormis js a transitional element between a corynebacterium 

and its.L-stage. Finally, Martin shows the differences between the cell 

walls of several organisms ranging from normal Proteus which has a cell 

wall containing a rigid mu copolymer to a protoplast 1-f orm which has no 

muoopolymer at all. 

The implication of these data seems to be that PPLO are somehow 

related to bacteria and that the different L-stages in some way form the 

connecting link. From an evolutionary point of view, hypothesizing now 

that PPLO have evolved from bacteria and that the unstable and stable 

1-forms represent possible intermediaries in this development, how could 

we partially explain our hypothesis in terms of the data we have before 

us? 
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According to the data presented by Hardin, it is possible to induce 

the formation of unstable L-forms of Proteus which at times will in turn 

give rise to stable L-forms. Stable L-forms range from organisms which 

have a mucopolymer cell wall which lacks rigidity to organisms completely 

lacking any mucopolymer material. The character of the cell walls or the 

lack of cell walls has been shown in these organisms to be a permanent 

inheritable characteristic. Hamilton (1965) reports that O. E. Landman? 

Antoinette Ryter, and R. E. Knolt have discovered that L-forms studied 

by electronmicrographs have no mesosomes. It seems that treatment with 

lysozyme somehow causes the mesosomes to be lost by aversion. In their 

studies, these authors are reported to have connected mesosomes to the 

formation of cell wall and septum, (Ha.ruilton, 1965). These L-forms 

resemble PPLO in several respects, but in general, according to Dienes 

(1960), are larger. In order to satisfy the hypothesis, we must now 

assume that stable L-forms have occu:red in nature, (a phenomenon not yet 

recorded) and that these stable L-forms in some way undergo a transition 

which is genetically stable, to PPLO. As yet, evidence for such a tran

sition is lacking. 

Conversely, it is possible to hypothesize that the opposite is true, 

that is, that bacteria. have evolved from PPLO. Using the same relation

ships used in explaining the original hypothesis, but in reverse order, 

it might be possible to explain this second hypothesis. Here it should 

be remembered that McKay and Truscott have presented data which includes 

the reversion of a PPLO to a bacterium, thus providing the possibility 

that such a change could have occurred in nature. Admittedly, there are 

huge gaps in the e:x.planations of both these hypotheses. 
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Finally, in considering the relationship of PPLO to bacteria, is it 

necessary that we consider that one has evolved from the other? Could 

it be possible that PPLO and bacteria had a common progenitor which 

would explain why these organisms have features which are similar in 

some instances but unlike in others? Is this why these organisms are so 

closely related that it is possible:.fbr one to revert to the other by 

passing through such transitional stages as the L-form of bacteria? 

Definitely, it would be a great help if we knew the answers to these 

questions. For the time being however, we must carefully, though arbi

trarily define each of these organisms in order that research will be 

facilitated and that confusion be kept to a minimum.. 



CHAPTER III 

ANIMAL PATHOGENICITY 

Many difficulties have arisen in attempts by investigators to deter

mine the true relationship of PPLO to certain diseases of animals. Most 

of the work in this field has been done since 1938. A large amount of 

the literature on this subject deals with studiesaf.' PPLO involved in 

avian diseases. This chapter will deal mainly with studies of the path

ogenicity of avian PPLO due to the fact that these studies provide a 

fairly good overall view of the problems involved. It should be mentioned 

however, that PPLO have been implicated in diseases of mice (Sabin, 1938), 

goats (Shirlaw, 1949), pigs (Lecce, 1960), and numerous other animals. 

Several of these diseases are listed in TABLE IV on the following page. 

The problem of PPLO as pathogens of other animals besides cattle 

and sheep began in 1938, when Sabin, while experimenting with toxoplasma 

in mice, discovered another agent which had the ability to cause central 

nervous system disease in mice. When he attempted to grow this agent on 

ordinary media he failed, and therefore could not immediately identify 

it. (Sabin, 1938). Later that same year, Sabin reports that he was 

able to grow the organism, and identified it as a PPLO. (Sabin, 1938). 

Eleven years later, Shirlaw (1949) reported a study which estab

lished a PPLO as the cause of pleuropneumonia of goats. He also con

cluded that the possibility that the diease, is air borne is very great, 

15 



1'ABLE IV 

ANIMAL DISEASES INVOLVING PPLO 

1. Pleu:ropneu:monia of goats (Shirlaw, 1949 ). 

2. Bovine Pleuropneumonia (Nocard and Roux 9 1898). 

3. Porcine polyserosi tis (Lecce, 1960). 

L~. Chronic respiratory disease of chickens (Markham and Wong, 1952). 

5. Infectious sinusitis of turkeys (Markham and Wong, 1952). 

6. Neurolytic symptoms in mice (Sabin, 193f3). 

?. Arthritis of goats (Cordy and Adler, 1960). 

16 

f3. Infectious agalactia of sheep and goats (Bridre and Donatien, 192.5). 

9. Bronchopnemnonia in rats (Klieneberger and Sfaeben, 1937). 

since he f'ound that contact was not necessary bet·ween diseased and 

healthy goats in order for the dj_sease to be spread. He also found 

that at least one month after the last fatal case, the infective agent 

could still be viable in a shed, (Shirlaw, 1949). 

Two of the most important avian diseases which seem to involve PPLO 

are chronic respiratory disease of chickens and infectious sinusitis of 

turkeys. 'I'he relationship of these two diseases were studied by l1Jarkham 

and Wong, (1952). In 1951, the authors obtained strains of the agents 

of chronic respiratory disease of chickens and of infectious sinusitis 

of turkeys from several prominent laboratories. First of all, a number 

of turkeys were inoc1.1lated viith thts agent of infectious sinusitis. In 

less than ten days, three out of four turke;ys inoculated showed typical 

symptoms including swollen sinuses. Next, turkeys were inoculated with 

the agent of chronic respiratory disease. Inoculation of this agent 

produced swollen sinuses similar to those ob.served in the first part of 
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the experiment. The authors also contend that the agents of chronic 

respiratory disease and infectious sinusitis are morphologically si:milar, 

(Markham and Wong, 1952). 

From this, it would seem that the two diseases are closely related. 

Because of the staining che.racteristics of these agents, their reaction 

of antibiotics~ and studies of their morphology, these authors report 

that the agents of chronic respiratory disease and infectious sinusitis 

are probably PPLO, (Y.i.arkham and Wong, 1952). 

As further studies were made, several investigators began to dis-

cover that they could not always satisfy Koch's postulates when dealing 

with a PPLO which they found to be connected with certain diseases. For 

example, Nelson found that upon injection of a suspect PPLO alone into 

the cranial region of mice, no symptoms were visible, and the level of 

PPLO in the brain was low. The situation became further complicated 

when he found that he could produce the disease by injecting both the 

PPLO he was working lid th and the virus of murine hepa ti tus into the 

brain at the same time, (Nelson, 1957). From this report it seems that 

at times, the presence of another organism can cause PPLO to become more 

virulent. 

The next report which actually precedes the latter by a year deals 

with an avian PPLO, and illustrates the occurrence of a phenomenon opposite 

to that reported in the previous study. Gross while working with&;.. 

~ And the PPLO agent of chronic respiratory disease found that 9 

11The lesions of pericarditis, perihepatitis, aerosacculitis, 
salpingitis, and uvietis which are seen in field cases of air 
sac disease alone, or as complications of chronic respiratory 
disease, vrere reproduced by injecting Eschrichia £21:1. alone 
or w'ith the chronic respiratory disease agent into the air 
sacs of chickens and turkeys, (Gross, 1956). 
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Gross also found that the chronic respiratory disease agent increased 

the pathogenicity of Eschrichia coli when both were injected, (Gross, 

1956). 

So now we have a report stating that the presence of a PPLO can 

contribute to the pathogenicity of another organism:. In a later report, 

Gross (1957) explains that certain conditions caused by Eschrichia £Qli 

are almost always found in association with an infection of PPLO. It 

seems that the PPLO infection is prerequisite to the invasion of the 

respiratory tract by Eschrichia coli, (Gross, 1957). 

Probably the most confusing problem faced by investigators attempt-

ing to establish PPLO as the cause of chronic respiratory disease and 

infectious sinusitis is illustrated by Fabricant, (1960), in a review 

of the problem in which he states, 

"Sometimes it was found that PPLO isolated from cases of 
chronic respiratory disease failed to produce symptoms or 
lesions of chronic respiratory disease, even when inoculated 
into the respiratory tract of susceptible turkeys. In other 
cases, it was found that the disease could be transmitted with 
fresh exudates containing PPLO, egg propagated strains of PPLO, 
or even PPLO propagated on culture media for a few passages. 
When some of the organisms were carried for several passages 
on culture media, there was a rapid loss in the pathogenicity 
of the PPLO. On the other hand, some PPLO cultures retained 
a high degree of pathogenicity even after many passages in 
culture media. 

A partial explanation of the problems stated by Fabricant was 

brought to light when several investigators began to discover strain 

differences in PPLO. In 1957, Adler and Yamamoto while working with 

the agent of infectious sinusitis of turkeys found two different 

strains of PPLO. They found one PPLO strain which was pathogenic and 

another which was not. These authors in attempting to determine whether 

PPLO are the cause of infectious sinusitis, cultured PPLO from the 

exudates of infected :voults and used the PPLO from these cultures to 



innoculate seven healthy poults. Four days later, four of the seven 

had sinusitis, (Adler and Yamamoto, 1957). 
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Later, again in 1957, Adler and Yamamoto report on strain differences 

in PPLO. Using sterile cotton swabs and selective enrichment media, they 

were able to culture PPLO from several sites on chickens and turkeys. 

Also, these authors avoided confusion between PPLO and 1-forms of bacteria 

by culturing the organisms thought to be PPLO in serum which did not con

tain any antibiotics for ten generations. It should be noted here that 

the confusion of L-forms for PPLO could possibly be one of the reasons 

that some investigators are unsuccessful in establishing PPLO as the 

cause of a disease. Although a large number of PPLO strains were cul

tured, the authors selected only seven strains for a more intensive study. 

They were able to demonstrate the presence of at least two different 

strains of PPLO, (Adler and Yamamoto, 1957). 

Yamamoto and Adler report further work along this line in which 

they studied eight strains of avian PPLO, which they were able to separate 

into five groups based on antigenic characteristics, morphology, and 

physiology. Some of their data are presented in Table Von the following 

page. (Adler and Yamamoto, 1958). An important aspect of PPLO patho

genicity in animals is the mode of transmission of the agent. Not a 

great deal is known in this respect. Shirlaw (1949), as already stated 

in this paper, proposes that the PPLO organism infecting goats may be 

transmitted through the air. Van Roeckel and others working with chronic 

respiratory disease in chickens collected data over a period of three 

years which apparently points to the conclusion that the agent of chronic 

respiratory disease is transmitted largely through the egg, (Van Roeckel, 

1958). 
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TABLE V 

STRAIN DIFFERENC.E IN AVIAI~ PPLO 

Strains S6, F, and SU 

1. Morphology in broth - coccoid bodies 

2. Pathogenicity for birds - positive 

3. Tetrazoleum blue reduction - 72 hours 

4. Fermentation 
A. Glucose - 32 hours 
B. Sucrose - 240 hours 

5. Bile solubility - negative 

6. Yeast enhancement of growth on agar - negative 

7. Colony size in 48 hours - 0.1 mm 

Strain SA 

1. Morphology in broth - rings and coccoid bodies 

2. Pathogenicity for birds - negative 

3. Tetrazoleum blue reduction - 36 hours 

4. Fermentation 
A. Glucose - 32 hours 
B. Sucrose - 32 hours 

5. Bile solubility - positive 

6. Yeast enhancement of growth on agar - marked 

7. Colony size in 48 hours - 0.4 mm. 

(Yamamoto and Adler, 1958) 



In reviewing the problems encountered in studying the pathogenicity 

of PPLO in animals, it can be seen, that early investigators encountered 

major difficulties because of one or several of the following reasons. 

(1) Many workers did not test properly to determine whether they were 

working with PPLO or the L-forms of bacteria. (2) Because they did not 

know that strain differences existed between PPLO, they may have some

times been attempting to induce a disease using a non-pathogenic strain 

of PPLO. (3) It seems possible that since PPLO are so fastidious, it 

would have been possible for many investigators in their search for the 

pathogenic PPLO related to a disease to culture only, or primarily, a non

pathogenic strain, even though the exudates with which they were working 

did contain pathogenic strains. This could certainly lead to confusion. 

Many other problems concerning the pathogenicity of PPLO, avian and 

otherwise, have been encountered. It seems however, that those discussed 

here are noteworthy as probably leading to the greatest amount of con

troversy, confusion, and also, on the positive side of the ledger, to 

further research. 



CHAPTER J:V 

HU1\1AN PATHOGENICITY 

The problem of the pathogenicity of PPLO in humans is at least as 

complex as the problem of the pathogenicity of these organisms in animals. 

The problems in humans are compounded further by the nature of the host. 

Since the occurence of PPLO in a human was first reported by Dienes and 

Edsall in 1937, a great deal of research has been done concerning 

possibilities of human pathogenicity of PPLO, (Dienes and Edsall, 1937). 

Several important questions immediately come to mind when considering 

this problem. Are PPLO the cause of any human diseases, and if so, 

which diseases? Second, how common an occurence is a PPLO infection in 

humans? How are PPLO transmitted from one hUJ.nan being to another? Is 

there any way to combat or cure an infection caused by PPLO? Although 

precise and definite answers are not available to all of these questions, 

a certain amount is known concerning each. The brief review of the lit

erature in this area, while only barely scratching the surface, should 

provide a basic insight into the problem. 

In 1945, Klieneberger-Nobel reports that she was able to culture 

PPLO from vaginal smears from 40% of 45 patients attending a venereal 

disease clinic. From 36 patients attending a gynaecological clinic, 

PPLO were cultured from 33%. Smears which were positive for PPLO were 

obtained from only 14% of 50 women patients at an antenatal clinic. 

Also, she found a particularly high incidence of PPLO in cases involving 
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an offensive discharge, (IG.ieneberger-Nobel, 1945 ). From these data, 

it appears that although there is a slight correlation between PPLO in 

the vagina and venereal disease, no definite conclusion can be drawn. 

Whether or not the high incidence of PPLO in cases involving an offen-

sive discharge is significant or not, is also not established. 

In 1953, Freundt presents a report which may be of significance con-

earning the occurence of PPLO in the female genito-urinary tract. He 

collected these data over a period of three years, and collected his 

samples by using sterile cotton swabs. Concerning the study, he states, 

0 The main purpose of the present work was to establish 
the conditions in which micromyces (PPLO) is found in the 
female genitals. Does it chiefly or exclusively occur in 
pathological conditions, or may it also inhabit the mucous 
membranes of a lower genital tract that is quite normal? 11 

Swabs, mostly from the lower genito-urinary tract were taken from 

541 women. 62.1% of the patients suffering from inflammatory genital 

disease were positive for PPLO. Positive cultures of PPLO were obtained 

from only 32.7% of those having a normal or healthy genito-urinary 

tract. A majority of positive cases were found to involve patients whose 

vaginal pH ranged from 4.9 to 6.3. The author also states, that 

"A grouping of 157 patients according to the general 
vaginal flora indicated that the occurence of PPLO was 
closely associated with a mixed population differing from 
the normal pure Doderlein flora usually associated with a 
healthy vagina, (Freundt, 1953)~ 

It seems then from this, that although PPLO may be found in a healthy 

vagina, they are more often found associated with a vagina that is not 

ideally healthy. 

Thus far, we have only dealt with the occurence of PPLO in man. 

What indications are there that PPLO are directly responsible for human 

disease, and what can be done to affect a cure? In 1955, Stokes and l.ond 
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reported four cases of human infection with PPLO which appeared to indicate 

that a PPLO was the causative agent. Three of these oases also seemed 

to respond to treatment with aureomycin. 

In one case, a married woman was admitted who was suffering from 

abdominal pains and a high fever. At the time of admittance, she was 

being studied in an attempt to determine whether or not she was sterile. 

Upon admittance, a vaginal swab was taken which yielded numbers of pus 

cells and mixed organisms. Upon culture, this first swab showed a heavy 

growth of anaerobic Streptococci. 

The woman was treated for two days with penicillin and sulphonamide. 

The medication did not seem to have any effect, and her temperature con

tinued to be high. On the third day a second swab was taken, and the 

patient was treated with streptomycin. The vaginal swab again showed 

pus cells, but no microbes. Culture of this second swab gave a heavy 

growth of PPLO. A slight growth of Eschrichia ~ was also found. No 

change in the patient's condition was noted due to the treatment with 

the streptomycin. Treatment with aureomycin was begun on the fourth day. 

The patient began to show general improvement, and her temperature was 

never again over 101 degrees. Later, several abcesses were removed. 

Upon culture, these abcesses yielded a heavy growth of PPLO. After this 

minor surgery, the patient had an uneventful recovery, (Stokes and Lond, 

1955). 

From this case and the others cited by the authors, it would appear 

that PPLO could be the pathogenic agent involved in at least some human 

diseases. The possible use of aureomycin as an effective agent against 

certain PPLO is also indicated. It should be noted however, that the 

authors do not report any cheek to determine whether or not what they 
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ealled PPLO were actually PPLO or L-forms of bacteria which might possibJLy 

nave 'been formed due to the use of the antibiotics. 

In .1957, Peop[es, Morton, and Feo report that studies of sp.ecinrens 

from 34 men compillaining of chronic urethritis showed no eorrelation 

between the disease and the PPLO found. These authors, attempted to 

culture the PPLO on ordinary Difeo PPLO medium, but were unsuccessful. 

In taking their sam])il.es, these authors first cleansed the penis thoroughly 

with 70% aicoho] and let it dry. Next a drop, of discharge was collected 

on two sterile cmtton swabs, one of which was observed immediately under 

a microscope, the other being used! to inoculate PPLO broth (Difco)t (PeopJLes, 

Morton, and Feo, 1'957). 

In 1960, Shepard reporter that in studies made in his laboratory of 

nongonococca]L urethritis, that 70% of over 500 cases studied were associated 

with PPLO which were of one morphologi<ea] type. He chose to designate 

this strain of PPLO as the 11T1' strain, because of the tiny size of their 

colonies. The procedures used' in the taking of samples by Shepard differs 

from that used Toy Peoples~ a], (1957). In Shep:ard's procedure, urethral 

exudate for primary <rnlture was obtained by deep; intraurethral s:erapti.ngs 

of the urethral ceiling, employing a 22 gauge platinum i.noculating loop; 

1.lrent at about a ten degree angle! (Shepard\ 1960). 

It is possible that the different results of these last two studies 

were due to a difference in sampJling technique. If Shepard's data are 

vali.d, and they seem to be, then it would appear like]y that.PPLO are 

involved: in at least one disease of the lower genito-urinary tnact. 

Studies made by Kuzell and Mankle ( 1960), seem to make a strong 

erase for the invoJlvement of PPLO in human disease and also adds to what 

little is known of the possible means of transmission of PPLO. It is 
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significant also, in several cases cited by these authors that apparent 

cure was achieved by the administering of aureomycin. 

In one case cited, a laboratory technician working with PPLO 

specimens from a patient, splashed some of the PPLO on his hands. He 

very shortly.developed conjunctivitis. He was treated with aureomycin, 

and an apparent cure was affected. This same technician again accidently 

spilled the PPLO he was working with on his hands, and again developed 

the symptoms of conjunctivitis. He was again treated success.fully with 

aureomycin. 

Another case is cited by these authors describing the treatment of 

a woman with a PPLO infection who was successfully treated with aureomycin. 

It is c£ interest, that this woman complained of a foul vaginal discharge. 

Could this be related to the findings of Klieneberger-Nobel? 

These data seem to indicate then, that PPLO are definitely involved 

as the causative agent or are closely linked to the causative agent of 

several diseases of the lower genito-urinary tract. These diseases might 

be spread by direct personal contact, and aureomycin seems to be an 

effective treatment in some cases. 

Thus far, only PPLO found in connection with the genitals have been 

considered. Have PPLO been cultured from other parts of the human body? 

In 1962, Shklair, Mazzarella, Gutekunst, and Kiggins report the isolation 

of PPLO from the oral cavities of naval recruits in 87.2% of 211 cases 

using anaerobic conditions of culture. Under aerobic conditions PPLO 

were isolated in 75% of 104 cases. PPLO cultured under aerobic con

ditions formed atypical colonies lacking the usual "fried egg" appear

ance generally associated with PPLO colonies. Attempts to subculture 

these atypical colonies under aerobic and anaerobic conditions were 
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unsuccessful. Typical colonies were formed by t:t,te PPLO originally cul

tured anaerobically. If the typical PPLO isolates were subcultured 

aerobically, they developed into atypical colonies which as in the first 

instance, could not be subcultured, (Shklair tl li•, 1962). 

Besides the diseases already mentioned in association with PPLO, 

recent reports have also indicated a possible connection between PPLO 

and leukemia, (Cohen, 1965), and a PPLO has been identified as the causal 

factor of primary atypical pneumonia in man, (Hamilton, 1965 ). 

At present then, it seems that PPLO are associated with several 

venereal abnormalities, and are definitely the cause of at least one 

disease, primary atypical pneumonia. Reports indicate that human PPLO 

are spread through personal contact. Several cases have been cited in 

which aureomycin seems to have been affective as a curative agent of PPLO 

infections of the genitourinary tract. Several problems remain. Stan

dard methods of sampling and culturing human PPLO have not been estab

lished. It is still difficult to work with human diseases, and a great 

deal of confusion still exists between PPLO and the L-forms of bacteria. 



CHAPTER V 

SUMMARY 

Although there is still a great deal of controversy concerning the 

morphology of PPLO, two theories seem to merit most attention. These 

are discussed and the reasons for the differences of opinion are stated. 

In studying the relationship of PPLO to other organisms it seems that 

PPLO might possibly be related to bacteria, probably through the L-forms 

of bacteria. PPLO and L-forms are similar, especially their individual 

and colonial morphology, (Diener, 1960). Suggestions by authorities in 

the field as to the solution of this problem include the further study 

of bacterial genetics and better methods of distinguishing these organisms 

from L-forms, (McKay and Truscott, 1960). 

Studies of the pathogenicity of these organisms in animals have 

disclosed difficulties in culturing and identifying different strains 

of PPLq (Adler and Yamamoto, 1957) differentiating between PPLO and L

forms, and in obtaining consistent results when attempting to induce 

disease by the simple inoculation of PPLO into susceptible animals, 

(Fabricant, 1960). Despite the difficulties encountered however, PPLO 

have been shown to be the cause of several diseases of animals, some of 

which are of economic importance. 

PPLO have been shown to be the cause of at least one disease of 

humans and is strongly implicated in the cause of many more, (Hamilton, 

1965). In several reports dealing with the relationship of PPLO to 

venereal.infections, it seems that aureomycin is sometimes an effective 
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treatment, (Kuzell and M.a.nkle, 1960). PPLO ha:ve been cultured f rorn 

several parts of the human body and seem to be a fairly com...mon occurrence. 

At least one report, (Freundt, 1953)j indicates that although PPLO do 

occur in the healthy vagina, they are more often found in association 

with the vagina that is not ideally healthy • .As in the other problem 

areas, confusion has been caused in the study of the human patho

genicity of PPLO when investigators did not determine whether they were 

dealing with a PPLO or merely an L-form of bacteria which mi@.teasily 

been formed due to the use of antibiotics in their culture media. 

Although a great deal of controversy and confusion have arisen in 

the study of PPLO, it should be noted that this confusion has led to 

further, better controlled researc~, which in the future should contri

bute to man's overall understanding of rot only these organisms, but 

life in general. 
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