
 

MED ICAL GRAND ROUNDS 

Pa r kland Memori al Hosp it al 
Feb ru ar y I I, 1965 

Cu r r e nt St a tus of PPLO a nd Pr ot op lasts 

The pat i en t is a 54-yea r- o ld  man who 10 da ys pri or to admission developed 
cough , f eve r, headache and mya I g i as . Cough was in it i a I I y dry but became productive 
of t h i ck yellow sput um on t he 3 r d da y. On t he 5 th day of h i s illness, he consu l ted 
hiS famil y physician, who d i agn osed bronchopneumo nia a nd i nst i tuted therapy with 
penici I I in 600, 000 un it s da ily. Th is pr og r am was con ti nued for 5 days without any 
dete ct able change i n s ymp t oms and because of t he pe rsisting illness , the patient was 
hosp ita I i zed on 64. 

Physical examina ti on on admiss i on revealed t empe rature 101° , blood pressure 160/ 
90 , pulse 80 , resp ira t ions 18 . The r e was no cyan os is . The chest examination re­
vealed sca t te r ed expiratory whee zes throughout and i nsp ir a t or y rales in both poster­
ior bases , most ma r ked on the left. The rema i nde r of t he physical examination was 
norma I • 

Admission x- ray revealed a pa t chy bronchop neumonia in the left lower lobe. Ad­
mission laboratory work revealed a t otal wh it e count of 12,500 with a left shift plus 
an occas i onal nuc leated red blood cell. A r et i culocyt e count obtained on the basis 
of the nucleated red cells was 12%. Se ru m bil ir ub in was 2.L5 mg.% with 1.8 indirect. 
The r emainde r of the I iver bat t e ry i ncl uding tra nsam i na se was norma l . Urine revea led 
ne i the f" b i le nor urobi I inogen . Cold agglutin i ns obta i ned on admission were positive 
l gl248. Spu t um culture grew Ne i sse ri a species and St reptococcus viridans. Indirect 
Coombs was 1+. Bone ma r row revea led ery t hroid hyperp lasia . 

The pat ient was treated 72 hours with Combioti c (pen i c i II in and streptomycin) 
wi thout any detectable change i n s ymp t oms . On the 4 t h da y hembglo~in fe l I to 10 gm.% 
and t he patient was begun on chlo r amphen i col and s t e r oi ds , the latter ostensib ly di­
rected at his hemolyt i c s t ate . Defervescence occurr ed i n 36 hours on this program 
and his subsequent course was one of imp r ovemen t. Chl or o and steroids were discon­
t inued after 7 days ' therapy. Dur ing his 3- week hosp it al s t ay , x- ray very gradua ll y 
cleared . On discharge his hemog lobin was 12 . 4 gm .%, re ti cu locyte count 3%, white 
coun t 7,000vHh normal different i al and the cold agglu t in i n titer was 1: 2048. Pre­
sumptive diagnosis was Eaton agen t pneumonia ~ 

  

The patient is a 22- year - old  male admit t ed on /64 with history of his 
Present iII ness beginning some 36 hours earlier with severe headache, fever and 
Vomiting with subsequen t rapid progress i on to stupor and deep coma. 

Physical examination revealed temperatu r e 104°, blood pressure 110/70, pu lse 
1 ~0 , respirations 30. He was un r espons ive to various s t imuli and had marked nuchal 

11 9 i dity but no papilledema or· la t e r alizing reflexes . Examination of the ENT and 
chest were normal , as was the rema i nder of the phys i cal examination. 



Admission labora tory work revealed a hemoglobin of 15 gm .% and a white count of 
ooO with left sh i f t. Lumbar puncture revealed open i ng pressure of 500 mm.H20, 

3°~ udY flu i d with 3500 wh i te ee l Is , of which 98% were polys, Pandy of 100 mg.%, and 
c ;ocose of 60 mg .% wi th concomit an t blood sugar of 185 mg .%. Gram-pos itive diplo-
g uci were visualized on smear and pneumococc i we r e s ubseq uently grown f rom culture. 
cOC 
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Therc py was inst i tu t ed wi t h pen i ci I I i n 30 mi II i on un it s per day and So lu-Cortef 
. Jarge doses : On th is pr og r am he became afebri ie on t he 5th day hu t response was 
~~sappo i nting 1n other r espec t s i n t ha t his sensoriu m deepened a nd intermit tent con -
ulsions appeared . Repea t lumba r puncture dur i ng the f irst 48 hours revea led per­

vis t ing high pressure , pleocyt os i s i n the range of 6- t o li , OOO/mm3, and sugars of 26 
~ 0 30 mg .% wi t h blood sugars of 100 mg .%. The lumba r puncture done on the 4th has ­
pita 1 day was the fi r st one show i ng i mprovemen t in t ha t t he pressure was norma I ( 180 
mm . H20) , cells were reduced t o 341/mm3 and glucose was norma l. After the first week 
the course was one of very gra dual i mp rovement wi th r e tur n of sensorium to function­
ing status, and by t he time of d i scharge on the 18 t h da y he was thoug ht by most ob­
servers to be back t o pre-i I !ness s t atus. He ha d rece ived steroi ds for 5 days and 
penici II i n for 14 days. 

It i s of note that sp i nal f luids ob t a in ed on hospi tal da ys 
sterile for bacteria bu t y i elded growth i nterpreted as L forms. 
puncture on 6/8 was negative for both bacter ia and L forms. 

2, 3, 4 and 9 were 
His discherge lumbar 

Because of a retrospective history of repeated infections ove r a 4-year pe riod 
and the f i nding of a gamma g lobul i n of 1. 1 gm.% during thisa dmiss inn, his g lobulin 
status was evaluated and it was establ i shed that he had a form of hypogamma g lob ul in­
emia characterized by very low levels of 7S gamma wi th relativel y normal quantities 
of 19S. 

The ptient was d ischarged on no med i cat ions on /64 and two da ys la ter not ed a 
mild frontal headache. On  he had a rigor with mi ld i ncrease in his headache. On 
the fo I I owing day his headache was qu ite severe an d he had a measured t emperature of 
103.4° . On readmiss i on he was found to have a tempera t ure of 102° , pulse of I 16, 
respirations 28 , bbod pressure 120/90. ENT and ches t examinations .were normal. Sen­
soriu m was clear a nd t here was no nu chal rigidity . There was no papi I !edema . Re-
f !exes were no r ma I except for absent right knee jerk with a 2+ on t he left. The 
sp leen was Ralpab le 2 fb below the left costal margin and several small posterior 
cervica l a nd axi I lary nodes we r e noted . 

Admission laboratory work revealed a hemoglobin of 12.7 gm .%, white count of 
6,600 wit h lef t shift, and norma l urina lysis. Lumbar puncture revea led opening pres­
sure of 300, 6 mononuclear eel Is , protein 24 mg.% and glucose 50 with concomitant 
blood glucose of 100 mg .%. All smears an d cultures for bacteria were negative. He 
Was observed 72 hours without change in med i cal status or spinal fluid findings and 
on the basis of a presumptive d iag nos is of recurr en t bacterial meningitis and/or 
brain abscess , h ig h- dose pen i c iII i n t herapy was re-instituted and cont inued for I~ 
days, He became afebrile on the 4th day of therapy and h is subsequent course was 
s~mptom- free . Arteriograms done i n evaluation of poss i ble bra in abscess were nega ­
tive . An EEG showed only ~ on- specific find ing s. 

i t is of interest that spinal flui ds obtained on the 2nd, ~th and 24th hosp i tal 
days revealed L form grow t h s imi lar to that observed during the previous admis sion. 
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first of these cultures was obta i ned 
fhe marrow obtained on the 5 t h hosp ita l 
Bone . t . b 

ert these organ1sms o pneumococci y 

be fore i ns titut i on of a ntibiotic therapy. 
day was similarly positive . Attempts to 
a l teratio ns in media have been unsuccessful. 

rev 

The rela t ionship of the obse rva t ion of these f orms to the i niti a l prolonged 
course and to possible rel apse of dise ase is speculat i ve at best. 

PROPOSED NOMENCLATURE OF PPLO 

Or de r : Mycop lasmatales 
Fam i ly: Mycop lasmat acae 
Genus : Mycoplasma 
Species g Decided arbitrar i ly according 

to source or foun der 

COMPARISON OF PPLO (MYCOPLASMA) AN D BACTERIAL L FORMS 

Co lony size 
Org a nism size 
Struct.ure 
Resistance to pen ici I I in 
Res ista nce to tha I I i um 

"'- acetate 
Osmoti c fr ag i I ity 
Sterol requirements 

Sensitivity to a nt i­
microbials a ltering 
protein met abolism 

Revert to bacterial form 
Occur free in nature 
Associated with diseas e 

PPLO 

0 . 1-0 . 3 mm . 
125 miJ. 
Homogeneous 

+ 

+ 

+ 
+ 

(pathogenic 
s t r a i ns on I y ) 

+ 

0 
+ 
+ 

L Forms 

0.5- 1 .0 mm . 
200-300 miJ. 
Pleomorphic 

+ 

+ 

+ 
0 

+ 

± 



POSSIBLE RELATIONSH IP UF PROTOPLASTS TO PPLO (MYCOP LASMA) 

Loss of ce ll wa ll : 
penici II in , lysczyme, 
complement, a ntibody, 
etc. 

. Genetic block­
i nabi I ity to syn­
thesize ce I I wa I I 
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ter i a 1 ce I I 
Ba c ~ Prompt reversion on 

remova I o f above 
age nt s 

Protoplast -----------+------------~ L f orm 
(transitional (stab le phase) 
form , L phase) 

' ' 
' ' 

? 

:"Adap t ation to 
: environment" 
I 

'V 
________ -- - ·- -PPLO (Mycoplasma) 

RELATION OF ANTIMI CROB IAL AGE NTS TO BACTERIA , L FORMS AND MYCOPLASMA 

There are 3 genera l modes of action recognized: 1) Interference with cel l wal l syn­
thesis, 2) disruption of protein syn thesis and 3) disrupt ion of integrity of proto­
plasmic membr a nes. 

Antimicrobials a nd Ce l I Wa l I Sy nth esis 

/ 
/ 

/ 

./ 
./ 

U7NAc- /act; c 

UDP-~NAc-pyruvate 

UDP - GNAc 

....._ 

" ....._ 

' ~ 
UDP-GNAc- lacty i- (L)a la 

\ 
UDP -GNAc- lact y i- (L)a la(D- glucose) 

.lLys i ne J depriva ti on 

~acetyl g lu cosam;ne) 
UDP - GNAr-lactyi-(L)ala-(D)glu ( L)-I ysins 

'--- ------., I 
I 

( a c c t y I :n u r c m i a 

acid) ~xamyci n (cycloserine) 

~ 
UDP-@NAc- ~a cty .!__-\L)a Ia-( D) gl u-( L) lys - (D)a Ia-UTP 

Pyrimidine 
precursors 

' (D)a Ia 

/ 

/ 

/ 

/ 

~ 11 Penici II in 
/ 

// 
....- I 

UDP~- -·~ ~ + acceptor ./f' I 

/ ~Bacteria I ce I I wa I I 
nucleoti de 

Ribonucle ic acid 

block" 
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POSSIBLE RELATIONSHIP UF PROTOPLASTS TO PPLO (MYCOPLASMA) 

Loss of ce I I vva I I : 
penici II in, ly so zyme, 
compl ement, antibody, 
etc. 

Prompt reversion on 
remov a I of above 
age nt s 

. Genetic block­
inabi I ity to syn­
the s i ze cel l vvall 

Protop last-----------+-------------7 L form 
(tra nsitiona l (s t ab le phase) 
f orm , L phase) 

? 

:"Adap t ation to 
: env ir onme nt 11 

I 

'V 
_________ -- - -PPLO (Mycop lasma) 

RELATION OF ANTIMICROBIAL AGENTS TO BACTERIA , L FORMS AND MYCOPLASMA 

There a re 3 genera l modes of action recognized: 1) Int e rf erence with ce ll v.:a ll sy n­
thesis, 2) disruption of protein synthesis and 3) disrupt ion of integrity of prot o­
p las mic membr a nes. 

An t imicrobials a nd Ce ll Wa ll Synthes is 

/ 

/ 

/' 
/ 

/ 

./ 
/' 

U7NAc- lact i c 

UD~-~NAc-pyruvate 

UDP- GNAc 

" " " ' 
~ 

UDP-GNAc- lact y i- (L)a la 

\ 
UDP-GNAc- lacty i- (L)a la(D-g lucose) 

l Lys i ne J deprivation 

~acety l g lu cosamioe) 
UDP GNAr- lacty i- (L)a la - (D)g lu (L)- lysi n9 

'-- ·------. I 

' ( a c c t y I :n u r c m i a 

acid) ~xamyc in (cyc loserine) 

~ 
UD P-@ N A c- ~a c t y !__- \ L ) a I a - ( D) g I u- ( L ) I y s - ( D ) a I a -UTP 

Pyrimidine 
pre cu rsors 

, (D)a Ia 

/// 

/ 

/ 

/ 

~ 11 Penici II in 
/ 

..- ( 

UDP~- -/ ( + acceptor 

/"' I 
/ \IBacter i a I ce I I vva I I 

nuc leotide 
Rib onucle ic aci d 

block" 



Agents shown to effect "penicillin block ~ " 

1) penicillin and synthet i c analogues 
2) bacitracin 
3) novobiocin (also -.!.- integr i t y of protoplasmic membrane) 
4) vancomycin 
5) cephalospor i ns 

Antimicrobial Agents and Protein Synthesis 

Amino acids 
(3) 

Amino acid 
activation 

(4) 
Bonding with 

soluble 
RNA 
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~ Amino acids-------7 Amino ac id-AMP-----------------7 

(}) 

u 

( 2) ~x--
Synthesis of ~~ 

• o-!.. new am1no ~ 
acids~~~ 

a-Ketoglutarate + NH3 

ATP 

(5) 
Pept i de 
bondin g 

( 6) 

Microsomal 

Stripping off 
of completed 

protein 
sRNA- Amino Acids ----------lH-{--~> Ri bonucleo- ------------~Protein 

protein 

Agents effecting "chloro block": 

1) chloramphenico l 
2) erythromycin 
3) tetracyc I i ne 
4) I i ncomyc in ? 
5) streptomycin ? 

GTP 
Ch l oro 
b I ock 

Antimicrobial Agents Acting on Ce l I Membranes With Loss of Osmotic Integrity 

1) polymyxins 
2) streptomycin 
3) novobiocin (a ls o decreases cell wall synthesis) 

(}) 

u 



6 

Mycop lasma, protoplasts a nd L forms are res istant to those dr ugs a cting on eel I 
membr a ne sy nthes is and suscep ti ble to those a l·tering protein metabolism or 
pr otoplasmic membr a ne i ntegri ty. 

CURRENT STATUS OF MYCOPLASMA, PROTOPLAS TS AND L FORMS 

- Summary Statements-

1. Whi le mycoplasma and L forms may have common bacteria l or1g1ns, there is 
insufficient evidence to just i fy th is pos tulate at pres ent. 

2. The role of Mycoplasma pneumoniae in an important respiratory diseas A, 
Eaton agent pn e umon ia, i s firmly establ i shed . 

3. Evidence that T stra i n mycoplasma is an importa nt agent in a form of 
venerea l disease outweighs objections to that view. 

4. There is insufficient evidence t o incr iminat e mycop lasma in Reiter's and 
" au toimmune" states. 

5. Protoplasts hav e not been shown to ha ve inherent pa th ogenici t y . Their 
principal threat comes from their abi I ity to exist in th e face of host 
d,efense mechanisms and/or a ntimicr,obia l agents and to opportun istically 
revert to the parent pat hoge n. The import a nce of this feature is a t 
present speculat ive . 
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Genera i Ch arade· i s t l cs of PPLO (My cop I asma) , Pr o-:- op I as t s a nd L Forms --1, Kl !ene nbe r· ge r -1\lobe l, E. PPLO ~ Mycop la smatacae. Academ i c Press, Lon don and New 
York, 1962 . 
A rev iew 

2. Ki ienenbe r ge r-N obe l, E. L fo r ms of bac t e ri a ; Chapter 7 in The Bac te ri a : A 
Trea ti se on Strud ur e and Fu nction;; vo l . i~ Struct ur e, p . 36 1. Aca demic Press, 
New Yor k, 1960 . 
A r ev iew 

3· Edwa r d, D. G •• and Freu ndt, E. A. The c lass i f i cat i on and nomenclature of or­
gan i sms in t he PPLO group . J . Gen. Mic r ob ial. 1L~197. 1956. 

4 . Kl ie nenberge r-N obe !, E. A stud y of organisms of t he PPLO group by e lectron 
micr oscopy . J. Ge n. Mi cr ob ial . _1_~~95 . 1955. 

5. Dienes . L. 
Sci . 79~356 

Con tr ove r sial aspec t s of the mo r phology of PPLO. 
1960. 

Ann. N. Y. Acad. 

6 . Ha yf li ck , L., and St l neb ring. W. R. l nt r acel lu lar gr owt h of PPLO i n tissue 
cultur·e an d i n ovo . Ann . N. Y. Acad. Sc i, 79g433 . 1960 . 

7 . We i buil s c . • and Beckman , H. Growth of bader ial L forms and bacterial proto­
p la s ts . J . Ba d e ri o l.]_2 g638 . 1960 . 

Rela tio~sh ip of Pro t op las t s and L Forms to PPLO (Mycoplasma) 

8. Wh i t t I e r • R. G. • e t a I • 
t i ss ue cul tu re passage . 

Re ve r s i on of a PPLO t o a coryneba ct e rium du ring 
J. Gen . M i ci~ob i ol . ~g763 , 1956. 

9. Smi t h. P. s .• e t al. Conve r s i on o f PPLO t o bac t eri a. Proc. Soc. Exp . Bioi . & 
Med. 96 g550 . 1957-. 
A s t andard PPLO stra i n (!'Campo") propa ga ted 10 year s in I ab wit hout change. 
Revert ed t o corynebacte riu m when gr own in I iqu i d med i um wi t hout thai lium 
ace t ate. Could not be r econve r te d to PPLO. 

10. Kelton , W. H. , a nd Ge ntry , R. F. Der i vat i on of gram-positive cocci from PPLO. 
Ann • N. Y. A cad . Sc i • ]2/ Art . I 0 g 4 I 0 • i 960. 
Beg i nni ng wit h 2 1 standard avian PPLO , 3 human st rain s and 3 canine stra in s , 
by gra dua lly r educin g serum conte nt of medium was abl e to convert a! I t o 
s trep t ococci . 

I I . McKa y, K. A •• and Truscott . R. B. Reversi on of avian PPLO t o bacte r ia . Ann. 
N.Y. Acad. Sc i. 79/Ar t. IO g465 . 1960. 
On se ri al yolk sac passage , Mycoplasma gal I lnarum. a PPLO r espons i ble for acute 
coryza in ch i cke ns , was reve rt ed to Hemoph i I us ga I I i na rum, a bac t erium re sp on­
s ibl e fo r av i an chronic bronch iti s. 

12. Pease , P., and Laughton . N. Observa t ions on corynebacteria an d r elated PPLO . 
J. Gen. Microb ial. 27 g3 . 1962. 
Cultured both Mycoplasma hom i n : s a nd Corynebacterium cervicis f rom lung of 



hyaline memb r ane d i sease . By appropriate culture was able to conv ert each t o 
t he other . 

13 · Pease , P . Ev i dence that St r eptobac i ! Ius mon i I i f ormis is an i ntermediat "' stage 
be t ween a corynebacter i um an d it s L form or der ive d PPLO. J . Gen. Mi crobial. 
29 ~ 9 I , I 962 . 

J4 . Di enes , L . Comparat i ve morphology o f L forms an d PPLO . VI I I Internati onal 
Co ng ress f or Mi crobio l ogy 3 p . 511 , 1962 . 
Poi n t s out d i ff i cul ty i n dist i nguis h i ng PPLO from L f o rms by present criteric. 

Rela tion of An ti microbia l Agen ts t o Mycopla sma and Pr otop la sts 

15 . Pe rk i ns , H. R. Chem ica I s tr uctu r e and bios ynthe s i s of bacteria I cell wa lis. 
Bac t. Rev. 27 : 18, 1963 . 

16 . Park, J. T., and Stron i nge r, J . L . Mode of act ion of penici ll in. Scie nce 
125 :99 . 1957 0 

17 . Mandels tam, J . Preparation and p rop er ti es of cell walls of gram-negative bac­
t eria. B iochem . J . 84 :294, 1962. 

18. St roninger, J. L. Mon onuc l eot i de acid anhydrides and re lated compounds as 
i nt e r mediates i n me t abolic r eac ti ons . Physio l. Rev. 40 :55 . 1960 . 

19 . Mandelstam, J. , and Roge r s , H. J . The incorpora tion o f amino acids into the 
ce-ll wall mucopepti de and t he effect of an ti b ioti cs on the process. Biochem. 
J . 72 ~ 654, 1959 . 
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20 . Rogers , H. J., and Mandels ta m3 J. Inhibition o f ce ll wall mucopeptide forma­
t i on in E. coli by benzyl penicilli n an d amp i c il lin . Biochem . J. 84 :299, 1962. 

2 1. Coll i ns , J . F ., and Ri chmond , M. H. A structu ral si mi larity ·between n-acet y l­
muramic acid an d penic i II i n as a basis fo r an ti b i otic act i on. Nature 195 : 142, 
1962 . 

22 . Brock , T. D., and Brock, M. L. The s i mila rity i n mode of action of chloram­
phenicol and eryt hromycin . B i ochim . et B i ophys. Acta )3 ~ 274, 1959 . 

23. Broc k , T. D. Ch lor amphen i co l . Bact. Rev . 25 :32 , 1961 . 
Good review of this dru g 

24. Tiss ieres , A., e ta ! . Am i no ac i d incorporation i n to p r ote i ns by E. coli ribo­
somes. Proc. Nat!-.-Acad . Sc i. 46:1 450, 1960. 

25. Vas que z , D. Anti biot ics which prevent protein synthesis: The uptake of c 14 
chl oramphenico l by ba cteria. B iochem . & Biophys. Res . Comm . ~5 :409 , 1963 . 

26 . Lamborg , M. R., and Zamecnik , P. C. Amino ac i d incorporat i on into protein by 
extracts of E. co l i ( i nh i b iti on by chlor amphen i col). B i ochim. et Biophys . 
Acta 42 ~ 206,- 1 9~ 



27 . Rendi, R. 3 a nd Ochoa, S. Enzymic specif ici ty in activation and transfer of 
amino aci ds to ribonucleoprotein partic les . Science 133: 1367, 196 1. 
Tetracyc l ine act i on similar to ch loramp henico l . --

28 . Brock 3 T. D., and Brock 3 M. L . Effect of novobiocin on permeabi I ity of E. 
col i. Arch. Biochem . & Biophys. 85 ~ 176, 1959 . 
POstu I ate that action is by decreas ing new ce I I wa II synthesis. 
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29· Stron i nger, J. L . The opt i cal configurati on of the a lanine nucleotide residues 
in ce ll wall of Staph. au reus . Biochim. et Biophys. Ac ta 33:280, 1959. 

30 . Smith, J . L ., and Weinberg 3 E. D. Mechanisms of antibacterial ac t ion of baci­
tracin. J . Gen . Microbio l , 28:5593 1962. 

3 1. Wolfe, ft. D. Erythromycin 3 mode of act i on. Science 143: 1445, 1964. 

32. Jordan, D. C. Effect of vancomycin on the synthesis of ce ll wa ll mucopeptide 
of Staph. aureus . Biochem. & Biophys. Res . Comm. §/3: 167 3 196 1. 

33 . Abraham, E . P . , an d Newton, G.G.F . Structure and function of some sulf ur -
containing peptides . In: Amino Acids and Peptides With Antime t abo l ic Act i vi t y 
(C IBA Symposium), Litt l e, Brown and Co., 1958 3 p. 205 . 
Show cephalosporin activi ty again st bacteria to be simi l ar to tha t of bacit ra c in 
a nd penic i II in. 

34 . H ab n, E , E, , e t a I , 
nucle ic a c i ds-an~on 
Acta 6 1:7413 1962. 

Effect of streptomycin on the synthesis of p r oteins an d 
cel l u l ar mu I tip I ication of E . co l i. Biochim. & Biophys. 

35 . Anand, N03 and Davis, B. E ffect of streptomycin on E. co l i: Damaoe by strep-
tomycin to the ce I I membrane of E. co I i. Nature 185722~60. ~· 

36 . Kaga n, B. M., et al. Antibiotic sensitivity and pathogenici t y of L-pha se va ri­
ants of staphylOcocci. Antimicrobial Agents and Chemotherapy -1 963, Braun­
Brumf ... ie ld , Ann Arbor3 1964, p. 5 17. 
Found variants insusceptible to antibiotics influencing ce ll wa ll synthesis. 
Those agents affecting prote i n synthesis were in general mo re effective L 
phases than the ir respective parent strains . 

37. Newton 3 B. A. The properties and mode of action of the po l ymyxi ns. Bact. Rev. 
20 : 14, 1956. 

38, Leberman, P. R., et al . --
antibiotics: aureomyc1n, 
J , Uro I ogy 64: 167, 1950. 

The susceptibi I ity o f PPLO to t he in vi tro ac t ion o f 
chloramphenico l , strep t omycin and sodium penici I I in G. 

39. Leberman, P. R. The susceptibi I ity of PPLO to the in vitro action of anti -
biotics: terramycin and neomycin . J , Urology 68:394, 1952. 
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pat hogen icity of PPLO (Mycoplasma) 

A, "Eat on Agen t " Primary Atypical Pneumonia 

Eaton, M. D., et al . Studies on the et iology of pri ma ry atypica l pneumonia . I . 
A fi l terable agenttransmiss i ble to cotton rat s , hamster s and chick embryos. 
J. ' Exp . Med , 79 ~ 649 . 1944 . 

41 . Eaton, M. D., et al, Stud ies on th e et iology of pr imary atypical pneumonia. 
I ll . Specif i c neutra I i zati on of the virus by human serum . J. Exp. Me d. 82:329, 
1945 . 

Liu, C"• et a l . Stu d ies on primary atypical pneumonia. I I , Observa ti ons con­
cerning t he developmen t and immun o logic characteris tics in patients. J . Exp. 
Med. 109 ~ 545. 1959, 
Usi ng--f-luorescent techniq ue , an t i body appeare d duri ng second or third week and 
persis t ed fo r more than one year . Showed fluores cent antibody to be the same 
as neu tra l izhg a ntibody and t o d if fe r f rom col d agglutin ins. 

Chanock, R. M., et al. Sero log ic evidence of i~ f ecti on with Eaton agent in 
lower r espiratorydiseas e in ch i ldhood . New Eng . J . Med. 262 ~ 648, 1960. 
Ret rospect i ve stud y of 152 ch il dre n sh owing antibody response to Eaton age nt in 
lo% of non-bacterial pneumon ia s . 

Chanock , R. M., et a l . Eaton agent pneumonia. JAMA 175 ~ 213, 1961. 
Parris Island stUdy-reveal i ng tha t 44% of re cr uits developed a ntibod y 
agent during 12 weeks ' tra ining wh i le on ly 1. 5% had cl inica I disease. 
a ggl uti ni ns were present i n on ly 44% of those with pn eumonia. 

to Eaton 
Co ld 

45 . Mu fsan , M.A . , et al. Eaton agent pneumon ia-C l inical feat ures. JAMA 178:369, 
1961 . ----
Good clinica l study. Po ints ou t that this d iseas e can not be d is tinguished from 
vira l pneumonia wi thout serological stud ies . Co ld agg lutin ins present in 45% 
of Eaton age nt pneumonia , 17% adenovirus pneumon ia, 6% undiag.nosed pneumonia. 

46 . Kingston , J . R., e t a l . Eaton agen t pneumonia. JAMA 176:120, 1961 . 
A dou Ble - blind stUCfyclearly showi ng eff i cacy of anti b iotic therapy 1n this 
disease . (D-methylchlort e tra cycl ine 0 .9 gm . da i ly x 6 us ed . ) 

47 . Chanock , R. M., ~ ~· Growth on artif i cial medium of an agent associated with 
atypical pneumoni a an d it s id en ti fication as a PPLO . Proc . Nat ! . Acad . Sc i. 

48 . 

48 ~ 4 I • I 962 . 
Unequivocal dem onstration tha t Eaton agent is a PPLO-subsequently termed 
Mycop las ma pneumoniae. 

Forsyth, B. R. , et a I . 
pop u I a t i on . 
JAMA ~5:364, 1965 . 

Etiology of primary atypical pn eumonia in a mi I itary 

49. Grayston , J. T. , e t a l . Mycoplasma pneumon iae infect i ons : Clinical and epi­
demiologica l studies--. JAMA 11l/5 :369, 1965. 
Civi I ian population study showing isolat ion of M. pn eumon ia e from 20% of 



patients with acu t e feb ri le respi r ator y d i sease wit h pn eumon i tis and 7% acute 
resp i ratory disease wit hout pneumon iti s . 

8 . Rel ati on of PPLO (Mycop lasma ) to Vene r eal Disease 

II 

Dienes , L., et a l . The r o le of PP LO i n genitourinar y and joint diseases. New 
Eng . J. Med .~38: 509 , 1948 . 
Notes high frequency of PPLO f r om ur ethrae of males with gonorrhea and nnon­
gonococcal" urethrit i s . Records 2 cases of Re i te r 1 s with PPLO grown from ure­
t hra and joints. 

51. Shepard , M. C. Visuali zation and morphology of PPLO in clinical material. 
J. Bact. 73 : 162, 1956 . 
Demonst r ated i nt r acytoplasm ic PPLO i n cells scra ped from urethrae in NGU. Cul­
tures and smears negative af t er successful t he rap y. 

52 . Klienenberger-N obe l, E. Poss i ble s ign i f i ca nce of PPLO in human genita I infec­
tion . Br i t . J. Venereal Di s . 35 : 20, 1959 . 
Reported PPLO in urethral cultures of 43,1o of 65 patients with NGU and in 3o% 
of 50 patients wi th gonorrhea. Healthy populat i on y ielded 3% positive cultures. 

53 . Card 3 D. H. PPLO of human genital or i gin . Serolog i c classification of strains 
and antibody d istribution in man . Br it . J . Ven. Dis. 35:27, 1959. 
Found the genital strai ns isolated i n above s tu dy to belong to a singl e sera­
group distinct from prev iousl y found human stra ins . 34% of 700 VD Clinic 
patients had positive PPLO complement fixat ion while on ly 2% of 300 blood donors 
had demonstrable titers . 

54. Shepard, M. c. Recovery , propagati on and cha r acter ist i cs ofT strain PPLO iso­
la ted from human cases of nongonococcal uret hr iti s. Ann . N.Y. Acad. Sci. 79 : 
397' 1960 . 
Summarizes experience revea li ng urethral cultures positive for T strain PPLO 
in 70% of 500 cases of nongonococcal urethri ti s. 

55. Shepard , M. C. , et al . Poss i ble role ofT stra i n mycoplasma in nongonococcal 
ureth?'itisg A siXthvenereal disease? JAMA ~8 : 729 , 1964. 
5o% of NGU cases were associated with on ly mycoplasma T and 15% of patients 
with gonorrhea had concomitant T forms. Whi le penici I I in was ineffective in 
both groups, a I I subsequent I y responded to tetracyc I i ne . 

~ible Relation of Mycoplasma to Reiter ' s Syndrome and Auto i mmune States 

56 . Jonsson, J. Mycop lasma organ isms in s ynovial fluid from rheumatic join ts. 
Acta Rheum . Scand. 7 : 287 , 1961 . 
Mycoplasma- l ike organisms we r e isolated from synovial fluid in 12/25 non­
rheumatoid, "non-infectious" arthriditides . 4 of the cu ltures had bacterial 
contaminants. 4 of his pat ients had Re i ter's; on ly one of these yielded PPLO. 

57. Kuzell, W. C. , and Ma r kle, E. A. Cult ivation of PPLO i n Reiter's disease in­
cluding one incidence of laboratory cross-infection. Ann. N. Y. Acad. Sci. 
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79 g 65 I , I 960 • 
Report s 5 cases of Re it e r 1 s f r om whom PPL.O we r e obtained f r om urethral cu ltures 
and/o r con ju nc tiva e . 

Ba rt holomew , L. . Isol ation of mycop lasma ( PPL.O) f r om pa ti ents with rheumatoid 
ar t hriti s , s ys t em ic lup us e ryt hema t os us and Re iter 1 s synd r ome . Arth. & Rheum. 
1/3 . Ju ne 1964 (Abs tract). 
Isola t ed mycoplasma i n 3 of 4 spec imens f rom Re it er ' s, 5 of 6 from SL.E and 5 of 
7 from r heuma t o id art hriti s . S ix spec imens from other arthri ti des were nega­
ti ve . 

59· Ford , D. K. The relat i onship of hu man gen i ta I PPLO t o arthritis complicating 
ur et hri ti s . Art h . & Rhe um. 3 g395 , 1960 . 
Repor t s i nab i I ity t o gr ow PPLO f r om s ynov ia I exudates in 12 cases of presumed 
Re it e r' s . 

poss i ble Pa t hogen i ci ty of Pro t oplas t s 

60 . Br ier, G09 et al . Sur v ival i n v i vo ( i n ovo) of L phase bacteria. Antimicro-
b i a I Agen tsandC hemothe rapy-=i9~Braun-Brum f i e I d, Ann Arbor, 1963, p. 854. 
Organ i sms r ema i ned i n L phase wh i le ant i b iotics were given. Reverted to patho­
genic s tra in and k i I led emb r yos when dr ugs we r e with dr awn. 

6 1. Musche l 9 L. H. , et al . For ma ti on of bacte r ial pr ot op lasts by serum complement. 
J. l mmunol . 82 g38; 1959 . 
Demons trat ed~ha t ~v i vo conver s ion to prot oplas t i s complement-depende nt . 

62 . Ca r· ey, W. F., e t al. The for ma ti on of ba ct e ri a l p r ot op l asts~vivo. J. 
I mmuno I . 84 g 18~ 1960 . 
Salmone l 1a-and ot her gr am-nega ti ve pathogens convert ed to protop lasts when 
g iven in t raper i toneal ly t o mi ce . Pos t u lated t ha t protoplast form is parasite 
defense mechanism a f fo r d i ng protecti on aga i ns t hos t fac t ors . 

63 . Freime r , E. H., et al . Studies of L. forms and prot op lasts of group A strepto­
cocci . I . lsola tion-,-g rowt h and bacteriolog ic character istics. J. Exp. Med. 
I!Og8'53, 1959 . 
Produced L forms by penic i I I i n or phage lysa t e. Protoplasts able to produce M 
prot ein , s t reptokinase a nd DNAse. Were able t o revert organisms to original 
parent s t rains . 

64 . Mod imer , E. A. Product i on of L forms of Group A strep t ococci i n mice. Proc. 
Cen tTal Soc . for Clin . Res. 37g 57 , 1964. 
Demons t rated t hat group A s treptococci tra nsf cSr mat ion ca n occur in vivo in 
experimental an i mals . 

65 . Kagan , B. M., et al. -Reference #36. 
Repor t ed inabili ty-to produce staphylococcal L forms i n vivo (mice) and inabi­
lity t o produce le s ions by s ubcutaneou s injection of those produced in vi tro. 

66 . Braude, A. I. , and Siemiensk i . Protop las t fo r mat ion i n human urine. Trans. 
Assn. Amer . Phys . 74 g234, 196 1. 



67 · 

68. 

Demonstrated protop last format ion by urinary pathogens exposed to penici I lin 
in vitro or in vivo. Of special interest is the observation that protoplast 

Tormation occasionally occurred with tetracycline or chloramphen icol. 
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Kalmanson, G. M., and Guze, L. B. Role of protop lasts in pathogenesis of pye­
lonephritis. JAMA ~13 : 1107, 1964. 
Demonstrated protop las ts in renal tissue of rats "cured" of experimenta I 
enterococcal pyelonephritis by penicillin . Erythromycin, ineffect ive against 
parent strain, was capab le of eradicating protoplasts. 

Andrio le, V. T., and Epstein, F. H. Prevent io n of pyelonephritis by water 
diuresis: Evidence for the role of medul la~y hypertonicity in promoting renal 
i nfection . J. Cl in. Invest. WI :73, 1965. 




