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ÀBSTR.ACT

The IaboratorY diagnosis of I\'1. pneumoniae inf ectÍon is

hampered by the low sensitivity and speed of culture methods

using serum-agar plates and by the failure of the complement

fixation tests (CFT) for antibody to the organism to detect

more than about two-thirds of the cases diagnosed by other

means.

For these reasons attempts have been made to develop (i) an

improved and speedier culture method for the mycoplasma (ii)

serological methods other than CFT which would measure

antibody in various immunoglobulin classes and (iii) a method

that would detect M. pneumoniae antigen in the nasopharyngeal

secretions or other respiratory exudates of suspected cases of

M. pneumoniae infection.

In the improved culture method nasopharyngeal aspirates (NPA)

were inoculated onto cycloheximide-inhibited sheets of HeLa

22g cells in a coverslip system. After three days incubation'

the M. pneumoniae organisms were detected on the surface of

the cells by staining with FITC-conjug ated anti-M. Pneumoniae

Serum (polyclonal, prepared in a rabbit; or monoclonal).

Subcultures of the inoculated celI cultures htere also made

onto conventional mycoplasma serum-agar plates, and colonies

were subsequently identified by standard techniques

(haemadsorption: immunofluorescence on transferred colonies)

after further incubation.
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With this cell culture technique 14. pneumoniae $ras isolated

from the NPA of 422 of those who had other evidence of

infection in the form either (a) of a fourfold increase of IgM

specific antibodY to M. pneumoniae or (b) an IgM specific

antibody titre of >-320. With this ceII culture method' 70t of

the M. pneumoniae isolates were identified within 3 days of

Specimen inoculation, compared Lo the conventional method of

inoculation of ce11-free diphasic medium with subsequent

subculture onto solid serum-agar whích may take up to three

weeks.

The method used to measure IgM specific antibody in patients

with suspected M. pneumoniae infection was an antibody capture

variant of the indirect haemagglutination assay. This simple

and efficient assay was found to be more sensitive than the

conventional complement fixation test. The efficiency of this

IgM test \^¡as shown by the fact that 70t of culture positive

patients had a f ourf old lgll rise or titre >- 160.

Investigations and comparisons have been made between this

technique and an indirect solid-phase enzyme immunoassay.

Various methods of detecting M. pneumoniae antigen in NPA and

other saràples were investigated. The basic approach $¡aS an

antigen capture method with an anti-M. pneumoniae (polyclonal )

rabbit,serum, carefully absorbed, on the wells of a plastic

plate, with the same antiserum conjugated to horse-radish

peroxidase aS the detecting system. The value of monoclonal
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M. pneumoniae antibody either as the capture ántibody or

the detection system was also investigated but to date

srroín rittre advantage over absorbed porycronaÌ antibody'

This enzyme immunoassay (EIA) has a detection sensitivity of

104 colony forming units,/m I of M. Pneumoniae in artificial

mixtures of organisms and, cells simulating an infected NPA'

In additíon a large number of NPA from subjects with

respiratory inf ection but without other evidence of lll'

pneumoniae infection, have been negative whereas a small

number of NPA f rom cases in previous outbreaks of It{'

pneumoniae infection have proved to be positive. Tests with

other mycoplasmas found in the human flora have not shown

cross-reactions with this system.

IN
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CH.APTER I.

I. INTRODUCTION

l.I Historical note: lasma (Eaton t

and atypical pneumonia and other respiratory

illness -

In the 1930's a form of pneumonia was recognised that had a

different clinical presentation to that caused by the

pneumococcus (Gallagher I94I). It affected young adults in

particular and it was characterised by mild symptoms and

signs that were disproportionate to the degree of pneumonic

infiltration seen on chest X-ray; also it did not respond to

sulphonamides. The condition was termed primary 'atypicalr

pneumonia (PAP) to distinguish it from pneumococcal

('typical') pneumonia. The syndrome was further delineated

by the discovery that PAP patients developed cold

haemagglutinins (Turner, 1943; PeÈerson g!3!., 1943; Finland

et al., 1945) and agglutinins to a viridans like

streptococcus, Streptococcus MG (Thomas et aI., f945).

AS America moved to become involved in World War IIr new

recruits rrrere gathered in Armed Services camps in various

parts of the country. The concentration of non-immune

subjects encountering infective agents brought from different

parts of the country led to sharp prevalences of respiratory

and other infectious disease, including some outbreaks of PAP

(Dingle et aI. , 1944) .
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l"lany noted investigators $¡ere drawn into the investigation of

pAp and attempts to identify the causative agent. The group

which eventually achieved this was based in the Þesearch

Laboratory of the california state Department of Health and

consisted of Drs. Monroe D. Eaton, Gordon Meiklejohn and

!,filliam van Herick, who in 1944 (Eaton et al. I L944) reported

the transmission of a filterable virus to the chick

embryo/amniotic cavity. The 'virus' in chick embryos was

detected by subinoculation intranasalty into cotton rats or

hamsters in which it produced smalI patches of pneumonia'

The agent propagated in chick embryos was neutralised by

convalescent, but not acute, phase sera frorn PAP patients.

For various reasons Eaton' s f indings !'rere not accepted at

once although in :-g46 in the complementary investigations the

Commission on Acute Respiratory Diseases working at Fort

Bragg N.C. showed that PAP could be transmitted to volunteers

using a filtered inoculum, thus supporting a 'viralr etiology

(Corunission on Acute Respiratory Diseases' 19461.

The next step forward was made when Liu, Eaton and HeyI

(1959) used the newly discovered technique of

immunofluorescence to tocalise the organism now commonly

termed Eaton Agent to the infected chick embryo

mesobronchus where the lining cells fluoresced brightly with

antibody-containing sera from PAP patientsr or from immunised

animals. The titration of antibody on frozen sections of

infected chick embryo lung enabled systematic epidemiological

studies to be made, particularly by Chanock and his
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colleagues (196Ia) and these, together with volunteer

experiments with Eaton Agent gro\dn in ceII culture, further

supported the relationship of the organism to the disease.

The nature of the organism remained uncertain however'

Although f ilterable it \^¡as sensitive to broad spectrum

antibiotics and to streptomycin (Eaton and Liu, L957)i also

there was some evidence even at that Èime that PAP itself

responded to aureomycin (Eaton, L950).

Electron microscopic examination of the celIs of the

mesobronchus did not reveal virus particles or other

organisms (Dona1d and Liu, 1959 ) . However, l'larmion &

Goodburn 1961, using an intensified giemsa stain on frozen

sections of the chick embryo lung, detected small

coccobacillary bodies in the layer of mucus overlying the

celIs and arranged in patlisade-tike fashion on the cell

surface. They also showed that the organism was sensitive to

gold salts (inhibition of infections in hamsters and chick

embryos) and that large viruses of the pox group and

organisms of the chlamydia group were not sensitive. They

suggested that the organism $¡as a mycoplasma' with this

information, Ctyde (f963) demonstrated similar giemsa-stained

bodies in monkey kidney cultures of Eaton Agent and al-so

confirmed the findings in the chick embryo' Shortly

afterward Chanock, Hayflick and Barile (L962a) were able to

gror^¡ a mycoplasma then named llycop Iasma pneumoniae on
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serum agar with yeast e;tract and by tests with acute

convalescent PAP sera to relate the organism cultured to

disease in man.

and

the

The identification of Eaton agent as a mycoplasma stimulated

extensive studies in the biology of mycoplasmas, also studies

on the clinical aspects, pathogenesis and epidemiology of

.infection with M.pneumoniae in man. Selected aspects of

these findings are reviewed in the sections that follow.

Despite the growth of the organism in cell-free medium and

the development of various serological- tests for M.pneumoniae

antibody, Iaboratory confirmation of I't.pneumoniae infection

is still laborious and sIow. The work described in this

thesis relates to efforts to devise a quicker culture method

for the organism (using a ceII layer rather than cell free

media) and its direct detection in clinical specimens using

an rantigen capture' enzyme immunoassay. The detection of

the organism - on the inoculated cell- Iayers and. in clinical

specimens - by polyclonal (rabbit) and monoclonal antisera

vras also compared. Two effective and sensitive methods for

the detection of IgM specific antibodies have also been

developed; ví2., a modified indirect haemagglutination assay

and a solid-phase indirect enzyme immunoassay using

urease-conjugated anti-human Igt'l antisera.
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L.2 l{YcoPlasnas

T.2.A Classification

The Mycoplasmatales, according to Freundt (I975) ' is the

only order in the class of Mollicutes. within the order are

two families: Acholeplasmataceae and Mycoplasmataceae' The

major difference between these two families is that the

lrlycoplasmataceae require cholesterol as a growth f actor

whereas the Acholeplasmataceae wiII utilise cholesterol, but

if it is not provided, will synthesize their own carotenol'

The requirement for sterols by the Mycoplasmataceae is a

unique feature of these prokaryotes. Mycop lasma pneumoniae

is only one of more than forty species within the ltycoplasma

genus found in man and animals.

1.2.8 Mycoplasmas: General Charateristics

l4ycoplasmas are small prokaryotic cells with a minimal

reproductive unit in the slze range 125-250 nm (Clyde' 1969)'

The cellular units may be spherical coccobacillary'

filamentous or branched filamentous in form depending on the

species and the nutrient conditions under which they are

gros¡n. Pleomophism is a characteristic, though not an

invariable feature of the family' and received much emphasis

in the older literature. Thin section electronmicroscopy of

the mycoplasma cell shows a cytoplasmic membrane (1ipid

bilayer), numerous bacterial type ribosomes (sedimentation

coefficient, 70s) and nuclear material (a single DNA

chromosome) distributed as fibrillary strands through the

ceII. Some species have cytoplasmic blebs or specialised
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foot processes for attachment to the host celIs they

parasitise' for examp le M.pneumoniae (PoweII et aI. , 1976 ) .

There is no organised ceII waII as in bacteria but surface

material may be demonstrated by ruthenium red staining and

electronmicroscopy in some species.

l"lycoplasmas are very widely distributed in nature, and are

found in many species of animals. In nature, they appear to

exist in close relation to host cells' even growing on the

sur face of cells and are thus cell dependent, but are only

infrequently found inside cells t do not have an

intracytoplasmic existence like prokaryotes such as

rickettsias or chlamydias. Despite the eukaryotic

cell-dependence, most species of Mycoplasmas can be grown in

ceII free media usually a soft agar with high

concentrations (I0-203 v/v) of an animal protein such as

serum or ascitic f1uid, with various growth factors such as

vitamins, trace elements and undefined elements in yeast

extract, under aerobic, microaerophilic or anaerobic

conditons. [The serum provides a source of cholesterol and

fatty acids needed for membrane synthesis (Razin, 1973) l. In

such media, they grow as agar-embedded coloniesi many species

also frave colonies with a delicate halo of growth along the

surface of the agar so called 'fried egg colonY'. Colony

size vâries from 20'250um a range from the Ureaplasmas up

to large colony mycoplasmas typified by Itycoplasma mycoides

the pleuropneumonia organism of cattle and other large

domestic animals which for a while gave its name to the

family "pleuropneumonia like" organisms (PPLO). Some
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species of mycoplasmas are very fastidious and their growth

requirements and sublines (eg ., of M.hyorhinis) wiII not grow

in currently available cell-free media. Again, there are

other organisms (eg., graylung 'virus' of mice) that have

many of the attributes of mycoplasmas, but have not yet been

grovirn in cell free media with production of characteristic

colonies.

A detailed description of the metabolism of mycoplasmas is

not centrally relevant to this thesis. Briefly, some species

are glycolytic and ferment a l-imited range of sugars with the

production of acid (eg., M.pneumoniae and M.fermentans among

the human flora). Other species metabolise amino acids such

as arginine with the production of ammonia (eg- 
' !l.hominis '

M.orale, etc. among the human flora), (see review by Pollackt

JgTg and Razin, 1978). The Ureaplasmasr €ts the name implies,

split urea with the formation of ammonia and carbon dioxide

(see review by Shepard and Masovér, 1979).

The cytoplasmic membrane is unusual in its content of

cholesterol or related compounds such aS carotenoli the
I

sterols are interspersed among other membrane llnids and

glycolipids (in the sugar fermenting species). It is thought

that this gives an elasticity to the membrane.

Many mycoplasma species have low guanine plus cytosine (G+C)

ratios, ranging from 23-4It (Neimark' 1970). The human

ureaplasmas have a close range of 27.7-28.5S (Black et al.,
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L972 ) and the

M.pneumoni4e has

diagnosis

members of the human

and CoIe

acholeplasmas

the highest

with a

G+C ratio

range

of 41t

of 30-33t.

among the

mycoplasmas.

The human mycoplasma fLora is accepted to comprise

saprophytic species such as 1"1 . orale , M.buccale and t'1. fauciumt

opportunist pathogens such as M.hominis, M.fermentans, and

the Ureaplasmas and pathogens or probable pathogens such as

M.pneumoniae and the recentlY discovered Þl.genitalium. This

ne$¡ mycoplasma v¡as isolated from the urethral specimens of

patients with non-gonococcal urethritis (tulty et aI. , L98f).

Other species eg., A. laidlawii ' ttl. Iipophilum, Þl.primatum -

have been isolated from human sources from time to time but

are not thought to be regular members of the human flora.

This thesis is concerned only with the biology and laboratory

of l{.pneumoniae and further details

flora are not given here bu

(f979) and Taylor-Robinson

of the other

t see reviews

and McCormackby Somerson

(Ie7e).

1.2.8.i Comparison with Bacteria and Bacterial L-phase

variants

A major fundamental difference between mycoplasmas and

bacteria is the lack of a rigid ceII wall in the former.

Muramic acid, N-acetyl glucosamine and the teichoic acids,

characteristic of the ceII wa}Is of gram negative and gram

positive bacteria have not been found in mycoplasmas (Razin

and Argaman, 1963).
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It is the absence of a ceII wall and the associated

biosynthetic pathways that render mycoplasmas insusceptible

to the action of the penicillin family, the cyclosporins and

other antibiotics that inhibit. the synthesis of bacterial

cell walls. However, mycoplasmas are sensitive to the action

of antibiotics such as the tetracyclines, erythromycin

(variable), chloramphenicol and the aminoglycosides that

inhibit protein synthesis on bacterial-type ribosomes. For

reasons that are unclear, they are also sensitive to organic

gold salts (Marmion and Goodburn, 1961) and arsenic

compounds (Newnham and Chu, 1965). Like bacteria, the mode

of replication of mycoplasmas is by bínary fission (Furness

et al. , L968). However, mycoplasmas are not bacteria or

their L-phase derivatives.

During the early investigations when the Eaton agent vtas

first associated with primary atypical pneumonia, and during

the period of its subsequent confirmation as a mycoplasmat

it $¡as observed that patients with PAP developed

cross-reacting antibodies to Streptococcus t'lG in addition to

the presence of Mycoplasma pneumoniae specific antibodies

(Thomas et aI., L945i Liu et aI., 1959) . This antigenic

cross-reaction 1ed Pease (1963) to suggest that !l.pneumoniae

\,vas the L-phase of Streptococcus IvlG. Other workers also had

earlier suggested that mycoplasmas were stable

(non-reverting) L-phase variants that had evolved from

bacteria (Dienes and Weinberger, 1951). This belief hras

based primarily on the similar colonial form (medium

penetration) on solid medium and the lack of a rigid cel-I
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\^raII \^rith both types of oiganisms; Iess f requently there lvere

antigenic cross-reactions or metabolic similarities'

However, the bacterial L-phase not infrequently contains

residual ceII wall polymers which will prime the formation of

a complete ce1l wall when it reverts to the parental

bacterium under certain conditions; viz. removal of the cell

waII inhibitor (eg., penicillin). In sharp contrast, under

stringent experimental conditions, mycoplasmas have not been

observed to revert to their alleged parental form (reviewed

by Klieneberger-Nobe1, 1962) and more importantly, as

already stated, they lack the ability to synthesize ceIl

wall peptidoglycans or their precursors (Razin and Argaman,

1963). Moreover, from hybridisation studies of their nucleic

acid base sequences, various workers have shown that there

is no sequence homology between mycoplasmas and certain

bacteria from which they s/ere thought to be L-phase

derivatives (ltcGee et aI. , 1965, L967; Rogul et aI. , L965¡

and Somerson et at. , 1967\. Finally, the genome size of

mycoplasmas and ureaplasmas is about 5 x tO8 daltons

(Morowitz et ù., 1967)¡ the chlamydias being 6-6 x IOB

daltons (Kingsbury, 1969) (Sarov and Becker, 1969) and the

rickettsias around I x I08 d.altons (see table by Marmion,

f984). However, most bacteria (eg., Haemophilus influenzae)

and the acholeplasmas have a genome size of ca. I x fO9

daltons at least twice that of the mycoplasmas and

chlamydias. As there are no intermediates between the

mycoplasmas and bacteria, and the lack of genetic relatedness

between mycoplasmas and bacteria by DNA hybridization
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1969) these lend weight to the view that

at least not bY á
techniques (Razin'

mycoplasmas are not

loss deletion of the

derivative

bacterial

of bacteria,

genome.

L.2.B.ii Mycop Iasmas, Filterable Agents and Viruses

The biotogical and molecular biological differences between

cell dependent prokaryotes such as mycoplasmas' rickettsias

or chlamydias on the one hand, and viruses on the other hand,

are well understood. Viruses encode their genetic

information in one form of nucleic acid, either DNA or RNA

(although the retrovirus genome may exist aS an RNA molecule

or a cDNA copy of it), and these genomes are replicated using

host cell ribosomes for viral protein synthesis, host cell

amino acids, sugars or nucleic acid precursors for the viral

polymers, and. host celI energy sources and pathways for

synthesis of high energy compounds . t"lost, but not aIl,

virally coded enzymes are connected with nucleic acid

metabolism. (e discussion on the biochemistry of viral

replication is given by Fenner S$!., l-974). Mycoplasmas

as described - differ in a1I these aspects. They carry both

DNA and RNA and their node of multiplication is by binary

fission (Furness et aI., 1968). Untike some viruses (eg.'

Vaccinia) (see Fenner et aI. , L974), which contain

endonuclease and exonucleaser mycoplasmas do not have such

enzyme activities (Razin, L978). Some functions of these

viral nucleases are associated with DNA synthesisr repair and

recombination (see revier'r by Kit I L979) -
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Nevertheless, ât a superficial level and before the

differences between true viruses and filterable prokaryotes
$r'er€

\das fully understood there üe€- confusion between viruses and

mycoplasmasi in particular between Eaton Agent and viruses.

Although mycoplasmas are pleomorphic, the minimal

reproductive unit ranges from 125nm 250nm aS observed

with filtration experiments and electron photomicrographs

(C]yde, 1969). This size is of the same order to that of the

Iarge vaccinia viruses. The similarity in size' the

filterability of the organism through bacteria-tight filters'

the sensitivity of mycoplasmas to lipid solvents that

inactivated enveloped f iruses such as Ortho- or

Paramyxoviruses, the propagation and growth of both viruses

and mycoplasmas in chick embryos and in cell cultures all

Ied to confusion between mycoplasmas and viruses, although

the antibiotic and gold sensitivities remained discordant

points. Although infection of celI cultures by mycoplasmas

usual-Iy does not produce noticeable cytopathic changes' it

has been reported that certain species, (eg . , M.hyorhinis )

may produce cellular changes similar to those caused by

viruses. These cytopathic effects may be ceII degeneration

(Collier, 1957) , cytolysis (O'MaIley et aI., 1966), the

development of giant cells (IvlacPherson, 1966) or chromosomal

aberrations (Fogh et aI., 1971).
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1.2-B.iii Contaminants in CeIl Cultures

After the first isolation of a mycoplasma (

contaminated HeLa ceIl line by Robinson

numerous Iaboratories

contaminant3 in their

have frequentlY found

M.hominis ) from a

( 1956 ) ,et aI.

these bothersome

aI., 1978).cell lines (garile et

As mycoplasma contamination of cell cultures may produce no

easily recognised change, its unsuspected presence has led to

anomalous results and artefacts in experiments with cell

cultures in manY areas of biologY.

For example, the propagation of two different viruses in ceII

culture for the production of antigen to raise viral antisera

may be complicated by the presence of the same mycoplasma in

both celt cultures or viral seed, Ieading to erroneous

serological cross reactions in certain test systems. For

example, metabolic studies on cells, studies on viral

replication utilising incorporation of radiolabelled nucleic

acid precurSors and autoradiography, chromosome sÈudies'

studies of oncogenesis have been disrupted by unsuspected

contamination. The mechanism of production of effects on

cells is not always clear but two can be cited'

Some arginine-utilizíng mycoplasmas (Þl.arginini) deplete t'he

cell culture medium of this amino acid and hence the

production of DNA viruses such as adenovirus that have

arginine rich virion packaging proteins may be reduced in

contaminated cetl cultures. One way in which mycoplasmas
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could cause

nucleic acid

and ÀlIison,

chromosomal alterations is by competing for

precursors or by degrading host ceII DNA (Paton

1970 and Stanbridge et al-, I97l)-

Conseguently, in studies such as that described in this

thesis, in which ceII cultures are used for the propagation

of a known mycoplasma such as M.pneumoniae, it is imperative

to monitor the cell culture substrates for extraneous

contamination with other mycoplasmas.

The tests used in the Present work

Materials and Methods. A brief general

of the methods that may be employed.

are described under

account is given here

CetI sheetsr of dispersed ce]1s, may be stained with giemsa

or orcein (Fogh and Fogh, 1969), and examined in the bright

field microscopy for individual organisms or small colonies

on the cell surface or intercellular processes. When large

numbers of mycoplasmas are present, interpret,ation is not

difficult and the result is available within a few minutes.

However, when the population of mycoplasmas in the cell

culture is low, the interpretation of the significance of a

few (suspect) particles may be very difficult.

A greater sensitivity and specificity may be given to direct

staining methods by use of the ultra violeÈ blue light

microscope and fluorochromes such as acridine orange or

Hoechst No. 33258. The former gives a green fluorescence

with DS DNA and red with SS RNA; the latter gives a green
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fluorescence with DNA and RNA is not detected. Both methods

give fluorescing particles that stand out against the

background of cell nucleic acid fluorescence. The Hoechst

33258 method is preferred as the green fluorescing particles

are seen against an 'empty' cytoplasm-

Mycoplasmas may also be detected ('stained') by

immunofluorescence with a 'cocktail I of known antisera

directed against the ceIl culture contaminants commonly

encountered M.orale grouP' l,I.hominis, Þ1. arginini,

M.hyorhinis and ff.t"tutrwii. while the limited number of

species commonly encountered largely reflects

cross-contaminatíon among cells in the handting laboratories,

the IF method is effective but obviously a newly introduced

and contaminant of a novel species will not be detected.

Culture of the mycoplasmas on serum-yeast-agar remains of

central importance but anaerobic culture must be used to give

an optimal chance of isoJ-ating the M.orale group and other

microaerophitic mycoplasmas. Culture is usually initiated by

placing ceIls scraped from the cell sheet (trypsinisation may

reduce numbers of mycoplasmas) into sloppy agar or diphasic

medium and subsequently subculturing onto solid medium to

detect colonies. The whole procedure may take several weeks

if small numbers of mycoplasmas are to be detected. A

further limitation is that some strains of mycoplasmas become

highly cell-adapted (Hopps et al. ' 1973) and large numbers

may need to be inoculated onto cell free media in order to

cultivate those in the population capable of growing and
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giving colonies on serum agar plates. The population of

mycoplasmas in the cell culture available for sampling may be

increased by substituting mycoplasma broth (horse serum and

yeast extract) for the celI culture fluid phase and

incubating for 4 days before inoculating agar plates.

Numerous 'chemical' methods of detecting mycoplasma

contamination have been described, depending on differences

between nucleic acid metabolic pathways in mycoplasmas and

eukaryotic celIs (Horoszewícz and Grace, l-964; Schneider and

Stanbridge, 1975).

These methods have generally proved either to be insensitive

for the detection of small numbers of mycoplasmas or have

been unvalided because some species of contaminating

mycoplasma did not have the particular metabolic pathway used

as an indicator of mycoplasma presence-

A recent and potentially promising general screening method

for cel1 contamination rests on Èhe observation that

mycoplasma ribosome from different species share conmon

nucleotide sequences (a1so shared with bacteria). Gen-Probe

of San Diego, California, have devised a kit in which a

tritium-labelted cDNÀ probe against the co¡nmon ribosomal

sequences is used to test cells by a liquid phase

hybridisation method and a result is obtained within a few

hours.
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At the present stage of development, a combination of methods

fluorochroming with Hoechst 33258, culture in diphasic

medium and on serum-agar plates and nucleic acid

hybridisation for common ribosomal sequences is probably the

best combination of tests.

I 3 Infection with Mycoplasma pneunoniae the Clinical

Disease

I.3.4 Symptoms and Signs

The usual manifestation of an infection with I{.pneumoniae is

febrile bronchitis or pneumonia. The onset of illness

usually begins two weeks after contact with the organism

(Chanock et aI., l96la). Patients may also have malaise'

rigors, s\^reating, headache, pharyngitis, cough (usualIy

non-productive, and sometimes Iike that of pertussis) or

myringitis. As mentioned in the historical introduction, the

degree of consolidation seen on X-ray examination of the

lungs - patches of "cotton wool" consolidation migrating from

one area of the lung to another during the course of the

disease - may be quite disproportionate to the signs elicited

on physical examination of the chest. Patients may be more

impressed with their 'toxic I state and malaise than with

their chest symptoms. Many studies have reported a high

incidence of pneumonia in patients with this infection.

Thus, Foy et al. (1979) - in a twelve year study of I5,14I

cases of pneumonia calculated that amongst those patients

whowereculturepositivefo'l1:@.orwithrisin9CF

antibodies, the pneumonia incidence due to this infection btas



I.8 per 1000 per year. This represented I5t of all

pneumonia cases studied during the period from December,

to Februdty, Lg75. The predominant age group amongst

M.pneumoniae pneumonia cases were in the 5 to 14 years.

18

The exact frequencies in various

influenced by the fact that

prevalences vary markedly from year

cycle being the norm.

the

1963

these

In an earlier study of 275 marine recruits, Chanock et al'

( 1961b) showed that 18.58 (55/275) with antibody rise

measured by the fluorescent antibody test on infected chick

embryos had fever and./or upper respiratory illness but

without pneumonia. However, 6* (L5/262) of those with rising

antibody titres did not have any respiratory illness for a

period of at least ten daYs.

reported series wiIl be

M.pneumoniae infections

toyear;a3to5Year

M.pneumoniae infection is rarely life threathening. A few

fatal cases were described by Eaton et aI. (J-944) and by Liu

(1957); two prototype strains of the organism 'Mac' and

rHetter'being derived from autopsy lung. Ivlore recently'

Maisel and co-workers (L967) and Koletsky and weinstein

(I980) have reported fatalities.

Despite this generally benign course, M. pneumoniae inf ection

can last for several weeks, with much debility and loss of

weight and with a potential for lung damage that is still

debated (Clyde and Hu, 1984). Various complications
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rel-ated with greater or lesser degrees of assurance to the

infection may supervene, particularly in cases with a

prolonged and severe course. Prompt antibiotic therapy with

erythromycin or tetracyclines, depending on age groupr InaY

have a gratifying effect on symptoms such as the irritant

cough and the malaise and toxicity.

There are therefore Strong reasons for the development of

rapid laboratory methods which will identify patients with

M.pneumoniae infection who may benefit from antibiotic

treatment early in the disease, and separate them for case

management from viral pneumonias (adenovirusr influenza A or

B, RSV, parainfluenza, etc).

1.3 .B Sequels and Complications of M.pneumoniae Infection

In addition to the respiratory tract illness clearly caused

by I{.pneumoniae, there have been numerous case reports of

extra-pulmonary complications. One of the conmoner

complications involves the central nervous system (CNS). As

Iong ago as 1938, in the studies Ieading up to the

identif ication of Eaton Agent,/l{.pneumoniae, Reimann ( 1938 ) ,

Dingle and his colleagues (]-944) described patients with

meningoencephalitis among the run of respiratory disease in

civilian patients or in Armed Forces personnel. It has also

been estimated that 0.!t of ¡.l.pneumoniae inf ection

(diagnosed serologically) and 7t of those requiring

hospitalizatíon has CNS signs and symptoms (Sterner and

Biberfeld, 1969). Similar neural complications have also

been reported by Smith and Sangster L972, Hodges et a1.'



I972; Levine and

Rothstein (1985),

Iiterature.

20

Lerner "(I978); Ponka (1978)

who collected more than L26

and reviewed bY

cases from the

It is probable that these (generalIy self limiting) episodes

of CNS symptoms and signs complicating a respiratory tract

infection, offer l-ittIe opportunity to substantiate the

diagnosis by direct culture of M.pneumoniae from the central

nervous system (biopsies, CSF). Apart from a report by Bayer

et aI., 1980, when the organism was grown from CSF on HeLa

cells, but not established in cell-free media, the timing of

the CNS symptoms and signs in the period of convalescence

from the respiratory disease suggests that the CNS

manifestations may be immunologically mediated. Eaton, in

1945, and Thomas et aI. (1943) described antibodies to tissue

antigens (in addition to cold agglutinins and Streptococcus

I{c agglutinins) and more recently Biberfeld (1970, l97I)

repeated the observation and described antibody to brain

tissue in cases of M.pneumoniae infection. These

heterogenetic responses may be connected with the CNS disease

( see section 5. 6 ) .

Other serologicat cross-reactions have also been reported by

Wise and Watson (1985) who produced a monoclonal antibody

reacting with M.hyorhinis, M.pneumoniae and mammalian

intermediate f ilaments .
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The formation of cold haemagglutinins, of various thermal

amplitudes, during the course of lvl.pneumoniae infection has

been recognised since the earliest days of investigation of

the disease. In Some instances these responses have been

associated with auto immune haemolytic anemia, beginning two

to three weeks after the onset of illness (see for example

Lindstrom and Stahl-Furenhed, 198I). It is likely that minor

degrees of haemolysis, not clinically manifest are commoni

thus Feizi and Taylor-Robinson (1967) found 64t of patients

had a raised reticulocyte count and 83t a positive Coombs'

test.

Other complications Iike erythema-multiforme Stevens

Johnson syndrome (Lud]am et al., L964¡ llcCormack, 1981)'

migratory mono- or polyarticular arthritis acute renal

failure (Schulman et aI., 1980) and a transitory depression

of immune function (Sabato et a1., L98I)- There is a

controversial association with pancreatitis and a suggestion

that, very rarely, hepatitis may occur (Levine and Lernert

r978).

1.3.C Pathogenesis of M.pneumoniae Infection

Since M.pneumoniag infection usually takes a benign course,

there are few reports in the morbid anatomy of histopathology

of the disease in human beings. Most of the pathogenetic

mechanisms for the organism have been deduced from studies in

Iaboratory animals or organ cultures; these have been

extrapolated to the disease in man. Initially' after entry

into the respiratory tractr the organism attaches to the
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surface of the cytoplasmic membranes of ciliated epithelial

cells lining the airways and lines up between the cilia' In

L974, Collier and Clyde observed in the thin sections of

bronchi from infected Syrian hamsters that the filamentous

M.pneumoniae organisms attached to the epitheliat cells via

a specialized 'tip' or 'foot' process. No intracellular

l0calization was observed. The hamsters had been inoculated

intranasally with M.pneumoniae and the resulting pneumonia

f¡¡as histologically similar to that in infected human beings.

A similar mode of attachment r,fas observed on exfoliated

cells from the sputum of infected patients. The rfoot'

process was found to be trypsin sensitive (Hu et aI., L977)

and subsequently Hu and co-workers (1982) with the aid of

monoclonal antibodies, demonstrated a protein (molecular

weight I90rOO0) localized on the foot process. The removal

of this protein or its absence in certain laboratory adapted

strains b¡as aLso shown to correlate with the failure of the

organism to adsorb to hamster tracheal cells in organ

culture. From studies of the interaction between the

organism and human foetal trachea in organ culture, CoIIier

and Clyde (1971) concluded that this attachment process is

essential in order to produce ciliostasis and cytopathology

(cytoplasmic eosinophilia, nuclear swetling) in Èhe cells of

the respiratory tract; they proposed that pathogenesis would

be similar in the human host.
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T.3 .D Host CeII Receptors for M.pneumoniae

The mammalian cell receptor for M.pneumoniae and

Ir{.gallisepticum has been shown to be sensitive to

neuraminidase (Iuanchee and Taylor-Robinson, 1969 ) '
indicating that the receptor involves N-acetyl neuraminic

acid residues. This observation was further extended to

other eukaryotic cells Èracheal epithetial cells and

erythrocytes from monkey, rat, guinea pig and chicken, thus

Iinking the phenomenon of haemadsorption of erythrocytes to

M.pneumoniae colonies to Èhe specific attachment of the

organism to its host cell in vivo. Powell et al., (1976)

also demonstrated that pretreatment of hamster tracheal rings

with neuraminidase or sodium periodate significantly reduced

the attachment of M.pneumoniae to the respiratory epithelial

celIs.

Sodium periodate, at the concentrations used, has a specific

effect in opening the rings of the sugar residues in the

carbohydrate chains on the ce]1 surface and despite

statements repeated in the literature about its Èheoretical

effects on proteins, it is an excellent analytical tool for

identification of this type of interaction; the finds are

clearly compatible with those from the neuraminidase

experiments. The determinant group in the organism is

protease sensitive presumably the foot protein and

interacts with carbohydrate groups a typical protein

carbohydrate interaction well recognised at cell surfaces.
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I.3.E Host CeII Iniury

Hu et ar. (r975, rg76) using r c-r.b"rred garactose,
3H-orotic acid and r4c-"^irro acid, demonstrated thaÈ the

primary effect of M.pneumoniae infection on cells in

tracheal organ culture was to reduce the host cell protein

and RNA synthesis; this preceded the appearance of

cytopathological changes. It has been postulated that

M.pneumoniae injures the host cell by its large secretion of

hydrogen peroxide (Almagor et al. , L985). Although

mammalian tissues contain enzymes catalase and peroxidase

that inactivate exogenous hydrogen peroxide, with

M.pneumoniae infection it may be that such large amounts of

peroxide are secreted that the host celI enzymes are

overcomei hence leading to oxidation of membrane lipids and

subsequently cell damage. Additionally, the continuous

action of peroxide on cell membranes may be aided by the

strong adherence of the organism to the ceII surface.

I.4 Imnune Response to li.pneumoniae Infection.

1.4.À Serological or antibody responses to infecÈion

1.4.À.i Heterogenetic antibody resPonses

The first reports on a serological response to I't.pneumoniae

(then Eaton Agent) were made by Turner (f943) and Peterson et

al. (1943) who, independently, observed that convalescent

sera from primary atypical pneumonia patients agglutinated

human type 9 erythrocytes in the cold. The cold agglutinin

is directed to the erythrocyte I antigen (Feizi and
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Taylor-Robinson, 19671. Shortly after Turner and Petersens'

discoveries, Thomas et al. (1945) found' that some patients

also developed agglutinins to a nonhaemolytic streptococcus

(streptococcus MG, from the patients initials) - during

infection. Both these agglutinins vary widely in the

frequency with which they are found in PAP patients. About

20t develop Streptococcus MG agglutinins and about 50t cold

agglutinins. However, the two reactions are not relat'ed in
b

the sense that cross a¡lsorntion of sera containing both

agglutinins wit.h Streptococcus MG or erythrocytes in the cold

only removes the homologous aggtutínin. It may also be noÈed

that the cold haemagglutinin is not completely specific for

M.pneumoniae infection; cold agglutinins are found at low

frequency in adenovirus infection (Hilleman g!ê-' 1955)'

cytomegalovirus infection (Lind et al. , L974), infectious

mononucleosis (Rosenfield, et al. ' 1965) , and other virus

infections. They are also formed in certain types of

lymphoma (Pruzanski and Shumack, L977).

1.4 .À. ii Specific Antibody Response to M.pneumoniae

Like other inf ectious agents, @!g, stimulates

specific serum immunoglobutins in the three main classest

viz. I9M, IgG and IgA. By Sephadex gel fracÈionation of

Sera from two patientsr âIl early analysis by Fernald et aI.

(l-967) charted the course of the appearance of heterogenetic

and specific I9l.[, IgA and IgG antibodies. The antibodies

comprised the heÈerogenetic cold agglutinins (known to be an

IgÌrl antibody). and specific antibodies measured by indirect

haemagglutination, complement fixation and growÈh inhibition
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assay. IgM specific and heterogenetic antibody appeared

first followed by IgG specific antibody; similar patterns

$¡ere observed in rabbits immunised with lvl.pneumoni-ae.

Biberfel-d (1968) made similar observations with convalescent

sera from patients infected with M.pneumoniae. These lrere

fractionated by sucrose density centrifugation and geI

filtration; the assays also demonstrated a marked

variabitity in the proportion of IgM and IgG antibodies

formed, even with patients who had a similar period of

ilIness.

These early reports demonstrated that the usual Sequence of

IgM followed by IgG antibody, observed with many infectious

diseases, on first exposure, also obtained with M.pneumoniae

infections. Later reports are considered in section 5.1.

1.4.4-iii IqE antibody response to M.pneumoniae

It is known that immediate hypersensitivity to environmental

agents (eg., grass pollens) is mediated by specific

antibodies of the IgE class (Ishizaka and Ishizaka' 1970).

This has led to investigations of IgE antibodies directed

against respiratory tract pathogens, particularly in

asthmatic patients. Tipirneni et aI. (1978) demonstrated

the presence of serum IgE antibodies to M.Pneumoniae j.n

asthmatic patients. These antibodies may have been

stimulated either from infection with Df.pneumoniae, or

possibly from an altergic antibody response to spinach or

other materials with glycolipid antigenic determinants that

cross react with Il.pneumoniae glycolipids. Kenny and Newton
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(1973) and Plackett et aI., 1969 showed that the triglycosyl

fraction of M.pneumoniae glycolipid cross-reacts with that

fraction of spinach chloroplast and that the antibodies to

the latter corresponded to the antibodies of the

M.pneumoniae crude lipids. It may not be surprising then

that patients with M.pneumoniae infection may have IgE

antibodies that cross-reacts with spinach components or

certain asthmatic patients may have reagenic IgE antibodies

to these spinach components. This cross-reaction is a

fortuitous sharing of antigenic components between

M.pneumoniae and spinach.

.B Secretory IqA (sIqA) antibody resPonse to4T

M.pneumoniae

Tomasi and his colleagues (1965) demonstrated that the

predomJ-nant immunoglobulin in secretions of external mucosal

surfaces is in the IgA class secretory IgA (sfga).

Infection with M.pneumoniae stimulates predominantly IgA in

nasal secretions and sputa as measured by the indirect

immunofluorescent test (Biberfeld and Sterner, l-97L) or by

the radioimmunoprecipitation antibody tesÈ ( Brunner g!3!. '
1973). Brunner and his colleagues also demonstrated that the

presence of these specific loca1 IgÀ antibody was related to

host resistance to l4.pneumoniae infection.

In general terms, the presence of the protease-resistant sIgA

at the mucosal surfaces correlates with resistance' to

inf ectious agents other than It{.pneumoniae. One

well-documented study is that of oraÌ, Iive-attenuated polio
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vaccine (Sabin) which stimulates the production of sIgA in

the alimentary tract and nasopharynx. The poliovirus sIgA

neutralises the virus and thus prevents infection of the

ceIIs of the mucous membranes during infection (Ogra and

Karzon, I969a, 1969b).

Various other viruses infecting the respiratory tract e9. '
influenza virus, adenovirus, respiratory syncytial virus,

parainfluenza virus (Wa1dman and Ganguly I L9741 - and

bacteria such as Vibrio cholerae infecting the

gastrointestinal tract have also been shown to stimulate

predominantly sIgA immunoglobulins in the respective mucosal

surfaces (Steele et aI., 1974). This sIgA response is due

to l-ocal antibody synthesis with little or no contribution

from serum immunoglobulin components. (Bienenstock 9$!.,
1973) and (Clancy and Bienenstock, 1974). It may be noted

that antibody in other immunoglobulin classes has been found

in respiratory and intestinal secretions (Brandtzaeg, L975¡

Clancy and Bienenstock, L9'76 and Heddle and Rowley, 1978) and

it is probable that sIgA is not the only mediator of

resistance or pathological change at a mucous surface.

I.4.C CeIl Mediated Immunity (CMI) to M.pnegmoniae

Peripheral blood lymphocytes, from experimentally infecÈed

human volunteers, when stimulated in vitro with

M.pneumoniae, show lymphocyte mitogenesis (Leventhal and

co-workers f969). This sras the f irst report of a

celI-mediated immune response to M.pneumoniae. Later, Foy g!
al. (I973a) observed four cases of ll.pneumoniae infection
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(diagnosed by positive culture for the organism) in

antibody-deficient children, in whom illness followed a

normal course and who did not continue to excrete the

organism in convalescence. In a later study, by in vitro

lymphocyte stimulation experiments, Fernald et al. (1975)

showed that only t5? of children under 4 years of age had

M.pneumoniae reactive lymphocytes, whereas 53t of children

above 4 years of a9êr and 87t of adults showed significant

stimulation ratios. These studies suggest then that the host

response to this infection may also be mediated by

ceIluIar-immune mechanisms .

Another assay for

reaction in skin

organism. l4izutani

of illness in a

verified pneumonia

the diameter of the erythema in the skin test.

It is generally easier to investigate the rôIe of CMI to an

infection in experimental animals rather than by

opportunistic observations in human patients. Some progress

has been made with such systematic experiments.

Mizutani and Mizutani (1975) found that. activated macrophages

from infected guinea pigs migrated more slowly in the

presence of Iipid-depleted M.pneumoniae antigen than those

from uninfected guinea pigs. This slower migration of the

macrophages is due to the release of the Migration Inhibition

CMI is the delayed-type hypersensitivity

with a test dose of the (inactivated)

et aI. (1971) reported that the severity

series of patients with serologically

caused by M.pneumoniae was proportional to
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Factor (¡lfF.) - a pharmacologically active lymphokine

secreted when an antigen interacts with sensrtÍzed

T-Iymphocytes. Delayed type skin hypersensitivity was also

observed in the infected guinea pigs. When M.pneumonaae

infected hamsters were treated with anti-T-lymphocyte serum

(Taylor et aI., Ig74) there lfas a reduction in the severity

of pneumonic lesions. In T-Iymphocyte-deficient mice

(thymectomized, x-irradiated and anti-Iymphocyte serum

treat.ed ) , Denny et aI . (L97 2) showed that M.Pulmonis

dissemination was greater and that the disease was observed

earlier than in untreated control mice. The infiltration of

lymphoid celIs was also less in the lungs of the treated

mice.

These resul-ts suggest that part of the pathological change

the dísease is mediated by the cellular immune resPonse

the animal rather than by a direct effect of the organism

the bronchial epithelial cells.

in

of

on

A classical meÈhod of demonstrating the importance of CMI in

a disease is to observe the effects on infection of the

passive (adoptive) transfer of specifically-activated

Iymphocytes, to a previously non-immune animal. Fernald

(1971) transferred lYmPhocYtes from lvt.pneumoniae-immunized

guinea pigs to other guinea pigs. Although skin reactivity

bras found in some of the recipients, the phenomenon could not

be consistently reproduced. Perhaps the results of such

experiments may justify further studies.
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I 4 .D Importance of Antibody Ín Resistance to and

Protection f rorn l'l.Pneumoniae infection

Just as it is difficult to define the precise role of CMI in

resistance to and disease production by M.pneumoniae, there

is a similar ambiguity in relation to the rôIe of antibody'

This is not a problem unique to M.pneumoniae. AntibodY in

peripheral blood is an easy immune marker to measure.

Antibody at the site of entry of an agent in the site of

disease is more difficult to assay. Again, CMI is much more

difficult to quantitate; moreover the response of mononuclear

cells in the peripheral blood may be different from that of

cells at the site of the lesion (see Fernald et al., 198I).

Humoral and cellular responses develop at much the sa¡ne time

after infection and die away at different rates. The mere

fact that. a person who has had, saY, Hepatitis A in the past

is found to have antibody and is resistant to infection

(Stokes et aI., 1951; Grady L975), does not necessarily imply

that the antibody is responsible in toto for the resistance;

Cl"lI may weII be as or more important.

Several l-ines of evidence

the role of an antibodY in

somewhat fragmentarY

M.pneumoniae infection.

bear on

It $¡as early observed bY

4., 1961a) that marine

(Parris Island Training

endemic, hrere less IikelY

Chanock and co-workers (Chanock et

recruits entering an institution

Centre ) where M.Pneumoniae !ìras

to develop fever, bronchitis, or
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pneumonia if they had antibody (IF antibody on chick embryo

infected lung sections) to the organism on entry to Èrainitg,

than if they were antibody negative.

S]ightly later, in two trials with human volunteers, it was

observed that subjects with antibody before challenge \úere

much Iess likely to develop disease than those who \dere

antibody negative (Chanock et aI. , L96Ib).

In all these instances it could be argued that the antibody

detected in the Sera of subjects who were resistant, I^taS

merely a reflection of an underlying cellular immunity

which was not tested for at the time and which might have

been the effective immune factor in resistance to infection.

The situation is further complicated by the existence of

antibody in different immunological classes and with

different properties some directed against key epitopes of

the organism's antigen mosaic and influencing the infective

process, others directed against antigens not related to

protection.

Smith et aI. (1967) showed that on challenge of volunteers'

who ltrere previously inoculated ( intranasal and into the

throat) with ll.pneumoniae, the organism could still be

recovered despite the presence of high serum leveIs of

growth-inhibiting antibodies. In an earlier finding,

Grayston et aI. (1965) showed the persistence of the organism

several months after recovery from the illness in patients
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$¡ho were naturally inf ected with

findings suggest that the presence

not always prevent re-infection.

llt.pneumoniae. These

of serum antibodies may

In contrast, Brunner and his colleagues (1973)' using the

highly sensitive radioimmunoprecipitation technique, showed

that local IgA antibody levels correlated with resistance to

M.pneumoniae disease in vaccinees (intranasal inoculation

with ts 640 mutant of ll.pneumoniae) who were challenged with

a wild-type strain (PI 1428, passage 2). However, there was

no correlation of resistanee to disease with Serum

metabolic-inhibiting antibodies .

In a somewhat different context, although Biberfeld and

Sterner (1971) detected secretory IgA with specific antibody

activity in the sputa of patients with M.pneumoniae

infection, they also observed that the organism persisted in

the respiratory tract. A possible, though speculative

explanation for these seemingly contradictory observations

may lie in the nature of the secretory IgA (slgÀ). Secretory

IgA is not opsonic (Steele et aI., L974) and it does not

participate in the complement-mediated bactericidal reaction

(Tomasi, L976). Consequently, the action of the sIgA

antibody in the lung may be envisaged more as an efficient

blocking agent (due to its polyvalency) preventing

Ivl.pneumoniae f rom attaching to the bronchial epithelium.

The antibody coated organisms are expelled' though remaining

viable, by the mucocilary clearing mechanism and by reflex

coughing.



34

One simple way to study the role of humoral immunity during

an infection is to passively transfer antibodies to animals

and subsequently challenge with the organism. Thus, the

passive transfer of homologous serum antibodies into cattle'

pigs or mice has been shown to confer immunity to subsequent

challenge with M.mycoides ' M. suipneumoniae or M.pulmonis

respectively (see review by whitt'Iestone, L976)'

In these passive transfer of serum experiments, Taylor and

TayIor-Robinson (1g76) showed that convalescent sera from

M.pulmonis infected mice conferred protection to recipient

mice when challenged with the same strain of Ir{.puImonis.

Protection \^¡as indicated by a reduction in the number of

organisms and degree of lung lesions post-infection. As this

is in contrast to the findings of Brunner et al. (1973) and

Grayston et aI. (1965)' Taylor and Taylor-Robinson postulated

that the anti-Ivt.pulmonis antibodies competed with mycoplasma

receptors on lymphocytes and macrophages and hence prevented

host immune resPonse. In the absence of specific antibodiest

mycoplasmas have been shown to cap on the surface of infected

lymphocytes (Stanbridge and Weiss, 1978).

It is always difficult, with a multi component system as

complex as the immune system, to single out one particular

effective arm aS of major importance in resistance of

pathological change. As with decisions about the role of CMI

in pathobiology of M.pneumoniae infection, those in the role
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of antibody as a single factor are really not possible with

finality in man, but have to depend on animal experimentation

and model systems.
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CE.APTER 2.

2. THE LÀBORÀTORY DIAGNOSIS OF IIi.PNEUI¡tONIAE INFECTIOIÙ.

The purpose of this chapter is to give a brief overview of

the possible approaches to Iaboratory confirmation of

M.pneumoniae infection with particular emphasis on those

technical methods that are not dealt with in the introductory

sections of the later chapters dealing respectively, with the

culture of lvl.pneumoniae on cells (chapter 4), with the

detection of IgM specific antibody (chapter 5) and with

antigen capture as a direct diagnostic method with

respiratory secretions (chapter 6).

Before that, however, the question may be raised as to the

size and significance of the clinical problem that justifies

the laboratory diagnostic methods required and their further

development.

From the time of its recognition first as PAP' then as

Eaton Agent pneumonia it has been clear that M.pneumoniae

infection is an important, if periodrc cause of disease. The

earlier literature is well reviewed by Dingle & Jordan (1959)

who point out that it may be endemic or epidemic in both

civilian groups such as hospital personnel or families and

also in military populations, with an approximate incidence

in the latter of 10 per 1000 men per year during the peak

period of the l940rs; an incidence which was I0 times that of
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bacterial pneumonias. Attack rates of I5-20* have been

observed in small groups and in one study of multiple cases

in a familyr âIt attack rate of 35t was recorded-

Later in 196I, Chanock et aI. (I96Ia) found that of 238

marine recruits with atypical pneumonia, 16I (688) showed

antibody rise to Eaton agent. The antibody levels were

measured by the fluorescent antibody technique on infected

chick embryo lungs. In a different group of recruits, 282

(40/L44) of those with febrile bronchitis and upper

respiratory illness also showed similar antibody rise. This

study was conducted at the Marine Corps RecruiÈ Depot at

Parris Island.

More recently stilI, in excellent long term studies of

civilian populations, 1963-I975' of patients in a Group

Health Co-operative, Puget Sound, Seattle' USA, foy g!-4-

f ound that 15-20t of atI pneumonia Ì¡tas associated with

Ivl.pneumoniaer êS determined by isolation of the organism or

serological response. In the age group 5-14 years the rates

$¡ere twice those of the adults; in terms of population

incidence the rates \ârere I'2/L000/per year; the cycle of high

prevalence was at 6-7 year intervals; a rather longer period

than that reported by other workers (Foy et aI., L970, L973,

1979 r Foy, 1984 ) . Other studies (Fransen et al. ' 1969 )

record similar findings.
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While the disease Produced bY M.pneumoniae is PredominatelY

located in the lower respiratory tract, the upper respiratory

tract may also be involved and is perhaps colonised as a

first step in the entry of the organism into the body. Thus,

in a study of 763 adult patients with pharyngitis, Komaroff

et al. (1983) found that nearly llt of the grouP had a

fourfold increase in complement fixing antibodies to

M.pneumoniae; interestingly, the prevalence of StrePtococcus

pyogenes,

order.

a classical cause of pharyngitis, was of the same

attack rate of 6 cases,/100 children/yeat in the 2-4 year

group: M.pneumoniae was the commonest isolate in children

C1yde (1985a) in studies on a pediatric population over

period Lg64-75, found that about 282 of pneumonias in

1O-I9 year age group were caused bY !l.pneumoniae with

the 2-4 year age groupt it was also the com¡nonest cause

nonviral pneumonia.

In Adelaide, we have experienced two large Prevalences of the

disease, in L978/79 and L983/84 respectively. The first

prevalence was not at first recognised for what it wast

partly due to the limitations of diagnosis based on

serological response in the complement fixation test with a

Iipid extract antigen. (Further details are given in chapter

s).

the

the

an

a9e

in

of
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It is clear therefore that M.pneumoniae is an imPortant if

fluctuating cause of respiratory tract morbidity.

Furthermore, the clinical presentations of the infection

range from mild fever and a cough to severe complications

such as pneumonia. The clinical disease resembles that

caused by viruses (e.g., influenza) or certain bacteria (eg't

Legionella pneumophila). (With the latter, it has been

reported that patients with Legionnaires disease may show

significant antibody responses to M.pneumoniae (Grady and

Gilfitlan, IgTg), thus further complicating the specific

diagnosis of l{.pneumoniae infection) - Unlike true viral

pneumonl-a, M.pneumoniae infection can be effectively treated

with tetracycline or erythromycin (Foy et al., 1970). As the

organism is not sensitive to ampicillin the antibiotic of

first choice for bacterial pneumonia in general or hospital

practice the rapid and specific di-agno sis of M. l_ae

infection is consequently very important for chemotherapeutic

management.

It is appropriate at this point to quote from Foy and Allan

(Ig82) , ví2., ,,The most cogent reason f or f ailure to

recognize the importance of this agent is the lack of a rapid

diagnostic test. Specific diagnosis takes about three weeks

whether by isolation of the organism or by serology, and that

is too long to be of value to the clinician."

The laboratory diagnosis of ILf .pneumoniae inf ection is based

on the same three main approaches aS with other viral or

bacterial infections of the respiratory tract. Namely, (1)
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sputum or respiratory secretions can be examined directly for

cells !¡ith specific cytopathology or the elementary particles

or the antigen of the organism (2\ the mycoplasma can be

cultured from nasopharyngeal aspirates, Sputumr throat

washings, bronchial washings, lung or pleural fluid aspirates

or autopsy lung specimens as a method of diagnosis, and (3)

the patientrs acute and convalescent phase sera can be

examined for a specific antibody response-

2.1 Direct examination of specímens

The direct cytological examination of sputum has not played a

Iarge part in diagnosis of M.pneumoniae infection. Clyde

(1985b) notes that sputum from infected patients stained by

gram method, shows collections of polymorphonuclear

leucocytes as htith bacterial infections without a

dominant bacterial species (as would be found with gram

positive diplococci in, for example, pneumococcal pneumonia).

Electron microscopy of thin sections of the desquamated cells

in the respiratory Secretions shol,fs pymolic cells with

organelle damage and 'sunburstr arrays of mycoplasmas on the

ceII surface (Collier and Clyde, L9741. !{hile such Ell

examination is not a routine diagnostic method, t,he findings

suggest Èhat giemsa-stained or fluorochromed preparationsr âS

with tr{. suipneumoniae preparations f rom chronically inf ected

pig lurlg (Whittlestone, 1973 ) might yield some useful

information but the method has not been exploited. Such

direct cytological examination is likely to be insensitive

and to lack specificity.
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Attempts \i¡ere therefore made as long ago as L967 (Hers and

Masurel, 1967\ to detect antigen by immunofluorescence

examination of cell-s in sputum, and more recently antigen

capture methods have been developed (see introduction to

chapter 6 ) .

2.2 Culture of lí.pneumoniae

From an historical perspective, a variety of methods of

isolating the organism are available. The work of Eaton and

his colleagues showed that the organism could be isolated in

the mesobronchus of the chick embryo lung, after amniotic

inoculation, reaching quite high infectivity titres

(Eaton et aI., L944) even though suspensions of infected CE

Iung produced only rather unimpressive pneumonic lesions on

sub inoculation of CE lung suspension into cotton rats or

hamsters the first indicator system for the presence of the

organism. The organism also grows on cell sheets and strains

have been isolated in monkey kidney and other cell cultures

(Chanock et at., I960a; C1yde, 1963; Bayer et al., I98I and

introduction to chapter 4).

The growth of the organism on cell free, serum agar (Chanock

et al., L962a) was a considerable technical advance and

facilitated large scale research studies on the clinical

presentations and epidemiology of the disease as well as

providing diagnostic reagents such as complement fixing

antigen. However, even with the introduction of diphasic

medium (mycoplasma serum-glucose-broth overlaid on a

mycoplasma agar slope see Marmion, 1967 ) and subculture of
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the diphasic medium on to the plates of serum agar at 3-4 day

intervals, or when the diphasic medium showed acid formationt

the process not infrequently requires incubation of cultures

for I0-20 days before isolation and identification of the

organism is complete. ClearIy, such a time span while

acceptable for research purposes, makes culture of the

organism an ineffective measure for assisting case

management.

Isolates of M.pneumoniae obtained by direct inoculation of

serum agar plates or indirectly via diphasic medium present

irregularly shaped, granular and sometimes slightly mottled

colonies embedded in the agar. The colonies on Selîum agar

plates directly inoculated with the specimen may appear as if

they are outgrowths from cells or ceII debris in the sample.

The characteristic'fried-egg'colony seen with other

mycoplasmas, is rare on initial isolation of l'l.pneumoniae on

solid medium. Consequently, this and the small colony size

lead to some difficulty in identification; !l.pneumoniae

colonies require microscopic magnifications of between 40X to

10 0x.

Isolates of the organism can be identified by biological

properties (ability of the colonies to haemadsorb sheep or

guinea pig erythrocytesi fermentation of glucose to produce

acid; production of g-haemolysis and tetrazolium reduction

under aerobic conditions) or by serological identification
(IF staining of colonies; growth inhibition by the Clyde

(1964) disc inhibition test).
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Agar plates containing suspect colonies may be flooded with a

It sheep or guinea-pig erythrocyte suspension. M.pneumoniae

colonies haemadsorb whereas other mycoplasma species do not.

Alternatively, a 5E sheep blood agar suspension may be

overlaid on the agar plate which is then reincubated for I

2 days. B -haemolYsis

colonies.

is observed around M.Pneumoniae

Identification of the suspicious colonies may also be made

directly on agar plates by staining with specific antiserum

and immunofluorescent reagents (Del- Giudice et al., 1967).
b

These reagents require careful ardsorption with insolubilised

horse serum and yeast cells to cut down cross-reactions

between the antisera and medium components.

An evaluation of the diagnostic efficiency - as distinct from

the speed of culture of M.pneumoniae on cell free mediat

presents some problems in terms of the standard against which

it should be measured. The ctinical presentation of

M.pneumoniae infection resembles that of other viral or

bacterial- infections and does noÈ provide an absolute

standard. With viral infections the serological response of

the patient during the course of the illness provides the

most sensitive standard ('gold sÈandard') against which

cultural methods may be composed. Ivfost investigators have

used the complement fixation test to detect the patientrs

seroconversion; however, evidence from various directiOns

suggests that the CF test only detects about 60-70t of cases.

Comparison of culture against CF antibody response yields
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discrepancies in both culture positive/cF negative and cF

positive/culture negative directions. When due allowance is

made for this limitation of the data, it may be concluded

that culture is positive in about 65t of cases showing a CF

antibody conversion (Grayston et aI. , L969; Evans 9L4.'

:-967)ì the rates are somewhat lower in adult as compared with

pediatric populations (Foy et aI., I979).

The medium used by Chanock et al. (1962a) ' a PPLO agar

(Difco) with 2OZ of uninactivated horse serum and yeast

extract, commonly called Hayflick's medium, has held the

field for many years. Its sensitivity appears to be much the

same as the standard mycoplasma medium first described by

Edward. (L947) which also had additives such as calf thymus

nucleic acid (Lemcke, L965).

In 1983, a modification of the New York City (laboratory)

medium, originally devised for culture of gonococci r vras
Succ'egîõr

advanced (Granato et aI.' 1983) as a more

to Hayflickrs medium, but experience has

claim (see chapter 4).

effective sr*e€ees

not confirmed this

À more promising improvement of Hayflick's medium is based on

the use of the fluid medium CI{RL 1066 originally devised to

grovr mammalian cells in culture. This complex medium

contains a wide variety of metabolic precursorsr co-enzymest

cholesterol and trace elements. It was used by Tully and

colleagues (TuIly et al. , 1-977) to grortt spiroplasmas in

culture and subsequently applied to the culture of
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M. genitalium (a highlY fastidious

The medium is used as anM.pneumoniae.

as with disphasic broth with subculture

medium in plates and evidence so far suggests

effective than Hayflick's medium (see Tully

198I and introduction to chapter 4)-

mycoplasma) and

enrichment medium -
orlo
ârì+ Hayf lick' s

that it is more

et aI., L979,

2.3 Serodiaqnosis of l{. Infection

Eaton and his colleagues (Eaton et aI. , L944) showed that PAP

patients developed an antibody which would neutralise the

capacity of infected chick embryo lung suspensions to produce

pneumonia in hamsters or cotton rats. This exacting and

technically laborious approach was displaced by the elegant

method of Liu, Eaton, HeyI and other colleagues in 1959 (Liu

et aI. , 1959 ) .

These worker.s used an indirect fluorescent antibody technique

with frozen sections of infected chick embryo lung overlaid

with acute or convalescent phase Serum from PAP patientsr or

rabbit antisera prepared against the organism and shown to

neutralise it in the CE lung hamster,/cotton rat system.

The test vfas used to measure M.pneumg4¿eq antibody in many

laboratories in the earlY 1960rs.

Although it Î^ras Èhe most sensitive assay compared with other

methods such as indirect haemagglutination, complement

fixation or inhibition of tetrazolium-reduction

(Taylor-Robinson et aI., 1966), it was still technically

demanding and laborious to perform, even if simpler than the
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original method of Eaton et aI. , l-944. Its high sensitivity

may be explained bY the use of M.pneumoniae organisms in a

Iiving tissue, rather than agar-adapted strains. The

circumstances of this assay are tikely to detect aII the

antigenic determinants of the organism, ês the system

resembles the natural environment of the organism in the

respiratory tract.

Once M.pneumoniae had been grown in ceII free medium and in

horse serum broth in particular, the !{ay was open to replace

Liur s IF method with the convenient complement fixation test

for antibody.

The first application of the CF test for M.Pneumoniae

antibody was reported by Chanock g!3!. (I962b). The crude

complement f ixing antigen l^tas treated wiÈh 0.5t phenol, to

reduce anti-complementary activity. Fresh suspensions of

Iive or boiled organisms were found to have high

anti-complementary activity. The preparation of this

complement fixing antigen was later improved and its

composition identified as a glycolipid by Marmion et al.

(1967), Lemcke et aI. (1968), and Plackett g!3!. (1969).

The glycolipids are obtained by chloroform-methanol

extraction of the organism and after dispersal in CFT buffer

in mixed micelle form are high-titre, CF antigens free from

anticomplementary activity. Such 'Iipidr antigens do not

have, hornrever, the 160-180rOO0 dalton foot protein against

which a major part of the host's serological response is

directed.



47

The CF test is not only limited in its overall sensitivity

but is also restricted in terms of the immunoglobulin classes

(IgM and principally IgG) that it. can measure. Conseguently

many other serological tests have been pressed into service

to measure the patientrs serological response to infection.

These techniques include radioimmunoassay (RIA) with

endogenously or exogenously tabelled antigenr enzyme

immunoassay (EIA), indirect haemagglutination (IHÀ) and

methods unique to mycoplasmas (as distinct from bacteria) and

depending on the inhibition of growth or metabolism of

M.pneumoniae (rMetabolic inhibitionr i rtetrazolium reduction

inhibitionr i I growth inhibition' ) .

The matter of RIÀ, EIA & IHA is considered at greater length

in chapters 5 and 6. The growth and metabolic inhibition

tests are described here for the sake of completeness.

2.4 Tetrazoliun Reduction Inhibition (TRI) test for

.l

ll.pneumoniae a¡rtibody

The TRI test is based on the inhibition of the reduction by

¡4. neumoniae of the colourless compound lriphenyltetrazolium
' ì...

o(-rhâzaY\ In the presence of specific antíbody,to a red

the growth of the organism is inhibited and hence the

diazonium compound is not reduced. However, the TRI test

cannot be used to measure antibodies in haemolysed serum

ê9., samples from small children.
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2.5 Metabo]-ic Inhibition (UI) test for tl.pneu¡noniae

antibody

The MI test is similar to the TRI test except that in t'he

presence of specific antibody the acid production of the

organism is inhibited (Taylor-Robinson et aI.' 1966) This

test cannot þe applied with sera from patients who have been

treated with antibiotics which will inhibit the growth of

this organism. Moreover, like the TRI test it requires

viable organisms and prolonged assay time. Hence the TRI

and the IvlI tests cannot be utilized as rapid methods for

antibody detection. By the nature of these two tests' only

antibodies directed against the surface determinants of the

organism are measured.



49

CE.APTER 3.

3. ITATERIALS AND METHODS GEIIER.àL

3 - l llycoplasma pnerunoniae antigen

This antigen was used for sensitizing sheep erythrocytesr âS

the antigen layer in the enzyme immunoassay for IgM detection

or for immunization. M.pneumoniae organisms (freeze-dried)

were obtained from WeIlcome Diagnostics. The organisms were

resuspended in 2 ml PBS and sonicated at 4oC in a Branson

Sonifier for 10 min with two I-minute cooling intervals. This

sonicate was then used at 1:10 dilution to sensitize tanned

sheep red blood cells (SRBC) in the indirect

haemagglutination testt oÊ I:30 in the solid-phase indirect

enzyme immunoassay for IgM specific antibodies.

3.2 CeÌI cultures

Human fibroblasts and HeLa 229 cells were propagated in CMRL

1969 medium with I08 foetal calf serum and ampicillin (200

ug,/mt ) . These two ceII types were f ree f rom contaminant

mycoplasmas and $Iere regularly checked for the presence of

contaminants by the Hoechst fluorochrome dye 33258

(Bisbenzimide, Calbiochem) (HessIing et aI.' 1980) and by

standãrd aerobic and anaerobic culture for mycoplasmas.
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3.3 Ittycoplasma aqar and diphasic media

Mycoplasma agar medium (ft agar, w/v) was prepared in 50 mm

diameter petri dishes as described in Cruickshank et aI.

(1975). The diphasic medium was prepared by the addition of

2 mI of the CMRL 1969/HS medium (see section 3.5) to a

mycoplasma agar slant in an 'egg' bottle.

3.4 Sloppy agar medir¡m

The composition of this was similar to the mycoplasma agar

medium except that 0.29 (w/v) agar was used.

3.5 CIIRL L969/HS nedir¡m with cells

This was prepared by growing HeLa 229 cells (txtO5,/mt), in a

volume of 2 mlr oIì nitric acid-washed glass coverslips.

After overnight incubation (gZoC) the cell culture medium was

replaced with 2 mr of CMRL 1969 base medium (witn 20 mM

H.E.P.E.S. ) supplemented with:

Horse serum 20t^

Yeast extract 2\

Cycloheximide I ugrlml

Thallium acetate O.tt

Ampicillin 200 ug/mI

3.6 Rabbit anti-Dt.pneumoniae

This was made by immunizing rabbits with M.pneumoniae

organisms (Wellcome Diagnostics). The primary dose was a I:I

mixture of incomplete Freundr s adjuvant and Ivl.pneumoniae

organisms (resuspended in I mI PBS). It was injected in equal

volumes on both hind thigh muscle. After 2 months, two
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injection, 0.5 mI

intravenously. Five

cardiac puncture and
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of half the primary dose lvere gl-ven

two weeks. One week after the third

of the M.pneumoniae organisms was given

days later the rabbit was sacrificed by

the antiserum obtained.

As the M.pneumoniae organisms $¡ere grown Ln pag serum

(WeIlcome Diagnostics), sheep erythrocytes sensitized (as in

section 5 . 3 . A) with normal pig serum ( 10 ug,/mt of protein )

were used to check for any antibodies directed against pig

serum components. The rabbit antí-M.pneumoniae sera did not

have any píg serum antibodies (titre 4).

When this rabbit antiserum (conjugated with FITC' see section

3.7) hras used to stain HeLa 229 cells infected with the

reference FH-Liu strain of ttt.pneumoniae, there was a specific

4* fluorescence observed on these infected cells-

3.7 Coniuqation of fluorescein isothiocyanate (FITC) to

rabbit ant.i-ll. pneunoniae

The conjugation process was that described by Nairn, L976,

with minor modifications. The rabbit serum or antiserum was

precipitated twice in 35t saturated ammonium sulphate and

extensively dialysed againsÈ PBS. After conjugation, the free

dye was separated in a G200 Sephadex column. Only the

conjugated IgG fractions htere collected and concentrated by

vacuum dialysis in 0.0I¡4 PBS. A typical curve of the G200

fractions is shown in Figure 3.1. The concentrate !úas then

passed through DEAE-52 column to obtain uniformly labell-ed



FIGURE 3.I

Sephadex c200 Fractionation of rabbit anti-Dl-pneumoniae serum
after labelling with FITC.

F{

ts{
Absorban"" E2gO (protein)

Absorban"" 8495 (FITC)

fn this particular separation, fractions 16 to 40 were pooled
and vacuum dialysed against PBS, pH 7.2 before further
fractionation on DEAE 52 dextran to obtain uniformly labelled
antibodies.

The G200 Sephadex column was 24 cm high, with a void volume
of 35m1 and a bed volume of 120m1. The void volume was
discarded before the first fraction was collected and
measured for protein/rrlC absorbance.

Each fraction was ImI and the column was eluted with PBS, pH
7 -2.
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antibodies. The elute from this latter separation was also

concentrated by vacuum dialysis, to a volume approximately

that of the starting serum. Aliquots of Èhis was then Stored

at -20C. Occasionally, before use each time, Èhe

FITC-anti-l{.pneumoniae was centrifuged at 11000g for I0 min

to remove free FITC aggregates.

3.8 Production of monoclonal anÈibodies

3.8.4 Preparation of immune spleen lymphocytes

3.8.4.i Immunization

M.pneumoniae antigen (Wellcome Diagnostics, N.S.W. t

Australia) in a volume of 0.5 m] - was mixed with an equal

volume of incomplete Freundtrs adjuvant and then injected

intraperitoneally into two BALB/c mice. On the previous day

0.5 ml of blood was bled from the retro-orbital plexus of the

mouse. This \das to test the M.pneumoniae antibody titre of

the preimmune sera by the indirect haemagglutination test

the same assay used for screening t'l.pneumoniae hybridoma

antibodies. One week later 0.5 ml of the Þl.pneumoniae

antigen in normal saline was given intraperitoneally. The

final immunization dose (0.2 mI in normal saline) was given

intravenously a further four days later. Three days after

the third immunization, 0.5 mI of blood !úas obÈained for

M.pneumoniae antibody titres. The spleens from the two mice
q

removed and placed inwere then

containing 10 mI RPII{I 1640 base medium.

a petri dish
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3-8.À.ii Immune lYmPhocYtes

The spleens were each teased, with a sterile scalpel blade,

to obtain fine cell clumps. The spleen cells were then

pelleted at 6009 for 5 min/Rt. The red celts li¡ere then lysed

with haemolytic Gey's solution according to Cruickshank et

aI. (1975) and r^rere washed twice with RPMI 1640 base medium

before fusion with the mouse myeloma ceII line.

3.8.8 Fusion of mveloma cells with immune spleen cells

The mouse myeloma cell line used $ras P3x63 À98. Only

logarithmic phase cultures of the myeloma cells were used for

fusion, and this was a gift from Dr. L. Ashman. The washed

myeloma cells (1x107) were mixed with the immune spleen cells

(txto8) and then centrifuged at 30Og/Smin,/nr' The supernate

was removed carefully and the cell pellet then immersed in a

37oC water bath. To the ceLl pellet !ì¡as added 1ml of warm

(¡ZoC) 50t polyethylene Glycol (I.{W4O0O, ¡rlERCK) over a Period

of I minute, with occasional gentle mixing of the cells.

After addiÈion of the PEG, the cell mixture was stirred

gently by swirling in the water bath for an additional

minute. To the mixture, I mI of Pre-I^Iarmed RPMI 1640 base

medium was gently added over I min. The aim \ùas to dilute

the PEG without celt lysisr âs at the fusion state the

hybridized cells are least stable.

Fina1ly, 9 ml of the pre-warmed base medium was gently added

over 2 min., wittr continuous swirling of the tube containing

the cells. The ceIl suspension was then centrifuged at

60og/Sminr/nf. The supernate v¡as discarded and 10 mI of
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pre-warmed RPI\,II 164O QOZ FCS ) was used to resuspend the

cells gently to obtain a suspension of fine cell clumps. A

further 30 mI of pre-warmed RPI\'II 1640 medium (witfr HÀT and

2OZ FCS) \À7as then added and about I ml aliquots of the ceII

suspension then added to COSTAR 24-we11 plates. These plates

contained about I mI of RPMI t64O (with HÀT and 20t FCS)

conditioned by incubation of normal spleen cells (red cell

depleted) at a concentration of IxI07,/wel]. The condiÈioned

growthmediuml¡IaSpreparedthedaybeforethefusionofthe

immune spleen cel1s with the myeloma ceIIs. Cultures $tere

all incubated in a CO, (7t)-in-air incubator.

3.8.C HÀT selection of hYbrid celIs

To select for the myeloma: spleen cell hybrid, aminopterin

hras used to block the de novo biosynthesis of purines and

pyrimidines. In order for the hybridized cells to survive in

the presence of aminopterin, an exogenous source of

hypoxanthine and thymidine was incorporated into the

hybridized cell culture medium. As the myeloma cells are

8-azaguanine resistant and hence lack the

hypoxanthine-guanine-phosphoribosylÈransferase (HGPRTase )

enzyme required in the salvage pathways for nucleotide

biosynthesis, fused cells of myeloma: myeloma cells would not

grohr in the HAT medium, as de novo nucleotide synthesis is

blocked. In the hybridomas (fused myeloma: spleen ceII) the

HGPRTase is provided by the spleen cell, and hence it can use

the exogenous source of hypoxanthine and thymidine. The

components of the HAT medium were: 1O-2U Hypoxant'hine,

-R -?4xl0-f,tr,t Aminopterin and 1.6xI0-'M Thymidine. Stock solutions
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of HT and HAT media were made at l00X concentration and

stored at -20oC. Aliquots of either HAT and HT (without

aminopterin) medium were added to the RPMI 1640 medium on the

day of use.

3.8.D Screening for hybridomas secreting M.pneumoniae

antibodies

On days 2, 4, 6, 9 and 11, half the medium from each well was

replaced with fresh RPMI 1640 (witfr HAT and IOt FCS). One

week afÈer fusion, the culture well-s were examined under

phase contrast microscopy for hybridoma colonies. The

culture fluid from those wells containing hybridoma colonies

were tested for antibodies to t'l.pneumoniae by the indirect

haemagglutination test (see section 5.3). The starting

dilution of. the culture fluid was 1-z2. The hybridoma

colonies from those wetls which showed specific antibody

titre >4 were transferred to another COSTAR 24 well plate

containing feeder cells ( spleen ceIls ) at lxI07/weIl- in RPFII

1640 without aminopterin, but with hypoxanÈhine and

thymidine. This transfer to a new plate was to expand the

hybridoma for storage in liquid nitrogen and cloning.

3.8-E Hybridoma cloning

Hybridoma colonies that r¡tere expanded in the second lot of

COSTAR 24 well plates, and which were still secreting

Þl.pneumoniae antibodies were further expanded in 25cm2 tissue

culture flasks. From these flasks the hybridomas were frozen

and stored in liquid nitrogen. These were called the master

colonies. Cloning of these colonies were done by limiting
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dilution in 96 well microtitre tissue culture plates (NUNC'

Cat. No. 167008) containing feeder celIs (txtO5/welI). The

limiting dilutions were made such as to seed one third of the

microtitre plate wittr 5 hybridomas,/welI, the next with I

hybridoma/well and the final part with 0.5 ceIIs,/wel1.

Wetls that appeared to be monoclonal \dere transferred

separately to each wel-I of a COSTAR 24-we11 plate containing

IxI07 f eeder cells,/well. When the colonies had grov¡n up to

fitl the base of the COSTAR plate wel1, they \{ere then

transferred to 25cm2 tissue culture flasks. The hybridomas

from each of the flasks were further expanded for storage in

Iiquid nitrogen and antibody production by growth in the

peritoneal cavities of BALB/e mice.

3.8.F Antibody production ascitic fluid

The hybridomas $¡ere injected (2xI06 - txtOT) in a volume of I

ml- into the peritoneal cavity of BÞ'LB/c mice. After about L2

days, or whenever the mice showed undue discomfort, they $¡ere

sacrificed by cervical dislocation and the ascitic fluid

obtained from the peritoneal cavity by reflecting back the

outer abdominal skin. These ascitic fluid - containing the

specif ic antibodies vrrere clarif ied by spinning at

I 5 0 09/1Omin/4oc .
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3-9 Viable counts for t{.pner¡noniae co]-ony foming units

(CFU)

In order to estimate the

phase culture or in

nasopharyngeal aspirate,

1/100 - of the culture

medium (without serum) .

number of M.pneumoniae CFU

an artificially infected

Èhree dilutions at I/I0,

(or NPA) were made in CMRL

in a log

negative

L/50 and

1969 base

Fifty microliters of each of these dilutions were then plated

on Hayflick serum agar plates and spread evenly with a bent

Pasteur pipette. These plates were incubated for 7 days and

the number of colonies counÈed. As a guide for counting

these colonies, a similar size petri dish - with marked grid
tsquares (4mm') - was superimposed on the Hayflick agar plate.

The average number of CFU of the culture (or NPA) was then

calculated, and expressed as CFU/unit volume.

3.10 Strain of ltycoplasma pneumoniae (CA. Passage 2)

The strain of ¡{.pneumoniae used for the experiments in this

thesis hras an isolate obtained from the nasopharyngeal

aspirate of a child who present.ed with signs and symptoms of

respiratory tract infection. The sera from this patient (CA)

demonstrated a four-fold rise in complement fixing and

specific IgM ant.ibodies to l{.pneumoniae This isolat'e was

initially made in the conventional Hayflick diphasic medium'

passaged once in Hayflick serum agar and then maintained in

the HeLa 229 ceII culture system.
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Colonies of this isolate, when fixed by the hot water

transfer method of Clark et aI. (196I) ' and stained by the

indirect immunofluorescent technique, gave 4+ fluorescence.

The reference antiSerum used for this fluorescent staining

was raised against the FH-Liu strain of l'l.pneumoniae

(National Institute of AIIergy and Infectious Diseases,

Bethesda ) .

3.ll Haemadsorption of Dt.pneunoniae colonies

The presump tive identification of !l.pneumoniae colonies

cultured from clinical specimens - was done by flooding the

mycoplasma agar plate with It v/v of fresh sheep erythrocytes

in PBS. The plate was then incubated for 30 min,/37oC and

then washed gently with PBS to remove unadsorbed

erythrocytes. The M.pneumoniae colonies covered with the

erythrocytes would be seen under the microscope with low

po!{er magnificatíon (Figure 3.2b).

3.L2 Complenent Pixation Test

The Complement Fixation Test was essentially Èhat described

by Bradstreet and Taylor (1-962), excepÈ that four units of

the M.pneumoniae antigen Ichloroform-methanol extractt

Commonwealth Serum Laboratories, Parkville, Australia, (see

Marmion et aI., 1967ll were used with three units of

complement and the fixation process !ilas allowed to proceed

overnight at 4oC. This test was done in the Virus Serotogy

Laboratory, Division of lt{edical Virology, Institute of

Medical and Veterinary Science, Adel-aide.



FIGURE 3.2a

Ivl.pneumoni-ae colonies observed in the serum-agar plates after
subculture from the inoculated cel-1 coverslip preparation.
These colonies were observed on day I after the subculture-

X100 Magni-f ication.

FIGURE 3.2b

Haemadsorption
erythrocytes.

of M.pneumoniae colonies by 1t sheep

X100 Magnification.
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FIGURE 3.2c

Hot-water transferred
' F I TC-ant i -I't . pneumoni ae
from serümã@frllãE&
coverslip preparation
nasopharyngeal aspirate.

X250 Magnification.

Ir{.pneumoniae colonies stained
serum. These co loni-es were
which t^tere subcultured from

previously inoculated

wíth the
isolated
the ceIl
with a
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CH.APTER 4.

4 USE OF CULTTTRES OF CULTURED HUI,IAN CELLS FOR THE

ISOLATION OF U.PNEUI{OI{IAE FROI{ CLINICAL SPECIII{ENS.

4.1 Introduction and Background to ceII and cell-free

culture of M.pneunoniae

As described in section 1, M.pneumoniae was first gro$rn in

the respiratory tract of chick embryos and its presence

there detected by subinoculation of material into hamsters or

cotton rats by the intranasal router or, somewhat later, bY

immunofluorescence on frozen sections of infected chick

embryo lung (Eaton et aI., 1944; Liu et al.r 1959). The use

of chick embryos as a culture medium was followed by the use

of cell eulture when the orgranism still thought to be a

virus was adapted to growth in monkey kidney (Chanock et'

g.' 1960a) and other cells (chick kidney and HEp-2) for the

preparation of inocula for experiments to produce respiratory

disease in voÌunteers (Chanock et a1., I961b). These trials'

and laboratory experiments in which ceI1 culture material was

subinoculated j-nto chick embryos, established that the

organism multiplied in ceII culture. Indeed, during this
process a claim was made to have demonstrated an reclipse

r".techv.\,.
phase' inlee++'je+V in ceII cul-ture characteristic of viral

replication (Chanock et al., 1960a).
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Vùith the recognition by Ì"larmion and Goodburn ( f 96I) that

Eaton Agent was probably a mycoplasma, Clyde used the

indirect immunofluorescent test to demonstrate growth of the

organism in rhesus monkey kidney ceIl cultures inoculated

with infectious material from chicken embryos (clyde, I963).

He also demonstrated, bY giemsa staining, single

coccobacillary bodies and colonies of the organism growing on

the surface of the ce]1 sheet findings corresponding to

those at the surface of the chick embryo mesobronchial lining

cells described by Marmion and Goodburn (f961).

The culture of the mycoplasma in cell-free media by Chanock

et aI. , I962a, soon overshadowed these early uses of

cell-sheets as eulture substrates. Initiatly at least the

use of plates of Serum agar or diphasic media seemed much

more straightforward than ceI1 culture and in line with

standard techniques used for other human or animal

mycoplasmas.

The ce]I-free medium commonly used for culture of

M.pneumoniae is comrnonly referred to as 'Hayf lickr s medium'

or TPPLO agar'. Basically, it consists of 20t uninactivated

horse serum, yeast extract and a rich nutrient agar base such

as beef heart infusion. The horse serum provides a Source of

cholesterol needed by the mycoplasmas. Although the yeast

extract is an essential medium component, its specific

nutritional role is still not clear (Ry]ance et af., 1979).
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The formula (see general Materials and lltethods) may be varied

to give liquid and solid phases or different concentrations

of agar may be added to obtain a semi-solid medium-

In order to obtain optimal growth on Hayflick's medium, care

has to be taken with the choice of the various components, in

particular the yeast extract and horse serum. The latter may

be toxic or inhibitory for growth of the organism due

possibly to the presence of cross-reacting antibodies or

other factors. To overcome this potential problem some

workers have reported the successful use of agamma horse

serum (Baernstein and Quilligan, I963).

There is no specific brand of yeast extract to use and in the

author's experience successful cultures have been made with

extracts from a baker's yeast purchased from the local store

and then prepared according to the method of Hers (see

l4armion , L967') .

One drawback to the use of cell-free medium is the long

incubation period that may be required before col-onies are

obtained that can be identified as M.pneumoniae.

Conventionally, a specimen to be cultured for ll.Pneumoniae

will- be inoculated into a diphasic medium (an agar slant

Iayered with brothi see Marmion, L9671 and this is

subcultured onto serum-agar plates at regular intervals. The

subcultures and the incubation of the subinoculated agar

plates may need to continue for up to 3 weeks from the

initial inoculation of the specimen into diphasic medium.
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Thus, Grayston g!ê., 1965 have shown that in söme instances

the whole process may take up to 6 weeks. A prolonged

culture period of this sort may be acceptable as part of a

research investigation of the aetiology of respiratory

disease but is of little value in routine laboratory

diagnosis and case managrement. Ivloreover, during the

prolonged period of incubation of the plates, the risk of

bacterial overgrowth from the oral flora is increased and

also the possibility of fungal contamination around the edges

of the agar plates.

Although M.pneumoniae wiII gro$¡ when inoculated directly onto

serum agar plates, its isolation from clinical specimens is

significantly improved by the initial inoculation into the

diphasic medium and subculture onto agar plates. Thus, for

example, Craven and co-workers (L976) obtained 89 positive

isolates from l-494 throat swabs taken from (adult) patients

with respiratory infections; 47* rrere positive on both direct

plates and in diphasic medium, and a further 44ï were

positive via diphasic medium only.

The frequency with which lvl.pneumoniae can be cultured from

the respiratory secretions of suspected or proven cases of

infection also Iimits the use of culture as a diagnostic

measure. Workers in Seattle (Grayston È3!.r 1965) in a

series of clinical-laboratory studies showed that only 65t of

patients with serological evidence of infection with

l{.pneumoniae yielded a positive culture. Rates of isolation

were higher in the age group (5-14 yr) than adults. Such
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comparisons are further complicated by the observation that

of the culture positives, only 588 showed evidence of

infection by development of complement-fixing antibody.

Consequently, it is d.ifficult to choose an absolute standard

against which to compare a culture method. Probably this has

to be the serologically proven case' tested both by culture

and collection of acute and convalescent phase sera.

However, ideally the antibody tests need to be ones e9. r

metabolic inhibition, indirect haemagglutination,

immunofluorescence on chick embryo lung sections that are

more sensitive than the complement-fixation testi such

comparisons have rarely been done.

Various efforts have been made to improve the standard

Hayflick medium. Granato g!3!., (1983)' used a modification

of the New York City medium (MNYC) originally formulated to

improve the Thayer-Iviartin medium f or the recovery of

Neisseria gonorrhoeae. In this medium agalnma horse serum was

substituted for whole horse serum in the agar plates used for

subculturing from Hayflick-type diphasic medium inoculated

with the specimens. These workers claimed that inoculation

of the I\,INYC agar plates gave an earlier aPPearance and a

larger number of M.pneumoniae colonies than did plates of

Hayflick's medium. Thus, of the 196 M.pneumoni4e isolates

obtained in their clinical Èrial, 87t were recovered on MNYC

agar plates within 3 days of incubation. The pharyngeal

swabs, from which M.pneumoniae was recovered, had previously

been incubated in a PPLO glucose broth (similar in

composition Èo the Hayflick medium), from which a subculture
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was made onto the MNYC agar plates. The trial was not

therefore a straight comparison between two different mediat

but complicated by the initial selection of organisms in the

fluid medium.

Other hrorkers (Dorman et aI., 1982), and ourselves have found

littIe difference between the sensitivity of Hayflick and

MNYC medium for the isoLation of Þl.pneumoniae.

Another approach has been to enrich ce11-free media for

culture of M.pneumoniae with the complex media developed for

culture of eukaryotic celIs. Tully and his colleagues (1977)

devised a medium (SP-4) r^tith high concentrations of CMRL 1066

celt culture medium as a major ingredient for the growth of

fastidious spiroplasmas. CMRL 1066 medium contains

twenty-one different amino acids, a number of vitamins,

cholesterol, nucleosides, nucleotides and coenzymes. It also

contained a mycoplasma broth base, two types of yeast extract

and foetal calf serum.

After the success with cultivation of spiroplasmas (Tully et

g!., L977 ) the medium was used to test throat washings from

military recruits participating in an l{.pneumoniae vaccine

programme. Tests on samples that had previously been

cultured on Hayflick medium with negative results gave 34.5t

positive on SP-4 medium (TuIIy gLê. , J-9791 . This

impressive result was reinforced by the successful culture of

14. genitalium, a new fastidious mycoplasma, on the sa.me medium
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(Tully et a1., I98I). Consequently, SP-4 must be included

any comparison of culture methods fo

compared in section 4.4.4 and 4.4.8.

r l'l.pneumoniae. This

More recently Bayer et al. ( 1981) used indirect

immunofluorescence to detect the presence of l{.pneumoniae

organisms in a cell line (HeLa) inoculated with cerebrospinal

fluid and buffy-coat layer of blood from a patient with a

!l.pneumoniae-related neurological syndrome. The HeLa celIs,

inoculated with the specimen, hrere cultured in a conventional

ce1l cuÌture medium (Eag1e's ¡'lE¡4) supplemented with IOt

foetal bovine serum. Although the organism was detected by

positive immunofluorescence on the cell sheet, it failed to

grow on subinoculation into Hayflick serum agar plates. It

is known that some mycoplasma may be better adapted to growth

on a eukaryotic celt surface than in cell--free media. For

example there are reports of 'non-cultivabler mycoplasmas

from contaminated tissue cultures (Hopps et al., 1973).

The use of immunofluorescence to detect for ll.pneumoniae in

inoculated monkey kidney ce1Is (grown on coverslips) was

attempted as early as 1960 by Chanock g!3!. ( I960a) .

However, somewhat surprisingfy specific antigen htas not

observed by these workers, even though the antibody

containing human serum they were using as a reagent, reacted

well on frozen sections of infected CE lung. Howeverr âs

stated earlier, Clyde (1963) obtained clear cut results in a

similar system and was able to demonstrate sma1l colonies and

single organisms on the cell sheet.

l-n

l-s
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In the light of the problems particularly the slowness of

culture - with the Hayflick cell-free medium and of the early

experience with mammalian celI cultures, taken together with

the report of Bayer et al., 1981, it \das decided to

re-investigate the use of sheets of animal cells in culture

as a substrate for the growth of l,l.pneumoniae. The presence

of the organism would be detected by immunofluorescence and

confirmed by subculture of the inoculated ceIls onto Hayflick

serum agar.

This section of the thesis describes some initial experiments

on the sensitivity of the methodr'the results obtained in the

examination of a large number of specimens from patients

during a prevalence of M.pneumoniae infection, a comparison

of monoclonal anti-Ir4. pneumoniae ( mouse ) with polyclonal

anti-M.pneumoniae (rabbit) for the detection of the organism

in the cell culture system and comparison with the SP-4

medium.

4.2 llaterial & ltethods

4.2.A CeIl layer for Specimen Inoculation

The cell layers from various strains or lines of cells free

f rom contaminant mycoplasmas IrIere prepared by inoculating

1x105 cel-ls in 2.0 mI volume into a disposable, flat-botÈom

ptastic vial (diameter 2 cm¡ height 4 cm) containing a round

I.2 cm glass coverstip (previously washed in concentrated

nitric acid, extensively rinsed and flamed after dipping in

methanol). The cell coverslip layer was then incubated with a
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fluid phase of CIURL 1969 with IQt foçtal calf serum plus

ampicitlin (200 ugrlml). After overnight incubation the medium

was replaced with ClvIRL L969/HS medium (see general t"laterials

and ltethods, section 3.5) before inoculation of specimen or

test material.

4.2.8 Detection of M.pneumoniae by FlTC-anti-M-pneumoniae

The coverslip from one of the two inoculated ceII coverslips

was washed in PBS, air-dried and then fixed onto a microscope

slide with clear nail varnish (Cutex). This particular

adhesive was used as it did not autofluoresce. The coverslip

was separated into two halves witfr a diamond-tipped marker.

One half r{as stained with a t: l0 dilution of rabbit

FlTC-anti-M.pneumoniae a dilution previously found to give

optimal, specific staining without background staining. As a

control, a 1:10 dilution of the FITC-labelIed preimmunisation

serum from the Same rabbit v¡as used to stain the other half

of the coverslip. (Both sera had been absorbed previously

with HeLa 22g cells, overnight at ¿oC). The slides $¡ere then

incubated for 20 min/37oC in a humid chamber and then washed

for 5 min in one change of PBS. After draining away excess

buf f er, the slides were mounted in 90t glycerol in 0.051't

Tris,/0.01M PBS, pH 8.6. The slides \dere then viewed under a

fluorescent microscope (Zeiss) equipped with a blue

excitation filter (BP 450-490) and barrier filter (r,p 520). A

specimen was considered positive if the cells, stained with

FITC-anti-M.pneumoniae showed fluorescence around their

membrane or where clusters of punctate fluorescence

(Þl.pneumoniae colonies) were observed (Figures 4.la & 4.Ib).



FIGURE 4.Ia

M.pneumoniae infected HeLa229
FITC-anti-M. pneumon :Lae serum.
bright, green fluorescence
autofluoresce as a dul1, brown colour

X400 Magnification.

FIGURE 4.]-b

Clusters of M.pneumoniae elementary bodies
punctate source-s of fluorescence. The unstained
the centre was due to a HeLa229 cell that
dislodged from the glass coverslip during
processes when it was stained w-ith the labelled

X400 Magnification.

cells stained with the
The infected cells stain as
and the uninfected ce1I

staining as
void area in

was probably
the washing

anti serum.
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4.2.C Subculture of M. pneumoniae onto agar Plates.

The second inoculated coverslip, from the ceII-coverslip

preparations, was placed cell side downr oD a mycoplasma agar

plate. Vühen most of the medium had been absorbed into the

agar, the coverslip was removed aseptically. The plates were

then incubated aerobically for up to 2 weeks and observed

regularly for growth of M.pneumoniae. Suspicious colonies of

M.pneumoniae hrere identified presumptively by their ability

to haemadsorb sheep erythrocytes (lt v/v); their identity was

confirmed by specific fluorescent staining with rabbit

FITC-anti-M.pneumoniae on hot water transfers of the colonies

in the agar block to a glass slide (Clark et al.' 196I).

4.2.D Hoechst Fluorochrome Stain

The stain for contaminant mycoplasmas in the substrate cells

was similar to that described by Hessling et aL. (1980). The

dye concentration for use was obtained from a previous

chessboard titration, using a cell line (r'Hel,a T") known to

be inf ected with t'lycoplasma f aucium ( Figure 4 .2b) . The

optimal concentration chosen was that which gave the least

celI cytoplasmic fluorescence and the brightest fluorescence

of the contaminant mycoplasmas on the ceI1 membranes or

coverslip surface. The stained cells were viewed with a

Zeiss incident fluorescent microscope equipped with an

ultraviolet G365 exciter filter and a LP420 barrier filter.



FIGURE 4.2A

HeLa229 cells stained with Hoechst fluorochrome 33258,
showing only nuclear fluorescence and no extracellular
contamj-nating mycoplasmas .

X4 0 0 l4agnif ication .

FTGURE 4.2b

lasma faucium)HeLa T cells (contaminated with
with Hoechst fluorochrome 3325 S ng ot

stained
nuclear

fluorescence and the contaminating mycoplasmas as
extracellular fibrous fluorescing elementary bodies.

X400 Magnifícation.
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4.2.8 Irradiation of HeLa cells

This was kindly performed by the Radiotherapy Department,

Royal Adelaide Hospital. After irradiation (4000 rads), the

cells hrere seeded into coverslip vials as described in

section 4.2.A.

4.3 Results

4.3.À Growth of lf.pneumoniae in Cell Culture

Preliminary experiments vrere performed to compare various

cell strains and lines and their ability to grow

M.pneumoniae, with the Hayflick mycoplasma agar. Although

Clyde ( 1963 ) grew the organism in primary monkey kidney

cells, this primary cell type was not included in these

preliminary experiments because the intention was to select a

cell line that is readily available and easily maintained.

4.3.À. i Comparison of growth of lvl.pneumoniae in CeIl

Cultures and in Agar Medium

A recent, local isolate of Ivt.pneumoniae was maintained in
HeLa cells with RPMI 1640 medium and IOt foetal calf serum.

A cell-propagated strain hras chosen because of the surmise,

supported by the virulence of such strains in human volunteer

experiments (Chanock et aI., 1963), that its properties and

cell tropisms would be nearer to those of a wild strain than

one propagated in broth or on agar. The fluid phase from

such a celI culture, three days af ter inoculating, rrvas

lightty centrifuged and half-log 10 dilutions made in sterÍIe
cetl cul-ture medium and ranging from tO-1 to 3xt0-5. A
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volume of 0.2mI of each of the dilutions \^Ias inoculated into

replicate tubes of the ceII culture under test and also

spread on the surface of a Hayflick serum agar plate. On

days 2, 3, 4 and 5 after inoculation of the ce]} sheets a

coverslip was harvested from ceIIs inoculated at each

dilution and stained by IF for M.pneumoniae. The mYcoPlasma

agar plates were inspected each day for colonies but these

did not become visible until 5 days after inoculation.

Table 4.1 combines the results of several experiments with

different cell systems - vízz untreated and x-irradiated HeLa

229 cells, cycloheximide-treated HeLa 229 cells, and human

(foreskin) fibrobtasts. The results are expressed in terms

of the dilution of the original cell culture fluid that

either caused infection in a cell sheetr or gave growth on

serum agar.

Two days af ter inoculation l'l.pneumoniae organisms were

detected by IF in cell cultures inoculated with a 3X IO-3 or

10-4 dilution of the original fluid phase of the infected

ceII culture. On the other hand, colonies $tere not visible

on the agar plate. By day 4 tubes inoculated wiÈh l0-4 or
-\l0-' dilutions were positive, but the infect.ivity titre was 3

log dilutions lower on the agar; thus the organisms were

detected more rapidly and to higher titre with cell cuLture

system.



TÀBLE 4.I

Comparison of the infectivity titres of a fluid-phase from a
HeLa cell culture infected with M.pneumoniae in (a) cultures of

HeLa 229 cells, untreated, xìEãAffiilor treated with
cycloheximide in human fibroblasts and (b) when plated on

Hayflick serum agar.

Medium

Cell Sheets

Untreated HeLa229

frradiated HeLa229

Cyc loheximi de -treated
HeLa229*

Human Fibroblasts

NV*

Infecti
various

vity titres of inoculum at
iods after inoculation

Day 2 Day 3 DaY 4 DaY 5

-4 -43x1 0

IO

10

10

3x1 0

3xl0

3xI0

-3

-4
3x10

10-4 -5
10

3x10

-5

-5

-4

-4

TO

10

-4

-4

-5

-5

-5

-5
3x1 0

10 10

Ce1l-free medium

NV# 10 -2 -2Hayflick serum agar NV 3x10

= colonies not visible on the agar
Various concentrations of cycloheximide (1ug,/ml to 50uglmI )

were previously shown to have no adverse effect on growth of
M.pneumoniae. The concentration of this protein synthesis
Tãî@Eninhibitor used in this experiment was Lvg/mL-

*
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The growth of the mycoplasmas b¡as slightly higher (half log

l0 dilution) in cycloheximide-treated HeLa 229 cells than in

untreated celts. Although irradiated HeLa 229 cells and

cycloheximide-treated HeLa 229 celIs supported the same

degree of growthr the particular celI system chosen for

routine isolation of the mycopÌasma was cycloheximide-treated

HeLa 229 cells because it was considered that the ce1ls would

maintain better in the rich fluid phase media used and there

would be no cumbersome need for cell irradiation.

4.3.4.ii Composition of F1uid Phase of CeIl Culture Þtedium

for Optimal Growth of M.pneumoniae.

The initiat experiments (including those in Table 4.f) used

CMRL 1969 medium with 10t foetal calf serum (FCS). The

standard serum used in Hayflick Serum agar is uninactivated

horse serum. The superior growth-promoting properties of

horse serum is related to its higher content of cholesterol

( an average of 2.5 mmolr/L compared to 1.0 mmol/L f or

FCS) (Rushton, I98I). AccordinglY, a comparison was made of

horse and foetal calf sera at concentrations of I0 r15 and 20

per cent. The experimental design was the same as with

monolayers of cycloheximide-inhibited HeLa229 ceIls. These

were inobulated with half log tO dilutions of a fluid phase

cell-propagated culture of M.pneumoniae and examined by

immunofluorescence at 3 and 4 days after inoculation

(Table 4.2).



TÀBLE 4.2

Various half Io9 10 diluti-ons of the fluid phase of a HeLa
cell culture infected with t{.p+elmoniae were titrated in HeLa

229 cells, cycloheximide inhiËTilecl, with fluid phase media
containing different concentrations of foetal calf or horse

serum. Cultures were examined by immunofluorescence at day 3
and 4 after inoculation.

Infectivity titre of fJ.uid phase of cell
propa9ated strain of M.pneumoniae in cultures

with serum at various concentrations

Foetal- Calf Serum Horse Serum

10a 153 202 103 154 202
Period After
Inoculation

Day 3 3xro-4 3xto-4 lxto-5

-5 -6 -6Day 4 3x1 0 3x10 3x103x103xl0Ixl0 -5 -5-5

lxI 0lx1 0Ix1 0
-4 -4 -4
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At day 4 the infectivity titres were

higher in cultures with 15 and 20 per

in those with I08 horse serum or I0-20t

one 1og I0 dilution

cent horse serum than

foetal calf serum.

4.3.A.iii Composition of Medium for use with Clinical

Specimens CIvtRL L969/HS Medium with CeIIs.

In early experiments it was observed that in cell cultures

inoculated with respiratory specimens and contaminated with

oral bacterial flora, there were structures that stained with

the l"l.pneumoniae antiserum by immunof luorescence i in the

absence of M.pneumoniae colonies on culture. It is known

that there are shared antigenic determinants between

Ivl.pneumoniae and celI membrane gJ-ycolipids of certain

bacteria e.g. Streptococcus ÞlG, an organism frequently

f ound in the oropharynx (t'larmion , L967') . In a medium

containing penicillin or ampicillin the formation of L-phase

variants of such organisms with exposed membrane antigenic

determinants reacting with M.pneumoniae antiserum \das

therefore a potential source of error. Thallium acetate a

bacterial inhibitor - was therefore incorporated in Èhe fluid

phase of the celt culture medium to act with antibiotic in

the inhibition of bacteria from the clinical specimens.

Additionally, the anti-M.pneumoniae fLuorescent conjugate was

also pre-absorbed with Streptococcus ¡4G organisms and HeLa

229 cells. The addition of the thallium acetate would also

prevent the growth of l{.genitalium a newly discovered

mycoplasma (implicated in human urogenital disease) that

cross-reacts serologically

re84 ) .

with Ilf .pneumoniae (r,ina e!__ê1. ,
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The final composition of the medium used for routine purposes

with the HeLa 229 cel1s was CMRL 1969 supplement.ed with 20*

horse serum (not inactivated), 28 yeast extract, 0.0It

thallium acetate, cycloheximide (f vg/mL) and ampicillin
(200 ¡r g/ml) .

4.3.8 Tria1 of the CeIl Culture Method for the Isolation

of lvl.pneumoniae.

During a period from April 1983 to December 1983, 1600

nasopharyngeal aspirates (NPAs) were collected from children
(age I 15 years of age) with signs and symptoms of

respiratory tract infection. These NPAs, in a volume of 0.I

mI, were inoculated into each of two coverslip ceII
preparations as described in section 4.2.A. The inoculated

coverslips r^rere then incubated at 37oC for 3-4 days, and then

stained for the presence of lt{.pneumoniae with the conj ugated

antibody, d.escribed in section 3.7 . The NPÀs were also

examined routinely for viruses by staining wit.h an indirect
fluorescent antibody technique with a battery of viral
antisera (against Respiratory Syncytial, Parainfluenza I & 3

and Influenza A & B viruses) and by inoculation into ceII
cultures. In some instances, cells from the NPA were

examined for M.pneumoniae antigens by staining with the

fluorescent conjugated antj--M.pneumoniae serum. No positive

specimens were identified by the direct examination of the

ceII smears.

Whenever possible, acute and convalescent phase sera were

collected from the children supplying the NPA, and examined

for complement fixing antibodies to l{.pneumoniae and
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respiratory viruses (viz. Influenza A & B, Adenovirusr

Parainfluenza L,2& 3 and Respiratory Syncytial Virus). Total

I{.pneumoniae antibodies r¡7ere also assayed by the indirect

haemagglutination assay and the Ig¡{ specific antibody

measured as described in sections 5.3.B and 5.3-C-

4.3-B.i The Study Population

One nasopharyngeal aspirate (NPA) rr¡as taken from each of 1600

patients in the study population and of these, 671 were

males and 929 f emales. There Ì,{ere 1256 children ( 78.5t ) in

the I-4 year age group and the remainder were in the 5-I5

year age group. The main symptoms shown (59t) were cough,

pneumonia, fever or lower respiratory tract involvement.

Bronchiolitis, croup, bronchitis or wheezing were observed in

34S of the patients sanpled and the remaining 7* of patients

presented with other respiratory and gastrointestinal

symptoms. In 934 patients (58t of the study population) the

NPAs were collected during the first week of illness, with

the remainder taken either in the second week or from those

who presented with chronic respiratory illness. The acute

blood sample was collected usually within two days of taking

the NPA and the convalescent btood v¡as obtained between

10-14 days after onset of illness.

4-3.B.ii Culture of M.pneumoniae from NPA

Three patterns of positive culture for I'I.pneumonieg

observed. First, immunofluorescence was positive on

ceII layers and (verified) colonies of

found on agar subculture (IF+Agar+).

Ivl.pneumoni4e

were

the

\iere

cellSecond, the
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layers $rere positive but agar subculture $/as negative

(IF+Agar-); third, cell layer was negative but the organism

was grorârn in the agar subculture (IF-Àgar+). All of the

three results were taken as positive. The culture negatives

were those in which immunofluorescence examination of the

ceIl layers and subculture onto serum agar were negative

( IF-Agar- ) .

4.3.B.iii CIinical presentationsr â9ê composition and results
of mycoplasma and viral culture in the sample of
children with respiratory infection.

Table 4.3 sets out the structure of the total sample of 1600

patients examined. Of the total, 1033 were cultured for
M.pneumoniae by the cell sheet agar subculture method and

64 (6t) yielded the organism. The clinical associations of
the 64 positives are shown in the table; the subgroup giving

the most positives (46/64, 72t) wasr âs expected, the group

of patients suffering from pneumonia, fever or other

infection predominately localised to the lower respiratory
tract. Some isolations (18/64, 28+) were made from patients

with croup, bronchiolitis or upper respiratory symptoms.

Patients suffering from pneumonia or Lower respiratory tract
illness, and yielding M.pneumoniae, also showed a high rate
25/46 (54t) of seroconversions to the organism as judged by

either a four fold or greater increase in rgM specific
antibody during the illness, or an unchanging titre of >.320

of the rgM specific antibody. The reration between cF



TABLE 4.3

Distribution and frequency of isolations of l{.pneumoniae, obtained on HeLa 229 c,eLL sheets or by
serum agar subculture of such cell sheets, in relation to the clinical symptoms or signs of the

patient providing the nasopharyngeal aspirate.

PATIENTS NOT CULTURED
FOR M.PNEUMONIAE

CLINICAL
CATEGORY( I )

Pneumonia, Fever,
Cough or L.R.T.f.

Bronchiol-i-tis, Croup,
Bronchitis or Wheezing

Asthma, U.R.T.I.,
Vomiting or Others

PATIENTS CULÎURED
FOR M.PNEUII{ONIAE AND

POSITIVE(2) NEGATTVE

l5/rrl(5/rr)
l.o/71
(3/7)

t25/461
(13 / 46)

l30 / 641
(2r/ 64)

Í2e / 53rl
(2L6/s3r)

17/3751
(248/zts)

¡5/63)
(26/ 63)

l.4L/e6el
(4eo/e6e)

SUBTOTÀL

154/s77 l
(22e/577)

l12 / 3861
(253/386)

L5/7 ol
(2e/70)

17 r/r0331
( 511/1033 )

BUT OTHER
TESTS PERFORMED SUBTOTAL

GRAND
TOTÀT,

94r

548

111

1600TOTAL

(1) AIt ages 1-15 years
(2',) A positive is taken as immunofluorescent demonstration of Ìl.pneumoniae on ceII sheet or an
agar subculture from the cell sheetr or both.
t ] : Number of the total in the subgroup with 4 fold or greater increase of lgll specific
antibody or an Ig!Í specific titre >320
( ) : Nunber with positive virus culture or serological evidence of current virus infection to
total tested in the subgroup.
L.R.T.I. Lower Respiratory lract lllness U.R.T.I. Upper Respiratory Tract lllness

Í44/567)
(25e /567 )

[ 11slr600 ]
(77 o /1600)

1.0 / 4rl
(16/ 4r)

l5/1621
1e7 /162)

l3e/3641
(l-46 / 364)

l5/Lrrl
I 45 /rrl-)

Í17 /5481
( 350 /548 )

le3/e4rl
(375/e4r)
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antigen and the IgM specific
modified IHA test is explored inresponse in the

The number of patients yietding the organism on culturer or
exhibiting a significant serorogicar response rras, again as

wourd be expected, much lower (5/L8, 28*) in the subgroup of
patients with croup, bronchiolitis or upper respiratory tract
disease (see al-so Table 4.5) .

Evidence of viral infection, either by virus culture or
serorogical response to viral antigen, the inverse of the
findings with lvt.pneumoniae r hrês commoner (350/548, 64t ) in
the group with croup, bronchioritis or bronchitis (rabre

4.3). Of the 64 patients with a positive culture for
M.pneumoniae only five were virus culture positive,

respiratory syncytiar virus was present in four patients and

the other was culture positive for adenovirus.

Double infections with M.pneumoniae and a vt_rus are uncommon

although Foy et al. (1973) found that of lll patients with a

positive M.pneumoniae culture 20 (f8t) also had significant,

antibody response to a respiratory virus (parainfluenza,
Respiratory Syncytial, Influenza or Adenovirus).

rt has to be recognised that with children sampled after
admission to hospitarr âs in the present investigation and

others described in the literature, it is possibte that the
isoration of more than one agent represents cross-infection
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within a few days of admission. For this reason, the pattern

of isolations of t'l.pneumoniae has been analysed in relation
to the duration of illness at the time when the specimen was

collected and the isolation made (Tab1e 4.4). This shows

that the majority (42/64, 66t) of the isolations were made

within 14 days of onset.

Tabl-e 4.5 shows the distribution of positive M.pneumoniae

cultures by broad clinical category and age group. Forty

three (67t) of the 64 positive patients hrere between I 10

years of â9ê, but there were also positives in those under

one year of age. Overal1, the pattern is one of predominant
t¡nâer

prevalence of M.pneumoniae infection in children¡five years

with a clinical diagnosis of fever or pneumonia, or other

lower respiratory tract symptoms. This is similar to Èhe

findings of Grayston et al. (1965). Foy eÈ al. (1966)

reported that IU.pneumoniae was rarel y isolated from children
below the age of 5¡ results which differ from those in the

present study. However, Chanock et al. (1960b), reported a

signifi-cant infection in children below 3 years of â9êr as

judged by seroconversion in the fluorescent antibody tesÈ on

frozen sections of chick embryo lung. Clyde (1985a) also

found a significant proportion of M.pneumoniae infections in
the l-5 year age groups.

Tabl-e 4.6 demonstrates the relationship between culture of

and

of

Ivl.pneumoniae f rom the nasopharyngeal aspirates

serological evidence of infection with the organism

varying degrees of stringency.

.f
T,'



TÀBLE 4.4

Duration of illness at the time of the patient providing the
nasopharyngeal aspirate and" the pattern of the tri.pneumoniae culture

results.

Dl.pneumoniae Culture

POSITIVE

+

SUBTOTAL

NEGATIVE

fF - Agar

TOTAL

DURATION OF ILLNESS (DAYS)
o-7 8-14 15-21

638 L74 22I

TOTÀL

Ag
Ag
A9

IF+
IF+
IF

ar
ar
ar +

20
25
19

64

969

1033

L991566r4

2218

9
7
6

6
6
6

24

5
I2

7



TABLE 4.5

Frequency of isolations of M.pneumoniae from nasopharyngeal aspirates, obtained on HeLa 229
cell sheetsr or by serum agar subculture from such ceII sheets, accord.ing to the clinical

presentation and age of the patient providing the aspirate.

CLINICAL
CATEGORY

Pneumonía, Fever,
Cough or L.R.T.
involvement

Bronchiolitis, Croup
Bronchitis or V'lheezing

U.R.T.I., Asthma,
Tonsillitis, etc.

M. PNEUMONIAE
CULTURE

Positive

Negative

Not Tested

SUBTOTÀL

Positive

Negative

Not Tested

SUBTOlÀL

Positive

Negative

Not Tested

SUBTOTÀL

AGE OF PATIENT
(Years )

1-4 s-10

6

r79

114

299

l-5

2L8

136

369

5 3

22I I27

99 46

325 176

7

16

23

46

46

531

364

94r

<I

2

28

23

53

18

rr8

91

227

2

22

10

34

>10 TOTAI,

11

375

r62

s48

7

63

4T

r11

I

5

7

I3

3

23

It

37

2

9

5

16

0

3

2

5

GRAND TOTAL 677 582 277 64 1600
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In the total group of 423 patients culÈured, there rrlere 7L

who had compelling evidence of infection - viz; either a four

fold or greater increase of IgM specific antibody or an

unchanging level or a single observation of an antibody titre

of 320 or more. Of this group of 71-, 30 (422) had a positive

culture. Rates of isolation were correspondingly lower in

the remaining groups which had Iess striking seroLogical

evidence of infection.

The isolation rate for M.pneumoniae of 42È from definite

seropositives compares with a figure of 58t obtained by

Grayston et al. (1969) from patients with a positive CF test.

Grayston et al.'s patients were from an older age groupt the

starting material for their cuLtures was a throat swab. The

central difference in our series and theirs is that the ceII

sheet culture results were obtained within 4 days in 30/47

(64t) of the samples that were eventually culture positive.

The overall pattern of isolations by the cell sheet method,

in terms of correlations with clinical presentations and

serological response, indicated that the method is specific

and valid. However, even though the increased speed of

diagnosis is an advantage, the rates of isolation eventual-Iy

obtained by the method, or for that matter by the

conventional culture method used by Gralzston et al. (1969),

are still suboptimal in terms of the total numbers of

positive results obtained in relation to seroconversions.



TÀBLE 4.6

Relation between proportion of patients with cultures for
lf-pneumoniae (on ceII èneets by immunofluorescence or by subculture
----- on6 serum agar from cell culture) and the proportion with
serological evidence of infection by Iglt specific antibody detection

(modified IHA method).

SEROLOGY IgM TITRES

160 80 suBTorAL N/T TOTALCULTURE

POSITI\rE

IF*+Agar*
IF+Agar-
IF-Agar+

4x/>32O

* 20
25
19

SUBTOTÀI. 64

NEGATI\rE

IF-Agar- 969

SUBTOTÀL I033

Not Tested 567

TOTAL 1600

* M-pneumoniae detected
rabbit antibody

by immunofluorescence on cell sheet with

# Agar+ : colonies of M.pneumoniae obtained on subculture of cell
sheet culture on Hayflick's serum agar.

N/T - Not tested (seru¡n not available)

I15 7l-9 88120 s84

44 296 2716 246

7I 6r042314 338

4I 593376rl 324

I430 T7473

I
I
I

3
6
5

11
I

11

15
15
I7

5
IO

2
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For this reason, further modifications of the ceII sheet

culture were investigated. These were (I) the use of

monoclonal antibody in the IF detection system and (2)

alteration of the fluid phase of the ceII culture medium to

take advantage of the more complex cell culture medium CMRL

Ì066 which Tully et al. (L977) used in the cell-free SP-4

medium used first to culture spiroplasmas and later claimed

(Tully et a1., ]-979) to be more effective in the culture of

l'l.pneumoniae than the standard Hayflick medium.

4.4 Substitution of SP-4 medium, for CIIRL 1969r âs the

fluid phase in the EeLa 229 ceII sheet culture method

and its ison with conventional SP-4 cell free

diphasic medium for the culture of ll.pneu¡troniae.

In these experiments the strain used was a recently isolated,

cell-passaged line of M.pneumoniae (strain CA, passage 2).

It was propagated on HeLa 229 ce1ls with a ftuid phase of

CI4RL 1969 medium with 202 foetal calf serum (FCS) with

supplements of 2Ovg/m\ cholesterol and 2t yeast extract for

seven days. Two-fold falling dilutions (some dilutions vrere

made in duplicate) of the fluid phase culÈure vùere made from

k to I/40000, with the last dilution interval being ten-fold
(from I/4000 to L/40000). These dilutions were made in a

pool of mycoplasma negative nasopharyngeal aspirates; this
series of dilutions then constituted the inocula for the

experiment proper. The media control used túas the sane as

that of the M.pneumoniae HeLa 229 cell culture system,

except that no M.pneumoniae was inoculated. This
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uninoculated control was also incubated for 7 days before the

fluid phase was used as the media control inocula and al-so

served as a check for any contaminating mycoplasmas.

The following techniques

compared:

for the culture of M.pneumoniae were

4 .4.À Culture systems with sheets of HeLa 229 cells on

'flying coverslips' .

(i) HeLa 229/CvtRL 1969: The fluid phase of these cultures

was either CMRL 1969r with 20* FCS plus cholesterol
(20 u g/mL) , 2* yeast extract, cefotaxime ( 50 r¡ g/m]-) and

thallium acetate (0.0It), or with 202 horse serum (ttS¡

without the added cholesteroJ-, but with the yeast extract.
Àfter inoculation and incubation at 37oC for 4 days, the

coverslips with attached cell sheets were recovered, washed,

fixed in acetone and examined by IF as described earlier in

this chapter. At the same timer the ftuid phase of the

culture hras plated on standard Hayflick serum agar plates

which Ì{ere incubated for a further 7 days and examined for

colonies which lvere semi-quantitated according to 4+

representing greater than I05 colony forming units on the

plate, 3* (f04 to less than IO5 CFu,/plate), 2+ (tO3 to less

than 104 CFUlpIate) and I+ (102 to less than I03 CFU,/pIate).

(ii) HeLa 229/sP-4: The fluid phase

was as described by Tully et aI.
namely, 10 x concentration of CMRL

of these cell cultures
(L9771 , wiÈhout açJar,

1066, which contains,
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among many other supplements (see Appendix 1), cholesterol
(2vg/ml\. This fluid phase was prepared either with FcS or

HS, according to the formulation by Tully et aI. (1977 ) (see

Appendix 2\ , except that penicillin r^ras replaced by

cefotaxime (50p9/mt) and cycloheximide (1uglml). CelI sheets

were examined by IF after 4 days incubation and the fluid
phase of the medium subcultured onto Hayflick serum agar

plates which \^¡ere incubated f or a f urther 7 days.

(iii) Cell-free diphasic medium: The SP-4 diphasic medium

was prepared with SP-4 medium incorporated in purified agar

(Oxoid) 3.5t w,/v with 202 v,/v FCS, plus the SP-4 fluid medium

with FCS. These cell-free diphasic media, after inoculation,
\^rere subcultured onto Hayflick agar plates on day 4.

All eultures \dere inoculated with 0.ImI of each of the

dilution series described above. Tab1e 4.7 sumrnarises the

results obtained in terms of the apparent end point of
infectivity reached in the various test systems.

4-4.8 Comparison between the Hayflick serum agar and SP-4

agar plates in the recovery of l'l.pneumoniae grown

in six culture media (HeLa 229 cells and cell-free
media with CI{RL 1969 or SP-4).

The various culture media t ãttificially infected
nasopharyngeal aspirates, strain of M.pneumoniaer ând other

experimental conditions used in this comparison were the s¿ìme

as those described in section 4.4.4. The six culture media,

inoculated from those NpA which contained 2xLO6, 7xI05 or
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tr
4x10t CfUrZO.ImI, were also subcultured on the same day onto

sP-4 agar plates as welI as Hayflick serum agar plates.

Table 4.8 shows the results of the comparison between the

Hayflick and SP-4 agar plates, in terms of the number of

M.pneumoniae colony forming units observed on each'of the two

types of agar plates inoculated from the six different

culture systems.

4.5 Choice of cell-free sernm aqar plates for subculture of

EeLa SP-4, and other nedia.

Initial experiments suggested, perhaps rather surprisinglY,

that although SP-4 medium as a ftuid phase in the HeLa 229

cell culture system gives a highly sensitive culture system

(table 4.7), its use in the form of serum agar plates was

less satisfactory than the standard Hayflick medium in plate

form.

The results of a systematic comparison on the plates is shown

in Table 4.8 and it appears that Hayflick plates were 20-100

times more sensitive than SP-4 plates for the demonstration

of M.pneumoniae colonies. As the result \das obtained with

the CA strain of M.pneumoniae, passaged on HeLa 229 cells

rather than Hayflick medium (see Ivlaterials & ltethods, Chapter

3), it seems unlikely that the differences observed are due

to prior adaptation to the Hayflick medium.



TABLE 4.8

Comparison between the Hayflick serum agar and SP-4 agar plates in
the recovery of l{.pneumon-iae organisms grown in six culture media
(HeLa 229 cells and cell-free media with CMRL 1969 or SP-4) - The

culture media \,Íere inoculated with three different numbers of colony
forming units (CFU) of a log phase culture of M.pneumoniae, made in

mycoplasrna negative nasopharyngeal aspirate (NPA).
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It was concluded from these experiments'that the use of SP-4

medium in the fluid phase of the HeLa 229 cell sheet

cultures, with antigen detection by IF or EIA antigen capture

and verification subculture on Hayftick Serum agar plates

would be the optimal version of this pa:rticular approach.

Specimens from natural infections with M.pneumoniae are not

currently avai'lable but the medium will in due course be

tested in the same manner as that described with HeLa

229/C!'4F.L 1969 described earlier in the chapter.

4.6 Discussion

requires an average period of

successful culture.

(HayfIick's) has been widelY

attempt to culture for

specimens. This method

five to fifteen daYs for a

As M.pneumoniae is known to colonise the human bronchial

epithelial cells (Collier and Clyde, L974) this property is

made use of in the celt culture system described in this

chapter. The organism attaches to the HeLa 229 cells, and
rñ.¡¡}, p\ioa

from there +¡¡++IpJ¡f to form colonies. These are then detected

by the FITC-conjug ated anti-l"l.pneumoniae serumr seen as

fluorescing entities on the ceII membranes, as bright diffuse

fluorescence on the whole cell (indicating a heavily infected

cel-I) or as punctate fluorescence (elementary bodies) on the

coverslips.

The conventional diphasic medium

used by Iaboratories which

14.pneumoniae from respiratorY
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Being a cell-associated organism, this may possibly explain

the negative agar subcultures from those cell layers which

were positive - as detected by immunofluorescence.

Indeed, this is substantiated by the seropositive grouP of

patients whose culture results Ì¡Iere positive on the cel1

layer but negative on agar subculture. Hopps et al. (1973)

have also reported 'non-cultivablet mycoplasmas from

contaminated cel1 cultures. This and the ceII culÈure

positive, but agar subculture negative resultsr support the

use of a cell culture system for the isolation of

M.pneumoniae from clinical specimens. The advantage of the

cell layer system is its relatively short incubation time of

3-4 days compared to an average of 5-15 days with the

conventional diphasic medium.

The large clinicat trial reported here, using a cell layer

system for the culture of l"l.pneumoniae, has shown a culture

rate of 422 from definite seropositives. The field trial

results are also similar to the findings of Grayston gL-$.
(1965) with regard to clinical symptoms and to those of

Chanock et aI. (1960b) with disease distribution in the

various age groups, particularly those below 3 years of age

an age group which is also reported by others (lt[urphy g!3!.'
1981) to be involved with respiratory syncytial virus and

parainfluenza virus infections.
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With the detection of the M.pneumoniae in the inoculated cell

Iayer, it was also thought that perhaps the use of monoclonal

antibodies would offer greater sensitivity for the detection

of the organism. Although several monoclonal antibodies b¡ere

tested (results not shown), there was no distinct advantage

(in terms of sensitivity) in using these monoclonal

antibodies in an indirect immunofluorescent test, except for

a slightly better background fluorescence. However, this

could also be achieved by careful cross absorption with HeLa

cells and fixed horse serum when using the polyclonal

(rabbit) antiserum. Indeed positive immunofluorescence \das

also observed with carefully absorbed human convalescent

sera, when used on direct smears of sputum, nasal exudates

and pleural fluids (Hers and Masurel, 1967).

The comparisons of SP-4 and CÌ"IRL 1969 media in the cell layer

system showed that the f ormer medium I^tas superior f or the

culture of M.pneumoniae. This is possibly explained by the

presence of cholesterol and high (10X concentrate) nutrient

compositions in the SP-4 medium which hras also successfully

evaluated on clinical- isolates by TuIIy et aI. (f979). !{ith

the use of the SP-4 medium as the fluid phase of the HeLa 229

ceII layer system, those M.pneumoniae organisms seen by

positive fluorescent antibody staining, but agar subculture

being negativer Rêy be more efficiently cultured on the

Hayflick serum agar plates. This prediction is based on the

superior growth of Ivt.pneumoniae in the SP-4 medium, the

higher concentration of nutrients and the recovery of the

organism from previously negative throat swabs, but
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subsequently positive in SP-4 medium (Tully et aI.' 1979).

The immunofluorescent technique can be used to detect for

this organism on the cell layer, and if agar subcrìIture is

required - mainly for confirmation the traditional Hayflick

agar plates should be used rather than SP-4 agar platesr âs

the former htas found to be better in the recovery of the

organism from the culture fluids.

The lower number of M.pneumoniae CFU observed on the SP-4

agar plates, compared to Hayflick serum agar plates, may be

due to the higher purity of agar used in the former mediutn.

The 'impurities' present in the lower grade of agar used in

the Hayflick serum agar plates may serve as anchorage points

for the M.pneumoniae organisms to attach more efficiently,

and subsequently lead to higher growth pattern.

The added cholesterol in the SP-4 medium may not be in a

readily assimilable form, in the agar.medium, a;s-€-s.erür-ee-of
Co<^foeèl *ì\0. o\so

+'n¡horse serum (which ¡has a

higher cholesterol content than FCS). The cholesterol thaÈ

is needed for membrane synthesis by l'l.pneumoniae needs to be

associated in a form such as high density lipoprotein (Razin,

1978). This, together hrith the agar 'impurities', may

contribute to the better growth of

Hayflick serum agar plates.

M.pneumoniae in the
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CEAPTER 5.

5 THE DETECTIOIÙ OF M.I'I{EUITONIÀE Igu AI{TIBODIES BY À

I{ODIFIED IIÙDIRECT E.AEI'IAGGLUTINATION TECENIQUE AITD À

soLID PIIÀSE INDIRECT ENZYI,ÍE IUMUNOASSAY, COITIPARED TO

THE COMPLEMENT FIXATION TEST.

5.I The Serodiaqnosis of !Í.pneumoniae Infection

As described earlier (chapter 2¿ general introduction), the

antibody response to infection, or immunisation with

M.pneumoniae in man or animals can be measured by a wide

variety of serological techniques. These include the

eompJ-ement-fixation test, immunofluorescence on frozen

sections of infected chick embryo lung or on colonies of

M.pneumoniae, metabolic inhibition or mycoplasmacidal tests,

indirect haemagglutination, radioimmunoassay and, most

recently, enzyme immunoassay.

For many years, after the culture of the organism in

cell-free solid and liquid media, the complement-fixation

test for M.pneumoniae antibody has been the most popular test

in virus and other diagnostic laboratories. It is convenient

for inclusion in virus laboratory routines that are geared to

test sera with batteries of complemenÈ-fixing antigens

representing various viruses. Some of the other serological

methods for M.pneumoniae are either cumbersome and

labour-intensive (eg., immunofluorescence on chiek embryo

lung sections) or complicated by factors such as antibiotics
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reduction or

88

metabolic inhibition

acid formation from

tests using

glucose as

The complement fixation test has however a number of

disadvantages. It has long been recognised that it is less

sensitive than other serological methods in terms of the

detection of diagnostic increases with paired sera from

patients suffering from M.pneumoniae infection. This point

is weII illustrated in Table 5.I which is modified from

Taylor-Robinson et aI., 1966a. It wiIl be seen that

immunofluorescence on CE lung sections gave more

diagnostically significant responses than the whole cell

M.pneumoniae CF antigen. The table also Serves to make the

point that a test with a high absolute sensitivitY such as

the IHA may nevertheless yield fewer diagnostic increases

and a lower 'fold-increase' than one of less absolute

sensitivity.

Foy s!ê. (1973) noted that only 58t of patients from whom

M.pneumoniae was cultured showed a rising level of CF

antibody; similarly, Clyde (1985a) stated that in his

experience about 60-65t of culture-positive pneumonia

patients had a significant rise of CF antibody.

There are also problems relating to the type of antigen used

in the CF test ie., whether whole cell or l-ipid solvent

extract. Kenny and Grayston (1965) and

(1967) showed that a CF antigen can be

Marmion et al.

extracted from



TABLE 5.1

Comparison of antibody responses to lt-pneumoniae in eighty one
yoong adults with febrile respiratorflEfsease, pneumonia or no

symptoms as measured by immunofluorescence tests on infected
cttiiL embryo lung sections (IltF), complement fixation (CF) 'indirect haemagglulination (IHA) and inhibition of tetrazolium

reduction (TRI).
(after Taylor-Robinson et al-, 1966a)

NO. OF
PAIRED

SERA

NUIIIBER OF
CATEGORY

ANY
TECH-
NIQUE IIIIF

PATIENTS IN
SHOT{ING A

CF THÀ

EACH TEST
RESPONSE

ALL
TECH.

TRI NIOUES

Antibody rise* 81**

Mean titres
Acute
Convalescent

42 4L 36 36 36 31

42
42

<10
70

<4
28

24 .5
320

2.2
105

*
**

Four fold increase or greater
50 Febrile respiratory disease and pneumonia
31 afebrile disease or asymptomatic
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M.pneumoniae with organic solvents. These extracts contain a

mixture of glycolipids and have the advantage that high CF

antigen doses can be used without anticomplementary effects.

However, the carbohydrate chains of the glycolipids may have

a similar antigenic configuration with certain human ce11

markers. Consequentl-y, the demonstration of CF antibody to

Iq.pneumoniae during . an episode of tissue damage (eg. 
'

pancreatitis ) may not necessarily represent an actual

infection with the organism but merely a cross-reaction with

an anti-tissue antibody. Moreover, the formation of antibody

to the rfoot, protein of the organism (a I80r000 mol. wt.

protein) is an important component of the antibody response

in natural infection (Hu et al., 1983)- Although this

antigen may be represented in preparations of whole cell

antigen, it is not present in the lipid solvent extracts.

Finatly, the CF test as commonly used' measures Èotal

antibody and predominately that in the IgG class. Although

it can be adapted to measure antibody in the IgM and IgG

immunoglobulin classes so as to give a view of the kinetics

of the antibody response, this involves time consuming and

expensive separation of the IgM, IgG or IgA fractions (see

below: IgM measurement) .

The capacity to measure Igl"l specific antibodY to M.pneumoniae

is important because not infrequently a serum designated aS

"acute" phase is collected at the time of recognition of

pneumonia in the patientts i]lness, rather than at the onset

of the respiratory illness that precedes it. Consequently'
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paired sera from the patient may show a raised, unchanging

Ievel of total antibody in the CF test; it is then uncertain

whether the antibody relates to the current respiratory

illness (which might be due to another unrecognised agent) or

to a past illness or infection.

For Some of the above reasons, and because experience with

the CF test during the L978-79 prevalence of M.pneumoniae

infection in Adelaide showed inadequacies corresponding with

those described by Foy g!3!., 1973, additional methods of

antibody measurement have been investigated with the

intention of developing a method for measurement of IgM

specific antibody to the organism.

A test for IgM specific antibody could (in theory) be based

on radioimmunoassay, indirect haemagglutination, enzyme

imrnunoassay or immunofluorescence on cell sheets.

Although the radioimmunoassay provides a highly sensitj-ve

method perhaps too sensitive a method - for the detection

of ltl.pneumoniae antibodies (Brunner et al.¡ 1977 i Hu et a1.,

1983) it is only efficient when testing large batches of

sera, ànd possible only in those laboratories equipped with

radioisotope counter. Investigations therefore centred on

the indirect haemagglutination and enzyme immunoassay as

simple, reproducible and sensitive tests to measure the

antibody responses in patients from whom nasopharyngeal

aspirates t{ere collected for the culture of M.pneumoniae in

the cell sheet system described in the previous chapter.
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The IHA test is based upon the agglutination of antigen

sensitized erythrocytes in the presence of specific

antibodies. The agglutinated cells settle as a 'shield' or

a mat of cells, covering the whole of the bottom surface of a

tube or well in a plate, whereas in the absence of specific

antibodies the cel-ls settle âs a compact central button.

There are basically two versions of this test. If the

antigen is predominantty a carbohydrater such as bacterial

Iipopolysaccharide, then the sensitization Process requires

fresh untreated erythrocytes; usually sheep blood. One

example of its application is seen in the measurement of

Vibrio cholerae lipopolysaccharide antibodies (SÈeeIe et

gl., 1974). AJ-though a very sensitive test, capable of

measuring 20 ng of antibody protein/ml, freshly sensiÈized

sheep erythrocytes are required, and only retain

agglutinating activity for a few days when stored at 4oC.

If the antigen is a protein then it may be affixed to

glutaraldehyde-fixed erythrocytes which may be stored for

longer periods. Unlike bacterial lipopolysaccharides,

purified protein preparations do not adsorb efficiently to

untreated sheep erythrocytes and tannic acid treatment is

required for adsorption of the prot.ein (Boyden, L951).

For the long term, effective storage of the sensitized cellst

they may be fixed with glutaraldehyde, tetra-azotized

0-dianisidine or cyanuric chloride (Avrameas g!-1!.' 1968) "

Fixation with glutaratdehyde also allows lyophilization of



the cells and hence

made if the assay

particular batch of

92

a large batch

requires the

cells.

of sensitized cells can be

consistency based on one

The IHA test was first aPP lied to measure M.PneumonLae

antibodies by Dowdle and Robinson (1964) ' who used tanned

sheep erythrocytes sensitized with sonicated organisms; they

claimed that the test $tas more sensitive than the CF and the

immunofluorescence measurement of antibodies on

colonies transferred from agar to glass slides.

M.pneumoniae

In a comparative study of the immunofluorescencer CF, IHA and

tetrazolium reduction tests, TayJ-or-Robinson et aI. (1966a'b)

showed that the IHA test was the most sensitive assay in the

measurement of M.pneumoniae antibodies in the sense of

giving highest titres

stages of the illness.

Table 5.I for data on

and a rapid response in the earlY

(Howeverr sêê previous comrnent and

the increase of antibody during the

illness). As the IHA test detects antibody in aII

immunoglobulin classes, and would pick up the early lgl{

response, it is not infrequently positive with 'acute phase'

sera.

Taylor-Robinson et aI. (1966a) pr pared batches of

M.pneumoniae antigen for sensitisation of the sheep

erythrocytes and stored the sensitised cell-s in the ftozen

state at -70oc. The commercial availability of a whole cell,

inactivated, preparation of ILl"pneumoniae (Wellcome

Diagnostics, Beaconsfietd, N.S.W., AustraLia) sold as a CF
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antigen but suitable for the sensitisation of erythrocytes

has simplified the preparative process and hence made the

assay more attractive. A kit for measuring haemagglutinating

antibody is available commercially (Serodia Myco, Fujizoki

Pharmaceutical, Tokyo); it uses sensitised chicken as

distinct from sheep erythrocytes. It blas found to be as

sensitive as the indirect haemagglutination assay developed

by the author. However, the Serodia lrlyco kit could not be

modified to detect IgM specific antibodies. This was due to

the faster settling pattern of the heavier nucleated chicken

erythrocytes (used in the Serodia Myco kit) ' compared to the

smaller and lighter sheep erythrocytes.

The indirect haemagglutination (IHA) test developed in the

present study uses sonicated lvl.pneumoniae whole organisms

the Wellcome Diagnostics CF antigen for sensitising tanned

sheep erythrocytes. The assay l^tas f ound to be more sensitive

than the complement fixation test, and was modified to detect

IgM, IgG and IgA specific antibodies to M.pneumoniae.

The other options \âtere to use a radioinmunoassay or an enzyme

immunoassay.

Although various laboratories have reported the successful

use of enzyme immunoassays for the measurement of

M.pneumoniae antibody, they have had to use M.pneumonrae

grown in microtitre plates (Busolo et aI. ' 1983) or

tween-ether treated organisms (Dussaix et aI. , L983). Busolo

et aI. compared the indirect solid-phase enzyme immunoassay
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with the CF, radioimmunoprecipitation, mycoplasmacidal and

metabolic inhibition tests. Their results showed that the

radioimmunoprecipitation test was the most sensitive followed

by the enzyme immunoassay (and mycoplasmacidal test). In

turn this group of tests lrras more sensitive than the

complement fixation and metabotic inhibition tests. Dussaix

et aI. ( 1983 ) also concluded that their enzyme immunoassay

r^¡as more sensitive than the CF test.

As with the IHA, the commercial availability of the whole

ce11 M.pneumoniae CF antigen (Wellcome Diagnostics) has

simptified the preparation of the indirect solid-phase EIA.

A comparison of such an enzyme immunoassay with the IHA for

the measurement of IgM specific antibodies $till also be

described in this chapter.

5.2 Detection of li. oneumoniae antibody in the Iglt and other

antibody elasses.

The advantages of the examination of sera for IgM specific

antibody to lr{.pneumoniae as a useful marker of current or

recent infection have been canvassed by various laboratories

(Biberfeld, 1968; Skaug, l-976i Chamberlain and Saeed, 1983).

The validity of the approach rests on the principle that

during an infection with M.pneumoniag the patient mounts an

initial antibody response in the IgM class, followed by an

IgG response" This classical pattern of humoral antibody

response, is claimed to occur not only with viruses, (see
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Cremer and Riggs, 1979) | and with M.pneumoniae' but

other antigens like Limulus polyphemus

et al., f969).

haemocyanin

Inactivation of antibody activity by reducing

agents.

Physicochemical separation of immunoglobulin

classes.

Staphylococcal Protein A absorption of IgG.

Solid-Phase Immunoassay ("IgM capture" assays).

Indirect Immunoassay with Igì{ conjugates.

Recent studies however, indicate a need for caution as the

conventional view of the kinetics of the immunoglobulin class

response may be an oversímplification; antibody in all three

classes of serum immunoglobulins I9A, IgG and lgll may

appear simuÌtaneously in some viral infections

(Cradock-Watson et al., L979) (Halonen et aI., 1979) although

(presumably) the presence of IgM specific antibody would

stiIl indicate a current or recent infection.

IgM specific antibody can be detected in five main ways, ví2.

(a)

(b)

(c)

(d)

(e)

(a) 2-Mercaptoethanol is a powerful reducing agent which

breaks up the interchain disulphide bonds of the IgM

mo1ecule. A 4-fold reduction in antibody titre after

treatment of the serum indicates the presence of lgll

specific antibody. However, this reagent has a rather

obnoxious odour even when used in a fume cupboard. It
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has also been reported that certain subclasses of IgG

may be sensitive to this agent at the concentration used

for reduction of IgM (Cowan, 1973). Nevertheless, it

has value as a confirmatory test in critical analyses,

taken together with other methods of separation.

(b) The separation of serum components according to their

molecular weights by geI chromatography or sucrose

density gradient ultracentrifugation is effective but

time consuming; the latter method requires an

ultracentrifuge an expensive item not available in

many laboratories. Moreover, these techniques dilute

the immunoglobulin and a re-concentration step to

restore the original volume which is needed before

testing. Such methods are valuable for critical

analysis of a limited number of serum samples ê9. r

detection of IgM specific antibody to rubella virus in

pregnancy when a decision about termination is ín view.

(c) The Fc portion of the human lgG molecule binds to

staphylococcal protein A; this effect may be used in the

differential separation of Igl4 and IgG molecules.

However, Human IgG3 constítuting 5t of total IgG

does not bind to Protein A (Kronva1l and l{illiams'

1969). Ivloreoverr üp to 608 of the lgl{ may also be

absorbed by the Protein A (Field et al., 1980). Hence

this approach to the separation of human lgl4 from IgG

is neither accurate nor sensitive, unless eombined with

other methods. It does however have a use in the
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separation of rabbit IgG

classes as aII subclasses of

A efficiently (Goding, 1978;

from other immunoglobulin

rabbit IgG bind to Protein

Lindmark et aI. r f983 ) .

(d) The capture of IgM molecuÌes in a serum by antiT chain

antibodies anchored to a solid phase and. the subsequent

,probing' of the captured population of lgl{ molecules

for specific antibody with a labelled antigen offers an

effective approach. This type of assay is generally

known as a solid-phase anti-IgM assay. Price (1980)

showed that the detection of lt'l.pneumoniae IgM

antibodies by a solid-phase anti-Ig!1 assay vtas both

sensitive and specific. Wells in a microtitre plate

were coated with anti- y chain antibodies and the

patíents serum was then added to the wel1. Later'

after washing, 3tt-1ub.1I"d M.pneumoniae antigen htas

added which then reacted with the Igllt molecules among

those captured that were specific for the antigen. This

particular direct method has one major drawback as it

reguires the radiolabelling of the organisms.

A variant of the IgM antibody capture by anti-u chain

technique is the double antibody sandwich. In Èhis the

captured human IgM is incubated first with antigen and

then with a second specific antibody (labelled with

enzyme, radioisotope or fluorochrome) to detect the

antigen that has reacted with the bound lgl4 antibody.
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(e) In the indirect immunoassays the antigen - which

is bound or adsorbed onto a solid-phase (e-g. virus

infected cells or mycoplasmas grown on coverslips) is

reacted with the test serum and the specific IgM

antibodies are then detected with a labelled anti-human

IgM antibody. There have been reports that in this

system sera with high IgG titres may competitively

inhibit the adsorption of IgM antibodies (Cradock-Vüatson

et aI. , L9'72, 1976). Conceivably' this may be due to

the lower intrinsic affinity of the lgttf molecule as a

consequence of its "immaturity" as the first formed

antibody (Eisen, L974) - The IgG response, later in the

sequence is more immunologically "mature" and hence may

have a higher intrinsic affinity (Karush, 1978). Other

workers have however not encountered this problem

(Kurtz, 1974).

The various IgM assays share one common problem resulting

from the presence of rheumatoid factors (nf¡. The latter

are usually in the IgM class of antibody with specificity

towards the patientr s own IgG, although IgG and IgA

rheumatoid factors may also be found. Although these

autoantibodies are commonly found in patients with

rheumatoid arthritis they may be present in patients with

some acute or chronic infections, or even in apparently

healthy individuals. Conseguently, the captured IgÞ1 (nf¡

may contain complexes of lgll (RF) IgG specific antibody

will then react with antigen as though it was an Igl{ specific

antibody. In an indirect immunoasay the specific IgG
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antibody reacts with antigen, the

already complexed to the IgM and the

then binds to the complex.

RF reacts with or is

labelled anti-human IgM

the organism does not

and hence a constant and

of the host's immure

One simple way to overcome this problem is to absorb all

sera under test with heat-fixed or glutaraldehyde-fixed human

sera (Avrameas and Ternynck , L9 69 ) .

As the general (conventional) view is that the presence of

Igl4 specific antibody reflects a recent or current infection,

the length of time that IgM specific antibody persists after

an infection becomes of central importance. Persistence of

IgM depends on a number of factors the sensitivity of the

test system, the interaction of the infective agent with the

immune system and its effect on the IgM IgG switch and so

on

In the

usually

instance of M.pneumoniae,

cause a chronic infection,

stimulationprolonged

response.

antigenic

The interpretation of IgM antibodies especially when

measured by more sensitive assays needs to be approached

with care as Ivl.pneumoniae antibodies have been reported to

persist for about 6-I0 months when tested by complement

fixation (Chamberlain and Saeed, 1983).
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Wreghitt and SiIIis (1985) compared IgM capture EIA and an

indirect IF test with anti-IgM conjugate and concluded that

their EIA was not suitable for diagnosing M.pneumoniee

infection as it was 'too sensitive' for detecting IgM

specific antibodies.

Although Biberfeld (197Ia) reported that the Igl4 antibodies

could stiIl be detected from adult patients 2 - 4 years

after the infection, her tests used sera diluted at I/8 in an

indirect immunofluorescent assay. It was not indicated

whether the presence of rheumatoid factor !.¡as excluded; sera

with rheumatoid factor can lead to false positive IgM

results at this dilution.

The following section of Lhe thesis describes the development

of total antibody and IgM capture methods of measuring

antibody to M.pneumoniae by indirect haemagglutination (IHA),

and a modification to measure Igllt specific antibody. AIso

the development of an enzyme linked immunoassay for the s¿rme

purpose.

5.3 Dlaterials and ltethods

5.3.4 Fixation, Tanning and Sensitization of Sheçp _8ç9

Blood Cells (SRBC)

These procedures $¡ere essentially those described by Hoq and

Das (1970). Fresh SRBC lvere washed 3X with phosphate buffered

saline (PBS ) ( 0.0114; pH 7 .2). A 2t v/v cel-l- suspension was

then made in It v/v glutaraldehyde. Fixation was then



allowed to proceed with gentle stirring at RT/30 min.

and stored at 4oc until required

could be stored for uP to 6 months'

SRBC $¡ere

tanning.

with 0. I8

then washed 3X

Such fixed SRBC

sodium azide.

Two-fold falling dilutions

microtitre (U-bottom) trays

NUNC). The starting serum

r¡ras added an equal volume of

SRBC (SRBC-Mp). Hence, the

each well hras 0.2t v/v and

101

of the test sera were made in

(25 u L,/weII ) ( cooKE, LTNBRO or

dilution was I:I0. To each weII

0.4t v/v M.pneumoniae sensitized

final concentration of ce1ls in

the firêt dilution of the serum

For tanning, a 2Z v/v suspension of fixed SRBC was mixed with

an equal volume of freshly prepared tannic acid (L/40000).

The mixture was then incubated at 56oC/30 min with occasional

mixing. After tanning, the cells were washed 3X with PBS.

Sensitization of the tanned celIs v/as then carried out

immediately. Equal volumes of M.pneumoniae sonicate (see

section 3 . f ) and of 2Z v/v tanned cells Ìr¡ere mixed and

incubated in a roIler drum at 37oC/I inr. The sensitized SRBC

were washed 3X with PBS and a 4t v,/v cell suspension prepared

in 2.5* v/v foetal calf serum in PBS (the diluent buffer in

this system). After 2 days, the cells $tere resuspended in a

fresh voÌume of diluent buffer and then used in the IHA test.

Such sensitized cells could be stored up to 2 months at 4oC

without l-oss of activity. Before each test run' the cells

þ¡ere resuspended in fresh diluent buffer.

5.3.8 Indirect Haemagglutination Test (IHA)

.:
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was I:20. The plate was read after 2-3 hours at R'Tr or after

overnight incubation at 4oC. Incubation at the Latter

temperature generally increased the end point titre by one

cup - one doubling dilution compared with incubation at RT.

An agglutinated mat of cells covering the bottom of the cup

indicated the presence of specific antibodies; a button of

ce1ls at the bottom of the well indicated a negative result

( Figure 5.1 ) .

5.3.C Modified IHA Test for Immunoglobulin Class Specific

Antibodies l"l/r.HA

To each well of a polystyrene microtitre tray (U-bottom)

(COOKE, LINBRO or NUNC) - was added 100 uL of rabbit

anti-human fr y or - chain (DAKOPATTS). Previous chessboard

titrations with the anti-Ig and with dilutions of a human

serum with IgM specific antibody to M.pneumoniqe showed that

the optimal dilution of coating antibody for use \ras 1:50.

This corresponded to an approximate protein concentration

(OD280) of 250 vg/mI [assuming that a lt solution of rabbit

IgG has an OD280 reading of 14.6 (Williams and Chase'

1968) l. The microtray was then air-dried at 37oC and immersed

in cold methanol for I0 seconds. The methanol used was

previously dehydrated with molecular sieves (SIGMA, 3oe) at

-20oC. The use of dehydrated methanol for fixation lvas

important and gave better red cell agglutination patterns.

Two-fo1d falling dilutions of the patients sera were then

made in diluent buffer, in the microtitre plate, using a

multi-channel pipette (Ftow Laboratories). After overnight



FIGURE 5.1

Indirect Haemagglutination Test using glutaraldehyde-fixed'
tanned sheep erythrocytes sensitized with sonicated

!l-pneumoniae organisms -

Rows A-G:

Row A Rabbit anti-Ivl.pneumoniae serum (titre 640) -

Antiserum
dilution
used was

Row B Human serum
(Titre 5120).

RowC : NormalRabbit

RowD :

or Normal Serum used at a starting
of I/20 in !Ìell- 1. The diluent buf f er
PBS, pH l.z ffi,.s2 foetal calf serum-

positive for

Serum (Titre

negative for

M.pneumoniae antibodY

<20) .

M.pneumoniae antibodYHuman serum
(Titre <20).

Row E : Duplicate of Row D.

Row F : DupJ-icate of Row B.

RowG : Mouse monoclonal antibody
10240 ) .

to M.pneumoniae (Titre

Row H Two-fold falling dilution of 1.68 sensitized cells
made in 50 uI diluent buffer, startlng in Well I.
Thus Welt 4 had O.2Z sensitized cell-s - simffiilo
the other wells (rows A to G) in the plate.

N.B Results were read after overnight incubation at 4oC
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incubation at AoC, the tray was then washed 3X with PBS'

excess f l-uid. drained on a paper towel and 50 uI of 0.2t

SRBC-Mp was then added to each weII. The plate lvas left at

RT and read after lhr. Positive and negative results were

read as with the IHA test. With this modified IHA test, it

was preferable to use SRBC-Mp cells that were not older than

2 weeks.

5-3.D Rheumatoid Factor (RF) Test

Sera that were positive f,or lgl{ specific antibodies Èo

M.pneumoniae were also checked for the presence of IgM

anti-IgG antibodies (rheumatoid factor). The presence of RF

r¡¡as determined by the agglutination of latex beads coated

with human IgG (Commonwealth Serum Laboratories, Parkville,

Victoria, Australia). Such sera !,¡ere then absorbed with

washed glutaraldehyde-cross linked human Serum (Avrameas and

Ternynck, Lg6g) and then re-tested for Ig¡{ specífic

antibodies to M.pneumoniae.

5.3 .E IgM Detection by Enzyme (Urease) ImmunoassaY

rsMlEIA

An enzyme immunoassay with antigen on the solid phase lfas

chosen because it was simpler than a solid-phase anti-IgM

capture assay which would require anti- u immunoglobulin and

an enzyme-conjugated anti-M.pneu494¡ee antiserum.

Urease-conjugated anti-human IgM (Commonwealth Serum

Laboratories) was chosen as the detector system since this
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particular labe1 was already used in our

Iaboratory for anti-viral and rickettsial IgM

$¡as reliable.

virus serology

antibodies' and

Microtitre plates (NUNC, Certificated, Cat. No. 439454) $¡ere

coated with the sonicated l"l.pneumoniae whole cell organism

(see section 3.I) diluted in bicarbonate buffer, PH 9.6. The

dilution chosen was determined from previous titrations and

was usually 1:30. The reagent volume used throughout Èhis

assay $¡as I0O pl,/wel]. After overnight coating at RT' the

plate was washed five times with 0.05t v/v Tween-2Q in PBS

(PBS/T) and the unbound sites lvere blocked with 10* BSA in

PBS/T for I hr/37oC. The plates $¡ere then washed and serum

samples ('screened' at a dilution of 1:200 in 2.5+ BSA-PBS/T)

!{ere added to weIls in triplicate. Ifne sera had been

absorbed with glutaraldehyde-fixed normal human serum

(Avrameas and Ternynck, 1969) to remove rheumatoid factors].

The plates with the serum samples were incubated for I

nr /37oe and then washed f ive times with PBS,/T.

Urease-conjugated (sheep) anti-human Ig!4 diluted to l:100 in

2.52 BSA-PBS,/T, r,tras then added and incubated for 0.5 hr/37oC.

Before the urea substrate (Commonwealth Serum Laboratories)

!{as added, the plate $tas washed f ive times with PBS,/T

followed by three washes with distill-ed r.rater to remove any

metallic ions which could adversely affect the enzyme

reaction.
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The substrate was reacted for 0.5 nx/Z7oC and the reaction

products in the wells read at a wavelength of 588 nm in an

automated spectrophotometer. Vtith the urease system' a

positive result was indicated by a purple colour reaction

whereas a yellow colour was negative. The endpoint \'ras

readily determined visually, as there was a sharp yellow to

purple colour transition from negative to positive-

Specimens with. an average absorbance value greater than the

cut-off value (see below) were considered to be positive for

M.pneumoniae IgM antibodies.

with each batch of test, three negative sera (from different

subjeets) were also tested; the cut-off value $¡as taken as

the mean absorbance value of these 3 negative sera plus 0.4.

The latter factor represented 3 times the standard deviation

of the mean of the absorbance values of 50 sera that had high

CF antibody levels to 0 fever' influenza A or B,

parainfluenza, respiratory

or rubella virus, but had

of <5.

syncytial virus, cytomegalovirus

M.pneumoniae CF antibody titres

5.3.F SDS-PAGE

The one dimensional analytical sodium dodecyl

sulphate-polyacrylamide geI electrophoresis (SDS-PAGE) was

app lied to the lvl.pneumoniae organism grohrn in SP-4 medium

(Tul1y et al., L979) by the method of Laemmli (1970) and

Matsudaira and Burgess (1978). The separating and stacking

gels used were I0* and 3t respectively" The ll.pneumoniae
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proteins \^¡ere transf erred to nitrocellulose paper ( 0.lum,

Schleicher and SchuII Co. ) by the Western BIot method of

Towbin et aI. (1979).

5.3.G Immunoblotting

Before reaction of the nitrocellulose 'blots' with the test

sera, the non-specific sites were blocked by immersion of the

paper in 5t v/v non-fat skim milk in PBS overnight/RT. The

nitrocellulose paper with the 'blots' was then cut in strips

of lcm wide and then reacted with a 1:50 dilution of the test

serum (in 58 skim milk-PBS) in individual plastic bags. The

strips \^tere then washed twice over I0 mins. in PBS with

continuous shaking.

A 1:400 dilution of the appropriate rabbit anti-human

immunoglobulin (Ig¡l or IgG) (peroxidase-conjugated)

(DAKOPATTS) \^ras then reacted with the strips for 2 }lrr/RT with

continuous shaking. This was foltowed by two washes in PBS

for 10 min. and immersion in freshly prepared substrate (l

chloro-I-napthol ) ; the colour development stopped after 10

min./RT. The strips with the 'blots' lvere then washed three

times in distilled water and allowed to dry at RT.
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Preliminary tests of the indirect haemagglutination

assay and its modification to detect ll.pneumoniae

antibodies

5.4.4 Comparison of the measurement of complement fixing

antibody to M.pneumoniae with the total antibody

levels detected by indirect haemagglutination.

Sera from three groups of patients were compared. GrouP At

l-25 serum specimens in total, $¡as made up of patients with an

acute respiratory ilIness, with symptoms or signs clinically

compatible with M.pneumoniae infection who had high (>'320) or

rising CF antibody titres to It{.pneumoni-ae.

Group B, 42 serum specimens in total, was from patients with

acute respiratory illness with serological evidence of viral

infection (Cr antibody titre 160) but no CF antibody (< 5) to

Itl.pneumoniae.

Group C v/as f rom patients with

without serological evidence

infection.

acute respiraÈory infection

of viral or mycoplasmaL

CF

is
of

Table 5.2 shows the results. It will be evident that there

is a good correlation in distribution of antibody between

and IHA in Group B. The sensitivit.y of the IHA test

higher than the CF test as seen by the higher number

responders with titre 2560 and the higher mean titre.



TABLE 5.2

CATEGORY

M.pneumoniae Antibody Responses in Three Groups of Patients.

NUII{BER OF PATIENTS, WITH ANÎIBODY DETERIIIINED
FIXATTON OR INDIRECÎ HÀEMAGGLUTINÀTION TEST ,

BY COMPLEITTENT
WITH TITRES OF:-

Group A*
(IHA)

(cFr)

TOTAL

l-25

125

42

42

47

47

Patients with respiratory il-lness and either a >4 fold rise in CF antibody titre
or with a high unchanging t.itre of >-160 to M.pneumoniae.
Note that the acute phase sera from patients as well- as the conval-escent phase
sera are incl-uded in this table.
Patients with respiratory illness from whom evidence of virus j-nfection lras
obtained by showing antibody titre >-160 to adenovirus, or parainf luejnza or

Group B
e

Group C
*

* Group A

ê Group B

influenza.
Patients wi

( rHA)

(CFT)

( IHA)

(cFr)

M.pneumoniae CF antibody titres were
th respiratory infection but with no

all <5.
antibody

42

29

34 27

T2 4T

0

I

3

I

0

0

9

6

47

I4

16

0

23

26

I4

f3

35 11

5

0

7

4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

-<20 40 80 160 320 640 t2g0 >.2560

20

31

20

26

l-l_5 6

502

IITEAN
TITRE

# Group C:
or viral antigens.

response to M.pneumoniae
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The specificity of the IHA test is shown by the results with

patients in groups B and C. Their l"l.pneumoniae antibody

titres were a1l .< 80. The specif icity of this assay both for

the measurement of total antibody and for IgM specific

antibody is further extended by the results of patients with

4-fo1d rising CF titres (Tab1e 5.3) and from those who were

culture positive (Table 5.4). (The organisms were recovered

from throat washings in conventional mycoplasma diphasic

medium) .

The results in Table 5.3 also show the higher sensitivity of

!{ere higher than thethe IHA assay as the acute

corresponding CF titre.

phase titres

Once the sensitized cells are prepared, this assay is easy

and economical to do on small or large numbers of sera'

without the necessity of expensive equipment and a result

obtained within two hours of doing the assay. With its

higher sensitivity than the CF test and its specificity, this

IHA assay is a good screening test

antibodies.

f or Þl.pneumoniae

5.4.8 Detection of IgM specific antibody

Methods for the detection of IgM specific anÈibodies and

their associated problems have already been discussed in

section 5.2. The presenÈ section describes the initial

results of the nodified IHA test for M.pneumoniae IgM

antibodies. The method is described in section 5.3.C.



TABLE 5.3

haemagglutination (IHA)
Analysis of Iglt specific antibody response to M.pneu.moniae measured

in seven patients who were originally diagnosed by a
antibody.

by indirect
>t 4 fold rise to CF

TOTAI Ab
BY IHA

IgM Ab
BY IHA

320
640

<20
1280

20 (20) *
2560(2s60)*

20 (20) *
640 (640)#

1280
2560

<20
<20

ePÀTIENT

Co

Lai

Ter

lVi 1s

Ken

SuI

SERUM

20
12 80

40
640

20
320

2-IrlE*

N/T
<20

N/T
20

N/T
20

eg

Pos
Pos

S

s

N/T
640

320
640

CFT

80
>.320

320
1280

5
80

IO
>.320

RF

l-
2

I
2

I
2

T
2

1
2

I
2

I
2

1280
1280

eg
eg

eg
e9

eg
eg

eg
eg

eg

N
N

N
N

N
N

N
N

N
N

320
320

80
320

20
<20

40
320

640
640

40
20

<5
160

640
640

160
160

Sq

Po
Po

t fglvt titres in pa.rentheses,after absorption with glutaraldehyde-linked human Serum.
* IgM titres after treatment with 2-Mercaptoethanol.
€ Rheumatoid Factor, screened at I/20 dj-lution of the serum.
N/T = not tested



TÀBLE 5.4

Analysis of lgltl specific antibody response to pneumoniae measured by indirect
haenagglutination (IHÀ) in convalescent phase se ht patients from whom

Irl.pneumoniae was isolated by the use of cell-free diphasic medium and llayf lick agar plates -

Titres of antibody by the designated tests:

PÀTIENT

Ang

Dav

Ho1

Cam

Bre

Cha

wil
Cam

ÎOTÀL Àb
BY IHA

1280

1280

320

12 80

1280

640

320

1280

TOTÀL Ab
BY CFT

>.320

>.320

l_60

r60

320

320

160

>,320

IgM Ab
BY ITTA

1280

1280

320

L280

640

640

320

1280

2-yÍE*

<20

<20

<20

<20

<20

<20

<20

<20

RFe

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

* Iglf Titres After Treatment v/ith 2-Mercaptoethanol
€ Rheumatoid Factor, screened at I/20 dilution of the serum
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Sera from three groups of patients were tested, viz. those

with 4-fold and rising M.pneumoniae CF titres (Table 5.3);

culture-positive patients (Table 5.4) and thirty-two patients

who had significant leveIs of viral antibody. No

M.pneumoniae IgM antibodies were detected in the latter group

of sera (data not shown).

The IgM specific titres (Tab1es 5.3 and 5.4) hlere closely

parallel to those of the total antibody titres as measured by

the IHA test. In those acute phase sera with low

M.pneumoniae CF titres (-<80) t - as from patients Co., Lai.,

Ter., Wi1s., the corresponding

significantty higher (Table 5.3) an

greater sensitivity of the modified IHA

IgM response.

Igl,l titres lrere

indication of the

test for the earlY

Prior treatment of the sera with 0.0lllf 2-Mercaptoethanol

removed or reduced the IgM specific antibody level' thus

showing the specificity of this assay. The presence of

rheumatoid factor in the paired sera from patients Sq. and

SuI. (Table 5.3) did not affect the IgM titre. After

absorption of these sera with glutaraldehyde fixed human sera

to te*one IgM antibodies specific for human IgG the

M.pneumoniae IgM titres remained unchanged. Nonetheless, all

the sera subsequently tested for M.pneumoniae I gI4 antibodies

were also screened for the presence of these rheumatoid

factors by the latex agglutination test described in section

5.3.D. If found to be positive for rheumatoid factors, the
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sera were

and then

rheumatoid

then absorbed with glutaraldehyde fixed human

re-tested for M.pneumoniae Iglf antibodies

sera

and

factors.

5.4.e The measurement of IgM sPecific antibodies by the

modified IHA c ared with lement Fixi

antibody responses in patients with suspected

M.pneumoniae infection.

The analyses in this section are designed to show

detection of M.pneumoniae IgM antibodies (Ab)

modified indirect haemagglutination assay is more

than the complement fixation test, and a better

current infection.

that the

by the

sensitive

marker of

Sera from 649 patients (who also had nasopharyngeal aspirates

examined for M.pneumoniae organisms by the cell culture

method described in ChapÈer 4) were tested for Abs to

M.pneumoniae by IHÀ and CF. Of these ' 1-1-2 (17t) showed a

four-fold IgM Ab rise or an antibody titre >- 320 by IHA

(Table 5.5a). Only 8l (12t) patients showed a corresponding

four-fold Ab rise or with titre >.L60 by the CF test lx2=348,

degrees of freedom - 4r p <0.00I).

A comparison of the sensitivity and specificity of the IgM

test, using the CF test as reference, is derived from Table

5.5a and shown in Table 5.5b. The sensitivity of the IgM

test is 898 (72/8]-) and specificity is 93t (568/(568+40).



TABLE 5-5a

Relationship between diagnostic levels of CF antibody in 649
patients with respiratory infection and the levels of

antibody response "= t"J.îr,Ërt"rrffi 
rsM specific antibody

rgMlrHA Ab
response

Number of patients with antibody
titre or designated increase in

antibody titre

CF Ab
res nse

CF Titres

4-fold rise
or >-160

80

40

Total-

4-foId rise
or 320

LI2 #

M.pneumoniae isolate
M.pneumoniae isolate
M. pneumoniae i- solate

160 <80

*
20 517

Total

81

13

555

649

#
*
€

d from
d from
d from

e

30/7r
3/14

14 / zzg

tested.
tested.
tested.

35 50416

72

05 I

54



TABLE 5.5b

Comparis
M-pneumoniee

sera that

CF Titres

Positive
(4-fold rise

or >320

on of sensitivities and specificities of the
Ig!1 test with the Complement Fixation test from

!Íere considered as diagnostic or negative for
Ìl.pneumoniae infection -

IgM Titres

Positive
( 4-fold rise
or >160)

Negative
( -< 80 )

Total

Negative
(<160)

s37

number of responders

reference, the IgM Test:
= 72/8I (898)
: 568/ ( 568+40 )

= 933

TotaI

81

568

649

NB:

LI2

Figures shown are 'bhe

Using the CF Test as
Sensitivity
Specificity

Using the IgM Test as reference, the CF Test:
Sensitivity = 72/LI2 (642)
Specificity = 537/(537+9)

988

40 528

72 9
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Vühen the IgM test is used as

of the CF test is onIY 642

freedom = I' p <0.00I).

the reference, the

(72/LI2) ( x 
2=333,

sensitivity
degrees of

Table 5.6 relates the M.pneumoniae IgM specific antibody

responses from patients who were either culture positive or

negative for the organism. The culture results were from the

nasopharyngeal aspirates inoculated into the ceII cultures'

as described in the previous chapter. These patients with

respiratory tract infection were part of the Same study

population described in chapter 4. Amongst the 47 culture

positive patients, 33 showed IgM titres greater than or equal

to 160 or with a four-fold rising titre. This gives the IgM

specific antibody serodiagnosis (by the modified IHA) an

efficiency of 70? with culture positive patients ( x 
2=88,

degrees of freedom = 2, p <0.001),

5.4.D IqM Antib Response 1-3 Years Post Infection.

The modified IHA was used to measure the IgM specific

antibody from patients who had Ivl.pneumoniae infection onet

two or three years previously. These patients (age 3-10

years) showed high (>.320) or four-fold rising CF antibody

titres. Some $tere also culture positive for ltl.Pneumoniae.

The culture results were from nasopharyngeal aspirates or

throat swabs inoculated into diphasic mycoplasma culture

medium which \"¡ere later subcultured onto Serum-agar plates

from which M.pneumoniae was identified. (These patients come

from a different study population to that described in the

previous chapter and in section 5.4.4 - 5.4.C). OnIy one of



TABLE 5.6

Relationship between serological responses in the Igll specific
IHA test and the results of culturing nasopharyngeal aspirates
(NpA) for Ìl.pneumoniae by the ceII culture/immunofluorescence

method.

M. pneumoniae
Culture Results

on NPA

Positive

Negative

TotaI

No. of patients showing an
specific antibody response

4-fold or
>,320 r60

IgM
of:

<80 Total

47 (r00 )

376(100)

4237L I4 338

4r(11)

3(6)30(64) 14(30)

1l(¡) 324(86)



TABLE 5.7

Results of retesting 55 patients for M.pneumolliae ,Igltl
antibodies (rg[/IHA), sã.e át one to two-years after initial
diagnosis and some at 3 years. Alt patients were diagnosed

initially either by yielding a positive culture for
M.pneumoniãe (cetl free_ agar method)- or by having a CF
-Jñffiodv-y titre of >¿ 32O or a >. A-3o1d. rise in CF

antibodY titre.

Cate or

I-2 years
post infection

3 years
post infection

TotaI

Number of patients showing the
indicated Iglur sPecific Ab titre

<20 40 80 160 320

5I 3 0 0 t

Total

T2

43

55
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the fifty-five patients showed an Ig!1 specific antibody

titre 32O one year after the infection (Table 5.7). The IgM

titres of the other fifty-four patients were aII less than

40, one to three years post infection.

5.5 Comparison of the Enzlme Immunoassay with the llodified

IH.A for the Detection of ll.pner¡noniae lqlt Àritibodies.

This section of the thesis describes some initial exploratory

use of the EIA for detection of IgM specific antibody. It

has not yet been validated on the scale of the study with the

IHA.

Four groups of sera $¡ere tested by the modif ied IHA (['|/IHA) '
see section 5.3.C) and the EIA (Ig¡a/EIA' see section 5.3.E)

for lvl.pneumoniae lglvl antibodies. These groups of sera were

from patients who had:

(i) cFr >320

These sera were from patients who showed CF titres >.32O

or four-fold rising titres to M.pneumoniae. The viral

CF antibody titres hlere alt less than 20. One of these

twenty sera was from a patient who was culture positive

for M.pneumoniae.

(ii¡ Virus Positive

The thirteen sera in this group

titres (>f60) to Parainfluenza,

Cytomegalovirus or Q-fever.

antibody titre was less than 20

showed high CF antibody

Àdenovirus, Rubellat

The M.pneumoniae CF

for each of these sera.
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(iii) Infectious Mononucleosis

Thirty sera were included in this

Paul-BunneII positive with titres

3200.

group.

ranging

They were

from 50 to

(iv) Virus and M.pneumoniae Negative

The thirty-six sera in this group \dere aII negative for

CF antibodies ( titre -< 2 0 ) to lvl.pneumoniae, Chlamydiae,

Q-fever and viruses (viz. Influenza A & B' Adenovirus,

Parainftuenza I, 2 & 3, Cytomegalovirus and Respiratory

Syncytial Virus).

5.5.4 SensitivitY of the IqMIEIA

Twelve of the twenty sera (60t) were considered to be

positive by the vl/fIJL test for lvl.pneumoniae IgM antibodies,

using an antibody titre 320 as the 'cut-off' value (Table

5.8). In the T7M/EIA sera with absorbance values greater

than 0.5 r^'ere considered to be positive for Igl[ specif ic

antibodies. By this criteria, eighteen of the twenty sera

(908) in this group would be considered positive for IgÞ1

specific antibodies in the IgMlEIÀ test. Thus the IgM/EIA is

more sensitive than the M/THA for the measurement of

M.pneumoniae IgM antibodies.

5.5.8 Specificity of the IgMIEIA

Both the IgMrlEIA and tl,/rHa showed equally good specificities

for the detection of 14.pneumoniae IgM antibodies in the sense

that they brere negative with patients suffering from other



TABLE 5.8

Comparison of the indirect haemagglutination (IHA) with the enzlzme irnntunoassay (EIA) for the
measurement of M.pneumoniae IgM antibodies in sera from 4 groups of patients

(i, ii, iii, iv - see text)

CATEGORY

i cFT >.320

ii SERA FROM PATIENTS
WITH IDENTIFIED
VIRUS INFECTION

iii SERA FROM PATIENTS
WITH INFECTIOUS
MONONUCLEOSIS

i-v SERA FROM PATIENTS
V'IITH NO EVIDENCE OF
VIRUS OR I{.PNEU-
MONIAE TNFECTION

NUMBER OF SERA SHOIiIING lgll
SPECIFIC Àb IN 3 RANGES OF
ABSORBANCE VALUES:

(0.8->2.0) (>0.5-<0.8) (0-<0.5)

t8
(Itlean abs. 1.35)

20

00

00

00

13
(Mean abs I 0.21)

30
(Mean abs. 0. 0I )

36
(Mean abs. 0.14 )

20

NO.

30

I3

36

NUMBER OF SERA SIIOWING lgll
SPECIFIC Ab TITRE BY IIIA:

>640 320 160 80 40 20

11 I4 2rl_

000 0 0 30

000 20r1

000 2 3 3t
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infection (Table 5.8). None of the sera in groups ii, iii or

iv were considered positive for IgM specific antibodies,

using the criteria just defined.

5.6 Association of Neuroloqical Symptoms with fl.pneumoniae

Infection

As described in section 1.3.B central nervous system (CNS)

disorders have been observed in patients who had significant

serological (complement fixation) responses to M.pneumoniae.

As the organism has very rarely been cultured from patients

with neurological disorders, the pathogenetic relationship

of M.pneumoniae to CNS disease has stitl to be determined.

During the course of the study, two patients presented with

neurologicat disorders one with left spastic hemiparesis

(patient STA) and the other with a myeloradiculoneuropathy

(patient FOR). Both these patients had the signs and

symptoms of a respiratory tract infection. Their viral

complement-fixing antibody titres were negative, but their

M.pneumoniae IgM specific antibody titres (rable 5.9) were

suggestive of a recent M.pneumoniae infection; interestingly,

one patient (STA) did not develop CF antibody. The

serolog ical reaction patterns with t'l.pneumoniae antigen and a

homogenate from brain tissue in these two patients were

compared with six patients without CNS involvement but with

high M.pneumoniae I gllt antibody titres (>.320) . After

absorption with l"l.pneumoniae organisms (wellcome

Diagnostics), the specific antibody titres from all the

eight patients decreased significantly or lilere completeJ-y



TABLE 5.9

M.pneumoniae IgÌî and CF Antibody Responses from Patients
tprõ-uaury"'Jåï.,i"olJ,î'r*rïåvithoutcentrar

Patient Sera Absorbed with:@ IgtL/rHA CFT

(Yrirh cNS
Disorders )

STA

FOR

2560
20
20

<5
<5

A/C

80
<5

A/c

Untreated
M. pneumoniae
Brain

Untreated
M. pneumoniae
Brain

320
20
20

(9lithout CNS
Disorders )

ZEK

PAS

LES

MOR

WAG

MAR

Untreated
M. pneumoniae
Brain

Untreated
M. pneumoniae
Brain

Untreated
M. pneumoniae
Brai-n

Untreated
Ivl . pneumoniae
Brain

Untreated
M. pneumoniae
Brain

Untreated
M. pneumoniae
Brain

1280
20

640

320
<5

320

320
20

320

320
<5

320

320
<5

320

l-280
20

1280

640
40

320

320
<5

320

320
<5

160

2560
40

2560

Anti-Complementary
Not Tested (sera exhausted)
Absorptions were done using either
organisms (Wel1..,come Diagnostics ) or
Homogenate at 4"C overnight.

<5
N/T
N/T

whole M.pneumoniae

1280
20

r-280

A/C
N/T

e
Normal Human Brain
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removed. Hov/ever, when absorbed with human brain

homogenate, the lgl4 specific antibodies from the two patients

with neurorogicar disorders (sra and FoR) were arso removed,

atthough this absorption made no difference with four of the

six sera from patients without CNS disorders, similar to the

observation made by Lind (1983).

Given a serological cross-reaction between the glycolipids of

M.pneumoniae and some from brain tissue (plackett et al.,

I969; Biberfetd, 197I) the serological findings in STA and

FOR coutd be interpreted in one or other of two main ways.

The anti-brain antibody could have been stimulated by a

particular glycolipid configuration in the organism - say for

example the galactose-containing gtycolipids. Or brain

damage (due to an agent unrecognised) might have led to

formation of anti-brain antibody which in turn was merely

detected in serolog ical tests with M.pneumoniae¿ The removal

of the antibody to lvl.pneumoniae by suspension of the organism

is in Iine with a serological response to an infecting

organism but the matter is not finally resolved as it is

uncertain as to which of the mycoplasma antigens or haptens

is involved. Consequently the sera $¡ere examined on

immunoblots of M.pneumoniae proteins on sodium dodecyl

suJ-phate-polyacrylamide to confirm wheÈher Èhese patients had

a true M.pneumoniae infection or merely cross-reacting fglt

antibody to central nervous tissue antigens. The

immunoblotting results of these two serar and a convalescent

serum from a "pa tient with Þl.pneumoniae infection show that

atl the sera had antibodies against the I80 kilodalton I foot



FIGURE 5.2

Demonstration
M. pneumoniae
in the nitro

of convalescent phase serum antibodies to
protein antigens by immunoblots. The serum used
ðel-l-ulose blot Lane B \^Ias f rom a patient

(NOR) without overt central nervous system (CWS) dysfunction'
but was positive f.or M.pneumoniae IgM antibodies (modified
IHA) . ihos" in l,aneã-e--a- O lpatient STA) and in Lane E

(patient FOR) )m patients with CNS dysfunction and
ri=o positive f. ies. Lanes B' D &

E weré stained anti-human lglvl and
Lane C with per an IgG. Antibodies
(IgM or Igci specif ic to the foot protein (¡tw 180 kDa) of
pt.óneumoniãe rère present in all the sera. Specific
ãnt.ibõãïes to other protein antigens (viz. MW 84, 56 or 46
kDa) ürere al-so present.

kDa - Kilodaltons
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protein' of the M.pneumoniae organism. This is indicative of

an infection with M.pneumoniae, as this protein has been

implicated to be responsible for attachment to the bronchial

epithelial cells during pathogenesis (Col-Iier and Clyde,

re74).

5.7 Discussion

The serological results of the preliminary tests and the

clinical trial show unequivocally the greater sensitivity of

the IHA and IgM tests (by the modified IHA) with a high

specificity compared to the CF test. This is probably due

to the greater efficiency of the haemagglutination assay in

measuring IgM class antibodies. The CF test with chloroform

methanol extracted antigen from M.pneumoniae as PrePared bY

CSL measures antibodies to a glycolipid antigen, I,rrhereas,

the IHA measures predominantly antibodies to protein

antigens. Consequently, the IHA test is also more specific

than the CF test in the sense that some of the glycolipids

responsible for complement fixing activity of the organism

eross-react with carbohydrate haptens on celL surfaces such

as glycolipids from spinach (Kenny and Newton I L973) or

cytolipin H (Plackett et aI., 1969).

The efficiency of the modified IHA test for measuring lgl4

antibodies \^¡as 7 OZ , f rom patients with various signs and

symptoms of respiratory disease. This is higher than that

reported by Grayston Sß, ( 19 6 9 ) . They showed that the

complement fixation test (witn 4-fold antibody rise) had an



efficiency of 588 from patients with pneumonia who were also

culture positive when throat swabs were examined in diphasic

medium or on Hayflick agar plates.

Antibody in other immunoglobulin classes can just as easily

be detected by this method using the appropriate anti-human

immunoglobulin as the capture antibody.

and IgG specific antibodies
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the IgA

by such modifications of the

classes were not of diagnostic

collected paired serum samples

indicating a recent infection.

Although

detected

antibody

properly

titre

rHÀ,

value,

showed

were

both

except

rising

also

these

when

rgGa

The persistence of Itl.pneumoniae Iglt antibodies lvas also

investigated by the modified IHA in patients who showed high

(>' 320) or four-fo1d rising CF titres one, two or three years

previously. Only one of the fifty-five patients had IgM

specific antibodies (titre 320) as detected by the modified

IHA, one year after the infection. This suggests that with

the modified IHA, the IgIt{ response to M.pneumoniae infection
rapidly drops below detectabLe IeveI. Thus, the modified IHA

is not only a more useful marker of current infection than

the CF test, but it also appears to be more useful than other

assays (eg. immunofluorescence test) reported by Biberfeld
(I97Ia) who reported the persistence of Ig!{ specific
antibodies 2-4 years after the infection.



The results of the rgM,/ErA specificity tests and the absence

of detectable rheumatoid factors (by latex agglutination' see

section 5.3.D) suggest the high specificity of both the

modified indirect haemagglutination test and the indirect

enzyme immunoassay.

Although the modified indirect haemagglutination IgM test was

less sensitive than the enzyme immunoassaY, the former is

simpler and more efficient to do. For laboratories not

equipped with an automated specÈrophotometer, the indirect

haemagglutination test also offers an efficient and simple

screening test for total antibodies. Consequently, the

indirect haemagglutination test can be used for total

antibody screening and IgM detection. If higher sensitivíty

is reguired, then the enzyme immunoassay can be used for

detection of IgM specific antibodies.

II8

Given the greater sensitivity of

be needed in the interpretation

suggesting current or recent

sensitivity may detect residual

infection. Further evaluation

persistence of M.pneumoniae I 9M

the IgM/ErA test, care will

of a positive IgM result as

infection. The greater

IgÞ1 antibodies from a Past

is needed in regard to the

antibodies when measured bY

EIA.

The results of the absorption studies in Tab1e 5.9 show that

with an M.pneumoniae infection the fgM specific antibodies

are not removed on absorption with brain tissue, ât least in

those with no overt neurological disturbance. IThis
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observation htas also reported by Biberfetd, (1971), who

showed that CF antibodies to M.pneumoniae were not reduced on

absorption with brain tissuesl. This implies that the

M.pneumoniae IgM antibodies (measured by the modified

haemagglutination test) do not cross-react with brain

tissues,r qðlthough some patients with neurological
/

disturbance and evidence of ll.pneumoniae infection (recent

or current) may show antibodies that cross-react with the

organism and with brain tissues. With attendant difficulties

in interpreting results, detection of antibody to the I80r000

dalton'foot' protein may enable a decision to be made about

infection with the mycoplasma. Thus the immunoblot results

(see Figure 5.2) of two sera from two different patients with

CNS disorders and respiratory tract infection suggest that

they had a true M.pneumoniae infection. These sera reacted

with M.pneumoniae proteins of 180 and 56 kilodaltons (serum

from FOR) or an additionat protein of 48 kilodaltons (serum

from STA). The reaction with the f$O kilodalton protein is

highly suggestive of this infection as the rfoot proteinr,

attachment protein or adhesin of !l.pneumoniae has been

determined by SDS-PAGE to be within I65-190 kilodalton

molecular weight (Hu g!3!., 1983); during such an infection,

IgM specific antibodies are directed to this protein (Jacobs

et âI., 1986) .
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CHÀPTER 6.

6 DIAGNOSIS OF

DETECTION OF

TRACT.

U.PNEUUONIÀE II{FECTIONS BY THE DIRECT

TEE RESPIRÀTC'RYÀI¡TIGEN IN SPECIMENS FROT'T

Introduction

The development of a ceII sheet culture method, described in

chapter 4 , for the isolation of l'l.pneuqroniae from clinical
i¡r

specimens, resulted4laboratory confirmation by culture in 3-5

days in the majority of specimens as compared with 5-I4 days

required with the conventional approach of the inoculation of

cell-free diþhasic medium and subculture onto plates of

mycoplasma agar.

Although the resulÈs of culture on cells or even the

demonstration of IgM specific antibody were sometimes

available quickly enough to influence case management or

chemotherapy in what may be a rather protracted infection, it

was clear nevertheless that even more rapid methods were

needed.

For many years after the pioneering work of Gardner &

McQuillian (L974) it has been the practice to diagnose viral

respiratory infections directly by the demonstration of viral

antigens in infected cells desquamated from the upper or

lower respiratory tract and separated from nasopharyngeal

aspirates (NPA), sputum or lung puncture fluids. Initially



T2L

antigen detection $¡aS by immunofluorescence and was' and

indeed remains, particularly effective with respiratory

syncytial, influenza and parainfluenza viruses -

Direct or rapid diagnosis of M.pneumoniqe infections by IF

antigen detection \^tas attempted as long ago as 1960 by Hers

and Masurel (1967) who separated cells from sputum, nasa1

exudates or pleural fluid of patients with pneumonia and

stained them by IF $¡ith a carefully adsorbed polyclonal

anti serum to M.pneumoniae. UnIike the results with cells

from virus infections, which show discrete, intense staining

of cytoplasmic or nuclear viral 'factories' (inclusion

bodies), the staining of tvl.pneumoniae infected cells was

diffuse and particulate, reftecting the distribution of a

coccobacillary organism over the ceII surface. Consequently,

specificity depends not only on the morphology and

distribution of the antigen staining but also rests rather

heavily on the differences in fluorescence intensity between

preparations stained with positive and with negative sera.

Nevertheless, Hers and Masurel (1967 ) obtained a fair

correlation between the results of the culture of the

organism and its direct demonstration in respiratory tract

specimens by immunofl-uorescence. Table 6.1 sho\ils in summary

the results of the direct examination of various specimens;

about half of the patients were positive by the direct method

and the paper may be consulted for details of the culture

results and the serological responses in the patients

providing the specimens.
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TABLE 6.I

Direct Demonstration of Eaton Agent (: M-pneumoniae) in
Clinical Specimens by the Indirect Immunofluorescent

Technique
(Hers and Masurel, L967)

SPECIMEN NUMBER TESTED NUTIIBER POSITI\IE

Sputum

Nasa1 exudate

Pleural fluid

36

6

I7

3

13

TOTAL 45 (r00s) 2r (47+l
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Since 1984, following this leadr wê have incorporated an

M.pneumoniae antiserum in the battery of viral antisera used

for IF staining of cells separated from NPA of children with

respiratory infections.

The antiserum used was a polyclonal antiserum prepared by

immunisation of a rabbit and adsorbed with human lung

homogenate and glutaratdehyde-fixed horse serum. However'

although it was possible with this antiserum, to detect with

confidence micro-colonies or collections of organisms on

experimentally infected celIs the interpretation of staining

on cells from NPA was more difficult, even when the results

of culture on the Same specimens were available. The method

was technically too exacting and time consuming for routine

use.

Consequently, it hras thought that the detection

Ir{.pneumoniae antigens by enzyme immunoassay might offer

objective and sensitive rapid test as this would, depend on
coç\r^.d h :t*$" oÀt"oåi,.a

measurement of the amount of antiSenf, in ä preparation

compared with a negative serum' rather than

interpretations of the morphological distribution

fluorescence and of its intensity.

of

an

a

AS

on

of

The indirect ( "antigen capture" ) enzyme-Iinked immunoassay

has been used successfully to detect respiratory virus

antigens (Adenovirus' Parainfluenza, Influenza and

Respiratory Syncytial Virus) in nasopharyngeal aspirates.

When compared to a radioimmunoassay based on similar
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principles and with indirect fluorescent antibody tests' the

enzyme immunoassay r¡ras found to be as specific and sensitive

(Sarkkinen et al., 1981arb). AIl of these direct assays hrere

significantly less sensitive when compared with the results

of virus culture (Grandien et al., 1985) (Chao et aI., 1979),

but nevertheless showed high specificity.

Recent reports by ltiettinen et aI (1984) on the detection by

antigen capture of 1"1. hominis antigens in exudates f rom

genital Iesions and a preliminary report by HeIbig and

I'Iitzleb (1984) witfr the technique for M.pneumoniae antigens

(from a laboratory passaged strain and two clinical isolates)

Ient support f or an approach to d.evelop a rapid, enzyme

immunoassay to detect antigen in clinical specimens and to

compare the results with those from diagnosis by culture on

cells or serodiagnosis of M.pneumoniae infection in the

patients providing the specimens.

In the main, the enzyme immunoassay developed was a direct

'antigen capture I method with an adsorbed polyclonal

antiserum (rabbit) on the solid phase (ie. the wall of a cup

in a microtitre tray) and the same antibody as the detecting

antibody but linked to enzyme (Figure 6.I). In addition, a

number of monoclonal antibodies were prepared against

M.pneumoniae and were assessed as the detecting antibody.

These test systems v¡ere validated in various lvays after

determinations of the basic parameters of the test and

optimal extraction methods for specimens. First, specificity



Fig - 6.1 Enzyme Immunoassay (EIA) for the
Detection of llvcop].asma pneumoni-ae



ooo Substrate ( o-phenYlenediamine )

Peroxidase-labelled anti-
ù1- pneumoniae

Antigen,/Spec imen

Rabbit anti-M. Pneumoniae

oo
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was checked by testing cells deliberately infected with a

range of mycoplasma species other than l'l.pneumoniae. second,

sensitivity was checked by the ability of the technique to

detect small numbers of M.pneumoniae on cells inoculated with

suspensions of the organism around the infectivity end point'

Third, a substantial number of nasopharyngeal aspirates from

patients with documented infections with viruses, but without

culture or serological evidence of infection with

M.pneumoniae stere examined as negative controls, and a small

number of stored samples (WeA¡ from patients in the 1983/84

prevalence of M.pneumoniae infection, with culture or

serological evidence of infection, b¡ere also examined.

Lastly, in an effort to integrate and streamline the

techniques of direct antigen capture, and culture of the

organism on ce]l sheets, the antigen capture enzyme

immunoassay was used to examine the cell cultures inoculated

with simulated clinical samples, instead of, as before,

staining the cell sheets by immunofluorescence. With this

approach, the EIA end point titre (2xI03 cïv/o.lmt) of these

simulated speeimens - inoculated into SP-4 medium (FCS with

cells ) - was similar to that from a subculture of the same

inoculated medium onto HayfJ.ick serum-agar plates (see Table

4.7). This approach again follows a general technique used

with viruses and with fastidious organisms such as gonococcit

in which short-term culture is used to amplify the number of

organisms in a specimen before antigen detection is

attempted.
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6-l liaterials and llethods

Antibody against 14.pneumoniae prepared in rabbits (described

in section 3.6) was precipitated three times in 35t w/v

saturated ammonium sulphate. The precipitated globulin was

re-dissolved in the same volume (as the original serum) of

PBS and dialysed extensively at 4oC. The globulin fraction

$¡as then absorbed with normal human lung homogenate, HeLa 229

cells and glutaraldehyde-fixed horse serum (Avrameas and

Ternynck, I969 ) .

A portion of the antibody-containing globulin fraction was

then conjugated with horse radish peroxidase as described by

Avrameas and Ternynck (197f). Aliquots of the conjugated

antibody and the ammonium sulphate precipitated globulin

fraction were stored at -7Ooc.

Two monoclonal antibodies (amplified ín mouse ascities

eulture, see section 3.8.F) $rere also labelled by the

two-step glutaraldehyde method of Avrameas and Ternynck

(I971) and by the periodate-oxidation method of Nakai¡e

described by O'Sullivan and l"larks (198I).

Duplicate flat-bottom microtitre wells (NUNC, certificatedt

Cat. No. 439454) \{ere coated at 37oC/I\ hrs with either the

fractionated but unconjugated antibody (f00pl,/well) or with a

similar fraction from a serum from an unimmunised rabbit.

Ivticrotitre plates f rom two other companies (Disposable

Products, South Australia and Linbron Flow Laboratories,

Australia) brere also evaluated (data not shown), but were



l-26

found to have less binding capacity than the NUNC plates.

The coating antibody was diluted in 0.IM NaHCO3 buffer, PH

9.6. The dilution used for coating was determined by previous

titration in chessboard fashion with a suspension of

M.pneumoniae and it was usually ca. 25 yg/ml of protein.

After five hrashes with 0.05å v/v Tween 20 in PBS (PBS,/ T) the

control antigen or specimen, diluted in 5t w/v non-fat skim

milk-PBS/T ("diluent buffer") in a volume of 100ulr $râs added

to both sets of wells coated with positive or with control

sera and then incubated overnight at room temperature (the

diluent buffer $ras found to be equally as effective as IOt

normal rabbit serum in PB$/T in blocking reactive sites on

the plastic and was considerably cheaper). Incubation

overnight at room temperature was found to offer greater

sensitivity when compared with incubation periods of 2hr/37oC

or overnight at 4oC. Unbound antigen was then removed by

washing (5x) with PBS/T; finally a L/4O0 dilution of the

conjugated antibody (in diluent buffer), and in a volume of

100 uI, \^ras added. This was then incubated for I inr/lloC

(previously determined by titration to be the optimal

incubation period). After five washes htith P!,S/T, the

substrate solution (100 uIrlweI1) was added and incubated for

l5min . /Rr. The substrate solution ( 1.3 mg,/ml of

o-phenylenediamine.2HCl in citrate phosphate buffer

containing 0.02t hydrogen peroxide) was prepared fresh each

tine before use. The enzymic reaction was stopped by Èhe

addition of IN H2sO4 (150u1,/well) and the absorbance values

of the reaction wells read at 492nm in a Dynatech (Un 600)

automated spectrophotometer .



The specific binding was calculated by subtracting the

average absorbance value of the wells coated with non-immune

rabbit serum from that of the antibody coated wells, and then

expressed as a percentage with reference to the maximum

Iinear absorbance reading of the spectrophotometer. The

absorbance of the material in the well-s coated with normal

rabbit serum was considered as the background reading for the

particular specimen or antigen dilution. An absorbance value

of 2 was the maximum obtained from the spectrophotometer and

any value greater than this was taken as 2.
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therefore, the specific binding value r{as as

Value for antibody welIs
MINUS

Va1ue for negative rabbit serum wells x 100

In summary,

follows:

Specific
binding I

2

6.2 Results

6.2.A Preparation of specimens for testinq: sonication

M.pneumoniqe attaches to the membranes of epithelial cells in

the respiratory tract (Hu et aI. ' L977). It was surmised

that white there would be organisms free in the fluid phase

of specimens from the respiratory tract, organisms would also

remain attached to the cells shed into the exudates. It

seemed desirable to break up the complexes of cell and

M"pneumoniae, otherwise when they were captured by the

primary antibody on the microtitre wells, there might be
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Spurious results because such complexes would not be stable

on washing or to thermal agitation. Moreover the larger ceII

fragments might trap the conjugated antibody and thus cause

high non-specific absorbance readings.

Fig. 6.2 shows the results of a comparison of sonication

(supernatant fluid and cell peltet) with those of an

unsonicated pool of nasopharyngeaÌ aspirates artificially

infected with M.pneumoniae. A series of 1O-fold dilutions of

the organism, I00 to 10-7 $¡ere made, together with 3

intermediate two fold dilutions within the lQ-fold steps, in

a pool of nasopharyngeal aspirates previously shown to be

culture negative for M.pneumoniae. Each dilution $tas

subcultured in known volumes onto mycoplasma agar so that the

number of colony f orming units in the S¿Ime could be

determined. These simulated, "positive" specimens \ilere then

incubated for |inr/37oC, then sonicated for 15 secs,/AoC and

the nasopharyngeal cells in the preparation and free

M.pneumoniae organisms separated by centrifuging at

150Og,/Smin. The supernatant fluid was then added at the

antigen step of the EIA. In the non-sonicated tuber the

incubated Þl.pneumoniae-NPA preparation was used directly in

the antigen step of the EIA. It \ilas f ound that the

supernatant fluid from the sonicated M.pneumoniae-NPA

preparation gave higher binding values at the range of

dilutions from IO5 to 5 x 106 colony forming units,/ml than

either the corresponding ceII pellet or without sonication of

the artificiatly infected nasopharyngeal aspirates (Fig 6.2).



Fig. 6.2 Relation between specific binding values (t) obtained
in an antigen captuze enzlZme immunoassay with simulated
clinical samples prepared by inoculation of falling
dilutions of a cu].ture of Ìl.pneurnoniae CFU,/nt added to
a pool of negative nasophaffigeaT-sPTrates.

.',
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sitivitv of the enzYme immunoassay in terms of

colony- forminq units of M.pneumoniae detection.

The sensitivity of the EIA can be deduced from the curves in

Fig. 6.2. With the curve for supernatant fluid after

sonication when the equivalent of 5 x I0 6 CFU,/ml of

M.pneumoniae r¡tas added, the specific binding value I¡¡as 93t

and this decreased to zero when less than 5 x 104 CFUrlml vtere

added to the NPA pool. Therefore depending on the level

chosen as 'cut off', the EIA can give positive result with

material originally inoculated with organisms to give a final

dilution of between 105 and 106 organisms/ml. (See below for

other estimates of sensitivity). The choice of a rcut offl

tevel to categorise samples as 'positivet or 'negative' can

be made in various blays. Tests of 72 individual NPÀ from

subj ects without evidence of ¡'l.pneumoniae infection gave an

average binding value of 1.08 with a standard error of O.It

(Table 6.5). Tests with suspensions of other species of

mycoplasmas gave values between I and 2E (Table 6.3).

A eut off value of 58 specific binding \das chosen as

tpositivet for routine diagnostj-c purposes. Those specimens

with 5t specific binding were considered equivocal and

subsequently repêated or confirmed by an antibody blocking

test using guinea-pig antiserum against M.pneumoniae. A

Ievel of 5t specific binding, identifies a NPÀ sample with a

final concentration of 7 x 104 organisms per mI. As 0.1mI of

this sample r^tas tested in the plate, the absolute

concentration of organisms detected was 7 x 103 (Fig . 6.21.
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To obtain other estimates of the sensitivity of the antigen

capture method the protein content of a suspension of

M.pneumoniae ceIIS, used as a CF antigenr (Wellcome

Diagnostics) was estimated. This was apparently free from

precipitated horse or swine serum as judged by precipitation

tests with potent antisera to horse and swine serum proteins

and by failure of the antigen to provoke antibody against

horse or swine when inoculated into rabbits. Protein was

estimated by the Coomassie BIue Technique (Bradford, 1976).

(fnis \^¡as read on the IL Multi-Stat III, courtesy of the

Division of CIinical Chemistry, I.M.V.S.). The antigen was

titrated in the CF test and in the antigen capture EIA' after

sonication according to section 3.1. The antigen suspension,

representing inactivated whole cells of the organismr wâS

also tested for nucleic acid content and genome equj-valents

by staining with 4t 6-diamidino-2-phenylindole (DAPI)

(courtesy of Dr. R. Harris, South Australian Institute of

Technology). Table 6.2 and Fig. 6.3 show the resulÈs. It

appears from this data that at the 5g cut off poinÈ for

specific binding in the antigen capture EIA some 2.5n9 of

protein antigen was detected and 2 x 106 genome equivalents.

The intrinsic errors in these estimations are considered in

the Discussion.

6.2.C Specificity of the enzyme immunoassay for

Ivf .pneumoniae and other mycoplasma species.

Seven mycoplasma species !l.hyorhiniq ' Itl.pulmonis,

A.Iaidlawii A and B, !1. ora1e, ll.buccale and M.faucium \ilere

grown on HeLa 229 cells in CùlRL 1969 medium supplemented with



TABTE 6.2

Relation between antigen content in complement fixation test
and antigen capture enzyme immunoassay and total protein and
nucleic acid content of a suspension of t{.pnggqo4ige celJ-s-

BATCH
CF AIìTTIGEN

TITRE

EXTINCTION END
POINT IN ANTTGEN

CAPTT'RE EIÀ*
TOTAL

PROTEIN
GENOIIE
NUMBER

6
R222220 128 8r92 25ng 2xL0

* (At 5t specific binding, see Fig. 6.3)



Fig. 6.3 Relation between specific binding values (*) obtained
in an antigen capture enzyme immunoassay with two-fold
falting dilutions of the U.lnerefu conpJ-ement fixing
antigeñ (Weltcome oiagnosElcsT, tllluted in diluent
buffer ( 5t skim milk-PBS/T')
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20E v/v foetal calf serum and 2Z w/v yeast extract'

Approximately I06 cFu,/ml of each mycoplasma species $¡as

diluted in a pool of negative nasopharlngeal aspirates for

testing. l'l.pneumoniae was grown up in a similar fashion and

tested at a concentration of IO6 CFUr/mI.

t3r

seen (Table 6.3) that only material

gave a specific binding value greater than
It will be

M.pneumoniae

with

2*.

f\

inf ection with M.Pneumoniae'

6.2.D Assessment of anti nca ture en l_ oassa

with simulated specimens under code.

As an interim measure, while awaiting a prevalence of natural

attempts $¡ere made to validate

simulated specimens (Table 6.4) -the technique on a series of

To prepare these, a pool of negative nasopharyngeal aspirates

was assembled. Each sample hlas tested for the presence of

M.pneumoniae organisms by inoculation into (l) cell culture

system with fluid phase of SP4 medium with 20* FCS (21 SP4

diphasic medium. The latter was subcultured onto the

standard Hayflick-type mycoplasma agar plates. Each sample

$¡as also tested for specific binding activity in the antigen

capture enzyme immunoassay and determined to be negative.

M.pneumoniae (Ce strain) was grown up on HeLa 229 cells with

cell culture medium (CII{RL 1969) supplemented with 2* yeast

extract, cholesterol (2Ovg/ml) and 20t FCS. After four days

the fluid phase of the medium was harvested and a series of



TABLE 6.3

specific binding values obtained in an antigen capture
enlyme immunoassay with a polyclonal rabbit antiserurn to

M.pneumoniae tested with the hon logous org_an_ism,_ È1-.Pneumqniae'_Ënd 
w--itñ seven other mycoplasma species, diluted in negative

nasopharyngeal aspirates and-tested at a final concentration of
- loÖ cru,/nr -

IIYCOPLÀSMA SPECIES ÀDDED TO
NASOPHARYNGEAL ASPIRATE SPECTFIC BINDING (T)

M. oral-e

M. buccale

M. faucium

M. hyorhinis

M. pulmoni s

A.l-aidlawii A

A. Iaidlawii B

Ir{. pneumoni-ae

2

2

2

I
2

1

2

83

Uninoculated cel1 culture medium
(CMRL l-969 with 13 FCS) 0
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two fold dilutions prepared around the probable infectivity

end point (r05 cFUr/mr) of the suspension, in the NPA poor'

The mixtures were then regarded as individual tclinical

specimens' and allocated a code number for further tests.

There were 25 in aIl, including a number which $¡ere

replicates under different code numbers.

It wiII be seen (Table 6.4) that at the "end point inoculum"'

6 of the t0 specimens were positive by antigen capture and

a1I were positive by culture. The inoculum beyond end point

hras negative both in antigen capture EIA and culture

although, in theory, it contained I02 C¡lV/mt. However, the

volume inoculated into the cul-ture system lcas 0.lmlr So the

effective dose was 10 CFU of the organism. If incubation of

the cultures had continued for L4-2L days rather than the

four days used, then Some positive culture results might have

resulted. This factor has been taken into account in

experiments underway at the present time.

6 .2.8 Preliminary evaluation of the antigen caPture

enzyme immunoassay with clinical samples from

'l

respiratory infection.

Nasopharyngeal aspirates from 72 patients with respiratory

tract infections in which M.pneumoniae had been excluded'

$¡ere tested in the enzyme immunoassay. All had been cultured

in the ceII culture system described in Chapter 4 and were

negative. A proportion of Èhe patients from whom the samples

had been collected had also been tested for specific antibody

to M.pneumoniae by antibody capture indirect



TABLE 6.4

Specific binding values obtained in antigen capture enzyme
i-mmunoassay ltith polyclonal antiserum to ll.pneulnoniae- and

simulated "èlinical sþecimens" containing variable numbers
of t'f .Pneumoniae -

CATEGORY
OF

SPECIIIIEN

CULTURE
POS/

TOTAL

(2t

IC
No. SHEET MEDIUT{

SPECIFIC
BINDING T
VALUES OF
INDIVIDUÀI,
SAMPLES 

( J 
'

MEAN
SPECIFIC

BINDING
VALUE T FOR

GROUP + S.E.*

Heavy
ïnocu
2x10b

1um
/mr

(r) 90.4 + 0.4

7.0 + 1.0
End point
Inoculym
5-9x10',/mI

Inoculum
Beyond

TäelHiflt

(1)

0

* S.E. : Standard Error of the lfean

(I) Final concentration in nasopharyngeal aspirate.

(2') 0.Iml of the nasopharyngeal aspirate was
inoculated into 2ml of medium = I/2O dilution
of the NPA.

(3) O.tml of nasopharyngeal aspirate inoculated
into test systen.

6 00 0
0,

,
0
0 ,0 ,r,

IO10 10
8
4
3

8,r0,9,
12,9,4,
3

,
f

I

99 9
9r,91r88,
9r,92,89,
90,92,90
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haemagglutination, with negative results of < 5 in the CFT and

.<80 in the test for IgM specific antibody, and are grouped

separately for analysis in Table 6.5. All 72 specimens vtere

negative and the values \^¡ere below the 5t level' of specific

binding taken as positive.

Some of the NPA r^rere. subsequently found to be positive for

various viruses (ví2. rhinovirus, Herpes simplex virus,

ad.enovirus, parainfluenza virus, respiratory syncytial virus

or enterovirus) or bacteria (viz. Staphylococcus aureus,

S.epidermidis, Streptococcus MG, Strep. viridans and

Pseudomonas aeruginosa.

In addition to these samples, 800 routine specimens (NPA)

from patients in a period when M.pneumoniae infection ldas not

present in the community were tested by EIA antigen capture

(Table 6.5). This was done to obtain 'backgroundr values for

non-specific reactions and also to see whether the normal

mycoplasma flora of the oropharynx (M.orale' M. f auciumt

M.buccale) or bacteria such as Streptococcus lvlG , gave false

positive reactions. However, aII binding values were within

normal limits.

FinaIIy, nine stored NPA samples from patients with

bronchitis and cough in the L983/84 prevalence of

M.pneumoniae r¡rere also tested ( Tabl-e 6 . 5 ) . Seven of the

samples had previousty been shown to be culture positive for

Ivl.pneumoniae and the remaining two had high levels of IgM

specific antibody to the organism. The specific binding



TABLE 6.5

Specific
enzlzme

binding values (8) obtained
immunoassay with a PolYclonal

in an antigen caPture
rabbit antiserum to

from patients with
due to other agents

and nasopharyngeal asPirates
lness due to Dl.Pneumoniae or

CATEGORY OF PATIENT,/
EVIDENCE OF INFECTION

RANGE OF
SPECIFIC BINDING

VALUES OR

NO. OF INDIVIDUÀL
PATIENTS VALUES

MEAN
SPECTFIC

BINDING + S.E.
(r)

e

Cufture negative*
Serum tests negative** 23 0-2 0.9 + 0.1

Culture negative
Sera not tested 49 0-3 1.1 + 0 .1-

Specimens from routine
"throughput" in non-
epidemic period, not
cultured for M.Pneumoniae

800 0-2

Culture positive*
Sera not tested 7

4r8r9r9
13 ,45, 13 14.3

Culture not
Serum tests

tested
positive# 2 27 ,5 16.0

TOTAL 881

**

*

+
*
e

Culture nega
or in agar c
Convalescent
ll.pneumoniae
Convalescent

tive; M.pneumoniae not isolated on cell sheets
ulture.
phase sera CF <5; IgÞl specific Àb < 80.
isotated on cell sheets and'/ot agar.
phase Igu specific antibody titre > 32O'

S-8. : standard error of the mean
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values ranged from 4 to 458. These results with field

specimens, taken together with the resulÈs on símulated

samples (Table 6.4) indicate that the method should' be of

value in the rapid diagnosis of M.pneumoniae infection but

further trials during a prevalence of infection are required'

6.3 Discussion

As with many other infectious diseases, the culture of the

organism M.pneumoniae will probably remain the 'gold

standardr as definitive proof of an infection. However, with

l,I.pneumoniae infection, its culture still requires too long a

period for the results to provide effective patient

management. This is likely to be so even with the much

enriched and clinically proven superior SP-4 cul-ture medium

(Tully et al., IgTg and see section 4.4.4). With respiratory

viral infection, the detection of the virus directly either

by immunofluorescence or enzyme immunoassay in nasal

secretions has provided a rapid diagnosis of infection. The

use of immunofluorescence for the direct detection of

14.pneumoniae in nasopharyngeal smears has not proved

rewarding, particularly in a routine diagnostic laboratory.

Consequently, the use of an 'antigen capturet type enzyme

immunoassay may overcome Some of the limitations of the

immunofluorescent technique discussed in the introduction to

this chapter.

The sensitivity of the enzyme immunoassay so far developed,

detects abouL 104 cFUr/mr. As the assay of corony-forming

units is rather inaecurate because one colony commonly



135

arises from more than one elementary body the sensitivity of

the EIA antigen capture method has been compared with protein

estimation, complement fixation titre and nucleic acid (DNA)

content of a suspension of the inactivated organism used for

measuring complement fixing antibodies. This antigen

(lVellcome Diagnostics) when assayed in the enzyme immunoassay

using a cutoff 5å specific bi-nding as the endpoint has

about 2ilng/ml of protein and equivalent to about 2 x 106 DNA

molecules.

Two monoclonal antibodies (produced in mice ascitic fluids,

see section 3.8.F) were also Iabelled by the two-step

glutaraldehyde method of Avrameas and Ternynck (f971) and by

the periodate-oxidation method of Nakane described by

OrSullivan and llarks (198I). The latter conjugation method,

although more involved, is supposedly a milder process than

the former, thus maximising the antibody activity after

conjugation. Both these conjugation methods did not produce

labelled monoclonal antibodies that were as sensitive

compared to the rabbit antiserum conjugated by the same

methods (data not given). The aim $ras to use the rabbit.

antiserum as the primary capture antibody and

peroxidase-IabeIled monoelonal antibody as the detector

antibody, wi-th the expectation that this would provide l-ess

background binding and consequently increase assay

sensitivity. As the conjugated monoclonal antibodies were

not as sensitive as the conjugated polyclonal antiserum

(rabbit), only the latter was used as the detector antibody

in the enzyme immunoassay described here. However,
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developmental work with monoclonal antibodies in the

detection system continues at the present time. Biological

screening tests (inhibition of haemadsorption on colonies)

has identified a monoclonal antibody that has activity

against the rattachment processr or 'foot protein' of the

M.pneumoniae organism. l{ethods of labelling this monoclonal

and detecting it which v/iII not inactivate it or interfere

(steric hindrance) with the active site of the antibody are

under investigation. Two lines biotin-Iabelling and

streptavidin-enzyme detection SyStem and mouse enzyme

conjugates are being folIowed.

Now that the principle of EIA antigen capture is established

with M.pneumoniae, other 'fine tuning' steps can be taken to

increase the sensitivity of the method. First, a larger

volume (1.0mI) of NPA can be centrifuged at high speed, after

sonication, to concentrate the organism and fragments for the

test. Second, the volume of material tested can be increased

from 0.1mI to 0.3m1 or the 0.1 mt can be spread as a thin

film over the capture antibod.y on the surface of the plastic.

Experiments currently in hand (Harris, R- pers. com. )

indicate that the antigen capture method described here is as

sensitive aS a nucleic acid probe detection system for

I\,l.pneumoniae (Gen-Probe, San Diego, California). Given the

very high cost of the nucleic acid probe kit' continuing

comparisons of the EIA antigen capture kit, and its

refinement is imPerative.
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CH.APTER 7.

7 . GEI{ERAL DISCUSSION AI{D COI¡CLUSIONS.

The Iimiting problems with the diagno sis of M.pneumoniae

infection in the general Iaboratory have been outlined in

earlier chapters (2, 41 5 & 6). They are two-fo1d - slow and

insensitive ceIl-free culture methods and a suboptimal

serological testi víz.i complement fixation test with lipid

antigen or the whole cells of the organism-

The studies described in this thesis are considered to

ad.vance the efficiency of the existing laboratory methods.

First, âD earlier method of growing the organism on sheets of

mammalian cells which \{aS supplanted by culture on serum

agar platesr or in diphasic serum agar-broth medium has

been combined with a nutrient fluid phase medium based on

complex tissue culture fluids developed primarily for

mammalian cell culture. This might be viewed as a diphasic

medium with a metabolicaJ-Iy inhibited cell- sheet as the solid

phase rather than serum agar.

Not only does this system provide an anchorage for

M.pneumoniae through the foot process and the cell surface

receptors, but also (probably) a nutritive micro-environment

in which the organism can multiply and form small colonies.

The cel-l sheet and/or the fluid phase of the culture can be
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examined for antigen by immunofluorescence or enzyme

immunoassay and the presence of the organism detected several

days in advance of the time taken to form visible colonies on

subculture on a serum agar Plate.

Two versions of this cell sheet culture have been developed.

The first with a fluid phase of CMRL 1969 medium with yeast

extract, foetal calf serum with added cholesterol and

thallium acetate to inhibit respiratory bacteria. The second

or Mark 2 version of the system utilised the SP-4 medium

developed by Tutly et al. (1977 ) for the growth of

spiroplasmas and subsequently applied to the growth of

M.pneumoniae (rullY €., ]-979) and M.genitalium (ru1lY et

aI., 198I) in cel1 free media.

The first version of the cell sheet system was extensively

validated on 1033 specimens of nasopharyngeal secretions,

during 1983-1984 (Chapter 4). The presence of the organism

was detected by immunofluorescence examination of ceII sheets

and for serum agar subculture. There was a good correlation

between the isolation of the organism and other markers of

infection, such as development of CF antibody or IgM specific

antibody as measured by a haemagglutination-Iglvf capture

method (Chapter 5).

Nevertheless, the isolation rate (42*) of the organism from

nasopharyngeal aspirates of children with acute respiratory

inf ections eaused by ltl.pneumoniae I,{as stitl in the middle

range. In this initial assessment of the method a direct
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comparison with cell-free diphasic medium and serum agar was

not made. The isolation rate obtained is slightly lower than

those ( 6 5E ) reported by other I¡¡orkers ( Grayston g!-3!. ,

1969 ) , but the isolates $/ere detected within days rather than

weeks. In the Iatter studies, there were also other'

differing factors that might modify the rate of isolation

namely a different age group of the group of patients

sampled, repeated rather than single sampling, the use of

sputum or throat swabs rather than nasopharyngeal aspirates

and prolonged incubation of the cell-free diphasic media for

2I days or more.

After this initial experience, attempts were made to refine

the celI sheet system and improve its sensitivity. The

second version of the ceII sheet system with SP-4 medium as

the fluid phase appears to be more sensitive with simulated

respiratory specimens (Chapter 4). The use of foetal calf

serum, rather than horse serum, supplemented with the

cholesterol in the SP-4 medium, permits the examination of

ceII-fIuid phase homogenates or sonícates of inoculated

cultures by antigen capture enzyme immunoassay (EIA) (see

below), a less labour intensive method than the examination

of the ceIl sheets by immunofluorescence. Fluids with horse

serum show high non-specific binding properties in the

antigen capture EIA (unpublished). It should also permit the

investigation of a larger (1.0m1) volume of the culture for

antigen by high speed centrifugation of the culture sonicates

to deposit organisms and organism fragrments for examination
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in the antigen caPture EIA.

ceIIs with neuraminidase for

investigation.

Elution of the organism from

EIA testing might also rePay

Subculture of the cell sheet system into Hayflick serum agar

(not SP-4 serum agar see Chapter 4), will be retained as an

important confirmatory step until the refined, llark 2 version

has been validated on a large series of specimens from

natural infection in

infection.

the next prevalence of M.pneumoniae

During the next prevalence of infection, it is also the

intention, aS a parallel comparison, to culture the NPA

specimens by conventional diphasic medium serum agar plate

subculture in addition to the cell sheet SP-4 system; and

finally to compare the results of both culture methods with

antigen capture EIA in the NPA specimens and with the

inoculated cell sheet system.

Since 1980, two methods of measuring IgI{ specific antibody

have been developed by, respectively, an indirect

haemagglutination assay modified to an IgM capture method,

and an indirect enzyme immunoassay with antigen on the plate.

Both methods gave improved performance over the CFT' in a few

instances detecti-ng antibody in patients who had not

developed a CF antibody response.
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The abiliÈy to detect IgM specific antibody in the absence of

CF antibody proved of interest in two patients with CNS

disease, comPlicating an M.pneumoniae infection (Chapter 5).

Examination of the sera from the patients by immunoblot

indicated the presence of antibody to the I8OkDa foot

protein of the organism thereby suggesting an infection with

the organism rather than an artifactual serological

cross-reaction with M.pneumoniae glycolipids arising from the

exposure of similar carbohydrate sequences as a result of

brain damage due to other (unrecognised) agents or agencies.

The pathogenetic significance of the lglvl specific

Ivl.pneumoniae antibody cross-reacting with brain antigen, in

the production of disease, remains uncertain. As will be

seen from Table 5.9, Pa tients with M.pneumoniae infection'

and with CNS signs or symptoms also developed antibody

against brain tissue. It may be that the particular

immunoglobutin elass of the cross-reacting antibody is a

critical factor in the production of the damage or that the

particular pattern of antibody response in the patients with

CNS is merely a linked reflection of an unusual cellular

ímmune response actually responsible for the brain damage.

All these points remain to be investigated (see Raisanen et

gf., 1984 for a summary of the problem of cross-reacting CF

antibodies to !l.pneumoniae in CNS diseäse).

The IHÀ lgl{ capture method vtas extensively tested and gave

results that correlated weII with isolation of the organism

and the CF antibody response (Chapters 4 & 5). The enzyme

immunoassay appears more sensitive than the IHÀ and although
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in routine use in the serology laboratory, Division of

Medical Virology, Institute of l{edical & Veterinary Science,

it requires further evaluation against other markers of

infection during a Prevalence of M.pneumoniae infection; one

has not occurred since it was put into use. In particulart

given its greater sensitivity compared \,/ith IHÀ' the duration

of persistence of IgM specific antibody after an infection

needs to be further assessed if raised, unchanging titres of
o.ü¡{Þeåi.!.

IgM specificÅare to be taken as significant in relation to a

concurrent clinical episode.

The method used in the ELISA is essentially similar to that

described by Busolo et al-., I98O who coated the rrtlells of

plastic plate with suspensions of the organism, ot grew the

organism on the plastic surface of the wells, and fixed the

antigen with formalin. The detection system consisted of

goat anti-human antibody (anti-IgG, IgM or lge) conjugated

with alkaline phosphatase. In their hands, antibody titres

in the EIA showed good correlation with titres in the

metabolic inhibition test. The possibility of measuring I9l{,

IgG and IgA antibody by the use of appropriate conjugates in

the detection system !.¡as established in a test vrith two

positive human sera; the persistence of IgM specific antibody

was examined in (only) four patients in whom low levels

(titres not stated) were detected one year after onseÈ of

illness.
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In a later study, Busolo et aI. (1983) showed that the ELISA

\¡¡as more sensitive than the metabolic inhibition or

complement f ixation tests. The ELISA lá¡as comparable in

sensitivity with the mycoplasmacidal test but lvas less

sensitive than the radioimmunoprecipitation test. of the

eight positive sera selected for specificity test in their

ELISA - using five other human mycoplasmas and U.urealyticum

- one serum showed a cross-react ion with l{.fermentans.

Fina1ly, \^re come to a discussion of

the immediate or

and its relatÍon

the position of the

direct diagnosis of

to other diagnostic
antigen capture EIA for

M.pneumoniae infection

approaches.

The results obtained so far indicate that a simple 3-Iayer'

two antibody sandwich method using the same polyclonal rabbit

anti-serum to lvl.pneumoniae as capture and detector antibody

witl detect 2.5ng of antigen protein per test volume (O.InI)

or 7 x 104 corony-forming units of the organism. Binding

values with various mycoplasma species other than

Ivl.pneumoniae \ilere low and the method was specific for the

latter. The level of sensitivity of the method for antigen

is approximately the same as thaÈ (tQng/ml) obtained in a

four layer EIA for M.hominis antigen in clinical samples

reported by Miettinen et al. (1984). A preliminary report by

a group in Dresden, G.D.R. (Helbig and Witzleb.r r984)

utilised a closely similar method with broth cultures of

l4.pneumoniae (and six other mycoplasma species as controls)

gave detection levels of 2-80n9 of lvl.pneumoniae protein per
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100uI test volume. M.pneumoniae cultures with colony-forming

unit counts of 1-9 x 105 $tere positive in 703 of testsi

sensitivity \^¡aS therefore somewhat less than in experiments

described in chapÈer 6¡ specimens from naturally infected

subjects were not tested by the Dresden workers.

The antigen capture EIA has been developed extensively with

various respiratory viruses by several groups (Chao et al.,

IgTg; Berg et aI., 1980; Sarkkinen 4', 1981a & I981b;

Harmon and Pawlik, Ig82; Mclntosh 9$!., L982; Hornsleth et

aI., 1982i Evans and Olson, 1982).

In a typical recent application of the approach with viruses'

Popow-Kraupp et aI. (1986) were able to detect lQngr/ml of

purified RSV nucleocapsid protein,/ml; with clinical samples

the EIA gave a sensitivity of 90t compared with culture of

the virus and values of 78-87t when compared with

immunofluorescence detection of infected ceIIs.

Somewhat similar trends have been obtained in our laborato:y

with EIA detection of Herpes simplex antigens in clinical

samples. About 104 TCID'' of the virus $tere detecÈed at the

end point; with clinical materials about 75-85t of samples

eventually yielding virus on cell culture !úere detected by

the EIA.

It will be evident from aII of this that while the absolute

sensitivity of the test in detecting antigen is obviously an

important parameter, the diagnostic efficacy of the test also
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depends on whether the amounts of antigen or organÍsm

commonly present in the infected nasopharyngeal secretions

are above the threshold detection level of the test. There

is Iittle systematic information on the levels of

M.pneumoniae as organism or antigen in the nasopharynx during

infection. It appears that the organism persists for days or

r¡¡eeks, even in patients responding clinically to antibiotic

therapy (Foy et aI. , 1966¡ smith et aI- , 1967). cells

desquamated from the respiratory tract of patients, bY thin

Section electronmicroscopy show clusters of organisms

" sunbursts "

substantial amounts of antigen (Collier, 1985). Quantitative

counts of the numbers of organisms in infected respiratory

secretion have given values ranging from LO2 to 106 CFUr/mI

(ColLier and Clyde, Ig74). The finding that seven of nine

NPA from unselected patients infected with !l.pneumoniae gave

positive results in the antigen capture EIÀ suggests that

levels of organism or antj-gen still in f act be above Èhe

threshold of the test as developed so far, but further

testing during a pr

required.

evalence of ¡lt.pneumoniae inf ection is

There are several strategies that can be pursued to improve

the sensitivity of the antigen detection system. First' the

method could be combined with short term culture of the

clinical sample. In this method, cell-sheet cultures would

be inoculated with the specimen and the fluid phase and cells

of the culture tested after 2 days incubation using elutíon

and centrifuge concentration of the inoculum for the test'.
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Seeond, the use of an indirect enzyme immunoassay might

increase sensitivity. Yolken et al . (I977) reported that t'he

detection of E.coli heat-Iabile enterotoxins is more

sensitive by the indirect enzyme immunoassay (4-Iayer) than

the direct 3-layer assay. Experiments so far with our System

suggest that the introduction . of another antibody layer

increases background non-specificity and there is no

corresponding gain in sensitivity.

Third, other methods to amplify the sensitivity of enzyme

immunoassays with a biotin,/avidin or biotinr/streptavidin

enzyme complexes have been reported by Yolken et al. (f983)

for the detection of HaemoPh ilus influenzae and Streptococcus

pneumoniae antigens. The extraordinarY affinitY of

avidin,/streptavidin for biotin (Ko = tO-15 u-l) and the

ability to bind four molecules of biotin for each

avidin,/streptavidin molecule make this an attractive method,

utilising biotinylated antibodies and avidin/streptavidin

enzyme complexes.

Fourth, the specificity and sensitivity of antigen detection

might be increased by using monoclonal antibody in t'he

detector system. It is proposed that the monoclonal antibody

which has a unique Iq.pneumoniae specificity to the I8OkDa

foot protein be used. The rabbit polyclonal antiserum

would still be used as the primary or capture antibody to

maximise chances of anchoring an organism or fragment of an

organism with many different antigenic epitopes-
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Experiments are in progress with this approach but, as stated

in chapter 6, the majority of the monoclonal antibodies we

have so far produced against M.pneumoniae, although of

initialty very high titre in the IHA, have lost activity

dramaticalty after conjugation $7ith enzyme. It appears that

this is a familiar if unreported difficulÈyt it is not clear

whether monoclonal antibodies are less stable than polyclonal

antibodies, or whether the enzyme molecules exert steric

interference with the antigen binding sj-tes. There would

presumably be a range of stabilities in a polyclonal antibody

population and loss of the unstable members of the popul"ation

\"¡ould mean a drop in antibody titre in the serum rather than

complete inactivation. A further limitation is that some

monoclonal antibodies have a low affinity for antigen. The

importance of high antibody affinity in the performance of

immunoassays has been reviewed by Steward and Lew (f985).

Nevertheless, a suitable monoclonal antibody appears to be

available in our collection and this will be used in further

experiments to refine the detector system either by labelling

it with biotin a small molecule that may produce less

steric interference with the antibody binding site and

detecting biotinylated antibody with streptavidin-peroxidase'

or by using a polyclonal antibody to mouse irnmunoglobulin

conjugated with enzyme.

Against this background it is possibly significant that

despite the widespread advocacy of monoclonal antibodies as

the effective solution for antigen detection with infective
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agents, many commercially available kits for antigen capture

are stiII based on polyclonal antibody presumably high
b

titre and possibly a/sorbed to remove unwanted heterogenetic

reactions. An exception is the recent version of the Abbott

kit for Hepatitis B surface antigen which utilises a high

grade monoclonal antibody against the common 'a' antigenic

determinant in an excellent sensitive assay ( 0.2ng of

purified. antigen).

Another contemporary approach to direct detection of

infective agents, also enthusiastically advocated, relies on

the use of nucleic acid hybridization techniques to

demonstrate the unique nucl eic acid sequences of the organism

in clinical specimens. This has been reported for adenovirus

(Stathandske et al. , l-985), cytomegalovirus (Myerson g!3!.'

1984 ), also for contaminating mycoplasmas in cell cultures

(Razin et al., 1984) and M.pneumoniae in clinical specimens

(Gen-Probe, San Diego, California).

It is a matter of considerable theoretical interest and of

major financial inportance, given the current cost of nucleic

acid probes to know whether antigen capture or nucleic acid

hybridization is the more sensitive and specific method for

detection of an organism.

The Gen-Probe kit for M.pneumoniae depends on a radiolabelled

cDNA probe directed against specific ribosomal sequences in

the organism. As there are ca.l000 ribosomes for each

genome this should offer greater sensitivity than genome
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detection with DNA or RNA probes. The ratio of ribosomal

targets to protein or carbohydrate copies (detectable by

antigen capture) in the mycoplasmas is uncertain. Jacobs et

al. (1986) found that antibodies to 193, 168, 84, 69, and 56

Kd proteins of the mycoplasmas were demonstrable in human

sera; a wide range, even if the copy number is uncertain.

The superiority of one method over the other cannot be

deduced from theoretical considerations and is currently

being determined in Adelaide. Experiments so far suggest

that the Gen-Probe method and the locally developed antigen

capture method are of equal sensitivity with simulated

specimens but once again a series of Specimens from natural

infections will be the final test of the merits of the two

systems.
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cuRL 1969

L-Alanine
L-Arginine F.B.
L-Aspartic Acid
L-Cysteine HCl.Hro
L-Cystine 2HCI '
L-Glutamic Acid
L-Glutamine
Glycine
L-Histidine F.B.
L-Hydroxyproline
L-Isoleucine
L-Leucine
L-Lysine HCI
L-Methionine
L-Phenylalanine
L-Prol-ine
L-Serine
L-Threonine
L-Tryptophan
L-Tyrosine 2Na
L-Valine

0.05
0.05
r.0
r.0
r.0
1.0
0.05
2.0
r.0
r.0
0.1
1.0
0.0
0.0
0.0
7 .67
0.0
0.0
0.0
0.0

9
I8

7
14

2

.0

.0

.0

. IlI

.607

.83

.00

.00

.2

.0

.0

.0

.46

.0

.0

.0

.0

.0

.0

25
58
30

0
2

54
200

50
16
10
20
60
87
I5
25
40
25
30
10
49
25

Para-Amino-Benzoic Acid
Ascorbic Acid
Biotin
D-Ca Pantothenate
Choline Chloride
Fo1ic Acid
Glutathione (Reduced)
i-rnositol
Niacinamide
Pyridoxat HCI
Riboflavin-5-POn
Thiamine HCI
Glucose 100
NaCI 800
KCI 40
MgSO, (anhydrous)
narHÞoo (anhydrous)
NaE^PO:.H^O
cacf. tanÉyarous)phen6l Red.7r

.0

Ref: Commonwealth Serum Laboratories, Parkville, Australia
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ITÀIIES ÀIID ÀDDRESSES OF COIIPÀD¡IES

Commonwealth Serum Laboratorl-es t
ParkviIle, Victoria, 30521
AUSTRALIA

APPEI¡DIX 4

COOKE Laboratories,
Media Makers,
Ir{oorabbin, Victoria'
AUSTRALIA

Disposable
Ridleyton,
AUSTRALIA

3r89,

Products PtY Ltd'
South Australia, 5008,

COSTAR Products,
Data Packaging CorPoration,
Cambridge, lllA, O2J-39 ,
UNITED STATES OF AMERICA

DAKOPATTS A/5,
DK-2600 GlostruP,
DENMARK

Dynatech Laboratorj.es Inc. 'Alexandria, Virginia, 22314,
UNITED STATES OF AMERICA

FLOW Laboratories Australasia Pty Ltd'
North Ryde, New South Wales, 2113'
AUSTRALIA

Fujizoki Pharmaceutical Co. Ltd,
Shinjuku-ku, TokYo, 1-61-,
JAPAN

Gen-Probe Inc.,
San Diego, California, 92L23,
UNITED STATES OF A},ÍERICA

National Institute of AlIergY and
Infectious Diseases'

Bethesda, Maryland, 200L4'
UNITED STATES OF AMERICA

NUNC A/5,
Kamstrup
Roski Ìde 'DENIVIARK

DK-4000,

Schleieher and SchuII Co.,
Dassell, D/3554,
WEST GERI{ÀNY

Wellcome Diagnostics,
Beaconsf ield, New South lrlales | 2014,
AUSTRALIA
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ÀPPBIIDIX 5

Coatinq Buffer: O.O5M Carbonate-Bicarbonate Buffer, PH 9.6

Na^CO
naÉco
Hzo

3
3

1.
2.

7
11.

599
939
1L

( 0.0rsM)
(0.035I'4)

( 0.3471"1)
( 0.0667!'1)

Substrate for Peroxidase in EIA' pH 5.0

Citric acid.H
NarHPOo.2H)O
Hzo

o .39
86g
IL

2

On day of use, 1.
dissolved in I0m1 of
hydrogen peroxi-de.

3mg of o-phenylenediamine.2HCl was
citrate-phosphate buffer with 0-02t

Phosphate Buffered Saline, pH 7.2 (lOx strength)

NaCI
KCI
KH?POÁ

il;ã""on

8og
2g
2g

11. 59
IL
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