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" ABSTRACT
| /
The peroxidase—anti—peroxidase method was adapted to localize\

Ureaplasma urealyticum in tissues’ of spontaneous abortion The technique.

"

was adapted flrst for use with smears of U, alxticum and then for

P

frozen sections of decidua which had been injected with the organism

3 [

’I‘he optimal concentrations of the primaxy antiserum, goat-anti—rabbit lgG
and the PAP complex were determined usmq a checkerboard titration and
were found to be 1: 300 1:100 and l 100, reSpectively After the method
had been established in frozen sections, the technique was applied to
paraffin—-embedded tissues which had been injected with U alﬂicum.
. The specificity of the primary antisemm ‘was de‘termined by~ .
absorbing with u, alxticum, strain 27 The absorption was.assessed |
. using the modified metabolic inhibition test. The titre using the primary

v antisemm was 10 240 whereas the titre ‘with th° absorbed antiserum was '

’

<80 indicatmg that most oi‘ the antibodies against u. urealzticum had

+
A

been removed The specificity of the antisemm was further tested by '

incubating ureaplasma—infected monolayers with the absorbed antiserum :

’,

using the immunofluorescence and immunoperoxidase methods. Negative

-~

results were also obtained when tissue was injected with M hominis and

"

‘ incubated with anti-U. alxticum antisemm using the immunoperoxidase .

assay Finally, negative results were obtained when anti-M hominis‘

antiserum was used with the PAP method on tissues which had been

D
/"l

injected with U almcum. oo ’ Co



~

‘ ‘ U alxticum could be identified at these levels. ' . 4“ .

. o ' '
',‘,“) .

d B ‘ M ) -~ : J’
After the establtshment' of the PAP technique .in . attificially

]

fnjected tissue, paraffln—embedded spontaneously aborted tissues, v'vhich

N
)

A .
were naturally .infected,‘ were ‘stained with  the PAP method for
ureaplasma antigen Cases of spontaneous abortion were chosen on the

-

following basis the cases must have been positive in cultut‘e for

A

.ureaplasma and also have been detected after two days incubation as(

\

“evidence ‘that the organism was present in larg‘e nu‘mbers.- In addition,

there must. have been some evidence of inflammation in the membranes,

chorial plate and umbilical cord Immunoperoxidase staining revealed that

’

A blind investigation of cases of’ spontaneous abortion and

L

therapeutic abortion was used to determine the lorrelation between

culﬁvation of the organism from fetal tissues and the localization of

ureaplasm in the tissues with the imihunoperoxidase assay. Complete
, \ . ‘
agreement betWeen th‘ese two techniques occured in 32 of thg 52 (62%)
» ‘ b

tissues examined (0.1 > p > 0.05). The sensitivity of .the culture method,

with respect to the total nimber ' of _‘positive’s using either method, was

‘ 78% ‘and ‘with the‘immunoperoxidase assay {t was' 66%. 'No relationship was

’

‘found between the presence of inflammation 1n the tissues and the

, identification of the organism by either method

The adaptation of the peroxidase-anti—peroxidase method for

identifying U alﬁicum has made it possible to’ localize this’ organism

"in tissue. Thus, it. may now be poss1ble to - elucidate the role of

o Ureaplasma urealyticum in reproductive pathology
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CHAPTER ONE

LITERATURE REVIEW.

1. INFECTION DURING PREGNANCY

Severe infection of the fetus may lead to fetal death, abortion. or
premature birth, When fetal in}ection is 1es§ severe, morphological
malf;rmations can result if infection occurs early in gestation or
functional disorders if tnfection oc.curs later, Milder infection may have
no‘effécts at all (Plotkin, 1975). | | ’

This investigation was initiated to exémlne the role of Ureaplasma
uréalxticum in pregpanéy loss, More specifically, the objectives of this
study werée to adapt the peroxidase-anti-peroxidase technique to localize
this organism in routinely embedded fetal tissues and secondly, to

investigate thé relationship of inflammation in these tissues and the

presence of U. urealyticum antigen within the tissues.

1.1 lnfection and Perinatal Mortality

* Two studies have reported a significant ' relationship between-
infection and perinatal mortality (Alberman, 1985; Buckell and Woo.d.‘
1985). éhristensen (1982) four'\d‘that 7 of 34 perinatal deaths were due to-
&rect cénsequences of infection during pregnancy; Brans and colleagues

A

(1984) used a larger population than Christensen and reported that,



nlthough infection ”was not the most common cause of perinatal mortallt;.!
it was responsible “for 19/320 of fetal deaths and 32/308 of neonatal
deaths. The work of cther investigators has ‘no‘t supported these findings.
. Royston and Geoghegan (1985) reported that in well nourished popurlations
. |
rec‘eiving good ante-natal care, intra-uterine infection has little if any

ed these findings that infection is not a

part in the intra-uterine death after 28 weeks of gestation, Hovatta and
associates (1983) Kﬂ»&\

significant cause of stillbicth. Hovatta did not perform microbiological
studies t"or‘a wide variety of organistns.

Blahc (1959) has proposed three ways in which amniotic infection
can .theoretically result. Firstly, an ascending infection could occur by
cervical colonization, The surface of the endocervical epithelium is
colonized' and the microorganisms move txp to the .fetal membranes. At
this point the microorganisms could enter the amniotic 'cavity and fluid
and gain access to the fetus via transorificial spread, through the mouth,
nose and Eustachian tubes. The-second"pathway by which micrvorganisms
may invade is through hematogenous 'spread to "the placenta and
membranes with: secondary invasion of 'the‘ amniotic fluid. The, third
.pethway of invasion is via infection down the fallopian tube.

*  Evaldson g_t_.__a_i._ (1983) supported Blanc‘s'hypothesis'that am'niotic
'infection may ‘result from ascending infection. With immunoﬂuorescence
1 .

techniques, they showed that endocervical inoculation of BacteroidesA

fragilis, Streptococcus intermedius and ‘Group B Streptococci all resulted

in ascending infection in ewes. In all but one case, the ascending

infection was arrested within the membranes and placentas of the ewes.



The pathology assoctated with complete em"niotic infection s
described_at three levels (Blanc, 1959). Firstly, inflammation of the

. ) T C
extra~placental membranes. This may,@ciude membrhrious.Qecidui'tis.

. _ e
chorionitis and chorioamnionitis, Secondly, inflammation of 'the choria].
+ L

plate. A maternal and fetal response to lpfection may be seen at thid

level. Subchorionic intervillositis would imply a maxemai reSponse to

mfection In some cases, the marginal decidua could be involved. Margir;al_

deciduitis with an adjacent intervillositis could result. In the chorfal .

plate, the fetus' would respond by a vasculilti‘s’ radiating towards the

amnion if amniotic infection was present. The third level iri which
amniotic infection is manifest‘ed_ is in the umbilicai cord. This™s ipurely a
fetal res;;onse Vasculitis and inflammation of the Wharton's jelly,
" funisitis, may be evident Guzick and  Winn ?1985’) found that 61 of 241.

preterm deliveries were associated with chorioamniotitis occuring alone or

with the premature rupture of: the membranes. They - concluded fhat‘

chorioamnionitis is a patholdgic':al marker for amniotic :ihfectidn 'Cheliam

and Ruston '(1985) reported, that approximately half.. of 200 hvebom ‘and

stillbom pregnancies had inflammatory lesfons 1n the amnion and umbilical
corci, the greatest incidence being associated with premature rupture of
. the membra‘n'e"g‘and placeritas of the smallest and least mature infants,

lnvesugations of the ultrastructure of inﬂ.amed membranes have

revealed extensive infiltration of chorion by neutrophils with phagocytic ,

granules (Bartman and Blanc, 1970). Only in severely infiamed membranes

were there focal areas of necrosis of amniotic epithelium wtth marked ‘

_ disruption of the amnion. In an in vitro investigation, Vamer et. al. (1985)

-



infected amniotic epithellum and examtned thelr ultrastmcture They
noted progresstve nuclear and basement membrane alterations |
h ! .
1.2 Mt“xtcmall Defense Mechanisms_ Against I'n'f«ection.
| The female genltal tract possesses physical .and biological
mechanisms which atd in arresting hicrborganisms cepable of establishing
infection. | | |
1.2.1. Physical Barriers |
T‘he distance between the site of infection and the placenta has a
significant ' role in fetal colonization. Eschenbach (1985) found greater
) ) - . —_ ‘
colonization of Group B Streptococci in the vagina than the cervix. As
the distance increases between. the site of infection and the:placenta the

number of organisms decreases and thus, .so does the chance for fetal

infection.

o

The progest'erone dependent mucus pltxg elso acts as a defense
against potentta{ pathogens Bacter;al movement is inhtbited up the
genital tract by -the viscous plug (Blanc, 1959). Zuckerman and associates
(1975) reported that cervical mucus has a strong inhibitory effeet on
'r’n“any‘orga.nisms. ‘-"The cervical m‘ucus. was' found to be “tnhibitory to all

organisms tested.. It had 'the“;greatest inhibitory effect of Micrococcus

Metctus and the inht'bitory strength on the other, organisms tested were

in the following order: ' S. albus, S. aureﬁsrP mirabﬂts E. coli, g._ x.i
albica.ns. S. haemolyticus and S. faecalis. The maxlmum tnhibitoxy capacity ‘

was on the, fourteenth day of the menstrual ‘cycle where\;pon it decreased.

Ry

~
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r

Collagen content or the amnlotlc membranes ma))‘ affect the,

occurence of premature mpture of the membranes (PROM) ﬁSktnner et.
l

al., 1981, Kanayama et. al., 1985). Skinner reported that collagen content

a

in PROM was signiflcamly lower ‘than controls. These investigators also
showed d that collagen content decreases wtth gestation at 32 to I.O weeks ‘
They suggested that premature‘lweakening of the membranes. -‘may ‘be due

‘to factors controlling 'synthesis and degradation of- collagen.: ;
. o ; o :

1.2.1, Biological Barriers Ny

i : C \

Local lnflammatory responses, ‘namely leukocytic infiltrafion at

levels of the ce‘rvical os and upper canal, all function to remove infectlng

)
[

mtcroorganisms and, therefore. protect the fe,tus from contamtnation

{

(Naeye and Ross 1982). lntra—membranous (intra~amniotlc)' mechanisms -
{ ¥
exist whlch atd in halting mlcrobial colomzatlon of the fetus. Organisms
f g ' -
gaining access to the amniotic fluid are diluted due to the relatively ;

0

/‘l@rge volume of the amniotic fluid As well the large surface area of the :
ammottc cavity decreases the local effects of the microorgantsms. Thxs is

termed membrane trapplng. Organisms adhere to the membrane surface
. [ i
which are then targets for polymorphonuclear cells ln . addition. the

r ' N

vmtcmorganisms migrate out into the mat,ernal space, thus removing ther

e

pathogens from the v1cimty of the fetus (Blanc. 1959) S ot

—

Many investigators have re’ported antimicrobial effects of amniotic '

fluid. Thadepalli and colleagues in- 1982 and Hemmlng et.al ln 1985\ :
"analyzed amniotic’ fluid for antimlcrobial factors._ They reported that
amniotic fluld was inhibitory to E. coli if the phosphate/zlnc ratio was*, :

less than 200 or if iron was less than 1.2 ug/ml and unbound transferrln



was greater than 40% They also reported than the antimicrobial affects
were increased as gestational age increased Schlievert et. al. (1976)
isolated a low molecular weight peptide which had antlmicrobial activity
3 "and was phOSphate sensitive In a later: study. Schlievert s group (1977)
‘adjusted phospate/zinc ratios by varying zinc concentrations in amniotic '
fluids less than 20 weeks gestation Ammottc fluid samples ~with
Jphosphate/zinc ratios greater than 200 were non- inhibitory Samples with

a. ratio between lOO and 200 were bacteriostatic and those samples with a

’phosphate/zinc ratio less than 100 were bactericidal Feingold et.al.‘

‘(1979) examined the possible relationship between antibacteria‘ actlvity of e

| amniotic fluid and its peroxidase conten‘t. They did not find peroxidase
activity in ‘any of the inhibitory samples..’ Larsen and colleagues in 1584 -
‘ reported a low molecular weight fraction of human amniotic fluid was
bactericidal for E. coli.. They could not, however, offer any clues as- to
the nature of this factor. Larsen and Davis (1984) found that an increase
vin temperature would augment the inhibitory capacity of amniotic fluid
Larsen et.al (1983) found 13 of 32 amniotic fluids to be inhibitory |

There was. a difference in Susceptibility of different. strains of E. coli 10 e

the amniotic fluid inhibition. Feingold and’ colleagues (1979) reported-

antimicrobial activity to S ‘aureus in 50 of 76 amniotic fluid samples.
-' Blanco et. al. (1982) examined the antimicrobial activity of amniotic fluid '

'from ‘women with intra-amniotic infection Fifteen of 50 women with

¢

' intra-amniotic infection had inhibitory amniotic fluid samples while 34 of .

50 women without intra-amniotic infection had inhibitory samples. These

investigators suggested that those women who are at risk of developing‘



intquamniotic infection may have amniotic fluid . which is ‘not effective
‘against‘ invading microorganisims. |

' Mat‘ema‘l antib'ody has I‘a' significent role ,in halting inicrobial
. 1nfiltrati.on' of the fetus. Two studies (Baker and Kasper. 1976; Wood ﬂ,
‘1\984) have’ 1ooked at the eftect of maternal antibody on microorganisms.
IBaker and Kasper found that healthy neohates bom~ to women with

A

antibody to Group B“Streptococci had antibody in umbilical cord semm
suggesting transplacental transfer of immunogl‘obulin’s\ Kleqerman‘s' group
(1983) determined that a minimum concentration of maternal antibody was
‘ necessary for protection of mice against a 90% lethal dose of GBS. The

protective antibody was pnmarily lgG in concentrations of 0, 25-1 0 pg/ml

“ Antibody crossed the placenta and’ was pt‘esent in the cord sera of infants “
of greater than 32 weeks of age. B

[
t

2.3. ‘vEetal Defe’nse Mecha‘nisms Against Infection °

2. 31 Phystcal Barriers - | o
A The fetus has physical barriers which also help to prevent
pathogenic colonization ‘ After twenty weeks of gestation the skinl,
| becomes keratinized and is impermeable to microorganisms. The umbilical‘
_cord has relatively impermeable stratified squamous epithelium. This is

true of 1ts entire length except £or the small distal portion which 15 .

‘covered by columnar epithelium. ‘I'he columnar epithelium is more. . L

per_meable .to invading organisms. S

Intra—fetal vessels are protected by their depth within the fetal

o

* som‘a.‘ Thus, in otrler to: gain access to the _ fetal circulation."

N

—



, mtcmorganisms must enter the chorlal plate or be a5pirated or swalloved
by the fetus and gain ‘access via the viscera (Blanc. l959). <
2.3.2. Blological Barriers |
'Like the mother, the fetus also has biological defense mechanisms‘
| to combat' microorganisms, In his 1985 review, Hill descdbed the\defenses
whic’h' the neonate and fetus‘posseSS‘ Pre-B cells are found 1n the fetal
E ltver as early as 8 weeks of gestatlon and immunoglobuhns are found on
the mature B cells at 10 wegks. -By thé fourth month, the number ‘af
1mmunoglobulin—beanng lymphocytes are near -levels found in the aduit,
‘Complement components are synt-hesi.ui early in fetal, development’
(before twenty weeks of gestation) Levels are 'low until the\third "
trimester but at term the hemolytic actlvtty is half that of the aduit. T .

lymphocytes are present in numbers that are equal to or greater than the -

L a—

adult

-

/
L

- ‘/2 4. Loss of Control at’ the Cervical Level
ln acute . Ilnfect;on there is a, great load -Local inﬂammatory’
responses may not be great enough to combat the infection and ascending ,
'infection may result .(Naeye and Ross,‘ 1982 Eschenbach ‘ 1985) The loss"
of amniottc ﬂuid &nd ‘the: effect “on pregnancy outcome has been
investigated 47)' several groups. Taylor and Garite (1981.) found 22 of 53«
‘patients with premature rupture of membranes had amnioniti.s. Duration of
- the rupture of the me]nbranes tncreased the risk of fetal tnfection (Naeye',
: and Ross.‘1982. Blanc, 1959) Taylor and Garite | did _not support ‘these

""findlngs. Minkoff (1983) found an association of various vaginal organisms

Ty



 with prematurity ‘and premat"ure rupture of the membranes. These findings
ha‘ve‘ als‘o been substantiated by Evaldson-‘et' al. (1980). There was .‘

significantly higher Qolonization in patients with ‘premature rupture of the
[o]

: membranes than in’ controls Naeye (1982) investigated pre~term deliverles

< with premature Tupture and the effects of coitus and chorioamnionitis He

\

found that. in couples who' continued coitus to term, infection was two.to ‘
. 1 : ! '
.four times great‘er than those who did not. Naeye proposed that coitus

‘with an infected partner may introduce bacteria into the vagina and thus

\

‘asc,endmg infection may result Seminal fluid has proteolytic enzymes \
" which help facilitate the passage of sperm thnough the mucus plug ‘and’
~k this may aid the passage of bacteria io the' fetal merlnbra‘nes. o

tlf‘”the maternal response to infection 1s over\vlhelmed fetal
infection may resalt lf the load of organisms is too great matemal
'\_polymorphs may not be able to remove all invading organisms from the ‘

dec1dua and the membranes Infection may become more severe and spread

to the fetus Intra—amniottc 5pread may result if there is failure of '

dilution of the amniotic fluid due to premature rupture of the membrianes f
(Blanc, 1959). 1f the antimicrobial factors of the amniotic fluid- are
ineffective, there is. gre;ter likelihood - of fetal colonization (Naeye et
lial. 1982) It-has. been reported that amniotic fluid from patients with ‘
. mtra—amniotic infection was less likely to 'be inhibitory to E coli than

patients free of infection (Blanco et ‘al, 1982 Gibbs et. al.. 1982)

As already mentioned the fetus does have an immune system."“"

which begins developing at .an early stage The fetal immune system is o

‘immature. it is deficient in lgM IgA and some of the subclasses of lgG. o

2



Opsonms to polysacchaq-lde coated Gram posmve and negative bacterln‘
may be nt low levels or absent. B lymphocytes are present but antibody
productlon may. be depressed or delayed compared to thd adult. This is
llkely ‘due to lnadequate T and ‘B’ cell or macrophage interaction.
Complement components are decreased‘ and the subply‘ 'and fun_ctlon of
po'ly'r‘nor‘phonuc‘lear c‘ells are deflclent.‘ This‘ may be exaggerated dur‘,ing\
stress. H1ll (1985)l stresses that the irnmature lrnm‘une system of: the fetus
.end neonate 'r‘nayi underlle its “ propensity ‘to develop ' intra~uterine

infection.

2.S§, Secondary Complicatlons associated wlth Infection

~ 2.5.1. Premature Labour

Bacteroides ' fragilis, '-Pelﬁtostreptococcus. Fusobacterium, several

‘strep’tlococc'l E. coli, Kle‘bsiella <Staph‘. epidermis, pneumococci

3 Lactobaclllus and Mycoplasma homlms produce phosphollpase A (Bejar et.
al.. 1981) Phosphollpase A causes release of local arachldonic acid
which stimulates - prostaglandln formation. Prostaglandlns are thought to
' cause myometrlal actlvation by increasing gap junction formation. Thus,
therd\is an increase in coordinated actlvlty of the myometrlum and labour g

\

S
'results. (Bejgr et. al., 1981) Phosphollpase A has also. been found to be
released by U alzt_icum (Quinn et. al.. 1986) |

’ The occurence of fetal lnfection ts dependent on many factors
"‘ whlch have already been mentloned. The morbidlty or, mortalit)} whlch may

) reSult ls dependent on the ‘dose of lnfection, age of the fetus and the o '
. , ) ‘ s

.
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' 1mmune systems of the fetus and the mother 1t is tmportant to reallze

¢

that cervical colonlzatlon does not neeessarlly correlate wlth fetal

1nrectlon or death (Svensson et al.. 1986) ‘ i o

“l, UREAPLASMA SPECIES

2.1. Dlseases assoclated with Ureaplasma species
2.1.1. Resplratory Dlsease o

. ‘ a
Ureaplﬁma dlversum (Howam and Courlay, 1982)' was reported by

Howard et. al. (1976) to cause a cuffing pneumonia in gnotoblotlc calves‘

t

The. extent to Vhlch ureaplasmas« play a role in resplratory disease ln

‘avian species is. at present confused Sttpkovltls and Rashwan (l9769l ‘

reported chickens to have air saqculltis and peritonitls Koshlmlzu 61982) ,

did not support these ftndings ]apanese fowl colonized with' ureaplasmas

did not have any associated lesions.

: Conflictmg evidence exists as to. whether u. ureal icum causes .

'respiratory distress in. human neonates. Qutnn et. al. (l983a) reported

serologlcal evtdence lmpllcating u. alﬂicum as a cause of lnfectlon lnv

0
" the perinatal perlod. Eleven of 21 neonates wlth respiratory dlsease had

titres of >l/32 compared to one of the 26 control neonates. These data

were not supported by Taylor—Robtnson and colleagues (1984) who found ﬁ

no slgnlficant dtfference An - urea colonizatlon of nho‘nates with

respirato:y dlstress compared to controls. : - L . o T- Do

-

) \
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2.1.1, Urethritis

|l ~ * 3 ' ’
. .

U, x 'alxtlcum is known to cause non-gonococcal urethritis in -

humans and animals. ln experimentally inoculated goats, ureaplasmas have
4 : .

,'*« caused a pdlymorphonuclear leucocyte response in the urethra

v

; 1

(Taylor—Roblnéon et, al., 1979). There still exists a state of reluctance by

some cltntcléns to regard ureaplasma as a causative agent of

non—gonococcal urethntts (NGU) (Taylor-Robinson, 1984) This rrlicrance

stems from the fact that ureaplasma can be isolated from healthy men as’

L]
N N a

well as those with NGU. Taylor-Robinson offers the explanation that the

‘exlst'érice of preeiplasma in th'e-healthy male s likely dué to its belng

A

present 1n sub—pathogemc numbers. Huntqr and colleagues (1981) also
r
support Taylor-Robinsoh s f indings . Ureaplasma was present tn significant

numbers’ in patients with chlamydia nega{ive non-gonococcal urethritis.
Tayloy;—Robinson et. al. (1985) reported that ureaplasma is a cause of

persistent urethritis in pati}:rits with 'hypogamhnaglobulmaefnia.

v
“

A9’ . R : :
. | | | ﬂ

.. 2.1.3. Urinary Calcult ' ,{}

Experlmental evidence exists supporting the 1d¢a that ureaplasma

TR N
i

-

may be associnted with urinary stone formation in rats. Frledlander and

Bmude (1974) found that inoculatton of ureaplasma lnto rat kidney

resulted in stone formation tn 43 of the 69 rats. No stones were formed in

any of the 17' controls. In examination of the urlnary' tract stones in

.

hurnans, Pettemon et. al. (1983) found 6/15 patients' wlth stones of
infectlous nature. were colonized with U. alﬂlcum. in two patlents the

,organism ‘was in pure culture.
“ -~ r. )
@;wm ~
# g

&

PrN
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' 2.1.4. Vulvovaginitis and Cervicitls
Ureaplasma may be pathogenic in the lower genital tract of some

L4 I .

' animal species. Ball and McCaughey (1982) reported pmnouncéd vulvitis fn
ewes after 2 to 3 days post-inoculation wi._th ovine ureapla;‘»mas. Similar
results have been reported in cattle, Doig and colleagues (1980) after
inoculating the uteri of Holstein cows, found 14/16 with vulvitis, 94% of
which were culture positive in the first 4 days post-inoculation for
ureaplasmas. Althbugh) there is strong evidence that uréaplasma causes
vulvitls in certain agimal species, there {s no evidence that it may cause
this lesion in humans. Moller’s group (1985) found no significant difference

in the presence of ureaplasma between women with cervicitis and, women

in the control population.

. 2.1.5. Abortion and Infertility

The role of this extra—cellult;r parasite in pregnancy loss and
i'.nfertllity in animals still remains controversial. Li;ringston and colleagues
(1978) associated ureaplasmpa isolation with infertility in sheep. ‘Thetr
later work (1982) involved inoculating the ram of a breéding population of ..
sheep and a§se$stng pregnancy outcome. All ewes became infected after
coitus. Fertillty was gre;tly redﬁced compared to the control po‘pulation.
Birthhw'eight was aiso redﬁced. ‘

The evidencel‘ for u. urcalﬂ‘ fcum causi‘ng spontaneous pregnancy
loss in huﬁlans stlll remains open to question. Embree et. al. (1980) found

ureaplasma isolation of fetal membranes and placenta to be assoctated

\
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with prematurity, lower birth weight and intra-uterine groxirth retardation,
Studies by Kundsin and collegues '(1984) also support Embree's conclusions. . .
The presenée of ureaplasma in the placenta suggested a transcervical
migration fro‘m the lower genital tract. Two research groups (Shurin et.
al., 1975 and Harrison et. al., 1973) associated ureaplasma isolation with
| )
adverse pregnancy outcome. Cultures were, however, obtained only from
the cervtx’ of t'he mother and not from the fetus or placenta, %hurln et
al. found that colonization did not corvelate with placenta{l inflammation.
Tafad and associates (1976) found in 23 of 296 perinatal deaths,
ureaplasma was responsible fof clongential pneumonlc:l and death. In 71
couples with histories of pregnancy wastage, Qu.inn et. al., (1983c) found
| mothers and fetuses had responded immunologically to U. urealﬂi'cum.
Stxty of the 71 couples were Eolonlzed with ureaplasma and 95% of these
abortéd. Cumrrﬁtngr et. al. (1984) have described the phenomenon of
>
mycoplasmal endometritis. These 1nvestigators correlated , endometrial
histology with the pre§ence of ureaplamas in 11 of 32 patients. They have
suggested that further. work localizing the- antigen in the ‘tt‘ssue would
' supf)ort this histopathological feature.

Antibiotic therapy has been used to assess ureaplasmal involvement
in spontaneous abortion‘ (Qu{nn _e_g_._gl_., 1983b). ?regnancy loss was reduced
to ‘almost half in couples treated with QOX};éyclmg pﬁor to conception
compared to 22/24 in those not t:feateci. Toth gl.__a_i._ (1983) support
E)u(nn's findings. . Toth compared pregnancy fates in women. in whose
husbands infections had l;een eradicated. Pregnancies océurred in 77/129

couples whose uregiplasma infections had been eradicated compared

'
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to 2 of 32 couples »;ho still harboured the infection, Quinn suggested that
U, urealyticum in the genital tract may ha\;e an {mportant role in
infertility. They are ‘not sure, however‘.l_whether t‘he difference {n
pregnancy rates {s due ;olely to the eradication of: mycoplasmas or the
erradication of other potential pathogens along with the mycoélasmas in
the éenttal, tract. No strict internal controls were included and both
studies by‘Toth and Quinn lool;ed for the preser;ée of mycoplasrﬁas and
t for any otﬁep potential pathogens of the female genital tract.

These findings are not supported by all Investigators. Gump and
associates&(l981.) found no relafonship between cervical ureaplasma
infection and tnfertility. Cassell and coiieagﬁes (1983) did not isolate
U. urealyticum more. frequently in'the endometrium of infertile patients
thanb from fgrtile women during diagnostic laparoscopy. Thomsen and
colleagues (1984) found no evidence that ureaplasma or Mycoplasma
hominis coﬁfd cross intact membranes suggesting that, in pregnancies
where premature x;upture of the membranes is r;ot»a threat, 2_ urealyticum
may no.t’ be a major factor in.pregnancy confplications. These finding were
contrary to tﬁe results found by Cassell's group (1983) although their

population number (n=61) was smaller than Thomsen's (n=198).

2.1.6. Other Mycoplasma species associated with Reprbductive

Pathology

AW~

T e

Mycoplasma hominis pathogenicity is . primarily expressed {in

gynecological and obstetric infections. Under usunl conditions, the
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prevalence and number of Myccmlnsma hominis is higher in the female

genital tract than in the male or any other s$lte in the body (Hol{nes

- 1984). Although, Mycoplasma homints has been associated with

chorloamnionltis and funisitis, tts clinical significance remains unclear
(Embree et. al., 1984). Harwick, and colleagues (1967) 1solated choplasma
hominis from a fetus of a septlc abortion ~ The mother had a 16-fold

increase in titre to Mycoplasma homtnis but not to other mycoplasma

species tested (M. salivarium, _M_ orale, M. pneumoniae, M. fermentans).

The placenta displayed nonspecific acute tnflamtnation. Although bacterial

culture of the cervigal dtsg:harge also revealed moderate growth of

StaRhylococcus‘ aibus and Streptococcus fecalis, Mycoplasma hominis was
the only microorganism isolated from the fetus

Mycoplasma homtnts has been {solated often , with Ureaglasma

urealyticum (Faur et.. al., 1975; Alfa and Robertson. 1981.) Mycoplasma
hominis has been isolated (rom women with cervicitis or women whose
sexual partners were men with NGU (Moller et._al., 1985) Experimental
inoculatton of the oviduct of . female monkeys with Mycoplasma genitalium'

{
resulted in moderate to severe endosalpingitis. Histopathology t‘evealed _

an acute tnﬂammatory. luminal exudate with’ edhestons between the
mucosal folds (Moller et. al., 1985).
Shurln and associates (1975) found no data to support the evidence

that Mycoplasma hominis is assoctated with chor:loamnionitis. Embree et.

al.. (1980) also found no signlficant difference in Mycoplasma ‘hominis

‘ isolation between control place'ntas and :po's‘e' from high risk pregnancies.
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2.1.7. Other Organisms Asélgclated with Pregnancy Loss

‘Group B Streptococcal infection has been strongly associated in
pregnancy complications. Group B streptooocct are thought to adhere to
vaginal epithelium (Anthony. 1§82) Varner and colleagues (1985)
‘udemonstrated ultrastructural alterations of amniotic epithelium followlng
fncubation with Group B streptococci. Transmission electron micrographs
showed progressive nuclear and basement memhrane alterations. After
experimental endocervical‘lnoculationof ewes with group B streptococcl.
Evaldson -and assoclates (1983) showed by 1mmunofluorexence that group '
B streptococci were capable of establishing an ascending lnfect_lonl and
might cause complications during pregnancy. H‘oogkamp—.Kotstan ﬁ
(1982) dem‘onstrated that neonatal aquistition of group B streptococci was
dependent upon maternal carriage. In women who were permanently
infected with group B streptococci 26/41 neonates aquired the tnfection.

'I‘he mechanism by which group B streptococci evade the bodys_
defenses is not completely understood Skidmore and colleagues (1985)
measured IgG levels to group B streptococci in maternal serum. Fe\;l :
women had antibody titres' greater than 1:20'to GBS This suggested that, -
by some means. group B streptococcl may. be evadmg the maternal immune
‘system. Hemmtngs group (1985) demonstrated that group B streptococcl
could replicate in amniotic fluid samples that were bacteriostatic to E..

Several viruses are also thought to have deleterious effects on

"pregnancy outcome. Although rare, rubella cytomegalovirus and herpes ‘

/.

-
i
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’ "simplex 11 have been implicated in spontaneous: abortion or severe

| congenital int‘ection (Taina et_.é_lr ‘198‘5). ', | | |
Chlamydial"infect'io‘ns in the' genital tract have 'been assoclated

‘with lower genital tract infections (Bames e_t:;gl_.,"l985; Martin ‘e_t.__'&“

1982) and salpingitis and pelvic inflammatory disease (Faro, 1985). Munday‘

and colleagues (1984) found no evidence that Chlamydia trachomatis plays

~ a role in spontaneous abortion. McKinlay et. al. (1985) however, reported

two cases of severe Chlamydia psittaci ‘sepsis during pregnancy. The

infections appeared to be zoonotic, aquired from infected ewes. The
'Rlacenta of one showed focal fibrin deposition and acute inflammation.

{ , !

1

_ 2.2, Histo:y of Ureayiasma urealyticum

ln 1954 Shepard descibed tiny (T)—form pleuropneumonia—like
vorganisms which had been isolated from patients with non-gonococcal
urethritis. . ' First known as- T-Strain of Mycopldsmas, U. urealyticum
colonies ranged from only 7 to 15 pm in diameter. Later. Shepard (1956)
went on to describe its morghological characteristics in more detail. Still
analysis of this organism was limited because of the lack of information
‘-regarding its growth requirements. When it was discovered that U.‘
- alx_t_icum grew better at an acidic pH (Shepancl and Lunceford 1967)
investigators were better able to- cultivate the organism and obtain more
knowledge about its isolation. identification, cultivation. biochemistry and
serology ”

‘ With the identification of urease activity in . the T-Strains

(Shepand 1966 Pun:ell et. et. al., 1966; Ford and MacDonald. 1967. Shepard



1

, and Lunceford 1967). a new genus and species was proposed Ureaplasma K

- urealyticum in the family Mycoplasmataceae (Shepard et. al.. 1971.)

~ 2.3. % Morphology of Ureaplasma urealyticum

‘ 2.3.1. Colontal Morphoiogy
Shepard (1956) first described ureaplasma colonies as’ minute.
irregular and . spherical Colonies are usually 15 to 60 pm in diameter"
(Taylor—Robinson and Gourlay, 1981.) and with or wlthout zones of surface
| gmwth Colonial morphology is dependent upon growth conditions Agar
composition, gel strength MgSO 4 concentration (Furness. 1973). manganese
(Robertson and Chen, 1984) and gaseous conditions (Robertson, 1982) have

been found. to affect the growth of the organism. SR

\ : '

' 2.3.2. Cellular Morphology | | o

In 'liqu‘id,media, "urea'plasmas are 'dense fround' organism“s ranging -in
- size from 0.3 to 0.8 pm in diameter (Shepard et. al. , 1974; Razin et. al..
1977) and are usually found singly or in. pairs (Razin et. al., 1977., ‘
“ Robertson e_t:_al;, 1983) Their, morphology is dependent on: culture .

‘ medium, pH fixation and examination technique (Shepard 1967)

233 Ultrastructural Morphology R ' EE B
U alﬁicum is bound by a single trilaminar membrane that is
‘approximately 10 nm thick (Whitescarver and Furness. 1975). These'

investigators aiso reported an extramembranous hair-like structure. 5 to. 8
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binary fission (Razin, 1978). oo N

nm lo'ng. The‘electron dense layer was also substant‘m'ted by Robertson

R pnd Smook (1976). Intra—cellular structures include 70S ribosomes and DNA

(Razin, 1978). It is generally‘believed that mydoplasmas replicate via

0
o
A

2. l. Nutritional Requirements and Biochemical Properties

. Ureaplasmas are distinct from all other’ members * of the“
mycoplasmas because of their ability to hydrolyze u:‘ea (Shepand and
Luncefond, 1967). Other -,biochemica,l‘ properties and nutrltional

requirement areoutlined tn Table 1. "

2.5. Se'rological Differentiation of Ureaplesmas

Ureaplasmas 'from humans are antigenically distinct _ from

ureaplasmas from other Species and from other choglasma species.\

"’u

‘ Currently. 14 -serovars exist 1n the species U alyzicum. Thec

progressive serotyping scheme of. Stemke and Robertson (1985) s’ shown in

'I‘able 2

Several methods have been used to serotype ureaplasmas. The

Lo metabolic inhibition test (Purceu et. al., ‘ 1966 Robertson and Stemke,

1979), the mycoplasmicidal test ALin and Kass, 1970) the gtowth

inhibition test (BLack 1970), colony epiﬂuorescence (Clyde, 1967; . Black
1970° Stemke and Robertson, | 1981). indirect immunoperoxldase <
(Polak-Vogelzaqg 1978 Quinn et. al., 1981) and the enzyme-linked

immunosorbent assay (ELISA) (Turunen et. al., 1982)
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“'Table. 1: Other Biological Propertjes ‘of‘ Ufehplasmd urealftlcumr

Growth‘conditions. genbme size and 'énzyme' dctl‘vity are presén‘ted.

This table, modtfiecb from Taylor-Robinson and Gourlay (1981.) a

‘ summary of work by many invesugators (a) Robertson (1985)‘ (b) Shcpard

and Lunceford (1965); (c) Black et. al. (1972); (@) Black et. et. al. (1972); (e)
‘Rottem et. al.'(1971); (f) Shepard and Lun;efo:q (1967); (g)‘Virqlrther and .
Black (1971.); (h) Delisle (1977)« 0 Ajeu{ et. al. (1977 (9 Romano. and
LaLicatta (1978); (k) Black (1973); (1) Robertson et. al. (1981.) (m) DeSllva
and Quinn (1986). (n). Watgnqbe et. . al . (1973) ( ) Manchee qnd

. 'I:a)"lor—Robinson ( 1:970).



P‘roTp*éFt.Sf
"Growth optimal in 5% CO and 95% N
hGrow poorly under aeroblc conditions |
: ‘Optlmal pH 6.0 +05 | .
Genome‘S‘fzé.‘daltons, 4.1-4.8 x 10
‘Mol % G4 C of DNA, 269‘302
Optlmal temperature, 37° C .
Cholesterol required for growth
Enzymg Actlvity h
Urease "
a—Glycerophosphate dehydrogenase
Ammopeptidase N
| "Esterase ‘
‘ L-Histidtne ammonla—lyase ‘
‘ .“‘,‘_Malate dehydrogenase | o
; Lactate dehydrogenase .
'Adenosine triphosphatase
Ribonuclease o
Deoxyrlbonuclease
| ‘ Phosphatase
IgA ‘Protease e .
- Phosphonpase A and C
Y Proteolytic Activny ‘
Hemolysis of erythrocytes -
“"5 Her_nadsorption of ‘erythn_ocytes =

8"

Investigator

‘a
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Table 2: Expanded Serotyping Scheme of y_, urealﬁicuni‘

i ‘ L

A '

Serotype Strain Strain | » ' S ' Scheme L

Number ©~  Identification

T e T S
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'l“he ldentiflcation of different secotybes hasv led "t‘o the‘
lnvestigation of whether, serotype speclflclty ts associated Vlth diseasel
states. ‘Shepard and Lunceford (1978) serotyped ureaplasmas from patients
with NGU using the growth inhibition test. Serotype 4 was the ‘mos‘st
\commonly found serotype ln patients (52%) and controls (24%), Stemke and.
Robe:"tson“(1985)‘also found that §erotypes 3 and‘A’ were among the' most -
‘commo‘nl‘y' isolated serotypes from patients 'with'.'NG'U'. There 'w'as‘,no
‘dlfference, howeVer, between the nunber of patients with serotypes 3 and .‘
| ‘4 (33% and 13%) and the numbep of controls with these serotypes (37%'
‘ »and 15%) Robertson gt_._Ll._ (1986) have looked at the serotypes of u.
| alﬁicum lsolated from spontaneous abortion and therapeutlc abortions-:
Again setotype 3 was most commonly found but no difference was found'

between. the control population and patients, 29% and 31% respectively
‘ R ¢t -

. TN ANTIGEN-LOCALIZATION BY IMMUNOPEROXIDASE e

,"3 1. Methods fot the Detectiyn of Antigen in 'I’issue Lo ' ;'

Immunoperondase techniqugs are powerful dlagnostic tools which'

= “,allow one to examine the specific immunological reaction of antibodies

’ “and hlstological morphology simultaneously ‘Direct and indirect :

] immunopero:ddase methods involve ‘the-" conjugation of homeradish“

- petoxidase to the prlmazy or secondary antibody, respectively. The .
‘ unlabelled antibody method the pero)ddase-anti—peroxidase (PAP) method'
.(Stembetger. 1970) and the biotin—avidin system (Guesdon et. al., 1979)
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e 3 2 Sensitivity of the lmmunotechniques AR E .
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avoid‘the con]ugation steps ‘of the direot and 'indirect tlechniques.gln the
PAP assay, the sections are incubated with the primary antibOdy and then ‘

with a second antibody directed against the globulin fraction of the .

.primary antibody. ' Following this step, ‘ ‘a peroxidase—anti—peroxidase

. . complex 1s added ‘The biotin—avidin system is based on the prlnciple that

the glycoprotein, avidin. has a high. affinity for biotin - Avidin has four

binding sites for biotin and thus, avidin—biotin complexes can be prepared

Like the PAP technique, the glucose oxidase—anti—glucose okidase

(GAG) metpod involves an enzyme in the reaction. This method uses ‘a
.

microbial enzyme rather than horseradish peroxidase 1t has been used.

al_though not frequently, to visualize antigenwin tissue (_Qlark et. al., 1982) |

ot

_ Several investigators have reported that _‘the-" unlabelled S
immunoperoxidase techniques have a greater sensitivity than the labelled o

‘enzyme methods and immunofluorescence (Patrali et. al., 1974 Bums,' '

1975 Bosman. 1983) ln contrast results of other studies have indicated

httle difference in sensitivity (Muller—Hermelink and Hansman. 1984

.

Valnes £ al., 1981.) Thus, 1t has become important to review the

oo

. advantages and disadvantages of the respective techniques in onder 'to ‘.

g
vy

decide which ‘technique is best suited,for the study. R .

—

. < ‘ N )

3. 3 Advantages and Disadvantages of the lmmunotechniques | | e

I
[

3.3,1., Direct and lndiréct lmmunofluorescence
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Immunofluorescence techniques. offer the advantage Df being less
tlme——consumlng than other immunocytochemical. techniques. A wide

variety of conj«iéated antibodies are available commercially and rhodamine
Yoo

 conjugates . are also available, therefore, two antigens can be

demonstrated slmultaneously

‘7‘" lmmunofluorescence generally uses frozen, cryostat sections which

. can be limiting if retrospective studies are desired. Cryostat sections

offer better antigen preservation, althoixgh histological features are often

-

compromlsed. ‘§eqtlons stained by immunofluorescence can not be stored

indefinitely as the fluores;cent dyes are. subject to fading with time.
Examlnatlon of sections stalned by 1mmunoﬂuorescence requires a 5pec1a1
microscope which is costly and the process is tedious. Problems can arise .’
during the labellmg pt;ocess, lthe antibody can be denatured aod -xtiae“‘,

1

fluorescent tag may become inactivated (Vandesande, 1979).
3.3.2. Direct and lndtrect Immunoperoxidaée Assays £ é@ & ‘
4 ‘ L
Direct and indirect immunoperoxidase methods offer the advantage

-

of less background, non-specific staining than immunofluorescence. Like

immunoﬂu‘orescence.: they are 1888 time consuming. Examtnation of the

tlssue is less tedious, as the light mtcroscope is used Sections stained by

tgse methods are permanent and, therefore, storage can be indefinite.
. ¥ Problems may arise durlng the conjugation pt‘ocesﬁ“J The antibody :
may be denatured aﬂd the énzyme may be inactivated.

- 3.33. \Unlabelled-Enzyme Immunocytochemical Techniq\;es

1
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The PAP technique {s routinely used in surgical pdthology (Falini
and Clive, 1983). This method can be used with fresh frozen sections or
with formalin fixed, pafaffln sections, theréfom. tissue morphology 1s
pteserved and retrospective studtes are possible., Like the direct and
indirect enzyme methods, the preparations are permanent and thus, slides

/
may be stored indefinitely. This must be a practical constderation for

laboratories. The unlabelled enzyme methods avold problems
encountered during the labelling process. The GAG method and the PAP
technique iogether, have been used to demonstrate two different antigens
in the same tissue (Clark et. al,, 1§82).

The PAP method and the biotin-avidin immunoperoxidase assay
have the problem of reacting with endogenous enzyrln.es. peroxidase and
biotin which can lead to false positive results. T;\ese problems can be
overcome by pre—incubation with the enzyme's substrate.  One
disadvantage of the biotin-avidin methodology is the differences that

exist in mutual affinity in the different preparations. Each new

preparation should be tested (Falini and Clive, 1983).

3.4. Immunoperoxidase Assays to Localize Prokaryotes

Since the cievelopment of the peroxidase-anti-peroxidase technique

by Sternberger et. al. (1970) to ldentif‘j Treponema pallidum, many have

reported localiztng.other prokaryotes with the various immunoperoxidase

techniques. For example, Legionella pneumophilia was identified in
pneumonic iung in a clinical c&ge of legionella with the PAP technique

(Boyd and McWilliams, 1982). McRill et. al. (1984) used the PAP assay to



identify various specics of Salmonella from formalized cell suspensions,
broth cultures of clintcal isolates and in tissue suspensions from liver and
spleen of. thfected mice. Indirect 1mmunoperoxidase was used by Hsu et,

al. (1979) to localize Bacterotdes fragilis is tissue.

#

o A variety of viral antigens have been identified wtth these
immunocytochemical techniques. Abramowitz et. al. (}\l\982) used indirect

techniques to identify Cytomegalovirus mononucleosis ahtlgen in lymph

nodes &rid bone marrow aspimpt;é. The PAP method has been used to study
vifal .antlgens in cell culture’” :Gpt':over et. al. (1980) identifted buffalopox
virus in fibroblasts and Pearson . et. al. (1979) used Vero cell to detect

‘Herpes simplex antigen.

Small prokaryotic organisms, Chlamydiae, Rickettsiae and

Mzcsglasmataceae. have vbeen localized with immunoperoxidase methods.
Winkler et. al. (1984) used fh‘e‘PAP te.:chnique to identify‘ Chlamydia
‘tmchomvatis inclusions in the -endometﬁum. In 1955, the;e -1nveStigatot's .
identified the same organisms using the bi.oti‘n—avidln system. C. psittaci
has been localized in tissue culture using direct immunoperoxidase
'methods (Finlayson - et. al.,. 1985) arid rickettsia with the indirect
'technique (Raoult _ei_gl:, '1985).  The mycoplasmas have *also been
;dentifed with immunoperoxidase im‘ethods. Polak—ngelzang et, al. al.' (1978)
used an indirect method to identify four specles of Acholeglasma and 16
Mycoplasma spectes using unfixed colonies on agar blocks. 'l‘he direct
technique has been used to identify M. gga;l_;_ in a McCoy cell line (Chasey
anci Wood, 1984). M. pulmonis has been localized in paraffin embedded

tissues and swabs of the upper respiratory tract .using indirect’
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immunoperoxidase (Hill, 1978). As mentioned earlier, Quinn et. al. (1981)

- reported serotyping U. urealyticum by indirect immunoperoxidase using a

modlf}ed-method of Polak~Vogelzang on'unt‘lxed colonies on agar blocks,
\ , {

.
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'CHAPTER TWO )

© MATERIALS AND METHODS

LY

'I. PROKARYOTIC ORGANISMS

1.1. Source of Genital Mycoplasma Strains _ \\7

i

- '

The strains of genital mycpplasm_a used were obfained from Dr.
J-A. Robertson, Dé'pt. of Mg:dical' Microbiology, University of Alberta,
Edmon'ton, Canada who obtained u. urealﬁicum strains 7 (Serotype 1) and
27 (Serotype 3) from Dr. D.K. Ford, Dept. of M'edicin'e, University of
Bﬁtish Columbia, Vanlcéuver, BC '. Strain 'T960(C X8) was obtained from

Dr. M.C. Shepard, STD Control Laboratory, Occupational and Preventitive

Medicine, Na\}al Regional Medical Center, Camp Le]eune, N.C., U.S.A.

" (Robertson and Stemke, 1982) and M. hominis strain 14027 ftorri ATACC.

Rocklandy; M.D.. ‘

.1.2. - Storage of Organisms

Organisms 'wete‘ stored as described by Robertson and Stemke

(1982), . Organigms in late logadthmié ;')has‘e growth were stored after

'han.resnng and suspension in 1 to 2 ml of saline at -70°C.
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13 Cultivetion o‘\f Organisms
. 1.3.1. Preparation of Media

Media for the‘ procogation of U. urealyticum was ’prepared as
described by Robertson (1978). Bromothymol blue broth consisted of 21 g
of PPLO Broth. wit‘,hout" crystal violet (Difco L‘aboretories. Detrott,
Michigan), 0.1 g‘lyeast extract (Difco) and 1.0 ml of 0.4% bromotliymol
| 'blue solution (Fisher Scientific Co., Fair Lawn. New Jersey) and 90.0 ml
" of ‘glass distilled water. The basal medium was then sterilized for 20° mtri
at 21 1b/in pressu:%e. - After cooling, the basal medium was supplemented
'with. 10 ml pooled normal horse serum (Gibco) end urea (0.025% w/v)
(Fisher Scientific) and 0.1 ml of 20 pg/mi Qlycyl—l;_histidyl—l—lysine‘ acetate .
salt (GHL) (Calbiochem, La Jolla, California). Urea and GHL were filter
. sterilized be‘fore' suuplementation. Ampicillin sodtum (0.5 mg/ml) was.‘
' added (Ayerst Laboralt'ories, Montreal, Quebec).’ 'l‘.he'pl.l of the broth was '

adjusted to 6.0 with 1N HCl and the medium was stored at -20°C.

1.3.2. Harvesting

l?rdpagation of ureeplasma strains was carried ‘out as bceviously,
described vby Stemke and Robertson (1982). Cells removed frorii -76°¢C
were sonicated (‘So‘ntegreto't.‘ sy‘stem 1.0 Fisher Scientiﬂc) 'for‘ 10 sec pri.oc‘
to‘inocultation. A log phase culture ‘was used to inoculate 3500 ml ot‘ B.
broth with a flnal cencentration of 1: 10,000

'I‘he inoculated broth was incubated at 37 c ovemight until the

~ medium reached a pH of between 6 9 to 7 1 At ‘this time, the bo_ttles of

culture were immediately placed on ice. Cells ‘were then collect'ed"by



centrlfugetlon in ;e type 19 rbtor-in a Beckman LS:SO ultracentrifuge
(Beckrhan Instruments Inc..‘llsalo‘ Aito. éalifot*nia) at 14,000 r.p.m. for 25
mln.’ 'The supeﬁmta’nt was poured off” without dismptton £ tne pel_let and
the c.:ells‘ were resnspended in 0. 85%(w/v) saline. The CS suspension was
centrlfuged in‘a Sorval RC 58 (DuPont lnstruments, Newtown, C.T.)

centdfuge for 25 min, 14,000 r.p.m. at 4°C. The supematant was

discarded and this pellet was resuspended.in 1 to 2 ml sterile saline.

.1.3.37 Determination qf Colonr Change Unitsso . ' ‘ &

In order tq determine the approximute nutnber of viable cells in
t‘he‘harveste.d material, a SO% endpoint change was used as ‘descrined by |
Reed 'end Muench (1938) and adapted by Ford (i§72) into microtitre
A phtes; The CC‘U50 per ml for each hezfvest\which'. used ."3500‘ ml of broth
ranged ,betweenv' 3.0 x \107 to 1.0 x 108 The results were the mean of -
duplicate deterniinations. ‘ N

1"3 lol Pmtein Assa‘ir}' ‘

‘ The protein content of the harvested organisms was determined by
the . Pierce BCA Assay (Pierce Chemical Co., Rockford IL) A 7standez~d .' ‘
curve was made and the unknovn protein concentration was det'err'nin‘ed.
- The protein concentration of the fxrst anngen suspension was 1 93 mg/ml_

Sy
‘and 5.9 myml for the second

v

Il IMMUNOENZYMATIC; TECHNIQUES
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| 21 Immunological’ Reagents

2.l‘1.1. Source of lmmunological Reagents ,

Rabbit antiserum to strain 27, obtained from Dr _] A Robertson.
_Unive\rsitx of Mberta. deonton. was raised against organisms cultivated

in rabbit serum broth, according to Robertson and Stemke (1979).

Goa't—anti—rabbit' lgG ‘ rabbit peroxidase—anti—peroxidase complex‘ and_

normal goat serum were all obtained from Bio/Can Scientific. Mississauga,

Ontario. For immunofluorescence work, the fiuorescein—isothiocynate‘

conjugated goat—anti—rabbit IgG was obtained from Capell Biochemicals

4

Pennsylvannia. ' | . g i

2.1.2. Absorption of Primary Antiserum .
In order- to assess the specificity of the . reagents, the. anti—U
' alﬂicum antisemm ‘was absorbed with‘its specific antigen. To 391 pl

of phosphate buffer saline (Appendix) 1 25 pl of anti -U; urealyticum and

9.0 pl of U alﬂicum were added ThlS su5pensmn was incubated for 2

“hr at 37 C and then centrifuged in an Eppendorf 5414 centrifuge

(Brmkmann Instruments, Westbury, N]) at 4 C for 15 min at 12 000 T.p.m, -

The supematant was decanted ‘and stored at l. C and served as the

"absorbed antiserum. The efficacy of the absorption was determined by the

etabolic inhibition test. (Sect 2 1.3.) and by immunoperoxidase staining -

of ureaplasma—infected monolayers in which the primary antiserum was

replaced by the absorbed antisemm (Sect. 3. 10 ) The antigen was prepared

(-

'as described (Sect: 1.3. 2) and subjected to one: freeze—thaw cycle. The

[3

final protein concentration was determined using the BCA ptotein assay
: * ° /- ' o .



~
(Sect.” 1. 3 4. ) The amount of antigen used Yo absorbed the antiserum was“-‘

also increased to 45 pl and: 90 pl.»

aln -

2.1.3. Modifted Metabolic Inhibition Test
A modified metabolic inhibition test (Robertson and Stemke, 1979)
. was ‘used. to’ determine whether the SpeCific ureaplasma antiserum had
been removed To microtitre plates. 0.025 ml of 'B. broth was - added to“ ’
".--. wells 2’ to 12 of each horizontal row. The specific antisera were diluted‘
l. ) _ in broth to 1:10 and 0.025 ml was added to wells 1 and 2 of each vertical -
“row.' Calibrated microdilutors (O 025 ml) were used to make doubling‘
‘dilutions./ The antigen, strain 27, was added to each well i‘n -addition to -
+ 0.15 ml of 10% Guinea Pig complement (Hoeschst Behring, France) ‘The
,complement was diluted in broth and the pH was adjusted to 6 0 with 1.0N
- of HCl. ln addition to the specific antiserum and its antigen, the absorbed
‘ antisera was’ used with strain 7 and T960(C X8) Controls mcluded the -
‘antigens alone, the antiserum and broth 'I‘he microtttre plates were
sealed with adhesive cellophane to prevent evaporation and vented

N 'During incubation at 37° C, the plates were read twice daily until there .

'was no change in colour for 21. hr..

2.2, lmmunoperoxidase Assay on Smears of U alxticum
‘2.2.1. Titration of Primary Antiserum
Microscope slides were cleaned with acetone. From a 107 CCU per

: ml suspension of U alﬂicum, O 1 ml was serially diluted in 0 9 ml of |



)
sterile saline -to titres of 10[' Two loopful\of each dilution were smeared

onto each glass slide and allowed to dry. o o

The immunoperoxidase technique used was’ performed as described ‘

by Stemberger (1979) Slides were covered with a 1 25 dilution of normal .

' goat serum and left - in a humid chamber for 10 min,. The slides were then |

~ blotted. Rabbit—anti—U alxtlcum was diluted from 1:20 to 1:2,000 n
0.9 ml of Tris—HCl. For-orie slide of each set normal rabbit serum was
substituted for the primary antiserum Slides were incubated for 24 hr at
4 C, washed with ‘approximately 3 ml of Tris—HCl and then agitated in
three changes of buffer for a total of 5 min. Goat—anti—rabbit 186G w;s
added to the slides in a 1'100 dilution The shdes were put back into the

- humid chamber for 30 min at R.T. Slides were washed as described above
and thenn blotted The peroxidase-anti-peroxidase (PAP) complex in a
- ' 1200 dilution was added for another 30 min at R :T. and slides were'

subsequently washed "To 005% (w/v) of diaminobenzidine (DAB) (Sigma

. eChemical Co., St.‘Louis. Mo.) diluted in Tns—HCl 3% (v/v) hydrogen

peroxide was added to a final concentration of 0. 01% (v/v) The reaction | )

‘'was allowed to develop for S min After washing, the slides were
dehydrated in a series of ethanol baths (70% 90% and 99%) and clcared in
| ‘2. washes of xylen: for oné min each The slides were mounted in
Permount.(Fisher Scientific) and allowed to dry whereupon they were
examined under the LM at lOOOX o o o ) B
B T SR
2.2.2. Determi'nation ‘of.'Endpoiht‘Staining o L
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To determine the dilution of antiserum where staining ended, the
prlmary antiserum was dﬂuted to: concentrations‘ of 1: 20 to 1: 61.0 000 All
slides contained about 3 X 103 CCU per ml., C ntrols included a slide with
normal rabbit serum {n place of the primary‘ antiserum. a slide where the
link reagent was replaced by . Tris-HCl and finaly where the link reagent '
and PAP Complex were replaced with buffer . '

W 2.2.3. Cross—Reaction of Primary' Antiserum with B. broth

. Smears of U alﬁicum on glass slides were prepared as
,

‘ described (Sect. 2 2.1.). As well a loopful of sterile B. broth was smeared

onto a glass slide. Controls were as described above. To determine if

‘ endogenous peroxidaSe was present slides were incubated with a 10%(v/v)

solution of hydrogen peroxide in niethanol

2.2 ,.4' . Eff‘ect ot‘ Heat Fixation on Staining .

One drop (0 025 ‘ml) of 10‘1‘ CCU per ml was sprea.d onto a clean‘3

glass slideq M‘ter dryi.ng in air, half the smears were passed through a

»vflame for -fixation. Immunoperoxidase sta.ining was carried out as

described (Sect. 2 2.1.). The primary antiserum was used in a diiution of

‘1 1000 and 1 10 000. The controls were 'as‘,described ,('Secti 2.2.3.).

‘.“4 ' g
\ .

2, 2 5 Effect of lncubation Time and Primary Antisemm

T e Concentration IR j ° SR

[ . -

Staining of‘ heat-fixed and air-dried smears was carried out” as

described (Sect. 2.2 1) All slides were pre-incubated in 10% hydrogen -

o
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peroxide in methanol and then washed in three char}ges of fresh bul‘t‘erq

¢

' lncubatlon with the primary antiserum was for 30 min, B Yo} mln and 24 hr.
i i / -

é.3r Source and Injection o;‘ Sterile Decidua ‘ /,( 3
¢‘2.3‘,‘1l. Source of Tissue |

) . . ' ) . o ' & . .
- ~ Decidua from. therapeutic abortions were obtained from‘Dr L‘H

jonore, Dept. of Patholog(, University of Alberta, deonton Ml were“

checked for sterility in the following manner: Approgdmately 02 g oﬁ

tissue was removed and placed in 2.0 ml of sterile sallne The decidua

t I'd L

fragments were ground with sterlle scissors in sallne and 0. 1 ml of each‘ .

supernatant was serlally diluted in 0.9 ml, volumes of B. broth. ’The broths

were incubated at 37°C. If no growth ‘was present, as indicated by a

| colour change ln the broth after lO days. the broth was dlscanied K'
| - loopful of ‘the decldual supernatant was also streaked onto a blood agar

| plate and incubated at 37 C. The plates were dlscarded after 3 days if no“ '

\ :
. A

gl‘owth was apparent S IR o

2. 3 2, lnjection of Decidua with U alﬁicum

‘ Uslng a 26 l/2 gauge needle, decidua fragments were' injected with ‘

_ Ol ml of a 107 CCU per ml suspension of U alx_t_icum. strain 27 L

. S

'Apprmdmately 10 g of tissue was injected in three to four random sltes‘;

- and then was. embedded in OCT embedding compound (Miles Laboratorles.f '

| Naperville. IL) The tissue was cooled to -20 C for frozen sections.

!’

lf\parafftn sections\-'ere required the tnjected tissue was placed o

| .'in 10% buffered formalin (Fisher Sclentific) and prOCessed by the Dept. of
. . i
f‘ : . ». " ) St G “ - .

1
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\

' St

Y

Pathology, Unlversity of Alberta Hospitals, Edmonton. The flicotlon period
was approximately 24 hr whereupon dehydration took place. An automated
‘tissue processor (Technicon, Calgary, Alberta) was used Tissue samples_
were transfered to 2 changes of 70% ethanol for 40 min each, then to -
‘95% ethanol for another Z.Q Imin. The tissue was automatically transfered"
‘ .,‘to 2 changes of absolute ethanol for 30 min and SO min before clearing 1n'
xylene for 30 and AO min Following clearing. the tissue was infiltrated |
wlth paraffin.- All reagents were - supplied by BDH Chemlcal Co., ;

. ) . €y
| Edmonton, Alberta. ' o

2.4. lmmunoperoxidase on Frozen Sections ‘

Unfixed tissue was embedded ‘as descrlbed above,i A'fter the
embedding media had. hardened 5 pm sections were cut at —20 C on a
ctyostat (American Opthul Scientiﬂc Instruments Buffalo. N. Y) The',‘

sections were picked’up on glass slides and stored at’ —20 C until staining.

[

’“'2'1; 1. : Indentification of Ba.ckground Staimng

lmmunoperoxidase staining was carried out as described (Sect.‘.

2.2, l) The primary antisemm was used in. dilutions of 1 100 1 1000

1
t

, l 10000 Each set of. slides ineluded a normal rabbit serum control a

b

,non-infected tissue section which was pre-incubated with 10% hydrogen

C peroxide in methanol or water and non-infected tissue which was not

ubjected to the pre—incubation step. After staining, , the slides were’

counter-etained in Harris Hematoxylin (Appendix) v L

r
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2.4.2: Vadation of Incubation ’I‘ime with Primary Antisemm
Infected decidua was stained by immunopemxidase and the primary

: N ‘,

antisemm was used "in 10 fold . dilutions ranging from 1: 100 to 1: 10 000 :

Slides were incubated with' the pdmaxy antiSemm for 60 min and 24 hr at

- 4° C. Staining was assessed in terms of the inten<ity of ‘the “specific

staining in relation to the amount of non—specific bacltg:'*ound.staining. v o :

: : i;\b
2 4.3. "Titration of the Link Reagent and PAP Complex

To ~determine the optimal staining concentrati'ons, the primary .

antisemm, link reagent and the 'PAP cornplex were titrated in a
:checkerboardpattern T " o . . [

‘Table 3 Titration of the Immunological Reagents o S

‘Reagent ! “ Dilution .
‘Pﬁmar'y.mius;m.m ; " o 1300 1500 |
 Link Reagent . o 1150, 1:100, 1:200° "
PAP Complex L ’1:19‘0,‘-1:200; 11400 _
2.5, Staining with Pa‘mfnri ‘E‘mbe‘dde‘d Tisswe .

'2.5‘.1. Preparation of Tissue for Staining

Decidua found ‘to be- free of microorgant;ms was obtained and
jected as. described (Sect 2 3 2.) Paraffi.n blocks were pre-cooled in a

,‘ —10°C cold tray (AO Scientific) for 15 min prior to sectioning Four to
five pm sections ‘were cut from the blocks on a rotating microtome (AO

.‘

Scientific) The ribbon of sections was then ﬂoated on a SO C water
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bath. To the heated water, approximately 1.0 g of ‘gelatin was added to

ensure adhesion of the sectlon to the slide. After separation, the

' tndtvtdual section was ptcked up onto a clean glass microscope slide and

placed for 20 min 1n a 70 C circulating alr dryer (Lipshaw Mfg., Detroit,

Al

Mich.). Slldes were then stored at R.T. until staining.
2.5.2. Statning Procedures for Parafftn Embedded Tissues
In preparation for statntng, sections were de-paraffinized thmugh
the followlng series of xylene and ethanol baths Slides were 1mme(5ed for
3 min eéch in 2 changes of xylene and then brought to water by a graded
Vlcohol wdsh (absoltxte,A9O% and 70%.. ethanol).. Finally, theg'slldes were
lmmersed in didtilled water for‘ S min. The statning procedure for all

-

ttssues embedded in parafftn was as follows: To block endogenous o
peroxtdase activity, the sections were incubated in- 10% hydrogen peroxide
in methanol for 30 min on a rotator (Fisher Sctenttﬁc) (100 rpm)

Tissues were washed for 5 min in Tris-HCl. All washmg was carried out

‘ with constant agttation. Non-specific protein sites were blocked wtth a

‘ 1:25 dilption ofximal goat serum for 10 min whene,upon they were

blotted and mbbit—anti—U. alxticum was added. All tncubattons took

place in a humld chamber. "The pnmary antiserum remained on the .
]

- sectlons for 24 hr at 4°c. Fonowing this incubation. tissues were rinsed

with appro:dmately 3 ml of Tris—HCl and then washed for S min with 3'

“changes of ‘buffer. After blotting " the sections. the link reagent,

» X R /
goat-antf-rabbit IgG was added to the sections for 30 min at R.T. after

4



which they were washed. Slmilarlyﬂ:)the PAP complex was placed.on the
slides in the humid chamber and incubated for 30 mm at R.T.

For visuallzation of the reaction, 0.05%(w/v) diaminobenzidine
tetrahydrochloride (DAB) in Tris-HCl with 0.01%(v/v) bhydrogen peroxide
was added. The DABI had previous:ly been suspended in Tris-HCl at the
desired concentration and stored at ~20°C., DAB was thawed and filtered / /
prior to use and then 33 pl of a fresh 3% solutIOn of hydrogen peroxide'
was added. /\ftler* 5 min, the slides were washed for 5 .min in running
water. Counter-staining was achieved‘by immersing the sections in
filtered Harris's Hematoxylin diluted 1;1 in distifled water for iO to 15
sec. Excess stain was removed by washing the slides"'ll,n running tap water
for 5 min. After dehydration in graded ethanol baths (70%, 9Q% and
absolute), sections were cleared in two changes of xylene and’ mounted
with Permount. | ’

In all'experiments, controls included normal rabbit ‘seru'm -in place
of the primary ,_antigemﬁ and a section which was not injected with'i
urealyticum. When the primary antiserum had been absorbed with u.
vurealﬂicum, this absorbed antiserum was also included as a control. The
slid;:s were graded on the intenslty'of the specific staining, the' nnmber of

positive fields at 40X and the amount of relative b&ckground, non-sp'ecific .

staining.

2.5.3. Titration and Incubation Time wlth the Primary Antisemm

To sections of decidua, pre-injected with U alﬁicum. the

w

primary antiserum was diluted to concentrations of 1:50 to 1:2000 and .
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stained (Sect. 2.5.2.). Incubation times with the primary antiserum were

24 hr and 48 hr. \

"

2.5.4. ‘Determination, of Specificity of the Primary Antiserum

Sections cont‘}lnlng U. urealyticum were prepared for statning as

described (Sect. 2.5.1.). In addition to routine controls, rabbitﬂnti—y;

\ i
‘hominis antiserum was included to assess whether any cross-reaction

would occur with an antiserum to a different mycoplasma 'species,
Slrﬁllarﬂy. M. hominis (strain 14027) was cultured and harvested as

desc;'ibed (Sect. 1.3.2.). Decidua wa$ injected (Sect. 2.5.1.). Four to five

pm sections were cut and stained. Using anti-U. urealyticum antiserum,

sections containing M. hominis were stained with routine controls and

sections containing U. urealyticum. Cross-reactivity was assessed under

the LM. o i /

2.6. Immunoperoxidase Staining on Fissues of Pregnancy Wastgge

2.6.1. Staining of Cases Kriown to Harbour U. urealyticum

Five cases of pregnancy wastage, 4 spontaneous abortions and |

one still birth, were chosén for .tmmimoperoxidase staining. The criteria
. . ' t

for selection of the cases was a:;, fgllows: Firstly, the case must have

‘been U. urealyticum positive in culture in most tissues. The organism must

have been isolated rapidly from the tissue, as indicated by a rapid colour

change in broth. This was evidence that the organism was ptesént in large
A ) : : ‘

numbers. Secondly, there must have been some evidence of ;;\ﬂammation

in the placenta, decidua and/or' fetal membranes. In addition to the five
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caseé infected \Jlth U. urealyticum, one case was chosen which was
“culture posltive for M. homims to ‘assess the amount of cross— reactivny
with the prtmary antiserum. The microblologlcal and pathological data
were obtained from Dr. J.A. Robenson and Dr. L.H. Honore respectively.
Staining was carried out as descdbed (Sect. 2.5.2.). The staining was
graded upon 1ntensl€y. ranging from ;++ (intense),. +; (moderaté), + (mﬂd)'

to ~ (no staining). "

N
2.6.2. Blind Investigation of Tissues foxl* u. urealﬂﬁ icum Antigen
A one—-\;vay blind study of "16 cAses of pregna;\cy wastage was set
" up “to investiéate the correlation between cultu;‘e positive. cases cumd“
lmmun.operoxidase poéitive cases. ' Fifty-two tissues were chosen based on
the following criteria: All cases\w.ere either late spontaneous abortion or
late therapeutic abortion ranging in gestation age from 16 to 20 weeks.
Twenty-—four tissues were chosen because they were negative in culture
for Ureaplasma and 28 were positive. The tissues we!je selected by Dr.
4£‘H.-Hoh'ore'. Dept. of f’a'thology, University of Alberta.;“!lidmoriton. The
investigator reading the irﬁmuhoperoxidase slides had nO'knowlnge of the
;nicrobiolbgical results. P‘ositivity was based'on lntenslty of stﬁlntng wt;ich '
ranged from very intense (+++), moderate (++), weak (+) to negative (—)

The number of positive fields at 40X, was arbitrarlly recorded as +++ (5.

fields), ++ (3-5 fields), + (1-2) fields and - {no stainlng).

IIl. Eukaryotic Cell Cultures
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3.1. M;itntenance of C‘eil Culture - ‘ . ‘ <

HelLa 229 ceils were removed from storage fn liquid nitrogen and
immediately placed in a .37°C v}ater bath. After thaying, theacells;, were
resuspe\nded lr; MEM medium (Appendix) to 10 ml and incubated at ’37°.C,
When a confluent mbnéla);er was fofméd. the cells were ;ubcultu;‘ed as
follows: The medium was removed and thg monoléye:“ ‘wgs rinsed with
sterile PBS (pi:l 7.0). The 5uffer was poured off and 1.5 ml of 0.25%(w/v)
'trypstn (leco” Laboratories) were added. The tissue culture flask :ras
éently rocked for 30 se¢ and the excess tr;'psin was poured off. The flask
was tr?cubate? at 37°C until the cells had detached, about 4 min. ’I“he
surface of the flask-was rinsed with 10 ml of MEM‘and the cells in the
suspension were dispersed by expelling th;:m several times with a pipe.tge.
One-third of the trypsinized molnoléye:" was transfe:féd to each new flask

(Corning’ Glass Works, ‘Coming', N.Y.) and 6 ml 9f medium were added..

3.2, ‘ Preparaﬁon of ‘Monoiayér for Atta;:hment of U_ urealx}icum'

A ttachment of tﬁe' ureaplaérﬁas to ‘eukaryofic cells was ass.ayed as“=
- ;;lescrlbed B’y’Alf& (1986). Hela ‘cells were grov;m on 12 rﬁm coverslips
which ‘had been aéld-washéd an;l stored in 95% ethanol. ;Phg‘éo\[re;slibs
were fiame‘d and put into éFexjiie 1_3 mm shell vials. Then 6‘x ‘101‘ c;.ells;r
- were inoculated into each “shell vial. These produced a’ confluent
‘ménolayer within 24 hrs HeLa cell counts \:ére bas‘ea on he'mocyto;rklete,’z'-
madhg#. Before gtt&chmént ‘studies were completed, conflﬁen;y was

assessed by examination of the monolayer under the inverted mitroscope.
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3. 3 Attachment of U urealxticum to ‘the Monolayer .

;

A‘ Ureaplasmas ‘were cultured in B broth until a pH of between 6. 9
to 7.1. The cultures were then harvested as described (Sect. 1.3.1.). The
final pellet was resuspended in H buffer -(Appendix) and 0.2 ml was
dispensed into each shell vial. The titre of U aizticum in the vial was’
appro:ﬁately 1 x 108 CCUSO per ml. The vials were stoppered and'4

incubated at 4°C for one hour. .

3.4. lmmunoﬂuorescence on the Monolayer

‘ Irnmunofluorescence was carried out as described by Alfa (1986).
The supematant fluild was aspirated from’ thel sheli vials ‘and- 'the.
monolayers were rinsed twice with H buffer ‘ The couerslips ,;ere fixed‘
for 10 min in acetone and nnsed again with H buffer Tuo hundred pl of
a 1:100. dilution of rabbit-anti—y_._‘ urealyticum semm was added to each
© vial. Controls included notmal rabbit serum‘ and absorbed rabbit serum.
The vials were stoppered and incubated at 37 C for 15 min. 'The'
‘4 antiserum was then aspirated and washed four times with’ H buffer.
‘ Fluorescein-isothiocynate conjugated goat-anti—mbbit igG ‘was added to |
each shell ‘vial ‘for 15 min at 36 C The antiserum was aspirated and |
washed The last wash was left on ovemight at 4° C Coverslips were
"inverted onto glass siides with a drop of mounting fluid (10% glycerol in H

Y’ ,

‘buffer) and viewed under the fluorescent microscope at 40X.

3.5. Immunoperoxidase on the Monolayer .
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Confluent monolayers were lnfected as descrlbed (Sect 3.3.). The.
'monolayers were fixed for 10 mln in acetone, after whlch they were
washed in Tris-HCl. Endogenous pero?(idase 'was blocked by incubation
.wllh 10% hydrogen peroxlde in methanol for 30 min. After ‘washlng for 5
min ln three changes of  buffer, non—specific protem sites were blocked ‘
with normal goat s‘emm (1:25) for 10 min. Anti- U alxticum antisemm
(0.025 .ml) was added to the rno_nolayers/ for 15 min at 37°C. Controls -
‘ lncluded’anti-_hl_. hominis anflsemm in place of 'anti—_ll._ ui‘ealxticum. normal
rabbit semm.'absorbed anﬁsemm end a monlayer‘Which was not tnfected |
vwlth U urealyticum. The coversllps were washed. and ‘then incubated with
0. 025 m] of the link reagent, for 30 min. Following washing, the coversllps
were exposed -to the PAP complex for 30 min at R.T. DAB was added
| after washing for flv‘e min. The covei'sl_ips were dehydrated and cleared in

ethanol and xylene and mounted onto glo.ss slides witn Permount.



CHAPTER THREE

_RESULTS

T

1.1. Immunoperoxidase Staining using Smears of U. alzticum

1.1. l Titration of the’ Pr:imar)n Antiserum

Smears of U. urealﬁicum were prepared on clean glass slides and
’ .

~ . stained (Ch. Il..Sect 2. 2 1.,pg.34). 'The intensity of the immunoperoxidase
staining was compared in two ways: Firstly. among the. differing -
concentrations df oréanisms and; secondly, for each dilu‘tion of antigen .
‘that was streaked onto a ,siide the primary antisemm was‘diluted to
different' concentrations. Th‘erefore,‘ the intensity with the primary
antisemm concentrations was compared within each 'titre. of organism
used. At concentrations of 107 organisms, it was difficult to distinguish' o
' between the organisms and other small particles in the harvest suspension B
At titres of 106 .and 105 brown spheres were seen under oit immersion
“but there was no apparent size uniformity The optimal concentration of
‘antigen was 101' CCU (Fig 1) Brown spheres were apparent and their
' size was more uniform than when less antigen was present.
The initial titration of the prlmary antiserum. anti-U alx_t_icum. ;
revealed that optimal staining was somewhere between a 1 200 and 1: 2000

'4

dilution (Fig lc) Endpoint staining was' aeheived at 1 61.0 000 (Fig ld)

47



. Figure 1: Immuhdperoxidase Staining on Smears of U. urealyticum |

L

Smears of U. urealyt iéum were streaked onto clean glass slides

(Ch. 1L, Sect. 2.2.1., pg. 31). The normal . rabbit serum control (a)

.
# .

» exhibited staining of particles similar to that of the smears incubated

- ‘ . . O S
with anti-U. urealyticum antiserum in a concentration of 1:1000 (c)

(arrows). The slide incubated with diaminobenzidine ‘only (b} showed a few .

‘pale staining particles. Staining of the smears decreased greatly when the

antiserum was diluted to 1\:6&0,00(') (d). X1600. The bar repi“esents“ 10 Pn’i.
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| The ‘normt'il rabbit‘ Serum ‘control showed a .'significant amount of
.non—‘specific staining (Fig. ’la‘) The stained areas couid have been
mistaken for ureaplasmas. However, comparison of the staining with

norm{al rabbit serum and the specific antibody showed that the latter had

a ‘greater st_aining intensity.

1
i
.

1 1.2.” Non-specific Staimng on Smears

}
Since ureapiasmas are grown in B. broth and as B. broth contains

large amounts of protein, it is possible that background staimng may
result from either antibody in the primary antiserum agamst certain broth
components. such as yeast precipitates, or non—spectfic staining of the
primary ) antibody t_o these components (Figure 2) Smears of U.
'aeam"fcqm and smears of B. broth were prepared and stained (Ch. IL,

Sect. 2 2. 3., pg.36) to determine if any cross—reactions were occumng

5

) Background staining was apparent in the controls as well as smears of u.

- \
’ alﬂicum The smears of B. broth showed pale brown staimng ‘particles .

v"'.(Fig 2b) When the smears of U aly_ticum were pre-mcubated with

T hydnogen pemx‘i_de in methanol, ‘th'e back'groun‘d staining ‘was'not reduced.

L 1 3 Heat Fixation of Smears |

Smears of U. | alﬂicum were’ prepared (Ch II.,.Sect. 221..

N ‘pg.310) The smears were then heat—fixed (Ch.li., Sect. 2 2. 3.. pe- 36) and ‘

stained (Ch II., Sect. 2. 2.1.. pg.SIo) The process of. fndng the smears of

- "U alﬂicum did not affect the staining signiftcantly ‘i‘here was- a

o 'slight reduction of non—specific staining in the heat fixed smears but the

‘ specific staining also seemed to. be reduced.



- Figure 2: Non—Specific Staining of .U. ‘'urealyticum Smears and B. broth .
. ‘ \ . <—~ . ) | '}

oy
,

| ‘ Smears of u. urealﬂicbm were prepared as described (Ch. lll.,.Sect.

" 2.2.3., pg. 36). In addition, smears of B. broth were prepdred to assess the .

amount of ‘background, ncn-specific siainihg. Staintng with normal rabbit

- serum (a). showed some particles (an:ows) lmn‘mnope‘roxidase staining of

broth (b) reVealed pale background staining particles (arrows).

Pre-incubation-of U alxycum smears with hydrogen peroxide (d) did

not reduce background staintng considemhly when' compared to smears'

whlch were not subjected to the pre—incubation step (c) X1600. The.b.ar‘

represents 10 Pm
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1.1.4. Var\iati,on'of lr'i(:'ubation ’I‘ime with the Primary Antiserum‘

The incubation time of the smears with the’ primary antiserum was
" vaned from 30 min. 60 min to 21. hr (Ch li L Sect. 2 .2.5., pg- 36). There :

© was very pale staining at 30 and 60 min in smears which were heat fixed
. < ! \
and those which were' not The staining of smears was much more intense

[

at 24 hr for both ‘the heat fixed' and: non-fixed smeat’s "

i

2.1, Immunoperoxidase Staining of Frozen Sections e

2.1.1., Non—épeclfic Staining of Non-Injected Tis'sue‘

§

, "
. o Sections were made from tissue -in which no ureaplasmas were -

injected ' 'When ‘lthese were incubated with | normal. rabbit s.ze‘mm,_
| background staining resulted (Fig 3a). The,' tissue whit:h‘ had b.een‘
incubated with the specific antiserum for ‘U : alﬁ‘ icum ‘b‘ut not
\ “pre-incubated with hydrogen peroxide in methanoi. showed background
staimng which was more intense than\ the normal rabbit serum (Fig 3b)

When sections were pre-incubated in hydrogen peroxide in water, severe
disruption of the tissue morphoiogy madg assessment of the staining

,'difflcull (Fig. 4b). However, replacement of the .water - component by

‘ ‘ methanol allowed better morphological preservation.

ey

2. 1 2. Vanzl}on of’ Incubation Time ' .
Frozen sections of U. alzticum injected decidua were . stained
o ,(CH II., ,SeCI' 2 l. 2., pg 38) Tpe concentration of the primary antiserum L
o ‘was varied i’rom 1 100 to 1 10 000 and the incubation time ot‘ ‘the primary
’antibody was varied for 60 min and 21. hr. Examination under the LM

‘ revealed high backg_round staining at a concentration of 1:100 for both

4 B
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Figure 3: Non-Specific Staining Present in Sterile Tissue

Iy

pd .
)\

“Frozen sections of sterile maternal decidua were stained with the

immunoperoxidase assay (Ch. HillRect. 2.4.1., pg. 38). Pale brown staining

was apparent in sectfons 1ncub&t;d with the normal rabbft ‘serum in place
of the primary antiserum (a). Background staining was also apparent in
‘séctlons which had been. incubated with the primary antiserum (b). X640.

The bar represents (10 i.xm.






Figure 4: Non-Specific Staining in Sterile Tissue

Frozen sections were prepared as described in Figure 3.
Pre-incubation of the sections with hydrogen peroxide in methanol (a)

decreased background staining. WheN distilled water was substituted for

the methanol, severe dis‘rupﬂon of hisfological morphology resulted (b). (a)'

X640; (b) X320. The bar represergs 10 pm.
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times. No staining was apparent at primacy antiserum concentrations of

LT

\1:5000'and 1:10.00_0 (Table,i 4). Normal ,rabbit serum controls were negative‘
for both'incubaltion. times (Fig. 5% & b). The oétimal concentrat{on of the
primary antiserum was 1:500 for 24 hr (Fig. 6b). : |
2.1.3. ‘Tlt:;ition‘ of Link ‘Reagent and PAP Complex
Frozen sec't.tons«og' deciduq containing U. urealﬁii:um were s;aingd '

and the concentrations of the immunoreagents were varied (Ch. 1., Sect.
2.4.3., pg.39). The 6ptimal concentration of the link r'eagentvand tﬁe PAP
complex was determined using concentration of the link reagént‘- at 1:50,
1:100, 1:200. The PAP complex was used in concentrations of 1:100., 1:200
and 1:400. wThe ‘primary antiserum was used in concentrations of | 1:300 and
1:500. Sta;ntng iniensity varied fmfn.no‘statnir'\g (-), weak staining (+) to
moderate (++) and intense staining (+++), The pptimal concentrations of
thevim‘munboreagents were 1:300, 1:100 and 1:100 for the primary
‘antiserum, link reagént'and‘the PAP éomple;c. respectively (Table 5).

‘ 3.1". lmmunopero)ddase Staining on Parai‘fin Enibedded Tiss@é‘ o
' .3.1.»1. ' Titration of the Primary Antiserum - o~

- Paraffin 'embedded tissue sections injected ~with £ urealyticum
were— stained (Ch.. ll.-. S'ec‘t.l 2. 5.2., pgv 40). The pﬁmdry antisemm was
dﬂuted from 1:50 ‘to.1: 2000. "The incubation time wnh the’ primary‘
| . antiserum. was increased from 24 hr to 48 hr (Ch. II., Sect. 2.5.3., pg.4l). =

Examination under the LM revealed background staining at concentratlons ‘

.

[
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‘Table 4: Varlation of Incubation Time and Primary Antiserum’

Concentration in Frozen Sections

Antiserum ' lqcubation Time

Concentration

60 mins 24 hr

i:100 , . *
1:500 . N
- L1000 ‘ A
'~ 1:2000 | | . .
1:5000 - -
1:10,000 o - -

-

* high background, +++ intense, ++ moderate, + weak, - no staining

[T
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Table 5: Titration of Link Reagent and PAP Complex

‘Primary Antiserum Link Reagent PAP Cdmplex Intensity
Concentration _ ‘ K

N N . “ . (A‘ )
) | | 1:100 +w\ o
1:50 ' 1:200 £ :
. 1:400 -
. : 1:100 444
1:300 1:100 .. 1:200 S
1:400 S
: 1:100 .+
1:200 1:200 . Co4
S 1:400 ca
: 1:100 +
1:50 1:200 +
: 1:400 - 4+
; o 1:100 o 4+
" 1:500 . 1:100 - 1:200 UL
‘ ‘ o - 1400 0 -
. 1:100 -
1:200 - . 1:200 -

i

i 1:400 -

- no staining, + weak, ++ moderate, +++ intense



Figure 5: Variat’ioﬁ of Iﬁcubation Time and Primary Antiserum

Concentration

P,

Decidua was injected with U. urealyticum. Four um frozen sections
v(ere..taken and sections were stained with imthunopetoﬁd&Se. ‘ Nega'tlve
. controls of normal rabbit serum were negative at 60@ mins (a) and 24 hrs

~(b).. X640. The bar represents 10 pm.

e







[Figure 6: Variation of Incubation Time and Prlmary' Antiserum

‘ Concentration e &

»

Frozen sections of decidua which had been injected with U

»

.urealﬁicum were stamed (Ch ., Sect. [2.2.1., pg.34). »The prlmary\
.ﬁ:‘\ . ' |

antiserum concentratlon was varied "'rom 1:100 to 110 000 with E

incubation t1mes of 60 mins and 21. hrs Pale brown staining was a?parent “

- .in sectlons whlch were incubated with a l: 500 dtlutlon of antiserum for

A o

‘ 60 mins (a) The intensity of the staimng. with the antisemm at a dilution: ‘

“

vof 1500 greatly mcreased when an mcubation time of 24 hrs was used‘ "

o (b).“ Dark 'brown prec1p1tate was ev1dent 1m these sections (arrows) X640 e

" The bar represents 10 pm. ‘

\
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of 1:50 and 1:100 (Table 6). The maximum staining intensity with lov ‘
' background staining. was observed at am an’?iserum concentration of 1: 1000
for 24 hr (Fig. 8). Since there was no difference in stalning between the

two incubation’ periods, the more convenient incubation time of 24 hr wa's

¢ "

used in subsequent studies. , T

3.1.2. Specificity of the.‘ Primary Ant‘iserum

To assess Af the anti-U. alxticum antiserum was specifiG for its
antigen. antiserum to another mycoplasma, anti M. hominis, was used in
place of the ‘ureaplasma antiserum (Ch. 1., Sect. 2.5.4., pg-41). The:
normal rabbit serum control was negative as was the section which had‘

y

not been injected with U. alzticum. The positive controi ‘a section
| contatning ureaplasma and ineubated with the specific antisemm. was
positive (Fig 10). The sections which had been incubated with ‘anti~M.
hominis were negative for -any dark - brown precipitate (Fig. 9b)
N

f The specificity of the primary antiserum was furthe:\.tested by
injecting tissue with M hominis and staining the sections with ureap].asma
antiserum (Ch 'il‘ Sect 2.5.4., pg:4l). The normal rabbit ‘serum control"_

“ and the non-injected tissue section were both negative., The positive.
control described above, ‘was positive. The tissue which had been. injected

with M hominis was however, negattve (Figs. 10a) | '

C#

4. I. Absorption of the Primary Antiserum
The anttgen was harvested and used within a day to absorbed the ‘
o antiserum. The absorption was' carried - out as described (Ch. Il..

k‘l' Sect.2 1 2.,pg- 33) The metabolic inhibition test (Ch H.,Sect 2 1 3., pg.34)




~
Table 6: Tltrtition of Primary Antiserum for Parzif'fin‘.Sectioqs

[

~ Primary Antibody . Staining Pattern .

[t

Concentratipn

24hc | 48he

10 B S
 ®uio . e
1:200 . . L
1400 e e
."1:80(:)’ - +4 | +4 |
12000 e R

1:2000 T e,

e e

' 1"*‘h"i,gh background, '4‘»++vin'ténse. ﬂ‘moderé,t'e,‘ + weak, - no (st,éinirjg

#
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Figure 7: Titration of' Primary Antiseru‘m_‘wlth Pardffln Embedded

Tissue

U. urealﬂicum mjected decidua was parafﬂn embedded and 1. um
se‘ctions were taken (Ch 1., Sect 2. 51 .. pg-39). The prlmary antlsemm' .
concentratlon was varied from 1: 50 to 1:2000 for 21. hrs and 48 hrs’ (Ch

y—n

lll-. Sect 253 pgAl) The normal rabbit serum control where the

oy

. normal rabbit serum ‘was substltuted for the prlmary antisemm. (a) was
negative. When t@ antx—U alﬂicum antiserum was used in a dilution‘

l‘of 1 100 (b) high background sfaining ‘was obvious. Background statning

‘decreased when the primary anuserum was used in higher concentrations
~ This is obwous in the micrographs whlch follow‘ X61.0 The bar represents N

‘lOpm ‘
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Figure 8; Titration of the Pfimaty Antiserum in Paraffin Embedded

Tissues Injected with U. urealyticum

Tissue injected with U. urealyticum was paraft:ln embedded and 4

um ‘seétic;n were made. Tne sections wefe stalined using .d{fi'crent
" Concentrations ‘of the prlmafy antiserum’ (Ch Il.. Sect. 2.5:3., .pg-41).
Sections incubated wlth lncubatcd with the pr’imary antiserum at dilution
of 1400 for 24 hrs.(a) revealed markedly reduced background staining.
Staining was still apparent but reduced in intensity. when [Me antiserum

.

 .was uséd in a dilution of 1:2000 for 24 hrs (b). X640. The bar represents
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Figure 9: Specificity of the Primary Antiserum

The specificity of: the prlmgry antiserum, anti-U. ﬁrealﬁicum was

tested firstly by incubatlné tissue section which had been ipiecteé‘ thh
M. hominis (a). Secondly, speciﬂcity, ‘was assessed by ‘i.ncubating u.

;lrealﬂgcum injected tissue sections with antiserum raised ‘against another

Mycoplasma species, namely, M. hominis (b). Both resulted in negative

staining patterns. ''X640. The ‘bar represents 10 pm. . R
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VO!‘kS on the basis of, the. ability of strain specific a‘ntisemm. tn the
presence of complement to inhibit the hydrolysis of 'a specific substrate
by an homologous strain (e. g. Robertson and Stemke, l979) The results of
the metabolic inhibition test’ indicated that there was a signiftcatnt
: difference in titre between the absorbed and non—absorbed antisera The
titre for the primary antisemm was greater than 10 240 where as the
titre 'for the absorbed antiserum was <80 When sero"types 1 and 8 were-
"used with both antisera. their titres ‘were <80 (Table 7). There was no"
difference in titre however. when the amount of antigen for absorbing

‘was' mcreased Thus. the initial amount of antigen was used to absorb

, further antisera. 0

's.1. lmmunoAss,ays’ on Infected Monolayers ‘ ‘ S -

5.1. l Immunoflubrescence

Conﬂuent monolayers were infected with U alﬂicum (Ch II..,

.

_ Sect. '3 3‘, pg.“) and stained by immunofluorescence (Ch IL, Sect. 3 l... .

pg.loS) The attachment of u. alxticum to the HeLa cells showed
pattems similar to those described by Alfa (1986) The infectede'v :

mo ,1 vers which had been incubated with anti—U alﬂicum exhibited.;"-"?'
o .
brlght green fluorescent particles on the HeLa cells when examined at jf

I.OOX with tie fluorescent microscope (Fig. 13) The normal rabbit serum

control (Fig. 11) the nionolayer incubated with anti-M. hominis antiserum

e

(Fig. 12) and the absorbed antiserum control (Fig. 13) were all negativ

£or fluorescence. v




-

6

Table 7: Metabolic Inhibition Test using’ Absorbed and Non-Absorbed

~ Antisera

L

. Antigen Titre .

Serotype ‘
,;-\; U. urealyticum Non-Absorbed
4"‘- ] .

. r S _
* antiserum , antiserum
.« ‘-ﬂe’ . :
e :

<80

K80,

310,240 .

’

<80
<80

<80

~
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Figure 11: Imr‘nuhof'luoresgeﬁ‘&é on U. ureaiﬂicum Infected Monolayers

N

B

HeLa. cell monolayers; were infected .wlli‘h U. urealyticum and

\

stained by immunofluorescence (Ch. Il., Sect. 3.3., pg. 44). Monolayers

incubated with normal rabbit serum in pléce of ‘the primary antiserum (a)
were negative when éxamined under the fluorescent microscope.
' Co . . .

Examination of the monolayers with transmitted light revealed the Hela

cells were present on-the covérélips (b). 640X. The bar fepresents 10 Pm.

i . "oa ¢ . it '
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., Figure 12: §lmmunoﬂuorescence of ' Monolayers Infected with U

urealxtichm“

s '
o

m‘;‘-.i" ’ ", . . '
A U urealﬂtctxm infected monolayers were smined as described in
T ﬂ\ e R
the preceding microgra,phs (thure 12) Monolayers-were tncuba_ted with
Lo absorbed antisernm in place of. the primary anttserum. Examination wtth
' ’ ) ¢ . q' . .
o the ﬂuorescent microscope dld not. show any bright green fluorescept ‘

-

parttcles (a). When transmitted hght was used to examine the monolayers. - ;

HeLa cells were present on the coversltps (b) X640 The bar represent,
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immunoﬂuorescence as descrlbed by Alfa (‘1986) (Ch.l Il.. Scc:t. -3.1... ‘\

il

pgAS) Bright ﬂuorescent particles (arrows) were ‘obvions when the

infected monolayers were stained using anti-,:U alﬁicum antisemm (a)

When transmitted light was used ‘to examtne the monolaycrs (b), He‘La
cells were apparent where rhé particles wem"locat%d X640. T
] ' . , W . 4 . ‘; . o 'v"
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\
5.1.2. Immunoperoxidase

\,
U. urealyticum cells were attached to Hela cell monolayers (Ch. 1l.,
‘ A
Sect. 3.3., pg.44) and were stained by.immunoperoxidase (Ch. 1., Sect,
3.5., pg-45). The staining-achelved with immunoperoxidase was similar to
that of the immunofluorescence. Brown, ovoid particles assoclated with
the HelLa cells were apparent in those monolayers stained using the
prlmary' antiserum (Fig. 15). Monolayers stained with normal rabbit serum,
i ﬂ‘ﬂn_‘? antiserum and the absorbed antiserum all were negative (Fig

14). As expected, the non-infected monolayer control was ‘also, negative

(Figs. 15 and 16).

6.1. Immunoperoxidase 'Staimng on Fetal Tissues for U. urealyticum
Antlge;n

7.1.1. On Cases Known to Contain _lL urealyticum °

Cases of pregnancy w'astage were selected based on the presence
of inflammation and the presencé of U. urealyticum u;;on culturing (Ch,
L., Sect. 2.5.1., pg.39). Staining was carried out As described (Ch. li.,
Sect. 2.6.1., pg.42). Examination of the tissues under the LM revealeq
that ureaplasma antfgen was present in most tissues. The antigen was
localized at various levels in thé f»etus. such as lung, placenta, free
membranes and’urh\bﬂical cord. Figs 16, 17, and 18 {llustrate the presence’
of organisms in the fetal ttssues.‘“ Table 8 shows the distribution of the
organisms through the tissues stained corr\;pared to those results obtained

,

by cultivation. ‘ . , .
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1

A

Figure 14: Immunoperoxidase Staining on HeLa Cells Infected with

’l_J; urealyticum

!
|

HeLa cell monolayers Jrere infected with U_ ui‘ealﬂicum and

f

stained by 1mmuﬁopero>ddase-/(’Ch, Il., Sect. 3.5., pg.44). Controls of
non-infected monolayers (a) and the absorbed antiserum in place of the

primary antiserum (b) did not c/ontaln any brown precipitate. X1600. The

t

/ .

bar represents 10 pm.
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Figure 15: Immunoperoxidase Staining on  U. ureplyticum, Infected

Monolayers : i - . Rl

. .
o
SN

i

N
. ' A
. ! N . : | !
. ! »

Hela cell monolayers were infected wdth u. alﬁicum and
stained with 1mmunoperox1dase (Ch. Il.. Sect‘*:'hsﬁ pg.l.l.) Monolayeré
lncubated wlth the antiserum raised against M. homtnis were devoid orl-'
" any dark brown precipitate (a). However, infected monolayers whi‘ch had.
been exposed to ami U. urealyticum antiserum did’ reveal dark brown

) partlcles (arrows) on the HeLa cells (b) X1600 The bar represents 10 pm. .

-
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Table’'8: Examination of Tmmunocytochemical and Microbiblogical Results

in Cases of Spontaneous Abortion Known to Contain Ureaplasma

A

Tissue 454 457 . 507 531. 533
C P Cc 1P c P ¢ 1P TS
N
'S
Membrané | = - + + | PO tg 0t + -
Cor(.i ‘ +1‘ + * N A .'+4 - “+ -
P\lacen‘ta - + A ‘ + - + + NA -~
Lung - *, S + ; 4 NA NA . .4 Y -
\\

Yo

Immunoperoxidase (IP), Culture (C), Not Available (NA)

‘ ‘
'

1. No inflammation was present. The'xje was coarctation in the cord.

2. No inflammation was present. A true knot in the cord was evident.
. 3. An infarction was present in the placenta and adjoining membranes
with se‘cond‘ary“ infection.

r k /

4. No inflammati'on was evident, _ ' P o I
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Figure 16: ‘Immunoperoxidase Assay on Case 457

»

4

A normally structured, congested female fetus from a spontaneous

. abortion ‘at 13'."veeks showed acuted subchorionic intervillositis with

pu‘tchy ‘choribnit'is and focal amnionitis.’ .Upon staining  with

immunopemxidase for U alx_t_icum. brovn precipitate was apparent in

the placenta (arrows) vith a marked inﬂnmmatory response (a) The fetal -

lung showed the cbaractei'istic staining for ureaplasmas (b) and the lung ‘

also contained degenemtilllg polymorphs indicative of orificial spr;ead of

3

1nfectibn. X640. The ‘bar represents 10 pm






Figure 17; 1mmunoperox1dese Assay on Cases 454 and 507

Case 454 was a male fétus from a iate'Spontaneoue abortion. An
inﬂammatory reaction was seen in the free membranes, chorlonic plate
and the matemal decidua. The fetal lung showed brown precipitate on the
epithelial lining of the bronchi when stained by immunoperoxidase (a)
However. no, matemal polymorphs were obvious in the lung.

Ca\se 507 was a preterm de‘livery;of a female fetus. There w‘as |
wi@espma; iﬁflarqmetion in - the membranes_and“chdﬁo;xilc‘ plate. The'
umbilical cord showecl‘sevene v"asculitis and’ necrotizing acute,funist‘tis. u.

alﬂicum ‘was ‘detected in the cond by immunoperoxidasé (b) A‘rmvs‘
indicate the characteristic brown staming particles X61.D. ‘The  bar
represents 10 pm S L ‘ - | .

[
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Figure 18: Case 531: lmmunope‘ro)ddhse Staining of the Fetal Membranes

and Umbilical Cord. .

A stillborn baby boy was delivered and - exhibited congenital

pneumonia and chorioamnionitis. Fetal ‘membranes were positive when

—

also positive .(b). Arrows indicate .the typicél pattern  of the'

immuhohiétochemica} staininé. X640. The bar represents 10 pm.

Al 1

stained with the immunoperoxidase method (a). The umbilical qdrd was

i
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6.1.2. invcstlgatlon of Fetal Tissues for U, urealyticum Antigen

Cases of* spontaneous abortion and therapeutic abortion were
selected as outlined (Ch; I, Sect. 2,6.2., pg.43). Tissue sectjons wer::
stained by the immunoperoxidase assay (Ch. Il., Sect, 2.5.2., p.41). The
staltled sections were examined undep the LM for &é{_@_ﬁlxllc:uﬂt antigen,
The 1investigator examining the slides had po prior knowledge of the
restxlts of  the microbiological examination of the tissues, The staining
reésults of the 52 blocks are presented in Table i Staining was compared
with microbtological 'data ltsing the Chi-square analysis; There wc’ts
complete ‘-agreement between . the mjcrobiological data and the
lmmunope*ddasq staining in 32/52 (62%) of the tissues. The p value was
found to li{e Dbetween 0.1 and 0.05, indicating a significant
relationship.

The *presence of inflammation in the tigsues was examined under
the LM, Inflammetion was present irt 4/51 cases which were both culture

»

pdsnive and immunoperoxidase posttive (Table 10). A Chi-squared analysis

e . . o X .
was used to. determine if the -presence of inflammation was related to

lmmu;_toperoxidaese stalnin’gf or to microbiological results. The p values
were between 0.1 and 0.25 for in_flahtmat'iqn l’i culture techniques and
between‘O.Z‘S! and 0.75 for inﬁetntttation vs immunoperoxidase ' staining.
Thus, there was no signiﬁcant relationship between the presence of the
”orgamsm and. an inflammatory reaction.

\J -:The sensitivity of the immunoperoxidase staining relative t‘o the
culture results was determined by calculating the false negative results.

" Tvzelve of the 52 blocks were negative with, immunoperoxidase staimng

.this conesponded to a sensinvity of 77% If the data are compared not to
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Table 9: Relationship between Cultivation of Ureaplasma from Fetal

Tissues and the localization of Antigen in the Tissue

Cultare Immunoperoxidase No, *
EY + 16
. 32 62
- - 16
/
4 '
+ - 12 23
- 4 8 15
52

0.1 > p > 0.05

3
1
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Table 10: Relationship between Culture, lmmuno;mrmddaé’\e Staining and

~the Presence of Inflammation within Tissues of Pregnancy l.oss

Culture ' Immunoperoxidase Inflammation No. %

-

+ 4 A 4
| d 16 31
- - - 12
. - - 8 16
, - + 4 8
+ + - 12 23
- + + 3 16
- * .- 5 10
- , - + 3 16
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culture but to the total number of positives for efther test, then the
sensitivity for cultivation is 78% (100 x 28/36) and 66% (100 x 24/36) for

immunoperoxidase staining.

3
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__CHAPTER FOUR
\\ .

‘ I

DISCUSSION

Before applylng the immunoperoxidase method to clinical tissues,

certain technical aspects had to be considered. These aspects will be

discussed first.

Through logical progression in the applic‘ation of thé PAP

methodology most problems encountered were overcome. Problems
included’ non—speciﬂ'c staining of smears of U. urealyticum using normal
rabbit serum as a control (Ch.. 1., Fig. la, pg.49) and non—specific

staining of smears of broth components using the primary antiserum (Ch.
‘ s

Ill., Fig. 2b, pg.52). Background staini}«g was. also apparent in ‘normall

rabbit serum _control in fresh frozen sections (Ch. ., Fig. 3a, pg.55).
: | - '

Staining of the broth smears may have resulted from antibodies in the

-~

polyclonél antiserum directed against components of the broth medium
. used for cultivation of the organism. Altematively. the staining might
- have been. the result of non-specific binding of the primary antiserum to

brdth constituents. The problem of non-specific staining with the normal

L 4
rabbit serum and the primary antiserum ‘was overcome by increased

- -

' washing times and improvéd technical skill of this investigator. Infense‘

non-specific background staining can result from too high a concentration

99
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: of the pnmary anttserum (Btgbee et al.. 1977) and In, the present study.,'

'.!,

'’

A,

the uSe of the pnmary antiserum at htqher dilutions dtd decreAse«,‘

'

background statntng (Ch III., Fig. 7b & 8 pgs. 68 & ’70) The conCentratton

.’ -

i

dtrectly related thatv when the pnmary ahttserum concentratton .

decreased 'so did the amount of backgroynd statntnq the the spectfte

! ‘y
. . . . ' i

‘ ‘ of the prtmary an‘tiserum and the amount of bacquound statninq were ‘

- /t‘, , PO ' [

staimng mcreased : o S N o

The spectftcity of the reactton was tested tn severat ways Ftrst,:

¥ '
§ o o

the pnmary anttSemm was absorbed with ils spectfic anttgen to. remove

de

"spectftc" 'anttbodtes (Ch 1., Sect 2 1. 2., pe. 33) The effect of the
b3

;
|

: absorptton procedure was determined by ustng the metabolic 1nhibttton

. Y

”‘ test (Ch 1., Sect. 213' pg.3l.) and the ‘use of the absorbed serum in

both 1mmunope1\ox1das‘ and 1mmunof1uorescence statning of

~

Al " *

ureaplasma—infected Hela cell monolayets.’ The tttres of U urealﬂtcum

N

' between the absorbed and non-—absorbed anttserum dtffered as. they were

" - i R

<80 and 10, 240 respecttvely\. mdtcating that most anttbodtes against U
urealﬁicum straln 27 had been removed by abSorptton.‘ Thts effect was
- further substanttated by the negatlve results that ‘weré obtatned when

mfected monolayers were intubated wtth the absorbed primary antiserum

£
N -(Ch. L, Flgs._13 and ISb' pgs 82 &87) When the absorptton step was

proven effectwe, it. was then used as a negattve control serum when

»

staming the ttssues from spont'aneous abortions and therapeutic

1

abortions being investigated for U. urealyticum antigen. In no instance

was this control positive,

e 0

1

.
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The specificity of the prim‘ery ant_i_se‘rum‘was further tested ‘by

replacing the antigen, U_ ixreallxticu‘m, with: M. hominis. ~ﬁdi‘ho‘minis is
another mycoplasma commonly found tn the female genital tract (Holmes,
1984) Incubatlon of the anti U urealxticum antiserum wlth tissue injected
with M hominis pro\red to be negative when stained wlth
immunofluorescence and 1mmunoperox1dase ‘confirming tnat there was no
cross-reactton between these two species ‘The converse of the .‘above
experiment was also performed. Tissues conteininé g:fureal‘ticum"were
stained by immunopero;(idase using antiserum raised .a‘gainst M. hominis
! and negative results were aléo obtained (Ch. lll;, Fig ' 15a, pg.87). To
complete the assay a future consideration may be to'infect‘ monoleyers .
and tissues with 'oth‘er myc€oplasmas found in the human genital tract, such

.as, M. genitalium, M. fermentans and ureaplasmas from other animal .

\ o ——

species, for example, U. diversum, to see if any cross-reaction of the

antiserum would occur. * Kotani and. McGarrity (1986) have infected cell

cultures with U. urealyticum," U_ diversum and simian, canine and feline‘ﬁ
Streins. They de‘monstreted the 'presenc_e‘gof the “ orgenism by DNA
fluorechreme staining and by -the indtrect immunoperoﬁddase‘ test.

A theoretical problem which I had to 'c’onsider was the applicetton ‘
of the technique usmg,_pat:affin embedded tissues contaming ureaplasmas
. Since mycoplasmas lack -a cell wall the phosphohpid membrane’ and
,extm-membranous layer are the ‘only boundarles of the ‘organism.
Embedded within the’ membrane are proteins which are anngenic. Thus, :

with the depamffinization of embedded tissues containing mycoplasmas, it

‘is possible that membrane arLLg_enicity could be. altered or Iost. Smce Hﬂl’;

1.
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(1978) was able to demonstrate M pulmonis cells {n paraffin—embedded

A

“ lung using the indirect 1mmunoperoxidase method lt was hoped th&t at

' least some antigemcity would be preserved in the tissues useil in" this‘

' .
t

study Fortunately. anttgenicity was, preserved in the paraffin sections :

and . false negattve results did not. occur in tissues infected with u. .

1 )

urealxticum (Ch. L., Fig. 17, 18 & 19~. qu 90 92 &94) L alzticum'

has (extracellular) membranous and intracellular antigens, urease being‘

one of the latter. " Strain spectfic antigens are mosuly believed to be on o

yr '

the membrane. lt is likely that strain spectficity would be lost in tissue

i

processmg and that intracellular antigens, common to all strains, would 'be

: detected. This was mdtrectly supported ln the present study by one case =

\

* of therapeutic abortion in which the orgamsm tsolated cartied. both the 1
,-‘ te

[

and 11 determinants and- immunoperoxidase poSitive when antiserum,

i s

'serotype Spec1fic1ty of the orgamsm usmg the ll. different serotyﬁes is: '

- lost when tissue mfected w1th ureaplasma undergo the harsh treatment. ofy

Voo

, fixation, paraffm mfiltration and deparaffimzation. B

'

Localizing U.,urealyttcum m tissues at the light microscopic level, 1"'”'1“ &

'.

offers an advantage over cultivation since it allows one to examine the"~

iy

agatnst serotype 3 was used. One could systematically investigate whether. ’

‘tissue for pathological lesion and antigen Stmultaneously identifying the " o )

“orgamsm at the ultrastructutal level in the tissues would be the nextt .

f .

obvxous step after this study One problem that would ,arise when\‘ L
| gattemptmg to visualize mycoplasmas at the ultrastructural level is the

structural smilanty that exists between the membranes of these

prokaryotes and mammalian cells Thus, : with the advent of: .the' '

P

re B o '
LN ' . R ; i
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'

lmmunodlagnostlc techmques at the ultrastructural levels (Stérnberger.

1979. Newman et., al., 1983 Shmdo et. et. al., 1984), it ts now posstble to ‘

it
i

visuallze these small organisms at the electron microscopie levels. Vinther

and ‘.Freundt ’(19.79) " have demonstrated M. gallisepticum using

a

lmmunoferritin“ _ labelling. Vtsualizatton of - U. urealyticum with

, lmmuno—electron mtcroscopic techniques tn ue, may‘,allow a better

understandmg of‘how, ureaplasma are cauge disease in the mammalian

st

| In the majority of tnstances U urealyttcum 1s identifled by
cultural methods However, itis possible -that the organism can be ptesent
but not viable or,: the opposite,‘ ie. -viable but not detected In the one

mstance where gene probing with the. whole . chromosome has been

repérted the probe detected u. urealy_ttcum in 18 of 87 urethral

specimens which were negative in culturé and 36 of 57 Spe1c1mens which

c‘- i F-
‘ .

"‘I. were. posmve in culture (Roberts et. al.. 1986)

*
[

'

When applying the 1mmunoperox1dase method to cltmcal tissues of

R Spontaneous ancl therapeutic aborttons, a number of factorsg were“

l-",.

L considered. : Even though tlssues taken for htstopathologtcal and‘

miCrobiological study were from the same tissue, they - were from

. adjacent sites. It was ob\nously imp0551ble to have 1dent1cal tissues for.ﬂ
\,' SR
cultivatton and immunocytochemical tests. So. a tissue which was pOSItlve

.

P ' for U. alﬁicum in culture, may appeared negative when stamed with ‘

l

,...' "

the immunopero)ddase assay, the opposite situatlon could also arise. Thus,

!

g when assessmg the sensitivity of the 1mmuhoperoaddase techmqué a

ptoblem arlses as to whtch method of detecting U alyncum, if ‘any,

t'r‘
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should be used as the "gold" standard In addition to the tissdes not being

i
identical several other factors could account for the lack of’ agreement

\

between cultural iSOIation and immunoperoxidase localization of the

organism. Differences in tissue handling ,could haye accounted for the lack .
of agreement. The time between death and tissue sampling to thetime

. they were received for mlcrobiology varied from less than 12 hr to

greater than- 1.8 hr The "older" tissues may have contained organisrns, ‘
which had lost v1ability over storage We know, ‘”however, that“thea‘
organism can temain viable 'in culture for at least 16 days. at I.?Cv
(Shepard et. al., 1974). In actuality, som'etimes u. urealyticum was
cultivated from tissues samples which had been held movre than 48 hr:
before cultunng (Robertson.and Hongre, unpublished data) Other i'iactor's i '
which might affect the orgamsm’s viability are the substances released

whilst grinding the tissues.‘..before cultivation. Gri'nding of the tissues was,
not.‘howe'ver,‘ found to effect ureaplasma .Niability (R'obertson‘ and
l(akulphimp, unoublished data-) An additional” explanation for the lack of
viability could be due to the result of resolving infection in which the‘
orgamsms were not v1ab1e but not all antigen had yet been removed ‘by.
‘ vphagocytosm. Tissue processing, such as fixation and embedding. can also
.'change the’ immunoreactivity of the anttgen (Pool et.. al., 1983) "
- Therefore, it is oossmle that antigenicity could have been lost due to
"these processess._ -

When comparing imnlunoperoxidase : 'localization to culti.vation‘,'
‘_therel_.'are : four ‘possible"" f‘butcomes;" those tissues that ‘were culture

positive - and inimunoperoxidase negative. " culture negative and ..
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' immunopemxidase negative; cultiv&tion positive and lmmun0peroxidase

negatlve and finally, culture neqative and immunoperoxtdase posttlve

. Friis (1983) examined 1.70 pig lungs for M hy0pneumoniae by cultural and
'immunofluorescence techmques Agreement between the results of the
two techniques was found in 405/470 (86.2%) cases. In the present study,
© total agre“ement with 1mmunoperox1dase and cultivation was found in 32 of
:'the 52 (61 5%).. . The differences between these two studies could arise
' from differences in the number of orgamsms in the tissue differences in
the tnfectious process as well as the relatively small, number of cases’
used in the present study If the cultivation method was used as the
—
"'gold" standard then those 1mmunoperox1dase negative but. culture
‘posittlve tistues could be classified as false negative results. In the
| ‘t)resent inyestig'ation, 12 of 'the 52 fetal tisssues_ were de‘emednega.tive‘ .]‘.
but were positive by culture. This corresponds to a sensitivity of 77%.I
Eight ‘of the 52 tissues were positive v‘rith“immunoPerox'idase‘staining but
‘ neéétive in culture, corresponding‘to a Specificity of 85%. Friis exa'mined
the sensitwity of each test relative to the total number of posxttves For
| cultivation, the sensitivity was 87% (147/169) and for 1mmunofluorescence,
. the sensitivity was 75% (126/169). Although Friis used a larger populatton‘
! sample. the present study had. smilar results. "'I"he ‘sensi‘t"ivity of. ‘the
cultivation methods for U. alﬁicum, relative to the total number of
positives by either technique, ‘was 78% (28/36) and 66% (24/36) for the
‘ immunoperoxidase staining. L a

Embtlee et. al al. (1980) found a sigmficant relationship between the

~isola.tion otf U. urealﬁcum .‘by culture,‘from‘ the 'placenta and the preser}ce

‘. .
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of chorioamnionitis. ~ Thirty-four percent (58/170) of the - inflammed
membranes were culture posmve for U. urealyticum, In contrast, 42 of

276 (15%) placentas with no mflammanon were positive for U. ucealyticum

suggesung contaminatgon of ‘the fetal tissues 'with _l_L vurealxtl'cum.

Svensson et. al (1986) dld not support Embrees findings, They
e —

(AT

1nvest1gated the role of m1croorganisms in the female genital tract and

the presence of chonoammomt}s_. These lnvestlgator cultured 86 placentas
L l . ) . '

for microorganisms which 'yhave been: implicated in mafemal and/or .
neonatal diseaserl They found no essoc{etion between thle‘ isolat‘ion ofv_l‘J;
urealyticum from the tissues and thepresenee of inflammetion. Aithough
in the “presen; study, a significant relationship  was f‘bunq between
4 ’culttvat'ion of thil‘s extra—eellular. perasite and the lbcaliiation of the
7 _ﬂa‘n'tqige'n with immundperb;ddase (O.i > P> 0.5) no stgmflcant relationship‘
' was found between cultlvanon of the organism or localization’ with the'
PAP technique.and the presence of inflammation in the umbilical cerd

free membranes, decidua ‘or placenta. In the three ussues whxch showed _

mflammanon but were: negative for u. urealzncum by both method other‘

Horganlsms were 1solated - These 1nc1uded Staphlococcus.

¥
'

‘ Peptostrept_ococcus,v B1f1dobacterium. Lactobacillus, Propronibacterlum.

Aétinemyces ‘and"Strthococcus‘sgecies.' Thus, it 1s po'ss{ble that ‘these‘

| | organisms could have beenlresponsible for the inflammation  found in' the
fetal tiSsues.‘ '\» ”

‘ Animal moculatlon studies have been used by several: investigatorsg

. to assess the role of ureaplasma in disease. Pickering (1986) found U :

alﬂlcum to be responsible for pyelonephntis in rats and Howavd et. al.

v
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(1976) found U. diversum to cau‘se a cutf-ing- pneumonia in calves, Other '
‘v‘;\d(el‘s have looked for an‘m—'&i“aquels to,“in\‘/e?‘tigalte the role‘ “of
mycoplasmas_in genital 1nfectioné and ‘t:e‘tai 10’55. Taylor-Robinson S_t__aL
(1975) asseseed fetal wastage by mtra—\;enoue injection of mi“ce before ‘and
after mati;g, They found 21. of 194 fetuses died when the mice were
infected prlor to mating and that 54/194 fetuses died when the mjce were
infected after mating. In 1978, Naot et. al.’ used M. arthrittdis to infect -
pregnant rats vaqinally Both the percentage of live offspnng at birth and
the mean lltter ‘size were found to be lower than “in the control
population. M‘. : | |
lfian ‘ani‘mal mod\el could be developed to assess the rolle“‘of
ureaplasmas in ' pregnancy wastage, a better underStandiné of th‘e

pathogenicity of this organism might be attained. When developing an.

animal fnod‘el‘ to investigate the possible role’ of U. Iurealxticum in

‘pregnancy'wastage.‘several factor'é shoulyd be considered. If the model is '

hoped to parallel the human situation, it would be advantageous to_"use an
animal with a similar reproductive physiology, such vas a primat'e‘ - This

would of’ course. be costly ‘It would be necessary to ensure that the

animals were free of any other possible pathogens in the uror.;emtal tract. -

‘ This would ensure that if intra—amniotlc 1nfectton did result 1t would not'
. be due to the other ﬂora present in the gemtal tract. Smce there are

: three methods in which intra-ramniotic mfectlon may result moculatton of

3

‘KU alﬂicum in the animal model . could parallel these routes First.':

intra-vaginal inoculation could be used ‘to establish an ascending'

| . infection. Secondly, intra-venous irijection of the organism into the
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pregnart,t‘ animal, would simulate hematogenous spread of the organtsm and
flnally. intra—ammouc inoculation could be used to see the effcets on
oriftctal spread and also the erfects of the organtsm on the membranes

and placenta. The adaptation of the peroxidase—antt—peroxidase method to

,detect ‘the small cells of u. urealxticum in both frozen and" partafin

sections {s a step in 'the dtrection of eluctdatmg the role of Uneaglasm&'

N

urealxttcum in causing spontaneous abortion.

Uso

Y
P
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" APPENDIX

Harris'® Haematoxylin (Harris, 1900) ; S ’ '
Haematokylm (Po}yscienges Inc.,Warrington, Pa.) 2.5 ‘g'
Absolute alcohol (l“'isher"Scie'nt"ift::“) T , 25.0 mls
Potasstum alum.(BDH Chemical Co.) | ' 50.0 g
Distilled water C ‘ ‘ 500.0 ml

Mercuric Oxide (Baker Chem. Co.,Phillipburg, N.J.)  1.25 g

Glacial Acetic Acid (AmaChem, Portland, Or) 20,0 ml -

Dissolve the _haematokylin in absolute alcohol and add to ,the alum
o ‘(which has ' previously been &issolved in warm distilled water). 'Bring ;hé‘
mixture rapidly to a boil ‘and“add?t’he hércurtc oxide. 'IE?:apidiy cool’ in cold

\;ra“te_r, then add the glaciél' acetic acid. Filter before use.
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Tris~-HCl Buffer (Michaelis, 1930)
0.5 M Trt5-HCl pH 7.6 (Stock)

Dissolve 242.0 g of Tris (Fisher Scientific) in- 1000 mls of distilled

water, Add 786 mls of 2 M HCl and bring the total volume to 4L.

0.05 M Tris-HCl (8 L)

N

Distilled Water ' ‘ . ‘ 7200 mls -
Tris-HE1 (0.5 M) ' 800 mls

. NaCl (Fisher éciéntific) (0.9 % w/v) ‘ 72 g
Fetal Calf Serum (Flow taboratodes) ‘ | 8(5 mls r}.ﬁ\; ’
Tween 20 (Serva) (0.05 v/v) o ' 4 mis R
2 % Sodium ‘Azide (Fisher Sctentific) (0.5% w/v) . 40 mls .:,

The pH of the buffer was adjusted to 7.6 and the buffer was

. stored at 4°C.
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»

Phosphate Buffer Saline pH 7.2
Solution A (0.2 M Monobasia Sodium’ phosphate)
5.56 g of monobasic sodlum phosphate (Fisher Scientific) was
dissolved in distilled water with a final volume 200 ml..
4
Solution B (0.2 M Dibasic Sodium phosphate)
5.67 g of dibasic sodium phosphate (Fisher Scientific) was dissolved

in distilled water to a final volume of 200 ml.

26 mls of solution A was added to 174 mls of solution B and 200
mls of distilled water was added to a total volume of 400 mis. 1.70 g of
NaCl was added. The buffer was autoclaved for 20 mins and the pH was.

adjusted to 7.2 with sterile 1 N HC] after cooling.
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H Buffer

]
0

This non-nutritive buffer was used for washing monolayers during
" » \. 0

k

the 1mmunoﬂu‘orescence techniques.
MgCl‘2 V(Fisher Scientific) . | 0.2 ¢
NaCl (Fisher Scientific) 58 ¢
N—Z;——hydroxye‘thyl piperazine-N'-2~
ethane sulfornic actd (HEPES buffer)
‘(Research Organic Inc., Cleveland, OH) : 11.9 g

Distilled Water S * 101

1

The pH was adjusted to 6.0 using 2.0N HCL. The buffer was then
sterilized at 120°C for 15 min under 15 Ib pressure.

A .
-
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' . . . ~

ME\M Tlssuq Culture Medium

»

MEM wlthout glutamlne or sodium blcarbonate ‘ 2 envelopes

gFlow Laboratories)

Ultrapure water; Milli Q Water System (Mmtporef 1744 ml
Glu\tamlne (0.2M) (Sigma Chemical Co.) . 20 ml
NaHCO, (7.5 % w/v) (Sigma Chemical Co.) B 30 ml
GHL-S\JIution (20 ug/ml) (Calbiochem. Chem. Co.) - -2 mi

(Glycl-L-Histidyl-L-Lysine Acetate)
Penicllin/Streptomycin Solution (Sigma Chemical Co.)
\
(IO0.000U/eO0,000ug/ml) ‘ | 2 ml
\ ' )

3
N

\ | ‘ ,
The solution was filter sterilized through a 0.22 um Sterivex filter

\
(Millipofe, Bedford.‘\Mass.). Two hundred ml of fetal calf serum (heat
inactivated at 56?C \;or-30 min) (Gibco). The pH of the media was

adju#ted to 7.2 with sterile NaOH (1N).

.



