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S umnma ry

Anaerobic bacteria are common causes of infections resulting from
wounds andR.. fragilis is the most likely of the various anaerobes to be
isolated in serious infections. Clearly this organism is also involved
in the pathogenesis of experimental intraabdominal infection and abscess
formation. Immunization of rats with the capsular polysaccharide of B.
fragilis iniuces protection to subsequent challenge with this organism.
We have prpviously shown that in experimental animals protection to
bacteremi' is mediated by antibodies to the capsule while protection
from in•Žraabdominal abscess formation requires the presence of T cells.
During this year we hdve shcwn that purified T cells obtained from
immunized rats transfers protection while B cells and macrophages do not.

""'-During this year major advances were made in defining the chemical
nature of the B. fragilis capsular 'olysaccharide. It is a complex
carbohydrate witlT 0 knowifmonosaccharide constituents. We developed
methods of growing and extracting this antigen which improved our yields.
by twenty fold. We have shown that the chemical constituents are
reproducibly present from lot to lot with only minor variation in quan-
titative composition.

Another important advance which occurred this year was demonstrating
that our findings of immunization and spleen cell dependent transfer of
immunity could be verified in another animal species (mouse). Finally,
we have demonstrated that B. fragilis may play an important role in
pelvic inflammatory disease?/• _ -

An IND application has been completed and when final approval is
obtained from the USAMRDC, a phase I vaccine study will be conducted in
human volunteers.
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I. Modification of growth media and extraction techniques which enhance
capsule production and isolation.

All strains of B. fragilis possess-a capsular polysaccharide.
Immnunochemical purification can be achieved by gentle separation of the
polysaccharide from the outer membrane (1), although we recently have
developed more efficient methods of purification. Capsules can be demon-
strated by several techniques (2). The best method for this has been an
indirecL immunofluorescence assay that was developed for identification
of clinical isolates. Capsular material immunologically similar to that
in a reference strain of B. fragilis .ias identified with specific antibodies.
In this assay, all 132 strains of B. fragilis that we have studied were
positive for capsular material, whereas all but one of 62 strains from the
other species were negative. The fluorescence-positive strain of the other
species of Bacteroides was B. thetaiotaomicron. We have utilized this IFA
test for accurate and rapid identification of B. fragilis directly in
clinical specimens (3).

In attempting to purify the B. fragilis capsule, an observation was
made which we reported last year and which bears directly on studies of the
immunology of the organism. The amount of capsular antigen produced by'
B. fragilis appeared to decrease significantly with in vitro passage on
blood agar plates (4). This decrease in the quantity of extractable capsule
is associated with the emergence of a small transparent colony type variant.
The small colory type strain also has a glycogen-like material associated
with its outer membrane. This glycogen is found intracellularly and is not
associated with the outer membrane on the mucoid colony variant that pre-
dominates after passage in animals of the large colony type (LCT). No
concomitant alteration in outer membrane proteins or lipopolysaccharides is
associated with this colonial transformation. Electron micrographs, with
specific staining of the capsule, confirmed the relative loss of capsule
with in vitro passage. Passage of these in vitro passed B. fragilis through
rats in the abscess model (4) caused an increased amount of capsule and the
organisms revert to a predominate of LCT. Thus care must be taken during
in vitro studies of B. fragilis to define the antigenic structure and the
degree of passage of the strain. During this past year we have made signi-
ficant changes in the methods we have previously used for growing and
isolating the B. fragilis capsule.

B. fragilis strains are grown overnight in a pre-reduced anaerobically
sterilized medium containing 0.5^ yeast extract, 20 g/l Proteose-peptone,
40 g/l glucose, 5 g/l NaCl, 0.55 g/l cysteine HCl and 10% fetal calf serum.
The important ingredients which we have found increases the yield of
bacteria between 10-50 fold are fetal calf serum and sufficient glucose.
The organisms are grown anaerobically at neutral pH (pH titiator) with
N2 bubbling through the medium. Organisms are collected by centrifugation.
Capsule can be extracted and purified from outer membranes as we have
previously done (5), or from the aqueous phase of a phenol water extract
(680 for 30 min.) of the organisms. In either case, the lipopolysaccharide
(LPS) is readily separable from the capsule by chromatography of the aqueous
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phase on Sephacryl S-300 in a buffer containing 3' souium deoxycholate
(6,7). Contamination of the capsule with the LPS is readily identifiable
because the LPS lacks galacturonic acid and fucose but has rhamnose.
Furthermore, the LPS containý several long chain fatty acids including
3-OH fatty acids which are . present in the capsule (8). The capsule
does not disaggregate in this buffer and elutes in the void volume of the
Sephacyl column. The fractions containing the capsular antigen are pooled,
concentrated and finally purified on an S-300 column equilibrated in 0.05M
Tris buffer pH 7.6. After exhaustive dialysis the purified capsule is
lyophilized. The yield of purified capsule prepared by this method is
-30-40 mg/liter of broth. This is a minimum of 20 fold increase over our
previous methods and has allowed us to proceed with chemical analysis
because sufficient quantities of capsule can now be prepared.

II. Chemical analyses of the B. fragilis capsule.

The principal investigator spent the first 6 months of this academic
year in Sweden working on the chemical definition of this capsular material.
Chemical analysis of the B. fragils capsule defines this polysaccharide as
a complex carbohydrate. This antigen contains no protein or nucleic ac.d
and has less than 0.5' detectable fatty acids (by GLC). Elemental analysis
demonstrates no protein, although there is a significant amount (-401) of the
single amino acid, alanine. Hydrolysis of the polysaccharide into monosac-
charides followed by conversion of these to alditol acetates demonstrates
several interesting monosaccharides present by gas-liquid chromatography en
0V225 and OV17.

Monosaccharide composition (%) of B. fragilis capsule

Strain 23745 Strain 9343

D galacturonic acid 15 12
L fucose 18 22
D mannose 2 --

D galactose 15 27
O glucose 9 9
D guinivosamine -- 15
L quinivosamine 18 15
0 rhamnosamine 9 --

L fucosamine 6 --

D glucosanine 3 --

? 3 amino,6 deoxyhexose 6 ?

Two separate strains have been studied (23745 and 9343). These two were
chosen because they seemed to be the two strains we have found with the least
deqree of immunologic cross-reactivity (although they do cross-react).
This was determined in the IFA assay using specific antisera prepared in
rabbits to each capsule. Although these strains did fluoresce with the
heterologous antiserum above the control non-immune serum, the fluorescence
was not as strong as that seen with other strains. Carbodiimide reduction



of these polysaccharides indi cated that they both had '-important, Cal act7ujronI
acid consci 1tuents. Furthermore, .nydralj~sis under m~ore severe -ccnod ti ns
(4,', HIC) indicates that the alanine 41s. ikjely to be linked -to a 3ain-
deoxyhexose. These analyses were all --one oy t,-ne prinCipal i .nvesti gator
whilIe working in Sw,.ecen with Dr. Al f bindberq , Jorgen, Lonnenr-en trd eont
Lindberg.

IMethylation analysis of these n3lys,_cohari1"_S i1S exceedinql'; cormclex
and only limited inform,,ation is avaiia 'olle . F u _o se i s def1:i r.itýebi a
terminal posit~ion. Th-e reduced polys-cochari de nos a new%- tr>;tn nexcse
not present in the non-reduced polysaýconanil de in!d.ic4atZ4ing~ tha te a I acuroI-CC
aci .d may also be terminal.

This array of carboh,,drates , som,,e of -n hare .nusual arc not: o tn
found, in bacterial poiysaccnarice3s -will ;A'ane the oniemi cal cEfi ný 7- i n 0c
the secondary structure of tne repeating ni di fficult.

Chemical reduction of the galactuýrenic acid rcos~cue to 31~coeasoý
i nd ic a tes thia t tne jaIa c tu ron Ic _-,c Ic res icdue 4 S 4ýý ;:~Lnaaj omijn oýn c cca Us - t ie
reduced polysaccnaride no longer _,rec~i-2itates it specific ortroasullar'.
antiserum ,wnen cested by double c-i .ffs ion in anonr.

I I I. Analyses of lot to lot variabiit'-,',, of the :2enosaccharide constituent~s.

Utilizing the newi technoicgy For' growi.ng and extracting,, S. f'-aci is
polysaccharides, the vari*acility of ::on~csacohar~ide co:.n:,siticn trom l_ to
lot nas been analyzed for botn strains '_37-: and 93413 caýpsules. e r pr e 2a r e
2 lots of both 23745 anid 93413 capsules in S..cden and n1ave n.prardI t
of each since returning to Boston. All I monosaccna r i e consti1 1tuent-s ier-e
comparabl e fromn lot to lot. Variabili`ty in quantitative comnorSi ti on ,.as no:

20i,' for any nunoso~cchari de. Lot 2of 237415 polysacchari de ;)repared
at the Niational Bacteriologiic Lanorat.ory in Stocknkol' <had -in nýýnerala
greater composition of tie amii`no sugars (quinivosamnine, rhaimnosamýine,
glucosarnine, and fucosamnine) than die lot, 1 or 3.

IV. Safety anid toxicity testing ofl lot 1 of polysaconiaride anjt4igens fo
strains, 9343 anid 23745.

a. Rabbi t pyrogenitt yerabtswrinctdntreou1

each with l00 ,g of the B . ifranii is Del ysactrari de preparati on. Rectal
temperatures were recorded before 2eacn in ecti on anid hourly for fve nocuns
after injection.

b. Mouse toxicity: Each of the 10 mice (20g) .ere injecto_-d intra-
peritoneall-y wit-h 50 ý,g of polysaccharile in 0.5 mlJ phosphate buffered
salIi ne. The animals were observed are ,.weighed dJaily f:or 12 days. Fa ilu re
to thrive or gain weight when comýpared to pnosphate buffrredj saline injected
controls would have been considered a toxic manifestation, but th'is was not
seen. Animals continued to grow and thrive well.



c. Guinea piq toxicity: Each of the 5 Hartley strain guinea pigs
(350g) were injected with 500 og of toe caasular polysaccharioe in 5 ml
PBS. Significant differences from PBS injected controis mould nave con-
sidered a toxic manifestation, but no differences were seen.

d. Raboit system toxicity: Each of one N •e'- Zealand Whize rabbits
(3kg) were injected intravenously with a total of 500 -g of polysaccharide
in divided doses over a three week period. Ccmparison to P3S injected
controls were done, observing for ,ie'ih- gain for failure to thrive, but
no differences were seen.

V. Characterization of the cellular nat're of urotection in experimental
animals.

Last year we reported studies o: immunity co B. fraqilis in an
experimental rat model of intraabdomi ral sepsis (9-T4). IT, had neen shown
that active iimnunization of rats witn the capsulaar polysaccharicde of 3.
fragilis protects these animals against abscess ceveloPment following
intraperitoneal challenge with tnis scecies. Passive transfer of hyperimmune
globulin from i;mmunized animals to non-immune recicients providea proteiticn
against abscess development. On the other hIand, acoptive transfer of spleen
cells from immunized animals to non-immunized recipients resulted in
protection against abscesses following challenge with B. fragilis. These
data suggested that a cell mediated i:mmune response was involveG in
protection against abscess development following immunization with B. fracilis
capsular antigen.

In order Lo determine the possible role of cell mediated immunity
prompted by the capsular antigen, inbred congenitally athy;nic OLA/Rnu rats
and their phenotypically notral littec:mates were actively immunized. Desnpite
the developmient of nigh titers of anti-B. fragilis capsular antibody, lO00
of actively immunized athyinic rats developedi abscesses, as did 100', of
unimmunized athymic control rats. However, no 'phenotypically normal litter-
mate control rats that were actively immunized developed abscesses, while
100., of phenotypically normal unimmunized rats developed abscesses.

In order to substantiate that this immunity was definitively T cell
transferred, adoptive transfer experiments were performed with purified T
cells.

Separat-ion of T and B cells from the rat spleen was performed using
nylon wool columns. It is known that B cells and macrophages generally
adhere to nylon wool, while T and null cells pass through. The methods used
were those published by Julius et a!. (15). Thirty-five cc'syringe columns
were set up with 3-way stopcocks and 18 guage needles. Fifty cc of balanced
salt solution (BSS) with 5," fetal calf serum (FCS), which was used as tne
media throughout, was run through the column. Spleens were removed from
immunized rats and cells released by disruption with a stainless steel wire
mesh gauze. The cells were passed through a dacron gauze filter to remový
debris and counted using a Coulter ZBl counter. 3 x 108 spleen cells were



6

suspended in media to give a volume of 6 cc. Cells were loaded onto the
column and incubated at 370C for I hour. Columns were eluted with 50 cc
of media at 37°C with an elution rate of'-l drop per second. Cells were spun
at 1000 rpm for 15 minutes, brought up in 6 cc BSS, like fractions pooled
and counted in the Coulter counter. Fifty cc of BSS at 40C was run through
the columns, again at the rate of 1 drop per second. These fractions were
also centrifuged, pooled and counted. Appropriate dilutions wre made for
cell transfer. This method generally gave a yield of 1.1 x 10' cells/ml
(22%) with warm (370C) elution. This is consistent with previously published
data for cell yields using nylon wool columns (10). Cold elution (40 C),
which elutes B cells and macrophages adherent during warm elution, yielded
1.6 x 100 cells/ml. Transfer of these T cell enriched and B cell and
macrophage populations to non-immune recipients (see table page 7) indicate
that significant protection against abscess development occurs when immune
T cell enricned populations are transferred. B cell and macrophage enriched
populations from the same spleens failed to transfer immunity to non-immune
recipients challenged with 3. fragilis. The 50%' protective dose (PD50 ) for
T cell enriched transfer recipients was 3.2 x 105 cells, while the PD5n for
the 6 cell and macrophage recipients was greater than 2 x 10 cells. A Chi
square comparison of the T cell recipient and B cell and macropharie
recipient groups for protection ag-inst abscess regardless of the number of
cells transferred was significant with a P < 0.01.

VI. Adoption of the model to the mouse.

In an effort to confirm our earlier findings in another host and to
facilitate immunogenetic studies, a mouse model for intraabdominal abscess
nas been developed. Unlike the rat model, the mouse model does not require
the use of barium sulfate for abscess production. In addition the inoculum
concentr-tion of B. fragilis required to produce abscesses is - x l0ý cfu/iml
in mice as opposed to 5--x--F07 cfu/ml in rats, indicating that mice are more
sensitive to tile inoculum chailenge. Immunization of C57 BLIC mice with
capsular polysaccharide yielded results indicating a clear dose response
regarding antibody development. No antibody was detected in animndls receiving
2.5 mcg/animal or less of capsular antigens and maximum antibody response was
noteo with a dose of 10 mcg/animal. Challenge of immunized mice with B.
fragilis at various concentrations yieldeo the following data:

inoculum Group Immune Status Abscess

B. fragilis 1 x l08 cfu/ml None 7/7

b. fragilis 1 x 108 cfu/ml 10 mcg B. fragilis CP 9/10

6
c8. fragilis 1 x 106 cfu/ml None 9/9

B. fragilis 1 x 106 cfu/ml 10 mcg B. fragilis CP 2/5
B. fragilis 1 x l07 cfu/ml Passive 5 x 107 spleen 6/9

cells from immune

At the lower inoculum level of 1 x 106 cfu!ml only 2 of 5 immunized animals
developed abscess as opposed to all 7 non-immune animals.. Interestingly,
even at 1 x 108 clu/ml recipients of spleen cells from immunized animals
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Efficacy of Passive Transfer of T Cell Enriched
or B Cell and Macrophage Populations from

Immunized Wistar/Lewis Rats Against-Challenge with B. fracilis

Immunogen Cell Density Abscess Incidence+,+

Spleen cells from unimmunized rats 2.5 x 106 10/10

Spleen cells from rats immunzied 2.5 x 106 0/9
with B. fragilis capsular 8 x l05 1/5
polysaccharide

4 x l10 2/5

2.5 x l05 3/3.

T cell enriched spleen cells from 2.5 x 106 1/10
rats immunized with B. fragilis 80 x 105 1/5
capsular poiysaccharide 4.0 x 105 )/54.0 x 105 2/5

2.5 x 105 31/4

B cell and macrophage enriched 2 x 106 3/5
spleen cells from rats immunized 8 x 105 4/5
with B. fragilis capsular poly- 5
saccharide 4 x 10 3/4

* Viable cell density transferred to non-immune recipients

+ Comparison of total group R to group S Chi square analysis (P0.01)

Protective'dose for 50' of animals cilculated by Reed-Muensch method.
Group Q PD50 = 3.5 x 05 cells, Group R PD50 = 3.2 x 105 cells and
Group S PD50 greater than 2 x 106 cells

S . .. . .. , , ,'mI , m m i mml i i



..... .....

shonw some reduction in abscess development. These preliminary data indicate:
I) the abscess model produced with rats can be adapted for C57 BLIO mice;
2) mice immunized winh 6. fro ilis c7osular polysaccharide have reduced
incidence of abscess development uaien challengea with B. fraqilis; and 3)
immunity to abscess development can be passi ely transferred to non-immune
animals with spleen cells from immunized mice.

VI. Serological evidence for the role of B. fragilis and enterobacteri-
aceae in the pathogenesis of acute pelvic inflammatory disease.

The incidence of acute pelvic inflammatory disease (PIP, acute
salpingitis) - one oe the most common gynaecological disorders - seems to be
rising (16). it mostly affects youno women, and its late sequelae are
often severe: involuntary sterility, increased risk of ectopic pregnancies,
and cihronic abdominal pains (17).

Except for the role of the sexually transmitted organisms, Neisseria
gonorrhoeae and Chlamydia trachomatis, the pathogenesis of PID is poorly
understood. Modern tecnniques of anaerobic bacteriology of pus samples
obtained by culdocentesis suggest that obligate anaerobic bacteria may 0ften
ne involved (18). Howyever, a variety of facultative bacteria are also seen
in such cultures, and the interpretation of the culture results is confused
by frequent contaminati )n of the samples with the abundant and complex
cervicovaginal flora.

The determination of antibodies to the capsular polysaccharide of
Bacteroides fragilis with radioimmunoassay (RIA) or enzyme-linked immuno-
sorbent assay (E-L ) has been found useful in the serological diagnosis of
B. fragilis infections (19,20). Enterobacterial common antigen (21) (ECA)
is commnon to all memoers of the large family of enteric bacteria, and anti-
ECA determination can be used to detect their presence (22).

Patients and Methods

Patients

The study population consisted of 101 consecutive women with acute
PIO nor. associated with surgery or instrumentation who, because of severe
symptoms, were admitted to the University Central Hospital, Helsinki,
between Janua-',, ;978, and August, 1979. The clinical diagnosis of acute
PIO was based on common criteria (23) which included lower abdominal pain,
vaginal discharge, adnexal tenderness with or without pelvic mass,
erythrocyte-sedimentation rate - 15 mm/h, and usually fever (a 380C).

The mean age of the 101 patients was 27.9 years (range 15-47), and
50 were aged under 30. 56 patients were nulliparous, 50 were fitted with
an intrauterine dEvice (IUD), and 11 were taking oral contraceptives. Mean
duration of symptoms before exdmination was 8.2 days. Gynaecological
examination revealed acute PID without palpable adnexal mass in 60 patients,
and PID with such a mass on one or both sides in 41 patients.



Serological and Microbiological :,Iethods

Cervical and urethral specimens for culture of X. Seporrhoeae and
C. trachomatis 'were collected at thie time of adinissior ?nd handied by
conventional methods as described elsevhere 124). Ir-adiated McCoy cell
were used for isolation of chlamycia (25). Both acute-phase and
convalescent-phase sera (interval 1 to 3 weeks) were collected from all
patients and stored at -200C until both sera of each pair could be assayed
together on the same day.

Serological Findings in Paired Sera of
101 PID Patients

Anti- Anti-ECA Anti-
Chi amvdia (hema- B. fracilis Ainy of the

Serological Findings k-I-IFTN- S.ucination) (ELISA three tests

Positi ,:* 32 30 28 64

The only positive
finding 17 14 12 43

Together with one
other 10 11 11 16

All three positive 5 5 5 5

Change in titre only+ 6 15 13 --

High value only* 14 9 7 --

High valuet plus
changes 12 6 3 --

* One or several of the criteria listeo below. +

+ ! 4 fold cnange in titre of the anti-ECA or anti-Chlamydia assays or

> 1.6 fold change in 0D in the anti-B. fragilis assay.

t Reciprocal titre for anti-Chlainydia _' 512, for ar,ji-ECA 4096, or for
anti-B. fragilis an OD 00 2.5 (all values seen in less than 2% of healthy
adults in Finland).

Antibodies to ECA were deternined by passive hemagglutination using
human group 0 red blood cells coated with ECA+ and ECA- (control) extracts
of Salmonella typhimuriufn (22). IgM antibodies to the capsular polysac-
charide of B. fragilis were assayed with an ELISA test (V.V: Valtonen,
A. Palmu, B.J. Mansheim, D.L. Kasper, unpublished); and the results are
given as corrected optical density (OD) values. IgG antibodies to C.
tr3chomatis were determined with an immunofluorescence test (IFT), Tn
which inclusions of C. trachomatis serotype L2(434 BS) in cell culture
served as antigen (26). The criteria for positive findings in these assays
were either a significant change in antibody concentration or a value above
the 99th (for anti-ECA the 98th) Dercentile determined from series of sera
from apparently healthy Finnish adults (29) (M. Malkar!ki; unpublished; V.V.
Valtonen, unpublished) (table above).
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Significance of the findings was tested with the x2 test or the F
test as appropriate.

Results

Positive serological findings in any of the three tests (anti-ECA,
anti-8. fragilis ELISA, anti-Chlamydia !FT) were observed in 64 patients
(table above . Sixteen of them had positive results in all three tests.
Eleven patients were concomitantly seropositive for ECA and B. fragilis.
Of the 30 positive tests for anti-ECA, 21 (701.) comprised a change in
titre (all except one were rises) and 9 (30%) a high titre only. Of the
23 positive tests for anti-B. fraqilis, 21 (75%) comprised a rise in the 0O
value and 7 (25%) a high value only. Of the anti-C. trachomatis findings,
'8 (56%') were titre changes (14 rises, 4 falls) and 14 44. were high titres.

Cultures from the lower genital tract were positive for N. Sonorrhoeae
in 25 patients and for C. trachomatis in 32 patients. Positive serological
findings for ECA or B. fracilis were evenly distributed (in 25 to 32'j of
the cases) in the grojps with positive and negative culture results for"
either of these agents ,see table be'ow) Bv contrast, positive serology

R~ A K AT:JN'L r 0! L., iý 1! ;u H ý_J :I

C• .• . 35, , JA J K \d.

*~~~~~~~~ %.. CI, .c lCACC CC

or C. tracnc,;;:a:;s c4rreiacec ',i:n t,, isolation of are agent trom ,ne
lo.oer genital t-ract, a lthough i did not correate ,..;i the 4solation of
N. oonorrhoeae.

Adnexal mass was present in 9 of 37 (24%') patients who had negative
serology, in 13 of 43 (42:0) patients who had one positive serological test,
in 9 of 16 (56%) patients who had two positive tests, and in all 5 (100%)
patients who had all three tests positive (see table .below). In total,

O:OLRELATI0N (OF SFRJtA1GY WITHI SE'VERI !'Y OF' W!S SE

(tsfl~i4Icnu CL. l vr AJnc.4. I, fl ICf)

2 9137 (7 6"l,)

S~~5;5 ,r.r,;')

Scr leed !'r arffnbA,dý to C :-A- : EC-\. and B 11r.pht; N.CIIL
I ~ndir.,, olnct J* fliile •t to tc.bie I

deme ASii
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positive serology was more common in patients with adnexal mass than in
those without (see table below). The difference was significant (p<O.05)

SEROLOGICAL FSNDtNGS 1N OID PATIENTS WITH OR

WITUOUT PALABLE .DNhXAL .ASS

S roVoy PtXI " 'or C * I

.\Jncxal mau No C. I -' Aawmr ECA j 3. /,,a1,

* 41 19 (46-)t I u(4:%4 !1(37%) 94:61
0 1 3 1(2' )f" 3 i:'%)*• 1 1 . IS (-(,' 4;

'Positiv Iind.jns dcl•.c'd as n thbe oownotci to •ble L.

tDarcrence %intfwiant, Z -S. 75, p<0-053
.D.lTf rencr uandc'nt. Z' -4 57. p<Ooi

D•orcrmcsigntr•ntd•tn.' -S- A. p<O'Oi.

for anti-ECA and anti-C. trachomatis, whereas the trend for ant.i-B. fraqilis
was similar but slightTy less pronounced. On the other hand, the presence
of an adnexal mass did not correlate with the culture results from the
lower genital tract. Culture for N. gonorrhoeae was positive in 11 of 41
(27') patients with adnexal mass an-d in 15 of 60 (25') without. The cor-
responding figures for C. trachcmatis wqere 11 )f 41 (27%) and 21 of 60
( 35>.).

Positive serology correlated with a longer mean duration of symptoms
(10.6 days compared with 4.5 days, p < 0.001) and with IUD use (39 of 64
patients comparea witn 11 of 37, p < 0.01). There was no correlation with
a longer mean stay in hospital or witn crevious PID (see table below).
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Whereas adnexal mass was somewhat mor2 frequently found in the patients
witn IUO (50') than trose w.ithcut (3P), this difference was not s:a.,s-
tically significant.

Discussion

The two methods that have traditionally been used to investigate
the microbial etiology of acute PID are cultures of either endocervical
(lower-genitai-tract), swabs or Dus from the pelvic abscesses. in the
endocervical cultures, only N. Qonorrnoeae and C. trachomatis can be
considered of etiological significance. But cultures from pelvic abscesses
very often yield mixed cultures of aerooic and anaerobic bacteria, and
treir value is difficult to interpret because of possible contamination
by tre complex normal vaginal flora. As a diffrent approacn, we collected
acute-phase and convalescent sera from 101 PI patients and carried out
antibodv tests for enzeric bacteria tanti-KA test, detectr.nq antibodies
to a component common to ail memters of the Enteroberteriaceae family',
B. fraqilis, and C. trachoatiss, in t•ie belief that a serum antic0y
response %oulo oe a more e ear-cJt incicator of the involvemrent tf
bacterial soecies in tne pvi mnfec:'.on.

'.4e c:uld irdeec st0o,, . itve serolocical fin:Lirns in one :r more
of these tests :n • -• r•e za •ts. F- nti ..... !nt 4'04 . . .. . . .:f "ne S-•- .,d aq ~ - . "

Lne •ositive testý res lt s .,.;ere tit-re ,narces n 7 o e 2ses, n
e.xc.�C ore or orese -e roreases in 2tre. S4:-ei a1" 2ire Cnar "es are
in r'eouent in caired set-3 :r5o'17 ea1o. oerns For e. t"acra
lar•er £rso~rt2Ofl • a. one " ... :-.-• r....cc- ..'ere >:'=r- :~... *-.cu-

a 2s n ican: c;.ar,ae e i s see::-s coC sisteno w.:tre siew o: e,'.
=r -""omfois inta t' ý! ari e 3- e.o or. or less 1 c'.O, anr t-.us -:o tI r ,inr
or s'e !e,.?:; sa:;ias :ay rot ,ae ::ea 'nea.e .e aso eas; 2t SCa irk
sc•::e oases ane ,e -v,,e , ni vn ev, .s 0 zn .... .. e'e e!ar"s ,'.

•);'e,':o•S 'neoO~, . ,.ie r, 7f-3 .,a& arC- " f:t eC:'v 0 - e cz 3

sirce pcSi:ve serolo.y JaI no: cor'e:e alit previous I*str.rv o6 P1.

v,.,n o` n e i ;enos l, ar P series reea: iee, sero-
rnative fICor enteric ac~eria, •. fra:iiis sr " tracIomati:. s esthese aacteri• a . .• a _. .on•r'2c eae, to'c ,,.;h on a seIsit.!',e. ant'"bo,.,, ass•.,' .

stl be-c 3n:ut .' t z fe -'o r~c ootir a',-'s 3- tuo cn . a s save

otten found anaerobic nr2::,-oosi tve cocci. A serolocical test to ierect
an ii:murie response to these and to '1coE2as)1a horn inis might nave furtner
reduced tne seronegative fraction.

A l.irger proportion of the patients had positive serology either
for enteric bacteria or for B. fraqilis, and a smaller propo'rtior (11 out
of 56) dere simnultarneouslv nositive for otln. This suggests an ;:'teresting
difference in the microoial etiology of upper-genital-tract infection
cor:pared witn intra-aboominal sepsis originating in the gastrointestinal
tract. In tne latter, positive serology both for enteric bacteria and
for 6. fragilis very often occurs simulItaneously. However, the patients
who niad more severe PID characterizeo by palpable adnexal mass showed
more often positive serology than tnose who had ?IC without such a mass.
Furthermore, there was a clear-cut correlation between severity of the
disease and the cumulative rate of ser,positivity in tne three tests
applied.
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Unexpectedly, we found that the isolation of N'. aonorrhoeae and/or
C. trachomatis froin the lower genital tract did not identify those patients
who were prone to have serological evidence of enterobacterial or B.
fragilis infection, or who developed an inflammatory adnexal mass. By
contrast, earlier studies have suggested that B. fragilis ,would have more
importance in acute non-gonococcal than gonococcal "ID (18,19) and that
the former would more often lead to abscess formation (23). These dif-
ferences most likely reflect differences in the patient populations (28).

The present findings do not support the clinical usefulness of
differentiating PID patients into gonococcal and non-gonococcal or
chlamydial and non-chlainydial PID. The PID patients with and without
cervical gonorrhoea in this study were equally likely to have serological
evidence of the involvement of enteric bacteria or B. fragilis in their
upoer-genital-tract infection. The value of lower-genital-tract cultures in
PID should thus be recognized as primarily preventive, to motivate the sex
partners to seek treatment. From the individual patient's point of view,
lower-genital-tract cultures for N. gonorrhoeae and C. trachomatis would
be more important in the womnen who attend the clinics for reasons other
than PID, many of whom would otherwise go untreated with increased risk
of developing PID.

In our series, the overall frequency of IUD use was as high (5O,).
Only 11 . of the patients used oral contraception. This accords well with
earlier studies (29-32). The present increased use of IJOD coincides with
the increased prevalence of acute PID. Several more or less well controlled
studies have also indicated a causal relationship, so that women using
an IUD have a risk of acute PLD 2 to 9 times higner than other women (29-
35). In the present series, significantly more ILUD users than non-users
had positive serology. This further supports an in vitro study (36) ,hich
shows that the tails of an IUD enhance the passage of vaginal and cervical
flora to tne upper genital tract. Althougn IUD use may sometimes have led
to increased antibacterial antibody levels without overt infection, it is
perhaps more likely that the symptoms and signs interpreted as wild side-
effects of IUD use may actually indicate subclinical PID, in which
potentially pathogenic cervicovaginal bacteria and Chlamydia may be
involved. Prospective serological studies in IUD users might help to
determine such relationships.

The present study has provided new serological evidence for an
important role of aerobic enteric bacteria and encapsulated B. fraqilis
in acute PID in addition to the known pathogens N. gonorrhoeae and C_.
trachomatis. These findings also give further support to a polymicrobial
etiology for the disease; and this should be remembered in its treatment.
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