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Host-pathogen interactions
In vivo experiments with Neisseria gonorrhoeae
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A variety of anima models for gonococca infection have been developed, but each
has limitations. Gonococcal exudates frominfected patients and/or gonococci grown
in a laboratory setting have been used to create urethrd infection in mae volunteer
subjects. Experimentswith volunteer subjectshave been used to describe phenotypic
variationof the organismin vivo, to test vaccine candidates, and to examine virulence
factors. We have inoculated sixty-9x subjects in eighteen iterations; thirty-one
subjects developed dinicd infection. Swanson and coworkers previoudy examined
Opa (1) and pilin(2) variationin vivo usng experimenta subj ects. Wehave extended
these observations using alarger number of subjectsand samples(3). We observed
more Opa (4) and pilin (5) variation in vivo than occurs during growth invitro over
the same period of time. Schneider and coworkers (6) reported evolution of
lipooligosaccharide expression during growth in vivo of gonococca strain MS11,
with the implication that such changeswere required for the full expression of naturd
infection. We observed no changes in the LOS of the FA1090 variant we used;
however, the FA 1090 inoculum employed included organisms expressing the LOS
epitope (which binds the 3F11 antibody) selected in strain MS11. We have aso
examined semen specimens from four experimental subjects and nineteen dinic
patients. Clinic patientshad alarger number of organisms (approximately 10°) in the
gjaculate than experimenta subjects (10°4).

We have begun to examine gonococcal virulence factors through use of isogenic
mutants of sran FA1090. RecA is required for gonococcal DNA repair,
transformability, and pilin variation. Given the degree of pilin variation observed
during the course of experimental infection(2,5), it seemed possible that such change
wasrequired. A recA FA1090 mutant was generated using a procedure that did not
requireinsartionof an antibiotic resstant marker. Permission to inoculate the mutant
organism was obtained from UNC's Indtitutional Biosafety and Human Subjects
Committees. Six out of eight subjects inoculated with 10° colony forming units of
FA 1090 recA developed infection whereas 9/11 subjects inoculated with the same
number of RecA+ Fal090 became infected. Timeto infection was dightly delayed
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and fewer subjects infected with FA1090 recA developed a urethrd discharge,
relative to those infected with FA 1090 wild type. Gonococci intheexudate harvested
frominfected subjects had the recA phenotype and no detectable pilinvariaion. We
conclude that pilin variation is not required for gonococcd urethra infection in mae
subjects.

Insummary, wehave expanded studies usng the human chalenge model of Neisseria
gonorrhoeae. Our work suggests that the model can be used safdy and efficiently,
with minimd traumato the subjects. Congagtent with earlier sudies (1-3) variaionin
pilin and Opa phenotypein vivo were considerably greater thanin organisms passed
in vitro during the same period of time. The bass for these changes and their
importance for infection and/or transmission of the organism are not known. We
believe, however, that the chalenge model lendsitsdf to abetter understanding of the
gonococcal biology. The chalenge modd can aso be used for rgpid and efficient
testing of a gonococca vaccine.
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Association of gonococcal lipooligosaccharide phenotype with virulence
H. Schneider, R.A. Kuschner, JW. Bodego, A.S. Crossand C.D. Dedl
Water Reed Army Ingtitute of Research, Washington, DC, 20307-5100 USA.

In a previous study of the pathogenesis of gonorrhea (1) male volunteers were
inoculatedintraurethrally withastrain of Neisseria gonorrhoeae, MS11mkA, (mkA)

which expresses a angle 3.6 kD lipooligosaccharide (LOS), and whose estimated

IDs, is 10° gonococci. Asinfections among volunteers progressed to urethritis, they
shed decreasing numbers of mkA gonococci, and in their stead increasing numbers
of a vaiant gonococcus, MS11mkC (mkC), which supplanted the origind mkA

inoculum. The mkC variant no longer expressed the 3.6 kD LOS of mkA but did

express four new LOS, dl larger thanthe mkA LOS. The epitope of oneLOS of 4.8

kDa is shared by the termina lacto-n-neotetraose of human paragloboside, a
precursor of blood group substances. The mkC variant occurs in vitro among mkA

gonococci at a frequency of 10°, and 100 were presumably in the IDg; MKA

inoculum used to infect the volunteers. We have conducted a series of human
chdlenge experiments to confirm the hypothesis that the mkC LOS variant is of

greater virulence than the mkA variant, and to test the hypothesis that as few as 10?

mkC gonococci are sufficient to infect male volunteers.

The gonococcal drains used here and their growth have been described (1).
Volunteers were infected with 0.2 ml of broth suspensons of gonococci usng a
pediatric catheter fitted to atuberculin syringe inserted ca. 4-5 cm into the urethra.
Serid logdilutions of sedimentsfromurine specimens submitted at 12 hintervas after
inoculaion were cultured on GCDC agar (2) containing VCN antibiotic mixture.
Colonies were enumerated and scored for colony type, and monoclona antibodies
(Mab) were usad to digtinguish LOS variantsin colony lifts.

In our firgt experiment we compared the infectivity of the variants by inoculating two
groups of five volunteerseachwith ca. 40,000 of either mkA or mkC gonococci. All
of volunteers receiving mkC devel oped gonococcd urethritis while only 2/5 (40%)
recaiving mkA became ill. Mab andyss of gonococci recovered from urinary
sediments of the latter two individuds showed a trangtion from mkA phenotype
colonies to increasing numbers of MkC phenotype colonies as their infections
progressed from dysuriato urethrd discharge. Thiswas an indication thet infections
following mkA chdlenge were due not to the mkA gonococci, but to the 0.1%, ca
40, mkC variants present in the mkA chalenge. Incubation time for these infections
ranged from 50 h to 86 h (median = 74 h).
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We tested the infectivity of the mkC variant in three other experiments where we
inoculated groups of Six or seven volunteers with amdl numbers of gonococci. We
found that 8/20 (40%) volunteersbecameinfected fallowing inoculationwithfrom 250
to 1600 mkC gonococci, confirming the hypothesis that the ID,,, for mkC is# 250
gonococci and that 10% gonococci could condtituteinfectiousdose. Incubationtimes
for these eght infections ranged from 50 h to 146 h (median = 82 h), and were
independent of dose; the two longest, 122 h and 146 h, followed inoculaion with
1250 and 1600 mkC gonococci.

Inevery ingtance where chdlenge resulted inaninfectionwe found that the gonococci
shed by the infected volunteers switched fromthe chalenge Opacolony typeto Opa*
colony type. Thetrangtion wasrapid and encompassed mog, if not dl of organisms.
In10 of 15 infections we detected the Opa to Opa* trangtion 12 hto 24 hbeforethe
onset of symptoms. In two infections it coincided with the onset of dysuria, and in
three we observed the trangition 36 h to 54 h before symptoms were evident.

In their sudy of the epidemiology of naturdly acquired gonorrheaby sailors on shore
leave in the Philippines, Holmes, et al. (3) estimated the sailors had a 22% risk of
becomingill with gonorrheafallowing asngle unprotected encounter withaninfected
hostess. The datafrom our first experiment comparing theinfectivity of mkA to mkC
suggests that the 40 mkC gonococci (0.1%) present in the 40,000 mkA chdlenge
were respongble for the two infections among the five mkA inoculated volunteers.
This number, 40 gonococci, condtitutes the mkC D, and that alesser number, i.e.
20 gonococai, are sufficient for naturd transmisson.

The courses presented by our experimentdly infected volunteers have varied
considerably. We have seen brief and extended incubation times, erratic shedding of
gonococci during the course of infections, and acute and coincidental onset of both
dysuria and discharge, as wdl as dysuria for periods prior to the onset of dysuria.
Thevarious presentations of disease, particularly following challenge withamdl doses
of virulent gonococci suggests that the experimenta gonorrhea infection model we
have described here may in part mimic naturaly acquired infections.
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Host-pathogen interactions
Studies on gonococcal pilin antigenic variation
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Antigenic and phase variaion of the gonococca pilus has evolved to promote
avoidance of immunesurveillanceand dter pilus receptor binding (4,5). Rlinantigenic
variation occurs when a vaiant pilin DNA sequence transfers from one of severd
dlent loci to the expression locus in a nonreciproca, RecA-dependent manner (3).
We have determined that the conserved Sma/Cla repeat present indl pilinloci is
required for efficient antigenic variation (7). Deetion of this repeat from the
expressionlocus lowers recombination between pil SL and pil E, but the rate of phase
vaidion is not smilarly lowered. The phase variaion observed results mainly from
dternative means that are independent of antigenic variation. Two or more proteins
have been detected in cdl lysates that specificdly bind to Sma/Cla. The DNA
sequences within Sma/Cla required for proten binding are being determined, and
genera properties of the DNA hinding proteins are adso being investigated. We
hypothesize that these proteins express biochemicd activities that dlow for high
frequency DNA recombination between the dlent loci and the expression locus,
producing antigenic or phase variation.

We are aso sudying the process of pilin antigenic variation during experimenta
infection in mae volunteers (14). Our initid studies have shown that pilin antigenic
variation occurs a a high gpparent rate during infection(6). Thiscould result froma
gimulation of DNA recombination and/or from sdection for new pilin variants. A
recA- variant of stran FA1090 was created by transformation with a Pacl
linker-generated, frame-shift mutation fecA5) that avoids the use of antibictic
resstance. Antigenic and phase variationisblocked in this drain. Inoculation of mae
volunteers with the recA5 drain alows the same leve of infection as the wild type
dranand dicited dinicd 9gnsof disease. ReisolatedrecAS clonesexpressthe same
pilin gene as the inoculum showing that antigenic variation is not required for the
edablishment of infection. These observations suggest that a high rate of antigenic
variation occursin vivo that provides a large number of antigenic variantsto aid in
infection and transmisson to new hosts.
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A low M, moiety released from blood cell fractions which enhances CM P-
NANA salylation of L PSin gonococci

N.J. Parsons, C. Constantinidou, JA. Cole and H. Smith
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Serum resistance of gonococci in mogt patients is due to saylation of a Gal31-
4GIcNACc group in a conserved 4.5 kDa LPS component by host CMP-NANA
cataysed by a gonococcd sdyl trandferase. Thissdylation is enhanced by one or
more low M, factors, fird demonstrated by experiments with the enzymes in
gonaococca extracts but now shown to occur in live gonococci and hence to have a
probable role in pathogenicity. Enhancing activity is released in diffusatesfrom both
didyss of blood cdl sonicates at 18-20°C and, like CMP-NANA, from high M,
fractions purified from sonicates didysed at 4°C. These diffusates absorbed
maximaly a about 260nm but relevant UDP sugars had no enhancing activity. The
enhancing moiety inthe diffusates has been separated from CMP-NANA by HPLC
infractions that al o increase the inductionof serum res stanceingonococci by CM P-
NANA.
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Host-pathogen interactions
Dynamics of the interaction between gonococci and epithelial cells

J.P.M. van Putten, SM. Paul, B.D. Robertson and E.T. Schwan
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TUbingen.

Neisseria gonorrhoeaeis adle to attach and enter cultured mammdiancedls provided
that the appropriate bacteria phenotype is established. Characterigtics of the
“invasive gonococca phenotypeare anon-sdylated formof L PS and the expression
of adigtinct member of the opacity protein outer membrane protein family. In search
for the molecular mechanisms underlying the bacterid adherence and entry process,
we further investigated the interaction of neisseria L PS and opacity protein with host
cdls. Congruction of defined LPS mutants indicated that the termina lacto-N-
neotetraose and the digalactoside moiety of LPS are not required for bacterial
atachment and entry, while inner core mutants were defective in entry. Andyss of
host cdll determinants for bacteria binding proteins resulted in the identification of a
putative opacity protein receptor. This molecule, which gppears to be present in all
epithdid cdl lines, particularly recognizesthe gonococcal opacity protein associated
with tight adherence and entry, but hardly other members of the opacity protein
family. Purified receptor and receptor analogues totally block opacity protein-
mediated bacterial atachment to eukaryotic cdls in vitro, suggeding that the
identified Sructureisan essential component in the adherence process. Thefunction
of this binding gte in the bacteria-induced endocytos's process is currently under
investigation.
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Immunogenicity and evolutionary variability of IgA1 protease from
Neisseria meningitidis
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IgA1 protease is highly immunogenic in humans during carriage and infection (1).
Immune sera containing 250 - g/ml of 1gG are not unusua. Antibodies to other
atigens dimulated in Gambian children by immunization (to A capsular
polysaccharide) or by carriage (to Opc protein) decreased rapidly. In contrast,
antibodiesto IgA1 protease simulated by carriage continued to increase over a 4
year period after epidemic disease. B cell epitopes within meningococcal 1gA1
proteases recognized by murine monoclond antibodies (M abs) were subdivided into
epitopes 1 - 5 by subcloning the iga gene (2) and by reactivity with peptides
synthesised on pins (Geysen technique). Epitope 4, locdized to a 104 amino acid
region, could not be mapped by the Geysen technique and probably represents a
discontinuous epitope. A synthetic 104mer peptidewhichspansthis regionreactswith
the murine Mabs and with human antibodies and is highly immunogenic in mice
whereas smaller peptides (30mers, 64mers) do not react with the Mabs and are not
as immunogenic.

The DNA sequence of that part of the iga gene encoding the mature IgA 1 protease
(3 kb) hasbeen determined for 4 meningococci (3 serogroup A, 1 serogroup C). 6%
of the nucleotides, scattered over the C-termina 2 kb showed some sequence
vaiaion, reflecting the mosaic gene dructure of iga. The nucleotide ssgments
characterigtic of individua mosaicswerepresent inboth meningococci and gonococci
but certain sequences were species-specific. Within the epitope 4 region, only 4
clustered amino acids distinguished IgA 1 proteases whichreacted withmurine M abs
from those that did not reect.

IgA 1 protease epitopes were uniform within serogroup A subgroups over decades
withone exception(2). The subgroups differed fromeach other inrespect toepitopes
3 -5 and in DNA sequence as indicated by T-tracks of the variable parts of iga.
Within subgroup 111, bacteria isolated prior to the Mecca outbreak of 1987 were
dightly variable according to pulsed fidd gd electrophoresis (PFGE) and uniform
according to T-tracks. During the Mecca outbreak, 2 novel and distinct PFGE
subclones were isolated, one of whichexpressed the origind 1gA 1 protease and the
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other of whichhad acquired an unrelated iga gene by recombination. Only derivatives
of the latter (recombinant) subclonewereisol ated during subsequent spread to Africa.
In different countries, different minor PFGE variants were isolated, indicating
continued microevolution.
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Structure and biological function of the components of the IgA protease
polyprotein precursor
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The iga gene of the pathogenic Neisseria species encodes a large exported
polyprotein consisting of four ditinct domains, i.e. the protease domain (Igay), the (-
peptide (Iga), the **-protein (Iga-) and the membrane embedded $-protein (Igas),
which are separated from each other post-secretionaly by autoproteolytic events
(2,4). Sequenceandysesof various nelsserid iga genes, comprising genetic mosaics
generated by horizonta exchange (1), led usto identify conserved motifs indicating
distinct structure/function relationships. Likewise, each alde of the '-proteins
harbours at least one matif characteristic of a eucaryotic nuclear location signal
(NLS). We demonstrate consistently the efficient uptake of extracdlular **-proteins
by adistinct subset of humen primary cdlls and the associationof the "' -protein with
distinct sub-nuclear structures(3). Our data further suggest the combined uptake of
""-protein and 1gA protease and acomplex functionof the polyproteininsdeinfected
and non-infected human cdls. Work involving human T-cdls indicate an immuno-
modulatory function of the Iga polyprotein with potentialy severe implications for
individuas with systemic and even locdized neisserid infections. We have therefore
started to determine the three-dimensiond structure of the mature form of IgA
protease and obtained crystds from polyethylene glycol solutions. Their X-ray
diffraction pattern is consstent with space group P2 and extends to a resolution of
goproximately 2.5 A. Data setsfromndive crystds aswdl asfromsome prospective
heavy-atom derivatives have been collected and are being processed.
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Host-pathogen interactions
Clinical aspects of Neisseria meningitidisinfections
P. Brandtzaeg
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Quartitative measurements of lipopolysaccharides (LPS) and host derived
inflammatory mediators have enabled us to describe different clinica presentations of
systemic meningococcd disease (SMD) a amolecular leve.

Meningococcad meningitis without shock and multiple organ dysfunction is the most
common dinica presentation. On admission our patients reveded a compardively
low graded bacteraemia and endotoxinaemia. We found <1 cfu/ml (median, range
<1-240 cfuml, n=12) inwholeblood and L PSlevdsinplasma <3 pg/mi[0.03 EU/m]
by LAL (median, range <3-260 pg/ml, n=44). After penetration to the subarachnoid
space increasing bacterid proliferation is reflected by increasing CSF levels of LPS
whichoftenare 100-1000 x higher than measured in smultaneoudy collected plasma
samples. Various proinflammatory cytokines (TNF-"", IL-1, IL-6) are generated in
CSF a a much higher levds than in plasmareflecting the differencesin LPS levels.
Production of IL-8 (a chemotactic protein for neutrophils) is not compartmentalised
to the same extent as TNF-"" and IL-1 in CSF. The leves of protein were
quantitatively associated with the levds of LPS (r=0.50, p=0.01, n=26) in CSF
reflecting dtered endothdium barrier function. The glucose CSF/blood rétio was
inversdly corrdated with LPS in CSF (r=0.62, p=0.0005, n=28) indicating altered
braincdl metabolism. The number of leucocytes did not correlatesgnificantly withthe
leves of LPS in CSF (r=0.33, p=0.07, n=30). The median disease onset hospitd
admissontimewassgnificantly longer thanfor patientswithfuminant septicaemia (22
vs 12 h) in45 patients studied consecutively. Death and sequelae arerelated to brain
edemaand hypoxia reflecting tissue damage induced by the inflammatory response.

Fulminant meningococca septicaemialis characterised by vascular collapse, kidney
and lung dysfunction, disseminated intravascular coagulation (DIC), muscular
infarction, extensve skin and adrena haemorrhage with minmal pleocytosis. The
onset admission time is short. All our patients with LPS plasma leves >700 pg/ml
[7EU/ml) developed a persstent septic shock. The median LPS leve was 10500
pg/ml (range 170000-1000 pg/ml) among 15 nonsurvivors and 1900 pg/ml (range
12000-10 pg/ml) among 16 survivors. The case fatdity rate among 90 SMD patients
related to septic shock increased with increasing plasma levels of LPS i.e.<1000
pg/ml 0% (n=64), 1000-5000 pg/ml 38% (n=13), 5000-10000 pg/ml 67% (n=3),

234



10000-15000 pg/ml 80% (n=5), >15000 pg/ml 100% (n=5). LPS leveds in CSF
were low (<160 pg/ml) dthough bacteria was present in 50% of the cases. The
bacterid proliferation is primarily compartmentaised to the circulation. Owingto the
short time span a sgnificant inflammatory response and pleocytoss has not yet
developed.

LPSinduceanintravascular inflammatory response through avery complexinterplay
of mediators. Cytokines (TNF-"", IL-1RB, IL-6, IL-8, IL-10) are dl involved.
Bioactive TNF-"" was detected in 12 of 13 patients with LPS >700 pg/ml whereas
non of 25 patients with lower LPS levels had detectable TNF-"". Circulating I1L-10
but not IL-4 and transforming growth factor 3 (TGF-I3) appears to function as
antiinflammeatory cytokinesinvivo. Themassve activationof the complement system-
primarily through the dternative pathway - isassociated withcirculaing leves of LPS
and may contribute to the vascular collapse. Up-regulation of tissue factor on
circuating monocytes and possbly endothelid cells appears to activate the
coagulation system via coagulation factors Vlla, X,V, and prothrombin. The
fibrinolytic system is down-regulated through the release of plasminogen activator
inhibitor-1 (PAI-1) from endothelid cdls inducing animba ance between coagulation
and fibrinolyss fadilitating clot formation. During the initid leucopeniic phase whichis
caused by margination of leucocytes to the vessel wadl, the neutrophils appear to
releaselarge amounts of antiparagitic principles (among others elastase, calprotectin).
These molecules may influence the integrity of the endothelium asreflected by release
of E-sdlectin (an adhesionmolecule) and endothelin (avasoactive peptide). Induction
of increased NO-synthesis may be an important find mechanism contributing to
vasodilation and cardiac dysfunction.

Incases of mild systemic meningococcd diseasei.e. invadvedisease without vascular
collapse or meningitis, the bacteraemia/ endotoxinaemia do not reach a critical shock
levd. This is reflected by low leves of circulating LPS, cytokines and other
inflammatory mediators.
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Host-pathogen interactions
Enhanced immune response to meningococcal antigensin C5 deficient mice
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Investigation of the 4riking association between neisseria discase and late
complement component deficiency (LCCD) in humans has identified unique features
of the interaction of Neisseria with host defenses (1). Studies have consistently
demondtrated an increased antibody response to meningococcd (Mg) antigens
(especidly LOS) in convadescent LCCD as compared to conva escent complement
affident sera (2,3). This antibody is broadly cross reactive with LOS from
non-serogroup A meningococci as well asgonococci and isbactericidal for serogroup
B meningococa. This 1gG does not appear to be subclass restricted and recognizes
the N-lactotetraose moiety (gal-glc NAc-gd-glc) present ingonococcal 1291 LOS,
regardiess of whether or not the termind gd isSaylated. The epitopic pecificity of
this antibody appearsto invalve the glc NAc component of this moiety. Because this
antibody is bactericidd for serogroup B meningococci and because the
N-lactotetraose moiety is the fundamentd repegting unit in the capsular
polysaccharide on type 14 Streptococcus pneumoniae, which is often poorly
immunogenic, wehave beeninterested inthe basis for the enhanced immune response
to this moiety in LCCD persons following natura meningococcd infection. The
existence of a congenic drain of C5 deficient/sufficient mice provided an opportunity
to examine the mechanisms underlying this phenomenon and the role of the termind
complement components in the immune response to Nelsseria. Possible factors
contributing to the enhanced antibody responsein L CCD personsinclude: a greater
antigenic load due to increased bacterid proliferation and/or dtered clearance by the
reticuloendothelia system resulting in prolonged exposure to Mg antigens.

Initial experimentswere designed to determine the effect of the complement deficiency
on the immune response to a fixed amount of antigen. In order to avoid differences
in Mg replication, outer membrane blebs were harvested from log phase Mg and
injected 1V into four dose groups conssting of five mice each for both C5 deficient
and auffident animas. Mice were bled via the tail vein prior to and & 3, 6 and 8
weeks after injection. Preinjection serum had no detectable Western blot activity to
an SDS-PAGE separation of the Mg bleb antigens. A dose dependent response in
specific 1gG to Mg LOS was seen in both deficient and sufficient mice by 3 weeks.
However, adiginct enhancement intheantibody responseto Mg L OS was observed
for each defident group when compared with the pardld complement sufficient
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group. These results were confirmed in replicate experiments and indicated that the
L OS specific antibody reacted withthe same L OS band as did itshuman counterpart.
Quantitation of the antibody response by ELISA, using purified LOS asthe antigen,
demonstrated that the C5 deficient mice consistently produced >=2x more antibody
then sufficient mice.

Recent studies employing confocal laser microscopy have demonstrated that the
digtribution and persistence of LPS falowing IV injection into norma mice differs
depending on whether or not it is presented in its native state bound to the organism
cdl wal or as the phenol water purified molecule. In the former Stuation LPS was
persstently detected primarily in the soleen, whereas in the latter the liver served as
the mainste of clearance (4). Thus, in asecond set of experimentswe assessed the
effect of golenectomy on the immune response of norma and congenic C5 deficient
miceto IV injected meningococcd outer membrane blebs. Preiminary assessment
three weeks fallowing injection indicates that intact C5 deficient mice exhibited the
typicd (>=2x) enhanced antibody response to meningococca LOS compared to C5
auffident animds as judged by ELISA. This response was not observed in
splenectomized C5 deficient animals. Additiond antibody quantitationat later points
in time are necessary to determine whether the antibody response in splenectomized
deficient and suffident animds differsand whether it differsfromintact suffident mice.

Takentogether these results support thefallowing conclusons. Firg, liketheir human
counterparts, C5 defident mice exhibit an enhanced antibody response to
meningococca LOS. Second, the complement deficiency itsdlf, not antigen load, is
the mgor determinant of this heightened immune response. Third, anintact spleenis
critica for the development of this enhanced antibody response. Thedigtribution and
persstence of LOS within the spleen as wdl as the cdlular identify and molecular
events that condtitute the mechanism by whichL CCD influencesthe quantitative and
qudlitative aspects of the antibody response to meningococca LOS remain to be
determined.
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Host-pathogen interactions

Phagocytosis of Neisseria meningitidisin complement deficient individuals
depends on the C3 deposition onto its surface and the 1gG receptor (Fc(R)
allotypes of the granulocytes

Fijen C.A.P., Kuijper E.J., Bredius R.G.M.}, de Haas M .2, Daha M.R.3, van de
Winkd J.G.J#4 Out T.! and Dankert J.
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Amgterdam. 2CL B, Amsterdam. *UniversityHospita, Leidenand *“Dept Immunology,
Univergty Hospitd, Utrecht, the Netherlands.

Host defence against meningococcd infectiondepends on complement and antibody
mediated phagocytoss and bactericidal activity. Individuds with a complement
deficiency have anincreased risk for devel oping meningococca disease(1). Phagocy-
tossisthe main defence mechanism againgt meningococcd disease bothinlate (C5-
9) complement component deficient (LCCD) persons, lacking serum bactericidal
activity and in properdin deficient persons without bactericidal antibodies. 1gG
receptors (Fc(RIlaand 111b) (2), in conjunction with the complement receptors on
PMN are involved in phagocytosis. We questioned whether certain PMN Fc(R
allotypes are associated with an increased risk to develop meningococca disease.

In 15 LCCD and in 20 properdin deficent patients with or without previous
meningococca disease the distribution of Fc(RIlaand I11b dlotypes on PMN was
studied. In LCCD patients the Fc(RIl1a-R131, Fc(RIIIb-NA2 phenotype was
strongly associated with previous meningococca disease(Oddsratio 13.9, Fisher test
p=0.036), whereas such an association was not present in the properdin deficent
group. Invitro phagocytosis experimentswith Fc (R typed control PM Nswere done
to daify therole of Fc(R polymorphisms and of complement C3 deposition onto
meningococci in the host defence againgt this bacterium. Two drains (serogroup B
and W135) were used. PMNswiththe Fc(RIla-H131 dlotype phagocytosed inthe
presence of specific 1gG2 antibodies significantly (p<0.05) more than PMNs with
Fc(RIla-R131 dlotype. PMNs with Fc(RII1b-NA1 dlotype phagocytosed both
grains more efidently (p<0.05) inthe presence of specific IgG1 than PM Nswiththe
Fc(RI1b-NA2 dlotype. Phagocytosis of W 135 meningococci inthe presence of 5%
properdin deficient serum containing anti-meningococca antibodies was lessthan in
the presence of this serum recongtituted with properdin. C3 deposition onto the
W135 drain exposed to 1% properdin deficient serum was low, as measured in
whole cdl ELISA. Exposure to properdin deficient serum after recongtitution with
purified properdin (or agamma globulinaemic serum) increased C3 deposition. The
effect of properdin suppletion was sgnificantly less (Fisher test p<0.05) in control
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sera. Weconcluded that in LCCD individua s phagocytoss of meningococci ishighly
associated withthe Fc(R alotypeon PMN, but not inproperdindeficient individuds
In properdin deficient sera phagocytosis of meningococdi, irrespective the Fc(R
dlotype of the PM Nsis|esseffective due to alower C3 depositiononto the meningo-
coccal surface.
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Host-pathogen interactions

Effect of Gc LOS salylation on antibody deposition and complement
activation
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Gonococci (Ge) that cause symptomdic loca disease become sendtive to
complement dependent killing uponrepeated cultureinvitro. Killing is mediated by
an IgM antibody that is present in most norma seraand is specific for gonococca
lipooligosaccharide (LOS). The termind galactose present in the LOS on freshly
isolated Gc or Ge grown in the presence of CMP-NANA is sialylated and these
organisms areresgtant to IgM initiated complement-mediated killing (1,2). Although
previous studies have shown that Saylation results in decreased IgM binding to Gc
LOS on Western blots and a decreased ability to remove bactericidal IgM from
serum by absorptionwithintact organisms, the mechanismby whichkillingisinhibited
has been incompletely explored since IgM  binding is not completely diminated by
LOS gdylation (1-3). In addition, in other systems sdic acid has been shown to
downregulate the complement cascade by enhancing factor H binding which in turn
accelerates C3 convertase decay, decreases C3 deposition, and promotes C3
inactivation, thereby reducing complement dependent hemolysis or killing (4,5). The
current studies sought to darify the effect of Ge LOS saylation on the contribution
of both antibody and complement binding as determinants of the inhibition of Gc

Killing.

Resgance to killing and sdylation of LOS were reedily detectable when Gc were
grownto logphase in broth containing 2 - g¢/ml CMP-NANA and were complete at
20 - g/ml. Saylation had no effect on the totad binding of radiolabeled IgM to intact
gonococci. The effect of salylation on LOS specific IgM binding, as assessed by
ELISA usng LOS purified from Gc grown in the absence or presence of
CMP-NANA, was varigble. However, Gc grown in the presence of different
concentrations of CMP-NANA demonstrated a progressive increase in the
concentration of 1gM required to produce hadf maxima Gc killing. This finding
suggests that one consequence of LOS gaylation is to dter the functional
consequence of bound IgM.

Sdylaion increased total 1°| factor H binding to intact Gc in a dose dependent
manner that mirrored itseffect inreducing killing. Maximal factor H binding increased
1.6 fold and was not influenced by the presence or absence of serum or bound IgM.
Saylation dso dtered the kinetics and magnitude of C3 binding, reducing maxima
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binding by 82%. Inaddition, the cleavage of C3btoiC3bwasaccderated, asjudged
by autoradiography of SDS-PAGE separated preparations of serum treated Gc
following their dissolution in hydroxylamine to release ester linked C3.

Taken together these resulltsindicate that LOS sdylation exerts a Sgnificant impact
on the quditative, if not quantitative, binding of bactericida IgM to Gc. This effect
contributes to a mgor reduction in complement (C3) binding. Moreover, on
gdylated Gc C3 that is bound in the form of C3b is rapidly cleaved to its
hemoalyticdly inective form thereby further reducing the probability that a given
gonococcus will be killed. In summary, dthough LOS saylaion inhibits the
contribution of both IgM and complement to Gc killing, its effect on IgM binding
appearsto be of greater magnitude in this process.
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Host-pathogen interactions

Neisseria meningitidisisolates from terminal complement component
deficient and complement sufficient individuals
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Deficiency of the late acting complement components (LCCD) is associated with
increased  susceptibility to recurrent meningococcal disease (5, 7). It has been
suggested that these individuds suffer milder disease than complement sufficient
patients (6). This, however, is difficult to confirm from epidemiologicd sudies. If it
istrue it might be because certain pathologica processes do not occur with the same
severity when the termind complement pathway cannot be activated (4,6).
Alternativdly LCCD subjects may become dinicdly infected with less virulent
organigms. There is certanly evidence in Europe that they become infected with
organisms that rarely cause diseaseincomplement suffident subjects(3). Inaddition,
it isnot dways possble to determine whether recurrent infectionsin LCCD subjects
are relapses of exiding infections, or whether the patients suffer repeated new
infections.

In order to study meningococca strainsthat caused disease in LCCD patients, 16
Neisseria meningitidis grains recovered during 1985-1990 from cases with
complement component C6 deficiency (C6D) inthe Western Cape Province, South
Africa, were compared with 124 routine case isolates from the same area
Serogrouping of the drains from deficient subjects reveded tha the common
serogroups, particularly serogroup B, predominated. However, the prevalenceof rare
serogroupswas Sgnificantly higher thaninthe control group. Sero-subtyping showed
no sgnificant difference between the two groups of isolates. Multilocus enzyme
electrophoresis (2) of thel40 isolates reveaed the same degree of genetic diversity
exiged in isolates from both groups. However, the ET-5 complex, which isknown
to be associated with epidemic disease (1), wasfound in 22 (18%) of the routine
isolatesbut innone fromthe C6D subjects. Thiswas margindly sgnificant. What was
highly sgnificant was the finding that eight of the 16 isolatesfrom C6D subjectswere
inoneof thesx ET clugters, cluster F, which comprised atota of 20 isolates.

Two C6D subjects had had two episodes of infection within afew months of each
other. Serogrouping aone was non-informétive as to whether these were rel gpses.
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However, sero-subtyping, and multilocus enzyme eectrophoress established that
each patient had suffered two different infections. One patient had two group C
infections and seriad measurements of his anti-serogroup C polysaccharide antibodies
established that he suffered his second serogroup C infection despite a good
anti-cgpsular polysaccharide antibody response to hisfirgt infection.

Our results also emphasise the susceptibility of LCCD patients to new infections
rather than relapses. Moreover they show a differencein the clonad composition of
grainsthat infect LCCD subjectsas opposed to those causng dinicd infectionin the
population at large. This supports the concept that LCCD individuas may become
infected with less virulent organisms which could a least partidly explain differences
indinica picture they present.

References

1 Caugant,D. A.,L.O.Frgholm, K. Bavre, E. Holten, C.E. Frasch, L.F.
Mocca, W.D. Zadllinger,and R.K . Selander . 1986. I ntercontinenta spread
of a geneticdly didinctive complex of cones of Neisseria meningitidis
causing epidemic disease. Proc. Natl. Acad. Sci. USA. 83: 4927-4931.

2. Caugant, D. A., L.F. Mocca, C.E. Frasch, L.O. Frgholm, W.D.
Zollinger, and R.K. Sdander. 1987. Genetic structure of Neisseria
meningitidis populations in relaion to serogroup, serotype, and outer
membrane protein pattern. J. Bacteriol. 169: 2781-2792.

3. Fijen, C. .A. P, E. J. Kuijper, A.J. Hannema, A. G. §6holm, and J. P.
M. van-Putten. 1989. Complement deficienciesin patients over ten years
old with meningococca disease due to uncommon serogroups. Lancet (ii):
585-588.

4, Lehner PJ, DaviesK A, Walport MJ, Cope AP, Wirzner R, Orren A,
Morgan BP, CohenJ (1992) Meningoccoca septicaemiainaCeé deficent
patient and effects of plasma transfuson on  lipopolysaccharide release.
Lancet 340: 1379-81.

5. Orren, A., P. C. Potter, R. C. Cooper, and E. du Toit. 1987. Deficiency
of the gxth component of complement and susceptibility to Neisseria
meningitidis infections. Studies in  ten families and five isolated cases.
Immunology 62: 249-253.

6. Ross, S. C., and P. Densen. 1984. Complement deficiency status and
infection: epidemiology, pathogenesis and consequences of neisseriad and
other infectionsin an immune deficiency. Medicine. 63: 243-273.

7. Wirzner, R., A. Orren, and P.J. Lachmann. 1992. Inherited deficiencies
of the termina components of human complement. Immunodeficiency Rev.
3. 123-147.

244



Host-pathogen interactions

Immune responses to meningococcal outer membrane antigensinduced by
tongllopharyngeal carriage of Neisseria meningitidis
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Natural immunity against Neisseria meningitidis in children and younggers is
gradudly increesing as afunctionof age, probably induced by asymptomatic carriage
of meningococa in throat (1-3). Heigt et al. (4) found in 1922 that blood from more
than 95% of norma individuas was bactericida to meningococca strains obtained
fromasymptomatic carriers. Hepostul ated that most cases of meningitis occur among
thosefew individuas who lack bactericidal activity. Dr Heist, whose own blood was
non-reacting against meningococci, unfortunately later died from meningococcd
meningitis

We have studied the effectsonthe antibody levels of naturd acquisition of meningo-
cocci in the nasopharynx in different groups of volunteers who served as placebo
controls or received the vaccine during dinica phase Il trials with a group B
meningococcal vaccine inNorway 1987-88 (5). Theantibody responsesto individud
outer membrane antigens in the meningococci were studied by immunoblotting and
ELISA withpurified antigens and in bactericidal assays. The carrier rate of meningo-
cocci was about 50 % among the military recruitsin phase 11-2 (age 19-21 years),
about 15% among the medicd students in phase I1-3 and about 9 % among
secondary school studentsinphase11-6 (age 13-14 years). The percentage of srains
that have beenresponsible for most of the systemic meningococca diseasein Norway
inthe 1980s (ET-5complexand ET-37), varied from2.3% to 10.2% in the different

groups.

A ggnificantly higher level of antibodieswas observed inthe prevaccination serafrom
carriers than from non-carriers, but after two doses of the vaccine this difference
disappeared. Eighteen individuas in the placebo groups were identified as new
carriers of meningococci during the studies. We found examples showing that
colonizationwithnon-groupabl e and non-subtypable carrier srains induced bacterici-
dal antibodies againgt asysemic B:15:P1.7,16 srain. The immune responses againgt
the B:15:P1.7,16 strainwere mainly directed againg class 5 proteins (Opa/Opc), the
H8 antigen and lipopolysaccharides, but aso other outer membrane proteins cross-
reacted in immunoblots A strong positive correlation was observed between
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bactericida activity and 1gG antibodies against Opc (7). These results show that
carriage of non-pathogenic meningococci in tonsls and pharynx may induce high
levels of bactericida antibodies.
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Host-pathogen interactions, poster 86.

The use of murine-human heter ohybridomasto produce gonococcal specific
human isotype antibodies
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I ntr oduction: Theavailabilityof humanantibody directed againgt Specific components
of the gonococcus has been difficult to achieve in quantity. Antibodies which had a
mucosd origin have been particularly difficult to obtain. These locally produced
antibodies are important to study since they are the first encountered after the
attachment and invasion of the mucosa surface. In order to obtain an immortd cell
line which had the capability to be a continuous producer of human antigonococcal
antibodies we used a unique fuson of a murine-human heterohybridoma

Resultsand Discussion: Usng a unique double fusontechnique wehave devel oped
stable mouse-human heterohybridomaswhichproduce human monoclona antibodies
(3). Mouse mydoma P-63 cdls were initidly fused with unimmunized enriched
peripheral blood B cdlls. These 8-azaguanine resistant hybridomas were then fused
with B-cdl enriched fdlopian tube lymphocytes immunized with whole killed
gonaococci (Rice-2). Immune lymphocytes wereidentified by EL1SPOT assays (2,1)
prior to fuson for production of gonococca specific human IgG, IgA and/or IgM .
Clonesfromthe second fuson producing gonococca specific monoclonal antibodies
were identified by ELISPOT and ELISA assays. Flow cytometric analyss of the
monoclond cells reveded that these hybridomas were cagpable of multiple isotype
expression (IgG, IgA, and IgM). This was confirmed by reisolation of the clones by
limiting dilution and picking only those clones which arose from single cdls. The
morphologicd characterization of these cdls was done usng flow cytometry
techniques. | sotype expression was confirmed by ELISPOTS, IMMUNOBLOTS,
and ELISA assays. Wechoseoneof theseclones, 1H11, for further characterization
and study because of its multiple isotype expresson.  This clone showed monoclond
antibodies directed againg a 45,000 MW protein of an outermembrane complex
(OMC) (4) isolated fromaPID isolate (Rice-2). ThelgG and IgA was purified from
the culture fluids using Protein G and jacalin. The fact that IgA bound to Jacdin
indicatesthat it is of the IgA1 subclass. Both the IgG and IgA were directed against
the 45,000 MW protein.  Functiondly the purified 1gG was bactericidd against the
homologous isolate with aout a 35% kill. Although the IgA1 was nat Iytic in the
bactericidal assays (as expected) it did block the IgG mediated lysis. This was
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observed whenthe purified IgA 1 was added to the 1gG mediated bactericidal assay
thus indicating that the IgA1 could function as a blocking antibody. Other 1gG
monoclona antibodies were isolated from other clones and also participated in
bactericidd activity from 27-40%. Boththe IgG and 1gA1 isolated from the 1H11
clone blocked adherence of the Rice-2 gtrain to HEC-1-B cdls. The 1H11 1gG
blocked adherence by approximately 71% while the IgA had a 47% inhibition of
adherence.

These studies indicate that it is possble to produce several human monociond
antibodies from a mouse-human heterohybridoma which have specificity for
gonococca epitopes. These clones are stable and have beenproducing IgG, IgA L,
and IgM isotypeantibodiesfor at least two years. Itisintriguing thet these clonesare
coexpressing multiple immunoglobulin isotypes with goparent pecificity agang the
same gonococcal epitope.
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Host-pathogen interactions, poster 87.

Relationship of the onset of symptomsand dysuria to opacity protein
(protein I1) expression in experimental gonorrhea
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In five iterations, 36 human mde volunteers were chalenged by intraurethral
inoculation of Neisseria gonorrhoeae M S11mkC, and 5 with MS11mkA. Inocula
varied from 250 to as many as 44,000 transparent (Opa ) cdls (~0.2% Opa’ ).
Opa" colonies present in the origind inocula fromthefifthiterationwere screened by
western immunoblot to determine which opacity proteins were expressed. We
detected 5 different opecity proteins ranging in size from 29 kDato 36 kDa. Eighty
percent of the isolates expressed the 30 kDa protein.

Nineteen of 36 (53%) volunteers inoculated with Opa MS11mkC and 2 out of 5
(40%) inoculated withOpa M S11mkA devel oped dysuria and discharge. Duringthe
initid phase of the infection, volunteers shed only chdlenge Opa organisms. There
was, however, argpid trangtionfromOpato Opa” inmost if not dl of the organiams
shed by the 19 volunteers who became infected. Trangtion from Opa to Opa”
occurred within 24 hours prior to onset of symptomsin 15 volunteers. The remaning
6 volunteersshed Opa’ cdlsfrom 36 to 87 hours prior to onset of symptoms. There
was no gpparent relationship between chalenge dose and time of trangitionto Opa’,
or to the onset of symptoms. Opa’ colonies from 6 infected subjects in our last
experiment were screened at every time point to determine which opacity proteins
were expressed. During the course of their infections, the organisms shed by each of
the volunteers expressed a number of opacity proteins which varied from subject to
subject and specimento specimen. While 11 different opacity proteinsweredetected,
the 30 kDa protein predominated.
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Host-pathogen interactions, poster 88.

Specific unresponsiveness to L PS during infections by Neisseria
gonorrhoeae
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Although infections by Neisseria gonorrhoeae leave no apparent post-infection
immunity, they induce a powerful antibody response. Antibodies to various
gonococcd antigens have been found in patients with gonorrhoea but they appear to
play little if any role in the resolution of the infection or prevention of re-infection (2).
So far no specific antibody response has been clearly associated with immune
effective mechanisms. However, antibodies directed to the LPS and to the outer
membrane protein Pl are bactericidal in vitro (10). LPS is a mgor target for
bactericidal antibodies but it has been demondrated that it is involved in immune
evason both through antigenic variaion (5,8) and host mimicry. The latter is
represented by both the presenceinthe L PS of epitopeswhich share specificity with
human cdl epitopes (6) and, most importantly, by in vivo saylation (9,7).
Gonococca L PSacquiressdic acid fromthe host during infection, thus the organisms
gppear coated by materid of host origin (4) which preventsthemfrombeing seenas
non-self at least during short lived infections.

This work was undertaken to andyze the antibody response and the bactericidal
activity of the antibodies dicited during prolonged gonococcd infection. Gonococcal
infections were provoked inthe guineapig subcutaneous chamber model usng strains
MOL1 (wild type of reduced virulence), JKD298 (an aroA mutant of strain MS11,
ref.2) and the three LPS variantsof strain Gc40 D1, D2 and D4 of decreasing LPS
molecular mass and virdlence (3). Kinetics of infection was monitored by viable
counts on samples of fluid obtained from an infected chamber in each anima a
intervals duringinfection. Antibodiesto proteins and purified LPSwere measured by
ELISA (2) in samples of fluid obtained from a contralateral non-infected chamber.

As described (3), infections by the LPSvariantsD1, D2 and D4 of strain GC40 had
different evolutions infections by D1 were severe and ended with rgection of the
chambers after 2 weeks while infections by D2 and D4 were mild and resolved by
spontaneous clearance after 1 and 3 weeksrespectively. Infections withstrans MO1
and JK D298 cleared spontaneoudy at about 3 weeks after inoculation.
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All' animas mounted antibody responses to proteins that increased during infection.
Antibodies reached maximum vaues at 28-36 days after inoculation. The level of
antibodies did not correlate with the amount of live bacteria present in the chambers
a any given time. However, clearance of the infection was followed by a sharp
increase inthe amount of antibodies detected ineach animd. Antibodies continued to
increase weeks after the infections had cleared.

Antibodies specific to LPS, in contrast, were only detected briefly during the initid
gtage of infections by any of the strains. Anti-LPS antibodies did not attain high levels
and lagted only afew days and then dropped markedly, without showing any increase
after resolutionof theinfections. Animasapparently became specificaly unresponsive
after continuous dimulaion with LPS released during infection. The smilarity of
responses seen withsevera srans of different LPS specificity, suggests that specific
unresponsiveness to the LPS during infection may be a phenomenon common to dl
gonococci. SX animds infected with JKD298 were tested for production of
antibodiesto saylated LPS. With one exception, dl animas had smilarly low ratios
of antibodies to saylated and non gdylated LPS extracted after incubation of
JKD298 withor without CMP-NANA as described (4). Experimentd infections by
the virdlent srain D1 did not clear spontaneoudy. The production of antibodies
directed to non- LPS antigens was not sufficient to clear the infection.

Dilutions of chamber fluid from guinea pigs infected with GC40 D1 during the early
stagesof infection were tested in pardle for antibodies againgt D1, D4 and D2 LPS
of decreasng molecular mass (3). All animas gave higher readings with the more
truncated LPS types D4 and D2 than with the more complex LPS of the infecting
vaiant D1. Theseresults suggest that the anti-L PS antibodiesformed during infection
may be directed to antigenic stes of the common core rather than to the specific LPS
gtes of the infecting type.

Bactericidd antibodies produced during and after infection were investigated in al
animds uang saylated and non sdylated gonococci of the homologous strain ina
standard bactericidd assay (8). Fresh norma guinea pig serum was used as
complement source diluted asto contain 2 haemolytic doses.

No bactericidd activity was found in any guinea pig a any time during or after
infections withany of the srains used. This may indicate that the antibodies dicited by
infection have no bactericidd activity or that blocking antibodies are formed in
suffident amount to suppressthar effect. However, as L PSisthe mgjor antigeninthe
bactericidal reaction, LPS-specific unresponsveness may explain the lack of
bactericida activity observed.
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Immuneresponsesto capsular polysaccharides of Neisseria meningitidis
in two C2-deficient Ssters. Role of the alter native pathway in serum
bactericidal reactions

B. Sdander, A.G. §6halm, E. Holmsrom, L. Truedsson, H. Kéyhty, E. Wedege and
C. Soderstrom

Depatments of Medical Microbiology and Infectious Diseases, Lund University
Hospital, Solvegatan 23, S-223 62 Lund, Sweden. Nationd Public Hedth Indtitute,
Hesnki, Finland. Nationd Ingtitute of Public Hedth, Odo, Norway.

Hereditary deficiencies of termind complement proteins, C5-C9, and of the
dternative activation pathway, C3, factor B, factor D and properdin, are known to
be associated with disseminated nelsserid infection. In addition, systemic disease
caused by polysaccharide encapsulated bacteriaincluding N. meningitidis hasbeen
documented in about 25% of patients lacking C2, a component of the classicd
activation pathway, C1q, C1r, C1s, C4 and C2 (1). The present study concerned a
C2-deficient girl with meningitis causad by N. meningitidis serogroup W-135 at the
age of 14, and her C2-deficient elder sgter, who was clinicaly hedthy. Both Sgters
were vaccinated withtetrava ent meningococcd vaccine (Mencevax ACWY). About
one year later they were revaccinated. Serawere obtained before and four weeks
after the vaccinations. Antibody responses to each of the polysaccharide antigens
were measured with enzyme-linked immunosorbent assay.

The bactericidd activity in C2-deficient serawas examined at serum concentrations
between 25% and 50%. The patient showed low antibody levels and no bactericida
activity for serogroups A, C, W-135 and Y in prevaccination sera and responded
poorly to the first vaccination. However, revaccination resulted in marked antibody
responses and acquisition of bactericidd activity againgt serogroups W-135and Y.
By contrast, her hedlthy sister demonstrated good antibody responses to serogroup
A, C and W-135 polysaccharides after the first vaccination. These responses were
associated with bactericidal activity for serogroups C and W-135. Possible
imparmert of antibody responses to polysaccharide antigens in the patient as
compared with antibody responsesin her sster could not be ascribed to differences
of 1gG dlotypes (4). A surprising finding was that the hedthy sister had lost her
bactericidal activity for serogroup W-135 by thetime of the second vaccination in
Spite of pergsting anticapsular antibody concentrations. However, the serum showed
opsonic activity for serogroup W-135 inphagocytos s by neutrophil granulocytes. The
presence of a suspected blocking factor remained after revaccination.
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For further investigation, the C2-deficient serum was depleted of Clq, factor D and
properdin (5). By recondtitution with purified proteins it was shown that the serum
supported dterndive pathway-mediated killing of serogroup W-135 and that the
activity was blocked inthe presence of C1q. Theblocking activity remained after IgA
depletion of the serum, which excludes that it was due to IgA class antibodies (2).
Judging from Western blot analysi's, the serum did not contain antibodies to class 4
outer membrane protein, another known typeof blockingfactor (3). Experimentswith
serogroup C and C2-deficient serum depleted of C1q, factor D and properdin
demonstrated that the "C2-bypass’ mechaniam (6) enhanced bactericida activity
without being necessary for the reaction. The findings show that some anticapsular
antibodies canrecruit the dternative pathway in defense againgt N. meningitidisand
that vaccination could be meaningful in persons with classica pathway deficiencies.
However, improved vaccines are desired since antibody responses may be impaired.
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Susceptibility to meningococcal disease: Association with rare complement
C7 variants?

G. Dewdd?, C. A.PFijent, E. J. Kuijpert and J. Dankert*

! Department of M edical Microbiol ogy/Reference L aboratory for Bacterid Meningitis,
University of Amsterdan/RIVM, Amsterdam. “Department of Human Genetics,
Univerdty of Bonn.

It is wel established that hereditary deficiencies of components of the termind
complement pathway (C5,C6,C7,C8,C9) predispose to systemic infections with
Neisseria meningitidis (2). Among the numerous case reports on an association
between C7 deficiency and meningococca disease there is aso one report on a
patient with partid C7 deficiency and recurrent meningococca infection (4).

A dgnificantly decreased C7 leve has been reported to be associated with the
presence of C7*3, a hypomorphic C7 dlele (3,5). The C7 3 dlotypeisone of the
geneticdly determined charge variants of human C7 which have been identified by
isod ectric focusing of serum samples followed by specific detectionof C7 bands (3).
C7 1 isthe most common dlotype in Caucasians (1,3). The dlotypes differing from
C7 1(i.e. C7 2 or C7 3) are found only in approximately 1% of a Caucasian
population (1,3). We speculated on an increased frequency of C7 3 and possibly
other rare C7 dlotypesin patients with meningococca disease.

Usng isodectric focusng of neuraminidasetreated serum samples and an
immunoblotting procedure we performed C7 typing on serum of 214 patients who
had survived meningococca disease (54 x serogroup B, 82 x serogroup A or C, 78
x the uncommonserogroups W135, X, Y, Z, 29E or NG). Seraof hedthy blooddo-
nors (n=102) have been used as controls, no uncommon C7 dlotypes were
encountered. In contrast, uncommon C7 alotypes were found in about 3% of the
patients with meningococca disease. At least 5 different uncommon C7 dlotypes
were observed. The one non-Caucasian patient with an uncommon C7 variant was
excluded from the cdculaions. The present data show a sgnifantly increased
frequency of uncommon C7 variants among patients withinfectiondue to serogroup
W135 (Fisher exact test; p=0.028). Among patients withmeningococca disease due
to serogroup A or C anassociationwiththe C7 3 dlotype seemslikdy (Fisher exact
test; p=0.08). A further characterisation/classfication of the encountered variantsis
in progress.
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Serum factor s affecting the senditivity to Neisseria meningitidis
lipopolysaccharide
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Septic shock isthe mgjor dinica syndrome leading to lethdity during meningococca
infection. We studied in vitro the sengtivity of human or pig whole blood and in
Vvivo pigs for septic shock induced with Nei sseria meningitidisendotoxin. LPSfrom
drain H44/76 in a form of outer membrane vesicles was more active than phenol
extracted LPS or outer membrane complex (10 and 1,000 times respectively) in
Limulus lysate assay and to stimulate IL-6 or TNF-"" production in human whole
blood. The sengtivity of pig whole blood showed 10 fold individud difference to
produce I L-6. This phenomenonwas correlate with the inhibitory activity of pig sera
to suppress endotoxin induced accumulation of cytokinesin vitro in human whole
blood.

The capacity of the sera to inhibit endotoxin actionwasthermostable (up to 75°C 10
min) and was not related to the background level of anti-LPS 1gG or IgM antibodies.
Only one of four anti-LPS murine monoclonal antibodies suppressed the IL-6
accumulationin vitro. In vivo development of septic shock syndrome (hemodynamic
and metabolic disorders) was very closdy related to the inhibitory activity of plasma
in vitro. The amount of endotoxin detected in sera after intravenous infusion of 10
- g/kg in pigs was not correlated with the dinica manifetation of septic shock but
corresponded to the IL-6 and TNF-"" levd. The mechaniam of the senditivity to
Neisseria meningitidis endotoxin will be discussed.
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Molecular and genetic analysis of an adhesion- and invasion-deficient
Neisseria meningitidis serogroup B mutant
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University School of Medicine, Atlanta, GA 30322.

Although Neisseria meningitidis has received a great deal of atention, little is ill
known of the geneticsand cdl| biology of the host-parasite interaction. Understanding
the mechanism by which N. meningitidis attaches and invades human epithdid and
endothelid cdls is criticd to our knowledge of meningococcd disease. Among
meningococc thereare three mgor capsular serogroups associated with disease; A,
B and C. The nature of the capsule inserogroups A and C hasled to the devel opment
of useful vaccines againg these serogroups. However, the serogroup B capsular
polysaccharide does not induce protection. Other membrane factors currently under
sudy by different groups as serogroup B veccine candidates indude
lipooligosaccharide (LOS) and anumber of outer membrane proteins (OMP) (3,4),
such as class 1, class 2 and class 3. The identification of alternative serogroup B
antigens, especidly those involved invirulence, could lead to new diagnostic probes
and to new vaccine candidates aswel as contributeto an overal understanding of the
pathogenesis of this organiam.

The use of tissue culture modds for the study of atachment and invasion have shed
some light on the pathogenesis of the disease. However, the molecular mechanisms
involvedinN. meningitidis atachment and invason are fill poorly understood. The
recent development of a trangposon mutagenesis system and the use of relevant cell
lines provide the opportunity to gain new ingght into meningococca meningitis. The
main focus of this tudy wasto examine the mechanism of attachment and invasionof
N. meningitidis a the cdlular level and to identify the bacteria genesinvolved in this
interaction. The creation of a N. meningitidis mutant library by insertion of
trangposon Tn916 into the chromosome of serogroup B stran NMB has been
described (1,2). Part of thislibrary was screened for mutants that showed an dtered
ability to attach and invade a human endometria tissue culture cdl line (HEC-1-B).
Using this approach, we have identified a mutant (VV'V 6) whichshowed asgnificant
decrease in its ability to attach (10'%) and invade (10%) HEC-1-B cells compared to
the parent srain (NMB) and to an additiond well characterized capsule deficient
mutant (M7) (2). Trangmisson electron microscopy studies suggested
morphologicaly thinner pili present inreduced numbers. Homologous recombination
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experiments of the wild-type parent sranwith VVV6 DNA produced transformants
having the mutant phenotype in the tissue culture.

The decreased dhility to attach and invade is likdy linked to the disruption of a
gene(s) encoding for a factor(s) necessary for recognition of the host cell. Southern
hybridization, PCR and DNA sequence data indicates the presence of asngle intact

copy of transposon Tn9l6 (Class | insertion) in the VVV6 chromosome.

Meningococca nuclectide sequence flanking the transposon was obtained and

subjected to computer andyss and GenBank database comparison. Preliminary
resultsindicate that the sequence contains part of two open reading frames (ORFs).

One of the ORFs shows sgnificant homology, gpproximately 60%, to anE. coli gene
with no known function. The other ORF shows no significant homology to any gene
in GenBank. Further cloning and sequencing is fill underway in an effort to atribute
apossble function of the identified gene(s). Identification of this geneg(s) might shed

additiond light on the mechanism of atachment and invason of N. meningitidis.
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Theinfluence of capsule and L PS phenotype on the invasion potential of a
serogroup B strain expressing Opc and pili
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Nei sseria meningitidisisolatesfromdisseminated infections are invariably capsulate
and commonly express pili. Additiondly, ther LPS may be sdylated (1). Many of
these drains a so express outer-membrane opacity proteins Opa and Opc. Opc was
shown to increase bacterid interactions with eukaryotic cells usng spontaneoudy
arigng mutantsinaserogroup A strain C751 (2). Since this strain is non-piliated, the
additiond influence of pili could not be determined. In the current study, we have
investigated the influence of capsule, pili and saylated LPS on the functiond
properties of Opc in a serogroup B strain MC58 (B:15:P1.7,16b).

Isolation of mutants and variants with altered expresson of surface
structur es. The strain M C58 expresses cgpsule, pili, Opc aswel asan Opa protein.
Itstransformationto a non-capsul ate phenotypewas carried out by deletiory insertion
mutetion in the Sayl transferase gene within the cap locus. A spontaneous Opa
colony arising in a culture of cgp mutants was used to derive a pane of variantsand
mutants with further altered expression of Opc and pili. Initid studies showed that
non-piliated, non-capsulate phenotype was not adherent even though it expressed
large amounts of Opc. Since studiesonthe serogroup A strain C751 had shown that
sdylaion of LPSreaulted in the inhibition of Opc-mediated interactions (3), it was
possible that in strain MC58, the LPS phenotype was not permissive for Opc
function. Immunochemicd investigations on the LPS of MC58 showed thet it was
related to L3 immunotype and may be expected to be saylated. Other variants of the
srain MC58 arigng at afrequency of <0.5% expressed L PS of lower Mr (by SDS-
PAGE) and concurrently lost the ahility to react withthe monoclond antibody (mADb)
SM82. Thelow Mr LPS (LPS ) wasresgtant to sdylaionwhenCMP-NANA was
provided inthe culture medium. Usingthe property of non-reactivitywithmAb SM 82,
a further panel of variants was derived that expressed non-sdylated LPS (Table).

Studies on cellular interactions: Phenotypic characteristics and host-cell
association of derivatives are shown in the table. Capsulate bacteria require the
expression of pili for increased adherence has been reported previoudy (4). Lossof
gaylaionincapsul atephenotype(C8) did not affect bacterial interactions Sgnificantly
(Table). However, in non-capsulate mutants, LPS phenotype had a significant
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influence both in bacterid associaionaswell as uptake. Important observations can
be summarised: (a) In non-piliated non-sidylated L PS phenotype, the expression of
Opc enabled bacteria to interact with Huvecs in large numbers (C11 vs ¢4) and
invasion of host cdlls was increased sgnificantly. The role of Opc was confirmed by
the use of variants and mutants lacking the protein. In addition, mAb against Opc
inhibited bacterid interaction with Huvecs. (b) The expression of pili in addition to
Opc resulted in synergidtic effect on association and uptake (G2 vs ¢4). By TEM,
many more bacteria were observed within membrane bound vacuoles in ¢2
compared to ¢4. (c) Saylated L PS phenotypeinhibited Opc-mediated interactions
with Huvecs and abolished uptake (C4 vs C5). (d) The expression of pili appeared
to be anessentia requirement for bacterid interactions when LPS was sadylated, the
presence of Opc was not auffident (C5 vs ¢3). Thus Sdylation of LPS mimics
capsulation status in meningococd.

Some phenotypic characteristics and inter actions of derivativesof serogroup
B strain MC58 with endothélial cells

Der | Cap| LPS | Hili Opc A Der | Cap | LPS| PFili | Opc A
58* + + + + + c8 + - + + +
c3 - + + + ++ c2 - - + + +++
C5 - + - + +- c4 - - - + +
91 - + + - +++ Qg - - + - +++
0
cl| - + - - - || e1| - - - -
2 1

Der: Derivative. '58*' represents the parenta phenotype

LPS: '+ represents saylated L3 immunotype. '-' represents non-salylated LPS.
The expression of pili was confirmed by e ectron microscopy.

A Redive association of bacteria with human endothdlia cdls ('-' represents <2
bacteria per cell; '+++' represents >200 bacteria per cell).

I nsummary: These studies confirmprevious observations that Opc protein mediates
bacterid interactions with human cdls and show that in diverse serogroups the
phenotype most suited for adherence and invason of host cells is non-capsulate,
lackingingdic acid on L PSand inadditionrequires a surface expressed adhesin such
as Opc. In such phenotypes, additional expression of pili enhance bacterial
interactions mediated by Opc. Therefore, modulation of capsule and LPS are
prerequisite for the redisation of functiona potentia of outer membrane proteins in

261




bacterid virulence for host cells. Since cgpsule and LPS sdylation confer resistance
to host'simmune mechanisms(5,6,7), dynamic modul ationof surface polysaccharides
and or selection may play animportant role invirulence determinationunder different
environmental conditions
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M eningococcal outer-membrane protein Opc mediates inter actionswith
multiple extracellular matrix components
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The precise route/s of meningococcd entry into the host from its preferred
colonisation Site of the respiratory epithdium have not been elucidated. Bacterial
adhesiontohogt cdl surface aswdl asto subcdlular matrix adhesi on componentsthat
become exposed on cdlular damage may dlow bacteria to gain entry into the host
from the nasopharynx. Colonisation of the vascular compartment and further
dissemination may aso require trandocation across extracdlular matrix (ECM).
Studies on bacterid interactions with ECM components are therefore important in
investigations on virulence mechanisms of meningococai.

We have andyzed the ability of meningococca phenotypes with atered expression
of capsule, LPS type, pili, Opa and Opc proteins to adhereto ECM synthesised by
cdls in culture. Bacterid adherence to matrigd, an ECM derived from murine
sarcoma cdls (1), to matrix derived from cultured Huvecs as well as to several
purified proteins derived from ECM or plasma was investigated.

Interactions of variants of serogroup A and B strains with matrigel: Studies
usng capsule-deficient, non-piliated variants of C751 (serogroup A) showed that the
presence of opacity proteins (OpaB or Opc) increased meningococcd interactions
with matrigd sgnificantly and Opc-expressing bacteria adhered in numbers which
were 5 fold greater compared to bacteria without the opacity proteins. Antibodies
againg Opc decreased the adherence of Opc-expressing variants to metrigd. The
influence of capsule, LPS immunotype (L3, L8), Opc and pili in meningococcal
adherence to matrigdl was determined using variants of aserogroup B strain MC58.
Opc-expressing, acapsul ate phenotype withnon-saylated L PS (L 8) adheredinlarge
numbersto matrigel. The expressionof capsule or of Sdylated L PS(L 3) inhibited this
interaction. Additiona presence of pili in capsulate or acapsulate phenotypesdid not
increase bacterid interactions sgnificantly.

Bacterial adherenceto ECM derivedfromculturedHuvecs: Huvecssynthesse
severa adhesve components which may be incorporated into their ECM (2, 3).
Some componentsin cultured cells may dso be derived from foetd calf serum used
inthe growth medium. Fibronectin, thrombospondin (T SP) and von Willebrand factor
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(VWF) could be detected in matrix recovered after non-enzymic detachment of
Huvecsgrown to confluency. Adherence of bacteriato Huvec ECM was examined
usng immunofluorescence techniques after remova of cdlsfromculturedishes. These
studies used capsule-deficient Opc- and OpaB-expressing variants of srain C751.
Interactions of OpC- or OpaB-expressing bacteria were sgnificantly greater (4-8
fold) than of bacteria lacking these proteins. In addition, their adherence to wells
containing Huvec matrix was condderably greater compared to wells coated with
BSA aone.

Bacterial adherence to purified plasma and matrix components. Purified
fibronectin, vitronectin, laminin, collagen type IV, TSP and VWF were immohilised
onpladtic plates and relative interactions of Opc- or OpaB-expressing variantswere
investigated. Opc-expressing bacteria adhered in Sgnificantly increased numbersto
several but not dl proteins (2-10 fold increase) compared to bacteria lacking the
expression of Opc or Opa proteins. Minima or no interactions were observed with
TSP and VWF. Incontrast, interactions of OpaB- expressing bacteria increased only
when plates were coated with fibronectin.

I n conclusion: Our investigations have shownthe potentia of meningococca opacity
proteins to adhere to ECM components and imply that the molecular mechaniams of
bacteria invason of host tissues may involve adhesve proteins of the host. Such
interactions may result not only in bacterial adherence to exposed ECM but aso
provide an dternative mechanism for bacterid interactions with host cdl surface via
receptors suchastheintegrin family of cell surface glycoproteins that bind to adhesive
and matrix proteins (4).
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I nter actions of Neisseria meningitidisexpressng Opc and Opa proteins
with human phagocytes

G. McNell, M. Virji and E.R. Moxon

Depatment of Paediatrics, Univeraty of Oxford, John Raddiffe Hospital, Oxford,
OX39DU, UK.

Introduction: In order to investigate the pathogenesis of meningococcal disease,
work has focused on the bacteria adhesins which mediate attachment to human
mucosa epithdid cdls and, recently, endothelia cdls (1). Bacteria surfacestructures
which may influence adhesion include pili, capsule, and outer membrane opacity
proteins (Class 5, Opaand Opc). Invedtigations into the interactions of Neisseria
meningitidis (Nm) withhumanmononuclear (MN) and polymorphonuclear (PMN)
phagocytes are limited to studies on serum opsonisation and phagocytoss (2,3,4).
Our previous studies have examined the interactions of Nm with human monocytes.
The present study investigates the effect of Opc and Opa proteins, together with
capaule and pili on interactions with PMN and MN using chemiluminescence (CL)
assays. In addition, the effect of LPS phenotype was examined using variants of
serogroup A and B dtrains.

Results and Discussion: The effects of pili, capsule and LPS phenotype on Opc-
mediated interactions with PMN and MN were investigated using variants of the
capsulate, piliated sran MC58 (serogroup B). Comparison of acgpsulate Opc*
variantsexpressng or lacking pili demonstrated smilar levels of PMN CL, suggesting
that pili are not required for association.  This observation was aso true of MN,
confirming earlier studies using pilisted and non-piliated variants of different
serogroups (5). Capsulate Opct bacteria induced a 4-fold lower CL response in
PMN as wdl as MN, compared with acapsulate Opc* bacteria. Similarly, Opc*
variantswithsaylaed L PS (immunotypeL 3) induced|ower CL responses compared
to variants with non-sidylated L PS (immunotype L8).

Meningococca isolates from the nasopharynx are often down-regulated in capsule
expression (6). As such, Opc-mediated interactions of Nm and phagocytes in the
nasopharynx may represent an important step in meningococca pathogenesis. In
order to study the potentid of Class 5 proteins, a pand of variants expressing Opa
proteins (A,B,D) or Opc were selected from a capsule-deficient, non-piliated
serogroup A drain C751. This strain produces LPS of immunotype L9 but is not
sdylatedintringcaly. Thehighestleve of CL inPMN wasinduced by Nmexpressing
Opa proteins B and D. OpaA variants dso induced sgnificant responses, while
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bacteria expressng Opc faled to induce a gnificant response. By comparison, MN
CL responses to bacteria expressing Class 5 proteins decreased inthe order: Opc >
OpaB > OpaD > OpaA. Resultsfrom CL assays pardld those observations from

phagocytic killing assays.

Asindicated above for M C58, and observed previoudy withepithdlid and endothdia
cdisfor C751 (7), sdylaionof LPSinhibits Opc-mediated interactions. Inaddition,
sdylation has been implicated in resistance to neutrophil killing of gonococci (8,9).
We therefore investigated the effect of LPS sidylation further on Opa- and Opc-
mediated interactions with PMN and MN, usng variants of strain C751 grown on
cytidine monophosphateN-acetylneuraminic acid (CMP-NANA). Sidylationof both
OpaB- and Opc-expressing bacteria reduced interactionswithMN by gpproximately
27% and 35% respectively. With PMN, siadylation of OpaB" bacteria reduced
interactions by gpproximately 47% and that of Opc™ by 60%. Therefore it would
appear that saylationinhibitsinteractions of Opa- and Opc-expressing bacteria with
phagocytic cdlls, with a greater effect on Opc.

Conclusions: The expression of certain Class 5 proteins on the surface of bacteria
may increase thelr association with PMN and MN, however, only when capsuleis
down-regulated. Opc, which has been implicated in the invasion of epithdid cdls,
endothelid cdls (10) and monocytes (5) by Nm, had comparatively little effect on
PMN CL. By contrast, OpaB-, OpaD- and OpaA-expressing bacteriaal induced
high CL responses by PMN. LPSsgdylaiondecreased Opc- and OpaB-mediated
interactionswithPMN and MN, witha greater effect on Opc, while the presence of
pili hed no sgnificant effect.
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Opcinteractions at the apical surface of polarised endothelial cellsrequire
serum factorsthat bind to theintegrin family of cell surfacereceptors

M. Virji, K. Makepeace and E.R. Moxon

Department of Paediatrics, Univergty of Oxford, John Raddiffe Hospital, Oxford,
OX39DU, UK.

Previous studies have shown that Opc- or OpaB- expression in a capsule-deficient
drain with non-sdylated L PS correlates with increased association of bacteriawith
eukaryotic cdls of different origins (1,2,3). Compared to OpaB, Opc imparted
greater ability to invade severa epithdid and endothelid cells and Opc-expressing
bacteria invasonof humanendothdia cdlswas consderably morethanany other cdl
types invedigated. In the present dudy, we have invesigated the molecular
mechanisms of Opc mediated interactions with human umbilical vein endothdlid cdls
(Huvecs). Huvecs produce polarised cdls in culture and the use of thesecdIsfacilitate
sudieson interactions of bacteria at gpica and basal surfaces. The studies have used
capsule-deficient, non-piliated meningococca variants elther expressng or lacking
opacity proteins. The variantswere derived fromstrains of serogroup A (C751) and
serogroup B (MC58).

Apical interaction of Opc-expressing bacteria is serum dependent: It was
observed that in the absence of serum, therewas a marked reduction (>90%) in the
association of Opc-expressing bacteria with Huvecs. In addition, whils low
concentration of serum increased bacterial association with host cells, higher
concentrations were inhibitory. Thisis congstent with the notion that serum contains
factor/s that mediate Opc interactions at |ow concentrations and competitively inhibit
a high concentrations. Further investigations showed that pre-exposure of Opc*
bacteria to serum was sufficient to obtain increased adherence. The presence of
monoclona antibody (mAb) B306 against Opc during incubations with serum aone
inhibited the subsequent interactions of serum-exposed bacteria to Huvecs. Bacterid
vighility was not essential for these interactions snce gentamicin-killed bacteria
exposed to serum adhered to Huvecs. In contrast, adherence of OpaB-expressing
bacteria to Huvecs was not serum-dependent.

Investigations on Huvecs non-polarised by brief EDTA trestments showed that re-
organisation of basdly digtributed receptors enabled bacteria to interact withHuvecs
in the absence of serum; suggesting that distinct mechanisms of interactions may
operate at apical and basd surfaces of polarised cdlls.
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Adherencetothe apical surface of Huvecsisinhibitedby peptidescontaining
the motif Arg-Gly-Asp (RGD): Bacteria were incubated with confluent Huvec
monolayersinthe presence of serum-supplemented mediawiththe additionof RGDS
or RGES peptides. Immunofluorescence analysis of cultures showed that there was
adriking inhibition of bacterid adherence to the host cdll surface in the presence of
RGDS but not RGES. These experiments suggested that bacteria treated withserum
may bind to adhesion factors present in the serum and interact with one or more of
the RGD-recognising sub-family of integrins which indude **3%$1, "'5$1, "v$1,
"v$3and "'V$5 (4).

I dentification of integrin/s involved in apical interactions of serum-treated
Opc-expressing bacteria: Several monoclond antibodies known to inhibit integrin
binding to their respective ligands (‘blocking' mAbs) were used in inhibition assays.
Inaddition, anon-blocking mAb againgt $1 integrins and amAb againg ** 2 integrins
were used, these bound to the endothdid cdls but were not inhibitory. Overdl,
blocking mAbs againgt **v$3 complex (Vitronectin receptor) consistently appeared
to bethe mogt effective ininhibiting serum dependent endothelid adherence of Opc-
expressing bacteria at the apica surface suggesting that the principa integrins on
Huvecsinvolved ininteractions with Opc-expressing meningococci maybeongto the
vitronectin receptor family.

Vitronectin mimicsser um-dependent inter actions of Opc-expressing bacteria
with Huvecs: One of the mediators of bacterid interactions with Huvecs may be
vitronectin (Vn) was suggested by the above experiments. In order to test the
hypothes's, we used purified Vnin experiments to study itsrole inmediating bacteria
interactions. Vnwasfound to be apotent mediator of bacterial adherenceto Huvecs.
In addition, Vn-mediated adherence of Opc-expressing bacteria was inhibited by
mAb B306 againgt Opc and by RGDS but not RGES peptides. Blocking mAbs
againg ""v$3 inhibited VVn-mediated adherence of Opc-expressing bacteria but this
interaction was not affected by mAbs againgt other integrins.

In summary: These data suggest that asequence of molecular eventsresulting intri-
molecular complexes at the apical surface of endothdid cdls may drive neisseria
invason of Huvecs. The expression of Opc appears to enable bacteriato utilise the
norma sgnd transduction mechanismof host cdls vialigandsin serum thet adhere to
endothelid cdl integrins,
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I nvestigationsinto the molecular basis of meningococcal toxicity for human
endothelial cdls: therole of LPS and pili

K.L.R. Dunn, M.Virji and E.R. Moxon
Department of Paediatrics, University of Oxford, Oxford, U.K.

Neisseria meningitidis harmlesdy inhabitsthe oropharyngeal mucosaof a subset of
the population but occasiondly disseminatesin susceptible individuas and becomes
potentidly one of the most rgpid causes of death in humans. One common dinicd
manifestation of meningococca disease is the gppearance of petechiag, small
haemorrhages in the skin, or purpura, larger haemorrhagic lesons in which
meningococci have been identified (1,2), and andyss of autopsy meaterid from
diseased humans has reveded widespread vascular damage, including damage to
endothdid cdls (3). Incontrast Haemophilus influenzae septicaemia and meningitis
are not normaly associated with these characterigtic skin lesons. Using anin vitro
model of toxicity we have shown that Neisseria meningitidis causes damage to
cultured human umbilica vein endothdlid cdls, in contragt to the lack of cytotoxicity
exhibited by Haemophilusinfluenzae type b (4), reflecting the Situationin vivo. We
have used this modd to study the mechanisms of toxicity.

Therole of LPSin meningococcal toxicity: Various bactericidd treatmentsfailed
to abolishmeningococcd toxidity; in particular the toxin was shown to be heat-stable.
I nadditiontofilter-sterilised meningococca culture supernatants, meningococca outer
membrane vescles (OMV) were abile to mimic toxicity for human endothdia
Suggesting that the toxin is a component of the outer membrane. Purified neisserid
LPS was shown to possess toxicity for human endothelia and in further studies,
palymyxin B, an inhibitor of the biologicd actions of LPS (including the toxicity of
gonococca LPS for human epithdia cdls (5)), was used to investigate the possible
role of LPSintoxicity. It wasfound that polymyxin B had asgnificant inhibitory effect
on the toxicity of purified LPS, meningococcd OMV and live meningococdi,
suggesting that LPS is the mgor toxic factor (table).

The rdationship between pilus-mediated adherence and toxicity: Previous
results showed that whilst pili are not necessary for toxicity, piliated bacteria exerted
a toxic effect more rapidly than nonpiliated bacteria (6). It was suggested that this
could be due to their increased adherence to endothelid cdlls, thus providing ameans
of ddivering toxin to the cdl surface. Thecontributionof pili to toxicity was assessed
using piliated variants of srain
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Effect of polymyxin B on toxicity of meningococcal OMV for human
endothelial cells

DoseOMV | % Toxicity | % Toxicity with
(- g) protein 10: gml PMB
1.0 40.2 8.3

0.5 13.7 -6.9

0.1 1.3 -3.0

C311 which displayed different degrees of adherence to various endothdlid and
epithdid cdls. A piliated variant which displayed a high degree of adherence to
human endothdliad and epithdiad cdls exhibited the highest leve of toxicity for these
cdls, whilgt the parental piliated variant and the nonpiliated variant displayed lower
levds of toxicity corresponding to ther rdaive levels of adherence to these cdls. The
piliated variarts did not display increased adherence to endothelia of non-human
origin (7) and did not cause increased damage to these cells. Thus the degree of
toxicity reflected the relative level of adherence of the piliated variantsto the different

cell types.

Bacteria expressing the Opc protein were also used to study the relaionship between
adherence and toxic damage. In the presence of diminished capsule expression, the
Opc protein was associated with increased adherence to endothdia cdls in grain
C751 (8), however whenthe L PSof capsule-deficient, Opc-expressing bacteriawas
sadylated this adherence was reduced (9). The adherence of an Opc-expressing
vaiant with naive C751 LPS is therefore greater than that of a sdylated Opc-
expressing variant and that of avariant whichlacksthe Opc protein. It wasfound that
therewere no dgnificant differences betweenthese variantswithrespect to the degree
of damage caused to human endothelid cells. In addition data showed that damage
is mediated to asmilar extent whether or not L PSissaylated. These data show that
pilus-dependent but not Opc-dependent adherence causes an increase in toxicity,
suggesting that pili have an effect on host cells, in addition to mediating adherence,
which contributes to the overal damage.
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Host-pathogen interactions, poster 98.

Quantitative analysis of theinteraction of Neisseria meningitidis with
human nasal epithelium in vitro

R.C. Read!, A.J. Fox?, K. Miller®, T. Gray*, R. Borrow?, D.M. Jones?, N. Jones®
and R.G. Finch*

Depts of Microbia Diseases' and Pathology?, City Hospita, Deptsof Pathology* and
Surgery®, University Hospita, Universty of Nottingham and Manchester Public
Hedlth Laboratory, Withington Hospital, Manchester?, UK.

The interaction of Neisseria meningitidis with the epithdid surface of the
nasopharynx may be acriticd step in establishment of nasopharynged colonisation.
We quantitatively studied this interaction by infecting explants of nasa turbinate
mucosa with two wild meningococcd grains. a fully capsulate blood culture isolate,
and an epidemiologicaly related nasopharynged isolate which is non-capsulate but
otherwise phenotypically identica. After 4h of infection, infected explants displayed
increased discharge of mucus fromgobl et cdls and morphologica change of epithelia
cdls from columnar towards cuboidd (n=7, P<0.05). After 24h of infection there
was dgnificant cytotoxicity of infected explants compared with controls on
morphometric andyss (n=9, P<0.05). Both grains adhered to surface non ciliated
muadn secreting cells after 4h of infection and to al cell types after 24h of infection,
when therewas maximum cdlular disruption. By 24h there was penetration between
cdisto locdiseintercdlularly with basal cdlls but no organiams were identified within
or bel ow the basement membrane. There was no quantitetive difference betweenthe
two drains with regard to these features. Endocytosis into surface non ciliated cells
occurred only withthe capsulate strain but wasrare (in 2/9 explantsinfected for 24h);
such cdls contained huge codescing vesiclesbut retained normal structure otherwise.
Phagocytoss by polymorphonuclear leucocytes was observed only with the non
capsulate strain but was aso rare (in 2/9 explants infected for 24h).

Mechanisms by which meningococci might achieve stable colonisation of ciliated
nasopharynged mucosa include toxin epithdid damage, surface cdl adhesion and
penetration between disrupted epithdid cdls. The presence of capsule may be
permissve to further mechaniams, including formation of large aggregates of surface
associated organisms and replication to large numbers within epithelid cells,
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Host-pathogen interactions, poster 99.
Inhibitory effects of saliva on binding of meningococci to epithdial cells
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Departments of *Medica Microbiology and 2Public Health Sciences, University of
Edinburgh, Scotland.

I ntroduction: Individuas who are non-secretors of ther ABO blood group antigens
are over-represented among patientswithinvasve meningococcal disease (4). During
anoutbreak of meningococcal disease inasecondary schoal, carriage of the causative
drain of Neisseria meningitidis (B:4:P1.15) was associated with the non-secretor
phenotype ( 5). Previous analysis of serum and secretory antibodies obtained from
these children found that non-secretors had dgnificantly lower levels of anti-
meningococcd sdivary IgM (8). In this study we used flow cytometry to assess the
effectsof sdivary components on binding of the outbresk strain to buccal epithdid
cdls.

Subj ects and methods: In addition to the outbreak strain, Neisseria lactamica and
the following meningococca isolates were used in these sudies: NG:4:-;C.4:-.

Two pools of sdiva, one from secretors (n=120) and one from non-secretors
(n=120) were prepared from materid collected in the survey fallowing the school
outbresk (5). Each pool was divided into 4 aiquots. one was not treated; one was
absorbed with the meningococcd strains used inthe experiments; one was absorbed
with meningococci then filtered to remove any bacterial debris; one was used for
preparation of affinity purified IgA and IgM.

Binding of the bacteria to bucca epithdlid cells (BEC) from hedlthy donors was
assessed by flow cytometry with fluorescein-labelled bacteria by the method
described previoudy (7). The quantitative ELISA method described previoudy was
used to measure total IgA and IgM and each of these isotypes specific for
meningococci (8). Fresh sdivawas obtained fromeach of the donorsand used in the
inhibitory studiesin comparison with the pools.

The results were analyzed by the Student’ s t-test to cal culate confidence intervals.

Results: N. lactamica and the non-capsul ate strain bound ingreater numbersto the
cdls compared with the two capsulate strains.
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Binding of the outbreak strainto BEC wassgnificantly inhibited by either fresh diva
(P =0.0003) or the pooled material which had been stored at -20°C (P=0.0006).
The inhibitory effect was greater for pooled (P = 0.49) or fresh (P =0.0001) sdiva
from secretor donors compared with results obtained with non-secretor sdiva.

Although no antibody activity was detected in the absorbed pools, there was ill
ggnificant inhibitory activity. Following filtration to remove any bacteria debris, the
inhibitory effect was less marked, but the effect was Htill sgnificant for both secretor
(P =0.018) and non-secretor (P = 0.005) saliva preparations.

Purified IgA (P=0.02) and IgM (P = 0.03) were equdly inhibitory. A pand of sdiva
from which ether IgA, 1gG or IgM had been absorbed retained sgnificant inhibitory
activity.

Discussion: Colonizationof mucosa surfacesby bacteriais partly determined by the
capacity of the host to block attachment of adhesins on the microorganism that bind
specific receptors on epithdid cdls. In addition to immunoglobulins, primerily
secretory IgA and IgM, there are high molecular mass glycoconjugates present on
mucosa surfaces that prevent interactions between bacterial adhesins and thelr
receptors (3,6).

These studies were initiated to examine the differences observed previoudy; there
were higher leveds of sdivary IgM specific for neisseriae in specimens obtained from
secretors compared with non-secretorsin the school population. The results of the
present study suggest that the higher levels of IgM in saliva of secretors cannot
account for the greater inhibitory activity. Depletion of the antibodies by absorption
with meningococa significantly reduced the inhibitory activity; however, even inthe
absence of detectable antibodies, the sdiva was Hill inhibitory compared with the
controls. Therewasno difference inthe inhibitory activity associated withpurified IgA
compared with IgM. It isincreasngly accepted that sdivary IgA might play a minor
role in salivamediated aggregation of bacteria (1,2).
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Edinburgh, Edinburgh, Scotland.

Introduction: Coincident upper respiratory tract infections with viruses or
mycoplasma have been reported to be risk factors for epidemic disease due to
serogroup A Neisseria meningitidis(6), and thereisrecent evidencefor anincrease
in meningococca diseasefalowing epidemicsof influenza A (2). One of the waysin
which vird infections are thought to contribute to susceptibility to invasive bacterid
disease is enhancement of colonizationon mucosa surfaces. By flow cytometry, we
have demonstrated that compared with uninfected HEp-2 cdlls, respiratory syncytid
virus (RSV) infected HEp-2 cells bind significantly greater numbers of Neisseria
meningitidis, irrespective of serogroup, serotype or subtype of the bacteriatested
(7). Two hypotheseswere proposed to explain the enhanced binding: 1) glycoproteins
F (fusion) or G (attachment) coded for by the virus and expressed on the surface of
the infected cdl can act as new receptors for the bacteria; 2) RSV infection
upregulates host surface antigens that can be used as receptors by the bacteria.

M aterials and methods: Three strains of meningococci isolated from patients with
meningitis were examined: C:2b:P1.2; P:2b:P1.10; B:2b:P1.10.

The flow cytometry methods for measuring binding of fluorescein-labelled bacteria to
HEp-2 cdlsand RSV-infected HEp-2 cells (7) and detection of cdl surface antigens
with monoclond antibodies (8) have been described previoudy. Monoclona
antibodies to the following antigens were used in this sudy: the RSV-encoded
glycoprotein G (Prof. P. Watt, Southampton University); CD14 (Scottish Antibody
Production Unit, SAPU); CD15 (Lewis*) (Serotec and SAPU); CD11a (Serotec);
CD11b (Serotec); CD11c (Serotec); CD18 (Serotec); and CD29 (Serotec). Since
CD14 is a lipopolysaccharide (LPS) receptor, binding of sheep red blood cells
coated with endotoxin purified from Salmonella typhimurium or meningococci to
Hep-2 cdlsin monolayers and inhibition of binding by anti-CD14 was anayzed.

Results: There is evidence to support both hypotheses. Enhanced binding of the
bacteria appears to be associated withthe G glycoprotein but not the F glycoprotein.
Infection of Hep-2 cdls with RSV enhanced expression of CD11a, CD14, CD15,
CD18 and CD29. CD11b and CD11c were not detected on ether uninfected or
virus-infected cells.

278



We have demonstrated that severa strains of meningococci have surface antigens that
bind to Lewis? and the structuraly related Lewis® (CD15) cdl surface antigens (3,9).
Although enhanced expression of CD15 antigenshasbeen detected on RSV -infected
cdls, monoclond anti-CD15 did not sgnificantly dter the bacterid binding. Binding
was sgnificantly inhibited by prior trestment of uninfected and RSV-infected HEp-2
cdls with anti-CD18 (P < 0.05) but not with antiCD-14 or anti-CD29. For RSV-
infected cdls, there was sgnificant inhibition of bacterid binding following trestment
of the cellswith anti-CD14 (P < 0.001) and anti-CD18 (P <0.01) but not with anti
CD29. Pretreatment of the Hep- 2 cdls withanti-CD 14 dso inhibited binding of sheep
red cdlls coated with LPS purified from S. typhimurium or meningococci.

Discussion: Despite laboratory evidence that RSV-infected cells bind more
meningococd, virus infectioningenera does not enhance colonization. In surveys of
Greek and Scottish school children and Greek military recruits (in both summer and
winter), we have not found an association between symptoms of upper respiratory
infectionand isolation of meningococci (1,4,5). The effect of vird infectionmight not
be apparent among these older children and young adultsif secretory antibodiesto
meningococcal surface components play an important role in prevention of
colonization. Longitudind surveys of infants are presently underway to determine if
vird infectionis associated withcarriage of meningococci or Neisseria lactamicain
apopulation in which levds of antibodies specific for neisseriae should be low.

The appearance of glycoprotein G on the surface of RSV-infected cells dong with
enhanced expresson of host cell antigens CD14, CD18 and CD29 to which
meningococci bind might be responsible for the increased binding of these bacteriato
RSV infected cdls (7). The CD18 antigen is associated with integrin molecules
involved in recognition between phagocytic and endothdial cells, and we are not
aware of other reports of these on epithelial cdl lines. In addition, these studies
provide further examples of bacteria“hijacking” host cell recognition molecules for
colonization of mucosa surfaces.
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Host-pathogen interactions, poster 101.
Exposureto cigar ette smoke and colonization by Neisseria species
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Introduction: Although there is no direct association between disease due to
Neisseria meningitidis and active smoking, thereisadgnificant association between
cigarette smoking and isolationof meningococci fromthe nasopharynx whichappears
to be greater among heavier smokers (1,2,9). There is an increased risk of
meningococca carriage among individuals who live with smokers and adso an
increased risk of meningococca disease among children who live with smokers (8).
The increased risk of carriage might be due to the greater chance of acquiring
meningococci from close contact with smokers and not due to the direct effect of
passive exposure to smoke. Studies among Greek school children found a higher
proportionof carriers among those from househol ds where the mother or other carer
smoked compared with those fromnon-smoking households. Fathers smoking was
not associated with isolation of meningococci from the children (4).

Inthis study we examined the hypothesis that, as we have found for Saphyl ococcus
aureus (7), cells from smokers would bind grester numbers of meningococci
compared with cells from non-smokers.

Subjects and methods: Flow cytometry methods for measuring binding of
fluorescein-labelled bacteria to buccal epithdid cdls and detection of cell surface
antigens with monoclona antibodies have been described previoudy (6). Two
isolatesof meningococc were used in these studies, the B:4:P1.15 Srainresponsible
for an outbreak in a Scottish secondary school (2) and a P:2b:P1.10 strain isolated
froma Greek child withmeningitis (10). Three strains of Streptococcus pneumoniae
with serotypes associated with meningitis (F7, 12F, and 18C) provided by Dr. L.E.
Smart, Meningococca and Pneumococcal Referencelaboratory, Glasgow, Scotland
were dso tested as was a strain of Haemophilus influenzae type b.

Cdlsfrom smokers and non-smokerswere examined for expressionof the fallowing
antigens we have previoudy found to be receptorsfor bacteria (6, Raza et al., these
proceedings): Lewis?, Lewis*; CD14; CD18.

Reaults for the binding assays were assessed by Wilcoxon's Rank Sum Test.
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Results: There was no sgnificant difference in binding of the two meningococca
drains tested to cells obtained from 8 pairs of smokers and non-smokers. For dl
experiments with pneumococci, cdlsof smokers (n=8) bound more bacteria than
cells from non-smokers (n=6) (P <0.001). Similar results were obtained for H.
influenzae with cells from 5 smokers and 3 non-smokers (P < 0.05).

Therewas no differenceindetectionof Lewis?or Lewis* antigens on cdls of smokers
and non-smokers. The amounts of CD 14 and CD 18 detected were indgnificant and
not subjected to anayss.

Discussion: Although cdls fromsmokersbound sgnificantly more staphylococci (7),
haemophilus and pneumococci that those of non-smokers, this pattern was not
observed for meningococci. Thisindicates that dthough smokers are more likdly to
be colonized, density of colonization might not differ from that of non-smokers. The
increased binding of staphylococci, haemaophilus and pneumococci to cdlsof smokers
cannot be explained by differencesin expressionof the Lewis antigens to whichmany
strains of staphylococci and haemophilus bind (3,6). Other host antigens such as
fibrinogen and fibronectin to which bacteria have been reported to bind are being
investigated at present.

Prdiminary anadlyss of the datafrom alongitudina survey of hedthy infantsand tharr
mothers on factors affecting carriage of potentialy pathogenic bacteria found there
were four pairs from whom meningococci were isolated from dther the infant or
mother or bothand each of the motherssmoked. There was asignificant association
between isolation of S aureus (P <0.01), H. influenzae (P < 0.01) and N.
lactamica (P < 0.001) from both mother and infant. There were aso sgnificant
asociations between parental samoking and isolation of S, aureus (P <0.05), H.
influenzae (P < 0.01) and N. lactamica (P < 0.05) from infants but no association
between isolation of these bacteria and socioeconomic group (5). Studies are
underway to determineif N. lactamica binds in grester numbersto cdls of smokers.
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Are monocytesthe “ Trojan horses’ of meningococcal disease?
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Introduction: There is evidence that mononuclear phagocytes can cross the intact
blood brain barrier (BBB) (6); and it hasbeen suggested that if bacteria ingested by
these cells were not killed, this might be one means by whichthe they could enter the
central nervous system (8). In the presence of antibodies to ther surface antigens,
bacteria are usudly phagocytosed viathe Fc receptor and killed by the oxidative burst
within the monocyte. In non-immune hogts, some microorganisms that are
phagocytosed viathe CR3 receptor do not switchonthe oxidetive burst and survive
withinthe monocyte (4). Inthis study we assessed this“ Trojanhorse” hypothesis for
Neisseria meningitidis. The objectives of the study were: to assess surviva of
opsonized and unopsonized meningococc within monocytes, to determine to which
receptors onthe surface of monocytesunopsonized meningococci bound (e.9. Lewis?,
Lewis’, CR3); to compare the oxidative burst in monocytes exposed to opsonized
and unopsonized meningococc.

Materials and methods: The method of Leijhet al. (5) was used to assess freshly
isolated peripheral blood monocytes and the human monocytic leukaemia cdl line
(THP-1) for their abilitiesto kill the following strains of meningococai: P:2b.P1.10;
B.2b:P1.10. Theformer has an adhesin that binds Lewis? detected by agglutination
with an anti-idiotypic reagent produced by immunization of mice with monoclona
antibody to the Lewis* antigen. The latter strain was not agglutinated by the reagent

.

Binding of meningococca strains to monocytes was assessed by flow cytometry by
the method adapted from studies of bacterid binding to epithdiad cdls (7). Cdl
surface antigens were detected by flow cytometry usng monoclond antibodies (anti-
Lewis?, anti-Lewis®, anti-CD11b) (Scottish Antibody ProductionUnit and Serotec)
and fluoresceinisothiocyanate-| abel led antibodiesto the monocl ond reagents (Sigma)
(7). The oxidative burst was measured by flow cytometry with the commercialy
available “Burg Test” kit (Orpegen) and aso by freshly prepared dihydrorhodamine
(Molecular Probes). Four strains of meningococci either unopsonized or opsonized
with pooled sera or a1/1000 dilutionof convaescent serum from a patient who had
meningitis due to a B:2b:P1.10 strain were used to assess the oxidative burdt:
P:2b:P1.10; B:2b:P1.10; B:4:P1.15; NG:15:NT.
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Results: Meningococci opsonized with pool ed humanserumwere phagocytosed and
killed by both freshly isolated human monocytes and the THP-1 cdlls. Unopsonized
bacteriawere phagocytosed; however, they survived and multiplied within both types
of cdlsupto 5 hr after ingestion. Binding of meningococci to monocytes could be
inhibited by pre-trestment of the cells with  monoclond anti-Lewis?, anti-Lewis*
(CD15) and anti-CD11b whichbindsto the CR3 receptor. Inhibitionof binding with
anti-Lewis? or anti-Lewis* was much greeter for the strain whichwas agglutinable by
the anti-idiotypic reagent. Stimulation of the peripherd blood monocytes with
endotoxin enhanced expression of Lewis* and CD11b; and stimulated cells bound
nearly twicethe number of bacteria compared with resting cells. Compared with the
oxidative burst measured withunopsonized bacteria, the resultsfor opsonized bacteria
were gregter in 7/9 experiments with P:2b:P1.10, 9/9 with B:2b:P1.10, 4/10 with
B:4:P1.15, and 8/10 with NG:15:NT.

Discussion: The results indicate that bacteria which bind to and are ingested by
monocyte receptors suchasLewis?, Lewis* or CR3 are able to survive for Sgnificant
periods of time in the protected intracellular environment. The role of opsonizing
antibodies in protection againg invasve meningococcd disease has not been
examined as extensvely asthat of bactericida antibodies. Thisis probably because
the methodsfor andlyss of phagocytosis and measurement of the oxidative burst are
less eadly standardized. Serum opsonins are low in early stages of meningococcd
disease but increase rapidly (3). The broad range of opsonins suggest they are
directed againgt targets unrelated to serogroup or serotype (2), an observation that
complements our studies on the didribution of adhesins that bind Lewis? on
meningococci (1). It has been suggested that opsonizing antibodies are present at
lower concentrations than bactericidal antibodies; and, these opsonins might be
respongble for protection of the mgority of individuas from invesve disease when
exposed to an epidemic drain. If the “Trojan horse” effect is an important means by
which the bacteria survive in the blood stream or cross the blood brain barrier,
induction of opsonins to componentsthat bind these bacteria to the CR3 receptor or
Lewis antigens on monocytes in non-immune individuas might be of consderable
protective value.
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Host-pathogen interactions, poster 103.

Neisserial porinsinduce upregulation of B cell co-stimulatory ligand, B7-2:
Possible mechanism behind their adjuvant activity

L.M. Wetzler

The Maxwdl Finland Laboratory for Infectious Diseases, Boston City Hospitd,
Boston University School of Medicine, Boston, MA, 02118, USA.

Theneisserid porins, proteinlA (PIA) and protein I B (PI B) fromthe gonococcus and
class 1, 2 or 3 from the meningococcus are the mgor protein congtituent of the outer
membrane and functionas porins (2). These proteins have been demonstrated to be
immunogenic without the addition of adjuvants (9). In addition, they have been used
to augment the immune response to other poorly immunogenic substances, i.e.

meningococcal capsular polysaccharide (8), H. influenzae PRPP capsule (3), human
gangliosides (5), maaria peptides(6), etc. Furthermore, the porins have been shown
to induce antibodies to these poorly immunogenic substancesina T cell dependent

manner (3,5,8) as demonstrated by an apparent booster response and immunologic
memory. This suggests that it is possble that the porins could be recruiting or
activating T lymphocytes in order to induce a T cdl dependent antibody response
towards normdly T cdl independent antigens. To explore this hypothess, the ability
of the neisserid porinsto affect T-B lymphocyte interactionsand T lymphocyte co-

dimulation were investigated. T lymphocyte co-gimulation is necessary for T
lymphocyte activationand requirestwo setsof Sgnas betweenthe antigen presenting
cdlsor B lymphocytesand the T lymphocytes. Incurrent T lymphocyteco-stimulation
modes (7), sgnd 1 is mediated by the interaction of the Mgor Histocompatibility
Complex (MHC) with a peptide (T cell epitope) occupying its mgor groove on the
antigenpresenting cell and the specific T cdll receptor. Inexperimenta sudiessignd

1 is successfully mimicked by CD3 crosdinking. The co-gtimulatory Sgnd, signd 2,

is mediated by the interaction of the co-simulatory ligands, B7-1 or B7-2 (4),

expressed only on activated B lymphocytes, and their counter-receptors on T
lymphocytes, CD28 and possibly CTLA-4. Signd 2isnecessary for T cdll activation,

otherwise T cdl hypo-responsiveness can be induced (7).

Murine B lymphocyteswereisolated fromlipopolysaccharide (L PS) non-responsive
mice (srain C3H/HeJ) (1). Neisserid porins, PIA, PIB, class 1 and class 3, were
purified from drains lacking the reduction modifigble proteins, protein 111 or class 4,
and in the case of class 1, o lacking the class 3 protein and in the case of class 3,
a0 lacking the class 1 protein (9). These porins were formed into proteosomes
(purified protein miceles) to remove dl detergent (9) which otherwise would
adversaly affect the lymphocytes. The isolated B lymphocytes were incubated with
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vaious concentrations of the porin proteosomes (0.1-50 - g/ml). Incubation with
Dextran/LPS was used as a pogitive control and incubation with plain cdl culture
media or LPS done was used as a hegative control. After 2 days of incubeation, the
surface expression of B7-1, B7-2 and Class 1| MHC was measured by flow
cytometric andydss. B7-1 expression increased equdly on B lymphocytesincubated
with the neisserid porins, Dextran/LPS or media, as compared to B7-1 expression
on freshly isolated B lymphocytes. However, B7-2 expression was much gregter on
B lymphocytes incubated with the neisserid porins or dextran/LPS as compared to
B7-2 expresson on B lymphocytes incubated with plain mediaor freshly isolated B
lymphocytes. The same pattern was noted for the expression of class II MHC,
consgtent with the activation of the B lymphocytes. Increased B7-2 surface
expressionwas detected on B lymphocytesincubated withconcentrations PIB aslow
as1-2 -gml.

To measure the B lymphocyte co-stimulatory ahility, B lymphocytes incubated with
the neisserid porins, Dextra/LPS, media or LPS done were fixed with
paraformal dehyde and incubated withCD3 crosslinked T lymphocytesisolated from
murine strain C3H/Hel. After 3 days, the cdll cultures were pulsed with tritiated
thymidine. T lymphocyte activation was measured by quantitating the uptake of the
tritiated thymidine after an additiona 18h incubation. T lymphocytes were activated
(co-gimulated) by the B lymphocytes incubated with the neisserid porins and
Dextran/LPS, but not by B lymphocytesincubated withmediaor LPS. In addition,
B lymphocytesincubated with concentrations of PIB aslow as 1-2 - gml weredble
to co-gimulate T lymphocytes. These data demonstrates that neisserid porins can
induce T lymphocyte co-stimulatory ability on B lymphocytes. Thisismost likely due
to the increased surface expression of B7-2, and is not mediated by LPS. It is
possible that the mechaniam of Neisserid porin immuno-stimulation and adjuvant
activity is related to this ability to induce upregulation of B7-2 and subsequent B
lymphocyte mediated T cdl co-simulation.
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Host-pathogen interactions, poster 104.

Neisserial porinsinhibit human neutrophil actin polymerization,
degranulation, opsonin receptor expression and phagocytoss, but prime
neutrophilsto increase their oxidative burst

R. Bjerknes!, H-K. Guttormser?, C.O. Solberg? and L.M. Wetzler®

Department of Pediatrics and 2Medical Depatment B, Haukdand Hospitd,
University of Bergen, N-5021 Bergen, Norway. *The Maxwel Finland Laboratory
for Infectious Diseases, Boston City Hospital, Boston University School of Medicine,
Boston, MA, 02118, USA.

Neutrophils and serum opsonic antibodies are important for the effective host defense
againd infections withN. meningitidis(9) and N. gonorrhoeae (8). A group of the
neisserial mgor outer membrane proteins, Protein I1A (PIA) and 1B (PIB) of the
gonococcus and class 1, 2 and 3 proteins of the meningococcus condtitute the
mgority of the surface proteins of these organiams and functionas porins (3,6). They
are cgpable of inserting into the membranes of eukaryotic cdls (6). To explore the
possble effect of these porins on nelsserid pathogenesis, the in vitro effects on
neutrophil functionof the Class 1 and 3 proteins fromN. meningitidisand Protein IB
(PIB) from N. gonorrhoeae were investigated. Isolated human neutrophils were
incubated with purified neisseria porins and the various parameters of neutrophil
functionweremeasured by flow cytometric andyss. These parametersincluded actin
polymerization, primary and secondary granule release, Fc receptor expression,
complement receptor expression, leucocyte oxidetive burst and phagocytosis of
opsonized meningococci. Negative controls included incubating the neutrophils with
plan PBSand PBS with 0.001% Empigen BB, equivaent to the concentration of
Empigen BB in the porin preparations.

Incubation with the porins inhibited human neutrophil FMLP-induced actin
polymerization in a concentration dependent manner (2). In addition, degranulation
(as measured by chemoattractant-stimulated upregulation of granule associated
molecules) of both primary (marker: CD63) and secondary (marker: CD11b)
granuleswas inhibited by incubation withthe porins (1). The neutrophil expression of
Fc(RII (CDw32) and Fc(RIIl (CD16), as well as the activation-dependent
downregulationof Fc(RIII, werereduced by incubationwith the porins. Incubation
with the porins impaired the upregulation of complement receptors 1 (CD35) and 3
(CD11b) inresponse to FMLP. To determine if these dterations might affect the
anti-meningococca  opsonophagocytic function of neutrophils, neutrophils were
incubated with the porins and the uptake of meningococci (strain 44/76) in the
presence of patient serum containing known amounts of 1gG against meningococcd
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porins was measured by flow cytometric andysis (5). Following incubation with the
porins, mean number of meningococci per phagocyte dropped 40-50% as compared
to the phagocytic cagpacity of neutrophils untreated with the porins. Interestingly, the
porins primed neutrophils to increase ther H202 production in responseinresponse
to FMLP, whereas no such priming was observed if the neutrophil protein-kinase C
was stimulated directly with PMA (2). Even though therewere differencesbetween
the functiona parameters tested, the meningococcal class 1 protein and PIB tended
to dter neutrophil functions more thanthe meningococca class 3 protein. All changes
in neutrophil function mentioned above were found to be sgnificant by the sudents
t-test (p < 0.05).

Lipopolysaccharide (LPS) can be a minor contaminant of any bacterial protein
preparation, however LPS contamination of these porin preparations have been
shown to be less than 0.01% by dlver saining of SDS-PAGE gels. Despite this,
saturating amounts of amonoclond antibody (mAb) to the L PS ligand on neutrophils,
CD-14, was added as a control in the above mentioned experiments (except for the
phagocytic assay) (7). ThismAbinhibited L PS mediated effectson the neutrophil but
did not dter any of the porin induced effects. LPS increases the FMLP induced
upregulation of CD11b on neutrophils (10) and increases neutrophil actin
polymerizationand phagocytosis (4). In our these experiments, the neisserid porins
decreased the FMLP induced upregulaionof CD11b and decreased neutrophil actin
polymerization and phagocytosis. Therefore, we believe that the neisserid porins
effect on neutrophilsis not due to LPS contamination of the protein preparations.

Thus, the nelsserid porins inhibited neutrophil actin polymerization, degranulation,
opsonin receptor expressionand phagocytoss, but primed the neutrophilsto increase
their oxidative burst, and that these effects are not due to LPS contamination. It is
possible that these in vitro observations reflect a neisseria anti-neutrophil strategy
which may influence the virulence of the bacteriaand impair the protective capacity
of neutrophils againg N. meningitidis and N. gonorrhoeae.
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Host-pathogen interactions, poster 105.

The effects of pro- and anti-inflammatory cytokines on the neutrophil
oxidative bur st response to pathogenic and nonpathogenic strains of
Neisseria meningitidis

P. Kragsbjerg' and H. Fredlund?

The Departmentsof Infectious Diseases' and Clinica Microbiology and Immunology?,
Orebro Medical Center Hospital, Orebro, Sweden.

I ntroduction: Cytokines are one group of soluble mediators that have been shown
to modulate PMNL function in experimental models (1).In previous sudies, the
proinflammatory cytokines TNF-"*, IFN-(,IL-8, and G-CSF have been shown to
increase the oxidative burst in PMNL after dimulaion with bacteria as well as
nonbacterid simulants (2-6). The concentrations and kinetics of inflammatory
cytokinesn serum and cerebrospinal flud (CSF) from paients with invaesve
meningococca disease (MCd) have been studied and high levels of TNF-"*, 1L-6,
and IL-8 have been correlated to fatal outcome of the patients (7-9). It istherefore
of interest to study the effects of these cytokines on the PMNL functions when
dimulated with different strains of meningococai.

Materials and methods: A chemiluminescence (CL) procedure (10) was used to
study the effects of human recombinant TNF-"*, IL-8, IL-6, IFN-(, LIF, IL-10,
G-CSF, and I1L-1$ on the PMNL oxidative burst response to the meningococcal
drains of the serogroups B and 29E (MCB and MC29E). For each cytokine the
effects of increasing concentrations were studied. The effects of some of these
cytokines were a'so studied by phagocytic killing experiments (10).

Results: With the proinflammatory cytokines TNF-"", IFN-(, and G-CSF a dose
response effect on the CL responses was demonstrated. TNF-apha, IFN.gamma,
and G-CSF increased the CL response more when the PMNL were simulated with
M CB compared to M C29E gtrains. With1L -8 there wasasmilarincreasein the CL
response for both the MCB and the MC29E gtrains. There was no sgnificant effect
on the CL response with IL-6, LIF, or IL-10, but with IL-1$ a decrease of the CL
response was found. Phagocytic killing experiments showed anincreased killingof the
MCB drain with the highest concentration of TNF-"".

Discussion and conclusions: Inthis in vitro model TNF-"*, IFN-(, IL-8 and
G-CSF increased the PMNL oxidative burst response to the pathogenic
meningococca serogroup B gdtrain. This is in accordance with previous studies in
which the effects of these cytokines were studied on PMNL's stimulated with other
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pathogens or simuli (2, 4-6). TNF-"" increased the PM NL oxidative burst response
to the nonpathogenic meningococcal serogroup 29E strain but to alesser extent. No
change in the CL response was seen with IL-6, IL-10, or LIF. In appropriate
concentrations the proinflammatory cytokines TNF-"*, IFN-(, IL-8, and G-CSF
may have a pogtive influence on the eradication of meningococci by PMNL in
meningococcd disease.
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Host-pathogen interactions, poster 106.

The pattern of early neutrophil and platelet activation in an ex-vivo model
of meningococcal bacteraemia

N.J. Kleint, R.S. Heydermar?, C.A. Isor?, M. Peakmart* and M. Levir?

Molecular Immunology Unit, Indtitute of Child Hedlth, London, UK?. Paediatric
Infectious Diseases Unit?> and Department of Microbiology®, St Mary's Hospital
Medica School, London, UK. Immunology Dept, KCHMS, London, UK *,

Neisseria meningitidis colonises the mucosa of the upper respiratory tract in up to
25% of hedthy individuds and in a smal proportion, particularly in children,
colonisationisfollowed by invason. Thisfrequently leads to clinica disease, the most
common forms of which are meningitis and ovewhdming sepsis. Despite the
avalability of antibiotics, the mortdity from this infection remains at 10%, riang to
40% in patients presenting in severe shock. At the present time, it is unclear why
some patients develop fulminant sepss whilst others devel op less severe forms of the
disease. However it seems likdy that the nature of the specific interactions which
occur between host defences and the invading pathogen plays a mgor part in
determining the spectrum and severity of clinica disease.

Platelet consumption and a low dirculating neutrophil count are widely regarded as
important poor prognostic indicators in the assessment of meningococca sepsis.
These changes are thought to reflect the complex interrdaionship between the
haemogtatic imbaance and the more widespread inflammeatory process centra to the
pathogenesis of the disease. The am of this study wasto identify the early surface and
secreted markers of neutrophil and platelet activation that determine this interaction
following invasion of the meningococcus into the circulation.

Using an ex-vivo model of meningococca bacteraemia, marked changesin neutrophil
expressonof CD11b, L-sdectin, and release of el astase were observed after aslittle
as 30 minutesin citrated whole blood inoculated with type strains of N. meningitidis.
In contragt, in the context of elther viable or rapidly dying organisms, and evidence of
neutrophil degranulation, enhanced platelet activationwas not detected by either the
expression of platelet surface glycoprotein GPIb, activated GP 11b/ [11a, P-sdlectin
or b-thromboglobulin release.

The degree of neutrophil activation observed after exposure to N. meningitidis did
not appear to be directly related to bacteria killing, phagocytoss or TNF release.
Furthermore, neither neutrophil activationor bacterial killingwere suffident to trigger
platelet activationin this system. The host'sinflammeatory reactionto N. meningitidis
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is thought to be a mgor determinant of disease severity. The results from this sudy
provide indght into the host/bacterid mechanisms which may influence the outcome
of patients with meningococca disease.
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Host-pathogen interactions, poster 107.

Assessment of candidate anti-inflammatory treatmentsin an in vitro whole
blood model of meningococcal sepsis
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School, South Wharf Road, London W2 INY.

Meningococcal septicaemia remains animportant cause of mortdity and morbidity in
both adults and children. Despite the avallability of an increasing array of antibiotics
and advances in intengve care, the mortality from meningococca diseaseremans at
10% overdl, increasing to 40-60% in patients presenting with meningococcd septic
shock (6). In the past decade, evidence has accumulated that the severity of the
disease is related to the plasma leves of endotoxin which in turn are rdated to the
intensity of the hostinflammatoryresponse. Leves of cytokinessuchas TNF'* aswdll
as activation of complement and the coagulation pathways correlate with disease
severity. Itisunlikey that improved prognosis can occur withmore effective antibiotic
therapy. A mgor focus of current researchisto devel op other moddities of trestment
amed at reducing the host inflammatory response and the resultant tissue and organ
damage initiated by the bacteria

While there are awide range of possible anti-inflammatory thergpies which might be
of benfit in childrenwithmeningococca disease, amgor obstacle to the introduction
of such agents into clinica use, and to the choice of the appropriate agent is the
current lack of any in vitro or anima mode of the disease which may accurately
reflect the dinicd Stuation. Inorder to study the early inflammatory events that occur
on entry of the bacteria into the blood stream, we have devised an in vitro whole
blood modd whichwe suggest may mimic the in vivo dinicd Stuationand have used
it to assess candidate anti-inflammeatory trestments (1).

Using dastase-"";-antitrypsin (dastase-"*;-AT) (4) and TNF'" (5,7) production as
markers of neutrophil and macrophage activationrespectively, known concentrations
of heet and penicillin killed meningococci were incubated with whole blood and the
time course of activation was determined. Plasmallevels of eastase-""-AT (2) and
TNF" (1) were measured by enzymelinked immunosorbent assay (ELISA)
technique and were found to increaseinadose-dependant manner inresponseto the
bacteria. Elastase-"",-AT was detected early onwithmost rel ease occurring between
15-30 min whereas TNF'" was detected later, between 120-180 min. The early
rel ease of el astase suggeststhat neutrophil activationisrapid and that any intervention
designed to prevent thar activation would have to be undertaken very early in the

297



inflammeatory process to be effective. The mode was used to evauate the effect of
candi date anti-inflammeatory agentsin reducing neutrophil and macrophage activation.
We studied the effect of dexamethasone, a corticosteroid which has been shown to
be a potent inhibitor of cytokine biosynthesisin LPS simulated whole blood in vitro;
prodacyclin, a drong physologicd inhibitor of platdet aggregation, and
pentoxiphylling, a methylxanthine which has been shown to inhibit neutrophil and
macrophage function. These pharmacologica inhibitors were chosenfor the study as
they are readily available for dlinica use. We dso investigated the effect of HA-1A,
ahuman IgM anti-lipid A monoclond antibody, which is currently undergoing trids
in children with meningococcd sepsis (3).

Dexamethasone, prostacyclin and pentoxiphylline added to whole blood 5 min after
the addition of meningococci caused adgnificant (p<0.01) dose dependant inhibition
of TNF'" release but had no effect on elastase release. HA-1A had no sgnificant
effect on ether TNF'" or elastase release. We suggest that our model may be ussful
in selecting candidate anti-inflanmetory agents for future evauation in dinicd trids.
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Host-pathogen interactions, poster 108.
Passage of Neisseria meningitidisthrough atissue culture bilayer mode

K.A. Birkness', B.L. Swisher?, E.G. Long!, E.H. White?, E.P. Ewing, Jr.2and F.D.
Quinnt

!Pathogenesis Laboratory, Divisonof Bacterial and Mycotic Diseasesand *Scientific
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Control and Prevention, Atlanta, Georgia 30333, USA.

M eningococca disease continuesto be a serious world health problem having caused
recent epidemics in South America, Africa and the Middle East and remaining a
principa cause of morbidity and mortaity in young children in developing countries
where the disease is endemic (1). Pharynged carriage of Neisseria meningitidisis
common, but the mechanism by which the organism penetrates the mucosa surface
and entersthe blood streamis dill largely unknown. Severa anima modelshave been
used to study aspects of meningococca pathogenesis including monkeys, chicken
embryos, mice and guinea pigs. While these modes have been useful in answering
many experimentd questions, the fact that Nelsseria meningitidis isan exdusvdy
human pathogen limits the relevance of anima models inthe study of its pathogeness.

The nasopharyngedl organ culture system developed by Stephens et. al. (2) permits
study of the interaction between bacteria and the intact mucosa surface as it would
occur inanaturd infection. However, thesetissuesare difficult to obtain, arevarigble
from donor to donor, require the initid use of antibiotics, and have limited viahility.
Human bucca epithdid cdls, used by many researchers to study attachment of
meningococal, are readily avalable, but vary gredly in age, sze and viahility.
Mammdiantissue culture monolayershave aso been used extensively inthe study of
neisseria pathogeness. Studies usng Hel.a human cervicd carcinomacells, HeclB
human endometria carcinoma cells, Chang conjunctival cells, HEp-2 larynx
carcinomacdls and humanumbilicad vein endothdid cdls have added muchto current
knowledge about meningococca attachment and invason. However, when infecting
the human hogt, the bacterium is required to react with more than a monolayer of
cdls,

We have recently developed an atificid tissue system incorporating epitheliad and
endothelia monolayers on a microporous membrane to examine the process of
attachment and passage which must occur as the meningococcus makesitsway from
the mucosa surface through the epithelia cdlls and into the vascular sysem. The
model alowsusto observe and quantify the passage of bacteria through the multiple
layers and to study the mechanisms by which the bacteria make this passage.
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Layering of one cdl type over another dlows the cdlls to communicate and interact
asthey might in vivo. In preiminary studies we examined attachment and invasion
by meningococci usng severd epitheid cdl monolayersindudingHed B, HEp-2and
HelLa cdlls. While the bacteriawere found to invade dl epithdid cdl types, larger
numbers of bacteria were found to attach to and invade the HeclB cells. Based on
these datawe choseto use Hecl B cdlls, an endometria carcinoma cdl line frequently
used to study gonococca attachment and invason, asthe epithelid layer. We chose
HMEC-1 cdls, ahumanmicrovascular endothelid cdl line, asthe second layer inour
modd. Usang this system we have examined a variety of meningococcal strains
including epidemic and sporadic case and carrier isolates, srains withand without pili
or cagpsule and other spontaneous and transposon-induced mutants. We have found
marked differences among the drains in terms of their ability to pass through the
bilayer which may correlate with differences in virulence. We have dso seen
microscopic evidencethat the bacteria are passing fromthe apica surface through the
layer of epithdid cdls and through the membrane to the endothdid layer below
without causing damage to the epithelid cells. This resembles what one observesin
the humanhost where extensive tissue damage in the nasopharynx israre. We have
a so examined several other genera of bacteriawhoseinteractionwitheucaryatic cdls
has been wel characterized; bilayer assay results among strains of Haemophilus
influenzae type b, Salmonella typhimurium, Shigella flexneri and Yersinia
enterocolitica showed differences but were conastent with previoudy published
invasion and attachment results.

This modd is adaptable to awide variety of microbia pathogens and canbe modified
by subgtituting any physiologicdly relevant eucaryotic cdls for the component layers.
The system'smakeup of cdls of humanoriginand itsreproducibility give it advantages
over animd and primary organ culturemodd s, while the added complexity of multiple
layers dlowing cdll-to-cell communication makes it a more redigic human tissue
mode than standard cell monolayers for the study of the attachment and invasion
factors contributing to meningococca pathogeness.
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Host-pathogen interactions, poster 109.
Erythrocytal latex agglutination test and its modification
A.A.Demina and Yu.V.Martynov
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The advantages of the latex agglutination (LA) test over other express methods are
wel known: high senstivity, Stable activity of the preparation, economic efficiency,
absence of need to use costly equipment and specidly trained personnel. The
smplicity of the test and regigtration of results makes it affordable to use in an
admitting office, a any leved of patient medicd care provison, and d<o in fidd
conditions. LA is used extengvey for the etiologica diagnosis of severa diseases
indluding meningococca infection (M1) (1,4). When LA was used for practica
gpplication, wefaced some difficulties, the diminationof whichwould have increased
the effectiveness of this technique.

The purpose of our investigations are: 1. Improvement of LA technique by usng its
microvariant incapillaries 2. Eliminationof fal se-positive reactions especidly inblood
samples 3. Use of blood erythrocytes from patientsin LA diagnogtics.

1. The quantity of pathologica materid to be andyzed is sometimes very smdl,
epecidly as regards children. We developed a very economica method of LA,
namdy its microvariant in capillaries. For this purpose we used capillaries 10cm
longand 0.8cmin diametre. The capillary isfilled withthe materid to 3/5 of itslength
and to another 1/5 with latex particles (LP) without any ar bubbles between them.
After swaying the capillary from side to side 5-10 times, it is kept in a horizonta
position. The agglutinationreactionusudly developswithin 3to 5 minand may persst
for several days. This method dlows one to reduce by hdf the quantity of pathologica
materid to be studied and the LP's by fourfold (3).

2. Fdsdy pogtive results obtained from CSF or blood samples may be due to
presence of tissue protein or rheumatoid factors. In these cases the reaults of the
control LA may be negatlive or doubtful. Prdiminary treetment of 0.5ml of the
sample was with 0.05ml of trypsin (concentration Img/ml in 0.15M NaCl) with
shaking for 5min, followed by inactivationof the trypsin with0.05 ml trypsin-inhibitor
with 5min of shaking, and then perform the LA. This procedure destroyed proteins
but did not affect the activity of specific polysaccharides.
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3. The usud materid to be sudiedisblood serum of apatient while erythrocytesare
discarded. The ideato use erythrocytes from patientsas materia for LA was based
on the gpecificity of the pathogeness of some dinicd forms. meningococcemia,
pneumococca and Haemophilus bacteraemia. High adsorbability of theerythrocyta
surfaceled usto the ideathat causative agent antigens adsorb onthelr sromaand can
be andyzed usng LA. To veify this hypothesis we carried out experiments with
erythrocytes from animds (mice) and humans, which confirmed both high
adsorbahility of erythrocytes and the possibility of usng them in LA (2). Tedting
erythrocytd latex agglutination (ELA) in samples from patients confirmed in
principle the possibility to use the erythrocytes from patients to detect antigens usng
LA. For this purpose blood samples (0.5ml) from patients were centrifuged for 10
minat 1000rpm, supernatant (serum) was removed and studied separately usngother
reactions. The pellet (erythrocytes) was washed 3 timesin0.15M NaCl. This pellet
was used to prepare 5% suspension of erythrocytes in 0.15M NaCl. This
suspengon isthe source for ELA. The ELA findingsare analyzed visudly. In the
case of podtive results, conglomerates of latex particles and erythrocytes are
somewhat bigger than usud LA, and are dightly rosy in the centre because of
erythrocytes. The control and negative resultsobtained usng ELA do not differ from
those in conventional LA. The advantage of ELA is not only in the fact that
erythrocytes are an additiond source for detecting the causative agent, but also
is reflected in the absence of non-specific reactions which otherwise could be
possible in serum samples.
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