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The population biology of the pathogenic Neisseria
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In a highly clona species the population congists of independent non-recombining
lineages, that may be lost by stochastic extinction, or increase in frequency under
selection or random drift. In such species (e.g. Salmonella enterica), the very low
rate of recombination between genes of different lineages results in strong linkage
disequilibrium between dlelesin the population. The extent of recombination within
bacteriad species can therefore be inferred from measurements of linkage
disequilibrium (1). Sgnificant linkage disequilibrium has been detected in several
gpecies and it has been suggested that recombination is rare in bacteria. However,
recombination may be muchmore commonin some naturally-transformable species,
induding N. gonorrhoeae and N. meningitidis. Linkage disequilibrium was not
detected in two gonococcal populations, implying that the extent of recombination
(and the frequency of mixed infections) must be high in nature (1-3). Gonococci
therefore have anon-clonad population sructure in which dldesinthe populationare
congtantly being shuffled, and inwhich clones cannot emerge, or have only atrangitory
exigence. As a consequence, epidemiologicaly-unrelated gonococca isolates
recovered in different regions, or a different times, should be ditinct, provided
suitable methods that give sufficient powers of discrimination are used (4).

In serogroup B and C meningococci there appears to be less recombination than in
gonaococci and the population appears superficialy to be clond (1,6). However, we
have argued that there is considerabl e recombinationinthis popul ationand that, inthe
longer term, the populationstructureis non-clond, but thisis obscured by the linkage
disequilibrium introduced by the emergence and spread of transitory hyper-endemic
isolates (e.g. the ET-50r ET-37 complexes) whicharise at intervas, flourish and are
subsequent broken up by recombination (1). I the digtorting effect of these successful
clonesis diminated, the dldesin serogroup B and C populations are close to linkage
equilibrium. Incontrast to gonococci, and serogroup B and C meningococci, andys's
of the extent of linkage disequilibrium in serogroup A meningococci suggestsadearly
clond population structure (6, unpublished results).

Recombination within Neisseria populations can aso be detected at the molecular
leve, ether by the non-congruence of trees derived from different genes, or of gene
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trees compared to trees derived from eectrophoretic data Furthermore,
recombination can be detected by the presence of mosaic gene structureinwhich, for
example, the sequence of agene from strain A may be identicd to that fromdran B
inthe firg haf of the gene, but may differ sgnificantly in the second haf, which may
be the same as the sequence of the gene fromstrain C. Mosaic sructure is commonly
found ingenes encoding gonococcal or meningococcd cell surface structures(7), but
this provides little information on the extent of recombination, as recombinational
events within these genes may be rare, but they arise to prominence as a result of
pogtive selection for genetic variation (e.g. from the human immune response).
Indeed, recombination within cell surface genes has been found even in bacteria
specieswhich have strongly dond structures and in which recombinationinnatureis
thought to be rare. Molecular evidence for recombination must therefore be sought
in house-keeping genes in which these events should be sdectively neutrd. In highly
clond species there is good congruence between different gene trees and trees
derived by isoenzyme andysis (8). Unfortunately, house-keeping genes of gonococci
are extremely uniform(e.g. no differences betweenthe recA genesof 10 isolates (3),
and amaximum of 1/668 differences in the adk gene of 10 other isolates, E. F. and
B.G.S., unpublished) and thereisfar too little variationto build robust trees, or to find
sgnificant evidenceof recombination. Thus, extens ve recombinationmay occur within
gonococca populations (as predicted by the absence of linkage disequilibrium), but
itisinvigble because of lack of sufficient variaion.

House-keeping genes of meningococc are more variable but in most cases there is
il insufficient variation to build robust trees (9). However, visud inspection of the
sequences fromserogroup B and C isolates shows little Sgn of congruence between
different gene trees. However, the glnA gene of N. meningitidis is sufficently
variabletolook for recombination, and examination of the sequences of this gene from
different meningococcd isolates shows clear evidence of intra-genic recombination
(JZ. and B.G.S,, unpublished). In contrast, there is good congruence between the
gene trees of serogroup A meningococci, confirming the restricted recombination
between isolates of the mgor group A lineages (E.F. and B.G.S., unpublished).

Recombinationbetween the pathogenic Nei sseria and the cl osaly-related commensa
Neisseria species also occurs, both in genes under positive selection (e.g. those
encoding penidllin-binding proteins), and in house-keeping genes(9,10). Surprisngly,
however, there is litle evidence of recombination in nature between the two
closdly-rdated pathogenic species (3). The rddive ecological separation between
meningococci and gonococci probably provides amaor component in their genetic
isolation in nature. The extreme uniformity of gonococcd house-keegping genes
suggeststhat the speci es has been through arecent severe bottleneck which we have
suggested may have been speciation - i.e. gonococc may have arisen very recently
(3).
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The dstrain Neisseria meningitidis 44/76 has been used for the production of the
serogroup B meningococca vaccine in Norway (2). The chromosome of 44/76 was
analysed by pulsed fidd gd dectrophoress after restriction enzyme digestion of the
DNA. A physica map of the chromosome has been congtructed by aigning the
fragments. The restriction enzyme il cut the genome in 9 fragments ranging from
980 to 20 kb designated by letters A through I. Severa Nhel sites have been
localized on the physcd map, and 21 gene probes have been assigned to the map.
The pilE, -G, -T, and -Q genes are more than 80 kb apart.

44/76 belongs to the ET-5 complex (1). The ET-5 strains studied contained 8 - 9
Sfil fragments ranging in 9ze from 20 to 980 kb. The largest fragment, A, was
between 820 - 980 kb in size, and fragment B varied from460 to 610 kb. Fragment
G of 40 kb was not detected in some of the strains resulting in hybridization of agene
probe from fragment G to fragment A. The asd gene probe, usudly locaized on
fragment A, was sometimes found on fragment B, which islocdized more than 200
kb away from fragment A on the 44/76 chromosome. Additional clone complexes
werestudied. All dugter D srainshad asmilar Sl pattern; this patternwas distinct
from that of ET-5.
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Egablishing the relationships between the population genetics and epidemiology of
bacterial pathogens enhances our understanding of disease and consequently
improves our ahility to design novel means of prophylaxis and trestment. This is
particularly true in the development and testing in field trids of new vaccines, where
information on the mechanism and rates of change of the targeted pathogen can be
crucid to the long-term success of the vaccine. Recent studies have shown that
Neisseria meningitidis has a complex population structure, greetly influenced by
horizonta genetica exchange (3). Further, withinthe species, bacteria associated with
epidemiologicdly different forms of the disease have different population structures
(5). Horizontal genetica exchange generates much of the antigenic diverdty of this
species (2,8,9), which is amgor factor contributing to the difficulties encountered in
the development of new vaccines against serogroup B meningococci (10). This
diversty extendsto other geneswiththe result that no Sngle genetic or antigenic target
isnecessarily ardiable inthe determination of the reationships among meningococcd
isolates. This hampers the collection of accurate epidemiologica data.

To overcome these difficulties, it is important to develop new procedures for the
characterisation of meningococcal isolates and to understand the strengths and
weaknesses of current gpproaches. Our studies have concentrated on the acquisition
of data by severd DNA-based techniquesthat provide different and complementary
information. Theseapproacheshaveincluded: pulsed fidd gel e ectrophoresis (PFGE)
fingerprinting, for the investigation of the relationships between chromosomes (1);
DNA hybridization techniques, for identifying the genes encoding antigenic variants
(4); and direct nuclectide sequence andyss, for invedigating the reationships
between genes (6,9). These technique have been applied to (i) strains previoudy
defined by conventiond serol ogicd typing and multilocus enzyme el ectrophoresisand
(i) otherwise untyped isol ates, providing newindgghtsinto the popul ation genetics and
epidemiology of the meningococcus.

Pulsed field gel electrophoresisfinger printing. The meningococcus hasagenome

inthe range of 2M b, whichwhen digested withappropriaterestrictionendonucl eases,
can be resolved into fingerprints of 12-25 bands by PFGE. The advantage of this
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technique isthat the whole chromaosome is subject to analysis. I naddition, if anumber
of different endonucleasesare used it is possible sample up to 50 separate Stesonthe
chromosome rapidly. It is a reasonable expectation that changes in restriction
endonuclease dtes are sdectively neutrd, making them ideal for measuring the
divergence among isolates.

A remarkable feature of the meningococcus isthe heterogeneity of the chromosome
sructures, and hence the PFGE fingerprint patterns, observed in the meningococca
isolates from endemic dtrains. This is condstent with most carried meningococci
beonging to a panmictic population (3,7). By contrast, strains from particular
epidemic or hyper-endemic outbreaks have smilar PFGE fingerprints, which are
therefore ussful in the identification and characterisation of disease outbresks. The
gability of the fingerprints is dso indructive, with minor changes indicating the rates
of genetical change in the meningococca population. Serogroup A meningococci are
geneticdly the most stable of the epidemic/hyper-endemic strains, with fingerprints
perssting unchanged over longer periods of time than those of serogroup B or C

MeniNgoCcoCai.

Direct nucleotidesequence analysis. The most preci seinformationonthe movement
and rates of change of particular genes or parts of genes in the meningococcal
population comes from direct nucleotide sequence andyss and related techniques
such as 'T-tracking'. The nucleotide sequence andysis of mgor subcapsular antigens
from meningococci associated with avariety of epidemiologies has established that
different selection pressures and different mechanisms of variation are important in
each epidemiologicdly digtinct group of strains. Of the mgor disease-causing groups,
Group A meningococci are again are the most stable, dthough there is evidence of
horizontd genetical exchange generating their antigengenesinthe distant past (9). In
serogroup C isolates of the ET-37 complex, antigenic variation has occurred by the
accumulation of point mutations, whereasin the predominantly serogroup B ET-5
complex many recently ariSsng mosaic genes can be seen, implying that horizonta
geneticd exchange is the mogt Sgnificant mechanism for antigenic variation in these
bacteria.

DNA-based andyses have demonstrated that the strains associated witheach of the
mgor epidemiologies of meningococca disease exhibit characteristic population
structures. Thesestructures arise as a consequence of the relative importance of point
mutation and horizonta geneticd exchange. Whether diverse epidemiological
behaviour is the consequence or cause of differences in population genetics is an
intriguing, but as yet unanswered, question.
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Antibodies to the class 2/3 OMPs are bactericidal and antigenic diversity between
these proteins forms the basis of the current serotyping dassfication. The class 3
protein genes of several serotypes have been sequenced and areas of variability
described (1, 3) which correspond to the surface exposed loops of the of the mature
porin protein (2). It isexpected that these loops contribute to the serotype specific
antigenic epitopes. We have examined the variable regions of 13 class3 OMPs as
they relate to serotype and have developed oligonucleotide probes for identification
and dasgfication usng genetic techniques.

Complete class 3 gene sequences were obtained from prototypestrainsfor serotypes
3,14, 17, 18, and 19 representing serotypes not previoudy reported inthe literature,
A Brazilianoutbreak strain, BB1350 (serotype4), and M 978 (serotype8), for which
VR1 and VR2 were previoudy described (3), were aso sequenced and analyzed.
The por B gene sequencesfor srains of serotypes 1, 4, 12, 15, and 21 were obtained
from GenBank. Multiple sequence dignment was performed using trandated amino
acid sequences and reveded large areas of highly conserved sequence and severd
well defined areas of sequence variability. Amino acid differences between serotypes
were noted in 46 different positions, 43 of which were located in outer exposed
loops. All non-conserved amino acid changeswere localized to four regions of mgjor
variability (VR1, VR2, VR3, VR4) corresponding to loops|, V, VI, and VII of the
folded protein.

Multiple sequence dignment on individua variable regions was performed usng
nudec acid sequences. Andysis of VR-1 shows four distinct subgroups. serotypes
15 and 17 each have unique sequences, serotypes 4 and 21 share a common
sequence and serotypes 1, 3, 8, 14, 18, and 19 are identical. In VR-2, unique
sequencesfor serotypes4a(M981), and 17 werefound. For VR-3, serotypes1 and
12 areidentical, serotypes 4 and 17 are identicdl, serotypes 21 and 14 differ by one
base, and serotypes 3, 8, and 19 areidentical and differ from 18 by one base. In
VR-4, serotypes 1, 12, 15, 17, and 21 each have distinct sequenceswhile serotypes
3,4, 8,18 and 19 areidenticd.
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Hybridization assays usng severa biotin 5' end-labdlled class 3 oligonudeotide
probes, and a Class 2 probe were performed using dot blots of genomic DNA from
eachprototypeserotypestran. Additiondly, nineserotype 15 strainswerehybridized
withthe VR1-15 probe, and fourteen serotype 4 strains and eght serotype 21 grains
were hybridized withprobesVR1-4, VR2-4a, VR4-4and VR4-21. Theprobesfor
Class-2, VR1-15, VR1-17, VR4-12, and VR4-21 were specific for DNA from
grains of the corresponding serotypes. VR1-15 identified the series of serotype 15
grains, and theprobesV R1-4, and V R4-21 whenused intandem, correctly identified
the series of serotype 4 and serotype 21 grains.

We have thus expanded the sequence data of N. meningitidis class 3 proteins to
include 6 additional serotypes, and have described sgnificant smilarities and
differences between VR sequences of distinct serotypes. A subgroup of serotype 4
strains was demongtrated. Hyhbridization assays demondtrated the ability to identify
VR genotypes and distinguish serotypes usng biatin labeled oligonucleotide probes.
This information may be ussful in drain sdection for vaccine development,
epidemiologic dudies to determine the prevaence of individua VR genotype
especidly among non-serotypeable strains, and combined with PCR, inidentification
of culture negative suspected meningococcal cases.
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The qudity of epidemiologica datais pivota inthe designof improved meningococca
vaccines and is criticaly dependent uponthe availability of gppropriate reagents for
the characteri sationof isolates. Meningococcd isolatesarecharacterized serologicaly
onthe basis of capsular polysaccharideinto serogroupswhichare further subdivided,
according to ther mgor outer membrane protein (OMP) antigens, into serotypes
(determined by the mutualy exclusive class 2 and 3 OMPs) and serosubtypes
(determined by the class 1 OMP), and according to ther lipooligosaccharide into
immunotypes (1). Theclass 1, 2 and 3 OMPs are related porins that have loops, of
variable length and amino acid sequence, extending from the cell surface (4,9). The
class 1 OMP has comparatively large cdl surface loops that include the epitopes
recognized by the murine monoclond antibodies (MAbs) used for serosubtyping. In
many cases the epitopes that determine meningococcal serosubtypes have been
mapped usng linear peptides (6). However, therange of MADbs that recognize class
1 OMP epitopesislimited and even when an antibody that reacts with a particular
epitope exists, nucleotidesequence andyses have reved ed epitope variants thet react
unpredictably (3,10). As a consequence, a considerable proportion of isolates
continue to be reported as non-subtypeable (3).

Numerous variantsof particular serosubtype epitopes have been identified, many of
which fal to react with the corresponding MADbs. Andyss of the nucleotide
sequences of class 1 OMP genesinendemic srains fromthe UK suggests that these
vaiants have arisen by the repesated sdection of point mutations, insertions and
deletions. Severd families of serosubtype variants have been studied indetal: i) eight
amino acid sequences smilar to the P1. 10 epitope have been identified of whichonly
two, P1.10 itsdf and P1.10e, react with the existing anti-P1.10 reagent; i)
meningococcd isolates from aloca epidemic in the Gloucester area of the UK inthe
mid-1980s (5) and from arecent cluster of casesinNorway expressdiginct variants
of the P1.16 epitope (7); and iii) variants of the P1.7 epitope have been described
that are only recognised by the anti-P1.7 MAb when the class 1 OMP is denatured
(10). The P1.2 family was chosen for further studies on the molecular interaction
between meningococcal class 1 OMP epitopes and their corresponding MAb for a
number of reasons. four variantsof P1.2 have beenidentified that only differ fromone
another by one or two amino acids; there are three murine hybridomas producing
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monoclond antibodies that differentiate between PL.2 variants, meningococc
expressing P1.2 variants are frequently associated with disease (eg bacteria of the
ET37 complex); and the P1.2 epitope has been included in a recombinant OMV
vaccine that is under consderation for dlinicdl trids.

The genes encoding the V and V, domains of the monoclona antibodies that
recognize P1.2 variants have been cloned and their nucleotide sequences have been
determined. A comparison of their deduced amino acid sequences showed that the
Vy, domains of dl three antibodies are smilar, whereas there was greater variation
between V, domains. Further comparison with the previoudy published amino acid
sequence of an anti-P1.15 monoclond antibody (2) reveded greater differences
between the antibodies which recognise sructurdly distinct epitopes. These data
indicate that the ability of the MADs to differentiate between P1.2 variants is
determined by therr light chains, whils the ability to differentiate betweenthe P1.2 and
P1.15 epitopesis probably determined by both the V,, and V| domains. Given that
the murine hybridomas used to produce the anti-P1.2 reagents were isolated
independently, the high degree of amilarity amongst these MAbs probably results
fromthe selection methods employed inisolating the hybridomas fromwhichthey are
produced. It is, therefore, unlikely that the structure of these antibodiesistypicd of
the humanimmuneresponsetothe P1.2 epitope, whereagreater diversity of antibody
structure would be expected.

The cloning and expression in bacteriaof genetically modified V|, and V| domains
as gngle chain Fv fragments, Fab' and F(ab'), fragments (8), together with the
elucidation of the structures of theseantibodiesbound to ther respective epitopes, will
permit future typing regents to be engineered with specificities more relevant to
meningococcal epidemiology and reduce the number isolates that are currently
described as non-typeable.
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Neisseria gonorrhoeae exhibiting high-levd plasmid-mediated resstance to
tetracycline (TRNG) were identified in 1984, firdly inthe USA (1) and subsequently
in the Netherlands (2). We have evauated PCR, using sequences derived from
Ureaplasma ureal yticum tetM, for the detection of TRNG. tetM was detected in
90 drains known to be TRNG but not in 19 strains known to exhibit chromosomal
resstanceto tetracydine (3). tetM was a so detectedin22 of 266 isolatestested from
consecutive patients atending St. Mary's Hospital between January-August 1993.

Genetic diversty within the tetM determinant was determined using both a Hpall
digest of the product fromthe PCR used for detectionand by the use of anadditional
three sets of primers. The andlys's of 64 TRNG showed the presence of two patterns.
The firgt pattern produced three fragments of approx. 350, 250 and 150bp on
digestion of the PCRP with Hpall and the tetM amplified with al primer pairs. The
second pattern produced two fragments of 660 and 150bp and the tetM amplified
only with the primers used for detection. The tetM determinant from 170 drains
isolated in different parts of the world has subsequently been studied. Thefirst type
of tetM was found in the mgority of srains and is consstent with the tetM found
among TRNG initidly isolated in the USA (4). The second type of tetM was found
inonly 29 (17%) TRNGand is conggtent withthe tetM found initidly amongst TRNG
from the Netherlands (4).

N. gonorrhoeae carryingthetetM determinant have now spread to many parts of the
world. The PCRwe have evauated detects tetM in al TRNG tested and hasshown
genetic diversty within the tetM determinant found in N. gonorrhoeae.
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The cause of epidemic cerebrospinad meningitis (ECM) was manly Neisseria
meningitidis group A in China We have established amethod for typing Neisseria
meningitidis by analysis of polymerase chain reaction (PCR) - restriction fragment
lengthpolymorphisms (RFLP) inthe por A gene encoding the Class 1 outer membrane
protein(OMP). Theresultsobtained by the above method were consistent with those
of serosubtyping 103 drains of Neisseria meningitidis group A by means of
monoclond antibodies (McAbs) againg the class 1 OMP in whole cdl ELISA.
However, the srains of Neisseria meningitidisgroup B whichwereisolated fromthe
patients of ECM seemed to have atendency to increaseinrecent yearsinChina. The
currently avalable vaccine could not provide an effective protection against the
infection of Neisseria meningitidisgroup B inthe prophylactic practice. In order to
survey the change of serogroups of Neisseria meningitidisin Chinaand to select the
representative srains to produce vaccine againg infection of Neisseria meningitidis
group B, the PCR-RFLP typing method was used for further typing the strains of
Nei sseria meningitidis group B and andysngthe epidemiol ogica sgnificanceof ther
RFLP patterns. Intheamplification of porA genewith primersdescribed by Maiden,
the 1116bp fragment which could be split into 827bp and 289bp fragments by
restriction endonuclease EcoRI was obtained from al 100 group B strains which
included 63 case drains and 35 carrier Srainsaswdll as 2 reference strains. 1t could
be explained that al group B strains possessed of the porA gene encoding class 1
OMP. Intheabove strainsexamined, 40 strainsyielded an additional 900bp product
whichcouldn't be split by EcoRI. After dl DNA of por A gene of group B strainswas
amplified by PCR and then was digested with restriction endonuclease Mspl, 6-10
fragments were found. Among others, the largest fragment occurred in the range of
about 400bp, but the patterns of fragments were diverse in the range under 300bp.
According to the number of fragmentsand their difference of molecular weights, 100
grains group B could be divided into 33 disinct RFLP patterns (b1-b33). As
compared with the group A strains, RFLP patterns of group B strains seemed to be
more complex, but a predominant pattern(b20) wasdiginct ingroup B drains. The
characteritics of the predominant pattern (b20) wereasfollows 1. it accounted for
31.63% of tota isolates examined in the research; 2. b20, the important RFLP
pattern, was mainly isolated from patients (29/31); 3. the proportion of b20 was

319



increasing from 12.0% to 56.3% in recent years, 4. dl 31 drains with pattern b20
were subtypeP1.2; 5. b20 possessed 7 bandsin which 6 larger bands were similar
to those of b21, b22, b23 and these RFLP patterns accounted for 50% of total
dsrainstested; 6. the pattern 620 was characterized by widely regiona distribution,
whichoccurred in9 of 15 provincesinvestigated. These datademonstrate that PCR-
RFLP technigue is a convenient, quick and highly discriminative method that can
provide anew tool of molecular epidemiology for Neisseria meningitidis; b20 and
dosdy relative RFLP patterns have important value for tracing the spread of
Neisseria meningitidisinepidemiologic survellance, and b20 may be considered as
acandidate in developing new vaccine againgt group B meningococca meningitis.
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Primers specific to conserved and variable regions in the 16S rRNA gene were
selected for the smultaneous detection of Neisseria meningitidis, Haemophilus
influenzae, and streptococci in cerebrospina flud (CSF) by a seminested PCR
assay. The nucleotide sequences of two third of the 16S rRNA gene in N.
meningitidis, H. influenzae, and S pneumoniae, S agalactiae and
Saphylococcus epidermidis were determined. Sequence comparisons of the 16S
rRNA genesindicated species and genus pecific domains suitable for primer design.

The assay was divided in two DNA amplifications. The first contained a universd
primer set resultingina 1.0 kb DNA product, independent of whichbacteria species
was present in the PCR mixture. The second amplification, using four primers, was
based on a 1:500 dilution from the first PCR incubation. The length of the amplified
PCR fragment in the second reaction was correlated to the bacteria species.

The high specificity of the primers was documented after testing 133 bacteria srains
of 28 different species. A totd of 304 stored dinicd CSF samples, induding 125
samples from different patients with bacterial meningitidis, were assayed to explore
the diagnostic sengitivity and specificity for bacterid meningitis.

In conclusionthe assay showed high sengitivity (0.94) and specificity (0.96) with the

clinica samples though some fal se results were obtained, the reasons for which will
be discussed.

321



Population biology and epidemiology

Continued spr ead of meningococcal disease caused by serogroup A Neisseria
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Since 1989, we have studied strains of Neisseria meningitidis isolated in twelve
African countries. We have dso examined 62 serogroup A sransisolated in France
1987-94 (5). Strains were collected from the falowing African countries. Chad
(1993, 11 drains,; 1994, five strains); Morocco (1989, 90 strains including 25 from
cerebrospind fluid and 65 from the rhinopharynx)(4); Niger (1991, eight strains);
Centrd AfricanRepublic (1992, 24 dtraing)(3); Algeria (1992, five strains); Burundi
(1992 five drains); Cameroon (1993, seven drains, 1994 sx drains); Guinea
Conakry (1993, 10 gtrains); Zambia (1993 nine trains); Rwanda (1993, two strains);
Sudan (1993 one strain); and Mali (1993 one drain, 1994 11 strains). A number of
these srans wereisolated inNorway from Trans-I solate medium (1) whichhad been
inoculated with CSF from patients in Africa. Characteri zationinvolved determination
of the atigenic formula (Serogroup:serotypesubtype), muitilocus enzyme
electrophoresis (2,6), and assessment of sengitivity to sulfonamides.

Mogt of the African isolates belonged to the second world pandemic caused by
srains A:4:P1.9/clone I11-1. However, some other clonesof subgroup 111 were dso
found, inparticular, in Morocco and Guinea. A clone IV-1 strain wasisolated inthe
Centrd AfricanRepublic in1992 (3), and strains belonging to ET-37 complex were
detected in Niger, Guineaand Mali.

In a number of countries, the geographic distribution of systemic meningococca
disease was found to have extended beyond the traditiona zones, which in the north
and south had been described by the 300 and 1100 mm isohyetal lines, respectively
(The Meningitis Belt). This e.g. the case of Morocco, the Centra African Republic
(theregionaround the city of Bozoum), Algeria, Burundi, southernCameroon, Guinea
Conakry, and Zambia.

The epidemiological characterigtics of the patients were also found to have changed
: the patients were older and the illness was more severe.
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In certain regions, correlations were evident between extension of the geographic
digribution of meningitis and climatic changes. At present, this phenomenon is being
gudied in thefidd. In addition to the effects that these new conditions were having,
there is also a posshility that the subgroup [11-1 srains were more virulent than
previoudy.

Of the 62 drains of N. meningitidis studied in France during this period, 50
serogroup A drains (up to 5% of dl isolates) wereisolated from 1987 to 1991; these
mostly belongedto clone I11-1. Since 1992, the number of srains of N. meningitidis
A isolated has fdlen to leves experienced prior to 1987. In addition, with the
exception of strains of Africanorigin (oneinSomdli), they no longer uniformly belong
to clone I11-1. In Africa, the extension of clone 111-1 can be clearly traced: it spread
fromthe east in 1988/1989 toward the west and south, and wasisolated again during
the first quarter of 1994. In France, asin other industriaized countries, the epidemic
ended abruptly at the end of 1987/beginning of 1988.
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There is a long history of laboratory effort to digtinguish between meningococdi,
driven by the redisttion that certain dsrains have differences that affect the
epidemiology of human infection. The early subdivison into serogroups with
polyclona sera directed againg the polysaccharides has been useful and successful
but qudity assurance surveys demonstrate some shortcomings in serogroup
determination. The precise structure of the polysaccharides has been dlucidated and
monoclona antibodies are now available. These will undoubtedly improve the
specificity of whatever technique is used. Study of related strains isolated from a
community outbreak has shown just howvariable capsule expression can be, not only
in nasopharynged isolates but aso from case isolates, and occasiond drans have
capsules in the limit of detectability by latex agglutingtion. This does not necessarily
affect the overdl epidemiologicd picture but is a reminder about the phenotypic
variability of meningococci can affect capsulesjust asinthe occurrence of C15 P1.16
drans in the course of a prolonged B15 P1.16 outbreak (1). Moreover
transformation, of which this presumably is an example, can and does affect other
surface expressed antigens. For many epidemiologica purposes, not the least for
close observation of particular disease-producing strains and how they move locdly,
nationdly, and internationdly, much finer discrimination is required. It has become
clear that the application of typing and serotyping dependent on class 2/3 and class
| outer membrane proteins dthough very helpful is not entirdy sufficient for this
purpose. Not least is that phenotype determination gives little information about the
genotype or genetic group to whichthe meningococci in question belongs. Multilocus
enzyme dectrophoresis (MLEE) is a highly successful technique for dlond andyss
and has been insrumenta in our underganding of internationd and nationa
epidemiology. Newer DNA-based techniques of pulsed field gel dectrophoresis
(PFGE) and restrictionlengthpolymorphisms (RFL P) canprovide genotypic data that
can enhance the discrimination of MLEE (2).

Although the introduction of monoclond antibodies directed againgt epitopes on the
class 2/3 (typing) and class | (subtyping) outer membrane proteins improved
specificity, problems remain. These arise from the organism eg. variation in
expression of the antigens and the inherent variability of the epitopes due to genetic
transfer by trandformation. There are also reagent problems in that there are typing
and subtyping epitopes that are not recognised by the exigting monoclonds, ether
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because the epitopes are yet to be recognised or they are minor variants of known
subtypes that do not react withthe appropriate reagent. A sub-typing scheme based
onthe polymerase chain reaction PCR has been devel oped (3) and applicationof this
technique produces a Sgnificant improvement in sub-typegbility.

IN1993 in England and Wales 17% of Group B isolatesand 35% of Group C grains
were not subtypeable. Using the DNA-based subtyping system for the Group B
grains bothvaridble regions (VR1 & VR2) wereidentifiedin43%, VR1 only in 34%,
VR2 in 8% of the not subtypables and only 14% remained not subtypeable. For
Group C isolates both VR1 & VR2 were identified in mogt strains and only 1.8%
remained not subtypeable. Clearly with this method it is now possible to define the
scope of variationinclass1 OM P isotopes. What remans isto estimate the frequency
of change s0 that evauation of the epidemiologica importance of the recognition of
thesevariations canbemade. Results obtained withDNA -based methods should so
fedlitate the generation of new and ussful sub-typing monoclona antibodies. With
regard to variability and rate of change there is some data dready available. Direct
sequencing of the gene encoding for the P1.16 epitope has so far demonstrated three
variants, and for these there is dso some epidemiologicd data. B15 Peaand B15
P1.16b were found to be present in many separate locationsin England and Waes
(4) and higtorical data showed that each variant tended to be restricted to alocality
and to have persisted for up to a decade without evidence of change. B15 Peaand
B15 P1.16¢ have beenfound in Norway (5) and the new variant P1.16¢ was present
over the 1987-91 period a about the 5% level. These variants, generated by
mutationsin the sequence encoding for the VR2, appear to be rlatively stable and
long-lasting in the population of B15 P1.16 strains in European countries,

Further application of the newer DNA-basaed techniques will define both the
digribution and rate of change of more outer membrane proteins associated with
epidemiological typing and inamuchmore comprehensive way thanprevioudy. Such
datawill not only improve our gppreciation of the epidemiology, but will be relevant
in the quest for satisfactory group B meningococcd vaccines.

References

1 Cartwright, K.A.V., Stuart, J.M ., Jones, D.M ., Noah, N.D. 1987. The
Stonehouse survey: nasopharynged carriage of meningococci and Neisseria
lactamica. Epidemiology and Infection, 99: 591-601.

2. Strathdee, C.A., Tyler, SD., Ryan, A., Johnson, W., Ashton, F.E.
1993. Genomic fingerprinting of Neisseria meningitidis associated with
Group C meningococcd disease in Canada. J. Clin. Microbiol, 31: 2506-
2508.

325



Maiden, M.C.J., Bygraves, J.A., McCarvil, J., Feavers, | .M. 1992,
Identification of meningococca serosubtypes by the polymerase chain
reection. J. Clin. Micro, 30: 2835-2841.

McGuiness,B.T., Clark,1.N., Lamden, P.R. et al. 1991. Point mutation
inameningococcd porA gene associated with increased endemic disease.
Lancet, 337: 54-7.

Rosenqvigt, E., Hoiby, E.A., Wedege, E. et al. 1993. A new variant of
serosubtype P1.16 inNeisseria meningitidisfromNorway, associated with
increased resstance to bactericidal antibodies induced by a serogroup B
outer membrane vaccine. Microbiol, Pathogeness, 15: 197-205.

326



Population biology and epidemiology, poster 110.

Enhanced epidemiological surveillance for meningococcal disease by DNA-
based sub-typing of meningococci

A.J. Fox' , D.M. Jones' |, E. Sutdiffe!, M.C.J. Maiden 2 and |.M. Feavers’

Manchester Public Hedlth L aboratory, WithingtonHospital, Manchester M20 2LR,
UK. 2Divison of Bacteriology, Nationd Institute for Biologica Standards and
Contral, Blanche Lane, Potters Bar, Herts EN6 3QG, UK.

Exiging methods for strain identification of meningococci are based upon the
detection of antigenic differences in surface components of the organism. However,
athough of proven epidemiologica vaue, many meningococcal isolates do not react
or canonly be partidly typed with the existing reagents. Problems associated withthe
serotyping and subtyping of meningococci arise from the ahility of the organism to
undergo antigenic variationof the serotype and subtype determinants. This variation
occurs amongst geneticaly closdy related organisms, for exampleinisolatesbe onging
to the ET-5 complex, which has been responsible for anumber of recent outbresks
in North West Europe and dsewhere. Antigenic variants arise at unpredictable
intervas and are sable insofar as they persst for some years. The capacity for
antigenic modulation combined withthe phenomenonof clond replacement resultsin
a congant requirement for the expandon of the typing reagent pand.

Recently, with the development of DNA amplification techniques, it has become
possble rgpidly to determine the DNA sequence of a particular gene or DNA
fragment. The DNA sequences of the meningococcd class 1 (1) outer membrane
protein (OMP) from a number of different subtypes are known and the epitopes
recognised by themonoclona antibodiesused for serosubtyping have beenidentified.
The determination of the sequences of the various class 1 OMP genes from isolates
expressing each of the different subtypeepitopeshasenabled the devel opment DNA-
based methods for  subtyping meningococci.

TheDNA -based subtyping of meningococci uses anove approach that combinesthe
polymerase chainreaction (PCR) withDNA hyhbridization (2). Withthe devel opment
of asystem for determining the presence of DNA sequences relevant to the variable
regions of the class | outer membrane proteins, the next step was to evauate the
method for usefulness with clinica isolates. Mogt of the group B and C isolates sent
to the Meningococca Reference Unit in 1993, if they were not subtypeable with the
monoclond antibody, were examined by this method.
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In 1993, from a total of 929 group B isolates examined, 570 (61%) were not
typeable and 162 (17%) were not sub-typeable. Inthe same period 319 group C
drains werereceived 55 (17%) of whichwere not typeable and 111 (35%) were not
sub-typable. Of the 162 drains group B drains that were not subtypesable with
monoclona antibodies, 130 were examined by the DNA-based sygsem. Both
variable regions (VR1 and VR2) wereidentified in56 rains (43%), VR1 only in 45
strains (34%), VR2 only in 10 strains (8%), and only 19 (14%) remained non
subtypesble.

The 130 grains examined came from 171 Hedlth Didtricts, an average of lessthan 1
drain per digrict so that the epidemiol ogica impact of these resultswas only apparent
in larger didricts or cities. Nevertheless, in 21 Hedth Didricts the additional
subtyping informationimproved informationonrel aionshipsof strains. For example,
in Leeds, 2 out of 23 not subtypeable strains were shown to be similar to 10 others
that subtyped with monoclond antibody, making a difference to the sze and
appreciation of this cluster of gtrains.

With the group C strains, 111 (55%) were not sub-typable with monoclona
antibodies and dl but 6 of these were sub-typed by the DNA-based sysem. Inthe
mgority of isolates both VR1 and VR2 wereidentified except that 11 strains gave a
result withVR1 only and 2 srainswithVR2 only. The overdl result of only 6 (1.8%)
of group C drans remaning not sub-typable meant a ggnificant increase in
epidemiologica information was avaladle. The group C drains came from 132
Hedth Didricts and in 33 (25%) of these Didrictsaclearer view was obtained of the
relatedness or otherwise of the nonsub-typeable strains. For example 3 out of 6
srainsin one Didrict were not sub-typesble; two were shown to be smilar to other
dransand onewasdifferent; inanother Didtrict dl threeisolateswere not sub-typable
but were shown to be smilar to each other and to other sub-typed drains in other
Didrictshdping to get a better picture of acity-widecluster of srains. Smilar results
were seen in another city. We therefore concluded that, particularly for the group C
drans, a very definite gain in epidemiologica interpretation was afforded by use of
the new system. The reduction from 35% to 1.8% nonsub-typable was greater and
perhaps more useful than the group B reduction of 17% down to 2%.
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Meningococca drans are dassfied based upon variation in serologicaly defined

determinants. The gpplication of techniques such as Multilocus Enzyme
Electrophoresis has enabled a better understanding of the population genetics of

meningococci (1). Knowledge of meningococca population genetics has provided

information regarding the epidemiologicd behaviour of meningococc. Many
pathogenic bacteria characterigtically have aclona populationstructure and much of
the disease which occurs at  a particular time is caused by a smal number of
pathogenic clones. Similarly meningococca epidemiol ogy ischaracterised by periodic

hyperendemic activity or epidemics, due to the emergence of a pathogenic clone
which then goes onto cause epidemics in different locdities over a period of time.

Recent advancesinmolecular biology, particularly polymerase chain reaction-based
nuclectide sequence andyss have provided informaion important to our

understanding of the epidemiology of meningococcd disease. From the accumul ated

sequence information of anumber of genes for group B and C meningococci it has
become apparent that there is consderable horizontd exchange of genetic materid

between drains resulting in panmictic populations (2). This is manifest in the
epidemiology of the organism by the emergence of a pathogenic clone with a
dominant phenotype which subsequently becomes diverse. The promiscuous

behaviour of group B and C meningococci means that epidemiological

characterisation usng phenotypic markers based upon serologicaly defined

determinants often obscures the genetic rel ationship betweengrains and canconfound

the epidemiology.

Recent advancesin molecular biology have been applied to devel op techniques that
will provide information regarding the genotype of grains referred to nationd
reference centresin order to rapidly identify strains belonging to pathogenic clones
without the resource requirements of MEE. We have andysed redtriction fragment
length polymorphisms, amongst random and outbreak associated strains, usng a
genomic probe and redtriction enzyme digestion of meningococcal chromosomal
DNA to identify genotypes associated with identified pathogenic clones. Amongst
245 drainsidentified as RFLP type 1 associated with strains related to the ET-type
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5 complex which have caused outbreaks of group B disease in severd parts of the
United Kingdomand el sawhere during the 1970's and 80's. Amongst this collection
of drains there a 10 different phenotypes. Amongst the isolates examined were a
collection of strains expressing the phenotype B4:P1.10 which were isolated over a
period from 1984 and largdly confined to a Sngle Hedth digtrict.

Unlikegroup B gtrains, group C meningococc appear phenotypicaly homogeneous.
However RFLP andydsdemonstrated considerable genotypic heterogeneity. Of 229
group C dtrains examined 7 phenotypesand 74 genotypeswereidentified. Amongst
29 C2a:NT drans and 67 C2aP1.2 drains 9 and 26 RFLP types were identified
repectivey. Similarly for each of the two groups of C2b srains examined (67
C2b:NTand 21 C2b:P1.2) 8 genotypeswereidentified. Thegenotypicdifferentiation
of meningococcd grains usng RFLP analysisis supported by data obtained by 16S
rRNA regtrictionfragment length polymorphisms and pulse field gel eectrophoresis.

The development of an RFLP-based system has enabled the rapid identification of
pathogenic genotypes amongst regiona clusters of strains and determined their
association with known pathogenic genotypes responsible for outbreaks of disease
elsawhere thus providing enhanced epidemiologicd survellance for meningococca
disesse.
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The development of novel means for controlling meningococca disease requires
extengve epidemiologica information. Such data is paticularly important in the
assessment of new vaccinesand isa so necessary for improving our understanding of
the evolutionary mechaniams and the genetic diversity of Neisseria meningitidis
populaions. To date, strain characterisationof meningococci has been based on the
identification of capsular and subcapsular antigens with immunologica reagents (4).
The serotype of ameningococcd isolaeiscommonly usedin epidemiologicd studies
and is determined by the antigenicaly varigble class 2 or 3 outer membrane proteins
(OMP). At present these are identified with a pane of monoclond antibodies
(Mab's)(2).

Over the past few years, the number of Group B drains isolated in England and
Wales that remain non-typeable with the current reagent panel has increased from
around 30% to over 60% in 1993. This hasresulted inless complete epidemiologica
data. Therise in non-typeable strains may be due to the introduction of novel genes
encoding non-typesble class 2 or 3 OMP's, mutations arisng in exising genes that
prevent the interaction of the monoclond antibodies, or the falure of antibodies to
detect ther target antigens because of poor expressionor masking by another antigen.
Unlike the class 1 OMP (the subtyping antigen), which has rdaively long linear
epitopesinsurfaceloops| and IV that can be mimicked by linear peptides(6,7), the
class2 and 3 OMP's epitopes are smdler, occur in different surface loops, and are
difficult to mimic with linear peptides (3,9). The surface loops of the class 2 and 3
OMP's may form conformations that are not sable in smdl linear peptides or more
than one surface loop may be involved in the epitopes recognised by the Mab's. In
either casg, it is possble that class 2 or 3 proteins that differ by asmal number of
amino acid resdues may present immunologicaly distinct epitopes, despite being
closdly related geneticdly. Toinvestigatethisproblem, the present work has exploited
DNA-based techniques (i) to define the non-typeable genes at the genetic level and
(ii) to develop more comprehengve typing schemes. Andyds of the antigens a the
level of their genes provides more detailed information on the relationships between
grains. Two techniques have been used to assess and identify the genetica diversity
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of the class 2 and 3 OMP genes. 'T-track' andysis (8); and direct nuclectide
sequence analysis of polymerase chain reaction (PCR) products (2).

Seven Group B non-typesble (NT) drains, collected in 1993 by the UK
Meningococca Reference Laboratory (MRL), were chosen to be a representative
sample of the non-typeable strains isolated that year (NT strains accounted for 61%
of isolated Group B strains). From T-track’ analyses, 6 of the 7 strains had class 3
genesidenticd to the Type 4 class 3 OMP. Theremaining srain was confirmed as
non-typeable, possessing a previoudy unseen T-track’ pattern. These results imply
that the mgority of the NT strains isolated in 1993 were serotype 4 and that the
ingbility to type these drains usng serologica techniques was not due to the
introduction of a novel gene but due to falure of the antibody to detect the Type 4
antigen or avery closdy related variant of this antigen. The predominant subtypes of
the Group B NT dtains were P1.15 (32%) and P1.4 (24%), subtypes commonly
associated with type 4 in UK isolates.

The DNA -based methodswere used to characterise 30 strains used inthe European
Monitoring Group on Meningococci (EMGM) External Qudity Assurance Scheme
(EQAS). These drains have been chosen usng a number of criteria to be
representative of the range of meningococci isolated. Eachlaboratory participating in
the scheme grouped, typed, and subtyped the strains. By 'T-tracking' the amplified
class2 or 3OMP genes, 24 of the 30 drains were successfully typed (four of the 24
EQAS strains were non-typeable with the current pand of Mab's). The remaining 6
drains, 5 of which were non-typeable with the Mab's, had novel T-track patterns.
The genes from these dtrains are currently being sequenced.

Using DNA-based typing techniques, such as T-tracking' the amplified class 2 and
3 OMP genes, it is possible to pogtively type the large number of srains that remain
untyped using methods based on the antigenic propertiesof Neisseria meningitidis.
By looking directly at the DNA sequence encoding the class 2 or 3 OMP, the
geneticd rdationships between drains can be more clearly identified than when
comparing proteins, whose conformation may be markedly altered by minor changes
inamino acid sequence. To complement the T-tracking' typing method, aDNA dot-
blot system, smilar in principle to that used for subtyping meningococca drains (5),
is under development. Used in tandem, these techniques could provide a rgpid and
reliable way of typing and subtyping the large number of strains whichare otherwise
untypeable, so alowing more complete epidemiologica studies to be undertaken.
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Neisseria meningitidis are Gram-negaive diplococci responsble for cases of
meningococcd disease dl over the world. The epidemic potentia of N. meningitidis
serogroup B and C is clearly afunction of their serotype antigens more than of ther
capsular polysaccharides. Until recently, hyperimmune sera were used to detect
typing antigens on the bacteria. The advent of monoclond antibodies (Mab's) offered
the opportunity to iminate many of the cross-reactions and have improved the
accuracy and reproducibility of meningococcad serotyping. We have produced a
MADb to the outer membrane protein of the already existent serotype 17 that have
beendetected by the use of hyperimmune rabbit sera. The prevaence of thisserotype
epitope is low in the Brazilian srains. By using the MAb 17 we could not decrease
the percentage of nontypeable serogroup C strains. However, there was a decrease
in nontypeable strains to 13% in serogroup B strains and to 25% in the other
serogroups.

Population biology and epidemiology, poster 114.

Ribotyping as an additional molecular marker of Neisseria meningitidis
Serogroup C epidemic grains

C.T.Sacchi, M.L.C.Tonddlla, M.C.O.Gorla, A.P.S.Lemos and C.E.A.Mdlles

Department of Hedlth, Adolfo L utzl ndtitute, Bacteriology Divison, S&o Paulo 01246-
902, Braxzil.

The ribotyping molecular method was used as an additiona epidemiological marker
for detectionepidemic strains. Neisseria meningitidis serogroup C, referred asET-
11 complex grains, reponsible for the increasing number of meningococca disease
cases during 1990 to 1993 in the south Brazil were andyzed. The analysis by
ribotyping of these strains showed only asingle rRNA gene redtriction pattern (Rb2),
obtained with Clal redtriction enzyme. In addition to multilocus enzyme
electrophoresis and serotyping, this method provided ussful information about the
clond characteristics of the Neisseria meningitidis serogroup C:2b:P1.3 drans
isolated in Brazil in this period.
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A PCR assay for differentiating two groups of 25.2 Mda TetM Neisseria
plasmids
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High-leve tetracycline res stance (M1 Csof > 16 mg/ml) inN. gonorrhoeae (TRNG)
isdueto the presence of a25.2 Mda plasmid carrying the Tet M structura gene. This
gene codes for a ribosoma protection mechanisms and has been inserted into the
gonococcal conjugdive 24.5 Mdaplasmid (4,6). Thefira TRNGwasisolated inthe
United States in 1983, but not recognized until later (6). Subsequently, TRNG was
isolated in Canada, Europe, England, Africaand Asa, while the 25.2 Mda Tet M
plasmid has been found in N. meningitidis, Kingella denitrificans and Eikenella
corrodens (1,2,5). Restriction endonuclease analysi's mapping suggested that two
different restrictionpatternswere found for different 25.2 MdaTet M plasmid carried
by N. gonorrhoeae (1,2). Gascoyne et al (1) named the two patterns; American
type with patterns identica to plasmids from TRNG origind isolated in the United
States and described by us (6) and; Dutch type because the first isolate was from a
TRNG isolated in The Netherlands. However, these two patterns are not limited to
these geographica locations (1,2).

More recently, a polymerase chain reaction (PCR) assay which amplifies a portion
of the sequence withinthe structural tetM gene hasbeenused on TRNG isolates (3).
When the PCR products were cut with Hpall, two regtriction patterns were
observed. We have now developed a PCR assay which looks at the downstream
regions of the Tet M determinant and have found two different size PCR products.
NineteenTRNGisolateswithknown and unknown restrictionendonucl easepatterns,
for thar 25.2 Mda Tet M plasmid, were used. The bacteria were isolated from
different geographical areas between 1985-1990.

For comparisons, nine N. meningitidis, fromdifferent geographica areasand isolated
between 1985-1991, carrying the Tet M plaamid were dso examined. Smdl scae
plasmid preparations, which contained both plasmids and chromosoma DNA were
used asthe templateinthe PCR assay. Two different szed PCR amplified products
were generated when the TRNG isolates were used as the template. Six isolates
yielded the smdler PCR product and of these, five had previoudy been characterized
and known to carry the 25.2 Mda Tet M plasmid with the Dutch type restriction
endonuclease pattern. Theremaining 13 TRNG isolatesyield thelarger PCR product
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and of these seven were known to carry the 25.2 Mda Tet M plasmid with the
Americantype restrictionendonuclease pattern. Incontrast, thenineN. meningitidis
had only one PCR product which was indigtinguishable in Sze from the smdler PCR
product produced by the "Dutch” TRNG isolates.

These results are competible with the data presented by Swartley et al (8). Aswith
our other PCR assays, proteinase K treated bacteria could replace purified DNA as
the template for the PCRassay. Thiswould dlow for more rapid determination and
reduce the supplies needed. More isolates will need to be examined, but the
preliminary data suggeststhat the two different sized PCR products correlate withthe
two previoudy described restriction endonucl ease patterns inthe TRNG isolatesand
could be aussful addition in the epidemiologic study of these bacteria
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We successfully gpplied PCR for the early detection of meningococcd meningitis (1)
usng primers which amplify a DNA sequence of the meningococcal dhps gene.
Genetic dterations within this sequence have been shown by usto confer sulfonamide
resstance (2). We further studied the ability of restrictionendonucleaseandydsof the
PCR amplicons (PCR AREA) to differertiate between individual strains of
N. meningitidis. Eight isolates of the isoenzyme ET-5 complex had identicd PCR
AREA band patterns whereas 8 isolates of other ET-complexesdl had different band
patterns. Usng PCR AREA we wereaso able to identify the disease-causing strain
of N. meningitidis in the throat of a healthy contact of apatient withmeningococca
septicemia By datigtical andyds of the band patterns by a computer program
(GdCompa®), we were able to congtruct a dendrogram showing the genetic
distance between individud strains. We conclude that PCR AREA can be used to
type meningococdi.
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An approach to study the molecular genetics of Neisseria meningitidis
Partial sequence of rpoB gene and genetic variability
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Using the technique of polymerase chain reaction (PCR), a 624 bp DNA fragment,
which belongs to the 3-subunit of DNA-directed RNA polymerase (rpoB, EC
2.7.7.6.) of Neisseria meningitidis serogroup B was amplified. The fragment was
cloned and sequenced. In contrast to the known sequences of gram negative rods,
N.meningitidisshowsaninsartionof about 36 bp. A phylogenetictree, based onthe
amino acid trandation of this sequence, was constructed (1), induding some other
eubacteria aswdl as archaebacteria and chloroplast sequences, too. Intheresulting
tree N. meningitidis forms adistinct branch within a cluster of gram-negative rods.
This was separated from another cluster formed by Mycobacterium tuberculosis,
Mycobacterium leprae and Bacillus subtilis.

In addition, two oligonucleotides were chosen from the sequence. These highly
specific oligonucleotides were labdled to performahybridization study withavariety
of amplifiedfragmentsbeongingto Neisserialactamica, Neisseriaflava, Neisseria
subflava, Neisseria sicca and seven N.meningitidis serogroups. Results indicate
gendtic differences not only within the genus Neisseria but aso within the species
N. meningitidis a this specific part of an essentia gene.
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Neisseria meningitidisis apathogenresponsble for serious invasve disease through
the world. The lack of an effective vaccine againgt al serogroups condtitutes a
problem in the control of meningococca disease. Severa outer membrane proteins
(OMP's) have been examined as vaccine candidates, with only the class 1 protein
inducing high titre bactericida antibodies, which are protective in an experimenta
modd for meningococcd infection (3).

Besides the mgor OMP's, other surface proteins are under investigation in severa
laboratories (1, 2), particularly highly conserved OMP's that will potentialy confer
protection againgt meningococca disease in humans. Our group has previoudy
isolated, cloned and expressed in Escherichia coli the M-6 gene, coding for ahigh
molecular weight protein (P64Kk) whichiscommonto many meningococca srans (4).
Using chromatographic methods the protein has been purified to homogeneity.

To characterize this meningococca antigen further at the molecular leve, we
developed argpid method to evaluate N. meningitidisisolates onthe bass of genetic
vaidbilities within ther M-6 gene. Strains were differentiated on the basis of
regtriction fragment length polymorphism (FRL P) patterns obtai ned after polymerase
chain reaction (PCR) of the M-6 gene and redtriction endonuclease digestion with
Hpall, which has 13 stes within the gene. We gpplied this method to 14 serogroup
B and 1 serogroup | gtrains, epidemiologicaly representative of distinct geographic
areas. This dlowed differentiation of dl 15 gtrains into 4 digtinct RFLP patterns
compared with 13 different serotypes and 7 subtypes. Findly, the PCR-RFLP
technique, together with the nucleotide sequence of the M-6 gene from one of each
of the 4 RLFP patterns of these Srains, revealed a high degree of homology either a
the DNA leves, which implies that this gene is conserved among different
Meningococa.
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Because of the often rapid and dramatic development of systemic meningococca
disease (SMD), itisrecommended that antibiotic treatment startsas early aspossible,
even before admittance to hospitd. The consequence of thisisa sgnificant lowering
of the proportion of suspected SMD cases confirmed by culture.

Alterndtive diagnodtic tests, suchasdirect detectionof antigensin cerebrospind fluid
(CSF), are not very sendtive. An ELISA serological test based on capsular
polysaccharide antigens was devel oped during the Norwegian serogroup B vaccine
protection trial (1). We now employed a nested PCR test to detect meningococca
DNA in CSF, adapted from the procedure described by Saunders et al. (2). This
test, based on the gene coding for the PorA outer membrane protein, aso hasthe
advantage that the subtype of the infecting strain can be determined through DNA
sequencing of the PCR product.

Two sets of primers that oecificdly amplified the porA gene from the different
subtypes of Neisseria meningitidis were selected. The method wastested on CSF
samples from 87 patients with various disease etiology, including 37 patients with
SMD. When testing 21 CSF's from well-characterized clinicad categories of
meningococca disease (3), only 15 were found postive after the nested PCR. Of the
6 negaive CSF's, 5 were from non-meningitis patients, while the last one was culture
negetive, but contained a huge amount of LPS, corroborating a meningitis diagnosis.
However, apositive reaction was obtained for this sample after dilution, suggesting
the presence of inhibitory substancess All 50 CSFs from patients with
non-meningococca etiology proved negative.

The method was applied to al 63 CSF's from culture negative patients collected
between 1987-1993 in the course of the Norwegian serogroup B vaccination trids
(2). Seven of the 63 CSF's were pogtive after nested PCR. Further, none of the
negative CSF'swerefound to have inhibitors. Only two CSF's were postive withthe
antigen test, and both were PCR pogtive. Serum pairs of 42 patients had been
analysed for serological serogroup response in ELISA (1). The 7 PCR poditive
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CSF'sbedonged to patientswitha serologicd responsejudged as either typicd for or
compatible with SMD.

Sequence anadysis of the PCR products reveded that 4 of the 7 postive CSF'swere
infected with astrain of subtype P1.7,16; as for the epidemic ET-5 strain (4). One
was P1.12,13a, which is a newly identified subtype for some strains of the ET-5
complex recovered mainly from patients from the West coast of Norway (5); this
patient was from Bergen. One strainwas of arare subtype, asfar as we know, not
associated with the ET-5 complex. The last strain was P1.5,2, a subtype often
associated with serogroup C drains in Norway, which was in agreement with the
serological response for that patient.

The described PCR technique proved more sengtive than antigen testing and wasiin
agreement with the serological results for meningitis patients. It gave the possibility
to determine the subtype of the disease-causing drains in patients involved in the
protection trids, and aso when no isolate was available.
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DNA sequence analysis of antigenic diversity in Neisseria meningitidis
class 3 outer membrane proteins

R. Dalsegt, E. Wedege! and D. A. Caugant?

Departments of Vaccines' and Bacteriology?, Nationa Indtitute of Public Health,
Geitmyrsveien 75, 0462 Odo, Norway.

Strainsof Neisseria meningitidis expresstheir porB gene to produce either a class
2 or class 3 outer membrane protein which are differentiated by their molecular
weight. Based on antigenic variation in the PorB, strains are classified into about 15
serotypes. Serogroup B meningococci carrying class 3 protein have been associated
with epidemic disease in recent years in severd parts of the world. Anti-PorB
monoclonal antibodies have been demongtrated to be bactericidal in vitro and to be
protective in anima models (3, 5).

Until now, alimited number of porB genes have been sequenced to try to define the
serotype determining epitopes (1, 2, 6), and four vaiable regions have been
identified. Due to variation in different parts of the molecule, it has been difficult to
relate special serotype determinants to the sequences.

To obtain additiona knowledge about serotypedeterminants, we sequenced 14 porB
genes of strains expressing 8 different class 3 serotypes. The study was designed to
take advantage of the presence of single and combined serotypes to determine the
epitopesrespong blefor bindingthe respective serotyping monoclond antibodies. The
entire reading frames of the genes were generated by PCR, and sequenced directly
usngthe therma cyding procedure. The strains were also characterized by muitilocus
enzyme electrophoresis and SDS-PAGE.

The sequence data were analysed using the neighbour-joining method (4). Published
DNA sequences from 8 additiona strains were dso included in our anaysis for
comparison (1, 2, 6). The resulting phylogenetic tree showed that the sequences fell
into two distinct groups: one group congsting only of the serotype 15 sequences, and
the other, more heterogeneous, containing the remaining serotypes.

Andyss of mutations outside the variable regions revealed no correlationto serotype
Specificity. However, the point mutations in the 22 strains were generdly located in
identica positions, indicating either mutationa hot-spots or a common ancestry.

Due to the rather homogenous sequences within each of the two groups, and the lack
of common variadle regions between the groups, it was impossible to locate the
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epitopes to single, linear sequences. On the contrary, al serotype monoclond
antibodies seemed to recognize mainly conformationa, discontinuous epitopesinthe
polypeptide sequences, as suggested by immunoblotting (Wedege, unpublished
results). Anexceptionmay be the serotype 4 monoclond, which is totaly dependent
on the presence of a glutamate (E) in the second position in the loop 1 sequence
VEHNGGQVVSVETGT. Based on the variation in the three other varidble regions,
it seems likely that this monoclonal hasiits epitope restricted to loop 1.

Nearly identicd PorB sequences were demonstrated in geneticdly digant strains
showing thet the por B gene can be transferred horizontaly as an entity. SDS-PAGE
anayses revealed a surprisng lack of correlation between the deduced molecular
weights of the different PorB proteins and ther reative migration. This may reflect
drain specific differences in processng sgnd peptides from the full length PorB
proteins, or may be caused on strong interactions between PorB and other
srain-gpecific molecules.
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Rapid diagnosis of meningococcal meningitis by the polymerase chain
reaction

Z. Peixuan and H. Xujing

Indtitute of Epidemiology and Microbiology, Chinese Academy of Preventive
Medicine, P.O. Box 5, Changping, Beijing 102206, China.

Polymerase chainreaction (PCR) wasusedfor diagnos's of meningococca meningitis
by amplification of 1S1106 insertion sequence of Neisseria meningitidis. All 21

grains of Neisseria meningitidis yielded a specific 596bp fragment but 14 non-

meningococca drans did not. The sengtivity of amplification was about 12.5fg.

PCR amplified fingerprints were generated fromthe repetitious sequence of 1S1106.

The band patterns of strains were quite diverse. With the aid of the 1S1106-PCR,

20 of 21 cerebrospind fluids (CSF) and 12 of 14 acute sera of suspected patients
were PCR-podgitive. In the above samples tested, 8 CSFs and 4 sera which were
collected from patients with positive culture of meningococcal meningitis were also
PCR-podtive. In order to confirm the specificity of the 1S1106-PCR, 12 recovery
sera of cases, 3 contacts sera and 20 norma sera were examined and they were
PCR-negative. The results of the present work suggest that 1S1106-PCR is a
sengitive and specific method for rapid diagnosis of meningococcal meningitis.

K ey words: Meningococca meningitis Polymerase chainreaction(PCR); Diagnosis.
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Compar ative evaluation of suspicious meningococcal cases with nPCR and
ELISA

N. B. Saunders, D.R. Shoemaker, B.L. Brandt and W.D. Zallinger
Water Reed Army Ingtitute of Research, Washington, DC 20307-5100.

A meningococca outer membrane protein vaccine wastestedinlquique, Chile, where
an epidemic of Neisseria meningitidis, B:15:P1.(7),3 was occurring. Surveillance
fromOctober, 1987 through March, 1990 (2) was done inevauaing the efficacy of
thisvaccine. Within thistime period, 112 peatients presented with symptoms classified
by physdans as suspicious, moderatdy suspicious or highly suspicious for
meningococcd disease. Gram stainsand cultureswere negative from al these cases,
and none of them could be confirmed as meningococca disease for the purposes of
vaccine evauation.

Further testing of patient samples has been performed to evauatethar status. Of the
samples collected from these 112 patients, 79 sets of CSF and acute and
convalescent sera were available for further analysis. The samples of CSF were
tested for the presence of meningococca DNA using a highly sengtive and specific
nested polymerase chain reaction (nPCR) previoudy described (1). Fourteen of
fifteen confirmed cases were postive by thistechnique; 18 samplesof CSF collected
from patients with other etiology were negetive.

Acute and convaescent sera were anadyzed for antibodies directed to outer
membrane complex (OMC) of strain 8529(B:15:P1.(7),3), atypica epidemic drain.
IgG leves in acute and convalescent sera were quantitated by ELISA to assess
patient response. Inandysisof 36 confirmed casesfromthisstudy, anincreaseinlgG
greater than or equal to 2 fold was detected in 31 of these cases, or 86%. None of
the 19 serum pairs from patients determined to be free of meningococca disease
exhibited a2 fold risein 1gG against 8529 OMC.

Inandyds of specimens from74 of the 79 patients, 54 sampleswerenegetive by both
methods. Twenty were postive by at least one of the two methods, eight were
postive by both methods, five were only postive by nPCR, and seven were only
positive by ELISA. One suspicious case had ahigh antibody level in the acute serum
and did not show an increase, but was pogtive on nPCR. Further examination of
these samples is ongoing. Discrepancies between the two methods may be due to
lack of antibody responseintrue postive cases; anincrease in antibody levels due to
carriage, but without disease or experimental error. ELISA and nPCR are vduadle
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adjuncts to conventiona clinica diagnoss of meningococcd disease, paticularly
where it isimportant to obtain accurate identification of dl cases.
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Importance of the use of subtype P1.9 monoclonal antibody for the
serotyping of Neisseria meningitidis Serogroup B strainsin Brazil

E.N. De Gaspari*, A.A. Ribeiro Filho?, C.N. Baccoccine® and W.D. Zollinger?

Ymmunology and Bacteriology Section, Adolfo Lutz Indtitute, Sdo Paulo Brazil.
AWater Reed Army Ingtitute of Research, Washington, DC, USA.

The monoclond antibody 5F81A4 directed at outer membrane proteins of
N. meningitidis was obtained in the U.S. in 1992. We basicdly used the technique
described by Kohler & Milgein (1975). The clones were selected by ELISA.
Antibody specificity was determined by Western blotting using outer membrane
antigens of ahomologous N. meningitidis strain. The monoclond antibody obtained
wasspecificforN. meningitidis B class 1. Dot-EL 1 SA usngstandard subtypestrains
only reacted with M982 (P1.9 standard). We used N._meningitidis drains of
different serotypes obtained in Brazil in 1992. Subtype P1.9 was predominantly
related to serogroup B, serotype 4, representing 6.8% of the subtyping of serogroup
B sransinBrazl in 1992. No sgnificant differenceswere observed inthe prevaence
of subtype P1.9 among strainsisolated in different Brazilian Sates. These results are
important because Brazil hasa broad heterogeneity of N. meningitidis B strains. An
effective vaccine should probably contain outer membrane proteins of the different
prevaent subtypes, and bacteria belonging to subtype P1.9, which were previoudy
considered to be untypesble, should probably be part of the preparation of avaccine
agang this microorganism.
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The physical map of a Group A strain of Neisseria meningitidisshows a
region of complex DNA rearrangement relative to the chromosomes of
Neisseria gonorrhoeae strains FA1090 and M S11

J.F. Dempsey and J.G. Cannon

Department of Microbiology and Immunology, The University of North Carolina
School of Medicine, Chapd Hill, NC, USA.

Macrorestriction maps of Neisseria gonorrhoeae srans FA1090 (2, 3) and MS11
(1) have previoudy been constructed.  Within the limits of resolution of these two
macrorestriction maps, these two strains were shown to be nearly identicd in the
organization of genetic markers located on the chromosome.

Neisseria gonorrhoeae and Neisseria meningitidis have been shownto be closdly
related by anumber of criteria, induding DNA homology (4), dthough very different
clinica spectra of disease are associated with these two species. The key virulence
atributes that are responsble for the differences in infections caused by the two
pathogens have not been identified. We have constructed amacrorestrictionmap of
Neisseria meningitidis in order to compare the genetic organization of these two
organisms in hopes of identifying mgjor structural rearrangements that may account
for differencesin dinica disease.

Neisseriameningitidisstran 22491 isaGroup A strain (subgroup 1V-1) isolated in
the Gambiain 1983. To construct the macrorestriction map, cloned gonococcal and
meningococcd geneswere used to probe Southernblotsof DNA digested with each
of six restriction enzymes and separated on pulsed-field gels. In this manner we
determined how fragments from different digests overlgpped, and thus the order of
the fragments on the map. A total of 116 markers have been located on the 22491
map. The Szes of the chromosomes of the two pathogenic Neisseria speciesarethe
same (2.2 Mb) and the genetic organization is quite Smilar over agpproximately 60
percent of the chromosome. The remaining 40 percent of the chromosome contains
large regions of DNA that have been rearranged or inverted in Z2491 when
compared to the gonococcal maps. These differences are complex and mugt have
occurred by multiple independent events.
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Pulsed field gel electrophoresis analysis of the ET-37 complex of Neisseria
meningitidis

JA. Bygraves and M.C.J. Maiden

Divison of Bacteriology, Nationd Ingtitute for Biologicd Standards and Control,
Blanche Lane, South Mimms, Potters Bar, EN6 3QG, UK.

I ntroduction: Meningococca disease occurswithfour distinct epidemiologies large-
scae, rapidly spreading epidemics, occasondly condituting globa pandemics,
localised epidemic outbresks, often associated with a particular population or areg;
hyper-endemic disease, whichmay occur fromtime-to-time inacountrythat normaly
experiences endemic disease; and sporadic, endemic disease (2). Each of these
epidemiologica types of disease represents a different problem in terms of public
health management and contral. Interestingly, dthough a number of socioeconomic,
geographicd, and dimeactic conditions influence the epidemiology of this disease,
gendticdly different meningococci are responsible for each epidemiology. A
knowledge of the geneticd rdationshipsamongisolatesof meningococai is therefore
centra to understanding the dynamics of disease in a given country at a particular
point intime. Thisinformationis also necessary if the evolutionof new meningococcd
strainsisto be understood and anticipated.

The ET-37 complex of bacteria is a group of meningococcal isolates defined by
multilocus enzyme dectrophoress (MLEE) (4). Thesedrainshave beenisolated from
many countries over areatively long period of time and have been responsible for a
number of known locdised epidemic outbreaks. The ET-37 srains are typicdly, but
not necessaxily, C:2aP1.5,2. Unlike the subgroups of serogroup A, which can be
consdered to be clones (1,3) and are antigenicaly homogenous, MLEE analyses
revedl that ET-37 isacomplex of less closdly relaed organisms that exhibit adegree
of antigenic varidion. In the present andyss this complex of bacteria was
characterised by pulsed field gdl eectrophoresis (PFGE) fingerprinting.

Methods and strains:. Three groups of grains were included in the andyss a
collection of ET-37 strains supplied by Dr. M. Achtman of the Max-Planck-Ingtitut
fur molekulare Genetik, Berlin; a collection of isolates from the UK Meningococca
Reference Laboratory, supplied by Drs D.M. Jonesand A. Fox; and a collection of
grains fromarecent outbreak of diseaseinthe Czech Republic, supplied by Dr. Paula
Kris, Nationa Ingtitute of Public Hedlth, Prague, CzechRepublic. PFGE fingerprinting
was carried out as previoudy described (1).
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Results: Forty-four srans were examined by digestion of chromosoma DNA
preparations with the restriction endonuclease Sfil. The resultant fragments were
separated by PFGE to generate afingerprintsof 20 bandswith Szes ranging from 20
- 550 kbp. On a sngle gd, accurate measurements were possible for 17 of these
bands in the sze range 20 - 300 kbp. These bands represented about half of the
2Mbp chromosome and were used in the subsequent analyses. The Sl fingerprints
from dl the drains were amilar, with a pattern that was characteristic for ET-37
grains, but were not dl identicd. However, the strains from aparticular outbreak, for
example those from the recent outbreak in the Czech Republic, shared the same
fingerprint pattern. One NG:NT:P1.2 Czech strain had a very different fingerprint
indicating this suspect strain not to be ET-37, whichwas conagtent with MLEE data
(Dr. P.Kris, persona communication). Another NG:NT:P1.5,2b (P1.2b=P1.y) dran
had the ET-37 associated fingerprint, whichwas also conssent withMLEE data (4).
Some grains, suspected of being members of the ET-37 complex on the bass of
thelr serogroup, serotype, and serosubtype, were shown to have different fingerprint
patterns, while others that had serologica properties not normally associated with
ET-37 possessed the characteristic fingerprint.

Discussion: Fingerprint patterns generated by the endonuclease Sfil canbe used to
identify members of the ET-37 complex, and to diginguish srains from different
locdlised outbreaks independently of serologicd or MLEE andyses. The il
fingerprints of this complex were less stable than those observed for the subgroups
of serogroup A meningococci (1). Nucleotide sequence and serologica data
indicates that horizonta geneticd exchangeis lessfrequent inET-37 complex thanin
the predominantly serogroup B ET-5 complex. These data suggest that the
accumulationof point mutations isthe magjor mechanismfor thegenerationof variation
in the ET-37 complex.

The ET-37 complexisagroup of geneticdly related meningococci that have adightly
elevated potentia to cause disease. These bacteriaare globaly distributed and have
perssted over severd decades at least (4). Over this time, athough they have
changed sgnificantly at the chromosoma level and in some of their subcapsular
antigens, they have not lost their potentia to cause locadised, limited disease
outbreaks. They do not appear to exchange DNA with other meningococci as
frequently as some other complexes of bacteria, for example ET-5, but onthe other
hand, ET-37 is not as antigenicaly and geneticaly as sable as the Serogroup A
MeningoCcoCai.
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Clonal analysis of Neisseria meningitidis serogroup B serotype 15 strains
of Germany using pulsed-field gel electrophoresis

|. Ehrhard®, F.-B. Spencker? and H.-G. Sonntag*

lIndtitute of Hygiene, University of Heidelberg, Im Neuenheimer Feld 324, 69120
Heidelberg, Germany. 2Children’s Hospitd, University of Lepzig, Oststr. 21-25,
04317 Lepzig, Germany.

The molecular epidemiology of Neisseria meningitidis group B serotype 15 strains
belonging to various serosubtypeswas examined. After digestionwiththe rare cutting
restrictionendonuclease Nhe | the DNA of 58 strains was separated by pulsed-fied
gel dectrophoress (PFGE). The drains were isolated both in the old and new
countries of Germany from 1983 through 1994 and were serosubtyped as follows.
B:15:P1.7,16 (25 isolates), B:15:P1.16 (22 isolates), B:15:P1.1,7 (4 isolates),
B:15:P1.7 (3 isolates) and B:15:NST (3 isolates). The B:15:P1.7,16 sransmainly
derived from the territory of the former GDR (region of Leipzig, 80%), whereas the
B:15:P1.16 strains mainly (68%) came fromthe territory of the former FRG. The 58
drains yieded 17 different fingerprints. The most common pattern consisted of 9
restrictionfragments (364 kb, 315 kb, 242 kb, 170 kb, 110 kb, 95 kb, 65 kb, 55 kb,
30kb). Fifty-six % (14 isolates) of the B:15:P1.7,16 strains, 41% (9 isolates) of the
B:15:P1.16 strains and one isolate eachof B:15:P1.7 and of B:15:NST showed this
pattern. The redtriction profile second most common aso conssted of 9 fragments
(394 kb, 315 kb, 280 kb, 242 kb, 170 kb, 110 kb, 65 kb, 55 kb, 30 kb). Five
isolatesof B:15:P1.7,16 and oneisolate of B:15:P1.16, whichproduced this pattern,
originated from the region of the former GDR (isolated 1988-1992). Four
B:15:P1.1,7 drains with the identica fingerprint were isolated in a kindergarten in
North West Germany.

Taken together, strains of the antigenic composition B:15:P1.7,16 had 10 different
regtriction patterns, whereas srains of the antigen formula B:15:P1.16 yielded 13
diginct profiles. Six of the 17 different fingerprints were found within various
serosubtypes. Eleven patterns bel onged to Sngle isolates. The variation among most
of the 17 different restriction profileswas minimd. Only three of the patterns showed
sgnificant differencesto the other fingerprints. 1dentical fingerprintswere found within
various serosubtypes of serotype 15 strains. So the same group as distinguished by
PFGE included strains of distinct subtypes. On the other hand, isolates of identical
sero/serosubtypes could be differentiated by PFGE restriction patterns. One group
of N. meningitidiswiththe same redtriction pattern was prevaent inthe territories of
the former GDR and FRG.
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Analysis of meningococci from a New Zealand hyperendemic using
ser otyping, subtyping and restriction fragment length polymor phism typing

SJWadker, RJWhyte, Y.M.Gdloway and D.R.Martin
ESRHedth: Communicable DiseaseCentre, P.O.Box 50348, Porirua, New Zedand.

Introduction: New Zedand is currently experiencing a hyperendemic of Neisseria
meningitidis invasve disease which began in the second haf of 1991. This study
seeks to andyse the relaionships between isolates received from cases of invasve
meningococcal disease during and prior to this period, usng serotyping and subtyping
and dso using Redtriction Fragment Length Polymorphism (RFLP) typing.

Materials and M ethods: Since 1989, isolates from dl cases of meningococca
invasve disease have been solicited for survelllance from dl over New Zedand by
ESR Hedth: Communicable Disease Centre . For this sudy, one isolate from each
case was characterised by serotyping and subtyping and by RFLP. Serotyping and
ubtyping was based on the method of Abdillahi and Poolman (1) usng whole cell
ELISA. The method for RFLP used the rare cutting restriction enzyme i 1 and
Pulsed Feld Gel Electrophoresis and was derived from that of Single and Martin (6)
and that of Bygraves and Maiden (2).

Results: For the years 1989-1990 the average annua incidence rete of invasive
meningococcal disease was 1.5 per 100,000 population. From the middlie of 1991
there has been anincreased number of cases pesking at 200 in1993, givinganannud
rateof 5.9 per 100,000. Theserates were based onlaboratory confirmed and notified
cases and represented an increase across al age-groups.

Therdative proportion of serogroup B isolates rose from 41% in 1989 to apeak of
74% in the firgt hdf of 1994. The proportion of serogroup C isolates aso rose from
17.6% in 1989 to 34% in 1993 and has falen to 24% inthe half year to June 1994.
Serogroup A has represented |ess than 2% of isolates annually snce 1990.

Serotyping and subtyping hasidentified a number of combinations withone particular
drain predomingting. This grain, B:4:P1.4, emerged as the dominant strain in mid
1991, coincident withthe start of the hyperendemic. Prior to 1991 this strain had been
identified only 3 times. In 1991 it was found 14 times, 13 of them in the second half
of the year, giving arate of 62% of sero/sub typeable serogroup B isolates in those
6 months. The numbers of this strain have continued to rise and currently represent
82% (18/22) of sero/sub typeable serogroup B isolates for the first 23 weeks of
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1994. This dran has been found throughout New Zealand with no obvious
geographica focus. Initidly, it appeared to have an unequd distribution across age-
groups, in 1992 accounting for 33% of sero/sub typeable serogroup B isolates from
under 5 year olds compared with 64.5% for the 15 to 24 age-group. Recent data
suggests a more even didtribution of the strain across age-groups. RFLP analys's,
whileincomplete, indicates that the mgjority of isolates of B:4:P1.4beongtothe same
RFLP type, Ba, suggesting a clond reationship.

While strain B:4:P1.4 has dominated over the last 3 years there has dso been an
overdl increase in other meningococci belonging to a wide range of genotypes. A
number of clusters of related cases of meningococcd disease have occurred snce
1991. In addition to the dominant strain, B:4:P1.4, these have involved other
meningococc induding a sulphonamideresistant strain B:15:P1.7,16, RFLP typeBi.

Discussion: The background incidence of meningococcd disease in New Zedand

hasbeen similar to that reported in other countries, showing ahigher rate of infection
inpre-school childrenand adominance of serogroup B over other serogroups. From
the middle of 1991 rates increased significantly in dl age-groups to peak at 5.9 per

100,000 population in 1993. Coincident with this rise was the emergence of a
dominant strain, B:4:P1.4, RFLP type Ba.

Serogroup B epidemics have previoudy been linked with the introduction of new
grains, for example, inNorway in 1974 with strain B:15:P1.16 (3), and in Brazil with
drain B:4:P1.15 (4). Although our strain, B:4:P1.4, was not found withany frequency
before 1991 it subsequently became the most prevdent type. However, it fill only
represented 32.5% (39/120) of dl isolates causng invasve disease in 1992, for
example. Therefore, the increase cannot be attributed to this strain done. Resullts of
serosubtyping and genetic fingerprinting indicate considerable heterogeneity among
other meningococcd isolates, suggesting that other factorsmay a so have contributed
to the increase observed. A similar pattern of events occurred in the Netherlands
during the 1980s, including the emergence of a meningococcus expressing the same
sero/sub type, B:4:P1.4. (5). The rdaionship of our strain to that found in the
Netherlands needs investigation and has implications for vaccine devel opment.
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Genomic finger printing of meningococcal group C ET-15 disease isolates
by pulsed field gel electrophoresis
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National Laboratory for Bacteriology, Laboratory Centre for Disease Control
Health Canada, Ottawa, Canada K1A OL2.

A dngle enzyme dectrophoretic type (ET-15) of Neisseria meningitidis has been
associated withan increase in meningococca group C disease in Canada during the
past severa years (1). The emergence of ET-15 has been accompanied by a series
of dusters or focal outbreaks which have occurred in different geographical areas
(1,5). Genomic fingerprinting, through pulsed-field gel eectrophoresis (PFGE) of
chromosoma DNA, has been used to further delineate the genetic relationships
among ET-15 isolates from one such outbreak in the Nationa Capital Region of
Canada (5). PFGE has now been used to characterize meningococcd ET-15 isolates
fromdix additiond clustersor focal outbreakswhichoccurred indiversegeographica
areas across Canada.

Based on previous studies (5), three redtriction endonucleases, Bglll Notl, and
Soel were used to generate genomic fingerprints from DNA obtained from
meningococc grown on GC medium at 36'C in 5% CO,.

Cluster 1: Eight cases of group C disease occurred in a metropolitan area during a
period of 11 weeks. Fiveof theeight strains had the same PFGE profile (PFP). Four
of the five identicd isolates came from patients during a nine-day period. The same
PFP was associated witha case of group C diseaseinthe area 20 months earlier. Of
the three remaning isolates, two were of a second and identicd PFP and one
exhibited a third digtinct PFP which was also associated with a case of group C
disease 10 months eaxrlier.

Cluster 2: Duringa period of 8 days therewere 4 cases of group C diseaseinvalving
three schoolsin the same city subdivision. All 4 disease isolates exhibited the same
PFP. The identica PFP was exhibited by a group C disease isolate, which was
recovered 1 week later in another part of the province from a person who had
recently visted the same city.

Cluster 3: Two cases of group C disease and a case of polyarthritis occurred in a

town during a 2 week period. Theindex case occurred in a high school student. A
few days later polyarthritis devel oped inayoung womanwhose brother attended the
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same high school. The PFP of the throat isolate from the woman was identicd to the
blood isolate of the index case. Twenty days after the index case the mother of the
young woman with polyarthritis developed group C disease with the blood isolate
having an identica PFP as the other two isolates.

Cluster 4: During a 17-day period, 4 cases of group C disease occurred in a
Canadian city. The four isolates exhibited reduced susceptibility to penicillin and
identica PFPs. Seven additiona cases, from which isolates had the same PFP and
reduced susceptibility to penidllin, occurred during the next 14 monthsinthat city and
immediate area. Seven other ET-15 isolates from group C disease occurring in the
province during this period were sengtive to penicillin and were of different PFPs.

Cluster 5: Nine cases of group C disease occurred during a period of 6 days in
Victoria County in Ontario. Seven isolates were available and al were of the same
PFP.

Cluster 6: Four cases of group C disease occurred in a metropolitan region in
Ontario during a period of 8 days. All 4 isolates were of the same PFP. Theisolate
from a fifth case, which occurred just outside the region during that time, had a
different PFP.

Isolates from clusters 1 to 5 dl exhibited different PFP's. However, isolates from
clusters 5 and 6, which occurred 4 years apart, exhibited smilar PFPs. There was
no correlation between PFP and outcome of disease in patients. Seventeen PFP's
were found among 25 non-disease-associated ET-15 carrier isolates.

Genetic transformation, which isacommon processin Neisseria meningitidis (4),
results in genomic variation due to minor differences in nucleotide base sequences.
Thus, certan genotypic methods appear to be useful for more detailed
characterization of outbreak dtains. For example, a study employing PFGE has
resolved differences between various subgroup 111 srains within serogroup A (2) and
investigation of regtriction fragment length polymorphisms employing cloned probes
has detected genomic variation within a Single enzyme eectrophoretic type of group
B meningococci (3). Our studies indicate that genomic variation exigts for ET-15
meningococcd isolates. The use of PFGE to detect such genomic subtypes should
help to ddlineatefuture outbreaks of group C disease caused by ET-15 meningococa.
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Emergence of a new virulent clone within the ET-5 complex of serogroup B
meningococci in Norway

E. Wedege?, J. Kolberg!, A. Delvigt, EA. Haiby?, E. Holter?, E. Rosengist! and
D.A. Caugant?

!Department of Vaccines, Nationa Indtitute of Public Hedth, Geitmyrsveien 75, N-
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Meningococci, Department of Bacteriology, Nationd Inditute of Public Hedth,
Geitmyrsveien 75, N-0462 Odlo. *Department of Microbiology, Akershus Central
Hospital, N-1474 Nordbyhagen, Norway.

In the late 1980s, B:15 meningococci with subtype P1.12 emerged among isolates
from patients with sysemic meningococcd disease in Norway (4). Between 1987
and 1992, 24 B:15:P1.12 drains were detected, and P1.12 was the third most
common subtype among B:15 strains. All B:15:P1.12 gtrains belonged to the ET-5
complex (1), but 17/24 isolates (71%) were anew cone (ET-5¢) whichhasnot been
seen dsewhere in the world. Except for one strain, al ET-5c¢ isolates were from
patients in two neighbouring counties in Western Norway.

A monoclona antibody (MAb) againg the unknown variable region 2 (VR2) in the
P1.12 subtype protein was developed. This MADb (202, G-12) and the reference
subtype P1.13 MAb (MN24H10.75 from J.T. Poolman, RIVM, Bilthoven, The
Netherlands) reacted with 19 and 4 strains, repectively, of the B:15:P1.12 isolates,
whilst one strain showed no binding. Judged from immunoblots, MAbs 202, G-12
and P1.13 reacted with a linear and a conformationa epitope, respectively. Both
antibodies showed subtype-specific bactericidal activity. Sequencing of por A genes
demonstrated a series of four threoninesinthe deduced VR2s of strains reacting with
MAD 202, G-12, wheress five threonines were found in the P1.13 positive strains.
The former sequence is Smilar to one recently designated P1.13a (3). Therefore,
MADb 202, G-12 isaP1.13aspecific antibody. Itsspecificity isaso supported by the
reaction with serogroup A drains of done 1V-1 whose VR2s contain the P1.13a
subtype (3). The one P1.12 isolate without reaction with the P1.13a and P1.13
Mab's had a sequence of nine threoninesin VR2 and expressed a class 1 porin of
higher molecular weight in SDS-gels.

IgG antibodies againg the P1.7,16 protein, induced after vaccinationwithNorwegian
meningococca vaccine, did not cross-react on immunaoblots with the P1.12,13a
grains, showed antibody activity againgt the P1.12,13aprotein. Theseantibodiesdid
not cross-react withthe P1.7,16 protein. Thedominant antibody activity inthesetwo
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patient serawas directed againgt the P1.12 epitope in VR1. One of the serashowed
an additiona weak binding to the P1.13a subtype region. Epitope mapping with
synthetic peptides demonstrated that this binding was directed to the same sequence
of 11 amino acids which aso reacted with MAb 202, G-12. The lack of cross-
reactivity of vaccine-induced class 1 protein 1gG antibodies may imply reduced effect
of the Norwegian meningococca vaccine againg srainsin the new clone.
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M eningococcal diseasein Europe: Concerted action on all aspects of
disease management

W.Thid! , A.J.Fox? and participantsin the EMGM

!Bdstl.bakt.-serolog, Untersuchungsangtalt, Beethovenstrasse 6, 8010 Graz, Audtria.
“Manchester Public Hedlth L aboratory, WithingtonHospital, Manchester M20 2LR,
UK.

The demand for regular meetings to promote European collaboration for the
management of meningococcal disease is greater than at any other time in recent
higory. This need arises from the lack of rapid exchange of comparable data on
meningococci  between European countries. The ongoing geopoalitical dynamicsin
Europe, the epidemic potency of different strains and progress towards group B
vaccine development cdl for a comprehensive collaboration and surveillance.
Furthermore dthough increasing numbers of pheno- and genotyping methods have
been developed and are in use, they are of limited accessbility and reagent
availability.

Hitherto, meetings of representativesfromEuropeanNationa Reference L aboratories
for Meningococca Disease were organised by the World Health Organisation but
ceased some 8-10 years ago. Informa discussons between European National
Reference Laboratory representatives confirmed the continuing need for aEuropean
forum. It was therefore decided to create a European Monitoring Group for
Meningococci (EMGM) to bring together, by regular meetings, representativesfrom
as many Nationa Reference Centres throughout Europe as possible and to identify
aress for concerted action.

To expedite thisinitiative financid support was obtained from the Audrian Minigtry
of Hedthand anumber of commercid organisations who provided sufficient fundsto
hold an inaugural meseting in Graz, Austria in May 1993 (1). The meeting was
attended by delegatesfrom 23 European States induding many of the new Republics
in Eastern Europe. The first meeting of the EMGM was structured to provide an
update for dl the delegates in key areas of importance to the management of
meningococca disease. Speskers addressed the following subjects: diagnosis of
meningococcd infection, standardisation of methods for drain characterisation and
anti-polysaccharideantibody determination, vaccines past, present and future, and the
role of the reference laboratory. The meeting concluded with open discussions of
issues arising from the forma programme and a business agenda for the EMGM
initiative. The EMGM was greeted with enthusiastic support from participating
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delegates. A consensus regarding the aims of the EMGM to progress European
collaboration for the management of meningococca disease was achieved. A work
programme wasformulated to be completed before the next meeting in May 1994,
This programme was directed a three main aress.

1) pan- European surveillance

2) establishment of an Externd Qudity Assurance Scheme for strain
characterisation

3) audit of reference laboratory performance.

The 2nd meeting was held in Audtria during May 1994, the meeting was attended by
representatives form additiona European states. The second meeting was organised
to encourage greater involvement by the participants. An update of European
Surveillance based on data provided by dl those participating inthe EMGM followed
by a series of presentations by participants on topics of interest including changesin
aurvelllanceand or epidemiology, outbreaks, Iaboratory acquiredinfectionsandstrain
characterisation. Thesewerefollowed by presentation of theresultsobtained fromthe
vaious concerted actions completed by the group during 1994. The concerted
actions were pan-European surveillance, the inditution of an Externd Quadlity
Assurance scheme for gtrain characterisation and an Audit of reference laboratory
function. Thefind part of the meeting was dedicated to round table discussons on
the following subjects, survelllance, diagnods, strain characterisation and audit.
Progress towards consensus regarding the basic data set to be collected for
aurvellance, European criteria for diagnosis of meningococca disease, the
standardisation of reagents for srain characterisation and the next round of audit
proposals for the group was achieved.

The EMGM provides an important forum to progress the control of meningococca
disease throughout Europe, illustrated by the survelllance data for approximately
7,000 cases which occurred throughout Europe during 1993-94. The creation of a
group to facilitate pan-European collaboration on the management of meningococca
disease will accel erate progresstowardsthe control and prevention of meningococca
disease throughout Europe.
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Factor s affecting meningococcal carriage and acquisition in military
I ecruits
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We are performing alongitudina study of meningococca carriage and acquistionin
military recruits in training and examined some of the factors associated with this,
including the mucosal and systemic immune response. Recruits enter the base in
troops of 30-45 every 4-6 weeks. They range in age from 16-26. After an initid
period of 2 weeks in a barrack room accommodeting the whole troop, they are
housed in dormitories with 4 men to aroom.

During the firgt week of training, the nature of the study was explained to recruitswho
were asked to take part. Those who agreed gave written consent. Posterior
pharyngea swabs were obtained at gpproximately 4 weekly intervas throughout the
30 week training period. Swabswere plated directly onto a selective medium and the
plates incubated within 1 hour. Meningococci were identified, serogrouped and
serotyped usng standard methods. Data on smoking habits and exposure were
collected usng a standard questionnaire at the beginning and end of the survey. Each
time swabs were obtained, the recruits were questioned about respiratory illnessin
the preceding month. A total of 10 troops are included inthe survey and 324 recruits
have taken part. Theinitid rate of carriage onentry was surprisngly high, with 35%
recruits being positive. Acquistion of meningococci occurred throughout thetraining
period. Among the recruits who completed the survey, less than 20% remained
negative throughout the study period.

The predictive vaue of asngle negetive swab was determined by examining results
from carrier recruitswho were found to be postive with the same strain on at least 2
swabs 2 or more morths apart. It was assumed that carriage would have been
continuous and therefore that intervening swabs should also have been positive. In
practice 75% of these specimens were pogtive.  Extrgpolating from theseresults, the
sengtivity in detecting carriage of a single swab was 83%, 92% for 2 swabs and
100% for 3 or more swabs. On this basis, acquisition was defined asisolation of a
meningococcus fromarecruit after 2 previous negative samples. Using thisdefinition,
acquisitionhasbeen studied inthe recruits. Dataon the effects of season, respiratory
infectionand smoking on carriage and acquisitionwill be presented, and thedynamics
of transmissonof meningococcd strains both within and between will be described.
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Objective: To investigate the rates and fluctuations of the meningococcd carrier state
within athree months period in a semi-closed community. Three hundred and thirty-
one Danish mde military recruits from the camp Hoevelte, 25 kilometres north of
Copenhagen were used as the study population. During the week the recruitslivedin
4-5 or 8-10 beds dormitories, while during most weekends they returned to their
home regions.

M ethods: At the entry to military on November 1st, 1992 and 14, 30, 60 and 90
days later a swab for culture of meningococci wastakenfrombothtonsis. All swabs
were taken by one person (JA) and inoculated immediatdly on sdlective chocolate
agar medium. Culture and identification of Neisseria meningitidis were performed
by conventional methods. Isolates of N. meningitidis were characterized by
serogrouping, -typing and -subtyping (1, 6) and by the susceptihbility to sulphonamide,
penicillin, rifampicin and ciprofloxacin.

Results: Out of the 331 recruits enrolled in the study, 327 were investigated at the
entry to military; on the subsequent four occasions the number of participants varied
between 203 and 301; growth of N. meningitidis was obtained from 557 (41,5%)
out of atotal of 1343 swabs. Regarding the carrier state thefollowing definitions were
used:

Congant Carrier: Podtive culture for meningococci from al samples taken,
irrespective of the number of occasions at which the recruit was examined.
Intermittent Carrier: At least one positive and one negative culture for meningococc
from arecruit examined on at least two occasions.

Non-Carrier: Negative culturefor meningococci from al samples taken, irrespective
of the number of occasons a which the recruit was examined.

The mean carrier rate at the five dates of sampling was 41.7% (range 40.1-44.8%).
At the entry to military the carrier rate was 40.1% and at the end of the three-months
period it was 44.8%. Although the mean carrier rate was rather constant, the
individua meningococca carrier date in between sampling dates varied for 13-18%
of the recruits; the frequencies of loss and acquisition of meningococci were equal
withinthe first two months. The dight increaseinthe overdl carrier rate during the last
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month can be explained by the fact that the frequency of acquidtion then was higher
than that of loss of pharynged carriage of meningococci. The acquisition rate was
higher among the recruits in the larger dormitories than among those in the samdler
ones. Intermittent carriage of identica isolates occurred and this observation may
indicate that the pharyngedl colonisationat intervals may be below detectable levels.

Out of the 331 recruits, 140 were examined ondl five possble occasions; 32 (23%)
were condant carriers, 51 (36%) wereintermittent carriers, and 57 (41%) were non-
cariers, i.e. 85 (61%) were carrierson at least one occasion. The acquidtion rate
was highest within the first month. Overal 54% (178/331) were carriers on at least
one occasion and 46% were non-carriers, at the end of the study period 32% were
categorized as intermittent carriers. In total 557 N. meningitidis isolates were
identified and characterized; 74% bel onged to serogroup B, 6%to serogroup C; 15%
to other serogroups (X, Y, Z, W-135, 29E) and 5% were non-groupable; 34% were
non-typeable and 23% were non-subtypesble. The most prevaent drain was
serogroup B:4:P1.1,7 (12/178 carriers=6.7%), while B: 15:P1.7,16, the most preva:
lent gtrain isolated from patients with meningococca disease within the same period
in Denmark, represented 5.1% (9/178) of the carrier strains.

Conclusions. Compared with the findings in other studies the overal carrier rate
among Danishmilitary recruitswas rather constant (40-45%) during the three months
period of study (2, 4, 5). However, amarked fluctuationinthe individud carrier state
was observed. Although weekend contact with families and friendswas commonthe
magority of N. meningitidis strains found throughout the three months were
phenotypicaly identicd to the strains present among the recruits at the entry to
military. The acquigtion rate was highest within the first month, while colonisation of
intermittent carriers was a predominant phenomenon during the last two months.
Crowding may influence the acquigition rate (3, 7).
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Phenotypic and genotypic characterization of Neisseria meningitidis
isolatesfrom carriersin households with infants
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S, Denmark. 2Centra Hospita, Torshavn, Faroe Idands.

Objective: To assess the discriminatory capacity of phenotypic versus genotypic
characterization of Neisseria meningitidis serogroup B carrier strainsisolated from
households in which infants aged 0-4 years and the mothers were carriers.

Background: In a study from the Faroe Idands (2) it was previoudy shown that
hedthy children aged 0-4 and 5-14 years had subgtantidly higher risk of being
carriersof N.meningitidisif the motherswere so, especidly if the mother was carrier
of N.meningitidis B:15.

Material: In March-April 1985 serogroup B N.meningitidis strains were isolated
from 35 carriers in 14 households with 15 children aged 0-4 year (2). The tota
number of household memberswas54. Six rains isolated from Faroese patientswith
serogroup B meningococcd disease during 1985 were included in the study.

M ethods: All strains were phenotypicaly characterized by serotyping (pand: 1, 2a,
2b, 4, 14, 15, 16), serosubtyping (pand P1.1, P1.2, P1.6, P1.7, P1.9, P1.15,
P1.16)(1) and susceptibility to sulphonamides (resstance MIC $8 ng
ulphamethoxazole/l). The genotypes were determined by the multilocus enzyme
electrophoresis (MEE) profile (ET) and by the DNA-fingerprinting pattern (DFP)(3).

Results: The overdl carrier rate for the 14 households studied was 69% (37/54). Of
the 37 meningococcd isolates, one was serogroup Y, one was serogroup 29E and
the remaining 35 were serogroup B. Out of the 35 serogroup B carrier sransnine
(26%) were both typeable and subtypeable, whereas 14 (40%) were non-typesble
(NT) and another 14 (40%) were non-subtypesble (NST); two drans were
NT:NST; nine grains (26%) were sulphonamide-resstant. Five out of Sx serogroup
B drains from patients with meningococca disease were B:15:P1.16 and one was
B:4:P1.7; four out of five (80%) of B:15:P1.16 strains were sulphonamide-resstant.
By MEE 17 didtinctive ETs were identified. At a genetic distance of 0.15 therewere
13 lineages; of these four were represented by a clone of two closdly related ETs.

The discriminator's capacity of DFP whenappliedto carrier rainswithinahousehold
and to the epidemic drains versus carrier drains of the same phenotypes was
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equivadent to MEE. The mgority of group B carrier strains (94%) were typeable
and/or subtypeable. Among these drains two phenotypes (15:P1.16 and 2a:NST)
included each two closdly related ET's and one phenotype (NT:P1.9) included two
ET'swith a genetic distance of 0.35. Two ET'sincluded each two phenotypes. ET7
grans were ether 1:NST or 2aNST, and ET4 strains were either NT:NST or
NT:PL1.6. The discriminatory capacity using res stance to sulphonamide as a marker
was limited Sncethe mgority of carrier srains (74%) were susceptible. However for
the two ET's belonging to the same serotype (2aNST) a phenotypic distinction
between the two types could be obtained by serotyping combined with results of

susceptibility testing.

Within 8 households dl members carried identical strains, within 4 households two
different srains and within 2 households three different strains were isolated. Seven
out of 35 carrier srains (20%) were identica to or closdly related to the epidemic
B:15:P1.16 dran. The seven strains were isolated from two members (mother and
child) in each of three households and from a 9-year old child in a household where
the two other members carried sulphonamide-susceptible B:2a:N-ST drains. The
three householdswithB:15:P1.16 carrierswere dl living in ahyperendemic area(2).

Comments. By the methods used the overall discriminatory capacity of phenotypic
and genotypic characterization by MEE was equivdent. DNA-fingerprinting is only
considered suitable for comparison of alimited number of srains. In ten households
the mothersand the infant carried identicd strains, inthree househol dsthe mother and
the infant carried different srains and in one household with two infants one carried
the same dtrain as the mother and the second one carried another strain. In al cases
the amilaritiesand differences were identified whether usng phenotypic or genotypic
characteridtics.
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The epidemiological cycle of meningococcal infection in Russia
(1969-1993)

Yu.V.Matynov and A.A.Demina

Centrd Research Ingtitute of Epidemiology, Novogireevskga ul., 3-a, Moscow
111123, Russia.

The am of this invedtigetion is to present a pattern of epidemiologica cycle of
meningococcd infection (MI) inRussain1969-1993. During that period two peaks
of epidemic rise of morbidity were registered (1). Between these peaksincidence of
M1 decreased but did not fdl to the pre-epidemic leved, and thisfact makesit possible
to consder the whole 25-years period as one insgparable cycle. Major factors
influencing on the origin of the two peaks of morbidity within this cycle were
determined. The role of socid, age, etiologicd, territorid and immunologicd factors
in the formation of each peak was eva uated.

Thefirg peak of morbidity began since 1969 and continued on the average over 5
years with a maximum in 1972-1973 (incidence rate 7.8 and 8.7 per 100,000).The
intengty of this increase varied in the different regions of the country. Maximum
incidence rates were registered in. Tuva Republic (242.2 per 100,000), Tatarstan
(62.3 per 100,000), Udmurtia (30.7 per 100,000), city of Moscow (26.5 per
100,000). On the peak of morbidity a proportion of the patients among urban and
rural population was 4.0:1.0 and 4.5:1.0, and during decrease of the first peak in
1977 and 1975 2.5:1.0 and 1.6:1.0 respectively. Among patients children up to 14
yearsold accounted for 70% of casesand there was 5-6 timesincrease inthe number
of patients in adolescent and young adult groups. Serogroup A (Men-A)
meningococcl were isolated from patients in 80% of cases. In 1976 in Yarodavl
(Centrd region of Russia) immunologica structure of the hedlthy population against
meningococc was sudied (2). Results of this study confirmed the predominating role
of the Men-A in the morbidity due to MI. Depending on the age of investigated
persons the number of seropositive samples withthe titres 1:20 and above inpassive
haemagglutination test was up to 23-57%. Antibody levels against other serogroups
of meningococa was ggnificantly lower.

Generdly in Russa, during the second peak the increase of morbidity was gradud,
rather intengve, with a maximum in 1984 (9.0 per 100,000). The highest incidence
ratewasregisteredin the Far East (13.4 per 100,000), inWestern Sberia (12.3 per
100,000) and in Mordovia (19.8 per 100,000). In 1984 proportion of the patients
among urbanand rura population was 1.4:1.0, and in1993 - 1.1:1.0. Childrenup to
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14 years old accounted for 83% of cases. In 1984 children incidence rate was 33.8
per 100,000 against 20.3-25.3 per 100,000 at the maximum of the first peak, and
among adults it was2.1 and 3.4-3.3 per 100,000 respectively. During the rise of the
second peak achange of aleading meningococca serogroup occurred. In1987-1988
Men-A wasidentified in 13-10%, Men-B in 42-68% respectively. By 1992 Men-B
became predominating inetiology of MI and accounted for 73-95.4% of the number
of clasdfied grains. In 1987 in Yarodavl populationimmunologicad dructure aganst
meningococci was repeatedly studied (3). Antibodies against Men-B were found out
in 95.0% of cases, among adultsin 54.0% of casesthe titres were 1:40 and above.
The amilar antibody levelsagainst Men-A were only in 15% of cases, and this proved
the change of the leading pathogen serogroup in the etiology of generdized forms of
MI. The pattern of the second peak of epidemics was similar to the increase of
morbidity in the North-Western countries of Europe.

Andyds of morbidity withconsderation of territorid factor and intengity of epidemic
peaks reved s two patterns of epidemic cycle: "European” and "Agaic'. Atthe same
time in a number of regions an increase of morbidity was not accompanied with
clear-cut pesks, i.e. it was of mixed pattern.

This investigation establishes that in Russa the firg and the second peaks of M|
differed in: intendty of the increase, decrease period and ther duration; unequal
involvement in epidemic process of age groups and different socid drata;
predominating meningococci serogroupsinetiology of generdized formsof M1 during
fird and second peaks- population immunologicad datus againg meningococai.
Reaults of the invedtigation made it possible to identify two-peak pattern of
epidemiologica cydeof M1 inRussa and to assessthe role and significance of certain
factorsin the origin of the two-peak pattern of epidemiologica cycle.
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Neisseria meningitidisand bacterial meningitisin Moscow
[.SKorolyova and T.V.Ilyina

Central Research Indtitute of Epidemiology, 3a, Novogireevskga Str., Moscow,
111123, Russia.

Etiologica deciphering of purulent meningitis plays a dgnificant role for performing
adequate aetiotropy therapy intime. Bearing inmind the reduction of the incidence of
meningococca infection in Moscow, the role of other etiological organisms is
increasing. To compare bacteriologica diagnodtic state and to define their structura
changesthereweretakentwo periods of control, 1984 and 1993, withthe ten-year
interval between them.

It was recorded before that the ten-year period of control isthe most sgnificant for
comparison and makes it possible to reved the rdiable differences between the
parameters considered. The control was carried out at Moscow dinicd infectious
hospital N 2 and the conditions of work during the two periods were dike. For the
1st control period the laboratory got information from 665 patients; 507 cases were
classfied as meningococcd infection and 158 as others purulent meningitis.

The dasdfying andyss of patients with meningococca infection and purulent
meningitis showed that childrenunder 14 were more often exposed to meningococcal
infection. The meningococca infection was diagnosed in 321 cases among children
againg 186 among adults. The correlation of children and adults with diagnosis of
purulent meningitis were dike; 82 cases were registered among children and 76
among adults.

Clinicd diagnosis was confirmed in 26% cases with meningococcd infection and in
40.5% with purulent meningitis. In al these cases only postive culture and exposure
of antigen by express methods were taken into account.

In dl there were 136 cultures of Neisseria meningitidis, that made 68% of the total
number of strains. Only strains got out of spind fluid and patient blood weretakeninto
congderation. Amongdl N. meningitidis strains group A made up 41.9%, group B
- 47.7% and group C - 5.8%. The number of strains of Streptococcus pneumoniae
was 32 (16.5%) and Haemophilus influenzae type b 18 (9%). During the 2nd
control period the laboratory got data from 237 patients. 121 cases were classfied
as meningococcd infectionand 116 as other types of purulent meningitis That means
the correlation of these clinical formswere like (1:1) while during the 1t period the
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ratio was 3.2:1. The meningococca infection was diagnosed in 79 cases anong
children againg 42 among adults. Ages of patients with diagnosis of purulent
meningitis was quite different. Children accounted for 40 cases (34.5%),adults for
76 cases (65.5%).

Clinicd diagnoss was confirmed in 32% of cases among the patients with
meningococca infection and in 39% among patients with other forms of purulent
meningitis. That didn't differ from the percentage of bacteriologica confirmation of
dinicd diagnogsin1984. Intotal we got 27 culturesof N. meningitidis, whichmade
up 44.2% of the whole amount; that's considerably lessthanin1984. N. meningitidis
of group B predominated and the percentage was 62.9%. The number of strains of
Streptococcus pneumoni ae accounted for 21 (34.4%), H. influenzaefor 4 (6.5%).
The information above shows a consgderable increaseinN. meningitidis group B in
comparison with 1984, and areduction in N. meningitidis group A from 41.9% to
11.1%. Paticular attention should be paid to the increase of cases with
Sreptococcus pneumoniae meningitis; the percentage increased from 16.6% in
1984 to 34.4% in 1993. Thisfact reflects the peculiarity of the 2nd control period.
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Clinical course of meningococcal diseasein one district of the Czech
Republic

L. Roznovsky!, J. Matuska?, P. Kriz8, J. Smykd*, E. Kodtricova' and J.
Wiedermanrr.

Clinic of Infectious Diseases, TeachingHospitd, Ostrava, CzechRepublic. ?Regiona
Ingtitute of Hygiene, Ostrava, Czech Republic. 3NIPH, Prague, Czech Republic.
“Department of Infectious Diseases, Hospitd, Hranice, Czech Republic. *Clinic of
Paediatrics, Teaching Hospital, Olomouc, Czech Republic.

An unusudly high incidence of meningococcal disease in Northern Moravia (Czech
Republic) isdescribed. The highest incidencewasrecorded intwo regions(Olomouc
and Brunta), the age-group of 15-19 years being the most affected. Twenty-three
meningococca diseases were reported from the beginning of February to the end of
June 1993, and twelve cases occurred in the second part of 1993 only. Circulation
of anew grain of Neisseria meningitidis C:2a:P1.2 (detected in the Czech Republic
for the firgt time) had the greatest influence on the high incidence and serious course
with ahigh fatality rate of these diseases.

Meningococca diseases manifested themsdves as meningitis, sepss or combination
of both. About 50% of patients showed complications, e.g. severe disturbances of
consciousness, neurologicd disorders, arthritis, myocarditis, extensve necrosis of soft
tissues. Four patients died. Some patients exhibited an unusua beginning of the
disease, e.g. two patientswere operated on because of acute abdomina pain, some
patients had diarrhoea and others suffered from joint pains. Niclasson criteria have
been used to assess the prognosis of meningococca invasive diseases.
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Characterization of nontypeable and nonsubtypeable Neisseria
meningitidisstrainsisolated in the Czech Republic

M.Musilek!, P.Krizt, V.Danidova? and JHolubova?

INRL for Meningococcal Infections, 2 Department of Tissue Cultures, National
Ingtitute of Public Hedlth, Srobarova 48, 100 42 Prague 10, Czech Republic

Introduction: The mean annud percentage of N.meningitidis strains, isolated from
invesve meningococca diseases in the Czech Republic in 1980-1993 and
characterized as nontypesble (NT) and/or nonsubtypegble (NST) in our NRL,
reaches dmogt 80% of dl patient strains. Such leve is ggnificantly higher than those
reported in other countries (1,2,3) and can be explained by the presence of specific
meningococcal clone(s) inthe area, the popul ationof whichwasrather isolated for the
past decades from the other ones. High proportion of NT/NST (i.e. NT:NST,
NT:subtypesgble, typesbleN ST) drains causes difficulties in epidemiologicd data
evauation.

We have screened the collection of meningococcal NT/NST patient strains, which
were found by Whole-Cdll ELISA not to interact with the currently available pand
of typing/subtyping monoclond antibodies (McAb's), for the expression of the outer
membrane proteins (OMP) uang SDS-PAGE. The srains showing postive
expressionof Class 1 and Class2/30OM P were clustered to dlow to sdect Sgnificant
clone for novel type/subtype-specific McAb preparation.

Materialsand M ethods:_Strains; meningococcd strains were isolated from CSF
and blood samples obtai ned frompatientswithinvasve meningococca disease. After
biochemicd identification, bacteria were serogrouped with dide agglutination kit
(Diagnostics Pasteur, Bio Merieux). The strains were stored ether lyophilized, ether
at -70°C in Bran Heart Infusonmedium, grown on Mueller-Hinton agar with 5% of
sheep blood at 37/C and harvested after 18h growth. Whole-cell ELISA; the
standard procedure (4) was used for strain serotype/subtype determination and for
hybridoma McAb reactivity estimation. The currently available pand of McAbs
specific towards falowing type or subtypeantigens (kindly provided) wasused: 1, 23,
2b, 2c¢, 4 (J.T.Poolman), 4 (W.D.Zollinger), 11, 14, 15, 16, 21 or P1.1, P1.2, P1.3,
P1.4, P15, P1.6, P1.7, P1.9, P1.10, P1.12, P1.13, P1.14, P1.15, P1.16, P1,
PL.y, respectively. OMP isolation; the procedure of Barenkamp (5) was modified.
Single-plate cell suspensionwas sonicated 5 minat 4/C in0.01M Tris-HCl pH=8.0,
intact cells were removed by low-speed centrifugation and membrane fraction was
obtained by repeated ultracentrifugationof supernatantsat 100,000 g (BeckmanL 8-
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70, SW6QTI) followed by extraction with 1% N-lauroylsarcosine. SDS-PAGE;
Laemmli discontinuous dkaine conditions (11%T runninggd, pH 8.8, Bio-Rad Mini-
Protean|l) was used for screening of OM P isolate patterns. Hybridoma preparation;
performed using Sp2 myeloma cell line and PEG-induced fusion after whole-cell
immunizationof BAL B/c micewiththe suspens onof heat-inactivated meningococcal
culturein PBSin 4 doses (0.1 m each, 10° CFU/ml). Western immunoblotting; in
semi-dry Towbin arrangement (pH 8.3, 0.1% SDS, Bio-Rad Trans-Blot SD) was
used falowing SDS-PAGE for checking of hybridoma McADb reactivity towards
NT/NST antigens.

Results and Discussion: A collection of 315 N .meningitidis invasave patient
drains was screened by whole-cdl ELISA udng the currently available panel of
noncapsular antigen-specific McAb's. Themeanannud proportionof NT/NST srains
inthetotal of isolated patient strains was 78.1%, the percentage of serogroups among
NT/NST grainsin the 1980-1993 period was 66.3% (B), 26.0% (C), 6.9% (A),
0.8% (W135, X, Y). Thesedataare incorrelationwiththe distribution of serogroups
among patient drains in the Czech Republic.

All NT/NST OMP isolates studied showed expression of Class 2/3 proteins,
expression of Class 1 protein was negdive in 2 srains and reduced in 6 grains, as
observed previoudy (6). Inour collectionthe Class1 OM P patternreative mobilities
(RM) showed a high homogeneity (a great mgority of srains were identicd in this
feature, only 4 strains belonged to other RM group with uniformed lower RM). This
observation is congstent with the data for serogroup B drains by Kayhty (3), but
differs from the Stuation among serogroup A strains, where seven RM variants of
Class 1 OMP were found (6,7).

The dtuaion in Class 2/3 OMP RM screening was completely different, NT/NST
srains could be clustered into seven distinct RM groups, which results corresponds
with RM variant heterogeneity in serogroup B and C drains (2,8) and the
homogeneity in group A drains (2,9). The most frequent Class 2/3 OMP patterns
were those of isolates with lower RM, i.e. those of RM groups 1 (29.5%) and 2
(35.8%). Theremaining RM groups were much less frequent - group 3 (11.6%), 4
(6.3%), 5 (5.3%), 6 (7.3%), 7 (4.2%).

Strain 483.93, bdongingto the RM group 2 and showing strong expression of ether
Class 2/3 or Class 1 OMP, was chosen for murine immunization and hybridoma
preparation. The results of whole-cell EL1SA and Westernimmunoblot show specific
activity of some of hybridoma M cAb'stowardsRM group 2 srains without any cross
reactivity with other NT/NST or reference srainsin the firg testing.
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New epidemiological situation in the Czech Republic dueto Neisseria
meningitidis C:2a:P1.2 (P1.5)

P. Kris, V. Lebedovaand M. Musilek

National Reference Laboratory for Meningococca Infections, Nationa Indtitute of
Public Health, Prague, Czech Republic.

Introduction: Meningococca drains isolated from patients, contacts and healthy
carriers have beeninvestigated snce 1970 and collected Since 1973. Asnew methods
of investigationof Neisseria meningitidis are being introduced in our laboratory the
possibilities of identifying its epidemiologicd markers are improving. Thanks to the
collection of lyophilized strains it is possible to investigate the srains isolated in the
past usng the new methods and to improve our epidemiologicad knowledge. N.
meningitidis srains isolated from patients withinvasve meningococcd diseaseinthe
Czech Republic showed a prevadence of serogroup B and a different distribution of
serotypes and subtypeswithahigh proportion of nontypeable and/or nonsubtypesble
drains incomparisonwiththe srainsisolatedinother Western European countriesfor
thewholeperiod 1973-1992. For the same period ET-typesof meningococci isolated
in the Czech Republic were heterogeneous and different from the ET-5 or ET-37
clones causing outbreaks of invasive meningococca disease in the world (1, 2).

Epidemiologica data (routine notification and NRL survellance data) are being
andyzed aswell. It is possble to follow mortdity and morbidity from meningococca
meningitis in the Czech Republic back to 1921 and 1945 respectively. In the Czech
Republic, the last epidemic of meningococcd meningitis occurred inthe 1950's, when
the morbidity rate reached the peak, i.e. 14.8/100 000 (4, 5). After that a gradua
declinein notified cases was observed until the middle 1980's when the incidence of
meningococcd meningitis became only sporadic. Highest age-specific morbidity was
found in the lowest age groups, with ardative shift into the older age groups during
the epidemic period. The increase of the incidencewas reported in the middie 1980's
and age and antigenic shifts were recognized (3,4,5). More reliable and early
indicators of an expected epidemic wereidentified (4) and their monitoring has been
conducted since. A new epidemiologicd Stuation for the invasive meningococca
disease appeared in the Czech Republic in 1993 and was recognized quite early
thanks to the long term monitoring and the andysing of epidemiologicd and
microbiologica data. We present a changes recognized in this new emergency
gtuation.
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Results and Discussion: The new epidemiologica Stuation for meningococca
invasve disease began in the Czech Republic in soring 1993. The investigation of
noncapsular antigens was very useful in the recognition of two loca outbresksinone
region of the Czech Republic. A new strain N. meningitidis C:2aP1.2 (P1.5) was
identified as causative agent. Further investigation of P1.2 and PL.5 relaionships
suggests that growth conditions may influence the PL.5 positivity. Class 5 and pili
antigens show auniformity inN. meningitidis C:2a:P1.2 (P1.5) (drains frompatients
and thar contacts), while N. meningitidis C "non 2aP1.2 (P1.5)" and
N. meningitidis B have heterogeneous Class 5 and pili properties. ET-typing usng
multilocus electrophoresis revealed that this N. meningitidis C:2aP1.2 (P1.5)
belongs to the ET-37 clone. This strain had never beenfound inthe Czech Republic
before, at least since 1973.

Thisnew coneis causng the highest morbidity and fatdity ratesin the age group of
15-19 years (20% fadity). Vaccination, usng A+C polysaccharide vaccine
(Merieux), whichwas focused on the most affected | ocdlitiesand age groups probably
prevented the meningococcd invasve disease caused by N. meningitidis C for
further soreading in the "vaccinated” locdlities (as showed in our other presentation).
Nevertheless, meningococcus C:2a:P1.2 (P1.5) spread to dl regions of the Czech
Republic duringthe next winter/spring season (1993/1994), keepingitshighmorbidity
in the age group of 15-19 years, a high fatdity rate and severe and atypica dinicd
manifestaions. The spread of this new clone isvery quick as documented by arapid
increaseinthe percentage of N. meningitidis C isolated from patients. For the whole
year 1993 this figure was 48%, in June 1994 reached 73% ( the percentage of
N. meningitidis C was maximdly 30% in the past). The percentage of
N. meningitidis C:2a:P1.2 (P1.5) increased from 1992 to 1994 aswdl (from0%to
88%). N. meningitidis B keeps its heterogeneity of serotypes and subtypes, with a
high proportion of NT and NST drains, as identified in the past (see our other
presentation). This spread of the new Neisseria meningitidisC:2a:P1.2 (P1.5) strain
seems to beingood corrdationwiththe low level of herdimmunityagaing C:2a:P1.2,
detected in the Czech population in the past (as showed in our other presentation).

In the new emergency Stuation there was a need for renewing the guiddines for the
measures to be taken in the focus of the invasve disease and etablishing the criteria
for epidemiologica indicationof vaccination. Renewed guiddines for clinicians were
prepared as wdl, because of the frequent incidence of an atypical course of
meningococca disease.

The incidence of invasve meningococcd disease hasan increasing trend inthe Czech
Republic which is in correlation with the increase of the age index, calculated by
Pdtolasformula(6). Considering it as a predictor of an epidemic, we may expect an
accel erated increase of the incidence of meningococcd invasive disease in the Czech
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Republic, because it reached high vaues during a relatively short period (1.6 in
October 1993 and 4.5 in June 1994).
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Significance of bactericidal antibodies directed against capsular and
noncapsular antigens of Neisseria meningitidis

P. Kris and B. Kris
Center of Epidemiology and Microbiology, NIPH, Prague, Czech Republic.

Introduction: The bactericidd antibody assay was recommended by WHO for
detection of protective meningococca antibodiesin 1976 (1). Our laboratory started
to use a micromodification of this test (2) in 1982. Immunologica surveys of
meningococca antibodies in healthy population of the Czech Republic have been
conducted since 1984. The reference Neisseria meningitidis strains, selected for
productionof polysaccharide A and C vaccines, have been used as antigen sources.
Encouraged by the advances in research on serotype and serosubtype antigens of
Neisseria meningitidis we used for the survey in 1989 a selected collection of six
Neisseria meningitidis strains, showing different serogroup, serotype and
serosubtype antigenic properties. Their sdection reflected the collection of strains
used previoudy for the testing and the second criteria were the antigenic properties
the most commonly found in the Czech Republic. The am of our study wasto assess
datigtica correlation between the antibodies directed againgt serogroup, serotype
and serosubtype antigens of Neisseria meningitidis.

Materials and M ethods: The seracollected inthe Czech Republic by the Nationa
Serum Bank at the Center of Epidemiology and Microbiology in NIPH were
investigated (3). From one didtrict, 750 samples of sera of al age groups of
population (maesand femdes shared equaly), without any acute febrile disease and
ATB treatment were obtained. The results of blind testing of the code numbered sera
were submitted to the Department of Statisticsof the NIPH for analysis. Percentage
of serapogtivity and geometric means of different antibody levelsincorrelationto the
age and sex were determined. The correlationbetween postive seraagang different
antigens of Neisseria meningitidis strains was andyzed by the use of the x*-test and
t-test.

Bactericidd antibody microassay was used (2) in our laboratory modificetion (4).
Reference and fidld Neisseria meningitidis strains used as serogroup, serotype and
serosubtype antigens for testsin 1989; A 1027 - A : 4, 2| : (P1.10),

B16B6- B:2a:P.2, P15 B98/88-B:NT:P.2 PL5(PL10), B 24/89- B
:4:PLI5 C7606-C:2a:P.2, PL5and C1/8 - C: 4, 2 : PL5 (P1.10). The
selection of serotype and serosubtype patterns was based on the serotypes and
subtypes prevaence in the Czech Republic that time and on the serotypes and
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subtypes of previoudy used reference dtrains. Nevertheless, we have not used
sero/subtypeidentica strainsin dl cases because of presence of non-serotypeable or
non-serosubtypegble strains.

Results and Discussion: There were found differences in levels of bactericidal
meningococca antibodies againg different antigens of Neisseria meningitidissrans
in hedthy population of the Czech Republic. In the immunologica survey carried out
in 1989, the highest percentage of postive serawas found for antibodies anti A 1027
and anti B 24/89, medium vaues for antibodies anti B 98/88 and anti C 1/8] and the
lowest ones for antibodies anti C 7606 and anti B 16B6. Smilar three vaue leves
were found in both males and femaes population. As in previous years, maes
population showed higher levels of antibodies.

The correlation of positive sera was evauated for different antibodies by the x? - test
and t - test. Correlation sgnificant on 0.1% levd, in both tests, was found between
following antibodies; anti A 1027 and anti C 1/8l, anti A 1027 and anti B 24/89, anti C
/8] and anti B 24/89, anti C 1/8| and anti B 98/88. The strains showing this antibody
correlation share identical serotypes (except the last couple, where B98/88 is non-
serotypeable) and in 50% identica subtypes, but have different serogroups.

This high correlationwhich was found between antibodies againg identical Neisseria
meningitidis serotypesand in 50% of subtypes in contrast to the antibodies against
identical serogroups, suggedts that the antibodies directed against noncapsular
antigens are more sgnificant for the defense mechaniams of organism. This hypothesis
isin correlaion with a rapid spread of the new clone of Nelsseria meningitidis,
causng serious invadve diseases in the Czech Republic recently (as showed in our
other presentation). This Neisseria meningitidis C is carrying the new noncagpsular
antigens (2a: P1.2, P1.5) and the herd immunity againgt themisvery low inthe Czech
population of dl age groups.
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Ser otypes and subtypes of Neisseria meningitidis strainsisolated in
M oscow during the decrease of mor bidity (1989-1991)
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The outer membrane protein antigens (OM PA) of meningococcd isolates attract the
atention of investigators in different countries (2-5, 8-10). In Russa, studies on the
grains of Neisseria meningitidis group B isolated from patientsin 1980'swere aso
undertaken (6). No predominating serologica type/subtype was reveded among the
isolates. The am of the present sudy was the epidemiologica evauation of
serologicd characterigtics of a relaively large collection of meningococcd strains
isolated from hedlthy persons (carriers) in Moscow and suburbs in 1989-1991.

We dudied 260 drains isolated from 218 hedthy adult carriers of 11 closed
communities. Infour communitiesone-two caseswere observed during thestudy. For
serotype/subtype determinationwhole-cell EL1SA method (1) was used withMCAb
to 17 OMPA; type antigens (TA) - 1, 2a, 2b, 4, 14 and 15; subtype antigens (SA)
-P1.1,P1.2, P14, P16, P1.7, P1.9, P1.10, P1.12, P1.14, P1.15 and P1.16. The
MCAb were kindly provided by Dr. J.T.Poolman. Nine serogroup A strainswere
sent to Prof. M.Achtman for amore detail study.

Serotype/subtype appeared to be a stable property of the srain. Thus, anong 29
cariers sudied sequentially for two or more times, only in five persons the
serotype/subtype changed. At the same time, the change of the serogroup of these
isolates was observed. We considered these cases as infection with anew strain. A
definite OMPA compostion of the strains was characteristic of each community.
These observations dlowed us to confirmthat serotype/subtype characteristic of the
meningococcd drainisavaid epidemiologica marker.

Among the collection of drains sudied no predominating serologica variant was

revealed. Among 218 isolated originaly strains, 13 belonged to serogroup A; 28
strains to serogroup B; 31, to serogroup C; 11, to serogroup X; 44, to serogroup Y;
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10, toserogroup 29E-Z; 33, to serogroup W-135; 48 strains(22.0%) werenontypegble.

In 139 (63.3%) drains, serotype and/or subtype were determined: in 54 (24.6%),
serotype and subtype; in 21 (9.6%), only serotype; in 64 (29.3%), only subtype.
Among 75 typedble drains, the TA 15 predominated (48.0%); TA 4 was
encountered in 24.0%; TA 1,in 17.3%; TA 14,in9.3%; TA 2b, in1.3% (1 strain).
Among 118 subtypesble strains, the most common SA were: P1.12 (22.0%); P1.16
(20.3%); P1.7 (17.8%); P1.4 (16.9%). 37.3% out of 118 subtyped strains had two
SA, modly P1.4 and P1.12. SA P1.4 donewasnever encountered. The composition
of TA and SA 15:P1.16 was most common, in 19 out 54 drains with determined
serotype and subtype. Eleven out of 19 strains with formulation 15:P1.16 belonged
to the serogroup Y'; only 3, to the serogroup B and one, to the serogroup C; others
were nongroupable. All grans with this formulation were isolated from the
communitieswhere no cases were registered. Among 28 serogroup B gtrains, only
10 belonged to "ET5-complex” (4, 5) dl wereisolated fromthe communities free of
cases. Theserogroup C srainswere a so very heterogenous. The serogroup A grains
were less heterogenous than B and C. Eleven possessed TA 4; two were
nontypeable. According to Prof. Achtmanlaboratory data, 8 strainsisolated fromthe
case contacts belonged to a formerly unknown subgroup VI-1 based on TA:SA
formulation (4,21:P1.5,10) as well as pilin protein (1 and 11a) and OM PA of Class5.
Epidemiologica sgnificance of this subgroup is unclear so far.

Ingenerd, the serotype/subtype pattern of meningococcd srains spread in M oscow
reflected their wide antigenic heterogeneity characteridtic of the period of sporadic
morbidity (7). Indeed, snce 1986 (6.9 per 100,000) - a stable decrease of morbidity
inMoscow was observed (3.4 and 2.4 per 100,000in 1991 and 1993, respectively).
This decrease occurred after a 18-year period of elevated morbidity with apeak in
1970 (26.5 per 100,000). Thus, prevaence of heterogenous OMPA variants of
N. meningitidis strains spreadin popul ation represents positive epidemiologicd sgn.
No correlaion between the OMPA compoasition of meningococca strains and their
antilysozyme and hya uronidase activities was observed.
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Serum bactericidal activity in a secondary school population following an
outbreak of meningococcal disease

AA. Zorganit, V.S. Jamest, J. Stewart?, C.C. Blackwdl', RA. Eltor? and D.M.
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I ntroduction: Immunity to Neisseria meningitidis correlates with the presence of
bactericida activity innormd sera, and there is evidence that carriage playsarolein
induction and maintenance of naturd protection to meningococci (3). Inasurvey of
secondary school children carried out following an outbreak of meningococcal
disease, we found that carriage of meningococci, particularly the outbreak dran
(B:4:P1.15) was associated with the non-secretor phenotype (1).

The objectives of this study were to use a bactericidal assay: to determine if carriage
of meningococci or secretor Satus was associated with serum bectericidd activity;
and to assess levds of isotypes, either total or specific for N. lactamica or N.
meningitidis, associated with serum bactericida activity related to carriage or
Secretor status.

Subj ectsand methods: Serafrom67 secretors and 34 non-secretorswererandomly
selected from the samples obtained from school children (12-18 years of age) two
and a hdf weeks after an outbreak of meningitis (1). N. lactamica was from the
departmentd collection and the following isolates of meningococci were obtained
from Dr. R.J. Falon, Meningococca Reference Laboratory, Glasgow: B:4:P1.15;
B;4:-; C:4:-; B:15:P1.7,16; NG:4:- . Thesrainsweregrownonmodified New Y ork
City medium (MNY C) for 24 hr in a humidified atmosphere with 10% CO,. The
methods for testing bactericida activity and absorption of the human complement
source were reported previoudy (2). The reciproca of the highest serum dilutionat
which therewas at |east an 80% decrease inviable count compared with the controls
was recorded as the bactericidd titre.

Sera were assayed by quantitative EL I SA for determinationof total IgA, 1gG or IgM
and isotypes specific for the drans (6). Immunoglobulin levels of sera with
bactericida activity were compared with those for sera without bactericida activity
by the Mann-Whitney U test. Comparison of the bactericida titre data was made
after converson of thetitresto log,.
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Results: Most serahad high titres of antibodiesto N. lactamica (82.4%) and the
non- groupable drain of meningococci (88.9%), but not to capsulate isolates:
B:4:P1.15( %); B:15:P1.7,16 (29.6%); B:4:- (31.5%); C:4:- (27.8%). Bactericida
activity was higher for both carriers and secretors, but the differences were not
significant. Compared with sera in which there was no killing, in bactericidd sera
there was no marked differencein levels of totd or specific IgA or IgM. 1gG levels
were sgnificantly higher in sera bactericidd for dl four cgpsulate srains.

Carriershad sgnificantly higher levels of IgG to N. lactamica inserawithbactericida
activity for each of the four cgpsulate strains compared with serain which there was
no killing: B:4:P1.15 (P = 0.02); B:15:P1.7,16 (P = 0.05); B:4:- (P =0.004); C:4:-
(P=0.003). Whiletherewere higher levels of I1gG to N. lactamica in sera of non-
carriers with bactericidad activity, thiswas sgnificantly associated only with killing of
B:4:P1.15 (P = 0.02) and B:4:- (P = 0.003)

Serawith bactericida activity obtained from secretors had sgnificantly higher levels
of IgGtoN. lactamica: B:4:P1.15(P=0.01); B: 15:P1.7,16 (P=0.005); B:4:- (P
=0.0001); C:4:- (P=0.05). Therewas no sgnificant association between 1gG levels
and bactericidd activities among non-secretors.

Discussion: Rosengvist and colleagues (5) found 1gG antibodies were sgnificantly
higher for carriers than for non-carriers before and after vaccination. In the non-
vaccinated population in this sudy, among non-carriers there was no significant
associ ationbetween serum killing and the presence of 1gG to these strains; but among
carriers, killing of the capsulate isolateswas associated with higher levels of IgGto N.
lactamica. Although carriage was significantly associated with the non-secretor
phenotype, therewas no sgnificant difference in bactericidal activity associated with
Secretor status.

While it has been suggested that carriage of bacteria with cross-reactive antigens
might induce IgA antibodies that compete with 1gG and IgM (4), we found no
evidence for this. IgM levels of bactericidal and non-bactericida sera were
comparable. The higher leves of 1gG to N. lactamica found in the sera with
bactericidal activity to dl the capsulate srains used suggest these antibodies are
directed against common antigens.
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M eningococcal disease in Romania 1971-1992
E. Mihacu, O. Pasolescu, |. Levenet and A. lacob
Cantacuzino Indtitute, Bucharest, Romania

Meningitis due to Neisseria meningitidis is a cydic endemo-epidemic disease in
Romania.  After the epidemic of 1970 in which there were 1051 cases with a
morbidity of 5.2% (5), the incidence decreased dramatically ranging from191 to 534
cases per year with a corresponding morbidity of 0.9-2.3%. 1n 1985, the numbers
of cases began to rise sharply reaching a peak of 2,632 and a morbidity rate of
11.4% in 1987. This has decreased to 250-270 cases per year in 1990 and 1991

with morbidity rates of 1.1 and 1.2% respectively. Mortdity closdly followed the
morbidity curve with a maximum of 0.4% in 1984. Fatdity was higher during

endemic periods with highest levels of 7.9% (1972), 8.9% (1975) and 6.3% (1990-

1991) and lowest (1.4%) in 1980.

In contrast to countries in Europe and the Americas where serogroups B or C have
been the predominant cause of meningococcd disease (1,3,5,6,7,10), both the
Romanian epidemics were due to serogroup A. In the interepidemic years, the
incidence of cases due to group A decreased to 5.6% (1974) and disease due to
group A virtualy disappeared in 1991. Group A was replaced by group B, 66.7%
in 1975 and 90.9% in 1992 among patient isolates and 24.5% among carriers in
1992. While serogroup B was not detected in 1983-1984 or 1986-1990 among
either patients or carriers, serogroup C was permanently present. In post epidemic
years 1974 and 1990, they were responsible for 38.9% and 23.1% of cases
repectively.  Non-groupable strainswere frequently isolated in interepidemic years,
especidly from carriers.  No differences in the distribution of serogroups were
observed among isolatesfromthe 24 countiesinRomania compared with Bucharest.

During the epidemic years, dinicd disease due to serogroup A was releively mild,
reflected inthe lower fatdity rates(3.5%in1987)compared withthe endemic periods
when group Bwas most prevdent (8.9% in 1975 and 7.9% in 1992). Males (56%)
were more often affected than females (44%). A higher seasond incidence in April-
May and October-December was usudly noted. The incidence of meningococcd
disease was greatest among the 0-1 year age group during both the epidemic
(morbidity of 100% in1987) and endemic periods, followed by a continuous decline
withage. Therewere no significant differences between urban and rurd areas except
Bucharest and another large town where the age group most affected was 1-4 years
and anew small peak in the 15-24 age range inendemic yearsand in the 25-44 age
range in epidemic periods.
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The mgority of 20 drans examined for serotype and subtype in reference
laboratories in Greece and Scotland did not react with the serotype or subtype
monoclond reagents used to differentiate strains in northwest Europe.  Among
isolatesfrom patients, 54% were non-typesble aswere89% fromcarriers. Themost
prevaent serotype was 14 which is common among srains isolated in Greece (8).
Subtype P1.15 was found exdusvely among patient strains and P? among isolates
from carriers. N. meningitidis grains (649) isolated between 1980-1992 were
sengtive to penidllinand chloramphenicol. Thereweredrainsresstant totetracycline
(0.1%), ampiallin (0.5%), rifampicin (0.7%), erythromycin (1.4%), kanamycin
(7.7%), sreptomycin (14.2%), gentamicin (18.3%), sulphonamides(24.7%). Asin
Greece (10), there have been recent reports of penicillin insengtive isolates (12%)
(2).
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Characteristics of meningococcal isolates from patientsand carriersin the
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Introduction: Our previous study of Neisseria meningitidis isolates from patients
and carriers in Greece found that the mgority were not typeable by the monoclonal
reagents used successfully in northwest Europe and the Americas (3). As hasbeen
observed for meningococcd grains in Spain, nearly hdf the isolatesfrompatientsand
cariersin Greecewere insengtive to penicillin (4,5). In Romania, there are periodic
epidemics due to serogroup A meningococci. The mortdity associated with these
epidemics is lower than that associated with disease due to serogroups B and C
during inter-epidemic periods(1). Inthisstudy wewished to determineif theisolates
from Romania would resemble those from Greece or those from western European
countries.

Materials and methods: |solates from Romanian patients and carriers (33) were
examined by the reference laboratories in both Athens and Glasgow for serogroup,
serotype and subtype. They and 43 Greek isolates from patients and 34 from
children who were carriers were examined for multilocus enzyme dectrophoresis
(MLEE) by Dr. D.A. Caugant.

Results: MLEE andyssof 14 enzymeloci were carried out on isolatesfrom Greek
children with meningococcal disease. The strains were classified into 18 different
enzyme types. None belonged to the ET-5 complex associated with disease in
northern Europe. Two grains represented clones of the ET-37 complex. Nearly half
the isolates belonged to agroup of clones previoudy designated as cluster A4 which
was associated with disease in severd European countries in the 1970's but has not
been amgjor cause of disease recently in other parts of Europe. Only one ET found
among the patient isolates was identified among 34 isolates obtained during a survey
of school children in Athens for meningococcd carriage. The dominant ET-37
complex was not found among the carrier isolates.
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Our recent sudiesof 33 isolates from patients and carriers in Romaniaindicate that,
as with the Greek gtrains, the mgjority of serogroup B isolates are not serotypesble
with the avalable monoclond reagents. As with the Greek strains, none of the
Romanian isolates belonged to the ET-5 complex.

Discussion: Andysis of isolates from patients and carriers in two Balkan countries
found that the monoclona reagents used for typing meningococc in north and west
Europe and the Americas are not useful for strains from eastern Europe. Similar
results have been reported for isolates from the Czech Republic; 50-80% of the
Czech drains are non-typesble by the reagents currently available (2). While the
Czech Republic and Romania have been relatively closed populations, Greece is a
magor holiday destination for tourists from north west Europe; however, the Greek
isolates appear to be more like those from other eastern European countries.
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Group C meningococcal diseasein Sdo Paulo, Brazil: A re-emerging
pathogen
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| ntroduction: Meningococca disease (MD) was described in S&o Paulo in the
beginning of this century (2). An outbreak from 1945 to 1951 has occurred, with its
peak in1947. A new outbreak due to group C began in 1971; overlapped by group
A in 1974, causng the largest epidemic ever seen in S8 Paulo. A vaccination
campagnweredirected at the control of group A/C MD in1975. Since 1976, group
B has been the most frequently isolated. In 1988, another epidemic started, caused
by group B strain B:4:P1.15. In 1989 initiated a change ingroup C graindidribution,
from C:2a to C:2b (ET-11 complex), never isolated before (3). Since 1990 the
proportion of group C has increased. The purpose of this study is describe the
behaviour of group C MD in Greater S&o Paulo in period of 1990 to 1993.

Materials and methods: Greater Sd0 Paulo includesthe City of Sdo Paulo and 36
other nearby municipdities. All MD cases that occurred between January of 1990
and December of 1993 have been andyzed. Meningococca infectionwas diagnosed
on the basis of (a) typicd dinica symptoms with skin manifestations, (b) microscopy
of cerebrospinal fluid (CSF); (c) detection of N. meningitidis antigens by
counterimmunoel ectrophoresis (CIE) or latex agglutinationin CSF or blood; and (d)
cultures of CSF and blood. TheN. meningitidis strains were serotyped and subtyped
by usng monoclond antibodiesand whole-cell suspensions prepared as described by
Abdillahi and Poolman by DOT Immunoblat technique (1). Monoclona antibodies
2b,4,17,P1.7,P1.9,P1.14, and P1.15 were produced at Adolfo LutzInditute. The
others, 2a, 8, 15, P1.2, P1.3, and P1.16 were kindly provided by W. D. Zdllinger
and C. E. Frash of Bethesda, USA.

Results: Inthe period of study, group C accounted for 111 cases in 1990 (7.36
cases/1,000,000), 149 in 1991 (9.69 cases/1,000,000), 108 in 1992 (7.03
cases/1,000,000), and 81 in 1993 (4.68 cases/1,000,000). Indistributionby groups
of N. meningitidis, group C wasrespongble for 32% of dl MD casesin 1990, 45%
in 1991, 32% in 1992, and 34% in 1993. Among children under 5 years of age,
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group C accounted for 30.63% in 1990, 55.71% in 1991, 74.39% in 1992, and
70.88% in 1993 of MD cases.

Two vaccination campaigns took place in the period, firg in 1990 directed at the
control of group B/C, and second in 1991 at the control of group C, with 90%
population coverage under 20 years old.

Casefadityratefor group C MD were 9.52% in years 1990-1993. When dratified
for dinicd presentationform, fatdity rates highly differ, with 41.18% for septicemia,
12.86% for meningitis with septicemia, and 2.19% for meningitis.

Among group C N. meningitidis isolates collected, the C:2b drain represented
average of 80% in years 1990-1993, without Sgnificant variations. Subtype
C:2b:P1.3 increased from 62.3% in 1990 to 77.1% in 1993. The mgority of C:2b
drain were from ET-11 complex, ribotype Rb2.

Discussion: Since 1988, an outbreak of MD has been in progress in Great Séo
Paulo. Group B N. meningitidis seems to bethe responsible for the vast mgjority of
cases. However, since 1990, the proportion of group C is increesing. The highest
incidence rate of group C occurred in 1991. The proportion of cases due to group
C was45%, quiteamilar to group B, with51% inthe same year (considering only the
grouped samples).

The proportion of MD cases in children under 5 years old in years increased from
31% in 1990 to 74% in 1992. It suggests that a non epidemic pattern took place.
Overdl period case fatdity rate average was 9.52%. However, Sgnificant difference
was found related to dinicd presentation form. Despite efforts to control MD in
Greater S80 Paulo, the present epidemic is 4ill on its course. The vaccination
campaigns impact has been lower than desirable to prevent group C MD.
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Group B meningococcal diseasein Sdo Paulo, Brazil: An epidemiological
and microbiological study

M. R. I. Panachdo!, E. G. Kdlé&s', H. A. Barbosat, M. |. C. G. Okail, M. C. C.
Camargo?, C. T. Sacchi?, M. C. O. Gorla? and N. T. R. Hidago®
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Paulo, Brazil. *Emilio Ribas Infectious Diseases Indtitute, Av. Dr. Arnado, 156. Sd0
Paulo, Brazil.

Introduction: Haf of meningococcd disease (MD) casesin the State of So Paulo
occurs in Greater S80 Paulo. Group B Neisseria meningitidis has predominated
over other groups sincethe end of 70sepidemic. Since 1979 the epidemic srainfrom
ET-5 complex has been detected. The same dtrain is associated with outbreaks in
Norway, Chile, and Cuba (A, B). In 1988 anew epidemic took place, with annua
incidencerate of 4,06 cases/100.000. Strain B:4:P1.15 was the mostimportant strain
in thisnew epidemic (A). The purpose of this study is to describe the Group B MD
in the period of 1990 to 1993 in Greater S&o Paulo.

Materials and methods: Greater Sdo Paulo includesthe City of S&o Paulo and 36
other nearby municipdities All MD cases that occurred between January of 1990
and December of 1993 have been andyzed. Meningococca infectionwas diagnosed
onthebasis of (a) typicd dinicd symptoms with skin manifestations; (b) microscopy
of cerebrospina flud (CSF); (c) detection of N. meningitidis antigens by
counterimmunoel ectrophoresis (CIE) or latex agglutinationin CSF or blood; and (d)
culturesof CSF and blood. The N. meningitidis srains wereserotyped and subtyped
by usng monoclond antibodiesand whole-cell suspensions prepared as described by
Abdillahi and Poolman by DOT Immunoblot technique (C). Monoclona antibodies
2b,4,17,P1.7,P1.9, P1.14, and P1.15 were produced at Adolfo LutzInditute. The
others, 2a, 8, 15, P1.2, P1.3, and P1.16 were kindly provided by W. D. Zdllinger
and C. E. Frash of Bethesda, USA.

Results: The highest incidence rate of MD was in 1990, with 6.24 cases/100,000.
Theresfter, it declined, reaching 4.63 cases/100,000 in 1993. The incidence rate
maintained above endemic leve inthis period. From 1990 to 1992, 38% of all cases
had the N meningitidis group detected; inaround 25% the CSF culture, CIE, and/or
latex agglutination were negative. By contrast, in 1993 32% of al cases had N
meningitidis group detected. Group B accounted for 215 cases in 1990 (14.25
cases/1,000,000), 167 in 1991 (10.87 cases/1,000,000), 179 in 1992 (13.99
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cases/1,000,000), and 147 in 1993 (9.56 cases/1,000,000), performing a total of
744 cases.

Group B proportion of strains andyzed was 63% in 1990, 51% in 1991, and 63%
in 1992 and 1993. The strain B:4:P1.15, from epidemic clone ET-5, ribotype Rb1,
has accounted for 70% of cases. In years 1990-1993, group C N. meningitidis
proportionately increased, withhighest proportional incidenceof 45%in1991. Three
to 4% of cases were due to other groups.

Casefadityrate of MD in the period of sudy ranged from 18 to 20%, withdifferent
digtribution according to dinicd presentation. Highest fatdity rate occurred in
septicemia with average of 69.08%, 16.03% for meningitis with septicemia, and
7.73% for meningitis. By contrast, group B fatality rate was 12.47%, aso with
different digtribution according to clinica presentation, with 65.52% for septicemia,
15.04% for meningitis with septicemia, and 3.45% for meningitis.

Discussion: Since 1988, there has been an MD epidemic inthe Greater Sao Paulo,
with apesk of infectionin 1990. Group B N. meningitidis was the mgor cause of
the increased disease incidence, but in recent years group C is becoming more
frequent. In 1990, the population was submitted to a massve vaccination against
group B and C MD, using a vaccine produced in Cuba, with coverage of 92% of
children between 3 months to 6 years of age. However, epidemiologica data
evauation show that this did not have an impact in MD incidence rate.
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Mathematical modelling of age-specific incidence of meningococcal
disease

A.E.Platonov, V.B. Beloborodov and L.V .Kulagina
Centrd Indtitute of Epidemiology, Moscow, Russa

Age-specific digtributionof meningococca disease reported indifferent countrieshas
three generd features: 1) rgpid decrease of initidly high incidence by age observed at
ages of patientsfromone to sevenyears, 2) lowand approximately constant incidence
observed at ages greater than seven years, 3) second small peak on the age-specific
digtribution observed in some countries for the ages of patients of 15-20 years. This
digtribution could be easily explained using the reasonable assumption that initidly
susceptible, not immunized children, obtain resistance as a result of contact with
pathogenic meningococc, whereas a smdl part of them receives the systemic
infection. Later this res stance/immunizationmay be lost by imeor updated as aresult
of new contacts with pathogen. In our analytical mathematical model the left part of
age-specific digribution (the decline) provides the information on the rate of
acquisition of resistance, the right part (the constant level) provides the additiona
information on the duration of immunization, and the "second peak” gives the
opportunity to estimate the effects of behavioral and socid factors.

1278 episodes of systemic meningococcd infection in Moscow regionduring last 10
years was andyzed. Our modd approximates satisfactorily the age distribution of
infection (correlation coefficient of model and observed functions greater than 0.99)
and predicts the time congtants of "susceptible’ and "resgtant” states. The same
approach was used for andyss of age-gpecific digributions reported for severa
European countries and for the USA. The quality of approximation was aso
satisfactorily and the different values of time congtants correspond to the different
intengty of epidemic process. In addition, the age-specific digtribution of
meningococca infection in the group of patients with late complement component
deficiency was andyzed. In accordance with our previous data the age-specific
incidence in this group was gpproximately congtant, that is these patients are unable
to obtain the sufficient resstance after contact with meningococci.
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Probabilistic spatial-temporal model asa smulator for the epidemiology of
directly transmitted infections. Updated version for meningococcal
infection

A.E.Patonov and L.V .Kulagina
Central Indtitute of Epidemiology, Novogireevskayast. 3a, Moscow 111123, Russa.

This computerized model smulatesthe epidemic process asthe probabilistic process
in red space. Each point of the free-form array (“town’) representsanindividud (up
to 60000 points in array for our version that can be easily expanded for more
powerful computer). Each individud may bein one of four Sates hedthy (H) thet is
susceptible to infection, carrier of meningococc (C), paient with systemic
meningococca disease (D), or immunized (I) after the experienced disease or
cariage. The date of thisindividud at the next cycle of caculation(e.g. a next day)
depends on the probabilities of trandtion during the time unit (cycle) from one state
to another one: H6H, H6C, HED, C6C, C6D, C61, C6H, D6D, D6, 161, 16H,
I6C, these probatiilities are designated conventiondly as Py, Puc, Pups Pecs Peps
Pcn, P €tc. Some of the probabilities, namely Pyc, Pyp, Puc, depend oni, the
number of carriers among the neighbours of the individua (up to eight neighbours at
any moment) and are marked as P ¢, Pyp ad Pc.

Any kind of dependence on the number of surrounding carriersmay be determined,
e.g. the infectiousness of carriers may be independent or hasthe cumulative effect. In
order to smulatethe output from the states more accurately, the delay time for each
state may be given(anindividud should spend certain delay time inthis state and after
that obtains the probabilities to leave it). All probabilities, deay times, and the initid
numbers of individuas in each state are defined before the first cycle of caculation,
the different individuas aredistributed randomly inthe above-mentioned array-"town"
or any desirable part of "town". These probabilities could be changed dso at any
moment during calculation that may smulate tempora changes of susceptibility or
infectiousness, eg. seasond effects. Additionaly, the number of "running" or
relocating individuds, who change their spatid postionsin the array randomly after
each cycle could be given before or during cdculation. As the ussful option, severd
subpopulations with different sets of parameters could be studied smultaneoudy in
one modd. Thus one can amulae different susceptibility or mohility of different
biologicd or socid groups(e.g. "children” and "adults"). Another option provides the
opportunity to add the individuds to any group during the calculation, that may
amulate, for example, an immunizaion program, if the "immunized" individuds are
added. If necessary, the flow-chart of process, that is the scheme of dates and
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permitted trangtions between states, canbeeasly modified or reduced. For example,
we compared two flow- charts: for firs one only trangtions 161, I6H were possible,
that is contacts with carriers did not change the satus of immunized individud. For
second one the additiond transition I6C was permitted, that is the immunized
individud wasable to become acarrier and thusto prolong hisimmunized Sate. The
results of caculation are the tempora and spatia changes of the number of "hedlthy”,
"infected”, "diseased”, and "immunized” individuds.

The modd amulaes satidactorily the known general features of meningococca
epidemic process and provides the opportunity to study the influence of parameters
and initid conditions on the rate of spreading and stationary state of meningococcal
infection. A range of different aspects of circulationof infectionwassmulated; severa
results will be presented induding: the smulation of long-term epidemic waives, the
problem of seasonal variation of morbidity, the effects of different mobility and
communication of population, age-dependent effects and the influence of
immunocompromised hogts, the comparison of different programs of immunization,
etc. Thismodel may be used bothfor investigatory and educationa purposes. Itsmain
preference in comparison to the recent andyticd mahematica modds is that
modd-smulator providesthe opportunity to observe the effectsof changing epidemic
conditions without solving of sophigticated sets of equations.
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M eningococcal disease as a problem of the special intensive car e unit for
patients with infectious diseases

V. Beloborodov, A. Platonov and D. Troshansky

Centrad Research Ingtitute of Epidemiology, Novogireevskaya st. 3a, Moscow
111123, Russia.

The systematic dinica investigationof meningococcd disease (MD) in Moscow was
started inearly seventieswhenthe highincidence of diseasewas registered. Fromthat
time dl patients with MD from Moscow city and Moscow region admitted to the
Second Hospital of Infectious Diseases, where the ICU have been established in
1975.

We have studied clinica records of 3391 patientswith MD admitted to the Hospital
from 1984 to 1993 and especidly the records of 1278 patientsadmitted to the ICU.
Although the bacteriologica studies of blood and CSF of dl patientswere made, the
antibiotic trestment of patients before admissonto the Hospita have led to thedinicd
diagnosis of MD was confirmed by positive culture only in 27% of cases.

Petients with MD admitted to the ICU weregrouped to four clinical categories: 110
patientswithmeningitis (M G) d one, 313 patients with meningococcemia (M C) done,
825 patients with combined meningitis and meningococcemia (MG+MC), and 31
patients with meningoencephditis (ME). MD was complicated by brain swdlingin
764 (60%) cases and by septic shock in 352 (28%) cases. 83% of patients were
younger than 30 years, 62% (796) of patients were children (an age less than 14
years) and 80% of children were younger than 4 years.

The totd mortdity of patients with MD inthe |CU was 17.6 % (225/1278 cases) or
6.6% (225/3391) for dl patients with MD. The letha outcome was caused by
primarily centra nervous system complicationsin 51 patients and by septic shock in
174 patients. In 167 cases sgptic shock was complicated by multiple organ falure
(MOF).

Thus septic shock was the main cause of fatd outcome in patients with MD. 125
(75%) of deceased patients were children. Mdefemde ratio was 83.84. The age
digtributionfor deceased patientsdid not differ fromthat for al patientswithMD. The
fatal outcome of septic shock was observed in62 (37%) cases during firgt four hours,
in 109 (65%) cases during twelve hoursand in 128 (77%) casesduring24 hours after
admisson.
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During the study period (1984-93) the yearly incidence of MD had decreased
ggnificantly (p < 0.05), but the yearly number of fatal cases was gpproximeately the
same. This phenomenon could be explained by that, athough the number of patients
with MG+MC had decreased, the number of patients with MC was constant,
whereas MC was more fulminant clinical variant complicated often by septic shock.

The endotoxin levels have been measured in serum samples collected at admissonto
the ICU from 79 patients with MD confirmed by positive culture: 42 patients with
MG+MC, 33 patients with MC and 4 patients with MG. The fatal outcome was
observed in 14 (38%) of 37 patientswithendotoxin level > 700 ng/l, in 16 (84%) of
19 patients with level > 3000 ng/l and in dl 12 patients with level > 8000 ng/l. The
average level (5660+1290 ng/l) was greater in samples from patients with MC than
the levd in samples from patients with MG+MC (2660850 ngll) or MG done
(160£120 ng/l). The dgnificant pogtive correlation of serum endotoxin level and
outcome of disease was observed in groups of patients with MC (correlation
coefficient - 0.74), MG+MC (0.58) and indl patients (0.73). The medianendotoxin
leve (12200 ng/ml) in serum of patients with MOF was approximately ten times
greater than that (1300 ng/l) in patients without MOF. We had never observed the
increase of endotoxin levd in patient's sera after start of antibiotic treatment.
Moreover, the endotoxin level had dropped to the undetectable level during severa
hours irrespective of the clinical variant of MD, patient'scondition or complications.

The trestment of MD is wdl-known. However the complex of intendve therapy
including antibiotic treatment, blood volume restoration, dopamine, corticosteroids,
ventilation support, extracorporea detoxication (plasmapheresis, blood exchange)
was not effective in 17.3% of dl patients admitted to the ICU. The possible reason
is that the digtinctive feeture of meningococcd septic shock is the development of
M OF at early stage of shock. The fata outcome during first four hours after admission
observed in 37% of dead patients with shock could be an evidence of irreversble
M OF devel opment inprehospital period. Correspondingly, the observation, that 77%
of fata outcomes take place during 24 hours after admission, indicates that the red
control of MOF development is absent. The recent research of the role of
meningococcal endotoxin, cytokines, complement and coagulation systems, etc. in
pathogenesis of meningococcd disease demonstrates the principle mechanism of
inflammetion process and MOF development. But the clinical successes in the
treatment of patients with MOF are not so prominent.
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Single-dose ofloxacin to eradicate tonsillopharyngeal carriage of Neisseria
meningitidis

O.H. Gilja* A. Hastensen,* A. Digranes? H. Mylvaganam,® A. Aksnes* and E.A.
Haiby®

Medica Depatment B and 2 Department of Microbiology and Immunology, the
Gade I ndtitute, *Center for Internationa Hedlth, University of Bergen, Bergen. “Kvam
Hedlth Authority, Kvam. °Nationd Ingtitute of Public Hedlth, Odo, Norway.

After an outbreak of 3 cases of serogroup B meningococca disease at a Norwegian
college, 84 of 392 (21%) subjects were tondllopharynged carriers of Neisseria
meningitidis.  All drains were highly susceptible to ofloxacin. To eradicae
meningococcd carriage, 80 volunteers received a Sngle dose of 400 mg ofloxadin.
Three days after trestment, al 75 evauable volunteers were culture negative for N.
meningitidis, and after 7 days none carried the strain that they harboured initidly, as
judged by DNA-fingerprinting. On day 33, 6 carriers were detected and 2 of these
harboured strains with the same genomic patternas before trestment. If we consider
reisolation of the same drain after trestment as eradication failure, ofloxacin was
97.2% effective ineradicating meningococcd carriage for a period of 33 days. After
ofloxacin trestment, no case of meningococca disease occurred for 12 months. Six
other carriersof N. meningitidisweretreated with a sngle dose of ofloxacin, and dl
of them became culture-negative 1-2 hours after dosing. A single dose of ofloxacin
wasfound effective in eradicating tonsiliopharynged carriage of N. meningitidis, and
may thus prevent outbreak and spread of meningococcal disease.
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Antibiatic prescribing and meningococcal disease
J. Stuart, K. Cartwright, S. Burford, D. Sharp, P. Robinson and R. Morris

Public Hedlth Laboratory, Gloucestershire Roya Hospitd, Great Western Road,
Gloucester, GL1 3NN, UK.

A protracted outbreak of meningococca disease in Gloucestershire, England, has
been associated mainly with a sulphonamide resstant meningococcus (1). An
investigationwas carried out to see if sulphonamide or cotrimoxazole prescribing by
family doctors in high incidence Gloucestershire towns might be sdecting
meningococci and thereby precipitating disease.

Family doctor antibiotic prescribing patternsinfour Gloucestershire communitieswith
high meningococca disease incidence were compared with four low incidence
communitiesinthe same county ontwo occasions separated by Sx months. On each
occasion therewas no differenceinthe prescribing pattern of any antibiotic (induding
sulphonamide and cotrimoxazole prescribing) withthe angle exception of aconsstent
and highly sgnificant excess of erythromycin prescribing by family doctors in high
incidence communities. This finding was unexpected. Possible mechanisms which
were consdered include:

1. sdection of erythromycin resistant meningococc;

2. excess erythromycin prescribing in response to an intercurrent infection, eg.
respiratory tract infection, which itself predigposes to meningococca disease; 3.
erythromycin prescribing causes meningococca disease.

Further work showed that a representative sdection of Gloucestershire
meningococca drains were dl erythromycin sendtive. Patients acutely ill with
meningococcal disease were not more likdy than controls to have received recent
erythromycin trestment.

Mycoplasma hominis, the only erythromycin resstant Mycoplasma species (5), has
been incriminated as a cofactor in meningococcd disease in Africa (4) but was not
isolated from any of 26 cases or 26 controls in a multi-centre UK follow-up study.

Meningococci are inhibited by some Gram-postive ord organisms, particularly

streptococci (2), which are usudly erythromycin sengtive. A possible mechanism by
which high erythromycin prescribing might increase the incidence of meningococcd
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disease could be through a reduction in oropharynged inhibitory flora facilitating
increased meningococcd transmission and/or colonisation within communities.
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I dentification of amino acid resdues crucial for sulfonamideresistancein
the chromosomal dhpsgenein Neisseria meningitidisby site-directed
mutagenesis

C. Fermé?, B.-E. Krigtiansen'?, O. Skdld! and G. Swedberg!

Biomedicd Center, Uppsala, Sweden. 2Telemark Biomedicd Centre, Skien,
Norway.

Sulfonamide resstance in Neisseria meningitidis is encoded by an dtered form of
the chromosoma dhps gene. Most of the dinicaly isolated sulfonamide resistant
meningococci have been found to contain adhps gene (type 1) that differ about 10%
from the corresponding gene in sulfonamide sendtive isolates. It was therefore
concluded that the resstance had been introduced by horizontal gene transfer
followed by homol ogous recombinationrather thanby accumul ationof point mutations

(1).

Recently, another type of ressance mediating dhps gene (type 2) was found intwo
grains of Neisseria meningitidis. Ther genes were identica, dthough the isolates
were of different serogroups, and they differed from the type 1 resistance gene by
being more amilar to the dhps genes in susceptible meningococci. Both types of
resistance genes have been used for Ste-directed mutagenesisin order to detect the
influence of individua amino acid changes on the resistance phenotype.

The proposed peptide sequence of the type 2 DHPS differed at 18 amino acid
positions compared to the corresponding sequence in susceptible meningococci.
Three of the dterations wereinamino acid resdues conserved in al known bacteria
DHPS polypeptidesinduding the enzymes encoded by the plasmid borne genessull
and sulll. Two of these amino acids turned out to be crucid for resistance. These
residues were both located in conserved areas of the enzyme, one in the N-termind
part and the other in the centra part of the DHPS. These changes were not present
in the DHPS polypeptide of the type 1 enzyme. The proposed peptide sequence of
the type 1 DHPS had two extraamino acid residues|ocated to the conserved centra
part of the enzyme. Deletion of thesetwo codons gave an enzyme that gill had DHPS
activity but was sengtive to sulfonamides.
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Changesin theresistance to ampicillin and tetracycline of Neisseria
gonorrhoeae isolated in Stockholm 1982-1993
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Stockholm, Sweden

Resstance to ampicillin and tetracycline can be encoded by the chromosome or by
res stance plasmids. Chromosomally encoded resistanceis mediated through severd
lociwithadditive effects(1). Resistance plasmids usudly mediate high level res stance.
This study was conducted to investigatechangesinthe prevalenceof N. gonorrhoeae
grains resstant to ampicillin and tetracycline during 1982-1993 in Stockholm.

Samples from out-patient dinics in the southern parts of the Stockholm area were
included. All grainsin the study were elther consecutive or randomly selected from
consecutively collected strains. A total of 404 strainsfrom 5 different time periods
wereincluded. The minimuminhibitory concentrations (M| C) were determined by the
agar dilution method. Strains with aMIC vaue of >4.0 mg/lL to ampidllin or >2.0
mg/L to tetracycline wereregarded asresistant. Flasmid DNA was obtained usngan
akaine lyss procedure (3). The preparations were andysed by agarose ge
electrophoresis. Isolates with bands around 38-42 Kb were digested with the
restrictionendonucleaseBgl| to discriminate between the conjugetive plasmid and the
tet(M) carrying plasmids.

All N. gonorrhoeae drans isolated in the laboratory from 1988 to 1991 were
andysed retrospectively for MIC vauesof tetracycline. Strains witharecorded MIC
of >2.0 mg/L were screened with E-test. Three drains isolated in 1991 had MIC
vauesof >16 mg/L. They werefurther andysed for presence of plasmids. The Srains
were dassfied into serovars with monoclona antibodies of the Pharmacia panel.
Fisher's exact test was used for the Satistical andysis.

Ampidllin; the proportion of strains with chromosomally encoded resistance with a
MIC of >4.0 mg/L to ampidllin was 0-1% during the study. The proportion of
penicillinese ( [3-lactamase) producing N. gonorrhoeae (PPNG) rose during the
periodfrom2% (2/106) in1982 to 13% (5/39) in1993 (p<0.02). Eighty-five percent
(28/33) of the PPN G strainswere al so resstant to tetracycline. 3-lactamase encoding
plasmids of Asian and African types were found.

Tetracycline; the proportion of strains with chromosomally encoded resi stance with
aMIC>2.0 mg/L to tetracydine was 17% (18/106) in 1982 compared with 56%
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(20/36) in 1993 (p<0.001). A tota of 7 tet(M) carrying srains were demonstrated.
Thefirg three were isolated in 1991 and carried atet (M) plaamid of Americantype.
The remaining 4 were of Dutch type. Six out of 7 tet(M) drains adso produced (3
lactamase. To our knowledge thisisthe firg report of tet (M) carrying srainsisolated
in Swveden.

Serological dassfication; thirty-four strains carried resi stanceplasmids, they belonged
to 18 serovars. Four serovars were represented by 3 isolates, 8 serovars by 2
isolates, and 6 serovars by 1 isolate.

Conclusions: The incidence of gonorrhoea has declined sharply inSwedenduringthe
study period but the total number of PPNG strains has not changed. The proportion
of PPN G drains, strains with chromosomaly encoded resistanceto tetracycline, and
tet(M) carrying strains rose during the period. Thisis mogt likely due to the increasing
proportion of imported N. gonor rhoeae strains in Stockholm (2). The serovars of the
drains suggest that there is only alimited spread of Srains withresistance plasmidsin
Stockholm. The enhanced proportionof resistanceto bothampiallinand tetracycline
emphasizes the necessity of culturing N. gonorrhoeae and to susceptibility test dl
gonococcd isolates.
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Variable sequences between thecarA and carB genes of pathogenic and
commensal Neisseria species

F.S. Lawsont, F.M. Billowes? and JR. Dillon-?

Department of Biology*, and Department of Microbiology and Immunology?
Universty of Ottawa, Ottawa, Canada.

The carA and carB genes of Neisseria gonorrhoeae are separated by a large,
varigble intervening sequence ranging in size from approximately 2.2 to 3.7 kb in 30
isolates examined. This variation occurs between gonococcd isolates of different
auxotype/serotype/plasmid class, and within some classes, aproperty whichmay be
ussful in a typing scheme.  The intervening sequence between the carA and carB
genesof N. gonorrhoeae strain CH811 has been sequenced, revealing the presence
of two novel 120 and 150 bp repeats named RS6 and RS7 whichare thought to play
a role in the variation observed. We now demondrate that a large, variadle,
intervening sequence between carA and carB is adso present in Neisseria
meningitidisand 8 commensa Neisseria species. Theseintervening sequenceswere
amplified by the polymerase chain reaction usng primers homologous to the 3' end
of carA and the 5' end of carB of N. gonorrhoeae CH811. The resulting amplicons
varied in sze from approximately 2.7 to 3.1 kb in 12 N. meningitidis isolates
(comprisng 5 serovars), and from gpproximately 1.4 to 4.1 kb in 17 isolates of 8
commensal Neisseria species. This suggests that the novel gene organization found
inN. gonorrhoeae ispresent throughout speciesof the genus Neisseria. Thisvariable
intervening sequence may be useful for typing meningococcd and commensal
Neisseria species. Redtriction enzyme andyss (REA) indicates that the intervening
sequence between car A and car B differs sgnificantly in different Neisseria species;
related REA patterns are seenwithin a speci es, though no obvious Smilaritiesin REA
patterns are seen between species.  However, the intervening sequence in N.
meningitidis isolates hybridizes at high stringency to a probe congging of the
intervening sequence fromN. gonorrhoeae CH811, suggesting some Smilaritiesexist
between the intervening sequences of these pathogenic Neisseria species. The
intervening sequences fromthe commensa Neisseria speciesether do not hybridize,
or weskly hybridize, a high stringency to this probe, possibly due to lower Smilarity
between these sequences. The novel repetitive sequences, RS6 and RS7, found inN.
gonorrhoeae srain CH811, were used to probe Southernblotsof dl the intervening
sequences examined, to determine the specificity of the RS6 and RS7 sequences.
RS6 and RS did not hybridize at high stringency withthe intervening sequencesfrom
any of the Neisseria species except for N. gonorrhoeae, suggesting RS6 and RS7
may be specific for N. gonorrhoeae in this region of the genome. Using primers
homologous to conserved regions surrounding RS6 and RS7 sequences in strain
CH811, we have developed a PCR protocol which can amplify avariable regionin
dl gonococcal isolatestested. The possibility of aspecies-specific variable sequence
which can be sdlectively amplified from gonococca isolates merits further studly.
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Relationship of source of health care and antimicrobial susceptibility
patterns of Neisseria gonorrhoeae

K. K. Winterscheid®, W. L. Whittington"2, J. Hale! and K.K. Holmes*

ICenter for AIDS and STD, Department of Medicine, University of Washington,
Sesttle, WA. ? Centers for Disease Control and Prevention, Atlanta, GA, U.SA.

I nthe United States, monitoring of gonococcal susceptibilities through the Gonococcal
| solate Surveillance Project (Gl SP) isbased on samples collected from patientswho
receive care a public STD clinics. However, in many locations, including
Seettle/King County, Washington, the mgority of cases of gonorrhoea are reported
by hedlth care providers other than STD dinics. To assess the generdizability of
antimicrobia susceptibility monitoring based on isolates recovered from STD Clinic
patients, we analyzed susceptibility test results by source of the patient's hedlth care
for gonorrhoea cases diagnosed in Seaitle/King County, Washington.

During 1992-1993, dinicd laboratories provided 2746 Neisseria gonorrhoeae
isolates, representing the equivaent of 77.7% (2746/3520) of reported cases of
gonorrhoea. Isolates were available fromal culture positive cases diagnosed by the
STD dinic and from 65.9% (1506/2285) of cases seen by other health care
providers. Minimum inhibitory concentrations (MICs) of ceftriaxone, cefixime,
ofloxacin, penicllin and tetracycline were determined by agar dilution (1). Isolates
werefurther characterized by auxotype and Protein | (Por) serovar (2). Phenotypes
were defined by auxotype/serovar (A/S) class and R-factor plasmid content.

Regardlessof sourceof care, the phenotype most frequently isolated wasProto/I B-3,
susceptible to dl the antimicrobids tested. Plasmid-mediated resistance (PPNG,
TRNG, or PPNG/TRNG) was detected in 9.8% (270/2746) of isolates. Ratesdid
not differ sgnificantly between isolates from STD Clinic patients (9.4%) and other
facilities (10.1%). The proportions of isolates with gpparent chromosomal mediated
resstance (CMRNG) to penicillin were smilar for isolates from STD patients
(12.0%) and isolatesfrompatientsat other sources of hedthcare (11.6%). Likewise,
the proportions of isolates resigtant to tetracycline (CMRNG) were smilar, 18.0%
and 16.9% for STD and dl other patients, respectively.

For dl isolates, geometric mean MICs and MICy, vaues to the broad spectrum
cephal osporins, were 0.005 = g/ml and 0.03 = g/ml to ceftriaxone and 0.012 - g/ml
and 0.03 gml to cefixime. The same maximum vaues (0.125 :g/ml) were
observed for both groups. Geometric mean and MICy, vaues for ofloxacin were
0.016 Zgml and 0.03 - gml, regardless of source of health care. Decreased
susceptibility to ofloxacin (MICs 0.125-0.5 - g/ml) was detected in 13 (0.5%)
isolates; 7 were recovered from STD Clinic patients and 6 were recovered from
patients seeking care elsewhere. 1solates with decreased susceptibility to ofloxacin
were more likely to be recovered in 1993 (0.8%) thanin 1992 (0.2%) (p<.05). Six
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different phenotypes were identified among these 13 isolates with decreased
susceptibility to ofloxacin. Individua phenotypes were aslikdly to befirst recovered
from STD patients (3 phenotypes) as from non-STD patients (3 phenotypes).

In Seattle/King County, Washington, antimicrobia susceptibility surveillance based
on pecimens from the STD Clinic provides an adequate representation of all cases
from which isolates are available.
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Epidemiologic analysis of Neisseria gonorrhoeae by pulsed-field gel
electrophoresis
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Pulsed-field gel eectrophoresis (PFGE) is amethod alowing separation of reaively
large DNA fragments with enzymes that cleave uncommon regtriction sites (4).
Andyss of PFGE paterns can differentiate gonococci within the same
auxotype/serovar (A/S) class(3,6). PFGE wasused to examinetwo different groups
of gonococcal isolates: 1) AHU/IA-1,2 strains (n=49) recovered in Seattle from
1988-1993 and 2) Pro/IB-5,7 strains (n=9) with decreased susceptibility to
fluoroquinolones isolated in four western United States cities during 1993-1994.
PFGE patterns of two or more isolates were judged identicdl if dl visble fragments
were shared.

AHU/IA-1,2 grains have been associated with disseminated gonococcd infection,
and asymptomeatic urethra infectioninmenand subclinica cervical infectioninwomen,
and are highly susceptible to antimicrobid agents (2,5). This A/S class has caused
gonorrhoea epidemics in the United States and Europe (2). A random sample of
AHU/IA-1,2 isolatesfromeach year was examined withthe enzymesXbal and Nhel.
PFGE andysds produced 9 Xbal and 6 Nhel patterns among 49 isolates. Two Xbal
patterns and two Nhel patterns accounted for 63% (31/49) and 84% (42/49) of
isolates from dl years, respectively. Organismswith the same Xbal -- Nhel patterns
decreased infrequency from 47% (10/21) of dl isolatesin 1988-89to 11% (1/9) of
dl isolatesin 1993. A second combination of patterns was first detected among
isolates from 1992 and in 1993 accounted for 55% (5/9) of isolates.

Gonococci with decreased susceptibility to fluoroguinolones (minimum inhibitory
concentrations [MIC] $0.125 : g/ml of ciprofloxacin) have recently been described
fromthe United States (1). Isolates of the same A/S classrepresenting two different
levels of decreased fluoroquinolone susceptibility were examined using the enzymes
Xbal, Nhel and Spel: two $-lactamase podtive drains with MIC's of 2 - g
ciprofloxacin/ml recovered in Hawaii and seven $-lactamese negative strains with
MICsof 0.25-0.5 : gciprofloxacin/ml recovered infour WesternUnited States cities
(Honolulu, HI, Seettle and Tacoma, WA and Portland, OR). Isolates of the latter
resistance phenotype were first recovered between August and October 1994 in
thesefour cities. Isolates withMICsof 2.0 = g/ml differed fromeach other by PFGE
patterns produced withdl threeenzymesand fromthe isolateswithM 1 Csof 0.25-0.5
- o/ml by PFGE patterns of two or more enzymes. Except for a single fragment
difference in one isolate after Spel digestion, PFGE patterns of dx of the seven
isolates with MICs of 0.25-0.5 = g/ml were indisinguishable from each other. The
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seventh isolate (Honolulu, HI) differed from the other six isolates by patterns
generated with all three enzymes.

PFGE patterns of AHU/IA-1,2 subtypes were less diverse than other previoudy
dudied types (3,6). Anong organisms with decreased susceptibility to
fluoroquinolones, common PFGE patterns of isolates recovered in Seattle and
Tacoma, WA and Portland, OR strongly support the spread of a single gonococcal
drainto populations in relaively diverse geographic settings over ashort time period.
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Gonorrhoea surveillance among female commer cial sex workersfrom
Mexico City

C. J. Conde-Glezt, F. Uribe', A. Cruzt, M. Hernandez' and E. Calderor?

ICentro de Investigaciones sobre Enfermedades Infecciosas y Centro de
Investigaciones en Sadud Publica, Indtituto Naciona de Salud Publica.  Hospital
Juarez de México. Secretaria de Salud. Av. Universdad 655, Cuernavaca, Mor.
62508. México.

In Mexico little is known about the prevalence and risk factors of STDs besides
HIV/AIDS, in groups of people prone to acquire and tranamit these diseases (3).
Regarding gonorrhoeg, there are some studiesconducted inrecent years by our group
that have addressed mostly the prevalence, antimicrobia resistance rates, trestment
and some molecular epidemiology markers of gonococci isolated frombothmaesand
femdes bdonging to high and low risk populations (1,2,4). However, a better
epidemiologica assessment was lacking in terms of obtaining reliable informationon
patients behaviour, identifying factors related to the presence of gonorrhoea and
characterizing Neisseria gonorrhoeae strains from female commercia sex workers
(FCSW) located at different working Sites.

Objective: To estimate and comparethe preva enceof gonorrhoeaindifferent groups
of FCSW according to their characteristics, and describe risk factors associated to
the disease. Also, to determine resstance to penicillin, plasmid typesand serovars of
drainsisolated.

M ethods: Two sampling approaches were followed, first betweenMarch 1992 and
February 1993, 862 womenwho partici pate inacontinuous Al1DS detectionprogram
inaMexico City STD dinic, were enrolled in this study. Second, a sampling frame
was congtructed in order to identify prostitutionfadilitiesinan areaof the city known
to have such activities and later a random selection of massage parlours, bars and
"dreet points'wasmadeto conduct our survey; 327 womeninterviewed and sampled
at their working sites were studied in thisway between April and November 1993.
Informed consent was givenby dl participantsand a properly designed and vaidated
questionnaire was applied to FCSW by traned personnd. Afterwards, an
endocervical swab was taken by a physician and streaked directly onto Thayer-
Martin medium plates, that were put insde candle jars and transported immediately
in a portable incubator from Mexico City to our laboratory in Cuernavaca

Gonococci wereisolated and identified by standard procedures (5), techniques for
serotyping, beta-lactamase detection and plasmid extraction were those described
elsawhere (4,6). Data andysis depending on sample Sze, was done with Pearson's
and Kruska-Wadllis chi square tests. Gonorrhoea patients were given gppropriate
treatment (1,2).
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Results: The frequency of gonococcd infection for the whole populationwas 2.8%
(33/1189). The prevalence observed in each selected group showed no difference,
2.4% (21/862) vs 3.7% (12/327). However, once the FCSW were grouped
according to their working site, we found that among women attending the STD dinic
the highest prevalence belonged to those working on the streets (3%, 15/506), in
comparison to girls from bars (0.8%, 3/356). In this case, we could not identify the
source of 3 other strainsisolated. Women randomly selected dlso proved to have a
bigger prevaenceif they worked inhotels ("street points'), infact al cases diagnosed
were found among themfor a preva ence of 5.5% (12/216), while FCSW inmassage
parlours (53) and bars (58) were negative.

Furthermore, factors associated to gonococcal disease for thiswomen in addition to
working Site, wereage, timein progtitution, socioeconomic level of dientsand school
years. Thus, al cases were women younger than 27 and with 6 years or lessin
progtitution, 85% of cases had clients with alow socioeconomic leve and 70% had
elementary education as the highest. Other findings included that 73% of poditive
patientssad to have been usng condoms regularly, 90% were asymptomatic, 100%
had not recelved any antibiotic treestment in Sx previous months and in the case of
patients from the sampling frame, 11 out of 12 had no regular sex partners.

Penidllinresistance was 15% overdl, but considering separately the groups studied,
resistance was only detected in women attending the dinic (23.8%, 5/21); 4 IB-1
drains hadthe 4.4 MDa"Asd' plasmid and 1 1A-10 strain showed the same plasmid.

Discussion: Gonorrhoea seems to be a classica STD that is decreasing in
indudtriaized countries due to severa causeslike appropriate diagnosis and trestment
of casesand contacts, probably the use of condoms, changesin sexud habits because
of AIDS awareness and efficacious surveillance programs of coregroups. Asfar as
we cantdl fromour limited experience assessng FCSW from Mexico city, we have
observed during thisstudy adecreased gonorrhoeapreval encein comparisonto some
years ago (4), penidllin resstance remains a problem but gpparently in a locdized
fashion that needs further atention and molecular epidemiology markers may be the
same through the last 7 years or so in this population group.

Interestingly, epidemiologica characteristics of FCSW groups have been identified
that will dlow intervention measures to help control and prevent gonorrhoesa, in
combination with other STDs that we are dso Sudying. There remains the need to
mantain and improve these activities, extending thema so to other high risk behaviour
populaions in Mexico City and other parts of the country to complete an
epidemiologicd picture of gonorrhoeain Mexico.
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A comparison of three methodsfor the culture confirmation of Neisseria
gonorrhoeae strains currently circulating in the UK

K.R. Gough, A.E. Jephcott and A. Turner

PHLS Gonococcus Reference Unit, Public Hedth Laboratory, Bristol Roya
Infirmary, Marlborough S, Bristol BS2 8HW, United Kingdom.

During 1991 the Gonococcus Reference Unit (GRU) became aware, through
enquiries and the receipt of cultures, that some strains of Neisseria gonorrhoeae
werefalingto give a postive result inthe MicroTrak fluorescent antibody test (FAT)
used for culture confirmation in the referring laboratory. The GRU had been aware
for some time that the monoclona antibodies used for serotyping, produced by
Genetic Systems for Syva, were failing to react with some referred strains and some
drainsisolated from Brigtol patients. Asaresult of this experience a prospective study
was initiated to compare the MicroTrak Neisseria gonorrhoeae Culture
Confirmation Test (Syva Co, Pdo Alto, USA) with two other culture confirmation
tedts.

Two hundred Neisseria sp. isolated from mae patients atending the Department of
Genitourinary Medicine, Bristol Royal Infirmary, wereidentified usng sugar utilisation
in cydeine trypticase base agar (Becton Dickinson, Cockeysville, USA), the
Phadebact Monoclona GC Test (Karo Bio DiagnosticsAB, Huddinge, Sweden) and
MicroTrak. The same tests were dso gpplied to 206 unselected Neisseria
gonorrhoeae drains collected frommeae patients in Leeds undertaking a thergpeutic
trid, to 20 srains referred to the GRU because of difficulties with the Syva FAT and
to 121 strains which had not reacted with the serotyping antibodies.

All grains were auxotyped using the defined medium of Copley and Egglestone (1)
to test for nutritional requirement for proline, arginine, hypoxanthine and uracil. In
addition the ahility of ornithine to replace a requirement for arginine was tested.
Monoclond antibodies, raised agang the mgor outer membrane protein | of N.
gonorrhoeae and produced by Genetic Systems, were used to serotype strains. Six
monoclond antibodies were specific for protein 1A strains and six were specific for
protein IB strains. The co-agglutination reaction patternwitheach panel was used in
the nomenclature scheme of Knapp et al. (2) to determine the serovar.

The sugar utilisstiontest confirmed the identity of 99% of gonococci from Bristol and
97% of gonococci fromLeeds. The SyvaFAT confirmed 75% of Bristol isolatesand
83% of Leedsisolates whereas the Phadebact test confirmed all isolates from both
cities. Half of the referred 'FAT negetive isolates were confirmed to give a negetive
result inthe Syva FAT negative, however, only 10% of the rest gave astrong reaction
in our [aboratory. All serotyping-antibody negative srans were negdive inthe FAT,
dthough dl these and dl of the 20 srains that give a negative result in the FAT gave
positive reactions in the other culture confirmation tests.
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The typing tests reveded a greater divergty amongst the FAT negdtive drains from
Leeds than those from Bristol. Five auxotypes were found in Leeds strains (74%
prototrophic) compared to two auxotypes (98% prototrophic) in Bristol FAT
negative grains. The FAT negative strains from Leeds were found to comprise five
serovars (two A6, three IA2, one each of IB1, IB2 and IB3) and 77% were non-
typeable. Threeserovars (one 1A 16, seven|B20 and one 1B2) werefoundin Brigtol
FAT negative strains (81% non-typeable).

A previous evduationof MicroTrak in Edinburgh, UK (3) reported 98.2% sengtivity
and 100% specificity with 110 clinicd isolates. The same group evauated the
Phadebact test using 1367 Neisseria sp. isolated in the same city from consecutive
attending patients (4). This test yielded a sengtivity of 99.7% and a specificity of
100%. We have found considerable differencesinthe sengtivityof MicroTrak but not
for the Phadebact test or sugar utilisation for the identificationof isolates madeintwo
geographicaly digtinct areas of the UK.

Our results suggest that the Syva FAT would not be suitable, if used asasngetest,
for culture confirmation in Bristol or Leeds.
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Compar ative typing of gonococci using pyr olysis mass spectr ometry:
Preliminary experiments
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I ntroduction: Pyrolyss mass spectrometry (PMS) isarapid, Smple, automated, high
throughput method for fingerprint typing, that has been successfully applied in
outbresk investigations of abroad range of organiams (5,6). Costsare low, < £1 per
isolate revenue and < £2 per isolate for amortised cost of apparatus (£45,000).
Colony samples are heated to 530/C, yidding a mixture of volatile products whose
composition reflects the composition of the sample. Mass spectrometric analysis of
the productsyidds spectrathat can be compared by computerised Satistical andyss.
Gonococci were examined in the firgt published PM S typing study (2), but the work
was not pursued. In the current study, blind coded cultures were analysed in PMS,
and the results compared with those of standard typing methods.

Materials and Methods: Cultures; these were from the Gonococcus Reference
Unit freeze-dried culture collection and comprised of penicillinase producing strains
(PPNG) and isolates from a pair of sexud contacts. The identity of strains had been
confirmed usng standard methods. The geographical source of each strain was sought
by the issue of aquestionnaire to the referring laboratory.

Standard typing methods; the auxotype of each strain was determined by testing for
nutritiona requirement for proline (P?), arginine (A°), hypoxanthine (H") and uracil (U")
on a defined medium (3). In addition the ability of ornithine (A°) to replace a
requirement for arginine wastested. Monoclond antibodies (supplied by Syva, Pdo
Alto, USA) were used ina co-agglutinationtest to determine the serovar (4). Plasmid
DNA was purified from PPNG strains and profiles determined using the methods of
Bennett et al (1). Sevenplasmid combinations were found amongst the strains used
in the sudy: 3.0 + 24.5MDa (3C); 3.2MDa (AF); 3.2 + 24.5MDa (AFC); 3.2 +
25.2MDa (AFT); 4.4MDa (AS); 4.4 + 24.5MDa (ASC) and 4.4 + 25.2MDa
(AST).

The drains selected for preiminary evauation of PMS comprised: Sx replicate
culturesof agngle rain (serovar - 1B1, auxotype- non-requiring (NR), plasmid type
- ASfromIndia); five isolates from the two contacts in a sexud abuse incident (6D9,
A°HU, (non-PPNG), UK); cultures of four pars of isolates that were clearly
geographicaly and tempordly didinct, but indiginguishable in al routine typing
methods (1A6, P, AST, fromAfricaand Mdaysia; IB1, P, AFC, fromEthiopiaand
UK; IB1, P, AS, fromBulgariaand the Philippines and 1B4, P, AS, from Germany
and Thailand); and cultures of 10 further unrelated isolates (IB3, NR, 3C, UK; IB3,
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NR, AF, UK; IB3, NR, AFT, Tunidg IB3, NR, ASC, Mdaysa; IB1, P, ASC,
Vietnam; IB4, P, AFC, UK; IB1,NR, 3C, UK; IB1, NR, AFT, UK; IA6, P, AF,
Poland; and 1B4, P, AST, Cambodia). Strains were maintained on beadsinglycerol
broth at -70°C, and subcultured onto blind-coded heated-blood agar dopes.

Pyrolysis mass spectrometry; organisms were subcultured on to lysed blood agar
plates from a sngle batch and incubated at 37°C for 24 h in humidified ar with 5%
CO,; duplicate cultures of ten organisms were prepared asstandardsto determinethe
cut-off amilarity for inditinguishable cultures. A sweep of colonies(ca. 50 gdry wt)
wastakenwithagraight wire and spread on to eachof four pyrolyssfail. Foilswere
heated at 80/C for 10 min within 10 min of sampling to dehydrate the specimen and
destroy enzyme activity. The fails were placed ina PYMS 200X pyrolysis mass
gpectrometer (Horizon Instruments, Sussex, UK) and analysed sequentidly,
pyrolysing in vacuum a 530/C for 4 s and analysing products from mass 50 to 150
inthe subsequent 60 s. Spectrawere recorded and andysed by multivariate satistica
methods described elsewhere (5).

Results and Discussion: Two groupscomprising five and Six cultures repectively
were indidinguishable, and one group of two cultures was on the borderline of
resolution. The remaining cultures were dearly distinct. On breaking the code, the
group of 9x culturesrepresented the duplicate cultures of the same dinicd isolate, and
the group of five cultures represented the isolates from the sexual abuse case. The
margindly rdlated pair represented isolatesfrom the UK and from Tunisia of diginct
serotyping patterns (IB1 and 1B3) but identical auxotype (NR) and plasmid profile
(AFT). Thefalureto uneguivocaly resolve one unrelated pair of isol atesindicates that
some work onoptimising culture conditions to obtain maxima differentiation may be
necessary. However, the compositional smilarity within the replicate culture and the
sexud abuse isolates sets was readily detected, and the clear dissmilarity of other
isolates, irrespective of amilaritiesin conventiond typing, indicate the high resolution
of PMS.
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The por gene of Neisseria gonorrhoeae exigts as a sngle gene with two dldes and
encodes for the mgor porin, Por (1). Monoclona antibodies to immunologicaly
diginct epitopes on the two subclasses of Por, IA and 1B, have been used for
serological classfication of N. gonorrhoeae (2). We have explored the use of
diversty within the por gene as an dternative method for typing N. gonorrhoeae.

The por gene wasamplified using primers that extend from the initiation codon to its
stop codon (3) producing a fragment of approximately 1004 base pairs (bp) fromIA
grains and of 1071 bp fromIB strains. The PCR productsweredigested using Thal,
Rsal and Hael Il and the fragments separated by agaroseel ectrophoresis. Themethod
was evauated using apane of isolates of N. gonorrhoeae. These isolates differed in
their year and country of isolation, auxotype/serovar class, susceptibility to antibiotics
and mechanismof resistance. The ability to digtinguishbetweentwo different isolates
was assessed usng the Smpson's Index of diversity (4), where a vadue of D=1
indicates that dl the population members differ from each other and avaue of D=0
indicates they are dl identical. The ability to identify isolates from a common source
was tested using isolates from known contact pairs.

PCR products from the pandl of 18 isolates produced 5 different patterns (RFLPS)
with both Thal and Haelll and 4 patternswith Rsal. When each enzyme was used
individudly the discrimination index was approximately 0.7 but al three used in
combination gave an index of 0.98. |solates from pairs of known sexua contacts
gave identicd patterns with dl enzymes.

Divergty within the por gene has proved to be a reproducible and discriminative
method for differentiating between isolates of N. gonorrhoeae that gives identica
results in isolates from a common source. Phenotypic typing using antibodies to
specific epitopeson Por issmple and easy to performbut has a subjective endpoint
which can reduce reproducibility. Genotypic typing of por is more complex but
produces a more objective result.
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