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Population genetics of the pathogenic Neisseria and itsrelevance to molecular epidemiology
and typing methods
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The pathogenic Neisseria species are naturally transformable, and there is increasing evidence
that this mechanism of genetic exchange isimportant for their evolutionary and population
biology. There are severa reports of both intra- and inter-species recombinational eventsin
gonococca and meningococca genes but the main evidence for frequent recombination comes
from population genetics.

In most bacterial species, recombination appears to be less important than mutation in effecting
evolutionary change, resulting in populations consisting of largely independent clonal lineages.
Clona populations arise because mechanisms for the exchange of chromosomal genes are rarely
used in nature and/or because different lineages rarely meet each other. Clonal populations are
usually recognized (often uncritically) by the presence of linkage disequilibrium (non-random
association) between alleles in the population, using data derived from multilocus enzyme
electrophoresis (MLEE), and by the recovery of indistinguishable isolates that are temporally
and geographically unassociated (1). Bacterial populations become increasingly less clonal as
the extent of recombination increases, and it has been estimated that they will appear to be non-
clonal when a change in an electrophoretic allele is about ten times more likely to occur by
recombination rather than mutation (2).

Population structure of meningococci. Isolates of serogroup A meningococci, which cause
pandemic disease with very high attack rates, are highly clonal (3,4). The population structure of
meningococci of other serogroups (referred to as serogroup B and C meningococci for
convenience) is more complex. MLEE studies of serogroup B and C meningococci isolated
from invasive disease appear to suggest that these populations are clonal as significant linkage
disequilibrium isfound (5). However, in most developed countries, for every 100,000
individuals, there will be about 5,000 carriers of serogroup B and C meningococci, but probably
only about 5 cases of invasive disease. Sampling of the isolates from invasive disease therefore
only samples about 0.1% of the total meningococcal population and can lead to sampling
problems that can distort the underlying population structure. Recent studies have suggested that
meningococcal populations are basically non-clonal, but that hyper-endemic strains arise at
intervals, and become over-represented in popul ations obtained from invasive isolates (6). The
presence of many isolates of the same, or similar, electrophoretic type introduces linkage
disequilibrium into these populations, which makes them appear more clona than they are.
Removal of this sampling bias uncovers the non-clonal nature of the population (6). Asis
expected for anon-clonal population, thereis little relationship between serological markers and
el ectrophoretic type in serogroup B and C meningococci, whereas there is a clear relationship in
the clonal serogroup A isolates (5).



It may be thought that focusing on the large fraction of meningococci that are living as harmless
"commensals' isinappropriate, and that it is the minority of isolates from invasive disease which
should attract all of our attention. However, it is very possible that recombination between
isolates from carriers, or between these strains and closely-related commensal Neisseria species,
produces the particularly favorable combinations of alleles that |ead to the unusually virulent or
transmissible strains which occasionally arise to cause hyper-endemic disease. Itisalso very
likely that the relatively rapid diversification of the hyper-endemic strains of serogroup B and C
meningococci is a consequence of the accumulation of recombinational replacements with
chromosomal DNA from carried isolates.

Population structure of gonococci. Two MLEE studies of populations of gonococci have
failed to detect linkage disequilibrium, suggesting that the alleles in the population are broken up
by frequent recombination (6-8). In support of thisview thereislittle association between
gonococcal auxotype, serotype and el ectrophoretic type (9). Linkage equilibrium also implies
that different lineages must meet each other. The presence of mixed infection in a disease like
gonorrheawould not be surprising, particularly in the highly sexually active subpopulations
(core groups or super-spreaders) that are believe to maintain gonorrheain the population (10).
Even in gonococci the population structure may be complex, since there are many reports in the
literature of isolates with similar phenotypes that have loosely been described as clones. 1n many
cases this may be due to the use of typing systems that are not sufficiently discriminatory.
However, there are some cases where there is strong support for the existence of gonococcal
clones. The best caseisthat of the arginine-, hypoxanthine- and uracil-requiring isolates (AHU")
which share a number of unusual phenotypic characters (11). We have recently shown that 101
AHU" gonococci isolated over a 39 year period were of a single electrophoretic type (92%) or
differed from thisET at asinglelocus (12). AHU gonococci are clearly arelatively long-lived
clone within abasically non-clonal population. How this clone avoids rapid diversification by
recombinational exchanges with other gonococci is at present unclear, although it does not
appear to be due to adefect in their ability to be transformed. In meningococci, it is possible to
argue that serogroup A meningococcal lineages avoid being broken up by recombination because
they rarely meet other lineages, as a consequence of their epidemic lifestyle. Thistype of
argument is less easy to apply to gonococci, but possible reasons for the increased stability of
AHU" isolates can be put forward.

Population structure and itsrelationship to epidemiology. The population biology of
meningococci and gonococci is complex, with basically non-clonal populations (excepting
serogroup A meningococci and AHU™ gonococci). It might be expected that clones cannot exist
within non-clonal populations but, as as described above, thisis not strictly true. However, in
contrast to highly clonal species such as Salmonella enterica, where clones persist virtually
unchanged over many decades (e.g. the typhi serovar, or clone), the clones in non-clonal
populations should be ephemeral, since new successful lineages that rise in frequency in the
population will be rapidly diversified by recombinational exchanges with other lineages. The
rates at which meningococci diversify appearsto vary very considerably. In serogroup A strains
the rate is sufficiently low to lead to a clearly clona population structure. In serogroup B and C
meningococci this rate appears to be sufficiently high to lead to a basically non-clonal
population. However, certain strains of serogroup B and C appear to diversify more slowly, and



give rise to the hyper-endemic transient clones that are afeature of the epidemiology of
meningococcal disease (13). The rate of diversification is presumably afunction of the rate at
which recombinational exchanges with other lineages occur. This could reflect differencesin
“transformability”, but thisis not necessarily so, as differencesin the frequency and duration of
carriage, and the rate of transmission between individuals, will also markedly effect the rate of
diversification by reducing contact between lineages (4). Fortunately for epidemiological
purposes, even in the non-clonal serogroup B and C meningococci, lineages may still be
recognizable over time periods that are significant in human terms (months or years), although
extremely short on evolutionary time scal es (transient clones).

A knowledge of the population biology of meningococci and gonococci is useful for guiding
studies of their molecular epidemiology. Clearly the information that can be obtained, and the
typing techniques that have to be used, will be very different for the highly clonal serogroup A
meningococci compared to the non-clonal gonococci. In serogroup A meningococci the
stability of clones has allowed the well known studies of Achtman and colleagues which have
traced the pandemic spread of the major lineages (clones) that cause epidemic meningococcal
disease (3). Inthis case, the stability of the clones, combined with the detection of minor
variants, provides the ideal situation for charting the spread of disease from country to country
over aperiod of several decades. Inthelessclona serogroup B and C meningococci this type
of long term study becomes more difficult since variation accumulates too rapidly, and in
gonococci it should be impossible, since the rate of diversification is probably so high that the
gonococci isolated in 1996 will be completely different from thosein 1986. The rapid
diversification of gonococci does not mean that molecular epidemiology isimpossible, but just
that the questions that can be asked are limited to the spread of isolates within a short time frame.
It isvery unlikely that gonococci diversify so rapidly that the spread of gonococcal strains over
periods of weeks, or months, cannot be followed. Fortunately it isthistype of time framethat is
of importance in the epidemiology of gonorrhea, e.g. for identifying new strains introduced into
acommunity, or the identification of isolates from sexual contacts.

Population structure and typing methods for meningococci. |saknowledge of the population
structure of the pathogenic Neisseria of any help in deciding which types of genes, or gene
products, are most suitable for typing isolates for epidemiological studies? Asstressed in the
previous paragraph, the choice of typing scheme, and the epidemiological questions that can be
answered, will be very different if bacterial clones are stable over many decades, or become
unrecognizable over a matter of weeks or months, as a consequence of diversification by
frequent recombinational exchanges. In highly clonal bacteria (e.g. the serogroup A
meningococci) there is good congruence between trees constructed from ML EE data and from
the sequences of house-keeping genes. In some highly clonal species the horizontal transfer of
genes specifying the variable cell surface structures used for serological typing israre, and even
serology can mark clones (e.g. in Salmonella enterica). In these cases ribotyping, pulsed field
gel electrophoresis, PCR with arbitrary primers, or MLEE, should each provide a consistent
measure of the relationships between strains, and the choice of charactersto use for typing isto
some degree arbitrary. The clear advantage of MLEE over the other methods is the ease with
which the relationships between isolates can be quantitated.



In the less clonal serogroup B and C meningococci the choice of typing method depends on the
guestion being addressed. Most of the questions relate to the nature of the strains causing
meningococcal disease, and their relationship to similar disease-causing isolates recovered
within a community, a country, or other countries. As serogroup B and C meningococci should
diversify relatively rapidly by the accumulation of recombinational exchanges, the ease with
which this can be done should depend on the amount of time since the strains had a common
ancestor. Thus, isolates recovered from alocalized outbreak within a school, caused by the same
strain, will have avery recent common ancestor and can easily be shown to be identical, or very
similar, by a number of methods (e.g. pulsed field gel electrophoresis or MLEE, and even
serology). However, it becomes more difficult to decide whether these isolates are members of
one of the transient clones of serogroup B or C meningococci currently causing hyper-endemic
disease by comparing them to reference isolates from other countries, as substantial variation in
pulsed field gel patterns, MLEE profile, and serology, may have occurred since the strains had a
common ancestor. In this case a more thorough evaluation of the relationship of these isolatesto
the members of the hyper-endemic clonal complexes, and the overall meningococcal population,
using quantitative methods (e.g. MLEE) may be needed. This problem becomes more acute as
the time from the origin of the hyper-endemic clone increases, as the clonal complexes currently
causing hyper-endemic diseases should continue to diversify by recombinational exchanges
(probably at different rates) (13) until the members of these complexes can no longer be
distinguished from the background population of meningococci. Unfortunately, new hyper-
endemic transient clones will inevitable arise, which will diversify and disappear, to be replaced
by further transient clones.

Population structure and typing methods for gonococci. A knowledge of the population
structure of gonococci can be used to develop suitable typing systems. If recombination is
common in gonococci there should be avast array of different genotypes within the population.
This should mean that almost al randomly selected gonococci will be distinguishable, provided
sufficiently high resolution typing systems are used. The commonly used typing systems lack
the high degree of resolution required to distinguish the vast array of genotypes expected in a
non-clonal population. High resolution typing schemes such as ML EE should be ideal for
distinguishing gonococci. Unfortunately, the level of sequence variation in gonococcal house-
keeping genesislow, and alarge number of enzymes have to be assayed to provide a highly
discriminatory method. As much of the interest in gonococcal typing is to recognize isolates
from sexual contacts, or strains newly introduced into a community, it is allowable to use genes
for typing in which variation accumulates very rapidly. We have chosen to use a highly variable
gene family (the opa genes), that evolves very rapidly (probably by recombination), as the basis
of atyping method for the short term epidemiology of gonorrhea. Using these genes it has been
possible to devise atyping scheme that appears to distinguish all gonococcal isolates, unless they
are from sexual contacts or a short chain of disease transmission (14). Thistyping method (opa-
typing) appears to provide a much higher resolution than other methods and appearsto allow us
to predict sexual contacts simply by the fact that they share gonococci with identical opa-types.
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Microevolution during epidemic spread of subgroup |11 serogroup A meningococci
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Subgroup 11 meningococci caused a pandemic meningitis wave in the 1960s-1970s, which
affected China, Scandinavian countries and Brazil (1-3). A second pandemic wave began in
Chinaand Nepal in the early 1980’ s and spread via an epidemic in Mecca during the Haj
pilgrimage of 1987 to East, Central and West Africa (4,5). Bacteria were also exported from
Meccato Europe and the USA without causing epidemics. 300 isolates from these diverse
sources were analyzed for genetic variation of the iga and opa sequences and of pulsed-field gel
electrophoresis (PFGE) patterns.

iga and some opa genes have been transmitted via clonal descent over long periods of time:
variable regions of the iga gene and the opaA, opaF and opaH alleles were identical in subgroup
11 and 1V-1 bacteriaisolated in the 1960’s, indicating that they had been inherited from one
strain which was the ancestor of both subgroups at a much earlier time. However, during the
subgroup 111 Mecca outbreak, the iga gene was replaced through horizontal genetic exchange
involving at least 2 kb of DNA by an allele from an unrelated organism. Similarly, opaH was
replaced through horizontal genetic exchange by the opal allele and concurrently a DNA stretch
4.5 kb upstream of the opaH allele was replaced by a homologous DNA stretch containing an
Nhel site. The proximity of this DNA stretch to opaH suggests that these exchanges reflect
recombination with a DNA fragment of >5 kb size. Finally, opaF suffered a1 bp mutation
during the Mecca epidemic. The 3 loci, iga, opaF and opaH are widely separated on the genome
and must represent 3 independent genetic changes. Indeed, analysis of subgroup I11
meningococci isolated during and shortly after the Mecca outbreak revealed 4 strains
representing the parental genotype, numerous strains representing the new genotype and 2
intermediate recombinants which had acquired the opaF mutation and the novel iga allele but
still retained the region encompassing opaH. The ancestral and intermediate genotypes did not
spread and were never recovered again among later isolates.

Analysis of bacteriaisolated from different countries during both pandemic waves revealed
extensive geographically localized genetic variation. A third iga allele was found in the early
1960’ sin Chinawhich differed by 1 nucleotide from the ‘pre-Mecca’ pattern. Numerous strains
were found where opa alleles had translocated by gene conversion to yield recombinant opa loci
and afew strains where opa alleles had been imported by horizontal genetic exchange or had
suffered point mutations. Two additional strains were found among isolates from Chinain the
early 1980’ s where a sequence variant of the DNA stretch containing the Nhel site had been
imported by horizontal genetic exchange. All the variants were localized to individua countries
or geographical regions and did not spread extensively. Thus both pandemics were associated
with continued genetic variation in individual countries while the basic pattern of these alleles
did not change during extensive spread, except for the Mecca outbreak. The results are
interpreted as reflecting repeated sequential bottlenecks which purify epidemic bacteria and
occasionaly alow clonal replacement (6,7).
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Identification and typing of Neisseria meningitidis porB from cer ebrospinal fluid using
nested PCR and biotin labeled probe hybridization
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The epidemiology of the antigenic characteristics of the class 3 outer membrane protein of
Neisseria meningitidis has been important both in identification of outbreak strains and for the
development of OMP vaccines. Information regarding the genetic basis for antigenic diversity
between strains has increased our understanding of traditional serotypes distinctions. We and
others have previously described the variable regions of the porB gene encoding the class 3 and
class 2 proteins and an identification technique using hybridization of oligonucleotide probes to
the variable regions of several important serotypes.(1,2,3) We have expanded our panel of
probes to include all the major sequence types at each of the variable regions based on the proto-
type stains expressing class 3 OMP. Several of these probes have identified variable region
homology between non-serotypeable strains and known serotype strains. Of eight Brazilian non-
typeable stains tested, five expressed class 3 OMP and 4 of five had at least one VR in common
with known serotype strains.

To examine the epidemiology of specific porB genotypes among disease causing strains from a
population where group B disease is endemic, we are analyzing a series of 100 CSF samples
from Brazil using PCR and subsequent VR hybridization. Polymerase chain reaction
amplification of porA from low copy numbersin cerebrospinal fluid has been described.(4) We
have used a similar PCR strategy using outer and nested primers which are external to the VRs to
amplify the porB gene directly from CSF. Eight CSF samples with known culture results (2
group B and 2 group C N. meningitidis, 3 culture negative and 1 Streptococcus pneumoniae)
were examined in apreliminary study. PCR accurately identified the N. meningitidis CSF
samples. PCR products from the two group B samples hybridized the VR1-4 probe
corresponding to serotype 4 and PCR products from the two group C samples hybridized the
class 2 probe.

We have developed a nested PCR amplification of porB from cerebrospinal fluid with
subsequent hybridization of the PCR products allowing both diagnosis and typing information
directly from CSF samples. The epidemiology of individual variable region genotypes shown by
this method may aid in the selection of strains for vaccine development. This technique may

also be of importance in vaccine trials to analyze culture negative suspected cases (between 1/3
and 1/2 of casesin Brazil) and to asses the ability to protect against some non-serotypeable stains
based on individual variable region type.
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Over the past forty years, various typing schemes have been devised to characterise isolates of
Neisseria gonorrhoeae. Traditionally, auxotyping and serotyping have been accepted as the two
major phenotypic systems for the typing of gonococci. However, these methods lack the
discriminatory power to differentiate many gonococcal isolates (1) and have not examined
variation of the entire gonococcal genome. With new developments in genetics, molecular
techniques are being increasingly used to differentiate gonococcal isolates (2, 3). Sixty four
clinical samples of N. gonorrhoeae were isolated from consecutive male patients presenting with
acute urethritisat a STD clinic in Durban, South Africa. |solates were typed using serotyping,
macrorestriction and pulsed-field gel electrophoresis (PFGE) and the polymerase chain reaction-
restriction fragment length polymorphisms (PCR-RFLPs) of the por gene. Isolates were
serotyped, using the Genetic Systems panel (Syva, Palo Alto), on the basis of their reaction with
antibodiesto 1A or 1B Por, the principal protein of the outer membrane of N. gonorrhoeae (4).
Testing was done in duplicate for each isolate. 1solates were differentiated into 5 1A and 12 IB
serovars. There were four magjor serovars, viz., |A-6, IB-3, IB-1 and IA-3. ThelA-6 serovar
predominated, constituting 29% of the population. Thisisatrend peculiar to strains from the
African continent (5). Thetwo major PIB strains, IB-3 and IB-1, comprised 19% and 13% of the
population, respectively. Overall, 53% of the isolates belonged to PIB serovars. Genomic DNA
was prepared by enzymatic and detergent lysis of gonococcal cells embedded in low melting
point agarose plugs (2). Plugs were restricted overnight in 150 ml restriction buffer containing
20 U of Nhel, alow-frequency cleavage enzyme that recognises 6 bp sequences containing the
tetranucleotide CTAG, an infrequent sequence in most bacterial genomes. |solates were
subjected to PFGE in a contour-clamped homogeneous electric field (CHEF) apparatus - CHEF
Mapper System (Biorad) for 26 h with pulse times of 1-25s. Fingerprints consisting of 10-18
fragments (1-485 kb) were obtained and allowed for the differentiation of the entire gonococcal
genome. Restriction patterns of isolates with identical serovars showed various degrees of
genetic variation ranging from being clonal, to clonally related, or being independent strains
which were unrelated. However, the majority of isolates showed multiple similarities between 1-
145 kb, suggesting a common ancestry. It has been suggested that serotyping does not
adequately discriminate the IB-3 and IB-1 serovars (1). PFGE alowsfor intra- and inter-
serotypic discrimination, especially with regardsto the |A-6, IB-3 and IB-1 serovars. Thus,
PFGE appears to enhance the discrimination of each isolate, when used in conjunction with
serotyping. The por gene of each isolate was amplified by the polymerase chain reaction using
specific primers targeted to the por gene, viz., “ATGAAAAAATCCCTGATTGCCC+= and
«TTAGAATTTGTGGCGCAGA= (6). Amplification of the por gene consisted of 35 cycles of
1 minat 94°C, 2 min at 45°C and 3 min at 70°C. Aninitial and final step of 5 min at 94°C and
10 min at 72°C wereincluded. With each of the PIA-expressing isolates, PCR amplimers of
approximately 0.9-1.0 kb were obtained, compared to the 1.1 kb fragment obtained from the



PIB-expressing isolates. The resulting amplimers were restricted with Cfol, MspAll and Hpal
(3,7) and run on 6% non-denaturing polyacrylamide gels to generate fingerprints with 2-3, 3-4
and 2-4 fragments, respectively. Amplification of a specific segment of DNA, the por gene,
limits the number of restriction fragments obtained, allowing easy and accurate interpretation of
fragment patterns. Both PFGE of the entire genome and PCR-RFLP of the por gene alow good
discrimination of the non-clonal gonococcal isolates and augment the traditionally accepted
phenotypic serotyping system.

Acknowledgements. Dr. CA Ison for graciously providing antibodies and training for
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Molecular typing of Neisseria gonorrhoeaeto identify sexual contacts.
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Objective. A molecular typing technique has been developed for use in studying the
transmission of gonorrheain sexua networks. A highly discriminative method that gives unique
patterns for unlinked isolates but indistinguishable profiles for isolates from sexual contactsis
required. To achieve this degree of discrimination we have examined diversity in the opa gene
family.

Method. The opa genes were amplified by PCR, digested by Taqgl to produce multiple fragments
and end-labeled with =P-dCTP. The resultant fragments were separated on a non denaturing
polyacrylamide gel and exposed to X-ray film1. RFLPs were compared using Gel Compar and
the degree of similarity determined by Pearson's correlation coefficient. This method was
evaluated using selected strains from a collection of gonococcal isolates which were tested
retrospectively and included isolates from known sexual contacts and from consecutive patients
not known to be contacts. |solates are also being tested from two prospective studies of
consecutive patients attending St.Mary's Hospital, London and the Royal Hallamshire Hospital,
Sheffield. Phenotypic analysis using auxotype/serovar (A/S) classesis also being performed.
Detailed epidemiological datais being independently collected.

Results. The method has proved to be highly discriminatory with strains isolated worldwide.
I ndi stinguishabl e patterns were obtained within all the pairs/groups of isolates from known
sexual contacts but were distinct between the clusters.

Analysis of isolates from patients from the prospective studies has shown two different
populations. A total of 220 isolates have been analyzed from patients attending the clinic in
London between April and September 1995 and appear as a heterogeneous population as
identified by both the phenotypic and genotypic parameters tested. Phenotypic analysis showed a
total of 20 serovars, 8 auxotypes and 46 auxotype/serovar (A/S) classes with 25% of isolates
belonging to A/S class, NR/IB-1. Genotypic analysis found considerable variation in the profiles
obtained by opatyping. Data collected from the patients identified only 21 pairs and one triplet
of known sexual contacts. Of these, 21 of the 22 had concordant A/S classes and the opa profiles
showed a correlation coefficient of >85% between paired isolates which isindicative of ahigh
degree of similarity. The one discordant pair were isolates from two male patients known to be
contacts but both of whom were known to have multiple partners. The A/S classes were different
(NR/1B-8 AND NR/IB-7) and the opa profiles were dissimilar. This could suggest the presence
of amixed infection or infection from another contact.



Analysis of the 140 isolates collected from patients in Sheffield between April 1995 and January
1996 has shown a more homogenous population. Phenotypic analysis showed 11 serotypes, 6
auxotypes and 24 A/S classes with 62/140 (44%) belonging to asingle A/S class, Arg/IB-3.
Genotypic analysis showed that the opa profiles of the Arg/IB-3 isolates were similar
(correlation coefficient of >80%) suggesting the presence of alarge cluster in this population.
The opa profiles of the remaining isolates were largely heterogeneous with a number of pairs
and two other smaller clusters.

Conclusion. We have shown opa-typing to be a highly discriminative technigue. In a
retrospective study it was able to identify isolates from known sexual contacts. Prospective
studies have identified diverse gonococcal populationsin different cities. The implications for
the transmission of gonorrheain these sites will be discussed.
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Surface antigens of the meningococcus, such as PorA and PorB, are important as
epidemiological markers and potential vaccine components (1,2,3). Monoclonal antibodies that
identified meningococcal serotypes and subtypes, introduced in the 1980's greatly improved their
characterisation compared with polyclonal reagents (4) but many organisms remained not or only
partially characterised for these proteins (5). Nucleotide sequence analyses of porA and porB
have since been used to identify the reasons for this: in addition to completely novel variants
there are minor variants of these antigens that do not react predictably with a given monoclonal
antibody (6).

With the increasing convenience and availability of automated nucleotide sequence technology it
is now becoming feasible to obtain the gene sequences for antigens from alarge number of
meningococcal case and carrier isolates. In addition to characterising strains, the availability of
such comprehensive data for porA and porB can provide the basis for detailed epidemiological
and population genetic analyses which will improve our understanding of the population
structure and antigenic diversity of the meningococcus. Nucleotide sequence data has also
enabled the development of DNA-based approaches for rapid and accurate porB characterisation
of meningococcal isolates, providing enhanced disease surveillance by the identification of
antigenic variation within dominant serotypes such as serotype 4. The DNA-based approach also
allows the rapid identification and characterisation of case isolates with a novel serotype such as
serotype 22.

The identification of the meningococcal porB gene by a PCR ELISA assay has been modified to
enable non-culture confirmation of meningococcal diseasein clinical specimens. Non- culture
diagnosis has improved case ascertainment and the usefulness of the assay for the diagnosis and
confirmation of several institutional outbreaks of meningococcal disease in the UK has been
demonstrated.
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Neisseria meningitidisis a major human pathogen and is the commonest cause of bacterial
meningitisin children in the UK. Two thirds of al meningitis cases are due to infection with
group B meningococci, the remainder being due predominantly to serogroup C (1). Studies on
the population genetics of N. meningitidis have shown it to have essentially a clonal structure.
Serogroup C meningococci are responsible for both sporadic and endemic disease being
intermediate between genetically diverse serogroup B and the relatively homogeneous serogroup
A. We have applied genotypic typing methods to determine the clonal relationship of recent UK
isolates of serogroup C meningococci (2,3). Eleven clones were identified by Stul REA with two
of the clones accounting for 64% of strains. In order to further assess the genetic rel atedness of
the UK serogroup C isolates we have sequenced part of the 16S ribosoma RNA gene and
compared the results with those obtained from Stul REA.

Chromosomal DNA from serogroup C isolates was purified and the 5' half of the 16S rRNA
gene amplified using primers Po and Pc3mod. The amplicon was purified from excess primers
and dNTPs using Centricon C-100 columns. The products were sequenced using Applied
Biosystems dye dideoxyterminator cycle sequencing kits on an ABI 373A automated sequencer
fitted with a stretch upgrade. Internal primers as well as Po and Pc3mod were used to sequence
the fragments on both strands (4). Data was analysed using the Seged sequence analysis
program. Twelve isolates were sequenced and analyzed representing seven of the eleven Stul
REA clones plus one serogroup A isolate.

The compl ete sequence of the 5' 750bp from each isolate was obtained. Comparison of the
twelve sequences identified 10 polymorphic sites located throughout the entire 750bp fragment.
All sequences from the same Stul REA clone were identical. Some of the Stul REA clones aso
had identical sequences. Stul REA clones 1,2,3 and 9 had identical 16S rRNA sequences
although their Stul REA Dice coefficients varied from 59-74%. Comparison of the sequences
from Stul REA clones 1,7,8 and 11 showed them to differ at 4 of the 10 polymorphic sites except
clones 7 and 11 which differed at 8 of the 10 sites.

The Stul REA Dice coefficients for clones 1,7,8 and 11 varied between 49-95% but generally
less than those having the same 16S rRNA sequence. Isolate A7 differed at 3-7 of the 10 sites
when compared to the REA serogroup C clones.

Sequencing of the 16S rRNA from different species has provided an invaluable tool for the

simple and rapid discrimination both among and within genera. It is used to study the evolution
of bacteria and to determine accurately most phylogenetic relationships up to about the species
level (5). During the course of our studies we observed a number of differences within the 16S



rRNA genes of N. meningitidis. Comparison of the data with our results from Stul REA showed
that the differences occurred between clones and not within clones. This suggests that the
mutations within the 16S rRNA gene have occurred as these organisms have evolved. The
structural constraints on the sequence of the small ribosomal RNA ensures that mutations within
the gene are relatively infrequent hence their utility in phylogenetic analysis. Our observation of
identical 16S sequences within clones further supports the clonal structure of N. meningitidis
populations.
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Objective. To establish ELISASs specific for meningococcal capsular polysaccharide B and C
antibodies and thereby improving the surveillance of serogroup B and C meningococcal disease.

Material. Paired serafrom 162 patients with and 101 patients without |aboratory evidence of
meningococcal disease were used in the evaluation of the tests.

Methods. Microtitre plates were precoated with poly-I-lysine and subsequently coated with
purified serogroup B or C polysaccharide (1) or with buffer without polysaccharide as control for
non-specific binding (2). Test serum was diluted 1:100 and for each assay an in-house standard
reference, a positive and negative quality control serum were employed as controls. The test was
performed using peroxidase labelled rabbit anti human 1gG and/or IgM antibody and ortho-
phenylenediamine as substrate. Absorbance values were read at a wavelength of 490 nm. Each
test result was determined as the difference between the optical density (OD) in the antigen well
and that of the corresponding control well. The OD test result of each serum sample was
transformed to au/ml by the linear portion of the standard reference curve based on alog/log
scale. Competitive inhibition by purified B and C polysaccharide was assessed using the same

assay principle.

Results. Three ELISAS, anti-B IgM, anti-C IgM and anti-C IgG were established. On the basis
of four antibody determinations for each of the three positive quality control sera per week
during 10 weeks, the interassay coefficients of variation were estimated to range between 1-19%.
The binding of anti-capsular antibodies of the standard reference sera was inhibited 96-99% by
preincubation with the homologous polysaccharide.

Sixty out of 76 patients (79%) with culture-confirmed serogroup B disease had high anti-B |gM
titres or asignificant change in titre; anti-B 1gM antibodies waned rapidly in children < 4 years
of age; 26 out of 27 patients (96%) with culture-confirmed serogroup C disease had high anti-C
IgM and/or 1gG antibody titres or a significant change in titre (IgM: 93%; 1gG:70%). In patients
without meningococcal disease, 19% of children < 4 years of age and 72% of those > 4 years of
age had low levels of anti-B IgM antibodies. In contrast, < 10% of these had anti-C IgM and/or
IgG antibodies. In 50 out of 59 patients (85%) with culture-negative, but with clinical and
serological evidence of meningococcal disease, a definitive serogroup specific diagnosis was
established by examination of paired serain ELISA.

Conclusions. Though the B and C polysaccharides are homopolymers of the same poly-sialic
acid and a cross-reactive epitope exists (3), the methods devel oped were shown to be powerful
tools in discriminating between serogroup B and C disease. A serogroup specific diagnosis may
be established in > 80% of culture-negative cases of meningococcal disease. As serogroups B



and C meningococci account for practically all cases of meningococcal disease in industrialized
countries, the availability of these tests may have implications by improving the surveillance and
prevention of the disease.
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Neisseria meningitidis is world-wide a major cause of bacterial meningitis and septicemia.
Elevated incidence of meningococcal disease was documented in the province of Québec,
Canada, since the beginning of 1991 (1, 2). In an effort to combat this high incidence and its
accompanying fatalities, health officials initiated mass immunization programs in the province

).

Outer membrane proteins (OMPs) of meningococci are of particular interest because they form
the basis of serotyping and serosubtyping (4). The use of monoclonal antibodies raised against
the class 1 OMP hasidentified differencesin the class 1 OMP and this forms the basis of
serosubtyping. Outbreaks of meningococcal disease have been linked with the emergence of
specific meningococcal subtypesin Brazil, Chile and England. Proper identification of subtypes
is thus essential in epidemiological analyses of meningococcal disease. The currently used
protocol for routine serosubtyping relies exclusively on ELISAs using whole-cells and mAbs
against the class 1 OMP (5). However, this procedure fails to yield serosubtype information in
some strains. Reasons suggested for this failure include masking of epitopes on the cell surface
(6) and the presence of novel variable regions for which no mAbs are currently available (7).

Isolated from all patients hospitalized with invasive meningococcal disease in Québec (1993-
1994) were 174 meningococcal strains. Of these, 48 (28%) were non-serosubtypable in ELISAS
using whole-cells (M. Lorange, Laboratoire de Santé Publique du Québec). These 48 strains
were characterized by OMP profiles and EL1SAs using outer membrane vesicles. Forty of the 48
strains expressed class 1 OMP indicating that the inability to assign a serosubtype was not due to
the absence of the class 1 OMP. 17% (8/48) of the strains did not make the class 1 OMP. In
these strains, inability to assign a serosubtype is due to absence of the class 1 OMP on the cell
surface. The frequency of isolation of class 1 OMP-deficient strains was thus 5% (8/174). This
percentage is significant when considering the design of vaccines that are based on the class 1
OMP: 5% of meningococcal strains would not be targets for such vaccines. Fifteen of the 40
strains that expressed the class 1 OMP were serosubtypable in ELISAsusing OMVs. Thus,
ELISA using OMV s improves the serosubtyping information that is obtained for epidemiological
analyses. However, not al strains will be subtyped using these two procedures. For complete
subtyping information, molecular techniques have been proposed (7).

To determine whether the eight strains that do not express the class 1 OMP contained the porA
gene, we used por A-specific primersin PCR. The predicted 1.1 kbp fragment was obtained in 6
of the 8 strains. Thus, in these 6 strains, lack of expression was not due to deletion of the gene.
From the 2 class 1 OMP non-producing strains for which no amplification products were
obtained in PCRs, restricted genomic DNA was subjected to Southern hybridization using por A-
specific probes in order to assess whether the por A gene was present. Fragments from restricted



genomic DNA of both strains hybridized to the por A-specific probe indicating that at |east part
of the gene was present in these strains. Inability to amplify porA sequences from these two
strains may be attributed to deletion or to mutationsin the primer regions in these sequences.
Following the report (8) that variable expression of the class 1 OMP is related to the spacing
between the -10 and -35 regions of the promoter and the number of G residues between them ,
we amplified and sequenced the promoter regions of the 8 strains that did not express the class 1
OMP. Two control strains that produced the class 1 OMP had a stretch of 10 and 12 G residues,
respectively, between the -10 and -35 regions. The strains that did not express the class 1 OMP
had stretches of 9, 10, 11 or 12 residues but in 7 out of the 8 strains, one of the G residues in the
stretch was changed to an A. Thus, variations of sequences between the -10 and -35 regions may
determine gene expression in meningococci.
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Serogroup C meningococcal disease has increased in Canada during the past several years due to
the emergence of a specific bacterial genotype, ET15 (1), which isamember of the ET37
complex (2,3). Thisincreased incidence has been accompanied by a number of outbreaks (4-6)
which have led to mass-vaccination programs to interrupt the spread of disease (5,6).

Prior to August, 1993, nearly 700 group C:ET 15 disease isolates were obtained from patients
while no group B:ET15 isolate was found. From August 1993, onwards, nine B:ET15 disease
(blood/CSF) isolates and one urethral isolate were obtained from patients ranging in age from 4
months to 48 years. These B:ET15 strains were serotype 2a, subtype P1.2, P1.2,5 or P1.” and
expressed opa protein epitopes which are also prevalent on C:ET15 isolates. Analysis of these
isolates by pulsed-field gel electrophoresis using restriction enzymes Bgll1, Spel and Notl (7)
revealed that all B:ET15 strains had chromosomal genotypes that differed from each other, yet
were similar to PFGE genotypes previously obtained for C:ET15 strainsin Canada. This
suggests that the B:ET15 strains examined so far are derived from multiple ancestral genotypes,
all of which are very closely related to the more commonly recovered C:ET 15 disease-causing
strains.

Sharing of ETs between strains of different serogroups has been observed previously by Caugant
et a. (2). Genes encoding enzymes required for synthesis of chemically different serogroup B,
C, Y and W135 polysaccharides may be partly non-homologous (8). The B:ET15 phenomenon
may, therefore, prove to be attributable to qualitative differences in the capsular-polysaccharide
genes arising on an ET 15 genotypic background, perhaps as a consequence of localized
recombination. It is of specia interest to note that, with the exception of one isolate, the
occurrence of B:2aeET15 among Canadian disease isolates did not begin until about 7 months
after mass-vaccination campaigns were initiated. Therefore, the human immune response to
group C polysaccharide may have contributed to the appearance of B:ET15 strains by conferring
a selective advantage to rare genetic variants in the bacterial population. Regardless of the
reasons for appearance of B:2aET15 strainsin Canada, it is clear that continuous surveillanceis
needed to monitor the potential emergence of this genotype, particularly in view of the fact that
thereis still no satisfactory group B vaccine.
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Geographical information about antimicrobial susceptibility of Neisseria meningitidis became a
significant factor in the investigation. Emergence of N. meningitidis with relative resistance
(penRR, MIC:0.1 to 1ng/ml) and rarely resistant to penicillin (MIC>1nrg/ml) has been reported
during the last decade (1). Most of the reports come from Europe (1). Nevertheless, afew reports
from North America of penRR N. meningitidis, have appeared in medical literature recently
(2,3). This phenomenon does not seem to be related to a particular serogroup (4). Another
significant problem for Public Health, is the devel opment of resistance to rifampicin (MICz0.25m
g/ml), currently used for chemoprophylaxis of meningococcal disease (MD). Sulphonamide has
not been used in clinical practice in most countries, because the presence of high prevalence of
resistant strains. Although discrimination between resistant (MI1C: 10rg/ml) and susceptible N.
meningitidis to sulphonamide has been shown as an useful epidemiological tool (5).

Determination of the antimicrobial susceptibility pattern of N. meningitidisto penicillin (PN),
rifampicin (RA) and sulphonamide (SD) is our aim. We have decided to work with these three
drugs because of their clinical and epidemiological importance.

Minimum inhibitory concentrations (MIC) of 73 clinical isolates of N. meningitidis C to PN, RA
and SD, were determined by the agar dilution procedure, according to NCCLS guidelines (6). N.
meningitidis were obtained from the Instituto Estadual de Infectologia Sao Sebastido (1EISS), the
Reference Centre for MD in Rio de Janeiro, Brazil. The strains were isolated between 1988-
1995. 80% of the bacteria belongs to the epidemic wave registered from 1993 -1995, in the city
of Rio de Janeiro (UVE/IEISS/SESRJ).

All N. meningitidis were fully susceptible to PN (M1C£0.06ng/ml). Of the total, 45% were
resistant to SD. Seven strains (9%) were resistant to RA. Three had aMIC value for RA of 0.25m
g/ml and four of 0.5ng/ml.

Determination of regional MIC values of N. meningitidisisthe first step for an efficient
surveillance program. The high resistance level demonstrated for sulphonamide is a significant
observation and may serve for epidemiological surveillance. Group C strains characterised in
different epidemics registered in Brazil in the 90’ s were sulphonamide-susceptible (7). The
epidemic registered in Rio de Janeiro is associated with a shift in the age-distribution of the
disease towards older children and teenagers (UVE/IEISS/SESRJ). Certain N. meningitidis are
more likely to be associated with disease in older age-groups, like a particular sulphonamide-
resistant phenotype of the ET-5 complex described in England (5). Resistance to RA among



clinical isolates poses a serious problem for the control of MD secondary cases. A significant
proportion of MD secondary cases (6%) have been registered in Rio de Janeiro, where
chemoprophylaxis with RA is current recommended (8). The presence of RA-resistance detected
in this study may in part explain the failures of chemoprophylaxisin our region. Nevertheless,
we must take into account that some secondary cases are the result of the failure to detect al
close contacts of an index case (8).
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Since the first report of epidemic meningococcal disease (MD) in Rio de Janeiro in 1921, three
other epidemics have been reported: two in 1974 (groups C and A) and one in 1989 (group B)
(1). Since 1992, disease incidence has steadily risen in Rio de Janeiro, acity in the south-east of
Brazil, with a population close to 6 million. In 1995, the epidemic peaked, with arecorded
incidence of 9.5/100,000. The increased incidence was related to the presence of Neisseria
meningitidis C. Epidemics of MD serogroup C have affected some southern Brazilian citiesin
the 90’ s and more than 70% of strains have been characterised as C:2b:P1.3 sulphonamide-
sensitive (ET-40; ET-11 complex) (2).

The general purpose of the study isto provide clinical and epidemiological information about
MD during an epidemic wave and describe the causative strain. The investigation took placein
the Instituto Estadual de Infectologia S&o Sebastido (IEISS), the local Reference Centre for MD
in Rio de Janeiro. The |EISS has notified in the media, 72% of al known casesin the city of Rio
de Janeiro. Cases study were carried out involving the investigation of al patients admitted to the
hospital between 1989-1995. Datafor 1995 is not yet definitive. Either clinical case definition
(fever and a purpuric rash), or bacteriologic criteria (N. meningitidis isolated from blood or
cerobrospinal fluid or a positive CSF latex test) eligible cases will be included in the study. The
Bacteriology Laboratory of the |EISS characterises more than 90% of N. meningitidisisolates
obtained in the metropolitan area and stores the bacteria at -70°C. Sero/subtype are currently
determined in the Instituto Adolfo Lutz (IAL) using monoclonal antibodies
(2a8,2b,4,8,15,17,19,23; P1.2,P1.3,P1.4,P1.7,P1.9,P1.14,P1.15,P1.16) and whole-cell
suspensions. The electrophoretic types (Ets) were determined by analysis of allelic variationsin
13 enzymes (electromorph profile) as previously described (3). Minimum inhibitory
concentrations (MIC) of sulphonamide (SD, sulphonamide-resistant MICz 10ng/ml) were
determined following a standard guideline (4).

4161 MD patients have been identified between 1989-1995, 51% of which are residentsin the
city of Rio de Janeiro (*89-'92: 1115 cases; ‘93-'95: 1017 cases). Patients were classified as
meningitis (32%), septicaemia and meningitis (60%) and septicaemia (8%). Lethality was 10%
and clinical presentation was a significant determinant for afatal outcome. Of the total, 60%
presented a bacteriological criteria. Between ‘89-'92, 12% were group C and between *93-* 95,
41% (*93: 20%, ‘94: 35%, ‘95: 59%). A shift in the age-distribution of the disease was observed
during the epidemic period. The proportion of casesin those 10-19 years was 19% (15-19 years:
6%) before 1993 and 24% (15-19 years. 12%) from 1993-1995. For group C disease, media age



was 12 years and median was 10 years and for group B disease mediawas 11 years and median
was 6 years.

Analysis of the epidemic period included 342 clinical isolates of N. meningitidis, 203 group B
and 139 group C. 81% of group B strains were of serotype 4. Among group C strains, 73 were of
serotype 2b (‘93: 8; ‘94: 16; ‘95: 49) and 44 of 2a (' 93: 10; ‘94: 14; ‘95: 20). Among group C: 2b
strainsin 1995, 90% were C:2b:nt. 84 group C strains were analysed by starch-gel
electrophoresis. 78% were isolated during the epidemic wave (‘ 93-'95). 60 (95%) group C
strains of the serotypes 2a or 2b were related to a unique clone of the ET-40. The ET-40 was first
described in the city of S&o Paulo (2). 14 new Ets were found among serotypes W135:23, C:4
and C:NT. 33% of the ET-40 strains were sulphonamide-resistant.

Multilocus enzyme electrophoresis was an important tool in defining the epidemic strain. The
increase of serogroup C disease, associated to two different serotypes, has been investigated in
Spain recently (5). The epidemic strain described in Rio de Janeiro shows striking differences
when compared with reports of recent epidemicsin our country, particularly the trend to affect
older age groups (2,6). A new subtype may be associated with the C:2b:nt mentioned above.
Although we have not included al monoclonal antibodies for the subtype screen that were
previously described.
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Antigenic variation of the class 1 outer membrane protein in an emerging Neisseria
meningitidis clone in the Netherlands
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The class 1 outer membrane protein P1 of Neisseria meningitidis is a vaccine candidate against
meningococcal infection. Antigenic variation of the class 1 outer membrane protein P1, was
studied. The prevalence of serogroup B P1.4 subtype among Dutch isolates increased 200 fold
since 1980, and is associated with the five-fold increase in serogroup B meningococcal diseasein
the last 15 years. Screening of the strain collection of the Netherlands Reference Laboratory for
Bacterial Meningitis for this subtype, revealed that P1.4 has been present in the Dutch population
since 1965. Sequence analysis showed that por A genes of genotypically distinct P1.4 strains have
different VR1 regions, but contain identical VR2 regions. This indicates that the VR2 region
encoding the P1.4 epitope may have spread through the meningococcal population via horizontal
gene transfer. Genotyping of P1.4 strains showed that one cluster of strains, the ET24/25 cluster,
isresponsible for the increase since 1980. ET24/25 strains not expressing the P1.4 subtype, seem
to have lost the P1.4 epitope encoding region by replacement via horizontal gene transfer or by
partial deletion via recombination between direct repeats.
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Non-culture diagnosis and serogroup determination of meningococcal B and C infection by
asalyltransferase (saD) PCR ELISA
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In the UK each year, an increased proportion of suspected meningococcal infections remain
unconfirmed by culture, due in part to the increasing practice of pre-admission parenteral
antibiotic treatment and reluctance to perform lumbar punctures(1). Thisis evident by the
differential between the number of culture proven case isolates referred to the Public Health
Laboratory Service (PHLS) Meningococcal Reference Unit (MRU) and the number of notified
cases of meningococcal disease recorded by the Office of Population Censuses and Surveys
(OPCS)(2). The rapid non-culture confirmation of meningococcal disease is of growing
importance for case ascertainment and epidemiological surveillance.

Recently, there have been severa publications describing the use of PCR for the detection of
meningococcal DNA in clinical specimens(3,4,5,6), however, none of these PCRs provide
epidemiologically useful information about the causative organism. The identification of the
serogroup of the organism is essential for effective outbreak control and contact management.
During recent years, the majority of meningococcal infectionsin the UK were due to either
serogroup B (70%) or C (30%)(2). To combine the non-culture diagnosis of meningococcal
infection from CSF, whole blood and serum with serogroup (B and C) identification, a
polymerase chain reaction assay (PCR), based on arestriction fragment length polymorphism
(RFLP) in the meningococcal serogroup B and C siaD gene, was developed.

The similarity between the biochemical nature of meningococcal polysialic acid B (a2-8 linked
siaic acid) and C (a2-9 linked sialic acid) capsules(7) has so far hampered the identification of
target sequences to differentiate meningococci expressing serogroup B and C capsules.
Hybridization occurs between serogroup B, C, W135 and Y capsular genesinvolved in directing
siaic acid synthesis, but not the serogroup-specific sialyltranferases involved in the
polymerization of the sialic acid to the polysialic acid chain (8). Nucleotide sequencing of the
siayltransferase (siaD) genes of serogroup B and C meningococci (9) has enabled identification
of sequence differences alowing the specific identification of serogroup B or C siaD genes.

The PCR assay was adapted to an ELISA format incorporating hybridization with serogroup-
specific B and C oligonucleotide probes. The specificity for CSFs was 100% and sensitivities
were respectively 81, 63 and 30% for CSFs, whole blood and sera.

The siaD PCR has been used in several outbreak investigations, whereupon non-culture
identification of the serogroup from serum or whole blood DNA confirmed the serogroup to be
the same as that of the outbreak strain in the absence of positive culture confirmation. In one
instance this was substantiated by a subsequent throat swab isolate from the siaD PCR diagnosed



case. Following an outbreak of meningococcal disease amongst a student community caused by a
B:15:P1.7,16 sulphonamide resistant (R) strain, both serogroupable and non-groupable isolates
were cultured from nasopharyngeal swabs from students investigated. The non-groupable (NG)
and B:15:P1.7,16 R isolates examined were all identified as serogroup B by siaD PCR ELISA.
During another outbreak investigation caused by a C:2a:P1.2 R strain amongst secondary school
children, 3 NG and 3 C:2a:P1.2R were confirmed as serogroup C.

The serogroup-specific siaD PCR ELISA isasignificant addition to currently available tests for
non-culture diagnosis of meningococcal infection and outbreak investigation.
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Introduction: Although epidemics of meningococcal meningitis (MM) within the "meningitis
belt" of SubSaharan Africa are well-described, few reports with popul ation-based data describe
MM between epidemics in the context of bacterial meningitisin general. Our objective was to
describe the epidemiology of bacterial meningitisin Niamey, Niger (1995 population est.:
547,739) during 1989 to 1995, a period which included an epidemic (1994/5).

Methods. The bacteriology laboratory at CERMES evaluates all cerebrospinal fluid (CSF)
specimens obtained at the National Hospital of Niamey, where all Niamey residents with
suspected meningitis are hospitalized. We reviewed |aboratory and hospital records associated
with CSF specimens submitted between June 1989 and May 1995. A case of bacterial
meningitis was defined as occurring when at least one of the following criteria were met: direct
exam with >100 WBC/ml of CSF, detection of antigen from CSF by latex agglutination, or
isolation of bacteriafrom CSF culture. To permit evaluation of information related to each
meningitis season, we analyzed data for the 12 months from June to May, rather than for
calendar years.

Results. Of atotal of 3,706 bacterial meningitis cases, 2505 (67.6%) were dueto N.
meningitidis. Among those, 1808 occurred during the 1994-95 epidemic. The annual incidence
(cases per 100,000) of meningitis due to each pathogen was:

Y ear N. meningitidis S. pneumoniaeH. influenzae
1989-90 38.7 16.3 15.6
1990-91 334 15.1 13.9
1991-92 52.2 18.8 9.1
1992-93 29.3 17.3 11.0
1993-94 3.8 11.9 12.3
1994-95 346.3 7.3 52

N. meningitidis was the principal pathogen associated with bacterial meningitis in each year
except 1993-4, when the incidence of meningococca meningitis fell substantially. During 1993-
4, the incidence of meningitis due to S. pneumoniae and H. influenzae was similar to previous
years. Seasonal variation was evident during both epidemic and nonepidemic years. The
majority of cases occurred during the dry season, from December to May, with peak disease
during March and April of each year. Incidence was consistently higher in males compared with
females (maleto femaleratio: 1.5:1). The case fatality ratio for meningococca meningitis was
7.8%, which was substantially lower than case fatality of meningitis due to S. pneumoniae (45%)
or H. influenzae (36%). The vast majority (82.5%) of meningococcal meningitis cases occurred
among persons less than 20 years of age. 1n the nonepidemic years, the highest incidence of



disease occurred among children 10-14 years of age (62/100,000). During the epidemic, high
rates of disease occurred in all age groups <30 years old.

Annual incidence Annual incidence

Age (years 1989-94 1994-95
<1year 32 421
1-4 37 516
59 49 489
10-14 62 499
15-19 40 484
20-29 12 129
30-39 8 66
40-49 4 30

Among meningococcal cases, serogroup A predominated in all years except 1991-92. During
1991-92, serogroup C caused more than 50% of meningococcal meningitis. The incidence of
serogroup C meningococcal disease peaked at 29 cases per 100,000 during 1991-2. The
epidemic of 1994-95 was caused by serogroup A, subtype 4:1.9, cloneI11-1 (1).

Conclusions. These data suggest that N. meningitidisis the leading cause of meningitisin
Niamey in endemic as well as epidemic years. Most disease is due to serogroups A and C,
suggesting that serogroup A/C meningococcal conjugate vaccines currently under devel opment
offer the potential to prevent substantial endemic disease as well as preventing periodic
epidemics. Meningococcal disease incidence fell markedly during 1993-4, the year preceding a
major serogroup A epidemic. Since the incidence of meningitis due to H. influenzae and S
pneumoniae were stable during 1993-4, the meningococcal disease trough was unlikely to reflect
changes in diagnostic practices or laboratory methods. The low rate of disease in 1993-4 may
reflect the absence of circulating strains during that year. Subsequent introduction of the virulent
[11-1 clone into a highly susceptible population probably accounted for the 1994-5 epidemic. We
are not aware of other meningococcal epidemics preceded by marked meningococcal disease
troughs. Evaluation of longitudinal surveillance datain other meningitis belt countries would
help determine whether meningococcal epidemics might be predicted by troughsin
meningococcal disease in previous years, which might then provide an early aert to the risk of
subsequent epidemics.
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At the end of 1994, the Department of Bacteriology, NIPH, Oslo, became National Reference
Laboratory (NRL) for meningococcal disease. At the same time, the Norwegian Infectious
Diseases Notification System was integrated into the Department. This new structure permitted
acontinual surveillance of the epidemiological situation and allowed early intervention on
population groups at high risk of meningococcal disease.

In the 18-month period, from September 1, 1994 to February 29, 1996, atotal of 220 cases were
notified in Norway and the disease causing isolate was received at NRL for 203 (92%) of the
cases. All isolates were analysed by serogrouping, serotyping, and multilocus enzyme
electrophoresis (1). Of the 203 patient strains, 73% were serogroup B, 21% were serogroup C,
and 4% were serogroup Y. The 9 cases caused by serogroup Y were significantly older: 7/9
patients were between 39 and 91 years old. While serogroup B disease was at 66% in the first 6-
month period, it increased again to over 75% in the last year.

The proportion of ET-5 complex strains increased again from just over 40% in thefirst to 54% in
the last six-month period, while the proportion of ET-37 complex strains remained low (under
10%). The main epidemiological change observed is that 50% of the serogroup C strains were
serotype 15:P1.7,16, and belonged to the ET-5 complex. These strains were responsible for a
large part of the new increase in disease due to ET-5 strains. Twelve cases (6%) were caused by
clones of lineage 11, that has been associated with the recent hyperendemic wave of diseasein
The Netherlands (2).

Fourteen cases (2 of them fatal) were caused by a clone-complex that only newly was associated
with disease in Norway. While the first three cases occurred in the same region within a month,
the additional cases were spread through the country. Most of these isolates were serologically
characterized as B:4:NST. DNA sequence analysis of the porA gene of these strainsrevealed an
identical sequence (P1.18,25) coding for a porin against which no monoclonal antibodies have
been developed so far.

In the described 18-month period there were six pairs of associated cases and one group of three
cases occurring within the same communities in the course of one day and up to ten weeks, and
caused by identical isolates. In addition, a one-year old girl underwent two episodes of
meningococcal disease 5 months apart, caused by the same strain (B:15:P1.7,16; ET-5).

Two outbreaks were identified. The first one occurred in the Ser-Trendelag county from April to
December 1995 and was caused by a clone variant of the ET-5 complex, with serological
characteristics B:15:P1.7,16. It involved 10 cases (8 culture-verified cases and 2 cases likely due



to the same clone), one of them being fatal. A carrier study around the cases showed avery low
prevalence of the outbreak clone. Carriers of the virulent strain were treated prophylactically
with ciprofloxacin. The second outbreak was in the Hordaland county from September 1995 to
February 1996 and was caused by an unusual ET-5 strain in that it belonged to serogroup C.
Following our recommendation, serogroup C vaccination of all children between the age of 2 to
5 and young people from 13 to 21 years old (3 950 individuals) was performed in February 1996
in the part of Hordaland county afflicted by the outbreak.

The new organisation of meningococcal surveillance in Norway has permitted the early
recognition of two outbreaks, alowing intervention on the population at risk. It hasalso shown
that the number of associated cases, outside the close contacts, may be higher than earlier
estimated (3).
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The gold standard for diagnosis of gonorrhoea has always been the culture and the presence of
gram-negative diplococci in smears of genital discharge (1). However, these methods have
several disadvantages including false-negative results and several days may elapse before
cultural diagnosis can be established (1). Non-cultural methods offer several advantages over
conventional procedures because diagnosisis not dependent upon the presence of viable micro-
organisms for microbial isolation and turnaround times can be significantly reduced (1). The
development of the polymerase chain reaction (PCR) has been shown to offer a sensitive and
specific alternative approach for the diagnosis of avariety of bacterial pathogens. In the present
study, a PCR assay (2) was used for direct detection of Neisseria gonorrhoeaein clinical
specimens of 200 consecutive adult males presenting with acute urethritisat a STD clinicin
Durban, South Africa. Ho et al. (2) developed this assay by targeting the cppB gene found on
the 2.6 MDa cryptic plasmid or integrated into the gonococcal chromosome. Swabs, containing
urethral exudate, were collected and suspended in phosphate-buffered saline, pH 7.3. Samples
were centrifuged and resulting pellets suspended in 100 ml 1 x PCR buffer with 0.45% non-ionic
detergent Tween 20 and 200 mg/ml proteinase K. Cell suspensions were incubated at 50-60°C
for 1 h, heated to 95°C for 10 min (2) and suspensions stored at -20°C for future use. Crude
clinical lysates and 30 pure cultures of N. gonorrhoeae were amplified using two 20-mer
oligonucleotide primers HO1 (5 GCTACGCATACCCGCGTTGC 3) and HO3 (5
CGAAGACCTTCGAGCAGACA 3) (2). 40 cycles of amplification were performed, each of
which consisted of a 30s denaturation step at 94°C, a1 min annealing step at 55°C and a 30s
template elongation step at 74°C. Amplified product was analysed by electrophoresisin a2%
agarose gel, which was examined for the presence of a 390 bp fragment. The 390 bp amplimer
was obtained for the pure cultures as expected, the specificity of which was confirmed by
restricting the amplified product with Mspl, to give two fragments of 250 and 140 bp. A
sensitivity of 100% by PCR was obtained for the pure culture. Initial PCR assays of clinical
samples using pure culture parameters did not yield the expected 390 bp amplimer. Instead
smears that stopped exactly at the 390 bp amplimer position or smears without a distinct stop
were obtained. In order to optimise the PCR assay for clinical specimens, the amount of crude
lysate used as the template DNA was decreased and the annealing temperature increased from
55°C to 60°C. Therequired 390 bp product was, however, not obtained for all samples.
Decreasing the dNTP concentration, increasing the MgCl, concentration, chelating excess
phosphate ions with sodium citrate, decreasing the number of reaction cycles and phenol -
chloroform extraction of the crude lysate, have been attempted in an effort to further optimise
the assay. Compared to Ho et al. (2), who obtained a sensitivity of 100% and a specificity of
88.9%, preliminary evaluation of 50 clinical specimens showed that of 42 specimens that were
culture positive, only 37 were PCR positive. Among the 8 culture negative specimens, four were
found to be PCR positive. The large number of false-negative PCR results seen could be as a



result of (i) the inability of primersto anneal with appropriate sites and prime amplification in all
strains; (ii) inhibition of the Taq polymerase by a substance present in the extracts of clinical
specimens; and (iii) low numbers of gonococci present in exudate as a function of length of
infection. The use of the PCR assay as a diagnostic tool is promising but requires optimisation
and further evaluation.
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The serotypes/serosubtypes are important epidemiological markers of Neisseria meningitidis
isolates. Antigenic variations of the outer membrane proteins (OMPs) of classes 2 and 3 define
the serotype, those of class 1 the serosubtype of a meningococcal strain. Six hundred and forty-
four (45,3%) out of 1421 N. meningitidis strains isolated between January 1989 and March 1996
from patients and carriers in Germany, were non-typable (NT) with the currently available
monoclonal typing reagents. The National Reference Laboratory in Prague has produced a new
serotype 22-specific monoclonal antibody (McAb) which reacts with the epitope of serotype-
specific class 2 OMP (1). Its suitability for extending the panel of McAbs currently used for
strain discrimination was tested. The isolates examined comprised all subculturable non-typable
(NT) aswell as non-subtypable (NST) strains of the years 1989-1993 and all NT strains from
1994 to March 1996. Forty-five (11,3%) of 397 meningococcal NT isolates of Germany tested
reacted with this new McADb (serotype 22) in whole-cell ELISA (2). The highest prevalence of
serotype 22 was seen in 1993 (25%, 7 out of 28 NT/NST strains). Thirty-three (73,3%) of
meningococcal serotype 22 isolates derived from patients with invasive disease and 11 (24,4%)
from carriers, the origin of one serotype 22 strain remained unknown. With the exception of one
isolate, which was serogroup C, all serotype 22 strains belonged to serogroup B (44 strains)
although 280 serogroup B and 49 serogroup C strains were examined. The prevalent antigenic
formula of serotype 22 strains from 1994 to 1996 (27 isolates) was B:22:NST (10 isolates) and
the second most common B:22:P1.2,5 (5 isolates). The geographic distribution of serotype 22
demonstrates that it is found amost exclusively in the region of the former FRG and shows a
cluster in Berlin.

Conclusion: Employment of McAb 22 in meningococcal typing provides additional valuable
epidemiological data.
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Random Amplified Polymor phic DNA (RAPD) genotyping of serogroup A meningococci
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The RAPD genotyping method was applied to 1 representative each of the 84 Neisseria
meningitidis serogroup A electrophoretic types (ETs) previously described (1). With few
exceptions, the subgroup structure was similar by both methods but one strain (ET28 in subgroup
I) was assigned to a different subgroup by RAPD and MEE. Further tests showed that six other
isolates of ET28 were assigned to subgroup | by RAPD and MEE.

These results were extended by comparing additional strains from individual ETs of serogroup
A. Again, the results of RAPD and MEE were fully consistent. Finally, an independent sample of
18 serogroup A strainsisolated in The Netherlands was also analyzed by RAPD and MEE. These
bacteria again yielded comparabl e results between the two methods and showed that isolates
from the Netherlands included bacteria from subgroups which had not been formerly described.
One such strain was assigned to the ET5 complex, which is more typical of serogroup B strains

Q).

RAPD analysis was faster and involved less work than MEE. Strains can be linked to previously
characterized genotypes in a computerized database, and dendrograms based on cluster analyses
can be generated easily. These properties of RAPD make it suitable for quickly assigning new
isolates of serogroup A bacteria to known subgroups, for

defining new subgroups and possibly for similar purposes with epidemic outbreaks caused by
serogroups B and C.

Refer ences

1. Wang JF, Caugant DA, Li X, Hu X, Poolman JT, Crowe BA, Achtman M. Clonal and
antigenic analysis of serogroup A Neisseria meningitidis with particular reference to
epidemiological features of epidemic meningitisin the People's Republic of China [published
erratum appears in Infect. Immun. 62:5706]. Infect. Immun. 1992; 60:5267-5282.

2. Caugant DA, Frgholm LO, Bavre K, Holten E, Frasch CE, Mocca LE, Zollinger WD,
Selander RK. Intercontinental spread of a genetically distinctive complex of clones of
Neisseria meningitidis causing epidemic disease. Proc. Natl. Acad. Sci. USA 1986; 83:4927-
4931.



Epidemiology, Typing and Diagnostics, Poster 158

Epidemic meningococcal disease and tobacco smoke: A risk factor study in the Pacific
Nor thwest

M Fischer, K Hedberg, P Cardosi, BD Plikaytis, FC Hoesly, KR Steingart, TA Bell, DW
Fleming, JD Wenger and BA Perkins

National Center for Infectious Diseases, CDC, Atlanta, Georgia and Oregon Health Division,
Portland, Oregon

Background. Neisseria meningitidis causes an estimated 2,600 cases of bacterial meningitis and
sepsis annually in the United States, with an incidence of one case per 100,000 population and a
case-fatality rate of 10 to 15 percent. Since 1992, Oregon and southwest Washington have
experienced a substantial increase in the incidence of meningococcal disease, with rates reaching
four to eight times the national average. Most of these infections were caused by a group of
closely related serogroup B meningococcal strains belonging to the enzyme type 5 (ET-5)
complex. The only meningococcal vaccine currently licensed in the United States does not
protect against serogroup B disease. Thus, identifying modifiable risk factors for meningococcal
disease may be the only means of altering the course of this epidemic.

Antecedent viral infection, household crowding, tobacco smoke exposure, and bar patronage
have all been implicated as risk factors for meningococcal disease. However, many of these
studies were performed with small numbers of cases, and none assessed the independent
contribution of each factor or evaluated the magnitude of risk associated with specific exposures.
In this report, we describe the results of alarge population-based study to define independent risk
factors for meningococcal disease. Using these adjusted estimates of risk, we calculated the
proportion of disease associated with specific exposures to develop public health
recommendations.

Methods. We performed a case-control study of risk factors for invasive meningococcal
disease, comparing 129 cases (67% serogroup B) identified through population-based
surveillance in Oregon and southwest Washington (3.5 million aggregate population) with 274
age- and area-matched controls. A case-patient was defined as any resident of the study area
from whom N. meningitidis was cultured from a normally sterile site between January 1 and
December 31, 1994. Control households were identified through a process of random digit
dialing, using the modified Mitofsky-Waksberg method. Study subjects or their guardians were
interviewed viatelephone by trained personnel using a standardized questionnaire. Matched
odds ratios were calculated and assessed using maximum likelihood estimates. Dose-effect
relationships were investigated for variables with more than two ordered levels. Conditional
logistic regression analysis was performed to determine independent risk factors for disease.
Adjusted population attributable risks were computed using methods appropriate for multivariate
analysis with pair-matched data. Similar results were observed when the analyses were stratified
by causative serogroup.

Results. Among children less than 18 years of age, having a mother who smokes was the
strongest independent risk factor for invasive meningococcal infection (OR, 3.8; CI, 1.6 t0 8.9).



Low maternal education, lack of a primary physician and living in a household with other
children, and attending school with 30 or more students per classroom were also independent
risk factors for meningococcal disease in children. Using a humidifier in the month of interest
was protective, and despite its strong correlation with both the smoking and education variables,
church attendance was al so associated with a decreased risk of disease.

Among adults, having a chronic underlying illness (OR, 10.8; Cl, 2.7 to 43.3) and passive
tobacco smoke exposure (OR, 2.6; Cl, 1.0 to 6.9) were independently associated with invasive
meningococcal infection. In addition, active smoking conferred an elevated risk of disease,
although this association did not remain statistically significant after adjusting for the other
factors (OR, 2.4; Cl, 0.9 t0 6.6). Risk of meningococcal disease increased with increasing
passive smoke exposure in all age groups, and 37 percent (Cl, 15 to 65) of meningococcal
disease in children could be attributed to maternal smoking.

Conclusions. We found that having a mother who smokes was the strongest independent risk
factor for meningococcal diseasein children. Results were most dramatic for children lessthan 5
years old. Adults who were exposed to passive or active tobacco smoke were also more likely to
develop disease. Previous studies have implicated tobacco smoke as arisk factor for invasive
meningococcal infection (1,2). However, thisisthe first study to assess the magnitude of risk
conferred by tobacco exposure when adjusting for al of the other factorsidentified, including
socioeconomic status and household crowding.

Several studies have addressed the biologic plausibility of tobacco smoke facilitating invasive
bacterial disease. Through either its mechanical effects on the respiratory mucosaor its
functional effects on the immune response (3), tobacco smoke may directly promote the
adherence and/or invasion of meningococci. The association between smoking and
meningococcal disease may also be duein part to itsindirect predisposition to viral respiratory
illness (4). Finally, tobacco smoke, both active and passive, has repeatedly been identified as a
risk factor for meningococcal carriage (5,6).

This study provides further evidence that tobacco smoke is a potentially modifiable risk factor
for asignificant proportion of meningococcal disease. Causality is supported by the strength of
its independent association with disease, the demonstration of a dose-response relationship, and
biologic plausibility. Reductionsin tobacco smoking, especially among mothers with young
children, may substantially decrease the incidence of meningococcal disease.
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Previous laboratory record review has documented Neisseria meningitidis as a cause of
significant morbidity in Irish children (1). Establishing current meningococcal disease (MD)
incidence rates and serogroup distribution is required to update epidemiological patterns of this
disease. A laboratory based surveillance system for culture confirmed MD was established in
November 1994 in the Republic of Ireland (ROI) (population 3.5 million). Monthly return forms
provide details of cases (name, age, gender, site of isolate, clinical diagnosis, serogroup and
survival status). Data are presented here for cases with N. meningitidis cultured from deep sites
(blood, cerebro-spinal fluid (CSF), and joint fluid) for 1995.

The occurrence of 209 cases throughout 1995 constitutes an annual M D incidence of 5.9 per
100,000 population for the ROI with the rate varying between 8.5 per 100,000 population in the
health board with the highest incidence and 0.5 per 100,000 population in that with the lowest
incidence. Females comprised 100 (52.6%) cases and 104 (50%) cases occurred in the 4 month
period December through March. Nineteen (9.1%) cases died. The highest age-specific annual
incidence occurred in children under 1 year (88 cases per 100,000). Serogroup data were
available for 195 (93.3%) cases, of which group B comprised 105 (53.8%) cases and group C 87
(44.8%) cases. While the national incidence of serogroup C disease was 2.5 per 100,000
population one health board region had a group C incidence rate of 4.3 per 100,000 population.
The mean age of cases with serogroup B disease (7.5 years, range 0.08-68.90) was significantly
lower than that for serogroup C disease (9.6 years, 0.17-88.00) (p=0.02). Of the two health board
regions with the greatest overall MD incidence rates the Eastern Health Board had significantly
more cases due to serogroup B than serogroup C (66 versus 34 cases) compared to the Southern
Health Board (16 versus 23 cases) (Odds ratio=2.79, 95% confidence interval 1.21-6.46,
p<0.01).

This surveillance system is the first to document the epidemiology of MD nationally in the ROI.
The incidence rate of 5.9 per 100,000 population is one of the highest rates in western Europe
and about 4.5 times that reported in the United States (US) (2). The fatality rate of 9.1% isa
minimum rate as this datais provided by alaboratory-based system rather than by clinicians. The
annual age-specific incidence for meningococcal disease in children under 5 years (43 cases per
100,000) is 72% higher than that for Haemophilus influenzae type b (Hib) disease prior to the
introduction of Hib conjugate vaccine in the ROI (3). MD is now the most serious infectious
disease which is currently non-vaccine preventable by primary immunisation in the ROI. The
variation in MD incidence rates between different regionsin the ROI iswide with that in the
highest incident health board being 17 times higher than the rate in lowest incident health board.
The current lack of sufficiently effective vaccines for primary prevention of MD isamajor
drawback in controlling this disease. If the currently avail able polysaccharide meningococcal A



& Cvaccine was to be 100% effective and provided to all children at the earliest effective age of
2 years only 29% of al MD in the ROI could be prevented. However, when a conjugate
meningococcal vaccine for group C disease becomes available the proportion prevented could be
increased to 42% of all disease nationally (assuming vaccine efficacy from 2 months of age).
Whatever impact a meningococcal group C conjugate vaccine can make in reducing the burden
of this disease, an effective group B vaccine will be necessary to achieve the ultimate -
meningococcal disease eradication.
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Production of monoclonal antibodies against Neisseria meningitidis that recognize specific
and crossreactive antigens

EN De Gaspari and LMC De Oliveira
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Brazil.

Meningococcal meningitis and septicemia caused by Neisseria meningitidis continue to be
worldwide public health problems. The mortality rate is high, and the disease occursin
epidemics.

The monoclonal antibody directed against N. meningitidis was established by hybridoma
technology (1). Clone 8C7Br1 was obtained from a fusion of mouse spleen cells with the murine
myelomaline X63-Ag8.653. Mice were immunized with two doses of live meningococci given
both intraperitoneally and intravenously three days before fusion (2). The meningococcal strain
used in this study was B:4:P1.9 recovered from patients with meningococcal disease in Brazil.
The selection of monoclonal antibodies was initially based on their binding with the homologous
strain by ELISA. Immunoblotting of SDS-PAGE resolved, Neisseria gonorrhoeae, Haemophilus
influenzae b, Escherichia coli, Bordetella pertussis, Salmonella typhimurium, Shigella flexneri
and Bacillus subtilis were used to demonstrate antibody cross reactivity. The MAb 8C7BR1
recognized their target antigen, a 50 kDa protein, in different serotypes and subtypes of N.
meningitidis, Neisseria lactamica, N. gonorrhoeae, B. pertussis, S. typhimuriumand S. flexneri.
In E. coli, H. influenzae b and B. subtilis the monoclonal recognized a peptide of 65, 60 and 70
kDa, respectively. The interesting finding that different electrophoretic mobilities were obtained
when reacting MADb 8C7Br1 with Brazilian case and reference strains of N. meningitidis are
under investigation. We have generated the hybridoma cell line which produces IgM monoclonal
antibodies reactive against specific antigens of different serogroups, serotypes and subtypes of N.
meningitidis . These monoclonal antibody provide new tools for antigenic analysis of N.
meningitidis.

Refer ences

1. Kohler G, Milstein C. Continuous cultures of fused cells secreting antibody of predefined
specificity. Nature (London) 1975; 256:495-497.

2. Zollinger WD, Mandrell RE. Importance of complement source in bactericidal activity of
human antibody and murine monoclonal antibody to meningococca group B
polysaccharide. Infect Immun. 1973; 40:257-264.



Epidemiology, Typing and Diagnostics, Poster 161

Prevalence and variation in class 5 expression by serogroup A,C and B during epidemics
in Brazil
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Theincidence of meningococcal Disease (MD) in Brazil has been monitored since the serogroup

A and C epidemics that occurred between 1971 and 19741. In 1988, the incidence of B MD in
the greater S&o Paulo, area state of S&o Paulo , was over 4.06 per 100,000 inhabitants ,suggesting
anew epidemic wave in thisregion.

The mgjor proteins of the outer membrane of Neisseria meningitidis are designated class 1
through class 5. Each strain of N. meningitidis also variably expresses up to four distinct class 5
proteins. These heat -modifiable proteins are 25-30 kDa strain variants that differ only in their
expression pattern.

Until now, the frequency of most of the class 5 proteins expressed by the Brazilian
meningococcal strains had not been determined. Here we present the results of such tests. The
production of two novel monoclonal antibodies specific for epitopes present in the class 5 protein
derived from a Brazilian N .meningitidis epidemic strains (5.8 and 5.9) will contribute greatly to
the determination of class 5 proteins to be included as antigensin the future vaccine for
meningitis.

We analyzed 63 strains of serogroup A and 60 strains of serogroup C (from the 1972-1974
epidemics), and 136 strains of serogroup B(from the 1988-1994 epidemics). The serotypes and
subtypes of N. meningitidis B studied were, respectively B:4: P1.15, B:4:P1.9 ,B:4:P1.7,
B:4:P1.3, B:4:P1.14, B:4:P1.16, B:4:NT and B:NT:NT. The strains were recovered from blood
or cerebrospinal fluid of patients with systemic disease. The anti-class5 MADbs selected for this
study were: 3E6(5.1), 3B4-C7 (5.3) ,1B61C7(5.4), 3BDHIF5G8(5.5), 5F1F4-T3 (5.3) and the
two new monoclonal antibodies C14F10Br2 (5.8) ,7F11B5Br3 (5.9). To prepare N. meningitidis

samples (whole cells) for Dot-blot we used the method described in (2)-

Our results demonstrated that the expression of class 5 proteinsin the N. meningitidis B Brazilian
strains studied is highly heterogeneous. A vaccine for N. meningitidis B to be prepared in Brazil
should contain not only the (5.5) antigen but aso (5.4) and (5.c), because the expression of the
latter one was found to be highly significant by us. The new monoclonal antibodies C14F10Br2
(5.8) reacted with (3.6%) of the serogroup B investigated, yet MAb 7F11B5Br3 (5.9) reacted
with (8.8%) of serogroup A, (5%) of serogroup B and (5%) C strains of N. meningitidis.

We would like to emphasi ze the importance of establishing abroad set of antigenic
characteristics of the prevalent meningococcal species found in each epidemic region, in order
that truly effective vaccines and immunoprophylactic programs can be produced.
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A monoclonal antibody as a probable immunological differential marker to discriminate
bacterial from non-bacterial meningitis
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In public health laboratory the diagnosis of Neisseria meningitidisinfection is usually
accomplished by bacteria culture, counter immunoel etrophoresis and latex agglutination (1).

A correct diagnosis of bacterial meningitis at an early stage of infection is of fundamental
importance to the clinician to select the appropriate treatment promptly to avoid serious sequel ae.

The partially treated bacterial meningitis cases, as well as those in which neither laboratory tests
nor clinical symptoms show a clear distinction between bacterial and lymphocytic meningitis,
and even cases of viral meningitis which present, at the on set of infection, a CSF (cerebrospinal
fluid) pattern suggestive of a bacterial cause, continue to pose problems for correct diagnosis
and, consequently, for early appropriate treatment.

Additiona parameters indicating the presence or absence of a bacterial or viral agent would be
helpful, especially in countries where meningitisis still frequent.

The new monoclonal 8C7Brl directed against N. meningitidis was established by hybridoma
technology (2). The monoclonal antibody was initially chosen based on their binding capacity
with N. meningitidis strain by ELISA . The monoclonal antibody presented cross reactivity with
Neisseria gonorrhoeae, Haemophilus influenzae b, Escherichia coli, Bordetella pertussis,
Salmonella typhimurium, Shigella flexneri and Bacillus subtilis.

We used a new monoclonal antibody for testing by Dot-ELISA technique. A total of 168 CSF
selected in diagnostic routine at Immunology Division of Adolfo Lutz Institute by counter
immunoel ectrophoresis and bacterial culture. The selected samples were obtained from patients
with positive diagnosis of meningitis by N.meningitidis B, N.meningitidis C, H.influenzae b,
Streptococcus pneumoniae and E.coli. Other CSF samples were from patients with some others
neurological disorders. In order to see cross reactivity we used antigenic preparations of
adenovirus, enterovirus and influenzae virus.

The new monoclonal antibody presented an agreement of reaction of 95% by Dot -ELISA
reaction with the CSF of bacterial selected, meanwhile the MAb did not show reactivity with the
selected viral antigen preparations or with CSF samples from patients with other neurological
disorders.



The potential use of the new monoclonal antibody in Dot-ELISA reaction as a possible
differential immunologica marker in discriminating bacterial from lymphocytic meningitis
justifies future research.
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The incidence of Gonococcal infection in Grampian region was the highest in Scotland in 1992,
1993 and 1994. Despite a considerable decrease in 1994, it remained more than twice that of the
whole country. Grampian also differed from other regionsin that 1A isolates were commoner,
accounting for around 78%, 73% and 75% of isolates; the 1A-2 serovar was particularly
common. The proportion of 1B isolatesin Grampian (22%, 27% and 25%) was low compared
with the other centres where 1B accounted for around 70% of all isolates (Young & Moyes,
1996). Seventy-six 1992,1993 and 1994 clinical isolates of various serotypes were obtained
from the Scottish Neisseria gonorrhoeae Reference Laboratory including 40 strains from
Grampian and 36 strains from Lothian. Genomic DNA was subjected to pulsed-field gel
electrophoresis (PFGE) after digestion with low-frequency cleavage (LFC) endonuclease (Nhel).
The restriction patterns generated were reproducible, stable and easy to read. PFGE was
compared to restriction endonuclease analysis (REA) with high-frequency cleavage (HFC)
endonuclease (Hind I11). To analyse the results of the Nhel and Hind 111 patterns Dice analysis
aswell as “Gel Compar” were carried out to facilitate further subdivision of the serogroups.
Strains with values of >90% were considered to be clonally related. 37 patterns by PFGE and 36
patterns by REA were identified. A large number of the patterns, particularly those from 1A-2
serovars, were similar, many being identical. These findings clearly demonstrate the potential of
PFGE as a highly discriminatory tool, for the epidemiological investigation of gonorrhoea. The
temporal and geographical distribution of strains with these patterns indicated that a clone of N.
gonorrhoeae was circulating in Scotland during the study period.
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Macrorestriction profiles of Neisseria meningitidis using pulsed-field gel electrophoresis:
Novel epidemiological examples.

SJ Gray:, F Khan:, DM Jones, KAV Cartwright: and AJ Fox:.

:Meningococcal Reference Unit (MRU), Public Health Laboratory, Withington Hospital,
Manchester, UK. M20 2LR. :Public Health Laboratory, Gloucester Royal Infirmary, Gloucester,
UK. GL1 3NN.

The epidemiological characterization of Neisseria meningitidisis currently based upon variation
in surface components using serologica based methods. However, the epidemiology of
meningococci is confounded by the underlying genetic diversity. One technique demonstrated to
be useful for the genotyping meningococci is pulsed-field gel electrophoresis (PFGE) in which
the genetic relatedness over the whole genome is considered (1,2,3) and is an important method
for outbreak identification (4) and cluster analysis (2).

A practicable PFGE method for the characterization of meningococci received at the MRU was
investigated, using the restriction enzymes Sil, Spoel and Nhel. The standardized electrophoresis
conditions used were; 200v, forward to reverseratio = 1, switch times 20 to 25 seconds over a 22
hour time period, using the CHEF-DRI|I apparatus (Biorad). Four novel epidemiological
examples are presented to illustrate the application of PFGE for genotyping N. meningitidis.

1. Invivo mouse model: The stability of the PFGE macrorestriction profiles were shown by
the typing of isolates recovered from an infant mouse model of meningococcal infection (5). The
original inoculum (B:15:P1.7,16R) and the isolates obtained from the nose, lungs and blood
demonstrated identical PFGE DNA types using Sfil and Spel.

2. Stonehouse Meningococcal Survey (SMS): Epidemiologically related isolates obtained
from volunteers in the SM S (6) were investigated using PFGE. Seven individuals with two or
more isolates of phenotypes (B:15:P1.16R, B:15:NTR or NG:15:P1.16R) were PFGE typed. All
the isolates had previously been considered genotypically similar based upon RFLPs using a
random DNA-probe (7). PFGE typing demonstrated three main Sil and six main Spel PFGE
types, (where the type definition was based upon three or more fragment differences) (8). There
was a single predominant PFGE type with either enzyme (with closely associated subtypes), but
repeated isolates from some individuals demonstrated a diversity of profiles.

3. Military recruit study: The methodology was used to track the transmission and carriage of
meningococci of a particular phenotype (X:4) amongst military recruits during a longitudinal
study of N. meningitidis acquisition and carriage. The mgjority of the 59 X:4 isolates examined
by PFGE were categorised into five il and four Spel PFGE types. Two PFGE types
predominated, corresponding to the X:4:P1.2 isolates and asingle X:4:P1.16 isolate. The
identifying of PFGE types has allowed a more accurate study of the acquisition and carriage of
meningococci in the troops. The X:4:P1.2 and X:4:NT isolates were shown to be acquired by
several recruits of a particular troop half-way through training. The X:4:P1.16 PFGE type was
more frequently isolated from a particular troop, in which carriage was limited.



4. School outbreak: Following a C:2a:P1.2R associated school outbreak investigation 44 of
48 isolates examined were indistinguishable by Spel and Sl PFGE typing. All three
NG:2aP1.2R isolates were similar to the outbreak PFGE type whereas single C:2a:P1.2R and
the C:2a:NT:R isolates demonstrated distinct genotypes.

Genetic stability during meningococcal disease was demonstrated in vivo using PFGE on isolates
from an infection mouse model. This has not been previously described. Genetic stability
following transmission was demonstrated for alarge number of isolates during a school outbreak
of serogroup C infection. PFGE genotyping of isolates obtained from military recruits facilitated
studies of the acquisition, carriage and transmission of meningococci in aclosed community.
The SMS volunteers showed that some individuals acquired and carried phenotypically similar
meningococci but of diverse PFGE genotype over the two year time period. This may suggest
frequent genetic events or acquisition of new strains amongst individualsin an open
epidemiologica context.
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Molecular analysis of Neisseria meningitidis class 3 outer membrane protein in thestrains
recognized by the Monoclonal antibody CB-Nm.2
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Cuba.

The bactericidal monoclonal antibody (Mab) CB-Nm.2 (1,2), specific for class 3 outer
membrane protein of N. meningitidis, was assayed in Enzyme linked immuno-sorbent assay
(EL1SA) with apanel of 86 N. meningitidis strains. Fifty six strains belonging to seven
serogroups: A, B, 29E, L, X, Y, Z and five serotypes: 1, 4, 5, 12, and 13, reacted with CB-Nm.2.
The porB gene, coding for four different class 3 proteins, was cloned and sequenced. The
translated amino acid sequences were compared with five previously published sequences.
Sequence alignment revealed the five amino acid region (S'T)VETG located into the major
variableregion (VR) VR1, which was present in al N. meningitidis strains recognized by CB-
Nm.2 and was not present in the strains negative in ELISA. Synthetic peptides, containing the
predicted antigenic determinant from strains B385 and H355, were designed. Mouse antiserum
obtained against the synthetic peptides recognized Neisseria strains in whole cell Dot-blot, but
synthetic peptides failed to react with the Mab.
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M eningococci causing diseasein South Australia 1971 through 1995:
A 25 year study
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For the 25 year period 1971 through 1995, isolates of meningococci from children, adolescents
and adults with meningococcal disease in South Australia (SA) were examined by serogrouping,
serotyping and serosubtyping. Serogrouping was by slide agglutination using Wellcome (now
Murex Diagnostics) seral. For the period 1971 through 1989 serotyping/subtyping was done by
FA in Ottawa by ELISA with whole cell meningococci as coating antigen and monoclonal
antibodies2. For the period 1990 through 1994 typing/subtyping was done by AL in Adelaide
with ELISA using the RIVM meningococcal serosubtyping kit, which now (1996) includes a
total of 19 monoclonal antibodies; the method used was as described in the kit product insert
except that acommercial substrate was used (Behring). 1n 1995 adot blot technique also with
RIVM monoclonal antibodies was introduced; this technique uses less antibody than does ELISA
and testsin parallel with ELISA showed equal specificity; the dot blot method was easier to read.

For the period of the study the incidence of meningococcal disease varied considerably from year
to year. During the period there were no identified outbreaks of meningococcal disease.
However, asmall epidemic of meningococcal disease occurred in Central Australiain the late
1980's; this may have spread to involve aboriginesin SA accounting for the increased number of
group A meningococcal infectionsin SA in 1988 and 1989.

Serogroup B predominated in 22 of the 25 years studies and constituted 126 (55%) of isolates
from 230 cases of meningococcal bacteremia and/or meningitis. Group C wasnextin
prevalence, predominating in three years (1984, 1989, 1994) and constituted 55 (24%) of
isolates. Of the other groups, Y (20 isolates or 8%) and A (17, 7%) were most common. There
were 9 isolates of Group W135 and single isolates identified as groups X or Z; one isolate was
non-groupable.

For the 19 year period 1971 through 1989, the main types were 4, 2a, 15 and 14 in that order, and
the main subtypes were P1.2, P1.1 and P1.10, in that order3,4.

For the six year period 1990 through 1995 the commonest types were 4, 14 2b and 15; subtypes
were diverse, the least uncommon were P1.2 and P1.4.
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PFGE-RFL P analysis of meningococci of the phenotype C:2b:P1.2 causing geographically
diverse outbreaks of diseasein Australia
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Background. Meningococci of the phenotype C:2b:P1.2 were associated with a number of
outbreaks of disease in geographically diverse areas of Australiain 1990 - 1991. Historically,
this phenotype was a so the commonest sporadic isolate in some areas, but has declined in
incidencein 1994 - 1995.

Aim. To compare PFGE-RFLP patterns of the C:2b:P1.2 outbreak isolates with the patterns
obtained from randomly selected sporadic isolates 1990 - 1994.

Organismstested. A total of 35 strains were examined. Twenty strains of serogroup C
Neisseria meningitidis isolated from epidemiologically confirmed outbreaks, 12 sporadic
invasive isolates from 1990-1991 and three strains from 1993 - 1994 were examined by PFGE-
RFLP. These last three strains were selected to represent other serogroups and a non-invasive
strain which shared the C:2b:P1.2 phenotype of outbreak strains. These organisms were: an
invasive serogroup Y:NT:NT isolate, aserogroup B:2b:P1.2 strain and a non-invasive (throat)
isolate of a C:2b:P1.2. Both outbreak and sporadic strains were from geographically diverse
regions of Australia several thousands of kilometers apart..

Methods. Serotyping and serosubtyping. Serotyping and serosubtyping was performed using a
modified immuno dot-blot method and monoclonal antibodies from RIVM, Netherlands.

PEGE-RFLP Whole genomic DNA from the 35 isolates were prepared and restricted with either
Spel or Nhel. The restriction digestion fragments for each enzyme was examined by PFGE using
the CHEF DRII system (BioRad), stained with ethidium bromide and photographed under ultra
violet transillumination using Polaroid 667 film. Banding patterns were visually compared with
molecular weight markers.

Results. Serotyping and serosubtyping:- Nineteen outbreak strains were of the phenotype
C:2b:P1.2 (and P1.5)and one was C:2b:NT. The 12 sporadic isolates belonged to a variety of
phenotypes:
- six were C:2b:P1.2 (and P1.5),
- onewas C:2b:NT
onewas C:NT:P1.2
two C:2a:P1.5,2.
oneB:NT:P1.12,16
one B:NT:NT.




PFGE-RFLP - Visual examination of the fingerprints for both enzymes showed that 17 of the
outbreak strains and seven sporadic strains all with the phenotype C:2b:P1.2 had identical
fingerprints. A further two strains (one outbreak and one sporadic isolate) with the phenotype
C:2b:NT also had fingerprintsidentical to the above 24 strains. Thetwo remaining C:2b:P1.2
outbreak strains had two banding differences from the common fingerprint suggesting they were
very closely related but based on the epidemiological links would be classified as the same
strain.

The banding patterns obtained for the other seven strains, none of which had the phenotype
C:2b:P1.2, differed from that obtained for the twenty outbreak and eight sporadic strains.

Discussion. The PFGE-RFLP results suggest that one clone with the phenotype C:2b:P1.2
was involved in invasive disease and associated with geographically diverse outbreaksin
Australia during 1990 - 1991. Sporadic isolates of the phenotype C:2b:P1.2 from the same
period appeared to belong to the same clone. Furthermore, the same fingerprint has been
obtained for recent sporadic isolates of this phenotype. Ongoing PFGE of larger numbers of
sporadic isolates belonging to this phenotype will indicate whether there is more than one clone
of C:2b:P1.2 associated with invasive disease in Australia.
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:Not all strains had the P1.5 epitope detected.
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JJdfs':, R Munroy, and JEllis

:‘Department of Microbiology and Infectious Diseases, SW.A.P.S,, Liverpool, N.SW. Australia;
:Department of Cell and Molecular Biology, University of Technology Sydney, Gore Hill,
N.SW. Australia

Background. In October 1993, three children from one family presented to the Accident and
Emergency Department of alocal hospital suffering from meningococcal meningitis. Throat
swabs collected from forty close household contacts yielded a further four strains of Neisseria
meningitidis. One patient had arepeat isolate of N. meningitidis after rifampicin prophylaxis.
One week after the three co-primary cases had occurred, an elderly person resident in the same
local government area presented with meningococcal disease. No epidemiological link between
these cases could be established. These ten isolates form the basis of this study.

Aim. To examine three co-primary cases and contact isolates and assesses the ability of three
genotypic technigues to distinguish amongst these strains and the potential use of these
techniques for future meningococcal strain differentiation.

Methods. All strains were serogrouped against serogroups A, B, C, W135, Y, Z (Murex
Diagnostics). MICswere performed by a standardized agar plate dilution technique. All strains
were serotyped and serosubtyped with monoclonal antibodies from RIVM, Netherlands, using a
modified immuno dot-blot technique(1,2). Genotypic analysis was undertaking by the following
methods: Random amplified polymorphic DNA fingerprinting (RAPD-PCR)(3,4), por A gene
PCR amplicon restriction enzyme amplification (por A PCR-AREA)(5) and restriction fragment
length polymorphism detection using pulsed field gel electrophoresis (PFGE-RFLP)(6,7,8).

The reproducibility/stability of banding patterns obtained with these techniques was eval uated.

Results. All invasiveisolates and two of the five contact strains were found to belong to
phenotype C:2b:P1.2. The strain isolated after rifampicin prophylaxis was also C:2b:P1.2. One
contact was NG:2b:P1.2 and the other NG:NT:P1.15. All three genotypic methods found the
three co-primary invasive cases and four of the five contacts strains to be identical. The other
invasive case, the elderly patient, gave identical banding patterns to the three co-primary cases
using RAPD-PCR and por A gene PCR-AREA. This same strain, when analysed using PFGE-
RFLP, yielded results suggestive of being closely related to the three co-primary cases. The fifth
contact strain, NG:NT:P1.15 had banding patterns distinctive from the other strains using all
three methods.

RAPD-PCR banding patterns suffered from alack of reproducibility when different batches of
Taq polymerase was used.

Discussion. Phenotyping may not distinguish amongst isolates and in particular,
nasopharyngeal isolates may not be typeable by the available phenotypic methods. However, all



strains examined were typeable by the three genotypic techniques and all three techniques
correctly identified organisms which were strongly epidemiologically related.

1) PFGE-RFLP isawidely used technique, can be used to establish clonal relationships(6,8) and
has the added advantage that both the equipment and reagents can be applied to many other
organisms. However, it is expensive and may take up to aweek to obtain results.

2) The technique of por A gene PCR-AREA was found to be reliable and provide rapid results.
However, this technique examines only a small segment of the genome. por A PCR-AREA may
be used as an intermediary method for non phenotypeable strains and PFGE-RFL P performed as
a confirmatory genotypic tool.

3) RAPD-PCR, whilst initialy promising, suffered from reproducibility problems when different
Taqg polymerase batches and/or suppliers were used.

The need for further strain differentiation and the final analysis of the results thus obtained
should always be made in conjunction with the epidemiological datato hand.
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Introduction. The Australian National Neisseria Network was established in 1994 as a means
of laboratory based meningococcal disease surveillance and provides serogroup, MIC and
outcome data on invasive disease. The NNN is affiliated with the European Monitoring Group
on Meningococci. In New South Wales additional data on serotypes and serosubtypes of
meningococci are available for 1994 - 1995. The results of laboratory and epidemiological data
for 118 meningococcal isolates are presented. The data presented here relates to invasive
isolates only and strains from either throat carriage or other sites were not included in this
analysis.

Results. Age distribution and seasonality. 1n 1995, the seasonal variation in incidence of
invasive disease differed from the pattern observed in 1994. More than 25% of cases of invasive
disease occurred between January and March 1995 (summer) as opposed to 12% of casesin the
corresponding period in 1994. However, the peak incidence for both 1994 and 1995 till
occurred during the winter period, July - September. The age distribution for both years was bi -
modal with the majority of cases being reported in children under 4 years of age with a second
peak in 15-19 years age group.

Serogroup and serotype/subtype data. In 1995, serogroup B accounted for 69% and serogroup C
for 27% of invasive strains. This pattern was markedly different from 1994 where serogroup B
accounted for only 40% of strains and serogroup C accounted for 57% of invasive strains. The
commonest phenotypes of the 1995 serogroup B strains were B:2b:P1.10 (20%) and B:NT:NT
(17%). Sixteen phenotypes were found amongst the remaining 25 serogroup B strains. In 1994,
the commonest phenotypes of serogroup B were 2b:P1.10 (38%) and NT:NT (17%). Forty-one
per cent of the 1995 serogroup C strains were C:2b:P1.5,2 and 31% were C:2a:P1.5,2. In 1994,
the commonest phenotypes of serogroup C were 2b:P1.5,2 (44%) and 2a:P1.5,2 (38%). There
were two serogroup Y isolates and two non-groupabl e isolates included over this period. No
serogroup A strains were received/reported.

Mortality Outcome data for 1995 was provided for 45 of 58 cases with two deaths being
reported. Both fatal cases had serogroup B meningococci isolated from cerebrospinal fluid and
/or blood cultures. One fatal case was a 19 year old male and the other was a male of unknown
age. In 1994 there were 6 deaths noted in 44 of 60 cases where outcome was notified. One
death had serogroup B meningococcus isolated from CSF. The other five deaths were due to
septicemia. One patient had serogroup B isolated and four had serogroup C meningococci
isolated.

Antimicrobial susceptibilities 1994 - 1995. The penicillin MICs of 117 strains were determined
using standardized agar dilution methods. Forty six (39%) strains were “ sensitive” (£ 0.03 mg/L)




and 71 (61%) strains were “less sensitive” (0.06 - 0.5 mg/L). The MICs ranged from between
0.016 and 0.25mg/L. All 117 strains tested (one strain was non-viable) were sensitive to
ceftriaxone, rifampicin and ciprofloxacin. One isolate had araised MIC to chloramphenicol.

Discussion. The casesreported during 1995 were all sporadic with no reports of clusters or
outbreaks of cases. However, in 1994 there were several interesting cases including two children
from the same school who were both infected with a C:2a:P1.5 strain. Staff and children were
offered vaccination. .

Theincreasein serogroup B invasive disease in 1995 was not associated with a corresponding
increase in one particular phenotype. No significant change in serogroup C phenotypes was
found between 1994 and 1995 although the frequency of serogroup C strains markedly
decreased. The four common phenotypes were the same in both years.

The penicillin MIC data for 1994 - 95 as summarized, indicates that penicillin based treatment
regimens remains suitable for use in the State of New South Wales, Australia.
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The meningococcal por A gene encodes the class 1 outer membrane protein, which determines
sero-subtype specificity and is an important component of candidate vaccines against
meningococcal disease. Sequence variations in two specific regions of the porA gene (VR1 and
VR2) encode differences in the predicted amino acid sequence of two surface-exposed |oops of
the proposed porin structure (1). Only alimited number of subtypes are recognized by currently
available sero-subtyping monoclonal antibodies and sequence variations can occur within a
subtype which are not detected by these monoclonal antibodies.

Sequence variation of VR1 and VR2 has been used to examine serologically identical isolates
from cases of meningococcal disease and household contacts. Whilst cases and contacts showed
a high degree of sequence homology, significant differences were detected in some family
groups (2). Such differences suggest that it is possible to use sequence information to
differentiate between potential sources of infection, which appear identical using serological
methods. An alternative explanation might be the rapid emergence of variants during
meningococcal carriage, due to direct mutation within the por A gene, or recombination through
horizontal exchange between strains. Sequence data obtained from isolates taken at asingle time
point, or from different individuals cannot differentiate these possibilities. Therefore, we have
used DNA sequence analysis to assess the stability of the porA gene, studying serial isolates of
meningococci cultured from the same individuals over a 30 week period.

Isolates were obtained as part of alongitudinal study of meningococcal throat carriage in cohorts
of military recruits undergoing a 30 week training program (3). Many isolates were not readily
identified by serotyping, most being either non-groupable, non-typable or non-subtypable.
Serologically indistinguishable isolates were selected from individuals who exhibited serial
colonization by meningococci and sequence anaysis of VR1 and VR2 performed to determine
the stability of the porA gene over the period of study. Similarly indistinguishable isolates from
additional subjects within the cohort and from subjects from other cohorts within the study were
also studied. Twenty-five isolates from eight subjects were sequenced, with up to five serid
isolates per subject. Single isolates from a further five subjects were aso sequenced. Sequence
datafor VR1 and VR2 from these isolates show the dynamics of transmission and the stability of
porA.
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Meningococcal disease remains one of the most feared bacterial infections with a predilection for
children and young adults and a mortality of 10-12% in England and Wales. Attemptsto lower
mortality and serious morbidity have been made by United Kingdom health departments
recommending that primary care physicians give parenteral penicillin when arranging hospital
admission of suspected cases.

The stepwise fall in laboratory ascertained meningococcal infection in England and Wales from
ahigh of 1,500 casesin 1990 to 1,129 in 1994 (1) may be part of the normal cyclical pattern seen
in this country, however, the decrease in culture proven cases has not been mirrored by clinical
case notifications and the discrepancy between these totals has increased over time. A possible
explanation is that preadmission penicillin has adversely affected |aboratory diagnosis while
media publicity and heightened doctor awareness has increased notifications. Thisimpressionis
supported by analysis of the mortality and notification data which show afalling mortality rate
while notifications of predominantly septicemic meningococcal infection have risen.

Conjugate group C meningococcal vaccines are undergoing immunogenicity trials and early
results show promise. The proportion of meningococcal disease burden represented by group C
infections in England and Wales fell from 39% in 1988 to 26% in 1994. This, along with the
fact that group C infections in England and Wales are more uniformly distributed across age
bands than group B disease with about 25% cases occurring in patients aged over 25 years,
means that any assessment of vaccine efficacy will need optimized case ascertainment and
characterization of infecting organisms from a wide population base. Non-culture diagnostic
methods have been devel oped to this end.

Serodiagnosis based on finding IgM and 1gG antibody to outer membrane proteins (OMPs) and
group B and C polysaccharide has been available for some years. Cases identified by this means
rose from 84 in 1992 to 174 in 1994, the increase in numbers being due to greater use of the
investigation by clinicians.

In autumn 1995, an evaluation of PCR for diagnosis of meningococcal infection was
commenced. PCRsfor the 1S1106 (2), class 2/3 OMPs (porB) and siayltransferase (siaD) genes
were developed, the last two providing epidemiological aswell as diagnostic information.
Guidelines for optimal laboratory investigation of suspected cases which included specimensto
obtain for non-culture diagnosis were published and widely distributed (3).



The start of the PCR evaluation period (October - December 1995) coincided with a sharp
upsurge in meningococcal disease activity in parts of England. In addition to an increase in
culture proven cases to the highest recorded total for this quarter, specimens from large numbers
of cases from whom no isolates could be obtained were submitted for investigation by non
culture methods - both PCR and serology. Initial assessment of the PCR tests was carried out on
476 evaluable specimens sent from 311 patients. These gave positive reactions on material from
138 of the patients and an isolate was subsequently obtained from 47 of them. Thesein all but
one case, confirmed the PCR group and/or typing when thiswas available. The 91 cases
identified by PCR alone represented an 20% increase in laboratory ascertained infection and
serodiagnosis further added to thistotal. Additional details along with data from the rest of the
evaluation phase will be presented.

An attempt was also been made to identify overlap between cases investigated by laboratories
and those statutorily notified (where no laboratory confirmation is necessary) and assess the
extent to which clinical judgment alone was used to designate cases as meningococcal infection
and also to see what proportion of laboratory proven cases were never formally notified.
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Clonal distribution of disease-causing Neisseria meningitidisin the county of Telemark,
Norway 1987-95; studied by PCR Amplicon restriction endonuclease analysis (PCAREA)
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Sequence analysis of the dhps gene of Neisseria meningitidis shows the presence of both
conserved and variable regions (1). This allows construction of PCR primersthat are
homologous with conserved regions, but whose amplicons contain variable regions. We have
shown that such primers can be used both for detection (2) and typing (3) of meningococci..
Detection is based on visualization of an amplicon of expected size, while typing is done by
Hhal amplicon restriction endonuclease analysis (PCRAREA).

In the present study, we used PCR AREA to determine the clonal distribution of all
meningococci from culture-confirmed meningococcal disease in the county of Telemark,
Norway (165.000 inhabitants) during the period from November 1987 to March 1995. There
were 42 isolates from 42 patients. For typing, we used the NM7/NM6 set of primers which
amplify a sequence of 634 bp. All isolates were additionally serogrouped, serotyped, their
sulfonamide susceptibility determined. Chromosomal DNA fingerprinting cleaving DNA with
Hindl Il was performed on all isolates. We also collected information on the patients age, sex,
clinical presentation and outcome, and place of residence.

We were able to identify 11 different meningococcal PCRAREA classes among the 42 isol ates.
The predominant classeswereclass|, |1 and |11 containing 15, 8 and 6 isolates, respectively. The
apparent intraclass identity and interclass variability of these three classes were confirmed by
chromosomal DNA fingerprinting. Class | isolates were all sulfonamide resistant; were of
serogroup B, and 12 of 14 which were typed, contained the serotype 15 protein and ten isolates
were of subtype P1.7,16. All class Il isolates were sulfonamide resistant, were of serogroup C
and of serotype 2a:P1.2,5. The class 111 isolates were al sulfonamide sensitive, of serogroup B
and contained the serotype 16 protein. The remaining classes (IV-XI) were more heterogeneous.

Epidemiologicaly, class| isolates were predominant in 1987 and 1992, but were absent in 1989,
1990 and 1994. Class |1 isolates were present each year until 1992, but have not been seen since.
Class 111 appeared in 1991 when it was the predominant class, was present in 1992, but has since
disappeared.

The Grenland area, which is the most densely populated area of Telemark (120.000 inhabitants),
had an incidence over the study period of 20 cases/100.000 inhabitants. The corresponding
figure for the 45.000 inhabitants of remaining Telemark, was 38. Ten out of 15 class| isolates
were from outside Grenland; an incidence during the study period of 22/100,000 inhabitants. In
Grenland the incidence of class | was 4/100,000 inhabitants. Class |l and class |l isolates,
however, were almost exclusively seen in the Grenland area.



24 of the patients were below 6 years of age, 12 were between 11 and 20 years, and 6 were
between 39 and 77 years of age. There was no patients between 20 and 39 years of age. The
mean age of the patients was 14.3 years, but we observed that the mean age varied from year to
year; in 1987 (5 patients) the mean age was 6.5 years, in 1988 (8 patients) 19.5 years, in 1989 (2
patients) 38.5 years, 1991 (7 patients) 15.2 years, 1992 (8 patients) 6.1 years and in 1993 (2
patients) 0.8 years. The most predominant classes among children from 0-5 years of age were
classes other than class 1,11, and I11 (39%), class| occurred in 35%, class |l in 13% and class 11
in 17% of these patients.

Twenty-nine (69%) patients were male and 13 (31%) femae. The different classes of
meningococci were equally distributed in the two sexes.

A total of 17 patients were diagnosed as having septicemia alone, 12 had septicemia and
meningitis, eleven had meningitis and 2 had benign meningococcemia. We observed no
significant association between any class of meningococci and clinical presentation. Four
patients (9.5%) died from their disease. Those who died had disease caused by class| or |1
meningococci.

Thereisaneed for arapid and reliable method to differentiate between clones of meningococci.
The PCRAREA method based on primers from the dhps gene, has the advantage that it can be
used both for diagnosis of meningococcal disease and for typing of the bacterium directly in
CSF. PCRAREA can aso be used for detecting and typing meningococci in pure culture, in
mixed culture (primary isolation) and may also be used on throat specimens and blood.
PCRAREA may therefore, be applied for the rapid identification of the disease-causing strainin
healthy contacts of patients with meningococcal disease, for screening selected populations for
pathogenic meningococci (military recruits), and for the surveillance of variation in clone
distribution in a population giving valuable information for vaccine recommendations. The
PCRAREA band patterns can be digitized and stored in digital databases. There exist PC
programs which compare band patterns, automatically recognize and identify patterns, and allow
the construction of dendrograms. Our work progresses along these lines.
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Iceland isan island in the North-Atlantic ocean with approximately 270,000 inhabitants. There
are >100,000 annual arrivals and departures of travellers from the island.

Thereis one central microbiology laboratory serving the whole country where most
meningococcal isolates have been identified and data on patients has been collected by one
physician. These facts make I celand a unique place to study the molecular epidemiolgy of
meniNngococcus.

An epidemic of meningococcal disease started in Iceland in 1975 reaching a peak incidence of
37.7/10 cases in 1976. The incidence declined during 1977-78, but remained hyperendemic until
1988. In 1989 the incidence rose again reaching 11.3/ 10 in 1994, but declined to 5.4 in 1995.
Since 1977 isolates of meningococci from patients have been stored frozen and by the end of
1995 the collection consisted of 231 viable isolates. In addition, 150 isolates were obtained
during an investigation of a cluster of casesin 1991, and carrier rate of college studentsin 1993.

A recent study compared different molecular methods to differentiate among meningococcal
isolates and found that pulsed field gel electrophoresis (PFGE), multilocus enzyme
electrophoresis (MEE) and ribotyping were comparable, both with respect to typeability and
discrimination of strains (1).

The available patient strains were analysed by serotyping (ST), sero-subtyping (SST) and
multilocus enzyme electrophoresis (MEE) (141 isolates). Pulsed field gel electrophoresis (PFGE)
on Sl digested whole chromosomal DNA (381 isolates) (2) but modified according to Maslow
et a. (3). Susceptibi