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We identified many variable-number tandem repeat (VNTR) loci in the genomes of Neisseria meningitidis
serogroups A, B, and C and utilized a number of these loci to develop a multiple-locus variable-number tandem
repeat analysis (MLVA). Eighty-five N. meningitidis serogroup B and C isolates obtained from Dutch patients
with invasive meningococcal disease and seven reference strains were analyzed using MLVA and multilocus
sequence typing (MLST). MLVA, based on eight VNTR loci with limited variability in the number of repeats,
yielded clustering of the strains similar to that obtained by MLST, with congruence between both methods
amounting to 69%. The ability to recognize clonal complexes makes MLVA a valuable high-throughput method
to serve as a tool complementary to MLST. Four highly variable VNTR loci were used in a second assay to
analyze N. meningitidis serogroup C strains collected during an outbreak of meningococcal disease in The
Netherlands. Typing based on the latter VNTR loci enabled differentiation of isolates with identical MLST
sequence types and grouped epidemiologically related strains.

Neisseria meningitidis remains a major cause of meningitis
and septicemia worldwide (4, 24). On the basis of the structure
of its capsule polysaccharide, 13 serogroups are recognized.
Polysaccharide vaccines against serogroups A, C, Y, and W135
are available. Due to poor immunogenicity and cross-reactivity
with neural tissue, a vaccine based on the serogroup B poly-
saccharide is not available. A licensed vaccine against sero-
group B meningococci based on other components of the
pathogen will not become available for some time. While dis-
ease due to serogroup A, W135, and C meningococci is prev-
alent in Africa and Asia, in Europe and the Americas sero-
group B meningococci are causing most of the cases of
meningococcal disease. Study of the epidemiology of N. men-
ingitidis increases knowledge about the spread of the bacterium
and has identified particular clones with apparent increased
virulence (15, 20). Many different typing techniques have been
employed to characterize meningococci. This is particularly
true for the molecular techniques, which range from multi-
locus enzyme electrophoresis to PorA variable region typing
and multilocus sequence typing (MLST) (1, 3, 5, 20, 27, 33).
MLST can now be considered the gold standard for genotyping
N. meningitidis, and a large database is accessible via the In-
ternet (http://pubmlst.org/neisseria/). MLST of N. meningitidis
is a method using sequence data obtained from seven house-
keeping genes. The alleles from these housekeeping genes are
assigned allele numbers, and the combination of these allele
numbers makes up a sequence type. MLST is a portable tech-
nique yielding unambiguous results and has been shown to be
very suited for global epidemiology of meningococci (9, 20, 21,

31). However, despite these obvious advantages, MLST is a
costly and labor-intensive typing technique. To type a single
strain, seven PCRs and 14 sequence reactions are required.
Recently, multiple-locus variable-number tandem repeat anal-
ysis (MLVA) has been introduced as a typing method for a
large number of bacterial pathogens (6–8, 10, 16, 17, 19, 23, 26,
28, 29, 32, 34, 35) and meningococci (37, 39). In MLVA, the
variability in the numbers of short tandem repeated sequences
is utilized to create DNA fingerprints for epidemiological stud-
ies. Particularly with organisms that have a low rate of hori-
zontal DNA transfer, MLVA often outperforms MLST in dis-
criminatory power. However, MLVA has also proven to be
useful for typing of microorganisms that exchange DNA at a
high frequency.

Here we describe the use of MLVA to assess molecular
epidemiology of N. meningitidis. We show that, given the right
choice of repeat loci, MLVA yields a clustering that is similar
to that of MLST but at a fraction of the costs associated with
MLST. Although it will not replace MLST, MLVA may be a
suitable method for the assessment of large collections of me-
ningococcal isolates, allowing the rapid identification of genet-
ically related groups, referred to as clonal complexes.

MATERIALS AND METHODS

Bacterial strains. A total of 92 N. meningitidis isolates were used in this
study. The collection comprised 43 serogroup B strains, 41 serogroup C
strains, and a single W135 strain isolated from the spinal fluid samples of
Dutch patients with invasive meningococcal disease during 2001 and 2002.
Among these clinical isolates were seven serogroup C strains that were
isolated during a meningococcal outbreak in the southern part of The Neth-
erlands (36). Furthermore, we included reference strains for the major sero-
types (for serogroup A, M1027; for serogroup B, M2092; for serogroup C,
NCTC8554; for serogroup Y, Slaterus A72; and for serogroup W135, Arten-
stein 6308) and two other frequently used reference strains, serogroup B
strain H44/76 (13) and serogroup C strain C11 (11).

* Corresponding author. Mailing address: Laboratory for Vaccine-Pre-
ventable Diseases, National Institute of Public Health and the Environ-
ment, P.O. Box 1, 3720 BA Bilthoven, The Netherlands. Phone: 31 30
2742121. Fax: 31 30 2744449. E-mail: LM.Schouls@rivm.nl.
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Meningococcal isolates were characterized in The Netherlands Reference
Laboratory for Bacterial Meningitis by serotyping, MLST (20), and sequencing
of the variable regions of porA that encode the PorA epitopes on which the
serosubtyping system is based (25). MLVA was performed at the Laboratory for
Vaccine-Preventable Diseases of the National Institute of Public Health and the
Environment. All data available for the strains used in this study are presented
in Table 1.

In silico tandem repeat searches. The genome sequences of N. meningitidis
serogroup A isolates (strain Z2491, GenBank accession no. NC_003116), sero-
group B isolates (strain MC58, GenBank accession no. NC_003112), and sero-
group C isolates (strain FAM18, preliminary genome sequence available at
http://www.sanger.ac.uk) were screened for the presence of tandem repeat se-
quences by using the Tandem Repeats Finder program, version 2.02 (2), and a
custom-made script for the Kodon 2.5 beta software (Applied Maths, Sint-
Martens-Latem, Belgium).

MLVA. Variable-number tandem repeat (VNTR) PCRs were performed in
25-�l volumes with Applied Biosystems 9700 PCR machines (Applied Biosys-
tems, Foster City, Calif.). One microliter of purified N. meningitidis genomic
DNA (10 ng/�l) or 1 �l of 1:10-diluted, heat-treated N. meningitidis lysate was
added to a mixture containing 10 pmol of 5� 6-carboxyfluorescein-labeled for-
ward primer, 10 pmol unlabeled reverse primer, and 12.5 �l of HotStarTaq
mastermix (QIAGEN, Hilden, Germany). All primer sequences are shown in
Table 2. VNTR loci were amplified in separate PCRs using the following pro-
gram: 15 min at 95°C, followed by 20 cycles of amplification that consisted of 20 s
at 95°C, 30 s at 55°C, and 30 s at 72°C, and a final step of 30 min at 68°C to ensure
complete terminal transferase activity of the Taq DNA polymerase. After PCR,
samples were diluted 1:200 in water and 2 �l of the diluted samples was mixed
with 10 �l of GeneScan ROX 500 size standard diluted 1:200 in water (Applied
Biosystems). After heat denaturation for 5 min at 95°C, fragments were sepa-
rated with an ABI 3700 DNA sequencer by using the standard GeneScan module
with filter set D. The GeneScan data were analyzed with GeneMapper software
(Applied Biosystems) to perform sizing and to calculate the number of repeats
in the PCR fragments.

To ensure calculation of the number of repeats was correct, PCR products
representing at least two variants of each VNTR locus were sequenced. DNA
sequencing revealed that calculation of the number of repeats in VNTR3-2 and
VNTR6-1 based on fragment sizing was inaccurate. For these VNTR loci, the
addition of an extra repeat to the calculated number was required to obtain the
true number of repeats. The data with the calculated number of repeats were
imported into the Bionumerics version 4 software package (Applied Maths) for
further cluster analysis.

Data analysis. The MLST and MLVA profiles were clustered with the Bionu-
merics software by using a categorical coefficient and a graphing method called
the minimum spanning tree as described before (29). In the minimum spanning
tree, the priority rule to first link types that have the highest number of single-
locus variants was chosen. In the tree, types are represented by circles and the
size of a circle indicates the number of strains with this particular type. Thick,
short lines connecting two types denote types differing in a single locus; thin,
longer lines connect double-locus variants; and dotted lines indicate the most
likely connection between two types differing in more than two loci. For MLST,
a maximum neighbor difference of 2 was used to create complexes. For MLVA,
a maximum neighbor difference of 1 was used for the creation of groups.

For calculation of the genetic diversity and discrimination index, Simpson’s

index of diversity (DI) was used (14, 30). DI � 100 � �1 �
¥i � 1

P ni�ni � 1�

N�N � 1� �, where

ni is the number of strains belonging to the ith type and N is the total number of
strains in the sample population.

DNA sequencing. For DNA sequencing reactions, fluorescence-labeled
dideoxynucleotide technology was used (Applied Biosystems). Sequence reac-
tion mixtures were analyzed with an ABI 3700 automated DNA sequencer.

RESULTS

Identification of VNTR loci in N. meningitidis. Using the
Tandem Repeats Finder program and Kodon software, we
identified many tandem repeated sequences in silico in the
available genome sequences of N. meningitidis serogroups A,
B, and C. We selected and tested 29 different tandem repeat
loci for their suitability for typing by using a set of 12 geneti-
cally and phenotypically diverse N. meningitidis strains. These
strains were a subset of the clinical isolates used for the final
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analysis and strains H44/76 and C11. Some repeat regions
hardly varied in composition, and others could not be ampli-
fied from a number of strains tested. In some cases, the PCR
yielded multiple bands, either due to the fact that some of the
VNTR regions were present in several copies in the genome or
due to possible nonspecific PCR. Although more of the 29
tandem repeat loci may be usable if PCR conditions are
adapted, 12 different tandem repeat loci that consistently
yielded a single band in the PCR and with which at least some
polymorphism was observed were selected for further analysis
(Tables 3 and 4). Some of the repeat loci carried the same
repeat unit but were located at different positions in the ge-
nome, with different flanking sequences, and as such are con-
sidered to be different VNTR loci. Examples of loci with iden-
tical repeats but with different locations and different flanking
sequences are VNTR4-3 and VNTR4-5 (Table 3). Using the
annotated genome sequences of serogroups A and B, we found
that about half of the 12 VNTRs were located in noncoding
regions, while the other half were positioned in coding regions,
although these were sometimes annotated as open reading
frames encoding hypothetical proteins (Table 3).

Variability of VNTRs in N. meningitidis strains. Analysis of
the composition of the VNTR loci of the N. meningitidis strain
collection revealed that the diversity indices varied among the
various VNTR loci. Some loci carried large numbers of re-
peats, e.g., up to 36 repeats in the VNTR4-3 locus, while other
loci carried only a limited number of repeats, e.g., VNTR7-1,
with a maximum of 3 repeats.

The diversity indices of the VNTR loci differed between the
N. meningitidis serogroup B and C strains. VNTR7-2 varied
between one and four repeats among N. meningitidis serogroup
B strains, yielding a diversity index of 36.4%. In contrast, the
same locus did not vary at all among N. meningitidis serogroup
C strains and all strains carried only a single repeat unit in
VNTR7-2. Conversely, VNTR9-1 was invariable among N.
meningitidis serogroup B strains whereas N. meningitidis sero-
group C strains varied considerably (DI � 59.8%). The overall
diversities of the VNTR loci were somewhat lower in the N.
meningitidis serogroup C strains than in the serogroup B
strains.

Initially, all VNTR loci were used in a single assay, but this
yielded a different profile for each strain included in the study.
Thereafter, several combinations of VNTR loci were used to
determine which VNTR loci should be included in the MLVA
to obtain sufficiently large groups. Finally, we selected eight
VNTR loci (VNTR7-2, VNTR7-1, VNTR9-1, VNTR3-2,
VNTR21-2, VNTR6-1, VNTR4-5, and VNTR13-1) for use in
an analysis designated the MLVA.

The remaining four repeat loci (VNTR4-4, VNTR9-2,
VNTR4-2, and VNTR4-3) on average carried high numbers of
repeats and also had a high diversity index among the N.
meningitidis strains studied. The use of these highly variable
VNTR loci resulted in a high degree of differentiation that is
unsuitable for population studies and global epidemiology but
may be suitable for outbreak analysis. Therefore, these four
loci were combined into a second MLVA, designated the
highly variable MLVA (HV-MLVA).

Stability of VNTRs. The two reference strains H44/76 and
C11 were subcultured for 30 consecutive days by streaking
single colonies from each strain on chocolate agar plates and
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incubated overnight at 35°C and 5% CO2. Suspensions of each
subculture were made, and the composition of each of the 12
selected VNTRs was determined. With a single exception, all
VNTRs remained unchanged during subculture. Only VNTR4-3
in serogroup B strain H44/76 had gained a single repeat on day 27
and remained unaltered during the remaining 3 days of sub-
culturing.

Comparison of MLST and MLVA of N. meningitidis. To
determine the value of MLVA of N. meningitidis for molecular
epidemiology, we performed MLST and MLVA of the clinical
N. meningitidis isolates obtained from Dutch patients and of
the seven reference strains. MLST showed that the collection
contained 47 different sequence types (STs), belonging to 12
different previously identified complexes. A number of strains
had STs that are not assigned to a known MLST complex as
described on the MLST website (http://pubmlst.org/neisseria).

MLVA resulted in a slightly higher differentiation of the N.
meningitidis strains than MLST, yielding 60 MLVA types
(MTs) as opposed to 47 MLST STs (Fig. 1). The increase was
most pronounced with N. meningitidis serogroup C strains,
where the diversity index increased from 68.6% for MLST (15
STs) to 84.1% for MLVA (21 MTs). With N. meningitidis
serogroup B strains, the diversity index was 97.8% for MLST
(30 STs) and 99.0% for MLVA (37 MTs). Similar to the profiles
obtained by MLST, the profiles obtained by MLVA were clus-
tered in a minimum spanning tree, creating groups if seven of the
eight VNTR loci were identical. The number of strains tested in
this study is relatively small, and not all major ST complexes were
represented (e.g., ST-269 and ST-5). Therefore, the difference

between the diversity indices of MLST and MLVA may change if
a larger, more complete set of strains is analyzed.

The MLST and MLVA profiles were used in a categorical
clustering in Bionumerics, and a minimum spanning tree was
constructed. For MLST, groups were created if five of the
seven MLST loci were identical, and for MLVA, groups were
created if seven of the eight VNTR loci were identical (Fig. 1).
The grouping obtained using the MLVA profiles had consid-
erable resemblance to the grouping obtained with MLST (Fig.
1). However, some strains, particularly serogroup C meningo-
cocci belonging to the ST-11 complex, did not cluster in a
single MLVA group. The ST-254 complex strains and the
ST-35 complex strains did not group in separate MLVA groups
but had MLVA profiles that were identical or related to those
of ST-41/44 strains. Despite obvious differences, there was
considerable congruence (69%) between the clustering results
obtained by the two typing methods. Although the grouping
obtained by MLVA was similar to that obtained by MLST,
there were clear differences in the relationships between the
strains within such groups. This is exemplified by the distribution
of the strains belonging to the ST-32 MLST complex. Of the five
strains with ST-34, only two had identical MLVA profiles. Simi-
larly, the three strains with ST-259 differed in their MLVA
profiles, although the difference was restricted to VNTR4-5.

High level of discrimination using HV-MLVA. In order to be
able to discriminate strains with identical MLST or MLVA
profiles, HV-MLVA with the four highly variable VNTR loci
was utilized. For this purpose, we used seven serogroup C
strains that were isolated during an outbreak of meningococcal

TABLE 4. Sequences and positions of tandem repeat loci not used for MLVA of N. meningitidis

VNTR
locus

Size
(bp) Sequence Reason for not using VNTR locus in MLVA Genome

coordinatea
Alternate VNTR
locus designationb

VNTR3-1 3 TGC Low degree of polymorphism, tested on all
92 strains

1910615

VNTR4-1 4 GGCA Low degree of polymorphism, tested on all
92 strains

1882462

VNTR4-6 4 AGCA Several copies of VNTR locus present in
genome

321107

VNTR4-7 4 AAGG VNTR locus not present in all test strains 1994623
VNTR4-8 4 AAAT VNTR locus not present in all test strains 2100218
VNTR5-1 5 GAAGA Several copies of VNTR locus present in

N. meningitidis serotype B
455614

VNTR5-2 5 TTGGG VNTR locus not present in all test strains 1273601 VNTR10
VNTR7-1 7 AAACAAC Very weak PCR band in N. meningitidis

serotype C test strains
657239 VNTR01

VNTR7-2 7 ATTTCTC Not present in all test strains 773266
VNTR8-1 8 ATAACAAA Not present in all test strains 1437002
VNTR10-1 3 TAATCCACTA Polymorphism (deletions) in region

flanking locus
1303221 VNTR11

VNTR13-1 13 CTGTAGAGATGGG Several copies of downstream region
present in genome

1131295 VNTR02

VNTR19-1 18 GGTAATTCCTGACGATTCA Several copies of VNTR locus present in
genome

1952085 VNTR04

VNTR19-2 19 CGTCATTCCCACCACTTTT Several copies of VNTR locus present in
genome

1690479

VNTR19-3 19 CCGTCATTCCCGCCACTTT Several copies of VNTR locus present in
genome

1690136

VNTR21-1 21 GCGTACGGACGTATTCGGCCT Low degree of polymorphism, tested on all
92 strains

1425081

VNTR21-3 21 TTTTTAGATGATGTAAATGTT Multiple PCR bands, possible PCR artifact 2228625

a Genome coordinates in N. meningitidis serogroup B genome sequence NC_003112. For multiple copies, only the first occurrence is displayed.
b VNTR locus designations from Yazdankhah et al. (39).
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disease in the year 2001 (36). The seven strains were all typed
as ST-11, and two strains expressed the PorA protein, while the
remaining five were PorA deficient. These 7 strains and 17
PorA-positive serogroup C strains with ST-11 were character-
ized using HV-MLVA. Figure 2 shows the small minimum
spanning trees obtained with the HV-MLVA and with the
MLVA. The five PorA-deficient strains from the outbreak

were grouped in the HV-MLVA, whereas the two PorA-ex-
pressing strains were somewhat more distantly related and
were no more related to the PorA-negative strains than several
of the other PorA-positive ST-11 strains used in the analysis.
The MLVA yielded identical profiles for all seven outbreak
strains, and this profile was also found among six other epide-
miologically unrelated ST-11 strains.

FIG. 1. Minimum spanning tree of MLST and MLVA of N. meningitidis isolates obtained from 85 Dutch patients with invasive meningococcal
disease and seven reference strains. Each circle denotes a particular MLST or MLVA type, and the size of the circle indicates the number of
isolates of that particular type. Thick, solid lines denote connections between single-locus variants; thin, solid lines denote double-locus variants;
dotted lines indicate types that differ in more than two loci. The letter within the circle represents the serogroup of the strains with this type. The
colors of the circles in the MLST and MLVA trees indicate the MLST clonal complexes as designated on the MLST website (http://pubmlst.org
/neisseria). The clonal complexes are also indicated outside the circles in the minimum spanning tree of the MLST. The white circles denote STs
for which no clonal complex has been assigned on the MLST website. The halos surrounding the various types denote the groupings obtained by
Bionumerics analysis. In Bionumerics MLST, groups (complexes) were created if neighbors differed in no more than two of the seven alleles.
MLVA grouping was achieved if neighbors differed in no more than one of the eight VNTR loci. The red halos in the MLVA tree denote three
MLVA groups that were not present as separate MLST groups. Two of these groups are made up of isolates belonging to the ST-11 clonal complex.
The other MLVA group with a red halo is composed of an MLST ST-254 isolate and an ST-41/44 isolate.
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DISCUSSION

Molecular typing has become an important tool for the study
of the epidemiology and population structure of N. meningiti-
dis. When MLST was introduced in 1998, N. meningitidis was
the first bacterial pathogen used with this robust and portable
molecular typing technique (20). Since then, many molecular
epidemiology studies of N. meningitidis have been performed
using MLST, corroborating its usefulness for typing (15, 18, 22,
32). This has resulted in a large N. meningitidis MLST data-
base, which currently contains roughly 5,300 different sequence
types. In MLST, related STs, differing in only one or two
alleles, are grouped into clonal complexes. Some of these
clonal complexes have been shown to be related to disease,
while others are related to carriage (38). The major advantages
of MLST are its unambiguous results and suitability to the con-
struction of international databases that can be electronically ex-
changed. The major drawbacks of this typing technique are the
relatively labor-intensive nature and the high costs associated with
DNA sequencing. In the study presented here, we evaluated the
applicability of MLVA for molecular typing of N. meningitidis.
We propose the use of eight different VNTR loci with limited
polymorphism for MLVA. Using a set of 85 N. meningitidis strains
isolated from Dutch patients with invasive disease and 7 reference
strains, we found that clustering of MLVA profiles yielded group-
ings similar to those obtained by MLST. MLVA had a slightly
higher discriminatory power than MLST, particularly for group C
meningococci. Although there were clear differences in the
distributions of the various strains over the minimum spanning
trees created with both typing methods, the congruence be-
tween the two methods is high (69%). The major advantages of
MLVA over MLST are its speed, relatively simple processing
and interpretation of the data, and considerably lower costs.
Similar to MLST, MLVA yields unambiguous numeric profiles
that can easily be electronically exchanged. Currently we are

adapting MLVA to be able to analyze the composition of the
eight VNTR loci in two multiplex PCRs, each amplifying four
loci. Using this multiplex approach, 48 strains can be analyzed
by MLVA in a single run with an ABI 3700 sequencer. In
contrast, a single run would not even suffice to determine the
MLST profiles of seven strains. In addition, the reagents used
for MLVA are less costly than the dye terminator mixtures
required for DNA sequencing. However, there are two impor-
tant advantages of MLST over MLVA. First, MLST is consid-
ered the gold standard for molecular typing and is already used
by many research groups worldwide for epidemiological stud-
ies, and a large public MLST database is readily available over
the Internet. Second, MLST yields DNA sequences and if the
concatenated MLST sequences are used for comparison of
strains, the resolution of the assay increases and probably out-
performs MLVA (12). Since MLVA yields groupings similar to
those obtained by MLST, MLVA may be used as a tool com-
plementary to MLST to screen large collections of meningo-
coccal isolates at relatively low cost. Subsequently, MLST can
be used to assign clonal complexes to the MLVA groupings.

The MLVA described in this study was composed of eight
VNTR loci with limited variation in the number of repeats. In
contrast, the HV-MLVA was done using four VNTR loci with
highly variable repeat numbers, making these loci unsuitable
for population studies. However, the HV-MLVA may be suit-
able for the analysis of outbreaks, whereas MLST cannot dis-
criminate sufficiently. This was demonstrated by the HV-
MLVA of a number of ST-11 N. meningitidis serogroup C
strains from a meningococcal outbreak in The Netherlands.
The HV-MLVA grouped the PorA-deficient strains that were
isolated from five patients living in the same village and that
were epidemiologically linked, while two other PorA-express-
ing strains, isolated during the same period from patients living
near the five other patients, were as related to this group as a

FIG. 2. Minimum spanning trees of HV-MLVA and MLVA of N. meningitidis serogroup C outbreak strains and other isolates with ST-11. The
dark-gray circles denote five epidemiologically related strains isolated during a meningococcal outbreak in The Netherlands. The light-gray circles
denote two other strains isolated during the same outbreak but not epidemiologically linked. The white circles are MLVA types of other unrelated
ST-11 strains. Pt 1 through Pt 7 designate the isolates from the patients from the outbreak (also see Table 1). The gray halos surrounding the circles
denote the groupings obtained by the Bionumerics software. Further details on grouping and symbols can be found in the legend for Fig. 1.
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number of other epidemiologically unrelated Dutch ST-11 N.
meningitidis strains. Such subtle relationships could not be vi-
sualized by MLVA or MLST.

Recently, Yazdankhah et al. presented two studies on the
use of MLVA for molecular typing of N. meningitidis (37, 39).
In their reports, they show that their MLVA can be used for
fine typing of meningococcal strains and that outbreaks can
be delineated by VNTR analysis. The MLVA developed by
Yazdankhah and coworkers differs considerably from the
MLVA we describe. They initially tested 15 different VNTR
loci and eventually selected 4 VNTR loci for MLVA. In our
study, we used only Yazdankhah’s VNTR07 (our VNTR6-1)
for MLVA and VNTR08 (our VNTR9-2) for our HV-MLVA.
In their final selection of four loci, Yazdankhah and coworkers
included VNTR06 and VNTR08 as two separate loci in their
MLVA. However, after close inspection we found that the
primer sets designed for VNTR06 and VNTR08 both amplify
the VNTR08 locus but not the VNTR06 locus. As a result, only
three VNTR loci were used for their MLVA, as opposed to the
eight loci of the MLVA presented in our study. We analyzed
the VNTR PCR products with an automated DNA sequencer,
allowing the discrimination of fragments differing in size by
only a single base pair. Hence, we were able to calculate the
number of repeats of each VNTR locus and translate these
data into a profile similar to the allele profile obtained by
MLST. This would be impossible with mixtures of four VNTR
PCR products on 2% agarose gels. The resolution of such gels is
too low to discriminate PCR fragments differing in size by repeat
lengths of only 7 to 13 bp, and comigrating bands would perturb
the interpretation of the results. Indeed, Yazdankhah and co-
workers did not determine the number of repeats of the VNTR
loci for their analyses but used scanned images of the gels and
Dice-based band clustering instead. Also, no true comparison
between profiles obtained by MLVA and MLST was made.

The MLVA presented in this study is a suitable method for
the screening of large collections of meningococcal isolates,
after which isolates can be selected for MLST and assigned
clonal complexes to MLVA groupings. Thus, MLVA should be
considered a tool complementary to MLST. We are developing
a multiplex variant of the MLVA that should provide us with a
high-throughput method enabling us to analyze a large number of
strains in a relatively short time. The results with the HV-MLVA
suggest that this method may be suitable for a high degree of
discrimination of strains, enabling identification of outbreak
strains. However, we have typed only a single outbreak and sev-
eral collections of N. meningitidis outbreak strains will have to be
typed to assess the true value of HV-MLVA.
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