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Meningococci causing New Zealand’s epidemic, which began in 1991, are defined as group B, serosubtype
P1.4 (subtype P1.7–2,4), belonging to the ST-41/ST-44 complex, lineage III. Of the 2,358 group B isolates
obtained from disease cases from 1991 through 2003, 85.7% (2,021 of 2,358) were determined to be serosubtype
P1.4. Of the remaining isolates, 156 (6.6%) were not serosubtypeable (NST). Molecular analysis of the porA
gene from these B:NST meningococcal isolates was used to determine the reason. Most NST isolates (156,
88.5%) expressed a PorA that was distinct from P1.7-2,4 PorA. Fifteen isolates expressed variants of P1.7-2,4
PorA, and a further three expressed P1.7-2,4 PorA without any sequence variation. These three isolates
expressed P1.7-2,4 PorA at very low levels, as determined by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis analysis, and showed variation in the porA promoter region. Among the 15 meningococcal
isolates expressing variants of P1.7-2,4 PorA, 11 different sequence variations were found. Compared with the
P1.7-2,4 PorA sequence, the sequences of these variants contained deletions, insertions, or single-nucleotide
substitutions in the VR2 region of the protein. Multilocus restriction typing was used to assess the clonal
derivations of B:NST case isolates. Meningococcal isolates expressing distinct PorA proteins belonged mostly
to clonal types that were unrelated to the epidemic strain, whereas all meningococcal isolates expressing
variants of P1.7-2,4 PorA belonged to the ST-41/ST-44 complex, lineage III. These results, together with those
obtained serologically, demonstrate that the P1.7-2,4 PorA protein of meningococci responsible for New
Zealand’s epidemic has remained relatively stable over 13 years and support the use of a strain-specific outer
membrane vesicle vaccine to control the epidemic.

New Zealand has experienced an ongoing epidemic of group
B meningococcal disease since mid-1991 (11). The highest rate
of disease to date occurred in 2001, when 650 cases were
reported, giving a rate of 17.4 cases per 100,000 people (10).
Elevated disease rates in excess of 14 cases per 100,000 people
have continued into 2004. The increased levels of disease are
attributable to group B meningococci expressing the P1.7–2,4
PorA protein (11) belonging to the ST-41/ST-44 complex, lin-
eage III (3). Epidemics of meningococcal disease occur infre-
quently, and with the exception of group B epidemics can be
controlled by the use of polysaccharide-based vaccines (6). As
the group B polysaccharide is poorly immunogenic and an
autoantigen, outer membrane vesicle (OMV) vaccines contain-
ing subcapsular antigens have been developed to control group
B epidemics (6). Bactericidal antibody responses against OMV
vaccines in both animal and human vaccine trials are directed
mainly against PorA, and thus immunity is strain specific (17,
20, 26, 36).

In the absence of a commercially available vaccine against
the New Zealand epidemic strain, a tailor-made vaccine has
had to be developed. The development and manufacture of a
New Zealand epidemic strain-specific vaccine (MeNZB) in
sufficient quantities for a nationwide meningococcal group B
immunization program for all under 20 years of age were made
possible through a partnership between the New Zealand Min-

istry of Health and Chiron Vaccines, working in collaboration
with the Norwegian Institute of Public Health (5). The decision
to use such a vaccine was assisted by demonstration of the
highly clonal nature of meningococci that caused the ongoing
epidemic (3) and the apparent stability of the PorA protein
(10, 11).

The PorA protein consists of eight surface-exposed loops,
with loops 1 and 4 each containing one variable region (VR),
designated VR1 and VR2, respectively (9, 29). Serosubtyping
monoclonal antibodies recognize linear epitopes encoded by
porA VR1 or VR2 (13, 14). The P1.7–2 and P1.4 epitopes are
located in VR1 and VR2, respectively. Isolates expressing the
P1.7–2 epitope have a 3-amino-acid deletion on the carboxy
side of the epitope that prevents detection of the native protein
by the P1.7 serosubtyping monoclonal antibody (35). The se-
quence encoding the P1.7–2 epitope can be identified by DNA
sequence analysis. Previously, the P1.7–2,4 PorA protein has
been described as P1.7h,4 (30) and P1.7b,4 (35), where P1.7–2,
P1.7h, and P1.7b denote the same genetic variation.

From 1991 to the end of 2003, there were 2,358 serogroup B
case isolates. All were subjected to serologic typing. However, for
156 (6.6%) isolates, the PorA subtype could not be determined
with the monoclonal antibodies used. This study was undertaken
to investigate the porA VR1 and VR2 sequences in these 156
group B nonserosubtypeable (B:NST) isolates. We wished to de-
termine the reason for their failure to be serosubtyped and, in
particular, if mutations in the regions encoding the P1.7–2 and
P1.4 epitopes could be the source. The results of this study will
provide baseline information against which any porA variation in
clinical isolates, both during and following delivery of the strain-
specific OMV vaccine, can be compared.
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MATERIALS AND METHODS

Meningococcal isolates. Meningococci used in this study originated from clin-
ical cases of meningococcal disease and were referred to the Meningococcal
Reference Laboratory, Institute of Environmental Science and Research (ESR),
under New Zealand’s national surveillance program. All meningococci were
assigned an isolate number which consisted of the last two numbers of the year
in which they were isolated, followed by a unique identifying number. The letters
“NZ” were placed before the isolate number to indicate their country of origin.

Referred meningococcal isolates were maintained at �70°C in glycerol broth
suspensions (Trypticase soy broth, 15% [vol/vol] glycerol). Cultures were grown
on 5% sheep blood agar plates (Fort Richard Laboratories, Auckland, New
Zealand) at 36°C, in an atmosphere of 5% CO2, for 18 h. All case isolates were
routinely serogrouped, serotyped, and serosubtyped (1). Monoclonal antibodies
that recognize serotypes 1, 2a, 2b, 4, 14, and 15 and serosubtypes P1.1, P1.2, P1.4,
P1.5, P1.6, P1.7, P1.9, P1.10, P1.12, P1.13, P1.14, P1.15, and P1.16 (RIVM,
Bilthoven, The Netherlands) were used. All NST meningococci were typed by
using standard DNA-DNA hybridization methodology (19), with P1.2, P1.4,
P1.7, P1.13, P1.15, P1.16, and P1.19 as the oligonucleotide probes (Table 1).
Those isolates found to be negative by DNA-DNA hybridization were subjected
to porA sequencing (8).

DNA extraction. Genomic DNA was purified from other meningococcal cel-
lular components by using cetyltrimethyl ammonium bromide (Sigma, St. Louis,
Mo.) followed by phenol and chloroform extractions (15). DNA was quantitated
using PicoGreen fluorescent dye (Molecular Probes, Eugene, Oreg.) in a flu-
orometer (BMG LabTechnologies, Offenburg, Germany). Stock DNA was
stored at �70°C, and 5-ng/�l dilutions made in TE buffer (10 mM Tris, 1 mM
EDTA) were stored at 4°C.

PCR-based analysis. PCR Master Mix (Qiagen, Hilden, Germany) was used to
amplify the PCR product. The porA products were amplified using primers PorA
P1 and PorA P2 and sequenced using primers PorA P1 and PorA P4 (21).
Multilocus restriction typing (MLRT) (2) and multilocus sequence typing
(MLST) (7) were carried out as described previously, with the addition of
primers to amplify fumC (fumC-A1, 5�-CAC CGA ACA CGA CAC GAT GG-
3�, and fumC-A2, 5�-ACG ACC AGT TCG TCA AAC TC-3�). The porA pro-
moter region was amplified and sequenced using primers PorA5 and P1-1 (28).
Sequencing was carried out using a model 3100 genetic sequencer (Applied
Biosystems, Foster City, Calif.). Sequence data were analyzed using sequence
analysis programs (DNASTAR, Inc., Madison, Wis.). To assign porA VR se-
quences to families and multilocus sequence types, nucleotide sequences were
submitted to the porA typing website (http://www.neisseria.org/nm/typing/pora)
and MLST website (http://pubmlst.org/neisseria), respectively.

SDS-PAGE. Whole-cell protein extracts were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on a Mini-Protean 3
electrophoresis cell (Bio-Rad, Hercules, Calif.). Samples were stacked in a 4%
acrylamide gel and separated in a 12% acrylamide gel by using Tris-glycine buffer
(25 mM Tris, 192 mM glycine, 0.1% SDS). Protein bands were visualized by
staining for 1 h in Coomassie brilliant blue (0.1% [wt/vol] Coomassie brilliant
blue in 50% [vol/vol] methanol–10% [vol/vol] acetic acid) and destaining over-
night in 10% (vol/vol) methanol–10% (vol/vol) acetic acid. The sizes of the
products were compared to that of the prestained SDS-PAGE broad-range
standard (Bio-Rad) or the MagicMark molecular weight marker (Invitrogen,
Carlsbad, Calif.).

Immunoblotting. The method described by Wedege (34) was used for immu-
noblotting. The P1.7 (NIBSC 01/514) and P1.4 (NIBSC 02/148) monoclonal
antibodies (NIBSC, Hertfordshire, England) were used for epitope detection.
Bound antibodies were detected using protein A-peroxidase conjugate (Bio-
Rad) and 4-chloro-1-naphthol for detection (Sigma).

Nucleotide sequence accession number. The porA sequence for strain NZ02/
203 was submitted to the GenBank database and has been assigned accession
number AY653178.

RESULTS

From 1991 through 2003 inclusive, New Zealand’s Menin-
gococcal Reference Laboratory received 2,358 serogroup B
case isolates, and all were subjected to serosubtyping. Of these,
85.7% (2,021 isolates) were determined to be type P1.4, 6.6%
(156 isolates) were NST, and the remaining 7.7% (181 isolates)
were other PorA serosubtypes. DNA-DNA hybridization and
porA sequencing determined that, of the 156 B:NST isolates,
138 (88.5%) had porA subtypes distinct from that encoding
the P1.7–2,4 PorA. The most common subtypes were P1.19,
P1.22,14–6, P1.7,13, and P1.17,16. Of the remaining 18 isolates,
15 expressed variants of P1.7–2,4 PorA and three expressed
P1.7–2,4 PorA without sequence variation although this was
not identifiable using monoclonal antibodies.

Two meningococcal isolates that expressed a variant of
P1.7–2,4 PorA epitope (strains NZ02/203 and NZ02/234) also
expressed both the P1.7–2 and P1.4 PorA epitopes but had
insertions in the region encoding PorA loop 4. Strain NZ02/
203 had a 17-amino-acid insertion 11 amino acids away from
PorA VR2-4 on the carboxy side. This porA sequence was
submitted to the GenBank database under accession number
AY653178. Strain NZ02/234 had an extra HV in the amino
acid sequence at the start of the PorA VR2 (HVHVVVNNKV
ATHVP) compared to the PorA VR2-4 sequence (HVVVNN
KVATHVP). The unique porA VR2 sequence found in strain
NZ02/234 was submitted to the Neisseria meningitidis PorA
VR database (http://neisseria.org/nm/typing/pora) and was as-
signed to VR2-4-12.

The remaining 13 meningococcal isolates that expressed a
variant of P1.7–2,4 PorA showed variation in only porA VR2-4
(Table 2). Eleven had deletions of different sizes in the region
encoding the P1.4 epitope, including three (strains NZ97/27,
NZ99/226, and NZ02/68) with 39-bp deletions encompassing
the entire porA VR2 region (Table 2). Two other meningococ-
cal isolates (strains NZ98/214 and NZ01/56) had unique VR2
sequences involving a single-amino-acid change compared to
the P1.4 epitope (Table 2). All unique porA VR2 sequences
were searched against the PorA VR database and were given
the P1.4–7 to P1.4–11 designations (Table 2). Immunoblotting
showed that the P1.7 monoclonal antibody bound to a band of
approximately 42 kDa in all isolates (Table 2). Binding of the
P1.4 DNA probe was affected by the size and position of the
deletion (Table 2).

TABLE 1. Probes used to determine the meningococcal subtype by use of DNA-DNA hybridization

Probe Probe sequence Source or reference

P1.2 5�-Biotin-CAT TTT GTT CAG CAG ACT CCT RAA AGT CAG CCT ACT CTC GTT CCG-3� 9
P1.4 5�-Biotin-CAT GTT GTT GTG AAT AAC AAG GTT GCT ACT CAC GTT CCG-3� 8
P1.7 5�-Biotin-GCA CAA GCC GCT AAC GGT GGA GCG AGC GGT CAG GTA AAA GTT-3� 8
P1.13 5�-Biotin-TAT TGG ACT ACT GTG AAT ACC GGT AGT GCT ACT ACT ACT ACT-3� This study
P1.15 5�-Biotin-CAT TAT ACT AGG CAG AAC AAT GCT GAT GTT TTC GTT CCG-3� This study
P1.16 5�-Biotin-TAT TAT ACT AAG GAT ACA AAC AAT AAT CTT ACT CTC GTT-3� 12
P1.19 5�-Biotin-CCG CCC TCA AAG AGT CAA CCT CAG GTA AAA GTT ACT AAG GCC-3� This study
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The three isolates (strains NZ96/142, NZ01/278, and NZ02/
55) that expressed the P1.7–2,4 PorA epitope without se-
quence variation and yet were NST were examined for protein
expression by SDS-PAGE analysis of whole-cell protein ex-
tracts. Strain NZ99/226 was also examined because, although it
expressed the P1.7–2 epitope, it was recognized only weakly by
the P1.7 monoclonal antibody during immunoblotting (Table 2
and Fig. 1B). Profiles for all four meningococci showed a weak
band at the positions corresponding to 40 to 42 kDa on SDS-
PAGE gels (Fig. 1A). Extracts from strains NZ96/142, NZ01/
278, and NZ02/55 were not recognized by either the P1.7 or
P1.4 monoclonal antibodies during immunoblotting (Fig. 1).
To try to establish why strains NZ96/142, NZ99/226, NZ01/278,
and NZ02/55 had reduced PorA expression, the porA promoter
region was sequenced. Sequencing determined that there was
variation in the polyguanidine track between the putative �35
and �10 regions of the porA promoter in New Zealand case
isolates. Strains NZ96/142, NZ01/278, and NZ02/55 contained
a string of 9 guanidine residues, whereas strain NZ99/226
contained a string of 10 guanidine residues. In contrast, four
meningococcal isolates with a strong �42-kDa band (strains
NZ03/43, NZ03/164, NZ99/38, and NZ99/109) contained ei-
ther 11, 12, or 13 guanidine residues in the polyguanidine track.

MLRT was used to determine the genetic relatedness of
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FIG. 1. SDS-PAGE profiles and immunoblotting results (B and C)
for whole-cell extracts from four meningococcal isolates of phenotypes
B:P1.4 (lanes 2 and 7) and B:NST (lanes 3 through 6). Strains assessed
were NZ91/49 (lanes 2 and 7), NZ96/142 (lane 3), NZ99/226 (lane 4),
NZ01/278 (lane 5), and NZ02/55 (lane 6). (A) SDS-PAGE gel profiles
of strains stained using Coomassie blue. Lane 1 contains the prestained
SDS-PAGE broad-range standard (Bio-Rad). (B) Immunoblot of gel
with P1.7 monoclonal antibody (NIBSC 01/514). (C) Immunoblot of
gel with P1.4 monoclonal antibody (NIBSC 02/148). For panels B and
C, lane 1 contains the MagicMark molecular mass marker (Invitrogen).
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B:NST and B:P1.7–2,4 meningococcal isolates. All 18 B:NST
meningococcal isolates expressing P1.7–2,4 PorA or a variant
of P1.7–2,4 PorA belonged to one of the ST-41/ST-44 complex,
lineage III, subclones causing New Zealand’s epidemic: RT-41
(n � 2), RT-42 (n � 11), or RT-154 (n � 5). In contrast, most
of the 60 NST meningococcal isolates with porA types distinct
from that encoding P1.7–2,4 PorA belonged to a diverse range
of multilocus restriction types unrelated to the ST-41/ST-44
complex, lineage III (Table 3). The P1.19 and/or P1.15 porA
type was the most prevalent porA type carried by these NST
meningococci. A number of different porA VR2 types were
found among the 50 meningococcal isolates expressing the
P1.19 VR1 epitope, including P1.19,15 (29 isolates), P1.19,26
(7 isolates), P1.19–3,15 (5 isolates), and P1.19,15–1 (4 isolates).
Meningococcal isolates with the P1.19,15 porA type were
mostly unrelated to New Zealand’s epidemic strain and shared
a common MLRT profile with a case isolate from Cuba, which
belonged to ST-33. The few that did belong to the ST-41/ST-44
complex, lineage III, included three meningococcal isolates
expressing the P1.19,15 PorA proteins that were typed as
RT-42 (n � 2) and RT-154 (n � 1) and three meningococcal
isolates expressing the P1.19–3,15 PorA proteins that were
typed as RT-42 (n � 2) and RT-154 (n � 1). The only other
meningococcal isolates that expressed PorA types distinct from
P1.7–2,4 PorA, yet belonged to the ST-41/ST-44 complex, lin-
eage III, had porA types P1.7–2,25 (n � 1) and P1.7,16 (n � 1)
and were ST-2763 (which differs from ST-42 by the presence of
aroE15 and RT-154).

Between 1991 and 2003 inclusive, five New Zealand case
isolates expressing P1.7–2,4 PorA that were not serogroup B
were identified. These five isolates were typed as C:2a:P1.7–2,4
(strains NZ96/59 and NZ03/236), C:2b:P1.7–2,4 (strain NZ96/
211), W135:2a:P1.7–2,4 (strain NZ03/243), and W135:2a:P1.4
(strain NZ03/266). One further meningococcal strain (strain
NZ04/8), type W135:2a:P1.4, was identified in early 2004.

MLST showed that strain NZ96/59 had a multilocus sequence
type dissimilar to that of any meningococcus deposited in the
MLST database (http://pubmlst.org/neisseria), and sequence
type ST-2344 was assigned to this combination of alleles. Strain
NZ96/211 was type ST-66, which belongs to the ST-8/A4 com-
plex. MLST showed that NZ03/266 belonged to the ST-11/
ET-37 complex. Strains NZ03/236, NZ03/243, and NZ04/8 had
the same restriction profile as strain NZ03/266 and were as-
sumed therefore to belong to the ST-11 complex.

DISCUSSION

Throughout New Zealand’s meningococcal disease epi-
demic, the P1.7–2,4 PorA epitope expressed by clinical isolates
has been easily identifiable by using the P1.4 subtyping anti-
body. The presence of 156 B:NST case isolates presented the
possibility that the ST-41/ST-44 complex, lineage III, menin-
gococci expressing the P1.7–2,4 PorA epitope were responsible
for a larger proportion of epidemic disease than serological
typing had indicated. This was determined not to be the case,
as the majority (138 of 156, 88.5%) of the B:NST isolates
expressed PorA epitopes distinct from P1.7–2,4 PorA. Most of
these meningococci belonged to clonal complexes other than
the ST-41/ST-44 complex, lineage III, and are therefore not
related to the meningococcal isolates causing the epidemic. All
18 NST case isolates that expressed a PorA related to P1.7–2,4
PorA belonged to the ST-41/ST-44 complex, lineage III. These
meningococci are genetic variants of the epidemic strain that
have arisen during the epidemic.

Four meningococcal isolates that did not express a detect-
able level of PorA on an SDS-PAGE gel were identified. Three
of these contained a porA encoding the P1.7–2,4 PorA epitope
but were NST, while the fourth had a 39-bp deletion in porA
VR2. The observation that all four meningococcal isolates with
reduced PorA expression contained a polyguanidine tract with
9 or 10 guanine residues between the putative �35 and �10
regions of the porA promoter has previously been reported (22,
27). It has been suggested that the presence of 11, 10, or 9
contiguous guanidine nucleotides in the promoter region is as-
sociated with high, medium, or no expression of PorA mRNA,
respectively (28). It has also been suggested that the level of
PorA expression is affected by substitutions in the polyguani-
dine tract (22, 27, 28). No New Zealand case isolate was iden-
tified in which a guanidine nucleotide in the polyguanidine
track was replaced by an alternative nucleotide has been iden-
tified.

The inability to serosubtype isolates expressing variant P1.7–
2,4 PorA was due mostly to the presence of mutations in porA
VR2-4. Both deletions and single-nucleotide substitutions in
porA VR2-4 compromised the ability of the subtype P1.4
monoclonal antibody to recognize the VR2 epitope in a whole-
cell enzyme-linked immunosorbent assay. The binding of the
P1.4 DNA probe and the P1.4 monoclonal antibody to porA
and the PorA protein, respectively, was affected by the size and
position of the VR2-4 mutation. The insertion of 2 amino acids
on the amino side of the P1.4 epitope, as well as the insertion
of 17 amino acids on the carboxy side of the P1.4 epitope,
resulted in the inability of the P1.4 monoclonal antibody to
bind. The insertions appear to have modified the position of
the epitope recognized by the P1.4 antibody, although the epi-

TABLE 3. Summary of porA subtyping results with MLRT results
for all nst meningococci derived from disease cases in

New Zealand between 1991 and 2003

porA type
Total
no. of

isolates

No. of isolates

Assessed
by MLRT

Of other
complexes

Of the ST-41/ST-44
complex, lineage III

Total ST-41/ST-42/
ST-154

P1.19 50 41 23 18 6
P1.22, 14-6 16 0e

P1.7-2,4 varianta 15 15 0 15 15
P1.7,13 12 5 5 0 0
P1.17,16 10 3 3 0 0
P1.7–2,4b 3 3 0 3 3
Other definedc 20 8 3 6 2
Other undefinedd 30 0 0 0 0

Total 156 75 29 42 26

a Expressed P1.7-2,4 PorA with the exception of deletions, insertions, or sin-
gle-nucleotide substitutions around the VR2-4 sequence.

b NST but determined to express P1.7-2,4 PorA by DNA sequencing.
c Includes porA types P1.5,10, P1.21, 16, P1,18, 34, P1.7,16, P1.7-2,25, P1.21,15,

P1.7-1,14, P1.22,28, and P1.21-2,28.
d Isolates were NST and negative for all DNA probes used in DNA-DNA

hybridization.
e All 18 serosubtype P1.14 meningococcal isolates tested had restriction pro-

files identical to those for ST-457 meningococci.
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topes were recognized during immunoblotting. This result cre-
ates a situation similar to that for the “hidden” P1.7-2 epitope
described by Wedege (35) which resulted from a 3-amino-acid
deletion on the carboxy side of the epitope.

NST isolates were relatively uncommon, accounting for
only 156 (6.6%) of all serogroup B case isolates. This study
identified three major reasons for the failure of monoclonal
antibodies to recognize the PorA subtype in New Zealand’s
serogroup B case isolates. First, the range of monoclonal an-
tibodies available for typing in our laboratory did not cover all
of the possible PorA epitopes identified in the population. This
deficiency accounted for most of the NST results. Second,
sequence variations, including insertions or deletions around
the VR2-4 region of PorA, prevented recognition by the P1.4
subtyping monoclonal antibody. Third, reduced PorA expres-
sion appears to have resulted in NST meningococci. The in-
clusion of additional serosubtyping antibodies in the panel,
such as the P1.19 antibody, would have reduced the number of
isolates for which the subtype could not be determined sero-
logically. However, with the low numbers of NST isolates,
genetic characterization with porA sequencing remains a suit-
able method to determine their porA types.

Gorla and coworkers (4) reported that case isolates from
vaccine failures expressed low levels of PorA protein. How-
ever, these researchers showed that there was no association
between a low level of PorA expression and vaccination status,
as there were equal numbers of meningococci expressing low
levels of PorA in immunized and nonimmunized children. Ver-
mont and colleagues (33) showed that immune responses di-
rected against meningococci with significantly different porA
VR2 sequences were reduced, whereas responses against iso-
lates with porA variants that had most of the VR2-4 sequence
conserved were less affected. Whether people challenged with
meningococci demonstrating the P1.7-2,4 deletions or the tran-
scriptional variations detected in this study would be protected
by anti-P1.7-2,4 antibodies induced by a strain-specific vaccine
cannot be determined from this study but is currently being
investigated. It is possible that alternative epitopes on the
PorA protein, which are not recognized by anti-VR1 and anti-
VR2 monoclonal antibodies, may induce functional responses
that are normally overshadowed by antibodies against the VR1
and VR2 targets. Rouppe van der Voort and coworkers (18)
observed that the serum bactericidal antibody responses in some
vaccinees were dependent on the presence of loops 1 and/or 4,
whereas some volunteers developed PorA-specific bactericidal
antibodies which did not depend on loops 1 and/or 4.

Given that PorA is an important target for immune recog-
nition and that meningococci have a number of ways to facil-
itate variation in the porA gene, it is surprising that the P1.7-2,4
PorA epitope has remained so stable over the 13 years of New
Zealand’s epidemic. Meningococci expressing P1.7-2,4 PorA
have continuously dominated group B isolates, accounting for
85.7% of all group B case isolates from 1991 through 2003. The
observation that some meningococci belonging to the ST-41/
ST-44 complex, lineage III, have a porA other than that en-
coding the P1.7-2,4 PorA epitope suggests that these me-
ningococci have at some stage acquired an alternative porA.
Twenty-nine such meningococcal isolates (1.2%, 29 of 2,358)
have been identified. Increasing variability in PorA subtype
among isolates of ST-41/ST-44 complex, lineage III, was report-

ed during a period of heightened disease rates in both The
Netherlands and Belgium in the 1980s (24, 32). The greater
population density and the greater diversity of strains in these
countries (23, 31) than those in New Zealand may have con-
tributed to greater mixing of meningococcal DNA, allowing for
the increased variety of PorA types.

The expression of P1.7-2,4 PorA by meningococci of sero-
groups other than serogroup B could not be explained by cap-
sular switching following exchange of the gene encoding the
polysialyltransferase, as was shown by Swartley and coworkers
(25). Instead, the PorA gene appears to have been transferred
from meningococci belonging to the ST-41/ST-44 complex,
lineage III, to meningococci from other clonal complexes.
Group W135 and group C isolates with the P1.7-2,4 PorA epi-
tope have also been obtained among isolates recovered from a
throat carriage study in university students in Dunedin, New
Zealand (unpublished data). It is likely that anti-P1.7-2,4 PorA
antibodies induced by the strain-specific vaccine confers some
protection against such meningococci. We have demonstrated
that antibodies induced by the New Zealand strain-specific
vaccine (MeNZB) prepared from NZ98/254 (B:4:P1.7-2,4) are
bactericidal against the C:2b:P1.7-2,4 strain NZ96/211 (unpub-
lished results).

Identification of New Zealand case isolates with sequence
variation in the P1.4 epitope prior to a population-based in-
troduction of a strain-specific vaccine is important. The fact
that PorA variants to the epidemic type were rare and appar-
ently unconnected suggests that they have not become estab-
lished in the community. However, it is possible that if such
variants are present within the population of meningococci and
are being carried asymptomatically, immune selection could
occur. In Norway, increased resistance to bactericidal antibod-
ies induced by the Norwegian B OMV vaccine were associated
with point mutations in VR2 (16). However, Gorla et al. (4),
reported that point mutations were not a strategy used by
meningococci in Brazil to escape antibody pressure. No varia-
tion in the P1.19 or P1.15 epitopes was identified in case
isolates following immunization with the Cuban VA-MENIN
GOC-BC vaccine (4). Continuing intensive surveillance of
New Zealand case isolates will ensure detection and monitor-
ing of any variants that occur following vaccine delivery to the
broader community.
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