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Meningococcal disease is characterized by cyclic fluctuations in incidence, serogroup distribution, and
antigenic profiles. In greater São Paulo, Brazil, there has been a constant increase in the incidence of
serogroup C meningococcal disease since the late 1980s. To gain an understanding of changes in serogroup C
meningococcal disease over three decades in greater São Paulo, Brazil, 1,059 invasive Neisseria meningitidis
serogroup C isolates from 1976 and 2005 were analyzed. Three major clone complexes, sequence type (ST)-11,
ST-8, and ST-103, were identified by multilocus sequence typing, and the isolates were characterized by
serotyping and 16S rRNA typing. During the 30-year period, there were two major antigenic replacements:
from 2a:P1.(5,2) to 2b:P1.3 and subsequently to 23:P1.14-6. All strains of clone ST-103 were characterized as
serotype 23 and serosubtype P1.14-6. The origin of 23:P1.14-6 ST-103 complex strains is unknown, but efforts
are needed to monitor its spread and define its virulence. The antigenic replacements we observed likely
represent a mechanism to sustain meningococcal disease in the population as immunity to circulating strains
accumulated.

Neisseria meningitidis is a leading cause of bacterial menin-
gitis and septicemia in children and young adults worldwide
(36; http://www.saude.gov.br/sinanweb). In greater São Paulo
(GSP), São Paulo State, Brazil, four epidemic periods of me-
ningococcal disease (MD) have been reported and docu-
mented in the last 80 years. MD was caused by N. meningitidis
serogroup A in the early 1920s and late 1940s: the incidence of
the disease was 12 and 24 cases per 100,000 inhabitants in 1923
and 1947, respectively (21). The third epidemic period oc-
curred in the early 1970s, when there was overlap of two
epidemics, one caused by N. meningitidis serogroup C that
started in 1971 and a larger serogroup A epidemic that started
in 1974 (22). After a vaccination campaign with a bivalent AC
polysaccharide vaccine that achieved 95% vaccine coverage in
GSP in 1975, the incidence of MD fell to 3.9 cases per 100,000
inhabitants in 1977 (8, 21, 22). This reduction in incidence was
followed by an increase in incidence of disease caused by N.
meningitidis serogroup B in 1977 (26).

During the period from 1978 to 1987, the incidence of MD
remained low, at approximately two cases per 100,000, with a
remarkable shift from serogroup C to serogroup B by the end
of this period; in 1987, 71% of MD cases were caused by
serogroup B and only 6.3% were caused by serogroup C (26).
In 1988, the incidence of MD in GSP increased again, indicat-
ing the beginning of the fourth epidemic period, which ex-
tended through 2005. During this 18-year period, MD was

mainly caused by (i) serogroup B between 1988 and 1989
(mean incidence of 5.0 cases per 100,000 inhabitants with 80%
caused by serogroup B), (ii) serogroup B and serogroup C
from 1990 to 2002 (mean incidence of 6.0 cases per 100,000
inhabitants with 59% and 36% caused by serogroup B and
serogroup C, respectively), and (iii) serogroup C from 2003 to
2005 (mean incidence of 3.9 cases per 100,000 inhabitants with
65% caused by serogroup C) (16, 25, 26; unpublished official
data from the São Paulo State Center for Epidemiologic Sur-
veillance, conveyed by M. I. C. Gonçalves).

A sample of meningococcal isolates from GSP has been
previously characterized phenotypically and genotypically (25,
26, 28). These studies have shown that until 1982, nonsero-
typeable (NT) and nonserosubtypeable (NST) serogroup B
strains accounted for most of the serogroup B isolates. These
serogroup B NT:NST strains were replaced by serogroup B
4:P1.19,15 strains, which accounted for about 50% to 75% of
all serogroup B isolates from 1988 to 2005. Most of these
serogroup B 4:P1.19,15 strains are of a single clone which
belongs to the multilocus enzyme electrophoresis type (ET)-5
complex (26, 28; unpublished data). In 1990, the number of
cases of MD caused by serogroup C strains started to increase,
and serogroup C became the most prevalent serogroup from
2003 to 2005. Previous studies have shown that 65% of the
serogroup C strains isolated from 1990 to 1996 were 2b:P1.3
(24; unpublished data). By the year 2002 there was a drastic
change in serotype (SerT) distribution, and no serogroup C
2b:P1.3 strains were reported. During 2003 to 2005, only one
serogroup C 2b:P1.3 strain was isolated, and NT:NST strains
were responsible for 89% of all serogroup C cases (25).
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Considering the high incidence of MD caused by serogroup
C in GSP in the last 3 years (2003 to 2005) and planned
widespread use of C conjugate vaccine, characterization of
serogroup C isolates is critical to understand the dynamics of
the disease in our region and to help in making decisions about
the appropriate use and evaluation of this vaccine. The Na-
tional Reference Center for Meningitis, at the Instituto Adolfo
Lutz (IAL), designed a comprehensive study to better under-
stand the characteristics of these serogroup C isolates in GSP,
using phenotypic and genotypic approaches to characterize a
collection of 1,059 serogroup C isolates recovered during the
last 30 years, from 1976 to 2005. To accomplish this goal we (i)
expanded the standard serotyping method by adding two novel
monoclonal antibodies (MAbs) produced to characterize the
serogroup C NT:NST strains and (ii) used molecular methods
such as PorB and PorA variable-region (VR) typing, multilo-
cus sequence typing (MLST), and 16S rRNA gene typing on a
subset of these 1,059 isolates to determine their genetic relat-
edness.

MATERIALS AND METHODS

Epidemiologic data and bacterial isolates. The epidemiological data on MD
in GSP were colleted and analyzed at the Alexandre Vranjac Center for
Epidemiological Surveillance, São Paulo, Brazil. The population data were
obtained from the Brazilian Institute for Geography and Statistics (http:
//www.ibge.gov.br). The GSP area includes the capital city of São Paulo and
39 counties, which had a total population of 19.1 million in 2005; this con-
stitutes 49% of the state’s population, making it the most densely populated
area in Brazil. During the period from 1976 to 2005, 20,818 cases of MD were
reported in GSP. IAL received 1,059 serogroup C isolates for biochemical
identification and serogroup confirmation, and these were used in the present
study. Unfortunately, only limited clinical or epidemiological data were avail-
able for the 129 cases occurring prior to 1990. Of the 14,686 cases occurring
between 1990 and 2005 63.9% (9,387 cases) were confirmed in the laboratory
by either (i) culture (44.4%; 4,170 cases), (ii) detection of meningococcal
antigens in cerebrospinal fluid or serum by counterimmunoelectrophoresis
and/or latex agglutination (27.5%; 2,584 cases), or (iii) identification of the
presence of gram-negative diplococci by Gram staining of cerebrospinal fluid
(28%; 2,633 cases). Out of the 6,754 cases confirmed in the laboratory by
culture or antigen detection, the serogroup was determined for 68.7% (4,640
cases). Of those, serogroup B and serogroup C isolates were responsible for
58.6% (2,721 cases) and 37.4% (1,738 cases), respectively. The remaining 4%
of cases were due to serogroups W, Y, and 29E.

Serotyping. Standard serotyping for all 1,059 isolates was performed by dot
blotting using whole-cell suspensions as previously described (42). The term
standard serotyping is used in this study to refer to both SerT and serosubtype
(SerST) characterization by use of currently available MAbs. The resulting phe-
notype may describe a fully serotypeable isolate that includes the SerT and SerST
(e.g., 2b:P1.3), a partially serotyped isolate for which SerT or SerST is not
determined (e.g., 2b:NST or NT:P1.3), and a NT isolate for which both SerT and
SerST are not determined (e.g., NT:NST). Standard serotyping was performed
with a set of 17 PorB and 14 PorA murine MAbs specific for the VRs. MAbs for
SerTs 2a (F12-7B7/1E10), 2b (F1-9H10/1B3), 4 (F10-2H7/1F7), 7 (F22-8B5/
1D10), 9 (F24-11F5/3B4), 17 (F4-3C1/1A6), and 10 (F11-6D12/1C5) and for
SerSTs P1.1 (F10-5G6/1B11), P1.4 (F11-2A9/1A4), P1.9 (F24-5E11/2H9), P1.15
(F8-8F12/1D6), and P1.22-1 (F4-1F1/1F3) were produced at IAL by us. MAbs
for SerTs 8 (2725H6) and 15 (1951C8) and for SerST P1.2 (1649C7) were
provided by C. E. Frasch, FDA, Bethesda, MD. MAbs for SerTs 2c (5-1-P2c), 5
(7BG5-H2), 11 (9-1-P11), and 19 (17-1-P19) and for SerSTs P1.3 (12-1), P1.16
(3-1-P1.16), and P1.19 (7A2-11) were provided by W. D. Zollinger, WRAIR,
Washington, DC. The MAb for SerT 22 (ATIA5A7/5) was provided by P. Kriz,
NIPH, Prague, Czech Republic. MAbs for SerTs 1 (MN3C6B-95/680), 14
(MN5C8C-95/688), and 21 (6B11-F2-B5-95/692); and SerSTs P1.5 (MN22A9.19-
95/702), P1.7 (MN14C11.6-95/706), P1.10 (MN20F4.17-95/710), P1.12 (MN20A7.10-
95/712), and P1.14 (MN21G3.17-95/716) were provided by the NIBSC, Potters
Barr, England. The term expanded serotyping is used in this study to refer to
SerT and SerST characterization, with the addition of two novel MAbs produced

in this study, 23 and P1.14-6, respectively. These two new MAbs were tested
against all 1,059 serogroup C isolates.

OMVs, SDS-PAGE, and immunoblotting. Outer membrane vesicles (OMVs)
were prepared and purified from a serogroup C NT:NST isolate (strain N.753/
00), the isolate chosen for MAb production, as previously described (10, 27, 28,
40). This serogroup C spinal fluid isolate was recovered in 2000 from a 17-year-
old female in GSP with a fatal case of MD. OMVs were dissolved in suspension
buffer (0.1 M NaCl, 0.05 M EDTA, 0.05 M Tris, pH 8.0), and the total amount
of protein was determined by the method of Lowry et al. (17). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed using
15% polyacrylamide minigels (14, 40). Purified OMVs were separated by SDS-
PAGE to verify the presence of PorA (class 1) protein and PorB (class 2 or 3)
protein and to prepare immunoblots used for screening new MAbs. Immuno-
blots were performed as previously described (42).

PorA expression on SDS-PAGE gels. Based on serotyping results, 59 isolates
were evaluated for the expression of PorA protein as bands on SDS-PAGE gels
after staining by Coomassie brilliant blue R-250. The presence or absence of
expression was determined by visual comparison to protein bands of serotyping
reference strains H355 and M981, used as controls in each gel to test for the
presence or absence of PorA bands, respectively. These same 59 isolates were
tested on immunoblots against MAb P1.14-6.

CNBr cleavage of PorA protein. To determine whether the binding site epitope
of the newly produced MAb was located in PorA VR1 or VR2 regions, PorA
protein band on SDS-PAGE from the isolate N.753/00 was removed and cleaved
by use of cyanogen bromide (CNBr) as previously described (10, 35, 43). CNBr
splits PorA at the single methionine located between VR1 and VR2, resulting in
VR1 and VR2 being within two fragments of different sizes (about 16 and 25
kDa, respectively). These fragments were separated on SDS-PAGE and trans-
ferred to a nitrocellulose membrane (40). MAb reactivity with these two frag-
ments was detected by immunoblotting.

MAb production. The method used for MAb production was described pre-
viously (11). BALB/c mice were immunized intraperitoneally three times a week
for 4 weeks with whole-cell suspensions of the isolate N.753/00. Fusion with P3UI
murine myeloma cells was performed 3 days after the final immunization. MAbs
obtained were screened by immunoblotting 10 to 15 days after fusion.

PorB and PorA VR typing. For PorB VR typing the full length of the porB
gene, which includes VR1 to VR4, was sequenced. For PorA VR typing only two
regions of the porA gene, which include VR1 and VR2, were sequenced (29, 30).
A total of 23 and 122 serogroup C isolates were selected based on serotyping
results from PorB and PorA VR typing, respectively, obtained in the present
study. In the present study, we have used PorA and PorB VR classification and
designation as previously described (28; http://neisseria.org/nm/typing/).

MLST and 16S rRNA gene typing. To determine the genetic relatedness
among serogroup C isolates, we randomly selected 30% (321 of 1,059) of the
isolates for MLST and 16S rRNA gene typing. MLST was performed according
to the methods of Maiden et al. (18). The designation of sequence types (STs) is
described on the MLST web site (http://pubmlst.org). STs were considered to
belong to the same clonal complex if they share alleles at four or more of the
seven MLST loci with the founder ST of that complex. Designation of N. men-
ingitidis clones may include the MLST result plus its corresponding multilocus
enzyme electrophoresis result, for example, ST-11 complex/ET-37 complex. 16S
rRNA gene typing was carried out as previously described (32). In the present
study, the term 16S rRNA complex was defined as a group of 16S rRNA
sequences types with �5 nucleotide differences (�99.7% similarity) among
them.

Nucleotide sequence accession numbers. For the isolate N.753/00 (isolate
chosen for MAb production) the full lengths of the porA and porB genes were
sequenced and submitted to the GenBank database with assigned accession
numbers AF737715 and AY972814, respectively.

RESULTS

Standard serotyping. The prevalence of SerTs, SerSTs, and
the various combinations used with the standard serotyping
MAb panel are shown in Table 1. Out of the 1,059 isolates 617
(58.3%) were serotypeable, and 559 (52.8%) were serosub-
typeable. The most prevalent SerTs were 2b (n � 398; 37.6%),
and 2a (n � 151; 14.2%); all other SerTs occurred in fewer
than 3% of isolates. The most prevalent SerSTs were P1.3 (n �
286; 27.0%), P1.2 (n � 80; 7.5%, P1.5 (n � 58; 5.5%), and
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P1.5,2 (n � 55; 5.2%); all other SerSTs occurred in fewer than
3% of isolates. The most prevalent combination was 2b:P1.3
(n � 283; 26.7%); all other phenotypes presented less than 7%
prevalence (Table 1).

New MAb development, production, and characteriza-
tion. From the cell fusion two hybridomas, F291G1B4 and
F298H11E11, were selected. Each one of the hybridomas pro-
duces MAbs that recognize PorB of class 2 or PorA protein
of the isolate N.753/90 on immunoblots containing 0.25% of
Empigen BB to restore the antibody binding activity (41).
The porB gene sequence of isolate N.753/00 (the isolate
chosen for MAb production) translates a PorB class 2 pro-
tein with VR1 type D, VR2 type Ed, VR3 type D, and VR4
type Db according to the proposed classification of PorB VR
typing (29). In our tests, the F291G1B4 MAb did not react
with any of the 17 different SerT reference strains. When
this lack of reactivity was compared to previously described
PorB VR types and the PorB VR types for the N.753/00
isolate, PorB VR3 type D was the only possible epitope
location for the new MAb. Based on the sequential numer-
ical order of the serotyping MAbs available, the new MAb
was named 23. The porA gene sequence of isolate N.753/00
translates to a PorA protein with VR1 type 22 and VR2 type
14-6 (P1.22,14-6) (http://neisseria.org/nm/typing/). In our
tests, the new F298H11E11 MAb did not react with any of
the 14 different SerST reference strains. When this lack of
reactivity was compared to that for previously described
PorA VR types and the PorA VR types of the N.753/00
isolate, PorA VR2 type 14-6 was shown to be the only
possible epitope location for the new MAb. In addition,
PorA VR2 as the epitope location for this MAb is suggested
by the binding of the F298H11E11 MAb to CNBr-cleaved
PorA. The new MAb reacted on immunoblots with the 25-
kDa fragment containing VR2 14-6 of the N.753/00 isolate.
Based on these results, the new MAb was named P1.14-6.

Expanded serotyping. All 1,059 serogroup C isolates were
screened with MAbs 23 and P1.14-6 by dot blotting. These

MAbs did not react with any of the 617 or 559 isolates with
previously characterized SerT or SerST, respectively. MAb 23
reacted with 419 (94.8%) of the 442 previously NT isolates, and
MAb P1.14-6 reacted with 329 (65.8%) of the 500 previously
NST isolates, increasing the percentages of serotypeable and
serosubtypeables isolates to 97.8% and 83.9%, respectively
(Table 2). Twenty-three (2.2%) and 171 (16.1%) isolates re-
mained NT and NST, respectively. The most prevalent combi-
nations were 23:P1.14-6 (n � 320; 30.2%), and 2b:P1.3 (n �
283; 26.7%); all other phenotypes presented less than 7%
prevalence. Three hundred twenty of the 419 (76.4%) isolates
of SerT 23 were also of SerST P1.14-6, and 320 of the 329
(97.3%) isolates of SerST P1.14-6 were also of SerT 23. The
annual distribution of the most prevalent phenotypes is pre-
sented on Fig. 1A.

NT and NST isolates. To investigate the lack of reactivity of
the new MAbs with the remaining 23 NT and 171 NST isolates,
we selected all 23 NT isolates for PorB VR typing and 122
(71%) of the 171 NST isolates for PorA VR typing. As deter-
mined by DNA sequencing, 12 of the 23 NT isolates did not

TABLE 1. Distribution of serotypes and serosubtypes of N. meningitidis serogroup C isolated from 1976 to 2005 in GSP, São Paulo, Brazil,
using the standard set of serotyping MAbsa

SerT
No. of strains with indicated SerST Total no.

of strainsP1.1 P1.2 P1.3 P1.5 P1.5,2 P1.5,10 P1.7 P1.7,1 P1.9 P1.10 P1.12 P1.15 P1.16 P1.19,15 P1.22-1,14 NST

2a 69 1 20 47 1 1 12 151
2b 8 283 19 3 1 23 2 59 398
4 1 1 9 3 5 19
4,1 1 1
4,7 1 1 2 1 15 3 23
4,10 1 1 2
4,21 3 1 4
10 1 1 2
15 1 1
17,10 1 1
19,1 1 1
19,7 1 1
19,10 1 1 1 3
19,14 1 2 2 1 2 8
21 1 1 2
NT 1 2 1 16 3 3 1 1 1 1 412 442

Total 1 80 286 58 55 1 4 4 7 24 1 12 1 20 5 500 1,059

a The standard set of serotyping MAbs is described in Materials and Methods. It does not include MAbs 23 and P1.14-6, described in this study.

TABLE 2. Comparison of phenotypes obtained using the standard
and expanded sets of serotyping MAbsa

Phenotype

Standard set Expanded set

No. of
isolates % No. of

isolates %

SerT 617 58.3 1,036 97.8
NT 442 41.7 23 2.2
SerST 559 52.8 888 83.9
NST 500 47.2 171 16.1
SerT:SerST 529 45.6 869 82.1
SerT:NST 88 8.7 167 15.8
NT:SerST 30 2.6 18 1.7
NT:NST 412 43.1 5 0.5

a The term expanded serotyping is used in this study to refer to standard
serotyping including use of the two new MAbs produced in this study, MAbs 23
and P1.14-6.
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have PorB VR3 type 23, and for the remaining 11 isolates we
were not able to amplify the porB gene with the external
primers used (29). Out of the 122 NST isolates, 59 (48.3%) had
PorA VR2 type P1.14-6, 49 (40.2%) had PorA types other than
P1.14-6 for which there are no currently available MAbs, and
for the remaining 14 (11.5%) isolates we were not able to
amplify the porA gene. Out of the 59 NST isolates with PorA
VR type P1.14-6, only 10 expressed PorA on SDS-PAGE gels
and reacted with MAb P1.14-6 on immunoblots; this is a typical
characteristic of some already-described PorA masked epitopes
(44).

MLST and 16S rRNA gene typing. To investigate the clonal
characteristics of serogroup C in GSP, we randomly selected
321 (30%) of the 1,059 isolates for MLST and 16S rRNA gene
typing (Table 3). Seventeen different STs were found; they
were grouped into seven different clonal complexes (ST-11
complex [n � 115], ST-8 complex [n � 84], ST-103 complex
[n � 102], ST-32 complex [n � 8], ST-5 complex [n � 1],
ST-41/44 complex [n � 7], and ST-231 complex [n � 4]) (Table
3). Twelve different 16S rRNA gene types were found; they
were grouped into seven different 16S complexes (4, 5, 13, 17,
25, 30, and 91) (Table 3). The annual distribution of the most
prevalent genotypes is presented on Fig. 1B.

DISCUSSION

Phenotypic and molecular studies on N. meningitidis are
essential for understanding the events associated with the ep-
idemiological spread of this organism in the population and
the temporal variation in disease incidence and severity. Some
of the genetic characteristics of serogroup C isolated in GSP
between 1976 and 1990 have been previously documented.
Those results show that the majority of serogroup C isolates
from 1976 to 1988 were SerT 2a, which was replaced by SerT
2b in 1989 and 1990 (25). Most of the serogroup C 2a and
serogroup C 2b isolates in that study belong to two distinct
complexes of clones defined by multilocus enzyme electro-
phoresis as ET-11 and ET-8, respectively (25). However, that
study did not correlate those complexes with previously de-
scribed ETs, making it (i) difficult to compare those findings
with any other published data on clonal distribution of sero-
group C isolates and (ii) impossible to understand their clonal
relatedness. The present study was designed to fill that gap by
providing enough phenotypic and genotypic data to generate a
comprehensive historical clonal structure of serogroup C
strains isolated in GSP, Brazil, since the end of the third
epidemic period in 1976.

Since 41.7% and 47.2% of the serogroup C isolates between
1976 and 2005 were NT and NST, respectively, our first step
was to expand the standard set of serotyping MAbs, which we
accomplished by producing two additional MAbs to character-
ize the PorB and PorA of those NT and NST isolates. With the
expanded set of MAbs the percentages of NT and NST isolates
were reduced to 2.2% and 16.1%, respectively. The percentage
of fully serotypeable strains increased from 45.6% to 82.1%,
reducing the number of NT:NST strains to only 0.5%.

The percentage of fully serotypeable strains was not higher
because of the presence of (i) strains with masked PorA
P1.14-6 epitope, (ii) strains with no detectable expression of
PorA type P1.14-6 epitope, and (iii) strains expressing PorA
epitopes for which there are no currently available MAbs.
Large amounts of capsular polysaccharide or lipopolysaccha-
ride in a particular strain can mask PorA protein and could
explain the inability of some MAbs to bind to its epitope on dot
blots (31). The lack of expression of PorA in some isolates may
be explained by phase variation of PorA due to variations in
the length of homopolymeric tracts of G or T residues in the
putative �35 and �10 domains of the porA promoter region,
or by length variation of a homopolimeric A tract in the porA
coding region (37, 39). PorA expression may also be affected by
other genetic events, such as mutations, the presence of a
premature stop codon, or the presence of an insertion element,
such as insertion sequence 1301, in the porA coding region (3,
23, 38, 39). In this study we did not attempt to further inves-
tigate the reasons for the lack of PorA expression.

Genotypic characterization by MLST and 16S rRNA gene
typing were 100% in agreement in assigning these isolates into
complexes. Genotypic and phenotypic results were also in
agreement, and when combined, they revealed that 94% of the
1,059 serogroup C strains circulating in GSP over the last 30
years belong to three major clones: 2a:P1.(5,2) (including the
three combinations P1.5, P1.2, and P1.5,2) ST-11 and 16S-13
complexes, 2b:P1.3 ST-8 and 16S-91 complexes, and 23:P1.14-6
ST-103 and 16S-17 complexes (Fig. 1B).

FIG. 1. Thirty-year historical distribution of the three major sero-
group C clones circulating in GSP from 1976 to 2005. (A) Phenotypic
characterization. Line with triangles, phenotype 2a:P1.(5,2); line, phe-
notype 2b:P1.3; line with squares, phenotype 23:P1.14-6. (B) Geno-
typic characterization. Line with triangles, ST-11/16S-13 complex; line,
ST-8/16S-91 complex; line with squares, ST-103/16S-17 complex. Dis-
connected solid triangles indicate that there were no cases in that
particular year.
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The serogroup C isolates responsible for numerous epidem-
ics and outbreaks in the United States, Canada, and Europe
since the early 1990s have generally belonged to the ST-11
complex. These hyperinvasive stains have predominantly af-
fected adolescents and young adults, requiring frequent, mas-
sive public health investigations and interventions (7, 45). In
the ST-11 clonal complex, PorA and PorB proteins have been
fairly homogeneous, with most of the ST-11 complex strains
having the 2a:P1.(5,2) phenotype (7). These phenotypes are
usually associated with serogroup C and W135 isolates but are
quite uncommon on serogroup Y and B strains isolated during
the last 30 years in GSP (unpublished data).

In our studies, 2a:P1.(5,2) ST-11 complex strains have been
isolated in GSP since 1976, and although there are no sero-
group C strains isolated before 1976 for comparison, 2a ET-11
complex strains have been accepted as being responsible for
the third epidemic, which reached an incidence of 17.7 cases in
1972 (7, 22, 25). After the mass vaccination campaign in GSP
in 1975 the number of serogroup C cases fell dramatically, and
serogroup B 4,7:P1.19,15 ET-5 complex strains were responsi-
ble for over 70% of the cases during the period from 1977 to
1989.

Evidence of horizontal transfer of siaD genes encoding poly-
sialyltransferases has been shown to result in capsular sero-

TABLE 3. Correlation between 16S rRNA typing, MLST, and serotyping results on 321 N. meningitidis isolates

16S rRNA typing MLST
SerT SerST No. of

isolatesComplex Type Complex Type

13 13 ST-11 complex/ET-37 complex 11 2a P1.2 37
P1.5 18
P1.5,2 9
P1.9 1
NST (P1.5,2)a 3

574 2a P1.2 1
3323 NT (2a)b P1.5,2 1

245 5121 2a P1.2 9
P1.5,2 34
NST (P1.5,2)a 1

NT (2a)b P1.5,2 1

91 91 ST-8 complex/cluster A4 8 2b P1.2 1
P1.3 69
P1.5 3
P1.5,2 1
NST (P1.3)a 5

153 2b P1.10 2
131 153 2b P1.10 2
242 8 2b P1.3 1

17 17 ST-103 complex 3779 23 P1.5 2
P1.14-6 37
NST (P1.14-6)a 4

3780 23 P1.14-6 29
5122 23 P1.14-6 27

NST (P1.14-6)a 2
5123 23 P1.14-6 1

4 4 ST-32 complex/ET-5 complex 34 4,7 P1.16 1
33, 34, 639 P1.19,15 5
34 NST 1

9 34 4,21 P1.12 1

5 5 ST-5 complex/subgroup III 203 4 P1.9 1

25 41 ST-41/44 complex/lineage 3 1362 19.1 NST 1
2a P1.22-1,14 1
19,14 P1.22-1,14 1

246 2042 10 P1.9 1
NST 1

17,1 P1.9 1
19,1 NST 1

30 30 ST-231 complex 1011 NT P1.7,1 3
NST 1

Total 321

a The PorA VR type is indicated by parentheses.
b The PorB VR type is indicated by parentheses.
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group switching in vitro and in vivo (2, 9, 13, 34). Capsular
switching may occur naturally, and immunization with vaccines
that target serogroup capsules could potentially favor the
emergence of serogroup B ST-11 complex strains as reported
in Canada and Spain, where serogroup B ST-11 complex
strains have emerged since the introduction of serogroup C
conjugate vaccines (1, 24, 33). In GSP, only two serogroup B
2a:P1.5,2 ET-5 complex strains were found, 16 and 20 years
after the AC vaccination campaign, when similar prevalence of
MD caused by serogroups B and C was reported (26). Based
on these results, it seems like the immunization campaign
targeting serogroup A and C capsules in GSP had little or no
selective effect on capsule switching from serotype C to sero-
type B. However, we found five serogroup C 4,7:P1.19,15
ST-32 complex isolates in this study that could have emerged
by a capsular switch from serogroup B to serogroup C. These
five strains were isolated during a period of increasing preva-
lence of serogroup C in the years 1987, 1989, and 1997, and two
strains were isolated in 2001, when serogroup C prevalence was
higher than that of serogroup B. It is important to note that in
GSP vaccination for serogroup C was performed using a plain
polysaccharide vaccine that should have minor influence com-
pared to conjugate vaccines in selection of capsule switching
events, since the first type of vaccine does not affect carriers as
the second one does.

The second most prevalent serogroup C clone found in GSP
belongs to the ST-8 complex and has the phenotype/genotype
2b:P1.3. ST-8 complex strains have also been associated with
epidemics and hyperendemic waves of disease. This clone may
be related to serogroup B and C organisms generally charac-
terized phenotypically as 2b:P1.10 (7). ST-8 complex strains
have been a common cause of disease in the 1970s in the
United States, Canada, the United Kingdom, Iceland, and
many other European countries, and was responsible for a
severe serogroup B epidemic in Cape Town, South Africa, that
started in 1979 (4, 5, 6). But in contrast to these reports,
serogroup C ST-8 complex strains in GSP have the peculiar
phenotype 2b:P1.3, which has never been reported elsewhere
as being epidemic associated (25).

Serogroup C strains isolated from areas where the disease is
endemic or from outbreaks usually belongs to the ST-11 or
ST-8 complex (19). Our data show that strains from another
MLST complex, the ST-103 complex, have been present in
GSP since 1989 and became associated with the serogroup C
epidemic in the 2000s. According to the MLST website (http:
//neisseria.org/nm/typing/mlst) 70 different STs are included in
the ST-103 complex, with a total of 84 strains isolated in 17
different countries in Europe, North and South America, and
Asia. We found only four different STs among serogroup C
ST-103 complex strains isolated in GSP. Two of them (ST-3779
and ST-3780) have been previously described for four sero-
group C strains isolated in other Brazilian states in 2003 and
2004 (http://neisseria.org/nm/typing/mlst). The other two STs
(ST-5122 and ST-5123) are newly described in this study. The
four serogroup C strains isolated in other Brazilian states were
not available for this study, but they are described as having the
PorA VR type P1.22,14-6, the same PorA VR type found in
ST-103 complex strains isolated in GSP. These data suggest
that serogroup C epidemic-related ST-103 complex strains cir-
culating in GSP are also present in other Brazilian states, and

additional studies are needed to evaluate the extent of this
dissemination.

Characterization of N. meningitidis strains by serogrouping
and serotyping alone may not reveal the pathogenic potential
and clonal structure of the circulating strains in a defined area.
Lately, MLST has been used to recognized virulent clonal
groups such as ST-11, ST-8, ST-103, ST-32, and others. This
study shows that methods that are more affordable and easier
to perform, like serotyping, may provide information similar to
that obtained using more laborious and expensive genotyping
methods based on DNA sequencing (Fig. 1). Recently, the
value of serotyping has been documented in the emergence of
serogroup B 17:P1.19 of ST-269 in Québec, Canada, during
2004 and 2005 (15). When used together, phenotypic and ge-
notypic methods may also complement each other, as shown
with the serogroup W135 Hajj outbreak investigation in 2000
in Saudi Arabia (20). Consequently, the choice of subtyping
methods to be used in a particular investigation may be based
on the type and extent of individual outbreaks and on each
laboratory’s requirements and capacities.

This study shows that in the last 30-year period, there was a
sequential appearance of three major serogroup C clones cir-
culating in GSP, and they were related to distinct epidemio-
logical periods. These three clones could be equally character-
ized by serotyping, 16S rRNA typing, or MLST. This is the first
report of serogroup C of ST-103 complex strains associated
with an epidemic situation. All strains belonging to this com-
plex that have been reported to date have particular PorB and
PorA variants that can be characterized using the MAbs pro-
duced in this study as 23 and P1.14-6. The strain replacements
demonstrated in this study, from 2a:P1.(5,2) to 2b:P1.3 and
subsequently to 23:P1.14-6, may render populations suscepti-
ble to infection, and combined with the high virulence attrib-
uted to the circulating strains may explain the constant in-
crease in incidence of MD caused by serogroup C strains in
GSP since the late 1980s.

A similar phenomenon was recently described in Spain
when, during 1996 and 1997, an epidemic wave of MD caused
by serogroup C 2b:P1.5,2 showed displacement of the ET-37
cluster by strains belonging to the A4 cluster (2). The observed
antigenic changes occurring with strains of different genetic
lineages in both situations suggested clonal replacement rather
than true antigenic shift.

A study in which an increasing incidence of disease caused
by serogroups C and Y was associated with major changes in
the outer membrane protein antigenic profile was recently
carried out in Maryland (12). In that setting, antigenic profile
changes occurred within strains of the same genetic backbone,
namely ST-11 for serogroup C and ST-23 for serogroup Y,
suggesting that the antigenic changes were mediated by hori-
zontal gene transfer. In contrast, in the present study, we
observed antigenic changes occurring with strains of different
genetic lineages, suggesting strain replacement rather than
true antigenic shift. Taken together, it appears that both strain
replacement and antigenic shift are mechanisms used by N.
meningitidis to maintain the ability to cause invasive disease in
populations.

The origin of the serogroup C 23:P1.14-6 ST-103 complex is
unknown, but efforts are needed to monitor it spread and
define its virulence, as well as to understand the possible effects
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of the upcoming use of serogroup C conjugate vaccine on the
dissemination and evolution of this clone in GSP. This will
require ongoing public health surveillance for MD and pheno-
typic and genotypic characterization of invasive meningococcal
isolates.
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