1duosnue Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Infect. Author manuscript; available in PMC 2015 November 03.

-, HHS Public Access
«

Published in final edited form as:
JInfect. 2010 March ; 60(3): 209-217. doi:10.1016/j.jinf.2009.11.014.

Phenotypic and molecular characterization of invasive
serogroup W135 Neisseria meningitidis strains from 1990 to
2005 in Brazil

Ana Paula S. Lemos?”, Lee H. HarrisonP, Melina Lenser®, and Claudio T. Sacchi®
aDivision of Medical Biology, Bacteriology Department, Adolfo Lutz Institute, Av. Dr. Arnaldo 351,
S&o Paulo 01246-902, Brazil

bInfectious Diseases Epidemiology Research Unit, University of Pittsburgh Graduate School of
Public Health and School of Medicine, Pittsburgh, PA, USA

¢Division of Medical Biology, Immunology Department, Adolfo Lutz Institute, Sdo Paulo
01246-902, Brazil

Summary

Objective—Neisseria meningitidis serogroup W135 has been associated with global outbreaks
since the 2000 Hajj. Considering that N. meningitidis serogroup W135 is the third most prevalent
serogroup isolated in Brazil in the last 10 years, and the possibility that the Hajj-related N.
meningitidis serogroup W135 clone has been causing disease in Brazil, the present study
characterized invasive N. meningitidis serogroup W135 isolates recovered in Brazil from 1990 to
2005.

Methods—The isolates were characterized by serotyping, PorA and PorB VR typing, FetA and
16S rRNA typing, multilocus sequence typing (MLST) and pulsed field gel electrophoresis
(PFGE).

Results—Based on MLST, 73% of the isolates were clustered in one major clone of ST-11
complex/ET37 complex. Strains of this clone had the same STs, serotypes and PorA VR types as
found in Hajj-related N. meningitidis serogroup W135 clone. One of these strains had the
Hajj-2000 outbreak strain genotype, including 16S rRNA gene sequence 31 and 84% relatedness
by PFGE.

Conclusion—Taken together, these data suggest that the Hajj-related N. meningitidis serogroup
W135 clone is present in Brazil but has not yet caused a substantial number of infections. Given
the emergence of N. meningitidis serogroup W135 globally and the unpredictability of
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meningococcal disease epidemiology, continued surveillance for this invasive N. meningitidis
serogroup W135 clone is needed for control and prevention strategies.
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Introduction

Meningococcal disease (MD) is an important cause of morbidity and mortality and a leading
cause of bacterial meningitis and septicemia in children and young adults worldwide.! In
Brazil, around 3200 new cases of sporadic and outbreak-associated MD are reported each
year, making this disease an important concern for Brazilian public health authorities (http://
www.saude.gov.br/sinanweb).

The distribution of meningococcal serogroups in Brazil has changed with time Brazil but
Neisseria meningitidis serogroups A, B, and C have been the most prevalent since the
1920s.2-5 We have approximately 17,000 N. meningitidis strains in our collection isolated
from 1970 to 2005. N. meningitidis serogroups B (n = 11,515) and C (n = 4915) represent
68% and 29% of the collection, respectively. Other serogroups, namely W135 (n = 396), Y
(n=84), A(n=81), 29E (n=4), Z (n=2), and X (n = 3) represent 3.0% of isolates.

Although these less frequently isolated serogroups are generally considered to have low
potential to cause invasive disease or outbreaks, in 2000, a N. meningitidis serogroup W135
outbreak was reported in Saudi Arabia during the Hajj pilgrimage.® Since then, the Hajj-
related N. meningitidis serogroup W135 clone has spread outside Saudi Arabia to other
countries,”® including to Burkina Faso where it caused a large meningococcal disease
epidemic in 2002.9 The Hajj-related N. meningitidis serogroup W135 clone is characterized
by serotype 2a, PorA variable region (VR) VR1-5, VR2-2, sequence type (ST)-11 and 16S
rRNA types 13, 14 or 31.10

The first reported N. meningitidis serogroup W135 disease in Brazil occurred in 1983 in Sao
Paulo state from a fatal case in a 10 year old child, but the number of MD cases caused by
this serogroup has been as low as 40 cases per year, with an incidence of approximately 0.1
per 100,000 inhabitants (Epidemiological Surveillance Office, personal communication).
However, since 2000 there has been a significant trend (p < 0.0001) in the percentage of
meningococcal disease caused by serogroup W135 in Brazil (http://
www.saude.cve.sp.gov.br).1112 N. meningitidis serogroup W135 disease has also recently
increased in Argentina, accounting for 28% of cases during the first 5 months of 2008.13

The molecular characteristics and strain relatedness of the N. meningitidis serogroup A, N.
meningitidis serogroup B, and N. meningitidis serogroup C isolated during the last three
epidemic periods in Greater Sao Paulo, have been established,3- but the molecular
characteristics of Brazilian N. meningitidis-serogroup-W135 are unknown. Considering that
N. meningitidis serogroup W135 is the third most prevalent serogroup isolated in Brazil in
the last 10 years, and the possibility that the Hajj-related N. meningitidis serogroup W135
clone has been causing disease in Brazil, it is important to understand the clonal
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characteristics and relatedness of N. meningitidis serogroup W135 strains isolated in Brazil.
Using a series of phenotypic and genotypic approaches, we characterized all available
Brazilian N. meningitidis serogroup W135 strains isolated in Brazil from 1990 to 2005.

Material and methods

Bacterial strains

A total of 216 N. meningitidis serogroup W135 invasive strains from 15 Brazilian States
were characterized in this study (Table 1).

Serological typing

Serotyping for all 216 isolates was performed by dot-blotting using whole cell suspensions
as previously described.1* The serotyping was performed with a set of 18 PorB and 15 PorA
murine MAbs specific for the variable regions. MAbs for serotypes 2a (F12-7B7/1E10), 2b
(F1-9H10/1B3), 4 (F10-2H7/1F7), 7 (F22-8B5/1D10), 9 (F24-11F5/3B4), 17 (F4-3C1/1A6),
10 (F11-6D12/1C5) and 23 (F29-1G1/B4); and for serosubtypes P1.1 (F10-5G6/1B11), P1.4
(F11-2A9/1A4), P1.9 (F24-5E11/2H9), P1.15 (F8-8F12/1D6), P1.14-6 (F29-8H1/1E11), and
P1.22-1 (F4-1F1/1F3), were produced at IAL by the authors. MADbs for serotypes 8
(2725H6) and 15 (1951C8), and for serosubtypes P1.2 (1649C7) were provided by C. E.
Frasch, FDA, Bethesda, MD. MAbs for serotypes 2¢ (5-1-P2c), 5 (7BG5-H2), 11 (9-1-P11),
and 19 (17-1-P19), and for serosubtypes P1.3 (12-1), P1.16 (3-1-P1.16), and P1.19 (7A2-11)
were provided by W. D. Zollinger, WRAIR, Washington, D.C. MADb for serotype 22
(ATIA5A7/5) was provided by P. Kriz, NIPH, Prague, Czech Republic. MAbs for serotypes
1 (MN3C6B-95/680), 14 (MN5C8C-95/688), and 21 (6B11-F2-B5-95/692); and
serosubtypes 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.

OMP gene sequencing

DNA sequences encoding PorA, PorB and FetA were performed as described
elsewhere.15-19 The assignment of porA, porB2 and porB3, and fetA alleles was performed
by querying the website (http://neisseria.org/nm/typing/mist).

MLST

MLST was performed according to the methods of Maiden et al.2% Primers, determination of
sequence alleles, and designation of sequence types are described on the MLST website
(http://neisseria.org/nm/typing/mlst). Minimum spanning tree was constructed to infer
evolutionary models, using Bionumerics software (version 5.10), which incorporates the
BURST algorithm (Applied Maths).2!

16S rRNA gene sequencing

A total of 142 N. meningitidis serogroup W135 isolates were selected for 16S rRNA gene
typing based on serotyping, PorA VR typing and MLST results. We also included strain
LNP17592, a N. meningitidis serogroup W135 isolated during the Hajj-2000 outbreak in
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France and strain LNP18359 a N. meningitidis serogroup W135 isolated in France in 2001
as Hajj-2000 outbreak negative control. 16S rRNA gene typing was carried out as
previously described,22 with some minor modifications. The 16S rRNA genes from N.
meningitidis isolates were amplified with primers 9R (5TTCGGTTCTTCGCTGCT3’) and
2174F (5’ATGCGTTCGATA TTGCTATCT?’). Reaction mixtures were first incubated for
5 min at 94 °C. The mixture then underwent 30 cycles of 15 s at 94 °C, 15 s at the annealing
temperature of 56 °C, and then 90 s at 72 °C. Finally, the reaction mixtures were incubated
at 72 °C for 5 min. The amplified product of approximately 1480 bp was sequenced by
using the previously described primers 357, 530, 790, 981 in the forward and reverse
orientations, as well as primers 8F and 1492R described before.1! Six additional sequencing
primers were also used, primers 1968F (5’GTCGTCAGCTCGTGTCGT GAG3’), 1083F
(5CGTGACATGTTGGGTTAAGTCY), 1127F (5’ ATTAGTTGCCATCATTCAGTTY),
1333R-(5CTAGCGATTCC GACTTCATGC3'), 180R
(5TCTCTCAAGACGTATGCGGTAZ), 591R (5CATCCTGCTTAAGTAACCGTCY).

We further analyzed a total of fifteen isolates representative for each year, from 1990 to
2005, of serotype 2a, PorA VR1-5 and VR2-2 types, ST-11 and 16S type 13; and one strain
(N.976/02) presenting 16S type 31, were chosen to be additionally analyzed by PFGE, as
previously described, using the restriction enzyme Spel.23:24 The strains LNP17592 and
LNP18359 were also included. Low Range PFG Marker was used for intragel
normalization. The restriction profiles were analyzed by visual comparison and by
computer-assisted using the Bionumerics software (Applied Maths, St-Martens-Latem,
Belgium). The Dice band-based similarity coefficient (Sp) was used with a band position
tolerance of 1.5% and an optimization of 0.5%.

For this study, we defined the Hajj-related N. meningitidis serogroup W135 clone as a group
of isolates presenting serotype 2a, PorA VR-5,2, ST-11, and 16S types 13, 14, or 31 that is
very closely (at least >80% similarity) related by PFGE with a Hajj-2000 outbreak strain.

The distribution of serotype and serosubtype of the 216 isolates is shown in Table 2.
Serotype 2a was the most frequent (149/216, 69%), followed by serotype 19,10 (41/216,
19%); all other serotypes occurred in fewer than 4.0% of isolates. Serosubtype P1.2 was the
most frequent (113/216, 52%), followed by serosubtypes P1.16 (39/216, 18%) and P1.5,2
(33/216, 15%); all other serosubtypes occurred in fewer than 1.8% of the isolates. The 216
N. meningitidis serogroup W135 isolates displayed 28 different serotype-serosubtype
antigen combinations. The three most common antigenic combinations were W135:2a:P1.2
(106/216, 49%), W135:19,10:P1.16 (36/216, 17%) and W135:2a:P.5,2 (30/216, 14%).

MLST, PorA, PorB2 and PorB3, FetA and 16S rRNA typing

Twenty-nine different STs were found among the 216 N. meningitidis serogroup W135
isolates (Table 2) and the relationships between closely related isolates are displayed (Fig.
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1). The 29 STs were grouped into eight different clonal complexes: ST-11 complex (n=
157/216, 73%), ST-174 complex (n = 44/216, 20%), ST-32 complex (n = 4/216, 2.0%),
ST-22 complex (n = 3/216, 1.0%), ST-167 complex (n = 2/216, 1.0%), ST-23 complex (n =
2/216, 1.0%), ST-41/44 Lineage 3 (n = 2/216, 1.0%) and ST-175 complex (n = 1/216,
1.0%). The most prevalent clonal complex, ST-11 complex, was represented by the
sequence type ST-11 (n=153/157, 97%). The second most prevalence clonal complex,
ST-174 complex was represented by sequence types ST-844 (n = 35/43, 81.0%) and nine
STs represented by only one isolate. From the total of 29 STs found, 14 (48%) were novel
STs, and 14 alleles were first described in this study. The novel STs were distributed among
six different clonal complexes, and eight (57%) of them belonged to ST-174 complex. Four
novel STs (ST-6302, ST-6307, ST-6308, ST-6342) were found being single locus variant
(SLV) from ST-11, ST-174 or ST-22. The ST-6303, ST-6304, ST-6309, ST-6310, ST-6311,
ST-6325, ST-6328, ST-6329 and ST-6353 and were found being double locus variant
(DLV) from ST-32, ST-41-44, ST-174 or ST-23. The remaining ST-6306 was assigned
without clonal complex.

Based on MLST data the studied collection was clustered into two major groups (ST-11 and
Non-ST-11). ST-11 group is composed by 157 (73%) N. meningitidis serogroup W135
isolates belonging to ST-11 complex/ET37 complex. All strains in this group express the
same STs, serotypes and PorAVR types as found on Hajj-related N. meningitidis serogroup
W135 strains. Non-ST-11 group is composed by 59 (27%) N. meningitidis serogroup W135
isolates of different ST complexes with a large diversity of STs, serotypes and PorA VR

types.

Among 216 isolates, we found 11 types of PorA VR1 and 15 types on PorA VR2. The most
common PorA VR1 and VR2 combination was VR1-5 and VR2-2 (154/216, 71.3%).
Thirteen alleles on PorB2 and PorB3 variants were found. The most prevalent alleles of
PorB2 were 2-145 (57/216, 26.4%) and 2-69 (62/216, 28.7%), and the allele 3-35 (41/216,
19%) of PorB3. Seventeen alleles on FetA variants were grouped in six families of FetA.
The most prevalent variant was F1-1 (155/216, 72.0%). The 16S rRNA gene typing revealed
eight different types: 13 (135/142, 95.0%), type 31 (1/142, 0.7%) and six new types
described in this study, (Table 2). Among all the isolates, only one strain (N.976/02) isolated
in Bahia State in 2001 was found to have all the phenotypic and genotypic characteristics of
the Hajj-2000 outbreak strain: W135:2a:P1.5,2, PorA VR type 5,2, ST-11, and 16S type 31.

Among the 16 isolates selected for PFGE, three distinct PFGE groups composed by seven
PFGE profiles were identified, with 79% overall relatedness (Fig. 2). Group 1 was
composed by only two PFGE profiles, sharing 84% similarity, the LNP17592 (Hajj-2000
outbreak strain) and the Brazilian strain N.976/02. The larger group (group 2) contained 11
isolates and that included the LNP18359 (Hajj-2000 outbreak negative control) showed 93%
similarity. Among the group 2, the PFGE patterns were seen that had <80% similarity to the
group containing the Hajj-2000 outbreak strain. The remaining group 3 presented three
PFGE profiles and included the oldest isolates, from 1990 to 1993, clustered with 94%
similarity (Fig. 2).
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Discussion

Over the past several decades, there have been several Hajj-related meningococcal
outbreaks. Moore et al.25 showed that N. meningitidis serogroup A belonging to the 111-1
clonal group was introduced into Mecca by South Asian pilgrims attending the 1987 Hajj.
Hajjis further disseminated this strain globally to both developed and developing countries
upon returning home.2% Since this outbreak, the Saudi government instituted a policy of
requiring that all foreign pilgrims provide evidence of vaccination against MD and many
pilgrims received a bivalent meningococcal A+C polysaccharide vaccine.2”

N. meningitidis serogroup W135 has generally been an uncommon cause of invasive MD
and had never been known to cause a major outbreak.?8 An international outbreak of N.
meningitidis serogroup W135 disease among pilgrims returning from Saudi Arabia and their
contacts was reported in 2000 and 2001, demonstrating the epidemic potential of this
serogroup.8-2% Subsequently, cases were reported in 16 countries.”-8 Therefore, the current
recommendation is for quadrivalent polysaccharide vaccine against N. meningitidis
serogroups A, C, W135, and Y for Hajj pilgrims in place of the commonly-used bivalent N.
meningitidis A+C polysaccharide vaccine.829

From 1990 to 2005, 81,850 cases of MD were reported in Brazil, but only 33% (n= 27,010
cases) were laboratory confirmed (Epidemiological Surveillance Office, personal
communication). Of those, N. meningitidis serogroups B, C and W135 isolates were
responsible for 63.0% (17,016 cases), 34% (9183 cases) and 1.5% (396 cases), respectively.
The remaining 1.5% (415 cases) was due to N. meningitidis Y, 29E and Z together (Instituto
Adolfo Lutz, National Reference Laboratory, Brazil).

We previously documented four epidemic lineages circulating in Brazil in a period over
three decades.3-530:31 We have characterized the hyperinvasive lineages ST-32 complex/
ET-5 complex, ST-11 complex/ET-37 complex, ST-8 complex/Cluster A4, and ST-103
complex in both N. meningitidis serogroup B and N. meningitidis serogroup C isolates. Our
rates of N. meningitidis serogroup W135 MD cases remain low, but we have observed a
slight increase of this serogroup over 25 years of laboratory-based surveil-lance. Whether
this is an artifact of surveillance or not is unclear but this serogroup is now the third most
common in Brazil, after serogroups B and C (National Reference Laboratory, Brazil). To
better understand the characteristics of N. meningitidis serogroup W135 isolated in Brazil,
we used genotypic approaches to characterize our collection of isolates recovered during the
last 16 years.

Previous studies demonstrated that a limited repertoire of antigen variants persists over time
and these tend to be associated with particular invasive clones.32:33 Our findings also
suggest this kind of association, 98% of FetA type F1-1 and 100% of PorB2-69:P1.5,2 and
PorB2-145:P1.5,2 combinations are associated with ST-11 complex/ET37 complex isolates.
We also found association between PorB3-35:P1.21,16 and ST-174 complex isolates.

Sacchi et al.22 identified 16S rRNA types that are exclusively associated with strains of
certain hypervirulent clones: 16S type 5 with Subgroup 111, 16S type 4 with ST-32
complex/ET5 complex and 16S types 12 and 13 with ST-11 complex/ET37 complex. A
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single 16S type (type 31) was identified among the 26 Hajj-2000 outbreak strains and one
sporadic isolate.19 Our results showed that 136 (86.6%) of the 157 Brazilian N. meningitidis
serogroup W135 ST-11 complex/ET37 complex strains are similar to the Hajj-related N.
meningitidis serogroup W135 clone (serotype 2a, PorA VR type 5,2, ST-11 and type 13),
and only one strain (N.976/02) presented 16S type 31 as the Hajj-2000 outbreak strain.

PFGE has previously been shown to discriminate between different members of the ST-11
complex/ET37 complex.1924 The present study demonstrated seven different profiles among
the 16 isolates of N. meningitidis serogroup W135 ST-11 complex/ET37 complex isolated in
Brazil from 1990 to 2005. The genetic diversity found among these isolates can be related to
the natural horizontal genetic exchange presented by N. meningitidis strains. Our PFGE data
also shows that Brazilian N. meningitidis serogroup W135 16S type 13 strains were not
related with the Hajj-2000 outbreak strain. However, with distinguishable PFGE profiles,
one Brazilian isolate of 16S type 31 was clustered with the Hajj-2000 outbreak strain. But as
previously shown, indistinguishable PFGE profile is not a condition for a particular strain to
be related to the Hajj-2000 outbreak strain.3# We hypothesize that the different clones of N.
meningitidis serogroup W-135 described in this study were introduced into Brazil over the
years, possibly from other countries.

In this study, we show that, during the last 16 years in Brazil, MD caused by N. meningitidis
serogroup W135 is mainly due to local isolates of the ST-11 complex/ET37 complex,
similar to what has been reported in others countries.24:34:35 Although we have found an
isolate closely related with the Hajj-2000 outbreak strain in our collection, we were not able
to establish any epidemiologic link between this related Hajj-2000 outbreak strain and the
Hajj pilgrimage. Unlike in other countries, this was an isolated case and the reasons why this
strain, which has been a major cause of outbreaks elsewhere, did not cause similar problems
in Brazil are unclear. Changes in virulence over time and immunity in the population may be
some of the reasons. A continued laboratory-based surveillance is recommended to evaluate
the dissemination of this clone in Brazil.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Minimum spanning tree analysis of N. meningitidis W135 strains. The large number within

each oval represents the ST and the clonal complex are indicated.
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16S Type Group

31 | 1

Dendrogram showing genetic relatedness of PFGE profiles among N. meningitidis serogroup
W135 strains of serotype 2a, PorA VR type 5,2 and ST-11. The LNP17592 corresponds the
Hajj-2000 outbreak strain. The strain identification number, 16S types and group are

indicated. Size markers in kb are shown above.
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