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Meningococcal carriage is a prerequisite for invasive infection. This cross-sectional study

assessed the pharyngeal carriage prevalence in healthy subjects aged 1–24 years in Embu

das Artes city, São Paulo, Brazil. Pharyngeal swabs were examined for the presence of Neis-

seria  meningitidis. The isolates were tested for different serogroups using agglutination and

polymerase chain reaction. A logistic regression model assessed any independent associa-

tion between Neisseria meningitidis carriage and various risk factors. A total of 87/967 subjects

(9%, 95% Confidence Interval (CI): 7.3–11.0) tested positive for N. meningitidis:  6.2% (95% CI:

3.8–9.4) in 1–4 years, 8.5% (95% CI: 5.1–13.0) in 5–9 years, 12.5% (95% CI: 7.8–18.6) in 10–14

years, 12.6% (95% CI: 7.4–19.7) in 15–19 years and 9% (95% CI: 4.9–14.9) in 20–24 years age

groups. Highest carriage prevalence was observed in adolescents 10–19 years old. Serogroup

C  was predominant (18.4%) followed by serogroup B (12.6%). The 15–19 years age group

showed a significant association between number of household members and carriers of

N.  meningitidis.  This cross-sectional study is the first in Brazil to evaluate meningococcal
nd associated factors in a wide age range.
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All swab specimens were tested using latex agglutination
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Introduction

Meningococcal disease is a serious, rapidly developing, and
potentially fatal disease affecting people worldwide with vary-
ing incidence depending on the geographical area.1 Around
1.2 million cases of meningococcal infection occur annually
with 135,000 related deaths.2 Neisseria meningitidis is one of
the major causes of bacterial meningitis globally.3 Pharyngeal
carriage of N.  meningitidis has been considered to be a prereq-
uisite for the development of invasive meningococcal disease
(IMD) and known to be essential for transmission.4 The exact
mechanism by which a pharyngeal colonization changes into
an invasive disease status is not entirely clear. The possible
mechanisms that have been suggested are bacterial virulence
factors, host susceptibility, including age, prior viral infection,
and smoking may ultimately lead to invasive meningococ-
cal disease.5,6 N. meningitidis serogroups A, B, C, W,  Y, and X
account for the majority of IMD  cases.2 Globally, meningococ-
cal carriage rates between 5% and 24% have been reported for
children and adolescents.7

Meningococcal disease is endemic in Brazil and 1.5–2.0
cases per 100,000 inhabitants were reported during
2000–2009.8 Outbreaks of IMD  caused by various serogroups
have been reported.9,10 Since 2002, the proportion of cases
attributed to meningococcal serogroup C has increased signif-
icantly and it is now the most frequent serogroup.1,11,12 After
this serogroup C epidemic, Brazil included the meningococcal
C conjugate vaccine into the National Immunization Program
in 2010.1,12 In addition, studies describing meningococci
carriage in Brazil are limited, with few specific studies in ado-
lescents and young adults.8,12–14 No recent data are available
on carriage across different age groups from infancy to adult-
hood and this remains a key knowledge gap. Further data are
needed to help understand both the serogroup distribution
and disease transmission as they may be useful to help iden-
tifying the age groups with higher carriage prevalence rates
that could be targeted for vaccination against meningococcal
disease and to assess the impact of current vaccination
strategies. This information is crucial to support the use of
monovalent meningococcal C conjugate vaccine and to gauge
if there is a need for another meningococcal vaccine in the
country. In this perspective, this cross-sectional study was
conducted to assess the prevalence of N. meningitidis carriage
and associated factors in among children and adolescents
aged 1–24 years.

Materials  and  methods

Study  design  and  subjects

This was a cross-sectional study (GSK study identifier: 113609)
conducted in one co-ordinating center, Universidade Federal
de São Paulo, in partnership with the Municipal Secretari-
ats of Health and Education in the city of Embu das Artes,
São Paulo State, Brazil. Embu das Artes had a population of

240,230 in 2010, with 75% living in the suburbs, and 25% in
the city center.15 The city municipality has 14 Basic Health-
care Units (UBS). Subjects were recruited from six UBS (four
 1 7;2  1(6):587–595

in suburbs and two in city center). Also, students from pri-
mary  (6–14 years) and secondary grades (15–18 years) from
three schools were invited; two schools in the suburbs and
1 in the city center. Each subject received a single visit.

At the time of enrolment, subjects aged 1–24 years were
stratified by age into five groups, i.e. 1–4 years, 5–9 years, 10–14
years, 15–19 years and 20–24 years. This study is part of a larger
study assessing seroprevalence of hepatitis A virus (HAV),
varicela-zoster virus (VZV), and meningococcal carriage. For
the computation of sample size, HAV seroprevalence per age
group was considered. After adjusting for 10% non-evaluable
subjects, it was planned to enroll 1000 subjects (333 subjects in
1–4 years, 222 in 5–9 years, 167 in 10–14 years, 139 each in 15–19
years and 20–24 years age group) in order to have 900 evaluable
subjects (300, 200, 150, 125, and 125 subjects in 1–4, 5–9, 10–14,
15–19 and 20–24 years age group, respectively). Once the target
number was reached in a particular age group, enrolment was
to be terminated for that age group. The study was conducted
from October 2011 to May 2012.

All subjects aged 1–24 years, living in Embu das Artes,
São Paulo were eligible to be enrolled in the study. The study
was approved by the Ethics Committee of Universidade Fed-
eral de São Paulo/Hospital São Paulo, São Paulo, Brazil and
conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. Written informed con-
sent was obtained from the subject/parents/legally acceptable
representatives of the subject prior to the performance of
any study-specific procedure. A written informed assent was
obtained from subjects aged >10 years and below the legal age
of consent according to local regulations.

Assessments

Recording  of  demographic  and  socioeconomic  variables
The subject or parents/legally acceptable representatives of
the subjects enrolled in the study were provided a ques-
tionnaire to inquiring about age, gender, area of residence,
socioeconomic factors, and previous history of medical
and meningococcal vaccination. The socioeconomic factors
included family income (total or per capita), number of house-
hold members, attendance to an educational establishment
(public or private), and type of health system used by subjects
(public or private).

Laboratory  assays
A pharyngeal alginate swab was collected from the poste-
rior pharyngeal wall of each subject and placed in a tube
with 1-mL Skim Milk Tryptone Glucose Glycerine (STGG)
transport medium and sent to the central laboratory of Uni-
versidade Federal de São Paulo at room temperature (20–26 ◦C)
within five hours for subsequent analysis. An aliquot of 100 �L
was plated onto selective Thayer-Martin medium modified
with VCNT (vancomycin, colistin, nystatin and trimethoprim).
for species identification and serogroups A, B, C, W,  and Y.
In parallel, real-time polymerase-chain reactions (qPCR) for
meningococcal identification and genogroups A, B, C, W,  X
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Table 1 – Sociodemographic characteristics of study
subjects.

N (total = 967) (%)

Age group

1–4  years 323 33.4
5–9 years 213 22.1
10–14 years 160 16.5
15–19 years 127 13.1
20–24 years 144 14.9

Gender
Female 497 51.4
Male 470 48.6

SES
Low 907 93.8
Medium 52 5.4
Unknown 8 0.8

Health System used
Public 138 97.0
Private 24 2.5
N.A. 5 0.5

Public  176 18.2
b r a z j i n f e c t d i s .

nd Y were performed at Instituto Adolfo Lutz for all swab
amples.

NA  extraction  and  quantitative  PCR
n aliquot of 200 �L from pharyngeal swab samples were
xtracted and purified using a MagNA  Pure LC Robot Instru-
ent with LC MagNA  Pure Nucleic Acid Isolation kit I

rom Roche Applied Science, according to the manufacturer’s
nstructions. In this study, qPCR amplification was performed
y TaqMan probe systems for the detection of N. meningitidis
trA, sodC, and capsular biosynthesis genes as targets for A,
, C, W,  X, and Y serogroups of N. meningitidis in all positive
amples. All qPCR reactions were performed using the 7500
BI PCR platform (Applied Biosystems, USA). Samples were
eemed positive when showing an amplification curve and
ulti-component characteristics with a cycle threshold cut-

ff value ≤38.16,17

tatistical  analysis

ll analyses included subjects who met  the eligibility criteria
nd complied with all the procedures. The study assessed if
. meningitidis carriage was associated with any socioepidemi-
logical and clinical characteristics such as socioeconomic
tatus, vaccination status, type of health system and educa-
ional facility used, antibiotic use, and history of meningitis
sing a logistic regression model.

The variables gender, per capita income (low/medium/
igh), surrogate variable for socioeconomic status (SES), and
isk factors (whether the child attended day care centers,
ttendance in school, education level, number of house-
old members, vaccination status, health insurance, disease
istory, previous antibiotic usage, etc.) were included as inde-
endent variables for each age-group. This multiple logistic
egression was used to assess the independent association
etween Neisseria meningitidis carriage and selected risk fac-
ors. Using the backward selection strategy (with p-value of
.20 to stay in the model – SLSTAY = 0.20) and the method
f Maximum Likelihood to estimate the parameters, the final
odel identified the risk factors significantly associated with

arriage.

esults

verall  pharyngeal  carriage  prevalence  of  N.  meningitidis

 total of 968 subjects provided informed consent. Of those,
67 pharyngeal swabs were available, one sample missing in
he 15–19 year group. Sociodemographic distributions of sub-
ects are shown in Table 1. The prevalence of N. meningitidis
haryngeal carriage by age group is presented in Table 2.

Out of the 967 subjects, there were 87 carriers of N. menin-
itidis [9.0%; 95% confidence interval (CI): 7.3–11.0%]. Higher
ercentages of positive subjects per age group were observed

n the age categories of 15–19 (12.6%, 95% CI: 7.4–19.7) and

0–14 (12.5%, 95% CI: 7.8–18.6) years, respectively (Table 3).
he majority belonged to mixed races (n = 84), one subject was
f African/African-American heritage, while two were of Cau-
asian/European heritage.
Educational facility
used

Private 20 2.0
N.A. 771 79.8

Of the 87 carriers, ctrA and sodC target genes were detected
in 58 (6%) whereas in 29 (3%) only sodC was detected. Of
those58 positive samples 32 were characterized as genogroups
C (16; 50%), B (11; 34%), Y (4; 13%), X (1; 3%), and 26 were nega-
tive in the genogrouping assay. In total, 5.8% of samples had N.
meningitidis with invasive properties and 2.9% had no invasive
power.

Distribution  of  serogroups  for  N.  meningitidis-positive
subjects  by  age  group

Overall, among the 87 carriers, N. meningitidis serogroups C and
B were the most common with positivity rates of 18.4% (95%
CI: 10.9–28.1) and 12.6% (95% CI: 6.5–21.5), respectively. The
highest percentage of serogroup B was found in the age group
20–24 years (23.1%, n = 3), serogroup C to in the age group 15–19
years (37.5%, n = 6), and serogroup Y in group 5–9 years (11.1%,
n = 2) as shown in Fig. 1. Furthermore, serogroups W,  X, and E
were identified in one subject each (Fig. 1). Another 53 (60.9%)
subjects were non-groupable, i.e. negative in the genogrouping
assay for N. meningitidis serogroups A, B, C, W,  Y, and X, but
positive for N. meningitidis. No cases with serogroup A were
identified.

Positivity  rate  of  N.  meningitidis  by  socioepidemiological
and clinical  characteristics

Results are summarized in Table 3.

Positivity  rate  by  SES
The majority of the N. meningitidis-positive subjects fell under
low SES group (n/N = 83/907) as shown in Table 3.

Positivity  rate  by  health  system  (type  of  health  insurance)
and educational  facility  used

Overall, 9.2% (95% CI: 7.3–11.3) of the 938 subjects using the
public health system were positive and subjects in the age
groups 10–14 and 15–19 years recorded the highest pharyn-
geal carriage prevalence of 12.8% each (95% CIs: 7.8–19.8 and
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Table 2 – Prevalence of positive N. meningitidis carriage by age group.

1–4 yearsN = 323 5–9 yearsN = 213 10–14 yearsN = 160 15–19 yearsN = 127 20–24 yearsN = 144 TotalN = 967
n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Positive for N. meningitidis 20 (6.2) 3.8–9.4 18 (8.5) 5.1–13.0 20 (12.5) 7.8–18.6 16 (12.6) 7.4–19.7 13 (9) 4.9–14.9 87 (9) 7.3–11.0

N, total number of subjects in a given age category; n, number of subjects in a given laboratory result category; 95% CI, 95% confidence interval.
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Fig. 1 – Number (n) of N. meningitidis positive subjects in each serogroup stratified by age range.
N = total number of N. meningitidis positive subjects in a given age category.
“Others” includes non-groupable and serogroups E and X. (Serogroups E and X had 1 subject each in 5–9 years and 20–24

year age groups, respectively.).

7.3–20.8, respectively) (Table 2). A total of 196 subjects aged
≤9 years attended an educational establishment; 176 and 20
subjects used a public and private educational facility, respec-
tively. Of these, 5.7% (95% CI: 2.7–10.5) and 5% (95% CI: 0.1–27.9)
were found positive, respectively. As per age group distribu-
tion, 4.9% (95% CI: 2.0–10.2) and 8.8% (95% CI: 1.8–25.8) subjects
using a public educational establishment tested positive in the
age groups 1–4 years and 5–9 years, respectively. The only sub-
ject who  used a private educational establishment and tested
positive for N. meningitidis was in the 1–4 year group (Table 3).

By  vaccination  status
Among 967 subjects (174 vaccinated, 778 not vaccinated, and
15 subjects with unknown vaccination status), 10 (5.75%; 95%
CI: 2.76–10.57) were vaccinated against meningococcal disease
(Table 2). Out of 127 subjects (three vaccinated, 123 non vac-
cinated and one subject with unknown vaccination status)
carrying N. meningitidis, the highest percentage of subjects vac-

cinated against meningococcal disease were in the age group
15–19 years (n = 2; 66.7%; 95% CI: 8.1–240.8) (Table 2). Of the
174 vaccinated subjects, 10 (5.8%; 95% CI: 2.8–10.6) were posi-
tive and a large majority (n = 167; 95.9%) were in the age group
1–4 years with a N. meningitidis pharyngeal carriage prevalence
of 4.8% (95% CI: 2.1–9.4) vs. 8.5% in unvaccinated subjects.

By  history  of  meningitis  and  contact  with  a  meningitis
affected  patient
Among the 967 enrolled subjects, seven subjects had a pre-
vious history of meningitis and none of them tested positive
for N. meningitidis carriage (Table 2). Otherwise, out of 24 sub-
jects who had contacts with meningitis-affected patients, four
(16.7%; 95% CI: 4.5–42.7) showed evidence of bacteria carriage.
Age distribution of subjects is shown in Table 2.

By  use  of  antibiotics
Ten of the 193 subjects (5.2%) who took antibiotics (rifampin,
ciprofloxacin, ceftriaxone, cefotaxime, moxifloxacin, lev-
ofloxacin, or azitromycin) in the three months prior to
inclusion were positive for N. meningitidis. The highest pha-

ryngeal carriage prevalence of N. meningitidis was observed
in the age group 15–19 years (11.8%). However, the statistical
significance of this finding is uncertain as a result of overlap-
ping confidence intervals (95% CI: 1.4–42.5) (Table 3).
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Table 3 – Pharyngeal carriage of N. meningitidis by socioepidemiological and clinical characteristics.

Characteristics Categories 1–4 years
(n = 20/N  = 323)

5–9  years
(n = 18/N  = 213)

10–14  years
(n = 20/N  = 160)

15–19  years
(n = 16/N  = 127)

20–24  years
(n = 13/N  = 143)

Total
(n  = 87/N  = 967)

n/N (%) 95% CI n/N (%) 95% CI n/N (%) 95% CI n/N (%) 95% CI n/N (%) 95% CI n/N (%) 95% CI

Gender
Female 7/139 (5.0) (2.0–10.4) 9/106 (8.5) (3.9–16.1) 12/70 (17.1) (8.9–30.0) 10/77 (13.0) (6.2–23.9) 9/105 (8.6) (3.9–16.3) 47/497 (9.5) (7.0–12.6)
Male 13/184 (7.1) (3.8–12.1) 9/107 (8.4) (3.9–16.0) 8/90 (8.9) (3.8–17.5) 6/50 (12.0) (4.4–26.1) 4/39 (10.3) (2.8–26.3) 40/470 (8.5) (6.1–11.6)

SES
Low 20/312 (6.4) (3.9–9.9) 18/205 (8.8) (5.2–13.9) 20/155 (12.9) (7.9–19.9) 15/117 (12.8) (7.2–21.2) 10/118 (8.5) (4.1–15.6) 83/907 (9.2) (7.3–11.3)
Medium 0/11 (0.0) (0.0–33.5) 0/7 (0.0) (0.0–52.7) 0/5 (0.0) (0.0–73.8) 0/5 (0.0) (0.0–73.8) 3/24 (12.5) (2.6–36.5) 3/52 (5.8) (1.2–16.9)
Unknown 0/0 (–) (0.0–100.0) 0/1 (0.0) (0.0–368.9) 0/0 (–) (0.0–100.0) 1/5 (20.0) (0.5–111.4) 0/2 (0.0) (0.0–184.4) 1/8 (12.5) (0.3–69.7)

Health system useda
Public 19/314 (6.1) (3.6–9.5) 18/208 (8.7) (5.1–13.7) 20/156 (12.8) (7.8–19.8) 16/125 (12.8) (7.3–20.8) 13/135 (9.6) (5.1–16.5) 86/938 (9.2) (7.3–11.3)
Private 0/7 (0.0) (0.0–52.7) 0/3 (0.0) (0.0–123.0) 0/4 (0.0) (0.0–92.2) 0/1 (0.0) (0.0–368.9) 0/9 (0.0) (0.0–41.0) 0/24 (0.0) (0.0–15.4)
N.A. 1/2 (50.0) (1.3–278.6) 0/2 (0.0) (0.0–184.4) 0/0 (–) (0.0–100.0) 0/1 (0.0) (0.0–368.9) 0/0 (0.0) (0.0–100.0) 1/5 (20.0) (0.5–111.4)

Educational facility
usedb

Public 7/142 (4.9) (2.0–10.2) 3/34 (8.8) (1.8–25.8) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 10/176 (5.7) (2.7–10.5)
Private 1/17 (5.9) (0.2–32.8) 0/3 (0.0) (0.0–123.0) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 1/20 (5.0) (0.1–27.9)
N.A. 12/164 (7.3) (3.8–12.8) 15/176 (8.5) (4.8–14.1) 20/160 (12.5) (7.6–19.3) 16/127 (12.6) (7.2–20.5) 13/144 (9.0) (4.8–15.4) 76/771 (9.9) (7.8–12.3)

Vaccination status

Yes 8/167 (4.8) (2.1–9.4) 0/1 (0.0) (0.0–368.9) 0/3 (0.0) (0.0–123.0) 2/3 (66.7) (8.1–240.8) 0/0 (–) (0.0–100.0) 10/174 (5.8) (2.8–10.6)
No 12/142 (8.5) (4.4–14.8) 18/212 (8.5) (5.0–13.4) 20/157 (12.7) (7.8–19.7) 14/123 (11.4) (6.2–19.1) 13/144 (9.0) (4.8–15.4) 77/778 (9.9) (7.8–12.4)
Unknown 0/14 (0.0) (0.0–26.4) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/1 (0.0) (0.0–368.9) 0/0 (–) (0.0–100.0) 0/15 (0.0) (0.0–24.6)

History of Meningitis
Yes  0/1 (0.0) (0.0–368.9) 0/1 (0.0) (0.0–368.9) 0/2 (0.0) (0.0–184.4) 0/1 (0.0) (0.0–368.9) 0/2 (0.0) (0.0–184.4) 0/7 (0.0) (0.0–52.7)
No 20/322 (6.2) (3.8–9.6) 18/212 (8.5) (5.0–13.4) 20/158 (12.7) (7.7–19.6) 16/123 (13.0) (7.4–21.1) 13/140 (9.3) (4.9–15.9) 87/955 (9.1) (7.3–11.2)
Unknown 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/3 (0.0) (0.0–123.0) 0/2 (0.0) (0.0–184.4) 0/5 (0.0) (0.0–73.8)

History of
meningitis and
contacts with
meningitis affected
patients

Yes 1/4 (25.0) (0.6–139.3) 1/6 (16.7) (0.4–92.9) 1/3 (33.3) (0.8–185.7) 0/4 (0.0) (0.0–92.2) 1/7 (14.3) (0.4–79.6) 4/24 (16.7) (4.5–42.7)
No 19/318 (6.0) (3.6–9.3) 17/205 (8.3) (4.8–13.3) 19/151 (12.6) (7.6–19.6) 15/118 (12.7) (7.1–21.0) 12/130 (9.2) (4.8–16.1) 82/922 (8.9) (7.1–11.0)
Unknown 0/1 (0.0) (0.0–368.9) 0/2 (0.0) (0.0–184.4) 0/6 (0.0) (0.0–61.5) 1/5 (20.0) (0.5–111.4) 0/7 (0.0) (0.0–52.7) 1/21 (4.8) (0.1–26.5)

Use of antibiotics

Yes 6/106 (5.7) (2.1–12.3) 2/35 (5.7) (0.7–20.6) 0/16 (0.0) (0.0–23.1) 2/17 (11.8) (1.4–42.5) 0/19 (0.0) (0.0–19.4) 10/193 (5.2) (2.5–9.5)
No 13/214 (6.1) (3.2–10.4) 16/178 (9.0) (5.1–14.6) 20/144 (13.9) (8.5–21.5) 14/109 (12.8) (7.0–21.6) 13/123 (10.6) (5.6–18.1) 76/768 (9.9) (7.8–12.4)
Unknown 1/3 (33.3) (0.8–185.7) 0/0 (–) (0.0–100.0) 0/0 (–) (0.0–100.0) 0/1 (0.0) (0.0–368.9) 0/2 (0.0) (0.0–184.4) 1/6 (16.7) (0.4–92.9)

N, number of subjects for whom the test was performed; n, number of N. meningitidis positive subjects in that category; 95% CI, 95% confidence interval; SES, socio economic status; N.A., not applicable.
Low, per capita value ≤559 BRL (Brazilian Real); medium, per capita value between 560 and 1120 BRL; high, per capita value ≥1121 BRL.
a Type of health insurance.
b Applicable only for age groups ≤9 years of age.
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Regression  analysis

A logistic regression model on seroprevalence considering
gender, per capita income, and surrogate variable for socioeco-
nomic status, antibiotic use, and risk factors as independent
variables was constructed by age group in accordance with
the study objectives (Table 4). Among the various risk factors
studied for N. meningitidis carriage, a significant association
was found for the number of positive household members in
the age group 15–19 years (p ≤ 0.02). The risk of pharyngeal
carriage increased with the number of household members
considered as a continuous variable in the logistic regression
model (Odds Ratio: 1.35; 95% CI: 1.1–1.7).

Discussion

Four epidemic outbreaks have been reported in São Paulo in
the last century. The first two outbreaks, occurring in 1920
and 1944, were caused by meningococcal serogroup A.18,19 The
third (serogroup C – 1971) and fourth (serogroup A – 1974)
outbreaks were characterized by two overlapping epidemic
waves. Until then, the prevalence of serogroup C had not been
associated with major outbreaks. This epidemic provided the
impetus for first major mass testing of polysaccharide A and
C vaccines resulting in control of the epidemic by 1975.9,18,19

In the late 1980s, epidemics due to serogroup B occurred in
several locations across the country, demonstrating the highly
variable and unpredictable epidemiology of this disease.

Since 2002, a significant increase in the proportion of cases
attributed to serogroup C has been observed in São Paulo20

and other regions21 across Brazil making it in 2010 the most
frequent serogroup causing meningococcal disease in the
country.8,9 A meningococcal C conjugate vaccine (MCC) was
introduced to the Brazilian Immunization Program in Decem-
ber 2010 for children under two years of age.

Despite the importance of N. meningitidis carriage for trans-
mitting the disease, limited data describing N. meningitidis
carriage in Brazil are available.8,12,13 Looking for covering this
gap, this study assessed the N. meningitidis carriage in a wider
age range, from childhood to young adult from a selected city
of São Paulo state.

In this study, the overall carriage prevalence observed was
similar to those observed in other studies.8,11,13 Although the
carriage rate in children was not negligible, the highest car-
riage prevalence was observed in adolescents 10–19 years old.

Two years after the introduction of meningococcal C con-
jugate vaccination program in Brazil (2011–2012), high vaccine
coverage (90–95%) was achieved, and a 50% reduction in the
incidence of disease in the vaccinated cohort was demon-
strated. However, no impact was observed in other age
groups.12 Clearly, vaccinating only young children, who are
not the main reservoir of N. meningitidis, will not result in herd
protection.12,22,23 Our study results show that the highest car-
riage prevalence has been observed in older adolescents and

young adults, similar to other studies.7,13,24 This age group
should be included in a catch-up vaccination program, to
achieve herd protection and successful meningococcal C dis-
ease control.
 1 7;2  1(6):587–595

This study started 10 months after the introduction of
the MCC vaccine in the National Immunization Program
for children under two and some of the participants have
received MCC  vaccine. We  observed a higher prevalence of
pharyngeal carriage among unvaccinated (8.5%) than among
vaccinated subjects (4.8%). MCC vaccination prevents acqui-
sition of carriage, which is not observed with polysaccharide
vaccines.8

In our study sample, serogroup C was the dominant
serogroup followed by serogroup B. These results are aligned
with another recent study on 11–19 year-old adolescents
in Campinas, Brazil where serogroup C was also the most
prevalent serogroup.25 However, differences in prevalence of
serogroups across geographical regions have been observed.
While recent studies on meningococcal carriage in Europe24

and particularly in United Kindom26 have identified serogroup
B as the most prevalent serogroup, in another study conducted
in Africa it was serogroup W.27,28 These data suggest a regional
variation in serogroup meningococcal carriage.

In this study the pharyngeal carriage prevalence of N.
meningitidis was also evaluated on the basis of different risk
factors. Higher pharyngeal carriage prevalence was observed
in previously unvaccinated subjects, who used the public
health system, and attended public educational institutions.
Higher pharyngeal carriage prevalence was also seen in sub-
jects with no previous history of meningitis, those with a
previous history of contact with a meningitis-affected patient,
and those who had not used antibiotics previously. However,
no significant association (p ≤ 0.05) was observed between
carriage prevalence and risk factors in the multivariate anal-
ysis. Nonetheless, an increase in the number of household
members was found to be independently associated with an
increased risk of meningococcal carriage in the logistic regres-
sion analyses.

The strength of this study is that it was population-based
where subjects across a wide age-range were recruited from
different facilities like health care centers, day care centers
and schools thereby covering a wider population and giving
better surveillance. Further, qPCR, a sensitive technique, was
used in this study for detection of different serogroups. A lim-
itation of this study is that the selected population constitutes
a convenience sample and the results cannot be extrapolated
to all communities in Brazil and its external validity may be
subject to criticism. However, the results found by age-group
are consistent with those reported in the literature.29–31 A
low sample size in some age groups could have also been
a limitation of this study. The fact that we did not assessed
the association between smoking habits of older subjects (or
household members) and risk of N. meningitidis carriage con-
stitutes another limitation. As mentioned earlier, 60.9% of
meningococci carriers (n = 53) identified in the current study
remained non-groupable, i.e. not capsulated. However, this
should not be seen as a limitation of the study. In fact, most
carrier isolates have been shown to lack capsule production.
Approximately 50% of the strains isolated from carriers lack
capsule and are therefore serologically not groupable.32,33 In
one of the studies on meningococcal carriage prevalence in

Chile, 65% of isolated strains were non-groupable.34 Similar
high percentages of non-groupable strains have been reported
in other studies.8,35
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Table 4 – Risk factors by age group independently associated with N. meningitidis carriage in multiple logistic regression.

Age group Model section Characteristics p-value Odds ratio (OR)a 95% CI of OR

LL UL

1–4
years

Saturated
model

Number of household members 0.2993 1.135 0.894 1.441
Gender (female vs male) 0.6136 0.777 0.292 2.070
Day care centers (private vs public) 0.7688 0.659 0.041 10.656
Vaccination status (yes vs no) 0.1340 0.480 0.184 1.254
Previous antibiotic usage (yes vs no) 0.8837 1.079 0.389 2.991

Final model Previous antibiotic usage (yes vs no) 0.8751 0.923 0.340 2.504

5–9
years

Saturated
model

Number of household members 0.3581 1.129 0.872 1.462
Gender (female vs male) 0.9909 1.006 0.382 2.649
Previous antibiotic usage (yes vs no) 0.4675 0.564 0.120 2.642

Final model Nil

10–14
years

Saturated
model

Number of household members 0.1570 1.179 0.939 1.480
Gender (female vs male) 0.1193 2.155 0.820 5.660
Scholarity level (secondary vs basic) 0.7926 1.149 0.408 3.239
Scholarity level (high school vs basic) 0.9833 0.000 < 0.001 .

Final
model

Number of household members 0.1590 1.179 0.937 1.484
Gender (female vs male) 0.1245 2.128 0.812 5.574

15–19
years

Saturated
model

Number of household members 0.0186 1.349 1.051 1.731
Gender (female vs male) 0.9336 1.051 0.324 3.414
Employment (informal vs formal) 0.5018 2.173 0.226 20.926
Vaccination status (yes vs no) 0.0702 15.240 0.799 290.845
Previous antibiotic usage (yes vs no) 0.5268 0.564 0.095 3.327

Final
model

Number of household members 0.0316 1.301 1.023 1.653
Vaccination status (yes vs no) 0.0349 14.998 1.212 185.593

20–24
years

Saturated
model

Number of household members 0.1871 0.751 0.491 1.149
Gender (female vs male) 0.7601 0.818 0.225 2.972
Monthly family per capita income (medium vs low) 0.8753 1.137 0.229 5.632
Employment (informal vs formal) 0.3723 2.052 0.423 9.955

Final model Number of household members 0.1500 0.744 0.497 1.113

95% CI, 95% confidence interval of odds ratio; LL, lower limit; UL, upper limit.
Note 1: Final model is based on the backward elimination strategy using logistic regression with SLSTAY = 0.20; Note 2: some of the independent

.
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variables were not included in the model due to lack of observations
a Adjusted odds ratio.

This was the first study in Brazil evaluating the meningo-
occal carrier state in a wide age range. This study revealed
hat both the age groups 10–14 and 15–19 years had similarly
igh pharyngeal carriage prevalence of N. meningitidis in Embu
as Artes. Vaccination programs should consider the inclu-
ion of catch-up cohorts to achieve herd protection with direct
nd indirect effects of vaccination. Serogroup C was the most
redominant, followed by serogroup B, and to a lesser extent
erogroups Y and W.  Due to the impact of meningococcal C
accination and highly variable and unpredictable epidemi-
logy of meningococcal disease, a constant surveillance is
equired. This study will further add to our understanding of

eningococcal disease epidemiology in Brazil and may assist
n developing future vaccination strategies.
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