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Abstract

Background

During a citywide epidemic of serogroup C meningococcal disease in Salvador in 2010,
Brazil, the state government initiated mass vaccination targeting two age groups with high
attack rates: individuals aged <5 years and 10—24 years. More than 600,000 doses of me-
ningococcal serogroup C conjugate vaccines were administered. We performed a case-
control study to evaluate vaccine uptake, document vaccine effectiveness and identify rea-
sons for non-vaccination.

Methods and Findings

Population-based surveillance identified patients with laboratory-confirmed invasive meningo-
coccal C (MenC) disease during 2010. Information on MenC vaccination was obtained from
case patients and age-matched individuals from the same neighborhoods. MenC vaccine ef-
fectiveness was estimated based on the exact odds ratios obtained by conditional logistic re-
gression analysis. Of 51 laboratory-confirmed cases of serogroup C meningococcal disease
among patients <5 and 10-24 years of age 50 were included in the study and matched with
240 controls. Overall case-fatality was 25%. MenC vaccine coverage among controls in-
creased from 7.1% to 70.2% after initiation of the vaccination campaign. None of the 50 case
patients but 70 (29.2%) of the 240 control individuals, including 59 (70.2%) of 84 matched with
cases from the period after MenC vaccination, had received at least one MenC vaccine dose.
Overall effectiveness of MenC was 98% with a lower 95% exact confidence limit of 89%.

Conclusions

MenC vaccines administered during the meningococcal epidemic were highly effective,
suggesting that rapid vaccine uptake through campaigns contributed to control of
meningococcal disease.
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Introduction

Neisseria meningitidis causes severe and life-threatening invasive diseases, such as meningitis
and meningococcal sepsis. Despite timely antibiotic treatment, case-fatality often exceeds 10%
and one quarter of survivors develop significant neurological disabilities or require limb ampu-
tation [1]. Meningococcal disease affects individuals of all age groups, but incidence is highest
among children under five years of age. During epidemics and in outbreak situations, menin-
gococcal disease incidence tends to increase mainly among older children, adolescents and
young adults [2].

An epidemic of serogroup C meningococcal disease occurred in 2010 in the city of Salvador,
the state capital and third most populous city of Brazil (estimated population 2.7 million, in
2010). To combat the epidemic, the state government introduced a conjugate vaccine against
serogroup C meningococcal (MenC) disease for children <5 years prior to national introduc-
tion of MenC vaccination in Brazil’s National Immunization Program. However, incidence of
meningococcal disease continued to increase among older children and adolescents. Therefore,
the MenC vaccination campaign was gradually extended to also include those 10-24 years of
age. In total, more than 611,673 doses of MenC vaccine were administered during the cam-
paigns with estimated coverage of 92% among the target population of children aged <5 years,
80% among 10-14 year olds, 67% among 15-19 year olds and 41% among adults aged 20-24
years [3]. Mass vaccination of residents of Salvador was associated with decreased MenC inci-
dence in targeted age groups [3]. Although MenC cases continued to occur, no confirmed cases
of serogroup C meningococcal disease were reported among vaccinated individuals.

In order to estimate the effectiveness of MenC vaccination in containing this citywide epi-
demic of serogroup C meningococcal disease and to collect information on uptake of MenC
vaccine among targeted age groups and on reasons for non-vaccination in areas in which cases
occurred, we conducted a case-control study of confirmed cases of serogroup C meningococcal
disease identified before and after mass vaccination.

Materials and Methods
Mass vaccination against meningococcal serogroup C disease

MenC vaccine was introduced in four stages: vaccination of children <5 years of age began in
February, 2010; followed by mass vaccination of children 10-14 years of age on 30-31 May; ad-
olescents 15-19 years of age on 12-13 June; and adults 20-24 years on 14-15 August, 2010.
Children <12 months received two doses of MenC vaccine in the first six months of life fol-
lowed by a third dose at 12-15 months of age; all other age groups received just one vaccine
dose, including those 12-59 months of age in February 2010. Initially, MenC-tetanus toxoid
conjugate vaccine (MenC-TT, Neisvac, Baxter vaccines) was used in the vaccination campaigns,
being replaced by MenC-CRM197 conjugate vaccine (Novartis vaccines) in August, 2010 [3].

Surveillance for meningococcal disease cases

Cases of meningococcal disease were identified between January 1** and December 31° of 2010
as part of ongoing, population-based surveillance in Salvador, Brazil [4]. Reporting of sus-
pected cases of meningococcal disease to health authorities is mandatory in Brazil. During
2010, the state reference hospital for infectious diseases (Couto Maia Hospital) reported 86% of
the suspected cases of meningococcal disease in the city of Salvador, Brazil. We used two meth-
ods to ascertain meningococcal disease cases. First, we performed active hospital-based surveil-
lance at Couto Maia Hospital by reviewing laboratory records five days a week to identify
patients with evidence of N. meningitidis infection in blood or cerebrospinal fluid. In addition,
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we assessed the national Notifiable Diseases Information System [Sistema de Informagdo de
Agravos de Notificagdo (SINAN)] to identify cases of meningococcal disease from other public
or private health facilities in Salvador.

We included in this case-control study all cases of laboratory confirmed serogroup C me-
ningococcal disease among residents of Salvador, Brazil in age groups targeted for MenC vacci-
nation (<5 years of age or 10-24 years of age). A laboratory-confirmed case of meningococcal
disease was defined as isolation of N. meningitidis from blood or cerebrospinal fluid (CSF)
from a patient with at least three clinical signs or symptoms of meningococcal disease (fever,
headache, vomiting, neck stiffness, meningeal irritation, seizures, petechial or purpural rash).
Patients with laboratory-confirmed N. meningitidis disease caused by a non-C serogroup and
those for whom serogroup were not determined were excluded from the case-control study. Pa-
tients with clinical signs and symptoms compatible with meningococcal disease without labo-
ratory confirmation were not included.

N. meningitidis isolation and serogrouping

N. meningitidis isolated from patients with meningococcal disease were sent to the Central
Public Health Laboratory for the state of Bahia and/or to the Molecular Biology and Pathology
Laboratory at the Gongalo Moniz Research Center, Oswaldo Cruz Foundation, in Salvador for
characterization using serogroup-specific antisera (Difco Laboratories, Detroit, MI, USA) [4,5].

Control selection

For each case we attempted to select four or eight community controls, matched with cases by
age and neighborhood of residence. Age-matching was performed according to targeted age
groups for vaccination: <5, 10-14, 15-19 and 20-24 years of age. Four controls were matched
with cases that occurred before MenC vaccination campaigns for each targeted age group,
while eight controls were matched for cases that occurred after MenC vaccination campaigns.
We increased the number of control individuals for the period after MenC vaccination cam-
paigns because we expected fewer cases and higher vaccination coverage among controls in
that period. To identify four eligible control individuals in the same age group as case-patients
with illness onset before vaccination campaigns, study teams searched residences or apart-
ments beginning with the residence immediately to the left of the case-patient household and
continuing to visit each of the first four residences to the left, then each of the first four resi-
dences to the right, then the residence facing the case-patient household, and each of the four
residences to the left and right of that residence. To identify eight eligible control individuals
for case-patients with illness onset after vaccination campaigns, the same strategy was used ex-
cept that each of the first eight houses was approached in each direction. Searches in multi-
story buildings continued on neighboring floors. Eligible individuals for whom consent was
not obtained were replaced. Study teams continued searching for eligible individuals until they
had enrolled the pre-determined number of control individuals for each case-patient.

Data collection

For the cases identified during active case finding at Couto Maia Hospital, we collected data on
demographics, clinical presentation and laboratory findings by interviewing the patient or legal
guardian and by medical chart review using standardized data entry forms. For cases identified
from the SINAN database, we collected data by interview to complete the information obtained
from SINAN. Data were collected by proxy from family members of deceased case patients.
Demographic data were also collected from controls using the standardized questionnaire. For
both case-patients and control individuals, study teams asked persons aged 10-24 years about
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student status or work outside the household (for those aged 18 years and older), number of
people living in the household, number of rooms in the household and whether there were any
current smokers in the household. Data on prior use of MenC vaccination, on number of
MenC vaccine doses received and date of vaccination were collected through review of personal
vaccination cards, the official document used by the Brazilian Ministry of Health to record vac-
cination history. If the vaccination card was unavailable, we collected data on MenC vaccina-
tion by interview of the study subject, proxy or legal guardian, to obtain verbal information on
vaccine use. Self-report of MenC vaccination was accepted if respondents could provide infor-
mation on three of five questions about date, provider or injection site. This validation was
adapted from the verbal validation used in Brazil during a national rubella vaccination cam-
paign in 2008 [6]. Study participants were considered vaccinated if they had received one or
more dose of MenC conjugate vaccine at least 14 days before the date of the corresponding
case patient’s disease onset. Reasons for non-vaccination were collected for individuals in tar-
geted age groups who were not vaccinated in MenC vaccination campaigns.

Ethics Statement

The study was approved by the Institutional Review Board of the Centro de Pesquisa Gongalo
Moniz/FIOCRUZ (IORG00002090/IRB000026120). Written informed consent was obtained
from all participants and/or their parents.

Statistical analysis

Case and control data were double entered and validated in Epi-Info version 3.5.1 (CDC /USA).
Clinical characteristics of cases were described by absolute and relative frequencies or by means
and standard deviations. We used univariate conditional logistic regression to assess whether case
and control individuals were similar in relation to known risk factors for meningococcal disease,
including presence of smokers in the household and household crowding. We compared MenC
conjugate vaccine coverage among controls from the period before and after vaccine introduction
for all control individuals combined and stratified by age group, MenC vaccine source (public
versus private) and documented versus self-reported vaccination. Exact odds ratios (OR) for
MenC vaccination and 95% confidence intervals (95% CI) were estimated using exact conditional
logistic regression analysis, which provides a point estimate and 95% confidence limit in the ab-
sence of cases among vaccinated persons. MenC vaccine effectiveness was calculated as (1—OR)
x 100. Separate estimates of MenC vaccine effectiveness were calculated for the period before and
after public vaccination, and considering only documented vaccine doses. Reasons for non-vacci-
nation in MenC vaccination campaigns were contrasted for cases and controls using McNemar’s
test. For all comparisons, statistical significance was set at p<0.05. Statistical analyses were per-
formed in Epi Info version 3.5.1. or in SAS 9.3 (SAS Institute Inc.; USA).

Results

From January to December, 2010, 123 laboratory-confirmed cases of meningococcal disease
were reported to the notifiable diseases reporting system in Salvador, Brazil (Fig 1). Serogroup
was determined for 113 cases diagnosed by meningococcal culture or latex agglutination reac-
tion; 110 (97%) were serogroup C and 3 were serogroup B. Serogroup was unknown for two
cases confirmed by meningococcal culture and 8 cases diagnosed based on microscopic exami-
nation of CSF.

Of the 110 confirmed cases of meningococcal serogroup C disease reported in Salvador in
2010, 11 cases occurred among children aged 5-9 years and 48 cases occurred among adults
aged 25 years or older, age groups not targeted for MenC vaccination and not included in the
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Fig 1. Design of case-control study. Of the 110 confirmed MenC cases, 88 (80%) were admitted to the public infectious diseases reference hospital (Couto
Maia Hospital). Clinical presentations included meningococcemia (n = 43; 39%), meningitis (n = 32; 29%), and both meningococcemia and meningitis
(n=35; 32%) (Table 1). Reported symptoms included fever in all cases; headache, vomiting and other signs and symptoms of meningococcal infection were
common. Diarrhea was reported in 11 (10%) of 110 cases. A total of 19 cases (17%) were admitted to an intensive care unit (ICU). Overall case-fatality was
25% (27 patients), including patients admitted to ICU and who died prior to ICU admission. Patients who died ranged in age from 0 to 68 years (median, 25
years). In addition, 11 (10%) patients recovered with neurologic sequella (motor deficit [n = 4], bilateral hearing loss [n = 2], visual impairment [n = 2] and

lower limb amputation [n = 3]) (Table 1).

doi:10.1371/journal.pone.0123734.g001

case-control study (Table 1). Of 51 MenC cases in 2010 aged <5 years or 10-24 years, 40 had
symptom onset prior to MenC conjugate vaccine campaigns targeting their age group. One
case in a two year old child from the pre-campaign period was excluded from the study because
the case patient’s residence was not found and matched controls could not be enrolled. Among
the 11 confirmed MenC cases in the post-campaign period, 4 occurred among children aged
<5 years and 7 occurred among 10-24 year olds eligible to receive MenC vaccine in targeted
city-wide vaccination campaigns.

A total of 50 confirmed cases of MenC disease were included in the case-control evaluation,
including 12 (24%) of 27 fatal cases. Case patients were more likely to be male than age-
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matched neighborhood control individuals (64% vs. 44%, p<0.01; Table 2). Proportions of stu-
dents among 10-24 year olds or working adults among those 18 years and older, household
crowding and exposure to smoke were not statistically different between case and control indi-
viduals (Table 2). A total of 70 (30%) of the 240 control individuals received at least one dose
of MenC vaccine at any time prior to enrollment in the study. Of these, 44 (63%) had docu-
mented record of vaccination date.

Among 39 cases included from the pre-campaign period, none had received MenC conju-
gate vaccine, versus 11 (7%) of 156 age-matched neighborhood controls who received one or
more doses of MenC conjugate vaccine at least 14 days before the corresponding case patient’s
illness onset; of these, 9 received MenC conjugate vaccine in the private sector (Table 3). Exact
odds ratio for vaccine effectiveness in the pre-campaign period was not statistically significant
(Table 4). In the post-campaign period, 0 of 11 case patients and 59 (70%) of 84 matched con-
trol individuals had received MenC conjugate vaccine at least 14 days before the case patient’s
symptom onset; 50 (85%) of 59 controls individuals received MenC vaccine in public vaccina-
tion campaigns. Combining both periods, overall effectiveness of MenC conjugate vaccines es-
timated from exact conditional logistic regression was 98% with a lower 95% confidence limit
of 89% (Table 4).

Among 11 case patients and 17 control individuals eligible for vaccination in campaigns,
reasons for nonvaccination included lack of information about campaigns (7 [64%] of 11 cases
and 6 [35%)] of 17 controls), lack of time (4 cases and 2 controls) and not wanting to be vacci-
nated (9 controls)(Table 5).

Of the 25 controls from the period after MenC conjugate vaccine campaign initiation, 8 had
received the MenC conjugate vaccine within less than 14 days of occurrence of the matched
case and, therefore, were not considered as vaccinated.

Discussion

We performed the first case-control study in Brazil to evaluate effectiveness of MenC conjugate
vaccine in containing a citywide epidemic of meningococcal disease. The epidemics were asso-
ciated with the sequence types (ST) 3779 and 3780, both belonging to clonal complex 103 (Gal-
vio, L et al. personal communication). This finding is of relevance as, to the present,
effectiveness of MenC conjugate vaccines had only been shown against ST-11 meningococcal
invasive strains. We also assessed vaccine uptake and identified reasons for non-vaccination.
The results of this case-control study are consistent with a high effectiveness of meningococcal
serogroup C conjugate vaccines, which have now been demonstrated in a variety of settings
using different study designs [7,8,9]. Observational studies of MenC vaccine effectiveness are
important because meningococcal conjugate vaccines were licensed based on evidence of an
immune response in vaccinated subjects using serum bactericidal activity (SBA) as the immu-
nologic correlate of protection rather than efficacy trials [10]. However, studies comparing
trends in disease incidence before and after vaccine introduction may not provide accurate esti-
mates of vaccine effectiveness because incidence of serogroup C meningococcal disease may
vary greatly in the absence of vaccination, especially during localized epidemics [11].

Surveillance data from the city of Salvador showed declines in serogroup C meningococcal
disease incidence that were greatest in age groups targeted for MenC vaccination [3]. Salvador
was the only city in Brazil that conducted mass vaccination of teenagers in response to meningo-
coccal C disease outbreaks. This strategy was adopted to reduce attack rates in heavily affected
age groups as well as to reduce transmission by preventing meningococcal carriage among older
children and adolescents. One dose of MenC conjugate vaccine has been shown to reduce car-
riage among older children [12,13]. This case-control study provided evidence that
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Table 1. Clinical characteristics of laboratory-confirmed cases of invasive meningococcal serogroup C disease, identified between 01/01/2010

and 31/12/2010 in Salvador, Brazil.

Characteristics

Age groups

0-5 years

6-9 years

10-14 years
15-19 years
20-24 years

> 25 years

Male Sex
Clinical Presentation
Meningococemia
Meningitis

Meningococemia and meningitis

Signs and Symptoms
Fever

Headache

Vomiting

Skin lesions

Neck stiffness
Abdominal pain

Lower limb pain
Seizures

Diarrhea

Altered mental status
Laboratory

CSF? white cells (mm?®)
CSF protein (mg/dL)
CSF glucose (mg/dL)
White blood cells (X10¥mm?)
Platelets (X10¥mm®)
Outcome

Death

ICU ® admission
Permanent disabilities °

& CSF: Cerebrospinal fluid
P |CU: Intensive Care Unit

Age groups targeted for
MenC vaccination
(n=51)
n (%) or mean * SD

6 (12)
14 (28)
13 (26)
17 (36)

32 (64)

22 (43)
18 (35)
11 (22)

51 (100)
41 (82)
36 (71)
31 (62)
23 (46)
10 (20)
10 (20)
7 (14)

6 (12)

5(10)

7.770+4.014
3871228
20+17
20+12
157495

12 (24)
10 (20)
05 (10)

Age groups not targeted for
MenC vaccination
(n=59)

48 (81)
35 (59)

21 (36)
14 (24)
24 (40)

59 (100)
52 (88)
44 (75)
36 (61)
27 (46)
9 (15)
17 (29)
3 (5)

5 (8)

19 (32)

8.040+3.323
408215
28+14

17+11
184482

15 (25)
9 (15)
06 (10)

¢ Permanent disabilities included motor deficit (4), bilateral hearing loss (2), diplopia (2), lower limb amputation (3).

doi:10.1371/journal.pone.0123734.t001

Total (n = 110)

6 (6)

11 (10)
14 (13)
13 (12)
17 (15)
48 (44)
67 (61)
43 (39)
32 (29)
35 (32)

110 (100)
93 (85)

8.187+3.473

397+214
28+15
17+10
239+237

27 (25)
19 (17)
11 (10)

publicly-funded vaccination campaigns increased vaccine coverage in the targeted population re-

siding in areas where meningococcal cases continued to occur. In addition, detailed vaccine his-
tories collected during case investigations confirmed surveillance data that none of the patients
with confirmed serogroup C meningococcal disease had received MenC vaccine prior to illness.
This case-control investigation was subject to several limitations. Active investigations for
serogroup C meningococcal disease may have missed some cases as isolates were not obtained

PLOS ONE | DOI:10.1371/journal.pone.0123734  April 13,2015
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Table 2. Characteristics of case patients with laboratory-confirmed serogroup C meningococcal dis-
ease and age-matched residents of affected neighborhoods included in case-control study, Salvador,
Brazil, 2010.

Characteristics Cases (N = 50) Controls (N = 240)
N (%) or mean *SD
Age groups
0-5 years 6 (12) 36 (15)
10-14 years 14 (28) 68 (28)
15-19 years 13 (26) 60 (25)
20-24 years 17 (36) 76 (32)
Male sex @ 32 (64) 106 (44)
Working, for those > 18 years of age ® 6 (26) 26 (27)
Student, for those 10-24 years of age © 27 (61) 111 (54)
Exposed to secondhand smoke at house 17 (34) 70 (29)
Number of residents per household 5.0+2.1 5.2+2.1
Ratio of number of residents at household per household room 1.2+0.6 1.2+0.6

@ Conditional logistic regression P<0.01. No other characteristic were statistically different between cases
and controls.

® Frequencies calculated for 23 cases and 98 controls older than 18 years, respectively.

° Frequencies calculated for 44 cases and 204 controls with 10 to 24 years old, respectively.

doi:10.1371/journal.pone.0123734.t002

for all episodes of meningococcal disease for serogrouping. In addition, we cannot be certain
that all recognized serogroup C meningococcal cases have been reported to the health depart-
ment. Documentation of vaccination was not available for all individuals enrolled in the study
and self-report may be biased; vaccination status was obtained by proxy for patients who died.
Several studies have shown that exposure to cigarette smoke and household crowding are po-
tential risk factors for meningococcal disease [14-17]. While exposures were similar among
case-patients and control individuals, we could not investigate potential confounding of

Table 3. MenC vaccination status among control individuals before and after public MenC vaccination, according to age group and MenC vaccine

provider.
Age group and vaccine source MenC vaccination among control individuals MenC vaccination among control individuals P value®
before public vaccination campaign after public vaccination campaign
(N=156)? (N=84)°
no. vaccinated / total (%)
Overall 11/156 (7.1) 59/84 (70.2) <0.001
By age groups
0-5 years 1/8 (12.5) 20/28 (71.4) 0.005
10-14 years 2/44 (4.5) 19/24 (79.2) <0.001
15-19 years 4/44 (9.1) 8/16 (50.0) 0.001
2024 years 4/60 (6.7) 12/16 (75.0) <0.001
By vaccine provider
Private provider 9/156 (5.8) 9/84 (10.7) 0.130
Public provider 2/156 (1.3) 50/84 (59.5) <0.001

@ Periods of MenC conjugate vaccine campaigns: February-December 2010 for <5 years old; May-August 2010 for 10-14 years old; June-August 2010 for

15—-19 years old; and August 2010 for 20—24 years old.
® Fisher exact test.

doi:10.1371/journal.pone.0123734.t003
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Table 4. MenC conjugate vaccine effectiveness and coverage among case and control subjects.

Subgroups

Overall
Overall by vaccination period °
Before vaccine introduction
After vaccine introduction
Only for those with vaccination status

Cases (N =50) Controls (N=240) Odds Ratio Effectiveness in % (95% Cl) P value
(IC 95%) #
Vaccine Coverage, n/N (%)
0/50 (0.0) 70/240 (29.2) 0.02 (0.00-0.10) 98.4 (89.8—-100.0) <0.001
0/39 (0.0) 11/156 (7.1) 0.23 (0.00-1.51) 77.5 (0.0-100.0)° 0.142
0/11 (0.0) 59/84 (70.2) 0.02 (0.00-0.11) 98.3 (88.6—100.0) <0.001
0/33 (0.0) 44/103 (42.7) 0.03 (0.00-0.21) 97.0 (78.7-100.0) <0.001

confirmed by immunization card verification®

@ Exact odds ratio estimated using exact conditional logistic regression analysis.

b Periods of MenC conjugate vaccine campaigns: February-December 2010 to <05 years old; May-August 2010 to 10-14 years old; June-August 2010 to
15—-19 years old; and August 2010 to 20—24 years old.

¢ The minimum level for the effectiveness lower confidence interval limit was set as zero.

4 Immunization card was available for verification for 33 of the 50 cases and for 103 of the 240 controls.

doi:10.1371/journal.pone.0123734.t004

vaccine effects because none of the case-patients had received MenC vaccine. Finally, the study
area was limited to the city of Salvador, Brazil, and did not include meningococcal cases or con-
trols from other parts of the state of Bahia.

The United Kingdom was the first country to introduce meningococcal C conjugate vac-
cines and a number of vaccine effectiveness evaluations were conducted, including a case-con-
trol study that reported vaccine effectiveness of 93% (95% CI 39-99%) among adolescents aged
15-19 years [7]. Reductions in serogroup C meningococcal disease incidence following MenC
vaccination and mass campaigns have since been reported from several settings [8,9,18]. Me-
ningococcal serogroup C polysaccharide-protein conjugate vaccines were found to be safe and
immunogenic in young children and were licensed in Brazil in 2003, but were only available in
the public sector in Special Vaccine Reference Centers (Centros de Referéncia para Imunobiolo-
gicos Especiais [CRIES]) for children with high risk conditions or other indications (congenital
or acquired asplenia, congenital immunodeficiencies, indication for cochlear implant, bone
marrow transplant recipients and deposit [19]. MenC vaccines were introduced for universal
infant vaccination in Brazil’s National Immunization Program in the second half of 2010 [20],
but the state government of Bahia anticipated national introduction of routine childhood vacci-
nation in response to the meningococcal epidemic to prevent cases in children. Following the
initial introduction for children <5 years, serogroup C meningococcal disease continued to

Table 5. Reported reasons for non-vaccination among case patients with illness onset after public
MenC vaccination and matched individuals from affected neighborhoods.

Reason for non-vaccination Cases patients (n =11)*®  Controls individuals (n = 17) ®
n/N (%)

Lack of time 4/11 (36) 2/17 (12)

Lack of information about the campaign ~ 7/11 (64) 6/17 (35)

Did not want to be vaccinated 0/11 (0) 9/17 (53)

2 All 11 cases of N. meningitidis serogroup C invasive disease that occurred after MenC conjugate vaccine
campaign initiation were unvaccinated.

b Cases and controls frequencies for all the reported reasons for not being vaccinated after MenC
conjugate vaccine campaign initiation were statistically different (Fisher exact P<0.01).

doi:10.1371/journal.pone.0123734.t005

PLOS ONE | DOI:10.1371/journal.pone.0123734  April 13,2015 9/12



@'PLOS ‘ ONE

Effectiveness of MenC Vaccine in Brazil

occur in older age groups, prompting mass vaccination of broader age groups. During the
outbreak period, a total of 2,507 contacts of MenC cases were treated prophylactically with ri-
fampin (n = 2,487) or ciprofloxicin (n = 20); no cases of meningococcal disease occurred
among contacts.

Before publicly-funded MenC vaccination campaigns were conducted for targeted age
groups, the epidemic of meningococcal disease in Salvador led to high demand for MenC vac-
cines in private clinics, where a vaccine dose cost approximately US$100. In the case-control
study, few control individuals from areas where cases had occurred had purchased MenC vac-
cine in the private sector, while uptake of publicly-funded vaccine in targeted campaigns was
much higher. The purchase of MenC vaccine by the state government of Bahia for mass vacci-
nation of 10 to 24 year olds represented an investment of approximately US$ 30 million. The
MenC vaccine was offered at no cost in city-wide campaigns targeted to age groups with the
highest attack rates. Lack of information about these campaigns was one of the main reasons
given for non-vaccination. Better communication strategies are needed to reach higher levels
of vaccination coverage in emergency responses.

Neisseria meningitidis occasionally invades the bloodstream and cause serious invasive dis-
ease, manifesting as meningitis or septicemia [21-22]. High case-fatality and severity of menin-
gococcal disease in affected individuals, including permanent sequelae, motivated the state
government to conduct mass vaccination targeting the most affected age groups. In the present
study, we observed that 71% of the cases progressed to septicemia and that 25% of them died.
In Brazil, an analysis of clinical syndrome among meningococcal disease cases reported to Bra-
zil’s national notifiable diseases system (SINAN) from 2000-2011 identified meningococcemia
in 29%, meningitis in 39% and meningitis with meningococcemia in 32% [23]. Meningococcal
disease particularly affects children aged <5 years, especially infants. However during out-
breaks and epidemics, increased numbers of cases are often observed in adolescents and young
adults [2,24]. During the epidemic of serogroup C meningococcal disease in Salvador, Brazil,
adolescents experienced high attack rates.

Conclusions

This case-control study provided critical information about vaccine uptake among targeted age
groups in areas where meningococcal cases were occurring. Combating meningococcal disease
epidemics in large populations is challenging. Mass immunization with MenC conjugate vac-
cine for target groups proved effective in preventing serogroup C meningococcal disease in Sal-
vador, Brazil. MenC vaccination campaigns may be useful to prevent meningococcal C disease
during epidemics.

Acknowledgments

We thank all patients and relatives, interviewers and interviewees, study group of meningitis at
Gongalo Moniz Research Center/Oswaldo Cruz Foundation, Pan American Health Organiza-
tion, Couto Maia Hospital and the surveillance team at the Secretary of Municipality of Health
at Salvador, Brazil.

Author Contributions

Conceived and designed the experiments: CWC JNR BF GSR. Performed the experiments:
CWC JNR GSR. Analyzed the data: CWC JNR GSR BF MGR. Contributed reagents/materials/
analysis tools: JNR GSR BF MGR. Wrote the paper: CWC GSR BF JNR MGR.

PLOS ONE | DOI:10.1371/journal.pone.0123734  April 13,2015 10/12



@ PLOS | one

Effectiveness of MenC Vaccine in Brazil

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.
21.

22,

Center for Disease Control and Prevention. Meningococcal disease. Signs & Symptoms.2013. Avail-
able: http://www.cdc.gov/meningococcal/about/symptoms.html. Accessed 14 March 2014.

Tzeng YL, Stephens DS. Epidemiology and pathogenesis of Neisseria meningitidis. Microbes Infect.
2000; 2: 687-700. PMID: 10884620

Cardoso CW, Pinto LLS, Reis MG, Flannery B, Reis JN. Impact of vaccination during an epidemic of
serogroup C meningococcal disease in Salvador, Brazil. Vaccine. 2012; 30: 5541-5546. doi: 10.1016/
j-vaccine.2012.06.044 PMID: 22749604

Cordeiro SM, Neves AB, Ribeiro CT, Petersen ML, Gouveia El, Ribeiro GS, et al. Hospital-based sur-
veillance of meningococcal meningitis in Salvador, Brazil Trans R Soc Trop Med Hyg. 2007; 101:
1147-1153. PMID: 17681359

Wedege E, Hoiby EA, Rosenqvist E, Froholm LO. Serotyping and subtyping of Neisseria meningitidis
isolates by co-agglutination, dot-blotting and ELISA. J Med Microbiol. 1990; 31: 195-201. PMID:
2107317

Teixeira AMS, Samad SA, Souza MA, Segatto TC, Morice A, Flannery B. Brazilian experience with
rapid monitoring of vaccination coverage during a national rubella elimination campaign. Rev Panam
Salud Publica. 2011; 30: 7-14. PMID: 22159645

Bose A, Coen P, Tully J, Viner R, Booy R. Effectiveness of meningococcal C conjugate vaccine in teen-
agers in England. Lancet. 2003; 361: 675-676. PMID: 12606181

Trotter CL, Andrews NJ, Kaczmarski EB, Miller E, Ramsay ME. Effectiveness of meningococcal ser-
ogroup C conjugate vaccine 4 years after introduction. Lancet. 2004; 364: 365-367. PMID: 15276396

Larrauri A, Cano R, Garcia M, Mateo SD. Impact and effectiveness of meningococcal C conjugate vac-
cine following its introduction in Spain. Vaccine. 2005; 23: 4097—4100. PMID: 15908059

World Health Organization. Weekly epidemiological record. 2011; 86: 521-540. Available: http://www.
who.int/wer/2011/wer8647.pdf.Acessed: 14 Jan 2014. PMID: 22128384

de Moraes JC, Barata RB. Meningococcal disease in Sao Paulo, Brazil, in the 20th century: epidemio-
logical characteristics. Cad Saude Publica. 2005; 21: 1458—-1471. PMID: 16158152

Maiden MC, Ibarz-Pavon AB, Urwin R, Gray SJ, Andrews NJ, Clarke SC, et al. Impact of meningococ-
cal serogroup C conjugate vaccines on carriage and herd immunity. J Infect Dis. 2008; 197: 737-743.
doi: 10.1086/527401 PMID: 18271745

de Greeff SC, de Melker HE, Spanjaard L, Schouls LM, van Derende A. Protection from routine vacci-
nation at the age of 14 months with meningococcal serogroup C conjugate vaccine in the Netherlands.
Pediatr Infect Dis J. 2006; 25: 79-80. PMID: 16395110

Murray RL, Britton J, Leonardi-Bee J. Second hand smoke exposure and the risk of invasive meningo-
coccal disease in children: systematic review and meta-analysis. BMC Public Health. 2012; 12: 1-12.
doi: 10.1186/1471-2458-12-1 PMID: 22214479

Lee C-C, Middaugh NA, Howie SRC, Ezzati M. Association of Secondhand Smoke Exposure with Pedi-
atric Invasive Bacterial Disease and Bacterial Carriage: A Systematic Review and Meta-analysis. PLoS
Med. 2010; 7: €1000374. doi: 10.1371/journal.pmed.1000374 PMID: 21151890

Baker M, Mcnicholas A, Garret N, Jones N, Stewart J, Koberstein V, et al. Householding crowding a
major risk factor for epidemic meningoccocal disease in Aukland children. Pediatr Infect Dis J. 2000;
19: 983-990. PMID: 11055601

Coen PG, Tully J, Stuart JM, Ashby D, Viner RM, Booy R. Is it exposure to cigarette smoke or to smok-
ers which increases the risk of meningococcal disease in teenagers? Int J Epidemiol. 2006; 35: 330—
336. PMID: 16394119

Cano R, Larrauri A, Mateo S, Alcala B, Salcedo C, Vazquez JA. Impact of the meningococcal C conju-
gate vaccine in Spain: an epidemiological and microbiological decision. Euro Surveill. 2004; 9: 11-15.
PMID: 15677854

Secretaria de Saude do Estado de S&o Paulo. Imunobioldgicos especiais e suas indicagdes- 2013.
Available: ftp://ftp.cve.saude.sp.gov.br/doc_tec/imuni/5imunobio_indica.pdf. Acessed 17 Jan 2014.

National Immunization Program (NIP): 40 years. In: MS, editor. 1% ed. Brasilia. 2013; pp. 1.001.

Safadi MAP, Gonzalez-Ayala S, Jakel A, Wieffer H, Moreno C, Vyse A. The epidemiology of meningo-
coccal disease in Latin America. 1945-2010: an unpredictable and changing landscape. Epidemiol In-
fect. 2013; 141:447-458. doi: 10.1017/S0950268812001689 PMID: 22877581

Stephens DS, Greenwood B, Brandtzaeg P. Epidemic meningitis, meningococcaemia, and Neisseria
meningitidis. Lancet. 2007; 369: 2196—2210. PMID: 17604802

PLOS ONE | DOI:10.1371/journal.pone.0123734  April 13,2015 11/12


http://www.cdc.gov/meningococcal/about/symptoms.html
http://www.ncbi.nlm.nih.gov/pubmed/10884620
http://dx.doi.org/10.1016/j.vaccine.2012.06.044
http://dx.doi.org/10.1016/j.vaccine.2012.06.044
http://www.ncbi.nlm.nih.gov/pubmed/22749604
http://www.ncbi.nlm.nih.gov/pubmed/17681359
http://www.ncbi.nlm.nih.gov/pubmed/2107317
http://www.ncbi.nlm.nih.gov/pubmed/22159645
http://www.ncbi.nlm.nih.gov/pubmed/12606181
http://www.ncbi.nlm.nih.gov/pubmed/15276396
http://www.ncbi.nlm.nih.gov/pubmed/15908059
http://www.who.int/wer/2011/wer8647.pdf.Acessed:
http://www.who.int/wer/2011/wer8647.pdf.Acessed:
http://www.ncbi.nlm.nih.gov/pubmed/22128384
http://www.ncbi.nlm.nih.gov/pubmed/16158152
http://dx.doi.org/10.1086/527401
http://www.ncbi.nlm.nih.gov/pubmed/18271745
http://www.ncbi.nlm.nih.gov/pubmed/16395110
http://dx.doi.org/10.1186/1471-2458-12-1
http://www.ncbi.nlm.nih.gov/pubmed/22214479
http://dx.doi.org/10.1371/journal.pmed.1000374
http://www.ncbi.nlm.nih.gov/pubmed/21151890
http://www.ncbi.nlm.nih.gov/pubmed/11055601
http://www.ncbi.nlm.nih.gov/pubmed/16394119
http://www.ncbi.nlm.nih.gov/pubmed/15677854
http://dx.doi.org/10.1017/S0950268812001689
http://www.ncbi.nlm.nih.gov/pubmed/22877581
http://www.ncbi.nlm.nih.gov/pubmed/17604802

@'PLOS ‘ ONE

Effectiveness of MenC Vaccine in Brazil

23. Azevedol, Toscano C, Bierrenbach A. Bacterial Meningitis in Brazil: Baseline Epidemiologic Assess-
ment of the Decade Prior to the Introduction of Pneumococcal and Meningococcal Vaccines. PLoS
ONE. 2013; 8: e64524. PMID: 23823579

24.

Peltola H, Kataja JM, Makela PH. The age distribuition of meningococcal disease as predictor of an epi-
demic? Lancet. 1982; 2: 595-597. PMID: 6125738

PLOS ONE | DOI:10.1371/journal.pone.0123734  April 13,2015 12/12


http://www.ncbi.nlm.nih.gov/pubmed/23823579
http://www.ncbi.nlm.nih.gov/pubmed/6125738

