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Background: Routine infant immunization with meningococcal C conjugate (MCC) vaccination started in
Brazil in November 2010, scheduled at three and five months plus a booster at 12-15 months of age. No
catch-up was implemented. We assessed the impact of vaccination on meningococcal C disease (MenC)
four years after vaccination start in the National Immunization Program.
Methods: We performed an ecological quasi-experimental design from 2008 to 2014 using a determinis-
tic linkage between the National Notification and the National Reference Laboratory databases for menin-
gitis. We conducted an interrupted time-series analysis considering Brazil except for Salvador
municipality, because an epidemic of serogroup C disease occurred in this city, which prompted a mass
vaccination campaign with catch-up for adolescents in 2010. Observed MenC rates in the post-
vaccination period were compared to expected rates calculated from the pre-vaccination years. Results
for Salvador were presented as descriptive data. An additional time-series analysis was performed for
the state of Sdo Paulo.
Results: A total of 18,136 MenC cases were analyzed. The highest incidence rates were observed for
infants aged <12 months and no second incident peak was observed for adolescents. For Brazil, MenC
rates were reduced by 67.2% (95%CI 43.0-91.4%) for infants <12 months of age, 92.0% (77.3-106.8%)
for the age-group 12-23 months, and 64.6% (24.6-104.5%) for children aged 2-4 years. For children 5-
9 years old, MenC rates reduced 19.2% (9.5-28.9%). Overall, 955 MenC cases were averted in Brazil in
individuals aged <40 years after MCC vaccination. Results from Sdo Paulo State, mirror the patterns seen
in Brazil.
Conclusion: After four years of infants and toddlers vaccination start, MenC invasive disease reduced in
the target population. This investigation provide a robust baseline to ascertain how much the upcoming
catch-up dose in 12-13 years of age will accelerate the decrease in MenC incidence rates among youths in
Brazil.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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conjugate (MCC) vaccination was first introduced in the
United Kingdom in 1999, at two, three and four months followed

1. Introduction

Neisseria meningitidis infections are an important public health
problem, causing considerable mortality throughout the world,
especially in infants and young children [1]. Meningococcal C

* Corresponding author at: Instituto de Patologia Tropical e Satide Piblica, Rua
235, s/n, Setor Universitario, Goiania, Goias CEP 74605-050, Brazil.
E-mail address: alssandrade@gmail.com (A.L. Andrade).

http://dx.doi.org/10.1016/j.vaccine.2017.03.010
0264-410X/© 2017 The Authors. Published by Elsevier Ltd.

by catch-up and a booster dose among the adolescent population
in an attempt to reach a sustained indirect protection. Enormous
success was achieved with this immunization strategy [2]. Taking
advantage of the lessons learned from the UK program, in the last
decade several industrialized countries have introduced MCC vac-
cination on their routine immunization programs [3,4]. All of them
eventually implemented catch-up campaigns or adolescent doses
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to reduce carriage and transmission of the organism in the popula-
tion. The body of evidence accumulated so far on MCC vaccination
is derived from industrialized countries, where invasive meningo-
coccal disease (IMD) incidence rates have been observed to peak
both in infants and adolescents.

In Brazil, notification rates of IMD caused by N. meningitidis as
high as 7.0/100,000 inhabitants were reported for children under
two years old during 2009 and 2010 [5]. A significant shift from
serogroup B to serogroup C was observed from 2002 onwards,
when serogroup C became the most frequent capsular type. A
major virulent clonal complex 103 (CC103) has been a prevalent
genotype associated with the serogroup C epidemic in the 2000
and several outbreaks have been identified [6-9]. The increasing
frequency of serogroup C, coupled with several outbreaks of CC-
103, prompted the introduction of routine MCC vaccination in
November 2010, so that Brazil was the first country in Latin Amer-
ica to introduce this vaccine in its National Immunization Program
(NIP). The vaccine was scheduled at three and five months, with a
booster dose at 12 months of age [10]. Unlike industrialized coun-
tries such as The Netherlands, Spain, and UK [11-13], no catch-up
campaign was implemented for older age-groups.

All meningitis cases are of mandatory notification into the
National Information System for Notifiable Diseases (Sinan) of Bra-
zil. The National Reference Laboratory for Meningitis, Adolfo Lutz
Institute (IAL) records data on pathogen identification and capsular
typing of invasive isolates [14]. Brazilian data on N. meningitidis
have been published by independent studies, each assessing either
notifications reported to Sinan or isolates data included in the IAL
database [15-17]. Preliminary analysis using only data from Sinan
two years after routine MCC vaccination introduction showed a
decrease in 50% on IMD incidence rates in children target for
immunization with no impact on unvaccinated individuals. We
have to be careful when interpreting such results, as the study
was performed in the early post-vaccination period, with no strat-
ification by serogroups, and did not account for trends and sea-
sonal components [17].

In this paper, we report the nationwide impact of MCC vaccina-
tion after four years of its introduction into the NIP, using a time-
series analysis, controlling for secular trends and seasonality, using
both notification and laboratory data combined through a linkage
procedure.

2. Methods
2.1. Study design and population

In this ecological quasi-experimental study, an interrupted
time-series analysis was conducted to measure the impact of
MCC vaccination in the prevention of MenC invasive disease in Bra-
zil using national data from 2008-2014. Brazil is a country of con-
tinental proportions with an estimated population as 190,732,694
inhabitants in 2014. Two sets of time-series analysis were per-
formed: one for Brazil as a whole but excluding the city of Salvador
(2,902,927 inhabitants in 2014) [18] and another for the State of
Sdo Paulo (44,035,304 inhabitants in 2014) [19] (Fig. 1).

Salvador is the third most populous city of Brazil. Before the
introduction of MCC vaccination by the NIP, an epidemic of ser-
ogroup C disease occurred in this city in 2010, reaching high rates
of MenC disease. This prompted the local government to initiate a
MCC mass vaccination campaign targeting children less than
5years of age and individuals 10-24 years until August 2010
(Table 1). Therefore, data from Salvador were excluded because
vaccination was carried out in extended age groups in response
to an outbreak focused in the city.

A high-quality meningitis surveillance system is critical for
evaluating the impact of any MCC vaccination program. Although

meningitis is a disease of mandatory notification in Brazil, com-
pleteness of the national surveillance system occurring in the pub-
lic or private healthcare during the study period cannot be
guaranteed. The meningitis surveillance program of the Sdo Paulo
state, the most populous state of the country, is considered of high
quality, with rigorous active case search and identification of the
etiologic agent. Analysis of the impact of MCC vaccination in the
Sdo Paulo state was carried out to support the analysis of national
trends, i.e., to assure the quality of data provided by Sinan and IAL.

2.2. Data sources

Individual information on IMD cases were obtained from two
National databases for the period of 2008-2014:

(1) National Information System for Notifiable Diseases (Sinan).
All IMD notified cases are confirmed by laboratory or clini-
cal/epidemiological criteria [20]. Data collected through this
system include patient identification, demographic, clinical
and microbiological information. Only data from 2008
onwards were included in the analysis because Sinan
upgraded its operational system in 2007 and, for some
months of this year, the two systems were running in paral-
lel, which generated duplicate records. Also, in the previous
system, there was no information on capsular groups, and
MenC is the focus of our analysis.

(2) Adolfo Lutz Institute Reference Laboratory Database (IAL).
The IAL is the national reference laboratory for Bacterial
Meningitis, located in the city of Sao Paulo, that receives
IMD isolates for serogrouping and other tests collected by
the epidemiological surveillance network of public and pri-
vate hospitals, and public health laboratories from all geo-
graphic regions of the country.

MCC coverage rates were provided by the NIP. Coverage rates
are only estimated for the primary schedule, which corresponds
to the two doses received in the first year of life. The formula is cal-
culated by dividing the number of second doses administered by
the target population, multiplied by 100 [11,16,21] (Table 1). A
child is only recorded as having received the second dose if the first
dose has been administered.

2.3. Linkage procedures

In order to identify and exclude eventual duplicate records from
the same episode of disease within and between both databases,
we applied a three-step process in which firstly an in-house deter-
ministic record linkage algorithm. Similar linkage algorithms have
been validated in other studies that used data from Brazilian health
information systems [22-24]. Sinan and IAL databases were then
combined by means of another in-house deterministic record link-
age algorithm [5,23], tailored to the data available in both data-
bases. Manual review was also used to confirm whether
duplicate cases that were similar but not identical for the variables
name and dates belonged to the same patient, and episode of dis-
ease. Repeated records were discarded. Matched records with
missing information in Sinan on disease etiology and serogrouping
had such details completed with IAL data. Description of the link-
age algorithm is available at Supplemental material.

2.4. Case definitions

IMD cases reported to Sinan and IAL are clinically classified as
meningococcal meningitis, meningococcemia or meningococcemia
combined with meningococcal meningitis [20]. Confirmed IMD
cases include only cases identified by laboratory criteria: Gram-
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Fig. 1. Geographical location of the study areas.

Meningococcal C conjugate vaccination schedules and coverage rates for Brazil, Sio Paulo state, and Salvador.

2027

‘Salvador
city

Region Men-C vaccination ~ Vaccination Vaccine Vaccination coverage rates?, %

schedules start 2010 2011 2012 2013 2014
Brazil
Routine immunization 3,5,12m Nov 2010 MenC-CRM197 (Novartis Vaccines) 26.9 100.0 96.2 99.7 95.8
Sdo Paulo State
Routine immunization 3,5,12m Nov 2010 MenC-CRM197 (Novartis Vaccines) 10.8 100.0 98.7 100.0 974
Salvador
One-time only catch-up campaign® <5 yrs Feb 2010 MenC-TT (Neisvac-C®, Baxter Vaccines)  92.2

10-14 yrs May-Aug 2010  MenC-TT (Neisvac-C®, Baxter Vaccines)  80.4

15-19 yrs Jun-Aug 2010 MenC-TT (Neisvac-C®, Baxter Vaccines)  67.4

20-24 yrs Aug 2010 MenC-CRM197 (Novartis Vaccines) 40.7
Routine immunization 3,5,12m Nov 2010 MenC-CRM197 (Novartis Vaccines) 100.0 954 92.7 93.8 86.9

2 For routine immunization, coverage rates are estimated for the primary schedule, which corresponds to two doses received in the first year of life [11,16,21].

> Mass vaccination outside the target age.
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staining, culture, latex, contraimmune-electrophoresis and PCR
tests. IMD due to serogroup C (main focus of our analysis) is con-
firmed by serogrouping, contraimmune-electrophoresis, latex
agglutination, and PCR. Only IMD records with information on ser-
ogroup C were included in the analysis.

2.5. Data analysis

Data management was performed in STATA v.13, and data anal-
ysis in R (www.r-project.org/). Annual average rates of MenC dur-
ing the pre-vaccination period were depicted for Brazil (except for
Salvador) and Sdo Paulo state for the following age-groups: less
than 12 months, 12-23 months, 2-4 years, and then every 5 years.

The interrupted time-series analysis was carried out only for
Brazil (except for Salvador) and Sao Paulo state. For this analysis,
we defined the pre-vaccination period from January 2008 to
December 2010, the transition period from January to December
2011, and the post-vaccination period from January 2012 to
December 2014. The duration of these pre- and post-vaccination
periods has been considered enough for accurate measurement
of disease burden trends [25]. The transition period was excluded
from the analysis, as it was the period when vaccine coverage rates
increased from zero to over 90% in the target age-group for Brazil
and S3o Paulo state. We used bimonthly notification rates and
the exponential smoothing methods of Holt-Winters [26]. Secular
trends were assessed by linear regression and Cox-Stuart tests,
and seasonal variations by Kruskal-Wallis tests. Models were then
adjusted for the effects of secular trends and seasonality by includ-
ing indicator variables representing calendar years and months,
respectively. The effect of vaccination was included in the models
as a binary variable (0 = pre; 1 = post vaccination) [27]. Predicted
rates for the post-vaccination period, representing those that
would be expected if the vaccination program had not been intro-
duced, were modeled based on the pre-vaccination period data.
Observed and predicted rates for the post-vaccination period were
compared for the following age-groups: less than 12 months, 12—
23 months, 2-4 years, 5-9 years, 10-19 years, 20-24 years, 25—
29 years, 30-39 years, and >40 years. We also separately evalu-
ated the age-group of 6-9 years, since those aged 12-23 months
in 2010 reached 5 years in 2014, while those aged 6-9 years could
only have been affected indirectly by herd effect.

The impact of MCC vaccination was measured as an absolute
reduction in number of cases (averted cases) and as a relative rate
reduction, after discounting the effects of the temporal aspect of
time-series data (linear trends and seasonal components). Averted
cases were calculated as the difference in between the observed
and the predicted cumulative numbers in the post-vaccination per-
iod. Relative reductions were calculated as the observed cumula-
tive rates divided by the predicted cumulative rates minus one.
Observed bimonthly meningococcal serogroup C rates per
100,000 inhabitants for the whole study period and predicted rates
for the post-vaccination period were plotted for each age-groups.
Because the number of cases for Salvador was relatively small, with
zero cases in several months, we could not run a separate time-
series analysis of city of Salvador alone. Instead, we presented
annual rates (per 100,000 inhabs) by age-group for Salvador, Sdo
Paulo state and Brazil (except for Salvador).

3. Results

From 2008 to 2014, Sinan had a total of 213,709 records of bac-
terial meningitis, from which 8134 (3.8%) were duplicated records
that were excluded from analysis. Of the remaining 205,575 cases,
17,161 (8.3%) were IMD cases, of which 12,321 (71.8%) were labo-
ratory confirmed. During the same period, IAL had a total of 4505

N. meningitidis records. After cleaning this database, 482 (10.7%)
repeated records and 212 (4.7%) non-viable strains were excluded,
remaining 3811 records.

When the Sinan cases and IAL cases were combined, a total of
18,136 IMD cases were available for analysis. There were 2836
(15.6%) cases that were common to both databases, 975 (5.4%)
cases from IAL that had not been notified to Sinan and 14,325 cases
from Sinan that had not been recorded in the IAL database. Of the
total 18,136 IMD cases, 326 (2%) had no age information, all of
them from the IAL database, and 13,341 (73.6%) were IMD cases
that had the N. meningitidis etiology confirmed cases by laboratory
criteria, being 7217 (54.1%) due to capsular group C; the S3o Paulo
state contributed with the majority (50.6%) of bacterial isolates
from IAL. Among 13,341 IMD confirmed as N. meningitidis cases
by laboratory criteria, 6528 (48.9%) were from S3o Paulo state,
and 501 (3.8%) were from Salvador city.

In the pre-vaccination period, the highest annual incidence
rates of MenC meningitis for both Brazil (except for Salvador)
and Sdo Paulo state were observed for infants less than 12 months
of age, and no second incidence peak was observed for adolescents
(Fig. 2). Sdo Paulo state presented high annual MenC rates per
100,000 inhabitants for individuals aged <12 months (13.96), 12—
23 months (7.72), 2-4years (5.89), 5-9years (2.77), and 10-
19 years (1.58).

Fig. 3 clearly indicates reductions of MenC annual rates in the
city of Salvador after vaccination, which occurred not only among
individuals targeted for the campaign (<5 years, 10-24 years of
age) but also for those aged >30 years old, who did not receive
the MenC vaccine.

Overall, a total of 2600 IMD cases (data not shown) and 955
MenC cases were averted at the post-vaccination period (2012-
2014) in Brazil (except for Salvador) for individuals <40 years of
age. Observed and predicted trends of MenC rates can be visualized
in Fig. 4. Observed rates in the post-vaccination period were much
lower than the predicted ones for children less than 10 years of
age.

MCC vaccination impact in Brazil except for Salvador was
observed among children aged <10 years old (Table 2). There was
a statistically significant impact on age-groups target by the NIP,
with a relative reduction of 67.2% in cases among children under
12 months (95%CI 43.0-91.4%); p < 0.001); 92% reduction among
12-23 months (95%Cl 77.3-106.8%; p <0.001); and 64.6% reduc-
tion among children 2-4 years (95%CI 24.6-104.5%; p < 0.001). In
addition, we noticed a 19.2% reduction in children aged 5-9 years
(95%Cl 9.5-28.9%, 9.5; p = 0.039). However, performing the analy-
sis only for children aged 6-9 years of age (i.e. excluding children
aged 5 years who might have benefited from the direct effect), no
statistically significant impact was noted (5.2% reduction, 95%CI
—78.3 to 67.9, p = 0.581). Similar results of the impact of MCC vac-
cination were noticed in the analysis performed with data from S3o
Paulo state (Table 2).

4. Discussion

This is the first nationwide study showing the impact of MCC
vaccination on MenC disease. Among vaccinated target age-
groups, MenC reductions were similar to results found by other
countries where MCC vaccination has been introduced [12,28,29].
The impact of the vaccination was also observed in children aged
5-9 years, even though the magnitude of the effect was only 19%,
which is less than that observed elsewhere where teenage as well
as infant vaccination programs have been introduced [29-34].
Moreover, no statistically significant effect was observed when
analysis was repeated only for children aged 6-9 years, i.e. exclud-
ing the 5 year olds who could have received the vaccine when aged
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Fig. 2. Average annual rates of invasive MenC cases during the 3-year pre-vaccination period by age-group. Brazil (blue line), and Brazil except for Salvador (red line), 2008~
2010. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

12-23 months in 2010. Even though only a small proportion of
children aged 5 years had actually been vaccinated in the studied
cohort, they were the ones with highest rates of MenC within the
age-group of 5-9 years [35,36].

We believe that the observed MenC reductions in Brazil, exclud-
ing the city of Salvador, were mostly due to the direct effect of the
vaccination. It is important to note that no major nationwide inter-
ventions happened in the same period the MCC vaccination, which
could have influenced our results. Policies for epidemic surveil-
lance and outbreak response have remained practically unchanged
throughout the study period. The only implemented changes were
that the MCC vaccine substituted the A/C polysaccharide vaccine
for use in children above 2 years of age. The MCC vaccine had been
introduced in Brazil for outbreak response since 2003, but until
2011 it was only being used for children under 2 years of age.

This investigation also provided the opportunity to address the
MCC vaccination effects in a country harboring outbreaks of a
hypervirulent lineage, sequence type (ST) - 103 clonal complex
(CC103). Overall, we estimated that more than 1000 MenC cases
have been prevented by MCC vaccination in Brazil.

Prior to the introduction of MCC vaccination by the NIP, the city
of Salvador faced an epidemic of MenC invasive disease, which
prompted a local vaccination campaign in 2010 for individuals
with less than five years and from 10 to 24 years of age. Evaluation
of the short-term effect of MCC vaccination among children with
less than five years of age in this city found a decreasing incidence
of MenC invasive disease, from 7.5 cases per 100,000 per year dur-
ing 2008-2009 to 2.0 per 100,000 in 2011 [15]. Results of a parallel
case-control study showed an overall vaccine effectiveness of 98%
[21]. The rapid reduction in MenC cases in Salvador is a conse-
quence of the catch-up vaccination strategy adopted in 2010. As
such, apart from direct protection, indirect protection was proba-
bly induced by the introduction of routine infant vaccination, con-
currently with the mass vaccination of individuals up to 24 years of
age, reducing carriage and transmission of the organism in unvac-
cinated individuals, as evidenced by the fact that there were
observed burden reductions in age-groups outside those targeted
during the campaign.

Lessons on dynamics of N. meningitidis carriage and disease, and
successful experiences from developed countries provide impor-
tant evidence for regions that intend to introduce MCC vaccination.
To optimize the indirect effect of meningococcal vaccination and to
decrease the overall number of cases and disease outbreaks, previ-
ous studies have strengthened the need to vaccinate not only
infants but also adolescents, the segment of the population that
usually harbor the highest rates of meningococcal carriage [37-
39]. These studies, however, have been done in industrialized
countries, and the overall population impact is likely to depend
on setting characteristics, including the burden of MCC invasive
disease in the pre-vaccination period. The local epidemiology on
carriage and disease transmission should be the driver influencing
each country’s best vaccination schedule strategy. In this way, an
important shortcoming in interpreting the current findings is the
absence of adequate local carriage data before MCC program
implementation by the NIP. As far as the age distribution of
meningococcal carriage is concerned, there is unfortunately only
poor evidence in the country, and none of them from the pre-
vaccination period [40-42]. These studies have identified that
there are still MenC carriage among adolescents and adult age-
groups in the early years after the introduction of the routine
infant vaccination.

The robustness of our findings was confirmed using data exclu-
sively from Sao Paulo state, which relies on an organized and effec-
tive surveillance system for meningitis, thereby increasing our
confidence on the Brazilian MCC vaccination impact results. How-
ever, as an observational ecological study, our study has some lim-
itations. The effects of vaccination after vaccine licensing assessed
by observational studies may present bias and confounding due to
the lacking of random allocation and masking which are controlled
for during pre-licensure randomized controlled trials of a vaccine
[43]. Even though it would be desirable to use other meningococcal
serogroups as comparison groups, their absolute and relative bur-
den were much smaller in Brazil in the pre-vaccination period, so
that the small bimonthly rates of these other serogroups, particu-
larly when analyzed by the several age-groups, precluded using
them as a control group.
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Fig. 3. Annual rates of MenC invasive disease for Brazil (except for Salvador), Sio Paulo state and Salvador city according to age-groups and years, 2008-2014. For Salvador,

catch-up campaign was performed for children aged <5 years (Feb/2010), 10-14 years (May-Aug 2010), 15-19 years (Jun-Aug 2010), and 20-24 years (Aug/2010). In
November 2010, the National Immunization Program introduced routine infant MCC vaccination.
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Comparison of our findings with other studies is not straightfor-
ward. In addition to different methodological approaches applied
to assess the impact of MCC vaccination, other reasons hamper
the comparison of our results with studies conducted by others,
such as differences in the MCC vaccine introduced in the countries,
MCC coverage rates, length of time evaluated after the vaccination
introduction, and vaccination schedules. Even so, MenC invasive
disease reductions in Brazil ranging from 65% to 92% in the target
population, four years after vaccination, have a similar magnitude
to results shown by Netherlands (86%), Germany (51%), and Eng-
land (66%) after, respectively, 4, 13 and 11 years of routine immu-
nization with MCC vaccine [28,33,34].

The current Brazilian experience with MCC vaccination may
provide essential epidemiological information for policy makers
at neighboring countries, since data on MenC epidemiology is nei-
ther consistent nor uniform at Latin America [44]. Unlike many
other countries, Brazil did not present a second age peak incidence
in adolescence of MenC invasive disease [45]. The different
epidemiology of IMD among adolescents in Brazil may be at least
partially explained by the smoking patterns of this population
and the overall warmer climate conditions of the country [42,46].
In particular, studies have linked cigarette smoking with an
increased risk of meningococcal carriage among adolescents

[46,47]. A comprehensive survey conducted in 2013/2014 in Brazil
evaluated 74,589 adolescents and found current tobacco use in
5.7% of study participants [48], much lower than the prevalence
observed in other regions, such as US (17%), UK (20%), and several
Latin American countries [49-51]. Previous studies indicated that
students residing on campus are more likely to be carriers and
are at higher risk of IMD, probably due to social mixing patterns
[52,53]. However, different from other countries, many undergrad-
uate students in Brazil still live with their parents or extended fam-
ily. These data highlight important differences in the epidemiology
of IMD in Brazilian adolescents compared to Europe, North Amer-
ica and many neighboring countries.

In conclusion, after four years of infants and toddler immuniza-
tion in Brazil, we found a reduction of MenC rates in individuals in
the vaccine target population. The Brazilian government has just
approved the gradual introduction of MCC vaccination among ado-
lescents in the national immunization schedule [54]. Starting in
2017, the following cohorts will be included: 12-13 years of age
(2017), 11-12 years of age (2018), 10-11 years of age (2019), and
9-10 years of age (2020). Therefore, the results of this investigation
will certainly contribute as a robust baseline to ascertain how
much this catch-up dose will accelerate the decrease in MenC inci-
dence rates among adolescents in Brazil.
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Table 2

A.L Andrade et al./Vaccine 35 (2017) 2025-2033

Impact of MCC vaccination on rates of MenC invasive disease in Brazil. Interrupted time series analysis, 2008-2014.

Age-group Probable vaccination Predicted Observed Averted invasive Relative reduction

schedule meningococcal C

Number Rate 10° Number Rate 10° Number Rate 10° % 95%CI p-value

Brazil except for Salvador
<12 m 2+0 387 15.28 127 5.01 260 10.27 —-67.20 —91.40; —43.00 0.000
12-23 m 2+0o0r2+1 200 7.92 16 0.63 184 7.29 -92.00 —106.80; —77.30 0.000
2-4yrs 2+1 451 5.76 162 2.04 289 3.72 —64.60 —104.50; —24.60 0.000
5-9yrs None 471 3.28 381 2.65 90 0.63 -19.20 —28.90; —9.50 0.039
10-19 yrs None 752 2.25 654 1.96 98 0.29 -12.90 —59.80; +34.00 0.132
20-24 yrs None 199 1.15 197 1.14 2 0.01 -0.90 —80.50; +78.70 0.940
25-29 yrs None 167 0.94 153 0.86 14 0.08 -8.50 —87.40; +70.40 0.461
30-39 yrs None 243 0.80 225 0.74 18 0.06 -7.50 —99.10; +84.10 0.588
>40yrs None 473 0.69 534 0.79 —61 -0.1 14.50 —49.10; +78.10 0.256
Sdo Paulo State
<12m 2+0 275 54.41 66 13.04 209 41.37 —76.00 —103.00; —-49.10 0.000
12-23 m 2+0or2+1 127 26.05 5 1.02 122 25.03 -96.10 —107.90; —84.30 0.000
2-4 yrs 2+1 281 18.41 91 5.87 190 12.54 —68.10 —115.70; —20.50 0.000
5-9yrs None 287 10.36 216 7.77 71 2.59 —25.00 —30.50; —19.50 0.005
10-19 yrs None 374 5.74 321 4.92 53 0.82 -14.30 —83.20; +54.60 0.185
20-24 yrs None 106 2.89 108 2.95 -2 —0.06 2.10 —99.10; +103.20 0.893
25-29 yrs None 96 243 94 2.38 2 0.05 -2.10 —138.30; +134.20 0.908
30-39 yrs None 123 1.77 122 1.75 1 0.02 -1.1 —105.00; +102.80 0.956
>40yrs None 300 1.86 311 1.94 -11 —0.08 43 —69.70; +78.30 0.735

Observed rates from the pre-intervention period (2008-2010) were used to predict rates for the post-intervention period (2012-2014). The year of 2011 was excluded from
the analysis. Averted cases/rates (absolute reductions) were calculated as predicted minus observed cases/rates. The interrupted time-series analysis was based on expo-
nential smoothing Holt-Winters additive model. Presented numbers and cumulative rates refer to the 3-year post-intervention period (2012-2014). Observed post-vacci-
nation rates were used to compare to that predicted ones, which would have been expected if MCC vaccination had not been introduced in the National Immunization
Program. Relative reduction refers to the 3-year (2012-2014) post-vaccination period. Relative reduction in rates of MenC was calculated as the observed rates divided by the

predicted cumulative rates in the post-vaccination period minus one.
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