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Abstract

Objective: to evaluate meningococcal disease (MD) surveillance from 2007-2017, according to its attributes.
Methods: this was a descriptive study of the ‘timeliness’, ‘representativeness’, ‘simplicity’, ‘flexibility’, ‘data quality’,
‘acceptability’ and ‘usefulness’ attributes of the system, based on Centers for Disease Control and Prevention guidelines;
we used National Notifiable Diseases Information System (SINAN) data, with onset of symptoms between 2007-2017.
Results: the system was found to be complex with eight case definitions and six laboratory confirmations; flexible, with
adequate description of epidemiological changes; good chemoprophylaxis, active tracing and serogrouping completeness;
low acceptability with chemoprophylaxis found in less than 70.0% of records; timely, with excellent investigation, closure
and collection of cerebrospinal fluid; representative, in its description of MD in Brazil; useful, adequately guiding control
actions. Conclusion: different clinical presentations of MD and the need for rapid case management interfere with the
system’s acceptability and complexity; the latter, however, is useful for epidemiological analysis.
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Introduction

Meningococcal disease (MD) is a severe infection
caused by the bacterium Neisseria meningitidis
(meningococcus), which can rapidly lead to death if
not treated immediately — in less than 24 hours — and
has a significant epidemic potential.*

MD has a broad clinical spectrum and an indivi-
dual with MD can range from being healthy to having
fulminating meningococcemia. Its main clinical forms
are meningococcal meningitis (MM), meningococ-
cemia (MCC) and meningitis with meningococcemia
(MM+MCC). MM results from hematogenic dissemi-
nation, occurs in around 50% of infected patients and
is similar to other types of purulent meningitis. In turn,
MCC is characterized by sudden fever and petechial
rash, which can lead to purpura fulminans occurring
in 5% to 20% of patients with the disease."?

The epidemiological survellance system
should be able to: produce datato
contribute to knowing the disease’s
epidemiological and etiological profile;
monitor the epidemiological situation;
detect outbreaks in advance; establish
measures for prevention and control; and
characterize circulating serogroups.

DM occurs all over the world, with considerable
incidence differences depending both on the region
affected and the most frequent serogroup.* Worldwide,
it is estimated that 500,000 MD cases occur each year,
causing 50,000 deaths, with serogroup A being the
main cause due, among other factors, to its high inci-
dence in the so called “African Meningitis Belt”.> Based
on its polysaccharide capsule antigenic composition, N.
meningitidis is classified into 12 different serogroups,
whereby serogroups A, B, C, Y, W and X account for
almost all MD cases, infecting only humans.* In Brazil,
average MD incidence between 2007 and 2013 was
1.4 cases per 100,000 inhabitants, with serogroup G
accounting for most cases.®

MD is endemic in Brazil, with sporadic outbreaks
in municipal territories. Its behavior is also seasonal,
with incidence increasing in winter and decreasing in

summer, even in epidemic situations. The disease has
also a secular tendency, that is to say, incidence over
a given period appears to be similar to incidence in
previous periods.”®

Antibiotic chemoprophylaxis and immunization are
recommended as preventive and control measures.
Chemoprophylaxis is recommended for close contacts
of confirmed cases and should be carried out as soon
as possible, in order to prevent secondary cases, which
are rare but manifest themselves 48 hours after the first
case.’ The second measure, immunization, is the most
effective way to prevent the disease and available vac-
cines are serogroup-specific or serosubtype-specific.
In Brazil, meningococcal C conjugate vaccine (MenC)
was implemented in 2010, for the immunization of
children under 2 years of age, as part of the National
Immunization Program (PNI) child immunization
schedule. This vaccine is also used to control outbreaks
by means of vaccine blocking or mass vaccination.'®"

MD in Brazil is a very important disease for public
health given its potential to cause outbreaks. For this
reason its notification has been compulsory in Brazi-
lian territory since the publication of Health Ministry
Ordinance GM/MS No. 1,271, dated 6 June 2014.
This ordinance also requires health authorities to put
more effort into monitoring and controlling infection.
Implementation of national surveillance systems aim
to ensure efficient actions to manage diseases and
conditions. Evaluation of a health surveillance system
therefore seeks to ensure that its main objectives will
be reached, with rational and efficient use of available
public resources.'>"

As MD is recognized as a severe Public Health
problem, systematic evaluation of its epidemiological
surveillance system is necessary. This system should
be able to: produce data to contribute to knowing
the disease’s epidemiological and etiological profile;
monitor the epidemiological situation; detect outbreaks
in advance; establish measures for prevention and
control; and characterize circulating serogroups.™

This study aimed to evaluate MD epidemiological sur-
veillance between 2007 and 2017, based on the system’s
qualitative, quantitative and usefulness attributes.

Methods

We prepared an evaluation study based on the Uni-
ted States Centers for Disease Control and Prevention
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document “Updated Guidelines for Evaluating Public
Health Surveillance Systems: recommendations from
the guidelines working group”,'* with analysis of
the system’s quantitative attributes (timeliness and
representativeness) and qualitative attributes (sim-
plicity, flexibility, data quality, and acceptability) and
its usefulness.

We used data from the Notifiable Diseases Informa-
tion System (SINAN) Net version, providing informa-
tion on confirmed MD cases with onset of symptoms
between 2007 and 2017. This information was used
to calculate the incidence coefficient per year and per
Federative Unit, as well as to calculate measurements
expressed in percentages, according to the evaluation
criteria for each attribute evaluated. The system was
updated for the last time and data were retrieved for
the study in May 2018.

When evaluating the simplicity attribute, we used
descriptive data of the surveillance system, including
analysis of pertinent case definitions, aggregated la-
boratory methods and control measures. We analyzed
simplicity subjectively, taking system classification
as being either simple or complex as our parameter
for doing so.

The “flexibility” attribute was evaluated based on
changes in annual meningococcal disease incidence
coefficients arising due to new surveillance interven-
tions implemented in the period studied. This study
considers new interventions to be the decentralization
of the polymerase chain reaction (PCR) technique
to the state-level Central Public Health Laboratories
(Lacen) and the introduction of the meningococcal
G conjugate vaccine on the national immunization
schedule. Both these processes started in 2010. If the
MD surveillance system was able to properly detect and
describe changes in annual MD incidence coefficients
owing to the interventions described above, it was
classified as flexible.

The “data quality” attribute was evaluated based
on analysis of completeness of certain essential fields,
both compulsory and non-compulsory, of the MD
notification forms. These fields were chosen because
they reflect essential aspects regarding the quality
of health surveillance team intervention when MD
secondary cases occur in the community, in order to
avoid the spread of the disease among the population.
Well completed data mean that surveillance team
intervention was adequate. We selected “chemopro-
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phylaxis use” for analysis from among the compulsory

EEITS

fields, and the “MenC immunization”, “contact with
suspected case”, “secondary case” and “serogroup”
variables from among the non-compulsory fields. In
the case of analysis of chemoprophylaxis use, “good”
data quality was taken to be average completeness of
100% for the period analyzed (2007 to 2017), since
the information system does not save notification data
if this information is missing. In the case of the other
non-compulsory variables, the parameters established
were: excellent = >90.0%; good = 80.0 to 89.9%;
regular = 70.0 to 79.9%; and poor = <70.0%. It is
important to recall that the information system accepts
notification even when non-compulsory variable data
is missing, although these data are essential to MD
surveillance, both for evaluating intervention quality
and also for building epidemiological and operational
indicators. For this reason a good percentage of field
completeness is needed.”>"” The evaluation criteria we
used were: three or more fields evaluated as “good”
classified the system as having “good quality”, while
fewer than three fields evaluated as “good” classified
the system as having “poor quality”.

The acceptability attribute was evaluated by
average timeliness — over the period studied — of
chemoprophylaxis for close contacts of suspected
MD cases, which should be done in up to 48 hours
from the date of notification. Therefore, we analyzed
the “notification date” and “chemoprophylaxis date”
fields of the investigation form, with the aim of esti-
mating the period between notification and contacts
receiving chemoprophylaxis procedures. Contact
chemoprophylaxis necessarily implies a set of me-
asures to be taken by health teams: investigation of
the total contacts to be medicated; chemoprophylaxis
medication stock control and use; monitoring secon-
dary cases or cases with medication side effects; and
active tracing of no-show contacts. Correct recording
of the intervention on the notification form informs
as to chemoprophylaxis timeliness. It is an impor-
tant indicator of health professionals’ readiness to
undertake with expertise activities recommended by
MD surveillance, whilst also describing the system’s
acceptability for these professionals.'>'” As an evalu-
ation criterion, we considered the system to be highly
acceptable if timeliness of average chemoprophylaxis
in the period studied was greater than or equal to
70.0%, given that timely delivery will not always be
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possible due to operational difficulties related to
active tracing (remote or hard-to-reach areas), staff
difficulties (not trained or insufficient number) and
technology difficulties (lack of medication supplies
or kits for laboratory exams).*®

When analyzing the “timeliness” attribute we ob-
served:

a) period of time between onset of symptoms and case
being admitted to hospital (up to 24 hours);

b) period of time between hospital admission and
case notification to the surveillance service (up to
24 hours);

c) period of time between notification and commen-
cement of investigation (up to 24 hours);

d) period of time between hospital admission and
lumbar puncture, for cases that had cerebrospinal
fluid (CSF, also known as liquor) collection (up to
24 hours);

e) period of time between notification and chemopro-
phylaxis for close contacts (up to 48 hours); and

f) period of time between case notification and case
closure (up to 60 days).

The parameters we used to analyze system "timeli-
ness” were average percentages calculated in the study
period, with timeliness being defined as: excellent,
when greater than or equal to 90.0%; good, between
70.0% and 89.9%; regular, between 50.0% and 69.9%;
and poor when less than 50.0%. The system was
considered to meet the evaluation criteria set by the
Meningitis Surveillance Systems Data Quality Evaluation
Handbook for timeliness when three or more fields
were rated as “good”, otherwise it was not considered
to be timely.">"”

The “representativeness” attribute was evaluated ba-
sed on the capacity of the system to precisely describe
(time, place and person) the MD event in Brazil from
SINAN data in the defined study period, focusing on the
calculation of MD incidence coefficients stratified by
year, Federative Unit, administrative region and most
affected age groups.

The system’s “usefulness” attribute was evaluated
according to its provision of indicators that were
efficient in describing MD magnitude in Brazil and in
determining and guiding MD control and monitoring
measures.' As per the Health Surveillance Guide,
published by the Brazilian Ministry of Health in 2017,
the objectives of the MD surveillance system are:’

1) To monitor the epidemiological situation of menin-
gococcal disease in Brazil.

2) To detect outbreaks in advance.

3) To guide the use and evaluate the effectiveness of
prevention and control measures.

4) To monitor the prevalence of circulating N. menin-
gitidis serogroups and serotypes.

5) To monitor the bacterial resistance profile of N.
meningitidis strains.

6) To produce and disseminate epidemiological
information.

If the MD surveillance system is capable of providing
relevant epidemiological data to fulfill these objectives,
it will be considered useful.

For data analysis and processing we used Tabwin®
3.6b, Epi Info™ 7.1.5, Microsoft® Excel 2010 and
Recklink® 3.1.6.

As this was an epidemiological surveillance evalua-
tion study based on analysis of secondary data retrieved
from an anonymous national database, it was exempt
from appraisal by a Research Ethics Committee, whilst
duly complying with the ethical requirements of Natio-
nal Health Council Resolution CNS No. 466, dated 12
December 2012; and Resolution CNS No. 510, dated
7 April 2016. Access to the database was granted by
institutional consent. The study results were aggregated
and are presented as follows.

Results

We studied 23,930 confirmed MD cases in Brazil with
onset of symptoms between 2007 and 2017. The system
uses three suspected case definitions based on clinical
evaluation criteria, four confirmed case definitions based
on clinical laboratory criteria, and one discarded case
definition, based on confirmed case exclusion criteria (if
the suspected case does not meet the MD confirmation
criteria, it is automatically discarded)-'*

Suspected MD cases also have six different models
of laboratory confirmation (chemical and cytological,
bacterioscopy, counterimmunoelectrophoresis, latex
agglutination, PCR or culture), mostly performed by
municipal and state health services.

Measures to control new cases depend on medication
and immunobiologicals, with 48-hour chemoprophyla-
xis being used for sporadic case contacts; in the event
of an MD outbreak, vaccine blocking is carried out in
addition to chemoprophylaxis.
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MD epidemiological surveillance has high case de-
tection sensitivity, using eight case definitions, together
with six different models of laboratory confirmation, as
well as a system of control and prevention measures
using medication and immunobiologicals. Because of
these characteristics, MD epidemiological surveillance
was considered to be complex.

As of the year 2010, the introduction of MenC as part
of the Brazilian basic immunization schedule reduced
MD serogroup G incidence in the population, and the
decentralization of the Polymerase Chain Reaction
(PCR) technique to state-level laboratories reduced
incidence of MD with no serogroup identification
(Figure 1). The epidemiological surveillance system
was considered to be flexible, as it was able to des-
cribe these changes resulting from the interventions
that took place.

Table 1 shows that completeness of the “chemopro-
phylaxis use” field was good in all the period analyzed.
Completeness of the “contact with suspected case” and
“serogroup” fields was excellent, “immunization with
MenC” was regular and “‘secondary case” was poor. As
three out of five fields had completeness evaluated as
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good or excellent, data quality of the MD surveillance
system was considered high.

Table 2 shows that we found an average percentage
of 56.3% of records with timely chemoprophylaxis
for contacts (up to 48 hours following suspected case
symptoms); average percentage of records with timely
chemoprophylaxis was not greater than 60.0% in any
of the years evaluated. As chemoprophylaxis was timely
in less than 70.0% of the records, system acceptability
was considered to be low.

The average rates of investigation timeliness
(96.6%) and closure timeliness (93.5%) were ex-
cellent, LCR collection timeliness (87.7%) was good,
and notification (68.3%), service (58.1%) and che-
moprophylaxis (56.3%) timeliness was regular. The
MD epidemiological surveillance system was therefore
considered to be timely (Table 2).

Figure 2 shows that in the period from 2007 to
2017 for Brazil as a whole, the highest incidence of MD
cases occurred in the under 5 years old age groups,
particularly among children under 1 year old. We
observed progressive incidence reduction as of 2010,
based on the hypothesis that there was case reduction

0.1

Incidence per serogroup (1 million inhab.)

2007 2008 2009 2010 2011

s Se10GrOUP C s SETOQTOUP B

*Polymerase Chain Reaction (PCR) test.
**Meningococcal C conjugate vaccine.
Source: Notifiable Diseases Information System (SINAN); data collected in May 2018.

2012 2013 2014 2015 2016 2017

Years

Other serogroups No identification

Figure 1 — Meningococcal disease incidence per serogroup, Brazil, 2007-2017
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due to MenC being introduced on the Brazilian immu-
nization schedule.

Figure 3 demonstrates that between 2007 and 2010
for Brazil as a whole, average MD incidence rates for
the period were near to or above 1 case/100,000 inha-
bitants, having homogeneous distribution all over the
Brazilian territory and a tendency of greater concen-
tration in the coastal region. Between 2011 and 2014,
average incidence rates for Brazil as awhole fell below 1
case/100,000 inhabitants, although states like Sdo Paulo,
Rio de Janeiro and Pernambuco still had higher avera-
ge incidence rates. In the period from 2015 to 2017,
average incidence was lower than 0.5 case/100,000
inhabitants in Brazil, especially in the country’s North,
Northeast and Midwest regions; in the same period,

average incidence rates in the states of Rio de Janeiro and
Sio Paulo were lower than 1 case/100,000 inhabitants.

The MD epidemiological surveillance system was
considered to be representative because it allows
the description of MD event time, place and persons
in Brazil.

Finally, regarding the system “usefulness” attribu-
te, we found that MD surveillance is able to provide
important indicators in keeping with the objectives
recommended, signaling epidemiological tendencies
and their specificities, especially by affected serogroups
and age groups.

The incidence coefficients in this study illustrate
that the system is able to provide specific data per
N. meningitidis serogroup, informing not only the

Table 1 - Completeness of compulsory and non-compulsory variables on the meningococcal disease
epidemiological surveillance system, Brazil, 2007-2017

Completeness (%)

Variables (fields)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Average Evolution
Compulsory
Chemoprophylaxis use 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 Good
Non-compulsory
MenCimmunization® 756 748 749 769 762 715 760 791 809 811 807 776 Regular
(ontactwithsuspectedcase  93.7  93.6  93.7 927 920 933 926 937 945 958 942 936 Excellent
Secondary case 32 22 26 2.9 2.5 3. 1.8 24 30 2.3 21 2.6 Poor
Serogroup 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 Excellent

a) Meningococcal C conjugate vaccine.
Source: Notifiable Diseases Information System (SINAN); data collected in May 2018.

Table 2 - Evaluation of timeliness of meningococcal disease epidemiological surveillance, Brazil, 2007-2017

Timeliness 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2‘(‘)‘(’;[;81*7 Uassification
Notification <24h 670 679 678 691 698 707 706 680 679 668 653 683  Regular
Service <24h 611 591 622 589 604 571 546 580 554 579 547 581  Regular
Epidemiological

investigation <24h 958 964 960 962 970 973 971 970 959 977 966 966  Excellent

CSF collection® <24h 882 891 873 891 877 886 885 876 85 89 87 87  Good
Chemoprophylaxis<48h 539 549 565 598 578 585 598 542 551 559 527 563  Regular
Closure up to 60 days 865 879 935 950 943 948 961 956 952 939 955 93.5 Excellent

a) CSF: cerebrospinal fluid (liquor).
Source: Notifiable Diseases Information System (SINAN); data collected in May 2018.
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Figure 2 — Meningococcal disease incidence per age group, Brazil, 2007-2017
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Figure 3 — Meningococcal disease incidence per Federative Unit, Brazil, 2007-2017
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disease magnitude trend according to serogroup, but
also guiding adequate control measures — in this case,
the priority of meningococcal C conjugate vaccine use
in Brazil as the main immunization preventive action,
since most cases are affected by MD serogroup C.*5!°

The specific incidence coefficients per age group
calculated in this study also showed that the system
is able to inform meningococcal disease magnitude
and trend per affected age groups; children under 5
years old were the most affected and, consequently,
this was the age group defined for MD immunization
as part of the PNI immunization schedule.' As the
meningococcal disease surveillance system is able to
provide efficient epidemiological data and orientate
effective actions for prevention and control, it was
considered to be useful.

Discussion

The MD epidemiological surveillance system was
considered to be useful, complex, flexible, with good
data quality, low acceptability, representative, and
with timeliness varying from excellent to regular,
according to the type analyzed.

The complexity of the surveillance system in
terms of confirming diagnosis of meningococcal
disease cases is a direct result of the dynamics of the
condition of “meningitis”. Because it is a clinical
syndrome, it has diverse clinical presentations and
possible etiologies, requiring health team accuracy
in interventions to define causal etiology."** High
sensitivity of case definition in detecting meningitis
cases is necessary because this neurological syndro-
me is rare and severe, requires urgent health care
for its treatment, besides active tracing of possible
secondary cases." 3817

However, apart from the system’s complexity
imposing difficulties for its operationalization by
health professionals, it also interferes with its accep-
tability as perceived by health professionals. Great
professional effort is needed for case detection,
investigation and chemoprophylaxis management.
It is possible that these actions may not always be
carried out completely and with the quality expected
from health professionals working in services on the
front line of the health system."?%!7

The good flexibility of the MD surveillance system
in identifying MD serogroup incidence effects and

changes, with effect from MenGC implementation in
public immunization, allowed us to identify that this
system is able to perceive the effect of new procedu-
res or diagnosis methods when they are introduced,
having the ability to reliably describe new trends in
MD dynamics in the Brazilian population. Another
important factor that corroborates the reliability of
the analyses made using the MD database is the good
data quality identified in this study.®'*!”

The good representativeness of the system is
another positive factor with regard to monitoring
and signaling relevant new trends in MD dynamics.
The system is good at detecting changes in the
epidemiological pattern of MD in Brazil.'*8 It is
important to highlight that one of the main contri-
butions of the system to the analysis of MD trends
in Brazil was the monitoring of MD incidence
with effect from the introduction of MenC on the
Brazilian immunization schedule.*!

Analysis of the timeliness of the meningococcal
disease surveillance system demonstrated that sur-
veillance actions should be evaluated with effect
from case notification date and not from the date of
onset of symptoms, since the whole process is set in
motion with effect from notification of a suspected
case admitted to a hospital or emergency center.
Prior to this, local epidemiological surveillance
did not have enough information to start control
actions. Moreover, the timeliness or quickness with
which treatment and control actions are carried out
depends directly on the timeliness of suspected MD
case notification, so that timeliness is the system’s
most important attribute.*>”

In relation to the limitations of this study, it can
be stated that the parameters used to measure and
classify the attributes analyzed are subjective and,
as such, researchers who analyze the data may
underestimate or overestimate results.

The meningococcal disease surveillance system in
Brazil is useful for analyzing trends and monitoring
the profile of this disease in Brazil. Nevertheless, he-
alth professionals need to be constantly monitored
and trained, especially those who provide clinical
care for meningococcal disease, training them to
overcome difficulties related to the natural com-
plexity of a surveillance system based on a clinical
syndrome, strongly dependent on the availability
of professionals, medication and laboratory tests.
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