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ABSTRACT

Introduction: In the State of Amazonas, particularly in the capital Manaus, meningitis has affected populations of different
cultures and social strata over the years. Bacterial meningitis is caused by several different species and represents a major issue
of public health importance. The present study reports the meningitis case numbers with different etiologies in Amazonas from
January 1976 to December 2012. Methods: Since the 1970s, the (currently named) Tropical Medicine Foundation of Doutor
Heitor Vieira Dourado [Fundagdo de Medicina Tropical Doutor Heitor Vieira Dourado (FMT-HVD)] has remained a reference
center in Amazonas for the treatment of meningitis through the diagnosis and notification of cases and the confirmation of such
cases using specific laboratory tests. Results: The foundation has achieved coverage of over 90% of the state medical records
for many years. Between 1990 and 2012, meningitis cases caused by Haemophilus influenzae decreased with the introduction
of the H. influenzae vaccine. Meningococcal disease previously had a higher frequency of serogroup B disease, but starting in
2008, the detection of serogroup C increased gradually and has outpaced the detection of serogroup B. Recently, surveillance has
improved the etiological definition of viral meningitis at FMT-HVD, with enteroviruses, Epstein-Barr virus (EBV) and varicella
zoster virus (VZV) prevailing in this group of pathogens. With the advent of acquired immunodeficiency syndrome (AIDS),
cryptococcal meningitis has become an important disease in Amazonas. Additionally, infectious meningitis is an important
burden in the State of Amazonas. Conclusions: Changes in the epidemiological profile for the different etiology-defined cases
are the result of continuous epidemiological surveillance and laboratory capacity improvements and control measures, such as
Haemophilus influenzae vaccination.
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treatment. Meningitis occurs worldwide, and its clinical and

INTRODUCTION

Meningitis is a disease that affects the membranes surrounding
the central nervous system (CNS) and is characterized by
fever, headache, nausea, vomiting, meningeal irritation, and
alterations in the cerebrospinal fluid (CSF). Meningitis is a
serious disease, and the prognosis depends primarily on its
early diagnosis and the provisioning of immediate and adequate
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epidemiological characteristics are associated with infectious
agents, socioeconomic characteristics of the population,
and environmental factors. The disease is caused by various
infectious and non-infectious agents, and the infectious agents,
particularly bacteria and viruses, assume the greatest importance
in public health, considering the scope of occurrence”.

Meningitis is a serious health problem because of its
progression in severity, the potential risk of mortality, and
severe sequelae®. The disease can affect individuals of all ages,
although children under 1 year old are the most susceptible®.
It is important to understand the epidemiological profile
of the cases reported by public health services to improve
diagnosis®. Meningitis often has signs and symptoms that
suggest the clinical diagnosis, such as the classic triad of fever,
headache and nuchal rigidity. Another example is the sudden
onset of hemorrhagic rash accompanied by fever, which is a
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clinical criterion for the diagnosis of meningococcal disease®.
However, updating the clinical data is important for updating the
clinical patterns. Laboratory diagnosis of meningitis involves the
study of the CSF, blood, and smears from petechial lesions. The
main routine tests performed with the CSF include biochemical,
cytological, conventional and molecular microbiological
analyses".

The most important bacterial agents for this disease
are Neisseria meningitidis, Streptococcus pneumoniae,
Mycobacterium tuberculosis, and Haemophilus influenzae.
Meningitis of viral origin may be caused by a variety of agents.
However, the non-polio enteroviruses are the most common
causative agents and include echovirus, Coxsackie virus A,
and Coxsackie virus B*. In infants, tuberculous meningitis
is caused by primary M. tuberculosis infection. In adults,
tuberculous meningitis is mostly a complication of reactivated
tuberculosisV. The fecal-oral route is of great importance
in the spread of enteroviral infections. Since the spread of
acquired immunodeficiency syndrome (AIDS), cryptococcal
meningitis has been reported more frequently because of its
strong association with AIDS®.

Neisseria meningitidis is the major bacterial agent that
causes meningitis, and the species is classified into 12 different
serogroups that are further subdivided into serotypes and
subtypes”. The transmission of meningococcal agents occurs
through direct contact with droplets and secretions from the
naso- or rhinopharynx of infected individuals (amounting to
approximately 10% of the population) ® ® ©, with incubation
periods ranging from 2 to 10 days (averaging 3 to 4 days®
(19) Additionally, the disease is characterized by the sudden
onset of clinical manifestations®. The transmission potential
persists as long as N. meningitidis remains in the nasopharynx
and usually disappears within 24h of antibiotic therapy. The
prevention of secondary meningococcal disease is based on
the identification of intimate contact with the primary subjects
with further chemoprophylaxis to interrupt transmission. The
prevention of new meningococcal disease cases occurs through
vaccination, when available?.

In general, the seasonality of meningitis is characterized by
an increase in the number of bacterial meningitis cases in the
winter and of viral meningitis in the summer!"). In Manaus,
the meningococcal disease incidence rate is higher in the
rainy season, particularly in April and May?. In this city, the
factors associated with the occurrence of meningitis are not
well known, but it is suspected that the urban demographic
expansion beginning in the 1970s has contributed to the spread
of the disease.

METHODS

Meningitis surveillance in the State of Amazonas

At present, meningitis is part of the National List of Diseases
of Compulsory Notification in accordance with Ordinance No.
5 from February 21, 20069, The Epidemiological Surveillance
System for Meningitis |Sistema de Vigilancia Epidemiologica

das Meningites (SVE/Meningites)] involves several activities
and actors, including the identification of suspected cases and
the adoption of disease prevention and control measures in the
community®.

Surveillance System for Meningitis was launched in
1975 and aimed at controlling meningococcal diseases in
view of the incidence of outbreaks in Brazil. At that time,
the Coordination of Epidemiology [Coordenadoria de
Epidemiologia (COOREP) had been established in State of
Amazonas and was controlled by the State Secretariat of Health
[Secretaria de Estado da Saude (SESAU)], currently called
the Secretariat of the State for Health, which is responsible for
all of the epidemiological surveillance services in the state. In
1983, the first Epidemiological Surveillance Unit [Unidade de
Vigilancia Epidemiologica da Fundagdo de Medicina Tropical
Doutor Heitor Vieira Dourado (UVE/FMT-HVD)] was created
at the Institute of Tropical Medicine of Manaus (which later
became the FMT-HVD), which was a reference center for the
diagnosis and treatment of meningitis. The UVE/FMT-HVD
served as the surveillance unit of the state surveillance system
and played an important role in the reporting and investigation
of meningitis, including outbreak investigation together with
COOREP until May 1999. After June 1999, a decentralization
of the epidemiological surveillance services gradually occurred
in the state. However, the FMT-HVD continued to serve as the
surveillance unit for the performance of clinical and laboratory
diagnostics and epidemiological surveillance in Amazonas.
In 2004, the Foundation for Health Surveillance of Amazonas
was created, which is a state agency with the goal of aiding in the
coordination and performance of epidemiological surveillance,
in accordance with the current legislation.

Data sources

The present article describes a time series of recorded
meningitis cases that were caused by N. meningitidis,
H. influenzae type b (Hib), S. pneumoniae, and M. tuberculosis
as well as cases of aseptic meningitis and cryptococcal
meningitis in Amazonas. Data from the different information
system levels were used to construct the time series.

Data regarding N. meningitidis disease were collected
from the records of COOREP/SESAU and UVE/FMT-HVD
for 1976 to 2012. H. influenzae type b, S. pneumoniae, and
M. tuberculosis as well as aseptic meningitis data were collected
from the UVE/FMT-HVD for 1990 to 2012. Cryptococcal
meningitis data were collected from the UVE/FMT-HVD for
1986 to 2012. Specific viral etiology data were recorded from
a more recently established laboratory surveillance system at
the FMT-HVD in 2010.

RESULTS

Since 1976, the epidemiological surveillance services in
State of Amazonas have recorded meningococcal disease cases
every year, with a total of 2,007 cases reported through 2012,
representing an average of 54.2 cases/year (Table 1). The
incidence rate ranged from 0.5 cases per 100,000 inhabitants
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TABLE 1 - The meningococcal disease incidence and mortality rates in State of Amazonas, 1976 to 2012.

Year Estimated Cases Deaths Lethality Incidence per 100,000 Mortality per 100,000
population n n % inhabitants inhabitants

1976 1,217,729 22 7 31.8 1.8 0.6
1977 1,268,021 31 8 25.8 24 0.6
1978 1,320,390 16 6 37.5 1.2 0.5
1979 1,373,922 24 13 54.2 1.7 1.0
1980 1,432,066 25 5 20.0 1.7 0.4
1981 1,518,000 9 2 222 0.6 0.1
1982 1,569,000 13 1 7.7 0.8 0.1
1983 1,621,000 8 2 25.0 0.5 0.1
1984 1,674,000 9 0 0.0 0.5 0.0
1985 1,700,950 13 3 23.1 0.8 0.2
1986 1,752,257 27 9 333 1.5 0.5
1987 1,805,044 17 0 0.0 0.9 0.0
1988 1,961,282 12 5 41.7 0.6 0.3
1989 1,979,597 51 15 29.4 2.6 0.8
1990 2,037,078 16 8 50.0 0.8 0.4
1991 2,102,775 27 10 37.0 1.3 0.5
1992 2,155,090 29 14 48.3 1.3 0.6
1993 2,217,600 43 22 51.2 1.9 1.0
1994 2,269,555 64 19 29.7 2.8 0.8
1995 2,320,221 74 23 31.1 32 1.0
1996 2,390,102 131 30 229 5.5 1.3
1997 2,460,602 109 26 23.9 44 1.1
1998 2,519,704 131 19 14.5 5.2 0.8
1999 2,580,860 103 16 15.5 4.0 0.6
2000 2,813,085 131 15 11.5 4.7 0.5
2001 2,900,240 132 22 16.7 4.6 0.8
2002 2,961,801 142 21 14.8 4.8 0.7
2003 3,031,068 117 22 18.8 3.9 0.7
2004 3,147,848 100 11 11.0 32 0.3
2005 3,232,330 65 11 16.9 2.0 0.3
2006 3,311,026 57 16 28.1 1.7 0.5
2007 3,221,939 60 13 21.7 1.9 0.4
2008 3,341,096 55 15 27.3 1.6 0.4
2009 3,393,369 59 9 15.3 1.7 0.3
2010 3,480,937 30 6 20.0 0.9 0.2
2011 3,538,359 26 7 26.9 0.7 0.2
2012 3,590,985 29 8 27.6 0.8 0.2
Total - 2,007 439 21.9 - -
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in 1983 and 1984 to 5.5 cases per 100,000 inhabitants in 1996.
Over the past 15 years, there has been a gradual decrease in the
detection rates of meningococcal diseases in the state, ranging
from 5.2 cases per 100,000 inhabitants in 1998 to 0.8 cases per
100,000 inhabitants in 2012. During this period, 439 deaths
occurred, representing an average fatality rate of 21.9%. Of
note, the mortality was higher prior to the early 1990s, when it
reached more than 50%, as reported in 1979 and 1993. Over the
past 15 years, the average mortality rate was approximately 20%.

Figure 1 shows the proportion of viral and bacterial
meningitis cases with defined etiologies in Amazonas from
1990 to 2012. Since 2009, there has been a slight decrease
in the number of cases caused by H. influenzae and a slight
increase in the number of cases caused by S. pneumoniae.
The incidences of meningitis cases due to N. meningitidis and
H. influenzae as well as cases of viral meningitis have decreased
over the past 15 years. This decrease was most pronounced for
H. influenzae (Figure 1).

Over this 23-year period (1990-2012), 3,850 meningitis
and meningococcemia cases were reported. Of these cases,
3,663 (95.1%) cases had a defined etiology, and 187 (4.9%) were
pathogen-unspecified. Of the total number of cases with a defined
etiology, 3,009 (82.1%) were classified as bacterial meningitis
cases (excluding tuberculosis), 481 (13.1%) as aseptic,
126 (3.5%) as tuberculous, 28 (0.8%) as cryptococcal, and

19 (0.5%) as other fungal, protozoan, or helminthic etiologies.
With respect to the bacterial meningitis cases (excluding
tuberculosis), 873 (23.8%) were due to N. meningitidis, 192 (5.2%)
were due to H. influenzae type b, 175 (4.8%) were due to S.
pneumoniae, and 1,769 (48.3%) had no bacteria specified.

Of the 1,730 meningococcal disease cases reported from
1990 onwards, 897 (51.8%) had no capsular group information
recorded, 723 (41.8%) were due to group B, and 110 (6.4%) were
due to group C. In 2000, the first case belonging to serogroup
C was diagnosed, and from 2008, the number of cases from
this serogroup surpassed serogroup B. Beginning in 2010, a
gradual decrease in the number of cases belonging to group B
was observed (Figure 2). From a total of 259 meningococcal
disease cases reported from 2007 to 2012 in patients with known
ages, 17 (6.6%) cases were reported in children under 1 year old,
41 (15.8%) in children aged 1 to 4 years, 76 (29.3%) in children
aged 5 to 14 years, and 125 (48.3%) in individuals over 14
years old. The proportional age distribution was heterogeneous.
However, for children under 1 year old, we noticed a reduction
in the number of meningococcal disease cases in the previous
2 years (Figure 3).

The viral meningitis laboratory surveillance system at
FMT-HVD, by using different combinations of molecular
techniques (PCR, RT-PCR and Semi-Nested PCR), identified
29.7% of the agents responsible for aseptic meningitis
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FIGURE 4 - Distribution of patients living with HIV/AIDS and cryptococcal meningitis reported at the time of AIDS notification

among residents in State of Amazonas, 1986-2012.

from 2010 onward. Enteroviruses were the most prevalent agents
and were detected in 16 (32.6%) positive samples, followed by
Epstein-Barr virus (EBV) in 11 (22.4%) samples, varicella
zoster virus (VZV) in 10 (20.4%) samples, cytomegalovirus
(CMV) in 9 (18.4%) samples, herpes simplex virus-1
(HSV-1) and HSV-2 in 2 (4.1%) samples each, and arboviruses
in 7 (14.3%) samples, including 4 dengue virus and 3 oropouche
virus (OROV) 1919 Simultaneous infection with 2 different
viruses causing meningoencephalitis was detected in 8 (16.4%)
of the evaluated patients, and the associations with CMV/VZV
and EV/EBV were more frequent!'”.

The disecase case database from the UVE/FMT-HVD,
which is also a reference for the surveillance of human
immunodeficiency virus (HIV)/AIDS in State of Amazonas,
allowed for the evaluation of AIDS-related cryptococcal
meningitis cases from 1986 to 2012 and indicated a correlation
between these diseases (Figure 4).

84

DISCUSSION

In the present study, it was possible to collect data on the
morbidity and mortality of meningococcal diseases from 1976 to
2012. These cases are an important public health issue in the state,
particularly considering the lethality of this disease. In this period, a
high average mortality rate was observed, and the mortality reached
more than 50% in some years. In most countries, N. meningitidis
is a leading cause of meningitis and sepsis as well as a significant
cause of death and disability in children below five years of age'®.

The last outbreak of meningococcal diseases due to
serogroup C identified in Amazonas was in Eirunepé in 2009,
with 5 recorded cases and no deaths!”. In this state, the first
peak in the curve of meningococcal cases recorded since 1976
occurred in 1989, followed by another increase in 1996, and this
increase was maintained until 2002, with 142 reported cases.
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Most meningococcal disease notifications, including meningitis,
come from Manaus!"? ®_ However, the occurrence of cases in
the remote areas of the state has been reported, with a differential
diagnosis of hemorrhagic fever in the Amazon forest, where it
can be mistaken for diseases caused by viruses or other agents'?.
In Brazil, in the 1970s and 1980s, epidemics were recorded in
various cities that were caused most commonly by serogroups
A and C followed by serogroup B®”. However, starting in the
1990s, there was a proportional decrease in serogroup B and
a progressive increase in serogroup C, as observed in the City
of Rio de Janeiro®. From that period onwards, meningococcal
diseases remained endemic in the country, and isolated outbreaks
of serogroup CV have been identified, as expected considering
the cyclic behavior of meningococcal diseases®!.

In Brazil in the 1970s, in the face of the great epidemic of
meningococcal diseases, a national vaccination campaign was
conducted using the meningococcal vaccine A/C, resulting
in the interruption of the circulation of serogroup A and the
predominance of serogroups B and C. In the second half of 2010,
the conjugate vaccine against serogroup C for children under
1 year of age became available!'V. In Amazonas, the incidence of
meningitis cases caused by N. meningitidis has decreased over
the past 15 years, particularly in children in the last 2 years of the
study period. In this study, a shift in the serogroup predominance
was observed in the region such that serogroup B predominated
over serogroup C until 2007. Since the introduction of vaccination
therapy against serogroup C in 2010 for children under 1 year
old, the age pattern has started to shift towards older age groups.

We observed a slight decrease in the number of meningitis
cases caused by H. influenzae and an increase in the number of
S. pneumoniae cases between 1990 and 2012. The incidence of
meningitis cases caused by N. meningitidis, H. influenzae, and
viral pathogens decreased in the last 15 years. This decrease was
more pronounced for H. influenzae. In turn, the incidence of
cases caused by S. pneumoniae remained stable over the study
period. With regards to meningitis caused by H. influenzae type
b, the number of cases decreased in State of Amazonas as well
as on a national scale, owing to the introduction of the anti-Hib
vaccine in 1999-2000%2 @ @4,

Infectious meningitis is responsible for several infectious
disease cases in State of Amazonas. The gradual improvement
in the identification of the causative agents has been essential;
however, early diagnosis remains a challenge in the region. At
present, within the national vaccination program, 3 vaccine types
are available: a tetravalent (against H. influenzae), a 10-valent
pneumococcal conjugate, and a meningococcal conjugate C.
All of these vaccines are freely available in 3 doses and can be
administered in children older than 2 months of age.

Viral or aseptic meningitis is of great importance in the
epidemiology of meningitis, with approximately 40% of
notifications being registered in the country in 201117, with
Amazonas representing one-third of these cases in the same
year. Notwithstanding this surveillance, we should emphasize
the lack of data regarding the etiology of this meningitis type
in State of Amazonas. The identification of the causative agents
of viral meningitis in Brazil has only been possible in some

situations, such as during outbreaks when there is a concerted
surveillance effort for the etiologic agent. Therefore, the viral
meningitis epidemiological surveillance system has limited
information regarding the major causative agents. In the FMT-
HVD, the implementation of the laboratory surveillance system
for the monitoring and identification of different viral agents
has led to an improvement in the diagnostic system, and rapid,
sensitive, and accurate identifications have been achieved in
routine assistance care.

Enteroviruses were more prevalent in the studied population,
confirming that these viruses are the most common cause
of infection in the CNS. The rapid identification of the
Herpesviridae virus family contributes to important clinical
decisions, especially regarding the use of antiviral therapy
for this group of viruses, which can lead to a decrease in
mortality and disease sequelae". Of note, arboviruses were
also very frequent, and this etiology is probably underestimated,
especially in immunocompromised patients and patients with
previous blood-brain barrier impairments!?,

Despite its opportunistic and rare nature, cryptococcal
meningitis is still diagnosed among patients living with HIV,
most likely because of a late diagnosis or treatment failure with
antiretroviral compounds®. Cryptococcal cases have been
reported in Amazonas since 1986 and reached a peak in 2008.
In the present study, we verified that the cryptococcal meningitis
cases were associated with HIV/AIDS during that time. In 2011
and 2012, there was a decrease in the number of cryptococcal
cases, suggesting an improvement in the health assistance of
patients living with HIV/AIDS, which prevented the occurrence
of opportunistic cases.

In Amazonas, the FMT-HVD has been a reference service for
the diagnosis and treatment of tropical and infectious diseases and
for the training of human personnel to subsidize the adequate and
immediate treatment of meningitis. Over the years, this institution
has improved its clinical and laboratory meningitis diagnostics
and maintained a partnership with the Adolfo Lutz Institute in
Séao Paulo for laboratory quality control. For laboratory bacterial
meningitis diagnoses, RT-PCR using CSF is highly sensitive and
specific and has substantially added to measures of meningitis
disease burden when incorporated into routine public health
surveillance in some sites in Brazil®®. Molecular techniques have
not yet been incorporated into the routine diagnostic services for
bacterial meningitis in Amazonas, which may explain the large
number of cases of unknown etiology. Given the public health
impact and potential to prevent meningitis through vaccination,
further investigation is warranted to elucidate the clinical
epidemiology of meningitis in this region.

The decentralization of the epidemiological surveillance
services should not be considered an important factor in
lowering the number of reported cases of meningitis. In
contrast, the incorporation of vaccine therapy into the national
immunization program should lower the number of cases.
However, the continued training of health professionals in early
diagnosis, adequate and immediate treatment, and maintenance
of an effective epidemiological surveillance is fundamental to
maintaining the low incidence of meningitis and prevent deaths.
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