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Background
Meningococcal meningitis (MM) is considered to 
be a rare disease [Almeida-Gonzalez et al. 2004] 
in Mexico, despite proven endemicity in the 

northwestern part of the country and documented 
outbreaks [Chacon-Cruz et  al. 2011, 2014a, 
2015]. However, it is endemic in other Latin 
American countries [Safadi and Cintra, 2010], as 
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Abstract
Objectives: Meningococcal meningitis is reported as a rare condition in Mexico. There are 
no internationally published studies on bacterial causes of meningitis in the country based 
on active surveillance. This study focuses on finding the etiology of bacterial meningitis in 
children from nine Mexican Hospitals.
Methods: From January 2010 to February 2013, we conducted a three years of active 
surveillance for meningitis in nine hospitals throughout Mexico. Active surveillance started at 
the emergency department for every suspected case, and microbiological studies confirmed/
ruled out all potentially bacterial pathogens. We diagnosed based on routine cultures from blood 
and cerebrospinal fluid (not polymerase chain reaction or other molecular diagnostic tests), and 
both pneumococcal serotyping and meningococcal serogrouping by using standard methods.
Results: Neisseria meningitidis was the leading cause, although 75% of cases occurred in 
the northwest of the country in Tijuana on the US border. Serogroup C was predominant. 
Streptococcus pneumoniae followed Neisseria meningitides, but was uniformly distributed 
throughout the country. Serotype 19A was the most incident but before universal 
implementation of the 13-valent pneumococcal conjugate vaccine. Other bacteria were much 
less common, including Enterobacteriaceae and Streptococcus agalactiae (these two affecting 
mostly young infants).
Conclusions: Meningococcal meningitis is endemic in Tijuana, Mexico, and vaccination should 
be seriously considered in that region. Continuous universal vaccination with the 13-valent 
pneumococcal conjugate vaccine should be nationally performed, and polymerase chain 
reaction should be included for bacterial detection in all cultures – negative but presumably 
bacterial meningitis cases.
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well as in many other parts of the world [Chang 
et al. 2012; Baccarini et al. 2012]. Employing an 
active surveillance system throughout Mexico, we 
sought to examine the burden of MM, pneumo-
coccal meningitis (PM) and other bacteria caus-
ing bacterial meningitis (BM) throughout Mexico. 
Furthermore, active surveillance for BM has 
never been published in Mexico, and in Latin 
America, is the third-published study also pro-
spectively looking for pathogens causing BM and 
other invasive diseases in children [Sacchi et  al. 
2011; Gaensbauer et al. 2016]; all other informa-
tion on pediatric BM in Mexico and Latin 
America we have is mostly based on passive sur-
veillance (SIREVA report, 2012).

Incidence rates (IR) were obtained only for MM 
because it had been reported as a very rare disease 
in Mexico based on passive surveillance. Among 
nine hospitals included in this study, only five had 
a stable population who only attended that par-
ticular hospital. They were the only ones in which 
it was possible to estimate IR based on the follow-
ing formula:

IR =
Cases of MM  100,000

Population by age group

×

Materials and methods
The main objectives of our study were to:

(1)	 Evaluate the real epidemiological situation 
of meningococcal disease in Mexican 
children.

(2)	 Estimate incidence rates of MM only in 
hospitals where a defined denominator 
was well defined.

(3)	 Identify all culture-positive bacterial 
causes of meningitis in children.

(4)	 Compare the clinical and demographic 
pictures of MM versus PM.

(5)	 Describe clinically and demographically 
other bacteria causing meningitis in 
Mexican children.

This study was initiated by physicians in charge of 
children with BM. The project guidelines were 
developed during the initial meeting and partici-
pating microbiologists from each hospital were 
trained in isolating and identifying bacterial path-
ogens that may cause BM. The study was 
approved by the ethics committees from all nine 
hospitals.

From February 2010 to January 2013, active sur-
veillance for BM in children <16 years of age was 
implemented in 9 hospitals throughout Mexico: 
Tijuana General Hospital (northwest); Hospital 
Universitario of Monterrey (northeast); 
Children’s Hospital of Culiacan (north-Pacific); 
Hospital Civil of Guadalajara (central-Pacific); 
three hospitals in Mexico City (National Institute 
of Pediatrics, Hospital Picacho–PEMEX and 
Hospital Medica-Sur); Children’s Hospital of 
Morelia (southwest); and General Hospital of 
Tuxtla-Gutierrez (southeast).

All but two are tertiary hospitals (National 
Institute of Pediatrics and Hospital Civil of 
Guadalajara); the rest are secondary hospitals. All 
but one are public; the exception is a private hos-
pital in Mexico City, Hospital Medica-Sur. These 
hospitals were chosen because they represent a 
geographical area, and by looking at their micro-
biological laboratories, they fulfilled the basic 
equipment and personnel for identification of 
invasive bacteria.

Active surveillance was as follows. At the emer-
gency department, for every patient with sus-
pected meningitis, lumbar punctures 
[cytochemical analysis including glucose, proteins 
and leucocytes from cerebrospinal fluid (CSF) 
and culture] and blood cultures were immediately 
performed along with other routine tests [cell 
blood count (CBC), serum biochemical profiles 
(glucose, liver and renal functional tests), erythro-
cyte sedimentation rate (ESR) and clotting times 
(prothrombin and thromboplastin times]. 
Diagnosis of BM was established by a positive 
CSF and/or blood culture, with abnormal CSF 
cytochemical analysis. Bacterial identification was 
performed using initially broth media followed by 
specific automatized methods for each pathogen. 
Standard isolation and identification of each path-
ogen was established during the first meeting of all 
investigators and microbiologists, and annual 
supervision by the principal investigator.

For all Neisseria meningitidis isolates, serogroup 
identification was performed using the Pastorex 
meningitis kit (Alere Ltd, Stockport, UK). For 
some Streptococcus pneumoniae isolates, serotype 
identification was performed using the Quellung 
reaction (Statens Serum Institute, Copenhagen, 
Denmark). We did not use polymerase chain reac-
tion (PCR) or another molecular diagnostic tool 
due to lack of resources. For every culture-nega-
tive meningitis, a discussion took place within the 
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main investigators on an individual basis and it 
was decided whether it was viral meningitis (VM) 
or potential bacterial meningitis (PBM); decisions 
were made based on CSF cytochemical analysis 
(leucocytes, proteins and glucose), clinical picture 
at admission, and clinical outcome during hospi-
talization. All patients with VM received no more 
than 2 days of antimicrobials, a second lumbar 
puncture revealed a normal cytochemical analysis, 
and were discharged with at least 3 days without 
antibacterials. The reasons for a second lumbar 
puncture in all VM cases was to confirm they were 
not BM, mostly due to the lack of molecular tools 
for identification of viruses and because there are 
reports of BM without CSF pleocytosis [Hase 
et al. 2014]. Patients with PBM had a granulocytic 
CSF and a second abnormal granulocytic CSF 
again, but isolation of a bacterial pathogen was 
not possible.

The principal investigator supervised once a year 
all nine hospitals to assure compliance.

Results
There were 201 cases of meningitis; 72 (36%) 
were considered to be VM and 129 (64%) were 
considered to be PBM. Culture-confirmed BM 
cases were 73 (56.5% positivity) and isolates were 
as follows: N. meningitidis 24 (33%); S. pneumo-
niae 17 (23.3%); Enterobacteriaceae 9 (12%); 
Streptococcus agalactiae 6 (8%); Listeria monocy-
togenes 4 (5.5%); Streptococcus pyogenes 4 (5.5%); 
Haemophilus influenzae type b 2 (2.7%); and oth-
ers 7 (9.5%) (Figure 1).

Culture-confirmed BM was from CSF only in 
100% of cases and from both CSF and blood in 
36% of patients.

MM incidence was significantly higher in the 
northwest (Tijuana, 75%); of these 41.6% were 
caused by serogroup C (Figure 2).

The median age of presentation for MM was 1 
year (21 days to 15 years), 71% were <2 years 
old. Purpura and thrombocytopenia were present 
in 46% and 41.6%, respectively. A total of 6 chil-
dren died (25%, between 1 and 3 days following 
hospitalization). Among survivors, 4 (22.2%) 
developed neurologic sequelae (motor and speech 
impairment) at discharge from the hospital. It 
was possible to estimate the IR of MM from five 
hospitals. The vast majority of cases were found 
in Tijuana, with annual rates in children <5 years 
old of 25/100,000, while the overall rate in that 
same age group was of 5/100,000 (Table 1).

PM was more equally distributed throughout the 
country (Table 1). PM median age of presenta-
tion was 2.5 years (3 months to 16 years) and 
47% were <2 years old. Purpura was not present 
in any case, thrombocytopenia was present in 
11.7% of patients, and overall PM mortality was 
5 (29.4%, between 1 and 8 days following hospi-
talization). Among survivors, 3 (25%) devel-
oped neurologic sequelae (motor and speech 
impairment) at discharge from the hospital. 
Pneumococcal serotype identification was 
obtained in seven patients, six of which were 
serotype 19A.

Figure 1.  Pediatric meningitis surveillance in nine Mexican hospitals: number and percentage of cases by 
disease and agent.
Period: 1 February 2010 to 31 January 2013.
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Among patients with PM, pneumococcal vaccina-
tion status was of at least 2 doses of 7-valent pneu-
mococcal conjugate vaccine in 15 from 17 patients 
(88.2%); 2 patients were not vaccinated at all.

Other bacteria were much less common, with 
Enterobacteriaceae and S. agalactiae affecting 
mostly children less than 3 months old. 
Enterobacteriaceae caused three deaths and all 
patients were discharged with neurologic seque-
lae. Patients with meningitis due to S. agalactiae 
developed well, with no mortality and no appar-
ent sequelae at discharge.

There were 4 cases due to S. pyogenes, affecting 
mostly older children (4–8 years of age) and 4 cases 
of L. monocytogenes affecting mostly young infants 
with a good clinical response. There were two cases 
of Haemophilus influenzae type b, both of which 
were unvaccinated children, one the son of parents 
belonging to anti-vaccine groups (this patient died).

All patients did not have any apparent immuno-
logical disorder, none had any kind of bacterial 
invasive disease in the past and all were human 

immunodeficiency virus (HIV) negative. No fur-
ther immunological studies were performed.

Discussion
This is the first internationally published study 
performed in Mexico based on active surveillance 
(not retrospectively) looking for etiological bacte-
rial pathogens of BM. Even though MM is a noti-
fiable condition, the overall belief that MM is a 
rare disease persists. This assumption, however, 
is based only on observation. Nevertheless, MM 
was mostly present in Tijuana (75%), with indeed 
an outbreak due to serogroup C, MTLS ST-11 
– an outbreak that occurred 1 month after this 
surveillance was finished [Chacon-Cruz et  al. 
2011, 2014, 2015]. We believe that meningococ-
cal vaccination should be seriously evaluated in 
that region. In other areas than Tijuana, Mexico, 
we do not have enough information to recom-
mend universal vaccination. However, we should 
encourage active, national surveillance.

PM presence was equally notable throughout all 
nine hospitals. Among the seven serotyped 
strains, six were caused by serotype 19A. This 
study was mostly conducted before initiation 
(May–June 2012) of the 13-valent pneumococcal 
conjugate vaccine (PCV-13). Currently, follow-
ing PCV-13 universal introduction, serotype 19A 
and PM have dropped significantly in Tijuana 
[Chacon-Cruz et al. 2014b].

Other bacteria were much less common, with 
Enterobacteriaceae and S. agalactiae affecting 
mostly children <3 months old; there were also 4 
cases each of L. monocytogenes and S. pyogenes and 
2 children with Haemophilus influenzae type b 
meningitis who were not vaccinated.

The main limitation of our study is that we were 
unable to perform PCR for any PBM case due to 
lack of resources. We believe our results will bring 
more resources in the near future to continue 
active surveillance and to encourage the use of 
PCR as a common tool for all PBM cases as 
proven in many other studies [Salgado et al. 2013; 
Sacchi et  al. 2011; Ubukata 2013; Diggle and 
Clarke, 2006; Mothershed and Whitney, 2006; 
Bennet and Cafferkey, 2006].

Conclusion
(1)	 Meningococcal meningitis is among the 

leading causes of BM in Mexico. However, 

Figure 2.  Pediatric meningitis surveillance in nine 
Mexican hospitals: meningitis due to Neisseria 
meningitidis by serogroup (n = 24)
Period: 1 February 2010 to 31 January 2013.

Table 1.  Pediatric meningitis surveillance in nine 
Mexican hospitals.

Geographical zone

  North Central South

Number of hospitals 3 4 2
Meningococcal/
pneumococcal

20/7 4/8 0/2

Meningococcal and pneumococcal meningitis in children: 
regional distribution in Mexico from 1 February 2010 to 
31 January 2013.
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it is predominant only in the northwest of 
Mexico (Baja-California–California bor-
der) and universal vaccination should be 
seriously evaluated in that region [World 
Health Organization, 2011].

(2)	 PM is the most frequent bacterial patho-
gen found, but cases are more equally dis-
tributed throughout the country. Serotype 
identification was performed only in 41% 
of cases, all of which were 19A, suggesting 
that PCV-13 should be continued as a 
universal antipneumococcal vaccination 
in Mexican children.

(3)	 PCR or other molecular diagnostic tools 
should be included to increase the yield of 
diagnosis of all cases of BM.
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