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Abstract
Objective. To carry out a pilot study to discover the fre-
quency of colonization in healthy children under five years 
old and teenagers, as well as the distribution of the different 
N. meningitidis serogroups isolated from nasopharyngeal 
samples collected from the population under study. Material 
and Methods. The population included youth between 15 
and 19 years old living in social rehabilitation centers (SRC) 
and university teenagers (UT) as well as children under the 
age of five attending day care centers (DCC) in Mexico City. 
Nasopharyngeal exudates were processed using standard 
microbiological techniques in order to identify Nm, the sero-
group, type and subtype of these isolates. Results. A total of 
2 310 samples (774 SRC, 800 UT and 736 DCC) were taken. 
Total prevalence of Nm was 1.6 per cent. In teenagers living in 
SRC the prevalence was 2.9%. The most frequent serogroups 
were Y (29.7%), C (24.3%) and B (10.8%). Conclusions. The 
prevalence of carriers in the study environment was significant 
(1.6%) and similar to countries in which the invasive illness 
is much more frequent. 
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Resumen 
Objetivo. Realizar un estudio piloto que permita conocer la 
frecuencia de colonización en niños sanos menores de cinco 
años y adolescentes, así como la distribución de serogrupos 
de los aislamientos de Neisseria meningitidis (Nm) obtenidos 
de la nasofaringe de la población estudiada. Material y 
métodos. Se incluyeron, jóvenes entre los 15 y 19 años de 
edad, de centros de readaptación social (CRS) y adolescentes 
universitarios (AU), así como niños menores de cinco años 
que asisten a estancias infantiles (EI) en la Ciudad de México. 
Se tomaron exudados nasofaríngeos y fueron procesados, 
usando las técnicas microbiológicas clásicas, para identificar 
Nm, serogrupo, tipo y subtipo de estos aislamientos. Resul-
tados. Se incluyeron un total de 2310 muestras (774 CRS, 
800 AU y 736 EI). La prevalencia total de Nm fue 1.6% y en 
los adolescentes de CRS fue 2.9 por ciento. Los serogrupos 
más frecuentes son; Y (29.7%), C (24.3%) y B (10.8%). Con-
clusión. La prevalencia de portadores en nuestro medio 
fue significativa (1.6%) y similar a los países en los que la 
enfermedad invasiva es mucho más frecuente. 
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Neisseria meningitidis is a pathogen that lives ex-
clusively in the oropharynx of human beings; it 

continues to be the most frequent cause of sepsis and 
meningitis in children around the world.1 Neisseria 
meningitidis can be found in the human being in the 
form of an asymptomatic carrier and in other instances 
causing serious invasive disease with high morbidity 
and mortality. Consequently, meningococcal disease has 
been considered an important public health problem; 
thus, the immediate reporting of its occurrence to health 
authorities is mandatory. Meningococcal disease can be 
present as isolated cases or outbreaks. When this hap-
pens it can cause epidemiological alarm among health 
authorities because of the risk that a small outbreak has 
of becoming an epidemic problem requiring immediate 
epidemiological measures (prophylaxis and vaccina-
tion) to control its outspread.2
	 The percentage of colonization varies depending 
on the age group: 2% in the pediatric age group such 
as infants and pre-school children and 10-39% in teen-
agers and young adults.3,4 It must be pointed out that 
the increased prevalence of the carrier state may vary 
due to different factors related to living conditions and 
habits, immunological status, prior viral or bacterial 
disease, seasonal period, etc. Endemic and epidemic 
meningococcal infection occurs worldwide. It has been 
calculated that 500 000 cases of invasive disease occur 
annually worldwide with more than 50 000 deaths.5 In 
developed countries, death due to invasive disease is 8 
to 13%; the total number of cases may vary depending 
on the prevalence and nature of the disease, the social 
and immunological conditions of the patients and the 
socioeconomic level of each country.6-8 Between 9% and 
11% of the patients who survive the disease are left with 
sequels (deafness, mental retardation, seizures, and limb 
amputations).7-8 The disease has seasonal variations, 
with the greatest incidence being observed during the 
winter and early spring months.6-10 In addition, there is 
an association between influenza and invasive menin-
gococcal disease.11

	 Traditionally, Neisseria meningitidis has been char-
acterized by antibodies that recognize epitopes on the 
capsule or outer membrane. With the use of this tech-
nique, 13 serogroups (identifying capsular antigens) 
and 20 serotypes (identifying porine classes 2 or 3) have 
been identified. The subtypes are based on the antigenic 
differences in the outer membrane Protein 1. The antigen 
responsible for the specificity of the serogroups is the 
capsular polysaccharide (A, B, C, D, X, Y, Z, 29E, W135, 
H, I, J and L).12

	 The B and C serogroup strains cause most of the 
infections in industrialized cities. The A serogroup and 

other strains are less extensive; the C serogroup is the 
most significant in developing countries.13-16

	 Some studies have shown that many invasive me-
ningococcal diseases are restricted to a specific number of 
hyper-virulent strains that contrast with carrier isolates 
that have never been associated with the disease; such is 
the case of the ET37 complex, characterized by a 2aP1.5- 
P1.2 phenotype.17 This indicates that some meningococci 
are genetically adapted to cause invasive disease.
	 In Mexico, meningococcal disease has a very 
low incidence. However, the health department has 
recently reported an increasing number of cases; none-
theless, Mexico is still one of the countries with fewer 
cases of this disease (average of 55 cases in the last 6 
years),21 though the prevalence of the carrier state is 
unknown.
	 The identification and detection of serotypes con-
sidered highly virulent will enable us to estimate the 
magnitude of the problem in our country; the origin of 
a potential epidemic outbreak could be foreseen and 
this would make it possible to set up the appropriate 
treatment measures and apply specific vaccines based 
on the serogroups identified in our population. 
	 Thus, the purpose of this study is to carry out a 
pilot study to discover the frequency of colonization in 
healthy children under five years of age and teenagers, 
as well as the distribution of the different serogroups 
of N. meningitidis isolated from the nasopharyngeal 
exudates of the population under study. 

Material and Methods
This is a descriptive, cross-sectional study with a non-
probabilistic group sampling from the healthy popula-
tion, which includes youth between 15 and 19 years 
old living in social rehabilitation centers in Mexico, 
students attending several mexican universities and 
children under the age of five attending day care centers 
in Mexico City.
	 The study period was from September 2004 to April 
2005. Informed consent was obtained from all partici-
pants and from the parents of children five years old and 
under. A local research and ethics committee approved 
the study.
	 The study excluded individuals with a diagnosis of 
primary or secondary immunodeficiency, hematological 
and/or oncological disease, acute respiratory disease, 
use of steroids or immunosuppressant drugs and cra-
niofacial malformations. 

Sample collection: The samples were collected by intro-
ducing a calcium alginate swabMR (Pur-Wraps) into the 
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nasopharynx; the swabs were deposited directly into an 
Aimes transport medium and sent to the streptococcal 
laboratory at Hospital Infantil de México.
Laboratory Methods: The swabs were inoculated on 5% 
sheep blood agar and Tayer Martin agar (Dickinson 
Microbiology Systems, Maryland, MD), and incubated 
at 37°C for 24 hours with a 5% CO2 atmosphere; the 
colonies with typical Neisseria morphology were selected 
in accordance with the basic colony and microscopic 
morphology characteristics, as well as the differential 
tests necessary to arrive at the identification of Neisseria 
meningitidis.22,23 Using the group-specific antiserum ag-
glutination technique (DIFCO),23 the serogroup of each 
of the isolates was identified. 

	 The Neisseria meningitidis ATCC 35562 strain was 
included as assay quality control. 
	 In order to find out the prevalence of serotypes, 
the isolates were sent to the microbiology laboratory at 
Manchester (Medical Microbiology Partnership, Man-
chester University, United Kingdom) in a whole-cell 
dot-blotting assay.24

Results 
A total of 2 310 participants were included in the study, 
of whom 736 were from day care centers (DCC), 800 
were university teenagers (UT), and 774 were teenagers 
from social rehabilitation centers (SRC) (Table I).

Microbiology

Neisseria meningitidis was isolated from 37 out of 2 310 
(1.6%) participants. N.meningitidis was isolated from 
14 out of 736 (1.9%) DCC children and 23 out of 774 
(2.9%) SRC youth. There were no isolations from the 
UT students (Table I).

Serogroup distribution

Serogroup distribution is shown in Table II. The most 
frequent serogroups were Y (29.7%) and C (24.3%).

Serotype distribution

Due to technical handling problems, only 23 of the 37 
isolates were recovered, of which the predominant 
serotype was 2a.P1.5.12 (Table II).

Discussion
The prevalence of the carrier state is conditioned by 
inherent factors in the bacterium, the host, the envi-

Table I

Characteristics of the population included

in the prevalence of carriers of Neisseria meningitidis

in children under 5 years of age and teenagers

from Mexico City. 2004-2005

Population  Age range Frecuency of
N. meningitidis

Day care centers  n= 736 2-71 months 14 isolates

University students n=800 15-19 years 0

Social rehabilitation centers  n=774 15-19 years 23 isolates

ronment, the sample-taking technique, the number of 
samples taken, and the sensitivity of the methodology 
that is used in the laboratory.23 Other factors that impact 
the carrier state are age, gender, socioeconomic level, 
exposure to tobacco, pollution, alcohol consumption 
in entertainment centers, immunological status, and 
viral and/or bacterial infections.3,4 In this study, the 
prevalence of N.meningitidis was 1.6 %. The group 
with the highest prevalence was the SRC teenagers 
and DCC children.
	 As reported in the literature, the nasopharyngeal 
carrier state is higher among populations with low 
socioeconomic level, living in overcrowded conditions, 
people who live in centers like prisons, military bar-
racks, student dormitories, and people participating in 
pilgrimages. There are substantial variations in the age 
of individuals who are carriers of N.meningitidis. The 
higher rates are found in teenagers at the SRC (2.97%) 
and the smaller percentages in infants and preschool 
children (1.90%).3,4 
	 In our study, we did not find a single nasopharyn-
geal carrier in the university population, despite the fact 
that they are among the age group (15 to 19 years old) 
with the highest prevalence of colonization; it is also 
the age in which more cases of fatal invasive disease 
are reported.3,4,25 The low prevalence in this group could 
be explained because only one nasopharyngeal sample 
was taken and/or because the population studied was 
immune with specific antibodies to the most prevalent 
types of N.meningitidis seen in the carrier state.9,26 
	 We know that N meningitidis is transmitted by direct 
person-to-person contact via micro drops of pflugge that 
contain the meningococcus,17 and that this increases 
in closed populations in contrast to open populations 
where transmission is low. It must also be considered 
that there are chronic carriers (30%), intermittent ones 
(30%), and transitory carriers (40%); this fact being a fac-
tor in the failure to isolate N meningitidis in a community 
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where colonization takes place on the surface cells of 
the mucosa and in the intraepithelial and sub-epithelial 
cells. Prior damage to the surface of the mucosa can be 
the first step to colonization.25 We also know that the 
highest rates of colonization may coincide with the ap-
pearance of outbreaks and during the endemic period of 
the infection the carrier could be as high as 10%;5 thus, 
active awareness of this fact is always advisable. During 
the study period no outbreaks were reported in Mexico 
City or in the places where the samples were taken. 
	 Of the serogroups that are prevalent in carriers as 
opposed to serogroups that produce invasive disease, 
half are non-capsulated strains, and consequently, they 
cannot be classified or grouped and they have greater 
colonizing facility, while the capsulated strains have 
greater capacity to invade and avoid the host’s defense 
mechanisms.25 We found that the most frequently 
isolated serogroup was the Y group (29.7%), followed 
by the C serogroup (24.3%). When a comparison was 
made with a study to characterize carrier genotypes in 
students at Emory University, it was found that within 
a group of 2 730 students, N meningitidis was cultivated 
in 7.7%; the most prevalent clone was the ET-37complex 
and the second most prevalent was the Y ET -508.27,28 
Of the few serotype data obtained (23 isolates) for se-
rogroup C isolates, they were phenotypically identical 
to the ET37 (2a, P1.5/P1.2) complex, that corresponds 
to 43.4 per cent.
	 It is known that the distribution of serogroups has 
seasonal geographical variations in both carriers and 
invasive disease. For example, in the United States from 
1988 to 1991 most cases of invasive disease was caused 
by B and C serogroups and the Y group only represented 
2% of the cases, while from 1996 to 2001 serogroup Y 
caused 39% of cases, followed by serogroup C (31%) 
and serogroup B (23%).26

	 The data derived from our studies agree with the 
findings reported in the United States both in types 
of serogroups isolated and in age groups affected. We 
believe that from the epidemiological point of view 
there are similarities in the carrier colonization data 
in our country and in the United States. However, the 
difference as to incidence and prevalence of the invasive 
disease is highly evident. This may be due to under-re-
porting of meningococcal disease and/or the fact that 
the population in Mexico has transitory immunological 
protection –particularly what has been called innate 
newborn immunity– related to genetic factors that pro-
vide time-limited protection. This gives the individual 
the chance to defend himself during stages of greater 
risk of serious invasive disease, which are the neonatal 
stage and the first three months of life, and thus to be 

Table II

Characteristics of the population included

in the prevalence of carriers of Neisseria meningitidis

in children under five years of age and teenagers

in Mexico City and characteristics of isolates.
2004-2005

Age Sex Group Type Subtype

16m M NT 4 NT/NT/NT

10m F C 2a P1.5/P1.2/NT

6m M NT 4 NT/NT/NT

15y M NT 4 NT/P1.9/NT

16y M NT 4 NT/P1.3/NT

15y M NT 2a P1.5/P1.2/NT

15y M Y NT P1.5/NT/NT

16y M C 2a P1.5/P1.2/NT

16y M C 2a P1.5/P1.2/NT

16y M C 2a P1.5/P1.2/NT

17y M C 2a P1.5/P1.2/NT

17y M C 2a P1.5/P1.2/NT

15y M NT 2a P1.5/P1.2/NT

15y F Y NT P1.5/P1.10/NT

16y M Y NT P1.5/P1.10/NT

16y M C 2a P1.5/P1.2/NT

18y M Y NT P1.5/P1.10/NT

17y M NT 4 NT/P1.13/NT

17y M C 4 NT/NT/NT

18y M NT 2a P1.5/P1.10/NT

15y M Y NT P1.5/P1.10/NT

19y M NT NT NT/NT/NT

12y M NT NT NT/NT/NT

9y M A ? ?

18y M Y ? ?

18y M Y ? ?

19y M W135 ? ?

17m M B ? ?

12m F B ? ?

4y M B ? ?

3m F B ? ?

8m M X ? ?

14m M Y ? ?

11m F W135 ? ?

15m M Y ? ?

18m M Y ? ?

5y M Y ? ?

M=	 masculine          
F=	 female   
NT=	 not typable
y=	 year
m=	 month
?=	 not submitted to subtype
ET37 complex= 2aP1.5- P1.2
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able to be colonized and develop immunity against 
virulent strains.
	 These response differences between various age 
groups must be demonstrated by carrying out studies 
to this regard in order to explain these differences.
	 In connection with preventive measures such 
as both polysaccharide and conjugated vaccinations, 
without knowing the real burden of the disease, we do 
not, at the moment, consider this as a universal recom-
mendation. On the other hand, it could be recommended 
for groups at risk and also for implementing a national 
study of carriers and of invasive disease burden in 
order to discover the prevalence of the predominant 
serogroups and the effect of vaccinations currently 
available in our country and around the world. 
	 Data is limited since this is a non-probabilistic pilot 
study and, consequently, more information is required 
about subjects, carriers and disease burden, particularly 
at the national level. 
	 Considering that meningococcal disease has a va-
riety of clinical manifestations affecting certain groups 
and that it could be a conditioning factor for serious 
and even fatal effects, we need to take very seriously 
the role in prevention of the new conjugated vaccines 
which protect the most vulnerable groups. In addition, 
we need to take into account the fact that if we knew 
more about this disease from the epidemiological point 
of view, specific recommendations could be made to 
prevent it. 
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